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ABSTRACT OF THE DESCLOSURE 
A vessel for stream degassing molten metal comprising 

a refractory-lined chamber having a bottom discharge Out 
let and a roof. An inlet passage upstanding above the roof 
has a gate-valve housing thereon. The housing mounts a 
seal for a ladle bottom and a sleeve smaller than the 
passage extends downwardly thereinto from the housing. 
Gas-exhausts outlets open from the passage adjacent the 
sleeve and upwardly from the roof. Vacuum pumps main 
tain progressively lower pressures going from the passage 
to the chamber. 

This invention relates to apparatus for stream degassing 
of molten metals and especially to degassing of steel. 

Background of the invention 
To produce steel of high quality by continuous casting, 

it is essential to cast slabs which are free from blow holes 
and non-metallic inclusions. Biow holes are formed by 
gases, principally oxygen and carbon monoxide, which 
are trapped in the steel slab as it solidifies. Carbon mon 
oxide results from reaction of oxygen and carbon con 
tained in the steel. Gas bubbles can escape from a conven 
tional ingot but cannot escape from a continuously formed 
casting. The trapped gas bubbles form blow holes and 
voids throughout the casting. When such a casting is 
rolled into sheet, the resulting product has inferior me 
chanical properties and contains cracks. To avoid forming 
blow holes, it is necessary to reduce the OXygen content 
of the steel prior to its introduction into the mold. 
The addition of conventional solid deoxidizers such as 

aluminum and silicon cannot be relied on to reduce the 
oxygen content of the steel to the desired level. These 
deoxidizers form alumina and silica respectively, which 
are insoluble in molten steel. These insoluble oxides may 
be concentrated near the surface of the casting, causing 
surface imperfections which must be removed, as for ex 
ample by scarfing. They may also be dispersed in the cast 
ing as non-metallic inclusions, impairing the mechanical 
properties of the casting. It is therefore essential, for con 
tinuous casting, to remove oxygen from steel by means 
which will not result in the introduction of foreign 
impurities. 
Vacuum degassing processes for steel are known in the 

art. However, the known processes have limitations which 
render them unsuitable for removal of oxygen in Steel 
to be used in continuous casting. First of all, the presently 
known processes are intended primarily for the removal 
of hydrogen with only incidental removal of small quan 
tities of oxygen. These processes are not Well Suited to 
the removal of large volumes of gas which results from 
vacuum deoxidization. To reduce the oxygen content of 
steel from the amount which the steel contains as it is 
tapped from the furnace to an amount acceptable for 
continuous casting, a volume of gas many times (e.g., 
100) greater than that liberated in steel dehydrogenation 
must be removed. Presently known batch processes also 
require excessive times and do not allow enough time 
for pouring degassed steel into the mold unless the steel 
is tapped from the furnace at an excessively high tempera 
ture, which would shorten the life of refractory furnace 
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and ladle linings. To avoid excessively high furnace tem 
peratures, the maximum time from tapping the furnace 
to pouring molten metal into the mold is about one hour. 
Of this time, about 25 minutes is required in known batch 
degassing processes and about 15 minutes is needed to 
lift the tapping ladle from its tapping location to its teem 
ing location above the mold, leaving only about 20 minutes 
for pouring which is insufficient. 

Presently known continuous degassing processes fail to 
achieve the necessary oxygen removal for production of 
high quality continuously cast slabs. Continuous degassing 
in a single stage is known, but this does not give sufficient 
oxygen removal. Continuous plural stage degassing in 
which molten metal is dispersed into droplets in each stage 
and coalesced into a solid stream of molten metal be 
tween stages is also known, but this too fails to remove 
oxygen sufficiently for production of high quality con 
tinuously cast slabs. 

It is an object of this invention to provide an improved 
plural stage vacuum degassing method and apparatus in 
which a solid stream of molten metal is shattered into a 
dispersed stream of high surface area as it enters the first 
degassing stage and remains in the form of a dispersed 
stream until the completion of the entire degassing oper 
ation. 
A further object of this invention is to provide a con 

tinuous plural stage method and apparatus which is ca 
pable of removing large quantities of oxygen from steel 
so that the degassed steel has an oxygen content low 
enough to form high quality continuously cast slabs. 

Brief summary of the invention 
The degassing apparatus of this invention comprises a 

plurality of degassing stages, an inlet passage in the first 
stage for introducing a solid stream of undegassed molten 
metal, a discharge opening in the last stage for withdraw 
ing degassed moiten metal, and a vacuum exhaust system 
including separate vacuum exhaust lines for each stage, 
so that the entire apparatus is under high vacuum with 
progressively lower absolute pressures in each successive 
stage. The high vacuum in the apparatus causes the stream 
of molten metal to be broken up into a dispersion of drop 
lets of high surface area. The droplets fan out in a cone 
shaped Zone from the mouth of the inlet opening, and 
pass from stage to stage without coalescence between 
stages. The expanded molten metal is dispersed through 
out the outlet portion of each stage, making it possible 
to maintain a pressure gradient between stages. The inlet 
portion of each stage is of larger cross-sectional area than 
the outlet portion of the preceding stage to permit expan 
sion of the dispersed molten metal as it passes from 
stage to stage. Preferably the outlet portion of each stage 
also is of greater cross-sectional area than the outlet por 
tion of the preceding stage, in order to accommodate the 
successive expansions of the dispersion from stage to 
stage. The drop in pressure between successive stages 
causes a further break-up of the metal as it enters each 
stage, giving maximum degassing efficiency. 
A preferred apparatus according to this invention is a 

two-stage apparatus comprising an inlet passage and a 
chamber of larger cross-sectional area than that of the 
inlet passage located therebelow. Molten steel is intro 
duced from a ladle into the inlet passage where it is ex 
panded into a dispersion of droplets of high surface area, 
which descends to the chamber below the inlet passage 
where it coalesces into a reservoir of degassed steel. Steel 
is continuously discharged from this reservoir into a suit 
able container, such as a continuous casting mold. 

In an especially preferred embodiment of this invention, 
a pair of inlet passages are provided so that casting may 
be continued without interruption. A stream of molten 
metal is introduced into one of said inlet passages while 
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the other passage is closed by a gastight valve. When one 
tapping ladle is emptied, a second tapping ladle is posi 
tioned over the other inlet passage and the first inlet pas 
Sage is then shut off. In this way the pouring of molten 
metal into the degassing vessel of this invention and thence 
into a continuous casting mold may continue indefinitely 
as long as no shutdown of the continuous casting appara 
tus for repairs is necessary. - 

Brief description of the drawings 
In the drawings: 
FIG. 1 is a vertical sectional view of a preferred ap 

paratus according to this invention. 
FIG. 2 is a vertical sectional view of the degassing ves 

sel of this invention, taken along line 2-2 of FIG. 1. 
FIG. 3 is a vertical sectional view of the inlet valve of 

this invention, showing the valve in closed position. 
FIG. 4 is a vertical sectional view of the inlet valve of 

this invention, showing the valve in open position with the 
discharge nozzle of a tapping ladle in teeming position 
above the inlet opening of the degassing vessel. 

FIG. 5 is a vertical sectional view of the discharge 
opening and associated discharge valve for a continuous 
degassing vessel according to this invention, taken along 
line 5-5 of FIG. 6. 

FIG. 6 is a vertical sectional view taken along line 6-6 
of FIG. 5. 

FIG. 7 is a diagrammatic view of a degassing appara 
tus and vacuum pumping system therefor. 

Detailed description of the preferred embodiment 
Referring now to FIG. 1, 10 is a degassing vessel having 

a pair of identical restricted inlet passages 11a and 1 lb 
opening into the interior thereof and constituting the first 
Stage of the apparatus and a chamber 12 located below 
Said inlet passages and in communication therewith, con 
stituting the second stage. The cross-sectional area of 
chamber 12 is larger than the cross-sectional areas of 
passages 11a and 11b. Each of the passages 11a and fib 
has an opening 13 at its upper end for the introduction 
of a stream of undegassed molten steel. A stream of 
molten steel may be introduced into passage 11a from a 
Suitable receptacle such as ladle 14a, and into passage 
11b from ladle 14b. Molten steel is teemed into only one 
of the passages at a time. Vessel 10 also includes a pair 
of discharge openings 15a and 15b in the bottom thereof, 
for discharging degassed molten metal from the chamber 
12 of vessel 10 into a suitable container such as continu 
ous casting mold 16. 

High vacuum is maintained in both passages 11a and 
11b and in chamber 12 of vessel 10 by means of vacuum 
exhaust lines 17a and 17b communicating with the pas 
Sages respectively, and vacuum exhaust line 18 com 
municating with degassing chamber 12. The vacuum main 
tained in vessel 10 is sufficient to cause a stream of molten 
metal being introduced into either passage 11a or 11b to 
be broken up into a dispersion of droplets having a high 
surface area as a result of the liberation of gas from 
said molten metal. The dispersed stream consists of at least 
in part of finely divided discrete particles or droplets of 
molten steel. It is believed that all or most of the dis 
persed stream is in the form of discrete particles or drop 
lets, although possibly a substantial portion is in the form 
of a foam comprising thin films of molten metal sur 
rounding bubbles of liberated gas. This dispersed stream 
is in the shape of a cone having a large apex angle, for 
example about 140°. The dispersed steel stream descends 
by gravity through the inlet passage into chamber 12. 
Most of the molten metal descends substantially vertically 
below the inlet opening 13. Thus, the dispersed stream is 
most dense in the region directly below inlet opening 13, 
and is less dense in the remainder of the zone which the 
stream occupies. The stream is dispersed throughout the 
entire cross-sectional area of the outlet portion of the in 
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4. 
Wardly flowing dispersed stream permits a slightly higher 
absolute pressure to be established in the first stage or in 
let section than in the second stage degassing chamber. 
Only the passage 11a or 11b which is receiving molten 
mctal has a pressure higher than that in chamber 12. The 
pressure in the passage not in use is the same as that in 
chamber 12. 
The dispersed molten steel stream is expanded into a 

stream having a greater surface area with the removal of 
further quantities of gaseous impurities as it descends 
from either passage 11a or b into chamber 12. This re 
suits from the lower pressure in chamber 12 than in the 
inlet section. 
The dispersed molten steel stream descends by gravity 

from the passage 1a or 11b into chamber 12 without 
coalescence. This gives more efficient degassing than pre 
viously known multiple stage degassing processes in which 
steel droplets are coalesced at the end of each stage and 
the steel introduced as a stream into the next stage. The 
dispersed steel stream coalesces and forms a reservoir of 
degassed molten steel at the bottom of chamber 12. The 
height of this reservoir above discharge openings 15a and 
15b must be sufficient to maintain a barometric leg. An 
additional height is maintained in order to give the de 
sired discharge rate, which is proportional to the difference 
between the height of the reservoir and the height neces 
sary to maintain a barometric leg. 

Degassing vessel 10 is preferably an elongated vessel, 
wider at the top than at the bottom, having inwardly slop 
ing side walls 20 and discontinuous end walls 21 compris 
ing vertical upper portions 22 and lower portions 23 joined 
by horizontally extending walls 24. The lower portions 
23 of walls 21 are closer together than the upper portions 
22. Horizontally extending walls 24 are thicker at their 
outer ends than at their inner ends, and comprise hori 
Zontal outer surfaces 24a and sloping inner surfaces 24b. 
The lower portions 23 of walls 21 slope inwardly at a 
Small angle to the vertical. Degassing vessel 10 also in 
cludes top wall or roof 25 and bottom wall 26. Bottom 
wall 26 together with side walls 20 and the lower portions 
23 of end walls 21 define a well 27 of reduced cross-sec 
tional area as compared to the upper portion of chamber 
12. This well makes it possible to maintain the necessary 
height of molten steel which is required in order to provide 
a barometric leg and to establish the desired teeming rate 
without making it necessary to maintain large quantities 
of degassed molten metal in the degassing vessel 10. A 
refractory lined overflow outlet 28 is provided in one side 
wall 20 above the normal level of molten steel in cham 
ber 12. This overflow outlet permits slag to run off, and 
also provides an emergency overflow outlet for molten 
steel in the event that vessel 10 is filled to too high a level. 
The outer end of overflow outlet 28 is capped with an 
aluminum cap 29. An inlet 30 for introducing a solid 
deoxidizer such as aluminum may be provided in top 
Wall 25. 

Passages 11a and 11b are structurally identical, and 
preferably of circular cross section having upstanding 
housing walls 31a and 31b respectively. Each passage has 
in addition to the circular opening 13, a flanged refractory 
sleeve 32 which is adapted to be supported by the hous 
ing walls 3a or 31b, and a removable insert sleeve 33 
at the outlet end of the inlet passage. The lower end of 
each insert sleeve 33 may extend downwardly below the 
inside surface of top wall 25. In each inlet passage, sleeves 
32 and 33 are coaxial with opening 13. The diameter of 
sleeve 33 is greater than the diameter of sleeve 32, so as 
to provide flow paths of progressively increasing diam 
eter in passages 11a and 11b. The upper portion of cham 
ber 12 adjacent sleeves 33 is of greater cross-sectional area 
than the sleeves to permit expansion of the descending 
metal stream. Sleeve 32 prevents the entrance of molten 
metal droplets into these vacuum lines. 
The opening 13 in each inlet passage is controlled by 

let passage 11a or 11b adjacent chamber 12. The down- 75 a valve 34 actuated by a hydraulic cylinder and piston. 
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Valve 34 is shown in detail in FIGS. 3 and 4 in the closed 
and open positions respectively. Each valve 34 is opened 
for teeming of molten metal through the inlet opening 13 
which it controls, and is kept closed at other times. As 
shown in FIG. 1, the valve 34 controlling inlet passage 
11a is open to permit teeming of metal from ladle 14a, 
and the valve 34 controlling inlet passage 1b is closed 
while ladle 14b is in waiting position, ready to be lowered 
into teeming position and to commence teeming when 
ladle 14a is empty. 

Referring now to FIGS. 3 and 4, valve 34 includes a 
laterally extending fluid tight valve housing 35 which is 
adapted to receive a sliding gate valve 36. Gate valve 36 
seats on a resilient refractory seat 37 of asbestos or the 
like. Valve 36 is horizontally reciprocable in and out of 
seating engagement with seat 37. A cam track (not shown) 
may be provided so that gate valve 36 lifts slightly as it is 
moved to open position, in order to facilitate sliding move 
ment. 

Ladles 14a and 14b are identical conventional bottom 
pour ladles having refractory-lined metal shells with re 
fractory nozzles 38 of restricted cross section for dis 
charge of molten metal. The discharge of molten metal is 
controlled by means of conventional stopper rods 39. 
Pouring tubes 40 of larger diameter than the nozzle open 
ings 38 are attached to the exteriors of ladles 14a and 14b 
beneath nozzles 38 in position to receive and direct mol 
ten steel discharged through the nozzles. These pouring 
tubes are refractory-lined flanged metal sleeves and may 
be secured to the exterior of ladles 14a and 14b in any 
convenient manner, as for example by means of attaching 
flanges 42. Clamping rings 43 and bolts 44 Secure the pour 
ing tube 40 to the attaching flange 42. 
When ladle 14a is in teeming position, as shown in FIG. 

1, its nozzle 38 and pouring tube 40 are axially aligned 
with sleeves 32 and 33 in inlet section 11a. These together 
provide a flow path of progressively increasing diameter 
for molten metal. A stream of molten metal is intro 
duced through nozzle opening 38 into passage 1a. The 
high vacuum in the passage causes this stream to be ex 
panded as gas is liberated. The expanded stream fans out 
so that some of the molten metal in it strikes the side 
walls of pouring tube 40 and sleeves 32 and 33. The 
stream thus occupies the entire cross-sectional area of the 
outlet portion of passage ia. This entire cross-sectional 
area is believed to be filled with either molten metal or 
with liberated gas, so that communication between the 
evacuated space in passage 11a and chamber 12 is pre 
vented. It is believed that this dispersal of the expanded 
metal stream throughout the entire cross Section of pas 
sage 11a makes it possible to maintain a pressure differen 
tial between the first and second stages. 

Valve housings 34 have round openings 45 in their up 
per walls to receive pouring tubes 40. Preferably the wall 
surface 47 surrounding opening 45 in each valve housing 
is beveled to provide a conical surface for a resilient re 
fractory sealing ring 48 of asbestos or the like which pro 
vides a gastight seal between pouring tube 40 and the 
housing walls. A clamping ring 43, which may have beads 
for more effective sealing engagement, rests on asbestos 
ring 49 when the ladle i4a or 14b is in teeming position. 
In this way a high vacuum may be maintained inside valve 
housing 34. 

Fluid conduits 50 are provided for alternately placing 
the interior of valve housings 34 under atmospheric pres 
sure or under vacuum. Each of these conduits 50 includes 
a three-way valve 5 for placing conduit 50 alternately 
in communication with an atmospheric pressure line 52 
or a high vacuum line 53 leading to a suitable high vac 
uum source-such as a pump not shown. 
The upper walls of valve housings 34 include air 

bleed passages 56 which terminate above sealing rings 
48. These passages 56 extend exteriorly of the valve hous 
ing and have manually operable valves 58 therein. By 
opening or closing valve 58, the space above sealing ring 
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6 
48 may be opened to atmospheric air or shut off there 
from. When ladle 3ia is in teeming position as shown 
in FIG. 4, a partial vacuum prevails in the space above 
sealing ring 48. When it is desired to remove the ladle, 
valve 53 is opened so as to place this space in communi 
cation with the atmosphere. 
When it is desired to place the ladle 14a or 14b in 

teeming position, the ladle is first lowered so that its 
pouring tube 40 engages sealing ring 48 as shown in 
FIG. 3. Valve 51 is then rotated to the position shown 
in FIG. 4, placing the interior of housing 34 in com 
munication with high vacuum exhaust line 53. This equal 
izes the pressure in valve housing 34 and inlet 11b. Valve 
36 is then opened. Ladie 14 is then lowered to the teem 
ing position shown in FIG. 4, in which pouring tube 40 
extends downwardly into one of the passages 1a and 

b. 
When the contents of the ladle 14a or 14b have been 

substantially exhausted and it is desired to remove this 
ladle from teeming position, air bleed valve 58 is opened 
in order to provide atmospheric pressure above sealing 
ring 43. The ladle is then lifted until the bottom of pour 
ing tube 40 is above the plane of valve 36. The O-ring 
48 maintains a pressure tight seal So that vacuum may 
be maintained theirebelow. The pressure above Sealing 
ring 48 and the vacuum below the sealing ring maintain 
the ring in seating engagement on beveled wall 47. When 
the bottom of pouring tube 40 is above the plane of valve 
36, the valve is moved to closed position as shown in 
FIG. 3. Three-way valve 5 is then rotated to the position 
shown in FIG. 3, placing the interior of valve housing 
34 in communication with the atmosphere. This equalizes 
the pressure on both sides of sealing ring 48. The ladle 
may then be withdrawn. 
The discharge of molten metal from vessel 10 through 

discharge openings. 5a and 5b is controlled by means 
of a pair of sliding gate valves 70 which are of identical 
construction. This valve is more fully described in the 
copending application of James T. Shapland, Ser. No. 
453,730, filed May 6, 1965, now Patent No. 3,352,465. 
Two discharge openings 15a and 5b are provided to 
permit teeming into wide molds without an excessive con 
centration of heat and kinetic energy from hot molten 
metal at one location in the mold. 
The structure of valve 70 may be seen best in FIGS. 5 

and 6. Valve 70 includes a plurality of thin flat refractory 
plates of square or rectangular cross section. These re 
fractory plates include at least one imperforate plate 75. 
and at least one plate 72 having a teeming opening 73. 
It is desirable to provide a plurality of plates 72 having 
teeming openings of different diameters so that the teem 
ing rate may be varied. Provision of duplicate plates is 
also desirable to permit rapid replacement when a plate 
72 is no longer usable. Plates 71 and 72 are held in en 
gagement with bottom wall 13 of vessel 19 by means of 
spring pressed guide blocks 74, urged upwardly by com 
pression springs 75 which are supported by spring re 
tainer plates 76 secured to the exterior of vessel 10. A 
push bar 77, operatively connected to a fluid cylinder 
78 through piston rod 79, pushes plates 71 and 72 in and 
out of position beneath the discharge nozzle of vessel 10. 
Plates 71 and 72 are placed in end to end engagement 
on guide 74 and are always pushed away from cylinder 
78 by push bar 77. Cylinder 78 may be controlled by an 
operator through mechanisms known in the art. An im 
perforate plate 7 is placed beneath the discharge nozzle 
to prevent the discharge of molten metal from vessel 10. 
When it is desired to discharge molten metal from vessel 
10, a plate 72 is placed beneath the discharge nozzle 
so that its teeming opening 73 is aligned with the discharge 
nozzle. 

Discharge openings 15a and 15b of vessel 10 are 
formed by vertically extending cylindrical refractory noz 
zle inserts 81 and vertically extending conical inserts 82 
located within cylindrical inserts 81. Both inserts 81 and 
82 are located in the bottom Wall 26. 
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The level of molten metal in degassing vessel 10 is 
continuously measured by a plurality of load cells 90 
(FIG. 1) located beneath lower walls 26. The function 
of these load cells is to measure the weight of molten 
metal in vessel 10, which may be then translated into 
height, and to control the operations of discharge valves 
12a and 12b in response to the level of molten metal with 
in vessel 10. If the operator observes that the level of 
molten metal in vessel 10 is too high, he actuates the stop 
per rod of ladle 14a or 14b as the case may be to de 
crease the pouring rate. If the level of molten metal in 
vessel 10 is becoming too high and the level in continuous 
casting mold 16 is becoming too low at the same time, 
both conditions may be corrected by replacement of 
refractory plate 72 with another refractory plate 72 hav 
ing a teeming opening 73 of larger diameter. 
The pumping system for maintaining a high vacuum 

in vessel 0 is shown in FIG. 7. 
This pumping system includes a plurality of vacuum 

pumps 92, 93, 94 and 95 constituting successive pumping 
stages. Four stages are illustrated herein, but any num 
ber of stages may be used as long as the number of pump 
ing stages is not less than the number of degassing stages 
in degassing vessel 0. Pumping stages 92, 93, 94 and 95 
are numbered in order of increasing absolute pressure. 
The inlet of pump 92 is the point at which the highest 
vacuum in the system is maintained. The outlet of pump 
95 is to the atmosphere. Vacuum exhaust line 18 pro 
vides communication between chamber 12 and the inlet 
of pump 92. Chamber 12 constitutes the second and final 
stage in degassing vessel i0 as illustrated in this applica 
tion. Vacuum exhaust lines 17a and 17b extend from pas 
sages ila and 11b respectively to the inlet of pump 93. 
For convenience, exhaust lines 17a and 17b may merge 
into a single vacuum exhaust line 17. Check valves 97a 
and 97 b are provided in vacuum exhaust line 17a and 
17b to prevent cyclic gas flow from one line to the other 
due to the unequal pressure prevailing in passages 11a 
and 11b. 

Each degassing stage has its individual vacuum exhaust 
line. As herein illustrated, the first stage or passages 11a 
and 11b have exhaust lines 17a and 17b respectively, 
while the Second stage or chamber 12 has its vacuum ex 
haust line 18. Each vacuum line terminates at the inlet 
of a lower pressure pumping stage than the vacuum ex 
haust line from the preceding degassing stage. The vac 
uum line from the final degassing stage terminates at 
the inlet of the pump providing the lowest absolute pres 
Sle. 
The operation of the degassing device of this invention 

will now be described. The interior of vessel 10 is evacu 
ated with both discharge valves 70 and both inlet valves 
36 closed. A teeming ladle 14a is brought into position 
above opening 13 of passage 11a, and lowered so that 
pouring tube 40 forms a sealing engagement with sealing 
ring 48. Inlet valve 36 is then opened and the ladle 14a 
is lowered into position as shown in FIG. 1. Stopper rod 
39 is then opened permitting a stream of molten steel 
to enter inlet Section 11a. This stream is expanded into 
a dispersion or spray of fine droplets, which descend 
through passage 11a, being spread over the entire cross 
Sectional area of the outlet end of the passage in the 
vicinity of sleeve 33. As the spray of molten metal drop 
lets descends from passage 11a into degassing chamber 12, 
where the absolute pressure in slightly lower than in pas 
sage 11a, the droplets of steel are further broken up into 
finer droplets as additional degassing takes place. A res 
ervoir of molten metal is collected in the bottom of de 
gassing chamber 12, the discharge openings 15a and 15b 
remaining closed until the desired height teening into 
mold 16, as indicated, by load cell 90, has been attained. 
These discharge openings, which are controlled by valve 
70, are then opened, permitting molten metal to flow into 
continuous casting mold 16. When ladle 14a is exhausted, 
a second ladle 14b is brought into place over passage 
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11b, and teeming from this second ladle 14b is com 
menced at the same time that ladle 14a is shut off. Ladle 
14a is then withdrawn and passage valve 36 controlling 
inlet 11a is closed. When ladle 14b is empty, a new ladle 
14a may be brought into place for teeming of additional 
metal. ln this way teeming can be continued indefinitely 
without interruption, until it is necessary to shut down 
vessel 10 or some other part of the continuous casting 
line for repairs. 
When it is desired to shut down vessel 10, an inert gas 

such as argon is admitted to degassing chamber 12. The 
pressure of this gas is progressively increased as the level 
of molten metal drops, so that the total pressure at dis 
charge openings 15a and 5b remains constant. In this 
way a constant rate of discharge of molten metal from 
vessel ié may be achieved. 
By way of illustration of a specific embodiment of 

this process, using a degassing vessel having a single inlet 
passage and a degassing chamber therebelow, a solid 
stream of molten steel having an initial oxygen content 
of 195 parts per million is continuously introduced into 
a degassing vessel in which the pressure in the passage 
is 1.60 mm. of mercury and the pressure in the degassing 
chamber therebelow is 0.44 mm. of mercury. The solid 
stream of molten steel is dispersed as aforedescribed, and 
is then collected at the bottom of the degassing chamber 
and discharged therefrom. The degassed molten steel has 
an oxygen content of 75 parts per million, and a carbon 
content 0.02% less than that of the undegassed steel. 
The foregoing example is merely illustrative, and vari 

ations can be made over wide limits without departing 
from the invention. For example, the inlet passage pres 
Sure may vary from about 1 mm. up to as high as about 
30 mm. of mercury, and the pressure in the degassing 
chamber may vary from less than 0.5 mm. of mercury 
up to about 5 mm. of mercury. The pressure in 
the degassing chamber is always less than in the inlet pas 
sage; the pressure difference may vary depending upon 
the absolute pressures in each chamber, but is generally 
in the order of about 1 to 2 mm. of mercury. 

I have found that Superior degassing is attained accord 
ing to my invention by providing a plurality of stages in 
a vessel in which the molten steel remains in dispersed 
form without coalescence from the time it is first intro 
duced in the initial stage until it is collected as a body 
of degassed molten metal in the final stage. Although 
the degassing vessel has two stages, it will be understood 
that more degassing stages may be provided if desired. 
Various other modifications will also be apparent to those 
skilled in the art. 
What is claimed is: 
1. Apparatus for degassing molten metal comprising a 

bottom-pour teeming ladle having a nozzle-extension tube 
extending downwardly therefrom, a vacuum chamber hav 
ing a roof with a restricted inlet upstanding therefrom 
adapted to receive said tube, a horizontally movable gate 
valve effective to close said inlet when said tube is with 
drawn therefrom, a sleeve in said inlet below said valve 
having a cross-sectional area smaller than that of said in 
let and greater than that of said tube, a gas-exhaust outlet 
from the space around said sleeve, a gas-exhaust outlet 
from Said top wall and a molten-metal discharge outlet in 
the bottom of said chamber. 

2. Apparatus as defined in claim 1, characterized by seal 
ing elements on said ladle and on said inlet, the sealing ele 
ment on said ladle engaging the sealing element on said 
inlet when said ladle is connected to said inlet. 

3. Apparatus as defined in claim 1, characterized by 
an additional removable insert sleeve in said passage hav 
ing a cross-sectional area greater than that of said first 
mentioned sleeve and being arranged generally there 
below. 

4. A degassing vessel comprising a refractory lined 
chamber having a roof and an outlet in the bottom thereof, 
an inlet passage upstanding above said roof and being 
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of smaller cross-sectional area than said chamber, a valve 
housing on said inlet passage having an opening there 
through alined with said inlet passage, a valve reciprocable 
in said housing for closing said passage, ladle-sealing 
means on said housing, a sleeve extending downwardly 
from said housing into said passage, said sleeve being 
smaller in cross-sectional area than said passage to pro 
vide space for flow of gas between said sleeve and said 
passage, a first gas-exhaust outlet opening outwardly from 
said passage, means connected to said first gas-exhaust out 
let for exhausting gas from said passage, a second gas 
exhaust outlet opening upwardly from said roof, and 
means connected to said second gas-exhaust outlet for ex 
hausting gas from said chamber to a lower pressure than 
said passage. 

5. Apparatus as defined in claim 4, in combination with 
a bottom-pour teeming ladle having a nozzle-extension 
tube projecting downwardly therefrom adapted to enter 
said opening when said valve is retracted, and means for 
sealing said tube to said housing. 

6. Apparatus as defined in claim 4, characterized by 
said vessel having substantially plane opposed side walls 
converging downwardly. 

O 

20 
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