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[57] ‘ ABSTRACT 

A tundish of virgin ?uid metal has a vertical tubular 
stopper controlling the ?ow of fluid downwardly 
through a corresponding port in the bottom of the tun 
dish and a rod of solid state metal is moved downwardly 
?owing ?uid metal in accertion thereon as the stopper 
is raised from its seat. Where more than one stopper is 
employed, the bottom of the tundish is stepped to pro 
vide different depthsof' fluid metal head for each suc 
cessive'stoppe‘r and means are provided for moving the 
rod downwardly through successive stoppers for suc~ 
cessive accretion of metal thereon in producing a con 
tinuous billet. ' 

4 Claims,'5 Drawing Figures 
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APPARATUS FOR CONTINUOUSLY TEEMING 
AND SOLIDIFYING VIRGIN FLUID METALS 

CROSS REFERENCES 

This application is a continuation of application Ser. 
No. 820,846, filed May 1, 1969 as a continuation-in 
part of application Ser. No. 497,177 ?led October 18, 
1965, and which ?rst parent application was aban 
doned in favor of the second parent application and of 
an application for the method disclosed therein and 
which was filed on even May 1, 1969. This application 
was filed in response to a requirement of restriction in 
the prosecution of the first parent application. ' 
This invention relates to an apparatus for continu 

ously teeming and solidifying virgin ?uid metals. 
The apparatus is particularly useful in carrying out 

the process of the above-identi?ed companion method 
application and wherein virgin ?uid metal from pyro 
metallurgical or electrometallurgical re?ning processes 
is teemed and solidified in an accretion around a solid 
body while leaving the ?uid outer surface'free for the 
expulsion of gaseous state impurities as the metal coag 
ulates and fuses to a solid state contiguously from the 
inside toward the outside. 
The apparatus differs from that employed in accre 

tion processes for the coating of wires principally in 
that a rod or core is not dipped in a molten metal bath 
but passes downwardly through a tubular stopper out 
of contact with the ?uid metal until the core passes into 
and through the short nozzle where an accretion of 
?uid metal embraces the same. 
The apparatus also employs a stepped tundish with 

nozzles at different depths of the bath to provide for re 
cycling of the core and thereby to build up a more prac 
tical sized billet of the metal. 
By employing a downward movement of the core 

during teeming and solidi?cation of the virgin ?uid 
metal thereon, the amount of accretion is not opposed ' 
by gravity or inertia andrcan be controlled within prac 
tical limits developed for the particular conditions of 
?uidity of the metal and the speed of the core. 
The present invention is based upon the concept of 

?owing of the fluid metal downwardly around a down 
wardly moving rod of the same metal which fosters ac 
cretion by fusion of the two at their meeting surfaces 
resulting in core crystallization growth as the metal so 
lidi?es from the inside out with the outer surface re 
maining generally in a ?uid state so that the hot gases 
and impurities are free to escape laterally and to be ex 
pelled from the metal as the latter crystallizes and solid 
i?es, without any interference from a surrounding liq 
uid or solid state environment. 

In this process the freedom for escape of the gaseous 
impurities which generally consist of the higher energy 
atoms makes it possible for the remaining atoms to 
spontaneously reduce their energy and take their per 
manent position in the lattice work of the'solid state 
body without danger of returning to a liquid state. 
Thus, the soldi?cation or change of state of the atoms 
becomes spontaneous and permanent. 
The apparatus moves the core rod downwardly 

through a tubular shield in the ?uid bath of virgin metal 
and the ?uid metal is allowed to flow at a controlled 
rate in a continuous tubular stream or moving column 
about the core rod and which embraces the latter as the 
two move downwardly together. 
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2 
The wide divergence of energy level of the inner sur 

face of the ?uid stream with the outer surface of the 
core rod as they move downwardly together triggers 
the spontaneous change of the accretion metal from a 
?uid state to a liquid state and then to the solid state. 
Theoretically, one pound of solid state metal can solid 
ify about five pounds of fluid state metal. The volume 
relationship between the ?uid and solid states involved 
should therefore be well kept within that ratio. 
The core rod is kept out of contact with the ?uid 

metal in the tundish and does not appreciably begin to 
lose its solidifying capacity until it comes in contact 
with the downward ?ow of virgin metal which has 
passed through the discharge nozzle from the tundish. 
The apparatus may be quite simple and merely com 

prises the tundish for the ?uid metal having a pouring 
opening or nozzle in its bottom with a stopper. The 
stopper is made tubular and extends to a point above 
the ?uid metal so that the core rod is fed down through 
the hollow stopper without contacting the ?uid metal 
until the rod emerges from the stopper at the discharge 
nozzle for the ?uid metal. The ?uid metal is applied to 
the rod by adjustably lifting the stopper and allowing a 
predetermined and controlled ?ow of ?uid downwardly 
embracing the rod. Dropping of the stopper to its seat 
stops the flow of ?uid metal. 

In general, the relative volume and temperature or 
energy level of the ?uid and solid state bodies and the 
rate of travel will determine the length of the solidifi-. 
cation zone required beneath the tundish and before 
the accretion on the solid state core can be bent later 
ally for horizontal movement. 
The rod is preferably moved downwardly at a rate ex 

ceeding the downward gravity discharge rate for the 
?uid metal from the nozzle. In practice, the speed of 
the rod through the nozzle may be of the order of 340 
feet per minute. The speed may be higher for metals 
that are more ?uid and may be lower for metals that are 
less ?uid. f 

It is contemplated that the solidified structure may be 
returned to another stopper for a successiveaccretion 
or fusion operation thereon, and that as many succes 
sive accretions may be made as is practical for any 
‘given operation. In this way, a core rod of one-half inch 
diameter initially, may be built up to a ?nal solidi?ed 
billet having a diameter of the required inches. 

accretion resulting 
pass starting size thickness size 
1 ‘A ’ Va" 1 
2 III I 5/161! 1 “I! 
3 l *1! 5/16!’ ‘2%’! 
4 2%" %" 3" 

Further passes may be made as desired. 
The completed billets or shapes may be cut to suit 

able lengths and each will constitute in effect a billet of 
re?ned metal or alloy substantially free of defects. The 
costly blooming of ingots may be substantially elimi 
nated. The continuous billet without being cut may be 
rolled directly into a desired rod, wire or other shape 
and coiled with or without further heating. 
The bath of metal may be said to be in a ?uid state 

composed of liquid phase metal and gaseous phase im 
purities generally in solution therein. The gaseous 
phase materials are generally of higher energy than the 
liquid phase metal, and the liquid metal is of substan 
tially higher energy level than the solid state metal. 
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'The final structure would be free of pipes, ?ssures 
and impurities, since the gaseous phase materials are 
forced to escape from the ?uid state molten material as 
the liquid phase metal crystallizes or solidi?es in con 
tact with the solid state core. 
The tundish may be supplied with metal from a cruci 

ble disposed adjacent thereto, and a submerged spout 
may provide for pouring either way, from the crucible 
to the tundish or from the tundish to the crucible, as de 
sired. ' ' 10 
The present apparatus is illustrated more or less sche 

matically in the accompanying drawings in which: 
FIG. 1 is a schematic illustration of the apparatus and 

process with the tundish for the ?uid metal vertically 
sectioned generally on the longitudinal centerline 
thereof; 
FIG. 2 is a top schematic plan view of the stoppers in 

place; 
FIG. 3 is a schematic illustration taken generally 

transversely on line 3-3 of FIG. 1; 
FIG. 4 is an enlarged detail transverse section show 

ing a hollow stopper closed upon its seat; and 
FIG. 5 is a view'similar to FIG. 4 showing the stopper 

raised and the flow of ‘metal during the teeming pro- . 
cess. 

Referring to the drawings, the crucible or tundish 1 
is generally ‘formed with a step bottom to provide for 
different and increasing depths of-fluid metal v2 in the 
several fusion zones A,‘B, ,C, D and E. Any suitable 
number of fusion zones may be provided within the 
range of practical handling of the core rod 3 which in 
creases in diameter by fusion and accretion at each 
zone. ' ~ ~ ‘ - ‘ ' ' 

Each fusion zone of crucible 1 has a nozzle opening 
4 in the bottom for the discharge of ?uid metal v2, and ‘ 
which opening is'closed by a stopper 5 at times other 
than during a teeming operation. ' 
Each ‘stopper 5 is tubular and has a central vertical 

‘opening 6"the'rethrough for the free passage or move 
ment of rod 3 downwardly therethrough during a teem 
ing operation. . 
Stoppers 5 are made up of a plurality .of rings 7 of re 

fractoryceramic material, each interlocked with its ad? 
jacent blocks, with a seat ring 8 at its lower end for 
seating in a nozzle opening 4, a cap ring 9 at its upper 
end, and a tubular bolt 10 extending vertically through 
all of the blocks and secured at its lower end to seat 
ring 8 and having a threaded‘nut I 1 at its upper end for 
tightening upon cap ring Qand thereby completing the 
stopper. . , ' ‘ 

Each‘ stopper 5 should be of a length to extend sub 
stantially above the top of the ?uid metal 2 in tundish 
1 when the stopper is seated upon itsnozzle opening 4. 
For this purpose, the number of rings 7 and the length 
of bolt 10 will be selected accordingly. 
The shortest‘stopper'S is in zone A, and each succes 

sive zone, B, C, D and E has a longer stopper, deter 
mined by the amount of step in depth for the zone. 
Also, the diameters’of nozzle openings 4 and of stop 

pers 5 will be different in the different zones. The noz 
zle openings 4 and stopper 5 for zone A will have a di 
ameter suited to the fusion accretion of metal upon the 
initial core rod 3 which may be in the order of less than 
1 inch in diameter. The nozzle opening 4 and stopper 
5 for the next zone B will have a diameter suited to the 
fusion accretion of metal upon the rod 3 after it has re~ 
ceived a ?rst layer of accretion metal and which may 
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then be of a diameter somewhat in excess of one inch. 
The nozzle opening 4 and stopper 5 for each successive 
zone will have a diameter suited to the contiguous so 
lidi?cation of metal upon the rod 3 plus-its accretion 
layers previously fused thereon in the process. I 
The mechanism for supplying and'handling the rod 3 

during the process is illustrated schematically in FIG. 
1, and comprises, in general, a supply drum 12 from 
which the. rod is fed over a sheave l3 and thereby - 
aligned with the stopper 5 in ‘zone A. As the rod 3 is fed 
downwardly toward stopper 5, it passes through a set 
of straightening rolls l4 and then into the upper end of 
bolt 10 of the stopper. 
As the rod 3 emerges from the bottom end of bolt 10' 

or stopper 5 and continues downwardly through the 
nozzle opening 4 in tundish 1, ?uid metal is released to 
?ow with and embrace the rod by raising of the stop 
per, as indicated‘ in FIG. 5. 
The position of stopper 5 should be adjusted to give 

a desired maximum ?ow of ?uid metal having regard to 
the speed of movement of rod 3 and to the practical 
thickness of ‘accretion metal .15 that can be solidified 
upon the rod in a single pass. ' 
As the rod 3 and its first layer of accretion‘ metal 15 

continues downwardly at a rapid rate, itpasses through 
a chamber 16 where partial solidification takes place, 
and then down to ‘a series of rollers 17 disposed to 

_ change its course gradually from a vertical to a horizon 
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tal path and then to a vertical return path leading to the 
second sheave 18 above zone B. - 

Sheave 18 feeds the work blank,‘consisting of rod 3 
and its ?rstlayer of accretion metal 15, downwardly 
through straightening rolls 19 and into the stopper 5 for 
zone B which in turnis adjustably raised to release ?uid 
metal to the outer surface of metal 15 constituting the 
new outer surface of core material. ' ‘ 

Each successive zone has a chamber 16 and rollers 
17 for receiving the rod and its accretion layer of metal. 
Likewise, each successive zone has its sheave 18 and 
straightening ‘rolls 19. In each successive zone, the 
work blank will be larger in diameter, determined by . 
the increment or layer of accretion metal added thereto 
at the next preceding zone. ' 

The chamber 16 in each instance should be of such 
length as to effectively receive substantially all gaseous 
state impurities expelled from the accretion layer upon 
the rod prior to its reaching the rolls 17. " 
Depending upon the characteristics of the metal or 

alloy beingprocessed, the speed of movement of rod 3 
and the amount of accretion ?ow being applied to the 
rod, it may be desirable to asperse inert gas into cham 
ber 16 through connection 20 from source 21 to 
thereby flush out of chamber 16 the gases emitted from 
the ?uid metal as it solidifies upon the downwardly 
moving rod 3. i - - 

In general, at higher speeds and with larger amounts 
of accretion, it may be desirable to apply a partial vac 

' uum tochamber 16 through connection 20 from vac 
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uum source 22, in which case the gases exuded from 
the accretion metal are more rapidly drawn off and the 
metal remains more ?uid at its surface for a longer 
time. The partial vacuum has a tendency to draw cool 
ing air into the lower end of chamber l6'and thereby 
effect cooling and solidification of the metal just prior 
to entering rolls l7. . 
The movement of stoppers 5 may be accomplished 

by any suitable mechanism, not shown, and which is 
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connected to an arm 23 secured to the upper end of 
each stopper. 
The tundish 1 may be maintained full of ?uid metal 

to the desired level at all times by the auxiliary con 
tainer, crucible or mixer 24 into which fluid metal is 
poured from ladies from time to time. The arrangement 
is such as to provide for possible return of the fluid 
metal from the tundish back to the crucible should the 
process become stopped for any reason and it becomes 
desirable to, empty the tundish. 

- The ?uid metal 2 in crucible 24 and/or in tundish 1 
may be kept at a predetermined temperature by auxil 
iary electric induction heating means 25 extending 
around the crucible and tundish, and which may be de 
signed to effect a stirring of the ?uid metal. 
The depth of ?uid metal for each teeming zone is 

maintained to provide a pressure of ?uid at the corre 
sponding nozzle to give the necessary acceleration to 
the ?uid flow through the nozzle whereby the accretion 
metal 15 ?ows onto rod 3 at nearly the downward 
speed of movement of the rod. 

In the teeming process, the intimate contact between 
the tubular column of ?uid flow and rod 3, which may 
be assisted by maintaining a slight pressure in chamber 
16 from connection 20, provides a very rapid energy 
transfer from the ?uid column now on the solid rod 3. 
As the ?uid state metal comes into contact with the 
solid state core metal, there is an instantaneous equal 
ization of the energy level of both surfaces with a coal 
escing of the atoms, which may be aptly referred to as 
“contiguous solidi?cation.” The resulting solidi?cation 
of the ?uid metal from the core toward the outer sur 
face is spontaneous at the meeting surfaces. This trig 
gers the emission of the gases as solidi?cation advances 
from the inner core surface outwardly toward the outer 
surface of the accretion. 
As the ?uid metal is solidi?ed from the inside, gases 

entrapped therein are forced outwardly and escape into 
chamber 16 where they are ?ushed away by the moving 
gases ?owing through the chamber, or are drawn away 
by the vacuum source, as previously described. 
The virgin metal, being in a ?uid state with entrapped 

gases present, becomes triggered rapidly toward solidi 
?cation of the liquid state, and the freedom for escape 
of the gaseous state provides freedom in the environ 
ment for crystallization of the metal during solidi? 
cation. ' ’ 

In this process, the size or volume relationship of 
?uid to solid state area is controlled by the orifice size 
of nozzles 4 effected by raising of the stoppers 5, the 
head of ?uid metal at the zone from which the ?uid 
metal flows, and the speed of travel of the solid state 
core. 

Core crystallization growth or contiguous solidi? 
cation is obtained entirely without molds with their 
?xed dimensions and shapes to con?ne and compress 
the ?uid state while the change in state takes place. 
There is no restricting volume of ?uid metal present 
during the solidi?cation. The solid state is therefore 
free to form spontaneously and to maintain its stable 
properties and shape. Thus, the core growth or contigu 
ous solidification is always from the inside out toward 
the periphery. 
The high energy atoms of the entrapped gaseous state 

present in the ?uid state of the virgin metal are encour 
aged'by the environment to escape outwardly to the 
surrounding gaseous environment so that the liquid 

15 

6 
atoms of the virgin metal can drop abruptly to the en 
ergy level of the solid state freely with substantially no 
slowing down or arresting of the change. 
This change in energy level of the atoms takes place 

continuously in predetermined regions of travel of the 
rod 3 and accretion metal 15 in chamber 16 or beneath 
it. The liquid state atoms seek the lower energy of the 
solid state and take their place and maintain it in the 
natural lattcice work inherent in metals of the solid 
state, without interference from the higher energy 
atoms of the gaseous state. 
The nucleus of the latent solid state atoms is not en 

couraged to return to an excited condition of liquid 
state by the presence of higher energy gaseous state 
atoms or molecules as occurs in ingot casting pro 
cesses. 

The orbiting electrons of the nucleus can drop down 
' closer to their ?xed orbits of the solid state, and the 
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free electrons can join the nucleus, thus offering them 
the lowest energy level to be found in the solid state. 
The bonding action of the free electrons becomes in 
stantaneous, thereby establishing the solid state and 
shape of the metal cyrstals. 
The rate of travel of. the moving solid state core 

through the hollow stopper can be varied indepen 
dently and needs only to be adjusted to effect solidi? 
cation of an optimum thickness of the newly grown 
solid state desired on its periphery. In general, the rate 
of core movement should approximate the speed of 
?ow of ?uid metal resulting from the gravity pull at the 
nozzle thereon for the given head and opening. 
The core maintains its metallic bonding free elec 

trons and brings under control the free electrons of the 
moving liquid state embracing its periphery. As the 
higher energy electrons of the gaseous state leave to the 
outside the lower energy electrons of the liquid state 
remain for solidification on the growing surface of the 
parent core. 

The solid state grows exponentially as the liquid state 
decreases or shrinks exponentially. 
An adjustment between the relative rate of travel of 

the core 3 and the surrounding column of ?uid state 
virgin metal can effect relative elongation or shortening 
of the ?uid state column and determine or establish the 
desired depth of solid state growth in any given fusion 
or teeming operation. Thus, a faster core speed for a 
given nozzle opening reduces the thickness of solid 
state accretion metal 15, and a slowercore speed for 
the same nozzle opening will increase the thickness of 
solid state accretion metal 15. 
The greater the surface area and moving mass of the 

solid state, the larger the volume of ?uid metal that can 
be solidi?ed in any one cycle. 

In carrying out the invention, either a single layer of 
accretion metal 15 may be fused upon the core rod 3, 
or by recycling as illustrated in FIGS. 1 to 3, a multiple 
number of layers of accretion metal may be succes 
sively fused upon the rod. The ?nal size of the rod or 
end product will be limited depending upon practical 
handling'facilities and characteristics of the metal or 
alloy being teemed. 
Where recycling is employed, each successive layer 

of deposited metal fused upon its predecessor will ef-‘ 
feet a re-crystallization and re?nement of the metal of 
the previous layer, thereby improving the physical 
properties of the ?nal structure. The process utilizes 
the forces of gravity to accelerate the ?uid ?ow of vir 
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gin metal to generally simulate the speed of rod move 
ment. In the present process, the core rod never comes 
into contact with the ?uid metal in the container or 
tundish l and thus does not melt prior to the fusion or 
solidification with the accreted metal. 
The general fit of the lower end of the stopper 5 with 

the'moving core rod 3 taken with the speed of the mov 
ing core rod, provides in effect a seal that prevents ?uid 
metal from rising inside the hollow stopper, and thus 
the core rod does not come into contact with the ?uid 
metal until it reaches the nozzle opening 4. The stopper 
5 generally protects the core rod from losing its solidi 
fying capacity before it contacts the fluid metal, and 

10 

thus the core rod is retained at as low an energy level ' 
as practical so that is capacity for accretion of ?uid 
metal by solidi?cation from within is kept as high as is 
reasonably possible. ‘ 
When recycling is employed ‘to deposit one layer of 

metal upon another, the quality of the previously de 
posited metal‘is improved, much as in fusion welding 
processes where one layer is deposited upon another. 
The layer or layers of accretion metal are substan 

tially free of lattice work dislocations, voids and incipi 
ent cracks or failures, and also of internal stresses. 
The more perfect lattice work of the metal offers 

maximum resistance to applied energy from an external 
source since the, bonding energy of the free electrons‘ 
is at ornear to its maximum. Any applied energy is 
more equally ‘distributed throughout the crystaline lat 
tice work. ' 

The atoms at the meeting surfaces between the core 
rod‘ and the ?uid column must be free to move into 
‘their natural place in the lattice work for bonding pur 
posesfl‘o facilitate this, it may be desirable to clean the 
surface of the solid state core as by grits blasting or ul 
trasonic means before it enters the hollow stopper to 
clean it- of all oxides and surface impurities. If practical, 
in a given instance, it may be possible to enclose the en 
tire operation in an inert or a deoxidizing atmosphere. 

‘ I claim: 

1. In combination, a tundish for containing virgin 
fluid metal and having a step bottom to provide zones 
of successively greater depths of ?uid metal therein, a 
teeming nozzle at the bottom of each zone, a tubular 
stopper closing each said nozzle and extending up 
wardly therefrom to above the level of ?uid metal in 
the tundish, means to move a continuous core rod 
downwardly through the hollow stopper for the zone of 
least depth and to recycle the same downwardly 
through each stopper of the successively deeper zones, 
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8 
and means to raise and lower the stoppers to provide 
for the controlled ?ow of successive tubular columns of 
?uid metal upon the rod as it progresses through the 
several zones, said openings and stoppers for each suc 
cessive zone being larger than for the next preceding 
zone to provide for the successive accretion of metal 
upon the core rod as it passes through the several 
zones. ' 

2. In combination, means to contain virgin ?uid 
metal in successive operative zones, a teeming nozzle 
at the bottom of each zone, a tubular stopper closing 
each said nozzle and extending upwardly therefrom to 
above the level of ?uid metal in the corresponding 
zone, drive means to move a continuous core rod 
downwardly‘ through the hollow stopper for one zone 
and-to recycle the same downwardly through each 
stopper of the successive zones, and means to raise and 
lower the stoppers independently of each other to pro 
vide for the controlled flow of successive tubular col 
umns of fluidometal downwardly with and embracing 
the rod as it progresses through the several zones, said 
openings and stoppers for each successive zone being 
larger than for the next preceding zone to provide for 
the successive accretion of metal upon the core rod as 
it passes through the several zones. 

3. The construction of claim 2 and heated storage 
means for virgin ?uid metal adjacent said first named 
means, and means to transfer virgin ?uid metal from 
said storage means to said first means and from said 
first named means to said storage means. 

4. In combination, means to contain virgin ?uid 
metal in zones of successively greater depths of ?uid 
metal, a teeming nozzle at the bottom of each zone, a 
tubular stopper closing each said nozzle and extending 
upwardly therefrom to above the level of ?uid metal in 
the, corresponding zone, drive means to move a contin 

' uous core rod downwardly through the hollow stopper 
for the zone of least depth and to recycle the same 
downwardly through each stopper of the successively 
deeper zones, and means to raise and lower the stop 
pers independently of each other to provide for the 
controlled ?ow of successive tubular columns of ?uid 
metal downwardly with and embracing the rod as it 
progresses through the several zones, said openings and 
stoppers for each successive zone being larger than for 
the next preceding zone to provide for the successive 
accretion of metal upon the core rod as it passes 
through the several zones. 
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