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(57) ABSTRACT 

A recessed rim cold hearth and ?anged skull for producing 
re?ned metal from raw metal contaminated with high den 
sity inclusions and/or hard alpha particles. The hearth has a 
hollowed body with a rectangular bottom wall and respec 
tive upstanding rectangular side and end walls which have 
imbedded water pipes for cooling water to circulate. An 
upwardly open chamber is de?ned within the body which 
terminates at an upper rim for holding a skull of metal 
formed on the cooled walls of the hearth. The upper rim of 
the hearth has an upwardly open, inwardly disposed periph 
eral recess to form and receive an outwardly extending 
peripheral ?ange of solidi?ed metal of the skull. The periph 
eral ?ange overlaps and rests on the upper rim in the 
peripheral recess to support the skull within the hearth and 
seals against the upper rim such that molten metal disposed 
in a melt pool formed by overhead electron beam guns 
(EBM) or plasma torches (PAM) during metal re?ning is 
prevented from over?owing into any gap present between 
the skull and the hearth. 
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COLD HEARTH AND SKULL FOR REFINING 
METALS WHICH SEAL TOGETHER TO PREVENT 

OVERFLOW OF MOLTEN METAL 
THEREBETWEEN 

BACKGROUND OF THE INVENTION 

1. TECHNICAL FIELD 

[0001] Generally, the invention relates to the melting and 
re?ning of metals using electron beam guns or plasma 
torches in a Water-cooled cold retort or hearth. Particularly, 
the invention relates to a cold retort or hearth for producing 
re?ned ingots of metals and metal alloys in Which a skull 
formed Within a skull-receiving chamber of the retort or 
hearth. Speci?cally, the invention relates to a cold retort or 
hearth and associated skull that prevents molten metal from 
?lling any gap present betWeen the retort or hearth and the 
skull to damage the insulating material and reduce the effect 
of preventing heat loss from the skull to the retort or hearth. 

2. BACKGROUND INFORMATION 

[0002] Titanium is increasingly used in many design 
applications Where material having high strength and loW 
Weight is required. One obvious eXample is the aircraft 
industry Where every pound of Weight reduction to an 
aircraft means increased range or more payload capacity. 
Turbine aircraft engines in particular use substantial 
amounts of titanium alloys in the blades and disks of the fan 
and compressor sections Where high strength and durability 
are required. These blades and disks must hold together 
under high stresses and heat for thousands of heating and 
cooling cycles as the engine is started and stopped. Failures 
are typically catastrophic, resulting in the engine self-de 
structing. One major cause of blade and disk failure is 
defects such as unre?ned inclusions present in the titanium 
alloy Which act as stress risers from Which cracks propagate. 
Even the smallest amounts of unre?ned inclusions in these 
rotating engine parts can cause catastrophic failure due to 
the high centrifugal force the rotating parts are subjected to 
during high rotational speeds of the rotating components of 
the fan and compressor sections. Typical defects present 
include high density inclusions and hard alpha particles. 
High density inclusions are contaminates introduced during 
ingot production Which are of much higher density than the 
titanium. These defects include tungsten, tungsten carbide, 
tantalum, and molybdenum. Conversely, hard alpha defects 
are titanium particles and regions With high concentrations 
of interstitial alpha stabiliZers such as nitrogen, oXygen, and 
carbon. 

[0003] Cold hearth re?ning has been used to produce 
commercially pure titanium, titanium alloys and superal 
loys. Quality improvements result from the removal of the 
high density inclusions and hard alpha particles in titanium 
alloys. For superalloys, removal of oXide and nitride inclu 
sions and other volatile tramp elements are the major factors 
of quality improvement. 

[0004] One version of cold hearth re?ning utiliZes Elec 
tron Beam Melting (EBM) Wherein a plurality of electron 
beam guns are used to melt the titanium, called Electron 
Beam Cold Hearth Re?ning (EBCHR). RaW metal in the 
form of titanium sponge compacts, chips, scraps, and 
machine turnings from the machining of components made 
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of titanium alloy parts is loaded into a cold retort or hearth 
and melted by electron beams from the electron beam guns 
disposed over the retort or hearth. When the molten metal 
contacts cooled bottom and side surfaces of the retort or 
hearth, the titanium alloy solidi?es at the Walls of the retort 
or hearth such that only a relatively small melt pool of 
molten metal remains on the skull. As additional raW metal 
is supplied to a retort or hearth, the electron beams melt the 
raW metal into the melt pool. The high density inclusions 
settle out of the melt pool to an interface With the skull and 
the noW re?ned molten metal ?oWs to an outlet end of the 
melt pool as additional raW metal is added, ?oWing out 
through a pouring spout at a front end of the hearth. Hard 
alpha defects are removed or dissolved in the molten tita 
nium. The re?ned molten metal ?oWs from the pouring 
spout into an ingot mold and solidi?es into an ingot of 
re?ned metal Which is subsequently removed from the mold. 
The method is particularly effective in removing high den 
sity inclusions and inhibiting the formation of hard alpha 
defects due to the fact that the molten metal continuously 
travels through the retort and hearth before ?oWing into the 
ingot mold. Such separation of the melting, re?ning and 
casting areas produces a more controlled residence time of 
the molten metal Which better eliminates inclusions by 
dissolution and density separation processes in the melt 
pool. 
[0005] Another version of cold hearth re?ning utiliZes 
Plasma Arc Melting (PAM) Wherein a plurality of plasma 
torches are used to melt the titanium, called Plasma Arc Cold 
Hearth Re?ning (PACHR). The process is the same as 
electron beam cold hearth re?ning eXcept for using the 
plasma torches Which produce plasma plumes utiliZing an 
inert gas. 

[0006] One problem for hearth re?ning is the loW thermal 
ef?ciency for melting and re?ning of metals in the cold 
hearth typically used for EBM and PAM. A signi?cant 
amount of the heat input to the skull is lost from the top 
surface of the skull and molten metal pool due to radiation 
(both EBM and PAM) and helium/argon gas convection 
(PAM only). The contact betWeen respective bottom, side, 
and end surfaces of the skull With the Water cooled copper 
reort or hearth results in a large quantity of heat lost to the 
cooling Water (both EBM and PAM). As a result, high poWer 
input from plasma torch (PAM) or electron beam gun (EBM) 
is required to maintain a desired raW metal melting rate, 
liquid metal superheat, and molten metal pool volume. 

[0007] In Yu and Spadafora US. patent “Insulated Cold 
Hearth for Re?ning Metals Having Improved Thermal Ef? 
ciency”, a method is described for solving the above 
mentioned problems by applying insulating material into the 
gap betWeen the skull and the Water-cooled retort or hearth 
to prevent heat loss from the skull to the Water-cooled retort 
or hearth and retain heat in the skull. One problem for this 
invention is Where molten metal in the melt pool over?oWs 
into the gap betWeen the skull and the retort or hearth 
damaging the insulating material and reducing the effect of 
insulation. 

BRIEF SUMMARY OF THE INVENTION 

[0008] Objectives of the invention include providing a 
cold retort or hearth and skull Which seal against over?oW 
ing of the molten metal into the gap therebetWeen during the 
re?ning process. 
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[0009] Another objective is to provide a skull Which may 
be used With existing cold retorts or hearths Which seals 
against the rim thereof to prevent over?owing of the molten 
metal into the gap therebetWeen during the re?ning process. 

[0010] These objectives and advantages are obtained by 
the improved recessed rim cold retort or hearth and ?anged 
skull of the present invention for producing re?ned metal 
from raW metal contaminated With high density inclusions 
and/or hard alpha particles, the general nature of Which may 
be stated as including: a cold retort or hearth and a ?anged 
skull. The retort or hearth has a holloWed body With a cooled 
interior surface Which de?nes an upWardly open skull 
receiving chamber terminating at an upper rim. The chamber 
holds the ?anged skull of the re?ned metal formed in the 
retort or hearth. The retort or hearth is preferably of con 
ventional rectangular con?guration, having a bottom Wall, a 
pair of side opposing Walls, and respective input and output 
end Walls, and Water-cooled using Water pipes disposed in 
the Walls. 

[0011] The ?anged skull is made of re?ned metal formed 
in the hearth of a shape corresponding to the chamber by 
molten metal contained therein Which solidi?es due to 
contact With the cooled interior surface of the retort or 
hearth. The skull has an outWardly extending upper periph 
eral ?ange of solidi?ed metal Which overlaps and rests on 
the upper rim to support the skull Within the retort or hearth. 
The peripheral ?ange seals against the upper rim such that 
re?ned molten metal disposed in a melt pool formed on the 
skull during metal re?ning is prevented from over?oWing 
into any gap present betWeen the skull and the retort or 
hearth. The upper rim of the retort or hearth preferably has 
an upWardly open, inWardly disposed peripheral recess to 
receive the peripheral ?ange of the skull, comprising a 
recessed rim cold retort or hearth, though the ?anged skull 
may be used With conventional cold retort or hearth Which 
have no peripheral recess. The ?anged skull is preferably 
rectangular in con?guration to ?t retort or hearth of con 
ventional rectangular con?guration With or Without the 
peripheral recess. 

[0012] The recessed rim cold retort or hearth and ?anged 
skull are utiliZed as part of a cold hearth metal re?ning 
system for producing re?ned metal from raW metal contami 
nated With high density inclusions and/or hard alpha par 
ticles. A preferred metal re?ning system includes the 
recessed rim cold retort or hearth used With the ?anged skull, 
at least one heating device, an input feed device, and an 
ingot casting device. The recessed rim cold retort or hearth 
holds the ?anged skull of re?ned metal formed in the retort 
or hearth. The heating device is disposed above the retort or 
hearth and produce heating electron beam (EBM) or plasma 
plume (PAM) directed onto the skull. The input feed device 
feeds raW metals to be re?ned onto the skull disposed in the 
retort or hearth. The ingot casting device to receive re?ned 
molten metal from the hearth and form solid ingot thereof. 

[0013] The recessed rim cold retort or hearth and ?anged 
skull are utiliZed in a method for re?ning metals contami 
nated With high density inclusions and/or hard alpha par 
ticles Which includes the steps of: 1) providing a cold retort 
or hearth having a holloWed body With cooled interior 
surface Which de?nes an upWardly open skull-receiving 
chamber terminating at an upper rim; 2) applying insulating 
material neXt on the interior surface of the cold retort or 
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hearth; 3) providing a ?anged skull having a peripheral 
?ange to overlap and rest on an upper rim of the cold retort 
or hearth to support the skull Within the retort or hearth and 
seal thereagainst such that re?ned molten metal disposed in 
a melt pool formed on the skull during metal re?ning is 
prevented from over?oWing into any gap present betWeen 
the skull and the retort or hearth; 4) supplying raW metal 
Which includes high density inclusions and/or hard alpha 
particles to be re?ned therefrom into the retort or hearth; 5) 
melting the raW metal in the retort or hearth using at least 
one heating device Which produces a heating electron beam 
(EBM) or plasma plume (PAM) directed onto the skull to 
form a melt pool of molten metal on the skull having an 
input end and an outlet end; 6) maintaining the molten metal 
in a molten state a suf?cient amount of time to permit 
impurities of a higher density than the metal to settle out in 
the melt pool to produce a re?ned molten metal; 7) trans 
ferring the re?ned molten metal in a molten state into an 
ingot mold and alloWing to cool to form a solid ingot; and 
8) removing the ingot from the ingot mold. The retort or 
hearth is preferably a recessed rim cold retort or hearth 
having an upWardly open, inWardly disposed peripheral 
recess adapted to receive the peripheral ?ange of the skull. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0014] The preferred embodiments of the invention, illus 
trative of the best mode in Which applicant has contemplated 
applying the principles, are set forth in the following 
description and are shoWn in the draWings and are particu 
larly and distinctly pointed out and set forth in the appended 
claims. 

[0015] FIG. 1 is a perspective vieW of a conventional cold 
hearth and ingot casting mold; 

[0016] FIG. 2 is a longitudinal vertical sectional vieW of 
the cold hearth and ingot casting mold of FIG. 1; and 

[0017] FIG. 3 is a longitudinal vertical sectional vieW of 
the recessed rim cold hearth of the present invention When 
a cold ?anged skull of the present invention is placed in a 
recessed rim cold hearth shoWing the gaps betWeen the 
?anged skull and the recessed rim cold hearth. 

[0018] Similar numerals refer to similar parts throughout 
the draWings. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] FIGS. 1 and 2 depict a conventional cold hearth 
metal re?ning system, designated generally at 20, for pro 
ducing re?ned metal from raW metals such as sponge and 
machine turnings of the metal, typically titanium based, 
contaminated With high density inclusions and/or hard alpha 
particles (collectively referred to as high density inclusions). 

[0020] The metal re?ning system 20 includes a conven 
tional cold hearth 23, typically of the Water-cooled type, and 
an ingot casting device preferably comprising an ingot 
casting mold 26. The hearth 23 is a holloWed body of 
rectangular con?guration, comprising a rectangular bottom 
Wall 32 and an upstanding peripheral Wall Which includes a 
rectangular input end Wall 35, a rectangular output end Wall 
38, and a pair of rectangular side Walls 41 and 44. A cooled 
interior surface 45 of hearth 23 de?nes an upWardly open, 
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skull-receiving chamber 47 of rectangular con?guration 
terminating at an upper rim 50. The Walls 32, 35, 38, 41, and 
44 are made of copper or copper alloy With a plurality of 
cooling pipes 53 contained thereWithin through Which cool 
ing Water may be circulated from a Water source (not shoWn) 
to cool the interior surface 45. The hearth 23 holds a skull 
56 of the metal being re?ned formed in the hearth 23 by 
contact and solidi?cation on the cooled interior surface 45 in 
the present or in previous melting operations. The skull 56 
includes an upper portion 59 and a bottom portion 62 both 
of Which include generally horiZontally-disposed areas con 
taining contaminates 65 that are heavier than the metal and 
Which settle out When the metal is in a molten state. 

[0021] One or more heating devices 68, typically of the 
plasma torch (PAM) or electron beam gun (EBM) type, are 
disposed above the hearth 23 each of Which produce a 
heating electron beam (EBM) or plasma plume (PAM) 71 
directed onto the skull 56 to form a melt pool 74 of molten 
metal on the skull 56. The heating devices 68 are positioned 
at ?Xed positions to direct the heating electron beam (EBM) 
or plasma plume (PAM) 71 onto the skull 56 to form the melt 
pool 74. RaW metal 77 to be re?ned, such as titanium scraps, 
titanium sponges and machine turnings, is fed from a raW 
metal source (not shoWn) over the input Wall 35 at a back 
end 78 of the hearth 23 into an input end 80 of the melt pool 
74 by an input feed device 83. The raW metal 77 is melted 
in the melt pool 74 by the heating electron beam (EBM) or 
plasma plume (PAM) 71 such that the heavier contaminates 
65 fall to a bottom interface 86 of the melt pool 74 With the 
skull 56 forming re?ned molten metal at the top of melt pool 
74. The vertical level of a surface 89 of the melt pool 74 rises 
as the raW metal 77 enters the melt pool 74 and re?ned 
molten metal over?oWs from an output end 92 of melt pool 
74 disposed at a front end 93 of the hearth 23 through a 
pouring lip 95 of the output end Wall 38 into the ingot casting 
mold 26. 

[0022] The ingot casting mold 26 is cylindrical in cross 
section, though it may be rectangular, polygonal, or other 
such shape, comprising an upright side Wall 98 of circular 
cross-section. Side Wall 98 has an open upper end 101 and 
an open loWer end 104 Which de?nes an interior bore 107. 
The Wall 98 is made of copper or copper alloy With a 
plurality of cooling pipes 110 contained thereWithin through 
Which cooling Water may be circulated. Avertically movable 
piston 113 closely ?ts abutting mold 26 to initially close the 
loWer end 104 for containing the re?ned molten metal Which 
over?oWs through pouring lip 95, forming an over?oW pool 
116 of the re?ned molten metal Within bore 107. Piston 113 
is vertically movable by an attached piston rod 119. A solid 
cylindrical ingot 122 of re?ned metal is formed Within bore 
107 as cooling of the over?oW pool 116 progresses, and the 
piston 113 is gradually loWered beloW the loWer end 104 of 
ingot casting mold 26 to permit forming of the ingot 122 to 
a desired length. 

[0023] An heating device 125 comprising a plasma torch 
(PAM) or electron beam gun (EBM) similar to heating 
device 68 is disposed above the ingot casting mold 26 and 
produces a heating electron beam (EBM) or plasma plume 
(PAM) 128 directed into the over?oW pool 116 to control the 
rate of cooling thereof to harden into ingot 122. When the 
ingot 122 is of the desired length, the addition of raW metal 
77 into hearth 23 is temporarily ceased, stopping the over 
?oW of the re?ned molten metal into ingot casting mold 26. 
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The over?oW pool 116 is permitted to harden at a controlled 
rate using heating device 125 and the piston 113 is loWered 
to alloW ingot 122 to be removed from ingot casting mold 
26. 

[0024] A problem With the prior art arrangement is that 
during the melting and re?ning process, molten metal from 
the melt pool 74 may over?oW and fall into the gap (not 
shoWn) betWeen the skull 56 and the hearth 23. When this 
happens, the insulating material in the gap may be damaged 
and the insulation effect Which prevents the heat loss from 
the skull to the hearth may be reduced. 

[0025] FIG. 3 depicts a recessed rim cold hearth of the 
present invention, designated generally at 131, With a 
?anged skull 134 of the present invention. The hearth 131 
may be used as part of the cold hearth metal re?ning system 
20. The hearth 131 is a holloWed body of rectangular 
con?guration, comprising a rectangular bottom Wall 137 and 
an upstanding peripheral Wall Which includes a rectangular 
input end Wall (not shoWn) having an upper recess, a 
rectangular output end Wall 140 having an upper recess 143, 
and a pair of rectangular side Walls 146 and 149 having 
respective upper recesses 152 and 155. A cooled interior 
surface 157 of hearth 131 de?nes an upWardly open, skull 
receiving chamber 158 of rectangular con?guration termi 
nating at an upper rim 161 having an upWardly open, 
inWardly disposed peripheral recess 162 comprised of the 
recesses including recessesl43, 152, and 155. The Walls 137, 
140, 146, and 149 are preferably made of copper or copper 
alloy With a plurality of cooling pipes 164 contained there 
Within through Which cooling Water may be circulated from 
a Water source (not shoWn) to cool the interior surface 157. 
The peripheral recess 162 includes a horiZontally-disposed 
seal surface 165 and a vertically-disposed surface 166 
abutting the seal surface 165 at a ninety-degree included 
angle. 

[0026] The hearth 131 holds a ?anged skull 134 of the 
metal being re?ned formed in the hearth 131 by contact and 
solidi?cation on the cooled interior surface 157 in the 
present or in previous melting operations. The ?anged skull 
134 includes an upper portion 167 With an outWardly 
extending peripheral lip or ?ange 170 With a horiZontally 
disposed seal surface 171 Which juxtaposes the seal surface 
165 of the peripheral recess 162 of hearth 131to support the 
skull 134 Within the hearth 131 and seal thereagainst, and a 
vertically-disposed surface 172 abutting the seal surface 171 
at a ninety-degree included angle. The ?anged skull 134 
further includes a bottom portion 173 Which together With 
upper portion 167 include generally horiZontally-disposed 
areas containing contaminates 65 that are heavier than the 
metal and Which settle out When the metal is in a molten 
state. The ?anged skull 134 forms When raW metal 77 is 
melted in an initially empty hearth 131 and takes on the 
con?guration of the chamber 158 including the peripheral 
recess 162. Alternatively, the ?anged skull 134 forms When 
a conventional non-?anged skull 56 is placed in the hearth 
131 and molten metal from the melt pool 74 over?oWs into 
the peripheral recesses 162 forming the peripheral lip 170. 
Additionally, ?ange skull 134 may be machined out of an 
eXisting skull for use in the hearth 131. The peripheral lip 
170 solidi?es due to the direct contact With the hearth 23 
Which is cooled by Water running through the pipes 164, and 
is not easily melted by the plasma plume (PAM) or electron 
beam (EBM), and hence stays in solid form during the entire 
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melting and re?ning cycle. Respective peripheral rim and 
side gaps 176 and 179, and a bottom gap 182 are generally 
present during the re?ning process. Spacers (not shoWn) 
may be utilized betWeen the hearth 23 and the skull 134 for 
support or to maintain the gaps 176, 179, and 182. The 
peripheral lip 170 overlaps the upper rim 161, ?tting into the 
peripheral recess 162 comprised of the upper recesses 
including upper recesses 143, 152, 155, to support the 
?anged skull 134 Within hearth 131 and seal thereagainst. 
This prevents molten metal disposed in the melt pool 74 
formed on the skull 56 during metal re?ning from over?oW 
ing into any of the gaps 176, 179, and 182 present betWeen 
the skull 134 and the hearth 131. Alternatively, peripheral lip 
170 of ?ange skull 134 may be positioned directly on the 
upper surface of hearth 131, With no recess being provided 
therein. In this manner, the ?ange Would seal directly against 
the traditional hearth and no recess Would be provided 
Without departing from the spirit of the present invention. 
Still further, ?ange skull 134 may be formed as above, or 
alternatively, a traditional skull may be manufactured With 
lips machined thereon Without departing from the spirit of 
the present invention. Still further, a separate sealing ring 
may be positioned around the perimeter of skull 134 in order 
to provide a sealing ring betWeen skull 134 and hearth 131 
Without departing from the spirit of the present invention. 

[0027] A method for improving the thermal ef?ciency of 
re?ning metals contaminated With high density inclusions 
and/or hard alpha particles includes ?rst providing a cold 
hearth and a ?anged skull of the type described above having 
an outWardly extending upper peripheral ?ange of solidi?ed 
metal adapted to overlap the upper rim of the hearth to 
support the skull Within the hearth and seal thereagainst such 
that re?ned molten metal disposed in a melt pool formed on 
the skull during metal re?ning is prevented from over?oW 
ing into any gap present betWeen the skull and the hearth. An 
upper portion of the skull is melted to form a melt pool of 
molten metal on the skull using a heating device Which 
produces a heating electron beam (EBM) or plasma plume 
(PAM) directed onto the skull. The melt pool has an input 
end Where raW metal to be re?ned is added and melted and 
an outlet end Where re?ned metal exits the hearth. RaW 
metal is supplied Which includes high density inclusions 
and/or hard alpha particles to be re?ned therefrom to the 
input end of the melt pool and melted into the melt pool 
using the heating device. The molten metal is maintained in 
a molten state in the melt pool on the skull using the heating 
device a suf?cient amount of time to permit the higher 
density impurities to settle out in the melt pool. The impu 
rities form a layer on a bottom interface of the melt pool With 
the skull to produce a re?ned molten metal thereabove. The 
re?ned molten metal is transferred from the hearth While 
being maintained in a molten state into an ingot mold. The 
re?ned molten metal is alloWed to cool to form a solid ingot 
of re?ned metal in the ingot mold. The solid ingot is 
removed from the ingot mold. The upper rim of the hearth 
preferably has an upWardly open, inWardly disposed periph 
eral recess adapted to receive the peripheral ?ange of the 
skull. 

[0028] Accordingly, the recessed rim cold hearth and skull 
provide a seal against over?oWing of the molten metal into 
the gap therebetWeen during the re?ning process, may be 
used With existing cold hearths Which seals against the rim 
thereof to prevent over?oWing of the molten metal into the 
gap therebetWeen during the re?ning process, the skull is 
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easily removable from the hearth upon completion of the 
re?ning process, and is producible by retro?tting existing 
cold hearths Which achieves all the enumerated objectives, 
provides for eliminating dif?culties encountered With prior 
art devices, and solves problems and obtains neW results in 
the art. 

[0029] References for the present invention include the 
folloWing documents With the most pertinent pages cited, 
Which documents are herein incorporated by reference in 
their entirety: 1) C. E. Shamblen, G. B. Hunter, “Titanium 
Base Alloys Clean Melt Process Development”, Proceedings 
of the 1989 Vacuum Metallurgy Conference on the Melting 
and Processing of Specialty Materials, Iron and Steel Soci 
ety, Inc., Warrendale, Pa., pp. 3-11, 1989; 2) D. J. Tilly, C. 
E. Shamblen, W. H. Buttrill, “Premium Quality Ti Alloy 
Production: HM+VAR Status”, Proceedings of the 1997 
International Symposium on Liquid Metal Processing and 
Casting, A. Mitchell, P. Auburtin, eds., Vacuum Metallurgy 
Division, American Vacuum Society, Santa Fe, N. Mex., pp. 
85-96,1997; 3) C. E. Shamblen, D J Tilly, “Inclusion Free 
Titanium Material Efforts”, Proceedings of the Electron 
Beam Melting and Re?ning Conference—State of the Art 
1997, R. Bakish, ed., Bakish Materials Corporation, Reno, 
Nev., pp. 39-47, 1997; 4) K. O. Yu, “Plasma Arc Melting for 
Titanium Alloys”, Proceedings of the Technical Program 
from the 1998 International Conference, International Tita 
nium Association, Monte Carlo, Monaco, pp. 371-385, 
1998; 5) K. O. Yu, J. G. Ferrero, C. M. Bugle, “Evaluation 
of the TMP Behavior of PAM Cast Ti6Al-4V and Its Effect 
on Microstructure and Mechanical Properties”, 12th 
Advanced Aerospace Materials and Processes Conference & 
Exposition, Long Beach, Calif., 2001; and 6) K. O. Yu, F. P. 
Spadafora, J. M. Hjelm, B. Martin, S. FelloWs, and M. 
Jacques, “Plasma Arc Melting of Titanium Alloys for Non 
Rotating Component Applications”, Proceedings of the 2001 
International Symposium on Liquid Metal Processing and 
Casting, A. Mitchell, J. Van Den Avyle, eds., Vacuum 
Metallurgy Division, American Vacuum Society, Santa Fe, 
N. Mex., pp. 1-17, 2001. 

[0030] In the foregoing description, certain terms have 
been used for brevity, clearness and understanding; but no 
unnecessary limitations are to be implied therefrom beyond 
the requirements of the prior art, because such terms are 
used for descriptive purposes and are intended to be broadly 
construed. 

[0031] Moreover, the description and illustration of the 
invention is by Way of example, and the scope of the 
invention is not limited to the exact details shoWn or 
described. 

[0032] Having noW described the features, discoveries and 
principles of the invention, the manner in Which the 
improved recessed rim cold hearth, ?anged skull, and 
method for re?ning metals is constructed and used, the 
characteristics of the construction, and the advantageous, 
neW and useful results obtained; the neW and useful struc 
tures, devices, elements, arrangements, parts and combina 
tions, are set forth in the appended claims. 

1. A combination cold hearth and ?anged skull for pro 
ducing re?ned metal comprising: 

a cold hearth having a holloWed body With cooled interior 
surface Which de?nes an upWardly open skull-receiv 
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ing chamber in Which a skull of metal may be disposed 
and terminating at an upper rim; and 

a ?anged skull having an outwardly extending upper 
peripheral ?ange of solidi?ed metal adapted to overlap 
said upper rim of said hearth and seal thereagainst such 
that molten metal disposed in a melt pool formed on 
said skull during metal re?ning is prevented from 
over?owing into any gap present betWeen said skull 
and said hearth, damaging the insulating material 
applied in the gap and reducing the effect to prevent 
heat loss from the skull to the hearth. 

2. The combination de?ned in claim 1 in Which the hearth 
comprises a bottom Wall and an upstanding peripheral Wall 
Which de?ne the chamber. 

3. The combination de?ned in claim 2 in Which the 
chamber of the hearth is rectangular in con?guration and the 
skull is of a corresponding rectangular shape, said chamber 
having a rectangular bottom surface, a pair of rectangular 
input and output end surfaces, and a pair of rectangular side 
surfaces Which de?ne said chamber. 

4. The combination de?ned in claim 3 in Which the hearth 
is rectangular in con?guration, comprising a rectangular 
bottom Wall having the bottom surface, an input end Wall 
having the input end surface, an output end Wall having the 
output end surface, and a pair of elongate side Walls respec 
tively having the side surfaces, said Walls having respective 
inWardly disposed upper recesses Which comprise the 
peripheral recess of said hearth. 

5. The combination de?ned in claim 2 in Which the hearth 
is Water-cooled. 

6. The combination de?ned in claim 5 in Which the hearth 
is substantially made of copper With a plurality of cooling 
pipes contained thereWithin through Which cooling Water 
may be circulated. 

7. The combination de?ned in claim 1 in Which the upper 
rim of the hearth has an inWardly disposed peripheral recess; 
and in Which the peripheral ?ange of the skull is received 
Within the recess. 

8. The combination de?ned in claim 7 in Which the 
peripheral recess of the hearth and the peripheral ?ange of 
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the ?anged skull include respective substantially horiZon 
tally-disposed seal surfaces Which juXtapose to seal the area 
Where the skull and hearth are adjacent one another. 

9. The combination de?ned in claim 8 in Which the 
peripheral recess of the hearth and the peripheral ?ange of 
the ?anged skull include respective substantially vertically 
disposed surfaces abutting the seal surfaces at substantially 
a ninety-degree included angle. 

10. The combination de?ned in claim 1 in Which the 
?ange is removable and replaceable. 

11. A ?anged skull for use With a cold hearth having a 
holloWed body With cooled interior surface Which de?nes an 
upWardly open skull-receiving chamber terminating at an 
upper rim comprising: 

a body having an upper portion and a loWer portion; and 

an upper peripheral ?ange of solidi?ed metal adapted to 
overlap and rest on said upper rim to support said skull 
Within said hearth and seal thereagainst such that 
molten metal disposed in a melt pool formed on said 
skull is prevented from over?oWing present betWeen 
said skull and said hearth. 

12. The ?anged skull de?ned in claim 11 in Which the 
?anged skull is rectangular in con?guration for use With 
corresponding hearths having an interior chamber of rect 
angular con?guration. 

13. The ?anged skull de?ned in claim 12 in Which the 
peripheral ?ange includes a substantially horiZontally-dis 
posed seal surface Which mates juxtaposed With hearths 
having a mating substantially horiZontally-disposed seal 
surface to support said skull Within the hearth and seal 
thereagainst. 

14. The ?anged skull de?ned in claim 13 in Which the 
peripheral ?ange includes a substantially vertically-disposed 
seal surface Which abuts the seal surface at substantially a 
ninety-degree included angle. 

15. The ?anged skull de?ned in claim 11 in Which the 
?ange is removable from the body. 

* * * * * 


