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57 ABSTRACT 

A method and device are disclosed for casting parts 
and ingots of a metallic alloy with an ordered struc 
ture obtained by the progressive solidification of a liq 
uid alloy. The device comprises a thin walled mould 
means for introducing the alloy into the mould having 
at least one duct and means for maintaining the lower 
end of the duct at a constant distance from the free 
surface of the liquid phase, heating means constituted 
by elements radiating heating energy and facing said 
free surface, and heat insulating means around the lat 
eral walls of the mould. 

2 Claims, 3 Drawing Figures 
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METHOD FOR MAKING ACASTING OF A 
DIRECTIONALLY SOLDIFIED ALLOY 

The present invention concerns a process and a de 
vice for casting parts and ingots. In particular, it en 
ables the obtention of high strength alloy ingots in 
tended to be cut for machining of parts which structure 
must be fine, homogeneous and free from micro-flaws 
such as microscopic voids and micro-scopic shrinkages. 

It is particularly suitable for the manufacture of re 
fractory alloy ingots or parts having an ordered or di 
rectional structure and eventually comprising a rein 
forcement phase of metallic compounds fibers. 

It is known that, in order to obtain fine ingots or fine 
castings, care must be taken to ensure that the zones in 
the process of solidification are supplied with liquid 
metal as the solidification areas or interfaces are in 
movement, in order to especially compensate the de 
creases in volume resulting from the shrinkage accom 
panying solidification. This precaution consists in mak 
ing the isotherm and isobar surfaces coincide as much 
as possible in the zones that are in the process of solidi 
fication. It is also known that the solidification struc 
ture is all the finer and sounder as the greater the tem 
perature gradients are in the vicinity of the solidifi 
cation interfaces. The art of the founder-moulder con 
sists in judiciously disposing in the moulds sources of 
heat (deadheads that are metal reserves as well) and 
cold sources (coolers in sand moulds, cooled zones in 
cast iron moulds) in order to control the isotherm dis 
tribution and the temperature gradients. 
While it is enough for the majority of castings, to ap 

proximately observe the above conditions, this is not 
the case when castings or ingots of refractory alloys 
with a very fine and compact structure and with an or 
dered reinforcing phase have to be produced. The rein 
forcing fibers appear during solidification and their ori 
entation corresponds precisely to that of the tempera 
ture gradients and their continuity may be seriously af 
fected if the values of said gradients are not sufficient 
in certain zones. 
We have thus been led to design processes and de 

vices for controlled solidification such as those de 
scribed in U.S. Pat. No. 3 124452 and the C.I.P. Appli 
cation 268,751, having the same assignee as this appli 
cation, in which are described devices comprising a 
heat source surrounding the upper portion of the 
mould and shifting at the same rate as the interface of 
solidification and a cold source located at the lower 
portion of the mould. While providing advantageous 
results, these devices and processes may be industrially 
cxploited on a small scale only. 
On the one hand, the isothermal areas, and conse 

quently the interfaces of solidification, remain approxi 
mately plane (an essential requirement for obtaining 
parallel fibers) only if the moulds and parts have small 
lateral dimensions. On the other hand, in order to ob 
tain sharp temperature gradients without excessive 
overheating of the liquid metal, care must be taken to 
maintain within very restricted limits, the rate at which 
the solidification interface progresses, for example of 
the order of 5 cm per hour. Consequently, using said 
processes, it is possible to produce only castings with 
small transverse dimensions at a very slow rate of pro 
duction. 
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2 
By using the method and the device according to the 

invention, it is possible to obtain ingots or castings 
made of high strength alloys and, in particular, ingots 
having an ordered structure, with relatively large lat 
eral dimensions and from which a great number of 
parts may be cut, thus considerably increasing the pro 
duction rate. 
Reference is now made, to provide non-limitative ex 

amples of the embodiment of the invention, to FIGS. 1, 
2 and 3, each representing a diagrammatic cross 
section view of different embodiments. 
FIG. 1 illustrates the simplest form of embodiment of 

the moulding device according to the invention. 
The mould 1 is of a refractory material which is a 

good heat conductor, for example a molybdenum sheet 
covered by an appropriate potting, or else alumina ex 
ternally reinforced with a molybdenum ring. It rests on 
an alumina block 2, itself disposed on a copper plate 3 
which is provided with circular channels through which 
passes a flow of cooling water supplied by autonomous 
circuits. 
Surrounding the crucible 1, are found successively a 

heat shield 4 of polished refractory metal, for example 
molybdenum, to decrease lateral loss of radiated heat, 
and an outer heat insulating wall 5 increasing the effi 
ciency of the shield. 

Resistances 6 in crown formation for example of 
tungsten strip, are suspended by means of tubes 7 of re 
fractory insulating material from a plate 8 of polished 
molybdenum, functioning as a heat shield, itself at 
tached to a molybdenum ring 9 bearing against the wall 
5. The resistances 6 are supplied by independant elec 
trical power sources. 
The crucible 10, which is of molybdenum, is verti 

cally moveable. It is moved by a device not represented 
in the figure. The bottom of the crucible is connected 
to a calibrated central nozzle 11. 
The device of FIG. 1 is used as follows: 
Crucible 10 is arranged in its lowest position so that 

the lower end of nozzle 11 is only a few millimeters 
from the bottom of mould 1. The resistances 6 and the 
cooling channels of the cold source 3 are powered. 
When thermal equilibrium is attained, crucible 10 is 
filled with liquid metal which flows at a slow, constant 
rate through calibrated nozzle 11. As the level of liquid 
metal rises in the mould, crucible 10 is raised progres 
sively so that the nozzle 11 is always flush with the free 
surface l of the liquid metal within a few millimeters. 

It is noteworthy that the combination of the heat 
source constituted by the resistances 6 and of the cold 
source constituted by block 2 cooled by plate 3 causes 
a marked vertical heat flow while the lateral flow is 
very small owing to the insulating effect of shield 4 and 
wall 5. By means of preliminary adjustment trials, the 
electrical power supplied to resistances 6, the water 
flow rate of cold source 3 channels and the raising 
speed of crucible 10 and nozzle 11 are regulated in 
such a way that the solidification interface f of the 
casted metal progresses at the same speed as levell of 
the liquid metal. Since the free surface of the bath is 
not disturbed by the casting, since the height of fall of 
the liquid metal is almost zero, the thickness of the liq 
uid phase is a few millimeters, and the temperature gra 
dient across the solidification interface is uniform over 
its entire surface and is vertically oriented whatever the 
transverse dimensions of the mould. 





S 
The above will now be illustrated using a numerical 

example. 
It is desired to obtain a 90 mm high alloy ingot with 

an ordered reinforcing phase, in a cobalt nickel 
chrome matrix reinforced by tantalum cafbide fibers. 

The block 2 is 99.5 percent alumina and is 25 mm 
thick. The cooling water is at a temperature of 20°C. 
The temperature of the heat source resistances 6 is ad 
justed so that they are brought to 2,250°C and calcula 
tion shows that the heat flow through the bath is about 
30 W/cm. During solidification, the temperature of re 
sistances 17 will be decreased progressively from 
1,350°C to 350°C. 8 
Calculation will show that, under these conditions, 

the thickness of the liquid bath will be of the order of 
15 mm and that, during the entire process of solidifi 
cation, the thermal gradient in the bath will be of the 
order of 100C/cm, a suitable value for the chosen al 
loy. As a certain thermal gradient fluctuation is admis 
sible in many cases, the device in FIG. 3 enables the 
production of castings or ingots of refractory alloys, 
with an ordered reinforcing phase, the size of which 
may reach 150 mm and the diameter 200 mm or more. 

The invention may comprise arrangements other 
than those illustrated in the given examples. Thus, the 
alloy may be brought to the surface of the bath not only 
in a liquid form or in the form of a wire or strip, but also 
as a powder. 
The bath may be heated not only by radiant resis 

tantes, but also by induction or electron flow. 
The material with a variable heat transmission coeffi 

cient constituting block 2 of FIG. 3 may be made of 
alumina but also, for example, of beryllium oxide. 
The alloy may be supplied to the mould by means of 

several lines 11 or nozzles 15 judiciously distributed. 
I claim: 
1. A method for making a casting of a directionally 

solidified alloy, comprising the steps of mounting a 
mold on a chill plate, positioning around said mold a 
lateral heat insulating structure to limit transverse heat 
transfer, melting an alloy material, supplying the alloy 
material to the mold through delivering means while 
continually cooling the chill plate to remove heat from 
the melted alloy so as to solidify the same from the chill 
plate upwardly, continuously supplying melted alloy 
material at a rate substantially equal to its rate of solidi 
fication while keeping the outlet of said delivering 
means at substantially the free level of the liquid alloy 
in said mold, and continuously heating said liquid in the 
mold by heat generating means facing said liquid free 
level and extending over a substantial portion thereof. 
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6 
2. A method according to claim 1 wherein said heat 

generating means are electrical resistors. 
3. A method according to claim 1 wherein said heat 

generating means are inductors. 
4. A method according to claim 1 wherein said heat 

generating means are of the electron beam type. 
5. A method according to claim 1 further comprising 

the step of continuously displacing the heat generating 
means away from the chill plate whereby substantially 
the same spacing between said heat generating means 
and said liquid free level is maintained during the entire 
casting operation. 

6. A method according to claim 1 wherein said melt 
ing of the alloy material is conducted in the vicinity of 
said delivering mean outlet by additional heat generat 
ing means and by the heat radiating from the liquid 
alloy in said mold. 

7. A method according to claim 1 further comprising 
the steps of providing adjustable heat transfer means 
between said chill plate and said mold, and of control 
ling said adjustable heat transfer means according to a 
predetermined law. 

8. A method according to claim 7 wherein said pre 
determined law is governed by the formula: 

Ts C(T)dT= GCH 
T 

Wherein: 
T, is the temperature at the lower part of the casting; 
Ts is the temperature of solidification of the alloy; 
C(T) is the thermal conductivity of the solid phase at 
temperature T; 

C is the thermal conductivity of the liquid phase in 
the vicinity of the solidification interface; 

G is the temperature gradient in the liquid phase in 
the vicinity interface, and 

H is the height of the solid phase. 
9. A method according to claim 7 wherein said heat 

transfer means comprise auxiliary heat generating 
means. 

10. A method according to claim 7 wherein said heat 
transfer means comprise thermal resistor means the 
thermal resistance of which decreases as a function of 
the temperature. 

11. A method according to claim 10 wherein said 
thermal resistor means comprise a block of alumina. 

12. A method according to claim 10 wherein said 
thermal resistor means comprise a block of berylium 
oxide. 
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