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This invention relates to coating and more 
particularly to the coating of metals on a base 
material by melting and evaporating the metal 
in an attenuated atmosphere. 
The coating of metals, Such as alluminum, by 

melting and evaporating the metal in vacuum 
involves Several conditions that should be satis 
fied. The alluminum must be heated to a tem 
perature on the order of approximately 1200° 
1600° C. or higher to give a high rate of vaporiza 
tion of the alluminum even under very loW pres 
Sures, Such as those in the micron range. At 
temperatures on the order of 1200° C. or higher, 
aluminum is extremely reactive and it is neces 
sary to use a crucible for holding the alluminum 
which is substantially inert to the molten alumi 
num. It has been found that those crucible 
materials, Such as graphite and combinations 
of graphite and carbon, Which are relatively 
inert to the molten alluminum, are also readily 
Wetted by the molten aluminum. In a crucible 
of this type, it has been found that the molten 
aluminum has a tendency, due to its ability 
to Wet the material of the crucible, to climb up 
the side of the crucible and over the edge there 
of. This resultS in a Wastage of alluminum and 
destruction of the furnace Since molten alumi 
num is also highly reactive With most refractory 
materials Which are used to prevent heat loss 
from the crucible. 

Accordingly, it is a principali object of the 
present invention to provide an apparatus for 
melting and vaporizing metals, Such as allumi 
num, Which permits the use of the most efficient 
material for forming the metal-holding crucible 
While overcoming the disadvantage encountered 
With the climbing of the molten metal out of 
the crucible. 
Another object of the invention is to provide 

an apparatus of the above type Wherein the 
tendency of the molten metal to climb out of 
the crucible is utilized to give a higher rate of 
vaporization of the metal. 

Still another object of the invention is to pro 
vide an apparatus of the above type Which is 
particularly adapted for use in vaporizing au 
minum. 
Stillanother object of the invention is to pro 

vide an improved process for vaporizing metais, 
such as alluminum, Which gives higher rates of 
evaporation than ordinarily a chieved. 
These and other objects of the invention Will 

in art be obvious and Will in part appear here 
nafter. - 
The invention accordingly comprises the ap 
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paratus possessing the construction, combination 
of elements and arrangement of part8, and the 
process involving the several steps and the rela 
tion and the order of One or more of Such StepS 
With respect to each of the others Which are 
exemplified in the following detailed disclosure, 
and the scope of the application of Which Will 
peiadicated in the claim.S. 
For a fuller understanding of the nature and 

objects of the invention, reference should be 
had to the folloWing detailed description taken 
in connection With the accompanying drawings 
Wherein: 

Fig. 1 is an exaggerated, diagrammatic, par 
º tially sectional view of one preferred form of the 
invention; and 

Fig. 2 is an exaggerated, enlarged, Sectional 
view of a portion of Fig. 1. 

In the presenti invention the apparatus for 
evaporating and depositing the metal coating in 
vacuum preferably includes a vacuum-tight 
chamber, means for evacuating the chamber, 
means for supporting the base material in the 
chamber, and means for melting and vaporizing 
the metal. This vaporizing means, in a pre 
ferred form, comprises a means forming a Cru 
cible Which is to hold the metal to be melted and 
vaporized. The vaporizing means also includes 
a means for heating the Crucible, and thus the 
metal therein, to a temperature Sufficient to give 
high rates of evaporation at Very loW preSSures 
(i.e., in the micron range). The heating means, 
in a preferredi form, comprises an induction 
heating means, such as an induction coil, Which 
is capable of inducing eddy currents in the metal 
and in the Walls of the crucible to heat the 
metal up to the desired high temperature (i.e., 
about 1300°-1350° C.). 
Since the crucibile, as mentioned previously, 

preferably comprises a material Which is wet 
table by the molten metal, the molten metal has 
a decided tendency to climb up the Walls of the 
crucible and tends to flow over the upper edges 
thereof. 

In the present invention this disadvantage is 
overcome, and the tendency of the metal to 
cib Out of the Crucible is utilized to increase 
the evaporation rate of the metal as Well as 
to preventi dannage to the elements surrounding 
the crucible. These advantages are achieved by 
maitaining a Sufficienti temperature differential 
between the upper edge of the crucible and the 
main body portion thereof So that this upper 
edge is at a temperature in the neighborhood of 
about 100°C. higher than the temperature of 
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the molten metal in the crucible. This hot 
upper edge thus furnishes an additional vaporiz 
ing area, and increases substantially the total 
amount of metal vaporized. The upper edge of 
the crucible is preferably in the form of a lip 
at the top of the main body portion of the cru 
cible, and the heating means is So arranged that 
the lip is heated to the desired higher tem 
perature. This is preferably accomplished, With 
the induction heating system, by providing a 
tighter electromagnetic coupling between the lip 
and the induction coil than between the body 
portion and the induction coil. This tighter cou 
pling is a chieved by providing more turns ad 
jacent to the lip, by having the coil nearer the 
lip than the body, or by usingboth Such arrange 
mentS. 
The vaporizing means also preferably includes 

a means for miniizing radiation heat transfer 
from the crucible, thereby resulting in a Saving 
of power. This loss of heat is preferabiy pre 
vented by providing a second crucible, made of 
a nonconductor of electricity, Surrounding the 
metal-holding crucible and a refractory packing 
between the tWo crucibles. The induction coil 
is preferably positioned outside of, and concen 
tric With, both crucibles. 

Referring now to Fig. 1, the apparatus of the 
present invention is shown as comprising a va 
cuum-tight housing È providing a vacuum 
chamber 2, this chamber being kept at a pres 
sure in the micron range by means of a vacuum 
pump system schematically indicated at . 
Within the chamber 2 there is provided a means 
for supporting a base material to be coated, this 
means being shown schematically as a first Spool 
Gand a second spool i 8 carrying therebetWeen 

the base material 20. 
The means for vaporizing the metal comprises 

a metai-holding crucible 22 having a main body 
portion 2, in which the metal 26 is to be held 
in molten condition and heated to a temperature 
sufficient to vaporize the metal at a high rate 
under the pressure existing in the Vacuum 
chamber 2. Extending from the top of the 
main body portion 24, there is provided a lip 28 
which is preferably formed integrally With the 
body portion 24. For providing heat to the met 
al 26 and the metal-holding crucible 22, there is 
included a heating means, schematically indi 
cated at 32. This heating means preferably 
comprises an induction coil having a portion 34 
for heating the main body of the crucible and 
the metal carried thereby and a portion 36 for 
heating the lip 28 of the metal-holding crucible. 
A suitable power supply 38 is provided for fur 
nishing a high frequency current to the induc 
tion coil 34, 36. The induction coil 34, 36 is 
preferably a Water-cooled coil, Such as a copper 
tubing, through the interior of Which Water is 
adapted to be circulated. AS can be seen from 
Fig. 1, the turns in portion 36 of the coil, adia 
cent the lip 28, are closer together than are the 
turns in portion 34 of the coil, adjacent the 
main body portion of the crucible. 

For preventing radiation heat loss from the 
crucible 22, there is provided an outer crucible 
40, preferably made of a refractory material 
Which does not conduct electricity, and a re 
fractory packing 42 between the metal-holding 
crucible 22 and the outer refractory crucible 40. 
Means for feeding neta to the Crucible are also 
preferably provided but not illustrated. Such 
reaas nay coaprise a Wire-feeding mechanism 
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Which feeds wire to the crucible at a rate equal 
to the rate of evaporation of the alluminum. 

In a preferred form of the invention, the met 
al-holding crucible 22 is preferably formed of a 
current-conducting material, such as graphite 
or a graphite-carbon mixture of the type com 
mercially available under the trade-name 
“Graphitar.' The graphite-carbon mixture 
preferably haSan apparent density of about 1.65 
and the crucible preferably includes a zirconium 
carbide inner skin. This skin is formed by add 
ing zirconiato the melt or by applying a zirconia 
slurry to the inner surface of the crucible prior 
to melting the alluminum. This zirconium car 
bide skin is particularly effective in preventing 
the formation of alluminum carbide during the 
evaporation of the alluminum. The outer cruci 
ble 40 preferably comprises a refractory mate 
rial, Such as silica, while the refractory packing 
42 preferably comprises zirconia, or beryllia. 
The induction coil is preferably provided With a 
Suitable Source of high frequency current of ap 
proximately 100,000 to 500,000 cycles per second 
from a usual high frequency power source. 
When a “Graphitarº crucible 22 is employed for 
vaporizing alluminum, the resistivity of the 
charge (including the crucible) is about 1000. 
With Such a charge and a frequency of about 
100,000 cycles, the skin depth of the induced 
Current is approximately 0.2 inch at the tem 
perature employed. The Wall of the crucible is 
thus preferably made slightly thinner than 0.2 
inch So that Some of the induced current flows 
in the molten aluminum charge. 
The use of the invention, illustrated in Figs. 

1 and 2, Will now be described with particular 
reference to the vaporization of alluminum. A 
quantity of alluminum 26 is provided in the cru 
cible 22 in the form of powder, rod, pellets, or 
the like. Chamber 12 is evacuated by the pump 
4 to about 0.2 micron pressure and power is 

Supplied to the induction coil 34, 36. The 
amount of alluminum Supplied to the crucible 22 
is preferably high enough to fill the crucible to 
Within a quarter of an inch ora half an inch 
from the top thereof. As can be seen from an 
eXamination of Fig. 2, the molten aluminum 
tends to creep up the walls of the crucible and 
Over the top surface of the lip 28 thereof. This 
Creeping meniscus of molten aluminum is indi 
cated at 26a, the thickness thereof being grossly 
eXaggerated for illustrative purposes. 
While the alluminum is being melted in the 

body portion 24 of crucible 22, the lip 28 is also 
being heated by eddy currents induced therein 
from the top coil portion 36. As mentioned 
previously, there is a closer electromagnetic cou-- 
pling between the coil portion 36 and lip 28 
than there is between coil portion 34 and the 
Crucible body 24. This is due both to the fact 
that the lip 28 extends outwardly towards the 
coil 36, and to the fact that the spacing between 
the turns in coil portion 36 is less than the Spa.C- 
ing between the turns in coil portion 34. By 
means of this arrangement, lip 28 has a greater. 
heati input thereto and will remain at a sub 
stantially higher temperature than the tem 
perature of the molten aluminum 26 in the body 
portion 24 of the crucible. Lip 28, due to the 
high heat input thereto, will be maintained at 
this higher temperature despite the fact that it 
has a relatively large heat-radiating upper Sur 
face. Since the lip 28 is at this higher tempera 
ture, the molten aluminum, which creepsinto 
contact with the hotlip 28, is evaporated more 
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rapidly than the alluminum which is being 
evaporated from the main body of molten alu 
minum. This evaporation of the alluminum in 
contact with the lip 28 is maintained sufficiently 
high so that none of the alluminum is allowed to 
creep beyond the outer edge of the lip 28, the 
molten aluminum starting across the top of lip 
28 being completely evaporated before it can 
reach the Outer edge. 

It canthus be Seen that the present inven 
tion, in addition to preventing overflow of the 
molten aluminum from the metal-holding cru 
cible, also increases the amount of alluminum be 
ing Vaporized by providing a greater Surface 
area for evaporating this alluminum. The lip 28 
thus acts as a Wick for increasing the evapora 
tion rate. With a device of the type schemati 
cally Shown in FigS. 1 and 2, it is possible to ob 
tain evaporation rates above 4 grams per min 
ute per Square inch of Surface area at the top 
of the molten alluminum Within the body por 
tion 24. This high evaporation rate is readily 
achieved When operating at chamber pressures 
of about 0.2 micron and at alluminum tempera 
tures On the Order of 350º C. 
Since certain changes may be made in the 

above apparatus and process Without, departing 
from the scope of the invention herein involved, 
it is intended that all matter contained in the 
above description, or shown in the accompany 
ing drawings, shall be interpreted as illustrative 
and noti in a limiting Sense. 
What is claimedis: 
1. For use in an apparatus for the vapor 

deposition coatting of a flexible substrate by mov 
ing the substrate past a source of metal vapors 
positioned in an evacuated coating chamber, a 
Crucible for holding molten metal to be evapo 
rated, Said crucible comprising a material sub 
stantially inert to such molten metal and Wet 
table by Said molten metal, Said crucible having a 
main body portion for holding said molten metal, 
lip means extending from said main body por 
tion adjacent the upper edge thereof, and means 
for heating Said crucible to thereby raise the 
temperature of said molten metal in said crucible 
to above 1200°C., said heating means comprising 
a first heating portion for heating said crucible 
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body and a second heating portion for heating 
said lip means, said second heating portion being 
arranged to apply a sufficient heat input to Said 
lip means to maintain said lip means at a Sub 
stantially higher temperature than the tempera 
ture of the molten metal in the crucible So that 
Said lip means Serves to Vaporize all molten Imetal 
reaching Said lip. 

2. The apparatus of claim 1 Wherein Said ap 
paratus includes means for minimizing radiation 
heat losses from said crucible body portion, Said 
last-named means comprising a second crucible 
Surrounding Said metal-holding crucible and a 
refractory packing between Said crucibles. 

3. The apparatus of claim 1 Wherein Said heat 
ing means comprises an induction coil, Said coil 
having a larger number of turns per unit length 
adjacent Said lip means than adjacent Said body 
portion, the turns of Said coil adiacent Said lip 
means comprising Said Second heating portion 
and the turns of said coil adiacent said body por 
tion comprising Said first heating portion. 

4. The apparatus of claim 3 Wherein Said lip 
means extends outWardly from said body portion, 
Saidi induction coil being closer to Said lip means 
than to said body portion. 

EARL E. CHAIDSEY, JR. 
PHILIP J. CLOUGH. 
PHILIP GODLEY, 2ND. 
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