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1. 
This invention relates to coating and more 

particularly to vacuum deposition coating of the 
type wherein a metal, such as aluminum, is 
vaporized in a vacuum and the vapors thereof 
are condensed on a substrate which is moved past 
the source of the metal vapors. 
In vacuum deposition coating it is desired to 

have a relatively large source of the metal, Such 
as aluminum, so that large areas of the Sub 
strate may be coated without shutting down 
the operation of the coating device. It is also 
desirable to have a relatively small evaporating 
area, heated to a high temperature so as to de 
crease the amount of radiant heat which is 
transferred to the substrate per gram of alu 
minum coated on the substrate. 
In the copending application of Godley, filed 

on even date herewith, one improved process and 
apparatus is described for accomplishing the 
above objectives. 

It is a principal object of the present inven 
tion to provide vapor-deposition processes of 
the above type which are simple and cheap to 
operate, and which have a high coating efficiency 
with a minimum of outgassing of the substrate 
to be coated. 
Another object of the present invention is to 

provide an improved process for obtaining a 
uniform distribution of coating vapors for coat 
ing wide sheets of substrate at high rates of Speed 
with accurate control of coating thickness. 

still another object of the present invention 
is to provide an improved apparatus for accom 
plishing the above processes. 
Other objects of the invention will in part be 

obvious and will in part appear hereinafter. 
The invention accordingly comprises the ap 

paratus possessing the construction, combination 
of elements and arrangement of parts, and the 
process involving the several steps and the re 
lation 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 
be indicated in the claims. 
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 a diagrammatic, schematic, partially 
sectional view of one embodiment of the inven 
tion; 

Fig. 2 is a diagrammatic, schematic, frag 
mentary view of a portion of Fig.1 taken along 

: the line 2-2 

O 

20 

30 

40 

45 

50 

55 

7- Claims. (C1. 117-107) 
2 

Fig. 3 is a diagrammatic, schematic, fragmen 
tary view of a modification of the Figs. 1 and 2 
embodiment of the invention; 

Fig. 4 is a diagrammatic, schematic view of 
another embodiment of the invention; 

Fig. 5 is a diagrammatic, schematic view of 
still another embodiment of the invention; 

Fig. 6 is a diagrammatic, schematic view of 
still another embodiment of the invention; and 

Fig. 7 is a diagrammatic, schematic view of a 
modified arrangement of substrate guiding 
IleanS. 
In the practice of the present invention, there 

is provided a usual vacuum coating chamber 
which can be evacuated to pressures in the 
micron range. Associated with this chamber 
there is provided a low-temperature zone for 
confining the metal to be coated, this low-tem 
perature Zone being preferably arranged to main 
tain the metal in a molten pool at a temper 
ature somewhat above its melting point. 

In a preferred form of the process of this 
invention, the metal comprises aluminum, and 
for simplicity of description aluminum will be 
referred to hereinafter. The large body of alu 
minum confined in the low-temperature zone is 
preferably held in a container which is substan 
tially inert to molten aluminum at relatively 
low temperatures on the order of 800° C. There 
is also provided a high-temperature evapora 
tion Zone where the aluminum may be heated 
to a high temperature, preferably above 1300° C. 
For feeding the molten aluminum from the low 
temperature zone to the evaporation Zone, there 
is included a wick element which extends into 
the pool of molten aluminum and is wet by the 
molten aluminum. The aluminum, which wets 
the wick element, travels from the low-temper 
ature Zone to the high-temperature zone where 
it is rapidly evaporated. This wick element 
preferably comprises a material which is rela 
tively inert to aluminum at high temperatures, 
and preferably comprises a nitride or a carbide. 
The wick element also preferably acts, as a sup 
port for the aluminum in the high-temperature 
evaporation Zone. 
In the present invention the wick element 

preferably has a high resistance with respect to 
the aluminum to be coated, and the wick element 
is heated to the desired high evaporation tem 
perature by passing an electric current in series 
through the wick, element and the aluminum in 
the pool into which the wick element extends. 
Due to the high resistance of the wick element, 
the Wick element is heated to the desired high 
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the invention, the aluminum in the container 
42 is heated, such as by an induction coil (not 
shown), so as to melt the aluminurn therein. 
A pressure in excess of the pressure within the 
vacuum chamber 2 is then created on the Sur 
face of the aluminum in container 42, this pres 
sure being preferably created by perrinitting the 
entrance of an inert gas through the tube 48. 
This pressure forces the molten aluminum up 
the tube SE, the aluininum filling the enlarged 
portion 3 and contacting the ends of the two 
wick elements 30. Current is then passed 
through the aluminum and the two Wick ele 
inents to heat the wick eleinents 32 to the da 
sired high temperature. The aluminum then 
wets the two wick elements, as at 25a, and is 
evaporated as it climbs up the two wick elements. 
In the Fig. 4 embodiment of the invention, a 

Single J-shaped wick element 5 is employed and 
the aluininum is held in contact, therewith by 
means of two liquid-feeding devices 52 and 55 
which, in a preferred form of the invention, coin 
prise liquid-feeding barometric legs of the type 
discussed in connection with Fig. 3. The two 
barometric legs 52 and 54 are preferably in series, 
in an electrical circuit, with the battery 56 and 
With the Wick element 59. Appropriate leads 53 
are included for competing the electrical circuit. 
In this enbCdinent of the invention, all of the 
electrical connections to the aluminum may be 
OutSide of the vacuum housing O defining the 
Vacuum chamber, so that no electrical connec 
tions need be made to the interior of the vacuum 
chamber. 

in the Fig. 5 embodiment of the invention, 
there are provided two barometric legs 52 and 
54 for feeding molten aluminum to two wick 
elements held by a pair of wick holders 62. 
In this form of the invention both of the wicks 
80 preferably extend across the whole width of 
the Substrate and are preferably positioned in 
tWO planes which are parallel and slightly spaced 
apart. This arrangement has the advantage 
that coating can continue across the entire sub 
Strate even if one of the wick elements should 
break, it being apparent, however, that if one 
of the wick elements should break the coating 
Speed Will be cut in half. 

In the Fig. 6 form of the invention, one baro 
inetric leg 2 is provided and two wick elements 
i0, held by two wick holders 74, are fed by the 
Single barometric leg. In this embodiment of 
the invention each wick element TO has a curved 
upper portion Ti in contact with the aluminum, 
the main portion of the wick element extending 
downwardly from the level of the aluminum at 
the top of the barometric leg 72. By this ar 
langement the wetting of the wick element 70 
by the aluminum is assisted by gravity. Since 
this Wetting may be sufficiently rapid to take 
place at a rate greater than the rate of evapora 
tion, means are provided at 89 for collecting the 
eXceSS molten aluminum which runs down the 
wick element it. Additionally, if desired, alumi 
nun inlay be fed upwardly in the barometric leg 
2 at a rate faster than the evaporation rate so 
as to a SSure complete coverage of the wick ele 
neitS at all times by the molten aluminum. 

In the Operation of the embodiments shown in 
FigS. 4 through 6, the same procedures are en 
ployed as those discussed previously. In these 
embodiments of the invention the barometric 
legs and the Source of aluminum may be wholly 
Within the vacuum chamber 2, or may extend 
through the housing O defining the vacuum 

l 

25 

3) 

3. 5 

40 

45 

50 

55 

60 

65 

75 

chamber. In these various forms of the inven 
tion, the aluminum in the large source and in 
the barometric legs is preferably maintained at 
a temperature not much in excess of the melting 
point so as to obviate the necessity for special 
inert coatings. . 
As described more fully in the copending ap 

plication of Stauffer, filed on even date herewith, 
it is often advantageous particularly in the case 
of extremely heat-sensitive imaterials, to com 
bine a plurality of separate coating operations 
with cooling of the substrate between these 
various operations. This cooling serves to re 
move from the substrate heat carried theireto by 
the vapors. i.he Fig. 7 embodiment of the in 
Veintion is particularly adapted for practicing 
this cooling of the substrate in conjunction with 
the coating processes of the present invention. 
In Fig. 7 the source of aluminum vapors is illus 
trated as a wick element 88, which may be ar 
rainged in the manner shown, for example, in 
Fig. 4. i.he Substrate 16, in moving past the 
wick element 88, travels in a number of convolu 
tions So that it is moved successively into and 
out of the vapor stream emanating from the wick 
element 68. This is achieved by providing a plu 
rality of rolls 92 through 104. In one preferred 
form of this aspect of the invention, these rolls 
32 through 94 are cooled, such as by circulating 
Cold Water therethrough so that the substrate in 
contact With these rolls is cooled while passing 
thereover. As can be seen from Fig. 7, the sub-. 
strate is coated only during the times when it. 
is passing over rolls 92, 96, 00 and 104. During 
the passage over the other rolls, the substrate is 
Only being cooled. - 
The expression "group IVa and group va. 

metals" is intended to include those metals in 
groups IVa and Wa on the “Periodic Chart of the 
Atoms,” Fienry D. Hubbard, 1947 edition, W. M. 
Welch Manufacturing Company. These metals 
are titanium, zirconium, hafnium, vanadium, 
columbiuin and tantalum. 
Since certain changes may be made in the 

above process and apparatus 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 not in a limiting sense. 
What is claimed is: 
1. Apparatus for coating a substrate with alu 

minum by vacuum-evaporation of said aluminum 
and condensation of said aluminum on said sub 
Strate, Said apparatus comprising means de 
fining a vacuum-tight Chamber, means for con 
fining Said aluminum within said chamber, a 
reservoir for holding a pool of molten aluminum 
in Said chamber, means Comprising a wick ele 
ment, Said wick element having a high resistivity 
8S COIllpared to Said aluminum, said wick ele 
ment being Substantially inert to molten alu 
minum and having at least a surface Stratum 
Comprising a compound selected from the class 
consisting of the nitrides and carbides of the 
metals titanium, zirconium, hafnium, Wanadium, 
columbium and tantalum, means for heating said 
Wick element to a temperature higher than the 
temperature of said molten aluminum, one end of 
Said Wick element being immersed in said molten 
pool of aluminum so that said wick element is We 
by Said aluminum and said aluminum is eWapo 
rated from Said wick element by said high tem 
perature, Said Wick element extending upWardly 
from the surface of the molten pool so as to radi. 
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ate aluminum vapors towards the substrate to 
be coated, said means for heating said wick ele 
ment Comprising an electric circuit including Said 
pool of aluminum and said Wick element ar 
ranged in series, and means for moving said Sub 
strate past said wick element to give a Substan 
tially uniform coat of said aluminum on Said Sub 
strate. 

2. The apparatus of claim 1 wherein means are 
included for feeding aluminum to said pool to 
maintain said pool at a predetermined level to 
assure Wetting of Said wick by molten aluminum 
during coating. 

3. The apparatus of claim 1 wherein Said 
means for moving Said Substrate comprises means 
for guiding said substrate past said wick ele 
ment in a plurality of Convolutions So that Said 
substrate is moved, a number of times, into and 
out of the vapor stream generated by aluminum 
evaporating from Said wick element. 

4. The apparatus of claim 1 wherein said wick 
element comprises a rod and said Substrate mov 
ing means is arranged to move Said Substrate 
past said Wick element So that the transverse 
dimension of said Substrate remains, during 
coating, Substantially parallel to the long dimen 
Sion of Said rod. 

5. The apparatus of claim wherein two wick 
elements are positioned in Said vacuum-tight 
chamber, said two wick elements being positioned 
in substantially the Same plane, and Said Sub 
strate moving means is arranged to move Said 
substrate in a plane Substantially parallel to, and 
spaced from, the plane of said wick elements. 

6. A process for coating a substrate with alu 
minum by vacuum-evaporating said aluminum 
and condensing said aluminum on said Substrate, 
said process comprising the steps of providing a 
Source of Said aluminum in a vacuum chamber, 
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8 
evacuating said chamber, melting at least a por 
tion of said aluminum in said source of aluminum, 
providing a wick element which is wettable by 
said aluminum, said wick element being Substan 
tially inert to molten aluminum and having at 
least a surface stratum comprising a compound 
selected from the class consisting of the nitrides 
and carbides of the metals titanium, zirconium, 
hafnium, vanadium, columbium and tantalum, 
confining said molten aluminum in a pool in Con 
tact with said Wick element, heating said Wick 
element to a temperature higher than the tem 
perature in said pool by passing an electric cur 
rent in series through said Wick element and said 
aluminum in Said pool, said Wick element hav 
ing a high resistivity as compared to said alu 
minum, evaporating, by Said high temperature, 
that aluminum which wets said wick element, and 
moving Said Substrate past Said wick element to 
coat aluminum on said Substrate. 

7. The process of claim 6 wherein said wick 
element comprises a Surface Stratum of a com 
pound Selected from the class consisting of the 
carbides of titanium, Zirconium, hafnium, vana 
dium, columbium and tantalum. 
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