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7 Claims. (Cl 117-107) 
The present invention relates to a method of 

coating with metallic vapors, and is particularly 
concerned with a novel product such as steel 
sheet or black iron having a coating of aluminum 
bonded thereto and articles formed therefrom. 
The method of the invention includes the coat 

ing of a base which may be a continuous strip 
or length of material, as well as preformed arti 
cles, to produce on the base a permanently ad 
herent surface film which is deposited or pre 
cipitated from an atmosphere of the vaporized 
coating metal. This coating can be determined 
as being produced from the metallic vapor by 
metallographic examination and X-ray diffrac 
tion studies. 
The resultant laminated product exhibits char 

5 

product possesses the advantageous properties 
of both the steel and of the metal coating. 
A very important characteristic of the lami 

nated product or coated metal is the galvanic 
protection afforded by the direct coating of the 
vaporized metal such as aluminum upon the base 
metal such as steel or black iron. The steel is 
rendered rustproof and and is prevented from dis 

O 

acteristics which enable the coated metal to be 
formed and shaped, for example, (a) stamped 
into closure-caps, particularly those of the skirted 
type such as crown, screw and lug caps, (b) 
pressed or drawn for use in the making of con 
tainers, and (c) spun to form articles which are 
best prepared by such operation, namely bottles, 
reflectors, and goblets. In fact, the coated metal 
prepared in accordance with this invention is 
useful in a wide variety of applications where the 
base metal, if not protected, would ultimately 
present an objectionable appearance and in the 
case of containers, might affect the quality of 
the contents. 
The aluminum coating produced from the va 

porized metal is characterized by having a purity 
greater than that of customary aluminum coat 
ings; in fact, the distillation of the aluminum 
enhances the purity of the coating so that it is substantially pure. 
The coating of a base such as steel, in accord 

ance with this invention, does not result in any 
impairment of the properties of the steel, i. e., 
the advantageous properties of the base are sub 
stantially unaffected by the coating film. The 
laminated product does not have a brittle inter 
mediate zone or constituent, i.e., is substantially 
free of brittle intermetallic iron-aluminum com 
pounds such as are frequently present where steel 
is coated by dipping in molten aluminum. Hence, 
the composite product has all the ductility of 
uncoated steel and is substantially free of brittle 
ness. This allows the coated metal to be em 
ployed for many forming operations. For ex 
ample, in the production of crown caps, as by 
stamping, there is no evidence of cracking of the 
coating or the base metal. Furthermore, the 
flexibility, rigidity and tensile strength of the. 
base metal are not sacrificed and the resulting 
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coloring and may be employed in containers for. 
foods and beverages, V 

Further attributes of the coated metal are the 
pleasing brightness and high reflectivity for ra 
diant energy, the coating imparting a mirror 
like finish. These qualities of the coated metal 
make it available for Walls in low-cost housing and 
for various applications where heat and/or light 
reflectivity is desirable. 
Another property of the coated metal is its 

corrosion resistance. Not only does the aluminum 
coating protect the iron from corrosion, but it 
inherently possesses resistance to corrosion and 
is therefore suitable for many situations where 
corrosive influences would deleteriously affect the 
metal base. 
The abrasion resistance of the coated metal is 

satisfactory but the coating may be oxidized and 
hardened to give enhanced abrasion resistance 
for certain purposes. . 
Another important characteristic of the lami 

nated product is the strong and permanent ad 
herency or bonding of the aluminum coating to 
the metal base which makes the product suitable 
for the metal working processes as above de 
Scribed. In this connection, by regulated heat 
ing of the coated metal, alloying of the two con 
stituents can be controlled; i. e., the diffusion 
between the atoms of the steel base and the 
coating, and a substantially integral bond is 
thereby produced without embrittlement. 
The aluminum coated metal may be suitably 

decorated, printed, dyed, or otherwise colored. 
It may be subjected to well-known processes of 
the type used for oxidizing pure aluminum or 
relatively high aluminum content alloys. By 
such means an oxidized film is formed on the 
aluminum which readily permits impregnation 
by various dyes and offers an excellent base 
upon which organic finishes may be applied. 
The oxidized film may be produced under con 
ditions which give it an extraordinary degree of 
hardness. 
It will be appreciated that the aforesaid prop 

erties, whereby the coated metal may be worked 
and possesses the desired resistant qualities and 
receptivity for decoration, make it ideal for the 



manufacture of screw caps, crown caps, and other 
skirted closures. Likewise, the coated metal is 
useful for making containers and numerous other 
fabricated products. In other words, this alumi 
num coated steel, for example, forms a satis 
factory substitute for the customarily employed 
tin plate. 
Another embodiment of the invention consists 

in applying an organic film such as lacquer, vars 
nish or enamel or an inorganic vitreous enamel 
to the metal surface, e. g., steel either of a pre 
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powder, we also accomplish this by placing strip3 
or sheets of aluminin or other material having . 
non-retentive surfaces on the Walls of the coating. 
chamber, whereby excess vaporized metal which 
would normally adhere to the wall of the cham 
ber is caused to be collected upon the sheets or 
strips and may be suitably removed and the foil 
or powder recovered. If it is not desired to use 
separate sheets or strips, the walls of the coat 
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formed article or a continuous strip, whereby any. 
irregularities or pores therein are effectively 
sealed, and a smooth surface for receiving the va 
porized metal coat is provided. Brittle enamels 
should not be used on continuous sheet metal 
which is wound in coils. The adherent vaporized 
coating metal is applied to the Organic coating 
and adheres thereto and forms a film bonded to 
the base which is characterized by remarkable : 
brilliance due to the uniformity, continuity and 
smoothness resulting from the presence of the 
intermediate coating. This improved lustrous or 
mirror-like finish is comparable to a coating pro 
duced directly upon highly polished steel sheet 
when vaporized aluminum is deposited thereon as 
a film. For all usual purposes, the product above 
described, in which the vaporized aluminum is 
directly deposited upon the steel, is quite satisfac 
tory, and in either the case of the aluminum 3) 
coated steel or the aluminum coated Organic Sur 
faced steel, the properties of the steel are not sac 
rificed and the properties of aluminum are made 
available. Should there be any pores or other 
lack of continuity in the organic film, the metallic 
film will afford the desired galvanic protection. 
A further product made in accordance with this 

invention is a foil which may be either of pure 
aluminum, or comprise a backing of steel of Suf 
ficient softness and flexibility coated with a de 
posit of vaporized aluminum. In some cases 
where the laminated foil is produced, the thin 
metal strip is first coated with an organic film 
such as warnish upon which the thin aluminum 
coating or layer is deposited. The pure alumi 
num foil may be produced by depositing the coat 
ing upon a suitable non-retentive Strface, e. g., 
steel coated with 'Apiezon' oil or stearic acid, 
wherefrom the foil may be readily stripped off 
by any suitable means. In general, Substances 
used to make the surface non-retentive must not 
excessively dilute the metal atmosphere with their 
own vapors. Foils produced in accordance with 
this invention are suitable for cap spotting pur 

. poses, seat insulation and for electrical condenser 
foils. 
In this connection also, aluminum powder and 

flakes may be satisfactorily produced in accord 
ance with this invention for use as pigments, in 
pyrotechnics and other applications, by deposit 
ing the vaporized aluminum upon a non-retentive 
surface, or in a non-adherent form under con 
trolled conditions, i.e., at a reduced pressure rep 
resenting a less highly exhausted state than that 
which is required to produce an adherent and 
continuous film and/or at a temperature of the 
metal base conducive to production of a Spongy 
or powdery deposit, whereby a discontinuous film 
or otherwise powdery deposit is formed which 
may be readily removed. In some cases the de 
posit so recovered will have the necessary fine 
ness or in any case where a greater degree of 
fineness is desired, the size of the particles may 
be reduced in any suitable manner. 

In connection with the formation of foils and 
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ing chamber itself may be rendered non-reten 
tive so that the aluminum coating may be readily 
stripped or removed therefrom 
A further embodiment of the invention consists 

in producing metal coated materials having flex 
ible strip material backings of paper, plastics 
such as Vinylite or other synthetic resins, chlori 
nated rubber, zinc foil, etc. by a transfer process 
in which the coating metal such as an aluminum 
film is first deposited from the vaporized alumi 
num upon a non-retentive surface either as a 
continuous film of foil thickness or as a thin dis 
continuous film. Thereafter, the flexible back 
ing material to be coated having a suitably adhe 
sive surface is passed over the coating with its 
adhesive surface in contact with the same so as 
to pick up and transfer either a continuous film 
of aluminum to the new backing or a discontinu 
ous film as the case may be. Such laminated 
materials may be of foil thickness or be of greater 
thickness as desired. The metalized aminated 
products produced may be used as foils for cap 
spotting purposes, packaging, insulating Walls, as 
well as decorative purposes. 
As will be appreciated, the products obtained in 

accordance with the present invention are highly 
valuable and their production is accomplished 
by novel methods which are commercially, fea 
sible. 
An important object of the invention is to pro 

vide a method in which a permanent, tuniform and 
coextensive adherency between the coating and 
the base layer is assured. We have discovered 
that there are several critical considerations 
which govern the obtaining of the integrally 
bonded laminated sheet. For example, it is of 
particular importance that the Emetal surface, 
e.g., of steel, be presented to the metal coating 
atmosphere in a thoroughly cleaned condition. 
That is to say, the metal surface should be free 
not only of extraneous or foreign material, but 
likewise of rust film. Another critical considera 
tion which we have discovered is that for reliable 
adherency, the metal should be free of occluded 
gases, and it is highly important that before the 
metal sheet or strip is subjected to the coating . 
atmosphere, it be first not only physically and 
chemically cleaned, but de-gassed as completely 
as possible. 

Equally important, with the foregoing, is the 
provision of a chamber for accomplishing the 
coating operation which will permit continuous 
movement of a continuous strip or sheet to be 
coated through the same and which will be thor 
oughly sealed whereby a substantially constant 
reduced pressure or vaccum is maintained and 
the vaporized metal in the chamber is prevented 
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from being excessively diluted, or polluted in a 
manner such as would adversely affect the color 
or adherence of the film. It may not be objec 
tionable to have, for example, a fractional-per 
cent or trace of air, but the presence of an ap 
preciable amount of grease Vapor, for instance, 
may cause the deposit to be blackened, whereas 
a silvery white film is desired. We use a single 
chamber or a plurality of interconnected cham 
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bers. The connections between the series of 
chambers are such that the material to be coated 
may be continuously travelled through the same - 
while maintained under reduced pressure. The 
conditions in each chamber regarding the 
vaccum and the density of the vaporized metal 
may be modified in accordance with the product 
required. 
As will be appreciated, the relative tempera 

tures of the metal base and the metal vapor source 
within the coating chamber are maintained under 
conditions to promote rapid precipitation of the 
metal upon the base strip moving through the 
chamber to form the coating film, and while in 
many cases preheating or subsequent heating of 
the metal will be unnecessary, there are cond 
tions where it may be desirable to either heat or 
cool the metal under vacuum to a satisfactory 
operating temperature before deposition. 
The method provides for suitably heating the 

strip under vaccum for the purpose of removing 
any surface accumulations and occluded gases 
prior to its entrance into the coating chamber, 
and also for assuring in certain cases, i. e., all 
minum upon steel, that a more adherent coat 
ing is obtained, and one which affords an opti 
mum coverage of the base metal. In this connec 
tion, in some cases, the temperature of the metal 

O 
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is raised where necessary after the coating opera 
tion to further assure the maximum adherency 30 
and/or to improve the continuity of the deposited 
coating. These heating steps may be accom 
plished in a protective atmosphere, but are pref 
erably carried Out under Vacuum. 

It may be advantageous, in some cases, in order 
to promote a better adhesion and continuity, to 
subject the laminated material to elevated tem 
perature for a predetermined time period and in 
a non-oxidizing atmosphere preferably under 
vacuum, followed by a cooling step in a non 
oxidizing atmosphere or preferably under vacuum 
to eliminate the possibility of oxidation. 

Also after the coating has been deposited, if the 
temperature of the laminated metal strip or sheet 
is so high that it would result in rapid oxidation 
or discoloration when introduced to the air, it is 
preferable to cool the coated metal preferably 
under vacuum, or non-oxidizing influences before 
it is introduced to the air. 
The invention includes a method in whi 

while under vacuum or reduced pressure, in a 
suitable chamber, the metal strip, for example, of 
steel is continuously discharged from a roll and 
passed continuously through various instrumen 
talities, including the coating chamber. In this 
connection, in some cases before being intro 
duced to the vacuum chamber, it is preferred 
to anneal the strip and a continuousannealer may 
be incorporated in the line, and in addition to 
accomplishing its accepted function, this heat 
ing step will have the further effect of de-gassing 
the metal herein above mentioned as one of the 
important preliminary treatments. Likewise, be 
fore the strip is introduced as a roll to the vacuum. 
chamber, the cleaning and picking operations 
may take place and may precede the annealing 
operation, if necessary, and, in some cases, a fur 
ther cleaning and pickling may be resorted to 
after the anneal, if required, and before the rolls 
are placed in the vacuum chamber. With rela 
tion to the cleaning step, a preferred operation 
is to subject the strip metal while under reduced 
pressure in the vacuum chamber to a glow dis 
charge just before it is presented to the vaporized 
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3 
of any physical or chemical contamination. By 
a "glow discharge,' we mean the application of 
a high difference of potential between the sheet 
to be coated as one electrode and any suitable 

See of second electrode such as a carbon pencil 
As explained above, the coating chamber may 

comprise a single chamber or a plurality of in 
terconnected chambers all of which are main 
tained under a reduced pressure including the 
connections between any series of chambers. In 
this manner, a different set of conditions may be 
maintained in each chamber of a series which 
Will enable the formation of multiple coatings 
upon the metal base, i. e., a built-up coating of 
any desired thickness, as well as afford increased 
flexibility of operation. By "flexibility of opera 
tion,' we mean a method adaptable for meeting 
the numerous conditions which will be encouns 
tered for the successful high production of a con 
tinuous strip coated with vaporized metal. For 
example, the individual chambers may all be 
maintained under the same conditions so that a 
strip fed therethrough at constant speed. will be 
provided with a coating of predetermined required 
thickness. In other cases where a thicker coat 
ing is required, the speed of travel of the strip 
may be retarded with the other conditions main 
tained constant, so as to assure that the particu 
lar predetermined thickness will be uniformly at 
tained. In other cases, the temperature attained 
by the coated metal strip travelling through one 
chamber may not be suitable for proper deposi 
tion in a succeeding chamber, and, hence, the 
temperature in the said succeeding chamber may 
be controlled or intermediate cooling means may 
be introduced. This intermediate cooling means 
may be of a positive character, as for example. 
suitáble chilling rolls or cooling coils through 
which the strip passes from one chamber to the 
next, or the passage between the chambers'maybe 
So constructed that the sheet necessarily under 
goes a drop in temperature during its travel by 
loss of heat through radiation to the walls of the 
intermediate connection from which the heat may 
be removed in any suitable manner. In other 
words, the flexibility afforded by a multiplicity 
of inter-communicating coating chambers pre 
cludes the necessity for repeated coating steps in 
a single chamber of predetermined size. The 
present method preferably embodies individual 
intercommunicating" chambers and allows coat 
ing with intermediate cooling of a continuously 
moving strip. 
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In addition to the aforesaid advantages accru 
ing from the flexibility of the process, there is 
the further desirable factor that different metals 
may be vaporized in the several chambers, and, 
therefore, built-up coatings of different composi 
tions may be produced on the base metal. For 
example, aluminum may constitute the first coat 
upon a metal base of steel followed by the deposi 
tion of a silver coating or vice versa. By subse 
quent heating of such built up coatings, a surface 
layer composed of a true alloy, e. g., aluminum 
silver may be produced with resultant advan 
tageous properties such as increased hardness, re 
sistance to wear or corrosion. 

In another embodiment of the invention, the 
method comprises placing a coil of the strip na 
teria or metal base in an exhausted chamber or 
suitable bell jar together with a reeling instrue 
mentality and continuously feeding a strip from 
the coil into a vaporized metal atmosphere, e.g., 

meta for the purpose of removing the last traces 75 of aluminum maintained in the evacuated cham 



4. 
ber, whereby the surface of the strip is coated, and 
continuously winding up the coated strip at any 
desired speed within the bell jar as formed, the 
reduced pressure or vacuum being maintained 
throughout the operations. When the entire strip 
has been coated and rewound, the operation is 
discontinued and the chamber orjar opened to 
permit removal of the coated coil and then the 
operation is repeated on another coil. 
In some cases either where a single coating 

chamber is employed or a plurality of intercon 
nected chambers are used, all as above described, 
instead of the base metal travelling continuously, 
it may travel intermittently by means of suitable 
mechanism which move the material step-by 
step into the coa atmosphere and through 
the apparatus. In manner, the coating oper 
ation will be conducted upon consecutive sections 
of the strip or sheet while the same are at rest. 
While we may break the vacuum between succes 
sive movements of the strip or sheet, this is not 
necessary except in cases where permanent seal 

occurs. 
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ing means for the coating chamber are not avail 
able. 
A preferred embodiment of the invention is to 

arrange the several vacuum chambers or bell jars. 
as the case may be in units, suitably connected 
to the exhausting means and to each other where 
by while one roll of metal is being coated, another 
unit is having the coated roll removed and a new 
roll placed in position. The units are so con 
nected that when the coating of a roll in one unit 
has been completed, the unit containing a roll 
to be coated is placed in connection with the first 
unit which is under vacuum so that it may be 
partially exhausted. Then when the second unit 
is exhausted, a less amount of work and time is 
required to bring it to the desired vacuum, while 
at the same time the vacuum in the first unit 
has been broken and a coated roll may be re 
moved and a new roll placed in position while 
the second unit is operating to coat another roll 
of the strip. This affords a very appreciable econ 
omy and permits substantially any number of 
units to be employed which are suitably connected 
with each other and to the exhausting means. 
In addition to the foregoing features of the in 

vention, we provide heating units which embody 
means for assuring that the metal to be vaporized 
will be constantly supplied and constantly vapor 
ized at a substantially uniform and controllable 
rate. This is advantageous in that it enables con 
stant conditions to be maintained in the coating 
chamber or chambers and assures the deposition 
of a continuous uniform film upon the travelling 
metal strip. Of particular importance, the pro 
vision of a continuous supply of the metal to be 
vaporized is accomplished automatically and, 
therefore, in such a manner as to not necessitate 
any loss or interruption of vacuum. In some 
cases, as where the base metal is intermittently 
fed as above described, we may substitute inter 
mittently operated heating units to vaporize the 
metal intermittently in a single or a plurality of 
chambers. With this embodiment, the automatic 
vaporizable metal replenishing means above de 
scribed will be satisfactorily employed. 
A further embodiment of the invention com 

prises the use of electrostatic means within the 
coating chamber for directing the gaseous metal 
positively and definitely during the deposition of 
the same as a film upon the backing. In this 
connection, equipment such as is embodied in the 
"Cottrell' precipitator may be advantageously 
used for this purpose, with the metal backing strip 
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acting as the electrode upon which precipitation 
While the metal coating film in many cases will 

present a satisfactory highly polished surface, the 
lustre of any coating formed in accordance with 
this invention which is not of maximum brilliance 
may be improved by passing the same through 
mirror finish rolls such as tungsten carbide rolls. 

In the drawings, 
Figure 1 is a diagrammatic sectional elevation 

showing the initial portion of a line'or system for 
continuously coating metal in accordance with 
this invention; 

Figure 2 is a diagrammatic view of one 
vacuum' chamber units; 

Figure 3 is a view similar to Figure 2 in which 
a single chamber is employed as distinguished 
from a plurality of interconnected chambers as 
shown in Figure 2; 

of the 

. Figure 4 is a view similar to Figure 2 in which 
the material to be coated is traveled through the 
coating chamber or chambers in a vertical plane 
as distinguished from a horizontal plane as shown 
in Figures 2 and 3; 

Figure 5 is a diagrammatic view showing a plu 
rality of connected units of the character shown 
in Figures 2, 3 and 4; 

Figure 6 is a perspective view of a modified 
form of coating apparatus; ... 

Figure 7 is a plan view of the apparatus of 
Figure 6; 
Figure 8 is a Sectional plan view of a modified 

form of coating apparatus; 
Figure 9 is a detail view of the sealing means 

at the ends of the chamber shown in Figure 8; 
Figure 10 is a perspective elevation of one end 

of the chamber shown in Figure 8, showing the 
Overlapping Seal which substantially precludes 
the entrance of air into the chamber when the 
pressure within the chamber is reduced; 

Figure 11 is a diagrammatic view of one means 
for automatically feeding the vaporizable metal 
to the vaporizing means; 
Figure 12 is a detail view of one of the crucibles 

which may be heated by electrical resistance or 
high frequency induction, and to which the coat 
ing metal is automatically fed in accordance with 
Figure 1: 
Figure 13 is a side view showing the manner 

in which preformed articles, e. g., closures, con 
tainer bottoms and containers are supported 
while being carried through the coating system; 

Figure 14 is a top view of the conveyor and 
articles thereon to be coated as shown in Fig 
ure 11; w 

Figure 15 is a sectional view showing the base 
metal such as steel-directly coated with an ad 
herent film of coating metal such as aluminum, 
deposited from aluminum vapor; and 

Figure 16 is a Sectional view showing a base 
material Such as steel coated with an adherent 
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film of material such as lacquer, varnish or 
enamel Over which is deposited directly a coating 
of metal such as aluminuntieposited from alu 
minum Vapor. w 

In carrying out the present inventiona and as 
heretofore explained, we make a coated or lami 
nated sheet or strip material in which the coat 
ing metal Such as aluminum is preferably direct 
ly applied to the backing material such as steel. 
The properties and characteristics of the lami 
nated product have been heretofore set forth. 
Not only is the invention useful in connection 
with the manufacture of sheet or strip materials 
for fabricating purposes, namely, for the manu 
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facture of closures, containers and other articles, 
but it can be used with equal success for coating 
prefabricated articles. That is to say, the clo 
sures may be stamped from the base metal or the 
containers may be drawn or otherwise formed 
from the base metal and then subjected to the 
coating operation, 
The metal base is devoid of any surface accu 

mulations or occluded gases since we find that it 
is a critical consideration for the production of 
smooth, brilliant continuous coatings of required 
adherence that the surface to be coated shall be 
clean and free of any contaminating influences. 
In SOme cases, the sheet or strip or preformed 

article to be coated is preliminarily coated with 
a film or Sealing material such as a warnish, 
lacquer or enamel. Such a surface will be smooth 
and glossy as distinguished from relatively rough 
ened surfaces of the metal base which are some 
times encountered, but this coating must like 
wise be free of surface accumulations and Con 
taminating influences. 
The invention therefore comprises a laminated 

product in which the vaporized metal coating is 
deposited directly upon the base and is coexten 
sive therewith or directly upon an intermediate 
film which has previously been coated upon the 
base and is coextensive therewith. 
While the invention will be described in Con 

nection with the coating of vaporized aluminum 
upon a steel strip or sheet, it is to be understood 
that other vaporizable metals may be used exem 
plified by magnesium, silver, tin, zinc, chronium, 
nickel, etc. Moreover, alloys of which those con 
posed of aluminum and silver, silver and Zinc, alu 
minum and manganese, nickel and chronium are 
examples, may be employed. In referring to a 
"pure metallic coating,' and "vaporized metal,' 
we intend to include by these and similar ex 
pressions, elements as well as alloys. 
The invention is particularly concerned with 

producing a novel laminated product compris 
ing steel or black iron coated with aluminum 
which we have found to possess unusual prop 
erties and to open a wide field of usefulness. 
We preferably employ a continuous process in 

which the strip or sheet is continuously traveled 
through the coating chamber and also through 
preliminary treating apparatus such as the clean 
ing means, the means for removing occluded 
gases, the annealing means, and subsequent treat 
ing means such as heating and/or cooling means 
and the brightening apparatus. 

In general, where vaporized aluminum is being 
coated upon steel, the pressure in the coating 
chamber should be less than 100 microns and in 
the neighborhood of 1 micron. Lower pressures 
may, of course, be used, but are not essential to 
the successful operation of this invention to pro 
duce coated material suitable for many appli 
cations. 
The deposited or condensed films for example 

of aluminum produced in accordance with this 
invention are relatively thin, generally having a 
thickness in the neighborhood of about two mil 
lionths of an inch to about one ten thousandth 
of an inch for permanently adhered coatings ap 
plied to a backing or base. Aluminum coatings 
cannot be applied to steel as thin as by this in 
wention according to existing commercial prac 
tice. 

Foils for cap spotting which do not have a 
backing other than the usual adhesive Coat and 
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5 
for example in the neighborhood of about five 
ten-thousandths of an inch. 
The aluminum is vaporized in any suitable ap 

paratus such as electrical induction means, re 
sistance means, or by energization of a filament, 
preferably one of tungsten, upon which globules 
of molten metal are formed and which supplies 
the heat required to melt and vaporize the metal 
from its surface. As explained above, we main 
tain a constant supply of aluminum to the vapor 
izing means so as to produce a substantially con 
stant atmosphere of vaporized metal. The tem 
peratures reached are those which are best for 
vaporizing the particular coating metal such as 
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aluminum at the particular pressure in the coat 
ing chamber. Since the vaporization point of the 
coating metal, for instance aluminum is fixed, at a 
definite pressure, the rate of evaporation is con 
trolled by the amount of energy supplied per sec 
Ond. While in the case of aluminum, the tem 
perature should be one which will cause the 
aluminum to boil at the prevailing pressure, in 
the case of some metals which develop a sub 
stantial vapor pressure attemperatures near, but 
below their melting point, for instance silver, it 
is possible to produce a metal atmosphere by 
maintaining the metal at a temperature just below 
its melting point. Incandescent masses of silver 
can be used as sources of a constant and abund 
ant supply of silver vapor. 
The temperature of the base metal or otherma 

terial to be coated, for example steel, should be 
substantially below that of the metallic gas in 
Order to assure proper deposition or condensation. 

35 We have found that a temperature in the neigh 
borhood of ordinary room temperature is con 
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ducive to satisfactory results and assures suitable 
adherency of the coating metal to the steel or 
other base. This adherency is further developed 
in some cases by preheating the metal to a higher 
temperature, in a protective atmosphere or pref 
erably under reduced pressures. Likewise, after 
the COating operation, adherency is enhanced in 
some instances by elevating the temperature of 
the laminated metal above room temperature 
either within or without the vacuum. 

70 

In the case of an aluminum coated steel, it is 
preferable that the laminated metal be cooled 
sufficiently, before it is introduced in the atmos 
phere, to preclude objectionable oxidation of the 
steel or avoid excessive oxidation of the aluminum 
coating. This is particularly important where the 
Coated metal, after the coating operation, is heat 
ed to promote adherency or the formation of a 
desired alloy either of the aluminum or steel or 
of other coating metals as where the metal coating 
is built up of different metals. 
With respect to the use of metal alloys for the 

coating atmosphere, in some cases we employ Sep 
arate sources for the elements which are to make 
up the alloy, so situated that their vapors inter 
mingle, and control the heating so that each va 
porizes at the desired rate to properly proportion 
the vapor mixture and hence deposit as an alloy 
of any desired composition upon the base. The 
sources are, of course, situated in the same coat 
ing chamber. 

In other cases, the preformed alloy is employed 
as the source and the use of separate heating units 
for the alloying elements is unnecessary. Also, in 
some cases the base material is coated with a film 
of one metal followed by a -coating with the film 
of another metal, and in such operations, a suit 
ably high temperature is employed to assure that 

for other purposes require a greater thickness, 75 the respective films may alloy to the desired ex 



6 
tent and that the film in contact with the base, 
if desired, may also alloy therewith. While the 
heating step incident to promoting this diffusion 
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concerned and will be described in connection 
with strip steel or black iron. The steel band 
is led from the roll 10 through a suitable clean 

or alloying of the respective layers may be carried 
out at any point or points in the operation after 
deposition, it is preferable to conduct the alloying 
as a single step after the last coating has been 

5 

deposited. As will be appreciated, with certain 
metals the temperatures incident to the deposit 
ing of the film or of subsequent films of different 
metals may be sufficient to promote alloying in 
which event a separate or positive heating step 
will not be required. This is true for example in 
the case where tin or zinc is deposited on steel 
or brass, since these elements have a relatively low 
melting point and diffuse readily at temperatures 
somewhat lower than their respective melting 
points. 
Containers may be provided with an interior 

lining of the vaporizable metal, as well as an ex 
terior surface film of the vaporizable metal, as for 
example, vaporized aluminum applied to black 
iron. The containers may be preformed, or the 
coatings may be applied to the blanks from which 
the containers are to be fabricated. 
The aluminum lining prepared by vaporizing 

the metal in a vacuum may be applied directly to 
black iron because a combination of aluminum 
and iron will not produce iron rust. The inside 
surface of the container to receive the coating 
should be as smooth as it is practicable to have it. 
An even surface is necessary for efficiency and 
complete coverage. Furthermore, aluminum de 
posited on smooth metal is bright and highly re 
flective. The inside of the container may be pol 
ished with a suitable abrasive material after for 
mation and the surface to be coated must be free 
of dust, grease and any foreign matter before the 
coating is applied. 
One method of lining the cans is to melt and 

vaporize the aluminum by means of an electrically 
heated filament in a high vacuum. Tungsten wire 
is the most suitable material for the filament. 
Wire varying in diameter from 0.015 to 0.045 inch 
may be used, but 0.035 inch is a preferred diam 
eter although 0.025 inch has been satisfactorily 
used. We have used 12 to 20 amperes, 6 to 10 
volts. Rapid production is accomplished in the 
apparatus herein disclosed. The pressure used 
was quite low, being at least as low as 20 microns, 
and in many cases, as low as 1 micron. For some 
purposes, two or more coatings of aluminum may 
be built up to form a lining of desired thickness. 
In some cases, the aluminum coating is partially 
oxidized to render the lining more chemically or 
physically resistant, i.e., the lining is rendered 
harder. In those cases where the contents of the 
container, will attack the aluminum lining, the 
lining may be suitably protected by a film of wax, 
chlorinated rubber or polyvinyl acetal resin. As 
will be appreciated, the galvanic protection af 
forded by the aluminum lining is substantial, and 
moreover increases the corrosion resistance. 
Small percentages of silver, i. e., 5% silver by 
weight in aluminum give a hard and adherent 
flin. 

Referring to Figure 1, the numeral 10 indicates 
a coil of suitable backing or base material which 
may be steel or black iron, paper, or some Syn 
thetic resinous material such as chlorinated rub 
ber, "Vinylite' resin, polyvinyl acetal resin, cel 
lulose acetate or other organic strip material and 
such strip is preferably directly coated, but in 
some cases may be provided with an interned 
ate film. The invention as stated is particularly 
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ing instrumentality i? in the form of a bath, 
for example, a picking bath to remove surface 
accumulations and scale, and the strip is cone 
ducted thence, through a suitable drier 2 to 
evaporate any liquid or moisture which may have 
been retained upon the surfaces. Thereafter, the 
steel band is continued through a bright anneal 
ing furnace f3 is annealing is required, and as 
heretofore stated, this heating step will serve to 
reduce the amount of occluded gases in the metal. 
From the annealing apparatus 3, the strip is 
preferably coiled as at 0'. 

Referring to Figure 2, a coil 10' of uncoated 
strip material is placed in the housing 4 at the 
feed end of the vacuum coating unit indicated as 
a whole at U, carried througn the unit and coated, 
and then recoiled in the housing 4' at the de 
livery end of the unit. Both the housings at the 
feed and delivery ends of the unit are under vacu 
um and are closed by a suitable hinged door, 
gasketed to insure a tight seal when the chamber 
is under reduced pressure, but which will allow 
the doors to be opened When the vacuum is bro 
kenso as to permit a coated coil to be removed 
and an uncoated coil to be supplied. The coil 
O' may be mounted on a suitable feeding shaft 

wholly supported within the unit and the recoil 
mechanism at the delivery r drawing the 
strip through the unit may include a shaft oper 
ated by a suitable motor within the unit or from 
outside of the unit, the shaft in the latter case 
being suitably packed to afford a thorough seal. 
The housing 4 opens into a closed conduit of 

reduced cross-section through which the strip is 
led as shown to the heating chamber 5 having 
suitable electrical heating means 6 therein and 
which chamber is, of course, under vacuum. In 
this heating chamber, the heating is carried out 
upon the continuously traveling strip to renove 
any occluded gases in the metal strip and also 
to vaporize any traces of volatile matter or sur 
face accumulations. . By this treatment and 
through the provision of a glow discharge means 
having electrodes 7, a perfectly clean metal sur 
face is presented to the coating chamber and 
the heating chamber 5 is provided with means 
such as an exhaust pump 8 for positively ex 
hausting any gases driven off in that chamber 
so that there is no possibility of polluting the 
metal atmosphere in the coating chamber. From 
the heating or Out-gassing chamber 5, the metal 
is continuously traveled to the coating chamber 
9. Between the chamber 5 and the chamber 
9, cooling means are provided in the restricted 
passage 20 if required. In some cases, the re 
stricted passage itself having external walls 
exposed to the atmosphere, will act to dissipate 
the heat sufficiently so that no positive cooling 
means is required. This connection 20 between 
the chambers may be elongated so that the metal 
to be coated enters the coating chamber at any 
desired temperature, for example, in the case of 
steel to be coated with aluminum, in the neigh 
borhood of about room temperature. As ex 
plained above, if the metal enters the chamber at 
a more elevated temperature, this is not neces 
sarily objectionable, and in some cases promotes 
adherency and continuity of the deposited film. 
In the construction shown in Figure 2, the 

coating chamber is shown as comprising a series 
of chambers 9a, 9b and 9c, and any desired 
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number of chambers may be employed. The 
chambers are connected by restricted passages 
2 which may be provided with positive cooling 
means in the form of chilling rolls 22 or may be 
lined with suitable cooling coils. As heretofore 
explained, these restricted passage-ways whose 
exterior surfaces are exposed to the atmosphere 
may be elongated if desired in order to effect 
cooling of the strip as it passes from one cham 
ber to the other where this is found preferable 
to the provision of positive cooling means. It 
is believed that the provision of intermediate 
cooling means between the respective coating 
chambers of the series is conducive to good re 
sults, but a single coating chamber 9 such as 
shown in Figure 3 may be employed satisfactorily 
in lieu of the series of chambers shown in Fig 
ure 2. t 
The single chamber shown in Figure 3 is con 

nected with the housings 4 and 4 and asso 
ciated construction as described above in connec 
tion with Figure 2. In Figures 2 and 3, we have 
shown the metal as passing through the coating 
chamber or chambers in a horizontal plane while 
in Figure 4, we have shown the metal as being 
coated while travelling in a vertical plane, and 
for this purpose, after the metal leaves the coiled 
roll O', it is turned 90° through any suitable 

: turning guides (not shown) disposed at 23. This 
turning operation takes place at any convenient 
time or place in the line after the strip O leaves 
the roll and is conducted under vacuum. Instead 
of the turning mechanism, the feed and recoil 
shafts and the roll may be vertically disposed. 
The unit including the coating chambers 9 

and housings and ’ are exhausted or main 
tained at a suitably reduced pressure by a vacu 

7 
Referring to Figure 2, it will be observed that 

separate exhaust connections 28 having adjust 
able valves are provided for each chamber of the 
series. This permits selective variation of the 
reduced pressures maintained in each chamber 
so that the Coating operation is rendered flexible. 

Referring to Figure 5, we have illustrated sev 
eral units U as shown and described in connec 

O 
tion with Figures 2, 3 and 4, connected by leads 
28' to a manifold 29 leading to a suitable ex 
hausting means. Any number of units may be so 
asSociated in communicating relation, Suitable 
valves y being provided to establish communica 
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unn pump or combination of pumps of any suit 
able construction connected to the exhaust mani 
fold pipe 24 having leads to the individual cham 
bers as shown in Figure 2 or to the single cham 
ber as shown in Figure 3. Within the coating 
chambers are disposed suitable vaporizing means 
which may be in the form of filaments as shown 
at 25 or electrical resistance or induction heated 
crucibles as shown at 26 or aluminum cathode for 
Sputtering. 

By reason of the vaporizing devices, a constant 
supply of the gaseous coating metal is maintained 
in the chamber 9, and as will be later explained, 
automatic means are provided to insure that the 
supply of metal to be vaporized is continuously 
replenished as needed. After the metal strip has 
travelled through the coating chamber, it is con 
tinuously led while maintained under vacuum 
through a cooling Zone or vapor trap formed by 
the cooling coils 2 which surround the closed 
conduit leading from chamber 9c and which 
serve to trap any vapors which are discharged 
from the chamber 9c. This cooling means 2 
likewise serves to lower the temperature of the 
travelling strip material. A similar trap 29 may 
be disposed at the other housing end, but this 
condition is generally taken care of in the cham 
ber 5 where any objectionable vapors are con 
tinuously removed. 
The coated material is drawn through the ap 

paratus and after coating is rewound on a suit 
able reel in the housing 4. Where it is desired 
to heat the coated strip before it is rewound, a 
heating means 5' similar to the heating cham 
ber 5 is interposed before the cooling means 2. 
As will be noted, the heating and cooling in each 
case takes place under a vacuum. 
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tions between the several units and any one unit 
and the exhausting means, whereby the units 
may be brought into communication with each 
other or independently exhausted. In the pre 
ferred operation of the method, an uncoated coil 
fo' is introduced into One unit a which is ex 
hausted and the strip coated as above described. 
Another uncoated coil is positioned in the unit b 
and when the coating is finished in unit a, the ex 
hausting means is shut off from communication 
with unit a and communication is established 
between the units a and b through the valves in 
their respective leads and the manifold. This 
breaks the vacuum in unit a and simultaneously 
reduces the pressure in unit b. Communication 
between units a and b is now closed, and the 
coated coil is removed from the housing 4 of 
unit at and an uncoated coil placed in the hous 
ing 4 of this unit. Of particular importance, 
the reduction of pressure created in unit b en 
ables the unit to be exhausted to the required 
vacuum in a shorter time and requires less Work 
on the part of the exhausting apparatus. Unit 
b is therefore immediately available for coating 
purposes and coating is carried out therein as de 
scribed. This method is continuous in that while 
the operations just described are taking place in 
connection with units at and b, a coating opera 
tion under vacuum may be taking place upon an 
other coil in unit C. This method is therefore 
rapid, economical, and thoroughly reliable for 
coating continuous strips or for coating sheets of 
predetermined ength as well as fabricated ar 
ticles. Two units will provide a very substan 
tial coating capacity, but as stated, any number 
of units may be employed. 
One of the advantages of the method shown in 

Figures 2 to 5 is the ability to bring the coating 
chamber 9 to the best or most desired condition 
for coating by vaporization with a minimum of 
pumping effort, and therefore at a more rapid 
rate. That is, a greater vacuum is required in the 
chambers 9a, 9b and 9e than is required in 
the remainder of the apparatus, namely, the 
housings and the chambers 5 and 15, and there 
are cases, for example, where a greater vacuum 
is desirable in one or two of the chambers 9a, 9b 
and 9c. Our method, enables advantage to be 
taken of the law relating to the diffusion of gases 
at reduced pressure, in that we are able, with a 
minimum of pumping effort, to rapidly bring the 
chambers 9a, 9b and 9c to the required re 
duced pressure, and at the same time produce a 
reduced pressure in the other chambers which is 
sufficient for their respective particular purposes. 
In other words, in our apparatus we are able to 
operate with a pressure gradient existing in the 
system with a minimum pressure or the highest 
vacuum existing in the vaporization chamber 9. 
This method and the advantageous results 

thereof may be achieved in several ways. For in 
stance, the passages from the housings 4 and 4 
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and from the respective chambers is and 5' and 
9a, 9b and 9e are, for example, in the case 
of strip metal of a thinness or narrow cross Sec 
tion such as will just allow the metal to freely 
travel in order that diffusion between the hous- 5 
ings and the respective chambers may be reduced 
to a minimum. Where chilling means, heating 
means, or supporting or conveying means are in 
terposed in such restricted passages, they so oc-, 
cupy the passage as to likewise reduce the possi-'0 
bility of any substantial diffusion. Again, as 
shown in Figure. 2, the manifold 24 is exhausted 
by a single line E to the exhausting means and 
therefore the admittance speed or evacuation 
speed will be greatest in the chambers 9a, 3b .5 
and se which are closest to the exhaust pipe 
leading to the exhaust means, whereas the hous 
ings 4 and 4 and the chambers 5 and 5' will 

- exhibit a pressure gradient with respect to the 
chambers fs, that is, will be less exhausted. On- 20 
der such conditions, operation of the exhausting 
apparatus will rapidly bring all of the coating 
chambers 9 or any one or two of them to the 
desired reduced pressure, and the other chambers 
and housings to a satisfactory reduced pressure, 25 
and by reason of the restricted passages, between 
the housings and the various chambers, the 
amount of diffusion will be negligible in the coat 
ing operations. 
While we have illustrated in Figure 2 a single 30 

exhaust-line E connected to the manifold, there 
may be several such lines connecting to a single 
exhaust means or to independent means. In such 
cases, the restricted passages between the hous 
ings and respective chambers will likewise act to 35 
preclude any substantial diffusion and the valves 
in the lines leading from the housings 6-6 or 
the housings and chambers is and 5' to the 
manifold (where the latter are connected to the 
manifold), for example, may be closed when a 40 
suitable vacuum has been established therein so 
that all of the further exhausting may be accon 
plished with respect to the coating chambers 9. 
or any one or two of them where a higher degree 
of vacuum is required. . 45 

Furthermore, we provide in some cases a sepa 
rate exhausting means for each of the housings 
and chambers with this method and construc 
tion the restricted passages between the housings 
and chambers again act to prevent any substan 
tial diffusion, and the exhausting means may be 
discontinued when a reduced pressure has been 
established in any housing or any chamber in the 
required degree. y 
In the methods just described above, less pump 

ing effort is necessary, and the coating chambers 
are brought to the desired reduced pressure in a 
minimum of time. . 
In referring to exhausting means we mean, 

preferably, some multi-stage type using a suitable 
fore-pump for the preliminary exhaustion and 
higher vacuum pimps for subsequent stage or 
stages. 
By reason of the restricted passages, the possi- 65 

bility of any substantial diffusion occurring is so 
reduced to a minimum that the method will 
operate satisfactorily, notwithstanding there may 
be slight leaks, for example, in the housings & 
or f4. 70 

In this connection, and as herein explained, 
where articles of greater dimension than steel 
strip are being coated, the passages likewise will 
be of a cross-sectional dimension to just clear 
such articles, and suitable baffles, e. g. flexible, 75 

60 

may be disposed therein, if necessary, in order 
to reduce the possibility of diffusion. 
In Figures 6 and , we have shown a modified 

form of coating apparatus comprising a single 
vacuum chamber 30 which may resemble an en 
larged belliar. The chamber 30 is provided with 
connections 3 leading to a suitable exhaust 
means for maintaining a reduced pressure or 
vacuum within the chamber as in the case of 
the coating chamber 9 previously described. 
Within this chamber there is provided sup 

porting means 32 for a coil of material 33 to be 
coated which in the present instance is strip 
metal. A rewind Or reeling mechanism is sup 
ported at 34 and is rotated by means of the inter 
meshing gears 35 from a hydraulic or air motor 
36 having fluid pipes 36. A similar motor may 
be employed for operating the recoil reel disposed 
in the housing 6' of Figure 2. The strip from 
the coil 33 is led in the form of a loop about the 
metal vaporizing device 3 or it may be led di 
rectly and in a straight line from the coil 33 into 
coating relation with one or more of the metal 
vaporizing devices 37, being drawn continuously 
from the roll 33 by the rewind mechanism 34. As 
the coated metal is formed, it is rewound at 34 
into a coil of coated or laminated metal and a 
suitable interleaving strip 38 may be simulta 
neously wound between the convolutions to pro 
tect the coated Surface if desired. This inter 
leaving material may be wax paper or materials 
generally used for similar purposes. 

It will be noted that in this operation the metal 
constituting the coil 33 has been previously 
cleaned and degassed and/or annealed. It may 
be in the form of steel of foil thickness or steel 
such as would be used for fabricating closures or 
Gainers or other products or paper or organic 

S. 

In some cases, as where it is desired to transfer 
the aluminum coating to another backing, the 
interleaving material 38 may be provided with 
an adhesive surface which will, upon being inter 
leaved, transfer or remove the nonadherent alu 
minum coating from the surface of the metal or 
other strip material, which is inherently or de 
liberately made non-retentive, and upon which 
the aluminum has been initially deposited. 
The unwinding, coating and rewinding, in 

cluding interleaving and the transferring of the 
aluminum coat to the adhesive surface of the 
interleaved strip are all conducted under a vac 
uum and constitute another example of a con 
tinuous operation. When the coating has been 
completed, the jar or chamber 30 is opened and 
the coated roll is removed from the rewind 
mechanism 3 and a roll of material to be coated 

placed on the standard 32 for another opera 
O 

In the construction shown in Figures 2, 3 and 
4, provision is made for applying a film to each 
side of the strip material G but, if-desired, the 
positioning of the vaporizing devices may be 
such that a coating is produced only upon one 
side of the strip. In the construction shown in 
Figures 6 and , the coating is applied to only 
one side of the strip but if desired, additional 

- Vaporizing devices may be positioned on the other 
side of the strip from the device 37 so as to pro 
vide a film upon both sides of the moving strip. 

Referring to Figure 8, we have shown a further 
modification, in which successive areas of the strip 
material to are progressively and intermittently 
coated in the sectional chamber 60. In this meth 
od, the metal vaporizing. means are similar to 
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those previously described and the metal is pref 
erably directly travelled to and through the 
chamber 80 from the drying means f2 or the 
bright annealing apparatus 3 as the case may 
be. A suitable intermittent feeding means (not 
shown) is associated with the metal strip to in 
termittently feed a section thereof substantially 
equal to the effective coating length of the cham 
ber 60 upon each actuation. The chamber is pro 
vided at its ends with a sealing construction best 
understood upon reference to Figures 9 and 10. 
Each end of the box is provided with metal blocks 
if extending for a distance greater than the 
width of the sheet Or Web to be coated and which 
may be welded or otherwise Secured to the end 
walls of the sections of chamber 60 as at 62. The 
blocks 6 are recessed to provide dove-tail grooves 
53, in each of which is anchored one section of 
a rubber sealing strip 64. Bearing upon the Outer 
face of each of the strips 64 which extend through 
out the length of the sheet or strip receiving pas 
sage or opening 60' defined between the end walls 
of the sections of the chamber and the blocks 6, 
are Sealing clamp members 85 which at their 
upper and lower ends are adjustably connected 
together. In the operation of the invention, re 
lease of the sealing clamping members 65 permits 
the strip material to be fed into the chamber 60 
for a suitable length to be coated. Thereafter, 
the clamping members 65 are clamped to force 
the resilient strips 64 together, thereby rendering 
the chamber air-tight, and a suitable vacuum is 
drawn therein. The metal vaporizing means are 
now operated and a coating deposited upon the 
area of the strip within the chamber. There 
after, the vaporizable means are de-energized, the 
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vacuum within the chamber 60 is broken, and 
the clamping members 65 are released to permit 
the sheet to be freely travelled. The intermittent 
feeding means are now actuated to bring another 
predetermined area within the chamber 60, where 
upon the chamber is again sealed and a vacuum 
drawn, and a coating atmosphere provided. By 
means of this intermittent action, the entire 
length of the coil of steel may be provided with 
an aluminum or other metal coating on one or 
both sides. 

Preferably, the vaporizable metal used in con 
nection with the chamber 60 will be supported 
by filaments 25, but resistance or induction heat 
ed crucibles 26 may be employed if desired. The 
flaments are particularly useful because they 
can be so readily energized and deenergized for 
intermittent coating purposes. Where the cruci 
ble is employed with induction or resistance heat 
ing means, predetermined sized globules, lengths 
of wire, powder or pellets of the vaporizable metal 
are automatically fed thereto so as to provide a 
Suitable vaporized metal atmosphere sufficient to 
properly coat the area of the strip within the 
chamber. 

In the various apparatus illustrated, we have 
shown both filament and crucible vaporizing 
means within the chambers. It is to be under 
stood, that in any one single chamber, all of the 
devices should be the same. Where a series of 
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chambers are used, however, filaments may be 
used in One of the chambers and crucibles in an 
other. 

It is to be understood that while we have illus 
trated a continuous strip of material being coat 
ed, individual strips of any desired length may 
be suitably fed through the coating system while 
carried flat upon a conveyor or suspended there 
from. In this connection, also, one or both sides 

70 
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of a flat material such as strips or sheets may 
be coated, depending upon the position of the 
metal vaporizing means. Likewise, where the 
metal is coated upon both sides and it is desired 
to use an intermediate organic film, this will be 
applied to both sides of the strip or sheet. 
In some cases, instead of forming the metal 

into a coil fe', it is introduced directly from the 
drier 2 or the annealer 3 into the coating cham 
ber continuously passing from these instrumen 
talities into the unit. Also, in such cases, we 
Sometimes provide at the entrance and exit ends 
of the unit a liquid sealing leg preferably of sub 
stantially U-shape through which the continuous 
strip is traveled. The seal is established by means 
of a suitable liquid maintained in the leg such as 
Water, mercury, molten lead and other satisfac 
tory liquids, as set forth in pending application 
Serial No. 343,306. 
Where liquid Sealing legs are employed it may 

be necessary to providespecial means for prevent 
ing contamination of the coating metal by con 
tact with the sealing liquid or vapor therefrom: 
For example, mercury will alloy with freshly de 
posited aluminum. We overcome this objection 
in that the coated steel emerging from the vac 
uum coating apparatus is first led through a . 
layer of oil of low vapor pressure floating on top 
of the mercury of the exit sealing leg, whereby 
the oil film thus applied to the aluminum coated 
sheet will prevent contact between the mercury 
and the aluminum coating. - 

In the event that objectionable amounts of 
mercury vapors from the sealing leg at the en 
trance to the evacuated system are not removed 
by the trap 29 or from the de-gassing chamber 
f5, or by means of refrigerating coils or con 
densing Surfaces within the evacuated system 
adjacent to the end of the aforesaid sealing leg 
in advance of the coating chamber 9, then these 
traces of mercury vapor are removed by an agent 
having a strong affinity for mercury such as me 
tallic sodium, potassium or other alkali metal dis 
posed between the sealing leg and said coating 
chamber. Capsules containing the absorbing 
metal can be separately vaporized by induction 
heating so that a film will be deposited upon the 
walls of the system ahead of the aluminum coat 
ing chamber 9, and this operation will be per 
formed after initial evacuation but before alumi 
nizing commences. 
As explained above, the use of liquid sealing 

legs affords a completely continuous operation, in 
that the strip material need not be coiled for in 
clusion in the housing 4, but may be led directly 
from the dryer 2 or annealer 3 into the coat 
ing apparatus. 

Referring to Figure 11, there is illustrated an 
automatic means for continuously feeding alumi 
num wire or strip to be vaporized to a filament 
25. For this purpose, a reel 40 of aluminum wire 
4f approximately .025 inch in diameter, is pro- . 
vided, and the wire is passed through guide rolls 
42 to an intermittent feeding mechanism indi 
cated as a whole at 43. In this feeding mecha 
nism, the solenoids 44 are intermittently ener 
gized to cause the jaws of the chucks 45 to engage 
and disengage the wire. Upon energization of 
the solenoids 44, the chucks engage the wire 4 
and move it a predetermined distance so that a 
section of proper length is disposed within the 
convolutions of the filament 25 where it may be 
vaporized. This automatic means for supplying 
the vaporizable aluminum to the filament maybe 
associated with a constantly energized flament 
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and thus assures a constant and continuous sup 
ply of vaporizable material. The automatic 
means also is used with a filament which is inter 
mittently energized as in the coating chamber 
of Figure 8. The filaments 25 are of sufficiently 
rugged construction to support the wire 4 and 
are not impaired by the movement incident to dis 
posing the sections of wire intermittently within 
the convolutions thereof. In some cases, it is 
desirable to actually sever the wire and for this 
purpose we provide a pair of cooperating knives 
46 which engage the wire and sever the same at 
the end of its feeding movement. The Severing 
of the wire by means of knives 46 is desirable in 
that the wire 4 having been disposed within the 
coils 47 of the flament will drop into supporting 
relation by the coils when the wire is severed. 
This construction is preferred, but in some cases, 
reliance can be had upon the filament itself melt 
ing off a sufficient and constant length of the 
Wire. It is, of course, understood that the auto 
matic mechanism illustrated in Figure 11 may be 
associated with any of the apparatus illustrated 
in the drawings and may be disposed entirely 
within the coating chamber, although it is Satis 
factory to introduce the wire exteriorly of the 
chamber, through a close-fitting packing or seal, 
so that it will not be necessary to break the vac 
uum in order to replenish the coils 40. It is fur 
ther to be understood that the wire 4 is Sup 
ported at all times in feeding relation to the fila 
ment 25 SO that when portions are Severed or 
melted, actuation of the feeding means 33 will 
deliver a predetermined section of the wire in 
centered relation. So as to be supported. On the 
filament COInvolutions. w 

In Figure 2, we have illustrated in detail a re 
fractory crucible 26 in which the contents may 
be heated by electrical resistance Or inductance 
heating. In association with this crucible 26, 
there is provided a feeding means as shown in 
Figure 11 and which is similar in a important 
respects with that shown and described. 

In Figures 13 and 14, we have illustrated a for 
raminous belt 50 upon which are supported caps, 
can bottoms and also containers which are to be 
coated in accordance with this invention. The 
various articles are maintained in position on the 
belt 50 by permanent or temporary magnets 5, 
and the coating may be carried out in any of the 
apparatus described herein. At the conclusion 
of the final step of the coating operation, i. e., 
when the conveyor reaches housing f4', a suitable 
means is employed to remove the coated articles 
from the bet 59. 
In Figures 13 and 14, we have illustrated crown 

caps at 52, screw caps at 53, lug caps at 5, can 
bottoms at 55 and containers at 56. These vari 
ous articles as well as containers, may be coated 
interiorly or exteriorly, or both, in accordance 
with their positions on the belt. Thus the Outside 
of an article may be coated during part of the 
movement of the belt whereupon the article, held 
in position by a temporary magnet is inverted 
by a suitable means (not shown) and the inside 
coated or lined during another period of the 
travel of the belt. It is to be noted that the belt 
50 is provided with a multiplicity of openings to 
permit communication through the belt. It is 
preferably formed of stainless steel and the sec 
tions thereof may behinged as shown at 5. 
In the case where articles of greater dimension 

than relatively thin strip material are being coat 
edin accordance with the apparatus and methods 
herein described, the apparatus will be suitably 
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enlarged to permit the passage of such articles 
through the respective instrumentalities of the 
unit. In this connection, where preformed arti 
cles are carried by the conveyor 50, they may be 
fed thereto at the feed end. A of the unit from a 
suitable magazine maintained under air-tight or 
vacuum conditions, and discharged at the deliv 
ery end 4 of the unit into a suitable hopper or 
other collecting means, likewise maintained un 
der vacuum or air-tight conditions. The maga 
zine and hopper may be disposed within the unit 
or may be disposed Outside of the unit and con 
nected thereto through Suitable air-tight connec 
tions. This will be particularly the case where 
caps, can bottoms and containers are being 
Coated. 

It will be observed that the construction shown 
in Figure 11 enables the feeding automatically of 
a predetermined quantity of metal to be vapor 
ized to the vaporizing instrumentalities, This 
metal may be in the form of a wire, as disclosed 
in Figure 11, Or individual lengths of wire or pel 
lets or powder. In the case of the pellets, pow 
der, and small lengths of wire, these may be fed 
automatically from a suitable magazine disposed 
within or without the chamber, to the vaporizing 
devices. Where the magazine is without the 
chamber, Suitable air locks are provided so that 
introduction of the individualized metal does not 
Occasion loss of Vacuum. Such individualized 
charges may be substituted for the continuously 
fed wire in any of the apparatuSherein described. 

Referring to Figure 15, we have shown at 66 
a base of any suitable material, Such as steel or 
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black iron, paper or film of Organic material, 
directly coated with a coextensive film of alu 
minum 67 deposited from aluminum vapor. 
In Figure 16, we have shown a similar base 

66 provided with a coextensive intermediate film 
68, such as lacquer, varnish or enamel upon which 
is deposited a coextensive coating 6 of aluminum 
deposited from aluminum Vapor. 
As explained above, the base 66 may be formed 

of paper or other flexible material, such as Syn 
thetic resins and cellulose derivatives, as well as 
chlorinated rubber or metal foils, i. e., of Steel. 
In this manner, suitable materials are provided 
which are useful for providing center spots and 
overall facings for caps and closures. As under 
stood, the backing or base in the case of spotting 
materials is provided with a suitable adhesive 
coating for Securing the Spot or Overal facing to 
the cushion liner of the closure. 

Foils of this character, of course, may be used 
for their insulative qualities and decorating char 
acteristics, 

Also, in the case of two-part caps, particularly 
those of the screw cap type, the inner member 
may be produced in accordance with this inven 
tion by coating the steel with a coextensive film 
of aluminum either inside or outside, or both. 
Likewise, the outer threaded member may be sim 
ilarly coated. 
Wherever desirable, the aluminum coating pre 

pared in accordance with this invention, whether 
for spotting materials or as for linings for closures 
and containers, may be provided with a coating 
of suitable lacquer or varnish. Such organic 
coatings are useful where chemical action between 
the contents and the lining or foil might be set up. 
While we have referred herein to steel band or 

Strip, the invention is equally applicable to the 
coating of other material in continuous length, for 
example, Wire, and wire screening. 

A. 
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We claim: 
1. The method of coating in a plurality of closed 

coating chambers having means for coating under 
reduced pressure with vaporized metal, the cham 
bers being in communication with one another 
and with a Suitable exhausting means for main 
taining the reduced pressure therein, which con 
prises placing material to be coated in one cham 
ber, evacuating that chamber while the material 
is therein, vaporizing the coating metal in that 
chamber and coating therein while the vacuum is 
maintained, placing uncoated material to be 
coated in a second chamber, upon completion of 
coating in the first chamber, establishing com 
munication between the chambers so as to break 
the vacuum in the chamber in which coating 
has been completed, and reduce the pressure in 
the chamber in which coating under reduced 
pressure is about to begin, connecting the last 
mentioned chamber to the exhausting means 
while cutting of communication between said 
chamber and the first chamber, and carrying on 
the coating operation described with respect to 
the first chamber in the second chamber while 
removing coated material from the first cham 
ber and placing uncoated material to be coated 
therein. 

2. The method in accordance with claim 1 in 
which the material to be coated is steel strip, and 
the vaporized metal for coating the same is alu 
minum. 

3. The method in accordance with claim 1 
wherein a continuous length of strip material is 
coated in each unit while traveling therethrough. 
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11. 
4. A method in accordance with claim 1 in 

which the material to be coated has a tempera 
ture lower than the temperature of the coating 
metal, whereby the latter is condensed upon the 
material. 

5. A method in accordance with claim 1 in 
which the material to be coated is strip metal and 
the vaporized metal for coating the same is alu 
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minum, and wherein the strip metal is maintained 
at a temperature lower than the temperature of 
the vaporized metal whereby the latter condenses 
thereon. 

6. An apparatus of the class described compris- . 
ing a plurality of chambers, leads from each of 
said chambers to a manifold, and an exhaust con 
nection connected to said manifold, valves in each 
of said leads for establishing communication be 

a tween a chamber and the manifold and for estab 
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lishing communication between at least two of 
said chambers, and a valve in the exhaust connec 
tion for establishing communication with the 
manifold, whereby one of said chambers may be 
exhausted to the exclusion of the others, and a 
second chamber about to be exhausted may be 
vented to said exhausted chamber to reduce the 
pressure in the second chamber and thus reduce 
the amount of exhausting required to exhaust 
said second chamber. 

7. An apparatus in accordance with claim 6 
having means in each unit for continuously trav 
eling a strip to be coated therethrough. 

CHARLES E. McMANUS. 
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