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This invention relates to the deposition on
suitable supports or bases of materials, particu-
larly metals, by processes involving thermal
evaporation of the material ‘deposited in an at-
tenuated atmosphere and émbraces improvements
both in method and apparatus. The invention is
particularly concerned with the deposition of
metals on surfaces or supports containing
occluded gases or other volatiles or substances
which yield gases or vapors when heated.

The invention is considered especially signifi-
cant as applied to the coating of cellophane in
strip or sheet form with aluminum and it will
ke described with specific reference to that appli-
cation, it being understood that the specific de-
scription will not be held limitative. By means
of the inventicn an aluminum coating can be ap-
plied to ceilophane more evenly than heretofore
and at a substantially faster rate with fewer oper-
ational difficulties.

It has been previously recognized that mate-
rials such as cellophane and other plastic sheet-
ing, sheeting formed by vinyl chloride or vinyl
acetate polymer or vinyl chloride-vinyl acetate

copolymer, for example, tend to give off hydrogen,

water vapor and possibly other gases and vapors
when contacted with a vaporized metal in a
vacuum chamber, and that this gas and vapor
evolution interferes with the coating operation by
rendering it difficult to maintain the vacuum.
The hydrogen evolution is espec¢ially pronounced
in the case of cellophane where aluminum is em-
ployed as the coating metzal, due perhaps to reac-
tion of the aluminum with hydroxyl-containing
compounds in the cellophane.

Prior investigators have proposed that the cel~
lophane sheet or web, prior to the coating opera-
tion, be preheated under reduced pressure on the
side to be coated to remove surface volatiles, it
being contended that when this is done, the neces~
sary vacuum in the coating chamber can bé main-
tained without difficulty. These investigators
caution that the heating should be superficial
only, that is that it should be carefully confined
to the surface of the cellophane support and not
extended to the body thereof. Should the heat-
ing at the temperature of the superficial heating
be so extended, it is asserted that the cellophane
becomes seriously embrittled, largely losing its
desirable physical and c¢hemical properties, and
that its handling in the coating apparatus and
subsequently, becomes complicated.

In testing the proposal of the prior investi-
gators, I found that the improvement provided by
the superficial heating is something less than is
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desirable. In seeking a reason for this it-eccutred
to me that the volatiles removed frem the surface
of the web by the superficial heating :are re-
placed during the early stages of the coating oper-
ation frem within the body of the strip and that
2 greater improvement in results might be at-
tained by heating the strip throughout at-a tem--
perature below the temperature resulting in its
gerious embrittlement. Itried thisand discovered:
that the results are indeed superior. The im«
provement being far out of proportien to that:
which might conceivably be expected to follow
from a longer heating at lower temperature, it:
was my first thought that the heat treatment
cperated to selectively remove a high vapor pres-~-
sure plasticizer from the cellophane most respon-
sible for the vacuum difficulties in the coating
department. I soon discounted this theory, how-
ever, on finding that the improvement also ‘ob~
tains in the case of materials of a nature entirely
different from cellophane and for the further
reason that it did not seem reasonable to me that:
the complete removal of a plasticizer could he:
effected without seriously embrittling the web.

My invention will be better understood by refer-
ence to the accompanying drawing illustrating
schematically, in sectional elevation, a system of
apparatus suitable for its practice when the mate-
rial to be coated is in strip or web form, as is
preferred.

The apparatus, as disclosed, will be seen as con~-
stituted of fthree compartments 19, I{ ‘and 2,
through which the strip to be coated, indicated
by the numeral {4, is consecutively passed, the
course of the strip through the compartments
being determined by rollers or idlers {5. The
strip 14 is fed from a feed roll #8 suitably sup-
ported within compartment {9. This compart~
ment should be equipped with a-pressure tight
door for which hinges {7 are indicdated. ‘A receiv-
ing roll 18 is mounted in end compariment {2.
which should also be provided with a pressure
tight door, for which hinge elements 19 are indi-
cated, and may be driven in the conventional
manner by rotating drums 20 maintained in fric-
tional engagement with the periphery of the roll.

Each of the compartments 6-12 is maintained
under a subatmospheric pressure, vacuum lines
or conduits 21, 22 and 23 being provided for this
purpose. Assuming the material of the strip is
cellophane and that the coating metal is alumi-
num, compartment {i is best maintained at a
pressure not exceeding .4 micron of merecury and
each of compartments {8 and 12 at a pressure of
from 50 to 500 microns. A mechanical vacyum
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‘pump, not showi, suffices in the case of compart-
ments (0 and (2, but conduit 22, by means of
which compartment i1 is evacuated, should con-
nect with a diffusion pump system, not shown.

In compartment 10, the strip or web 14 is
passed over and under heating elements 24 which
may be spaced and supported as by insulating
members 25, the strip being thereby thoroughly
heated by radiation, volatiles being driven from
the body of the strip as well as from the surfaces.
Both the intensity and duration of the heating
are dependent on the particular material of the
strip. In all cases the heating is controlled to
avoid substantial impairment of the properties
of the strip which adapt it for the ultimate use
contemplated. TUnlike cellophane cellulose ace-
tate sheeting does not become embrittled, but
-softens and distorts if the heating is carried out
.at too high a temperature. Other supports may
.actually decompose if their heat capacity is sub-
.stantially exceeded. The heat capacity of any
‘particular strip material can be readily deter-
mined by experimentation. In the case of cello-
phane I have found that not substantially more
than 20-30% of the contained volatiles should be
removed if adequate plasticity is to be retained.

Compartment {9 is separated from compart-
ment {1 by a partition 26 conforming to the cross
sectional outline of the two compartments

through which the strip {4 is passed. Placed over

the slot is a sealing element 27 which substan-
tially prevents equalizing of the pressures in the
compartments. A similar sealing element is se-
cured over a slot in partition 28, separating and

partially delineating compartments {1 and 2. 7

These elements may be formed of natural or syn-
thetic rubber or other suitable material of & simi-
lar nature. Where the material of the strip and
the coating operation are not adversely affected
thereby, mercury or other liquid seals may be
substituted.

In compartment if, the coating compartment,
the strip is passed over a cup 239, shown as heated
by a resistance coil 30, and shielded by an annu-
lar baffle 3. Cup %8 serves to evaporate the
metal deposited on the surface of the strip pre-
sented for coating. Where it is desired to coat
both surfaces or sides of the strip, two cups may
be used and certain obvious rearrangements
made with respect to the course of the strip
through the compartment. If desired, the strip
may be cooled during coating, as by a cooled
metal plate, for example, under which the strip
is caused to ride.

In some instances, it may be necessary or de- 5.

sirable to interpose a fourth compartment be-
tween compartments {i and i2. This fourth
compartment may represent a spare or additional
coating compartment, for example. An addi-
tional compartment or compartments may also
be interposed between compartment {6 and the
coating compartment, it being advantageous at
times to apply a preliminary non-metallic coat-
ing before the metal coating is applied. Any in-
tervening compartment is preferably maintained
at a pressure intermediate the pressures in the
compartments between which it is positioned,
a pressure gradient being generally necessary for
best results.

Exemplary of metals other than aluminum
which may be employed in coating operations
carried out in accordance with the invention may
be mentioned: magnesium, silver, copper, gold,
tin, zine, etc. Other supports or base materials
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in addition to those previously mentionied, which,
like cellophane, tend to give off water vapor
and/or gases, include paper, textile fabrics,
whether constituted of animal, vegetable or min-
eral fibers, e. 8., silk, wool, cotton, rayon, asbestos
cloth, fiber glass cloth, etc., artificial leather and
the like.

The invention is not limited to the application
of metal coatings, being highly useful in the
coating of a support with a wax, for example.

The specific heating means shown in the draw-
ing is not critical as the strip can be successfully
heated in a variety of ways. Thus, it may be
passed around hot rolls or over heated metal
plates, for example. It is important only that
heating extend to the body of the material of the
strip, i. e., that volatiles be driven from the body
of the strip and that it be so controlled as to
avoid substantial loss of the original properties
of the strip.

I claim:

1. The process of vacuum deposition of a metal
on a nonmetallic, flexible substrate which yields
gases or vapors when heated, said process com-
prising the steps of passing said substrate
through a heating zone evacuated to a pressure
on the order of 50.to 500 microns Hg, heating
both sides of said substrate during passage
through said heating zone to drive from said
substrate occluded gases and other volatiles re-
sulting from said heating, said heating being
accomplished by advancing said substrate along
a circuitous path between g plurality of heating
elements so that relatively large areas on both
sides of said substrate are being subjected to heat
simultaneously, said substrate being advanced
through said heating zone at a rate sufficient to
permit thorough heating of the body of said sub-
strate, the substrate being heated to a degree
sufficient only to drive out volatiles from the
body of said substrate, removing said substrate
from said heating zone prior to the time when
the removal of said volatiles is sufficient to cause
substantial embrittlement of said substrate, sub-
stantially immediately thereafter advancing said
substrate into a coating zone evacuated to a pres-
sure lower than the pressure in said heating zone,
generating metal vapors in said coating Zzone,
condensing said metal vapors on said substrate,
and shielding said substrate in said coating zone
from vapors driven from said substrate in said
heating zone, the area of substrate being heat-
ed at any instant of time being greatly in excess
of the area of substrate being coated at any in-
stant of time.

2. The process of vacuum deposition of a metal
on a nonmetallic, flexible substrate comprising
cellophane, said process comprising the steps of
passing said substrate through a heating zone
evacuated to a pressure on the order of 50 to 500
microns Hg, heating both sides of said substrate
during passage through said heating zone to drive
from said substrate occluded gases and other
volatiles resulting from said heating, said heating
being accomplished by advancing said substrate
along g circuitous path beftween a plurality of
heating elements so that relatively large areas on
both sides of said substrate are being subjected to
heat simultaneously, said substrate being ad-
vanced through said heating zone at a rate suffi-
cient to permit thorough heating of the body of
said substrate, the substrate being heated to a
degree sufficient only to drive out volatiles from
the body of said substrate, removing said sub-
strate from said heating zone when only 20% to
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