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The invention relates to a method and an apparatus
for subjecting a film, in particular a film based on re-
generated cellulose, to a heat treatment, in which the
film is gnided vertically upwards through a shaft, through
which, moreover, a hot gas is circulated. In addition,
the invention relates to the film thus treated. The heat
treatment may consist in the drying of a coated film.
However, it also may be carried out after, or form part
of, a treatment for printing, dyeing or conditioning a
film.

Methods of the above-mentioned type are known, in
which the vertical shaft, both at its lower end and at its
upper end, is in open communication with its surround-
ings.  Such methods show various drawbacks. The
elevated temperature of the air present in the drying shaft
and possibly of solvents evaporated from the film causes
a strong chimney effect in the shaft. As a result, large
amounts of warm solvent air mixture escape from the top
of the shaft, which means both loss of heat and, possibly
loss of solvent.

Moreover, as a result of the vertical current of gas
in the shaft cold air leaks into the shaft at its lower
end and blows against the film in 2 non-uniform manner.
As a result, in many applications the product obtained
is of inferior quality. For instance, in the process of
drying a coated film the cold leakage air will blow against
the film coating, which is still warm and wet, in a non-
uniform manner. As a result, the coating dries irregu-
larly, thus showing wet and porous patches.

Arnother disadvantage to the known method is that,
owing to the warm gases rising from the shaft, it is
difficult for the warm coating to cool down and harden.
In order that the film, after it has left the shaft, may be
passed around guiding rollers for further transport with-
out the coating being damaged, it is necessary for the
coating first to be cooled down, and hardened. By
virtue of previous attempts to overcome the above prob-
lems, the extent of the above-mentioned drawbacks has
been reduced somewhat, for instance by sucking in cold
air near the discharge opening of the shaft, thus exerting
a downward pressure on the warm gases in the upper
half of the shaft,

However, as already mentioned, it is not possible in
this way to prevent the occurrence of the chimney effect
in the shaft entirely,

According to the present invention the above dis-
cussed disadvantages and drawbacks are avoided by pro-
viding an apparatus and method wherein the film, be-
fore it leaves the shaft, passes through at least one ad-
justable constriction and where below the last constric-
tion an amount of cooling gas, under elevated pressure,
is blown onto the film, which is sufficient to keep the
entire shaft before this constriction under at least atmos-
pheric pressure. This pressure in the shaft is duoe to
the resistance the cooling air is subject to when passing
through the constriction. The adjustability of this con-
striction makes it possible to choose any desired pressure
in the drying shaft. '

It is further to be preferred according to the invention,
as far as circumstances permit, to feed the film to the
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shaft by way of a liquid seal. 'This simplifies the ad-
justment of an excess pressure in the shaft, without
large amounts of warm gas escaping through the feed
opening for the film,

Since an excess pressure prevails in the entire shaft,
the leaking of air through various crevices or other open-
ings invariably present in the shaft wall is avoided,
as is the blowing of this leaking air against the film coat-
ing. Moreover, with the constriction suitably adjusted,
it is now possible to open doors and sight glasses in the
shaft during operation.

It should be added that feeding the film to the shaft
by way of a liquid seal is known in itself. The gas
bressure at the top of the open shaft is then equal to
the atmospheric pressure, Although the use of a liguid
seal alone prevents the occurrence of a current of gas re-
sulting from chimney draught in the shaft, it has been
found that there then prevails a negative pressure at the
bottom of the shaft. Asa result, cold air leaks through
crevices or openings in the shaft wall, which cold air
causes the aforementioned dull and porous patches on
the coating, Moreover, when employing a liquid seal
it is still impossible during operation to open doors or
sight glasses in the shaft without cold air entering the
shaft,

In actual practice it appears that crevices or other
openings in the shaft wall capnot be avoided entirely.
They are practically always found near doors and sight
glasses in the shaft, and in places where roller shafts and
lead-in chains are passed through the shaft wall.

It has been found that, when using the above-described
method according to this invention, the constriction
need not be adjusted to g very narrow width. The con-
striction does not therefore constitute an additional ob-
struction to guiding the film through the shaft, A slight
excess pressure of the cooling air below the last con-
striction is sufficient to prevent warm air from escaping
from the top of the shaft, so that it is not necessary to
supply large amounts of cooling air for this purpose.
According to the invention it is sofficient, and even to
be preferred, to maintain the cooling air under an excess
of atmospheric pressure of up to about 12 mm. water
column.

In addition to its application to the above-described
method, the invention relates to a generally known type
of apparatus for coating a film by the method according
to the invention, comprising a lacquer tank, a vertical
drying shaft connected thereto, means for transporting
the film through the lacquer tank and the drying shaft,
means for collecting it and, provided in the drying shaft,
a system for the circulation of warm air. The apparatus
according to this invention is characterized in that, at
the top of the drying shaft and before the first guiding
roller over which the film is passed after it has left the
lacquer tank, there is provided a blowing chamber which
is separated from the surrounding air by a constriction,
and which blowing chamber is connected to a circulating
system for cooling air, According to the invention the
lacquer tank is preferably so constructed that it also
serves as a liquid seal at the lower end of the shaft.

Finally the invention also relates to coated film dried
by the above-described method,

For the purpose of elucidating the invention there now
follows a description, with reference to the accompany-
ing drawing, which illustrates a preferred embodiment
of the invention.

The single figure of the drawing shows a schematic
partially sectional view of a coating and drying appa-
ratus.

Referring now to the drawing, an uncoated cellophane
film 3 is wound from a roller 1, which is rotatably
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mounted on a support 2, and is guided into and through
a coating and drying machine 5 by way of a guiding
roller 4.

The film 3 enters the coating and drying machine §
through a slit 6 which is formed by a section of the
wall of a lacquer tank 7 and by a section of the wall of
a widened part 8 of the machine 5.

A guiding roller 9 serves to guide the film 3 along
the desired path through the slit 6 and, subsequently,
through a lacquer bath 10 in the tank 7. The excess
lacquer adhering to the film 3, which leaves the bath
10 in an upward direction, is scraped off by the doctor
rollers 11.

The position of the doctor rollers 11 ‘is one of the
factors determining the thickness of the coating which
will ultimately be present on the film.

The lacquer, the composition of which may vary very
widely, is dissolved in a solvent which is evaporated at
about 120° C. A frequently used solvent is, for instance,
a mixture of toluene and ethyl acetate. The evaporation
is effected in a tall drying shaft Sa through which hot air
is circulated.

After the coated film has been dried and cooled, it is
passed over a guiding roller 12 and carried off from the
drying shaft in transverse direction through a wide open-
ing 13.

‘After the film has left the drying shaft, it may be wound.
1n most cases, however, it will, prior to being wound, be
subjected to a conditioning treatment in a conditioning
tower.

At the lower end of the coating and drying machine
the liquid lacquer in the slit 6 forms a liquid seal.

Provided at the upper end of the drying shaft 5a, one
after the other and in the direction of travel of the film,
there are two slits i.e. constrictions 15 and 14, the upper
slit 14 having a width adjustable from 4 to 15 cm. and the
lower slit 15 being considerably wider than the upper slit
14. Under operating conditions the slit 14 is genmerally
adjusted to a width of 8 to 10 cm. Into the shaft, not
far under the lower slit 15, there enters a line 16 through
which there flows air which is heated to about 100° C. in
a heat exchanger 17. This warm air is blown into the
drying shaft by a fan 18.

‘At a still lower level two circuits 19, 20, 21 and 22, 23,
24 are connected to the drying shaft. The air is sucked
from the shaft through the lines 19 and 22 by means of
the fans 21 and 24, heated to about 120° C. in the heat
exchangers 20 and 23, and subsequently pumped back into
the shaft.

It is necessary to reheat the air, since evaporation of
the solvent has abstracted heat from the air. Heating in
the heat exchangers 17, 20 and 23 is carried out with the
aid of superheated steam.

The lower the hot air gets down in the drying shaft,
the more solvent it contains. In this way evaporation
of the solvent takes place uniformly along the length of
the shaft.

Although in the machine shown in the drawing only
two reheating circnits are indicated, apparatus is naturally
also conceivable, which is provided with more such cir-
cuits, or variants thereof in which the air is circulated
partly countercurrent to and partly in the same direction
as the direction of travel of the film.

The air, which is finally heavily laden with solvent,
is discharged at the lower end of the drying shaft through
a line 25 and is fed by a fan 26 and line 27 to a regenera-
tion apparatus known per se (not shown).
solvent is separated from the air. The fan 26 displaces
an amount by weight of gas which corresponds to the
amount of air displaced by the fan 18, plus the amount of
solvent given off by the film, Between the slits 14 and
15 cooling air is fed to the shaft through a line 28. This
air is brought to a temperature of, for instance, about
50° C. in a heat exchanger 29.

Here the -
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From the space above the slit 14 air is sucked by a
fan 31 through a line 39, and partiaily blown through
line 28, and partially through a line 32.

Provided in the line 32 there is an escape valve 34.
As a result of air leaking away by way of this valve, the
amount of cooling air circulating in the space between the
slits 14 and 15 is regularly refreshed. The pressure in
this space is controlled by adjusting the slit 14. In this
way it has been found possible to keep the entire drying
shaft below the slit 15 under a slightly elevated pressure.
As a result, it is impossible for cold air to leak into the
lower portion of the shaft and blow against the wet film
coating.

The cooling air further
ciently to prevent it from being
guided over the roller 12.

The above description has set forth a novel apparatus
and method for the heat treatment of film, particularly
for drying of coated film with heated gas. Obviously
many variations of the method and apparatus are possible
in the light of the above teachings. For instance, prac-
tically any type of film other than cellophane film also
may be coated in the apparatus, and also use may be made
of heat-carrying media other than air. 1t is therefore to
be understood that within the scope of the appended
claims, the invention may be practiced otherwise than
as specifically described.

What is claimed is:

1. In a method for subjecting a coated film bearing a
solvent to a heat treatment in which the film is guided
vertically upwards through an integral shaft sealed from
the ambient at its lower end and through which a heated
gas is circulated, the improvement comprising passing said
flm before it leaves the shaft through a first constriction
and then through an adjustable constriction, and passing
cooling gas under elevated pressure into said shaft in a
zone between the first and adjustable constrictions and
onto said film in an amount which is sufficient to pressurize
the entire shaft below the first comstriction to at least
atmospheric pressure. .

2. A method according to claim 1 wherein the film is
based on regencrated cellulose.

3. A method according to claim 2 wherein the film is
coated with a solvent containing lacquer before passage
through said shaft.

4. A method according to claim 3 wherein the film is
fed into the shaft by way of a liquid seal.

5. A method according to claim 1 characterized in
that the cooling air is blown into the shaft under a pres-
sure excess pressure of atmospheric pressure by not more
than about 12 mm. water column.

6. An apparatus for the coating and drying of a film
bearing a solvent comprising a lacquer tank, an integral
vertical drying shaft in communication therewith and con-
nected such that the contents of the lacquer tank can act
as a liquid seal for the drying shaft and extending up-
wardly therefrom, means for transporting a film through
the lacquer tank and the drying shaft, means for collect-
ing the film as it leaves the drying shaft, means provided
for circulating heated gas in the drying shaft, means pro-
vided at the upper end of the drying shaft to guide the
film from said shaft, an area below said last mentioned
means which is separated from the atmosphere in the re-
maining portion of the shaft by a first constriction and
from the parts of the shaft therebelow through which the
heated gas is circulated by a second constriction, and
means to blow cooling gas into said area beneath said
first constriction to pressurize the portion of the shaft
below the constriction to at least atmospheric pressure.

7. An apparatus for the coating and drying of a film
bearing a solvent comprising a lacquer tank, an integral
vertical drying shaft connected to the lacquer tank such
that the contents of the lacquer tank act as a liquid seal
for the drying shaft, means for transporting the film
through the lacquer tank and up through the drying

hardens the film coating suffi-
damaged when the film is
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shaft, a system for circulating warm gas into and out
of parts of the drying shaft, said drying shaft having an
outlet near its upper end through which the film leaves
the drying shaft, gnide means mounted in said drying
shaft near said outlet for gniding the film therethrongh,
means defining first and second spaced constrictions with-
in said drying shaft below the outlet and above the zones
of the drying shaft through which the warm gas is circu-
lated, and a second system for circulating cool gas
throuvh a part of the drying shaft including the zome
between the constrictions, and means for collecting the
coated film after it leaves the clry1r1<7 shaft.

8. An apparatus as set forth in claim 7 wherein the
upper of said first and second constrictions is adjustable.
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