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PROCESS FOR PACKAGING STICKY SUBSTANCES IN THE FLUID PHASE WITH
A THIN FILM

DESCRIPTION
FIELD OF THE INVENTION

The present invention relates to a packaging process, in a
thin film of non-sticky plastic material, of substances in the
molten state, which, once cooled to room temperature, are solid
and sticky. The lining with a thin film of the sticky substance
has the aim to make it easily handled because the film allows to
grab a pilece of the sticky substance and to release it without
any problems of detachment from the hands of the operator or
from any other tool used for the handling thereof. In particu-
lar, the thin film used for the packaging preferably has a sof-
tening temperature lower than the melting temperature of the
sticky substance.

The process of the present invention is addressed in par-
ticular to the packaging of adhesives and sealants which are
sticky and solid at room temperature, the so-called hot-melts,
which are applied onto the final supports used in the molten
state, and then at temperatures above the room temperature. How-
ever, the process of the present invention is not limited to
such products, but is equally applicable with the same ad-
vantages for the packaging of other substances that are solid
and sticky at room temperature, such as, for example, alimentary
pastes or food products, detergents and cosmetics, and the like.
Although, therefore, for the sake of clarity in the following
particular reference will be made to adhesive products only, it
is understood that this definition should be interpreted by way
of example and not of limitation of the scope of the process ac-
cording to the present invention.

STATE OF THE PRIOR ART

Currently, hot-melt packaging is performed according to two
main categories of process: a in-water process and a dry pro-
cess.

In the first category, three different types of process are

currently known and applied industrially; instead, in the second
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category a single type of process is known and industrially ap-
plied. These four processes of the prior art will be briefly de-
scribed below.

In a first type of the in-water method, the molten hot-melt
adhesive is extruded to obtain small pieces, which are immedi-
ately dipped in a bath of cooling water, mixed with a release
agent, and solidify into a rounded shape on cooling. The solidi-
fied hot-melt pieces, lined with the film of release agent coat-
ed thereon, are then dried and, if necessary, inserted in groups
within heat-sealed packaging plastic bags.

In a second type of the in-water method, the molten hot-
melt adhesive is extruded into a bath of cooling water, while a
cylindrical film of non-sticky plastic material is coextruded
simultaneously around the extruded hot-melt adhesive. A continu-
ous cylinder of hot-melt adhesive lined by a film is so obtained
which, after the co-extrusion, is cut into pieces. The pieces
thus cut off, which show the not protected hot-melt adhesive at
the two opposite ends, are again dried and possibly inserted in
groups within heat-sealed plastic packaging bags.

In a third type of process, the hot-melt adhesive in the
molten state is cast inside a lining tubular film, and the as-
sembly thus formed is dipped in a cooling ligquid to prevent the
lining tubular film from dissolving by the heat of the molten
hot-melt adhesive. Once cooled, the tubular film filled with the
molten material is pinched at regular distances such as to form
a sausage-like structure to determine individual pieces of hot-
melts, and then cooled, dried and finally separated into said
individual pieces, by cutting and welding the film in the
pinched regions for the subseqguent packaging of the cakes thus
obtained within boxes. (WO9Q13451 - National Starch)

In the fourth type of process, the hot-melt adhesive in the
molten state is cast into perforated metal moulds - mounted on a
suitable continuous tray conveyor system - covered beforehand
with- a first lining film maintained closely adjacent to the
mould thanks to a depression formed in the external bottom of

the mould. Thanks to the perfect adhesion of the film to the
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metal mould and to the fact that the casting is performed in a
controlled and regular way, and then with a non-turbulent flow,
the heat of the molten sticky material is dissipated by the met-
al mould without the lining film - although partially molten =
can be mixed with the molten adhesive material cast into the
mould. The accumulated heat in the moulds is dissipated by sim-
ple ventilation. After a period of time sufficient to cause the
cooling of the upper layer of the molten material, cast in the
mould, to below the softening temperature of the lining film,
said upper layer is covered with a second film, and the two
films are mutually heat-sealed at the mould edge where they are
in contact. At the end of the conveying system, the hot-melt
cakes thus obtained are released from the mould and cooled to
room temperature for subsequent packaging within boxes. (EP-
718199).

The last process described above is the only known indus-
trial dry packaging process, not taking into consideration a
very expensive packaging process with high manual labour input,
where the sticky product is cast into non-adherent moulds al-
lowed to cool, and then each piece of sticky substance is manu-
ally extracted from the moulds and wrapped in the film, with the
difficulty deriving from the direct manipulation of this type of
substances.

The packaged molten material cakes obtained by means of the
above-mentioned four types of process, have characteristics that
are partially different. In particular, the cakes obtained by
the first and the second in-water process have the disadvantage
due to the potential presence of the second packaging bag, which
is necessary - in particular for the products that have a high
degree of stickiness and a low viscosity at room temperature -
because the individual pieces of hot-melt adhesive are not, or
are only partially, covered by a non-sticky film material, and
then they easily got stuck to each other. The presence of the
external bag, however, creates serious problems in the melting
devices, since the material of the bag is not intimately joined

to the adhesive and therefore tends to separate, floating or
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clogging the outlet filters of said devices.

The third process, which also uses cooling water, has un-
doubted advantages compared to the previous two processes, but
it is not free from drawbacks. In fact, the cakes obtained with
said process have a non-optimal sealing at the pinched regions,
because some sticky material inevitably remains interposed be-
tween the two flaps of the film after the pinching operation,
and which hinders a good heat-welding between the opposite flaps
of the packaging non-sticky plastic material; therefore, these
cakes can suffer from potential leakage problems of sticky mate-
rial outside of the cake during transport and storage, in par-
ticular in relation to low-viscosity products and under tempera-
ture and stacking mechanical stress conditions that facilitate
the cold flow phenomena. Furthermore, the cakes produced using
this packaging process have a cylindrical shape with a circular
cross-section that does not allow an optimal filling of the
packaging boxes.

The adhesive cakes packaged by using the fourth dry process
have the best quality among all those reported here, thanks to
the fact that the two lining films, which wrap the cake, in ad-
dition to being intimately bound to the sticky substance, can be
entirely sealed to one another, without showing any welding dis-
continuity at the edge of the mould where the films themselves
remain in fact perfectly free from the sticky substance. There-
fore, in these cakes any possible leakage of sticky material
during storage and transportation is fully prevented, even in
the case of hot-melts having high fluidity, which exhibit cold
flow features at room temperature, especially when the room tem-
perature is particularly high, as happens in the season summer
or in special storage conditions. Also, the parallelepiped shape
of said cakes makes easier their packaging in boxes, with a
greater efficiency of filling the overall volume of the box.

In addition to the drawbacks discussed above in relation to
the cakes obtained with the three in-water processes, it should
also be noted that, from the point of wview of the technical

characteristics of the relevant production plants, the use of
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cooling water causes:
- issues in terms of envircnmental sustainability;

— high energy consumption for cooling water and also
for the final drying of the cakes extracted from the
cooling tank;

- the presence of residual moisture or air bubbles,
which result in the creation of harmful foams in
melting devices and the malfunctioning of the rela-
tive nozzles; and finally

- the easy formation of colonies of bacteria in the
tanks containing the cooling water, which may cause
sanitary problems. This can occur when different hot-
melt products not perfectly dried are used on prod-
ucts in the food and medical field, on which’there—
fore a part of the bacterial load contained in the
cooling water can be transferred.

None of these additional drawbacks is instead shown by the
fourth packaging dry process, where, on the other hand, in the
winter season there is the additional advantage that the heat
dissipated by air during the cooling of the cakes allows the
heating of the factory without additional costs.

Conversely, notwithstanding the various drawbacks mentioned
above, the packaging in-water processes exhibit 1lower plant
costs than the dry process and, moreover, they allow to operate
by using lining films having lower softening temperatures, since
the direct cooling of the film with water allows to maintain the
film at a set temperature, equal to the cooling water tempera-
ture, which is therefore always sharply lower than the above-
mentioned softening temperature.

This latter feature of the wet processes is very attrac-
tive. In fact, there is a constant pressure of the market to-
wards the use of lining films with low softening temperatures,
so as to facilitate the complete and homogeneous melting of the
film itself in the sticky material when this is placed in melt-

ing devices for its use, given that these devices are not pro-
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In the context of the clear advantages that the dry process
offers compared to the in-water packaging processes, both from
the point of view of the product (i.e., edges fully sealed and
stackable form) and of the process (i.e., no use of cooling wa-—
ter and no health security issues), object of the present inven-
tion is to improve and to make more reliable the dry packaging
process described above, with the aim of making possible the use
in this process of lining films having a very low softening tem-
perature - such as those currently used in in-water packaging
processes — for example films having a Vicat softening tempera-—
ture about equal to or less than 75°C, without causing an in-
crease of the negative occurrences of holing/tearing said film
during the processing stages of the cake, beyond the current er-
ror standards.

SUMMARY OF THE INVENTION

The above described object is attained by means of a pro-
cess for packaging substances in a molten state, which substanc-—
es are sticky at room temperature or treatment temperature,
wherein the sticky substance is cast into a tray-mould lined be-
forehand with a film of plastic material which is non-sticky at
room temperature or treatment temperature and compatible in a
fluid state with said sticky substance, comprising the following
stages:

a) providing a plurality of tray-moulds apt to receive the
cast of a sticky substance at the molten state, said tray-
moulds having a plurality of through-holes passing through
at least part of walls of the tray-moulds and being ar-—
ranged in adjacent subsequent rows to form a continuous
tray conveyor belt;

b) rapidly lining internal walls of the tray-moulds of one or
more trays with a first formable film of said non-sticky
plastic material, causing the first formable film to ad-
here to the walls of the mould by connecting a lower ex-—
ternal part of the moulds to a vacuum source;

c) casting into the thus-lined tray-moulds, under pressure and

Date Regue/Date Received 2021-08-09
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with a non-turbulent flow, a predetermined amount of

sticky substance at the molten state;

d) allowing a cooling of a free surface of the sticky sub-
stance, during a step-like progress of the conveyor belt,
until obtaining a stabilisation of said surface;

e) covering said free surface of the sticky substance with a
non-sticky material compatible in a fluid state with said
substance; and

f) welding said non-sticky material to said first film;
wherein said process for packaging substances in the molten
state furthermore comprises, in the above-said stage b), to
modulate a degree of vacuum during an opening transient of
the connection of the lower external part of the mould to the
vacuum source by the additional steps of:

g) detecting (V1) a time necessary to reach a first set
degree of wvacuum, starting from the beginning of the
above-said opening transient of the connection to the
vacuum source;

h) detecting (V2) a value of the degree of wvacuum in the
lower external part of the mould, after a set period of
time from a closing of the connection to the wvacuum
source;

i) giving consent (A) to the start of the above-said stage
c) only if the time measured in step g) falls within a
set range of acceptability and the degree of wvacuum
measured in stage h) is below a set maximum value.

Other preferred features of the packaging process according to
the present invention are defined herein.
BRIEF DESCRIPTION OF THE DRAWING

Further features and advantages of the packaging process
according to the present invention will be more evident from the
following detailed description of a preferred embodiment of such
a process, provided purely by way of non limiting example, with
reference to the accompanying drawing in which one preferred

flow diagram of this process is shown.

Date Regue/Date Received 2021-08-09
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DETAILED DESCRIPTION OF THE KNOWN PRIOR ART
The present invention has been completed on the basis of

extensive studies conducted by the Applicant on the dry packag-

Date Regue/Date Received 2021-08-09
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ing process described in the introductory part of the present
description, in particular on the conditions that cause the most
detrimental error condition of said process, namely the uncon-
trolled melting of the non-sticky plastic film having a low
Vicat softening temperature - which film is preferably used as a
lining material for the melted sticky substance - resulting in a
direct contact between the walls of the tray-mould and the melt-
ed sticky substance.

As it is clearly disclosed in the above cited prior patent
EP-718 199, the packaging process of the present invention -
which is preferably carried out on a continuous tray conveyor
belt, each element of which consists of 3 or 4 flanked tray-
moulds, which moves 1in successive steps between the different
work stations - is divided substantially into four stages ar-
ranged on the length of the conveyor belt.

In a first stage (I), the tray-moulds, consisting of rigid
metal elements which are finely perforated in their bottom sur-—
face and at least partly in their side surfaces, are lined with
a non-sticky plastic film. Such a lining (R) is preferably car-
ried out by forming the film under wvacuum, after the latter has
been suitably heated and thus seal blocked on the tray-mould, by
connecting a wvacuum source to a chamber formed at the external
lower part of the tray-mould, said chamber being then in commu-
nication with the fine holes formed in the tray-mould. In the
tray-moulds so prepared, the melted sticky substance is then
cast (C) in a carefully set quantity and with a non-turbulent
flow through wide mouth shutters having an anti-drip device,
feed by a load cylinder-piston assembly.

In a second stage (II), the mould thus filled, and in par-
ticular the free surface of the sticky substance cast therein,
is cooled with a suitable ventilation with air as it moves along
the conveyor belt, to obtain a sufficient degree of stabiliza-
tion of the free surface.

In a third stage (III) said free surface is covered with a

second film of non-sticky material, and the two films are then

Date Regue/Date Received 2021-08-09
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heat-welded one another at the edges of the mould.

In the fourth and last stage (IV), the two films of non-
sticky material are cut immediately outside the welding zone,
the material of said films surrounding the tray-moulds is re-
moved, and finally the packaged cakes are released from the
tray-moulds and sent to the packaging through a series of suc-
cessive conveyor belts in which the further cooling of the cakes
is performed up to an acceptable temperature for said packaging
operations.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION

Following these studies, the Applicant has been able to
verify that the critical stage of the process, within which the
most detrimental error conditions for the safety of the process
can occur, is the first stage (I) described above, wherein the
contact between the sticky substance melted to its higher tem-
perature and the first film of non-sticky material takes pace.
In fact, in this stage there is a plurality of parameters to
keep under control at the same time so that the lining operation
(R) of the mould takes place with a perfect adhesion between
film and tray-mould but without forming holes located at the
holes of the tray-mould in connection with the vacuum source. In
fact, if this delicate operation is not optimally performed, the
subsequent casting (C) of molten sticky substance on the tray-
mould thus lined can easily cause localized melting and tearing
of the film in areas where such contact shows any discontinuity
and then where the film is not constantly cooled and mechanical-
ly supported by the underlying tray-mould.

It must be emphasized, in fact, that using lining films
having a very low softening temperature, this temperature is in
most cases lower than the temperature of the molten sticky sub-
stance. When the molten sticky substance is put in contact with
the film, as a result there is always a partial melting of the
latter. However, since the casting (C) of the melted sticky sub-
stance is performed with a non-turbulent flow, when the film has
been successfully thermoformed to be intimately adhered to the

tray-mould, no mixing between the two molten materials takes
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place, and then, once solidified, on the outside of the cake a
layer of non-sticky material always remains.

According to the present invention, in order to achieve the
above mentioned purpose and thus to allow the use of lining non-
sticky films characterized by a low Vicat softening temperature,
the dry process of the prior art has been further implemented.
This implementation involves, on the one hand, the insertion of
a stage for the modulation of the vacuum formation rate in the
chamber below the tray-moulds, in order to make more gradual the
thermoforming operation of the first non-sticky £ilm, and, on
the other hand, a plurality of repetitive controls of the physi-
cal parameters characterizing the lining operation of the tray-
moulds with the film of non-sticky plastic material, both while
this operation is carried out and after its completion, to veri-
fy that such parameters fall within set acceptability ranges and
that therefore the lining operation has been carried out cor-
rectly.

In sporadic cases of non-compliance of the verified parame-
ters in comparison with acceptable set ranges, the resulting ac-
tion is the deactivation of the casting stage (C) of sticky sub-
stance in the tray-moulds on which a significant non-compliance
of the checked parameters has been revealed. Preferably, the
control action is performed independently on each mould, instead
than globally on all the moulds of a single tray of the conveyor
belt undergone to the lining operation at the same time, so that
this preventive control action will lead to the possible deacti-
vation of the casting stage on a limited number of tray-moulds.
The productivity is therefore affected only minimally by this
preventive control action, but, on the other hand, film tearing
conditions are completely prevented, along with the conseguent
contact of the sticky substance with the tray-mould, which con-
ditions should require instead the immediate shutdown of the en-
tire plant in order to perform complicated cleaning operations
causing a substantial production loss.

Instead, in the ordinary case in which the result of all

the controls is consistent with the acceptable values, the re-
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quired operations of filling (C) of the tray-moulds are carried
out, along with the conveying operations of the filled tray-
moulds, up to the third stage (III) of the process, némely the
lining of the upper surface of the mould with the second non-
sticky film. However, both of these operations, according to a
further feature of the invention, are carried out by modifying
the graduality by which the filling and movement transients of
the tray-moulds are performed, so as to ensure that the relative
stresses between the film and the mould are always sufficiently
low as not to create micro-detachments between these two ele-
ments, namely to maintain a continuous and intimate contact be-
tween each other. In fact, any alteration of this continued and
intimate contact condition between the film and the mould, until
the melted adhesive substance is not at least partially cooled,
result in an immediate melting of the film and conseguently the
direct contact between the mould and the molten adhesive sub-
stance, causing the above described drawbacks.
Based on this coordinated action of:

- modulation of the wvacuum formation rate in the cham-
ber below the tray-moulds;

-~ 1identification of parameters representative of the
correct execution of the tray-mould lining operation
with the film of non-sticky material;

- experimental verification of acceptable ranges of
values of these parameters;

— control of these parameters on each individual tray-
mould;

- conseqguent corrective action, in case of non-
compliance of parameters, consisting in the deactiva-
tion of the casting of molten sticky material on the
single-mould tray on which the non-compliance of the
parameters in comparison with the range of acceptable

values has been revealed; and

- maintainment of a continucus and intimate contact be-

tween the first 1lining film of the tray-moulds and
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the internal surface of said tray-moulds, during the
filling of the tray-moulds with the melted adhesive
substance and the movement of said tray-moulds up to
the conclusion of the third stage of covering the
tray-moulds with the second non-sticky film;
the present invention has been therefore accomplished. These in-
dividual innovative aspects of the dry packaging process accord-
ing to the present invention will be separately described in
greater detail below.

Modulation of the vacuum

In the prior art process, the connection between the vacuum
source and the vacuum chamber formed below the lower area of the
moulds, is carried out by the direct activation of a traditional
ON/OFF electric valve. This causes the curve of the vacuum for-
mation in said chamber to be very abrupt and uncontrolled. On
the contrary, according to the present invention, a satisfactory
modulation in the formation of the degree of vacuum in the cham-
ber below the lower external portion of the tray-moulds is ob-
tained by using, in order to adjust the opening of the connec-
tion of said chamber with the vacuum source, a regulating valve
driven by an electric valve with an opening ramp which can be
programmed by a centralized control (V). The control (V) for
opening said electric valve, which preferably is part of a cen-
tral unit (U) for controlling the entire process, can be suita-
bly calibrated by electronic mode, thus allowing to modulate at
will the ramp of the degree of vacuum formation during the open-
ing transient of said connection to obtain the desired action
graduality. This allows to modify and make more gradual the
thermoforming operation of the non-sticky film material on the
mould, without any increase in the overall duration of this op-
eration, avoiding the drawbacks that frequently occur in the
prior art process, namely the formation of film areas having
lower mechanical resistance, due to the mechanical stress and
consequent embrittlement caused by a too abrupt stretching ac-

tion on said film.
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Identification of representative parameters and related controls

The process parameters which have been identified by the
Applicant as the most representative of a correct execution of
the lining operation of the tray-moulds, and which therefore,
according to a main feature of the present invention, are sub-
jected to the aforementioned action of continuous control on
each individual mould, are the following:

- temperature of the first film of non-sticky material
at the entrance in the thermoforming zone;

— temperature of the tray-moulds in the thermoforming
zone;

- the time required for the vacuum formation, i.e. the
time required to obtain the desired degree of wvacuum
in the wvacuum chamber below the external lower zone
of the tray-moulds, after the opening of the connec-
tion of such chamber with the vacuum source;

— maintainment of the vacuum over the time, i.e. the
value of the degree of vacuum in the vacuum chamber
below the external lower zone of the tray-moulds, af-
ter a set period of time from the closing of the con-
nection with the vacuum source.

The relevant control modes and the preferred acceptable
ranges of values, for each of said parameters, which have been
identified during the experimental trials of preferred embodi-
ments of the process of the present invention will be described
in the following. It is clear, however, that these ranges of ac-
ceptable values should be understood as exemplary and not limi-
tative wvalues of the present invention, being well clear to a
person skilled in the art that these values may vary, even sig-
nificantly, for example depending on the size of the tray-
moulds, the type of material treated, the type of lining film,
the weather conditions of the plant locations, etc.

Checking the film temperature before the thermoforming - Tl

A first control is carried out on the average temperature

in the area immediately before the lining area of the moulds and
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the cast area of the molten sticky substance; with a good ap-
proximation, such a temperature corresponds to the temperature
at which the first film of non-sticky plastic material entering
the lining area is conditioned.

In order to minimize the local temperature fluctuations in
this area - as it was found that said temperature fluctuations
may easily cause localized anomalies in the thermoforming condi-
tions of the first film - according to the present invention it
is provided that the air volume of this zone of the plant is
conditioned to a controlled temperature, or to a narrow range
thereof, by means of a suitable containment of such an air vol-
ume by using bulkheads and a controlled heating, with the aim of
maintaining the air temperature to a constant and homogeneous
value throughout the abovementioned volume, and therefore to en-
sure that the film arrives to the preheating station always at
the same temperature and then exits from the subsegquent heating
station always at a same (although of course higher) tempera-
ture. Preferably, this constant temperature value is maintained
unchanged during the whole year, irrespective of seasonal varia-
tions of the external temperature, because this allows to main-
tain a constant setting of all the variable parameters of the
machine, in particular the preheating and heating temperature of
the film and the modulation of the vacuum, regardless of the
varying conditions of external moisture and temperature. This
temperature will be selected in order to have the minimum total
energy consumption on an annual basis, according to the seasonal
average conditions in the area of the plant. An exemplary value
of this temperature is 40°C, where the maximum permissible os-
cillation thereof is * 5°C and, preferably, * 2°C.

Where the average temperature detected is lower than the
minimum value defined as acceptable, a first control (Tl) sends
a signal to the casting activation block (A) that disables the
casting of melted sticky substance (C) on all moulds; simultane-
ously, the activation block (A) turns off the cooling ventila-
tion on the entire plant. This situation is typical of the start

of production or after extended periods of work suspension.
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When, on the contrary, the average temperature detected by
the control (T1l) is close to the maximum value of the accepta-
bility range, the activation block (A) activates an additional
cooling ventilation of the plant.

Controlling the temperature of tray-moulds - T2

The detection of the internal temperature of the tray-
moulds is performed by means of pyrometers at the station for
the thermoforming and filling of the moulds. The temperature
thus detected should preferably be above a minimum temperature
value, below which the film is not properly thermoformed due to
the immediate shrinkage of the film, having a a thickness also
lower than 10 um), due to the thermal shock caused by the abrupt
contact with the cold surface, when it is put in contact with
the tray-mould walls. This minimum value of temperature varies
depending on the type of material and the thickness cf the film
of non-sticky material; indicatively, this minimum temperature
of the moulds is in the range of 5-15°C.

However, the temperature measured on the tray-moulds must
not even be higher than a maximum value, beyond which the film
of non-sticky material may suffer from excessive thinning, lac-
erations or instability during the thermoforming operation, con-
sidered that, because of the high temperature of the tray-mould,
eventually the film will be maintained above its softening tem-
perature for an excessively long period of time. Again, this
maximum value varies according to the type of material and the
thickness of the film of non-sticky material; indicatively, this
maximum temperature of the moulds is in the range of 40-50°C.

As already said in the introductory part, when the control
unit (T2) detects that the internal temperature of the tray-
moulds is out of a set temperature range for the specific mate-
rial being processed, the film thermoforming operation is regu-
larly performed but the next £filling process of the moulds 1is
deactivated by the activation block (A) only at the moulds on
which the anomalous temperature was detected.

Controlling the vacuum forming time - V1

The vacuum forming time is calculated by a first control
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(Vl) from the opening of the connection with the vacuum source
of the chamber below the tray-moulds, until the desired degree
of vacuum is reached. This time value must be comprised within a
set range. In fact, if the vacuum forming time is too short,
this means that a portion of the holes of the tray-moulds is
clogged and thus the formation of the wvacuum takes place on a
part of the mould only. If, on the contrary, the vacuum forming
time is too long, this means that the film is perforated at one
or more holes of the tray-mould.

In both cases, at all the tray-moulds on which anomalous
vacuum forming time wvalues were found, the activation block (A)
deactivates the mould-filling stage (C).

A preferred acceptable time range, for a correct formation
of the vacuum in the vacuum chamber below the tray-moulds, is 1-
3 sec.

According to an additional control mode, the individual
tray-moulds are individually numbered in an electronically
traceable manner, and the activation block (A) stores the number
of the tray-mould on which incorrect vacuum forming time values
were found, and then controls over time if the error on that
particular mould is either random or repetitive in nature. In
this second case, a mould fault signal is sent to activate a re-
placement/maintenance stage thereof.

Controlling the vacuum maintenance - V2

A second control (V2) of the degree of wvacuum is provided
immediately after the closing of the connection of the chamber
below the external lower part of the moulds with the wvacuum
source, to control whether the drop of such degree of vacuum is
too rapid, thus revealing the presence of holes or tearings on
the lining film.

Such control is carried out simply by measuring the value
of the vacuum degree after a set time from the actual closing of
the connection with the vacuum source and by verifying that this
value is not less than a set threshold value. Exemplary accepta-
ble values may for example be a waiting time up to 1 second and

a value of the degree of vacuum drop, measured at the end of the
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waiting time, between -0.15 and -0.20 bar, compared to a maximum
value of vacuum degree, at the time of closing of the connec-
tion, between -0.20 and -0.30 bar.

When the degree of vacuum drop is greater than the thresh-
old value, determined for each individual application, the acti-
vation block (A) deactivates the filling stage of the tray-
moulds with the molten sticky substance at the tray-moulds on
which the anomaly was found.

Maintaining a continuous and intimate contact between first film

and tray-moulds

Finally, a last feature of the packaging process of the
present invention has the aim to ensure the abovementioned con-
tinued and intimate contact between the first film of non-sticky
material and the inner walls of the tray-moulds, starting from
the end of the lining stage and until the conclusion of the
third stage (III) of the process, i.e., the covering of the free
surface of the molten sticky substance contained in the tray-
moulds with a second film of non-sticky material. This object is
achieved by means of two changes to the known process. A first
change was implemented in the control of the cylinder-piston as-
sembly which powers the casting shutters of sticky substance in
the tray-moulds. Such an assembly is in fact controlled by a
step motor that allows to adjust smoothly the startup and stop
ramps of the flow, so0 as to minimize the effect of the first im-
pact of the flow on the first film applied on the tray-mould,
and to maintain then non-turbulent flow conditions throughout
the casting period. The purpose of this, as already anticipated
above, is to avoid any possible relative displacement between
the lining film and the surface of the tray-mould during the
casting operation (C); in fact, a displacement, however small it
is, would cause the immediate melting of the film during the
casting of the molten adhesive.

Instead, a second modification, having the same purpose of
maintaining a continued and intimate contact between the film
and tray-moulds, concerns the control of the chains that drive

the conveyor belt of the tray-moulds and, respectively, those
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that drive the first film of non-sticky material. According to
the present invention, both of these drive chains are in fact
operated by step motors, adjusted so as to have startup and stop
transients, between every single working step, which are partic-
ularly smooth and synchronized. In fact, it is necessary to
avold with the utmost care every possible position deviation be-
tween the above two drive chains, since this would lead to a
possible detachment of the first film from the inner surface of
the tray-moulds, and this both during the startup and stop tran-
sients and throughout the entire length in which the two systems
cooperate, i.e., from the lining station of the moulds with the
first film up to the cutting station of the two welded films. an
acceptable synchronization between the two chains provides a
maximum deviation of +/- 1 mm between the beginning and the end
of the coupling length of the two chains.

A motor control (I), also preferably arranged inside the
central unit (U), both adjusts, according to the needed gradual-
ly, the startup and stop transients of the casting operation (C)
of the melted adhesive substance, as well as the step coordinat-
ed displacements of the first film and the tray-moulds, and
maintains the aforesaid fine synchronization between the driving
systems of said first film and the tray-moulds.

Conclusion

Thanks to this new and unique combination of features, the
dry packaging process of the present invention has fully reached
the intended object. In fact, by optimizing the process condi-
tions and monitoring the critical parameters for detecting pos-
sible non—compliance‘situations, it is possible to use lining
films having a very low softening temperature, quite comparable
to the films used in in-water packaging processes, while main-
taining constant and close to zero the level of error conditions
which are not detected by the above described controls.

It is understood, however, that the invention is not to be
considered as limited by the particular arrangements illustrated
above, which represent only exemplary embodiments of the same,

but different variants are possible, all within the reach of a
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person skilled in the art, without departing from the scope of

the invention itself.
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CLAIMS

1) A process for packaging substances in a molten state,

which substances are sticky at room temperature or treatment

temperature, wherein the sticky substance is cast into a tray-

mould lined beforehand with a film of plastic material which is

non—-sticky at room temperature or treatment temperature and com-

patible in a fluid state with said sticky substance, comprising

the following stages:

a)

b)

c)

d)

e)

£)

providing a plurality of tray-moulds apt to receive the
cast of a sticky substance at the molten state, said tray-
moulds having a plurality of through-holes passing through
at least part of walls of the tray-moulds and being ar-—
ranged in adjacent subsequent rows to form a continuous
tray conveyor belt;

rapidly lining internal walls of the tray-moulds of one or
more trays with a first formable film of said non-sticky
plastic material, causing the first formable film to ad-
here to the walls of the mould by connecting a lower ex-—
ternal part of the moulds to a vacuum source;

casting into the thus-lined tray-moulds, under pressure and
with a non-turbulent flow, a predetermined amount of
sticky substance at the molten state;

allowing a cooling of a free surface of the sticky sub-
stance, during a step-like progress of the conveyor belt,
until obtaining a stabilisation of said surface;

covering said free surface of the sticky substance with a
non-sticky material compatible in a fluid state with said
substance; and

welding said non-sticky material to said first film;

wherein said process for packaging substances in the molten

state furthermore comprises, in the above-said stage b), to

modulate a degree of vacuum during an opening transient of

the connection of the lower external part of the mould to the

vacuum source by the additional steps of:

9)

detecting (V1) a time necessary to reach a first set degree

of wvacuum, starting from the beginning of the above-said

Date Regue/Date Received 2021-08-09
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opening transient of the connection to the vacuum source;
detecting (V2) a value of the degree of vacuum in the lower
external part of the mould, after a set period of time from
a closing of the connection to the vacuum source;

giving consent (A) to the start of the above-said stage c¢)
only if the time measured in step g) falls within a set
range of acceptability and the degree of vacuum measured in
stage h) is below a set maximum value.

2) The packaging process as in claim 1, wherein there are

further provided the additional stages of:

k)

1)

m)

n)

o)

conditioning at a controlled temperature an air volume
wherein the tray-mould lining stage and the casting into
tray-moulds stage are performed;

detecting an average temperature in an area immediately
preceding an area in which the tray-mould are lined and the
molten sticky substance is cast into the tray-moulds;

comparing (T1l) said average temperature with an acceptable
temperature range set around said controlled temperature;

deactivating (A) on all the tray-moulds the casting opera-
tion (C) as well as a cooling ventilation on the entire
plant should such average temperature be below a minimum
value of said range of acceptable temperatures;

activating an additional cooling conditioning when such av-—
erage temperature draws near to the maximum value of said
range of acceptable temperatures.

3) The packaging process as in claim 2, wherein there are

further provided the additional stages of:

p) controlling (T2) an inner temperature of the tray-moulds,

and

g) giving consent (A) to the start of the above-said stage c¢)

secC.

only when said inner temperature falls within a set range
of temperatures.

4) The packaging process as in any one of claims 1 to 3,

wherein the acceptability range of the time for reaching the de-

sired wvacuum value in the above-said stage g) 1is from 1 to 3

Date Regue/Date Received 2021-08-09
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5) The packaging process as in any one of claims 1 to 3,
wherein the degree of vacuum in the lower external part of the
mould in the above-said stage h) ranges between -0,15 and -0,20
bar, such value being measured after a period of up to 1 second
from the closing of the connection to the vacuum source.

6) The packaging process as in any one of claims 1 to 3,
wherein said controlled temperature of stage k) is equal to
40°C.

7) The packaging process as 1in claim 6, wherein said
range of acceptable temperatures of stage m) is of *5°C around
said controlled temperature.

8) The packaging process as in claim 7, wherein said range
of acceptable temperatures of stage m) 1is of #2°C around said
controlled temperature.

9) The packaging process as in any one of claims 1 to 3,
wherein said set range of temperatures in stage g) ranges be-—
tween 5 and 50°C.

10) The packaging process as in claim 9, wherein said set
range of temperatures in stage ) ranges between 15 and 40°C.

11) The packaging process as in any one of claims 1 to 10,
wherein the casting operation (C) of the sticky substance of
stage c¢), is obtained through a cylinder-piston assembly operat-
ed by a step motor.

12) The packaging process as in any one of claims 1 to 11,
wherein said first film of non-sticky material is caused to pro-
gress in sync with said tray conveyor belt for a length thereof
comprised between a tray-mould lining station with the first
film of stage b), and a covering station of the free cast sur-
face with the non-sticky material of stage f), the deviation
tolerance of said synchronism for the entire above-said length
being below +/- 1 mm.

13) The packaging process as in claim 12, wherein a drive
of said conveyor belt and a drive of the first film of non-
sticky material are both controlled by step motors.

14) The packaging process as in claim 11 or 13, wherein

said step motors are controlled by a motor control (I) so as to

Date Regue/Date Received 2021-08-09
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cause regular acceleration and braking ramps.

15) The packaging process as in claim 14, wherein said step
motors are controlled by the motor control (I) so as to further-—
more cause synchronous acceleration and braking ramps between

5 the drive of said conveyor belt and the drive of the first film

of non-sticky material.

Date Regue/Date Received 2021-08-09
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