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define a sealed containment chamber (4) for containing
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(5a) defined at least on the inner face of the first sheet
(2) to guide the breakage of the first sheet itself so as to
determine the formation of an opening to allow the
product to come out, the first cut (5a) comprising an in-
dividual rectilinear section defining the bending axis of
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break than the maximum elongation applicable to it by
the only thickness of the bearing layer (6) following the
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SINGLE DOSE SEALED PACK WITH BREAK OPENIN G

Techmcal Field

The present ‘inventibn relates to a single-dose sealed pack with break opening.
Baékground Art |

As is known, s1ng1e dose packs with break opening are made up of a sheet of

 semi- r1g1d plast1c material superimposed and sealed on a sheet of ﬂex1ble plastlc
- material so as to define a sealed co_ntalnment chamber containing a dose of a
- liquid product. Generally, the sheet of semi-rigid material has a central pre-cut

~ which facilitates and guides the subsequent breakage.

Some‘single-dose packs of known type are described by US 2005/0178086, WO

2009/040629 and WO 2007/145535.

In particular, US 2005/0178086 describes a single-dose pack, the semi-rigid

sheet of which consists, proceeding from the inside towards the outside, of a

-sealing layer of flexible type a barrier layer, which is also flexible, a semi- r1g1d

bearing layer and an outer covering layer. The pack described by US
2005/0178086 then comprises two cuts defined in correspondence to its

opposite faces and suitable for guiding its breakage. In particular, the cut

~ defined on the inner face involves the innermost sealing layer, the barrier layer

and the bearing layer.

Th1s type of pack does have some drawbacks
In part1cu1ar the thickness of the Varlous layers, as explicitly described, is very
high, thus involving high manufacturing costs. The extra thickness of the layers
is in particular to be put down to the need to maintain a big enough quantity of
material between the cuts defined on the opposite faces of the semi-rigid sheet

in order to prevent any undesired escape of the product occurring.

}_ Furthermore, despite the extra thjéktiesses, the packs made this way do not -

ensure the correct seal of the product inside them. In fact, the barrier layer must

neééssarily be a‘ffegted by the cut defined on the inner face of the semi-rigid

- sheet so as to ensure its Breakage following the bending of the pack itself. This

“does however involve the risk of the contained product coming into contact with

the barrier layer, undermining it and reacting with it, until it causes the

deterioration of its properties in the case of particularly aggressive products.
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The document WO 2009/040629, including in order to overcome these
drawbacks, describes a single-dose pack where the Va_rious layers making up the
semj rigid sheet, which in this case as well comprise an inner sealing layer‘ an
intermediate barrier layer and an outer bearlng layer, are locally deformed but

~ without such deformation causing its breakage.

~ This solution also has drawbacks however, inasmuch as it is not possible to

determine in a precise wéy the depth of the local deformation which ensures
pack opening. '

In fact, because the sealing layer has a h1gh elongatlon at break, it frequently
occurs that such layer, once deformed, fails to break following the bendlng of
the pack.

Even in the case of managing to identify the amount of deformatlon such as to
ensure pack breakage, such deformation would be hard to achieve in a repetitive:
and reliable way due to the normal variations ih thickness and levelness of the
materials used from time to t1me | ‘

This means that, in th1s case as well, the only way of ensuring pack opening is
to make a cut such as to perforate the sealing layer and the barrier layer.
Because the barrier properties of the layers also depend on their thickness, the
deformation of same could affect their permeability to the gases in both
directions. N

The document WO 2007/145535 in turn describes a pack wherein the semi_-"rigid
sheet, comprising the barrier layer, is associated with a further flexible sheet
turned outwards. According to WO 2007/145535, the semi-rigid sheet has a
series of V or U-shaped cuts, which can be either through cuts or not, WMIe the
outer flexible sheet can be completely' integral or also have a cut arranged in
such a way as not to supenmpose itself on that of the semi-rigid sheet. The
breakage of the outer flexible sheet occurs by effect of the sole mechanical
action applied on same by the semi-rigid sheet following the breakage of the
latter. More in particular, the cuts defined on the semi-rigid sheet open
following the bending of the pack, defining two distinct portions that contact the
upper flexible sheet and reciprocally move away as the pack is gradually. beﬁt.

Such two portions thus apply a “lever effect” on the upper flexible sheet, which
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increases along with the increase in distance between their fulcrum and the area

of contact with the upper sheet 'itslc‘:lf. The capacity of the semi-rigid support to

| apply the force necessary to tear the above film depends on its flexural strength.

The pack referred to in WO 2007/145535 also has drawbacks. It does in fact

- necessarily require a much thicker semi-rigid sheet in order to permit applying ;

~ enough mechanical force to cause the outer flexible sheet to break as well as the
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use of materials having well-defined rigidity speciﬁcations. Such thicknesses
and such materials are ‘expens‘ive and this ihevitably affects the end product. |
Furthermore, the extreme fragility'of the Semi—rigid sheet can gi\}e rise to the
accidental breakagé of same during the pack manufacture and distribution
phase. . | ' ’

Not least, the conformation of the cut can be hazardous for the end user due to

-~ the sharp and in certain cases pointed tips that form as a result of pack breakage.

The document US 4,236,652 describes a sealed pack wherein the outer layer of
the pack has relative fibers arranged in a uni-axial direction and on which is
defined a cut that extends parallel to the fibers themselves.

The  document US 2010/155284 describes a sealed pack wherein the sheet of
sémi—rigid material has a pre-cut with at lea§t one compohenf transversal to the
bending axis, in such a way that, following breakage, a lever effect is produced
on the outermdst layer so as to make its breakage easier.

Description of the Invention

The main aim of the present invention is to provide a single-dose pack which
permits ensuring the breakage of all the layers that make up the semi-rigid sheet
and, at the same time, ensures a seal such as to prevent any of the contained
product from occasionally escaping.

Within this aim, an object of the present invention is to prevent damaging the
barrier layer/s so as to maintain the integrity of the product contained in thé
pack. |

One object of the present ihvention is to provide a single-dose pack which has |
smaller thickness than those of the packs of known type.

Yet another object is to provide a single-dose pack which has loWer

manufacturing costs and, therefore, a lower end-product cost, than the packs of
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known type, and which ensures, at the same time, the ‘protection of the
contained product from external contamination as well as being easy and ready
to open. . _ ‘
Another object of the present invention is to provide a single—doé,e sealed pack
with break opening that allows to overcome the mentioned drawbacks of the
background art in the ambit of a simple, rational; easy, effective to use and low
cost solution. | ' ' | |
The objects mentloned above are achieved by the present smgle—dose sealed
pack with break opemng according to claim 1

Brief Description of the Drawings

Other characteristics and advantages of the present inventioh will become more
evident from the description of a preferred, but not sole, embodiment of a
single-dose sealed pack with break opening, illustrated purely as an example but
not limited to the annexed drawings in which: |

Figure 1 is a section view of a pack accbrding to the invention, in a first
embodiment; | ‘

Figure 2 is a section view of a pack according to the invention, in a second
embodiment; _

Figure 3 is a section view of a pack according to the- invention, in a third
embodlment

Figure 4 is a section view of a pack _according to the invention, in a fourth

embodiment; -

- Figure 5 is a plan view of the inner face of the semi-rigid sheet of a pack

according to the invention, which represents the first cut made on it;

Figure 6 is a plan view of the inner face of the semi-rigid sheet of a pack
according to the invention, which represents an alternative embodiment of the
first cut; |

Figure 7 is a plan view of the outer face of the semi-rigid sheet of a pack
according to the invention, which represents the second cut made on it;

Figure 8 is a plan view of thé outer face of the seini—rigid sheet of a pack

~according to the invention, which represents an alternative embodiment of the

second cut;
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Figure 9 is a plan view of the outer face of the semi-rigid sheet of a pack
according to the invention, which represents an alternative embodiment of the

second cut;

-Figure 10 is a plan view of the outer face of the semi-rigid sheet of a pack

according to the invention, which represents the punches made on it.

Fmbodiments of the Invention

'W1th particular reference to such ﬁgures globally indicated by lis a s1ngle- \

dose sealed pack w1th break opemng

‘The pack 1 comprises a first sheet 2 of semi-rigid plastic material and a second

sheet 3 of flexible plastic material associated with the first sheet 2, generally
(but not exclusively) by means of hot sealing, to define a sealed containment
chamber 4 for containing a dose of a liquid product. |

In the embodiments shcwn in the illustrations, the pack 1 has an clongated
shape and a substantially rectangular conformation, thus having two median
planes substantially perpendicular to each other, of which one longitudinal
median plane and one transversal median plane. The pack 1 can however be

made in a Variety of geometric shapes, the conformation in the illustrations

“being shown by way of example only.

Accordmg to the invention, the first sheet 2 comprises at least a bearing layer 6
and at least a barrier layer 7 associated with the bearing layer 6 and arranged
towards the outside with respect to the chamber 4. Both the bearing layer 6 and
the barrier l.ayer 7 have a relative thickness. |
In other words, the bearing layer 6 is arranged on the side of the chamber 4 with
respect to the barrier layer 7 which instead is arranged opposite the chamber

itself with respect to the bearing layer 6.

- More particularly, the bearing layer 6 is of the fraglle type. In other words, the

bearing layer 6 must be such as to break when undergoing bendlng.
The bearing layer 6 is e.g. made up of a material selected from the group

comprising: _polysty%cnc (PS), polyvinyl chloride (PVC), /acryl-onitr'ile-.

.butadiene-styrerie (ABS), acrylonitrile-butadiene-styrene and glass fibers,

amorphous  polyethylene-terephthalate  (APET), polythene (PE) or
polypropylene (PP).
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6
The bearing layer 6 generally has a thickness between 50um and 1000pm, even

' t_hough its having smaller or greater thicknesses at the extremes of such range

cannot be ruled out.

More in gen_eral, it is pointed out that the best bearing layer thickness must be
from time to time calcula.tedr according to the .speciﬁcations of the material of
which it is made up and also according}to the mechanical specifications of the
barrier layer 7, as will be described below in greater détail.

According to the invention, the barrier layer 7 is of the isotropic type, i.e., it has
the same phys‘iéal, characteristics in all directions. In other words, the barrier
layer 7 does not have a preferential oriéntation of the relative fibers.

The barrier layer-7 is é.g. made of Aluminum (Al) or Evoh, or of silicon oxide
(SiOx) or aluminum oxide (AI1203). |

Advantageously, the barrier layer 7 has a thickness between S}le and 15um,
preferably between 6um and 13um. The use cannot however be ruled out of
smaller or greater thicknesses at the extremes of such ranges.

More in general, as already said above, it has béen found that the type and
thickness of the barrier layc;,r 7 also considerably affect. the thickness of the
bearing layer 6, inasmuch as the greater the elongation at break of the barrier
layer 7 the greater the elongation must be which the bgaring layer 6 must be
able to apply on the barrier layer itself. | -
According to the invention, the bearing layer 6 and the barrier layer 7 must -
therefore be such that the elongation applicable by the thickness of the bearing
layer 6 only on the barrier layer 7, folloWing the bending of the pack 1, is
greater than the elongation at break of the barrier layer itself. | .
The elongation at break is a pfdperty of the materials and is generally calculated
by means of laboratory tests using methods known to the expert in the sector.
The maximum elongation applicable by the bearing layer 6 on the barrier layer
7 corresponds to the configuration wherein the opposite portions of the first
sheet 2 onto which a force is applied by the operator to. flex the first sheet itself
are brought into recip.rocal contact. Vefy likely, in this condition, the breakage
force relating to the bearing layer 6 has, given its fragility, already been

exceeded. It follows therefore that the bearing layer 6 is broken into two parts
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and its outer flaps are at maximum distance from one another, .i.e., at double the
thickness of the bearing layer itself. _
Therelongation_ at break of the barrier layer 7 must not therefore be more than
double the thickness of the bearing layer 6.
It is pointed out, though it may seem banal for a technician in the sector, that

because the barrier layer 7 is at extrados of the first sheet 2, its outermost fibers

- are prompted to tractlon
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The barrier layer 7, in fact, being turned towards the extrados of the first sheet 2

~ is that which, according to the following formula, suffers the greatest elongation

’ e=(y/R)1
where R is the curvature radius of the neutral axis (expressed in radiants) and y
is the distance of the fibers considered from the neutral axis itself and 1 is the
length of the neutral axis. This formula therefore defines the elongation (or
shortenrng) deformatlon of the various fibers.
Expressing the formula in percentage (%) the elongation percentage w111 be:

Al%=(y/R) 100

In the case of the barrier layer 7 consisting of a sheet of aluminum with
thlckness of around 9 pm (micron), and therefore with an elongation at break of
around 5-10%, the bearing layer 6 of a semi- -rigid sheet of polystyrene with
thickness of around 400 um and imagining, for simplicity, that the neutral axis
lies substantially at half the thickness of the layer 6, we shall. have:
y=200 pum
Al%=5-10%

" The breakage of the barrier layer 7 will occur for bending radius values of 2mm

or less, in the event of the percentage elongation Al% heing 10%, and for values

of 4 mm or less, in case of the percentage elongation Al% being 5%.
It follows therefore that the greater the elongation at break of the barrier layer 7,
the greater the thickness of the bearing layer 6 must be, materials being equal,
“in such a way as to increase the distance of the outer fibers from the neutral
axis. |
Preferably, the bearing layer 6 and the barrier layer 7 must be such that the

thaximum tension that can be applied by the thickness of the bearing layer 6 on
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the barrier layer 7 mﬁst also be greater than the tenéile strength oy of the barrier
layer itself. | (
The tensile strength oy and the tension that can be applied by the bearing layer 6
must refer to a predefined direction and relate to the bending moment applied on
the first sheet 2. More precisely, depending on the axis afound which the
bending moment is applied, the direction of the traction force applied on the
extrados of the first sheét 2 changes. |
By “tensile strength” (or breakage load) or is meant the amount of tension
beyond which the layer bfeaks. Such value, expressed in N/mm?, is generally |
calculated by means of laboratory tests using methods known to the expert in
the sector. The breakage load can e.g. be calculated by means of the method of
analysis suggeéted by UNI-EN-ISO stand‘ards.‘ . ~
By “maximum tension” applicable by the bearing layer 6 is meant the maximum
traction stress which the bearing layer 6, when deformed by bending, is able to
apply on;the barrier layer 7. _ |
In this case too, the tensile strength (or breakage load) of undérgone by the
fibers increases'along with the distance from the neutral axis according to the
following formula:

' - 0;=E (y/R)

where E is the elastic modulus of the material, R is the curvature radius of the
neutral axis and y is the distance of the fibers considered from the neutral axis
itself. It is therefore easy to'appreciate how the fibers at the extrados are those

which undergo the greatest stress.

The tension which can be applied by the bearing layer 6 increases in intensity as

the first sheet 2 is gradually bent, inasmuch as the curvature of the first sheet
itself increases and, therefore, the curvature radius R is reduced; |

The maximum tension which can be applied by the bearing layer 6 éorresponds
therefore to the configuration wherein the opposite portions of the first sheet 2
on which a force is applied by the operator to bend the first sheet itself are
brbught into reciprocal contact. In this configuration in fact, the curvature radius
R is equal to about half the thickness of the bearing layer 6, inasmuch as the

centre of rotation in practice corresponds to the meeting point of the bent inner
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faces of the bearing layer itself. ,

Very likely, in this condition, the breakage force relating to the bearing layer 6
has, given its fragiylity,‘ alfeady been exceeded. It follows therefore that the
bearing layer 6 is broken into two. parts and its outer flaps are at maxi_mum
distance from one another, thus applying the maximum possible stress on the
above barrier layer 7. '

By increasing the thickness of the bearing layer 6 therefore, both thé elongation
and the e_ffort applied at the extrados are also increased. This means that, by
increasing the thickness of the‘bea\ring layer 6, materials can be used for the
barrier layer 7 with greater elongation at break and greater breakagefload.

It can also occur that the barrier layer 7 has a tensile strength or an elongation at

break below those applicable by the bearing layer 6. In this condition, the

- barrier layer 7 breaks before the bearing layer 6, applying to the latter, at the

moment of its fracture, an additional and sudden stress that makes the breakage
of the bearing layer itself easier.
This also occurs in the previously mentioned example, wherein the barrier layer

7 is made up of a sheet of aluminﬁm about 9 um (micron) thick and the bearing

layer 6 of a sheet of semi-rigid polystyrene with a thickness of around 400 pm.
It can also be imagined that the neutral axis lies substantially at half the
thickness of the layer 6, and the elongation at break is 10% (Worsemng
condition). We shall therefore have

‘y =200 pm

R =2 mm (previously calculated)

Ea= 110 N/m” (aluminum elastic modulus)

Using the above-mentioned tension formula (0 = E y/R), the tensile strength Ot
undergone by the barrier layer 7 is equal to:

0 = 110N/m” * (200/2000) =11N/m> _

a value, this, which corresponds to about 27% of the breakage load of
polystyrene (which therefore breaks after the barrier layer 7).

It should be noted that the thicknesses of the various layers shown in the

illustrations are given by way of example only (and are not therefore in scale)

and are unable to provide any indication as to the dimensional relations between
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them.

'Accordlng to the invention, the pack 1 then comprises at least a first cut Sa

defined on the first sheet 2 to guide the breakage of the first sheet itself so as to
determine the formation of an opening to allow the product to come out.
The first cut Sa has a}substantiaklly rectilinear individual section defining the
bending line of the pack 1. o
In the embodiment shown m the illustrations, the ﬁrst cut 5a is defined in
correspondence to the median area of the first sheet 2, and in particular in
correspondence to its transversal median plane. '
More in detail, the first cut 5a extends transversally to the longitudinal axis of
the pack 1 and, therefore, also of the first sheet 2. |
The first cut 5a has a depth such as to involve the bearing layer 6 but not the
barrier layer 7, which is integral and not perforated. '
More in particular, it should be noted that the first cut 52 made on the bearing
layer 6 cauées the reduction of the curvature radius R, thus eusuring the easier
breakage of the first sheet 2. |
In fact, again taking the formula used above for the tension & we have

| R=E (v/o)1
where E is the modulus of elasticity of the bearing layer 6, y the distance from

the neutral axis and 1 the length of the first sheet 2.

Because o is a function of the applied bending moment, it follows that by

-making a cut on the bearing layer 6, in correspondence to the cut itself, the

distance of the fibers from the neutral axis is reduced and the curvature radius R
is also consequently reduced.

Preferably, the first cut 5a only involves the inner face of the bearing layer 6,

" meaning that turned towards the chamber 4.

The first cut 5a can however involve both the inner face and the outer face of
the bearing layer 6, meaning that turned towards the barrier layer 7. In this case,
the first cut 5a thus defined is made before coupling the bearing layer 6 to the
barrier layer 7, in such a way as to maintain the integrity of the latter.

Suitabiy, the first cut 5a has a constant depth, though alternative embodiments

cannot be ruled out wherein its depth is variable.
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In a particular embodiment shown in figure 6, the pack 1 also comprises at least
two further cuts 5b, defined on the same face of the first sheet 2 on which is
obtained the first cut 5a, where such further cuts 5b are arranged transversal
with respect to the first cut Sa and on opposite sides to this.

The further cuts 5b can be of the open line type, which can be rectilinear,

‘curvilinear or the like or, altematiVely, shaped so as to define a closed profile,

even though this last embodiment is more difﬂcult to, make.
The further cuts 5b can be dlstanced from the extremltres of the first cut 5a or

else be tangential to these

‘The presence of further cuts 5b, as mentioned above, is particularly important

every time you ~wish to make sure that the breakage of the bearing layer 6 and/or
of the barrier 1ayer 7 does not extend along their entire width, the further cuts 5b
being suitable for interrupting .the' extension of the crack and restricting
breakage to the‘sole eXtensi_on of the first cut 5a. This ‘makes it possible to

ensure that the section through which the product comes out remains within the

~ desired dimensions which are defined by the first cut 5a.

In the case of the first cut 5a being defined on the first sheet 2, the first sheetv
itself will be bent around the first cut so defined, and so the above-mentioned
parameters (elongatlon and tension) must be referred to the bendlng moment
applied around such bending line. ‘

The first cut 5a involves at least the bearing layer 6.

In the first embodiment shown in figure 1, the first sheet 2 only comprlses the

bearing layer 6 and the barrier layer 7.

“In such case, the bearing layer 6 and the barrier layer 7 define the inner face and

the outer face respectively of the first sheet 2.
In this embodiment, the first cut 5a only involves the bearing layer 6. In this
first embodiment, the fact that on the bearing layer 6 both the first cut 5a and the

ﬁlrtner cuts 5b are defined, according to whz_it has been described above, is

‘particularly useful because, considering the bearing layer 6 and the barrier layer

7 are of the fragile type, the crack that develops following the bending of the
pack 1 would tend to extend along their entire width.

The further cuts 5b are therefore suitable for preventing that the extension of the
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opening that occurs following the bendlng of the pack 1 remains restricted to the
first cut 5a and, therefore, that the breakage does not extend along the entire
width of the layers 6 and 7.
In the second embodiment, shown in figure 2, the first sheet 2 also comprises a
sealing layer 8 associated with the bearing layer 6 and turned towards the
chamber 4. In other words, in this embodiment, the bearing layer 6 ié placed
between the barrier layer 7 and the sealing layer 8. - |
In this case, the sealing layer 8 and the barrier layer 7 define the inner face and
the outer face respectively of the first sheet 2.
The sealing layer 8 is made e.g. of a niateri_al selected from the group
comprising: pOlyethylene (PE) and polypror)ylene (PP).
Preferably, the sealing layer 8 has a thickness between 10 pm and 70 pm.
Generally, the sealing layer 8 is more ductile than the bearing layer 6.
Suitably, the second sheet 3 coupled to the sealing layer 8 also comprises a
plurality of layers. For example, the second sheet 3 can comprise a layer of
polyethylene (PE) or polypropylene (PP) coupled to a layer of metalized
polyethylene terephthalate (PET) or can comprise a layer of polyethylene (PE)
or polypropylene (PP) coupled to a layer of Aluminum (Al) and to a layer of
polyethylene terephthalate (PET). | '
In this second embodiment, the first cut 5a involves both the bearing layer 6 and
the sealing layer 8. Thanks to its greater ductility, during the bending of the

pack 1, the sealing layer 8 tends to only break in correspondence to the first cut

- Sa, thus acting as a support for the bearing layer 6 and the barrier layer 7 and

perforrning the function of control of the product exit section. For this reason,

the presence of further cuts 5b does not appear strictly necessary, even though

any case be ruled out.

Even though the thickneés of the various layers, and in particular of the sealing
layer 8, is affected by various parameters such as the type of product contained
in the pack 1, the characteristics of the flexible second sheet 3, the filling

conditions (such as temperature) and the technology used to seal the sheets 2

- and 3 together, one example of this second embodiment of the pack 1 is the
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following (proceeding from the inside towards the outside):
sealing layer in polythene (PE) or polypropylene (PP) with a thickness of 50um;
bearing layer in polystyrene (PS) or acrylonitrile-butadiene-styrene (ABS) (with
or without glass fibers) having a thickness between 200—400um;
barrier layer in aluminum having a thickness between 7-15um.
Advantageously, the first sheet 2 also comprises a protective layer 9 associated
with the barrier layer 7 and turned outwards. In this case, therefore, the barrier
layer 7 is placed between the beering layer 6 and the protective layerﬂ9.
The protective layer 9 is e.g. fnade from a méterial selected from the group
comprising: polyethylene terephthalate (PET), lacquers and protective paints.
The protective layer 9 has a thickness between 0.1-20 pum (indicate possible
protective layer thlckness) preferably between 10-12pm.
The third and the fourth emb0d1ments shown in the figures 3 and 4
respectively, both envisage the presence of the protective layer 9.
More in detail, in. the third embodiment, the first sheet 2 comprises, proceeding
from the inside towards the outside of the pack 1, the bearing layer 6, the barrier
layer 7 and the protective layer 9.
In this' case, the bearing layer 6 and the protective layer 9 define the inner face
and the outer face respectively of the first sheet 2. |
An example of this third embodiment of the pack 1 is the followmg (proceedmg
from the inside towards the outside):
bearing layer in polystyrene (PS) or ecrylonitrile-butadiene—styrene (ABS) (with
or without glass fiber) having a thickness between 200-400um; |
barrier layer in aluminum having a thickness between 7-15um;
protective layer in polyethyleﬁe terephthalate (PET) having 4 thickness between
10-12um. - |
The fourth embodiment instead is a combination of the second and tﬁird
embodiment described above. The first sheet 2 therefore comprises, proceeding
from the inside towards the outside of the pack 1, the sealing layer 8, the
bearing layer 6, the barrier layer 7 and the protective layer 9. -
In this case, the first sheet 2 therefore comprises both the sealing layer 8 and the -

protective layer 9 arranged on opposite sides the one to the other and defining
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the inner face and the outer face respectively of the first sheet 2.

- An example of this fourth embodiment of the pack 1 is the followihg

(proceeding from the inside towards the outside): _
sealing layer in polythene (PE) or polypropylene (PP) having a thickness of
50um; |

'bearing layer in polystyrene (PS) or acrylonitrile-butadiene-styrene (ABS)

(with or without glass fibers) having a thickness between 200-400pm;

‘barrier layer in aluminum having a thickness between 7-15um;

protective layer in polyethylene terephthalate (PET) having a thickness between
10-12um. |

- The protective layer 9 can be integral, i.e., not show any cut, or else a second

cut can be defined on it.
In the first case it is suitable that the protective layer 9 has a lower elongation at
break than the elongation which can be applied on it by the thickness of the

layers underneath, i.e. by the unit composed of the barrier layer 7, by the

'bearing,_ layer 6 and, if any, by the sealing layer 8.

Such condition permits guaranteeing that the protective layer 9 breaks at least in

‘the limit condition wherein the opposite portions of the first sheet 2 are brought

into contact following the bending of the first sheet itself.
Preferably, the protective layer 9 also has a tensile strength og below the

maximum tension applicable to it by the thickness of the layers underneath.

To define the parameters mentioned above and the method for measuring them,

reference should be made to what has been said above regarding the relation
between the barrier layer 7 and the bearing layer 6.

Alternatively, as has been said above, on the protective layer 9, at least a second

- cut 10a can be defined. |

Such second cut 10a can, e.g., be made by means of a laser beam suitably
calibrated so that, once the protective layer 9 has been cut, it is reflected by the
barrier layer in aluminum .

The second cut 10a defined on the protective layer 9 is preferably arranged in

‘COrrespondence to the first cut 5a obtained on the inner face of the first sheet 2.

The second cut 10a can e. g. be superimposed on the first cut Sa.
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In such case, the protective layer 9 reduces the value of the elongation and of
the breakdge IOad at the extrados of the first sheet 2 except in corréspondence to
the second cut 10a so defined. A discontinuity is therefore defined along the
outer surface of the first sheet 2, which results in the energy being concentrated
along the second cut 10a and in the sooner breakage of the bafrier layer 7 with
respect to the bending angle of the first sheet itself. The presence of the
prdtective layer 9, in this case, increases the overall fragility of the first sheet 2,
irrespective of the fragﬂity/ductility of the individually—considercd protective
layer. , i |
In an a_lternaﬁve embodiment, the second cut 10a can be defined in such a way »
as to int'efrupt itself in correspondence to the first cut 5a.

The second cut 10a can take on various configurations, e.g., it can be of the

' continuous type or, alternatively, it can comprise a plurality of separate sections

10 arranged in succession the one to the other along the bending axis of the pack
1. In particular, the sections 10 can be open, e.g., of the rectilinear, curvilinear
type or the like or, alternatively, they can be shaped so as to define a closed
profile, such as e. g. small substantially circular holes (as shown in ﬁgure 9.

In a further alternative embodiment, shown in the figure 8, the pack 1 can also
have at leaét two further cuts 10b, defined on the same layer on which is defined
the second cut 10a, which are transversal with respect to the second cut 10a and
are arranged on opposite sides of the second cut itself. The second cut 10a is
preferably 'rectilinear,v though alternative embodiments cannot be ruled out
wherein it is of the curvilinear type or of the broken line type, while the further
cuts 10b can be of the rectilinear type or, alternatively, shaped so as to define a
closed perimeter, even though this latter configuration is more difficult to make.
The further cuts iOb can be distanced from the extremities of the first cut Sa or
else tangential with them. '

The presence of the second cut 10a and of the further cuts 10b also permifs
making the protective layer 9 with materials having mechanical characteristics
close to that of the barrier layer 7, while at the same time ensuring a limited
extension of the product flow section.

In both the third and the fourth embodiments, the pack 1 comprises the first cut
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5a and if necessary, dependiﬁg on tﬁe type of material making up the layers 8

and 9, also the further cuts 5b. More in pafticular, the further cuts 5b are not

~ strictly necessary in all those cases wherein the layers 8 and/or 9 are made from |

a material with greater elongation at break than the layers 6 and 7 and which
therefore tend to only break in correspondence to the first cut 5a, thereby acting
as support for the bearing layer 6 and the barrier layer 7 and performing the

function of control of the product exit section.

. Preferably, furthermore, the protective layer 9 has a pair of punches, identified

in figure 10 by the reference number }1,'1, defined on opposite sides with respect
te a median plane of the protective layer itself andrin correspondence to another
median plane transversal to the preVious one. More in detail, the punches 11 are
arranged on opposite sides of the 1engitudina1 median plane of the first sheet 2
and in correspondence to the transversal median plane of the first sheet itself.
Suitably, the punches 11 are defined in the proximity of the second cut IOa, on
opposite sides of same. ' | |

The function of the punches 11 is to avoid the product contained in the chamber
4 from concentrating in the central area of same, thus making it easier to bend
the pack 1 along the first cut 5a. _

The method for choosing the thicknesses and the materials of each layer is of
the empirical type, i.e., it envisages the execution of a series of tests aimed at
checking the correct operation of the pack 1.

More in particular, once the number of layers has been defined to be used for

the first sheet 2 and also the materials relating to each of such layers, the

‘ obtained pack 1 is beﬁt and the correct opening of same is checked..

If the first sheet 2 does not open correctly, and in particular, if the barrier layer 7
does not fracture, it is possible to intervene in the following ways. '

A first option consists in varying the thickness of the bearing layer 6, increasing
it so as to apply a greatef elongation (and also a greater tension) on the barfier
layer 7, without ehanging the chosen materials and the chosen number of layers.
A-second option is to introduce, if not already present, the sealing layer 8

(suitably cut), so as to increase the thickness of the layers arranged below the

~ barrier layer 7.
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A third option is to introduce, if not already present, the protective layer 9 (and
the relative second cut 10a as well as, if necessary, the corresponding further
cuts 10b), so as to create discontinuity on the outer surface of the first sheet 2 to
make it easier to break the barrier layer 7 along the first cut Sa. |

A fourth option is to modify the materials used, e.g., by choosing, for the barrier

- layer 7, a material having a lower elongation at break.

If, instead, the first sheet 2 opens correctly, other laboratory tests can be
performed in order to optimize the thicknesses of the various layers used.

In such case, e.g., the thickness of the bearing layer 6 .c'an be reduced and a
check made to determine whether, this Way,_tvhe barrier layer 7 continues to
break following the bending of the first shéet“2. |

In theA same way, the thicknesses of the other layers can also be reduced, starting

with those which are more expensive to make and always keeping within safety

~ conditions such as to prevent the-contamination of the product contained in pack

1.
The 'operation of the present invention is the following.
Following the bending of the pack 1; which is done by bringing closer together

its longitudinal extremities from the inner part of the pack itself (i.e., in such a

'way that the first sheet 2 represents the extrados of the pack bent this way), the

inner face of the first sheet 2 bends in correspondence to the first cut 5a. By
effect of such bend, the mechanical stress acting on the first sheet 2 reaches
maximum intensity in correspondence to its outer face, which can consist of the
barrier layer 7 or of the protective layer 9 depending on the embodiment.

As described above, the barrier léyer 7 fractures in cqrrespondence to the first |
cut 5a inasmuch asv it is in correspondence to this that tlge ’gr.eatest elongation
and the greatest intensity of strength occur (the curvature radius of the neutral
axis being less in this area). Following the fracture of the barrier layerl7 a transit
section is therefore defined of the liquid crossing the bearing layér 6, the barrier
layer 7 and, in the case of the second and fourth described embodiments, also
the sealing layer 8. |
As has already been said above, depending on the composition of the first sheet

2, besides the first.cut 5a, transversal with respect to the longitudinal axis of the
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~ pack 1, the further cuts 5b can also be defined. The conformation of the first cut

5a generally varies according to whether or not the need exists to make sure that
the breakage of the barrier layer 7 and of the bearing layer 6, these being the
most fragile Iayers, does not spread along their entire width.

In the event of the outer face of the first sheet 2 cbnéistiilg of the protective

layer 9 (as in thé; third and fourth described embodiments) this too breaks in

9corresponden:ce to the first cut 5a thereby placihg the chamber 4 in

communication with the outside.

It has in practice 1tr)een ascertained how the described inVehti_on achieves the
proposed objects and in particular the fact is underlined that the pack forming
the subject of the present invention at the same time ensures the easy and safe
opening of same and its seal against any accidental escape of the product
contained in it. - | ' A

More in particular, the innovative layout of the barrier layer permits avoiding
the pre-cutting of same, thus ensuring pack seal and, at the same time, ensuring
breakage inasmuch as such layer undergbes greater elongation and greater

mechanical stresses because it represents or is arranged in the proximity of the

- extrados of the first sheet.

- 20

- Again, the particular claimed arrangement of the layers making up the first sheet

permits considerably reducing the thickness of the layers themselves compared

to packs of known type,'.thus obtaining a big reduction in manufacturing costs

and, therefore, a lower end-product cost.
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_ ‘ _ CLAIMS
1) Single-dose sealed pack (1) with break opening comprising:
a first sheet (2) of semi-rigid plastic material;
a second sheet (3) of flexible plastic materia»l- associated with said first sheet (2),
to define a sealed containment chamber (4) for containing at least a dose of a
product; | 4 o
said first sheet (2) comprising at least a bearing layer (6) and at least a barrier
layer (7), each of them having its own thickness, wherein said barrier layer (7)
is arranged towards the outside of said chamber (4) with respect to said bearing
layer (6), |
characterized by the fact that it coinprises at least a first cut (5a) defined at least

~ on the inner face of said first sheet (2) to guide the breakage of the first sheet

itself so as to determine the formation of an opening to allow the product to
come out, said first cﬁ_t (5a) comprising an individual rectilinear section
defining the bending axis of the pack, and by the fact that said barrier layer (7)
is of the isotropic and not perforated type and has a lower elongaﬁOn at break
than the maximum elongation applicable to it by the only thickness of said
bearing layer (6) following the bending of the pack itself. |

2) Pack (1) -according to claim 1, characterized by the fact that the elongation at
break of said barrier layer (7) is less than double the thickness of said bearing
layer (6).

3) Pack (1) according to claim 1 6r 2, characterized by the fact that said bearing
layer (6) is of the fragile ;cype. ' |

4) Pack (1) according to one or more of the preceding claims, characterized by
the fact that said bearing layer (6) has a thickness between ISOpm and 500um.
5) Pack (1) according to one or more of the preceding claims, characterized by .
the fact that said barrier léyer (7) has a thickness between 5pum and 15um.

6) Pack ( 1). according to one or more of the preceding claims, characterized by
the fact that the tensile strength (og) of said bérrier layer (7) is below the
maximum tension applicable to it by the thickness of said bearing layer (6).

7) Pack (1) according to one or more of the preceding claims, characterized by

the fact that said first sheet (2) comprises at least a sealing layer (8) associated
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with said beéring layer (6) and turned towards the inside of said chamber (4) |
with respect to the bearing layer itself. |
8) Pack (1) according to claim 7, characterized by the fact that said sealing
layer (8) is made of a material havirig greater elongation at break than said
bearing 1ayer (6). ’ _

9) Pack ( 1) accordlng to claim 7 or 8, characterized by the fact that said sealing
layer (8) has a thickness between 10pm and 70 pm.

10) Pack (1) accordmg to one or more of the preceding claims, characterlzed by

the fact that said first cut (5a) involves said bearing layer (6) and does not

intercepts said barrier layer (7).

11) Pvack (1) according to claim 10, characterized by the fact that said first cut
(5a) also 1nvolves said sealing layer (8)

12) Pack (1) accordlng to one or more of the precedlng claims, charactenzed by
the fact that said first sheet (2) comprises at least a protective layer 9
associated with said barrier layer (7) and turned outwards.

13) Pack (1) according to claim 12, characterized by the fact that said protective
layer (9) has a lower elongation at break than the maximum elongation
appl_idable to it at leasf by the thickness of said bearing layer (6) and of said
barrier layer (7). | |

14) Pack (1) according to one or more of the preceding claims, characterized by
the fact that said first sheet (2) comprises‘ said protective layer (9) and said -
sealing layer (8) which define the outer face and the inner face respectively, bf (
the first shect itself. .

15) Pack (1) according to one or more of the claims from 12 to 14,
characterized By the fact that it comprises at least a second cut (10a) defined on
said protective layer (9). |

16) Pack (1) according to one or more of the preceding claims, characterized by
the fact that at least one between said first .and said second cuts (5a, 10a)
extends transversally to the longitudinal axis of said first sheet (2).

17) Pack (1) according to claim 16, characterized by the faCt that it comprises at
least a pair of further cuts (5b, 1 0b) defined in correspondence to the extremities

of at least one between said first and said second cuts (5a, 10a), said further cuts
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being érranged transversal to the extension of the first and/or second cut itself.
-18) Pack (1) according to one or more of the preceding‘ claims, characterized by
the fact that said second cut (10a) is substantial_ly superimposed on said first c_ut
(52). _ _
19) Pack (1) according to one or more of the pfeceding claims, _charactcrized by
thé fact that said first sheet (2) comprises at least a pair of punches (11) defined

on said protective layer (9) on opposité sides of its longitudinal median plane.
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