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(54) CLOSURE DEVICE, PARTICULARLY FOR BOTTLES OF LYOPHILIZED PRODUCTS, AND
PROCESS FOR CLOSING A BOTTLE OF LYOPHILIZED PRODUCTS
(67)  The present finding relates to a closure device

(1), particularly for bottles of lyophilized products, com-
prising:

- a perforable closure cap (3) adapted for closing the
mouth (5) of a bottle (7);

-aninner capsule (9), fittable at least on said closure cap
(3), comprising a plurality of elastically deformable tabs
(29) protruding radially towards the inside said inner cap-
sule (9) and further comprising an opening (13) adapted
for allowing access to said closure cap (3);

- an outer tab (15) fittable on said inner capsule (9) and
comprising an upper portion (17), atleast partially remov-
able, adapted for closing said closure (13) of said inner
capsule (9).

The closure device (1) has a closing configuration
wherein said outer tab (15) is fixedly fitted to said inner
capsule (9), said inner capsule (9) is fitted to the neck
(11) of said bottle (7) and said tabs (29) engage at the
bottom with the lip (31) of said bottle (7) so as to retain
said closure cap (3) in a closing configuration to seal said
mouth (5) of said bottle (7).

The closure device (1) also has a preassembly con-
figuration wherein:

- said inner capsule (9) rests, with said tabs (29), on the
mouth (5) of said bottle (7),

- a slit (30) is present between said closure cap (3) and
said mouth (5) of said bottle (7) adapted for allowing the
passage of air.

According to the finding, at least one air passage
channel (90) is obtained in the inner capsule (9), said
channel (90) extending, in the axial direction (A) towards
said opening (13), beyond said tabs (29); in said preas-
sembly configuration said outer tab (15) is fixedly fitted
to said inner capsule (9) to form a preassembled closure

assembly (2). Furthermore, the at least one air passage
channel (90) putting the internal volume (70) of said bottle
(7) in fluid communication with the external environment
through said slit (30).
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Description

[0001] The present finding relates to a closure device,
particularly for bottles of lyophilized products, and a re-
lated process for closing a bottle of lyophilized products.
[0002] As known, the bottles or flasks containing
lyophilized products are generally closed by a perforable
rubber cap, for example by a needle, being retained on
the neck of the bottle by means of an aluminium capsule
entirely covering the rubber cap. Aluminium capsules
generally have a tear-off removable portion which allows
the access to the perforable portion of the rubber cap.
[0003] The process of lyophilization of a product con-
tained in a bottle generally provides to partially insert the
rubber cap in the mouth of the bottle and extract the air
inside the bottle through a dedicated system for drawing
air. Indeed, for these purposes, the rubber caps for bot-
tles of lyophilized products generally have, in the shank,
slits allowing the passage of air when the cap shank is
partially inserted in the mouth of the bottle. In a step fol-
lowing the lyophilization step, the aluminium capsule is
applied on the rubber cap and tightened on the mouth of
the bottle so that the rubber cap is retained to seal the
mouth of the bottle.

[0004] One of the drawbacks of such process consists
in the fact that in the lines for packaging lyophilized prod-
ucts, the lyophilization step requires to handle, separately
and in two distinct steps, firstly the rubber cap and then
the aluminium capsule, which is putin place by a sealing
machine placed sequentially to the lyophilization ma-
chine, with subsequent repercussions on the length and
complexity of the operations of lyophilizing and closing
to seal the bottle. Furthermore, before applying the alu-
minium capsule, the cap is in an instable position and
can easily escape from the mouth of the bottle.

[0005] In addition to this, with the current technology,
the rubber cap is positioned in such instable position fol-
lowing the step of filling the bottle and there is a risk that,
during the line transport of the bottles, and the handling
of rubber caps and aluminium capsules, one component
or the other falls or is not suitably positioned on the bottle
and on the rubber cap, respectively, with subsequent
problems in the lyophilization step or in the step of closing
and tightening the aluminium capsule. In such case, fur-
thermore, remarkable economic damage also arises,
since the product contained in the bottle whose cap, or
whose capsule, is accidentally fallen cannot be used an-
ymore and should be disposed.

[0006] Another typical drawback of aluminium cap-
sules consists in that the steps of mounting the capsule
on the rubber cap and on the neck of the bottle cannot
be performed in conditions of sterilization and absence
of undesired particles, since the operations of folding and
cutting aluminium sheets for making capsules and
mounting them on the mouth of the bottle involve pro-
ducing aluminium powders which remain on the capsule
and are incompatible with the conditions of sterilization
and absence of undesired particles required for the type
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of products contained in the bottle itself. Thus, such alu-
minium capsules make keeping the minimum level of par-
ticle contamination allowed in controlled-atmosphere en-
vironments, such as a cleanroom, difficult.

[0007] Still, another drawback of the aluminium cap-
sules consists in that the operator removing the remov-
able portion risks to hurt himself/herself with the sharp
edges of the aluminium sheet.

[0008] On the other hand, even the use of capsules
made of plastic-type materials is not free of drawbacks.
[0009] Indeed, plastic has not possibilities of process-
ing and deformation mechanical performance typical of
aluminium. Accordingly, the closure capsules of bottles
of lyophilized products made of plastic are capsules hav-
ing different and several components reciprocally as-
sembledto each otherinvarious operations. Indeed, mul-
ti-component capsules comprising, at least, an outer tab
fittable on an inner capsule, also referred to as "cage",
fittable in turn on the rubber cap, are generally known.
Indeed, in plastic multi-component capsules the outer
tab, once fitted on the cage, allows tabs in the cage itself
to engage at the bottom to the lip of the bottle and thus
closing the mouth thereof.

[0010] However, itis apparentthathandling eventhree
different components (i.e., outer tab, cage and rubber
cap) involves a clear increasing in time and costs for pro-
ducing the capsule itself, and also has drawbacks during
the operations of packaging the bottles of lyophilized
products, in particular (i) during the transport of the com-
ponents themselves in the packaging lines, since due to
the vibrations they can be lost, (ii) during their reciprocal
positioning on the mouth of the bottles, (iii) during the
step of extracting air from the internal volume of the bot-
tles to operate the lyophilization of the product, and (iv)
during the step of tightening all the components on the
mouth of the bottle, particularly in the case in which the
various components are not suitably positioned with re-
spect to each other. The occurrence of a problem even
in only one of the four above-listed steps causes the un-
desired interruption of the packaging line and causes re-
markable economic damage consequent of the fact that
the product contained in non-correctly capped bottles
cannot be used anymore and should be disposed.
[0011] An object of the present finding is to make a
closure device, particularly for bottles containing lyophi-
lized products, which is easier to be made and assembled
on the bottles, and thus economically competitive if com-
pared to the known art, and in particular to plastic multi-
component capsules.

[0012] Another object of the present finding is to make
a closure device which simplifies the assembling and
closing operations on the bottles, as well as the lyophili-
zation operation itself and which minimizes the risks of
interruption of the operation of the packaging line.
[0013] Another object of the present finding is to make
a closure device which does not cause powder formation
while mounting on the bottles.

[0014] Another object of the present finding is to make
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a closure device which is capable of providing the widest
guarantees about reliability and safety in use.

[0015] These objects, according to the present finding,
are achieved by making a closure device, particularly for
bottles of lyophilized products, as set forth in claim 1.
[0016] Other features are provided in the dependent
claims.

[0017] Further features and advantages will be more
apparent from the description of a preferred, but non-
exclusive, embodiment of a closure device, particularly
for bottles of lyophilized products, illustrated for illustra-
tive and non-limiting purposes with the aid of the attached
drawings where:

figure 1 is a front elevation view of a bottle provided
with a closure device according to an embodiment
of the finding;

figure 2 is a top plan view of the bottle of figure 1;
figure 3 is a sectional view of the bottle depicted in
figure 2, carried out according to the axis A-A, with
the closure device in closing configuration on the bot-
tle;

figure 4 is a view corresponding to that of figure 3,
but with the closure device resting on the mouth of
the bottle, in a preassembly configuration;

figure 4a shows an enlarged portion of figure 4;
figure 4b shows an enlargement of the portion de-
noted by B in figure 4a;

figure 4c shows an enlargement of the portion de-
noted by C in figure 4a;

figure 5 is an exploded perspective view of a bottle
provided with a closure device, according to the find-
ing;

figure 6 is a perspective view of the closure device,
according to the finding;

figure 7 is a perspective view corresponding to that
of figure 6 of the closure device, according to the
finding, but illustrated without the closure cap;
figure 8 is a sectional view of the bottle depicted in
figure 2, carried out according to the axis A-A, but
with a variant of the closure device, in closing con-
figuration on the bottle;

figure 9 is a view corresponding to that of figure 8,
with the variant of the closure device resting on the
mouth of the bottle, in a preassembly configuration;
figure 9a shows an enlarged portion of figure 9;
figures 10a, 11a and 12a are sectional views of a
bottle provided with three different variants of the
closure device;

figures 10b, 11b and 12b are perspective views of
the closure device, without the closure cap, accord-
ing the three different variants of figures 10a, 11a
and 12a, respectively;

figures 10c, 11c and 12c show enlarged portions of
the three different variants of the closure device, re-
spectively, illustrated in figures 10a, 11a and 12a.

[0018] With particular reference to the cited figures,
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the closure device, particularly for bottles of lyophilized
products, globally denoted by reference number 1, com-
prises:

- aclosure cap 3, perforable, adapted for closing the
mouth 5 of a bottle 7;

- an inner capsule 9, fittable at least on the closure
cap 3, comprising an upper portion 93 in which an
opening 13 adapted for allowing access to said clo-
sure cap 3 is present, and a side wall 94 comprising
a plurality of elastically deformable tabs 29 protrud-
ing radially towards the inside of the inner capsule 9;

- an outer tab 15 fittable on the inner capsule 9 and
comprising an upper portion 17, at least partially re-
movable, adapted for closing the opening 13 of the
inner capsule 9.

[0019] The closure device 1 hasaclosing configuration
wherein the outer tab 15 is fixedly fitted to the inner cap-
sule 9 and wherein the inner capsule 9 is in turn fitted to
the neck 11 of the bottle 7 with the tabs 29 engaging at
the bottom with the lip 31 of the bottle 7, so as to retain
the closure cap 3 in a closing configuration to seal the
mouth 5 of the bottle 7, as shown, for example, in figures
3 and 8.

[0020] The closure device 1 also has a preassembly
configuration, exemplarily shown in figures 4, 4a and 9,
9a, wherein:

- the inner capsule 9 rests, with the tabs 29, on the
mouth 5 of the bottle 7;

- aslit 30 is present between the closure cap 3 and
the mouth 5 of the bottle adapted for allowing the
passage of the air.

[0021] According to the finding, at least one air pas-
sage channel 90 is obtained in the inner capsule 9, said
channel 90 extending, in the axial direction A, towards
the opening 13, beyond the tabs 29. In the above-men-
tioned preassembly configuration, the outer tab 15 is fix-
edly fitted to the inner capsule 9 to form a preassembled
closure assembly 2 wherein the upper portion 17 of the
outer tab 15 is in abutment against the upper portion 93
of the inner capsule 9. Furthermore, in the preassembly
configuration the at least one air passage channel 90
puts the internal volume 70 of the bottle 7 in fluid com-
munication with the external environment, through the
slit 30.

[0022] Therefore, advantageously, the outer tab 15 is
fixedly fitted to the inner capsule 9, with the respective
upper portions 17 and 93 in abutment against each other,
also in the preassembly configuration, as well as in the
closing configuration. In other words, the preassembled
closure assembly 2 formed by the inner capsule 9 and
the outer tab 15 fixedly fitted thereto has the same con-
figuration both in preassembly and closure step.

[0023] The presentfinding also relates to a process for
closing a bottle of lyophilized products, by means of a
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closure device 1 as described above, comprising the
steps of:

(a) providing a closure cap 3, and an outer tab 15
fixedly fitted to an inner capsule 9, to define a pre-
assembled closure assembly 2 wherein the upper
portion 17 of the outer tab 15 is in abutment against
the upper portion 93 of the inner capsule 9, where
such preassembled closure assembly 2 is adapted
to house the above-mentioned closure cap 3;

(b) placing the preassembled closure assembly 2
and the closure cap 3 on the mouth 5 of a bottle 7
containing a product to be lyophilized;

(c) extracting the air contained in the bottle 7 to
lyophilize said product to be lyophilized, due to the
presence of the at least one air passage channel 90
and the slit 30 between the closure cap 3 and the
mouth 5 of the bottle;

(d) tightening, inside a lyophilization machine, the
preassembled closure assembly 2 and the closure
cap 3 on the mouth 5 of the bottle 7.

[0024] Therefore, advantageously, in the steps of
packaging a bottle 7 containing lyophilized product, and
particularly in the steps of lyophilizing and closing the
bottle 7, the inner capsule 9 and the outer tab 15, as
reciprocally fixedly fitted so as to constitute a preassem-
bled closure assembly 2, are handled as a single com-
ponent, namely are transported in the packaging line and
tightened on the mouth 5 of the bottle 7 in the lyophiliza-
tion and tightening station, as a single component.
[0025] Preferably, the inner capsule 9 is made of a
plastic-type material, by injection moulding, for example
a polycarbonate-type material.

[0026] Preferably, the outer tab 15 is also made of a
plastic-type material, by injection moulding, for example
a polypropylene-type material.

[0027] Preferably, the closure cap 3is made ofan elas-
tomer, such as for example natural rubber or synthetic
polymers.

[0028] Theinnercapsule 9 comprises an upper portion
93 which is preferably disk-shaped, where the opening
13 is obtained, and a side wall 94 preferably cylinder-
shaped, linked to the upper portion 93.

[0029] Asillustrated particularly in figure 5, the tabs 29
are formed at through openings 33 in the side wall 94 of
the inner capsule 9 and extending inside such through
openings 33 in the axial direction A.

[0030] Similarly to the inner capsule 9, the outer tab
15 comprises an upper portion 17, at least partially - or
totally - removable, preferably disk-shaped, and a side
wall 151 preferably cylinder-shaped.

[0031] The outertab 15 can be made according to var-
iants described below.

[0032] In the version of closure device 1 illustrated in
figures 1to09a, andin the third variant, illustrated in figures
12a, 12b and 12c, the outer tab 15 comprises a disk-
shaped upper portion 17 and a cylinder-shaped side wall
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151 linked to the disk-shaped upper portion 17.

[0033] Preferably, the upper portion 17 is linked to the
side wall 151 through a weakened circumferential zone
adapted for allowing such upper portion 17 to be removed
so as to allow the access to the opening 13 in the upper
portion 93 of the inner capsule 9. Preferably the weak-
ened circumferential zone is defined by a plurality of
breakable bridges 175 circumferentially connecting the
upper disk-shaped portion 17 to the cylinder-shaped side
wall 151.

[0034] Asillustrated particularly in figures 4cand 7, the
upper portion 17 also has a ring 171 protruding at the
bottom towards the opening 13 and configured to be po-
sitioned inside such opening 13, substantially coaxially
to the opening 13 itself.

[0035] The removal of the upper portion 17 of the outer
tab 15 is carried out by tearing such upper portion 17
along the weakened circumferential zone, namely break-
ing the breakable bridges 175, so as to expose the clo-
sure cap 3 through the opening 13 in the inner capsule 9.
[0036] In the first variant of outer tab 15, illustrated in
figures 10a, 10b, 10c, and in the second variant of outer
tab 15, illustrated in figures 11a, 11b, 11c, the outer tab
15 always comprises a disk-shaped upper portion 17,
which is however associated with a lower portion 152
being capsule shaped itself. Indeed, such capsule
shaped portion 152 comprises in turn a disk-shaped up-
per part 153, and a cylinder-shaped side wall 151, linked
to the upper part 153. The upper disk-shaped portion 17
is then associated to the lower portion configured as a
capsule 152 through a plurality of retaining tabs 173.
[0037] Indeed, the portion configured as a capsule 152
has, in the upper part 153, an opening 154, whose edges
are retained by retaining tabs 173 protruding at the bot-
tom from the upper disk-shaped portion 17.

[0038] According to the first variant, illustrated in fig-
ures 10a, 10b, 10c, the edges of the opening 154 have
a reinforcing relief 155 adapted to promote the retaining
thereof by the retaining tabs 173, while according to the
second variant of outer tab 15, illustrated in figures 11a,
11b, 11c, the edge of the opening 154 has no reinforcing
reliefs.

[0039] In the case of the first and second variants, the
removal of the upper disk-shaped portion 17 of the outer
tab 15 is carried out by pulling out the retaining tabs 173
from the edge of the opening 154, thus leaving the open-
ing 13 in the inner capsule 9 exposed.

[0040] In the third variant of outer tab 15, illustrated in
figures 12a, 12b, 12c¢, the outer tab 15 comprises a disk-
shaped upper portion 17 linked, through a weakened cir-
cumferential zone, to a cylinder-shaped side wall 151,
as described above with reference to the embodiment of
figures 1 to 9a. Preferably the weakened circumferential
zone is defined by a plurality of breakable bridges 175
connecting the upper disk-shaped portion 17 to the side
wall 151.

[0041] The upperdisk-shaped portion 17 is associated
to the upper portion 93 of the inner capsule 9 through a
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plurality of retaining tabs 173 adapted to retain the edges
of the opening 13 obtained in such upper portion 93, as
described with reference to the first and second variants
of the closure device 1.

[0042] In this case, the removal of the upper disk-
shaped portion 17 in carried out by both breaking the
above-mentioned breakable bridges 175 and pulling out
the retaining tabs 173 from the edge of the opening 13,
thus leaving such opening 13 in the inner capsule 9 ex-
posed.

[0043] Preferably the atleast one air passage channel
90 has a length L, in the axial direction, greater than the
thickness S, in the axial direction, of the lip 31 of the bottle
7. Furthermore, in the preassembly configuration, the at
least one air passage channel 90 faces the lip 31 so that
the axial ends 91, 92 thereof are span across the thick-
ness S of the lip 31, respectively.

[0044] Inthis way, the upperaxial end 91 of the channel
90 is at higher height than the height of the tabs 29 of
the inner capsule 9, which rest, in the preassembly con-
figuration, on the upper edge of the mouth 5 of the bottle,
and the lower axial end 92 of the channel 90 is at lower
height than the height of the lower portion of the lip 31.
Accordingly, even in the case in which, in the preassem-
bly configuration, the side wall 94 of the inner capsule 9
protrudes at the bottom with respect to the lip 31 of the
bottle 7 itself, the at least one channel 90 has a length L
sufficient to allow the passage of air between the internal
volume 70 of the bottle 7 and the external environment,
through the slit 30.

[0045] Preferably the at least one air passage channel
90 is defined by a recess obtained in the side wall 94 of
the inner capsule 9.

[0046] Preferably,the atleastone air passage channel
90 is defined by a through opening 95 obtained in the
side wall 94 of the inner capsule 9.

[0047] Preferably, since both in the preassembly con-
figuration and in the closing configuration, the outer tab
15 is fixedly fitted to the inner capsule 9, with the respec-
tive upper portions 17 and 93 abutting against each other,
the at least one air passage channel 90 is defined by the
through opening 95 obtained in the side wall 94 of the
inner capsule 9 and by the surface of the side wall 151
of the outer tab 15 facing such through opening 95. This
is particularly shown in figures 6 and 7.

[0048] Preferably a plurality of air passage channels
90 are obtained in the inner capsule 9. Still more prefer-
ably, such air passage channels 90 are inter-spaced with
the tabs 29.

[0049] Asillustrated inthe attachedfigures, the air pas-
sage channels 90 are angularly distributed around the
central axis A, preferably equally spaced from each other.
Similarly, the tabs 29 are also angularly distributed
around the central axis A, preferably equally spaced from
each other.

[0050] Preferably there are atleast two channels 90 in
the closure device 1. Even more preferably, the channels
90 are in number of four.
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[0051] Each channel 90 has (i) a length, intended as
the distance, in the axial direction A, between the ends
91 and 92, (i) a width, intended as the average length of
arc of circumference, and (ii) a transverse thickness.
Preferably, the overall width of all the channels 90, or of
the single channel 90 if there is only one, is comprised
between 10% and 50% of the average circumference
value of the side wall 94 of the inner capsule 9, preferably
comprised between 20% and 30%.

[0052] For example, if four channels 90 are provided,
each channel has a length comprised between 2.5% and
12.5% of the average circumference value of the side
wall 94 of the inner capsule 9, preferably comprised be-
tween 5% and 7.5%.

[0053] Preferably, the transverse thickness of the
channel 90 is at least higher than 70% of the transverse
thickness of the side wall 94 of the inner capsule 9. Even
more preferably, the transverse thickness of the channel
90 is equal to 100% of the transverse thickness of the
side wall 94 of the inner capsule 9, namely, as said above,
the channel 90 is constituted by a through opening 95
obtained in the side wall 94 of the inner capsule 9.
[0054] Preferably, the outer tab 15 comprises a side
wall 151 comprising at least one rib 35 protruding radially
towards the inside of the outer tab 15 configured to en-
gage in a corresponding seat 37 obtained on the outer
surface of the side wall 94 of the inner capsule 9. The at
least one rib 35 engaging in the corresponding seat 37
when the outer tab 15 is fixedly fitted to the inner capsule
9.

[0055] The rib 35 and the corresponding seat 37 are
formed in a position respectively of the outer tab 15 and
the inner capsule 9, such that, when the rib 35 is placed
in the corresponding seat 37, the upper portion 17 of the
outer tab 15 is in abutment against the upper portion 93
of the outer tab 9.

[0056] Preferably, the rib 35 circumferentially extends
around all the side wall 151 of the outer tab 15, as the
corresponding seat 37 circumferentially extends around
allthe outer surface of the side wall 94 of the inner capsule
9.

[0057] In this way, when the outer tab 15 is fitted on
the inner capsule 9, the two components are stably con-
strained, fixedly, to each other and define the preassem-
bled closure assembly 2 which can be handled as asingle
body.

[0058] Preferably, the inner capsule 9 comprises one
or more protrusions 45 protruding radially towards the
inside of the inner capsule 9 configured to retain, with
interference, the closure cap 3 inside the inner capsule 9.
[0059] Preferably, such one or more protrusions 45 are
obtained in proximity of the top of the inner capsule 9 and
are adapted to retain the closure cap 3 inside the inner
capsule 9 such that the upper surface of the closure cap
3 is in abutment against the upper portion 93 of the inner
capsule 9.

[0060] Preferably, at least three, and even more pref-
erably at least six of said protrusions 45, are provided,
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which are angularly distributed around the central axis
A, preferably equally spaced from each other.

[0061] Alternatively, the one or more protrusions 45
can be defined by a circumferential rib radially protruding
towards the inside of the inner capsule 9.

[0062] As an alternative to the protrusions 45, the up-
per disk-shaped portion 300 of the closure cap 3 is over-
sized at least with respect to the to the top part of the
side wall 94 of the inner capsule 9.

[0063] In this way, the closure cap 3, being retained
with interference inside the inner capsule 9, can also be
handled together with the preassembled closure assem-
bly 2. Essentially, the three components (outer tab 15,
inner capsule 9, and closure cap 3) composing the clo-
sure device 1 can be handled as a single body, namely
can be transported, and positioned on the mouth 5 of the
bottle 7, in the packaging lines, as a single body.
[0064] Accordingly, at least in the above-described
step (a) of the process for closing a bottle of lyophilized
products, the closure cap 3 is inserted in the preassem-
bled closure assembly 2 and retained therein, preferably
through said one or more protrusions 45 protruding ra-
dially towards the inside the inner capsule 9. Thus, the
protrusions 45 allow to obtain a more stable positioning
of the closure cap 3 on the bottle 7, preventing the acci-
dental escaping thereof.

[0065] Preferably the protrusions 45 are defined by a
plurality of radial sectors of the outer tab 15 in relief to-
wards the inside of the same.

[0066] As illustrated in figures 1 to 7, the closure cap
3 can be a closure cap 3’ for lyophilized products com-
prising an upper disk-shaped portion 300, and a lower
hollow shank 301.

[0067] As illustrated particularly in figure 3, in the clos-
ing configuration of the closure device 1, the upper disk-
shaped portion 300 of the closure cap 3’ is adapted to
close the mouth 5 of the bottle 7.

[0068] Thelowershank 301 of the cap 3’ has a through
opening 302.
[0069] Asillustratedinfigure 4 and 4a, the lower shank

301 has a length, in the axial direction A, such that, in
the preassembly configuration of the closure device 1,
the lower part of the shank 301 of the closure cap 3’
penetrates inside the mouth 5 of the bottle 7. In this con-
figuration the through opening 302 in the cap 3’ ensures
the formation of the slit 30, between the shank 301 and
the upper part of the neck 11 of the bottle 7, adapted for
allowing the passage of air inside the bottle 7, towards
the outside.

[0070] In the preassembly configuration the closure
cap 3 is just partially inserted with its shank 301 in the
neck 11 of the bottle 7 or due to the presence of the
above-described protrusions 45, which retain the cap 3’
in a predefined position inside the preassembled closure
assembly 2, or due to the interference between the walls
of the neck 11 of the bottle 7 and the shank 301 itself, or
even due to a combination of both the above-mentioned
features.
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[0071] In a variant of the closure device 1, illustrated
in figures 8, 9 and 9a, the closure cap 3 can be a closure
cap 3" for injectable or perfusion products also compris-
ing an upper disk-shaped portion 300, and a lower hollow
shank 301.

[0072] As particularly illustrated in figure 8, in the clos-
ing configuration of the closure device 1, the upper disk-
shaped portion 300 of the closure cap 3" is adapted for
closing the mouth 5 of the bottle 7.

[0073] As illustrated in figure 9, the lower shank 301
has a length, in the axial direction A, such that, in the
preassembly configuration of the closure device 1, the
lower part of the shank 301 of the closure cap 3" remains
spaced from the mouth 5 of the bottle 7. In this configu-
ration the slit 30 is defined in the space separating the
lower portion of the shank 301 of the cap 3" and the upper
portion of the mouth 5 of the bottle 7.

[0074] Inthis case, means for retaining the closure cap
3" towards the top of the inner capsule 9 are provided,
such as for example the above-described protrusions 45,
to ensure that, in the assembly configuration, the cap 3”
remains raised with respect to the mouth 5 of the bottle
7, so as to allow air to be extracted from the internal
volume 70 of the bottle 7, during the lyophilization step.
[0075] The operation of the closure device, particularly
for bottles of lyophilized products, is apparentand evident
from the above-described.

[0076] In particular, the closure device 1 consists of
two capsules 9 and 15 which can be reciprocally fixedly
fitted to each other, during the steps of producing the
same, indeed being such two capsules 9, 15 abletoreach
the line for packaging lyophilized products being already
assembled in a single preassembled closure assembly
2. This is possible as in the closure device 1 channels
90 for passing air are provided, which allow to extract air
from the internal volume 70 of the bottle, in order to lyophi-
lize the product contained therein, when the preassem-
bled closure assembly 2 is placed, with their tabs 29, on
the upper edge of the mouth 5 of the bottle 7.

[0077] Once air is extracted from the bottle 7 and the
product contained therein is thus lyophilized, the preas-
sembled closure assembly 2 on the neck 11 of the bottle
7 can be tightened, accordingly retaining to seal the clo-
sure cap 3 on the mouth 5 of the bottle 7.

[0078] Aswellasinner capsule 9 and outertab 15 can
be handled as a single body, the closure cap 3 can also
be retained, with interference, inside the preassembled
closure assembly 2. In this way, all the three components
of the closure device 1 can be handled as a single body.
[0079] It was practically found that the closure device,
particularly for bottles of lyophilized products, according
to the present finding, performs the task as well as the
prefixed objects, as the assembly of outer tab, inner cap-
sule and closure body can be applied, as a single body,
in a single step, to the bottle, and tightened thereon, after
lyophilizing the content thereof, by extracting air. The ap-
plication of the above-mentioned assembly can be further
performed in a totally automatized manner.
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[0080] Another advantage of the invention consists in
being entirely made of a plastic-type material and being
pressure-appliable on the bottles, without generating
powders incompatible with hygiene and sterility require-
ments of the product contained in the bottle itself, as in-
stead occurs in the case of closure systems made atleast
partially of aluminium.

[0081] A further advantage of the closure device con-
sists in being made in a minimum number of pieces, i.e.,
outer tab, inner capsule, and closure cap, being easy to
be assembled to each other and easy to be transported
and handled as a single body.

[0082] The factthatthe number of distinct components
ofthe closure system is minimized makes both producing
the closure system and assembling it on the bottle cheap-
er and quicker. In particular, the fact that the closure de-
vice can be handled as a single body and meanwhile is
configured to allow the air to be extracted as required for
performing the step of lyophilizing the product in the bottle
remarkably simplifies the process of packaging bottles
of lyophilized products. Indeed, positioning the closure
device resting on the mouth of the bottle, extracting air
from the bottle, and pressure-tightening the closure de-
vice on the mouth of the bottle is sufficient.

[0083] Another advantage of the closure device con-
sists in that it drastically reduces the problems arising
from losing one or more components when packaging
bottles of lyophilized products, or from incorrectly posi-
tioning a component with respect to the other, being the
three components of the closure device already pre-as-
sembled to each other.

[0084] The closure device, particularly for bottles of
lyophilized products, thus conceived is susceptible to a
number of modifications and variants, all falling within
the scope of the inventive concept.

[0085] Furthermore, all the details can be replaced by
other technically equivalent elements.

[0086] In practice, the used materials, as long as com-
patible with the specific use, as well as dimensions and
contingent forms, can be any depending on the require-
ments.

Claims

1. Closure device (1), particularly for bottles of lyophi-
lized products, comprising:

- a perforable closure cap (3), adapted for clos-
ing the mouth (5) of a bottle (7);

- an inner capsule (9), fittable at least on said
closure cap (3), comprising an upper portion (93)
in which an opening (13) adapted for allowing
access to said closure cap (3) is present, and a
side wall (94) comprising a plurality of elastically
deformable tabs (29) protruding radially towards
the inside of said inner capsule (9);

- an outer capsule (15) fittable on said inner cap-
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sule (9) and comprising an upper portion (17),
at least partially removable, adapted for closing
said opening (13) of said inner capsule (9);

said closure device (1) having a closing con-
figuration wherein said outer capsule (15)
is fixedly fitted to said inner capsule (9), said
inner capsule (9) is fitted to the neck (11) of
said bottle (7) and said tabs (29) engage at
the bottom with the lip (31) of said bottle (7)
so as to retain said closure cap (3) in a clos-
ing configuration to seal said mouth (5) of
said bottle (7);

said closure device (1) having a preassem-
bly configuration wherein:

- said inner capsule (9) rests, with said tabs (29),
on the mouth (5) of said bottle (7),

- a slit (30) is present between said closure cap
(3) and said mouth (5) of said bottle (7), adapted
for allowing the passage of air;

characterized in that at least one air pas-
sage channel (90) is obtained in said inner
capsule (9), said channel (90) extending, in
the axial direction (A) towards said opening
(13), beyond said tabs (29),

in said preassembly configuration, said out-
er capsule (15) being fixedly fitted on said
inner capsule (9) to form a preassembled
closure assembly (2) wherein said upper
portion (17) of said outer capsule (15) is in
abutment against said upper portion (93) of
said inner capsule (9), and said at least one
air passage channel (90), putting the inter-
nal volume (70) of said bottle (7)in fluid com-
munication with the external environment
through said slit (30).

Closure device (1) according to claim 1, wherein said
at least one air passage channel (90) has a length
(L), in the axial direction, greater than the thickness
(8), in the axial direction, of said lip (31) of said bottle
(7), in said preassembly configuration, said at least
one air passage channel (90) facing said lip (31) so
that the axial ends (91, 92) of said at least one chan-
nel (90) respectively span across said thickness (S)
of said lip (31).

Closure device (1) according to claim 1 or 2, wherein
said at least one air passage channel (90) is defined
by a recess made in said side wall (94) of said inner
capsule (9).

Closure device (1) according to one or more of the
preceding claims, wherein said at least one air pas-
sage channel (90) is defined by a through opening
(95) obtained in said side wall (94) of said inner cap-
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sule (9).

Closure device (1) according to one or more of the
preceding claims, wherein a plurality of said air pas-
sage channels (90) are obtained in said inner cap-
sule (9), said air passage channels (90) being pref-
erably inter-spaced with said tabs (29).

Closure device (1) according to one or more of the
preceding claims, wherein said outer capsule (15)
comprises a side wall (151) comprising at least one
rib (35) protruding radially towards the inside of said
outer capsule (15) configured to engage in a corre-
sponding seat (37) obtained on the outer surface of
the side wall (94) of said inner capsule (9), said at
least one rib (35) engaging in said corresponding
seat (37)when said outer capsule (15) is fixedly fitted
on said inner capsule (9).

Closure device (1) according to one or more of the
preceding claims, wherein said inner capsule (9)
comprises one or more protrusions (45) protruding
radially towards the inside of said inner capsule (9)
configured to retain, with interference, the closure
cap (3) inside said inner capsule (9).

Closure device (1) according to claim 7 wherein said
one or more protrusions (45) are formed in proximity
of the top of said inner capsule (9) and are adapted
for retaining said closure cap (3) inside said inner
capsule (9) so that the upper surface of said closure
cap (3) abuts against said upper portion (93) of said
inner capsule (9).

Process for closing a bottle of lyophilized products,
by means of a closure device (1) according to one
or more of the preceding claims, comprising the
steps of:

(a) providing a closure cap (3), and an outer cap-
sule (15) fixedly fitted to an inner capsule (9),
said outer capsule (15) fitted to said inner cap-
sule (9) defining a preassembled closure as-
sembly (2) wherein said upper portion (17) of
said outer capsule (15) abuts against said upper
portion (93) of said inner capsule (9), said pre-
assembled closure assembly (2) being adapted
to house said closure cap (3);

(b) placing said preassembled closure assembly
(2) and said closure cap (3) on the mouth (5) of
a bottle (7) containing a product to be lyophi-
lized;

(c) extracting the air contained in said bottle (7)
to lyophilize said product to be lyophilized;

(d) tightening said preassembled closure as-
sembly (2) and said closure cap (3) on the mouth
(5) of said bottle (7).
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10. Process for closing a bottle of lyophilized products,

according to the preceding claim, wherein, at least
in said step (a), said closure cap (3) is inserted in
said preassembled closure assembly (2) and held
there by means of one or more protrusions (45) pro-
truding radially towards the inside of said inner cap-
sule (9).
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