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“PREFORM MOLD COMPONENT”

Field of the invention

The present invention relates to the field of molding preforms for containers made
of thermoplastic material, for example preforms for PET bottles.

The present invention particularly relates to the components of a mold for injection
or injection-compression molding of such preforms.

In greater detail, the invention relates to the superficial features of the surfaces
which delimit the vent passageways between the mold components.

Background art

The preforms of bottles made of thermoplastic material typically are manufactured
by means of an injection molding or injection-compression molding process.

In such processes, a given quantity of melted thermoplastic polymeric material is
injected at a high pressure into a mold, which imparts the shape of the preform.

In particular, a mold for injection or injection-compression molding comprises
certain components which form a molding cavity, defining the outer surface of the
preform.

During the injection, the air in the cavity is pushed by the melted polymer which
enters the mold. The melted polymer increases the temperature and the air
pressure for the whole duration of the filling step. Simultaneously, there is the
formation of condensation caused by the cooling of the mold, and volatile
components are generated due to the degradation of the injected polymeric
material.

These products may accumulate on the surfaces of the mold, thus compromising
the process, the quality of the molded item and the functionality of the mold.

To obviate the problem, the molds are provided with vents, i.e. passageways for
gases or vapors to leave, provided between one or more components of the mold.
During the injection molding process, such vents tend to get dirty over time,
whereby the gases are obstructed from leaving.

In greater detail, the thermal gradient between polymer and mold surface usually
is high so as to reduce the cycle time and increase the process productivity.
Keeping the surfaces of the molds at low temperatures however results in the
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formation of condensation on the cold surfaces of the mold. Moreover, volatile
components are formed from the melted plastic material, in particular from the
PET (polyethylene terephthalate), such as water vapor and carbon monoxide
(CO2), cyclic aldehydes and oligomers resulting from the degradation of the
polymer chains.

These products may quickly condensate and be deposited on the cold surfaces
delimiting the vents, thus dirtying and obstructing them.

In the case of injection molding preforms, the vents are in general passageways
obtained between the coupling surfaces between the parts forming the mold. The
thickness, i.e. the passageway gap, of the vents is in the range of a few
hundredths of a millimeter in order to prevent the generation of overfill on the
molded component and material leaving the mold cavity in the injection step.

The phenomenon of the accumulation of dirt on the walls of the vents is not
immediate, rather worsens slowly, resulting in the progressive obstruction of the
vent passageways after thousands or tens of thousands of working cycles, which
in most cases means a period between a few days and a week.

An incorrect and failed evacuation of the gases from the molding cavity may result
in a large number of defects of the molded parts, such as for example, the
generation of overfill, deformities in the final dimensions of the manufactured
product and the appearance of aesthetical imperfections.

The trapping of the gases in the cavity due to the obstruction of the vents in the
long run may induce the damage of the molding surfaces of the mold components.
In industrial practice, there is a need to stop the production process and clean the
vents by means of manual operations. Within the context of the injection molding
of preforms, which is marked by increased productivity, low cycle time and broad
life span for the mold, operations of this type, in addition to the scheduled
maintenance of the mold, result in a significant increase in costs,.

Therefore, the need is felt to overcome the drawbacks owing to the obstruction or
reduction in section of the vent passageways.

Summary of the invention

It is an object of the present invention to minimize the deposit of material on at

least one surface which delimits at least one vent passageway of a component of
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a preform mold.

It is another object of the present invention to provide a component of a mold
which allows the productivity of the preform production process to be increased.
The present invention achieves at least one of such objects, and other objects
which will become apparent in light of the present description, by means of a
component of a mold for molding preforms made of thermoplastic material,
comprising at least a first part and at least a second part adapted to mold part of
the outer surface of a preform, wherein when the first part and the second part are
assembled to each other, at least one first surface of the first part and at least one
second surface of the second part face each other and are spaced apart from
each other, thus delimiting a first passage for gases or vapors to leave the mold;
and wherein at least one of said first surface and said second surface comprises
laser-induced periodic surface structures (LIPSSs).

Said laser-induced periodic surface structures (LIPSSs) preferably comprise or
consist of a plurality of crests and a plurality of channels. The LIPSSs may also
have another shape. For example, the LIPSSs may comprise or consists of a
plurality of pillars, or comprise or consist of a plurality of scales, or comprise or
consist of two or more, for example two or three, of the shapes mentioned above,
i.e. crests, pillars and scales.

When the LIPSSs comprise or consist of said crests and said channels, the
LIPSSs are also referred to as ripples.

In particular, the LIPSSs preferably consist of a plurality of crests alternated with a
plurality of channels (or troughs), or in other terms, the crests and channels are
alternated with one another. Each channel is preferably defined between two
crests.

The crests and channels advantageously decrease the wettability of the surface.
The inventors have discovered that advantageously there is a substantially linear
correlation between the values of static contact angle 6 (indicative of the wettability
of the surface) and the quantity of material which is deposited on the surface.

In particular, it has been noted that more hydrophobic surfaces (provided with
LIPSSs, for example provided with crests and troughs) tend to get less dirty.
Preferably, the values of static contact angle of the surfaces provided with LIPSSs,
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with crests and channels in particular, are of at least 70°, preferably of at least 90°,
for example between 70°and 150°, or between 70°and 130°, or between 90°and
150°, or between 90° and 130°, or between 70° and 90°, or between 130° and
150°. Since the surfaces get less dirty, the production stops for performing the
cleaning on such surfaces advantageously are much less frequent with respect to
the prior art.

The plurality of crests and the plurality of channels are preferably substantially
oriented in the same direction.

In particular, the crests are longitudinal projections which substantially, or mainly,
extend parallel to one another.

Preferably, such a direction is substantially transverse, preferably substantially
orthogonal, to the axis about which the molding surface of the component extends,
i.e. the surface intended to come into contact with the thermoplastic polymer
material and which gives the outer shape to the preform. With reference to the
preform molded in the mold, said axis substantially is the middle axis of the
preform which passes through the opening of the neck of the preform.

The best results in terms of reduction of quantity of dirt deposited on the surface
are obtained when such a direction is substantially orthogonal to said axis, for
example when such a direction is substantially radial with respect to said axis.
Thereby, said direction is substantially parallel to the flow of gases leaving the
mold, in particular to the flow of gases pushed by the polymer during the injection
step.

The surfaces on which the crests and channels are present are preferably ground
before making the LIPSSs, e.g. of the crests and channels.

The grinding direction is preferably substantially parallel to the orientation direction
of the crests and of the channels.

Both the grinding direction and the orientation direction of the crests and of the
channels are preferably substantially orthogonal to the axis about which the
molding surface of the component extends.

When the grinding direction, the orientation direction of the crests and channels,
and the flow direction are substantially parallel to one another, it has been
experimentally noted that about 30% less material is deposited on the surface with
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respect to a surface which is only ground parallel to the direction of the gas flow.
The laser-induced periodic surface structures (LIPSSs) are preferably substantially
linear, i.e. substantially rectilinear, or wavy, in particular along the orientation
direction thereof.

In the present description, the terms “substantially” and “mainly” are used with
reference to certain features of the LIPSSs.

The use of such terms is justified by reasons associated with the production
technology of such structures, which the skilled expert is capable of
understanding.

Such LIPSSs are preferably, but not exclusively, obtained by means of a process
referred to as nonlinear laser lithography (NLL), in particular with pulsating laser
sources with pulses preferably lasting in the order of femtosecond or picosecond.
This process allows production rates of different hundreds of square millimeters
per minute to be obtained, which are very high with respect to other treatments on
a nanometric scale and suitable for industrial applications. Moreover, this process
allows surface structures to be obtained having smaller dimensions than the focus
radius of the laser itself.

The part comprising the surface on which the LIPSSs are to be provided is
preferably arranged on a moving table adapted to move with respect to a head
from which a laser beam leaves. Means for focusing the laser beam are preferably
provided upstream of the head. The laser beam is deflected by means of a
deflector. The laser beam forms a spot and hits the surface, thus generating the
LIPSSs.

For example, the laser source may be of the “Coherent HyperRapid NX” type,
operating at a fundamental mode at 1064 nm with pulse duration of about 8 ps.
The deflector may be a “Raylase Focusshifter CS” scanner for example, provided
with a lens with 160 mm focal length.

According to another aspect, the invention comprises a process according to claim
11, comprising at least the step of irradiating at least one surface of at least one
part of the component by means of a laser beam emitted by a laser source to
produce said laser-induced periodic surface structures (LIPSSs).

Ultrashort laser pulses are preferably used in the process, for example pulses
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having a duration between 1 and 10 ps, preferably between 7 and 9 ps, for
example about 8 ps, the end values of said ranges being preferably included.

The surface on which the LIPSSs are to be provided, for example the crests and
channels, first is preferably ground and then irradiated. The grinding direction and
the orientation direction of the crests and channels are preferably substantially
parallel to one another.

The invention also relates to a mold according to claim 10.

Further features and advantages of the invention will become more apparent in
light of the detailed description of non-exclusive embodiments.

The dependent claims describe particular embodiments of the invention.

Brief description of the drawings

In the description of the invention, reference is made to the accompanying
drawings, which are provided by way of a non-limiting example, in which:

Fig. 1 shows a perspective view of two parts of a component of a mold according
to the invention;

Fig. 1A shows an enlarged detail of Fig. 1;

Fig. 1B shows another enlarged detail of Fig. 1;

Fig. 2 shows a top view of certain parts of a mold according to the invention;

Fig. 3 shows section B-B of Fig. 2;

Fig. 4 shows section C-C of Fig. 3;

Fig. 4A shows an enlarged detail of Fig. 4;

Fig. 4B shows an enlarged detail of Fig. 4;

Fig. 4C shows an enlarged detail of Fig. 4;

Fig. 5 shows the profile of an example of LIPSSs;

Fig. 6 shows the profile of another example of LIPSSs, such a profile being
obtained by means of an atomic force microscope (AFM);

Fig. 7A shows an image of an example of LIPSSs obtained by means of a
scanning electron microscope (SEM);

Fig. 7B shows an enlargement of Fig. 7A;

Fig. 7C shows an image of another example of LIPSSs obtained by means of a
scanning electron microscope (SEM).

The same elements or components have the same reference numeral.
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Description of embodiments of the invention

A component of a mold for molding preforms made of thermoplastic material (e.g.
PET) according to the invention comprises a part 10 and a part 20 adapted to
mold part of the outer surface of a preform, wherein when part 10 and part 20 are
assembled to each other, at least one surface 11 of part 10 and at least one
surface 21 of part 20 face each other and are spaced apart from each other, thus
delimiting a passageway for gases or vapors to leave the mold;

and wherein at least one of said surface 11 and said surface 21 comprises laser-
induced periodic surface structures (LIPSSs), in particular a plurality of crests 101
and a plurality of channels 102 (Figures 5 to 7C).

The component, including the parts 10, 20 thereof, is preferably made of a metal
material or metal alloy adapted to injection molding, for example made of steel.
Preferably, the aforesaid component is the component referred to as “neck mold”
or “neck ring” or “neck insert”. This component is configured to mold the outer
surface of the neck of the preform (the latter not illustrated). In particular, the neck
mold comprises a molding surface 13, 23 which is intended to come into contact
with the thermoplastic material to mold the outer surface of the neck of the
preform, including the threaded portion, when provided.

The molding of the neck comprises the two parts 10, 20, which can be assembled
to and disassembled from each other. In order to mold the preform, part 10 and
part 20 are assembled to each other. Each part 10, 20 is provided with a
respective molding surface 13, 23. When part 10 and part 20 are assembled to
each other, the molding surfaces 13, 23 substantially extend about an axis X.

Part 10 and part 20 are preferably substantially similar or equal to each other,
apart from the portion of molding surface 13, 23 which serves to mold the
threading (when provided) of the preform, which may be positioned in different
manner in the two parts 10, 20, as the skilled expert may understand.

The molding surface 13 of the part 10 has two end sides from which a respective
surface 11, 12 extends. Preferably, surface 11 and surface 12 are opposite to
each other with respect axis X. The surfaces 11, 12 preferably form a corner with
the molding surface 13. The surfaces 11, 12 are not intended to come into contact

with the thermoplastic material. In other words, the possible deposit of
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thermoplastic material on the surfaces 11, 12 is undesired. The outline of surface
11 and surface 12 which is close to the molding surface 13 preferably comprises a
bight 111c at the portion which molds the support ring of the preform, and a series
of bights 111d at the threading (when provided) of the preform. Part 20 comprises
surfaces 21, 22 similar to surfaces 11, 12.

As noted in Figures 1A and 1B, a projection 111a, 111b preferably extends from
each end, in particular from each axial end, of surface 11 and similarly, from
surface 12. The projections 111a, 111b have a much smaller extension, parallel to
axis X, with respect to the extension of surface 11, 12 parallel to axis X.

A recessed surface 15 (or recess), in particular recessed with respect to surface
11, is provided adjacent to surface 11. Similarly, a recessed surface 16 is provided
adjacent to surface 12.

The recessed surface 15, 16 is preferably placed by the side of surface 11, 12
substantially over the whole extension thereof along axis X.

Preferably, the recessed surface 15, 16 is concave towards a similar surface of
part 20. Preferably, the difference in level between surface 11, 12 and the
maximum depth of the recessed surface 15, 16 is between 0.5 and 2 mm.

The recessed surfaces 15, 16 preferably extend up to the upper surface and the
lower surface of part 10, whereby such upper and lower surfaces each have a
bight 151, 153 at each recessed surface 15, 16.

An abutment surface 17 adapted to come into contact with a corresponding
abutment surface of part 20, is provided adjacent to the recessed surface 15.
Similarly, an abutment surface 18 adapted to come into contact with a
corresponding abutment surface of part 20, is provided adjacent to the recessed
surface 16.

There is a difference in level, preferably between 0.01 and 0.1 mm, between the
abutment surface 17 and surface 11, and between the abutment surface 18 and
surface 12.

The abutment surface 17 comprises one or more recesses, for example two
recesses 17a, 17b, which in particular branch off transversely from the recessed
surface 15. Similarly, the abutment surface 18 comprises one or more recesses,

for example two recesses 18a, 18b, which in particular branch off transversely
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from the recessed surface 16. The recesses 17a, 17b, 18a, 18b also are portions
of recessed surfaces.

When part 10 and part 20 are assembled to each other, the result is:

- each abutment surface 17, 18 of part 10 abuts with a respective abutment
surface of part 20;

- each surface 11, 12 of part 10 faces, and is spaced apart from, a respective
surface 21, 22 of part 20 so that each pair of surfaces, i.e. pair 11, 21 and pair 12,
22, delimits a passageway or channel, i.e. a gap, for the gases or vapors to leave
the mold;

- each recessed surface 15, 16 of part 10 faces, and is spaced apart from, a
respective recessed surface 15, 16 of part 20;

- each recess 17a, 17b, 18a, 18b of the first part 10 faces, and is spaced apart, a
respective recess (not shown in the drawings) of part 20. In particular, the
recesses 17a, 17b, 18a, 18b serve to put the surfaces 15, 16 into communication
with the atmosphere, or more in general, with the inside of the mold of the neck.
Thus, with particular reference to Fig. 4A, there can be a passage of gases or
vapors which passes through the passageway delimited by the pairs of surfaces
11, 21 and 12, 22 (arrows F). The flow of gases or vapors is then channeled into
the channel system formed by the recesses 15, 16 and the recesses 17a, 17b,
18a, 18b of the two parts 10, 20. The flow of gases or vapors leaves from the
channels formed by the recesses 17a and 17b of the two parts 10, 20 and from the
channels 18a, 18b of the two parts 10, 20, to the outside of the mold of the neck
(arrows F1, F2, F3, F4).

The distance between the recessed surfaces 15 of the two parts 10, 20, the
distance between the recessed surfaces 16 of the two parts 10, 20, the distance
between the recesses 17a, 17b of the two parts 10, 20 and the distance between
the recesses 18a, 18b of the two parts 10, 20 preferably are each in a range from
0.2to 2.5 mm.

The distance, in particular the minimum distance, between surface 11 and surface
21 and between surface 12 and surface 22 preferably is in a range from 0.01 mm
to 0.1 mm, preferably from 0.02 mm to 0.06 mm, said distance preferably being
constant or substantially constant.
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This range allows the gases or vapors to leave and prevents thermoplastic
material from leaving.

At least one of surface 11, surface 12, surface 21 and surface 22 is provided with
LIPSSs, preferably with a plurality of crests 101 and a plurality of channels 102
(Figures 5 to 7C).

For example, all the surfaces 11, 12, 21, 22 can be provided with a plurality of
crests 101 and a plurality of channels 102; or for example, only surfaces 11, 12 of
part 10 can be provided with crests 101 and channels 102, or other combinations.
Advantageously, the plurality of crests 101 and channels 102 significantly reduces
the deposit of dirt on the respective surface of which the wettability is, in particular,
decreased. Advantageously, the presence of the LIPSSs does not substantially
alter the section through which the gases and vapors pass, in particular at the
micrometric level.

In addition to the vent passageways which were described, the mold may
optionally also comprise further vent passageways.

For example, with particular reference to Figures 4 and 4C, a passageway 41 may
be provided, preferably an annular passageway about axis X, for gases or vapors,
delimited by a portion 42 (Fig. 1A) of the upper surface of part 10 and/or of part 20
and by the component of the mold which is known in the field as core holder 40.
Preferably, the aforesaid portion 42 is an annular portion and faces, and is spaced
apart from, a surface 44 of the core holder 40.

At least one, for example both, of the aforesaid portion of surface 42 and surface
44 of the core holder 40 may optionally be provided with LIPSSs, for example with
a plurality of crests 101 and a plurality of channels 102.

The distance, in particular the minimum distance, between the portion of surface
42 and surface 44 preferably is in a range from 0.01 to 0.1 mm.

The portion of surface 42 and surface 44 are not intended to come into contact
with the thermoplastic material.

Passageway 41 leads into a channel 43, preferably an annular channel about axis
X, which in turn communicates with the recessed surface 15 and/or with the
recessed surface 16.

A further passageway 51, preferably an annular passageway, which may
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optionally be provided, is delimited by the core holder 40 and by the component
which in the field is known as core 50, or elongated core, which has a portion
adapted to mold the inner surface of the preform.

In particular, passageway 51 is delimited by the portion of surface 45 of the core
holder 40 and by the portion of surface 55 of core 50, which face and are spaced
apart from each other.

The distance, in particular the minimum distance, between the portions of surface
45, 55 preferably is in a range from 0.01 mm to 0.1 mm.

The portions of surfaces 45, 55 are not intended to come into contact with the
thermoplastic material.

Preferably, at least one, for example both, of the portion of surface 45 of the core
holder 40, and the portion of surface 55 of core 50 is provided with LIPSSs, for
example with a plurality of crests 101 and a plurality of channels 102.

Passageway 51 communicates with another passageway 53 which leads outside
the mold.

For all surfaces on which they are provided, the LIPSSs preferably comprise or are
formed by said plurality of crests 101 and said plurality of channels 102.

The whole surface or one or more parts of said surfaces may be provided with
said LIPSSs, for example with said plurality of crests 101 and channels 102.
Figures 7A and 7C show a top plan view of two examples of the aspect of the
LIPSSs. Fig. 5 depicts a profile of an example of LIPSSs, and Fig. 6 shows the
profile of another example of LIPSSs, such a profile being obtained by means of
an atomic force microscope (AFM).

In particular, the profiles in Figures 5 and 6 are the profiles on a plane
perpendicular to the orientation direction of the LIPSSs (also referred to as the first
direction for descriptive purposes).

Said plurality of crests 101 and said plurality of channels 102 are preferably
substantially oriented in the same first direction.

Said first direction is preferably transverse, preferably orthogonal, to the axis about
which the molding surface 13, 23 of the component extends.

In particular, it is preferable that the first direction is substantially parallel to the
direction of the flow of gases or vapors leaving the mold. For example, said first
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direction is substantially parallel to the arrows F in Fig. 4A, which are
representative of the direction of the flow of gases or vapors.

The crests 101 are alternated by channels 102, or at least most of the crests 101
are alternated by the channels 102.

The crests 101 and the channels 102 are substantially parallel to one another, or
in other words, are substantially, or mainly, oriented longitudinally along the same
direction, i.e. the aforesaid first direction.

The crests 101 and the channels 102 are substantially rectilinear or may
substantially be wavy lines along the first direction.

The length of the crests 101 and of the channels 102 along the first direction is
much greater with respect to the height “h” thereof and the width thereof.

The crests 101 protrude with respect to the channels 102. In particular, the height
of the crests 101 is in a range from 100 to 500 nm, or from 100 to 350 nm, said
height preferably having a constant value with a tolerance of £50 nm.

Such a height is the distance between the bottom of the channels 102 and the top
of the crests 101.

When the LIPSSs have a different shape with respect to the crests and channels,
such a height is preferably measured from the bottom of the surface from which
the LIPSSs extend.

Preferably, but not exclusively, the top of the crests 101 is curved, for example
rounded, a feature which increases the hydrophobicity (lesser wettability) of the
surface.

Period “n” between the crests 101 of said plurality of crests, is less than 1000 nm,
preferably in a range from 300 to 1000 nm, or from 400 to 900 nm, or from 500 to
800 nm, or from 600 to 700 nm. Said period n preferably has a constant value with
a tolerance of £50 nm.

Preferably, period “n” substantially corresponds to the pitch of the crests 101,
which is the distance between corresponding or substantially corresponding points
of two consecutive crests 101 along a second direction which is substantially
perpendicular to the first direction.

Preferably, but not exclusively, the average roughness of the ground surface on
which the LIPSSs may be produced is between 0.30 and 0.35 um.
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Such an average roughness is also indicated in the field as “Sa”.

The features of the LIPSSs may be measured for example, by means of an optical
profilometer preferably in confocal mode; and/or by means of a scanning electron
microscope (SEM); and/or by means of an atomic force microscope (AFM).
Preferably, but not exclusively, the average values of the dispersion of the angle of
orientation with respect to the first direction, are between 0 and 45°, preferably
between 0 and 30°, more preferably between 0 and 26°.

Preferably, but not exclusively, the LIPSSs are low spatial frequency LIPSSs (also
referred to as LSFLs). In particular, the low spatial frequency LIPSSs have a pitch
“n” which is less than the wavelength A of the laser with which they are generated.
Typically, but not exclusively, such a pitch “n” is between A2 and A.

Preferably, but not exclusively, the laser wavelength is between 500 and 1100 nm.
According to an aspect, the invention comprises a process for obtaining a
component having at least one surface provided with the LIPSSs, for example
crests 101 and channels 102, the process comprising at least the step of
irradiating at least one surface of at least one part 10, 20 of the component by
means of a laser beam emitted by a laser source for producing said LIPSSs, for
example said plurality of crests 101 and said plurality of channels 102.

Preferably, but not exclusively, the aforesaid process is a non-linear laser
lithography process. Preferably, the laser beam is pulsating, with pulses having a
duration with a value in a range from 1 to 10 ps, preferably from 7 to 9 ps.
Preferably, but not exclusively, the laser power has a value in a range from 16 to
22 W.

Preferably, but not exclusively, the pulse energy is between 16 and 22 uJ.
Preferably, but not exclusively, the frequency of the laser is in a range from 200
kHz to 1 MHz, preferably is of about 1 MHz.

Preferably, but not exclusively, the surface is first ground and then irradiated.
Preferably, the grinding direction is parallel to the orientation direction of the crests
101 and of the channels 102.

An apparatus comprising a laser source and a deflector is used to carry out the
process.

Means for focusing the laser beam are preferably provided upstream of the head
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which emits the laser beam.

During the process, the deflector may conveniently move to irradiate the part, or
the parts, of the component where the LIPSSs are to be provided.

The part comprising the surface on which the LIPSSs are to be provided is
preferably arranged on a moving table adapted to move with respect to a head
from which a laser beam leaves.

Typically, but not exclusively, the orientation direction of the crests is correlated
with the polarization direction of the laser. Typically, but not exclusively, the lying
of the polarization plane is oriented so as to obtain the suitable preferential
orientation direction of the crests.

In particular, the crests 101 are preferably substantially oriented orthogonally to
the polarization direction of the laser light. Moreover, preferably but not
exclusively, the crests 101 are oriented orthogonally to the scanning direction of
the laser, the polarization direction of the light being substantially parallel to the
scanning direction.

By mere way of non-limiting example, the process may be carried out by means of
a “Coherent HyperRapid NX” laser source, operating at a fundamental mode at
1064 nm with pulse duration of about 8 ps.

The deflector may be a “Raylase Focusshifter CS” scanner for example, provided
with a lens with 160 mm focal length.

Preferably, but not exclusively, the diameter of the spot of the laser beam is about
30 pm.

The following table shows the process parameters of two different processes, No.
1 and No. 2, respectively, which are indicated by way of non-limiting example.

No.1 | No.2
Laser power [W] 16 20 or 22
Pulse energy [uJ] 16 20 or 22
Laser pulse duration [ps] = 8 = 8
Laser frequency [MHZz] 1 1
Scanning speed [mm/s] 2500 | 2500
Distance between the scanning lines | 10 10
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[um]

Preferably, but not exclusively the laser wavelength is between 500 and 1100 nm.
Preferably, the laser is capable of generating periodic structures induced with
shorter period than the wavelength of the laser itself.

According to an aspect, the invention relates to a mold for molding preforms made
of thermoplastic material, comprising at least one component having one or more
of the features described above.

Although the present description was made with main reference to the LIPSSs
which comprise or consist of crests and channels, the LIPSSs may also have other
shape. For example, the LIPSSs may comprise or consist of a plurality of pillars, or
comprise or consist of a plurality of scales, or comprise or consist of two or more,
for example two or three, of the shapes mentioned above, i.e. crests, pillars and

scales.
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CLAIMS

1. A component of a mold for molding preforms made of thermoplastic material,
comprising

at least a first part (10) and at least a second part (20) adapted to mold part of the
outer surface of a preform,

wherein when the first part (10) and the second part (20) are assembled to each
other, at least one first surface (11) of the first part (10) and at least one second
surface (21) of the second part (20) face each other and are spaced apart from
each other, thus delimiting a first passage for gases or vapors to leave the mold;
and wherein at least one of said first surface (11) and said second surface (21)
comprises laser-induced periodic surface structures (LIPSSs).

2. A component according to claim 1, wherein said laser-induced periodic surface
structures (LIPSSs) comprise a plurality of crests (101) and a plurality of channels
(102).

3. A component according to claim 2, wherein said plurality of crests (101) and
said plurality of channels (102) are oriented substantially in the same direction;
preferably wherein said direction is transverse, preferably orthogonal, to the axis
(X) about which the molding surface (13, 23) of the component extends.

4. A component according to any one of the preceding claims, wherein the period
(n) between said laser-induced periodic structures, in particular between the crests
(101) of said plurality of crests, is less than 1000 nm, preferably said period (n) is
in a range from 300 to 1000 nm, or from 400 to 900 nm, or from 500 to 800 nm, or
from 600 to 700 nm; preferably, wherein said period (n) has a constant value with
a tolerance of £50 nm.

5. A component according to any one of the preceding claims, wherein the height
of said laser-induced periodic structures, in particular of the crests (101) of said
plurality of crests, is in a range from 100 to 500 nm, or from 100 to 350 nm, said
height preferably having a constant value with a tolerance of £50 nm.

6. A component according to any one of the preceding claims, wherein the
distance between said first surface (11) and said second surface (21) is in a range
from 0.01 to 0.1 mm, preferably in a range from 0.02 mm to 0.06 mm.

7. A component according to any one of the preceding claims, wherein said
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component is configured to mold the outer surface of the neck of a preform;
preferably, wherein the first part (10) comprises a third surface (12) and the
second part (20) comprises a fourth surface (22),

wherein, when the first part (10) and the second part (20) are assembled to each
other, said third surface (12) and said fourth surface (22) face each other and are
spaced apart from each other, thus delimiting a second passage for gases or
vapors to leave the mold;

and wherein at least one of said third surface (12) and said fourth surface (22)
comprises laser-induced periodic surface structures (LIPSSs), preferably a
plurality of crests (101) and a plurality of channels (102).

8. A component according to any one of the preceding claims, comprising a core
holder (40);

wherein, when the core holder (40) is assembled with the first part (10) and the
second part (20), a third passage (41) for gases or vapors to leave the mold is
provided between the core holder (40) and the first part (10) and between the core
holder (40) and the second part (20), said third passage (41) being delimited by a
fifth surface (44) of the core holder (40), by a sixth surface (42) of the first part
(10), and by a seventh surface of the second part (20), and wherein at least one of
said fifth surface (44), said sixth surface (42) and said seventh surface is provided
with laser-induced periodic surface structures (LIPSSs), preferably with a plurality
of crests (101) and a plurality of channels (102).

9. A component according to any one of the preceding claims, comprising a core
holder (40) and a core (50);

wherein, when the core holder (40) is assembled with the core (50), a fourth
passage (51) for gases or vapors to leave the mold is provided between the core
holder (40) and the core (50), said fourth passage (51) being delimited by an
eighth surface (45) of the core holder (40) and by a ninth surface (55) of the core
(50), and wherein at least one of said eighth surface (45) and said ninth surface
(55) is provided with laser-induced periodic surface structures (LIPSSs), preferably
with a plurality of crests (101) and a plurality of channels (102).

10. A mold for preforms comprising a component according to any one of the
preceding claims.
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11. A process for obtaining a component according to any one of claims 1 to 9,
comprising at least the step of

- irradiating at least one surface of at least one part (10, 20) of the component by
means of a laser beam emitted by a laser source to produce said laser-induced
periodic surface structures (LIPSSs); said process preferably being a non-linear
laser lithography process; preferably, wherein the laser beam is pulsating, with
pulses having a duration with a value in a range from 1 to 10 ps, preferably from 7
to 9 ps; a power preferably having a value in a range from 16 to 22 W; and
preferably a frequency in a range from 200 kHz to 1 MHz, preferably of about 1
MHz.

12. A process according to claim 11, wherein said at least one surface is first
ground and then irradiated, preferably wherein the grinding direction is parallel to
the orientation direction of the laser-induced periodic surface structures (LIPSSs),

in particular of the crests (101) and the channels (102).
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