Method for Producing & Structure and Product Produced by the Method

The invention relates to a method for producing at least one structure by means of laser
action on at least one wall element of a container wall of a plastic container product that
is preferably produced by means of a blow-molding, filling and sealing process. The |

invention further relates to a product produced by the method, in particular in the form of

a container of this kind.

Apparatuses and methods for the production of hollow containers made out of plastic,
such as ampules, are prior art in a plurality of embodiments and are widely used in
packaging systems for liquid or paste-like products, for example in conjunction with the
known bottelpack® system. A comparable blow-molding, filling and sealing process for
producing receptacles, such as containers- or ampuiles, is disclosed, for example, in EP 0

359 971 B1.

It is also prior art to provide container products produced in this manner with an external
structure, In this respect, DE 103 28 198 A1 discloses an embossing method, in which a
corresponding structure is produced through embossing on the container product or on a
separable component thereof, wherein the embossed structure, which is thereby
produced by a depression, forms an identifying marker representing the characteristic
data of the plastic container. In particular, this may take the form of code numbers, which

may provide information about the



location and date of production, as well as the type and quantity of the respective
contents of the container, among other things, including any expiration dates for the

contents of the container.

This characteristic data may also be provided in an unencrypted format in order to inform
the end user base. To that end, the characteristic data takes the form of alphanumeric
characters or lefters. Characteristic data of this kind is preferably applied direcily to the
container preduct in areas that include the interior of the container product with the fluid
or other medium thereof. In this case, the embaossing processes should be undertaken
with care in order to avoid puncturing the container product during the embossing '
process, which could lead to the contents of the container becoming unusable.

US 3,627,858 A describes a method for producing a foam-iike surface region on a
thermoplastic wall of a piastic article from the group of polystyrenes, polyamides and the
like, wherein the plastic component is first steeped in a medium and subsequently locally
heated by a CO; laser having a wavelength of 10.6 um in order to form a foam-like
region on the plastic component, which in such a way, can form a structurally introduced

identifying marker.

DE 196 45 871 A1 describes a method for the production of molds, wherein at least two
differently colored plastic granules are mechanically mixed, for example by means of a
hot pressing method or injection molding with two more compenents, wherein a laser
inscription is subsequently applied by "vaporizing” the plastic material in the region of the

lettering.

The known methods for introducing a structure in a plastic component still leave
something to be desired with regard {o the shortness of the duration of the method, as

well as



the precision and the recognizable clarity of the structure that is to be produced.

Starting with this prior ari, the object of the invention is to provide a method for producing
appropriate structures in plastic container products of this kind that can be performed in
a particularly simple and reliable manner, and that results in clearly formed, recognizable
structures. A further object of the invention is to produce a product having the
appropriate structures, which preferably can be produced by means of the method

according to the invention.

These objects are achieved by a method, as well as a product, having the features of

claim 1 in its entirety, or the features of claim 10, respectively.

The invention provides for the respective structure that is to be produced to be
infroduced as a linear depression in a wall element of a plastic wall by means of the

laser action, taking into account at |east the

— laser power,

— exposure time of the laser,

— type of plastic material and

— type of structure that is desired,

in such a way that this depression is bordered by a projection along the edge following
the linear depression, said projection being produced at least in part under the influence

of the inherent material tension of the plastic material.

Therefore a depression having a wave-shape when viewed in cross section is formed in
the container wall, which is bordered on both sides by projections that extend linearly

with respect {o the remaining container wall. Here, there is



a displacement of the material while forming the depression in the direction of the linear
projection formed thereby. The container wall made out of a plastic material is heated
locally by means of the laser action, and without cutting through plastic fibers or
molecular chains of this kind in the region of the linear depression, and also without the
plastic material being essentially vaporized in the region of the depression the laser
action, the heated plastic material is displaced outward at the edges under the action of
the laser so that when viewed in cross-séction, a kind of wave forms, having a central
wave trough and wave crests adjoining on the edges. The displacement of the plastic
materials in the direction of the linear projections or wave crests is effected under the
influence of the inherent material tension of the plastic material heated to this extent,
wherein capillary and/or surface tension effects may likewise play a role.

For the dverage person skilled in the art in the field of utilizing laser technology with
plastic materials, it is surprising that, without having to foam up plastic material with a
laser as shown in the prior art (US 3,627,858 A), and without needing to essentially
vaporize the plastic material (DE 196 45 871 A1), he is able fo arrive at structures that,
when viewed in terms of the linear projections, consistentty protrude with respect to the
remaining wall elements of the container wall, and that he achieves vastiy improved
results in terms of producing the structure, which in this respect, also protrudes from the
respective container such that it is clearly visible and can clearly be felt.

Since the product with which the container is o be filled may be a sensitive liquid
medication, which may need to be filled under sterile clean-room conditions and apart
from this in this respect, may react sensitively to atmospheric oxygen, in particular in
terms of the lifespan thereof, the method according to the invention ensures that the

plastic material is not damaged by the laser action,



in particular vaporized or converted into ;the form of bubE[es, and tﬁat the underlying
structure, such as the fibers or molecular chains of the plastic material, are also not
affected, so that despite the production of the structure, the container wall is not
weakened or modified in such a way that an increased quantity of unwanted
atmospheric oxygen or other media that could damage the inside of the container can
unintentionally penetrate the plastic container wall. In order to reliably protect the

. contents of the container, the respective linear depression should not reduce the

thickness of the container wall by more than 50%.

In the case of the method described above, a structure is produced in the container wall
that is clearly externally visible, which, depending on the layout of lines, is suitable for
the formation of letters, numbers, points and also for obtaining Braille lettering.
Furthermore, the respective structure can be used as ribbing on the container wall or a
cap, for example, in order to improve the surface feel. Thus a simple, reliably functioning
and flexible method for producing structures for plastic products of any kind is depicted,

preferably however for container products.

it is particularly advantageous that both the structure produced in the one respective
element, as well as at least the directly adjacent wall elements be formed as a container
wall, which is closed off to the outside environment, extends continuously and is formed
such that it is intrinsically homogeneous and bubble-free. In this way, there can be no
later inclusion of foreign matter in the container wall and the diffusion of particles from
the environment through the container wall is reduced to a minimum so that the contents
of the container, which may already be in the confainer when the structure is produced,
will not become unusable either during the production of the structure, or during

subsequent storage.



It is advantageous that during the laser action, the respective wall element of the
container wall still be heated from the preceding molding process, in particular blow
molding processes. This allows for a fast process sequence and the advantageous
utilization of the heated, and therefore softer, structure of the container wall in producing

the desired wave form,.

The linear depressions can be merged at connection points such as joints or intersection
points, which are externally bordered by the projection along the edge up to the cross-

over point of the respective depression.

It is especially advantageous that the laser intensity for producing the structure be
reduced when the marking speed is reduced or wall elements are irradiated for a second
time. This measure ensures that the respective linear depression is formed having an
approximately uniform depth and in any case, prevents the container wall from being

burned through.

In the region of joints and/or intersection points, at least two linear depressions can he
advantageously disposed, at least in part, parallel to one another, said depressions
bordering a further projection therebetween, which is disposed on the same level oron a
level that differs from that of the leveis of the other projections. This measure allows the
joints and/or intersection points to be easily formed and raised so that they are easily

. vigible. In particular, the laser beam does not need to precisely hit the already produced

depression of the wave structure that has already been applied.

Itis especially advantageous that an additional structure be introduced in the wall
element of the container wall opposite the wall element of the container wall having the
structure and facing the inside of the container, which additional structure follows the

one structure in such way that



a projection is applied or introduced respectively af the location. This represents a
supportive reinforcement and a standardization of the container wall in the sense of the

desired homogenization.

The respective structure is advantageously produced by a CQO; laser. Within the context:
of the solution according to the invention, it has been shown that lasers of this kind are
especially suited for producing structures in plastic products due to the frequency

specirum and intensity thereof.

It is especially advantageous that the respective structure be introduced by means of
laser action in plastic container products made out of a polyolefin plastic material. In
particular, the structure production described here can also be used for se-called co-
extruded wall elements of receptacles, wherein at least two layer or laminate-type wall
elements come fo lie against one another. Accordingly, an external wall layer of the co-
extruded plastic product can be selected on the material side in such a way that the
structure can be introduced in the relevant wall element in an especially inexpensive and
procedurally reliable manner, wherein at least one subsequent, co-exiruded layer in the
composite preferably comprising another plastic material in the manner of a barrier is
able to prevent the migration of foreign material into the inside of the receptacle. In order
to produce' a structure having a good surface feel and/or legibility, it can be sufficient if,
at the linear depression in the wall element of the container, the linear projection paraliel

to the linear depression only occurs on one wall side, which then, however, requires a

very precise laser application technology.

The invention is éxplained in detail below on the basis of the drawings. Shown are;

Fig. 1 a side view of an ampule-like plastic container provided with an outer

structure in the



Fig.
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form of an inscription according fo the method according to the invention,

without the associated cap element;

a slde view of the container that is rotated 90° with respect to Fig. 1

having a partially cut away cap slement;

a structure produced using the number "4" as an example according to

the number sequence in Fig. 1; and

each in the manner of a photographic representation
- a top view of the structure in Fig. 3 at position A;

- a top view of the structure in Fig. 3 at position B;

- & top view of the struciure in Fig. 3 at position C;

- a partially shown cross section through the structure in Fig. 3 at position
A along the line X-X in Fig. 4;

- a partially shown cross section through the structure in Fig. 3 at position
B along the line Y-Y in Fig. 5; .

- a partially shown cross section through the structure in Fig. 3 at position
C along the line Z-Z in Fig. 6.

A plastic container product or receptacie in the form of a ampule 1 is shown. The ampule
1 has a container body 3, on top of which a neck element 5 is connected, onto which a

cap element is shown in the drawings.



7 can be screwed, which is only shown in Fig. 2. The neck element 5, the cap element 7,
as well as a closure element 9 located at the end of the neck element 5, are formed in
the manner known from DE 10 2005 028 760 A1. Fig. 2 shows the cap element 7 in an
initial position, which corresponds to an ampule 1 in its condition on delivery. As is
known from the aforementioned document, the cap element 7 forms an opening device
when it is further unscrewed in order to release the contents of the ampule for use when

the closure element 9 is penefrated by means of a spike in the cap element 7.

The drawing shows, as an example of a container product, with is provided with an
external structure using the method according to the invention, an ampule 1 for a
capacity of 10 ml in a scale that is double the naturat size. The ampule 1 has a container
body 3 having a not perfectly round, essentially oval form, and in Fig. 1 the narrower
side of the container body 3 is visible. A structure in the form of an identifying marker 13
is applied to a cenfral wall element 11 of this side, which in the present example
comprises a six-digit code,1 2 3 4 5 6. These digits are formed by means of laser action.
The laser device (not shown) is preferably disposed as a stand-alone laser station
between the bottelpack® production equipment and a punching device, which separates
trim edge waste at the ampule binding piece and/or separates the ampules. The laser
station can be synchronized in coordination with the bottelpack® system. In the case of
a laser station that is working in a close temporal and spatiai relationship with the
bottelpack® system, the plastic of the ampule 1 may sfill have an elevated temperature
as a result of process-related residual heat, preferably in the range of 45°C, which is
beneficial for producing the structure in the container wall 29.

While Fig. 1 shows an identifying marker 13 as a structure produced in a wall element 11
of a container within the meaning of a readable code inscription 12 3 4 5 8, cther

structures can be formed in the container by means of the



10

laser action described in greater detail below, for example in order to improve the
surface feel of the container product. Thus for example, Fig. 2 shows a ribbing 15
created on the cap element 7 of the ampule 1, which improves the handling of the cap

element 7.

The introduction of the structure 13 is described in greater detail below on the basis of
Fig. 3 to 8. As can be seen in Fig. 3, the number "4" of the code 1 2 34 5 6 according to
Fig. 1 is to be infroduced as a structure by means of laser action as a linear depression
17 in a wall element 11 of the container wall 28 of a plastic container product, taking into
account af least the laser power, exposure time of the laser and type of plastic material.
In so doing, this depression should be flanked by projections 27 along the edge following
the depression 17, which are produced under the influence of the material tension of the
plastic material. In this particular example, the vertical line 19 of the number "4" is initially
produced, which opens seamlessly into a sloped line 21 as well as in a herizontal line
23, which crosses the vertical line 19. The structure of the linear depression 17, with its
two projections 27 and adjoining edge regions 25 at positions A, B and C, is shown in
Fig. 4 to 6 each in a fop view in the manner of a photographic representation, wherein
the linear depressions 27 meet at positions B and C, provided the laser produces the

structure 17 in a single process siep.

A linear depression 17 is formed at position A of the vertical bar of the "4". This takes a
straight course. The depression 17 is essentially U-shaped and is reminiscent of a wave
trough. The depression is bordered at the edges by projections 27, which can be
described as wave crests. These wave crests 27 are elevated with respect to the
remaining container wall 28 (see Fig. 7). The maximum depth T of the linear depression
17 is approximately 1/6 of the thickness D of the remalning
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container wall 29 in this region. The projections 27 have a maximum height H of
approximately 1/12 of the thickness D of the container wall 29.

in the image plane of Fig. 7 viewed from left to right, the course of the outer contour of
the container wall 29 having the wall element 11 rises slightly, until the highest point of
the left projection 27 is reached as a first wave crest, then flows into the U-course of the
linear depression 17 as a wave trough and transittons, in a largely symmetrical form, into
the right projection 27 on the opposite side as an additional, second wave crest, which,
starting from the maximum possible height H, then flaltens out again. On the opposing
inner side 31, the container wall 29 is thickened in the region of the linear depression 17
in order to form a shallow rib 33. The rib 33 is flanked by depressions 35 on either side.
Thus an additional structure 33, 35 is infroduced in the wall element 31 that lies opposite
the wall element 11 having the structure 13, and that is facing the inside of the container,
which additional structure folliows the one sfructure 13 in such way that a projection 33 is
introduced at the location of a corresponding depression 17, and a depression 35 is
introduced at the location of the respective projection 27, Nevertheless, the cross-
sectional view in Fig. 7 makes it clear that the projection 33 as well as the respective
externally adjacent depressions 35 have less form than the wave on the external side of
the container wall 29 facinf outward towards the environment. In order to clarify the
geometric situation of the opposing arrangement, in addition to a notional horizontal line,
a notional vertical axis L is shown in Fig. 7, which marks the average depth T of the

depression 17 in the upper region.

in carner regions {position B) or intersection regions (position C), the rate or progression
of the laser must be increased accordingly, or the laser intensity must be reduced in
order to prevent the container wall 29 from being burned through. The line-like

depressions 17 also do not meet in these regions, so that



12

linear depressions 17 may regularly be disposed parallel to one another, which the

cross-sectional views in Fig. 8 and 9 show in particular

The structure produced in the corner region {Position B) of the number "4" (see also Fig.
8), thus has two depressions 17, 37 of different depths that run parallel to one another,
which are separated from one another by an intermediate elevation 39. The intermediate
elevation 39 ¢can be formed in such a way that it exceeds the maximum height H of the
projection 27 along the edge, as can be seen for a Jomt {Position C})in Fig. 9. ltis
advantageous that intermediate eievatlons 39 of this klnd and further depressions 37,

be avoided, if for no other reason than, when controlling the laser tool, it is not possible
to rule out the formation of a parallel channel path in terms of the manufacturing
precision when guiding a laser in areas of overlap. As a rule, this alsc applies to the
joints or intersection points (Position C), wherein due to the simp[ified representation, the
doubling of the linear depressions and projections, which are shown in a top down view
in Fig. 8 and 9, were omitted in Fig. 5 and 8 for the sake of clarity.

The linear depressions 17, 37 are merged at connection points such as joints or
intersection points {Position C), see also Fig. 6 and 9, and externally bordered by the
projection 27 along the edge up fo the cross-over point 41 of the respective depression
17, 37. The respective depression 17, 37 ¢an have the greatest depth at the cross-over
point 41, which is especially clear in the representation according fo Fig. 5. According to
the representation in Fig. 6, it is also possible that in the connection regions of this kind
of the respective depression 17, there may be increased melting of the plastic material,
so that a kind of ball is formed that can serve as a stiffening element, but which, on the

other hand, may contain a corresponding depression in the cross-over point 41
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in question. Ultimately it is dependent on the input power of the lasers in the plastic

material.

Both the structure 13 produced with the one respective wall efement 11, and also at
least the immediately connected adjacent wall elements 43, including in the form of edge
regions 25, form the container wall 29 of the ampule 1, which is closed off to the outside
environment, extends continuously, and is formed such that it is intrinsically

homogeneous and bubble-free.

It has also proven o be advaniageous to dispose the linear depressions 17, 37 parallel
to the orientation of the fibers and thus parallel to the extrusion direction of the plastic
material in the container wall 28, In this way, the structure 13, 15 can be formed with
less expenditure of energy. In this way, it is also possible to form the respective structure
13, 15 more reliably and true to form. The linear depressions 17, 37 are preferably
produced by a CO; laser. This laser has a frequency range that can be ideally adjusted
for plastics. In practice, CO;, lasers in the 100 watt class, in particular, which are

essentially operated at 40% laser power, have proven successful.

The method according to the invention is not only suitable for plastic products 1 made
out of polyolefin, but also for other plastics, in particular plastics that appear transparent

such as polyethylene (PE) or polypropylene (PP).



Claims

10.

11.

14

A method for producing at least one structure, comprising the steps of:

forming a plastic container product having a container wall with at least one wall element: and
introducing a structure in the wall element as a first linear depression by action of a laser
taking into account power and exposure time of the laser, plastic material of the wall element
and type of structure to be formed such that the first linear depression is bordered by a
projection along an edge following the first linear depression with the projection being
produced under influence of inherent material tension of the plastic material.

A method according to claim 1 wherein the container product is formed by a blow-moiding,
filling and sealing process.

A method according to claim 1 wherein the structure, the wall element and adjacent wall
elements form the container wall, the container wall being closed off relative to an outside
environment, extending continuously and being formed intrinsically homogeneous and
bubble-free.

A method according to claim 1 wherein during the action of the laser, the wall element is still
heated from a preceding molding process.

A method according to claim 1 wherein the structure includes a second liner depression
formed similarly to the first linear depression and merged at an intersection point with the first
linear depression, the intersection point being externally bordered by a projection along an
edge of the intersection point of the first and second linear depressions.

A method according to claim 1 wherein intensity of the laser is reduced when marking speed
of the laser is reduced.

A method according to claim 1 wherein the wall element is irradiated by the laser a second
time when intensity of the laser is reduced.

A method according to claim 1 wherein a second liner depression with a projection on an
edge thereof is formed in the wall element by the action of the laser and is disposed, at ieast
in part, parallel to the first linear depression in a region of an intersection point of the first and
second liner depression, the first and second linear depressions bordering a projection
between the first and second linear depressions and disposed on at least one of a same level
or different level from levels of the projections of the first and second linear depressions.

A method according to claim 1 wherein an additional structure is introduced into the wall
element opposite the first linear depression and facing an inside of the container by the action
of the laser, the additional structure following the first linear depression such that a projection
is introduced at a location corresponding to the first linear depression and such that a
depression is introduced at a location of the projection along the edge of the first linear
depression.

A method according to claim 1 wherein the laser is a C02 laser.

A method according to claim 1 wherein the plastic material comprises a polyolefin.



