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IRREVERZIBLE APPLICATION OF AN INVISIBLE MAREING TO PCLYMRER MOULDINGS

The invention refates o a process for the irreversibie applicatior
of & marking Invisible to the naked eye te a polymer moulding with the aid of 1aser
irradiation. The invention also relates to polymer compositions suitable for that
purpoese and to invisitly markable and marked mouldings made entirely or parity
of the polymer compasition. An invisible marking is usefu! for, for example,
security purposes, for example to prevent unauthorized copying.

A similar process is known fram FR 2755902 A1, This
publication describes that a marking invisible to the eye can be appliedto a
polypropyleng film using a faser s that, by choosing specific laser parameters, in
pariicular the power, a change in the structure of the polymer material Is obtained
in the outer atorm layers resulting in & marking invisible to the naked eye, bui
which becomes visible on being irradiated with suitably chossn electromagnetic
radiation.

Within the context of the present application a marking invisible
tn the naked eye is undarstood to be a marking of such tow contrast with its
background, that a normal person wifl not see it without specific means under
canditions of iflumination with daylight or a similar iight source, that is
electromagnetic radiation of wavelengths essentiaily within the visible range of
400 to 709 nm.

Tha disadvaniags of the aforementioned procsss s that it does
not work for all palymer campositions. Only polypropylene is described in FR
2755902 A1 as an example. Where it doas work at all, this process is moreover
vary laborious, because for each polymer composition one needs to determing thi
laser settings that will produce an invisible marking, and because in additicn
suitabie electromagnetic radiation must be seught so as to reveal the marking.
The required Tasers, of which a large number of sattings, such as the energy and
wavelength, may be varied are very specialist and very expensive,

The aim of the invention 1s to provide a process that doss not
possass the aforementioned drawbacks, or pessesses them to 2 Jesser axtent.

This aim Is achievad with a moulding being entirely or partly

made of a polymer composition containing a pelymer and a compound (i), which

JP 2004-502576 A 2004.1.29
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compound can be imeversibly converted through faser radiation into & compound
{il) that yields a visible contrast in the polymer composition only when ivadiated
with electromagnetic radiation at a wavelength ouiside the visible range af 400 to
700 nm.

it has been Found that the process acearding to the invention
enables invisible markings to be applied in a predictable and reproducible manner,
irrespactive of tha type of polymer material chosen. Another advantage is that by
choosing &n appropriate compound {), whether ar not in combination with
auxiliary materials, the markings may be appliad with the aid of the customary
cheaper iasers, for example with the aid of a 1064 or 532 Nd/YAg laser. Another
advaniage is that the polymer itself is not changed, which means that it is easier
{0 make the markings invisible. Further, potential negative effects of local
degradation of the polymer, e.q. (microscopie) feaming or changing of chemical
resistance, are avoidad. An indiract effect of local degradation with the knawn
technique may be thet markings become visible during use of the moulding; alse
this problem is diminished with the process according to the invention. The
markings are alse more wear-resistant. Another advantage is that, as will be
described in more detail below, the process allows a larger number of different
embodiments via the choice of compound {1), whether or not in combination with
ather additives such as colorants.

WO $831018 A1 describes a process for the application, with
the aid of laser radiaton, of a fluorescent marking to a moulding, in particular a
raversibly wiitable optical memaory. In this process, a coating consisting of a
markable polymer composition is applied from a solution to a moulding, after
which the moulding is marked with the aid of & laser. The polymer composition
contzins 2 specific polyestar in combination with a specific additive on which
flucrascent markings can be made with the aid of a taser. The markings ara
reversible, which means that they gradually disappear on exposure to suniight,
and that they can ke sntirsiy deleted through heating above the polyester’s glass
transiticn termperatura.

US 4871714 A discloses a progess for the application of a
marking {o a mou!ﬂing which, for security purposes, is irreversible and invisible to
the naked eye. In this process, an invisible UV fluorescent coating is affixed to a
moulding as a securily marking by means of a thermal transfer technique.

The principal drawback of fhe aforementioned known processes
is that applying a coating 1o a preformed moulding is excepiinnally laborious and

JP 2004-502576 A 2004.1.29
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expensive. The ceating is not wear-resistant, which means that this coating and
the marking applied in it will, at least without further measures, easily be damaged
during use. Another major drawback is that the surface properties and the
mechanical properties of the moulding are influencad by the coating. Another
drawback is that the marking can in affect only be easity apphed in areas where =
coating can also be easily applied, preferably on a flat surface. Because of these
drawbacks, these processes are actually used only in data storage devicss. The
known processes are not suitable for complexly shaped utilitarian objects, such as
in particular three-dimensionally shaped mouldings of the kind obtained with
various moulding techniques such as injection-meulding, compression-moulding,
extrusion-moulding, blow-moulding, etc. In the process according ta the invention
the moulding is at least partly formed from the markable polymer composition,
after which the marking can be immediately applied to any location on the
moulding with the aid of a laser, without any further pre- or after-treatment. The
marking is applied in the moulding material and not on 1ap of the surface, which
means that it is wear-resistant and the surface properties and mechanical
properties of the moulding have not changed.

In ona embediment of the process aceerding to the invention
compaunds | and fl are beth invisible o the naked sye. The advantags of this
procass is that it can be applied in any polymer, and in particular also in
transparent applications such as fikms, boitles, synthetic glass, ete.

in anciher embadiment according to the invention compound(s)
| andfor 1l are visible to the naked aye, but it is impossible to distinguish between
them. An sxample of this s a coloured compound | that is by laser radiation
convensd into & campound |, which is of the same colaur in visible light, or of a
nardly contrasting colour; and can hence not be distinguished from compound |,
but which when irradiated by non-visible light differs in colour from compound |
and thus yields a contrast, for example as a result of maiamerism or
uningscence.

In yet ancther embodiment, compounds | and |l are
distinguishable to the naked eye per se, but they are not disiinguishable to the
naked eye in the polymer composttion. This s for example possible basause the
polymar composition contains 2 pigment or celovant that masks the differenca in
the palymer composition in visible light.

The markings invisible to the naked ays may be mada visible
through iradiation with electromagnelic radiation at g wavalength outside the

JP 2004-502576 A 2004.1.29
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visible range from 400 to 700 nm, hereinafter also called: detection lighting.
Gompounds | and Il preferably show a visible contrast because they differ in their
degree of luminascence in UV or IR light.

In another embodiment of the process according to the invention
compound 1 luminesces and compound Il does not luminesce, or luminesces to a
lesser extent. In this process the luminescant compeund | is destroyed by the
laser light, as a result of which # ne longer luminesces and detaction reveals a
ark marking on a light luminescent background. The advantage of this
embodimsnt is that more compounds | are available for use in this procass.

In & mora prefarable embatiment according to tha ivention
compound Il fuminesces and cormpound | does not luminesce, or luminesces toa
lesser extent. In this embodiment detection lighting reveals a luminescent light
marking on a dark background. The advantage of this is that the marking has a
befter contrast. Another advantags is that the object does not luminesce
cotnpietely in the case of random or unintentional detection lighting. This is
advantageous in circumstances in which detection light occurs for other reasons.
This may also be particutanly advantagsous in the case of security codes Because
it is then more difficult fo establish whether the object is secured with invisible
codes. ’

The invention alsa refates t0 a polymer composition that is
suitable fer usa in the afofementionad process, the compasitian containing a
polymer and a compound {1}, which cormpound through laser radiation ¢an be
irreversibly converted into & compound (1) that yields a visible eontrast in the
polymer composition only when iradiated with electroragnetic radiation at a
wavelength outsida the visible range of 400 ta 700 nm.

Campeund {l) in the polymer composition acconding to the
mvention preferably has & 1,2-substituted alkane bond, which isina 1,2
elimination reaction with the aid of laser radiation converted info a luminsscent
alkene compaund (1l}. As described above, the advantage of this is that the
marking will then luminesce only under detection lighting. Another major
advantage is that such compounds are themmostatle and may neveﬂhe!ess-be
converted with the aid of laser light, which makes them extremaly suitable for
poiymar campositions that are moulded at high temperatures, for example by
means of injection-moulding.

It another preferred embodiment compound (1) in the polymer
composition according to the invention is a polyeyclic aromatic compound. Such a

JP 2004-502576 A 2004.1.29
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compound shows luminescence, when radigted with UV light and can be
converted into a non-luminescent compound (1) with the aid of laser light.
Compaund | is preferably denvad from compaounds chosen from the group
comprising anthracens, phenanthrene, chrysene, pyrene, flioroanthene, stilbene,
benzanthracene or dibhenylpolyene. ‘Derived’ is undersiood to mean that these
molecules may have been substituted.

Tha polymer compasition is in particular intended foruse as a
buiilder in the praduction of palymar mouidings. The mouldings may be produced
in different ways, usually at slevated temperature, for example by means of
extrusion, by blow-roulding, comprassion-moulding, injection-moulding, ste.
Compound | is therefore preferably thermostable at least up to approximalely the
processing temperature of the polymer compesition. Preferably, the moulding is
formed from a melt of the palymer composition, preferabiy by means of injaction-
moulding, and the polymer in the polymer composition is a thermoplastic and
compound | is thermostable at least up to approximately the meiting temperature
of the polymer composition. More preferably compound i is thermostable at least
up the melt precessing famperature of the polymer composition, which generally is
some 20-40 degrees centrigrade above the melting temperature of the polymer.

The inventicn alse relajes fo the use of the polymer composition
according o the invention for the production of injection-mouldings and to &
markatre moulding entirely or partly made of 2 polymer composition according fo
the invention.

An nuisible marking may ke applied o the markable meuldings
with the aid of a laser. The laser sefings are gearad to the prapertiss of
compound 1, whether or not in combinatian with additives that promdte the
conversion of compound | into compound l, such as leucodyes, (laser) iight-
ahsarbing substances and the like. The great advantage of the process according
to tha invention is that commercially avaitable and ralatively cheap lasers may be
used, such as a 1024 nm NdfYAg laser, more or less irrespective of the type of
polymer used in the polymer composition. The marked mouidings contain a
polymer composiiion as described above and a marking confaining compound Il

The polymer compasifion according to the Invention is
particularly advantagaous for use in security applications, for exampile fo prevent
unauthorized copying or theft. Another useful application is a moulding according
to the invention to which has been applied an invisible marking cantaining produst

JP 2004-502576 A 2004.1.29
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andfor producer information. This information may ba used in vanous ways, for
axample for quality assurance, for product liability or for recycling. A waste straam
may for exampla be purified by identifying marked mouldings according to the
invention, based on the code applied to them, and then selectively removing from
the waste stream. ©

In anathar usaiul application of the markabls moulding
according to the invention, the moulding contains process instructiens, for
example relating to further installation, assembly andor distribution. Exampfes of
process insiuctions are connection diagrams far electronic compenents, togistic
information, specific customer information and the like.

The invention also relates to a production process, wherein
product requirements are entered in a computer, on the basis of which a laser
subsequently writas process insfructions on a moulding, after which the moukiing
is treated further aceording to thesa process instructions, for sxample in a devics
fitted with equipment for autamatically reading and interpreting the marking and
carrying out the process instructions. As it is not desirable for the procsss
instructions to be visible during the object's final use, use is preferably made of an
invisibly marked maulding accarding ta the invention. In this way the proguction
process is no longer controlled centrafly, but by the process instructions on ona ar
mare parts of the product to be fermed in that production precess. This makes the
production process very flexible. In this way, it is easier to allow for individual
praferences of customers. Customners may thus communicate their individual
preferences, for example via the Intemet, which preferences are then computer-
franslated into process instructions and invisibly laser-marked on a polymer
moylding. after winch the further production takes place in accordance with the
wishes specified by the customers in the user's instruciions.

The invention will be further elucidated by the follewing example.

Example |

Ta PET (polybutadiane terephthalate) Amite® TOE 200 was
added the bius pigmant Ultramarijnblauw 26 (Reckitf) and transstilbene. This
composition was melt-mixed to form a homogenesous polymer composition, which
was subsaquently compression-moulded to form a test plate. A marking was then
applied to tha test plate using & 355 nm diode-pumped Nd/raG laser (powar
S0 myy, 3 kHz, 100% amperage, in focus, witing speed 182 mm/sec, approx.
300 &pi). No marking was visible on the test plate with the nakad eya. In UV light

PUINLITANS24

JP 2004-502576 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(15)

WO 0I04223 PCTNLITAOS24
-7-

of 386G nm the marking became visibie as a non-iuminescent shaps on a

luminescent ground.
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Process for the irreversible application of 2 marking invisible to the naked
eye to a polymer moulding with the aid of laser radialion, characterised in
that the mdu]ding is entirely or partly made of a polymer composition
containing & polymer and a compound (), which campound through lasar
radiation can be trreversibly converted into 2 compound () that yields a
vistble contrast in the polymer corpasition anly when irradiated with
electromagnetic radiation at a wavelength outside the visible range of 400
te 700 om.

Process according ta Claim 1, wherein compounds | and Ji are both
invisible to the naked aye.

Process according ta Claim 1, wherein compound(s} | and/or |l isfare
visible to the naked eye but it is impossible to distinguish between the
two.

Process according to Claim 1, wherein compounds ! and If are
indistinguishable to the naked eye per se, but the polymer compaosition
contains a pigment or celorant that makes the distinction invisible in the
pelymey compesition.

Process according to any one of Glaims 1-4, whersin compounds | and |t
show a visible conirast because they differ in their degree of
luminescence in UV or IR Jight.

Process according to Glaim 5, wherein compeound | uminesces and
compound |t does not, or does ta & lessar extant.

Process accarding ta Claim 3, wherein compound )i luminescas and
cormpound | doas not, or does to a lesser axtent.

Polymer compositicn suitabfe for use in a process according to

Glaims 1-7, containing a pofymer and a compound {1}, which compound
through laser radiztion can ba imeversibly converted into a compound (1)
that yields 3 visible conirast in the polymer composition only when
imadiated with electromagnetic radiation at 2 wavelengih outside the
visible range of 400 to 700 nm.

Pejymar compasition acserding to Claim 8, wherain compound () has a
1,2-substituted alkane bond, which s in a 1,2 eliminatien reaction with the
aid of faser radiation converted into a luminescent alkens compaund ().
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Polymer composition according to Claim B, wirerein compound | is a
polycydlic aromatic compound.

Falymer cemposition aceording to Claim 10, wharain compound | is
derived from compounds chasen from the group comprising anthracene,
phenanthren'e, chiysena, pyrene, fluoroanthens, stibene,
benzanthracens or diphenylpolyene.

Palymer composition according ta any one of Ciaims B-11, whsrein
compound | is thermastable at least up fo approximately the processing
temperature of the polymer composition.

Pulymer composition according to Claim 12, wherein the polymer in the
polymer compasition is a thermeplastic and compound | is thermostable
at least up to approximately the melting temperaiure of the polymer
composition.

Use of a polymer composition according o any one of Claims 8-13 for the
production of higction-mouldings. ’

Markabla maulding entirely or partly made of a polymer composition
according to any one of Claims 8-13, 7
Marked mouldings containing a palvmer composition according {o any
one of Ciaims 8-13 and a marking containing comgound I

Marked mouldings according to Claim 18, whersin the marking contains
information about the moulding.

Marked mouldings according to Claim 17, wherein the infanmation
confaing process insiructions.

Davice for treating a marked moulding according to Claim 17 or 18,
characterised in that it is fitted with equipment for autoratically reading
and interpreting the process instructions and for freating the marked
moulding according o these instructions.

Process for the production of articles in a multi-step process, wherein
process instructions are laser-written on one or more components of the
ariicla, after which the instructions are automatically read in a subsgquent
process step and the process step is carried out according to these
instructions.

Process according to claim 20, wherein the process insiructions are
generated in response to individual preferences of customers.
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Pracess for purifying a waste siream, whenein marked moaulaings
according to any one of Claims 1618 are identified on the basis of the
information appiied to them and are selectively separated from the waste

stream.
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