HIGHLY-TRANSPARENT LASER-MARKABLE AND LASER-WELDABLE
PLASTIC MATERIALS The present invention relates to high-transparency
plastic materials which are laser-markable and/or laser-weldable due to a
content of nanoscale laser- sensitive metal oxides, a method for producing
plastic materials of this type, and their use. The identification of plastic

indirectly using a laser-sensitivé dgem addéd té the plastic material. The

laser-sensitive agent may be an organic coloring or a pigment, which

causes a locally visible discoloration of the platséic t?[ou}gh absorption of
bieeh
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parts weid to one anc_)tﬁer. e'identification of production products is
Beconiing - hcpéadiRgly nfofeSmpditant itfréarf®&lt industrial branches.
Thus, for example, production dates, batch numbers, expiration dates,

pioductidentifications, barcodes, g@mpaw%%} etc, must be applied, 1,

Compared to conventional identification tech gies such as_printing,

énBossii: stdmifing: and fabBiidy: Taser marking is SigRificartly Hore*~©
rapidyrsinpe it operated owithout eontact smdreiprecises andmay: becdpplied:
even. to nonplanar syrfages without furthermeasures. Sinee. thejlaser 1y

markings are Produced under the surfgce in
through 1nteraction witn Lhe

polymer or indirectly
using a laser-sensitive agent added to the plastic
material. The laser-sensitlive agent may be an organic
colering or a pigment, which causes a locally visible
discoleoration of the plastic through absorption of the

laser energy. It may be a compound which is converted

th

rom an invisible, colorless form into a visible form
upon irradiation with laser light. In laser welding,
the plastic material is so strongly heated in the join
area thnrough absorption of the laser energy that the

material melts and both parts weld to one another.

The identification of production products is becoming
increasingly more important in nearly all industrial
branches. Thus, for example, producticn dates, batch
numbers, expiration dates, product identifications,
barcodes, company lLogos, etc. must be applled. Compared
to conventional identification technologlies such as
printing, embossing, stamping, and labeling, laser
marking is significantly more rapid, since 1t operates
without contact, more precise, and may be applied even
to nonplanar surfaces without further measures. Since
the laser markings are produced under the surface in

The material, they are permanent, stable, and



the material, they are permanent, stable, and - 2 significantly more
resistant to removal, alteration, or even forging. Contact with other media,
for example in liquid containers and closures, is also noncritical for this
reason - with the obvious condition that-the plastic matrix is resistant.
Security and permanence of product identifications, as well as freedom

from .cantamination, are extraordinarily important in packages of.
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and partially mix, through which a composite is produced after cooling.
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materials and/or the polymers which they are based on, of the nature and
content of aw Iaser-zsnsﬂwe additives, an(% of the wave engtl}gllrgdation
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source, which has a specific wavelength, so that the
radiation reaches the Jjoin partner lying underneath,
where it is absorbed. Because of this absorption, heat
is released, so that in thé contact region of the join
partners, not only the absorbing material, but rather
also the transparent material melt locally and
partially mix, through which a composite is produced
after cooling. Both parts are welded to one another in

this way as a result.

The laser markability or Ilaser weldability 1is a
function of the nature of the plastic materialg and/or
the polymers which they are based on, of the nature and
content of any laser-sensitive additives,-and of the
wavelength and radiation power of the laser used. In
addition to €0, and Excimer lasers, N4:YAG lasers
{neodymium-doped yvttrium-aluminum-garnet lasers),
having the characteristic wavelengths 1064 nm and 532
nm, are increasingly used in this technology, and more
recently even diode lasers.' In laser marking, good
recognizability - as dark as possible in front of a

light background - and high contrast are desired.



recently even diode lasers. In laser marking, good recognizability - as
dark as possible in front of a light background - and high contrast are
desired. 3 Laser-markable or laser-weldable plastic materials, which
contain laser-sensitive additives in.the form of colorings and/or pigments,
- generally have a more or less pronounced coloration and/or

intransparency. In the case of laser welding, the molding compound to be
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covering pigments. Therefore, high-transparency
laser-markable plastic materials may not be produced using pigments of
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further laser-sensitive additives. Polgmer%havm ring-shaped o romatic
flaked transparent or emitranspargnt substrates,

particularly layered silicates such as mica.
Transparent thermoplastics having pigments of this type
.display a metallic glimmer, however, which may be
completely covered Dby adding covering pigments.
Therefore, high-transparency laser-markable plastic

materials may not be produced using pigments of this

type.

Laser-markable products which contain antimony trioxide
having particle sizes over 0.5 pm as the laser marking
pigment are described in WO 01/00719. Dark markings on
a light background and good contrast are obtained.
However, the products are no longer transparent because

of the particle size of the pigment.

Only a few polymer systems are laser-markable or laser-
weldable per se and without further laser-sensitive
additives. Polymers having ring-shaped or aromatic
structures are predominantly used for this purpose,
which tend to carbonize easily under the effect of
laser radiation. Polymer materials of this type are not
weather-stable because of their composition. The

contrast of the inscriptions is poor and is only



structures are predominantly used for this purpose, which tend to
carbonize easily under the effect of laser radiation. Polymer materials of
this type are not weather-stable because of their composition. The
contrast of the inscriptions is poor ang is only 4 improved by adding
laser-sensitive particles or colorings. These polymer materials are also

not weldable because_of a lack of laser transparency. Laser-markable
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A haze below 1%, or at least bhelow 2%, iz needed for

high-transparency requirements.

A method for laser-welding of plastic molded parts, the
laser beam being conducted through a laser-transparent
molded part I and causing heating in a laser-absoxrbent
molded part II, through which the welding occurs, is
described, in DE 10054859 A1l. The meolded parts contain
laser-transparent and laser-absorbent colorings and
pigments, particularly carbon black, which are tailored
to one another in such a way that a homogeneous color
impresgion arises. The material is not naturally

transparent.

High-transparency laser-markable and laser-weldable
plastic materials, particularly those which are
additionally weath@r—resistant, are not known from the

prior art.

The present invention is therefore based on the object
of providing high-transparency laser-markable and
laser-weldable plastic materials. In particular, laser-

sensitive additives for plastic uaterials are to be



additionally weather-resistant, are not known from the prior art. The
present invention is therefore based on the object of providing
high-transparency laser-markable and laser-weldable plastic materials. In
particular, laser- sensitive additives for plastic materials are to be - 5
found, using which these materials may be made laser- markable and/or
laser-weldahle without impaijring the transparency of the materjal.
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dianosealedaser- sensitive meatahaxides without impairing the
transparency. The object of the present invention is therefore high-
transparency plastic materials which are characterized in that they are
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h-transparency laser-markable and/or laser-weldable plastic materials.
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thigh-tramsparency laser-markable and/or laser-weldable plastic materials
with the aid of nanoscale laser-sensitive metal oxides, the metal oxides

being incorporated into the plastic matrix with high shear. The present
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ﬂﬂ that they are laser-markable and/or laser-weldable
due to a content of nanoscale lager-sensitive metal

oxides.

The obkject of the present invention is also the use of
nanoscale laser-sensitive metal oxides for producing
high-transparency laser-markable and/or laser-weldable

plastic materials.

In addition, the object of the present invention ig a
method for producing high-transparency laser-markable
and/or laser-weldable plastic materials with the aid of
nanoscale laser-sensitive metal oxides, the metal
oxides being incorporated into the plastic wmatrix with

high shear.

The present invention is based on the recognition that
the laser marking pigments known from the related art
are not suitable for high-transparency systems in
regard to their particle sgsize and their mor@hology,
since they typically significantly exceed the critical
gize of a fourth of the wavelength of visible light of
approximately 80 nm. Laser-sensitive pilgments having
primary particles below 80 nm particle size are known,

but these are not provided in the form of isolated



regard to their particle size and their morphology, since they typically
significantly exceed the critical size of a fourth of the wavelength of visible
light of approximately 80 nm. Laser-sensitive pigments having primary
particles below 80 nm particle size age known, but these are not provided
in the form of isolated - 6 primary particles or small aggregates, but

rather, as in the case of carbon hlack, for example, are oply _available as
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£
851 and particularly greater than 901 and a haze less than 31, preferably
less than 21, and particularly less than 11 at a material thickness of 2
o rEransmissiortard pazes arecdeferminediinraccardanceailth ASEM D
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High-transparency  plastic materials are to be
understood as those which have a transmission greater
than 85% and particularly greater than 90% and a haze
less than 3%, preferably less than 2%, and particularly
less than 1% at a material thickness o©of 2 mm.
Transmissicn and haze are determined in accordance with
ASTM D 1003.

Laser-sengitive metal oxides are to be understood as
all inorganic-metallic oxides such as metal oxides,
mixed metal oxides, and. complex oxides which absorbed
in the characteristic wavelength range of the laser to
be used and are thus capable of producing a locally
vigible alteration in the plastic matrix in which they

are embedded.

Nanoscale is to be understood in that the largest
dimension of the discrete particles of these laser-
sensgitive metal oxides ig smaller than 1 um, i.e., in
the nanometer range. In this case, this size definition
relates to all possible particle morphologies such as
primary particles and possikle aggregates and
agglomerates.



Nanoscale is to be understood in that the largest dimension of the
discrete particles of these laser- sensitive metal oxides is smaller than 1
um, i.e., in the nanometer range. In this case, this size definition relates
to all possible particle morphologies-such as primary particles and
possible aggregates and agglomerates. The particle size of the
laser-sensitive metal oxides is preferably 1 to 500 nm and particularly 5 to
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specially suitable metal oxides are indium-tin oxide

If the particle =size and concentration are selected
guitably in the range specified, even with high-
transparency matrix materials, impairment of the
intrinsic transparency is prevented. It is thus
expedient to select the lower concentration range for
metal oxides having particle sizes above 100 nm, while
higher concentrations may also be selected for particle

gizes below 100 nm.

Doped indium oxide, doped tin oxide, and doped antimony
oxide preferably come into consideration as the
nanogscale laser-gensitive metal oxides for
manufacturing high-transparency laser-markable and/or

laser-weldable plastic materials.

Especially suitable metal oxides are indium-tin oxide
(ITO) or antimony-tin oxide (ATO) as well as doped
indium-tin and/or antimony-tin oxide. Indium-tin oxide
is egpecially preferred and in turn the "blue" indium-
tin oxide thereof obtainable through a partial
reduction process. The non-reduced "yellow" indium-tin
oxide wmay cause a visually perceivable slightly

yellowish tint of the plastic material at higher



(ITO) or antimony-tin oxide (ATO) as well as doped indium-tin and/or
antimony-tin oxide. Indium-tin oxide is especially preferred and in turn the
"blue” indium- tin oxide thereof obtainable through a partial reduction
process. The non-reduced "yellow'sindium-tin oxide may cause a visually
perceivable slightly yellowish tint of the plastic material at higher 8

concentrations and/or particle sizes in_the upper. range, while the " "
“Sh ﬁrﬁgﬁ%%zx?désdoe%nr%z?gad D(%Ié%n]ycpi;gfcei\%b g%olo%%har%eg.] Tr%Lbeer :
3856 seritive nfdal o) {o BEHSET aEdGrdiRG L6 EPREseht veRBon
t @rakpopares Seadyid-ares Tomnaesniaily available even in nanoscale form,
i.e., as discrete particles having sizes below 1 pm and particularly in the

size range preferred here, tgg%:ally in,the form of dispersions. The _
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matrix with sfrong shear usingthe method according to the_present
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+-@oglameration is performgdss dafinadin RINS3206 (of August 1972).
anoscale metal oxides in particular, may be produced, for example,
through pyrolytic methods. Such methods are described, for example, in
TIEP 13 83GASEPLVE7 O RLACHE BESIGBYEL 645 iFt#thermerevided
adanggtafdnata OXslesunay be Masufastiuediuougispesiiiaienates
Jf00003, 95 deseribed 0. DE QD 28037, for.examplg, TheNaRseaes e
aser-sensitive metal oxides may be
millimeters. These wmay be incorporated into the plastic
matrix with strong shear using the method according to
the present invention, through which the agglomerates

are broken down into the nanoscale primary particles.

The determination of the degree of agglomeration is
performed as defined in DIN 53206 (of August 1972).

Nanoscale metal oxides in particular, may be produced,
for example, through pyrolytic methods. Such methods
are described, for example, in EP 1 142 830 A, EP 1 270
511 A, or DE 103 11 645. Furthermore, nanoscale metal
oxides may be manufactured through precipitation
methods, as described in DE 100 22 037, for example.

The nanoscale laser-gensitive metal oxides may be
incorporated into practically all plastic systems in
order to provide them with laser markability or laser
weldability. Plastic materials in which the plastic
matrix 1s based on pely(meth)acrylate, polyamide,
polyurethane, polyolefins, styrene polymers and styrene
copolymeré, polycarbonate, silicones, polyimides,

polysulfone, pclyethersulfone, polyketones,



incorporated into practically all plastic systems in order to provide them
with laser markability or laser weldability. Plastic materials in which the
plastic matrix is based on poly(meth)acrylate, polyamide, polyurethane,
polyolefins, styrene polymers and stywene copolymers, polycarbonate,
silicones, polyimides, polysulfone, pclyethersulfone, polyketones, - 9

olyetherketones, PEEK, po nylene sulfide, polyester (such as PET
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polyethylene terephthalate, polysulfone,
polyethersulfone, cycloolefin copolymers (Topas®,

Zeonex®) , polymethyl methacrylate, and theixr-
copolymers, since they do not influence the

transparency of the materiai. Furthermore, transparent
polystyrene and polypropylene are to be cited, as well
as all partially crystailine plastics which may be
processed into transparent films or molded bodies by
using nucleation agents or special processing
conditions.

The transparent polyamides according to the present
invention are generally manufactured from the following
components: branched and unbranched aliphatic (6
through 14 C atoms}), alkyl-substituted or unsubstituted
cycloaliphatic (14 through 22 C atoms), araliphatic
diamines (Cl4 - C22), and aliphatic and cycloaliphatic
dicarboxylic acids (C6 through C44); the latter may be
partially replaced by aromatic dicarboxylic acids. In
particular, the transparent polyamides may additionally
be composed from monomer components having 6 C atoms,
11 ¢ atoms, and/or 12 C atoms, which are derived from

lactams or w-amino carboxylic acids.



invention are generally manufactured from the following components:
branched and unbranched aliphatic (6 through 14 C atoms), :
alkyl-substituted or unsubstituted cycloaliphatic (14 through 22 C atoms),
araliphatic diamines (C14 - C22)_., angl aliphatic and cycloaliphatic
dicarboxylic acids (C6 through C44); the latter may be partially replaced
by aromatic dicarboxylic acids. In particular, the transparent polyamides
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d
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exampleanyER 6HE25/100-aved BERX@ 725 bis~ (3 -methyl-4-
aminocyclohexyl) -methane, - bis-(4~aminocyclohexyl) -
propane, bisf(aminocyclohexane), bis- {(aminomethyl) -

cyclohexane, isophorone diamine or even substituted

pentamethyliendiamines may be used.

Examples of corresponding transparent polyamides are
described, for example, in EP 0 725 100 and EP 0 725
10%.

High-transparency plastic systems based on polymethyl
methacrylate, bisphencl-A-polycarbonate, polyamide, and
cycloolefin copolymers made of norbornene and o-olefins
are especially preferred, which may be made laser-
markable or laser-weldable with the aid of the
nanoscale metal oxides according to the present
invention, without impairing the transparency of the

material.

The high-transparency laser-markable plastic materials
according to the present invention may be provided as
molded bodies, semifinished products, molding

compounds, oi lacguers. The high-transparency laser-



101. High-transparency plastic systems based on polymethyl
methacrylate, bisphenol-A-polycarbonate, polyamide, and cycloolefin
copolymers made of norbornene and a-olefins are especially preferred,
which may be made laser- markable or laser-weldable with the aid of the
nanoscale metal oxides according t(}%he"present invention, without
impairing the transparency of the material. The high-transparency
feser-piarkablel plastic matetials aécording torthergresent inventigremagnt
be-provided as, molded bedies; sepyfinished products, meldingodies  or

com gggdss,h%:d Iac_%uaers. The high-transparency laser - 11 weldable

S%& IC materials ﬁ:%oréllﬁé: 16 the present invention are typically provided
as molded bodies or semifinished products. The production of the
high-transpatenicyraser-markablecand/os fasesr-weldable plasticmateralse
agcording {0, the presentinventonis,performed.in.a way known per, as ,

according to technologies and methods current in typical in plastic
PrEUUBEGTT BRd protEssingCTt is- HoBSbE BT RTodUCe e ke <8éiisitivies ©
additivesobeforg orduring thepdlymetization @r pelycantensationein:  in

individual repctants.or.reactantmixures or also; add them during the, ;¢
reactlo[%(.)lspemflc production meth&ds far the relevant plastics which are

RASWiN to those skillediRtHE rt belfig usedTin the caseofc  2ddrtives
pelyesrdersates stich A5 polyaniides, the additives niayl bedncenporatédn
into aneseftheunonorer-compenents, for -example.;This menomer  51sc
componentmay, (en be sublected {o.2 polycondensalion reaction with,
fhe remaining reaction partners ina typical way: Eurtﬁermoref, after ==+
methods Zfor the relevant plastics which are known to

these skilled in the art being used. In the case of
polycondensates such as polyamides, the additives may
be 1ncorporated into one of the monomer components, for
example. This monomer component may then be subijected
to a polycondensation reaction with <the remaining
reaction partners in a typical way. Furthermore, after
formation of macromolecules, the resulting high
molecular welight intermediate cr final products may be
admixed with the laser-sensitive additives, all methods
knownn to those skilled in the art alsc being ables to be

used in this case.

Depending on the formulation of the plastic matrix
material, fluid, semlifluid, and solid formulation
compeonents or monomers as well as possibly nscessary
additives such as polymerization initiators,
stabllizers {such as UV absorbers, heat stabilizers),
visual brighteners, antistatic agents, softeners,
demolding agents, lubricants, dispersing agents,
antistatic agents, but alsc fillers and reinforcing
agents or impact resistance modifiers are mixed and
hemogenized in devices and systems typical for this

purpcse, such as reactors, stirring vessels, mixers,



formation of macromolecules, the resulting high molecular weight
intermediate or final products may be admixed with the laser-sensitive
additives, all methods known to those skilled in the art also being able to
be used in this case. Depending on the -formulation of the plastic matrix
material, fluid, semifluid, and solid foFmutation components or monomers
as well as possibly necessary additives such as polymerization initiators,
stabilizers fsuchsas W absorbers, heatstabilipers),ivisual brightetiers,and
anfistatic. agents, sefteners, .demelding ﬁgﬁgt&yp@caﬂgssgﬁp@é%egtlve

ents antistatic agents, but also fillers and reinforcing agents or impact
Fé‘sﬁﬁénc%%ggﬁler%%ere rixed SHE Fomdgenized in devices and Systems”
typicat forahisi pargose, stich asteastorsystivring vessels, mixersptZated
rober gulks: @xtruders, efc., possily-ghanad, ahd then caused t0-6lHeca1e
Ihe nanoscale Iaser sensh%vei metal cg(ldes are mtrgduced ggto the
material aﬁhe suitable hstant for tﬁls purpose "and mcorporaf”ed
ROMBEEREGUSH. Théifrtofporatioi® of theMFdostafet fiser-senisifive métar
@x:iéQS: incthe foravof aaconcemtpateejkpx%mixpﬂgs(mia@terb@&ei@mim,the is

§ g%qaq% %{gg&%@g@&astlc material is especially preferred. It is

advantageous if the incorporation of the nanoscale laser-sensitive metal
oxides into the plastic matrix is performed with high shear in the plastic
matrixi ¥his sz bé pesformed througthappropriate psetting of thecmixersie
roller,mills; and.extruders, Jn - this.way.any possible agglomeration ot . ¢ ;

regation of the nanoscale metal oxide particles into larger units
%Q g is per?orme with high p shear gn_g%he plastic

of a

matrix. This may be performed through appropriate
setting of the mixers, roller mills, and extruders. In
this way, any possible aggiomeraticon or aggregation of
the nanoscale metal oxide particles into larger units
may be effectively prevented; any existing larger
particles are broken down . The corresponding
tecnnologies and the particular method parameters to be

gelected are well~known to those skilled in the artc.

Plastic molded bodies and semifinished products are
obtainable from the monomers and/or pre-polymers
through injection molding or extruding from molding

compounds or through casting methods.

The polymerization is performed through methods known
to those skilled in the art, for examples, by adding one
or moere polymerization initiators and inducing the
polymerization Uthrough heating or irradiation. For
complete conversion of the monomer{s), a tempering step

may follow the polvmerization.

Laser-markable and laser-weldable lacquer coatings are

obtainable through dispersion of nanoscale laser-



may be effectively prevented; any existing larger particles are broken
down. The corresponding technologies and the particular method
parameters to be selected are well-known to those skilled in the art.
Plastic molded bodies and semifinished products are obtainable from the
monomers and/or pre-polymers t"hréégh‘injection molding or extruding
from molding compounds or through casting methods. The polymerization
isperfornved threugremethiods knpwinctolthose skilled in theran ffek 1ons,
&xample, by-adding ong or.more palymerization initiators-gnd inducing: .
the polymerization through heating or irradiation. For complete
conversion of the monomer(s), a tempering step may follow the
Pofynistization: fLaser-hdrkable apdiaser-weldabledacquer coafrgsare”
©biaiaable threugh dispersioncof nenosealedaser>dg: sepsitive oxidesdn -
Hpiea facayer farmaylations, coaing, and dying ok bardening b nent
acquer layer. The grolp of suitable lacquers comprises, for example,
powder IequersIpRysically dryingacduirs, TatiatibAl curable Eéqiers e
singlgre@mponent or multicomponent reactive lacquers, such as
two-component polyurethane lacquers. After plastic molded parts or
lacquer coatings are prgduc\ed from the plastic ma@erials contginvi\%
hah6calB taseridendifive fidtaFéXides, they may BB farked or Welded ©©
throdgh érradiationmsingtiaser lightz stheclaserpiaeking raay beqyerformetk
9n-acommerciplly -available: lasee marking devige,such as adaserfiom pe
Baasel, Type StarMark SMM65, having an average laser Qutput of 65
And ?%ﬁrit%ﬁg ‘é"ﬁgéj(f et%éze%uf%gndﬁ)% mim s%%oﬁ‘&s%%e‘r%%%red%gg\;\é'
to be inscribed is inserted ‘

The laser marking may be performed on a commercially
available laser marking device, such as a laser from
Baasel, Type StarMark SMM6S, having an average laser
output of 65 W and a writing speed between 1 and 200
mm/seconds. The molded boady to be inscribed is inserted
intc the device and white to dark-gray writing having
sharp contours and good readability on the colorless,
transparent substrate is obtained after irradiation. In
a speclal embodiment, the laser Dbeam may also
advantageously be focused above the substrate. A larger
number of pigment particles are thus excited and
intensive, high contrast inscribed images are obtainea
sven at low plgment concentrations. The regquired energy
in the writing speed are a function of the composition
and quantity of the laser~sensitive oxide used. The
high the oxide content, the lcocwer the reguired energy
in the higher the maximum writing speed of the laser
beam. The required settings may be ascertained in the

individual case without further measures.

The laser welding may be performed on a commercially
available laser marking device, such as a laser from

Baasel, Type StarMark SMMe5, having an output between



into the device and white to dark-gray writing having sharp contours and
good readability on the colorless, transparent substrate is obtained after
irradiation. In a special embodiment, the laser beam may also
advantageously be focused above the substrate. A larger number of
pigment particles are thus excited and intensive, high contrast inscribed
images are obtained even at low pigment concentrations. The required
energynin the waiting speed are afurctionrof thesgompositio e 1 and
;ggénti%@/féa%_@%%-sen@mﬁ ﬁ)g%%ﬁ%%, Tk&@l&ig@aﬁ@%gxid@r&%@wd tﬁﬁﬁi
loyver the required energy. in the higher the maximum, writing speed of the
Tia%%‘?nﬁ:égan% eed‘r’eqﬁ;ffecf get%'lﬁgs%J %na%zbse“lé:secé(rg%% in%’t%h% m%if\%qﬁalls
ease Without fathet feasuras. ThiedLaseeweldifgmay bepaiforméd G
semgercially availableslaser marking:device, such aswalaser fromesired
Baasel, Type StarMark SMMOS, having.an ouiputbetween: 4 Qand, ,
22 amperes and an advance speed between I'and 100 mm/seconds.
WieH Séttin§ & taser ebergy and - advai®/spedd, it836 peeristred €
thatthe-edtput ist notselectedytoo highvandthe atlvaace speed isimot the

seleeted {09-ow,ip arderdg,avoid,undesired..carbonization, At tog low an

output gnd too high an advance speed, the welding may be inadequate.
The “requited settings may also be determined in the individual- case for
this purpose without further measures. For welding plastic molded bodies

erplasticsemifinished preducts, itis ngsessary foriatdeast-one qfthe«ic
parts to be %lned to comprise plastic material accordjﬁncgwtoat@e pres%nt

Selll L3N SO, DI 1T 18 Ce3sary LLegs ne
Invention at'least m tﬁe sur?eice reglon,rfﬁe join su?face belng wra%lla ec(]D

withthe parts to be joined to comprise plastic material
according to the present invention at least in the
surface region, the Join surface being lrradiated with
laser light to which the metal oxide contained in the
plastic material is sensitive. The method is
expediently performed so that the Join part facing
toward the laser keam does not absorb the laser energy
and the second “Join part is made of the plastic
material according tTo the present inventiocn, through
which the parts are so strongly heated at the phase
boundary that both parts are welded to one ancther. A
certain contact pressure 1s necessary in order to

obtaln a material bond.

The high-transparency laser-sensitive plastic materials
according tc the present invention may be usad very
advantagecusly for producing laser-markable production
products. The identification of production products,
produced from these plastic materials, is performed by
irradiating them with laser light tc which the metal

oxide contained in the plastic material is sensitive.

Comparative Example A:




laser light to which the metal oxide contained in the plastic material is
sensitive. The method is expediently performed so that the join part
facing toward the laser beam does not absorb the laser energy and the
second join part is made of the plastic material according to the present
invention, through which the parts so strongly heated at the phase
boundary that both parts are welded to one another. A certain contact
Pressure $§néeessansin ordertorebtais a nidterdlPond!r TReaussa AG,

high-traaspareney lases-sensitive plasticdnaterials) aceordingstothgs the

esent invention. may be used very advantageously. roducing
e harkable otucten Bl its, The Matheation SForsdeon ="
v6ducts, “pratticad from thiese piastic materialsie petfoffed fynsitive
irfagtiating them withrlaserclight tewhich thecmetal oxide eentained in the
plastic material is sensitive. Comparative Example A: - 15 Trogamid0 CX
7323, a commercial product of Degussa AG,  high performance polymers
brdnch: Warl, was'GEed & the PhasticSmBIding cSmpBURE: ItGdinty £ S806
fiom Merek WwégaA,Darmstadt, was used as the laser-sensitive pigment in
a concentration of 0.2 weight-percent. The light transmission in the visible
ran eawaa§"‘;80% Pe‘l}rgglmtl‘lleeh%z_e was 5%. Comparative Example B:
%}M&Fﬁa{ product of Degussa AG, methacrylates
branch, Darmstadt, was compounded and granulated on a 35 extruder,
Sterekghaving aydegassingozenre at 240C; iadin® L3300 frepuMesckac,
rﬁgta@a Dar{ggtadt, was useld asDthe Ias)sgégtepsnwg pigment in a

crylates’ Dranc’ arm compounided  and
concentration of 0.2 Welgﬁt-bercent. : ;

granulated on a 35 exiruder, Storck, having a degassing
zone at  240°C. Iriodin® LS800 from Merck Kgah,
Darmstadt, was used as the laser-ssensitive pigment in a

concentration of 0.2 weighi-percent.

The light transmission in the wvisible range was 85% and

the haze was 4%.
Example 1:

Production of a high-transparency laser—-sensitive

plastic molded body

A plastic molding compound, containing a laser-
sensitive nancscale pigment, was melted 1in an extruder
and injected into an injection meold to form plastic
molded bodies in the form of lamina or extruded to form

slabs, films, or tubes.

The incorporation of the laser-sensitive pigment into
the plastic molding compound was performed with strong
shear in order to break down possible agglomerated

particies into nanoscale primary particles.



The light transmission in the visible range was 85% and the haze was
4%. Example 1: Production of a high-transparency laser-sensitive plastic
molded body A plastic molding compound, containing a laser- sensitive
nanoscale pigment, was melted in aﬁ extruder and injected into an
injection mold to form plastic molde fbadies in the form of lamina or
extruded to form slabs, films, or tubes. The incorporation of the
Tagersensitive’pigment into the plastic molding compound was performed
with strong shear in order to break down possible agglomerated particles
into nanoscale.pri particles, - 16 - Embodiment A) Trogamid r%C
D AT byttt of B ACT TIoR bertSH e Botyime
%%&%brﬁ%éﬁ%%ﬁ&d)ﬁéWﬁaﬁ@tﬂ@%ind‘{é&%poﬁ’ﬁdﬁ Nafoscafe “he
iridigmitin axided Nano(epFOdT=05. C5000-fram Nanogate,was sedas de
the, daser-sensitive pigment in a,copcentation.of 0.01, wejght-percent. .

The light transmission in the visible range was 90% and the haze was
1589 ERiBbdimentB) PEKIGAS(r) 7R, a’corfimeréGialproduttof BeguSsa’ *
W@, o methacrylates braheh, Degmstadt, awasndsed. as then plastic meldingl e
campoupdsNanescalg indidm-tin. exide -Nanag()ITO IT-05 C5000 from
Nanogate, was used as the laser-sensitive pigment in a concentration of
0.001 weight-percent. In the case of extrusion, a higher molecular weight
36 yieamipdiind of the type Plexiglas(r) 7H may also advantageously

t transmission in the visible range was 92% and the

Plexiglas® 7N, a commercial product of Degussa AG,
methacrylates branch, Darmstadt, was used as the
plastic molding ceompound. Nanoscale indium-tin oxide
Nano@ITC IT-05 C500C0 from Nanogate, was used as the
laser-sensitive pigment in a concentration of 0.001
welght-percent. In the case of extrusion, a higher
molecular welight molding compound of the type
Plexiglas® 7H may also advantageously be used. The
light transmission in the visible range was 92% and the

haze was < 1%.
Example 2:

Reduction of a high~transparency laser-sensitive

plastic molding compound

Embodlment A)

Trogamid® CX 7323, a commercial product of Degussa AG,
high performance polymers branch, Marl, was used as the
plastic meiding compound and compounded and granulated
on  a Berstorff ZE 2533 D extruder at 3200°C with
nanoscale Iindium-tin oxide Nano®ITO IT-05 C5600 from
Nanogate as the laser-sensitive pigment in a

concentration of 0.01 welght-percent. The light



haze was < 1%. Example 2: Reduction of a high-transparency
laser-sensitive plastic molding compound Embodiment A) Trogamid(r) CX
7323, a commercial product of Degussa AG, high performance polymers
branch, Mari, was used as the plas c] molding compound and
compounded and granulated on a Berstorff ZE 2533 D extruder at 300C
with nanoscale indium-tin oxide Nanor<ITO IT-OS C5000 from Nanogate
a5 IRE TesEF-sensitive piginehitin &l Eorcerirativi df 601 \idighttpercentze
Jhe lights 17 transmission in the visible range was 90% and the haze
was 1.5%. Embodiment B) Plexiglas(r) 7N, a commercial product of
Degussa AG, methacrylates branch, Darmstadt, was compounded and

5 extruder, Storck, having a degassing zone at 240C
with nanoscale indium-tin oxide Nano(r)ITO T7-05 05000 from Nanogate
as dhe lasersensitive pigmept.in.a concentrationgf 0.001 ‘M%@BE‘QQ”%;
The_light transmission in the visjble range was 92% and the haze was <
15 e 3 Produetio'of a MGReTARparents Tsdr-SaRRNE* Tacqu?
andalactaesr coating Embodimeht A) A radication:enrabie dcrgla@ssing
%ﬂ@eramagl@ of éowaﬂ: ﬁlf(l;n Qﬁ?@ @@?&ggﬁ@ﬂﬁ%ﬂﬂt@%—ﬂ@@eﬁ@& ano®ITC
weight-part xang dioldacryl.ate, 100 weight-parts nanoscale L
Fnﬂﬁé-tin”oiqge% VPﬁ&éﬁ‘ano&(r lrﬁlg)éllffgo from Dé%fssa%gtaﬁ%eﬁo SRELLivE
et parisethaf6lwas dispersed ifia §las§ 1 weight-percent. The
light fTransmission in the visible range was 922% and ths

haze was < 1%.

Production of a hnigh-transparency laser-sensitive

lacqguer and a lacguer coating

Embodiment A)

A radiaticn~curable acrylate lacquer made of 40 weight-
parts pentaerythrite-tri~acrylate, 60 welght-parts
hexane dioldiacrylate, 100 welight-parts nanoscale
indium~tin oxide VP AdNano® ITO R50 from Degussa and
200 weight-parts ethanol was dispersed 1n a glass
vessel for 66 hours on the roller bench while adding
glass balls of a diameter of 1 mm, admixed with 2 parts
photoinitiator Irgacure® 184 after removing the glass
balls, and applied to plastic slabs through squeegeeing
with a wire docter blade. The curing was performed
after & brief wventilation time through irradiation
using a commercially available Fusion ¥ 400 UV dryver at
an advance of 1 wm/min under 1nert gas. The light
transmission in the wvisible range iz 90% and the haze

18 < 2%,



vessel for 66 hours on the roller bench while adding glass balls of a
diameter of 1 mm, admixed with 2 parts photoinitiator Irgacure(r) 184
after removing the glass balls, and applied to plastic slabs through
squeegeeing with a wire doctor b_Ia(iOe@.1 The curing was performed after a
brief ventilation time through irradiation using a commercially available
Fusion F 400 UV dryer at an advance of 1 m/min under inert gas. The

isto ftarsmissian in the visible range is 90% and the haze is < 2%. - 18 -
Embodiment B) A physically drying lacquer was produced by dispersing
100 weight-parts nanoscale.indium-tin oxide VP_AdNano(r) ITO R50 from
Do 0 eitht b bOy i eibacste” TS CSal o) 431 2hd 200TS
welght-parts BUbA dedtat@ v 4CG1ass vesEefTor66°hotirs O the réliérano®
bencirivhile radding glass=halls ©f andiameterof A-mmdthecoating: wast e
pedarmed, by sgueegeeing using,a 24;pm wire.doglor. blade and doying,

the lacquer at room temperature. The light transmission in the visible

Paritetis 8696°and tHe ha2e is*€986 EXAmpie 4 Perfdmting RIREF mAfking:
fohst PYMMA daving=0.0% weight-pericent RO coritent) Arhighi-transpsrency
laser-sensitive,plastic slab., (dimensions 100irur,"60mmigmm) madeof+ o

cast Cf’MMA?h \gng an 1‘];0 content oif: O'Otl vrvei ht-percent was inserted
fnto the Starmark-Lasers SMMES tool from BaAsel~Tasertechnik. It was
to be ensured. that the slab has at least 10 mm distance to the lower
suppart suifaceref the tool. dhefacus.ef the daserdbeagnwas set otheang
%%dlgg éheiglap tQi%:[(ness. The parameters of

Example 4:

rforming laser marking

e
(cast PMMA having 0.01 weight-percent ITO content)

A high-transparency laser-sensitive plastic slab
(dimensions 100mm*60mm*2mm) made of cast PMMA having an
ITCO content cf 0.01 welght-percent was Inserted into
the Starmark-lLasers SMMeD tool from PBaasel-
Lasertechnik. It was to be ensured that the slab has at
least 10 mm distance to the lower support surface of
the tcol. The fccus of the laser beam was set to the
middie of the =lab thickness. The paramsters of
freguency {2250 Hz), lamp current (21.0 A), and writing
speed (100 mms™'} were set on the control unit of the
laser. After the desired inscription text was input,
the laser was started. At the end of the inscription
procedure, the plastic slab may ke removed from the

device.

The contrast was graded at 4.



frequency (2250 Hz), lamp current (21.0 A), and writing speed (100
mms-1) were set on the control unit of the laser. After the desired
inscription text was input, the laser was started. At the end of the
inscription procedure, the plastic slabh may be removed from the device.
The contrast was graded at 4. - 19 The contrast was determined using
the following qualitative method: Contrast grade O: No inscription
'Possible oTontist grage 1: Biscoldtation of the Plastic Hififacé Wasowing
ebservedwithout&ie seript being readable. Contrast grade 2: The
inscription is well readable. Contrast grade 3: The inscription and the
inscription text in Arial 18 bold are well readable. Contrast grade 4: The
TrehpaG, tHEdseription ¥kt in Arial 1BHold Rindthe inscripfie Text s -
Arial 12 are well readable. Example 5: Performing laser marking (cast

PMMAhaving 9 H00weightypercant ITO cantent) A high-transpargncy. + ; ¢

laser-sensitive plastic slab (dimensions 100wLrn*60mm*2mm) made of
cast PMMA having an ITO E5ntefifof § 0801 Weight’gérceht was insertetf
into the Starmark-Lasers SMi65:tool from Baasels Lasertechmikzit slake -
to be ensured that the slab has at least 10 mm distance to the lower

upport surface of the tool,. The focus of the.laser beam was set to 20 mm
R VRS 51t o (ickNSE: THo Pt o1 Feauebit.

Contrast grade 3: The inscription and the inscription
text in Arial 18 bold are well
readable.

Contrast grade 4: The inscription, the inscripticn

text in Arial 18 bold, and the
inscription text in Arial 12 are

well readable.

Example 5:

Performing laser marking

(cast PMMA having 0.0001 weight-percent ITO content)

A high~-transparency laser~sensitive plastic slab
(dimensions 100mm*o0mm*2mm) made of cast PMMA having an
ITO content of 0.0001 weight-percent was inserted into
the Starmark-Lasers SMME5 tool from Baasel-
Lasertechnik. It was to be ensured that the slab has at
least 10 mm distance to the lower support surface of
the tool. The focus of the laser beam was set to 20 mm
above the middle of the slab thickness. The parameters
of frequency (2250 Hzj), lamp current (22.0 A), and
writing speed (10 mms™') were set on the control unit
of the laser. After the desired inscription text was

input, the laser was started. At the end of the



of frequency (2250 Hz), lamp current (22.0 A), and writing speed (10
mms--) were set on the control unit of the laser. After the desired
inscription text was input, the laser was started. At the end of the - 20
inscription procedure, the plastic slab may be removed from the device.
The contrast was graded at 4. E)'(”ar%ﬁle””G: Performing laser marking (cast
PMMA coated with PMMA lacquer containing 0.001 weight-percent ITO)
A high-tnsparency dasersensitive plastieslab {dipfensionsbe removed
109mmieOmmE2mm) made of cast PMMA coated on both sides with a
PMMA lacquer containing 0.001 weight- percent ITO was inserted into the
Starmark Lasers SMM65 tool from Baasel-Lasertechnik. It was to be
ehsureer that the $iab S aEIBast10' mm distance to the lower support
surface of the tool. The focus of the laser beam was as. to 20 mm above
Egga%qdée of the slab thickness. The parameters of frequency (2250 Hz),
tfampcurrent (21.0 A), and writing speed (15 mms-1) were set on the
control unit of the laser. After the desired inscription text was input, the
faser wasistgriéd.sAt: thesend of the inscription procedure, the plastic slab
mayshe remaved from the device.-he coptrast,was graded.at 4. Fxample
7: Performing laser marking (PA12 having 0.1 weight-percent ITO content)
%\@Hia “trans 5F@n%yﬁrapgér-sensitive standard injection molded plastic slab
(dimensions 60mm*60mm*2mm) made of PA12 having an ITO content of

0.1 weight-perceninMasnoy laser-sensitive plastic slab

(dimensions 100mm*&0mm*2Zmm) made of cast PMMA coated on

both sides with a PMMA lacqguer containing 0.001 weight-
percent ITO was inserted intoc the Starmark-Lasers SMMGH
tool froem Baasel-lasertechnik. It was fTo be ensured
that the slab has at least 10 mm distance to thes lower
suppert surface of the tocl. The focus o©f the lassr
beam was set to 20 mm above the middle of the slab
thickness. The parameters of freguency (2250 Hz), lamp
current (Z1.0 A}, and writing speed (15 mms™!) were set
on the control unit of the laser. After the desired
inscription text was input, the laser was started. AU
the end of the inscription procedure, the plastic slab

may be removed from the device.
The contrast was graded at 4.

Example 7:

Performing laser marking

(PA1Z having 0.1 weight-percent IT0 content)

A high-transparency laser-sensitive standard injection
molded plastic slab (dimensions 60mm*&60mm*2mm) made of
PA1Z having an ITO content of 0.1 weight-percent was

inserted into the Starmark-Lasers S8MMEL tool from



. inserted into the Starmark-Lasers SMM65 tool from - 21
Baasel-Lasertechnik. It was to be ensured that the slab had at least 10
mm distance to the lower support surface of the tool. The focus of the
laser beam was set to the middle of the slab thickness. The parameters
of frequency (2250 Hz), lamp curFer?t](ZG.O A), and writing speed (50
mms-1) were set on the control unit of the laser. After the desired
Ristription 3@ Wassinput,- thetagérwas startedn At thiederid ot thehe slab
inseripdion presedure; the plastic:slabmay be semoved fremethe devige.rt

hecontastaas graded ot 4. Fxample & Performing laser magking

?F?‘A 2 having 0 )iv!elght- ercent ITC contenf) igh-fransparency _
FSerisensitive 8tatidatd ‘ﬁﬁzéﬁt?n melded plastic $fb (diMénsipagreters

6ﬁmmf6@m@ﬁamm] m&d:e oﬂ_zRAlzzhﬁming anittercontent oh0.6L , and
weight-percent was (inserfed into the Starmark-Lasers, SMM63 (ool from; .

Baasel-Lasertechnik, It was to be ensured that the slab had at least 10
Trim Bistanc@ 16 the I0WEF SuppdTt Slifacest the ol e fitus 6fthe ¥ as
lagerbeantivas settorthewnidldles ofithessiab thicknesse Therparametershe
ohfrequency-,(22p0 Hz)slamp current(2Q.0.A), and writing speed(2Qcveg

ms-") \%eredset on the control unit of the laser. After the desired
m%%%pﬁor? teXt was: input, the laser was started. At the end of the
inscription procedure, the plastic slab may be removed from the device.
The contraskwas gsaded-ati4d Example 9: - 22 -

Examnple 8:

Performing laser marking

{PAL1Z having 0.01 weight-percent ITO content)

A high~transparency laser-gsensitive standard injection
molded plastic slab (dimensicns S0mm*&0mm*Zmm) made of
PAlZ having an ITO content of 0.01 weight-percent was
inserted into the Starmark-Lasers SMMeL tool from
Baasel~Lasertechnik., It was to be ensured that the slab
had at least 10 mm distance to the lower support
surface of the tool. The focus of the laser beam was
set to the middle of the siab thickness. The parameters
of freguency {2250 Hz), lamp current (20.0 A), and
writing speed (50 mes ') were set on the control unit
of the laser. After the desired inscription text was
input, the laser was started. At the end of the
inscription procedure, the plastic slab may be removed

from the device.
The contrast was graded at 4.

Example 9:




Performing laser welding (cast PMMA having 0.01 weight-percent ITO
content) A high-transparency laser-sensitive plastic slab (dimensions 60
mm*60 mm*2 mm) made of cast PMMA having an ?TO content of 0.01
weight-percent was brought into ¢ lEE&M with a second plastic slab made
of undoped cast PMMA, using the fates to be welded. The slabs were
mserted in the weldlng suport of the Starmark laser SMM65 from
aselllasertechin hia'Way that the undoped slab laid on top, i.e.,
v\msftrstpplmetrmeﬁhby meolase@b@am bbe facus afthe daser beam was
set to the contact face of the two slabs. The parameters frequency (2250
Hz), lamp current (22.0 A), and advance speed (30 mms-1) were se's on
the confrBriME iR EREY. AftePHhSIZE Bthe diga tobewelded wad 27
input€22*4omm2) Othedaser was stamed. Atthe end of sthe waltihghaving
procedre, the welded-plastic slabs EQLd'dpgeé%E@@V% from.the device, .,
Adhesion valu s having the grade 4 were &Iglevect in the hand test. The
SR o8ioh vids Evalustea B ToloWS: 0'nc AdHedI6Slight ATMGIR 21

S, adhesion; td be separated with 24-tletiolible. 3 Good adhésionyere
Qﬂ@ésaﬂcaedsenarai% w@xa ohealy traubleand pessiblyavithheraid of togls:

nsepar. bIe hesio aration nlythrough cohesmn fracture. .
é;h(ample 1671 P o{%rsrﬁ"ng aasoer We?(fr%g "2% 12%avn 007 thae che

%@ﬁ%ré&rﬂQT@é&t@ﬁk)wPf 1.8, Was ’:Trst penetrated by

the laser beam. The focus of the laser beam was seft to

the contact face of the two slabs. The parameters
frequency (2250 Hz), lamp current (22.0 A}, and advance

speed (30 mms™')

were set on tThe control unit of the
laser., After the size of the area to be welded was
input {(22%4 mm?), the laser was started. At the end of
the welding procedure, the welded plastic slabs could

be removed from the device.

Adhesion values having the grade 4 were achieved in the
hand test.

The adhesion was evaiuvated as follows:

g no adhesion.

slight adhesiocn.

2 some  adhesion; to be separated with little
trouble.
3 good adhesion; only to be separated with great

trouble and possibly with the aid of tools.
4 inseparable adhesion; separation only through

cohesion fracture.

Example 10:

Performing laser welding




A high-transparency laser-sensitive standard injection molded plastic slab
(dimensions 60 mm*60 mm*2 mm) made of PA12 having an ITO content
of 0.01 weight-percent was brought into contact with a second standard
injection molded plastic slab (dim_en§'§3n§ 60 mm*60 mm*2 mm) made of
undoped PA 12, using the faces to be welded. The slabs were inserted in
the welding support of the Starmark laser SMM65 from
B¥asel-hasarfechnildih saclyawaethae te didopenislab faid on top, i.e.,
was first penetrated by the laser beam. The focus of the laser beam was
et.to the c ace of the slabs. The.parame reque 5
i e S e P e et e et
CONtrol-arit ofthe taser. ARBEIE SiZE ofthe HPe S to R WeldBd wage
mnpubE2*4 mml) thedaser Was cstartedtAtdlie énd of the weldingercent
pracedure, fhe -welded plastic slabs.could be removed. from the device.,

Adhesion values having the grrfde 4 were achieved in the _hand test. -24-

Claifis' . Usd 8 & prastic Hiatetialfor taser midrking ahd/ & 1a%er Weldifig?
the plasticématerialwontaining fdnoscale metaloxideselettet:fromo  be
faped indigmoxide; doped i axide and.doped antimepy @xide, support

characterized in that the parti Eg ize of the metal oxide is | to 100 nm and
(. maal o8 Chhtent 12, 000176 0.6 19 B WL HAGed onthe "~

plastic fnatekial: 88 thatwhen: tHeopldstid HhatefiaFis 2 'mad iy thickhiess the
rapsmissionds greater than@5% and e hazens lessdhan3%sbeth the
Jenedfy piage i ASTH DG 2 Ussseconpas Cal.
slabs. The parameters frequency (2250 Hz), lamp current
(22.0 A), and advance speed (10 mms '} were set on the
control unit of the laser. After the size of the area
to be welded was input ({(22*4 mm?), the laser was
started. At the end o¢f the welding procedure, the

welded plastic slabs could be removed from the device.

Adhesion values having the grade 4 were achieved in tThe

hand test.



3. Use according to either of Claims 1 and 2, characterized in that the
metal oxide content is 0.001% to 0.01% by weight. 4. Use according to
any one of Claims _ to 3, characterized in that the nanoscale metal oxide
is indium-tin oxide or antimony-tin oxide. 5. Use according to Claim 4,
characterized in that the nanoscaledfietal oxide is blue indium-tin oxide.
Clgagge according to any one of Claims 1 to 5, characterized in that the
matrix of the plastic material is based on poly(meth)acrylate, polyamide,
polyurethane, polyolefins, styrene polymers and styrene copolymers,
1 polyearbériate: sifiearidst polfiftides, polySGiphones SfolydiHerstphoied/ or
lMke%@éiﬁglyemg(e&%jppl)f@@@@i"ﬁ@@'sélm%ertINj‘Z‘SF%nOScale

polyethyleneoxide, -25- polyurethane, polyolefins or fluorine-containin Y
Nolymers - FeUsEadcoring to ETain e tharabériz8d fiithat thedoprsd tin

o-pohmeth)agnate is apohunethykmethacrylates 8t Useacgording teu ¢ the

Claim 6, characterized in that the _polycarbonate is a bisphenol A
Pjolycarboriaté 9. Usedetoftfitg to &hy'oife of Claims to'g, "™ and the
mharacterized inthatdhe plasticomateriad isqpresent in the foemgfa, based

moulded body, semifinished product, mouldillr{%_compound or lacquer. 10.

°Tyse-according 1o Any dhe St'Cldims 115 9 for ‘prodUEitig laserarked S *+<
maangdfardaserswelded atticles ot manufactuee. 11aMethed obweldingyreater

together plastic moulded bodies.or plastic semifinished products when.at
tl‘I‘(‘aaglst Qo?ﬂé gﬂée t;})la’rts?’ to'be jLoSmelcii gosns’%t%nofr%fe{st%or%dgte%%%e E%égr‘d?ngm
ade Claimsck tor160n AersurfadediEgion at

2. Use according to Claim 1, characterized in that the

particle size of tThe metal oxide 1s 5 to 100 nm.

3. Use according to either of Claims i anda 2,
characterized in that the metal oxide content is 0.001%

to 0.01% by welght.

4. Use according to any one of Claims 1 to 3,
characterized 1n that the nanoscale metal oxide is

indium-tin oxide or antimony-tin oxide.

5. Use according te Claim 4, characterized in that the

nancscale metal oxide 1s blue indium-tin oxide.

6. Use according to any one of Claims 1 to b,
characterized in that the matrixz cf the plastic material
is based on poly{meth)acrylate, polvamide, polyvurethane,
polyclefins, styrene polymers and styrene copolymers,
polycarbonate, silicones, polyimides, polyvsulphone,
polyethersulphone, polyketones, polyetherketones,

polyphenylene-sulphide, polyester, polyethyleneoxide,



least, said method comprising irradiating the join face with laser light to

which the metal oxide contained in the plastic material is sensitive. 12.

Method of marking articles of manufacture produced from plastic

materials according to Claims 1 to 12, said method comprising irradiating

these with laser light to which the mé&al oxide contained in the plastic
PPrateRal i 8énsitive? a3y pasérimarked @hd/or laser-wélded artiigtaining
pProdiced according to any one of Claims 1 to 12.

7. Use according to Claim 6, characterized in that the

poly (methjacrylate is a polymethyl methacrylate.

8. Use according to Claim %, characterized in that the

prolycarbonate is a bisphenol A polycarbonate.

9. Use according o any one of Claims 1 to 8,
characterized in that the plastic material 1is present in
the form of a moulded body, semifinished product,

moulding compound or lacguer.

10. VUse according to any one of Claims 1 te 9 for

producing laser-marked and/or laser-welded articles of

manufacture.

11. Method of welding together plastic moulded bodies or
plastic semifinished products when at least one of the
parts to Dbe doined consists of plastic materials
according to Claims 1 te 10 in the surface region at
least, sald method comprising irradiating the Join face
with laser light to which the metal oxide contained in

the plastic material 1s sensitive.

[

2. Method of marking articles of manufacture produced

th

rom plastic materials according to Ciaims 1 to 12, said
method comprising irradiating these with laszer light to
which the metal oxide contained in the plastic material

ig sensitive.

13. Laser-marked and/or laser-welded article produced

according to any one of Claims 1 to 12.



