HIGH-TRANSPARENCY 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
through laser marking and also the welding of plastics using laser energy
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the plastic material eithey, ditactly {hxoughrinteraction with the polymer or

indirectly using a laser-sensitive agentaddedto the plastic material. The
laser-sensitive agent may be an organic coloring or a pigment, which
Theaugesssskocally visibitetdiscoloratiba o the plastiGitigbughrabsoptionof

p1ihe: laser goergy. K ay he agempound whicheis ceavered Jfrom a8/ o
1 invisible, cé)l rless g)rm into a visible form_upon irradiation with laser light.
a el é% ue E é}

FERsE Werdihg 178 Blaste nfhteFialis B strSighy EEF i the J61f SArea
sefpdligy abstrpicn orthédaserderibrdipadt tFer matsril el andséthe
ma pakts Well toronsasothepel hetdentificatiormgfproduction products is
becoming increasingly more important in nearly all industrial branches.
Thus, for example, production dates, batch numbers, expiration dates,
TherorRRRidehtifciibns, Harbddes: tEmpRRG sHds afe mist Pelasplrad
alEompared we bahugntional pderndifi¢ation tedhnplogiesesaticl:as rprntiag:e
knBHROSIG, slaMpiaggnalebeling.jasey Bgrking losigeficantymarg.

rapid, since it operates without contact, more precise, may EE led
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through interaction with the polymer or indirectly

using a laser-sensitive agent added to the plastic
material. The laser-sensitive agent may be an organic
coloring or a pigment, which causes a locally visible
discoloration of the plastic through absorption of the
laser energy. It may be a compound which is converted
from an invisible, colorless form into a wvisible form
upon irradiation with laser light. In laser welding,
the plastic material is s0 strongly heated in the join
area through absorption of the laser energy that the
material melts and both parts weld to one ancther.

The identification of production products ig becoming
increasingly more important in nearly all industrial
branches. Thus, for example, production dates, batch
numbers, expiration dates, product identifications,
barcodes, company logos, etc. must be applied. Compared
to conventional identification technologies such as
printing, embossing, stamping, and labeling, laser
marking is significantly more rapid, since it 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 laser markings are produced under the surface in 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 nfatfix is resistant. Security and
permanence of product identifications, as well as freedom from
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Both arts are welded to one another in this way as a result. The laser
maF’?(a%lhty or laser weldability is a function of the nature of the plastic
materials and/or the polymers which they are based on, of the nature and

rreonterdof oy lasatisensiiverasitiives, amd obthepa@velengtivand tion
bé@@‘é‘éﬂ” B‘Q’Sr %ég‘éﬁaeﬁfé u %d ) ?99'“%”#‘&1% 2 gnd Excimer 'c?sers

d:YAG | sers eodymium-dope yttrlum alumin mgarnet?asers
jOln. partner fac1ng toward™ the laser source having

sufficient transparency for the 1light of the laser
source, which has a specific wavelength, so that the
radiation reaches the jeoin partner lying underneath,
where it is absorbed. Because of this absorption, heat
ig 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 ox laser weldability i1is a
function of the nature of the plastic materials 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 CO, and Excimer lasers, Nd:YAG lasers
{(nheodymium-doped yttrium-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.



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. 3 _ Laser-markable
or laser-weldable plastic materials, #vhich contain laser-sensitive additives
in the form of colorings and/or pigments, generally have a more or less
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flaked transparent or semitransparent subgtrates,
particularly layered silicates such as mica.
Transparent thermoplastics having pigments of this type
~display a metallic glimmer, however, which may be
completely covered by 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 01/0071$. 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-gensitive
additives. Polymers having ring-shaped or aromatic
structures are predominantly used for this purpose,
which tend to carbonize easgily 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



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 #pe are not weather-stable because
of their composition. The contrast of the inscriptions is poor and is only 4
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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-absorbent
molded part II, through which the welding occurs, is
described. in DE 100548539 Al. The wmolded 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
impression arises. The material is not naturally

transparent.

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

prior art.

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

sensitive additives for plastic materials are to be



impression arises. The material is not naturally transparent.
High-transparency laser-markable and laser-weldable plastic materials,
particularly those which are additionally weather-resistant, are not known
from the prior art. The present invention is therefore based on the object
of providing high-transparency laseRmarkable and laser-weldable plastic
materials. In particular, laser- sensitive additives for plastic materials are
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R aﬁ@iiﬁon, ﬁ{’é'object of the present invention is a method for producing
high-transparency laser-markable and/or laser-weldable plastic materials

THthIbg &id ob nanescale-lasersensitivemetal oxides Hbedwelak high-
transparency plastic materials which are characterized
in that they are laser-markable and/or laser-weldable
due to a content of nanoscale laser-sensitive metal

oxides.

The object 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 is a
method for producing high-transparency laser-markable
and/or laser-weldable plastic materials with the aid of
nanoscale laser-sgensitive metal oxides, the wmetal
oxides being incorporated into the plastic matrix 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 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-gensitive pigments having
primary particles below 80 nm particle size are known,

but these are not provided in the form of isclated



oxides being incorporated into the plastic matrix 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 size and their
morphology, since they typically si§nificantly exceed the critical size of a
fourth of the wavelength of visible light of approximately 80 nm.
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Laser-sensitive metal oxides are to be understoo
markable and/or laser-weldable.

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 of 2 mm.
Transmission and haze are determined in accordance with
ASTM D 1003.

Lager-sensitive 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
visible alteration in the plastic matrix in which they

are emnbedded.

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

agglomerates.



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
visible alteration in the plastic matrix in which they are embedded.
Nanoscale is to be understood i that the largest dimension of the
discrete particles of these laser- sensitive metal oxides is smaller than 1
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plastic materials coming into consideration.

If the particle gize and concentration are selectéd
suitably 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 gizes above 100 nm, while
higher concentrations may alsc be selected for particle

sizes below 100 nm.

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

laser-weldable plastic materialsg.

Especially suitable metal oxides are indium-tin oxide
(ITO) or antimony-tin oxide (ATO) as well as doped
indium~tiﬁ 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" indium-tin
oxide may cause a visually perceivable glightly
yvellowish tint of the plastic material at higher



higher concentrations may also be selected for particle sizes below 100
nm. Doped indium oxide, doped tin oxide, and doped antimony oxide
preferably come into consideration as the nanoscale laser-sensitive metal
oxides for manufacturing high- transparency laser-markable and/or
laser-weldable plastic materials” E%pemally suitable metal oxides are
indium-tin oxide (ITO) or antimony-tin oxide (ATO) as well as doped
coingitrotintandier aatiragay-tinguides dndiumgtinzexide iis espaeiallyipper
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the plastic matrix with strong shear using the method according to the
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the nanoscale primary particles.

as agglomerated pdrticles, for example, as agglomerates

whose particle size may be from 1 um to multiple

millimeters. These may 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 pyreolytic 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-sensitive 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 is based on poly(meth)acrylate, polyamide,
polyurethane, polyolefing, styrene polymers and styrene
copolymers, polycarbonate, silicones, polyimides,
polysulfone, polyethersulfone, polyketones,



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. Furthermére; nanoscale metal oxides may be
manufactured through precipitation methods, as described in DE 100 22
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polyethylene terephthalate, polysulfone,
polyethersul fone, cycloolefin copolymers (Topas®,
Zeonex®) , polymethyl methacrylate, and their
copolymers, since they do not influence the
transparency of the material. Furthermore, transparent
polystyrene and polypropylene are to be cited, as well
as all partially crystalline 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 (Ci4 - C22), and aliphatic and cycloaliphatic
dicarboxylic acids (Cé through C44); the latter may be
partially replaced by aromatic dicarboxylic acids. In
particular, the transparent polyamides may additionally
be compoged from monomer components having 6 C atoms,
11 C atoms, and/or 12 C atoms, which are derived from

lactams or w-amino carboxylic acids.



polyethersulfone, cycloolefin copolymers (Topas(D, Zeonex(r)),
polymethyl methacrylate, and their copolymers, since they do not
influence the transparency of the material. Furthermore, transparent
polystyrene and polypropylene are to be cited, as well as all partially
crystalline plastics which may bé &r%céssed into transparent films or
molded bodies by using nucleation agents or special processing
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by aromatic dicarpoxyli¢ acids. In particular, the trancgﬁarent polyamides
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substituted/unsubstituted c¢ycloaliphatic diamines bis-

{4-aminocyclohexyl) -methane, bis~ (3-methyl-4-
aminocyclohexyl) -methane, big- {4-aminocyclohexyl) -
propane, bis- (aminocyclohexane), bis- (aminomethyl) -

cyclohexane, isophorcone diamine or even substituted

pentamethylendiamines may be used.

Examples of corresponding transparent polyvamides are
described, for example, in EP 0 725 100 and EP 0 725
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 Ilaser-
markable or laser-weldable with the aid of the
nanoscale metal oxides according to the present
invention, without impairing the transparency of the

materizal.

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

compounds, or lacquers. The high-transparency laser-



dodecane diamine, nonane diamine, hexamethylene diamine in
unbranched, branched, or substituted forms, as well as representatives
from the class of alkyl- substituted/unsubstituted cycloaliphatic diamines
bis- (4-aminocyclohexyl)-methane, bis-(3-methyl-4-
aminocyclohexyl)-methane, bis-(4-4finmocyclohexyl)- propane,
bis-(aminocyclohexane), bis-(aminomethyl)- cyclohexane, isophorone

wliamine.or gven; sybstiteted: peptamethylendiamigesmay digsedhe sent

in@(grgntplg% of corre;ggpnding_L ransggrer%lgg)o%amide%n are, déasg?r:b d, for
examp][e, in BP0 and EB0 7725 1 1.al-‘cl"|gh-f3ransepare e lpe'?gstigr

sayiichnd BhssH 5% pBWHTdthyl methacrylate, bisphenol-A-polycarbonate,
polyamide, and cycloolefin copolymers made of norbornene and a-olefins
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add them during the reaction, specific production

methods for the relevant plastics which are known to
those skilled in the art being used. In the case of
polycondensates such as polyamides, the additives may
be incorporated intc one of the monomer components, for
example., This monomer compénent may then be subjected
to a polycondensation reaction with the remaining
reaction partners in a typical way. Furthermore, after
formation o©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 formulétion
components or monomers as well as possibly necessary
additives such as polymerization initiators,
stabilizers (such as UV absorbers, heat stabilizers),
vigual brighteners, antistatic agents, softeners,
demeclding  agents, lubricants, dispersing agents,
antistatic agents, but alsc fillers and reinforcing
agents or impact resistance modifiers are mixed and
homogenized in devices and systems typical for this

purpose, guch as reactors, stirring vessels, mixers,



typical in plastic production and processing. It is possible to introduce the
laser-sensitive additives before or during the polymerization or
polycondensation in individual reactants or reactant mixtures or also add
them during the reaction, specific production methods for the relevant
plastics which are known to thoese.gkilted in the art being used. In the
case of polycondensates such as polyamides, the additives may be

[ or. into o nomer.com e e, Thi
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i qRelymetization nitiafors, siaplizers{such as W absorbeys, eat.,
stabilizers) , visual brighteners, antistatic agents, softeners, demolding

esSpG&He L8RS SdigFErsing agents, antistatic agents, but also fillers and
reinforcing agents or impact resistance modifiers are mixed and

rehonagenizedin deyisssand systepipdypigaldar i Auagse, 84ch ag,c
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-magxides are inpeddcetrimdo the tiateniapat trhear in the plastic

matrix. This may be performed through appropriate
setting of the mixers, roller mills, and extruders. In
this way, any possible agglomeration or aggregation of
the nanoscale metal oxide particles into lafger units
may be effectively prevented; any existing larger
particles are broken dowrn. 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
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 example, by adding one
or more polymerization initiators and inducing the
polymerization through heating or irradiation. For
complete conversion of the monomer(s), a tempering step

may follow the polymerization.

Laser-markable and laser-weldable lacquer coatings are

obtainable through dispersion of nanoscale laser-



suitable instant for this purpose and incorporated homogeneously. The
incorporation of the nanoscale laser-sensitive metal oxides in the form of
a concentrated pre-mixture (masterbatch) with the identical or a
compatible plastic material is especially preferred. It is advantageous if
the incorporation of the nanoscaleltdset-sensitive metal oxides into the
plastic matrix is performed with high shear in the plastic matrix. This may

sbea performed Hrough appropriate, seding of theguixers, rellerumills iand: |
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reampdurdsleradrmioh, casting methodsvdrrecpulpmerizatipn iy pedoimed:

1 Hgugh-ethods known  to those skilled in the art, for example, by adding
one or more polymerization initiators and inducing the polymerization
through heating or irradiation. For complete conversion of the
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acquer rmu atlons coating, and drying or Rar enlngo acqué/r
@d or welded through irradiation using laser 11ght

The laser marking may be performed on a commercially
available laser marking device, such as a laser Ffrom
Baasel, Type StarMark SMM65, having an average laser
output of 65 W and a writing speed between 1 and 200
mm/seconds. The molded body to be inscribed is inserted
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. & larger
number of pigment particles are thus excited and
intensive, high contrast inscribed images are obtained
even at low pigment concentrations. The required 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 lower the required energy
in the higher the maximum writing speed of the laser
beam. The reguired 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 SMMéS, having an output between



The group of suitable lacquers comprises, for example, powder lacquers,
physically drying lacquers, radiation- curable lacquers, single-component
or multicomponent reactive lacquers, such as two-component
polyurethane lacquers. After plastic molded parts or lacquer coatings are
produced from the plastic materials%ontaining nanoscale laser-sensitive
metal oxides, they may be marked or welded through irradiation using

0 .laserlight 2T%£§éﬁé§1ad=§lﬂﬂg m@yﬁ@mﬁ%mgg@@@ %HEﬁ@é@iaw and
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obtained after irradiafion. In aspe(:la embo ent, the laser beam may
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of the parts to be joined to comprise plastic material
according tc the present invention at least in the
surface region, the join surface being irradiated with
laser light to which the metal oxide contained in the
plastic material is sensitive. The method is
expediently performed so that the djoin part facing
toward the laser beam does not absorb the laser energy
and the second join part 1s made of the plastic
material according to the present invention, through
which the parts are so strongly heated at the phase
boundary that both parts are welded to one another. A
certain contact' pressure 1is necegsary in order to

obtain a material bond.

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

oxide contained in the plastic material is sensitive.

Comparative Example A:




0.1 and 22 amperes and an advance speed between 1 and 100
mm/seconds. When setting the laser energy and advance speed, it is to
be ensured that the output is not selected too high and the advance
speed is not selected too low, in erdeg ta. avoid undesired carbonization.
At too low an output and too high an advance speed, the welding may be

Inadequates The, required settings may.also be determined in the

ﬁﬁlo (%ﬁna %ase %or?k%i%gpijr&os%o\%m?ﬁf}éf hé?rﬁ]%ﬁgﬁreg.fFEre\%gﬁlﬁ?g AG,
biaghc RTFErBoMEs opplastier Semifimistied ffoddotswias necedsary fone
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EORBRRY inthé FefEmbidtal Rsaifire? THe ¥abthoBEeE weipediently
performed so that the join part facing toward the laser beam does not
abRorbibe iaser eneka andhe.secard jaia pailds made.ofbe plastic, g
ng;:lterlal accordln%go the present invention, through whi h the parts are
S6SroRGf HEAfed At the phase boundary that both parts are welded to
one another. A certain contact pressure is necessary in order to obtain a
mseEatbonde Thedighriragsparency laser-sensitive plastic materials
according to the present invention may be used very advantageously for
producing laser-markable production products. The identification of
Brttictioaprodddts, Frodeeradioni tHesepladicmatefialsDegpesarmad,
ﬂaytﬁaﬂi@ﬁh@ﬁbgm .wﬁaﬂﬁgs_ef lighé tenwbichicthe metal @dg@santadeed ihg
g¥%8@§g%gﬁﬂ%ggé$§%n%§%%uder, Storck, having a degassing

zone at 240°C. TIriodin® L8800 from Merck Kgad,

Darmstadt, was used as the laser-sensitive pigment in a
concentration of 0.2 weight-percent.

The light transmission in the vigible range was 83% and
the haze was 4%.

Example 1:

Production of a high-transparency laser-sensitive

plastic melded body

A plastic wolding compound, containing a laser-
sensitive nanoscale pigment, was melted in an extruder
and injected into an injection mold to form plastic
molded bodies in the form of lamina or extruded to form
slabs, films, cr 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

particles into nanoscale primary particles.



Comparative Example A: - 15 Trogamid(r) CX 7323, a commercial
product of Degussa AG, high performance polymers branch, Marl, was
used as the plastic molding compound. Iriodin(r) LS800 from Merck
KgaA, Darmstadt, was used as the laser-sensitive pigment in a
concentration of 0.2 weight-percent. The light transmission in the visible
range was 801 and the haze was 5%. Comparative Example B:
%ﬁ@éwcommercial product of Degussa AG, methacrylates
branch, Darmstadt, was compounded and granulated on a 35 extruder,
Slaselaniavingca degassing, zongat 240G odindn L5800 fromerek 5
ﬁgaA, Dargstadt, was usid as the Iaser-_sensmve |_gment_|n a
Cortcentiation oro S Rekit-ARrdeht PFRE fight t isYiBR inrfFrYighlethe
Fyetias 8594 Ahtsthehapowed 41 Mexaraplelk Protdttion ofia oxide
N@hdwar@@tc:p @8@51@@@“%%&1?81&&156@%@' body-A pltagtgdm%lglting;he
und, containing a laser- sensitive nanoscale pigment, was melted in
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B6digs n RefRRtof |IdMHMma of eRtFudedrtodoar sdlaps, fitmstbetubiésible
Thedrcorperation ofiflie lasersensitive.gigmery into the plastic molding
compound was performed with strong shear in order to break down

Eossibl_a agalom)erated particles into nanoscale primary particles. - 16 -

Plexiglas® 7N, a commercial product of Degussa AG,

methacrylates Dbranch, Darmstadt, was used ag the
plastic molding compound. Nanoscale indium-tin oxide
Nano®ITO IT-05 C5000 from Nanogate, was used as the
laser-sensitive pigmént in a concentration of 0.001
weight-percent. In the case of extrusion, a higher
molecular weight wmolding compound of the type
Plexiglas® 7H may alsc advantageously be ﬁsed. The
ilight transmission in the visible range was 92% and the

haze was < 1%.

Example 2:

Reduction o©f a high-transparency laser-sensitive
plastic molding compound

Embodiment A)

Trogamid® CX 7323, a commercial product of Degussa AG,
high performance polymers branch, Marl, was used as the
plastic molding compound and compounded and granulated
on a Berstorff ZE 2533 D extruder at 300°C with
nanogcale indium-tin oxide Nano®ITO IT-05 C5000 from
Nanogate as the laser-sensitive pigment in a
concentration of 0.01 weight-percent. The light



Trogamid(r) CX 7323, a commercial product of Degussa AG, high
performance polymers branch, Marl, was used as the plastic molding
compound. Nanoscale indium-tin oxide Nano(r)ITO IT-05 C5000 from
Nanogate, was used as the laser-sepsitive pigment in a concentration of
0.01 weight-percent. The light transmission in the visible range was 90%
and the haze was 1.5%, Embodiment B) Plexiglas(r) 7N, a commercial
ProfiERarBagissaAG 2 nethcry fated BRAARh "BEmidadeRas ted Jaze
s plasti& molding compound. Nanoscale indium-tin oxide Nano(r)ITO
IT-05 C5000 from Nanogate, was used as the laser-sensitive pigment in a
%%ncggtrgglolg .001 weight-percent. In the case of extrusion, a higher
olding compound of the type Plexiglas(r) 7H may also
advantageously be used. The light transmission in the visible range was
92%uraingd the® hazg was < dmitmanip QZ:M@M ten o Kd)egussa AG,
[ I -sensitiv i in mpoun Em%o%i]ment
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C5000 from Nanogate as the lasér-sensitive pigment in a concentration
B BT Weift-FeTBRE TR A7 FandmiRibrifi tHEvidhss Fafde wike
D0Phand Hansavies wiasl 58.the visible range was 92% and the

haze was < 1%,

Example 3:

Production of a high-transparency laser-sensitive

lacquer and a lacquer coating

Embodiment A)

A radiation-curable acrylate lacquer made of 40 weight-
parts pentaerythrite-tri-acrylate, 60 weight-parts
hexane dioldiacrylate, 100 weight-parts nanoscale
indium-tin oxide VP AdNano® ITO R50 from Degussa and
200 weight-parts ethanol was dispersed in 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 doctor blade. 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 light
transmission in the visible range is 90% and the haze

is <« 2%.



Embodiment B) Plexiglas(r) 7N, a commercial product of Degussa AG,
methacrylates branch, Darmstadt, was compounded and granulated on a
35 extruder, Storck, having a degassing zone at 240C with nanoscale
indium-tin oxide Nano(r)ITO IT-05 C5€00 from Nanogate as the
laser-sensitive pigment in a concentration of 0.001 weight-percent. The

lj t‘%tr&msmi sign in the visible range was 92% and the haze was < 1%.

O . . .-
@'ampﬁé@ﬁm%%ctlon of a high-transparency laser-sensitive lacquer and
a lacquer coating Embodiment A) A radiation-curable acrylate lacquer
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AdNano(r)’ITO R50 from Degussa and 200 weight-parts ethanol was
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h ith tor blade. Th f d
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gasdheslightaransmgissien indbenyisible rananis Y% swethg haze is <
2%. 18 - Embodiment B) A physically drying lacquer was produced by

dlspersm 100 weight-parts nanoscale indium-tin oxide VP AdNano(r)
The light transmission in the visible range is 90% and

the haze is < 2%.

Example 4:

Performing laser marking

(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
ITO content of 0.01 weight-percent was inserted into
the Starmark-Lasers SMME5 tool from Baasel-
Lasertechnik. It was to be ensured that the slab has at
leagst 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 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
procecdure, the plastic slab may be removed from the
device.

The contrast was graded at 4.



ITO R50 from Degussa, 100 weight-parts polymethacrylate (Degalan(r)
742), and 200 weight-parts butyl acetate in a glass vessel for 66 hours on
the roller bench while adding glass balls of a diameter of 1 mm. The
coating was performed by squeegeeing using a 24 pm wire doctor blade
and drying the lacquer at room temperature. The light transmission in the

|bIe rang s 90% and the haze is < 2%. Example 4: Performln aser
maeklng f’ WE\AA K&fing 00T \]/f/@fgrh? erc‘éﬁf‘ﬁ% corrﬁ‘ght) /§° lowing
ﬁ?@ﬁhﬁ&@b’aﬁ’@n@ﬁl‘é@@ﬂ%nsmve plastic slab (dimensions
[00mm*60mm*2mm) made of cast PMMA having an ITO content of 0.01

o s igserted into the Star sers SMM65 toal fr.

ggg%é}lgfgsgy%lg It wea% to be ensu?éd Lhe & slab has at]qeastl%%1
mm distance to the lower support surface of the tool. The focus of the
et beam wasdet to:the Middielaithe stab thickifess. THissparametessic
of frequency (2250 Hz), lamp et (710 AbANEyiNg SPEROL00¢ ne

mms-1) were set on the control unit of the laser. After the desired
inscription text was input, HeaBer was startétf Atdhe end of thgadable.
inscription procedure, the plastic slab may be removed from the device.

thawpagasywasgraded atfie19; fhe coptrashwasdetganined-usinghe |

following qualitative method: Contrast grade 0: No inscription -possible.

Contrast grade 1: Discoloration of the plastic surface was observed
WPRbBGEHe grade 3: The inscription and the inscription

text in Arial 18 bold are well
readable.

Contrast grade 4: The dinscription, the inscription
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*60mm~*2mm) wmade of cast PMMA having an
ITO content of 0.0001 weight-percent was inserted into
the Starmark-Lasers SMM6E 5 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 Hz), lamp current (22.0 A}, and
writing speed (10 mme™') 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



script 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 inscription, the inscription text in
Arial 18 bold, and the inscription textig Arial 12 are well readable.
Example 5: Performing laser marking (cast PMMA having 0.0001
We| ercent ITO con gA high- tra arency laser sensmve plastlc
srabs c(ﬁlnl?ensmn?f(?ocr%%“;e 5mm ﬁae%f Ea qipved
IForsoritest 670081 weight- percent was inserted into the
Starmark Lasers SMM65 tool from Baasel- Lasertechnik. It was to be
r%%a'@%l gecsl %t Ied?ls %Olnm distance to the lower support
sur ace ot the tool. ocus of thé laser beam was set to 20 mm above
the middle of the slab thlckness. The parameters of frequency (2250 Hz),
[Ermongulreerd (22.0 A), and writing speed (10 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 20 inscription procedure, the plastic
t&device. The contrast was graded at 4.
Exa&vaple BMRRforodng faser tarkiigikast RiMArcoatethwith PAGMA . 001

lpeduercontaining0.894 weight-percent ITO)

A high-transparency laser-sensitive plastic sliab
(dimensicns 100mm*60mm*2mm) made of cast PMMA coated on
both sides with a PMMA lacquer containing 0.001 weight-
percent ITO was inserted into the Starmark-Lasers SMM65S
toocl 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 middie of the slab
thickness. The parameters of frequency (2250 Hz), lamp
current (21.0 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. At
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

(PA12 having 0.1 weight-percent ITO content)

A high-trangparency laser-sensitive standard injection
molded plastic slab (dimensions 60mm*60mm*2mm) made of
PA12 having an ITO content of 0.1 weight-percent was

inserted intc the Starmark-Lasers 8SMM65 tool from



A high-transparency laser-sensitive plastic slab (dimensions
100mm*60mm*2mm) 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
ensured that the slab has at least 10 mm distance to the lower support

E{Laé:g othQe t%%l. The f%cusz%f the Iaster l#]aam was set to 20 mm above
faThidtie ot the ST thicknass. e patametere DHFEGuERAF (728D 1ARP
Bt @ifrent¥28D AL Gndiiritidé Shaagels remsthavereowstrontheport
eantitd visit ofthetasetodfler theydesiegduinseriptiondexi yasinmithe was
laser was t e f the jnscription procedure, the plastic slab
r%%% t;%gre?n%\[/e f‘é:aﬁn%@thg??v?ég % g%or?&&sﬁ%laessgsrad%e St N |SlléS
PP e HORAINGSEer MaRifg (AL hhBRE 0. 3UW&EgREpef@éht ITGréontemar
Achigh-transizeerdcy (aSerssensilivessiardase injention haolded plastic glabt

imengions 0mm* * m 1 ' O tent of
i M b
ORST BaARel-LaRERECHRTRSI wistE Hetknsutbd th&heMh 1R atthe
a8t 10 pihalistares sxitved owéhsuppbats sudfacel eiitheidgol bEherfasused
ahthe laser pamaas set to the middle of the slab thickness. The
parameters of frequency (2250 Hz), lamp current (20.0 A), and writing
speed (50 mms-1) were set on the control unit of the laser. After the
desiretrmsERgiorvieskt #adrPus the laser was started. At the end of the
inscription procedure, the plastic slab may be removed

Example 8:

Performing laser marking

{(PA12 having 0.01 weight-percent ITO content)

A high-transparency laser-sensitive standard intection
molded plastic slab (dimensions 60mm*60mm*2mm) made of
PAl2 having an ITO content of 0.01 weight-percent was
ingerted into the Starmark-Lasers SMM65 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 tocl. The focus of the laser beam was
set to the middle of the slab thickness. The parameters
of frequency (2250 Hz), lamp current (20.0 A), and
writing speed (50 mms™') were set on the control unit
of the laser. After the desired inscription tex:t was
input, the laser was gtarted. At the end of the
inscription procedure, the plastic slab may be removed
from the device.

The contrast was graded at 4.

Example 9:




from the device. The contrast was graded at 4. Example 8: Performing
laser marking (PA12 having 0.01 weight-percent ITO content) A
high-transparency laser-sensitive standard injection molded plastic slab
(dimensions 60mm*60mm*2mm) magle of PA12 having an ITO content of
0.01 weight-percent was inserted into the Starmark-Lasers SMMG65 tool
from_Baasel-Lasertechnik. It was to be ensured that the slab had at least
S distitce BeY-stpport surface of the tool. The focus of the
lbsasbed@MBasiaet tythe. hiddfe DftHe-glaly ¢tickneSEO Thempaeameters
of frequency (2250 Hz), lamp current (20.0 A), and writing speed (50
ms-& V\ﬁa_r% sg%} gn éhree control linit of Ehe Iase% After the desired 1ab.
IRSCriptich text Was Mput the laserwas Staret Al the eRddftHe  S1ab
inBEFSHFHL YR e §0reNtHES Sl a B SlammmaynBe! ferdy etk fromPiiéAd dviteing
Zhe rootrasintasgraded at 41 Example %azcgﬁfow@g%]%%ﬁm@difﬂm
[ . ight-percent ITQ gontent) A high-transparenc
T el B S OIS 60 B KO3 G grece
PP MME HATing h 1F&ShtehP of 0201 WRdigiRherdBae was BRRigitere
fime econtaict with Eheecerd giastic slalpmade ofuntdoped casin2MMAzser
gpingdhe:facas iobe welded The.slahs were, inseugd in hewelding .
support Qf the Starmark laser SMMG65 from Baasel-Lasertechnik in sucﬁa
%%Cfﬁgfgth@l d 9B 1&48%n thpSie., WAS fifdipthehaigfBpted by

the laser beam. The focus of the laser 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™') were set on the control unit of the
laser. After the size of the area to be welded was
input (22%4 mm?2), 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 evaluated asgs follows:

no adhesion.

slight adhesion.

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

cohegsion fracture.,

Example 10:

Performing laser welding




the laser beam. The focus of the laser 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 set on the control unit of the
laser. After the size of the area to-beywelded was input (22*4 mm2), the
laser was started. At the end of the welding procedure, the welded plastic
slabs could be remoyed from the device. Adhesion values having the

ér%le24 Y& A8hidvdd i ﬁg@%ﬁ@%g&?%e %%e%%ﬁ?ﬁ&stévaluated as

follows: 0 no adhesion. 1 slight adhesion. 2 some adhesion; to be
senafatedovithliflartacile 13 geed sdhesionieniy e be separatedkwith on
Kagerne b %g@%@%?‘&i}’ Wi the %'QO%Istf’g%- 4mﬁ?§§%‘?‘r§8'9zadn?rﬁ 'Made
only through cohesion fracture. Example 10: Performing laser

separatio

Wé?d%l% BRirGadRg 682 wWergtigidrcent ITO Edntéfi gt -percent
h‘@@-tram@a@my lasaresenstivesstandard tjection &@dﬂﬁ@ldplasmasiaard
@g@@é%ﬁ G180 MO fum) nade, of BATZNAYINGAN [TQ £onieni »
of 0.01 weight-percent_"was brought into contact with a second standar

HEctidififoldéd plaHEREH (diflendions St mRF60TAM* 2= AfRFmdd ofe
wrddped PRI, aisaigsthedaee sitodyer aald eich Thbeslatswignegnsenterbin:
fe walding suRpor. of the StaRalk 1aseimMMEdiOMa sertechnik in
SRgRe L AR e R T ALY LTS YRS RSN 9N P s
first penetrated by the laser beam. The focus of the
laser beam was set to the contact face of the two
slabs. The parameters frequency (2250 Hz), lamp current
(22.0 &), 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%¢ wmm?), the laser waé
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.



first penetrated by the laser beam. The focus of the laser beam was set to
the contact face of the two slabs. The parameters frequency (2250 Hz),
lamp current (22.0 A), and advanéé Speed (10 mms-1) were set on the
control unit of the laser. After the size of the area to be welded was input
c1e&x24 mm2), 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. -24- Claims 1.

1. Usmsef aqpiastic matesial for fasee marking-and/or slager weldipgnthe 2 /o
1 lastic material containing nanoscale metal oxide selected from doped
2 dfunt Bxfde” doped fin Bk it APt antimony oxide: Eharaefstedan e
methal thex padiclessize-otthe metal axigeis Litod00mmandihe metal +in
Oéide cogteé'nt is 0.0001% to 0.1% hy weight, based on the plastic’
©% hihte Al Cs & AT Whah thE Piastic  material i85 Rtk 5T GGhest theiat the

patransidssionzis geeaterhthans85% and the haze is less tham3%rbaths +he

etermined in accordance wit TM.D 1003, 2. Use accordin to Claim
me%éha%&tfgﬁzecdp fﬁ“tﬁgatlcthé’ spagtif:q %'\ifz“é of themetal GRide' RS E5 100RRES

on3. Use appé@ﬁtgito feitmt@fﬁajms -sand &h@ﬁaramﬂeﬁ;aed ﬂh@atp:r@stic
{QSJ;@I xide content is 0.001%. to 0.01% by weight. 4. Use according to
Ty b of LIALL (35, a/atior o 1Y et TS R Gecale otd Wt

any one of Claims 1 , charac erizedin that
than indigmatidlokide drantmonyitisexideah Bse ateordingdoGlaimdd in

aceBéE?a%%@%iEﬁh%’st?ﬁ %ari%!e metal oxide is blue indium-tin oxide.

e

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

particle size of the metal oxide is 5 to 100 nm.

3. Use according tec either of Claims 1 and 2,
characterized in that the metzl oxide content is 0.001%

to 0.01% by weight.

4. Use according to any one of Claims 1 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

nancscale metal oxide is blue indium-tin oxide.

o. Use 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,
polycarbonate, silicones, _polyimid@s, polysulphone,
polyethersulphone, polyketones, polyetherketones,

polyphenylene-sulphide, polyester, pelyethyleneoxide,



6. Use 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, styrenezwlymers and styrene copolymers,
polycarbonate, silicones, polyimides, polysulphone, polyethersulphone,

po Dolyketonesepolyethgikefeness ;palyphenylene-sulphids, polyestels - i ning
polyethyleneoxide, 25- polyurethane, polyolefins or fluorine-containing

PoOndiyntets. 7. Use according to Claim 6, characterized in that the
poly(meth)acrylate is a polymethyl methacrylate. 8. Use according to

. Claim 6, characterized in that the_ polycarbonate is a bisphenol A

* pOfcafbonaté g Useaccotdifig to ahf Do Tidiftsly tegthat the

po Charasterized:-in thatdhe plastisongiesiahis presamt dn Ahe {eum of a
moulded body, semifinished product, moulding compound or lacquer. 10.
Use according to any one of Claims 1 to 9 for producing laser-marked

8 . andfordaserwalded articias: ofr nignufactuea: 14 r Method af wekding he

ogether plastic moulded.bodies ot plastic.semifinished products when at
po%ég“:s? %%8%? fhe parts %Jbsep?alenré%ic%]ﬁ%?& Of Sllé%ﬁ)@ﬁ\%%érials according

to Claims 1 to 10 in the surface region at least, said method comprising

g irra[gé%ting join face with lasgr light to which the metal oxide containe
in the plaétllac% %Qé%elr?la? is s%%sitieg.y12. Method® cﬁ‘ magrllifnlgmasrticlés of © d
chayanifacturegroduced: dront plastic. materialsraedcerdiag ta €laims detocl12in
=n20ds melod eompyising rrpdiating ese Wit fageright 19 hich the, ..

metal oxide contained in the plastic matefial !
moulding compound or lacquer.

10. Use according to any one of Claims 1 to 9 for
producing laser-marked and/or laser-welded articles of

manufacture.

11. Methed of welding together plastic moulded bodiss or
plastic semifinished products when at least one of the
parts to be Jecined consists of plastic materials
according to Claims 1 to 10 in the surface region at
least, said method comprising irradiating the Join face
with laser 1ight to which the metal oxide contained in

the plastic materizl i1s 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 metal oxide contained in the plastic material

1ls sensitive.

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

according to any one of Claims 1 to 12.



is sensitive. 13. Laser-marked and/or laser-welded article produced
according to any one of Claims 1 to 12. ABSTRACT OF THE
DISCLOSURE HIGH-TRANSPARENCY 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 Iaser sensitive metal
oxides. These plasfc st . A o ded as molded
bodies, semifinished products moldlng compounds or lacquers,
hefticulany copiaimpeetat Xees DAVRE PAFICIRSIZes Fop pie pkd pm
and acontent of 0.0001 10 0, L weighi-percent._ Typical metaioxides are
nanoscale indium-tin ox%%m%@e These materials may be
used in particular for producing laser-markable production products.

The present invention relates to high-transparency

plastic materials which are laser-markable and/or
laser-weldable due to a content of nanogcale laser-
sensitive metal oxides. These plastic materials, which
may be provided as molded bodies, gsemifinished
products, molding compounds, or lacquers, particularly
contain metal oxides having particle sgizes from 5 to
100 nm and a content of 0.0001 to 0.1 weight-percent.
Typical metal oxides are nanoscale indium-tin oxide or
antimony-tin oxide. These materials may be used in
particular for producing laser-markable production

products.



