-1--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 through
laser marking and also the welding of plastics using laser energy are known per se. Both are caused
by absorption of the laser energy in the plastic material either directly through interaction with the
polymer or indirecflyCliSing & iasaiidansitivé Hifeni’ddded fo MY pldsticfmaéhAE T he laser-sensitive
agent may be an organic coloring or a pighrernt; viRCEXaRISes a locally visible discoloration of the
plastic through absorption of the laser energy. It may be a compound which is converted from an
invisible, colorlegs form.into a visible form ypon, rradiation yyith jasgr light, In laserwelding, the plastic
material is so strongl gﬁeated in the join area through absorption of ll'\he ser energy that the material
melts and both ﬁalﬁgé\}él % (6] ducts i

d t8orie another " Thefideftification of production products is becoming
increasingly more:iraportart it rearfeall industridBratiches Thag ot examplé Sproduction dates,
batch numbers, expiration=datesz praductddentifications] baecodes;tormpany l6gos cetc. must be
applied. Compargd to.conveptional idengificationtechaplogies 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 nogglta,nar su%fatiesc mighq% J%K‘Q?r ﬂ%aesxure§+§igce atg% laser markings
are produced undet tha<tirtace it nfate |af,”thfe‘y are permanent, stable, and - 2 - significantly
more resistant tG:f&MovalZ alterdtibhy oréven'forgitig Comtast with*Gthef fifediy, for @xample in liquid
containers and closunes pis:alseenoneritical for this rFegson LywithRtbrerebviots eéndifién that the plastic
matrix is resistant. Secutty-ang permanencelefpraduct identificatians,<as weltastfrgedom from
contamination, agg;&ggqprdigq@lyagmq;ﬁantﬂiptgaclggges;gm%tuggeuti%j&g&q%,, and beverages,
for example. In practice, the principle ofsqgr{]@;ositae Lgrmag%gg§tvme§n jain pggggéﬂn laser welding is
based on a join fﬁrjtﬁgr 1‘§cin““gaftao{c;ﬁarsdE the Taser _soﬁrc"é“havmg sufficient transparency for the light of the
laser source, whith-Ras 3 spedific wavelsighe so'that #7 Fadidtioh réachds théIbin partner lying
underneath, wherelivisiabisorbed. Bécagse of Wisdbseorpticn, Heat ¥ réleAs@d 36 that in the contact
region of the joinjpartners; 1at-anly the: absethingimaterial nhut rtheratsothectiansparent material
melt locally and partially mix, through which:a.campesite.is praguced after-coaling Jdoth parts are
welded to one another In this way,as 2 result, The laser,markahility or laser weldahility is a function of
the nature of the ”pﬁa&ic(fnat‘erjalzc,‘ancie/br,tfr}e polymers which the are based %”d.;Of the nature and
content of any la8BRBeriditivé Hiidities' and of thé waveteigth ahd Tadiatior power of the laser used.
In addition to COZand Excimer Tasetsi Nd: YAG fasErs (heodyrfdtdopéd yitfiunr-atuminum-garnet
lasers), having thereharasteristic wavelepgths: 1064 rins arid 532 reneareyincredsinigly used in this
technology, and mere recently svendiodeslasess - nslaser anaeking -gaod teeognizability - as dark as
possible in front of a light background - and high contrast are desired.

The identification of production produycts is becoming
increasingly more important in nearly all industrial
wranches. Thus, for example, producticon dates, batch
numbers, expiration dates, product identifications,
bvarcodes, company logos, etc. must be applied. Compared
to conventional identification technclogles such as
printing, embossing, stamping, and labeling, laser
marking is significantly more rapld, since it operates
without contact, more precize, and may be applied even
to nonplanar surfaces without further measures. Since
the laser markings are produced under the suriace in

the material, they are permanent, stable, and



- 3 - Laser-markable or laser-weldable plastic materials, which contain laser-sensitive additives in the
form of colorings and/or piyments, generally have a more or less pronounced coloration and/or
intransparency. In the case of laser welding, the molding compound to be made laser-absorbent is
most frequently thus equipped by introducing carlon-black. For example, laser-markable plastic
materials which contain pigments having a conductive layer made of doped tin oxide are described in

'EP 0797 511 E|. T. |95in%59qﬁ< ﬁ/&hl%g&@s%g%t@m@g |9éql%gg_altengfn ggggq@;ptlo% of 0.1to 4
ase fl

-weight- percenf’ %re ed transparent or semitransparent substrates, particularly layered
silicates suct?ﬁ@?h|€é’rﬁhﬂ§par%ﬁflﬁ%%oﬁ%§ﬁc§ﬁ§tﬁng BiRfriénts Epﬁ]l%ﬁ@%@)ﬁa metallic
glimmer, howey@amlchnﬁaﬁhemanewmw by addinigecoveringpigmenfs. Therefore,

high-transpareney, laser:markable plastic materials;may,nat bedraduced using pigments of this type.

Laser-markable products which contain antlmo trioxide having patrticle sizes over 0.5 pm as the

laser markin@ fiifiehfaFrd&ScFibkd iff SVOTIE0719 DAtk hiarkitys Sied fghtbsekgrdund and good
contrast are phtaihed: Howkvet,ithe produsts are Be longel ranggarerfttseedase oftherparticle size of

the pigment. Qnly afew-polyrer sysiems argﬁg@mfgﬁ&@@ase&wg@g@%er se and without
further laser-sensitive additives. : §c_JBI}/mers having rin %oed or z[:itlr atic structures are
y

predominanth3REAFGF tHis p ﬁ%ﬁ f caiBoe eARly URdarthe shectotlaser radiation.

Polymer mater@ismol ¢his type are not weather- stable because of their composition. The c.:intrast of
the inscriptions is poor and is only - 4 - improved by adding laser-sensitive particles or colorings.
These polymer materlaI? are also not weldable b ause fa lack of Ia%er transparency.
Laser-markabfa po?yr%g %Sm[oosﬁ’ iOhs nYade of & po polyme hyl acr)ﬁafgelhavmg an acrylfate comonomer
and a secondpslyaRR niRfof BRFERE BAd iHalelE86d aRydHdE which PRdPFostblyZcontain still
further additives; aregieseribed if ) 88/2836ka B catise ofThe €pntentof syrensantgmaleic acid

anhydride, no additignal | se S e require malded. parts haze of
apprOX|mater%%%f(§% B StIEC r%o%o%\%e'tb&%géi ht]g%ng ag ﬂ%zego gnégg:ﬁtat 5- E1%%/% %o not fulfill the

current requirEPREIftS - however @ﬁ@ze%e%&?f@ﬁfﬁ?aﬂ@g&]ﬁéﬁ %, F&needRll férhe
high-transparesgy sequiremesnisife methind fof deiser-weldimg: of pla&tmgnalﬂeﬁbpaﬁs,tthe laser beam

peing conducigd tough alasadransoarens olied part | apd causiagisatng,in aaaser-ansorbent
molded part I, t roui WhICh e welding occurs, is described. in DE 10054659 Al. The molded parts

contain Iasertl%ngﬁ RS Ié"’§ér“§b§‘6rb%ﬂt E&%rlﬁé@gﬁﬁﬁ g?ﬁ&%tgnpaﬁ'ﬁcﬁgﬁy 8bBn black, which
are tailored tgameasother msuchra way-that albongengons telor #bpression gaasds: The material is

not naturally tansparefe.  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 laser weldability is a
function of the nature of the plastic materizls 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 20, and Excimer lasers, Nd:YAG lasers
(neodymium-doped yetrium~-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.



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 laser-markable and laser-weldable plastic
materials. In particular, laser-sensitive additives for3lastic materials are to be -5 found, using which
these materials may be made lasermarkable and/or laser-weldable without impairing the transparency

of the materiahggr?rjsiggwagfas been fqund that high-transparency, plastic , materials may be made
laser-markablé an orrTaser-vye[%able throtigh a content o nanq%ca eﬁaser-sénsﬁlve metal oxides
without impairifigithie tePiRbaiehcy AR iBERSPEctheRAS PFAVIBEd AlaseRrndrkaRle &hd/or

laser-weldable-bigb-tiansparency plastisiuatetios compsisings 1 1y a hanescale tasee-sensitive metal
oxide selected: g ©.IaHB RBSisting of daned daliupede. doned (i gxlde. and dongd antimony

oxide, wherein: the metal oxide has a particle size of 1 to 100 rim and a conte .0001t0 0.1

weight-percent Bas&R8f 1R pla&RematBriafinIwhERS tHERTERD! FRIBIAsEmEferEtis 2 mm, a
transmission isgfeatdrathan -85%6 carickan hazesis smatlerithan38sang thbeth efthestratismission and

the haze are measyred inaceardance with A IMD1003.

For example, laser-markablie .plastic materials which
contain pilgments having a conductive layer made of
doped tin oxide are described in EP 0 787 511 B1l. These
pigments, which are contained in the material in
concentrations of 0.1 to 4 weight-percent, are based on
fiaked transparent or semitransparent gsubstrates,
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 pilgments.
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 um 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-
waldable 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 compozition. The

contrast of the inscriptions 1is poor and is only



The object of the present disclosure is therefore 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 disclosure is also the use of nanoscale
laser-sensitive metal oxides for producing high-transparency laser-markable and/or laser-weldable
plastic materials. - 5a - In a second aspect, there is provided a use of a nanoscale laser-sensitive
metal oxide selected from the group consisting of doped indium oxide, doped tin oxide, and doped

antimony oxide™ B Rtal okide h&ig BarticReS7e 6FT R 160 fim it e5rt8Rt of 870001 to 0.1
weight-percentdiasedrorethe plastisanateridlyfoe produsingai laser-markablezdrztfor laser-weldable

high-transparepay;piastic materiale In;additian, the gject atthe-presentdisclosure is 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 matrix with
high shear. Inlatird-aspdotithere ispprovited a methodder produging thedaser-mdrkabke ancUor

laser-weldable highhtiansnargney plastc maiariat as detinad aheve, thamethad-comprising:  mixing
a nanoscale Iaser-sec%sitlve ineta oxide with a%astic Enatrix under cé)ndi.tiogs of high sh§ar. The
It Hist=14

present disclostire 18 based on the re&%nﬁion at the ?é%%fl%arﬁng pigmen?slﬁnom%cfr m the related

art are not sufdBlFdariisgh-trafspaie Nt By sipis ikrbar¢ e HelpaiticlelSize &wettheir morphology,
since they typigadly significanilyexeeed thig-exticat sie of @ founb of thewavelength efdsible light of
approximaterC%% nénntLasg%-sen%iti\z/:e ﬁieqm%rg%fhavigfg; 6i)ricr:narg @f&“c'%% el w80 nm %%rticle size are
known, but thése are not providsedyin? e form-of isola edl Y !

additional laser-sensitive pigments are required. The

melded parts have a haze of approximately 5 - 10%.

Plastic molded bodies having a haze of approximatély 5

- 10% do not fulfill the current reguirements, however.

A haze below 1%, or at least below 2%, is needed for

high-transparency reguirements.

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 10054859 A1. The molded 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 4is not naturally

transparent.

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

prior art.

The present invention i1s therefore based on the object
of  providing high-transparency laser-markable and
laser-weldable plastic materxials. In particular, laser-

sensitive additives for plastic waterials are to be



__ 6 _ primary particles or small aggregates, but rather, as in the case of carbon black, for example, are
only available as highly aggregated, partially agglomerated particles having a significantly larger
particle diameter. The known laser marking pigments therefore lead to significant scattering of the light
and therefore to clouding of the plastic material."/Aécording to the present disclosure, nanoscale
laser-sensitive metal oxides are added to the plastic materials, particularly those which have a high

transparency pensg,, inwsdeitomaketherslasermarkatle andigs Jasesweldable: safourth aspect,
there is provided a method_for, welding plastic mol dlbodies Qr I%stic semifinished E){loducts,'wherein
at least one o?l?hre%é%ﬁfg" to %%%gv%xedncggr%%ﬁsgsgﬁ{ae&agticvgr%teﬁ%l as defined %?tl) ve aﬁeast in the '
surface area, SERFRITGTEOMPEAsES M3H@BiRtihg a join face of the plastic molded bodies or plastic

semifinished products with laser light to which the metal oxide contained in the plastic material is

sensitive. In %@b@i@eﬁ% re is,pravided,adise af e plaglic matenal asdelined aboye for

producing a laser-markable production product. In a sixth aspect, thére is provided a méthod for

identifying a pro@ad&icn p Ero8ucBafroRtheSSic MREFARIERED a ,tfre method
comprising: lasediatenpdtejproductionginodact edthtasér light taatichcthbemelalsexide contained in

the plastic matgrialis seasitive,e+8a - High-trangparenay:plagtic materials arstp be ypderstood as
those which-have a transmission greater than 85% and particularly greater than 90% and a haze less

than 3%, prefEFaaSV REETHAR 2%, and particularly less than 1% at a material thickness of 2 mm.
Transmission and haze are determined in accordance with ASTM D 1003.

In a first aspect, there is provided a laser-markable and/or laser-weldable high-
transparency plastic material comprising:
| a nanoscale laseruseﬁsitive me;ial oxide selected from the group consisﬁag of

doped indium oxide, doped tin exi&e, and doped antimony oxide, wherein: |

the metal oxide has a particle size of 1 to 100 nm and a content of 0.0001 to 0.1
weight-percent based on the plastic material;

when a thickness of the plastic material is 2 mm, a transmission is greater than
85%, and a haze is smaller than 3%; and

botﬁ of the transmission and the haze are measured in accordance with

ASTMD1003.

The object of the present discleosure iz therefore 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 obiject of the present disclosure is also the use of
nanoscale laser-sensitive metal oxides for producing
high-transparency laser-markable and/or laser-weldable

plastic materials.



Laser-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 embedded. Nanoscale is°f Be understood in that the largest dimension of the
discrete particles of these laser-sensitive metal oxides is smaller than 1 hm, i.e., in the nanometer

ange. In isgase, o clee P THRYAERIa 3 Ressile RNElR TRIBhAagiRs Syehyes pimary

particles and possible aggregates a glomerates. - 7 - The particle size of the laser-sensitive

metal oxides s jareferaiiv k500 Brapnd Rastiael3evépiel 100wt dbedopsicin wizRlis selected

below 100 nm, the metal oxide particles are no longer visible per se and do not impair the
transparencyaatitiepethstitimmatyix:xid¢he:plastid madertaly the cpatedicofitasdrisensitivemmetal oxides is
expediently 0.0001 to 0.1 weight-percent, preferably 0.001 to 0.01 weight-percent, in relation to the
plastic matergiid & soffiersr 4500 thakaietghibreichns Qasify b s st gtk i€ pically caused

in this concentration range for all plr?ﬁt'c mahe/rial comingd'rgg c%lﬂslj}dteration. If the ﬁ)art'ticle size and
concentratioP e SHIE R o &TREABRT AMNTe PARGE jﬁé%liﬁ% C80ch WRh HighRFAAREpar8ieY natrix
materials, impnag{erplg it 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 sizes below 100 nm. Doped indium oxide, doped tin oxide, and doped
antimony oxide, pseferabhncome-inip considarating as-the-nanasealedases sensitive metal oxides for

manufacturing Ngliranpareney setrieble odisk aserldable gastc jedals Especialy

suitable meta es are indium-tin oxi or antimohy-tin oxide (ATO) as well as doped
indium-tin an@/RfAAEmbAT S BRdEARARIMIRDxIdE Radspetaly prdfefretthPindufitthe "blue”
indium-tin oxifleribereal abtainside-threngh aipastialmedactiongrddess, Themon-reduedd "yellow"

indium-tin oxige may. cause R vispally-perceiable; slightly yelloyish tintofihe plastis paterial at higher
-8-

high shear.

In a third aspect, there is provided a method for producing the laser-markable
and/or laser-weldable high-transparency plastic material as defined above, the
method comprising: |

mixing a nanoscale laser-sensitive metal oxide with a plastic matrix under

conditions of high shear.

The present disclosure 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 wmorphology,
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 are known,

but these are not provided in the form of isolated



concentrations and/or particle sizes in the upper range, while the "blue" indium-tin oxide does not lead
to any perceivable color change. The laser-sensitive metal oxides to be used according to the present
invention are known per se and are commercially available even in nanoscale folLtu, i.e., as discrete
particles having sizes below 1 um and particula’rly% the size range preferred here, typically in the form
of dispersions. The laser-sensitive metal oxides are typically provided as agglomerated particles, for
example, as agglagieratps whosegarticie size Maydesfrenssl-em, to buttiple niiimeters. These may
be incorporateg intg, the plastic matrix withstropg spear using the methad accagding fo.ghe present
e

invention, through which the agglomerates are broken down into the hanoscale primary particles. The

determinatio? BRthEPRIGte & 8f ZJGIOErABA5E PRIEEmeBHE Wethtd if BN B¥BB GFAugust 1972).
Nanoscale metattokidessin padicilag, may besprdicedafot @xamplerthesughsrolytid enethods. Such

methods are geseied, for SXEMpIEGIREPIL 442 B30 A ERSL 210ALA: OFREADRALE4S

Furthetmore, nangscale metal oxides may be manufacture thrgugh reci&itat}gir:l m%tggds, as

described in BEP00 25 037 OF&xdmpie: ThEFanbstaidTasetsensitiVe metdfbxidéd hay be
incorporated friteprdctically all plastid systards erdet 2@ piovidetheni ddth laser markability or laser
weldability. Plastic materials in which the plastic matrix is based on poly(meth)acrylate, polyamide,

polyurethane, pol %ef ins, styrene polymers and styrene copolymers, polycarbonate, silicones,
polyimides, p %:3% 6ﬁg,ptc?yé:t%%r§%l?o¥r?éf%oy & gﬁ}/‘éﬂsl,m- g [ATbSCatE et

polyetherketd#RBSPEEK Solyhienlenesdifigs, payesterdedettas PET, PEN, FEPSpdFethylene
oxide, polyurethraae: galyolef ipsreripalymers,contaioing flupkielsuchasePVRF, BEkf PTFE) are

typical. Incorg%r%i*%? ér}tr%é%?l?% Wwhich gpntqiﬂ thg.aboyve-mentigned plastics as gamponents, or into

polymers derived from t ses, which were changed through subsequent reactions, is also
possible. Thed@thatehalLae/IGlowiiasd cftiéreifly available in manifold forms. The advantage
according to the present invention of the nanoscale metal oxides particularly comes to bear in

high-transparency plastic systems such as
J P In a%b%rth aspgct, there is provided a method for welding plastic molded bodies or

plastic semifinished products, wherein at least one of the parts to be joined comprises
the plastic material as defined above at least in the surface area, said method
comprising:

irradiating a join face of the plastic molded bodies or plastic semifinished
products with laser light to which the metal oxide contained in the plastic material 1s

sensitive.

In a fifth aspect, there is provided a use of the plastic material as defined above

for producing a laser-markable production product.

In a sixth aspect, there is provided a method for identifying a production produce
produced from the plastic material as defined above, the method comprising:
irradiating the production product with laser light to which the metal oxide

contained in the plastic material is sensitive.



polycarbonates,transparent polyamides(such as Grilamie TEES, TR90,Trogamid T5000,CX7323),
polyethyleneterephthalate,polysulf one, polyethersulfone,cycloolefin copolymers(Tapas(r),
Zeonex),polymethylmethacrylate,andtheir copolymers, since they do not influence the transparency of
the material. Furthetmore, transparent polystyréné%\n'd 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 agenimor speciglapreeessing goaditiors. Theatransparent pdywnidesaccon&hg to the
present invention are .generall ct following. : ' and

n%ers %5 %”i%?gé% ‘é&g)‘% %’iﬁy _be‘?e e {gfggg%n'%ﬁs% et ?@QS‘E%‘}

unbranched ath atic atom substitute stituted cycloaliphatic (14

rou

through 22 C@téfs)f %%ali%ﬂﬁ%i@éiﬁﬁﬁﬁé@&ﬁhy- GrHP-5RY afiptidtic Hhel GefdafpHadig dicarboxylic
acids (06 thrdughsC4arthe Rattepmaiche partially seplabech b aromatic dicattiaxylie atids. In
particular, the, ttanspargat polyamides may additionally;be gampased.frommongmeggomponents

having 6 C atoms, 11 C atoms, and/or 12 C atoms, which are_derived from lactams aor %La-amino
carboxylic acitis® 251t £BrtBratiy? iR AGt BxGusiies Tt tFihshard it PofyaHites ekbrding to the

present inversigfirarg marsfactured from the following components: laurin lactam or w-amino
dodecanoic acid, azelaic acid, sebacic acid, dodecanoic diacid, fatty acids (C18 - C36; e.g., under the
trade name Pri ol(é)), cyclohexane dicarhoxylic acids, with partial.or complete replacement of these
aliphatic acid%“ %@Ef dtg%b?hjtﬁé?fceacf{d‘?%ea‘tr)'(%pkﬁﬁé?i:{;egci(f rn%pr?tﬁalgr?e é%(r:légr%&s(él?ggqi& %ributyl
isophthalic acid.lIFuitherraemeidedanbadidmme WodéeanesdismindsnoRkateé diamirelfiéxamethylene
diamine in unpiancheglcbranchad @ substitated farpiss-as wellassreptesentadives pavthe class of
alkylsubstituted/unsubstitute loaliphatic_diamines his- £ the 1 n
(4-aminocyc|§ﬁlex% et aaﬁ%‘,%ﬁ%?grgn%elt%}yly%%@%%@a renge © _ 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 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.



aminocyclohexyl)-methane,bis-(4-aminocyclohexyl)- propane, bis-(aminocyclohexane),
bis-(aminomethyl)- cyclohexane, isophorone diamine or even substituted pentamethylendiamines may
be used. Examples of corresponding transparent polyamides 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 Ias[Lermark_abIe or La.ser-welq?bie witqggeesaid of the
nanoscale mat8l didds adCording fo At pra¥ent MYEALGH, Without TmpAIig the transparency of the
material. The highrtransparency laser-fidrkablezpldstivamaterialsadcordingdo € pRdsent invention
may be provided as.maqlded bodies, semifinishedsproduetscmelding.compoungs, oi tagguers. The
high-transparency laser- weldable, plastic materi&l)s ccor%igg ] tg%gresenEing%ntBQdare typically
provided as Wided BEARS é?asjéﬁﬁﬁﬁ' miSted Prodiicts The production o?th%%lgh-transparency
laser-markalile anciforimset-weldeb|d BRESEARETYS RECSRINP irtheiSTe¥éitiAtention is performed
in a way known per se according to technologies and methods current in typical in plastic: production
and processing. Itis possible to introduce the lager- itive_additi ore.qr.during the
polymerizati&ﬁgoFBSIyggﬁagﬁgat%%gﬁ ﬁﬁ&dp?ﬁ%ﬁ%ﬁéﬁﬁ&ﬁ%ﬁs n%gtu%s?l ggbgéqégaadd them
during the renetied, spedifie produtioRARatR688 forthe $el@V8ht plaBticd which&reSkiown to those
skilled in thgﬂk'@@iﬂg Usegrelndhaisase af potycondensates suchiaspelyamides; theiadditives may be

incorporatedtinip,one,of (g manomes campanepls: farexample. Ihismenamer cogagnent may then
a

be subjectedrto éilpofil%qn ensationTeaction with the ,remainin%lreactionggr_tners in aﬁ:[%pical way.
FurthermoreTafekiafoirmafivn OF meRRSFol¥EIEERhe HasUIfty MR roiBtiarwBiRht mtermediate or
final products sayke admiyed with ¢kie laset-sénsitiveradditives,ialbmethoas khowretblthose skilled in

the art also hejng, 3ble (o ised In Disase- Bepsndia.amihesforpslation of the plastic matrix

material, fluid, semifluid, and solid formulation components or monomers as well as possibly
necessary additives such as polymerization initiators, stabilizers (such as UV absorbers, heat
stabilizers), visuakbrghtenetrs cdrtistaticageats] softenes; theatolding agentss alsicants, dispersing
agents, antisgq@t%g}ews, byt alsg filers- apdLeinfyeing:agents oeirapactygsistangednodifiers are
mixed and homogenizéd in devices and systems yfl | for this purpose 1§uch as reactors, stirring
vessels. mixereaisparency matrix - materials, impalrmen o) al

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 also be selected for particle

gizes below 100 nam.

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

lager-weldable plastic materials.

Especially suitable metal oxides are indium-tin oxide
{TTO) 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" indium-tin
oxide way cause a visually perceivable slightly

yellowish tint of the plastic material at higher



- 12 - roller mills, extruders, etc., possibly shaped, and then caused to cure. The nanoscale
laser-sensitive metal oxides are introduced into the material at the 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 (master-batch) with the identical or a compatible plastic material is
especially preferred. It is advantageous if the incorporation of the nanoscale laser-sensitive metal

- oxides into the plastic. matrix is perfprmed with high-shear in theeplastic mayix. Thispaay be performed
through appropriate setting of the mixers, roller mills, and extrud%rs. Ig this way, afgapé)ssible
C

agglomeratfoRrGitagdiédation tihe Rangscald et oxide [Fari o

&8s m?oefarger units may be
effectively preventedpamy existing fargerlgartickesrsre broken down. The corresponding technologies
and 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 monomer [or pre-polymers:
through injection Prﬁﬁ&’ﬁ@%?%%ﬁ%i‘r’@ fr%?ng%elold?r}fglggr%p&u%dﬁg%r tlﬁ?gl%hac%ags%%&j?{m thods. The
polymerizatfon istperfornes nbughriiembiskneWwitto IHERESKIRSKIn the afPfor é&fnple, by adding
one or more-palymerization injtatonsanckingusingithe polymeeriZpsiort tmough heafingor irradiation.
For c_o_mplet conve sion ogtgginéiréosmerﬁsgvgﬁgmp%ri%gep g@ggllomithemlynég{gatlon. -13 -
sensitive oxides metyplcaﬁacquer ormulations, Coating, and drying or hardening_of the lacquer layer.
The group d¥auiaBlelagdiers é8mprizes, forfddsnple HodRler IREGTTS T sicaff Grying lacquers,
radiation-cutahie daaquers rsingle-componeit ¢f spticohaponent reactive lacquers, such as
two-component polyurethane lacquers. After plastic molded parts or lacquer coatings are produced

from the plastic materials containing nanoscale laser-sensitive metal ox:iL es, the mcfg/dbe marked or
welded throB§F irddigtion B8Ry 1436 IPRERL oxides are typlcally provi

as agglomerated particles, for example, as agglomerates
whose particle size may be from 1 um to mnultiple
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 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-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, polyolefins, styrens polymers and styrene
copolymers, pclycarbonate, silicones, polyimides,

polysulfone, pclyethersulfone, polyketones,



The laser marking may be performed on a commercially available laser marking device, such as a
laser from Baasel, Type StarMark 5MM65, 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 contouss 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® éfgﬁec%%ﬁ%f' %%%ﬁgéd ima%%%gg;’e obtai 8(]1' @%ﬁ%ﬁ%\} pi mensi%%ﬁééﬁt’rations. The

required ener@9 iy BRCHHE d EPEEd afe & RinctiGRBf thBRBmpdafiortanty ofthe |&5ekdensitive oxide
used. The qupatity-hitbe @xide, conesitythedewerthe resiirecpenergyris thedvgherithe maximum

writing speedfolf &%‘?:lﬁ?gr bigqcﬂ' heggqu&g’%gettin%gpy b%%rta@%in the indiyidual case
without further measures. The laser welding may be performed on a commercia% available laser

marking devidé}SRERAEALAREr it BadseF Y pe StMark SAAMBS Raving%n BEHE between - 14 -
0.1 and 22 amperesandian atluancesspeed betwegmhand 400 oum/senands. YBhemsetting the laser

energy and agyancg.speed.ff is tohe epsured fhat the,ouiputisnot sglected:fop;high,and the advance

speed is not selected too low, in order to avoid undesired carbqnization. At too low an putput and too

high an advaf&P§5EBHE e Welding TSy be fhatiedTa TR equirdd S8 Tn & ey 4<S be
determined irathe inctividunakcasecfontisis puedose wittrolt fntserimeasuwrée s gt eldinmg-plastic molded

bodiesor plasfige sdvantage according to the present invention of the
nanoscale metal oxides particularly comes to bear in
high-transparency plastic systems such as
polycarbonates, transparent polyamides (such as
Grilamid® TR55, TR90, Trogamid® T5000, CX7323),
polvethylens terephthalate, polysulfone,
polyethersulfone, cycloolefin copolymers {Topas®,
Zeonex®) , polymethyl methacrylate, and their
copolymers, since they .do neot 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
procegsed into transparent f£ilms 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
cycleoaliphatic (14 through 22 C atoms), araliphatic
diamines (Cl4 - C22), and aliphatic and cycloaliphatic
dicarboxylic acids (Cé through C44); the latter may bs
partially replaced by aromatic dicarboxylic acids. In
particular, the transparent polyamides may additicnally
be composed from monomer components having 6 C atomsg,
11 C atoms, and/or 12 C atoms, which are derived from

lactams or w-amino carboxylic acids.



semifinished products,is necessary for at least one of the parts to be joined to comprise plastic
material according to 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 join pé&rt 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 ;’\éhaix% ﬁhe parts, are ﬁgétrorg;‘@éi]%%t?g ea]t'};t]e pl@§§ bo%%?lr%ég%te%ogh parts are
ai

welded to one another. A'certain contact pressure is necessary in order to obtairt a material bond. The
high-transpaReyadéiesensifvePidditematetial <& ordh§ I6 e pretéRtihveRtioRify be used
very advantagenusiy danupratlucigdaseramarkabie prodintion pradests: Ahe identiication of production
products, prodyiced,from, thesg nlastic matgrials iserformed by iradjating them with daser light to

which the metal oxide contained in the plastic material is sensitive. Comparative Example A: - 15 -

Trogamide CSEP353 % BfflercidPoiotatorDeJedaAa, Kt pérfotmafite pdtyriiers branch, Marl,
was used as@B& plastigmoldingieompiwandt iriodiner=8800FroipdMéttk KgaaDagwstadt, was used as

the laser-sengitivepigent in a coroeadration gfi @2 weighispergent. The-light tansmission in the
visible range WaEESO% and the hat%e was 5%. g%rgparatlve xa%?le, B: Plexi%ﬁs‘ 7N, a commercial
- product of Dé‘&’[? '3%@?%%tl?§cry e hranch Bamistadt, Was rﬁﬁ%‘fﬁﬁgg d %iﬁﬁlated ona35

extruder, Storckihavirerelaghssiag zend Gt 246N Ebahenss o-ramvertk Egadl Darmstadt, was
used as the lase-sensitive-RigRIERS N & cenceatratian-eh2nweightRarsert. Bhelightdransmission in
the visible range was 85% and.the haze was 40{?‘ . S
- SCAne &lamlne, nonaine diamine, hexamethylene diawmine
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-
aminocyclcohexyl) -mathane, -+ bis-{4-aminocyclohexyl) -
propane, big- (aminocyclohexane) , pis~ (aminomethyl) -

cyclohexane, isophorone diamine or even substituted

pentamethylendiamines may be used.

Examples of corresponding transparent polyvamides are
described, for example, in BEP © 725 100 and EP 0 725
101.

High-transparency plastic systems based on polymethyl
methacrylate, bisphenol-A-polycarbonate, polyamide, and
cycloclefin copolymers made of norbornesne and o-olefins
are especiaily preferred, which wmay be made laser-
markable or laser-weldable with the aid of the
nanoscale metal oxides according to the present
invention, without dimpairing the transparency of the

materizal.

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

compounds, ou lacquers. The high-transparency laser-



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 an extruder and injected
into an injection mold 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 d“ova(Sssible agglomerated patrticles into nanoscale
primary particles. - 16 - Embodiment A) Trogamid(r) CX 7323, a commercial product of Degussa AG,
high performaneédqsalymers beariche Mag, was ased astheplastic motdingrcomposregrNanoscale
indium-tin oxide Nano@HT O-H=05:Q2000:fram Nanegate, was yseghasthe laserssansitiye pigmentin a
concentration of 0.Q1 W.ei%ht- erg;erﬁ. The light transmission in the visible range was 90% and the
haze was 1.50%6.3%’“m”'"65‘&i?ne%?p83”5 e%gTaSsI@ 7N, a commercial product of Degussa AG, methacrylates
branch, Darmstadt, was used as the plastic molding compound. Nanoscale indium-tin oxide

NanoDITO ITs05:03000frem:Nanagate; nasiisgd-as- thedaserssensitive uigment-in.a cencentratibn of
0.001 weight pejeent. In he.qase.of extrusion, 3, hoher moleeyias weioh molding,compound of the
H ly d. The li

type Plexiglas may also advantageously be use ght transmission in the visible range was

92% and the Fafe Wa&<eioh,. ampRhtion 1s performed in a way known per
se according te technclogies and methods current in
typical in plastic producticon and processing. It is
possible to introduce the laser-sensitive additives
before or during the polymerization or polycondensation
in individual reactants or reactant mixturses or also
add them during the reaction, specific production
methods for the relevant plastics which are known o
those skilied in the art keing used. In the case of
polvcondensates such as polvamides, the additives may
be incorporated intc one of the monomer components, for
example. This moncmer componsant may then be subjected

to a polycondensation reaction with the remaini

s
-
sl
@]

reaction partners in a tvpical wav. Furthermore, after
formation of macromolecules, the resulting high
molecular welght intermediate or final products may be
admized with the laser-sensitive additives, all methods
known to those skilled in the art alsco being able to be

used in this case.

Depending on the formulation of the plastic matrix
material, fluad, semifluid, and solid formulation
components or monomers as well as possibly necessary
additives such as polymerization initiators,
stabilizers (such as UV zgbksorbers, heat stabilizers),
visual brighteners, antistatic agents, softensrs,
demolding agents, lubricants, dispersing agents,
antistatic agents, but alse ZfLillers and reinforcing
agents or impact resistance modifiers are mixed and
homogenized in devices and systems typical {for this

purpese, such as reactoeors, stirring vessels, mixers,



Reductionof a high-transparency laser-sensitive plastic molding compound Embodiment A)
TrogamidS 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 30000 with nanoscale indium-tin oxide ﬁ\la_noDITO IT-05 05000 from Nanogate as the
laser-sensitive pigment in concentration of 0.01weight-percent.Thelight - 17 - transmission in the
visible range was 90% and the haze was 1.5%. Embodiment B) Plexiglas(r) 7N, a commercial product
of Degussa A imethadyrates braich: Bistad€ Was compsanded and grafiiated R a 35 extruder,
Storck, havingteedlegassing Zone at 240C:withTamoscaledadiahetin oxierNano<SITi1TH5 05000 from
Nanogate as fhe laser-sensitive pigment.ip aconcentration of 0001 weightspergent.the light
transmission in the visible range was 92% and the haze was < 1%. gxamrg)le 3.

suitable ingtant for this purpose an incorporated

homogenecusly. The incorperation of the nanoscale

laser—-sensitive metal oxides in the

Ity

orm of a
concentrated pre-mixture (masterbatch) with the
identical or a compatible plastic material is

especially preferred.

Tt is advantageous 1f the incorporation of the
nancscale laser-sensitive metal oxides into the plastic
matrix is performed with high shear In the piastic
matrix. This may be performed through appropriate
setting of the mixers, roller milils, and extruders. In
this way, any possible agglomeraticn or aggregation of
the nancscale metal oxide particies into larger units

may be effectively prevented; any existing larger

9]
‘_E

arci

=
&

ge

are broken down. The corresponding
=

s
nologies and the particular method parameters to b

wr

aC

ot

aslecrted are well-known to those skilled in the art.

Plastic molded bodies and semifinished products are
chtainable from the monomer 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 dinitiators and inducing the
polymerization <throuch heating or irradiaticon. For
complete conversion of the monomer(s), a tempering step

may follow the polymerization.

Laser-markable and laser-weldable lacguer coatlings are

obtainable through dispersion o©f nancscale laser-



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-acrviate,60weight-parts
hexane dioldiacrylate, 100 weight-parts nanoscal.e indium-tin oxide VP AdNanoO 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 IrgacureS
184 after removing the glass balls, and applied to plastic s|labs through squeegeeing with a wire doctor
blade. The ciiffgPwas Perfofified after & BriefvEntifiion tife fhrdtigh ifr%q&%lﬁ]gﬁ‘ds & commercially
available FusiareE 409, N¥diyeratiary advaricerofenpymircdnddranen gaseThe dighttransmission in
the visible range is 90% and the haze is < 2%. - 18 - Embodiment B) A physically drying lacquer was

produced by dis erslngé%OO wei btﬁ rts nanoscale indium-tin oxide VP@QN%Q%%Q TO R50 from
Degussa, 100 #eidgitp ts%‘oly%‘l‘ét acryfate (D&gaiano 7425, ahd 200 weight-parts butyl acetate in a
glass vessel fop@sdiours onthe Follér benchanhile 800indg §lass BENS 0F a diameter’si - mm. The
coating was perfarmed by sgueegesing disingl a 244#p wikerdoctor blade: and drying theclacquer at
room temperaiure. The ligh, ignsmission e isile, 1Angs5.999% and 1he Ngze .5, 296. Example 4

lacqguers.

After plastic molded parts or lacguer coatings are
produced from  the plastic materials containing

nanoscale laser-sensitive metal oxides, they may be

marked or welded through irradiation using laser light.

The laser marking may be performed on a commercially
available laser marking device, such as & laser ZIrom
Baasel, Type StarMark SMM65, having an average laser
output of €5 W and & writing spsed 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 cobtained 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 exclted and
intensive, high contrast inscribed images are obtained
even at low pigment concentrations. The reguired energy
in the writing speed are a function of the compositicn
and guantity 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 reqguired settings may be ascertal

;,J
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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 SMME53, having an output between



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 PMKA having an ITO
content of 0.01 weight-percent was inserted into the Starmark-Lasers SMM65 tool from
SaaselLasertechnik. 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 béam 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-1) were
set on the coritrol uAR@f the |asere After theddesired nseripiorsexewal fipiesthe Jaserdvas started. At

the end of thejinscriptionspresedure, the plasticstals may be keemoyed from the-devicen -
Thecontrastwag gualitative method: determinedusingthefoliowing Contrast grade 0z - ¢
not selected tceo high and the advance speed 1s not
selectad too Low, in order to avoild undesired
carbonization. At toce low an output and too high an
advance speed, the welding may Dbe 1inadeguate. The
reguired settings may also be determined in the
individual case for this purpose without further

medasures.

For welding plastic molded podies or pilastic
a

semifinished products, it 1s necsessary for at lea

according to 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 1s sensitive. The method is
expediently performed so tThat the Join part facing
toward the laser beam does not absorp the laser ensrgy
and the sesceond Jjoin part 1s made of the plastic
material acceording tTo tThe present invention, through
which the parts are so strongly heated at the phase
boundary that both parts are welded to one another. 2
certain contact pressure 1s necessary in orager to

btain a material bond.

O

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

oxlde contained in the plastic material 1s sensitive.

Comparative Example A:




Noinscriptionpossible. Contrast grade 1: Discolorationoftheplastic surfacewasobservedwithoutthe
scriptbeingreadable. Contrast grade 2: Theinscriptioniswellreadable. Contrast

-~ 15 -

Trogamid® C¥ 7323, a commercial product of Degussa AG,
nigh performance pclymers branch, Marl, was used as the
plastic molding compceund. Iriodin® L3800 from Merck
Kgabk, Darmstadt, was used as the laser-sensitive

pigment in a concentration cof 0.2 welght~percent.

The light transmissicn in the vigible range was 80% and
s

[lls
2% .

the haze wa

Comparative Example B:

Plexiglas® 7N, & commercial product of Degussa AG,
methacrylates Dbranch, Darmstadt, was cocmpoundaed and
granulated on a 35 extruder, Storck, having a degassing
zone at  240°C. Iriodin® 1SB0O0 from Merck Kgah,
Darmstadt, was used as the laser~sensitive pigment in a
concentration of 0.2 welght-percent

The light transmission in the wvisible range was 83% and

t
]

the haze was 4%.
Txample 1:

Producticon of a higph-transparency laser-sensitive

plastic molded body

A plastic melding compound, containing & laser-
sensitive nancscale pigment, was melted 1in an extruder

el e

and injected inte an injsction mold o form plastic

5
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in the form of lamina or extruded to form

slabs, films, or tubes.

The incorporation of the laser-sensitive pigment into

the plastic meolding compound was performed with strong

shear iIn order o break down possible agglomerated

particiles 1nto nanoscale primary particles.



grade 3: The inscription and the inscription. text in Anal 18 bold are well readable. Contrast grade 4:
Theinscription,theinscription textinAnal18bold,andthe inscriptiontextinAnall2are well readable.

- 16 -

Embodiment &)

Trogamid® C¥ 7323, a commercial product of Degussa AG,
high performance polymers branch, Marl, was used as the
plastic molding compound. Nanoscale indium-tin oxide
Nano®ITC IT-05 C500C from Nanogate, was used as the
laser-sensitive pigment in & concentration of 0.01
weight-percent. The light transmission in the visible

range was 90% and the haze was 1.5

@

Embodiment B)

Plexiglas® 7H, & commercial product oI Degussa AG,
methacrylates Dbranch, Darmstadt, was used as the
plastic molding compound. HNancscale indium-tin oxide
Nano®ITO IT-05 C5000 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 weight molding compound  of the type
Plexiglas® 7H may also advantageously be used. The
light transmission in the wvisible range was 92% and the
haze was < 1%.

Examp.e 23

Reduction of & high-transparency laser-sensitive

plastic molding compound

Embodiment 1)

Trogamid® CX 7323, a commercial product of Degussa ARG,
high performance polymers branch, Marl, was used as the
plastic molding compeund and compounded and Jranulated
or: a Berstorff ZE 2533 D extruder at 300°C with
nancscale indium-tin oxide Nano®ITC IT-05 C5000 from

Nanogate as the laser-sensitive pigment in

o))

concentration oI 0.01 walght-percent. The ligh

ot



Example Performing laser marking (cast PMMR having 0.0001 weight-percent ITO content) A
high-transparency laser-sensitive plastic slab (dimensions 100mm*60mm*2mm) made of cast PMMA
having an ITO content of 0.0001 weight-percent was inserted into the Starmark-Lasers SMM65 tool
from BaaselLasertechnik. 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
mms-1) were Set victhe Tontrol ahit 6PtheTasert After thetfesited inderipaon tex vaSdfsut, the laser
was started. Atdke endsf the - 20 - inscription procedure, the plastic slab may be removed from the
device. The contrast was graded at 4. Example 6: Performing laser marking (cast PMMA coated with

PMMA lacquer contalmng 0 001 weight-percent ITO) Ahigh-transparency laser-sensitive plasticslab
Embodiment B)

Plexiglas® TN, a commercial product of Degussa AG,
methacrylates branch, Darmstadt, was compounded and
granulated on a 35 extruder, Storck, having a degassing
zone at 240°C with nanoscale indium-tin oxide Nano®ITO
IT-05 C500C from Nanogate as the laser-sensitive
pigment in a concentration of 0.001 weight-percent. The
light transmission in the visible range was 92% and the

[

haze was < 1%.

ction o©f a high-transparsesncy laser-sensitive

u
lacguer and a lacguer coating

Embodiment A}

A radiation-curable acrylate lacquer made of 40 weight-
parts pentaerythrite-tri-acrylate, 60 welght-parts
hexane dicldiacrylate, 160 weight-parts nancscale
indium~-tin oxide VP AdNano® ITC 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 I mm, admixed with Z parts
photeoinitiater Irgacure® 184 after removing the glass

balls, and applied to plastic slabs through sgueegee

,,J
W

with a wire doctor bplade. The curing was periormed
after a brief wentilation <time threough irradiation
using a commercially available Fusion I 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

1s < 2%.



(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 surface of the tool. The focus of the laser,neam was set to 20 mm above the middle of the slab
thickness. The parameters of frequency (2250 HZ), lamp current (21.0 A), and writing speed (15
mms71) were set on the control unit of the laser. After the desired inscription text was input, the laser
was started. AR eAEa thB ) scription procedure, the plastic slab may be removed from the device.
The contrast was graded at 4. Example 7: Performing laser marking (PAI2 having 0.1 weight-percent

ITO content) 4 highransparene lasey;sensitive stapdard niestion malded plasiic-siah{dimensions

60mm*60mm§2mm made of PAIZ having an ITO content of 0.1 weight-percent was inserted into the
Starmark-Laserd SNitEs todi front - 217 B 5aset-LaSertethnik Tt Was f07be’ endtith@ 14t the slab had
at least 10 mmTdistante ta the PwErsspport Surface of theotoot. T hecfogus of tierlaser beam was set
to the middle of the;slahdhickness. The narameters;of frequency. (2250 Hzk tarap cusregt (20.0 A), and
writing speed (50 mms 1) were set on t&e cgntrol unit o tth»_?mlaser.}Aftgr the de%iredhinig:ription text was
input, the laser"Was started. At the’&nd of theollﬁjé%rip?i%n pr‘o‘(:ecfu?é, tfie p?a%%%‘sla\%‘mlay be removed
from the deviégirHedcontiast was gradedfat. RampieigrPerformingiiasermdarkigt PAI2 having 0.01
weight-percentd¥Oeontelhed by squeegeeing using a 24 um wire doctor

blade and dryving the lacguer at room temperature.

The light transmission in the wvisible range is 80% and

20

the haze is < 2%,

Example 4:

Performing laser marking

{cast BEMMA having (.01 welght-percent ITO content)

A high-transparency laser~sensitive plastic slab
{dimensions 100mm*60mm*2mm; made of cast PMMA having an
ITG content of 0.01 weight-percent was inserted into
the Starmark-lassrs SMMES Tool from Baasel-
Lasertechnik. It was to be ensured that the slab has at
least 10 mm distance to the lower support surface o
the tool. The focus of the laser beam was set to the
middle of the slab thickness. The parameters oI
freguency (2250 Hz), lamp current (2Z1.0 A&, and writing
spead (100 mms™') were set on the control unit of the
laser. After the desired inscripticn text was input,
the laser was started. At the end of the inscripiion
procedure, the piastic slab may be removed from the

device.

The contrast was graded at 4.



A high-transparency laser-sensitive standard injection molded plastic slab (dimensions
60mmreOmm*2mm) made of PAI2 having an ITO content of 0.01 weight-percent was inserted 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,tool. 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 %g mms81) were set on the control unit of the laser. After the desired inscription text
was input, thé Mser GRS A, AYfife ertPOPHRYAS iptio pRted (e thePlastid'siaB may be
removed fromyihé tewicévEheneontrast was graded at 4. Example 2: - 22 - Performing laser welding
(cast PMMA having 0.01 weight-percent ITO content) A high-transparency laser-sensitive plasticslab

(dimensions 60 mm*60 mm*2 mm) made of cast PMMA having an ITO content of 0.01 weight-percent

was brought frit5 thiitict Wit second Plastic slab mMate ofuntidped cast PMMA. Usihg the faces to
be welded. The slabs were inserted in the welding support of the Starmark laser 5SMM65 from
Baasel-Laserteghnik gts%%@gvay;that thesundoped:slah laid er top, tas was firstpenetrated 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 RI', ‘and advance spee‘d‘(%?) mms11 lwere‘ set on the control
unit of the laser. After the size of the area@bitis-welded waB fHpi# (22*4 mm2J: iR Fser was started.
At the end of the welding procedure, the welded plastic slabs could be removed from the device.

Adhesion valyes haying the grade,4 wetg,achieyed in the; hand fest. The,adhesion.was evaluated as

follows:

Contrast grade 3: The inscription and the inscription

text 1n Arial 18 bold are well

readable.

Contrast grade 4: The inscripticn, the inscription

rext in Arial 18 bold, and the

f

fot
o3

scription text in Arial 12 are

well readablie.

o
(821

xample

X

Performing laser marking

(cast PMMA having 0.0001 weight-percent ITC content)

A high-transparency laser-sensitive nlastic slab
{(dimensions 100mm*6e0mm*2mm) made of cast PMMA having an
IT0 content of 0.0001 weight-percent was inserted into
the Starmark-Lasers SMMED tool from Baasel-
Lasertechnik. It was to be ensured that the slab has at

least 10 mm distance to the lower support surface of

Fh

+he tool. The focus of the laser beam was set to 20 mm

above the middlie of the slab thickness. The parameters

of freguency (2250 Hz), lamp current (22.0 A), anc
writing speed (10 mms™') were set on the control unit
cf the laser. After the desired inscription Text was

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



Ono adhesion. slight adhesion. 2some adhesion; to be separated with little trouble. 3good adhesion;
only to be separated with great trouble and possibly with the aid of tools. 4inseparable adhesion;
separation only through cohesion fracture. Example 10: Performing laser welding

- 20 -

inscription procedure, the plastic slab may be removed

from the device.
The contrast was graded at 4.
Example &:

Performing laser marking

{cast PMMA coated with PMMA lacguer containing 0.001

welight-percent ITO)

iy high-transparency laser-sensitive plastic slab
(dimensions 100mm*60mm*2mm) made of cast PMMA coated on
both sides with z PMMA lacguer containing 0.001 weight-
percent ITO was inserted into the Starmark-Lasers SMMoD
rool from Baasel-Lasertechnnik. It was to be ensured
that the slab has at least 10 mm distance tc the lower
support surface of the tocl. The focus of the laser
beam was set to 20 mm above the middle of the slab
thickness. The parameters of Ifrequency (2250 Hz;, lamp
current (21.0 B), and writing spesd (15 mms ") ware set

on tThe control unit of the laser. After the desired

[

inscription text was input, the laser was started. At

*he end of the insc

B

iption procedurs, the plastic slab

may be removed from the device.

Trne contrast was graded at 4.

Example 7:

Performing laser marking

{PalZ? having 0.1 weight-percent ITO content)

A high-transparency laser-sensitive standard injectilon
molded plastic slab (dimensions 60mm*o0mm*Zmm) made of
PAl12 having an ITO content of 0.1 weight-percent was

inserted into the Starmark-Lasers SMM6S tool from



- 23 - (PAI2 having 0.01 weight-percent ITO content) A high-transparency laser-sensitive standard
injection molded plastic slab (dimensions 60 mmt60 mm*2 mm) made of PAI2 having an ITO content
of 0.01 weight-percent was brought into contact with a second standard infection molded plastic slab
(dimensions 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 Baasel-Lasertechnik in such a
way that the undoped slab laid on top, i.e., was first penetrated by the laser beam. The focus of the
laser beam WS 3&Eto the Caritaciace of the " s|abs “Fheparahfsterd fiéqueticyi2250 Hz), lamp
current (22.0 Aycand-advasge speed (1lGrmms:Erwere=set-an the:gontrobaunit oktheclaser. After the
size of the areg,to-he welded.was ipput,(22*4mm2), the laser was started. Atthe end of the welding
procedure, the welded Elastic slabs could be removed from the device. Adhesion values having the
grade 4 were 3thieved 17 thd'hafd Test: 4 Claimé® 1A fR&T markaBlePadBr Eef-weldable
high-transparericy plasticanaterial Cohiprising:, lamanosualedaser-sensitiveimetalaoxide selected
from the QVOUQ:_CQ%'EHV‘%BEggpe%i@diHﬂ‘sexiderQQeds@%0>S‘Elle’@@Q dopgd antimepy oxide, wherein:
the metal oxide_has a palrticlev_size of Ito 100 nm nd a content of 0.0001 to 0.1 weight-percent based
on the plastic Material; ~=WHen a thickneds st & Brajéﬁé] mateifat 12 hi, a trinsntigsion is greater
than 85%, and aheze is'Smallérethan 3%2and started. At the end of the

inscription procedurs, the plastic slab may be removed

from the device.

Performing laser marking

(PR12 hnaving 0.01 weight-percent ITO content)

A high~transparency laser~sensitive standard injection
molded plastic siab (dimensions 60mm*60mm*Zmm) made of
PR1Z having an ITC content of 0.01 weaight-percent was
inserted intc the Starmark-Lasers SMMeL tool ZIfrom
Bazsel-lasertechnik. It was to be ensured that the slab

had at least 10 mm distance o the lower support

Fhy

surface of the tool. The Zfocus of the lasser bsam was
set to the middle of the slab thickness. The parameters
of fregquency (2250 Hz}, lamp current {(20.0 A), and
writing speed (50 mms™t) were

t on the control unit

0
0]
]

of the laser. After the desired inscription fext was

input, the laser was starte At tThe end of the

o

inscription procedure, the plastic slab may be removed

from the device.

The contrast was graded at 4.
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both of the transmission and the haze are measured in accordance with ASTMD1003. 2. The
plastic material according to Claim 1, wherein: a content of the nanoscale laser-sensitive metal
oxide is 0.001 to 0.01 weight-percent based on the plastic material. 3. The plastic material
according to Claim 1 or 2, further comprising: indi Qn-t_in oxide or antimony-tin oxide as a nanoscale
laser-sensitive metal oxide. 4. The plastic material according to any one of Claims 1 to 3, further
comprising: blue |nd|um t|n OXIde as a | nanoscale laser-sensitive metal oxide. 5. The plastic material
according to 8 i 25 a plastic matrix is based on poly(meth)acrylate;
polyamide; po(]wmtha‘amfllpoﬁw&aﬁ@ @tﬂénwpmb/hterseandestﬁreh@@:opoh«m)polycarbonate
silicones; polyimides; polysulfone; polyethersulfone; polyketones; polyetherketones;

olyphen Iensulflde olyester; polyeth Icnoxide; olyurethan ol oIeflns rfluorlne containin
Bogﬁmwsy 8 y rans%a¥ lasgvyéeﬁcﬁt?vp y P Q siab g

{dimensions ©0 mm*GO mm*2 mm) made of cast PMMA having
an IT0 content of 0.01 weilght-psrcent was brought into
contact with a second plastic slab made of undoped cast
PMMA, using the faces tT¢ ke welded. The slabs were
inserted in the welding suppeort of the Starmark laser
SMMEL from Baasel-Lasertechnik in such a way that the
undoped slab laid on tep, i1.e., was first penetrated by
the laser beam. The focus of the liazser beam was sel o
the contact face of the twe slabks. The parameters
frequency (2250 HEz), lamp current (Z22.0 A}, and advance
speed (30 mms*) were set on the control unit of fhe
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 procedurse, the welded plastic slabs could

he removed from the device.

Acdhesion values having the grade 4 were achieved in the

hand test.

The adhesion was evaluated as follows:

0 no adhesion.

slight adhesion.

-

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

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

cohesion fracture.

Example 10:

Performing laser welding




6. The plastic material according to any one of Claims Ito 5, wherein: polymethyl methacrylate is a
base. 7. The plastic material according to any one of Claims 1 to 5, wherein:
bisphenol-A-polycarbonate is a base. 8. The plastic material according to any one of Claims 1 to 5,
wherein: polyamide is a base. 9. The plastic material according to any one of Claims 1 to 8 existing
in the form of a molded body, semifinished product, molding compounds, or lacquers. 10. Use of a
nanoscale Iaser-sqensitive,meta# oxide sele%eg from the grg,lrj congistigg of doped indium oxide,
doped tin oxidé “Hrid dGFed antimony Bxide” the fietdl dxide having & paticle size of Ito 100 nm and a
content of 0.0001 to 0.1 weight-percent based on the plastic material, for producing a laser-markable
and/or laser-weldable high-{rapsparency plastic matedal: 26 st ddcArmpethed der-preducing the
iaser markabje andlar laser-weldaple, fiah-transparency pigstie alerigh accoiging faagy one of
Claims 1 to 9" the method comprising: MiXIiNg a nanoscale laser-sensitive meta oxide with a plastic
matrix under eénditiohs ofhighishearl 1TC12CTheshRéthed actording’fo-ClaimPEL: Wierein:  a
nanoscale lasgfsensitive gretal axide is mixedawith a plastic matrix cthedorns phaconcentrated
[Neqnmu”em@@%@%@kg¥cﬂgﬁ%@§Lpiastic slab {(dimensions 60 mm*&d mm*Z

mm) made of undoped PA 12, using the faces to be

welded. The =labs were inserted in the welding support

of the Starmark laser SMMéES from Baasel-Lasertechnik in

such a way that the undoped slab laid on top, i.e.,

first penetrated by the laser beam. The focus of the

laser beam was set toe the contact Zace of the Ttwo

slabs. The parameters freguency (2250 Hz), lamp current

(22,0 Ay, and advance speed (10 mras )
control unit of the laser. After the size of tThe aresa
to be welded was input (Z22%4 mm?), the laser was
started. At the end of the welding procedure, tThe

welded plastic slabs could be removed from the device.

Adnesion values having the grade 4 were achieved in the

hand test.



13. A method for welding plastic molded bodies or plastic semifinished products, wherein at least one
of the parts to be joined comprises the plastic magerial according to Claims 1 to 9 at least in the
surface area, said method comprising: irradiating a join face of the plastic molded bodies or plastic
semifinished products with laser light to which the metal oxide contained in the plastic material is
sensitiveClaims14. Use of the plastic material according to any one of Claims 1 to 9 for producing a
laser-markable production product. 15. A method for identifying a production produce produced

from the plastic hafefieaurardhl @y olecsraidrhie 1y s AR @Gﬁﬁri’g}ﬁ‘@nﬂ irradiating

the production product with laser light to which the metal oxide contained in the plastic material is
sensitive ““R ACT OF THE DISCLOSURE HIGHLY-TRANSPARENT LASER-MARKABLE AND

LASER-WELDABLE Pl ASTICMATERIALS The preseRLinyensianselatessccbiafitiansparency

plastic materials which are laser-markable and/or laser-weldable due toa content of nanoscale
laser-sengitiva maahaxiges. dbpeseip @stie, nateripied whishomeyxhte prddtie as molded bodies,
semifinished products, molding compounds, or lacquers, particularly contain metal oxides having
particle sizes frahe gl 0@idmband axtntesizofdd. 000126 om swdigeptamerit COAGEAP Bdtal oxides are
nanoscale indium-tin oxide or antimony-tin oxide, These materials may be used in particular for

producin§RiSBr-rREsidaserot Bopl i matsrial

when a thickness of the plastic material is 2 mm, a transmission is greater than
85%, and a haze is smaller than 3%; and
both of the transmission and the haze are measured in accordance with

ASTMDI1003.

2. The plastic material according to Claim I, wherein:
a content of the nanoscale laser-sensitive metal oxide is 0.001 to 0.01 weight-

percent based on the plastic material.

3. The plastic material according to Claim 1 or 2, further comprising:

indium-tin oxide or antimony-tin oxide as a nanoscale laser-sensitive metal oxide.

4, The plastic material according to any one of Claims 1 to 3, further
comprising:

blue indium-tin oxide as a nanoscale laser-sensitive metal oxide.

5. The i:niastic material according to any one of Claims 1 to 4, wherein:



No suitable figure
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a plastié matrix is based on poly(meth)acrylate; polvamide; polyurethane;
polyolefins; styrene polymers and styrene copolymers; polycarbonate; silicones;
polyimides;  polysulfone;  polyethersulfone; polyketonés; polyetherketones;
polyphenylensulfide; polyester; polyethylenoxide; polyurethane; polyolefins; or

fluorine-containing polymers.

6. The plastic material according to any one of Claims 1 to 5, wheremn:

polymethyl methacrylate is a base.

7. The plastic material according to any one of Claims I to 5, wherein:

bisphenol-A-polycarbonate is a base.

8. The plastic material according to any one of Claims 1 to 5, wherein:

polyamide is a base.

9. The plastic material according to any one of Claims 1 to 8 existing in
the form of a molded body, semifinished product, molding compounds, or

lacquers.

10. Use of a nanoscale laser-sensitive metal oxide selected from the group
consisting of doped indium oxide, doped tin oxide, and doped antimony oxide,
~ the metal oxide having a particle size of 1 to 100 nm and a content of 0.0001 to
0.1 weight-percent bas;:d on the plastic. material, for producing a laser-markable

and/or laser-weldable high-transparency plastic material.
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11. A method for producing the laser-markable and/or laser-weldable
high-transparency plastic material according to any one of Claims 1 to 9, the
method comprising:

mixing a nanoscale laser-sensitive metal oxide with a plastic matrix under

conditions of high shear.

12. The method according to Claim 11, wherein:
a nanoscale laser-sensitive metal oxide is mixed with a plastic matrix in the form

of a concentrated pre-mixture with the plastic material.

13. A method for welding plastic molded bodies or plastic semifinished
products, wherein at least one of the parts to be joined comprises the plastic material
according to Claims 1 to 9 at least in the surface area, said method comprising:
| irradiating a join face of the plastic molded bodies or plastic semifinished
products with laser light to which the metal oxide contained in the plastic material is

sensitive,

14. Use of the plastic material according to any one of Claims 1 to 9 for

producing a laser-markable production product.

15. A method for identifying a production produce produced from the'plastic
material according to any one of Claims 1 to 9, the method comprising:
irradiating the production product with laser light to which the metal oxide

contained in the plastic material is sensitive.



