-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 iser energy that the material
melts and both Fas wéld t§ore af %er.‘“?ﬁ%“ideﬁ%ﬁcat' i 6f 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‘“gafo{°§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 3oth parts are

welded to one angother in_this way.as a result,
from an 1Lnwvigibhlile, CoLlO

riess form into a wvisible form

upon irradiation with laser light. In laser welding,

+

the plastic material is so strongly heated in the joln

¢

area through abscorption of the laser energy that the

material melts and both parts weld toe ons another.

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



The laser markability 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 content of any laser-sensitive additives, and of
the wavelength and radiation power of the laser used. In addition to CO2 and Excimer lasers, Nd:YAG
lasers (neodymium-doped yttrium-aluminum-garn@t lasers), having the characteristic wavelengths
1064 rim and 532 nm, are increasingly used in this technology, and more recently even diode lasers.

In laser marking, dopetecegnizgalily -asdakanpassitielnion! ola lanthackground - and high

“contrast are desire - Laser-markable or laser-weldable plastic materials, which contain
laser-sensitivevadtithSiitie fGIRTEREToHgs arifbIesly MERES geh8alIF HETE Amare or less
pronounced galgrationand/at intransparéncy.daitlre sase sf see wedding, itheé eadlditgrtcompound to
be made '35?53%50@82%{“0& frieguently. fws eguipped byJpiaduaing carbon blagk, For example,

laser-markable plastic materials which contain gments ha\,/lx%?1 a conductive Ia%(lar made of doped tin
oxide are dethbRoif EBBG7 5F1 Eﬁ%h%ﬁapb'gméﬁ@?% RRCOARER T Material in
concentratiomscofudto 4ivieight-pércent,are basead on Hlakéd trasspafertegigemittasparent

substrates, pagicularhy|ayered silicates suchas miea-dhiransparent tharmoptasties haying pigments of
this type display a metallic glimmer, however, which may he completely covered by adding covering
pigments. Th@?yéﬁ‘gfae? Fiig hﬁa&kﬁ&?@ﬁgyﬁfﬁ%&éﬁl Eﬂ(al;?é) %i%sstic ?nrgcletnga%/g ey ot ’be%ﬁjrlc;d uced using
pigments of thisagpe el-aser-markable products which contain antimony trioxide having particle sizes
over 0.5 pm as the laser marking tiyment are described in WO 01/00719. Dark markings on a light
background and good cgntr%st argrgebtained. I—Cljowiver,'g}«_e p(é)gr%{cgjs %rgeno'lﬁg%%% transparent
because of t élpal%léﬁecs&g of the plgme%fl&n@pa few polymer.s‘?/stgems are laser-markable or
laser-weldablespatasenanibowith R AR SaséR seifsife dRHRERS PSIFMERIRYingFring-shaped or
aromatic strugtyifes ase predomiranlyuseddontiyd purhese Iwbich tepdue carbenize rgsily under the
effect of' Igser ragg@néggly@eégé?%@ﬁ Q .thi§ Jype @arl% nof hegﬁtabé%gecgggggf their
composition. Fhe'ctrast of the in criptions is poor and Is only” - 4 - improved by adding
laser-sensitiv@Erecles BRESBriltss TResE Pof e mABHESSHE Hiso it welkible Betause of a lack

of laser transpagengyion reaches the join 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 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.



Laser-markable polymer compositions made of a polymethyl acrylate having an acrylate comonomer
and a second polymer made of styrene and maleic acid anhydride, which may possibly contain still
further additives, are described in NO 98/28365. Because of the content of styrene and maleic acid
anhydride, no additional laser-sensitive pigments age required. The molded parts have a haze of
approximately 5 - 10%. Plastic molded bodies having a haze of approximately 5 - 10% do not fulfill the
current requmiments howevgrtL A hazeb Iow 1% w2 ast bel w 2%, IS nee%ed far

high- transparency requirements. A methodafcs)r Faser -we ng of Blasfgc moldedaparts athe laser beam
being conducteéRtougRiE-Rber-Fassrar &R hdled Hand @heicsiinghealifig fiPaTasef-absorbent
molded part |l cibreughwhich Ha weldipg eeenrss is dg&@f&tﬂil]’tryDEtiﬁ)@MaS%AIra he;molded parts

contain laser- tﬁrgssoargﬂ Land lases- a%g%qﬁoé%rmg&gr}q}ggmgmsag e%lgglarll black, which

are tailored to one another in such a way that a homogenéous color impression a e material is

not naturally traR8p&RAE High- tr%ﬁ?ﬁaré‘fﬁ%ﬁiag‘gr’ m bl‘éoa’rfélltﬁger%&&bﬁ’édplaﬁlc%tenals
particularly thosgdwhith see additionalyweatheraresistant; ateraatknownifrom theapriqregrt. The

present inventqn is theredfore; hased.gn-the ehjeckof providing high-transparency laser-markable and

laser-weldable plastic materials:In particular, laser-sensitive additives for plastic materials are to be -5
found, using which these materials may be made lasermarkable and/or laser-weldable without
impairing the tfanspaeaoy béthe materiatrSurbtbihgly, ithastieen foahdthatighwrangparency

plastic , materjals,may-bem }a@gr n@gg@@g a@d/o&‘!ﬁ%{lg\@id@lejg@ggh dsaatentof nanoscale
laser-sensitive_met oxtdes WII out |m the tra spare%%,y In a first as&ect the |s prowded a
ic

laser- markabléi%hﬁ r faSeriie %bl%rn ﬁ'a’r%ncy thaterfal o Fsinf a nanoscale
laser-sensitiveorgtswxide selbéted fro?mre gr@@ﬁ*@@h@@tﬁng eﬁdop‘edandmﬁt@mueldopeld tin oxide,

and doped antipgRy.oxide: Wheteivs ¢.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 metal oxide has a particle size of 1 to 100 rim 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 both of the transmission and the haze are
measured in accordance with AS TMD1003. The apject 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 atS&H¥ 8Se of fianoStaftA8er-stfisfive ATt GdSs foFFrbatGhE highIansparency
laser-markable dlnsitamigser-waldable plastit ynaterialsiat 5at4i @ seeard aspest; therets provided a

use of a nanogcalg Jaser-sensitive.mgtal oid selested from the,group.copsjsting 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 based on the plastic material, for producing a
laser-markablbzsrriforiassrviid ablehighmteansparasnuygradticrnateriatkadadditiofi, theaobject of the

present disclogyie is-a methed-fef pieducing high-teansparency fasesmprkakle angdipy laser-weldable

plastic materigsls (}’V@dthe aci) of n%noscalcgealaseé;ﬂsenss!%ve gleéal ogidgs, tgg eetal oxides_being
incorporated into the pla§|c MAtFX wifﬁahlgh shiear. IR & third aspegt, there'is pJ“rSVid&ﬁ:édl'nethod for

producing thedaseidmaaeablevanetior [EsaF-weRRHICRIYh-CamdFarency plastic Auteriatss defined
above, the methad comyisingce described in WO 98/28365. Because of the

content of styrene and maleic acid anhydride, no
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



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
morphology, since they typically significantly exceed the critical size of a fourth of the wavelength of
visible light of approximately 80 nm. Laser-sensitive pigments having primary particles below 80 nm
particle size arednawnuutibesmarennatseddechindhedown ebisolptedmade  pamary-particles or
small aggregates, but.rather in. the_case of car. black, for example, are only available as highly
aggregated, pt)naarﬁgﬁﬁ/%aléagloar'#éﬁ?exd pgﬁlsc?érs_ S\ﬁﬁ%‘%&sﬁgnﬁfé%ﬁ? %rg%?%%%tfcjfen éian\%lér. The known -
laser markingFigments frefetord Iddrtomsd st scattering of the light and therefore to clouding of
the plastic material. According to the present disclosure, nanoscale laser-sensitive metal oxides are

added to the plasiis mateiials, particylarl tose whislyhevaa bigh fianspaenaynessey in order (o

make them lasermarkable and/or laser-weldable. In a fourth aspect, there is provided a method for

welding plastieiRsided bSREEBL PiadticEemifirfsh QR HfodUdS SthdkirabeSst BRE0Pthe parts to be
joined comprites the-plastienlaterighasdegfinetl abové at:leastiin thersvsfaee areba said-method

comprising: gelradiating a joiface of the: plastic mojded.bedies of plastic-sgmifinished products with
laser light to which the metal oxide contained in the plastic material is sensitive. In a fifth aspect, there
is provided a Eg&%?%rﬁgg% material as defined above for producing a laser-markable production
product. '

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.



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. - 6a -
High-transparency plastic materials are to be Und&Fstood 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 o NaRhe ALBARIANIRARSS 8 Sap. ol [ARSTISE AR AN IRRE. AR fftermined in

a E
accordance Wlljth ﬁ% 3. Laser-sensitive metal oxides are to be understood as all

inorganic-meglit Qxidas sHehan MelRiddes A EtsnRRl Rxide a0 aopealex exides which
absorbed in the characteristic wavelength range of the laser to be used and are thus capable of
producing a |lecdiippésibietiatterationds the pletstioxatiieimg/hiphrthdy sire embadded nianoscale is to
be understood in that the largest dimension of the discrete particles of these laser-sensitive metal
oxides is smaihdr aheantern ! i00M the hArbeiebpearrge brsediordbe Plrisi R tERhitioh relates to all

possible particle mgrphologies such as pri particles % possible aggregates and agglomerates. -
7 - The partidie S8 the ?ﬁ%eé'- Tkefive ?Hggﬁ o%%eé"s“fgfé]? }Eriﬁﬁl %ﬁ%g %gﬁﬁﬁi' aﬁfﬁlsﬁgrticularly 5to
100 nm. If th?ng%gige size is selected below 100 nm, the metal oxide particles are no longer visible
per se and do not impair the transparency of the plastic matrix.

In addition, the cbject of the present disclosure is a
method for producing high-transparency laser-markable
and/or laser-weldable plastic materials with the aid of
nanoscale laser-sensitive metal oxildes, the metal
oxides being incorporated into the plastic matrix with
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



In the plastic material, the content of laser-sensitive metal oxides is expediently 0.0001 to 0.1
weight-percent, preferably 0.001 to 0.01 weight-percent, in relation to the plastic material. A sufficient
laser markability or laser weldability of the plastic matrix is typically caused in this concentration range
for all plastic materials coming into consideration. % the particle size and concentration are selected
suitably in the range specified, even with high-transparency matrix materials, impairment of the
intrinsic transpaienRayis peaventack 4t is thusrexpediegttospleetdhe lower cantentratias range for
metal oxides Paving parlicle size anoye 1P nayyuile higker Gapcrarations Ay alsq be selected for

particle sizes below 100 nm. Doped indium oxide, doped tin oxide, and doped antimony oxide

preferably CoRtEintaBafsidetatio? Be TheATRIakERs e PSersHk MeBE SHORE Térmdnufacty ring
high-transparneney lasessmarkabie mmd/oa laseriweltabtspladtic materiads: Especialicdditable metal

oxides are ingiumstin oxide £T0) praptimonysin-oxjde (ATQ) aswalkas donaskinditm-tn and/or
antimony-tin gxide. Indium-tin oxide is especially preferred and in turp the "lb,lu%" indium:tin oxide
thereof obtail&5t8 throfigh ﬁlpgdqrtjréq]@&&gionsﬁr%gg?éf The no%-redE%g WeHBR™ indiiifi-tin oxide may
cause a visudllyepmtemablecslightypgehanish tirtof tieysiadtc matsizlat higher - 8 - concentrations
and/or particle sizes in the upper range, while the "blue” indium-tin oxide does not lead to any

perceivable color ci&an e. The Iaser-sensitivg .me_rLaI oxides to be useid afcording to the present
. . Z—}Kchc?;v’ ing to the Bresent :LLT»C oswr’% nanoscale aselr— . .
invention are’kKnown pet sé and aré commercially available even in nanoscale folLtu, i.e., as discrete

particles havisgrsiZdsimgowmnetinlandperiefarlpitthe ade@ngEprefeired neté&tyically in the form
of dispersiongalthe-laseEsensitedetal axides atgbypicallywhtastidediassagglemerateghparticles, for

example, as %%%:ﬁt%]%%t% ggwg eeg,grtigae sizgrfnaglgfe@o%g) urglgchulggllgn[nillﬂgggefs_. These may

be incorporate a atrix with strong shear using the method according to the present
invention, thrBagH akich BeGiforherftds 4fd-BrokER down into the nanoscale primary particles. The
determination of the degree of agglomeration is perfoLmed as defined in DIN 53206 (of August 1972).

In a fourth aspect, 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.



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.
Furthetmore, nanoscale metal oxides may be manufactured through precipitation methods, as
described in DE 100 22 037, for example. The nahBscale laser-sensitive metal oxides may be
incorporated into practically all plastic systems in order to provide them with laser markability or laser
weldability. Plastis materiajsdnravhigh theoplastic matrixisdeaseshen polygraeth)aerylateepolyamide,

polyurethane, polyelet {nss syreng polumeys a0 shyene GORSIMRSHS: ROYEAGPEIE: sicones

polyimides, po ysuﬁ ong,pclyet ersu pne,ﬁ‘)o S, - .
polyetherketoredTP EEER, palyBh&fidrissitifde! hoEsRT f3uchRBRPEP PENIPET)EBsFethylene
oxide, polyuraibane thalyolet inspoepelyalers cortainingdluodne (such asPVDEEEER; PTFE) are

typical. Incorgquation intg blends, which contajn the ahgve-mentipned, plasties as cogpponents, or into
polymers derived from these classes, which were_changed throu%hh subsequent reactions, is also

possible. TheSEARARHARIAR oW ATE cBimmdli iy RvafsbId ﬁ]%ﬂ%f?ﬁaﬁ%sw*ﬁg advantage

according to ®gIpreBentin@ention of the nanoscale metal oxides particularly comes to bear in
high-transparency plastic systems such as polycarbonates,transparent polyamides(such as Grilamie
TEES, TRgO’-LréngearnJig@L%Oiotoigé 7%263312380'366}2@@3@&%?@ ht@glat}gép Oggggrog gbod 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 thug 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.



polyethersulfone,cycloolefin copolymers(Tapas(r), Zeonex),polymethylmethacrylate,andtheir
copolymers, since they do not influence the transparency of the material. Furthetmore, 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 thrgugh 14 %agsoms),
alkyl-substite® oP#hstBstuElZSclBaliphific (]ﬁﬁﬁFo"LFg%an1 Cratoms); araliphatic diamines (014 -
C22), and aliphatiesahereyclgaliphatic dicarboxytodcipay06 tbuhiCH4) tthellBftePmay be partially

replaced by aromaic dicarhoxyli acids, dn pasticylar dbedransparent polyamiges maysadditionally be
composed from monomeyr compon,enﬁg haviri%G Ca 1 C alg andé(%r 12 C s, which are

ms, 1 ,
derived fronTI3ERMS S B5-ainG tAORyIE acids Eff& gﬁefgrleﬁﬁ?%abegt%ot efc?us%e y, the
transparent polyamidesiaedardifesto e pREErR HYVENESN BRE nPAiF&ciGratfirdirthe following
components: laurin lactam or w-amino dodecanoic acid, azelaic acid, sebacic acid, dodecanoic diacid,

fatty acids (C18 - C36; e.g., under the trade n Pripol(n). cycloh dicarhoxylic acids, with
partial or corﬁBle?él?eﬁgé%r%éﬁt Ofthese %ﬁﬁhﬁ%ac(?gg %}%ﬁtéﬁiﬁ?ﬁ% al%:;id, te.reJL hthalic acid,
naphthalenerttitarboxgid-aeidl, tritsutylG3aAR&REded. Putiéinoretedane di‘é{ﬁﬁﬁig,tdodecane

diamine, nonanediamineshexametindene daminecin unbrenched, dinanghed;ensubstituted forms, as
well s represeqiatiyes rom (s, cagm o Alodspsutadlunsupsifuedcypionphalisaamines bis

(4-aminocycﬁ6%exy -methane,bis-(3-methyl-4- ami_nopgclohexggtﬁ]methane b_is-(4-amiqocyclohexyl)-
propane, bisaniadd/eidhiexahe ) dREantiromathyh tycGte %,'%%ﬁﬁ&ﬂoﬁe%iﬁé or even

substituted pesatampethyicndaminesedayi be tiséd. concentration range for all

plastic materials coming into consideration.

If the particle size and concentration are selected
suitably in the range specified, even with high-
trénsparency 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 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



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 tagermarkable or laser-weldable with the aid of the
nanoscale metal oxides according to the present invention, without impairing the transparency of the

- material. The hightranspatency Igser,markable plastic majerals aceerdingo thegesent invention

may be provided as molded bodies, semifinished.products, moId& cgmepsoungg, gielggqUers. The
high-transpAfEtS ladbtl MeldRle plasHE maBHahccdfiing to the present invention are typically
provided astmokied edies dvsemifinishedprodas@eThe production of the high-transparency
laser-markable and/or laser-weldable plastic materials according to the present invention is performed

in a way known per se according to technologies and methods current in, typical in. @gtic production
and processifg. I%%%&%é?ﬁ@?&%ﬁ’r%%uc%et aéq‘lagéir}s%e%ssitir\]?g a&cﬁtiv%g %f(ﬁe or du%n the

polymerizatfom otpelydendeasdtiod VRBiidIal REEtanS 8 Feadtit mB&uréBr afsdCadd them

during the reagtien:-epeeific pseductiop Tectbeds farthaaelevantiplagtiesmyhith are kaswn to those
skiled in the art heing used, 1n the gase of.palygendeisples sughyas,polyamidgs, theygdditives may be
mcorporateéiln% one of the monomer components, for example. This monomer component may then
be subjecteBad aisohdsidensation réddfion WithThe réffaffing REETGFp&therd'iFA typical way.
Furthermoresaftes fonypation efmadremoledulds sthe 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% tic matrix

0

material, flufh8eAiffAd -SFT &SI ioFmURERh BNt 6r MdRoMBrs-as Rieh 4 5Sssibly
necessary agglitivesistiehastealymerizativheisitiafors, stabitipdrs (sach agghomissmbers, heat

stabilizers), yisual brighteners, antistatic agenys, seftenersdemolding agentswlabrigants, dispersing
agents, antistatic agents, but also fillers and reinforci%gﬁgents orim act resistalnafzgtmodifiers are

mixed and HoMJGEFZEE fr dVREREa Py SIEMETSH PHRTS p&%%ge,t%echpas FescYors, stirring

vessels, mixessrit2with 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,



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 Jp_)erf% m%qqg_kvgtgnhei%h shea%igbj;ge plastic nlatri)é. This mnay be pgggrﬂ%%through

appropriate s@f_ﬁng% e mixers, roller mills; and extrulers ﬁ%XVvayTany possible agglomeration or

aggregation G AARESCalERREl BxXiREFarti A& intd Rafder RSRAy e B ctirelyifrevented; any
existing Iarg%@am@mgﬁokenmlﬁﬁmcespmﬂingptecalym@@gies anchparitetas method
parameters t%ge%l S%!‘?ﬁéed q};gu\ggll-kg wnggﬁ@qse %@Iin tih_,%gg) Plastic mqalded bodies and

semifinished products are obtainable from the monomers and/or pre-polymers through injection
molding or extEERTERGR TheRing BEMpEIRRIR thrdtifhastirfittbd< Hhe polyiRiization is
performed thraagh Maetbads khawnitothoses skitledrotiverars, for examihe, oy addiggene or more

polymerizatiog dniiaioss andindusing.the polymerizatign throygh-beating-erigadiatianfror complete
conve sion of the monomer(s), a tempering step may follow the polymerization. - 13 - Sensitive oxides
in typical lacctiePfst AtRHons BG4t and diyifg B hBRfSHRg Bf the1aEquSaayEr-FhE group of
suitable lacquers: cempvisesifdr example; pawder lacgadsh physivaliyadryinglldcduerss -

radiation-curaplg. lacgyears: Sigle:cempenant eimulijcompanentreasive,lacguerss sueh.as
two-component 0I¥urethane IaC(ﬂrL]Jers.%ter plastl%mol arts or Iacqu%r coatings are produced
g

ed
from the plastiGRRESHTIS cdRtARing FahdSEaldIassrSat &l’tll{?@’mect%i“&%’lde “they fay & marked or
welded throudh gtadiationsgsing fexer lightplastic 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.



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 contous and good readability on the colorless, transparent
substrate is obtained after irradiation. In a special embodiment, the laser beam may also

advantageo%%/ t%ﬁ LOCDUf d abgﬁeg theggpstraégidq @'g;%rerle%nberﬂg Qigm@%g gﬂeés are thus excited
ig en at

and intensive contr st inscribed images are obtained Oow pigment concentrations. The

required eneﬂﬁll}iacﬁé%ﬂ g 85ESF A g funicBon Bhfhe &RSGEHon dRd BFiEIEse@&énsitive oxide
used. The quamtityrhitha:exide content, thedoweérihgaeduired enengyria theshighgetheimaximum

writing speed gf the laser.beam. ] @qqu%qiggggﬂgﬁ@ay;@l@scertgggg_l the Qg%jual case

without further measures The laser welding may b%pt)erformed on a commermal% available laser

marking devit&P&fcH asaFiSer fﬂ)ﬂ‘il%%%&@ll?ypg Sivfark S¥iES, ASWIAG an Gtthut between - 14 -
0.1 and 22 afpereseany. an advEce Speed betheendmendE0pmhfiseconss IWherssatting the laser

energy and agvapce,speed dt is tg@g@sured‘mghthe ﬁj@ot selected ta9.highand the advance
speed is not seleited too low, i g erto a 0|d un eswe ai izatjon. At too lo output and too
o e i

“high an advaht8 ¥pEsthe rﬁﬁy% qb%tea irsq S5{HGE ATAT 4S5 be
determined |ﬁmeilndhﬁ@l%h@@éhﬁth@p@po@@mmbmmﬂﬁeﬁmsb@syl1C acid, -

tributyl isophthalic acid. Furthermore decane diamine,
‘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-
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-



For welding plastic molded bodiesor plastic 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 part facing toward the laser
beam does not absorb the laser energy and the sedond join part is made of the plastic material
according to the present invention, through which the parts are so strongly heated at the phase
boundary thatisdthagiarts arel weided torerie another. Acertaihicgntact préssurepisareeessary in order
to obtain a matgtiakhbang, The highstransparency jaser-seasitive plasticanatgrialsaccording to the
present inventig%_’rr}_%xﬂtj)weﬁjsgd very %d\@Sntageously for producing laser-markable production products.
The identificafiGh of pr‘oosuc%on%foguc%, 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 ExamplecAu = d5crTregamide GX 7323 ra copunescial pragust of\Degussa:AG, high
performance polyme(s braad). Mad a3 usedias the plagtic molding comegund. rjodine LS80 from
Merck KgaA, Darmstadt, was used as the las r-sensitive pigment in a concentration 0?8.2
weight-percert " Fhé iGRttransission iPthe Visiblé Tardé'fias B0 arithihe HaBiwdes.
Comparative Example®:ding to technologies 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 reactanis or resactant mixtures 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,



Plexiglas@ 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. Iriodine
LS800 from Merck EgaA, Darmstadt, was used as the laser-sensitive pigment in a concentration of 0.2
weight-percent. The light transmission in the vi_sib,l(iI range was 85% and the haze was 4%. Example 1:

Production of a high-transparency laser-sensitive plastic molded body A plastic molding compound,

containing a laser-sensitive nanoscale pigment, was melted in an e%druder and injected into an
injection mold fo-fd##n plastié Polded b ffr the*fofmof BRTTa O Bxtriide8 36 forrf'sfhbs, films, or
tubes. The incarporatien:ekthe laser-sensitive pigmentintostirelplasfie proldingcontpound was

performed wifh.strang shear in order to-break down pessible agglomerated-particlesdnio nanoscale
primary particles. - 16 - Embodiment A) Trogamid(r) CX 7323, a commercial)ﬁ%r)oduct of Degussa AG,

high performaite ol fers Bramdh: MAT was Us8d asthE Piasticciiolding compotind “Nanoscale
indium-tin oxiderNario@4TG 17-05 05000 fiornNanogate, was used dsthe ldser<sensitive pigment in a
concentration of-Q,01 yweight-persent, Ehe light skansmissionin then\dsible sange was 90% and the
haze was 1.5%. . . . " o
concentrated pre-mlixture (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

arcicle

5

ge

are broken down. The corresponding

ot

s
echnologies and the particular method parameters to bs

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. Fo

sy

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-



Embodiment B) Plexiglas@ 7N, a commercial product of Degussa AG, methacrylates branch,
Darmstadt, was used as the plastic molding compound. Nanoscale indium-tin oxide NanoDITO IT-05
05000 from Nanogate, was used as the laser-sensitive pigment in a concentratibn of 0.001
weight-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 visible range was 92%
and the haze was < 1%. amble Reductionof a high-transparency laser-sensitive plastic molding
compound EMBGHMEREA) FrogamtidS €X 7323 Hédmmerdidisioduct ot 558 AG, high
performance pofymers branch,Mard nwas used agthe pasti€ mdldingscomysoundasd compounded and
granulated on a Berstorff ZE 2533 D extruder at 30000 with nanoscale indium-tin oxide NanoDITO

IT-05 05000 from Nqnog?ate as the Itasgﬁ-serlsai‘tci:ve %i ment ;Qo%oinsgggtrag%g of  rrie
0.0lweight-pgfrf:%ng‘rﬁé‘l ght ™ 1 ERse qu b ’ I pie,

powder lacguers, physically dryving lacguers, radiation-
curable lacguers, single-component or multicomponent
reactive lacquers, such as two-component polyurethane

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 required settings may be ascertained in the

}J

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



transmission in the visible range was 90% and the haze was 1.5%. Embodiment B) Plexiglas(r) 7N, a
commercial product of Degussa AG, methacrylates branch, Darmstadt, was compounded and
granulated on a 35 extruder, Storck, having a degassing zone at 240C with nanoscale indium-tin oxide
Nano-SIT IT-05 05000 from Nanogate as the lasey-sensitive pigment in a concentration of 0.001
weight-percent. The light transmission in 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-curablel acrilate’ Facgimanade 840 weightarsspertaaythrts-trkacrviatetB0weight-parts

hexane dioldiagrylate;:1QQ weighi-parteRanoseat.e indium-tia oxides¥R AdNane, IT@RE0 from
Degussa and 200 Weighté arts. ethagol was dispersed in a glcf?\s%k\{%,gse;“l kt}oer 606Hr11:%%r§ on the roller
' 2 parts pho

. . . t i )
bench while a%%?ﬁélgnglass ails 6f a diameter of emr%?gamlxed wi part oinitiator IrgacureS

184 after rem&¥ifg theldass Balls Cand applied?idplashie slabs treGghSefeageeingiith a wire doctor
blade. The cusisgavasperformed aftera briefrventilatien-time throughoitradiatios eisig=ai commercially
available Fusion F,400 N\ dryer atan adyancegf 1m/min upder inert 63s; The fight tigpsmission in
the visible range is 90% and the haze is < 2%, _ : o T

advance speed, tThe welding may be inadeguate. 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

according to the present invention a

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:




- 18 - Embodiment B) A physically drying lacquer was produced by dispersing 100 weight-parts
nanoscale indium-tin oxide VP AdNano@( ITO R50 from Degussa, 100 weight-parts polymethacrylate
(Degalan0 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.mTIg%cgating was performed by squeegeeing using a 24
um wire doctor blade and drying the lacquer at room temperature. 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-perceftITOREGRENS A HigRIrandparenes Taset seRsifive plastié slabd(difiendions
100mm*60mmignm4nade of cast w&&m@n@gaﬁ@ ccm&mt OfesQ1 weightpereent was inserted

into the Star dgg_aggrs 4\2%[ ool frol o%%%se"‘?%? QRLRE %g\?ﬁ?

o t%% sufed that the slab has
at least 10 m stance to t er support surfac ocus o e Iase eam was set

to the middle OF e slab IHERIESET The ParameRrsiof fisquent§ (Zz%sﬁﬂ%ﬂﬁ%u%ﬁéﬂt (21.0 A), and
writing speedi{168.enrms:it) werecset entthe controbunit of:thedaser: After thendesired inscription text
was input, the laser was started. At the end of the inscription procedure, the plastic slab may be

removed from the deV|ce 9-
The light transmissicn in the vigible range was 80% and

the haze was 5%.

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 las

it
H

-5

(b

nsitive pigment in a

3
.

i
0

concentration of 0.2 welght-percent.

¢

The light transmission in the wvisible range was 83% and

the haze was 4%.

Txample 1:

Producticon of a higph-transparency laser-sensitive

plastic molded body

A plastic meolding compound, containing & laser-
sensitive nancscale pigment, was melted 1in an extruder
and injected intc an injesction meld to form plastic
molded bedies in the form of lamlina 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

Daruiu+es into nanoscale lemawv pa”_l” o3,



Thecontrastwas qualitative method: determinedusingthefollowing Contrast grade O:
Noinscriptionpossible. Contrast grade 1:

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

ction of & high-transparency laser-sensitive

e
)
0.
wn |c

(8]
EWJ
o

tic melding 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

1
nanoscale indium-tin oxlde Nano®ITC IT-05 CH000 from

Nanogate as the laser-sensitive pigment in

o))

concentration oI 0.01 walght-percent. The ligh

ot



Discolorationoftheplastic surfacewasobservedwithoutthe scriptbeingreadable. Contrast grade 2:

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

- 17 -

transmission in the visible range was 90% and the haze

was 1.5%.

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-03 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

er and a lacguer coating

Embodiment A}

A radiation-curable acrylate lacquer made of 40 weight-

parts pentaerythrite-tri-acrylate, welght-parts

|
Lo e}
o oo

hexane dicldiacrylate, 100 W ros nanocscals
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 1 mm, admixed with 2 parts

photeoinitiater Irgacure® 184 after removing the glass

o

alls, and applied to plastic slabs through squesgesing

with a wire doctor bplade. The curing was periormed
aft

It

fy

et

ter a Dbrief wventilation 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%.



Contrast grade 4: Theinscription,theinscription textinAnall8bold,andthe inscriptiontextinAnall2are
well readable. Example Performing laser marking

- 18 -

Embodiment B)

2 physically drying lacquer was produced by dispersing
100 weight-parts nanoscale indium~tin oxide VP AdNano®
ITC RS0 from Degussa, 100 welght-parts polymethacrylate
{Degalan® 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 sgueegeeing using a 24 um wire doctor

blade and dryving the lacguer at room temperature.

20

The light transmission in the wvisible range is 80% and
z

e 1s < 2%.

rming laser marking

PMMA having 0.901 weight-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 parameter oz

}

freguency (2250 Hz), lamp current (2Z1.0 A&, and writing
speed (100 mms™ ) were set on the co o

ntroel unit of the
laser. After the desired inscription 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.



(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-I) were set on the control unit
of the laser. AR&r th& HReSiFEd nscrition RS HPRE theBsBFwas Bfarted CALHESH of the - 20 -
inscription precedures; thevplastic-slali may be removed from the device. The contrast was graded at 4.
Example 6: Performing laser marking (cast PMMA coated with PMMA lacquer containing 0.001
weight-percent ITO) Ahigh-transparency laser-sensitive plasticslab (dimensions 1Q_Omm*60mm*2mm)
made of cast PMMA E6ateiBibdth sidaS with a PMM%&H&E&éToc%ntaining 8001 Weight-percent ITO
was inserted into the Starmark-Lasers SMM65 tool from Baasel-Lasertechnik. It was to be ensured
that the slab has at Jeast 40 fnm distanceite the dower;support surface:ofthe togl.aldei focus of the
laser beam was set to 20 mm above theSrELdgA% gf the S|abO[QiC|§Q%Se% Tr‘]ﬂeju|QJ:;lrza%ete{?1 f frequency
(2250 Hz), lamp current (21.0 A), and writing speedv(fg mms?I)‘were set'on the control unit of the
laser. After the desired inscription text wagTlapit, the laser s sarted. At tHe*8R@ Bt -the inscription
procedure, the plastic slab may be removed from the device.

Contrast grade Z: The inscription i1s well readable.

€t

Contrast grade 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 spesed (10 nms ') 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



The contrast was graded at 4. Example 7: Performing laser marking (PAI2 having 0.1 weight-percent
ITO content) A high-transparency laser-sensitive standard injection molded plastic slab (dimensions
60mm*60mm*2mm) made of PAI2 having an ITO content of 0.1 weight-percent was inserted into the
Starmark-Lasers SMM65 tool from - 21 - Baasel-l asertechnik. 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 gZSO Hz), lamp current (20.0 A), and
writing speedBOHAR L We e $et DH-the cohttdl LMESTthe Iaser CARE e Bedir& irCription text was
input, the laserrwas startets-Atdbe end of the inscription procedure, the plastic slab may be removed

from the device. The contrast was graded at 4. xample 8: Performing laser marking (PAI2 having 0.01

weight-percent ITO content)
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

), and writing spesd (15 mms ) were set

on The contro unit cof *the laser. After the desired

may be removed from the device.

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



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 (50 mms81) were set on the control unit of the laser. After the desired inscription text
was input, th&’RR8FWasStaied ATthE entitoftRé irseripfiort protetiire.thé plakticsla® may be
removed fronnte devicel £hecontrastwas gragdedat4. Example: 122 = Perfarsungtaser welding
(cast PMMA having, 0,01 welgmepeggqpt ITQcontent) A high-trapsparency. laggr-sensitive plasticslab

(dimensions 60 mm*60 mm*2 mm) made of cast PMMA having an ITO content of 0.01 weight-percent
was brought |ﬁfb*corﬂact%|tWh Bl plastie sfatmade st tHdoped Cadt PRAASGSAG the faces to
be welded. The slabsawersninsertedtinthethuelding support of tire: Starmdrkdaser 5SMMBGS from

Baasel-Lasertechnikjp such awaysthatthe-undoped.slah.laid on top.i.e.was fitst penetrated by the
laser beam. The fo us cl)‘;the laser. beam W s set to the cgntact face of the two slabs. The parameters

frequency (2250 Hz) Tampcurrent'@20 A)- And Gdiatce sperd (30 MmsT1) Were s&f6n the control
unit of the lasénAfter thélsize ofthrerareda16 beaweldedwas fput (224 mn2), thie laseewas started.

At the end of th@swglgm@Eocgdutee@mw,eld@@dol@st@ssla@ could besempyed igm the device.
Adhesion valugs haw@lg"j trge grade 4 were achieved in the hand test.

The contrast was graded at 4.

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 inte the Starmark-Lasers SMM&E tool Ifrom
Baasel-Lasertechnik. It was to be ensured that the slab
had at least 10 mm distance o the lower support
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 ') were set on the control unit
of the laser. After the desired inscription fext was
input, the laser was started. AL the end oI the
inscription procedure, the plastic slab may be removed

from the device.

The contrast was graded at 4.



The adhesion was evaluated as follows: 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:

_22_

Performing laser welding

{cast PMMA having 0.01 weight-percent ITO content)

yiy high-transparency laser-sansitive plastic siab
(dimensions 60 mm*60 mm*Z 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




Performing laser welding - 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 Iai%on top, i.e., was first penetrated by the

laser beam. THe focul dF 1 lader beAiWAS SBEfOTRB contact fade-6f the two slabs. The parameters

frequency (2250 Hz), lamp current (22.0 A), and advance speed (10 mms-1) were set on the control

unit of the lasgr. /After, the- size f the areaitohe welded:was;input (2244 ram32); the-laser.was started.
At the end of thela/eggin ggogfgu%eT g%e velglidvggp@a%tllc slabs could be removed >frorg1 the device.
Adhesion valliés R&Ving tie Grade ™ Were achieved in the hand test. 24 Claims = L. A

laser-markabfefanBfdrdaserWeldabie highGrafspareRdy lastie niatertd ¢omprisfigert
was brought into contact with a second standard
injection molded plastic slab (dimensions 60 mm*60 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 SMMES 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 to the contact face o©f the two
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 the area
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.



a nanoscale laser-sensitive metal oxide selected from the group consisting of doped indium oxide,
doped tin oxide, and doped antimony oxide, whejgin: the metal oxide has a particle size of Ito 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
both of tHel#ramssmission 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 td 0 d1lesergRarkekienmnskier dasrr s frbe drghraaarparensy INSBh St siaterial

according to Claim 1 or 2, further comprising: indium-tin oxide or antimony-tin oxide as a nanoscale
laser-senSitRE Te8al oxide. 4. The plastic material according to any one of Claims 1 to 3, further

comprising: blue,indiur:tin Qxide A3 ARANAEA Q1358 sSePRIE VEMeR %ﬁﬁil%' consisting of
doped indium oxide, doped tin oxide, and doped antimony oxide, wherein:
the metal oxide has a particle size of | 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 | |

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:



5. The plastic material according to any one of Claims to 4, wherein: 25 a plastic matrix is based
on poly(meth)acrylate; polyamide; polyurethanezpolyolefins; styrene polymers and styrene
copolymers; polycarbonate; silicones; polyimides; polysulfone; polyethersulfone; polyketones;
polyetherketones; polyphenylensulfide; polyester; polyethylcnoxide; polyurethane; polyolefins; or
fluorine-containing polymers. 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, \/\ﬂ]&@ﬁ&pmdgéﬁsﬁs@ POB{%%)S &Tﬁé%&@%@%r@? t%?ﬁ/egne of Claims

1 to 8 existing,in-the f body, ifini ct [ np r lacquers.
10. Use ?fg 57 %%rr}}géi:a%%s%&@%%i%\% n%g(tyali |d%@s§p§:%é%§%§rh %@%%%%r%%%si%ﬁﬁg%‘%oped indium
oxide, dolaggﬁjﬁdggjde, gggmﬁ)@g;antim@@f&@ MmefR)| grdelshBavingal patiisle®igesof 1to 100 nm
and a content of 0.0001 to 0.1 weight-percent based on the plastic material, for producing a
laser-magkdaibbanyiiosdHsér: weldgbiechigpdtpethybmencdglagitymatbaial; 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.



26 11. A method for producing the laser-markable and/or laser-weldable high-transparency
plastic material according to any one of Claims 1z 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,materia] according to Claims 1 to 9 at least in the surface area, said
method compris?n{g‘:i m%ﬁ?%@%ﬁd"?%ﬂﬁ‘% Sn%?ﬁ'gﬁgéﬁkerﬁ% JB5EEs 8N fastic semifinished
products with laser light hich the matal oxide contained.in & i rial is sensitive. 14.
Use of thelr%?éstic rgater%é(?llglccording to any one (% Cla?#ns 1lto ﬁ%ﬁggﬁﬁi laser-markable
productiomprigstiedmprisid®. 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 lasewiligig te winiohctie haetalsoxitiéveomtetiiedxnlthevjtlastiphnateriahis sensitive.

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.



ABSTRACT OF THE DISCLOSURE 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. These plastic materials, which may be provided as molded bodies,
semifinished products, molding compounds, or lacquers, particularly contain metal oxides having
particle sizes from 5 to 100 nm and a content of 0,6001 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. No suitable figure
ABSTRACT OF THE DISCLOSURE

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-
gsensitive metal oxides. These plastic materials, which
may be providéd. as molded Dbodies, semifinished
prodﬁcts, molding compounds, or lacguers, particularly
contain metal oxides having particle sizes 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
prodﬁcts.

No suitable figure



