- +1- - LASER- WELDABLE PLASTI C MATERI ALS WH CH ARE TRANSPARENTLY,
TRANSLUCENTLY OR OPAQUELY DYED BY MEANS OF COLORANTS The present invention
relates to transparent, translucent, opaque plastic materials that are
tinted by colorants, which are | aser-wel dabl e due to a content of -
nanoscal e | aser-sensitive particles, as well as a nethod for manufacturing
plastic materials of this type-and their use. The welding of plastic parts
using laser energy is known per se. The |aser weldability is by absorption
of the laser energy in the plastic material, either directly through
interaction with the polyner or indiréetly using a | aser-sensitive agent
added to the plastic material. The | aser-sensitive agent may be an organic
coloring or a pignment which causes a local heating of the plastic through
absorption of the |aser energy. In laser welding, the plastic material is
so strongly heated in the join region twhrough absorption of the |aser

ener gy that IRRBRIRIGABEE Rebist QAR TEBIA- DAL SHaRRE i dEd2REYore anot her .
"In practice, theprdusceERTteY OfR COMROBLY eoyfmar BHt VAN DElWESnORBNTE part ner s
in laser welding is based on a join partner facing toward the | aser source
having sufficient transparency for the light of the laser source, which"
has a spect§ cPu@brsited@VRRt 300 t Rata e TadiBESBATFRachBs2# he 5581 n part ner

| yi ng undeggeat=h, prhere: | hatsrahsor hedt Beeausiniofd t bys abisorsptison, heat

| S releasedy; 50 Lhat L0 ENG. CRNIACt (208N oF LA O BPAdNRISae NOT only
the absorbrng material, "but Tather also the transparent material nelt

| ocal |y antRSrartieabiyiva x, PARFGUGHE whitéh #°¢bnpésité | f5Peducédraft er
cool i ng.. Batdnmartsiss e mel-dedrko:ple anat bers itypkhhsawayeas we.result. -
2 The laser weldability is a function of the nature of -the plastic
material s and/or the polyners which they are based on, of the nature and
cont ent of Thnywe ediae- seinspid 3t cadehittisv e ingnd 36Tt RESREVelléndt R “End

radi ati on powese of Thhel baser woseshilinvaddi t¢onetio 92 mnd pExehmert | asers,

Nd: YAG | asgrs yitriumal um.nun.garnet +Iigs§1%§grig;}ar@£{%é}j sti L. mavel engt hs
1064 nmincreasingly Used i'n' this technol ogy, even diode |asers. -
(neodynmi unfoped intRavEREPR Hel GhdtB3PAYRET afe aRt FRfTe Y eere| §
Laser - wel deddcg-Rkast t cvdehgehal adqwhi eb conrt giluskasermssensiati vehaddi ti ves

nthe formof. col.orings andror pLOMRALS,, 0eagLally fgye;a me or |ess
pronounced*'coﬁ oratiton and orinty sparency. Fn the case of |aser welding,
t he nol di rigi Eempouhdct ocdessrade Joaser apsHIrhetit e RB3PT1T sty thus
equi pped bybdagroreducidg eaebonabiacknergy. In laser welding, the

plastic material is so strongly heated in the join region

through absorption of the laser energy that the material

melts and both parts are welded to one another.

-In practice, tLhe ;ﬁrinciple of composite formation b_e‘éween
join partners in laser welding is based on a join partner
facing Toward the laser gsource  having sufficient
transparency for the light of the laser source, which has a
specific wavelength, so that the radiation reaches the join
partner lying underneath, where it 1is absorbed. Because of
this absorption, heat is released, so that in the contact
region of the Jjoin partners, noi only the absorbing
material, but rather also the transparent material melt
locally and partially mix, through which a composite is
produced after «c¢ooling. Both parts are welded to one

another in this way as a.result.



A.met hod for |aser-welding of plastic nolded parts, the | aser beam bei ng
conducted through a | aser-transparent nolded part | and causing heating in
a | aser-absorbent nolded part |1, through which the welding occurs, is
“described in DE 10054859 Al. The nol ded parts contain | aser-transparent
and | aser-absorbent col orings and phgnents, particularly carbon bl ack,
which are tailored to one anot her such a way that a honbgeneous col or
impression arises. The material is not naturally transparent. Since carbon

bl ack causgs iasstéronﬂeﬂeﬁﬁkll@a% Oiﬁtéorflﬁl\t&'lo@t dfOV\thé)nﬁéfﬂhf@t bgn, only
dark col ofs or gray ‘tones nay n‘gl emented f the p %C%EﬁFurther nor e,

it is curtéft Iaﬂ-agﬁi‘s“—é-'l b‘P%tGE%l%Qe“-I d"”t’c'“i‘1 ﬂ§p§ﬁl¥ntp% Gr° I‘?S% dpar ent
mat eri al s ;08t ¢ QRANWH ,t idH ethdai£tusd Sand- c3nteabsofbeny jlaserpartner may

. be set in the sane t one However , ely dif are
necessarysﬁBISlFFrv§ ptﬁdﬁiﬁe‘ “Gie Kt C?I e&’eLI %/lhe a%%é:égé%%@élse% to perform

tests in trlad&aca&a plotkent iccfal tlool| basset tsads dh talqindgtttypet@m% di fferent

col orants t f%% ltﬁﬁ Qavgagé%gerq@& PRENY1 Bebayi ofe iR ne b ent al

i nfl uence? drfferent col or changes result ;in use and t he course

of tine. Wérjlammaﬂigmlﬂﬁmoﬁgﬁn?%ser WeR8ERY - of t W PREsti ¢ 5%ir?ponents

havi ng t heygolok -$ekkiRY wiWdRinit=e, :uoti;e;nt healarepl 6821 dent i @ale col or,

especial Iy light color settings bein icult r_tra [ on mhlte
or |ight &BFEFaSEPOILYgYSES stE?b?e %ﬁﬁ Eﬁ%%tl srf & Ir})s/e%% ‘?;[’}h,

di fficul t wwver dieideattagkksusi ng | aser vvel di ng. Ther efore, there is a need -
for plastic materials of the conbinations cited which may be joi ned
through | aser wel ding. Transparent-col ored, translucent- coI ored, and
opaque-t i iesei-asddakibd aBlae tica FEte T ki afls FaAag 3ireciassty def i ned,

freely sel %@,fsa@l% 0£9c§§tup@§t igul@id y ﬂdﬁﬁeoﬂmldémoaﬁ.ﬁgad@ﬁdmml ly _
resi stant to weat her an are not known f gmthe rel ated grt The
e

- present i MAEHRENGE i ngﬂ@Fég%Ye N3¥&d%n™Phe dbj ecE38f BrOWRdiTg
- transpar e@olclrrag%lrpcaeja/morlmalmmy welrdaiilee qaisestaic ymgerial s that
are tinted Qy colorants - tlcul se. having t _tones For
this purpd%ele3L tg'la@nsﬁ?cﬁ\fé' B8di% m\% 1?:? AT]c rhnéac%grll;% are to be:
f ound, usmngomiech t hey neyodie nﬁdeqb@@é&rlmltﬁalb? e ®AEABEEAt hePY
transpar ergtg% L)) cq_r %t&%r% Blg%kt_he_ material being inpaired. - 4 -

e

i nfluence I'n ic color of the plastic. This applies both to the
coloring and to the agi ng behavior. The plastic materials are basically

equi pped W th (Gl Or#d1 AH-Ge 1@ GE BIFS plultitdle apkdéaspartsansiparent per
se, to set_the desired color _and/or.o (o] | aser
wel di ng, AP AT s 2R bR BEnFOT OF - Far fp'ﬁgf’ EﬁadE &f E?ﬁ Pygllggé%?cﬂémt eri al
cont ai ns tdiel deas gpasensi sndecadsing vbeaSingr iisi ﬁgﬂ?sertaihﬁgﬂb@é‘ﬁ f ound
that trans rgajgcg%i gggn%llucegﬁro‘%t%omggg lagerawiidabl e-plasti gesmaterial s
that are tin b

col or ant e nmade | aser - mar kabl e- and/ or

| aser - wel didsarided t 50 aDBoACSREEEP Rdnosthf eMPAERd - R2NsT t FORTAAPti cul at e
fillers, wijthouty thescolgre anglor lhe t+anspareicy cbebpgnyspaanad.

pigments, particularly carbon black, which are tailored
to one another in such a way that a homogeneous color
impression arises. The material is not naturally
transparent. Since carbon black causes a strong black
coloration even at low concentration, only dark colors
or gray tones may be implemented for the product.
-Furthermore, it is currently possible to weld
transparent and/or laser-transparent materials onto

opague tinted materials.

In principle, according to the teaching of DE 100548595

Al, the laser-transparent Jjoin partner and the laser-—



The object of the present invention is therefore transparent, translucent,
or opaque | aser-weldable plastic materials that are tinted by col orants,
which are distinguished in that they are | aser-wel dable due to a content
of nanoscal e | aser-sensitive particles. Furthernore, the object of the
present invention is the Use of nanoscal e | aser-sensitive particles to
manuf acture transparent, translucent, or opaquelaser weldable plastic
materials that are tinted by colorants. In addition, the object of the
present invention |s a nmethod for manufacturing transparent, translucent,
or opaque E[bgssbq‘% gﬁ?ﬂ nggﬁég paterpal sethaty afge t isiked @angol orants
with the al nanoscal e | aser-senSitive particles, the particles being

i ncor por atayavezo tEpIeARlc FhEFFSETN t ﬁoﬁPﬁﬁngﬁeﬁre %‘?g SPoETXui t abl e
for high- tf&”%&@ﬁ%p%ﬁé%t ehel Briagaid o tiheidripard i sdeisédetand their
nor phol ogy, since th%\é i4p| al I¥ significantly exceed the critical size of
a fourth deRiRFM&eEendt'h 3PBre Iight of approximtely 80 nm
Laser-sensitive p| gnent s havi ng primary particles below 80 rimparticle
size are t e s PLeV trsg,ﬁeh ed primry
parti cl eskﬂ? cialli aégrg!l‘r%ér a Er’]g Itq':elrgg nq%glce}{g::naggfg;‘ég%g?bon bl ack
f or exarrpl@lcara@t@nl )jtm&lalléb'l eha§9h| §REJeABHF ega8ERY pBFPR%EEPYS

aggl oner at&?heﬁ?‘réﬂﬁx%n%\/daflg 1&1@1:@@1@% cad | yhdrgeifooett ckeldiramet er.
The known | aser markin gnents_t ere{_'gfj Fﬁead to{ % |f| cant scattering

of the |igH2RERE tIF&He oP-é-1 Féecﬁﬁﬂdf“ﬂg BT pf a hat eri al .

Fur t her nor e, the present invention is based on the recogniti'on that the

| aser ment s r art, el %%t ephhgrtiyrbidity of
the mat er:qéi}]l 3%59 ‘t he %\%Il% Ftsgﬂre ﬁ%ﬁgrﬁﬂ %nd ake col or

correcti oncsonqwmy mRreing t Aber |O|¢Iqurn5|%e’@:’fé3r%ﬁ aHHlFﬁéf“’Fltﬁsuffl ci ent

di Spersabl;{(?érytlé% 'o%f/lwnﬁﬁ%falloa&m&t %Qge@@awg sathsf aetex |y and
devi at-i on romt SI red CQ oi havi ng e _accepted. .According to the

present i nvRFHEIRIS hakddcaidiisd it—'sé?l%l FF@%SB%.F??EUP&E 1%1 o ¢ OFes are
added to thesptasdidr nRiterimyss i spasisdidlar bplvhessantisch charé lyranspar ency

or translucen{g Eglﬁﬁ’kgand V\hlig:cr;tar o%fgrws t'ﬂ§éjrc%le‘ir%€j; white, or

opaque, in “br Yt héth | 3%er el ser- sensitive nanoscal e
parti cul at'eh@ﬁlaiidira/,es:m tic lve needefstoad 886 i margsigas ©Isdhieds, such

as metal 5&9 saied DPLal Qtlides nLomBLeX ditidiesniBagh suldddes,
bori des, osp onates, sulfa nitrides, etc,. and/or mxtures
of these c@ﬁb@w@s - 6 - yhi ch are absorbent in the characterl stic

wavel engt h range of the Iaser to be used and are thus capabl e of

~generating_|local heatin %I asgju L0 whi ch %q.le enbedded,
whi ch | eadST#BHRTE g’ §fF rcraflerl a Rﬁhosca e |s 0 _
under st oodtint&dat Lheetawgksaldlaenspéﬁstaﬁ-q hemditesiels | as}‘eﬂfvwm tive
particles b§e§n§%ie§r t han: 1, @reehll} thesQpOONBLEL ranggord this
case, this“size inition re atestoal

possi bl e parti.cle rmri{)hol ogi es
such as prpaatycrphaztlrl‘@soaﬁd‘“b%@ Bré é’(j’@’rlééépéé ¥nd SEGIaRe

weather and aging, are not known from the related art.

The present invention is therefore based on the object
of providing transparent, translucent, or opague laser-
weldable plastic materials that are tinted by colorants
-—rparticularly +hose having light color tones. For this
purpcse, laser—-sensitive additives for plastic
materials are to be found, using which they may be made
laser-weldable without the transpérency and/or the

color of the material being impaired.

The present invention describes plastic materials that

contain a laser-sensitive additive which does not



The particle Size of the laser-sensitive particles is preferably 1 to 500
nm and particularly 5 to 100 nm If the particle size is selected bel ow
100 nm the netal oxide particles are no |onger visible per se and do not
. inmpair the transparency of the plastic matrix. In the plastic material,
the content of |aser-sensitive particles is expediently 0.0001 to 0.1

wei ght - percent, preferably 0.001 to Q.01 weight-percent, in relation to
the plastic material. A sufficient’l 4sér wel dabi | i ty of the plasti.c matrix
is typically caused in this concentration range for all plastic materials
com ng i Nt Gonsl der @Lﬁor&ndfiﬁ@fc PRIl € o3 Zenang1GeRaeNt rahign are
selected suitably 1n the range specified, even w th high-trapsparency
matri x mat@Eiaes Hosatendle GPLOFE N IhS WearSpaPeRe)2prVent ed. It
is thus exprdi ¢izdtq cSeheglertike s owele CoReealadli oaguapgedf owith

| aser -sensi t.ive pigments havin rticle sizes Ve nm _Whi |l e hi gher
concent ratq%ﬁf%%fgﬁ@soﬁe %%?Tg%‘?é  f8Pp rtai%l g%siezreigglelﬁgévr?fﬁ nm - 7
- Doped i ndirunsexi de, sétperchd i deexirdd, adped amdiomnypraxite, Epd | ant hanum
hexabor | de o ehal Al GAMTE J<abo LANSIAL! AlioN A2:L08-B2BRAEA,L 81

| aser-sensitive r?artl clés “For manufacturing transparent, translucent, or
opaque | ag@rimsirdaphdepl @kt itdrifat @lRgls @ haatareati MAFAscolBFant s.

Especi al | y s4dit.abl g ikaser sgignsikicve additives are indiumtin oxide (I TO
or antinmony-tin oxide (ATO as well as doped indiumtin and/or '
antinony-tin oxide. Indiumtin oxide is especially preferred and in turn
t he "bl ue"suriisndgly, oxiide  ohisai nasre tfvwuhh @agar ttiranhspedeaniti,on

process. The nan-reduced "yel | ow' jindit i i ' : i sually
Per cor vabl' BTG v et GReSHY oty T mladiat aBe e Cler
concent r attilats arel/tomtesr thiyc|leolsizasy-g Mmahebupste dasgeMamikeElehe " bl ue”

indi um tin,oxide dges, DeL1keBdet Q@AY RET geidkRlcarcobor nehargal sThe |
| aser-sensitive particles to be used accgﬁgl ng to resent _i nvention

Ic _ the p
are known iRFemeentdtdre Ramereidty AvALRABI e WaTRAYFNnCRENGSdSTe form
i.e., as dse/et e RardHelsgs i NG Sirzesimed owdl. m and particularly in the
size range preferred here, typically in the formof dispersions or in the
formof easily redispersible powdered aggl onerates of nanoscal e particl es.
The | aser -Bensidbiectpartt cltdse arprasgital iyvervidnded sas tadggiedvareat ed

“particles, e, at es,.wh ti i e from1l
P E#%?ﬁé%%%%%} f?a?%ﬂh@gﬁf, SM056 PR Ui & S dEa

mto multi 1 ters. ese may be_lnco“rgorated_lnto the ,plastic
matrix w thlattohgnabertalsi f§athaifet ROBTEE cOVIITRG OFE ERe PPesENt
invention,atdr gughi i £indde iaggiranerahey are pkenrvwaowabist edde

. nanoscal e pri mar artlr‘%ees' Th]g glgt ermnation of the .degree of

aggl omerat"lr)‘brf’I i%g‘ﬁg?qto dFFHacTor %%%I\Af?ﬂsﬁweéﬁo%l(cg SAugust 1972) .
Furthermore, the object of the present invention is the
use of nanoscale laser—-sensitive  particles to
manufacture transparent, translucent, or opaque laser-
weldable plastic materials that are tinted Dby

colorants.

In addition, the object of the present invention is a
method for manufacturing transparent, translucent, or
opaque laser-weldable plastic materials that are tinted
by colorants with the aid of nanoscale laser-sensitive
particles, the particles being incorporated into the

plastic matrix with high shear.

The present invention is based on the receognition that

the laser marking pigments known from the related art



Nanoscal e particles,such as netal oxides in particular, may be

manuf actured, for exanple, through pyrolytic nmethods. Such nethods are
descri bed, for exanple, in EP 1 142 830 A, EP 1 270 511 A, or DE 103 11
. 645. Furthernore, nanoscal e particles may be manufactured through '
precipitation nethods, as described in DE 100 22 037, for exanple. The
nanoscal e | aser-sensitive particles pr‘be i ncorporated into practically
all plastic systenms in order to proviide themw th |aser weldability.
Plastic materials in which the plastic matrix i s based on

pol y(met h)aed ylpde, folosanede s pol yuepi-hanesppekyekef Epstestyr ene pol yners
and styrene co I¥ner ,,pol\écarboiate_,S|I|Cﬁnes}i pol%lnlﬁe , golysulfone,
bl yet her StFITHS, Lhol FiatonBer tpots e st kefORec NPREKIORBROMRENY one

sul fide, polysstelieysughics] PETsi@EN ie8T)ly pekyetdyteaecoitdeal

pol yur et hane, . po} yol ef i . YIE Al NkNg. [ u as PVDF,
PoEp " ey g D5 U6 St OF, P YPEESICABIA DE NG LR bt e M he
above- ment3rmeek Plaistlives8 s MonpSREALSSEBELLAVE JolImals dBaviad from

these cl asgesna Wi gdrveieLhanosd ddraMgpasubseguent=r gagt kARGn,i s al so
possi bl e. These materials are known and, co rcially available in manifold

forms. ThWHdvihed§e SR oPAENPID 147 présemt® | A0EHt i¥n &FCLAESRanoscal e
particl es paimd ol pityi cosesot oskRedl iaygeigated,t ranspesendr or akr ansl ucent
pl astic syste such_as _pol ycar bonat e, .transparent polyam des_(such as
G (T am d( 1t TREE, Casn. o8 S BAGSH: Clao s anp Ry kA oRBLY -
t er epht hal atael, Lginleysad fiobehlpobkygerbeasatf pactiptlpokgtbilpmerated
copol ynmer s(.L. , e ol y: r nd{;hekr

pol y ?a%ecﬁ(é%e EEONSY ) &P ylwﬁii%&ﬂgp gyiéi&e@ EQ%‘tﬁ.cle

copol yners, since t é t influence the .- tfansparency of the
‘material . FARHETor ERe { FEHEFar ABSPHoIMARNATEN P HITREET y FREPPEERE are to be
cited, ag veld &ana'éi@@ifi@é:?*fy cw&adlefiﬂg@bpggsttgé \Amghtrmhlnlae .
processed j.nto transparent filns or_ nolded_hodie sing nucl eation
agents or Eﬂﬁﬁﬁéﬂr%w cé@§?ﬁ%15%ﬁﬁ??ﬁ&h§gafﬁﬁFh@P%8Fé?Erinted opaque
pl astics may be equi pped with the nanoscal e | aser-sensitive pigments. The
pol yam de al | Aacture the tall.owng ents:
branched §ﬂ§&%hquﬁ%Hed¥§??B§%§§%Hﬁeq% iéﬁﬁﬂéﬁl4ag a?%%%?,Qﬁnp%%’
al kyl - substéqa@reid-iom (HsUbstRE ul @8 EyBRESLPEhREEBSLTE KRPEDGATZM C at ons),
3_r al i Ehat:&léﬂlﬁé%m cé%ﬁ elé;ﬁéeae @m@lt %btrlgmtatitg @Bdtgécl&%ta!r@:&lit,l c | aced
i carboxylic acids ( oug ) e _latter may_.be partially replace
by'aronatﬂ%@?ﬁ%%ﬁb&%?liE°i8Fd§9§%ﬁ%ﬁhrFPE&F&F,'th%X?réﬁgﬁ%rgﬁgoﬁblyanides
may additi&wmﬁéqtinnaanmﬁﬂﬁhﬁyo@mmnmonEh§¢mnﬁonemnsihambmgr6aﬁchtpns, 11
Cators, andlar 12,0.80000 i ch atepdechuedifyom | agiams o g.am no
carboxylic acrds. ,Preferably, but noP exc u3|v_f¥, the transparent
pol yam dess@rarians t o RRE pr egiGResFVENt | oA2hE 8TABROTHEY ur e@d om t he
fol | ow ng foppRoNEIts: FaMhi Nthact yBsar-48 anddmy, dodesanel ¢ agi dpazel aic
acid, sebacic acid, dodetanoic diacid, fatty acids (C 18 - C 36; e.g.,
under the &35%RESthne PripolV), cycl ohexane di carboxylic acids, with
partial O conplete replacenent of these aliphatic acids by )
i soterephthalic.acid, terephthalic. acid pht hal ene_.di carhoxyl i c acid,
tributyliaﬁﬁﬁﬁqﬁﬂqctgcﬁagpFﬁF?ﬁ%Pﬁnﬁé“}é%gﬁg“di%%?%%ga%%dg aﬁg-dianine,
nonane </ s ine] venexeamet hydleriee di addlheivas unbranchddedbr &nchédie or

substii t ut ?%;gi;g, ﬁ§%¥‘fi£l§,s r?%rz%aeﬁz_aatﬂl\g@s 44 Qm t ey eLRass rafve

al kyl subs ut ed/ unsubsti tut ed cl oal i phatiic diamnes
bi s( 4- ani FTAFEIRFREAAY) - REL hBRBTSBISSRIY ek Py 154+ and which - are
am nocycl ey rsettianedicld-a Reiyed ohexWpaque, in order to

méke them laser-weldable.

Laser-sensitive nanoscale particulate additives are to
be understood as all inorganic solids, such as metal
oxides, mixed metal oxides, complex oxides, metal
sulfides, borides, phosphates, carbonates, sulfatss,

nitrides, etc., and/or mixtures of these compounds,



propane, bi s- (am nocycl ohexane), bi s- (am nonmet hyl ) - cycl ohexane, isophorone

di am ne or even substituted pentanethyl endi am nes may be used. Exanples of

correspondi ng transparent pol yam des are descri bed, for exanple, in EP. O

725 100 and EP 0 725 101. Colored transparent, translucent, or opaque A
plastic systenms based on polynethyl nethacrylate,

bi sphenol - Apol ycar bonat e, pol yam de, and cycl ool efin copol yners nade- of

nor bornene and a-olefins are especTa@Iy preferred, which may be nade

| aser-wel dable with the aid of the nanoscale particles according to the

present invention i t t radnsPadengy of th
mat eri al . %Hi%bl%F%d Eg%ﬁ%ﬁg?gﬁ%{ ??gn§?ﬁ€§ﬁ?§ﬁg%§ggbaqﬁvgﬁa , thee
Td i

neutral i mtarigesiaf cohorlaser hegebpaHestalaRd £9& -HB1SiG ives is
advant agec%risﬂr ng.arltgfrngchraqe neekehgSs eheehbo Blhstiadaapossi i evtfiorh t he

plastic na hose col ori have onl i

absor pti ofFhay t RS affeedfe ﬁnteggﬁ? fﬂ%@% m%&%iééog$%n1€$%eh?lgre

| aser transpatent maaerEaint o consrderatlon. To |dent|fy the colorants, in
the follow ng the nonmenclature of the color index (C.1.) is used. Al

col orant nanes such as sol vent orange or pignent red 101 re C.I. nanes.

(For the Sweesofalsi nplsi ckey,be hanggrs ohBnttiaY . The | t#F9%%E in the

fol I owing Jﬁ# l]cr) #b&ﬁe 19i b@s86Fe t 1 20EPAKEAL1 EDYOT Bt Si €04 Or ANt
Cl. Preferred pecla concentratlonm% ht. ent
_smaller than pm, i.e., kg na ome%er range. In

this case, this size definition relates to all possible

particle morphologies such as primary partlcles and

possible aggregates and agglomerates.

The particle size of the laser-sensitive particles is
preferably 1 to 500 nm and particularly 5 to 100 nm. If
the particle 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 the plastic material, the content'of laser—sensitive
particles 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 weldability ol
' the plastic matrix is typically caused in this
concentration range for all plastic materials coming

into consideration.

If the 'pafticle size and concentration are selected
suitably in the range specified, even with high- .
transparency matrix materials, impairment of the
intrinsic transparency is prevented. It is thus
expedient to select the lower concentration range for
iaser-sensitive pigments having particle sizes above
160 nm, while higher concentrations may also Dbe

selected for particle sizes below 100 nm.



preferred concentration wei ght-percent pignent orange 64 0.0
.01- 0.5 0.015-
0. 05 solvent orange 60 0.01- 1.0 0.01 -0.5 solvent g
: : : : ran -
0.01 -0.5 sol vent orange 111 0.01 - 1.0 oc 106 001 - 1.9

Doped indium oxide, doped tin oxide, doped antimony
oxide, and lamthanum hexaboride preferably come into
consideration as- the  nanoscale laser-sensitive
particlgs' for manufacturing transparent, translucent,
or opaque laser—weidable ‘plastic materials that are

tinted by colorants.

Especially suitable laser-sensitive additives are
indium-tin oxide (ITO) or antimony-tin oxide (ATO) =as
well as doped indium-tin and/or antimony-tin oxide.
Indium-tin oxide 1is especially preferred and in turn
the "blue" indium-tin oxide obtainable through a
partial reduction prqcéss. The non—réduced "yellow"
indiumvuin oxide may cause a visually perceivable
sllghtly yellow1sh tint of the plastic material at
higher . concentrations and/or particle sizes in the
upper range, while the "blue" indium-tin ox1de does not

lead to any perceivable color change.

The laser—sensitive particles to be used according to
the presént invention are known per se and are
commercially available even in nanoscale form, i.e., as
discrete particles having sizes below 1 pm- and
particularly in the . size range preferred here,
typically in the form of dispersions or in the form of
easily redispersible powdered agglomerates of nanoscale

particles.

The laser-sensitive particles are typically provided as
agglomerated.'partlcles, for example, as agglomerates
whose particle size may be from 1 pm to multiple
millimeters. These may be incorporated into the plastic
matrix with strong shear using the method according to
the present invention, through which the agglomerates

are broken down into the nancscale primary particles.



0.01 -0.5 pigment red 48 0.05 - 1.0 0.05 -0.5 pignent red 101 0.005-0.5
8.8% -0632p|gnent red 144 0.005-0.5 0.01 -0.2 pignent red 166 0.005 - 0.5
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The determination of the degree of agglomeration is
performed in accordance with DIN 53206 (of August
1972} .

Nanoscale particles, such as metal oxides in
paiticular, may be manufactured, 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. TFurthermore, nanoscale particles may be
manufactured through precipitation methods, as
described in DE lDQ 22 037, for example.

The nanoscale laser-sensitive particles may Dbe
incorporated into practically all ‘plastic systems in
order to provide them with laser weldability. Plastic
materials in which +the plastic matrix is "based on
@olY(meth)acrylate, polyamide, lpolyuiethane,
pclyoléfins, styrene polymers and'styreneLcopolymers, e -
polycarbonate, silicones, polyimides, polysulfone,
polyethersulfone, polyketones; polyetherketones, PEEK,
polyphenylenes sulfide, polyester {such =as PET, PEN,
PBT), polyethylene oxide, polyurethane, polyolefins, or
- polymers containing fluorine {such as PVDF, EFEP, PTFE)
are typical. Incorporatioh into blends, which contain
the above-mentioned plastics as components, or into
polymers derived from these classes, which were changed
through subseguent reactions, is also possible. These
materials are known and commercially available in
manifold forms. The advantage'according to the present
invention of the nanoscale particles particularly comes
to bear'inrcolored transparent or translucent plastic
systems such as polycarbonate,  transparent polyamides
(such as Grilamid® TR55, TR9(, Trogamid® T5000,

CX7323), polyethylene terephthalate, polysulfone,
polyethersulfone,' cycloolefin copolymers {Topas®,
Zeonex®) , polymethyl methacrylate, and thedir

copolymers, since they  do not influence the



‘pi-gnment
sol vent
sol-vent

red 178 0.01-1.0 0.03
red 52 0.01- ‘1.0 0.01-
red 135

0.
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transparency o©of the material. Furthermore, transparent
polystyrene and polypropylene are to be cited, as well
as all partially crystalline plastics which may be
proceséed into transparent films or molded bodies by
using nucleation agehts or special processing
conditions. Furthermore, tinted opague plastics may be
eguipped with the nanoscale laser-sensitive pigments.

The polyamides are generally manufactured <from -the
following componentsi branched and unbranched aliphatic
) through 14 C atomsz), alkyi-substituted oz
unsubstituted cycloaliphatic (14 through 22 C atoms),
araliphatic diamines (Cl4 - ¢22), and aliphatic and

cycloaliphatic dicarboxylic acids (C6é through C44); the
latter may be partially replacéd by aromatic

dicarboxylic acids. In particular, the transparent

polyamides may additionally be compeosed Ifrom monomer
components having 6 C atoms, 11 C atoms, and/or 12 C
atoms, which are derived = from lactams or @-amino

carboxylic acids.

Preferably, but not exclusively, the 'transparent
polyamides according to +the present invention are
manufactured from the following components: laurin
lactam or w-amino dodecanocic acid, azelaic acid,
sebacic acid, dodecanoic diacid, fatty-acids (C i8 - C
36; e.g., under the trade nams Pripol®), cyclbhexane
dicarboxylic acids, with partial or complete
replacement of these aliphatic acids by isoterephthalis
acid, terephthalic acid, naphthalene dicarboxylic acid,
tributyl isophthalic acid. Furthermore decane diamine,
dodecanse diamine, nonane diamine, héxamethylene diamine
in unbranched, branched, or substituted forms, as well
as representatives from the class of alkyl-
substituted/unsubstituted c:ycloaliphatic diamines bis-
{4-aminocyclohexyl)-methans, bis~(3~methyl—-4-

aminocyclohexyl} -methane, bis-{4-aminocyclohexyl) -

0.5 pignment red 254 0.01- 1.0 0.03 -
5 solvent red 111 0.01- 1.0 0.01 - 0.5

0.5



0.-01- 1.0 0.01 - 0.5 solvent red 179 0.01-1.0 0.01 - 0.5 pignent green 7

0.0005 - 1.0 0.0005 - 0.5 pignent green 17 0.01 - 1.0 0.03 - 0.5 pignent
green 50 0.005 - 0.5
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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. '

Colored transparent, translucent, or opaque plastic
systems based on_polymethyl methacrylate, bisphenol~A?
polycarbonate, polyamide, and cyclooclefin copolymers
made of norbornene and a-olefins are especially
preferred, which may be made laser-weldable with the
aid 5f the nanoscale particles according to the present
invention, without impairing the cblor and transparency

of the material.

In colored transparent, translucent, and opaqﬁe
systems, the neutral intrinsic color of these nanoscale
laser—éensitive additives is advantageous, since a free
color selection is made possible for the plastic

materials.

Those colorings which have only a slight intrinsic
absorption in the range of interest between 800 and
1500 nm, i.e., are laser <transparent, come into

consideration.

To identify the colorants, in the following the’
nomenclature of the color index (C.I.) is used. All
colorant names such as solvent orange or pigment red
101 are C.I. names. (For the sake of simplicity, the
name component C.I. is left out in the following Table
1)

Table 1: laser-transparent colorants

Colorant C-I. Preferred TEs-pecially




0.005 - 0.05 solvent green 3 0.01 - 1.0 0.01 -0.5 solvent green 20 0.01-
1.0 0.01 - 0.5 pignent blue 15 0.005 - 1.0 0.01 - 0.5 pignent blue 29 0.02
- 500.2- 2.0
- 11 -
-concentration welight-|preferred
percant concentration
weight-percent
pigment orange 64 0.01 - §.5 0.01% ~ 0.05
solvent orange 60 0.01 - 1.0 0.01 - 0.5
solveﬁt orange 106 {0.01 - 1.0 0.01 - 0.5
solvent orange 111 0.01 - 1.0 0.01 - 0.5
pigment red 48 0.05 - 1.0 0.05 -0.5
pigment red 101 0.005 - 0.5 0.0 - 0.3
pigment red 144 0.005 - 0.5 0.01 - 0.2
pigment red 166 0.005 - 0.5 0.01 - 6.2
pigment red 178 ¢.01 -~ 1.0 0.03 - 0.5
pigment red 254 0.01 - 1.0 0.03 - 0.5
solvent red 32 0.01 - 1.0 0.01 - §.5
solvent red 111 _ 0.0 - 1.0 0.01 - 0.5
solvent red 135 0.01 - 1.0 0.61 - 0.5
solvent red 178 0.01 - 1.0 0.01 - 0.5
pigment green 7 0.0005 - 1.0 0.0005 —_0.5
‘{pigment green 17 0.01 - 1.0 0.03 - 0.5
pigment green 50 G.005 - 0.5 0.005 - 0.05
solvent green 3 0.01 - 1.0 0.01 — 0.5
solvent green 20 .01 - 1.0 .01 - 0.5
pigment plue 15 0.005 - 1.0 0.01 -~ 0.5
pigment blue 29 0.02 - 5.0 8.2 - 2.0
|pigment blue 36 0.015 - 0.5 0.015 - 0.25
pigment yellow 23 0.1 - 1.0 0.1 - 0.5
pigment yellow 110 0.01 - 1.0 0.063 - 0.5
pigment yellow 150 0.00C5 - 0.5 0.0005 - 0.25
pigment vellow 180 0.01 - 1.0 0.03 - 0.5
pigment vellow 184 0.005 - 0.5 £.005 -~ 0.25
solvent yellow 21 0.005 - 0.5 0.0C5 - 0.5
solvent yellow 83 0.005 - 1.0 0.0605 - 0.5
pigment brown 24 0.005 - 0.5 6.005 - 0.15
pigment violet 19 0.01 - 1.0 0.03 0.5
pigment viclet 13 0.01 — 1.0 0.01 - 0.5
Ipigment violet 46 0.01 - 1.0 0.01 - 0.5




pignent blue 36 0.015 - 0.5 0.015-0.25 pignent yellow 93 0.1 - 1.0 0.1-0.5
pi gnent yellow 110 0.01-1.0 0.03 - 0.5 pignent yellow 150 0.0005-0.5
0. 0005 - 0.25 pignent yell ow 180
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Some of the colorants cited may exist im different
structures which differ slightly from one another. For
example, pigments may be pigmented using different
metal ions, through which different forms of the
pigment arise. This forms are identified according to
C.I. by suffixing a colon and & number, e.g., Ppigment
red 48 for the pigment pigmented using sodium, pigment
red 48:1 pigmented using calcium, pigment red 48:2
pigmented using barium, pigment red 48:3 pigmented
using strontium, and pigment red 48:4 pigmented using
magnesium. The C.I. ceclorant names cited here are to be
understood in such a way that they comprise all Iforms
and/or structures. They are recorded in the color
index.

The laser-weldable plastic materials according to the
present invention are typically provided as molded
bodies or semifinished products. Laser-weldable lacquer

coatings are also possible.

The manufacture of the high-transparency laser-weldable
plastic materials according to the present invention is
performed in a way known per se according to techniques
and methods that are well-known and typical in plastic
manufacturing and processing. In this case, it 1is
possible to introduce the laser—-sensitive additive into
individual reactants or reactant mixtures before or
during the polymerization or polycondensation or even
to admix it during the reaction, the specific
manufacturing method for the relevant plastics known to
those skilled in the art being used. In the case of
polycondensates such as polyamides, the additive may be
incorporated into one of the monomer components, Ifor
example. This monomer component may then be subjected

to a polycondensation reaction in a typical way with

H

the remaining reaction partners. Furthermore, afte

formation of macromolecules, the resulting high



0.01-1.0 0.03 - 0.5 pignment yellow 184 0.005 - 0.5 0.005- 0.25 sol vent
yellow 21 0.005 - 0.5 0.005-0.5 solvent yellow 93 0.005-1.0 0.005 - 0.5
pi gnent brown 24 0.005 - 0.5
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molecular weight intermediate or final products may be
admixed with the laser-sensitive additives, all methods
well-known to those skilled in the art able to be used

in this case as well.

Depending on the formulation of the plastic matrix
material, fluid, semifluid, and_ solid formulation
components or monomers as well as pessibly necessary
additives such as pelymerization initiators,
stabilizers (such as UV absorbesrs, heat stabilizers),
visual Dbrighteners, antistatic agents, softeners,
demolding  agents, lubricants, dispersing agents,
antistatic agents,' but also fillers and reinforcing
agents or impact resistance modifiers are mixed and
homogenized in devices and systems typical for this
purpose, such as reactors, stirring vessels, mixers,
roller mills, extruders, etc., possibly shaped, and
then caused to cure. The nanoscale laser-sensitive
particles are introduced into the material at the
suitable instant for this purpecse and incorporated
homogeneously. The incorporation of the nanoscale
laser-sansitive particles in the form of a concentrated
pre-mixture (masterbatch) with the identical or a

compatible plastic material is especially preferred.

It ~ is advantageous if the incorporation of the
nancscale laser—sensitive particles into the plastic
matrix 1s performed with high shear in the pleastic
matrix. This may be performed through appropriate
setting of the mixers, roller mills, and extruders. In
this way, any pessible agglomeration or aggregation of
the nanoscale particles into larger units may be
seffectively prevented; any existing larger particles
are broken down. The corresponding technologies and the
particular method parameters to be selected are well-
¥nown to those skilled in the art.



6.005 - 0.15 pignent violet 19 0.01 -1.0 0.030.5 pignent violet 13
0.01-1.0 0.01- 0.5 pignent violet 46 0.01-1.0 0.01 - 0.5 - 12 - Sone of
the colorants cited may exist in different structures which differ
slightly fromone another. For exanple, pigments may be pignented using
different netal ions, through which different fornms of the pignent arise.
This forns are identified accordi-ng4o-C. 1. by suffixing a colon and a
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compounds or through casting methods.

The polymerization is performed through methods known
+0 those skilled in the art, for example, by adding one
or more polymerization initiators and inducing the
 polymerization through heating or irradiation. For
complete conversion of the monomer (s), a tempering step

may follow the polymerization.

lLaser-weldable lacquer coatings are obtainable tnrough
dispersion of laser-sensitive oxides in typical lacguer
formulations, coating, and drying or hardening of the
lacquer layer.

The group of suitable lacguers comprises, for example,
powder lacquers, physically drying lacquers, radiation-
curable lacquers, single-component or multicomponent
reactive lacgquers, such as two-component .polyurethane
lacguers. '

After plastic molded parts or lacquer coatings are
manufactured from the plastic materials containing
nanoscale laser-sensitive particulate solids, they may

‘be welded through irradiation using laser light.

The laser welding may be performed on a commercially
available laser marking device, such ‘as a laser Irom
Baasel, Type StarMark SMME5, having an output between
0.1 and 22 amperes and an advance speed between 1 and

100 mms™t.

When setting the laser energy and advance
speed, it 1is to be ensured that the output is not
selected too high and the advance-speed is not sslected
too low, in order to avoid undesired carbonization. At

too low an output and too high an advance speed, the



The | aser-wel dabl e plastic materials according to the present invention
are typically provided as nol ded bodies or sem finished products.
Laser - wel dabl e | acquer coatings are al so possible. The manufacture of the
hi gh-transparency | aser-wel dabl e plastic nmaterials according to the
present invention is perforned in a way known per se according to

techni ques and nethods that are wel h=known and typical in plastic

manuf acturing and processing. In this case, it is possible to introduce
the | aser-sensitive additive into individual reactants or reactant
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certain contact pressure 1is necessary in order <to
obtain a material bond.

Example 1:

Manufacture of a colored-transparent, colored-

translucent, or opague tinted laser-sensitive molded

body

A colored-transparent, colored-translucent, or opague
tinted plastic molding compound, containing a laser-
sensitive nancscale pigment, was melted in an extruder
and injected intce an injection mold to form plastic
-molded bodies in the form of lamina or extruded to form

sliabs, films, or tubes.

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

particles into nancscale primary particles.



It is advantageous if the incorporation of the nanoscal e |aser-sensitive
particles into the plastic matrix is perforned with high shear in the
plastic matrix. This may be perfolLmed through appropriate setting of the
m xers, roller mlls, and extruders. In this way, any possible

aggl omeration or aggregation of the nanoscale particles into larger units
may be effectively prevented; any exii$ting |larger particles are broken
down. The correspondi ng technol ogi es and the particul ar net hod paraneters
to be selected_are well-kpown_to t e skill in theaart. .14 - Plastic
nol ded bodiﬁ?gu&ﬁ&%@ﬁi fi ?ngs he%ﬁ%r og%cssteg_grbé’sogéb%teﬁi%nabﬁeﬁf r omrﬁ]tc%l(]a\n noner s
and/ or pre-<goippmeds:t hrough injection nolding or extruding from nol di ng
conpounds or through casting nmethods. The pol ynerization is perfolLnmed

t hrough et hods known to those skilled in the art, for exanple, by adding
one or nor EMRANAEALZATion initiators and inducing the pol ymerization

t hrough-heating or irradiation. For conplete conversion of the nononer(s),
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in a concentration of 0.01 weight-percent.

Embodiment B?

Vestamid 119C1, 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 25 33 D extruder at 260°C with
nancscale indium-tin oxide Nano®ITO IT-05 C5000 from
Nanogate as the laser-sensitive  pigment in a
concentration of (.01 weight-percent and with C.I.
pigment red 166 (Scarlett RN, from Ciba
Spezialit&tenchemie) as the laser-transparent colorant

'in a concentration of 0.01 weight-percent.

Embodiment C°

Vestamid L1901, & 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 25 33 D extruder at 260°C with
nanoscale indium-tin oxide Nano®ITO IT-05 C5000 Zfrom

Nanogate as the laser-sensitive pigment  in a



too low, in order to avoid undesired carboni zation. At too | ow an out put
and too high an advance speed, the - 15 - welding may be i nadequate. The
required settings may al so be determned in the individual case for this
pur pose wi thout anything further. For welding plastic nolded bodies or

pl astic sem finished products, it is necessary that at |east one of the
parts to be joined conprises plasti-c imaterial according to the present
invention at least in the surface region, the join surface being
irradiated with |aser light t ich.the netal oxi contaln in the

pl astic matemcantt %§8ﬂsi? vé?iﬁgew 3§§§3%§C§?§edg§ﬁt|§l%%r$%?%hd so that
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1: Manuf act ur eof acol ored-transparent, col ored- translucent, or opaque
tinted | asé&mRh@st Y npl ded body A col ored-transparent,

col ored-transl ucent, or opaque tinted plastic nolding conmpound, contai ning
a | aser-sensiti.ve nanosgal e pi \VAS i n ernand
injected i to %‘larﬁ%gct%ﬁbn anolcg’gﬁ%g%:&% pﬁgé%?%c rr%l%eg%é%%lggs %ﬁ' the form
of | ani na arewhaqudedeso towemosl.abPammatagit,or wagbedisSrhe #hcoFPbrati on of
the 'aser-ja% diVenph §IBat ddddnie Phasbhea®! dindd (&OARRUNEx YES

per f or med th strong shear i n aorder to break down gosEhblelagglgnerated
particles iNRRPRETOsAHEopr CREY parFtfic| &§gnogatgs. 2 € +aser

sensitive pigment in a concentration of 0.0l weight-

percent was compecunded and granulated on a Berstorff ZE
25 33 D extruder at 250°C with C.I. pigment red 166
(Scarlett RN, from Ciba Spezialitdtenchemie) as the
laser-transparent colorant in a concentration of 0.01
weight-percent. In the case of extrusion, a higher
molecular weight molding compound of the type
Plexiglas® 7H may advantageously élso be used.

Embodiment E?

Plexiglas® 7N, a commercial product. of Degussa AG,
methacrylates branch, Darmstadt, was used as the
pilastic mclding compound. Nanoscale indium-tin oxide
Nano®ITQ IT-05 C5000 from Nanogate as the laser-
sensitive pigment in a concentration of 0.0l weight-
percent was compounded and granulated on a Berstorff ZE
25 33 D extruder at 250°C with C.I. pigment blue 28
(ultramarine blue) as the laser-transparent colorant in
a concentration of 0.01 weight-percent. In the case of
extrusion, a higher molecular weight melding compound
of the type Plexiglas® 7H may advantageously also be

used.

Embodiment F° -




Manuf acture of the | aser-absorbent(a)nol ding conpounds: Enbodi nent Aa
Trogam d@ CX 7323, a commerci al product of Degussa AG high performance
pol ymers branch, Marl, was used as the plastic nolding compound and
conpounded and granul ated on a Berstorff ZE 25 33 D extruder at 300C with
nanoscal e i hdiumtin oxi de Nanoel TO | T-05 05000 from Nanogate as the

| aser-sensitive pignment in a concentrigdion of ‘0.01 weight-percent and with
C.l1. pigment red 166 (Scarlett RN, from Ci ba Spezialitatenchenie) as the
Iaser-tran%%ar ent. ¢ 05@nt in_a concentration of Q.01 wei %ht-p cent.
Enbodi ment "BE VESEER d L1901, “8™Rofmerdi aPt Y dductior PCoEYEsEa hi gh -
per f or mancesidlagmrls tesandranihy |, Daaseaisett  as walse plsast | e swoldhag

conpound ang -GAMROU; . and t ed stk {. ZE;25 . D.ext ruder
at 260C wi ?zﬁ'ananosclgﬁggfﬁtgi tﬁ}&??ﬁhgii dggﬁlg%%%férotlﬁ%%% g-%(g)‘oo :rLgcran Nanogat e
as the | aséRnR®EiG | V& PidgnEaPOPn areBncdanpgeren @ ot weR§AE-per cent
and W th Cdandgiitgrent inedh 166nteaathetibnRN\ox f roomG d@@i?@@zg)@i:&éﬁtenchem e)
wei gt - por GUANSTBRH ERPCEa ehshll 4=ETS0F eG Ehnhes6TaroBTodEt of
Degussa AG2%hi gh perdormmteee ol §66F S brariche. Mar bigmastusgcksas The

pl astic nol di : a o] d n X . Berstorff ZE
D535 D oxt UABH A U0 hit I Aot ar SoEndP D e b5 A REHC! 101 T- 05
05000 fromtiEnogaser asramerdzandr - SehSirente Pt ghermonaengratipn - of

concent rat ippm0f, &k Weirghhtpergenhcand o b Extrupi8AENLE HEERB -7
(lrgalite G een ENP, from C ba Spezialitatencheme) as t

e
| aser - t r anSPR S 3ol oFERENTF N &4 t r &FBAU6E 0.1 V\E‘F’ﬁht - p&PEent .
Embodi ment Mae:AlEndsp as@nél, advaatreeeall ywreoducbeofis®@gussa AG
met hacryl ates branch, Dainstadt, was used as the plastic nolding conpound.
Nanoscal e indiumtin oxi de Nano@ TO I T-05 05000 from Nanogate as the
| aser - sensithis enphghaerituia @f coreenrkaeispending. 02seerghenpprecent was

conpounded and gr aaul at edneBuAaBenst offfodhn 25 3320 exdFailereat 1:350C with
Cl. pi grren?ryr ed 166 ?Scarrnﬁeltlt RN, from %\_Z%la Speziaal ﬁ%gatencheem' g) as the

| aser - t r anFRATIHARGA oVARE ithen AtRntTFRIDAHES0. 91 WerghEtpdreent. In
the case ofpextwitsi athe aiifisghencaokecid alo weisght-senkdingecpapaend of the
type Pl exi %aass@(;é—éc{ray advant ageously al so be used.

Example 2:

Manufacture of a colored-transparant, colored-

translucent, or opague tinted laser-sensitive cast PMMA

semifinished product

The nanoscale indium-tin oxide Nano®ITO IT-05 C5000
from Nanogate was dispersed in a concentration of 0.001
weight-percent as the flaser—éensitive pigment in a
concentration of 0.01 welght-percent, together with
dispersants and colorants, in 1000 parts PMMA/MMA pre-
polymer soluticn having a viscesity c¢f 1000 cP. After
adding 1 part AIBN, the mixture was poured. intoc a
chamber and polymerized at 50°C in the water bath for
2.5 hours. Through subseguent tempering at 115°C in the
drying cabinet, the remaining monomers were converted.

A laser-absocorbent semifini shed product was obtained.



Enbodi ment Ea Plexiglas@7N, a commercial product of Degussa AG

nmet hacryl ates branch, Darnstadt, was used as the plastic nolding conpound.

Nanoscal e i ndiumtin oxi de Nano@ TO | T-05 05000 from Nanogate as the

| aser-sensitive pignent in a concentration of 0.01 weight-percent was

conpounded and granul ated on a Berstorff ZE 25 33 D extruder at 250C with.

0.1. pignent blue 29 (ultramarine blyg) _as the | aser-transparent col orant

in a concentration of 0.01 weight-percent. In the case of extrusion, a

hi gher nol ecul ar wei ght nol di ng conpound of the type Plexiglas@ 7H may

advant ageols| ypatdrsheausiexkeEnbodismanerfa semiinisiEexipgloasi@TN, a

commer ci al od f u cr brg&@&_ f ; , was

used as tth%I aisi%'%ﬂm) d'?narﬁ%%%f%%ﬁ%nﬁé% e i r%L I umtsga?{lsr(){%lﬁég Nano( DI TO

| T-05 C50001fmeA*+-Nanogate as the | aser-sensitive in a concentration of

0. 01 wei ght-percent pignent was conpounded and granul ated on a Berstorff
ZE 25 33 D_extruder at 250C with Cl. pi nt_green 7 (lrgalite Green FNP,

" from Ci ba §Seziaal | tERTSTATET ) %%I“th‘lr?en#)%fgee -t?‘g?fg“b%fr en%scoll%&a ®in a

concent r at pendatef, 01z wedaghtllper carito.rdnt t Heonasehef w®idiraisiorgma hi gher

nol ecul ar m@kg@% gpgdig% cggggﬁ%gﬁ%%ﬁthﬁsggpe ﬁggﬁggla%ggﬁﬁi }%%.

advant ageousl'y ‘al’'so’ be "Use . facture o correspon
| aser -t r ansparentzed) cabdrng powpeupds RAECE R UGH Amag S med in

accor dancem\éﬁ%’t hpthe, ahove snbodizranrt s (Aanbhkough Faetbiigi t hidhe
di fference that no | aser-sensitive Q%%nent was added. Eﬁ@gyle 2

Manuf act ur 65E8EGF8r edSERBREPARENt , BOFBRRES t r 3% ucthts opagte tinted
. | aser - sensittrave1¢asht PMMAopagaef vatshedopeodnss addiwymenroscad echadi umtin

oxi de Nano(DLTO_I T- 05 000 from Nanogat s. di sper i entration
of 0.001 F&ﬁfﬁﬁér&gngéggntgg EQ%E?-%%%?%F.v%“b@%%é% ]ﬁ%ﬁﬁggﬁggntration
of 0.01 weiagkit -jrertosmtcionegefdier pol yhedi gpbieaneseardessligeant 80, i n 1000

parts PMW I | ypersol gki @9 Hayi ng_a viscosity of 1000 cP. After
adding 1 pggggﬂrgﬁPg?he n?%thre was poured into a chanber and pol yneri zed

at 50C in the water bath for 2.5 hours. Through subsequent tenpering at
115C in thedrynrgacabi net, the remai ni ng nononers were converted. A
| aser - absor bent sem finished product was obtained. - 19 -
c.I. pigment red 166 (S8carliett RN, from Ciba
Spezialitidtenchemie) was wused in a concentratien of
€.01 weight-percent as the laser-transparent colorant.

Variant B

C.I. pigment blue 29 (ultramarine blue, from Ciba
Spezialitatenchemie) was used in a concentration of
0.01 weight-percent as the laser-transparent colorant.
Variant  C

C.I. pigment green 7 (Irgalite Green GENP, from Ciba
Spezialititenchemie) was used in a concentration of
0.01 weight-percent as the laser-transparent colorant.

Example 3:

Performing laser welding
(cast PMMA having 0.0l weight-percent ITO content)




To produce a | aser-transparent sem finished product, the batch was

manuf actured wi thout |aser-sensitive pignent. If a transparent

sem finished product is to be produced, a soluble colorant fromthe table
(name "solvent") is preferably used. Weakly scattering m croni zed col orant
pi gnents, such as ultramarine blue, may be used for nearly transparent
settings. Mdre strongly scattering-ppgnents are suitable for translucent
or opaque variations. The assignnent of the colorant is known to those
skilled in the art. Exanples and instructions for polynerization are '
speci fi ed Pn,camoreg-crieasndianys, OF AREI3FIMELIUERT ant ©A CPAIYS gnent red
166( Scar | ett; ,RNaf r o - bacSpezi aki t 3 epeheni L)ayas| disethsidnd c@centration
of 0.01 weight-percent as the Iaser-tr%? arent, col_or 5 Va&?%it B C I

pi gnent bl T&*28 FRIEr Blar M7EeI Ue, “F0 R2Z3EL AN e FRERE) was used
in a concenir &t iconwef gh+Gbasieght +waer tentigas timed asertactamsfidr ent

col orant. Vari ant C.l... pLgnen re 7 i CENF, : /4y om Ci ba
Spezi al i tatsgﬁgﬁgmpg)as\}ﬁ&sc u%g%bi %nagec;%kce%é%%%&onEgi%%g@Aﬁei g 3’tdc-r{)er cent - as
t he | aser - e@nspareat-tokosaarenkExafplersd-tIRe 3 iy 1S SPIBIYI ng

(cast PMVA.havi.ng Qn01tﬁﬁngHSQ%&€e”£ah§£)C@Pteﬂiéht but laser-

transparent, using the faces to be welded. The slabs
were laid into the welding support of the Starmark
laser SMME5 from Baasel-lLasertechnik in such a way that
the undoped slab laid on top, 4i.e., was first
penetrated by the laser beam. The focus of the laser
beam was set to the contact face of the two slabs. The
parameters freguency (2250 Hz), lamp current (22.0 Ay,
and advance speed (30 mms™') were set on the control
unit of the laser. After the size of the area to be
welded was input (22*4 mm?), the laser was started. At
the end of the welding procedure, the welded plastic

slabs could be removed from the device.

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

The adhesion was evaluated as follows:
0 no adhesion.

1 slight acdhesion. _
2 some adhesion; to be separated with little

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

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

cohesion fracture.

Embodiment A

Molding compound A®* with molding compound At



-20 - A colored-transparent, colored-translucent, or opaque tinted

| aser-sensitive plastic slab (dinensions 60 m¥60 mMt*2 mm) nade of cast
PMVA having an |1 TO content of 0.01 wei ght-percent was brought into contact
with a second plastic slab made of undoped cast PMMVA, which was

col ored-transparent, colored-translucent, or opaque tinted in the visible
range of |ight but |aser-transparent 2lusing the faces to be wel ded. The

sl abs were laid into the welding support of the Starmark | aser SMVB5 from
Baasel - Lasertechni k in such a way_that the undoped cEab |laid on_top, i.e
was first Pesdengesd B?J?ﬁ‘élPﬁs%?l%%nP el § ?Jt“ilfensf% ®eam was
set to thepgerhagh+haes)ofmddie divansl ddrsg a'dsiq:qn.afcarm"‘t arss frmguency (2250

Hz), la current and adv th
co)ntrol nEnlltntt?f ‘E‘Pfg—: Ef%tse‘?’ltll\f fer® ?%ans?zgggggfé t£)° ?%%do\r/]va ©
i nput (22*4;11@&)1:: t bl aseimeasisnar t €d. nm*&ohemxeﬁa @tmt hea@kel dPhg

pr ocedur e, \Qﬁadgg B%ﬁlg&' cAtsI al@ﬁecoyigo%e Jeerrg)vggltjr omxihe dryi ce.

Adhesi on ve’ﬁ ues vI'ng grade 4 were achieved in the gﬁd test. The
adhesi on weeelaligiduatsa@oas of oPFowsheondtagheskont 24T i gh®odhesT8H. 2some

. adhesi on; t&&%lﬁ@e%e@&eehwlkhlhl shbB &respl enaSgoed avheshade ofly to be
separated with great trouble apd passibl ththe ald
4i nsepar abl™® i GRMPSERSr af'i o aOlr‘ﬁS 1-'qur\(l)t\ﬁugh cohesi on %rac %?St
Enbodi nment yénetrated by the laser beam The parameters freguency
(2250 Hz), lamp current {22.0 A), and advance speed (10

mms™') wers set on the control unit of the laser. After

the size of the area to be welded was input (22*4 mm?),
the laser was started. At the end of the welding
procedure, the welded plastic slabs could be removed

from the device.

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

Variant Al:

Pigment blue 2% (ultramarine blue) was used as the
coloranf in the plastic. ;
adhesion values having the grade 4 were achieved in the
hand test.

Variant A2:

Sclvent orange 60 was used as the colorant in the
plastic.

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

Embodiment B

Molding compound B®* with molding compound B*

A standard injection moided plastic slab (dimensions 60

mm*60 mm*? mm} made of molding compound B* was brought



Mol di ng-compound A° with nolding conpound At - 21 - A standard injection
nmol ded pl astic slab (di nensions 60 Mm*60 mM*2 m) nmde of nol di ng conpound
A" was brought into contact with a second standard injection nol ded
pl astic slab (dinensions 60 Mmt60 mMt2 m) made of nol di ng conmpound At.
The slabs were laid into the wel ding support of the Starmark | aser SMVB5
from Baasel - Lasertechnik in suCh a waysthat the slab made of nolding
.conmpound At laid on top, i.e., was first penetrated by the |aser beam The
. paraneters frequency (2250 Hz), lanp current (22.0 A), and advance speed
(10 -1 nms Inwer.eosetcbnwilib consecbndnistafdazte 1msertionft mpltld size of

the area tq, pec el ded MRS d A (A% 4 i S rhASCIilPS R L g AL the

end of the ding rocedure fhe wel astic slabs could be renpved
fromthe déw%@n%dwp@ﬁnﬁalﬁes A ng grase 433t e 1&EH €& in the

hand test. &@Idﬁ&t}ﬁ AipRgerts bltue Z%ﬂa&rﬁar:acrrama@erbl m}aswasmsﬁxd as the
colorant in_the

coloran | T g, P aoli oo Aol on uobyes hayiag.( g Sesds daer ot eved
in the plasterding compound Bf lzid on top, i.e., was first
penetrated by the laser beam. The parameters Ifresgquency
(2250 Hz), lamp current {22.0 A), and advance speed (10
mms™!) were set on the control unit of the laser. After
-the size of the area to be welded was inputA(22*4 mm?2),
the laser was started. At the end of the welding
procedure, the welded plastic slabs could be removed
from the device.

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

Embodiment C

Molding compound C® with molding compound ct

A standard injection molded piastic slab (dimensions &0
mm*60 mm*2 mm) made of molding compound C* was brought
into contact with a - second standard injection molded
plastic slab (dimensions 60 mm*60 mm*2 mm) made of
molding compound C*. The slabs were laid into the
welding support of the Starmark laser SMMeS from
Raasel-lLasertechnik in such a way that the slab made of
moiding compound C* laid on top, i.e., was £first
penetrated by the laser beam. The parameters freguency
(2250 Hz), lamp current (22.0 A), and advance speed (1.0
mms™) were set on the control unit of the laser. After
the size of the area to be welded was input (22*4 mm?),
the laser was started. At the end c¢f the welding
procedure, the welded plastic slabs could be removed
from the device.



Adhesi on val ues having the grade 4 were achieved in the hand test.

Enbodi nent B Mol di ng conpound Ba with nol di ng conpound Bt - 22 - into
contact with a second standard injection nolded plastic slab (dinmensions
60 M*60 Mt 2 mm) made of nol di ng conpound Bt. The slabs were laid into
t he wel di ng support of the Starmark | aser 3MVB5 from Baasel - Lasertechni k
in such a way that the slab nade of | di ng conpound Bt laid on top, i.e
was first penetrated by the | aser be The paraneters frequency (2250
Hz), lanp current (22.0 A), and advance speed (10 mms ) were set on the
control uniptnekibhevkages. nAbiey the §raeeof videe af@ddvedeaneided was

i nput (22*4 mm®2), the |l aser was started. At the end of the wel ding
procedure,h@ﬁ@ WefHed pl astic slabs could be renoved fromthe device.
Adhesi on val ues having the grade 4 were achieved in the hand test.
EnbodinentEC N%Ldgng onpound Ca wth nol ding conpound & A standard

i njection ﬁgpgeégﬁpas@ic slab (dinensions 60 Mm*60 M2 nm) nmade of
nol di ng conpound Ca was brought into contact with a second standard
injection pphided Pbagbbangl 80 &4iiBRS ONg GAMPYRR B2 M) nmade of
nol di ng conpound "C. The slabs were laid into the welding support of the
Starmark | aser SMVb5 from Baasel - Lasertechnik in such a way that the sl ab
made of noladisf@nei@raound eCt ibai foddetioplabtec, shals fdimdénenst r@éd ed by the

| aser beam__The paraneters frequen 0 0 A, and
advance spggﬂ%ﬁlﬁm% kil )ma\‘/\(fgeer %eﬁg%%%giecco%?%%?nﬁan%%%ﬂé aser.
After the sinze ofortrctar watho deserdridd shasdppgutinizrdomyclde@ | aser

was started; At .thesend ofy e eldi ngoprgeestir fm=bhamel dedepl @stic sl abs
could be r nnve& fromthe device. , ,
molding compound D°. The slabs were laid intc the

welding support of the Starmark laser SMMES from
Baasel-Lasertechnik in such a way that the slab made of
molding compound D laid on top, i.e., was first
penetrated by the laser beam. The parameters frequency
(2250 Hz), lamp current (22.0 A), and advance speed (10
mms™}) were set on the centrol unit of the laser. After
the size of the area to be welded was input (22*4 mm?),
the laser was started. At the end of the welding
procedure, the welded plastic slabs could be removed
from the device. '

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

Embodiment E

Molding compound E® with molding compound EF

The welding was performed analogously to the welding of

molding compound D® with molding compouﬁd DE.

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

Embodiment F




- 23 - Adhesion values having the grade 4 were achieved in the hand test.
Enbodi nent D Mol di ng conpound Da with nol ding conmpound Dt A standard

i njection nolded plastic slab (dinensions 60 mMmt60 n2 mr) nmade of

- mol di ng conpound Da was brought into contact with a second standard

i njection nolded plastic slab (dinensions 60 mMm*60 M2 mm) nmade of

nmol di ng conpound Dt. The sl abs were idinto the welding support of the
Starmark | aser SML65 from Baasel - Lasertechnik in such a way that the slab
made of nol ding conpound Dt laid on top, i.e., was first penetrated by the

| aser beanyoe denasourigics IFr equenmeyl (225 0ctmoundny current (22.0 A), and
advance speed (10 rains') were set on the control unit of the laser. After
the size of the area to be welded was input (22*4 mmR), the | aser was
started. ATh¢ heslhihpfwasheewiaingg predegorslyt ke MEJ¥GLEERSt PE s| abs
coul d be raypyed, IIamddie deviveen Adbashencugboesahaving the . grade 4 were
achi eved in the handtest. Enbodi nent E "Ml ding conpound Ea wi th nol di ng
conpound Et The wel di ng was perforned anal ogously to the wel di ng of

mol di ng copprasthDarMtitds meimy empni: & weAdhesihdrved ues thavi ng t he
grade 4 meggngcglgged in the hand test. Enbodi nent F



- 24 - Mol ding conpound Da with nol di ng conpound Dt The wel di ng was
performed anal ogously to the wel ding of nolding conpound Da with nol di ng
conpound Dt. Adhesion val ues having the grade 4 were achieved in the hand
test. - 25 - Clains |.Use of a plastic material-coloured transparently,
translucently or opaquely by a colorant as a | aser-absorbing jointing '
partner for |aser welding, wherein the plastic material is |aser-wel dable
by virtue of a content of |aser-sensitive nano-scale particles conprising
doped i ndi um oxi de, doped tin oxi%%,'doped ant i nony oxide, indium zinc
oxi de, | anthanum hexaboride, indiumtin oxide or antinony tin oxide.
2..Use according to claim1, wherein the particle sir of the

| aser-sensitive nano- scale particles present is flout I to 500 urn. 3.
Use -according to claim1 or 2, wherein the particle size of the

| aser - sensGlaims nano-scale particles present is from5 to 100 nm 4. Use
arenrding to any. one of rhinc 1 to 3, wherein the content of

| aser-sensitive. nano-scale particles is from0.0001 to 0.1% by wei ght,

- based on tjhe pliaskh fssiEBk@fididbioured transparently, transhucently or opaquely by 2
colorant as 2 taser-absorbing jointing partner for iaser welding, wherein the plastic
material is laser-weldable by virtue of a content of laser-sensitive nano-scale particles
comprising doped indium oxide, doped tin oxide, doped entimony oxide, indium zinc
oxide, Janthamum hexaboride, indium tin oxide or antimeny tin oxide.

2, Use acoording to claim 1, wherein the particle size of the laser-sensitive nane-
scale particles present s from 1 to 500 nm.

3. Userccording to claim 1 or 2, wherein the particle size of the laser-sensitive
" pano-scale particles present is from 5 to 100 nm. '

4. Use according to any one of claims 1 to 3, wherein the content of laser-sensitive
nano-scale particies is from 0.0001 to 0.1% by weight, based on the plastics material.

5 | Use m&ng to claim 4, wherein the content of laser-sensitive nanc-scale
' particles is from 0.00! to 0.01% by weight, based on the plastics material.

6. Use according to any one of claims 1 to S, wherein the laser-sensitive nano-scaie
particles present comprise bius indium tin oxide.

1. Use according to any one of ciaims | to €, wherein the matrix of the plastic material
is based on poly(meth)acryiate, on polyamide, on polyurethane, on polyolefins, on styrcnc'
polymers and styrene copolymers, on polycarbonate, an silicones, on polyimides, on
polysuiphons, on poiyether suiphone, on polyketones, on polyether ketones, on

 polyphenylene suiphide, on polyester, on polyethylene oxide, on polywrethane, on
poiyolefins, an cycloolefin copolymers or on fluorine-containing polymers.

8. Use according to claim 7, whersin the matrix of the plastic material is based on
polymsthyl methacrylate.



5. Use according to claim4, wherein the content of |aser-sensitive
W no-scale - particles is fromO0.001 to 0.01% by wei ght, based on the
plastics material. 6. Use according to any one of clainms | to 5 wherein
the | aser-sensitive nano-scaie particles present conprise blue indiumtin
oxide. 7. Use according to any one of clains 1 to 6, wherein the matrix
of the plastic material is basedzgn polyMetifiaerylate, on polyam de, on
pol yur et hane, on pol yol efi ns, tyrene pol ynmers and styrene copol yners,
on pol ycarbonar, on silicones, on polyimdes, on polysniphont, on
pol yet her sul phont, on poi yketomm on pol yet her ketones, 011 pol yphenyl ene
sul phi de, on pol yester, on polyethyl ene oxide, on pol yurethane, on
pol yol ef ms, on cycl ool ef m copol ynmers or on fluorine-containing polymners.
8. Use according to claim7, wherein the matrix of the plastic nmaterial -is
based on pg| ynﬁ}sbyckmwg&leﬁﬁﬁyk%émmm%@mfm% pialéd GnAiGQ8 Klkdagy t 0 claim 7,
wherein the matrix of the plastic material IS based on bi sphenol A
pol ycar bon&isekenol gpolycartggiie.accor ding toclaim 7, wherein the matrix of the
plastic material is based on polyam de. 11. Use according to any one of
clains 1 ta.1 Q., wherein_ the Iastlc nat r|a| t akes, the formof a
moul di ng, SBmi fYSHPCEHERE 15t ét aed®Pocess for the
wel di ng of palyaséd cs noul di ngs or al senlflnlshed plastlc products, wherein
at | east one of the parts to be joined, at least in the surface region of
the jointing area, is conposed of a plastic material used according to any
one of cl aiims msem&ngbmwsﬁmcthemﬂot@mmﬁmmuemmmmster-sensi tive
nano- scal e jpartic res astics material are sensitive to
i rradiate tf‘i%g”i% ’i"ﬂ?‘ﬁ‘% @ﬂé‘e‘kﬁr\%&" %8?”5%“8“@§Trp05| te part produced by the
use as defined in any one of clainms 1 to 11. 14. A wel ded conposite part
produced by;z.t heA roc ewelggfIfqa?aglcsmmﬁdmgsorgfzscmxﬁnmhedplasnc

products, wherein at least one of the parts to be joined, at izast in the surface region of the

jointing area, is composed of a plastic material used according fo any one of claims I 1o

11, by using laser hghtto which the laser-sensitive nano-scale pamcics pr:scnt in thc

plastics material are sensitive (o m-adme the jointing area,
13. A welded composite part produced by the use as defined in any one of claims 1 to 11,

4. A welded composite part produced by the process as defined in claim 12



: 27 - LASER-WELDABLE PLASTI C MATERI ALS VWHI CH ARE TRANSPARENTLY,
TRANSLUCENTLY OR OPAQUELY DYED BY MEANS OF COLORANTS ABSTRACT OF THE

DI SCLOSURE The present invention relates to transparent, translucent, or
opaque plastic materials that are tinted due to colorants, which are

| aser-wel dabl e due to a content of nanoscal e | aser-sensitive particles.
These plastic materials, which may be provi ded as nol ded bodi es,

sem fini shed products, or lacquer coatings, particularly contain

| aser-sensitive particles with a particle size from5 to 100 nmand a
content from0.0001 to 0.1 weight had percent. Typical conpounds are
nanoscal e indiumtin oxide, antinony-tin oxide, indiumzinc oxide, and
| ant hanum hexabori de. (no suitable figure)

LASER-WELDABLE PLASTIC MATERIALS WHICE ARE TRANSPARENTLY,
TRANSLUCENTLY OR OPAQUELY DYED BY MEANS OF COLORANTS

ABSTRACT OF THE DISCLOSURE

The present invention relates tTco tTransparent, translucent,
or opague plastic materials that are <tTinted due to
colorants, which are laser-weldable due to a content of
nanoscale laser—-sensitive particles. These plastic
materials, which may be provided as mclded Dbodies,
semifinished products, or lacquer cecatings, particularly
contain laser—-sensitive particles with a particle size from
5 to 100 nom and a content from 0.0001 to 0.1 weight had
percent. Typical compounds are nanoscale indium~tin oxide,
antimony-tin oxide, indium—zinc ocxide, and lanthanum
hexaboride.

-(no suitable figure)



