- +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%%§gri§p_ar@£{%g sti L. mavel engt hs
1064 nmincreasingly used in this technol ogy, even diode |asers. -
(neodynmi unfoped intRavEREPR Hel GhdtB3PAYRET afe aRt FRfTe Y eere| §
Laser - wel dedica-pkast t ordrahgehal sddwhi eb cont girshasermsaensizti vahaddi tives
nthe formof. col.orings andror pLOMRALS,, 0eagLally fgye;a me or |ess
pronounced" col'oration and/ Gr intr sparency. Fn the case. of laser weldi ng,
the nol di rigfi Esmpouhdch ochesrade Joaser hapshibért e Re&PTHT erei@y t hus
equi pped hypddrpredycidyg eaebonaddmackneAgyet Had fased asetdinesy di ngeof '
pl astic molded.parts, the Laser he i, N %%Qid-t h.a,; :
I aser-trar'}aslpaéjr%éﬁt mr?ﬁtieaé fp%'i;glt Eélo %ﬁgméggii %ﬁé eatiﬁlngg}%lh%&[{}gs'e%,lggsor bent
nol ded par#hfouaht EREEGREWAT c 9Tt He anel 3Ty TEECIYs, Hed deserPdRI et DE
10054859 Aha:tEhenAohéed fardss aeentaided asernt ransparent - and
| aser - absor bent col orings and pignents, particularly carbon black, which
are tailored to one another in such a way that a honogeneous col or
i npr essi orErarPEEEC1CFhe et riidicipdendtt FRMEralTy EPERSPEENte S Si%ce car bon
bl ack causges na sifaagsbkack zgekokat iong evennated aw congent radtworer only
dark_col ors, gt gray. Lones TRy be,Lppl emepted.for, heqpr odyet, o Furt hernore,
it is currently po§5|%ﬁ e to wel d transparent ancﬁ or TFaser-transparent
mat eri al s OrGLepagte f9ntide Nt gfsthe 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 materizl 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.



- :3 - absorbent join partner may be set in. the sanme tone. However,

conpletely different colorants are necessary for this purpose. One skilled

inthe art is advised to performtests in this case. ldentical color

‘settings of this type using different colorants typically have different
agi ng behavi ors under environnental L#'rnjl uence, so that different color

changes result in use and in the course of tinme. The joining, through

| aser wel di ng, of two plastic conponents having the color setting

whi t e/ whi E &%’%ﬂ &olorkident i galssRlaln Qﬁﬂoe&teﬂl hyrhighbscol or
settlngs el ng fICUJI ,

or fransparent. _on whjte or |i | or settings
is possi bltéeorﬂ%ﬁﬁlirié-‘atm%’t%?é%%]rﬁ I 91133?% BiEi fP‘EJuW%FS hﬁ%ﬁ} gg‘ €l 1 using
laser wel divR0paERRr &frpr & F thed endtSure naﬁd t:entphasbf cangt éaisalrs of the

- conbinations ¢ited which.may be j oi ned A I
Tr anspar eFERESESFEd, & ‘%/?(?ént c?or € opggﬁé %Eéﬁﬁlé Iaaser wel dabl e
plastic W&tadliaah&nh@\uwﬁg priecitsel Jaseti neéd f Leelapidg&iebt &8l €@ol or s,

particul arl v, ic adogd i Il y 5884 st dhivealdegleand agi ng,
are not kﬁ‘gvm fh“?{%‘rinm e ?Eel?é?ed gﬁétl %I'%e p?esent ?{r%/oentl on |I§)%;th[hﬁe)r efore

based on (& rélpesl LBLNBROGAENSY t r ansPEFERL, traf@ddént, o paque

| aser - wel %‘a&%ceb%%t&crr&t@témrﬁgﬂﬂmt 1dre t ot erhcbyseral Quant are
particularly those havi col or ﬁg s _For t

n ur.p

| aser - sendiPCr e S4AGiLYi Végd g gt FRCRBY ??%I sEl 1% be%f%ouna’ usi ng

whi ch t hewvamy diedendaskaser - wel dabl e wi t hout the transpar ency and/or the
color of the material being inpaired. - 4 - influence the intrinsic color
of the plastic. This applies both to the coloring and to the aging

behavi or LEserpivadteblrabdeistis Fr&egdsisal IWPsquispedin th#siori ngs

and/ or %1 0N SR BE Brd ASeh- LIRS Efrant opet:osemhgssetnam desired
col or and or opacity. For the purposes of |aser

| di n
| aser - abs G ISR GSoi ngﬁH?FﬁH‘Y ®f 3 h"STHI a¥t i ﬁe e‘%‘o&ﬂo%n‘?ﬁ ains the
| aser - sengddiiore :ade taworSLﬂrp:rnams@@Jnenayt Hias ﬂdeema‘mmf timger
transparent, translucent aque grials that
are tint ed"wjtf’(ﬂ'or ﬁ%ﬁ% aser- rrarcga%}’ e an%%’t Az;%ar wel dabl e
due to a cuxcamtemf naaoscairss: I aﬁeﬁqmé'—lltﬂ vetlpja?tl @EIP&PEF-‘@I | 1®¥s, without

t he col or el d}{%_lctl arency being inpaired. The object of the
present invention | Serefore transparent, translucent, or opaque

| aser - wel dabl e pl asti c materials that are tinted by col orants whi ch are
di sti ngui gheghdibd hasr hheserake ldaser ofeldahitd cdmel ied apzons enthef

nanoscal e | aser-sensitive particles r e t he
present i nvASRT dneqR }P%%H%EOB‘FH%B%%Sgglrénggggr ﬁgg%gl F?%%%%?%flgl es to
manuf act urms Idehsparent , and anshatent hestinpagneal as8ErnePaabPelpl astic
material s r&o}hacieci"rgaﬂznt %d b&'hﬁﬁl(ﬁ{ aPh$ch the welding occurs, is

described in DE 10054859 Al. The molided parts cohtain

laser-transparent and laser-absorbent colerings and

pigments, particularly carbon black, which are tailored
to one another in such a way that a homogeneous color
impression arises. The material is not naturally
transparent. 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-—



ln addition, the object of the present invention is a nethod for

manuf acturing transparent, translucent, or opaque |aser-weldable plastic
materials that are tinted by colorants with the aid of nanoscal e

| aser-sensitive particles, the particles being incorporated into the
plastic matrix with high shear. are not suitable for high-transparency
systens in regard to their particle size and their norphol ogy, since they
typically significantly exceed the crtitical size of a fourth of the

wavel ength of visible light of approximately 80 nm Laser-sensitive

pi gnent s havi g, pri naL pggktﬁéﬁsmla‘;l QUi 8Qeki Mpaktd Cleansl zeogs e known,
but these are not provided in the formof i(solated primar articles or
smal | aggridgeves, wArlaTfely, dsTierihe £as8T8R Ealdon IPJ‘?%% S2F¥¥r exanpl e,
are only ayai lable Rsdisghl Yoreggxegaked, irpartd aldty iagghdwmesed etloparti cl es
having a significantly | ar gsr particle diameter. The known | aser marking
pi gnent s ti?f’errféf%ffé:elsé\édlf‘o tgnFFPtant scattering of the light and
therefore to clouding of the plastic material. Furthernore, the present

i nvention J ased on. -t he ?t?t?. (g | I i hgnment s
known fror%cf l(gurcealqatceodlDgcrtge e\%g#{ste t etFtﬂg%bi iteyq%ﬁr% e kr_(rg?gﬁeglg corrupt
the col or wfladentrat dyparaldid Rake cOLefeEsRFectPdne nBBRIEAPTSdue to

their intriffic SO} Foraachdheisn fnsuiifd cianttidits per Stdiént ycolbe col or
corrections not succeeding satisfact orjt and_deviations fromthe-desired
col or havi%ﬁ%?soéeééﬁ@ptl .usﬁcéﬁad?ﬁﬁg % Frﬁgrﬁ?e%gn “TAvention, nanoscal e
| aser-sensitive particulate additives are added to the plastic materials,
particul arl.y those.whic Ak T e transl ycencypekise, and
which are ﬁ%erj\ﬁilé%nf;i’ n?te%f%g?%r e%%%\%rhi ?%,ng{r‘gbpaque, in %r der to make
them | asercumpateites. Lmaeingenshei veRiaioscedeting t | WhLaE4YAdERri ves are
to be undeystood as @lilodnegrnica1sebidy, sephcasinpt akghxi desoxm xed

met al -oxi des, conpl ex, oxi des, .maéal sul fides, bori des, pk&ﬁs,ghat es,

car bonat esSestiHg eReingt GidddCudte, FndFOFPRPRETREs %8 Yies® Sdnpounds,

- 6 - yhichise b hante iy He chasdetler iosfliyc iwaweliedgtiioradge of the

| aser to be,%egﬁ%%ﬂ aﬁ}g t hus cgg@bla% OL 99\%?1%# nga%é)lcalwelig]gtnigqg in the
pl astic mattF% i FEh-Y hey ar® enB&ddetT WhicH |'ea S to nelting of the
pl astic meTesiefordNanosod ds o neese Anmelsséde ratepiglehet the

| argestdi ngnsl on, of odDecdsgr b drasfly seBsi iR Parhichgs ssuml ler han
1 gm i.e.; 1n'the nanoneter range.. I'n this case, this size definition
rel ates. towal$ipdssi bl e particle norphol ogi es such as primary particles
and. possi bl e aggregates and aggl onerates. The particle Size of the

laser-sensitive particles is preferably 1,tg 5 m parti arly 5to -
100 nm IfT’Eﬁ%SBg??I?ET%O%s‘?Q%d’i s%ggPS tué&nﬁ):efgg\ivggsg’ n;nmg? hgbprée al oxide
particles atetad | obgeerviwsidhielper péashdcdo meterapaisr t F@vimhspar ency

of the plasgtjc. riX. the pl asti.gc.Apt eri by o¢ihg, cont endo10¥rs,
| aser - sensﬁ%le.\gl%g%%ﬁti cldees%ll S éxpedlkentelﬁ?; 0. 0001et 0 0.1 wei ght - per cent,

pr ef er abl yp@robautar iy oahaes ghbipkr a8ht 290 tiepatiign Te6 o5 asti c
material . A.sphlicigntadaser ael dahi lidonofsddie pleasidia et vt i s
typically caused in this concentration range for .all plastic materials
comng into consideration. If the particle size and concentration are
sel ect ed sghtabk¥séntt haveangenspecihiees foeeebasieth o dgine rerspar ency

matrix matecials, .lnmpair e i NSl rans prevented. It

i s thus engdPEﬂY”fhgg%e?%%&?%%ex}%ﬂ/\eéP%%éncent rati on%&ﬁ%gé/f or

| aser - sensweluebpe gpbas i hawe For pakt i ERat strest Hieve B0 TR Pe hi gher

concent r at L opg -FRy, 8k 50y Dengst eshetnd oL 1 gt té€16r Sidess berow d@0snm
purpcse, laser—-sensitive additives for plastic
materials are to be found, using whigh they may be made
laser-weldable without the transparsncy and/or the

color of the material being impaired.

The present invention describes plastic materials that

contain a laser-sensitive additive which does not



- 7 « Doped indium oxi de, doped tin oxide, doped antinony oxide, and

1 ant hanum hexabori de preferably cone into consideration as the nanoscal e
| aser-sensitive particles for manufacturing transparent, translucent, or
. opaque | aser-wel dable plastic naterials that are tinted by col orants.
Especially suitable |aser-sensitive additives are indiumtin oxide (1TO
or antinony-tin oxide (ATO as well as doped indiumtin and/or

anti m)ny-ti n oxide. Indiumtin oxide% § especially preferred and i'n turn
“the "blue" indiumtin oxide obtainable through a partial reduciion

process. E*hefj]u%@ht edeﬁsd ivetdom c i ndi e tigr oxhde gmayqausera; ui sual Iy

percei vabl e ly yellow sh tint, of the plastic materlal at hi gher

concent raﬁ%%w bar thel £0di0Xda s rf-‘%é:%ﬁﬁ’@r agiRgePRATIRTt he "bl ue"

i ndi um ti mHxi dg 006% Nektkeadllso amy peyatiosllye eghoppebiangethThe

| aser-sensitive particles to, be u §6d ag F‘d ng t Sthetg esent L |nvent|on
are known FEPEE I F O c FmEPET af 1 yW 86Fe 1878A A haho5Ea e form
i.e., as ql:seicreé,e par tsiet! etshdnavhaﬁgrsdzesalbm ownd/oun avpapiryi cEbarly in the
size range %uqéac?%%sh%rfe’lats@ &gllc%i 1{1’?& fiyemtdispensi 9RS nor in the

form of easi i spersi bl'e powdered dggl onerates of nanoscale particles.
The | aser pearigian veagar t9&| ddrier e PAPGItdal | PaBPEVRHePAS GG ofBFat ed

particl es,; JQr - 3Mheveasdadelier at es whose particle size may be from1l
mto nultiple millimeters. These nmay be incorporated into the plastic
matrix with strong shear using the nethod according to the present

i nvention sdﬂyﬁmgw,ch itthe hagg| arerat eSowne brheken tdewspameott he

nanoscal e rti cI e f
aggl oner atqIO "%SJC%%T "ofiTe %argugccor%g“’trlg'yeﬂw 1%%&%5%%&6:&?%? E%E‘%%st 1972).
Nanoscal e tgwrtt |aai€es;lsﬂ:®hl &y rslgraisiaray ri?%)ﬁatqec&aéﬁr‘ﬁﬁy BE

manuf act Uragh d:0r 18X887e1ak1 BUIRLPY Q) VLT Coghedsor Sushogethiads are
descri bed or example P 1 830 A, EP 1 DE 103 11

645. Furt RASRF S eidCal RA A F1ER 6 ﬁé}lﬁésmH&FBE‘FEr Eﬁet FPd@gh

preci pi t atdry detheds raaspdesadpasking Dndre2? 037, for exanple. The
nanoscal e | aser-sensitive particles nay be incorporated into practically

all plastic systenms in order to provide themw th |aser weldability.
Pl astic netler i adlsjeat whifch tthee pmsidnt neinvsntiiomhasied dmerefore

“pol y(net h)@gglygpg%%ﬁ' y@ﬁ%ﬁglugghw etolianeonézﬁié’mled(éél&wei@éﬁ:ﬂ@ pol yrer s

and styrene Co ycar bonat e, silicones, polyinides, polysulfone,

pol yet her St i E@F?Rﬁbﬁe§ha§ol%ﬂ'eﬁ h&FREEBNEY, OPEEKanEéI'yﬁ' ene

~ sulfide, FE?:.Lé/eﬁ_Qh_ﬁéﬁ'ﬁéhé‘é RET,  HREN, tREY) arollseidiyvenaabiedejue
. pol yur et hane, poI s_containing fl uor| \ng (ssuch as PVDF,

EFEP, PTFE)° & € ’i’iﬁ%falc’?l%?%%?%? ASFht o°bT brds RiHi¢h&Sritai n t he

above-nmenti oned pI astl Cs as conmponent s, or into poI yners derived from

these cl asggs,, Wil @g@é wfe 5&9@%%@&6&; iQNShd s al so

possi bl e. ese na erl nown an nner0|a y available 1n manifold
forms. Theisglvamfge m%ﬁl@ tol@%rpﬁé§§hﬁ3-?ﬁverﬁ5}%f@feﬁt he ¥anoscal e

particles pati+Lih@rd Y £ONBSatenPeak rah0lcined lrangRafentled+ ansl ucent
pl astic systens such as paql ycar bonat e, trangggr ent_ pol g{’ﬁ]ﬁg%s (such as

Gi | ani d(r9eigeEBe TREBESHGyanf'ds F5606, 3) 2ol y

terepht hal@desrsotysul fone, pol yethersulf one, cycl ool efin

copol yner s( Topes(r),
In addition, the object of the present invention is a
method for manufacturing t'ransparent translucnnt or
by colorants with the aid of nanoscale laser-sensitive
particles, the particles being incorporated into the

plastic matrj_x with high shear.

The present invention is based on the receognition that

the laser marking pigments known from the related art



Zeonexe) polynethylnethacrylate andt hei r copolyners since they do not
influence the - 9 - transparency of the material. Furthernore,
transparent pol ystyrene and pol ypropyl ené are to be cited, as well as al
- partially crystalline plastics which nay be processed into transparent
filnms or nol ded bodi es by using nucleation agents -or special processing
conditions. Furthernore, tinted opaq¥ﬁ plastics may be equipped with the
nanoscal e | aser-sensitive pignents e polyam des are generally

manuf actured fromthe foll owi ng conponents: branched and unbranched

aliphatic {£& t hioughsuli4 =612l O}, alilkgH-tsubsbit-ahed OéyblﬂéhlBSt i hut ed
cycl oal i phat

14 th h 22 I ti Cl4 - C22
S o phteted (ol MR B2 b Sl Br I (e RER R Cad) e
latter rrays.hecqaat}he;altypx@qnlhgaesll@ryl_momtljz elxcaedirox}yer cracidal In
parti cul arg %@e {rgn&p@r&qt %o H@”&Q@%E@é’;‘cﬁ‘dgft{r?g% ?Sg%grrggsed from

nonomner corrponen s havin at ons atons, which
are deri vePEromnaiEiahssBr IHﬂ-anﬁﬁé‘EEarSl?@)‘é}ItilFadﬂﬁ“enw eha¥abky, but not

excl usi velyriddve, tgansparentsooly aga des 9&9@rgwgsrgetaeepr¢eeeﬂt i nvention
are manufactured fromthe follown g Cgrrpone | aurin_l actam or, mam no

dodecanoi P%¥ci & e5%el3 BeFd PLE a&i o %Ioé@trﬁnd?*c dFeLpdeFatty

acids (C J;B:xm&-ﬁfipaﬁtgclemnder stoh@1t raa;i;rmsPr ipol\Batieye) obhexane
di carboxyljc with_partial OE rrp ele gﬁ ﬁrrent of these

%E ds 1 :
al i phati ¢ Hti G&%by"3%0t SFeptt it c “AeCd, tetepRtRRAFIE adXf REPKt hal ene:
di car boxylaweidaide tas buighly seggthaatedacpdrtEaiﬂ.heraggiemdeeanei di am ne,

dodecane Jongpe Larai en n ranched,
dér srr}gjétltutedl?% behls asﬂ1l fafyar = 1%&%

br anched, representativ rom t he cl ass
of al kyl subsieiaed/ 'ﬁh%uﬁ%'{qwtlht %@IS%EICII’@&I}ﬁlﬁWat}PJeg%ﬁ%?ﬁ ne‘s?erefore

bi s(4- a”‘ﬂ@ﬁ%ﬁ|oﬂﬁxyéi et hedtes bisaf BepBhfYylof- the light - and

am nocycl ghex rret han bi 4- ot ycl ohex F%
pr opane, brfg'j 8?:55?@) afmt?‘ %ﬁﬁé—ﬁ% £egyBtohexane, isophorone

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

correspondé\d_{}%ﬁg%ﬁgé%a ?kepol%ore S Al&feselibed, %Qéde%q{rplt%n in EP O

725 100 an transparent, translucent, or opaque
pl astic sysrea@Enigdsed O potieet ager n@ﬁﬁé}ényla@ements known from

bi sphenol A@Iy@:@ém{@e pobyasi dene andreyeh 69l eki Rneopakyrens ,made of
nor bor nene and a-ol efins are especi aII referred (¥\/n e made
’ §“E’Qi?cor°8|

| aser - wel eI RAT t Fro€heC]EGT of© hé:hr‘?an §Ir ahar t ¢ g to the
present i nuentéomnons tietessampai deai got heedol mntamdsncans’ﬁxarremgd of the

mat eri al . | n%% C]p| or g glturf%g%ggﬁent gﬂgg [grrgéBth nd Opﬁﬁ e )aég) , the

neutral r1nsic color 0 €se nano aset . sensi di% ves i s
advant agectmssrattcns f reetcol dluerdessiidn | sahbhdbapeesibye f@rnd he

plastic my&fifdSns from the desired color having to be

accepted.

According to the presenrt invention, nancscale laser—
sensitive particulate additives are added +to the
plastic materials, particularly these which have
transpareney or translucency per se, and which are
otherwise tinted colored, white, or opagus, in order to

make 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,



Those col orings which have only a slight intrinsic absorption in the range
of interest between 800 and 1500 rim i.e., are |laser transparent, cone
into consideration. To identify the colorants, in the foll ow ng t he
~nonencl ature of the color index (C.1.) is used. Al colorant nanes such as
sol vent orange or pignent red 101 are C. 1. nanes. (For the sake of
sinplicity, the nane conponent C. 1. |s |l eft out in the followng Table 1.)
Tabl e 1: | aser-transparent col orants®Csl orant C. 1. PreferredEspecially
concentratlonmelght- percent preferred concentration wei ght-percent

pi gment Of§ ¢ 64.0. QLo QR Q. QLp- + R 05 150 M r 10 ARg6w B L ength
range of the laser to be used and are thus capable of
generating local heating in the plastic matrix in which
they are embedded, which leads to melting of the
plastic material. '

'Nanoscéle is to be understood in that the largest
dimension of the discrete laser-sensitive particles 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 partlclas 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.



0.01- 1.0 0.01 -0.5 solvent orange 106 0.01 - 1.0 0.01 -0.5 solvent orange

111 0.01 - 1.0 0.01 -0.5 pignent red 48 0 - ) -
101 0.005-0.5 0.01 -0.3 Pro .05 - 1.0 0.05 -0.5 pigrent red

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.



pignent red 144 0.005-0.5 0.01 -0.2 pignent red 166 0.005 - 0.5 0.01 - 0.2

pignent red 178 0.01-1.0 0.03 - 0.5 pignent red 254 0.01- 1.0 0.03 - 0.5
solvent red 52 0.01- 1.0 o :
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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



'0.01-0.5 solvent red 111 0.01- 1.0 0.01 - 0.5 solvent red 135 0.01- 1.0
0.01 - 0.5 solvent red 179 0.01-1.0 0.01 - 0.5 pignent green 7 0.0005 -
.0 0.0005 - 0.5 pignent green 17 _ '
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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 -~ C22), and aliphatic and
cycloaliphatic dicarboiylic acids (Cé& 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 6r e-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) -



0.01 - 1.0 0.03 - 0.5 pignent green 50 0.005 - 0.5 0.005 - 0.05 sol vent
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
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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




pi.gment blue 29 0.02 - 5.0 0.2 - 2.0 pi
0.015-0. 25 pignent yellow 93 0.1 - 1.0
:0.03 - 0.5 pignment yellow 150 0.0005-0.

gnent blue 36 0.015 - 0.5
0.1-0.5 pignent yellow 110 0.01-1.0
5
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-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




0.0005 - 0.25 pignment yellow 180 0.01-1.0 0.03 - 0.5 pigment yell ow 184
0.005 - 0.5 0.005- 0.25 solvent yellow 21 0.005 - 0.5 0.005-0.5 sol vent
yellow 93 0.005-1.0 0.005 - 0.5 pignment brown 24

_12_

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



0.005 - 0.5 6.005 - 0.15 pignent violet 19 0.01 -1.0 0.030.5 pigment
violet 13 0.01-1.0 0.01- 0.5 pignent violet 46 0.01-1.0 0.01 - 0.5 - 12 -
Some 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 accordingqtp C. 1. by suffixing a colon and a
nunber, e.g., pignment red 48 for the pignment pignented using sodium

pi gnent red 48:1 pignented using cal cium pigment red 48:2 pignented using
barlunl 8n@&%@h1@edwé&g&tphgﬁ&nmediaskn@nnﬂﬂﬂﬁhlynodﬂntqﬂ@mmhbnred 48: 4
pi gment ed _usi.n S a ci e to be
under st 0084 %&cﬁgg%wgég}%EggfhsgnSEQHQESg&% ésnség% §£ﬁ%$%uctures
They are meddrda@wmnummihﬂﬁaNShuii%@ 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.



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 net hods that are welds known and typical 'in plastic

manuf acturi ng and processing. In this case, it is possible to i.ntroduce
the | aser-sensitive additive into individual reactants or reactant

i xt ur es Beforiec Omeddedngadieepobpher PEBE L R BRePoIRIBINIETsafi*6n or even
to adm x it AU t hersgackhen, rdiemnesi f badrepul setupongmeatshod for the
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i ncor por at®thdiuids one Wirduwd masaiey cefporents, for exanple. This nononer
conponent may then be subjected to a pol ycondensation reaction in a
~typical way with the remaining reaction partners. Furthermpre, after
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matrix fheiphesepafion d, trandigol i tormul ati onloradisrdmer.s d&onel | as
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‘agents, butyafsdléwl tiee spahdnawiadigrging i npact resistance nodifiers are
m xed and honobgeni zed in devices and systens typical for this purpose,

such as reactors, stirring vessels, mxers, roller, mlls, extruders, etc.,
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pre-m xt uLecguast éalpatch) with the identical or a conpatible plastic
material is especially preferred. It is advantageous if the incorporation
of the nanoscal e | aser-sensitive particles into the plastic matrix is
per f or medThet lgoieivgh oshetl Gaplehd BRITT FRIERTSEShi Py HEP per f oLned

through appp@BRk ak@osetti n?h?i-:i&ﬁléljﬂ' ¥etsngr Dhbgoerns) | sadaadiextr uders. In

this way, an ossi bl e aggl onerat.i on _or agar.egatio 5 cal e
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parti cul an gﬁ%@(}% paraneters ‘to be selected are well-known to those
. . a .
skilled inthe art.

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

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



-.14 - Plastic nolded bodies and sem finished products are obtainable from
t he nononers and/ or pre-polyners through injection nolding or extruding
from nol di ng conpounds or through casting nethods. The pol ynmerization is
perfolLnmed through net hods known to those skilled in the art, for exanple,
by addi ng one or nore polynerization initiators and inducing the

pol ymeri zation through heating or _i gadi ati on. For conpl ete conversion of
t he nononer(s), a tenpering step may foll ow the pol ynerization
Laser-wel dabl e | acquer coatings are obtainabl e through dispersion of

| aser - senskeltvegoxiagesod nihgdegabtkacdiier tepmilkatli cr:ticgst imgy and
drying of haLdsil NG.0k h0BHACHLCh kY Eh s FO. QT OUL A gdLt Al po] acquers
conprises, for exanpl €, powder I acquersS, physically drying |acquers,

radi at i onPegpabtevwl beoeranyshhgy ef'worPBAent or nul ti conponent reactive

| acquers, such as two-conponent pol yurethane | acquers. After plastic

nol ded parts or |acquer coatings are nuf actured fromthe plastic
mat er i al sE8dnt aFRt A Han E?qasépgggﬁgitivghﬁﬁrtieﬁlat%l F+ds, they
may be wekdedrtihiengh iproadicats, oniusisg hasessidryghthaThetd aseaswel di ng may

be perforned on_.a mercially.avajlable. er i dey .such as a
| aser froﬁ?@aaggl,E$§pe£§¥§%NhF§ skn6558ﬁ§§?ngcgﬁ§g%$%ﬁt %%%ﬁgé% 0.1 and
22 anper emasrdiah advandengpéedtbet weepsntapfiventisenedtede®2®d high and the

advance spged 450k selgded o P@.‘ﬂ’n inorder 1o @yok dryndeskaed

carboni zatlion. At t0g.lgw an outpyl gnd too pigh gl agvance gpegd. the
the plastic material 1is sensitive. The method 1is
expediently performed so that the jein part facing
toward the laser beam does not absorb the laser energy
and ‘the second join wpart 1is made of the plastic
material according to the present invention, through
which the parts are so strongly heated at the phase
boundary that both parts are welded to one another. A
certain contact pressure 1is necessary 1in order to

obtain a material bond.

Examgle 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.



-.15 - welding may be i nadequate. The required settings nmay al so be
determ ned in the individual case for this purpose w thout anything
further. For welding plastic nolded bodies or plastic sem finished
products, it is necessary that at |east one of the parts to be joined
conprises plastic material according to the present invention at least in
the surface region, the join surfacelﬁerng irradiated with laser light to
whi ch the nmetal oxide contained |n the plastic material is sensitive. The
method is pedi_ent | per%or t | parta aci rd the

| aser beanﬁ%@@ aﬁBPr bsof tﬁgg aser eneF%%cg% ril]t e secon orgmﬁart IS
made of theoppesiide:material according to the present |nvent|on t hr ough
which the parts are so strongly heated at the phase boundary that both
parts are welded to one another. A certain contact pressure is necessary
in order t@MSRIOAM8NE Hnterial bond. Exanple 1: '

Manuf act ur eof acol or ed- transparent col or ed- translucent or opaque tinted

Iaser-sen5| |ve d or ed-.t_r.ans -tr sl ucent,

or opaque t ng ?%r bﬂ%ﬁ’dran C”"Sr?ﬁoc&r?& pIpo ar ni ng a ‘#‘gser zgéleny tive

nanoscal e ﬁugﬂemm;fmamanebtedlwmeaﬁ bxanguerMenh,|N§ec@%@ﬂr$ﬁc¢%m

injection mpld.to P‘n %@l%'gasédnﬁamad%%@%ﬁp%dr{aé&]eaﬁ&ra}&ﬁuia?@écﬂ\a or
aps

extruded t orms t ubes i ncor poration

| aser - sensidri va BeFAEIiht #& hédpl3st Do FBFERART cpodhd \%aswbelr‘f or ned

Wi th strongsheazilen tiaeimioidr eakddowrassidl eTaggl amat et-particl es
into nanoscalegﬁgrnar par cles - 16- nuf act ur.e_of the

| aser - abs orGEIRIELFol FrpoutRRET B et AR IReRT a

concentratlon of O.Gl weight-percent and with C.I.
pigment red 166 (Scarlett RN, from Ciba

Spezialitatenchemie) as the laser-transparent colorant

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 0.01 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



Trogam d@ CX 7323, a commercial product of Degussa AG hi gh perfornance
pol ymers branch, Marl, was used as the plastic nolding conpound and
conpounded and granul ated on a Berstorff ZE 25 33 D extruder at 300C with
nanoscal e i ndiumtin oxi de Nanoel TO | T-05 05000 from Nanogate as the

| aser-sensitive pignent in a concentration of 0.01 weight-percent and with
C.l. pignment red 166 (Scarlett RN, -f dOm-Ci ba Spezi al i tatenchenie) as the

| aser-transparent col orant in a concentration of 0.01 weight-percent.
Enbodi nent Ba Vestam.d L1901, com*rer product S hi gh
per f or mancé& e}‘;%éfa'g BPan g s§§r§§n¥heargflasl?‘t??%§ngq' i g
conmpound alpd.g@cmmourgimcmand? grahngal:e*deonGaeBersf‘EPff ZEcp6 3J3LPR ext r uder
at 260C wi L angseale LAy LR i de donodl TAdE:0,:09000, 1pm Nanogat e
as the laser-sensitive pig in concentration of 0.01 weight-percent
and with Cin qolcg?mﬁmtﬁ?éalgz%oqfsea?let‘?lmlt PRBFREE ba Spezi al i t at encheni e)
as the |l aser-transparent colorant in a concentration of 0.01

wei ght - percent. Enbodi gent Ca Vestam d L1901, a conmercial product of
Degussa A mance pol ymers branch, Marl, was used as the

pl asti c nol di ng conpound and conpounded and granul ated on a Berstorff ZE
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(lrgalite g? ean NPy i 5 a'NEﬁBQ@&b@”ﬁﬁﬁiﬁ%&—&ﬁ% oxide
| aser-transparent col oran | n a concent rati on of Dgel ghi‘ % ercent.
Ess

Enbodi nment IS8 glEFs@7NCORonErE alf2pPEaGEEL 6?

net hacryl atgas, draneh, pDahest adh, aNaSOuseﬂtastidsm pttast i &l metdghg-conpound.
Nanoscal e i ndi umtln oxi de Nan 4 T o] ast he

| aser - sensiREVEEHT githt S A0S oncentr I%glrliﬁgggg %& & %Egggéﬁge%ﬂ was
conpounded Zd3@r anubsitediamn at B9t 6 {1 2E QSIBSP@Wﬁ“—ud@d at ®250C wi t h

C.l. pi grren{)arag%[el@@ gRCArt el F@Ebaff@?bﬁgﬁl%ﬁgﬁahéﬁ;@éﬁn%@ew% as the

| aser-trans col orant™Tn a concentration of 01 wel g%érpg ent. In
the case oflaseyusiasParmitghe?lPATeular st Yt P c of the

type Pl exi %@ﬁ@gfbé@ér&dVamhﬁg@l@@Sb’aﬁ s@ibesxsegsidpod meathea
Pl exiglas@ 7 conmer ci.a

rodu ussa_AG rreth ryla br anch,
Dar nst adt , I&%%e%l‘éjeﬂr as W@ﬁghﬁ slf“?:géjrﬁ)gdl ﬁ%@&%@und Na%g)s%al I'ea?’?)ndl umtin
oxi de Nano@ﬂ'éizid}é)@ 080Gk f raotwaemagaieslas alise besasesiensitive 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
(ul t ramar i nempddirents Ehe | aser-transparent colorant in a concentration of
0.01 weight-percent. In the case of extrusion, a higher nol ecul ar wei ght

mol ding conpeund of 6N YPe FLENALEEQ TH IRy, A0VaDt agegusly Ao be

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° -




-.18 - Plexiglas@7N, a comrercial product of Degussa AG nethacryl ates
branch, Darnstadt, was used as the plastic nolding conpound. Nanoscal e

i ndiumtin oxide Nano(DI TO I T-05 C5000 from Nanogate as the

| aser-sensitive in a concentration of 0.01 wei ght-percent pignment was
conpounded and granul ated on a Berstorff ZE 25 33 D extruder at 250C with
C.I. pignment green 7 (Ilrgalite Geen NP, from C ba Spezi al itatenchenie)
as the laser-transparent colorant in a concentration of 0.01 _

wei ght - percent_., 1.n e.case of extrusion, a higher nolecul ar i.ght

mol g ORI e nae e EPEREGEReh vPERRy havine Reghtery Br Lo be
used. The merifeatwireesf threncbrr ePpormditagitl, asewest r arsspar ey (thenol di ng

conpounds’ thr-qugh. Fi: was d i a Wi-Lh:the e

cnbodi nent S A T %‘oﬁgﬁ&ﬁﬁ? S o Cnce it 6 | 2eer sensi ¢ ve
pi gment wad'EaRRITC BEdMSPe £500RmnEFaEt uNesraabe or @3- t FafispaReRE~col or ed-
transl ucentseryi t@paR0UEnt it ednkagerasensl tove Cast PAMYht sgat&eAtshed
product The nanoscal e indiumtin Oéi de NanogDIdTO IT-$5 CgOO(_),f hgm
Nanogat e wé&s T eMesd PR LERE AR afF6r of "6508% HePOht -Petfefif as the

| aser - sensizsS va3pilgnentridera atong@dnf Catworh of. D. Opiwekght -qreyement,

t oget her wi i.sper t C n i X

pr e- pol yner(tfs}(%%u]t%i&%n ave?ln?@’v?srgongi S%Ib%f g;’iéggg%g%g%gﬁ%%qwﬁasl part

Al BN, the rfibe utesoastpeugraranit ocaleramberiand Foinpestraddon S868C in the

wat er bath ¢ qf1 3,3 JiRULErcEREOUGR sHBSequent ct eRPentNgnat 2 1486nkR the
dryi ng cabi net, the renaining %gol rs were converted. é | asef - absor bent

seni fi ni sh&PIFHGhiE w1 8Bt ai ng 19 SOMPRUBHLqIRYe a PEser F¥PEnspar ent
sem fi ni shed qpriofide TEheaakahanasgesamsfigcblsedpa ibedt | aser-sensitive
pigment. If a transparent semfinished product is to be produced, a

sol ubl e colorant fromthe table (nane "solvent") is preferably used.

Weakl y scatlrer i maninf zrom s eelf cohor ant rgispesdisg sashrasrahepamanitne bl ue,
may be used:0rpiparly LbARSRALENE-SOLilage, O a8t NG ymReal Lar i ng

pi gnents are suit e for translucent or opaque varjations. The assignment

a

of the col ASHERTIANGEOWATE 0 THROSEPIKE | |1BPIHERESark . Bxaapres Band

i nstructi ons:d ofi ol yHEerdiZdirefcar e heeqid ileddrrscagpagvet begnkhi-ngs, DE
43 139 24. Vari acﬂ# C. 1. pignent red 166(Scarlett RN, from C ba :
Spezi al i t at"EHEHENE)" was used in a concentration of 0.01 weight-percent as
the | aser-transparent col orant. '

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.



Variant B C.I. pigment blue 29 (ultramarine blue, from G ba

Spezi alitatenchem e) was used in a concentration of 0.01 weight-percent as
the | aser-transparent colorant. Variant C C.I. pignent green 7 (lrgalite
Green CGENF, from G ba Spezialitatenchem e) was used in a concentration of
0.01 wei ght-percent as the |aser-transparent colorant. Exanple 3:

Perform ng | aser welding (cast PMvAsRavi ng 0.01 weight-percent ITO
content) -20 - A colored-transparent, colored-translucent, or opaque
tinted | aser-sensitive plastic slab (dinensions 60 Mm¥60 M2 m) nmade of
cast PMVA RBavipupdurd T8 darentt oinhdientei ghnd periemd wasdsiatight i nto

contact with.a d plastichstabemrde ofiindoped Last RMA. Wi ch was
col ored-t rgggpa?)g%?l? co%%r e%%ra%%f ucent, J(')r opaque t1 ntsed iln j’t he visible
range of | PgE®™ebEt | aser-transparent, using the faces to be wel ded. The

slabs were laid into the wel ding support of the Starmark | aser SMVB5 from
Baasel - Lasertechnik in such a way that, the undoped slab laid on top, i.e.,

“was first peénety ateFbPEEH as%%/m)ogja‘?ﬁs%% f%zé%gu%tf the I&gerq%eeam was

set to thepeconuaet, f ace flubile t wolslays. Thempatheetisrisid r equeamney (2250

Hz), lanp Gur ¢22.Q A, Efal{g]ag% ce ed Wes- 1) £ on the

control wuni #ogg%ﬁe?l ag‘é?r. v er t lg‘psi 1z%ggf t&le%garﬁ’gz to_ca\ég{we ded was

i nput (22* higwRpizedechhgrrnhaBichented. SRED the BHBFRLHE Rl¥R ng

procedure, jLhe wel dede Pl asdd ¢ nalabs coulkdsbarearoved £1.0m t haugleyi ce.
Adhesi on val des having the grade 4 were achieved in the hand test. The
adhesi on WESTEPSIYat e8CAELEBLNOWs: PHABSEHAesi 0FF 1sTHGRP Hihest 3.

translucent or opagque variatlons. The assignment of the
colorant is known to those skilled in the art. Examples
and instructions for polymerization are specified in,
among other things, DE 43 138 24.

Variant A

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)



2sone adhesion; to be separated with little trouble. 3good adhesion; only
to be separated with great trouble and possibly with the aid of tools.

4i nsepar abl e adhesi on; separation only through cohesion fracture.

Enbodi nent A Mol di ng conpound A" with nolding conpound At - 21 - A
standard injection nolded plastic slab (dinmensions 60 nMm*60 nmm*2 mm) nade
of nol di ng conpound A" was brought . pigo-contact with a second standard

i njection nolded plastic slab (dinensions 60 mMmt60 n2 my) made of

nol di ng conpound At. The slabs were laid into the wel ding support of the -
St ar mar k | &setolSNeB5 thneerarBaas el - Laskp - imad s Pt a®haPPRIYE the sl ab

made of nol.di,aggcompeundsAhshakdeonpt oprid - &slanvas| dietis iperet et ed by the
| aser beam The par anet ers f requency (?Pﬁﬂg\ E%%Y’ | a ( Orerg)t t(ezzc'o A), and
advance sp&&doP18m % Rfe YARS S s PG Fi o e s er
Aiter the size.of wbecarepdrede welsdedowadti dpgo (@2thcmBitht e | aser
o 5 o edibg FRR oubp SRS RUARSH cccbbe Akttt ¢ ol ot
achi eved i watshechanddtesuansparent, colored-translucent, or opaque

tinted in the visible range of light but laser-

transparent, uéing 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



Variant Al: Pignent blue 29 (ultramarine blue) was used as the colorant in
the plastic. Adhesion values having the grade 4 were achieved in the hand
test. Variant A2: Solvent orange 60 was used as the colorant in the

pl asti c. Adhesi on val ues having the grade 4 were achieved in the hand
test. Enbodi nent B Ml di ng conpound Ba with nol ding conpound Bt - 22 -
into contact wwth a second standaré i2nj ecti on nol ded plastic slab

(di mensions 60 Mm*60 M2 mn) made of nol di ng conmpound Bt. The sl abs were
laid into the wel ding support of the Starmark |aser 3MVb5 from

Baasel - Lasér séehaRkd An3aehian 9L epat PRt ab drdE- gttt dihP L onpound
Bt laid onp®ko ime-2. mBS dddestopaneldaieddypdiel | A araheamudine
paraneters frequenc 2250 Hz), la urren 2..0-A).. -and e speed
(10 mms ) WEE s&t? h&EBNer oF STt S?SP§%£$a§eP?kﬁﬁ%§r i éﬁggze of the
area to be plelsted wasah nputime2214nsn) e H0aser* hadrst arped. @2 the end

e devi ce NATHES, oROUBTURE vt ngt L he: o atle "4 el 8 achLgved Lo Lhe hand
test. EnbodistslitngC support of the Starmark laser GSMM Lrom
Baasel-Lasertechnik in such a way that the slab made of
molding compound AY 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™') 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-conmpound Ca wi th nol ding conpound Ct A standard injection nol ded
plastic slab (dinensions 60 Mm*60 M2 mm) made of nol di ng conpound Ca was
brought into contact with a second standard injection nolded plastic slab
(di nensions 60 Mm*60 M2 m) nade of nol di ng conmpound C. The sl abs were
laid into the welding support of the Starmark | aser SMMB5 from

Baasel - Lasertechnik in such a way thapothe sl ab nmade of nol di ng conpound

. Ct 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
Lhe ares Lok el ded o AU IR § gl b ke Al (60 AL e

end of the ding procedure e wel astic slabs could be renpved
fromthe defwfb%lng prﬂunéhe%ron gl usdavsvi NOTE he agradé ™4 ei-E€achi eved

U A 'St anday 1o Lot ] o DoLdS ol SHLC ot o (JL TSRS, onS 60 L6 T 5. )
standard injectio plastic sla i_mensi o
made of nol HHY %%%smbr%\? t2 't g‘ 5@? \?Aitaﬁ glnggcgﬁd |
standard i rrpce.‘cdiimgn modngtesol: ol a§f| clsidb ¢di nerrsi ons €60 nwiG0 AHRZtmm) made
of M ding SONDOLNC. Dlny T 51 Sl Al %taeah@eeaeel @'r@%u%&'ﬂﬂzort of
aser

t he Star nar aase -Lasertechni k 1 n such that the
sl ab made onQT%(P diay cbﬁ?}blﬂﬁrﬁtn’q ai%R oh &) op,and @dvapgs fsPFse@ p(éLrQet rat ed

by the Iasem@*éaw&eesear BELRES cbheGuaneyi(2250 the) 1akam augeent (22.0

A), and advance speed O rains') were s n the contr I ni_t t he
| aser. AfterREhet ?z%foff § FF sk & 15 b‘ée%?cgé“@s\/\ééj H‘rpd? ﬁrﬁz t he

| aser was sthet ethsd mlae estdaptetihe Ael dileg pndcedir g;het hefaltei:tde;d pI astic
sl abs coul d be [ ed e d n sp.ha . grade
L8OPY ORI Ae £8. s a0hAskan adlites,Davidigd !

4 were achi TR Fhe © ment ng compound Ea w th
mol di ng con’ézm!mth@ dEV:Lce

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.



The wel di ng was perfornmed anal ogously to the wel ding of nolding conpound
Da with nol di ng conpound Dt. Adhesion values having the grade 4 were
achieved in the hand test. Enbodinment F - 24 - Ml ding conpound Da with
-mol di ng conpound Dt The wel di ng was perforned. anal ogously to the wel ding
of nol di ng conpound Da with nol ding conpound Dt. Adhesi on val ues havi ng
the grade 4 were achieved in the hqng3tgst. - 25 - dains |.Use of a

pl astic material -col oured transparently, translucently or opaquely by a
colorant as a | aser-absorbing jointing partner for |aser welding, wherein
the plastigapBkebhakal sekangtingl €abl @riye Vi riatee ofcrai Bant 4 tie

| aser-sensitive nano-scale particles conprising doped indi um oxi de, doped
tin oxide,héBSeBeéﬁtinDny oxi de, indium zinc oxide, |anthanum hexabori de,
indiumtin oxide or antinony tin oxide. 2..Use according to claim1,
wherein th%mB%E&%%k% Bir of the | aser-sensitive nano-

Molding compound D* with molding compound D

A standard injection molded plastic slab (dimensions 60
mm*60 mm*2 mm) made of molding compound D* was brought
into contact with a second standard injection mclded
plastic slab (dimensions 60 mm*6C mm*2 mm} made of
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




scale particles present is flout I to 500 urn. 3. Use -according to claim
1 or 2, wherein the particle size of the | aser-sensitive 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 fromO0.0001 to 0.1% by wei ght, based on the plastics material. 5. Use
according to claim4, wherein the con ent 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 - sensiéi ¥ ateceedice Pawt bl vsl pivgentmpampt iBe bl ue indiumtin
oxide. 7. Use according to any one of clains 1 to 6, wherein the matrix
of the plastic material is based on polyMetifiaerylate, on polyamde, on
pol yur et haBies weildiglgy otast ipesy; £ omest prededpuisyNete aRE ¥EyFeRE S6pol yners,
on POl ycar ponarng ANLRIddkONeS i8R AOLYLALISSTEEE@ObY.SNI phont, on

pol yet her 'sul phont, on poi yketonm on polyet her ketones, 011 pol yphenyl ene
sul phi de, on polyester, on polyethyl ene oxide, on pol yurethane, on

pol yol ef msp408s ¢ | aoled i eopay s graden 4 eare pehdavied annghgol yner s.

8. Use according to claim7, wherein the matrix of the plastic material is
based on pBF?ﬁé%%@ﬁ'inetbacrylate - 26 - 9. Use according to claim?7,
wherein the matrix of the plastic material is based on bi sphenol A

pol ycarbonate. 10. - Use according to claim7, wherein the matrix of the
plastic material is based on polyam de. 11. Use according to any one of
claims 1 to 1.0, wherein the plastic material takes the formof a
nmoul di ng, sem finished product or |acquer coating. 12. A process for the
wel di ng of plastics nmoul dings oral sem finished plastic 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 clainms 1 to 11, by using laser light to which the |aser-sensitive
nano-scal e particles present in the plastics material are sensitive to
irradiate the jointing area. 13. A welded conposite part produced by the
use as defined in any one of clains 1 to 11.



14. A wel ded conposite part produced by the process as defined in claim
12. - 27 - LASER-VELDABLE PLASTI C MATERI ALS WHI 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 nag be provided as nol ded bodi es,
sem fini shed products, or |acquer %oatings, particularly contain
| aser-sensitive particles with a particle size fromb5 to 100 nmand a
content fromO0.0001 to 0.1 weight had percent. Typical conpounds are
nanoscal e i ndiumtin oxide, antinony-tin oxide, indiumzinc oxide, and
| ant hanum hexabori de. (no suitable figure)

Claims _ '

1. Use of a plastic material coloured transparently, transiucently or opaguely by a
colorant as a laser-absorbing jointing partner for laser 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 nano-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 claims 1 to 6, wherein the matrix afthepkasticmalm'igi
is based on poly(meth)acrylats, on polyamide, on polyurethane, on polyolefins, on styrens
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 polyethylens oxide, on polyurethans, 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.



- 26 -

9.  Useaccording to claim 7, wherein the matrix of the plastic material is based on
bispheno! A polycarbonate. ' )

10. - Useaccording to claim 7, wherein the matrix of the plastic material is based on
_ polyamide. '

1l.  Useaccording to any one of clarms 1 to 10, wherein the plastic material takes the
form of a moulding, semifinished product or {acquer coating.

-1_2. A process for the welding of plastics mouldings or of semifinished plastic
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 fight to which the laser-sensitive nano-scale particles present in the
plastics material are semsitive 1o iradiate the jointing ares, R |

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



