-1 LASER-WELDABLE PLASTIC MATERIALS WHICH 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 laser-weldable due to a content of nanoscale laser-sensitive particles,
as well as a method for manufacturing plastic materials of this type and
their use. The welding of plastic parts-using laser energy is known per
se. The laser weldability is caused by absorption of the laser energy in
the plastic material, either directly through interaction with the polymer or
indirectly using a laser-sensitive agent added to the plastic material. The
asersensitive-agentimay be an organie solating:or:a Pigrent whigh ity
causes,a/[gca| heating, of the plaslc troygh sbsorptian of e lasel.
energy. In laser Weldlng,? e plastic material is so strongly heate iRt
join region through absorption of the laser energy that the material melts
Thand-hethepartsiareamelted ta ene @nother. 1n practice; éhe principlesaficent,

opeQmRosite farmation, between dJoinpartners,in laser.welding is based pn.a
10! partner facin towair the laser source having sufficient” transparency
“Hor Tackr sort

of the Tight of T8 fasar soirce” which hdSa Epetitic waveleRgth, S0 it =+ ©
Latheyatifativhiresehe S thetjoint partneflyingvimderneath, whergtigigiod  for
maalsorbed -Because of thisrabsorptian, heatis released, sothatirthe use.
contact region of the join partners, not only the absorbing material, but
_rather also the transparent material melt locally and partially mix, through

TRhi A°CoMpdsite 15 produiced Hite? cdSIY BofpartsSate welded toromn
pegnesanothekin thisawayvaslazesdlii.t2 1s caused by absorption of
the laser energy in the plastic material, esither directly
through interaction with the polymer or indirectly using a
laser-sensitive agent added to the plastic material. The
laser—sensitive agent may ke an organic coloring or a
pigment which causes a local heating of the plastic through
absorption of the laser energy. In laser welding, the
plastic material i1s so strongly heated 1in the join region
through absorpticon of the laser energy that the material

melts and both parts are welded to one another.

In practice, the principle of composite formation betweern
j0in partners in laser welding 1s based on & 7ioin pariner
facing toward the laser scurce having sufficient
transparency for the light of thes laser source, which has a
specific wavelength, so that the radiation reaches the join
partner lying underneath, where it 1z absorbed. Because of
this absorption, heat 1s relesased, so that in the contact
region of the Join partners, not only the absocrbing
material, but rather alsc the transparent material melt
locally and partialliy mix, through which a composite is
produced after cooling. Both parts are welded o one

ancother in this way as a result.



The laser weldability is a function of the nature of the plastic materials
and/or the polymers which they are based on, of the nature and content
of any laser- sensitive additives, and of the wavelength and radiation
power of the laser used. In addition to C02 and Excimer lasers, Nd:YAG
lasers (neodymium-doped yttrium-&luminum-garnet lasers), having the
characteristic wavelengths 1064 nm and 532 nm, are increasingly used in

’f‘?]ié tefaf‘é“e’icogv\ie% jaarerecently, even diode lasgts. %ﬁ‘éera‘%ﬁgég'eof
plas e

tic materials, which contain Taser- sensitive additives in the form of

ebforiRgs ahdfor TGehts, YeASRAIF hatd'd nite GRI&ss grbnGiincel ey
mbrg:timeaindﬁnr, intranspareney.undhexodsecohlaser weldingythéaser-
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equipped by introducing carbon black. A method for r-welding o
st Moded PArS, fﬁg éggrré@asr%%eﬁ%eédngﬁ%teﬁ ugia 28" co,
febr-tRxsparsht hisiged partibndPGaushag Beating Tira faserabserbe
maldedhpatllidhraughwhichithe welqmgeﬁ@ws, is describeg in DE the
10034333 Al The molded Rartasantaly Jaseliansparentand ay, are
aser-absorbent colorings and~pigments, particularly carbon black, which
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#npressiondarisess dire. material is not naturally transparent. Since carbon
black causes a strong black coloration even at low concentration, only
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ARREmMGHE: in laser-

. is Cufrefitly b%ssﬁ‘feﬁo weld' transparent and/or
ReeRirahyparentimbieifds dito BpRAqUECHRtedPhatefiaRr ings and/or

pigments, generally have a more or less pronounced
coloration and/or intransparency. In the case of laser
welding, the molding compound to be made laser-
absorbent is  most freguently thus equipped by
intreducing carbon black.

A method for laser-welding of plastic molded parts, the
laser beam being conducted through a laser-transparent
molded part I and causing heating in a laser-absorbent
molded part I1I, through which the welding occurs, is
described in DE 1005485% Al. The molded parts contain
laser-transparent and laser-absorbent coleorings and
pigments, particularly carben black, which are tailcred
to one ancother in such a way that a homogeneous color
impression arises. The material 1s not naturally
transparent. Since carbon black causes a strong black
coloration even at low concentration, only dark colors
or gray tTones may bpe implemented for the product.
Furthermore, it 1s currently  possible tc weld
transparent and/or laser-transparent materials onto

opagque tinted materials.

In principle, according to the teaching of DE 10054859
Al, the laser~transparent join partner and the laser-



In principle, according to the teaching of DE 10054859 Al, the
laser-transparent join partner and the laser - 3 absorbent join partner may
be set in the same tone. However, completely different colorants are
necessary for this purpose. One skilled in the art is advised to perform
tests in this case. Identical color settings of this type using different
colorants typically have different"ag?’ng“behaviors under environmental
influence, so that different color changes result in use and in the course

0f dime.sFhe joining, throughlases welding seftwa plastie cempenentsie .
P{bqyé%%he C@Jﬂ{ Setting h&%%&‘?eﬂ@”&'&% Lcolgr/identical ‘f’@%e‘;ssary

especially light color settings being difficult, or transparent on white or

Fiesht E@Ib? sBiiFgRE poSBiblediiy gaﬁé?a&&ﬁly, it Giffay, 55 hot &t
el Sy laser veeldingt Hilserefore,; there is a need for plastic materials of
the combinations cited which may be joined through laser welding.

nsparent-colored, tr lucent- cogor an aque: tinted |
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A!%V%(QQQ is thergfore.based an the gbjegt, of proudingdransparent,
transiucent, or opaque laser- weldable plastic materials that are tinted by
colorants - particularly those having light color tones. For this purpose,
Taser-sensitivesadditivesfgh plastiec matefiale Brd to Betfouri usingwhich

they-mayrhe madeviaggr-weldableywtheut thedeansparensy and/anihes
identical color/identical color, especially light ceclor
settings being difficult, or transparent on white or
light color settings is possible only unsatisfactorily,
with difficulty, or not at all using laser welding.
Therefore, there is a need for plastic materials of the
combinations cited which may be Jjoined through laser
welding. '

Transparent-colored, transliucent-colored, and opagque-
tinted laser—weldablé plastic materials having
precisely defined, freely selectable colors,
particularly those which are additionally resistant to

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
- particularly those having light color tones. For this
purpose, laser—-sensitive additives for plastic
materials are to be found, using which they may be made
laser-weldable without the transparency and/or the

color of the material being impaired.

The present invention describes plastic materials that

contain & laser-sensitive additive which does not



color of the material being impaired. The present invention describes
plastic materials that contain a laser-sensitive additive which does not 4
influence the intrinsic color of the plastic. This applies both to the coloring
and to the aging behavior. The plastic materials are basically equipped
with colorings and/or pigments, which are laser-transparent per se, to set
the desired color and/or opacity. For tfie purposes of laser welding, the
laser-absorbent join partner made of this plastic material contains the
ilagemsensitive ladditive: Simprisingby itdas been founddhattransparent, s

dpnsiucenteropaque laserweldable plastic matgdals, that qre inted by
colorants may be made laser-markable  and/or Iiser-welda le due to a
Td8nteRt St haroscife” Hstt-sBnsfiive particufatd fitlérs, TAtHdtR Te cEibF
cand/orithestrarsparencyisneg impaitedi The abfect ofthiepresrararent
daventien isctherafere riiansparantanshicent, ok opague faser-weldable-
lastic materials that.are finted by, colorants, which_are distinguished in
2 o) 2 in 2 jaser—a4a risen
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Harhieies. Mitifernidre, the dbjdtt ¥F thipréseft ivehticiPithé N§se Bhe
Inenesealeriasersensitive particles to manufacture transparent,
translucent, or opaque laser- weldable plastic materials that are tinted by

colorants, In addition therth%t?ec of the presen%inver?tion is a method for
Sfﬁ&ﬁdﬁ‘éé&ﬁ‘ﬁﬁgyt’rans}p{are 2 fanSticEnt, bF BPaqueaser-whitisbié prific
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1a56f-seRsitivented by colorants may be made laser-markable
and/or laser-weldable due to a content of nanoscale
laser-sensitive particulate fillers, without the color

and/or the transparency being impaired.

The object of the present invention is therefore
transparent, translucent, or opague laser-weldable
plastic materials that are tinted by colorants, which
are distinguished in that they are laser-weldable due

to a content of nanoscale laser-sensitive particles.

Furthermore, the object of the present inventicn is the
use of nanoscale laser-sensitive particles to
manufacture transparent, transiucent, or opague laser-
weldable plastic materials that are tinted by
colorants.

In addition, the object of the present invention is =a
method for manufacturing transparent, translucent, or
opagque 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 i1s based on the recognition that

the laser marking pigments known from the related art



particles, the particles being incorporated into the plastic matrix with high
shear. The present invention is based on the recognition that the laser
marking pigments known from the related art 5 are not suitable for
high-transparency systems in regard to their particle size and their
morphology, since they typically significantly exceed the critical size of a
fourth of the wavelength of visible light of approximately 80 nm.
Laser-sensitive pigments having primary particles below 80 nm particle
&l7e areKnowi! 1 batthese &ré not pEdvided: instherformiof isolatetiprinany
pagtcles arsmali aggregaiesi buk rathes-as aindhe-gase-of gaebamblagks,
fqrexample, are Qi Avalies BIgRl 3991edied, RARLY ri o1 ooy
agglomerated_particles having a significantly larger particle diameter:
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igmenfs known from_the related art.elevate the turbidity of the, material,
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RRSERASE PartiBREAY thosB wHidtFRave GRdHspirents B9 ransiBasHcy per
geampd which®re known laser marking pigments therefore

lead to significant scattering of the light and
therefore tc clouding of the plastic material.

Furthermore, fthe present invention is basad on the
recognition that the laser marking pigments known from
the related art elevate the turbidity of the material,
ceorrupt the color of the material, and make color
corrections necessary due to their intrinsic color and
their insufficient dispersability, the coloxr
corrections not succeeding satisfactorily and
deviations from the desired «coclor having to be
accepted.

According to the present invention, nanoscale laser-
sensitive particulate additives are added to the
plastic materials, ©particularly theose which have
transparency or transliucency per se, and which are
otherwise tinted colored, white, or opague, in order to
make them laser-weldable.

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

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



otherwise tinted colored, white, or opaque, 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,
sulfates, nitrides, etc., and/or mixtures of these compounds, 6 which are
absorbent in the characterlstlc wavélength range of the laser to be used
and are thus capable of generating local heating in the plastic matrix in
Jhieh theyargrembeddad, whichieads e meling-okthe: plastie: material.

| Manaseale is g b Jndersigodin (hatihe Jygest. dimengionoftha . o

ete laser-sensitive particles is smaller than 1 m, I.e.,

%ﬁﬁﬁ&é??aﬁ&%& RS CAE this S dBfitioT Fe@?e%tbxamaogg iie™
tpaeticleamerphmtbgies sdch agiprinant padicles:-and medssible aggregates

andagglomerates 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

I%@waé%otlﬁsnpé@th@@raﬁgﬁ%ﬁéﬁcw@rﬂthel@asﬁé%tr&hﬁw the BRREE
cﬂﬁ@d@ﬂ@h&ﬂe egntenkofdaser-sensitives particlessistexpedientlyi:0861 fos

ﬁ etgfht Qﬁg%en? Rrgferably, 0.001 to Q.01 weight-pergent, in,relation fp

astic material. A"sufficient laser weldability of the plastic matrix is
éaﬁﬁé&se*a%Smr%lasné@ﬁﬁwgé%ﬁawaa%?oarﬂr&te?a&ﬂble
senting liato wongideiatiore 4f th particke sizerandcgnceatratiod ase and

selected ¢ 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 nc 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 0.00C1 to 0.1 weight-percent,
preferably 0.001 to 0.01 weight-percent, in relatiocn to
the plastic material. A sufficient laser weldability of
the plastic matrix is typically caused in this
concentration range for all plastic materials coming

into consideration.

If the particle size and concentration are selected
suitably in the range specified, even with high-
transparency matrix materials, impairment of the
intrinsic transparency 1s prevented. It is thus
expedient tTo select the lower concentration rangs for
lagser-sensitive pigments having particle sizes above
100 nm, while higher concentrations may also be
selected for particle sizes below 100 nm.



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 laser-sensitive
pigments having particle sizes above 100 nm, while higher concentrations
may also be selected for particle sizes below 100 nm. 7 Doped indium
oxide, doped tin oxide, doped antimony oxide, and lanthanum hexaboride
preferably come into consideration as the nanoscale laser sensitive
Iyartclesifol manufactdiing teBparert: fratsidcent, eegpaquantimony
daseraweldable plastie materiats that are déintesk-by setorants. dcspeciatly o
gglt.g@selrasggggnsmve addmt\fleé":' arenlgrqggrclgl .eOXId_elggQ)?—Ogen_sit ive
an |mony-ta|n oxide (Aall'%)) as well as doped indium-tin and/or antimony-tin
Roxidel CHefiunt-fif 088 s BEhEdiaMPpréfefeRPARd Thturn™ Hid Soibgs = /
dndiusp-diguexide abtainabledthindugh @l pattiat redacton piccess: dhe are

%@gugﬁdc"g%qgh{@ium-tin oxide may cause a visually perceivable
slightly yellowish tint of the plastic material at higher concentrations

and/or particle sizes in the upper range, while the "blue" indium-tin oxide
Hops tiot Lead teaAy pelceivabrscoiorehdigel The |asktideheftive are
Padticles ta he ysedaccardimg te rthe preses jrventioa:araknownger se
gogare, commelgally avaligble syenianoseale Iy &-.88 diseiele
particles having sizes below 1 um and particularly in the size range
préferBdttidte, ClyGally-ih tRE RSB ¥ SSRGS tiFfomidf Basiy
tedispersible powderedagglomerates f nanbsealeabls through a

partial reduction process. The non-reduced "yellow"
indium~tin oxide may cause a visually perceivable
slightly vyellowish tint of the plastic material at
higher concentrations and/or particle sizes in the
upper range, while the "blue" indium-tin oxide does not

lead to any perceivable color changes.

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

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

are broken down into the nanocscale primary particles.



particles. The laser-sensitive particles are typically provided as
agglomerated particles, for example, as agglomerates whose patrticle 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 nanoscale primary particles.™ & The determination of the degree of
agglomeration is performed in accordance with DIN 53206 (of August

THA7 2 Nanascale pasticles, sueb as metakoxigdes g pasicular:may be s
red, for rough. pyrolytic. met .S m re
D o bR LA 143 40 ALtp 390511 o for BTN
187845, Furthermore, nanoscale particles may be manufactured through
precipitation methods, as described in DE 100 22 037, for example. The
nRaRescalelaser-sansitiveparticlesdnay bes incorperated infe pyacticallyall
plagtic sxstems in orger to 51,[8%@%&@%@ dwithflasergweldaglity. 1lé’lastic n
Phaterals it which'the %Iarsntlc Matiix 1§ Haced on péfflfrrnng %cry ate, 9
Delgamides palgtifstidne, PBRolefitist BEFEne PolymersaNd 88fene for
cGopalyeersi npalypcarbanate gsiicanesgpolyintides, juolysulfore; DE 103
1Rolyethersulieng. palyketones, pplyetherkeiones PEEK; lolyphenylepe
sulfide, polyester (such as PET, PEN, PBT), polyethylene oxide,
BT Doly StEHREIE polythefs -Eormaint fluodMTREEH as PVF,
cEREP . PFEE)n argtypidal 2ZihcOpbratior irte dstarids, which contain the
above-mentioned plastics as components, or into

The nancscale laser-sensitive particles may be
incorporated into practically all plastic systems in
ordar to provide them with laser weldability. Plastic

materials in which the plastic matrix 1is based on

poly (meth}acrylatse, polvamide, polyurethane,
polyolefins, styrene polymers and styrene copolymers,
polycarbonate, silicones, polyimides, polysulfone,

polyethersulfone, polyketones, polyetherketones, PEEK,
polyphenylene sulfide, polyester (such as PET, PEN,

PBT}, polyethylene oxide, polyurethane, polyolefins, or
. polymers containing fluorine (such as PVDF, EFEP, PTFE)
are typical. Incorporation into blends, which contain
the above-mentioned plastics as components, or into
polymers derived from these classes, which were changed
through subseguent reactions, is alsc 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 in colored transparent or translucent plastic
systems such as polycarbonate, transparent polyamides
{such as Grilamid® TR55, TRSO, Trogamid® T5000,

CXT323Y, polvethvlene terephthalate, polysulfone,
pclyethersulfone, cycloclefin copolymers (Topas®,
Zeonex®@) , polymethyl methacrylate, and their

copolymers, since they do not influence the



polymers derived from these classes, which were changed through
subsequent 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 in
colored transparent or translucent plastic systems such as polycarbonate,
transparent polyamides (such as Gfilamid(r) TR55, TR90, Trogamid(r)
T5000, CX7323), polyethylene terephthalate, polysulfone,
pelvethersuliene, cycloplefincopelymers flopas{Brnteonexihsparent
;IQOP”%%th%l' methactylate, and thelr copolymers, singe ey dongly o1y
nilence the - 9 ?rangpa%ncy%:f/ e material. Furthermore, I‘ansparen%
pélystprend aid polyproplenelare td Be ciktth ashwéll #s:atpartidly be
prystalline plasticswhichmaay benprocessed inta trangparentfittis o by
molded bodieshy. Using nugleation agents or spegial processingcs<ing
condifions. Furthermare, tinted opague plastics may be equipped with the
RBRGRC6 Hser SenBRR G ments: THEnol ARtRs e TeheraljFY DS
Aarmnfacdred fronithe fellowing tempanentss Prarndhataind smbranehed
aliphatic (6 through 14 C atoms), alkyl-substituted or unsubstituted

%‘é'oai%% g 5%@5‘&&"039*% Zzg%n %’Eﬁb)z f@k&ﬁ%%%ﬁ‘ca 0§s (9%%5 Ce9.
and aliphatic and cycloaliphatic dicarboxylic acids (C6 through 44) ; the
ladtbt Aty Be GRARRARAR DR ARthiR" dicArBGRIE R i Phat e
pérticutary thesttanspdrentCpolyatrices) mmay additidnrallydze campesed or
Gﬂ%@@@g&geeﬂee@@g@@mm@ @qm%&%gﬁf@%- andlor J2G
aoms, which are deflved from lacjams of0-aming, carboxylic ads:  ang
cycleoaliphatic dicarboxylic acids (C6 through C44); the
ilatter may be partially replaced by arcmatic
dicarboxylic acids. In particular, the ftransparent
polyanides may additionally be compesed from monomer
compenents having 6 C atoms, 11 C atoms, and/or 12 C
atoms, which are derived from lactams or w-amino

carbeoxylic acids.

Preferably, but not exclusively, the transparent
polyamides according <to¢ the present invention are
manufactured from the following components: laurin

lactam or w-amino dodecancic acid, arelalic acid,

sebacic acid, dedscancic diacid, fatty acids (T 18 - C
36; e.g., under the trade name Pripol®), cyclohexane
dicarboxylic acids, with partial or complete

replacement of these aliiphatic acids by iscterephthalic
aclid, terephthalic acid,‘naphthalene dicarbexylic acid,
tributyl isophthalic acid. Furthermore decane diamine,
dodecane diamine, nonane diamine, hexamethylene diamins
in unbranched, branched, or substituted forms, as well
as representatives from the class of alkyl-
substituted/unsubstituted c¢ycloaliphatic diamines bis-
(4—aminocyclohexyl)-methane, bis-(3-methyl—-4-

aminocyclohexyl) -methane, big~(4-aminocyclohexyl) -



Preferably, but not exclusively, the transparent polyamides according to
the present invention are manufactured from the following components:
laurin lactam or c-amino dodecanoic acid, azelaic acid, sebacic acid,
dodecanoic diacid, fatty acids (C 18 - C 36; e.g., under the trade name
Pripol(r)), cyclohexane dicarboxylic acids, with partial or complete
replacement of these aliphatic aT:id]sOoy“isoterephthaIic acid, terephthalic
acid, naphthalene dicarboxylic acid, tributyl isophthalic acid. Furthermore

pdegane=giaming, s dodecanediaminexaenane diantne, gxabetylene) -
'&é%@%é%@?ra%@%%@E@H%he%’jkoiﬁ%?g“t%ﬁd farms, a%MYae% FRuted

epresentatives from the class of alkyl- substituted/unsubstitute
PEEIGAphatE SRemrREHS- ERIMATocyEBRexyl)-methane,
bis-(3-methyl-4- aminocyclohexyl)-methane, bis-(4-aminocyclohexyl) - 10
HYOR @%sblﬁ_@m,mcyé%@mbﬁ)%tbI%@Hym%&h:eﬂ)l-gag;{%@@@, X3BE, are
sophorone diamine or even substitu entame ndiamines ma
9 s%%?ﬁ%%%ple%gf c%%raeﬂsl%%re*udin@r%ratggpgorenﬁ%lygﬁngldgg re% eg;criﬁgg’,
ot example, in EP 0 725 100 and EP 0 725 101. Colored transparent,
translucent, or opaque plastic systems based on polymethyl

dpethacrylate. b £+ palycarbenate, polyagyde, and cyclaojefin. ; -

copolymers made of norbornene and a-olefins are especially preferred,

SWRiER Ty B fithdeaSHwaRiEBwiltPthed aidk dfihe’ ndrose RN Tartidles
raccoraing to gie present vaedton, witkoutdipphiridg: thewcoloramblyme rs
mEansparency (0f the malgeal. Mneplorgd drapsparent, dranslucepb @ngh 1
polpeagggred, which may be made laser-weldable with the
aid of the nanoscale particles according to the present
invention, without impairing the color and transparency

cf the material.

in colored  transparent, transiucent, and opague
systems, the neutrsl intrinsic color of these nanoscale
laser-gensgitive additives ls advantageous, since a free
color selection 1s made possible for the plastic
materials.

Those colorings which have only a sglight intrinsic

absorption in the range of interest betwesen 800 and

1500 nm, i.2., &are laser transparent, come into
consideration.

To identify the colorants, in the following the
nomenclature of the color index (C.I.) is used. A1l

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. Preferread Especially




systems, the neutral intrinsic color of these nanoscale laser-sensitive
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.1.) is used. All

colorant names such as solvent orange or pigmentred 101 are C.I. ’
names. (For the sake of simplicity,;the namecamponent.Cil. is left out in
the following Table 1. Table . laser-transparent colorants Colorant C.l
Preferred Especially - 1 concentration weight- pte SfEited T percent
concentration weight-percent pigment orange 64 AQILOEDEI5 - Q.05
Sehvent erarge 6Q 0.01¢.12.0 0.015 0.5 solvent orange=1064.0:01 - 1.0
s%]pv]é‘nto §re§nol\e/eg15 orahge %11 q Q]1 1.00.01-0.p o Q)lgmegtged 48 0.05 -
700050 o pigmentred-10110.005=0.50.01 503 pigmentred-144
OISt e5nag1 10 2 n@g%nt fed 166.0.005.-0.5084 =25 pigment rec
sb180.0Lrh0:003 - 0/5.pigmentored 254 0.01 - 14 .03 ©0s5 solvent re
pSL%mOeng 1,0,Q.01-0.3 ;sqlventred 111 10.01 - 1,Q 9,01 7 0.5

pigment red 101 ¢.005 ~ 0.5 0.01 - 0.3

pigment red 144 0.005 - 0.5 0.01 - 0.2

pigment red 166 0.005 - 0.5 0.01 - 0.2

pigment red 178 0.01 - 1.0 0.03 - 0.3

plgment red 254 0.01 - 1.0 8.03 - 0.5

solvent red 52 .01 - 1.0 0.01 - 0.5

solvent red 11l 0.01 - 1.0 ¢.01 - 0.5

sclvent red 135 0.01L - 1.0 0.01 -~ 0.5

solvent red 179 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 grsen 20 0.01 - 1.0 0.01 - 0.5

pigment blue 13 0.005 - 1.0 0.01 - 0.5

pigment blue 29 0.02 -~ 5.0 10.2 — 2.0

pigment blue 36 0.015 - 0.5 0.015 - 0.25

pigment yellow 93 0.1 - 1.0 0.1 - 0.5

pigment yellow 110 0.01 - 1.0 0.03 - 0.5

pigment yvellow 150 0.0005 - €.5 0.0005 - 0.25
pigment vellow 180 0.01 - 1.0 0.03 - 0.5

pigment vellow 184 0.005 - 0.5 0.005 - 0.25

solvent yellow 21 0.005 - 0.5 0.005 ~ 0.5

solvent yellow 93 0.005 - 1.0 6.005 - 0.5

pigment brown 24 0.005 - 0.5 0.005 - 0.15

pigment violet 18 0.01 - 1.0 0.03 0.5

pigment violet 13 0,01 - 1.0 0.0 - 0.5

pigment violet 46 0.01 -~ 1.0 0.01 - 0.5




solvent red 135 0.01 - 1.0 0.01 - 0.5 solventred 179 0.01-1.00.01-0.5
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 0.005 - 0.5 0.005 - 0.05 solvent green 3 0.01
-1.00.01- 0.5 solvent green 20 0.01 - 1.0 0.01 - 0.5 pigment blue 15
0.005-1.00.01-0.5 pigment b_Iui 90.02-5.00.2-2.0 pigment blue
36 0.015-0.50.015 - 0.25 pigmertyellow 930.1-1.00.1- 0.5 pigment
yellow 110 0.01 - 1.0 0.03 - 0.5 pigment yellow 150 0.0005 - 0.5 10.0005
S5 pigmdnt yetlohol8® 001 ¢ 1tE&:t0.08240. 5 pigrhent yellow 184 61005

st@32Q035 0,23 solvent yellow 2140-995 £05,0.898 - D2 Solventror

I 930005 1.9 0.005 - 0. b 24 0.005 -0
%\eié)\,\é)lgfneﬁ \ﬁ(r)nle}t%é 0.0%Y 158%%%]%% p:?gvr\g]en?wo]réjtgm 8%%005 £

021 0.5 9pigment Vichetds 0WicRo Gof{osea2 Sersof he the
reojerants citetsmay exiskindifferent: sﬁumumwhmmlfwcﬁlg@ﬂmrom

cone angiher, ot Sxample. plgwenis,may be gigmented using

metal ions, through which different forms of the pigment arise. (}rjhls forms
6 idéntifiel aceBrdingiE S| ByPRRGRT atolor af@ aitinb&r FFRT
mgimeit :rled 48 Jorethessigmenitioigmenied. using sodiowr pigmedt ré: 2
L pigrReNterbY$IAg GalGHMy PigHeBkE-48 zealgm@ntﬁd @a@gm&@m
Lpg}.ment rego48E3£|gmentgd liSI% ngor]ttgugn &p pl%ment reC é.8 ﬁSln

plgm%nte using g g
magnesium. Th@ C.I. colcrant names cited here are to be
understood in such a way that they comprise all forms
and/or structures. They are recorded in the color

index.

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

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 pelyamides, the additive may be
incorporated into one of the monomer components, for
example. This monomer component may then be subjected
tc a polycondensation reaction in a typical way with
the remaining reaction partners. Furth@rmore, after

formation of macromolecules, the resulting high



magnesium. The C.I. colorant names cited here are to be understood in
such a way that they comprise all forms 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 &f thé high-transparency laser-weldable
plastic materials according to the present invention is performed in a way
kpown perseacesrding e deehnriagues and nietheods thal-are veelkknovwe
2aq ypiealnplasyt, MAMUACKIING AN Brarsssi, LIS 6356 kit
possible to introduce the laser-sensitive additive into individual reactants
6F téadtBrt ixtlres Bet6re®dr thififg the pBFniTizafion or t© be used
polycondensatioreer gedrl .to admix it during the reaction, the specific
manufacturing method for the relevant plastics known to those skilled in

2 SHA08 m) b Hoomor nio G o the MonBiTer EompaHere
Tt ekample. ThistAtbnonfed torpdrent nidythef beisubjdctedudat ion
polysondansation reastiondn @ typicalwpy with thegemaigingeeastionry
E&HE@%@”ther L, after, formation %H}T?EE mplegules, theresuliing
Igh - 13 molecular weight intermediaté _or final products may be
abfTRed ffthihe' BleR s@fsitie RIGRRERSAF melifdds FefRhowAIHS) /
thiese=skilled i g artaatde to ertised an this caseas wvell. Regareirg bn
thenformuliation githecplastic matdxmaterial, fluids semiftyid, and salid < |
ggggg%%'lc agents, but also fillers and reinforcing
agents or impact resistance modifiers are mixed and
homogenized 1in 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 purpcese and incorporated
homogeneously. The incorporation of the nanoscale
laser-sensitive particles in the form of a concentrated
pre-mixture (masterbatch) with the identical or a

compatible plastic material 1s especially preferred.

It is advantageous 1f the incorporation of the
nanoscale laser-sensitive particles into the plastic
matrix 1s performed with high shear iIn the plastic
matrix. This may bes performed through appropriate
setting of the mixers, roller mills, and extruders. In
this way, any possible agglomeration or aggregation of
the nznoscale particles into largsr units may be
effectively prevented; any existing larger particles ’
are broken down. The corresponding technologies and the
particular method parameters to be selected are well-

known to those skilled in the art.



components or monomers as well as possibly necessary additives such
as polymerization initiators, stabilizers (such as UV absorbers, heat
stabilizers), visual brighteners, antistatic agents, softeners, demolding
agents, lubricants, dispersing agents, antistatic agents, but also fillers and
reinforcing agents or impact re§is£azpc_(_a modifiers are mixed and
homogenized in devices and systems typical for this purpose, such as
reactors, stirring vessels, mixers, roller mills, extruders, etc., possibly
Pshaped; amd then causeteto carel Theenaddscals kderssangitives pagticies
oBEainedueed iptothe materialatibresuitablernstant fop tis pyipeserand
«Incorparated .nomogenegusly. The incorporation. of the panoscale

ly. ,
r 1d
aser-%ensftﬁ/%epcarﬁc %S Int %(Jfg (0] r61 concentrajfgg pre-mlxtdﬁrg +he

canastesktcRywith ¥R derfteal bPd 85rhpaise plastic material is

especially preferred. I't'is advaptage;ous if the inqorporat.iorj of the
TP@“0§_8§'§r&§§‘irz'%9ﬂ%ﬂvei%a%@‘E%_Hltﬁé_@e RIastic, JRatrx is,performed. n

with highshear in the plastic matrix. This may be gerformed Igr,ou(gh
CRppropnate’ Seting ofthe Mike?s, Tolld il *4RE extrutiers BT this WAy
cany possiblecaggionicraton Or aggregatiorPats th@ndnoseala particled o
pargerdinitssnay be effectively prevenied; anyexistinglargeriparticlescare

broken down. The carresponding tec les.and th icular m
Cﬁénr‘ba%eeEgrs%grb%egglleg%edo ﬁrg&v%v%élj- %%%?\%ﬁ%%‘se%&éﬁ%%g %rtg\t%?
rPyAshe e d BB AR IAME SéAAiSAed products are obtainable from the

monomers and/or pre polymers through injection molding or extruding

ﬂEQBfﬂwQHEbble lacguer coatings are obtainable through
dispersion of laser-sensitive oxides in typical lacquer
formulations, ccating, and drying or hardening of the

lacguer laver,

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

After plastic molded parts or lacguer 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 from
Baasel, Type StarMark SMM65, 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 1s to be ensured that the output is not
selected too high and the advance speed is not selected
too low, in crder to avoid undesired carbonization. At

tco low an output and toc high an advance speed, the



compounds or through casting methods. The polymerization is performed
through methods known to those skilled in the art, for example, by adding
one or more polymerization initiators and inducing the polymerization
through heating or irradiation. For complete conversion of the
monomer(s), a tempering step may,follow the polymerization.
Laser-weldable lacquer coatings aré obtainable through dispersion of
laser-sensitive oxides in typical lacquer formulations, coating, and drying
wel hardeningyof the lacgdeciayer -Th&lgroupsofsuitable dadquergs may
agayprises, ferexamples powderdacquers; physically dpdrg lasguersy ; s
radiation- cu{%%IS Ia%%uecrgi sﬁingﬁ%@gggnent or multicomponent reactive
pl%ﬁaﬁgres, Slch as wo-gompoﬁent polylirethane lacquers. After plastic
molded parts or lacquer coatings are manufactured from the plastic
raaterials containingp hanoseale lasérdeehsitivecparticulate solidg,lthey i ¢
SRy 56 weldad thraugh. iradiation using, lasexlight, The, laserwelding s ¢
may be performed on a commercially available laser marking deyice, .
Wich &5 13661 161A" Biaselo TyBE SAMAR SMVRE hauy af oaipat©
rigeteeenl Ozkand QRrampereshend as aevance spedd batwden- ¢and 100
dRms=yWhensetting the laserenesgy, and:advancenspery, itis feibeted

Lnsyred hat the guiout s agl sglected ag o and the advance speegis
not selecteéd too Tow, inorder to avoid undesired carbonization. At too
9B arPbafitt anditBb Hidtan ativané&3pééd; Hhe - 15 weldiRbhdy beé
dnaderjuatel Fhepregbisedsettings mayealsabe detefmingekintthefacing
ﬂ%@g§@a£ﬁ@&ﬁg¥égﬁbeam does not absorb the laser energy
and 'the second join part 1s made of the plastic
material according to the present invention, through
which the parts are so strongly heated at the phase
boundary that both parts are welded to one another. A
certain contact pressure is necessary in order to

obtain a material bond.

Example 1:

Manufacture of a colored-transparent, colored-

translucent, or opague tinted laser-gensitive molded
body

A colorsd-transparent, colored-translucent, or opague
tinted plastic molding compound, containing a laser-
sensitive nanoscale pigment, was melted in an extruder
and injected into an injection mold te form plastic
molded bodies in the form of lamina or extruded to form
slabs, films, cr tubes.

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

particles into nancscale primary particles.



purpose without anything further. For welding plastic molded bodies or
plastic semifinished products, it is necessary that at least one of the parts
to be joined comprises plastic material according to the present invention
at least in the surface region, the join surface being irradiated with laser
light to which the metal oxide contairled in the plastic material is sensitive.
The method is expediently performed so that the join part facing toward
thes aser beap, does pot absarb the. aser energy. and the second joinpar
is made of the plastic material according to the present invention, awroug
WHRSH I &rts are so strongly heated at the phase boundary that both
parts are welded to one another. A certain contact pressure is necessary
ineQpdles 10 -gbtajr a material bond. Example 1: Manufacture of a
colored-transparent, colored- translucent, or opaque tinted laser-sensitive
molded body A colored-transparent, colored-translucent, or opaque
tiftegsias i@ molding €édmpduferEsaaifing RISSBICSemsitieaancscalé -
pigmentpuassneliad i ap exireder mnchinjected 1t anHdpjecten raelddpe
S;E’EEB@%EC AD0lled bodigs n the farm of Jaming,or extrudad %%ng{m. ated

abs, films, or tubes. The incorporation of the laser-sensitive (?gnent into

tHEP Pl CHBTFRG EbmBEUnd Was perfdrnfettwitAStrorRyt shedf iff orlidcD
tonbreakaddwn possibie aggtomerated Partic@slinto HandScals pritharfrom

Paricless 6 Manufaghue of thgdasarahsorbent () Malding:  in &
concentration of 0.01 weight-percent and with C.I.
plgment red 166 {Scarlett RN, from Ciba
Spezialitidtenchemie} as the laser-transparent colorant
in a concentration of 0.0l weight-percent.

Embodiment B

Vestamid L1901, a commercial product of Degussa AG,
high performance poclymers 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®ITC IT-05 C500C from
Nanogate as the  laser-sensitive pigment in a
concentration of 0.01 weight-percent and with C.I.
plgment red 166 {Scarlett RN, from Ciba
Spezialitdtenchemie} as the laser-transparent colorant
in & concentration of 0.0l weight-percent.

Embodiment C?

Vestamid L1901, a commercial product of Degussa AG,
high performance poclymers branch, Marl, was used as the
plastic molding compcound and compounded and granulated
on & Berstorfi ZE 25 33 D extruder at 260°C with
nanoscale indium-tin oxide Nano®ITC IT-05 C5000 from

Nanogate as the laser-sensitive pigment in a



compounds: Embodiment Aa Trogamid(r) CX 7323, a commercial product
of Degussa AG, high performance polymers branch, Marl, was used as
the plastic molding compound and compounded and granulated on a
Berstorff ZE 25 33 D extruder at 300C with nanoscale indium-tin oxide
Nano(r)ITO IT-05 C5000 from Nanogate as the laser-sensitive pigment in
a concentration of 0.01 weight-percent and with C.S. pigment red 166
(Scarlett RN, from Ciba Spezialitatenchemie) as the laser;transparent
c%%?gr%nFnrg%%%%en?rgtioélj'oé%.O‘f“evlquﬁfzggrrc%%?%m%%%imgﬁ'[g ga S
VRS EERRIATL 1991 8rcommeréial Biddii of DEgBSsa AG, -higrom  Ciba
pstfermnande pobmaershiranch Marh avasagsed-as dhe pplasticcmeldingrant
compoupd and.compoyndsd a@@@f%kﬁ%ﬁ% -n.aBerstorff ZE 25 33 D
extruder at 260C with nanoscale indium-tin oxide Nano(r)ITO IT-OS
C5000 from Nanogate as the laser-sensitive pigment in a concentration
oEf:ddaeight-picent and with C.I. pigment red 166 (Scarlett RN, from
Ciba Spezialitatenchemie) as the laser-transparent colorant in a
coneenirelion,of 0,01 weishi-percent Embodiment Ca Yestamg [ 4901, 2
commerciar product’ of Begussa Aé:,_ igh If)er ormance polymers branch, ’
MeRlt DRGSR &8 the THEST moldfigresAPbund %t corffstind@d anghe
gramiaied oncd Berstorfiaafo26:23.D Extiudersa?6AEdyitr-nahoscalel de
mt@é%@'ﬁ@“d%”,,’\I—W(r)&-g@dg'o%géfaooﬁ%ggég093@ asthe 1aser-

laser-sensitive pigment in a - 17 concentration of 0.01 weié:]hggercent %n
WREEELCLVe pigment in & concentration of . weirght-

percent was compounded and granulated on a Bersteorff ZE
25 33 D extruder at 250°C with C.I. pigment red 166

(Scarlett RN, from Ciba Spezialitidtenchemie} as the

laser-transparent colorant in a concentration of .01
welght-percent. In the case of extrusion, a higher
molecular weight molding compound o©f  the  type
Plexiglas® 7H may advantageously also be used.

Embodiment E?

Plexiglas® TN, a commercial product of Degussa AG,
methacrylates branch, Darmstadt, was used as the
plastic molding compound. HNanoscale indium-tin oxide
Nano®ITO IT-05 (C5000 from Nanogate as the laser-
sensitive pigment in a concentration of 0.01 weight-
percent was compounded and granulated on a Berstorif ZE
25 33 D extruder at 250°C with C.I. pigment blue 29
(ultramarine blue) as the laser-transparent cclorant in
a concentration of 0.01 weight-percent. In the case of
extrusion, & higher molecular weight molding compound
of the type Plexiglas® 7H may advantageously also be
usad.

Embodiment F®




pigment green 7 (Irgalite Green FNP, from Ciba Spezialitatenchemie) as
the laser-transparent colorant in a concentration of 0.01 weight-percent.
Embodiment D Plexiglas(r) 7N, a commercial product of Degussa AG,
methacrylates branch, Darmstadt, was used as the plastic molding
compound. Nanoscale indium-tin-oxide Nano(r)ITO IT-05 C5000 from
Nanogate as the laser- sensitive pigment in a concentration of 0.01

waight: percent was campoypded and,graplated.on 8?%%%@%% 23,83
D e% er 1’[ 250C Wgth C.l1. pigment red 166 (Scarlett RN, from Ciba

- SPezilftatnehémie) ﬁfh@ﬂase?ﬁfgﬂgﬁﬁ@ﬂ coltant iH3EConc@ftratidie
of DG ireight-péisent. dathe wade offasion, @ highisrumotecularxide
wc?ﬁb@n@min?@ﬁmgm@?hemé@% P'ﬁéiﬂ&ﬁ:t)JHIé%ay the laser-
advantageously. alsa be used. Embodiment Plexiglas(r), 7N, a
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NENO@ERTO 0505600 romNdrfapate:ahthe Jasercsensitive pigraent irv

aﬁqnégmr@@%pé QnOIngighfzgﬁ{cwsfxa%@%@Egy9@3@@ng%a%'gteg's
on a Berstorff ZE 25 33 D extruder at 250C with. C.I. pigment blue 2

(GREmaARE B RS R Bl er-Farspardit coforaht ifCATORCEATatRSh of £
00D Wetghtgiercentr datiie case o extrasione & kighenmtecular eeigher
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% daed BposimaLFada. Fleddas 1N, agompergglproduct

The manufacture of the corresponding laser-transparent
(*) molding compounds A® through F°* was performed in
accordance with the above embodiments A* through F?,
but with the difference that no laser-sensitive pigment
was added.

Example 2:

Manufacture of a colored~transparent, colored-

translucent, or copague tinted laser-sensitive cast PMMA

semifinished product

The nanoscale Iindium-tin oxide Nano®ITC IT-05 C5000
from Nanogate was dispersed in a concentration of (0.001
walght-percent as the ‘laser-sensitive pigment in a
concentration of 0.01 weight-percent, together with
dispersants and colorants, in 1000 parts PMMA/MMA pre-
polymer solution having a viscosity of 1000 <cP. After
adding 1 part AIBN, the mixture was poured into 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 lazser-absorbent semifinished product was obtained.



methacrylates branch, Darmstadt, was used as the plastic molding
compound. Nanoscale indium-tin oxide Nano(r)ITO IT-05 C5000 from
Nanogate as the laser- sensitive in a concentration of 0.01 weight-percent
pigment was compounded and granulated on a Berstorff ZE 25 33 D
extruder at 250C with C.I. pigment green 7 (Irgalite Green FNP, from
Ciba Spezialitatenchemie)' as the laser-transparent colorant in a
concentration of 0.01 weight-percent. In the case of extrusion, a higher
méle@FRANERhtdnoldifg cotisouREsTNE typemplediglabadl 71 reaiuct,
agvantageotisly alse berased akha: maaufactuesnfthe coseespornding: i ve
I%si%éq{gsparent molding compounds At through Ft was performed in
accordance with the above embodiments Aa through Fa, but with the
difference that no laser-sensitive pigment was added. Example 2:
Mdnufacturercires pelosed-transparent; icolerad- tramslucent, dsopaque be

tiptedklasey;sensitive,casthiRMMA 1 serafinished-product The;Ranoscalgs e
|r,1,d|urin -tin 0% ide Nano( ITO IT-05.C5000 frgm N%rp te was dl%%ersed

in 3-concentration6f 0.06T welgkﬁt“%erceﬁt as the 148€r-sensitiva pighahit?
i BC EGRCSRFRtIMLGIEDT \iRdighepefent i65ethlr \Aﬁm @rrsqa@@mblam :

ceiorantss in 1066 parte-PMMAAVMA prerpelynen soluion-hawsg a More
vg&pgp&zg 100Q 8§t€g(§{n8dd'n9 ]%%%é%ﬂBN gke mlxtgh{lefL a]i poured

intoa ¢ ber and polymetized at in thenyvater bat hours.”
ﬁﬁéﬁl&%Bﬁﬁ%%t?@ﬁ%‘éﬁn‘gaﬁlﬁ%@whe &@uﬁgsééﬁ‘r’ﬁé%ntﬁeo“’ the
remainag marnerswre i canverte s kA 1dsat-absorbentsemifitished] e s

preduct was.Qbtaingds- ¥3r polymerization are specified in,
among other things, DE 43 139 24,

Variant A

C.I. pigment red 166 (Scarlett RN, from Ciba
Spezialitédtenchemie) was used in a concentration of

0.01 weight-percent as the laser-transparent colorant.

Variant B

C.I. pigment Dbiue 29 (ultramarine Dblue, 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 Gresen GFNP, from Ciba

Spezialit&tenchemie} 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 laser-transparent semifinished product, the batch was
manufactured without laser-sensitive pigment. If a transparent
semifinished product is to be produced, a soluble colorant from the table
(name "solvent") is preferably used. Weakly scattering micronized
colorant pigments, such as ultramarigg blue, may be used for nearly
transparent settings. More strongly scattering pigments are suitable for
translucent or opaque variations. The assignment of the colorant is _
khovinT 16 BFSSe-SIaietPitthe tart. EXAMTES HRPmstGERSns for opadue
polymerzatiorsare-speciicdime ambragother things, DE4AB<39i24s 60
Vigkagt A+ oPigmenk etk 166 (Seanettih Moy €A an 170 content
ngz%?h&a,tencherﬂ@l was used in a concentration otf 0.01 vgelggt-ae[tchent
Sthe Ias“erf’ffealn%pér Nt colotant. Vartant 8 C:l. 'p?grﬁer?t%ius * s
(FErafiEtine bied ffont Ciba. Spéeiamatetieferfe) viasisetMfa which
ceaeeniratiareal 0:Qhweighirperceatias Hib-laser-transparent eelosgalkgue
VayiapL & Cl,pigment green i@rgaya%@éee%wi@% QM GOA 3 55er-
Spezialitatenchemie) was used in_a concentration of 0.01 weight-percent
a5 TRE FRSH AR mspArent olbiht. S BREMple3: Peri8im g aser el fihg RS
(cast P MMA daving 0.01 eeightpeicent Fipontentp£20cie Starmark
colored-transparent goleredsiansiycent onopaguentintedilaser;sensitive:
plastic slabﬁ%m nsions 60 mm*60 mm*2 @m) made of cast PMMAE.
hggﬁgzﬁP SSntes ab  lax on opF 1.e., was irst

penetrated by the laser beam. The focus o©of the laser
beam was set to the contact face of the two slabs. The
parameters frequency (2250 Hz), lamp current (22.0 A),
and advance speed (30 mms™') were set on the control
unit of the laser. After the size of the area to be
welded was input (Z2*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 Ffollows:

0 no adhesion.

1 slight adhesion.

2 some adhesion; to be separated with little
trouble.

3 good adhesion; only to be separated with great

trouble and possibly with tThe aid of ftools.
4 inseparable adhesion; separation only through
cohesion fracture.

Embodiment A

Mclding compound A® with molding compound A®



of 0.01 weight-percent was brought into contact with a second plastic slab
made of undoped cast PMMA, which was colored-transparent,
colored-translucent, or opaque tinted in the visible range of light but laser-
transparent, using the faces to be welded. The slabs were laid into the
welding support of the Starmark lasef SMM65 from Baasel-Lasertechnik
in such a way that the undoped slab laid on top, i.e., was first penetrated
bgcthe laser beam. The focus of the laser beam was set to the contact

f

oD SBPE CTRE pARNTRErFrréGiericy (2280 WA Rinp Rlfteft
(2R.0R), mantk adveincessheed (30adiRisrL) werersetot the controbumiitgdft
tﬁ@:@ée&mﬂékae sizeof hﬂﬂe %%fwb%wﬁéﬁ@@/aiﬂﬁ%{%%% ril%\es@d&sed
the laser was started. At the end of the w procedure, the welded -
p gg%i%%l%bssééu d gé{%ﬁr%r(é\s/ég rsomg'sﬁe H%nvi%g). A@ﬁe%ion?n\églu_es%gaeving -
tHRE GRS 4 FErBRRRHIEved in theRand 1685 ThéSthesién WastéFatuatede
asdakows; Ospadhesionfl sliglkt adhesiom 2sorhe sdhesinM €6 bef rom

sgRarated yuth littlg trauble; 3 goodiadhegion: anly to-be separated wdth, -
great trouble and gos%blygwlt the aid of tools. 4 ms,epgrable adhesijaon;

55‘8 l%:ﬁ%% orﬁ%ﬁ’roﬂﬁ cGhesioh fracttife. EMbodimeft A Majlaﬁ]g first
coRippund R ilYmblding esmpobRdit - Phe Amaaadwdanjecticie mvsided
plastie slaly (dimensions 8¢ aN*60 mm*2 mmimadeebmeldingeed (10
C%g@@gh%é@gm%%pn%gﬁ%he control unit of the laser. After
the size of the area tc 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 29 (ultramarine blue) was used as the
coleorant in the plastic.

Adhesion values having the grade 4 were achieved in the

hand test.

Variant AZ:

Solvent orange 60 was used as the cclorant in the
plastic.

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

Embodiment B

Molding compound B® with molding compound BF

A standard injection molded plastic slab (dimensions 60

mn*60 mm*2 mm) made of molding compound 3® was brought



into contact with a second standard injection molded plastic slab
(dimensions 60 mm*60 mm*2 mm) made of molding compound At. The
slabs were laid into the welding support of the Starmark laser SMM65
from Baasel-Lasertechnik in such a way that the slab made of molding
compound At 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-1) were set on the control unit of the laser. After the size
of HePare816 detweldéd wés iRBGLE2*FhARIR Tthe Tdskd Fre<Catatsdl aad
the. esd bf the Meddding! iprecedures thé Wvelded qilastia slabsouldhbee of
remeved, Jromuths device sAdhesion valugshaving the grade 4were ¢ pe
achieved in the hand test. Varjant Al: Pigment blue 29 (ultramarine blue)
W%%ﬁéle%gas HPRBtdranfih theBlasties Zdesion vAIGES having e grads
ARpéresachievad iredlen hndtestuvarianvAz: Sbivent brarijeeb0 mage of
used asribe ceteraphindthepplastic. Adhesion yalpyes:haying thesgradei4-s«
[ int n E iment.B_Maldj mpeund. B
welg gchieved %gﬂec%a 488! Eoapiment. %&é%%%%s U Rency

molding compound Bt A stan Injection astic sla

(dirrerRions' 80 TARPEEHRMFD M’ mdte of mdlding CoRpTtINtFSE as! ¢
browght - 22 rintcsedntact witk acsetondistamdardddjectien olded plastier

slahd{dimensions ERIMAVED m 24N 1eade Qs input (22%4 mm?),
the laser was started. At the end of the welding
procedure, tThe welded plastic slabs could be removed
from the device.

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

Embodiment C

Molding compound C* with molding compound ¢*

A standard injection molded plastic slab {(dimensions 60
mm*60 mm*2 mm) made of molding compound C* was brought
into contact with a  second standard injection melded
plastic slzb (dimensions 60 mm*60 mm*2 mm) made of
molding compound C°. The slabs were laid into <the
welding support of the Starmark laser SMM65 from
Baasel-Lasertechnik in such a way that the slab made of
molding compound ¢ laid on top, i.e., was first
penetrated by the laser beam. The parameters Irequency
(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 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,



molding compound Bt. The slabs were laid into the welding support of the
Starmark laser SMM65 from Baasel-Lasertechnik in such a way that the
slab made of molding compound B’ 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-1) were set on the control unit of
the laser. After the size of the area to°bé welded was input (22*4 mm2),
the laser was started. At the end of the welding procedure, the welded
phacstie sslabys eauldde revaved fiem thadevicewAdhesionivalees having e
the grade.4 were achieved in the hand test. Embodiment C Molding
compound Ca with molding compound Ct A standard injection molded
plastic slab (dimensions 60 mm*60 mm*2 mm) made of molding
cEmpRidaT4 wais brought into contact with a second standard injection
molded plastic slab (dimensions 60 mm*60 mm*2 mm) made of molding

cRMP t §g slabs.were Jaid into.,the welding su t of the
Starmga%ﬂga%grg Mill\/l65?rom aasgi(é‘i}é?te%ﬁ%ﬁglﬁ%ﬁgﬁ{ a way that the
slab made of molding compound Ct laid on top, i.e., was first penetrated

by tise tasdu b2 aim JEw: parameteds fregiienty 22581 z) dlanemetirrent 60
(22049, and adyance:skeedd 0L ams+y Wekg st an the controlunitgh +

the laser. After the size of the area to be welded was infut 22*4 mm

e ERertwas dfarteld “Afthd e ot e WeldiNg® procelurs: heWelteg e
pkastie Slabs edaldl béFermvedondm e device) 23uKdhesioh valads oI
havingihg gragdagwere achievethin the abs were laid into the
welding support of the Starmark laser 3SMM65S from
Baasel-Lasertechnik in such a way that the slab made of
melding 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 contrel 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 o¢f the welding
procadure, 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 compound DE.

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

Embodiment T




hand test. Embodiment D Molding compound Da with molding compound
Dt A standard injection molded plastic slab (dimensions 60 mm*60 mm*2
mm) made of molding compound Da was brought into contact with a
second standard injection molded plastic slab (dimensions 60 mm*60
mm*2 mm) made of molding compgynd Dt. The slabs were laid into the
welding support of the Starmark laser SMM65 from Baasel-Lasertechnik
in such a way that the slab made of molding compound Dt laid on top,
Mo l@hagirsopeABREIdS byihs |55k Biagn CRRPRBaRinSlers frequency

(2250 Hz), lamp current (22.0 A), and advance speed (10 mms ) were set

of,the canirg] Unit.of %Qﬂ%%?méﬁeéﬂﬁﬁéﬁ%ﬁg%@et%r eaylg hewalded was

input (22*4 mm2), the laser was started. At the end of the welding
FIELEdRR, BREREIEE PladticLtaBs couRh& RBIREVES flom the device.

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

Embedinentf Malding.campound Eawith moldiagLcomppaundkt Thethe
\gggmgtvé/g performed analogously to the welding of molding compound
a wcflth molding compound Dt. Adhesion values having the grade 4 were
achieved in the hand test. Embodiment F - 24 Molding compound Da
with molding compound Dt The welding was performed analogously to the
welding of molding compound Da with molding compound Dt. Adhesion

values having the grade 4 were achieved in the



hand test. -25- Claims 1. Use of a plastics material coloured transparently,
translucently or opaquely by colorant, as laser-absorbing jointing partner
for laser welding, characterized in that the plastics material is
laser-weldable by virtue of content of nanoscale particles selected from
the group of doped indium oxide, daped tin oxide, doped antimony oxide,
indium zinc oxide, lanthanum hexaboride, indium tin oxide or antimony tin
oxide. 2. Use according to Claim 1, characterized in that the particle size
15ME laser-sensitive particles present is from 1 to 500 nm. 3. Use
according to Claim | or 2, characterized in that the particle size of the

las r-sensi%ivg particles .present is from-5 tg 100 nm..4. Use according-t
oy SIS 6 3 S AR ot 16 CAMESt of Lt Sors:
tpartidles ¢ from ©:00Qkw:€.1% by weighty preferably frome 0.00Btbing
58010 by weighthased on the plagticsmaterial,Use according ta any of ¢

Claims I'to 4, characterized in that the nano-scale laser-sensitive particles
tihresBAt EbhiptisdBltelirdium iR 0xidé 6. Yse aecorling to any oFtiairfis
cdntoeS.cCharacterized -indhatthe:matiix of the plastics materinkispased onr

poly (methjacrylate, on polyamide, on polyurethane, on polyolefins, on
d%ﬁ%nemrs ard <fyreng Wopdlyniers, oipOfcardbiats, of ™= 1mony
osilicones; ga:ipelyinides, ok palysulphene.onpolyeihensupbene, ondium

oolyketones, on -26- polyether ketones, on polyphenylene sulphide, on
tjrz%mide or anti og§ t%n oxide. POlyP y P

2. Use according to {laim 1, characterized in that the

particle size of the las

¢4

r-sencsitive particles present is

from 1 to 500 nm.

3. Use according to Cleim 1 or 2, characterized in that
the particle size f +the laser-sensitive particles

o)
present is from 5 to 100 nm.

4. Use according to any of Claims 1 to 3, characterized

in that the content o0f laser-sensitive particles is from

faid

0.0001 to 0.1% by weight, preferably from 0.001 to 0.01%

by weight, based on the plastics material.

5. Use according to any of Claims 1 to 4, characterized
in that the nanc-scale laser~sensitive particles present

JE S WA S S M i

comprisge blue indium tin oxide.

6. Use according to any of Claims 1 to 5

!“_l.

n that the matrix of the plastics material 1is based on

T

oly (methlacrylate, on polyvamide, on polyursthane, on
polyolefing, on styrene polymers and styrene copolymers,
on polycarkonate, on silicones, on polyimides, on

polysulphons, on polyvether sulphcene, on polvketones, on



polyester, on polyethylene oxide, on polyurethane, on polyolefins, on
cycloolefin copolymers or on fluorine- containing polymers. 7. Use
according to Claim 6, characterized in that the matrix of the plastics
material is based on polymethyl methacrylate. 8. Use according to Claim
6, characterized in That the matrixzef the plastics material is based on
bisphenol A polycarbonate. 9. Use according to Claim 6, characterized in

plglthe, matrix of the plastics material {3,pased op polyamide, 10, Use

according to any of Claims 1 to 9, characterized in that the plastics
pohafetiat fakethe forhY oF BYAIEding X sewmifiniskied pRodiictooriagguer O

ocCORtings 11 - Progess forthewelding of plasticgapauldings g of 1 yorine-
semifinished plastics products, where at least one of the parts to be

SOired: afRaRP m'tHersurface region of the jointing area, is composed of a
plastics material used according to Claims 1 to 10, by using laser light to

which the particlg,s resent in the plastics mgterLaI are sens,itiveJr to ..
Tirradite ?ﬁ&?oﬁﬁrrﬁgg area. 12 AWRBIded cofpoiits partsroddded dtcording

md@any of the:precedingtclaimsmaterial is based on polymethyl

methacrylate.

8. Use according to Claim €, characterized in that the

matrix of the plastics material is based on bisphenol A

pocivcarbonate.

9. Use according to Claim &, characterized in that the
matrix of the plastics material is based on polyamide.

10. Use accerding to any of Claims 1 to 9, characterized
in that the plastics material takes the form of a

moulding, ssmifinished product or lacguer coating.

11. Process for the welding of plastics mouldings or of
semifinished plastics products, where at least one of the
parts to be jolned, at least in the surface region oif the
jointing area, is composed of a plastics material used
according to Claims 1 to 10, by using laser light to
which the particles present in the plastics material are

sensitive to irradiate the Jointing arsa.

12. Welded compesite part produced according to any of

the preceding claims.



