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,
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plastic material, either directtyrthraugbrinteraction with the polymer or
indirectly using a laser-sensitive agent added to the plastic material. The
laser-sensitive agent may be an organic coloring or a pigment which

Catises BI6E4 heating OftRé Hhastic thrdbghebsorpidn of ikeuseprrent,
Enengyl indaser welding:¢hepplastid materiad isisol strangly heated inithead

#9in Legion thiqugh absorption. of the laser.energy that the material pelts,
and both eSpar s are welded to one another. In practice, the principle of
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darthedight of.the laser source, which has a specific wavelength, so that
the radiation reaches the join partner lying underneath, where it is
absorbed. Because of this absorption, heat is released, so that in the
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kather alse the sransparent matedal mek lecaly andypartially paisthwougly
gﬂ!%@ﬁ%%%@??ﬁﬁeéﬁg“¥§§§9 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 laser-sensitive agent may be an
organic coloring or a plgment which causes a local
heating of the plastic through abscrption of the laser
energy. In laser welding, the plastic material is so
strongly heated in the Join region through absorption
of the laser energy that the material melts and both

parts are welded to one another.

In practice, the principle of composite formation
between jcin partners in laser welding is based on a
join partner facing toward the laser source having
sufficient transparency for the 1ight of the laser
source, which has a specific wavelength, so that the
radiation reaches the join partner lying underneath,
where it is absorbed. Because of this absorption, heat
is released, so that in the contact region of the join
partners, not only the absorbing material, but rather
also the transparent material melt locally and
partially mix, through which a composite is produced
after coocling. Both parts are welded to one another in

this way as a result.



after cooling. Both parts are welded to one another in this way as a result.
2 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, apd2of the wavelength and radiation
power of the laser used. In addition to0 CO2 and Excimer lasers, Nd:YAG
lasers (neodymium-doped yttrium-aluminum-garnet lasers), having the
Eharactesistic wavelehgthst1064 nmeant: 532 dmnarefincieasinglywused af

this teghnelogy. anddnererecently; eyen digde lgsersyLager-weldaple. o,
glasti% matgrials, Whi(f‘h %ntain I%ser- sensijtive additives in the form 9f

colorings ana/or 'pi&mer%ts?genn%r%ﬁyeha% A MRoPe 6PfesS protfotincéd & x
Beloraticivand/GrdAransisarencyaitfthe edse of laser wetdihgnthermolding

£ompoungito pewaadedasam abserbent is mast frequenty thusequirpeds,

introducing carhon black. Ame for, laser-welding of plastic molded
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Hidiged part) it Catisiig Ré4ting in a RS&Fabsorbent ROIABE part I, the
throngh wehidhs therwelding beoarshis deseribed:in Rind0054859M, There

melded Q§H§f?”?é%Aaé%r'tém%oat?%@h%dl'@?%‘a%‘%{ bgnt.colorings. and,

pigments, particularly carbon black, which are taifored to one another in
SUeh a &y that 2% dmogeneous color impression arises. The material is
not naturally transparent. Since carbon black causes a strong black

colosatiqn-evenaklowiconcentration, only; dark ¢olars argray tones may. -
Sbgn@féeg}gntea%f :{ttg% srsOdLlj%t' the form of colorings 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

introducing 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 II, through which the welding occurs, is
described in DE 10054859 Al. The molded parts contain
laser-transparent and laser-absorbent colorings and
pigments, particularly carbon black, which are tailored
to one another in such a way that a homoegeneous 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 tones may be implemented for the product.
Furthermore, it is currently possible to weld
transparent and/or laser-transparent materials onto

opaque tinted materials.

In principle, according to the teaching of DE 10054859

A1, the laser-transparent Join partner and the laser-



Furthermore, it is currently possible to weld transparent and/or
laser-transparent materials onto opaque tinted materials. 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 olorants are necessary for this
purpose. One skilled in the art is advised to perform tests in this case.

ddentical selor-settings of this typgassing diffecent cglorants typically have .
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Taser Welding Coma@rplasics cémpbhésts Havingahe eblot Settifg ised to

ehitehwhite; ciglestical aalarddeatieal color, especially light color settings
being difficult, or transparent on white or light color settings is possible

only unsatisfactorily, with difficulty, or not at all using laser welding.
Terdtbfe khére 194 nedlforpiasticimatbhisls o EGrhbMatibnsigeant
avtiielr aray<be joined-thraygh tesee weldinge Transparentscglorethaviors

{Jragslucentealared. and.opagees;inted lasgrwejdable plastc materials, -

having precisely defined, freely selectable colors, particularly those
WHIOY Sre GGitoMally redfaftls WBathBF afi§ Agity, Afe hof¥hown from

the related art. The present invention is therefore based on the object of

Previding transparent tranglucent seropagUeilager- weldablgplastié ast i c
materiale fnat are fipled by qolorants ;particularly those hawing Ight.color
identical ceolor/identical color, especially light color

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 joined through laser

walding.

Transparent-colored, transliucent-colored, and opaque-
tinted lasermweldablé 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 prqviding transparent, translucent, or opagque laser-
weldable plastic materials that are tinted by colorants
- particularly those having light cclor tones. For this
purpose, laser-sensitive additives for plastic
materials are to be found, using which they may be made
laser-weldable without the transpérency and/or the

color of the material being impaired.

The present invention describes plastic materials that

contain a laser-sensitive additive which does not



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 a laser-sensitive additive which
does not 4 influence the intrinsic colér of the plastic. This applies both to
the coloring and to the aging behavior. The plastic materials are basically
iegeippedawith t@@orémg%l amel@j:/ @igm@m@zwf}i@ﬂha@q@S%i@@@feefﬁmrws
tt S or and/or popacity. For t urposes of laser .
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robjéct of the:presentinvéntion istherefdre transparent, translticamsor the

1qpagHe daserweldable 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
PrevantIaveEntion is e Usef Nanescald fased sehsitive panticfestorent,

uBanufactise tanspareph diansiucent; of opagua laser-weldableplastic, s
t{ﬁ\%ﬁ?%ﬁﬁef:%‘i%ﬂceew%% by ,SRIQiaNks; In addition, the object of the present
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 colcorants, which
are distinguished in that they are laser-weldable due

te a content of nancscale laser-sensitive particles.

Furthermore, the object of the present invention is the
use of nanoscale iasérwsensitive particles to
manufacture transparent, translucent, or opague laser-
weldable plastic materials that are tinted Dby

colorants.

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

plastic matrix with high shear.

The present invention is based on the recognition that

the laser marking pigments known from the related art



method for manufacturing transparent, translucent, or opaque
laser-weldable plastic materials that are tinted by colorants with the aid of
nanoscale laser-sensitive particles, the particles being incorporated into
the plastic matrix with high shear. The present invention is based on the
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 ancbtheiramarphology, since theytypieallysignificantly exceedithe
calicalsize.of  fouth of he wayelenath of vishle light of approximaely
80 nm. Laser-sensitive Elgments having primary par icles below g¥s
HdiiGe 528 ard Krowna biit theds hfd RerSrovided e #ié fohn of isblated 1
Pprimary particlesor smallfaggregates ciutnather,@s inithercase pf garogs
hlack foreeaple. g only. avallable.ashighly agoregated, partially. .,
p?‘% Ioarrgerated £arti:les ha\(lng a significantly larger particle diameter.
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lefthetlighsanda therefore toeloudingadf the plastic nfaterial JRurthermeresd
dhemsesenbinventionsis bgsed.qa the fecognifiondbat the Jaser matking

iﬁ){gm nts known frot%]n the related art elevate the turbidity of the material,

corrﬁp She Color of the REateA, dhcfifiske cofdr CoNRBHAIS net&8safily
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reorections notisueeerdingssatisfagiority; and (deyiatigns-from the desired
@%ggrgg%%vlfen%%ﬁs 3pgeRied. Ageording to the present invention, v efore
lead to wsignificant scattering of the light and

therefore to clouding of the plastic material.

Furthermore, the present invention is based on the
recognition that the laser marking pigments known from
the related art elevate the turbidity of the material,
corrupt the color of the material, and make color
corrections necessary due te their intrinsic color and
their insufficient dispersability, the color
corrections not succeeding satisfactorily and
deviations from the desired color having to be

accepted.

According to the present invention, nanoscale laser-—
sensitive particulate additives are added +to the
plastic materials, particularly those which have
transparency or translucency per se, and which are
otherwise tinted colored, white, or cpague, in order to

make Them laser-waldable.

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

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



sensitive particulate additives are added to the plastic materials,
particularly those which have transparency or translucency per se, and
which are 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 sofids; such as metal oxides, mixed
metal oxides, complex oxides, metal sulfides, borides, phosphates,

«Larhonates; sulfptesy uitrides, ety and/of, mixiures,of these compounds: ,
6 which %retag)gor entin tpe aracterigtic ngelength range of the laser
18'be Used and are fHus capablécof “geterating 16¢al heatiTg nthe prastic &
GRakikan WHch: #5ey arecermbedidéd, Vitieh febes e eeliig dkthen plastich
#nateriak Nanosealerisda pbe wnderstooddHa dhat the largest digension afy e
E;E]ggj’slcgetﬁ&l%%elrisae}p_sitive particles is smaller than 1 pm, i.e., in the

nanometer range. In this case, this size definition relates to all possible
particle morphologies such as primary particles and possible aggregates
randoagglamerates. The particlensize of thedasersensitive particles isgest

Preferably,] tg 500,nm and pagicularly 5.to 100.am, i, the pagticle size is o
selected below 100 nm, the metal oxide particles are no longer visible per
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the plastic material. A sufficie tlaseiweldablllty of the plastic matrix is
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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 te 0.01 weight-percent, in relation to
the plastic material. A sufficient laser weldability of
the plastic matrix 1s 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 1is 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 1060 nm.



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 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
pasticle sizes helow 100am. dcPepedindium exide, dopeddin oxideimony

Sopsd antimany, oxide,, and lapthanym hexaborjde-preferably come infg..
consideration as the nanoscale Iaser-sensﬂwwrﬂcles for manufacturing

Franepafsm trafslucedt or dpique IdERTNEIdASle plashic Hiat8Rals that e
e tintéd by colorantsn ESpecialy syitalbledasgrasensitive additivésarnt,

dndiugstin,exide (ITO) of antimony-tin, oxide (ATQLas welhas doped  4re
indium-tin and/oitantimony-tin oxide. Indium-tin oxide is especially

Tot8fefiddand M Gt HrE "blue” indium-tin oxide obtainable through a

partial reduction process. The non-reduced "yellow" indium-tin oxide may
cayse aaigyally percearmble slighdly yelowishing ef the piasticvaaterial aé
) ieﬁn‘fi’@%%”%aé'?&‘(% andios aﬁ%‘%'ecﬁsr';zcefzdeﬁgﬁt%?%%”@& qu’ﬂ%% hes
ue” indium-tin oxide does not leadto any perceivable color change.
WellasefsefRRIvE parfitiedo bé useNEcoFdiny b i presént irkehe6n
aie knewnjper & aad ares carpmercially: avajlakle €veadn ranbscale formy,
1fe as"glfﬁ%ete pgglcﬂ_%n%vi@g SI%%&Bglowo%H%%%%le 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 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 um and
particularly in the size range preferred here,
typically in the form of dispersions or in the form of
easily redispersible powdered agglomerates of nancscale

particles.

The laser-sensitive particles are typically provided as
agglomerated particles, for example, as aggiomerates
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 nanoscale primary particles.



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 particles, for example, as agglomerates whose particle
size may be from 1 um to multiple rhillimeters. These may be
incorporated into the plastic matrix with strong shear using the method

TAecoring {9, the presentdrvention, through, whigh taggggmgﬂ%tfénaf%s
broken do(\:{vn into the nan%scale prima}:r%/1 particles. - 8 The determination
P&fthe degree of aggiomeration s performedih acesfdahce \fith DiNIust

183206 (of August 1972). Nanoscale particles, such as metal oxides in
particular, may be manufactured, for example, through pyrolytic methods.

nou thods 2sGribed, for mple, in EP.1.142 830 A,EP 1 270
1%%%8%%E 1%%?; %%g%urthesr%(ﬁﬁre, nanoscale tr‘f)%r iclesor}ﬁiagebsé 1o

PREntfAttGred thidtigh Brebiitads s heticds, 48 des&iButlin DE- DopRgh
pO3%,fot exampie. fichésnandseale laset-sedsitive particddessmayes, for
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with'laser weldability. Plastic materials in which the plastic matrix is based
1én p§?}&metr535r§/¥é?§,n}?oq§amid@?ﬁ&ﬁﬁ%}ﬁane?%ffo‘@fﬁ%, stjieke Pe
repolyhets andstyrerfd copalimersy yootycarberndtersilicones hpalgimides; s

abelysylfene, s polyethersulfope opalyketopes nolyatherketones, PEEK,
polyphenylene sulfide, polyester (such as PET, PEN, PBT), polyethylene

oxide, polyurethane, polyolefins, or
The nancscale laser-sensitive particles may be

incorporated into practically all plastic systems in
order to provide them with laser weldability. Plastic
materials in which the plastic matrix is based on
poly (meth)acrylate, polyamide, polyurethane,
polyolefins, styrene polymers and styrene copolymers,
polycarbonate, silticones, polyimides, polysulfone,
polyethersulfone, polyketones, polyetherketones, PEEK,
pelyphenylene sulfide, polyvester (such as PET, PEN,
PBET), polyethylene oxide, polyurethane, polyclefins, or
A 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 subsequent reactions, 1is 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 polyvamides
{such as Grilamid® TR55, TRS0, Trogamid® T5000,

CX7323), poiyethylene terephthalate, polysulfone,
polyethersulfone, cycloolefin copolymers (Topas®,
Zeonex®), polymethyl methacrylate, and their

copolymers, since they do not influence the



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 subsequent reactions, is also possible. These materials
are known and commercially availablé in- manifold forms. The advantage
according to the present invention of the nanoscale particles particularly
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conditions. Furthermore, tinted opaque plastics may be equipped with the
nanoscale laser-sensitive pigments. The polyamides are generally

MARUFRSGHET R OlRthe 2 foHowdTg ESmpoientss biaheftd 5RE urbrafchdd e
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qycloaliphatic (14 thigugh 22 C atoms), araliphafic diamines (€44 €22),
and aliphatic and. cycloaliphatic dicarboxylic acids (C6 through C44); the

Ity vy paftialty feptaced by ardmatic 4didatbBRfR aditis Gn atoms)
paritutarathiectradsparene polyarhides-mazadditiomatly beldgrhpdsed and
HORIBONORItic dicarboxylic acids (C6 through C44); the
latter may be partially replaced by aromatic
dicarboxylic acids. In particular, the transparent
polyamides may additionally be composed from monomer
components having 6 C atoms, 11 C atoms, and/or 12 C
atoms, which are derived from lactams or @-amino

carboxylic acids.

Preferably, but not exclusively, the transparent
polyamides according to the present invention are
manufactured from the following components: laurin
lactam or w-amince dodecanoic acid, azelaic acid,
sepacic acid, dodecanoic diacid, fatty acids (C 18 - C
36; e.g., under the trade name Pripol®), cyclochexane
dicarboxylic acids, with partial or complete
replacement of these aliphatic acids by isoterephthalic
acid, terephthalic acid, naphthalene dicarboxylic acid,
tributyl isophthalic acid. Furthermore decane diamine,
dodecane diamine, nonane diamine, hexamethylene diamine
in unbranched, branched, or substituted forms, as well
as representatives from the class of alkyl-
substituted/unsubstituted cycloaliphatic diamines bis-
{d-aminocyclochexyl) ~methane, bis-{3-methyl~4-

aminocyclohexyl}) ~-methane, bis— (4~aminocyclohexyl) - .



components having 6 C atoms, 11 C atoms, and/or 12 C atoms, which

are derived from lactams or ca-amino carboxylic acids. Preferably, but not

exclusively, the transparent polyamides according to the present

invention are manufactured from the following components: laurin lactam

or ca-amino dodecanoic acid, azelaictacid, sebacic acid, dodecanoic

diacid, fatty acids (C 18 - C 36; e.g., under the trade name Pripol(r)),
peyslohexane dicarboxylic,acids, with-partial,or complete replacementaf, -
cthgie aligg%(g: acid%g Asotgreé)htrclialic acid, terephthalic acid, ,

Rap thsiene dfcar%oxﬁlcoa%lél, tributyt Tsophthdlic adid Furtigfidracated
r@edarfedianii) Cdedeicane di@tines ngsgte diamine, hexamethylene

diamine in unbranched, branched, or substituted forms, as well as

re atives from the class.of alkyl- substituted/unsubstituted

o i O e des are
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iprbpane, bis-(aminocyclohexane), bis-(aminomethyl)- cyclohexane,

isophorone diamine or even substituted pentamethylendiamines may be

used. Examples of corresponding transparent polyamides are described,

Cfor 8k&Mple; iR BFG 728100 did BR0'755 101, ColofdtF ifspartAt t1 ¢
Strarishucent aropaque plasticasyistemsisasedmrnypelymethiyl sphenol-A-
pmgg}z@&ﬁﬂ@@a{%phe?@hgamu@arb%%ﬁ, Ralyamide. and cycloolefifne r o
c%peolyr%egs nglaci%)g norborneng T%nd a-_oh?eflngare eségeually grefer,red,
TFAiZh niay be'ade faker-eldibie with fhe®5itf St the* hgnostaRYrarfidied
Q@ﬁfﬁmﬁ@@@thQQﬁéﬁenmay' be made laser-weldable with the
aid of the nanoscale particles according to the present
invention, without impairing the color and transparency

of the material.

in colored transparent, transiucent, and opague
systems, the neutral intrinsic cclor of these nanoscale
laser-sensitive additives is advantageous, since a free
color selection ds made possible for the plastic

materials.

Those colorings which have only a slight dntrinsic

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.) iz 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. 1is Ieft out in the following Table
1.)

Table 1: laser-transparent colorants

Colorant C.I. Preferred Especially




invention, without impairing the color and transparency of the material. In

colored transparent, translucent, and opaque 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 havé only a slight intrinsic absorption in
_the range of interest between 800 and 1500 nm, i.e., are laser
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Lrange 111,001 1,1.0 0.915, 0.5, pigment red 48 0.05 1.0 05 -0.5
pigment red 10T 0.005+ 0.5 0.01 - 0.3 pigment req 144 0.005-0.50.01 =
B Higrcht ida-166-0.0652 05091 - 0.2 pigmenttef 178:6.01 - 1.0
0.08300.5ed 101 0.005 - 0.5 0.0 - 0.3
.pigment rad 144 0.005 - 0.5 .01 - 0.2
pigment red 166 0.005 ~ 0.5 0.01 - 0.2
pigment red 178 0.01 - 1.0 0.03 - 0.5
| pigment red 254 0.01 ~ 1.0 0.03 - 0.5
solvent red 52 0.01 ~ 1.0 0.0l - 0.5
selvent red 111 0.01 - 1.0 0.0 - 0.5
sclvent red 135 0.01 - 1.0 0.01L - 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
plgment green 50 0.005 - 0.5 0.005 - 0.05
solvent green 3 0.01 - 1.0 0.01 - 0.5
solvent green 20 0.01 ~ 1.0 0.01 - 0.5
pigment blue 15 0.005 - 1.0 0.01 - 0.5
pigment blue 28 0.02 - 5.0 16.2 ~ 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 vellow 110 0.01 - 1.0 0.03 - 0.5
pigment yellow 150 0.0005 - 0.5 0.0005 - 0.25
pigment vellow 180 .01 - 1.0 0.03 - 0.5
pigment yellow 184 0.005 ~ 0.5 0.005 -~ (.25
solvent yellow 21 0.005 - 0.5 0.005 - 0.5
solvent yellow 93 0,005 - 1.0 6.005 - 0.5
plgment brown 24 0.005 - 0.5 0,005 - 0.15
plgment violet 19 .01 - 1.0 0.03 0.5
pilgment violet 13 0.01 - 1.0 .01 - 0.5
violet 46 0.0 - 1.0 0.0l - 0.5

pigment




pigment red 254 0.01 - 1.0 0.03 - 0.5 solventred 52 0.01-1.00.01-0.5
solventred 111 0.01- 1.0 0.01 - 0.5 solventred 1350.01-1.00.01-0.5
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 0.005 - 0.5
0.005 - 0.05 solvent green 3 0.0T- 39 0:01 - 0.5 solvent green 20 0.01 -
1.00.01 - 0.5 pigment blue 15 0.005 - 1.0 0.01 - 0.5 pigment blue 29
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pgmented teingisodiumsigménment red 48:4 pigmented using

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

indesx.

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 is
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, for
example. This monomer component may then be subjected
to a peclycondensation reaction in a typical way with
the remaining reaction partners. Furthermore, after

formation of macromolecules, the resulting high



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. colorant names cited here are
to be understood in such a way that they comprise all forms and/or
structures. They are recorded in thekdlor index. The laser-weldable
plastic materials according to the present invention are typically provided
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agedts 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 purpcse and dincorperated
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 is especially preferred.

It is advantageous 1if the incorporation of the
nancscale laser-sensitive particles into the plastic
matrix 1is performed with high shear in the plastic
matrix. This may be performed through appropriate
setting of the mixers, roller mills, and extruders. In
this way, any possible agglomeration or aggregation of
the nanoscale particles inte larger units may be
effectively prevented; any existing larger particles
are kroken down. The ccrresponding technologies and the
particular method parameters to be selected are well-

known to those skilled in the art.



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 possibly necessary additives such as polymerization initiators,
stabilizers (such as UV absorbers, heat stabilizers), visual brighteners,
antistatic agents, softeners, demoldifig agents, lubricants, dispersing
agents, antistatic agents, but also fillers and reinforcing agents or impact-

Fesistance modifiers are myixed and; homogepizedJp devices and systems,
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Laser-weldable lacquer coatings are obtainable through

dispersion of laser-sensitive coxides in typical lacguer
formulations, coating, and drying or hardening of the

lacquer layer.

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

lacguers.

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

pe welded through irradiation using laser light.

The laser welding may be performed on a commercially
avallable 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, 1t 1is to be ensured that the output is not
selected too high and the advance speed is not selected
too low, in order to avoid undesired carbonization. At

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



Plastic molded bodies and semifinished products are obtainable from the
monomers and/or pre-polymers through injection molding or extruding
from molding compounds or through casting methods. The polymerization
is performed through methods known to those skilled in the art, for
example, by adding one or morepolymerization initiators and inducing
the polymerization through heating or irradiation. For complete

@DM@@nﬁﬁhwoﬁ%ﬁﬁuﬁﬁ%mp%m S@qu@ﬁle@"o%t@@ings may

lymerizatign, Laser-weldable lacquer coatings are obtainable through
%;%erikl)oen o%“term NSt Bkl T ngcaﬁéﬂ' fofdfationdr ciis

. aser-sensi Ive OXides’in ty:blf‘c it
[EohERG Sartl 8R/MY- oPRardehiMg ofithé Haequer layer. The group of
suitable lacquers comprises, for example, powder lacquers, physically

ALying laequers. radiafions cyrable jacaugts, singlercomponent or.,, o . -
multicomponent reactive lacquers, such as two-component ponuPe]tﬁane

958hUers ARG DIdStie THAEEd pdrts of JacHE&racvatifys drea aRlifaciGrest
dram the plastie materials containing nanescale laserxgensitive pasticilatec

molids.sthey mays e welded thiough jriadiation;using laser light. The lasey,,
Weldlnggmlj%]ycge gerfqrmed on a commercially available laser marking
S

deice! Ty from” Baadél Ty pe Sthitark Lhes, Havig-an o<
Wiithut besweed Q1L and R2wdnpéres landramtaalvancd speetbbétwvieead in

el 100 0mmsd. Whenesetting thedaser-energy and adyance gpegddt is; ¢
etg bee nsur d that tQ o}y&p%t is sné)t %ege%ted tFgo high and the advance |,
speed is not Seldeted 150 Tow, in order fo-avdid UndE3ired catbonizAfeH "9

v o lofdn dGPaEamERb gk anxevansdcesspdedittie laser energy

and "the second Join part is made of the plastic
material according to the present invention, through
which the parts are so strongly heated at the phase
boundary that beth parts are welded to one ancther. A
certain contact pressure 1is necessary in order to

obtain 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 opague
tinted plastic molding compound, containing a laser-
sensitive nanoscale pigment, was melted in an extruder
and injected into an injection mold to form plastic
molded bodies in the form of lamina or extruded to form

siabs, 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 nanoscale primary particles.



15 welding may be inadequate. The required settings may also be
determined in the individual case for this purpose without anything

further. For welding plastic molded bodies or plastic semifinished
products, it is necessary that at least pge_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
\/\)ﬁfﬁﬁf@ PrétaPoxid8contaifEd in thEpraseFhaleriris sehsitive. Mpkding
methgdbisnasrpediently performed so that the join part facing toward the
laser beam does not absorb the laser energy and the second join part is
made o the I[?Jtasﬁlg material according to the present invention, through
\Aﬁde%—t-ée—vm%s—are so strongly heated at the phase boundary that both
parts are welded to one another. A certain contact pressure is necessary
mmnd@am abtain ama@rlabb%&@ﬁmg 1pMaautactuse ohagussa AG,
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slabs, films, or tubes. The incorporation of the laser-sensitive pigment into

tﬁ\]aaﬂlﬁgﬁl ﬁ10|dl?la compdund WASPerfstRied Withestromy BHEAF in ofder 2
tobreakrdowat possibfefagflomeratesli ght —-percent and with C.I

pigment red 166 (Scarlett RN, from Ciba
Spezialitdtenchemie) as the laser-transparent colorant

in a ceoncentration of 0.01 weight-percent.

Embodiment B®

Vestamid L19C1, a commercial product of Degussa AG,
high performance polymers branch, Marl, was used as the
plastic molding compound and compounded and granulated
on & Berstorff ZE 25 33 D extruder at 260°C with
nanoscale 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.1I.
pigment red 166 (Scarlett RN, from Ciba
Spezialitdtenchemie) as the laser-transparent colorant

in a cencentration of 0.01 weight-percent.

Embodiment C?*

Vestamid L1501, 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



particles into nanoscale primary particles. 16 Manufacture of the
laser-absorbent (a) molding compounds: Embodiment Aa Trogamid(r) CX
7323, a commercial product of Degussa AG, high performance polymers
branch, Marl, was used as the plasticimolding compound and

compounded and granulated on a Berstorff ZE 25 33 D extruder at 300C
with nanoscale indium-tin oxide Nano(r%lTO IT-05 C5000 from Nanogate
2S FRERS Saridiive Figment i a KOPEBRTRRHFST S 01 MaghEberEent - -
aid- WHAIG.|. pigeent red 1664Seadétt RN, GroreCibaFNP, from Ciba
Spedalitatencheryiehas the laseyr-transparent caloram siv-a-concentration ¢
of.0.01 V\éei%gté%etrgggt,gm%%di@e& BgeVesfg%rpid L190%:, a commercial
pro%uct ot egussa é, rhigh per'formanélé:j polyﬁwee% Brarich, Marl, was
used as the plastic molding compound and compounded and granulated
omaBerstostt ZED25 33 D extruder at 260C 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.I. pigment
rétt-£66- B3GR RN, frém CIETSpEzfitatBhciifile) difthePegussa  AG,
laserztranspdrehteolotant rinla, contentratiani of 0.0dareighipeticerds +the
Embodiment GayViestamidl-1901, a commercialproduct of Deayssa Alb%nigde

high performance polymers branch, Marl, was used as the plastic mo

cOMPSEHd and chnipoundedHhd gﬁﬁﬁﬂlat@@%&%rstﬁ?ff ZEYS 33 pser-
extrudEr 2t 2600 Withe mandstale indiumaintoxide Mana() TD M-O5ie i ght -

Co80R.&0M was compounded and granulated on a Berstorff ZE
25 33 D extruder at 250°C with C.I. pigment red 166

{(Scarlett RN, from Ciba Spezialititenchemies) as the

laser-transparent colorant in a concentration of 0.01
welght-percent. In the case of extrusion, a higher
molecular welght molding compound of the ‘fype

Plexiglas® 7H may advantageously also be used.

Embodiment =2

Plexiglas® 7N, a commercial product of Degussa AG,
methacrylates Dbranch, Darmstadt, was used as the
plastic molding compound. Nanoscale indium-tin oxide
Nano®ITC IT-05 C5000 from Nanogate as the laser-
sensitive pigment 1in a concentration of 0.01 weight-
percent was compcunded and granulated on a Berstorff ZE
25 33 D extruder at 250°C with C.I. pigment blue 29
(ultramarine klue} as the laser-transparent colorant in
a concentration of 0.01 weight-percent. In the case of
extrusion, a higher molecular weight molding cempound
of the type Plexiglas® 7H may advantageously also be

used.

Embodiment F®




Nanogate as the laser-sensitive pigment in a - 17 concentration of 0.01
weight-percent and 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. Embodiment Da Plexiglas(r) 7N, a
commercial product of Degussa AG, methacrylates branch, Darmstadt,

was used as the plastic molding compound. Nanoscale indium-tin oxide
Nahd{rHTERAR05 5006 frotogatel as Bive faset- sersitibe pigesent iAG,
arconcentration:ef0.0b weight; pementwas gompownded and gransiated he

laalé%@&orf&g%dgﬁés PO%B‘{H’?& at 2{@;919@‘@@%% . plgg}fgltﬁrecdl%GGOdee

(Scarlett RN, from Ciba Spe2|alltatenchem|e as the laser-transparent
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exﬁuﬂmnlazhlgher raolecutaraveighttmolding €ontfpalind wethetyp@ercent

xiglas(r) 7H mayadvantageously alsoe used. Fmhodiment Ea . c+ »p

(r. 7N, a commercial product of De ussa AG, methacrylates

éanc?é%Da?)rmgféﬁf ‘f/%ina?sr used aé%ﬁ cple%]uE otdifg cé)rﬁﬁg‘ﬁﬁ& green 7
Nehogaale indiGmetimoxid€ , Ndnon) | TO FE-05 @500 ficra Nanoyate a$  as
tr&el@sara g@&si&@aiggs@@@ﬂ@ a gencerdration of 0,01 wejght; peroent was,

n{pgunded ap ranul Ited Qn a I%erstorff ZE 25 33 D extruder at 2500

with, C.I" pigmentbide 29" (ultFamariie Bitie) a8 thé Taser tramdparent -0 s
cOfor&MUn 24 conéeatation crOGLREightparsentnth theofase bhe  type
extresion 1 a higher meleculat weighisaelding compound ©f the type
Plexiglas(r) 7H may advantageously also be used.

The manufacture of the corresponding laser-transparent

()} molding compounds A® through #° 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 opague tinted laser-sensitive cast PMMA

semifinished product

The nanoscale indium~tin oxide Nano®ITO IT-05 C5000
from Nancgate was @1spersed in a concentration of 0.001
weight-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 sclution 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 subsequent tempering at 115°C in the
drying cabinet, the remaining monomers were converted.

A laser-absorbent semifinished product was obtained.



Embodiment Fa 18 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 in a concentration of 0.01 weight-percent
pigment was compounded and graﬁul‘a%ed"on a Berstorff ZE 2533 D
extruder at 250C with C.I. pigment green 7 (Irgalite Green FNP, from

Ciba $pezalitaterchemies astthelaserstransparent.cdlotariténl a product,

coneentrationrof Q.01 weightrpercent-dn the, case,af extiusian. ahigher ; .
mollecuelgr weight molding compound of the type Plexiglas(r) 7H may
a%vgﬁ]tage()usly also be used. The manufacture of the corresponding

laser-transparent (t) molding compounds At through Ft was performed in

aceordance-with the-above ersbadiments Aadhrogyghfa-put with the, 1
'fI,ecg Q%eeg]at no Iaserl-s sitive pigment, was added. Example 2:

%amﬁacture’ of & colore %:ia?nsp%gr)éﬁ'%vtj:%o %re -ﬁ?%sl&@eent,mé%gp%que(name

tint&t A8B - sensitivé caStBNMRARSemifinisied-profiea The nanescdlering
inditmetin. axide dNaAnDfHITO 1T 9RG5000 from Nanogate-was ispersed. e,
in. & concentration, of 1 ight-per, a the laser-sensitive pigment

in gfconcgentr%gt%@] of%%ol v%%%t%mﬁ%oé’&ﬁ%? \?Vithsa%%;)ép %ts aﬁp e

cOldraRElin 10RFp&tS PVINIA/MRINBRE Belymer Sluticihddhga  for
viscosity. 0£2000 coP. Afteryasldirg-1 pattcAlBN, The mixtuteywasoused the

intg:a, chambeg aEHd%Q{yrES”%%QE5%C%QEE$dW§E’?VPr%h fore 2.500Ur8 o <

Thrgugh subseguent temgering at 115C in the

and Tinstructions Lor polymerization are specified in,
among other things, DE 43 139 24.

Variant A

c.I. pigment red 166 (Scarlett RN, from Ciba
Spezlalitatenchemie) was used in a concentraticen of
U.0Ll weight-percent as the laser-transparent colorant.
Variant B

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

C.I. pigment green 7 (Irgalite Green GFNP, from Ciba
Spezialité&tenchemie] was used 1in a concentration of

0.01 welght-percent as the laser-transparent colorant.

Example 3:

Perfocrming laser welding

(cast PMMA having 0.01 weight-percent ITO content)



drying cabinet, the remaining monomers were converted. A
laser-absorbent semifinished product was obtained. 19 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 fromthie table (name "solvent”) is
preferably used. Weakly scattering micronized colorant pigments, such as
uftrarmating $ire; may bendsed forawdarsetrarspanenitisettings. Mereopaque
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erforming laser we
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the undoped slab laid on top, i.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 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 (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 adhesion.

Z 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 A®



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

laser-sensitive plastic slab (dimensions 60 mm*60 mm*2 mm) made of

cast PMMA having an ITO content of 0.01 weight-percent was brought

into contact with a second plastic slakh 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
wRldgeE Thefabd: 1Weté 148 iRt the dvalding Suppen of thelSteemations 60

laser SMMES fromBaaset+ asertechnik insushaivay that sthgundoped o h «
slab,aid ie.,. Lfir t rated hy the laser beam. The focus
the Iasetggeggr%dvﬁsvi\%a%s?o t§ﬁe %%%%ég&facsgy 8&%3%\%30 %I%Bg.cf he " mOPdEd

pRrHiCters freffiency 12550 Fi58m S BurfdRt @2, 0my* 2andadvanege of
spedd! (3mmstipwerd seton thEheontsdlabeit oftheslases Afterithe size-he

of,the-area to be-welded was inpyt (22%4.mm2); thelaser wa d. At
the end ?he Wep%ﬁ géocedure, the Wteciided pIasticl%I%::;\eltfélvco%ullficﬁi\qéteg %mm

r%r%%@ee froftthe device: AdHesBR Vhlfed Adving ffe §idtle™ fargade of
aBRiEVEE N tHoTaRdRest. Ahe adhekionwastemluated @s follows: Ohirst
agbasionat slighiadbgsion 22 é@%@h?smétoﬁ*éﬁﬁé@g Vﬁ%%ﬁ’@ncy
tr?gg 3&%0(1 zidhesioqi'rog%ltco b%geasr }ed with great trouble an B

pOSSiF By itH the aidrof Toals: |ns£3pafa le hth@8ionSSeibiaforr8mge (-9
tHPBEgh CoRESioA Frackite TEMbBAMIERIA Molding Eompoudd Aaxwithfter

moldingicompotinghAt 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
colerant in the plastic.

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

Variant AZ:

Solvent 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 Bf

A standard injecticn molded plastic slab (dimensions 60

mm*60 mm*Z mm) made of molding compound B* was brought



21 A standard injection molded plastic slab (dimensions 60 mm*60 mm*2
mm) made of molding compound Aa 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.6.nwas first tperietratediby dhedaserbeant he-parametess fregueney 1 ced
(2250:H2); lamp-gurrenti(22,0.A),a0d advance gpeed (19 mms 1%91;6 of
set qkndthe control unit of the laser. After the size of the area to’be welded
waS TipUt {2254 RS thelaser Wi sRO=At #id8nd bf Hise weldiRg the
prfcedire thé Wkt plastic slabs cobittebesernovéc from tHamiédce.f rom
Adbesien valieshaving. the gradg.d-were aehjeved.in thechand fest.ye o
Variant. Al; Pi rggn%%lrl{% ZQE@JItranrineobnlue  was used as the colorant in
the plastic. Adhesion values havifg the §fade 4 Rere achiieved Hithe TSt
haRd fest2Vafarit A2 SolvehE Brange®d0- was asat ag e ealoraht frthency
plestié.CAdhesion saltes hayingthe grade A wergrachievedrindhe hand (10
tegho=mbodiment B Molding, compound §a with malding compound Bt
standard injection molded plastic slab (glmensmns 0 mm*60 mm*2 mmS
matfe GFridlditg CoRpGaETd BAWEShIORGAES 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 C

Molding compound C* with molding compound ¢t

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 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 SMM65 from
Baasel-Lasertechnik in such a way that the slab made of
molding compound C* 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,



22 into contact with a second standard injection molded plastic slab
(dimensions 60 mm*60 mm*2 mm) made of 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 Bt laid on top, i.e., was first “penetrated by the laser beam. The
parameters frequency (2250 Hz), lamp current (22.0 A), and advance
spded f10mmz:l)aseresset on thecontratianit ofthedaserh Mtee dhe sizehe
of, thesareate be welded was input (22*4 mm2), 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
aehievddne e hand test. Embodiment C Molding compound Ca with
molding compound Ct A standard injection molded plastic slab
(Srensions 60, M0 fam:2 cmy mads, of molding compound Ca was
brought into contact with a secon Standard |njec%on molded plastic slab
(dimensions 60 mm*60 mm*2 mm) made of molding compound Ct. The
stabstwergslaitl intoj thet ivelding sdppor Of the: Stasmaik lasenSMMBss 50
I dépasgkbasgriechalin suohg e hatligsiahnade gl MQlding
compound Ct laid on tap, i.e., was first penetrated by the laser beam. i
pla%}r)ﬂets%lﬁé&&enwﬁ@zs%) HA R cirfenttzslo A diftadyangg 1ded
speed {10 nmisdl) weletsst phahe carntrokumnitedf thenlager mifter nheisizen £
Qﬁé‘l@i@lﬁﬁat%%ﬁ\éﬁh@ﬁﬂ wgs, inpeik £22°¢h ma2), Jhe laserwas staried. Aty o

0

q¢

the end he weldin rocedure, the welded plastic slabs could be
rﬁ%%@é po% %h@ f& laser SMMoh from

Baasel-Lasertechnik in such a way that the slab made of

suppor Starma
molding compound DY 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 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.

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

EFmbodiment E

Molding compound E* with molding compound EF

The welding was performed analogously to the welding of

molding compound D® with molding compound DF.

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

Embodiment F




from the device. 23 Adhesion values having the grade 4 were achieved in
the 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 injéct?oﬁ‘n molded plastic slab (dimensions
60 mm*60 mm*2 mm) made of molding compound D". The slabs were

|&dd irtorthe cweldinghsupport pf thenStatmerk tasep SMM65 from
Baasel-Lasertechnik in such a way that the slab made of molding
compound Dt laid on top, i.e., was first penetrated by the laser beam. The
paPamEters fredueacy R2256 Hzj Haffif diréit{22.0%), B dfvafdd's of
speédi{h@ mmwsh)weieXetoitthewsohtriohgnit ofithelasen@After the size
of the area to be welded was input (22*4 mmz), the laser was started. At
the end of the welding, procedure, the welded plastic slabs could be
removed “ofiths tevits! AiheSion VERFEShavii§ fife ke weretn the
dehieveddr'the hand test. Embodiment E Molding compound Ea with
molding compound Et 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. Embodiment F
24 Molding compound Da with molding compound D°



The welding was performed analogously to the welding of molding

compound Da with molding compaynd Dt. Adhesion values having the

grade 4 were achieved in the handiest. 25 Claims 1. Use of a plastics

material coloured transparently, translucently or opaquely by colorant, as
Clmtmsabsorbing 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, doped tin oxide,
1. doped amtimony piiderihdiunmzine oxidé, lantianumdexabaride sindium v,

My i imony tin_oxide. 2.,Use according to Claim 1, characterized

t‘%l%tﬁgtgfﬁeeq{% i[(}e]psig %%;H%% BsSrsene ﬁﬁap§ﬁ0|§§ prr%%%ﬁtr iéai?sﬂwr 16
10500 e pestravcoiding leSimWedd? reharadterizettimthatdhen that

nparticle size of the, -sgqsitive particles presentis from 5 to 100 nm. 4,
- Usglccordir% to%%%%%gimé % to%:%y,i%:%ér_ggtger%ae%i% thrga)f the cortent o?f
CoTdseP-Semditiveaparticiesds rant 0:0661 0. %teywéight, proferably frono £

aoBL01 10014 by weight, based on the plasfics material, g Yse . . ,
gccording to any of Claims 1 to 4, characterized %t’hat%‘ib relgno-%{:lgllemony
OX{{l@r-sehaftiveTharficls preseRt comphisebluatindhms fhoxides 6. Useiium

+ 1 acearding t9.anyofGlaims 1ig 5, characterized in that the matrix of the
plastics material is based on poly (meth)acrylate, on polyamide, on

polyurethane, on polyolefins, on styrene polymers and styrene
2 . Capalymers,c e Nolycarbonate; @n silicopgs  -pPAYIMIdES, PN +hat the

particle size of the laser-sensitive particles present is

from 1 to 500 nm.

3. Use according to Claim 1 or 2, characterized in that
the particle size of the laser-sensitive particles

present i1s from 5 to 100 nmn.

4. Use according to any of Claims 1 to 3, characterized
in that the content of laser-sensitive particles is from
0.0001 to 0.1% by weilght, 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

comprise blue indium tin oxide.

€. Use according to any of Claims 1 to 5, characterized
in that the matrix of the plastics material is based on
poly (meth)acrylate, on polyamide, on polvurethane, on
polyolefins, on styrene polymers and styrene copolymers,
on polycarbonate, on silicones, on pelyimides, o1

polysulphone, on polyether sulphone, on polyketones, on



polysulphone, on polyether sulphone, on polyketones, on -26- polyether
ketones, on polyphenylene sulphide, on polyester, on polyethylene oxide,
on polyurethane, on polyolefins, o_nz%y_cloolefin copolymers or on fluorine-
containing polymers. 7. Use according to Claim 6, characterized in that

po e dhatrx of the plastics majerial is based o pobpunethyl methagrylate.

8. Use according to Claim 6, characterized in that the matrix of the
PO LIASTES rrateRAl iSRG bRPRen8FA SSolycatbonate: Witsehane,  on
po Be60rdiithio, Claim 6: shaacterized indhatthenmatrix of the plastics, » : ne -
material is based on polyamide. 10. Use according to any of Claims 1 to 9,
CORMArALENZ et i fre plastics material takes the form of a moulding,
semifinished product or lacquer coating. 11. Process for the welding of
7 plgstics mouldings or of segﬂfinished plastics products, where at least
* onie of the Parts 1°beljBingd 2artealt in TI& SGFAE retfich ofthe™ jGikting e
maares iscdomposedoka plasticsnmaterioh useds acsgrdiag torClaigs,hia hy 1
me?g}(lj Q¥ ui,iarlwgelaser light to which the particles present in the plastics
Tatenial are - sensitive to irradiate the jointing area. 12. Welded composite
part produced according to any of the preceding claims. ABSTRACT OF
THE DISCLOSURE LASER-WELDABLE PLASTIC MATERIALS WHICH
° ARES TRANSPAREN EYE%?&R%SL@CE‘?E\WLI?%*F? UELY BYED BY©
naMEANS OR-COLORANTSSThegresent inventicraretatesto tkanspateril 2
5 oi@@QW,&SRE@é opaque plastic materials that are

9. Use according to Claim 6, characterized in that the

matrix of the plastics material is based on polyamide.

10, Use according to any of Claims 1 to 9, characterized

the plastics materizl takes the form of =&

ot

in  tha

moulding, semifinished product or lacquer coating.

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

sensitive to irradiate the jointing area.

12. Welded composite part produced according to any of

the preceding claims.



tinted due to colorants, which are laser-weldable due to a content of
nanoscale laser-sensitive particles. These plastic materials, which may
be provided as molded bodies, semifinished products, or lacquer
coatings, particularly contain laser-sensitive particles with a particle size
from 5 to 100 nm and a content from 0.0001 to 0.1 weight had percent.

Typical compoundiggﬁgﬁgqscgge MUrBf';gcagg%R@timony-tin oxide,
indium-zinc oxide, ;

LASER-WELDABLE PLASTIC MATERIALS WHICH ARE
TRANSPARENTLY, TRANSLUCENTLY CR QPAQUELY DYED BY
MEANS OF COLORANTS

The present invention relates to transparent,
translucent, or opague plastic materials that are
tinted due to colorants, which are laser-weldable due
to a content of nanoscale laser-sensitive particles.
These plastic materials, which may be provided as
molded Dbodies, semifinished ©productg, or lacguer
coatings, particularly contain laser~-sensitive
particles with a particle size from 5 to 100 nm and a
content from 0.0001 te 0.1 weight had percent. Typical
compounds are nanocscale indium~tin oxide, antimony-tin

oxide, indium~zinc oxide, and lanthanum hexaboride.



