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TRANSLUCENT, OR OPAQUE PLASTI C MATERI ALS THAT ARE
TI NTED BY COLORANTS The present invention relates to
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of the laser energy that the material melts and both

parts are welded to one another.

In practice, the principle of composite formation
between join partners in laser welding is based on a
join partner facing toward the laser source having
sufficient transparency for the 1light 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
ls 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 1is produced
after cooling. Both parts are welded to one another in

. this way as a result.




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 |aser- sensitive additives,
and of the wavel ength and r‘adiation power of the

| aser used. In addition to CO2 and Exciner |asers,
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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 homogeneous color
impression arises. The material is not naturally
transparent. Since carbon black causes a strong black
coloration even at low concentration, only dark colors
Oor 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

Al, the laser-transparent join partner and the laser-




opaque tinted materials. In principle, according to
the teaching of DE 10054859 Al, the |aser-transparent
join partner and the laser 3 absorbent join partner
may be set in the same tone., However, conpletely
different colorants are necé%sary for thi s purpose.
One skilled in the art is advised to performtests in
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Transparent-colored, translucent-colored, and opaque-
tinted laser-weldable plastic materials having
precisely defined, freely selectable colors,
-particularly those which are additicnally 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 tcnes. 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




color of the material being inpaired. The present

i nvention describes plastic materials that contain a
| aser-sensitive additive which does not 4 influence
the intrinsic color of the plastic. This applies both
to the coloring and to the éblng behavior. The
plastic materials are basically equipped wth
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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 invention is the
use of nanoscale lasérmsensitive particles to
manufacture transparent, translucent, or opaque 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
 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




plastic matrix with high shear. The present invention
is based on the recognition that the |aser marking

pi gments known fromthe related art 5 are not
suitable for high-transparency systens in regard to
their particle size and theit Torphol ogy, since they
typically significantly exceed the critical size of a
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corrupt the color of the material, and make color
corrections necessary due to their intrinsic color and
their insufficient dispersability, the color
. corrections not succeeding satlsfactorily 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 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, mixed metal oxides, complex oxides, metal
sulfides, korides, phosphates, carbonates, sulfates,

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




Laser-sensitive nanoscal e particul ate additives are to
be understood as all inorganic solids, such as netal
oxi des, m xed netal oxides, conplex oxides, netal

sul fides, borides, phosphates, carbonates, sulfates,
nitrides, etc., and/or m xtutes of these conmpounds, 6
whi ch are absorbent in the characteristic wavel ength
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In the plastic material, the content of laser-sensitive
particles is expediently 0.0001 to 0.1 weight-percent,
preferably 0.001 to 0.0l weight-percent, in relation to
the plastic material. A sufficient laser weldability of
the plastic matrix 1is 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 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.




expedi ent to select the | ower concentration range for
| aser-sensitive pignents having particle sizes above
100 nm while higher concentrations may al so be
selected for particle sizes _below 100 nm 7 Doped
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The laser-sensitive particles to be used according to
the present invention are known per se and are
commercially available even in nanoscale form, 1.e., as
discrete particles having sizes below 1 pm and
particularly in the . size range preferred here,
typically in the form of dispersions or in the form of
easily redispersible powdered agglomerates of nanoscale

particles.

The laser-sensitive particles are typically provided as
agglomerated particles, for example, as agglomerates
whose particle size may be from 1 um 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.




mllinmeters. These may be incorporated into the
plastic matrix with strong shear using the nethod
according to the present invention, through which the
aggl onerates are broken down into the nanoscal e
primary particles. 8 The "dét &rni nati on of the degree
of aggloneration is perfornmed in accordance with DI N

%Oﬁdéeééﬁygaaonl%?é)t r%aé{e %”é Bime SHETLAS 1 5

oxides In artlcu nanu ctured,
@?éﬁﬁﬂ@mxihﬁ@ugﬁccﬁyﬁépyﬁlcWh%hho@%N Sﬁ%ﬂ“ﬁetﬁéﬁsA@S@St
descni.bed, for exanple, in EP 1 142 830 A, EP 1 270
511 A, or DE 103 11 645. Furthernore, nanoscal e
particles may be manufactured through precipitation
matrbedslcas pdesdrilbed insDEh100222 Q3 alf or oxéaigy e. in
F%%TH%Q& gal %nérfssr FERIELIYE D %]” 'férese{%é{ be through
ncor ora ractically astic stens
@Nd@ﬂy¢GCprmﬂtdedﬁhenﬁmphh m%ﬁhwdawﬂakﬂnIdagprlﬁe@stléor

g@%ﬁa 'l%ls 4 valfhlwe bagtlﬁprr%]trm' Paged,PNpr 103
acry ate am ae ur et ane,

gélycﬁ%§1nsFu§F§?§%%r%olyﬁéP@Séﬁéestyﬁﬁﬂéiédﬁ%ly%%Ys be
m@hmqabwi@tde SiHdaRnes, ;ﬂﬂédigﬁﬂ@@&orpm ya&theas, as

ersul f ol.yk ol erketones PEEK
B LEnens ane eurDae?" olyetrar Srbtbncas peT Pen
PBT), polyethyl ene oxide, polyurethane pol yol ef i ns,

G POLYNELS 70N ai 2Log Lior ng. (Suchas RADF, JEREP. .

are cal ncor pora
@onpapnrathd ab@ve @Enct@nedlpl&Stﬁcplast@onpﬂm%wﬂmﬁ in

BLqbpt oco Sﬁiéf@?ﬁ an%Qtfhr amddiesg. hassesy Fiﬁstic
roug 23

wer e chan sub Se(g uent reacti ons,
possrppds Thes et ernhﬁ < PARECRAOWRA R o ifire s yon

9&@&'%@&% heryragef ol d fo&ﬁﬂ.éHEHéMVantag@o@?&@é@hﬁﬁe,
o.th resent _invention of the nanoscale partliles
Bg}ypgﬁﬁéppy ne poirymers and styrene copolymers,

polycarbonate, silicones, polylmldes, polysulfone,
polyethersulfone, polyketones, polyetherketones, PEEK,
- polyphenylene sulfide, polyesfer {such as PET, PEN,
PBT), polyethylene oxide, polyurethane, polyolefins, or

' polymers containing fluorine (such as PVDF, EFEP, PTFE)

are typical. Incorpeoration 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 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® TRb55, TR90O, Trogamid® T5000,
CX7323), polyethylene terephthalate, polysulfone,
polyethersulfone, cycloolefin copolymers {(Topas®,
Zeonex®}, polymethyl methacrylate, and their

copolymers, since they do not  influence  the




to bear in colored transparent or translucent plastic
systens such as pol ycarbonate, transparent polyam des
(such as Gilamd(r) TR55, TROO, Trogam d(r) T5000,
CX7323), polyethylene terephthal ate, polysulfone,
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Zeonex(r)), polynmethyl nethacrylate, and their

‘%%%Héﬁ§¥éhcﬁ'@Fetﬁgeﬁag@rﬂgﬁ '@@E%ﬁ@%ﬁo&@e fransparent
transparency of. the materjal. Furthernore,

HATArERe Pl yRIVIRHRP BRI D Ypr bpyPenel hpd: t sparell

Gd edllaspuetialas aldypartiald ypaaystakl |lm1@l@ﬂl asﬁay:s be
whi ch ma be % %pessed i n e%{ nspar ent
&8ty I

RS TGSPRg Y Sromadsd ptier by
pnnﬂgssingxﬂ&nnﬂkt1onage%ﬁmthemﬂnrespbmnhed opaguessing
y ed W h S .
e e
gevamaddy vigrhuftdiet meed sicedm tlie e rf-senewAgec DApBRBASS:

branched and unbranched aliphatic (6 through 14 C
atons), _al kyl -substituted or__unsubstituted
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carboxylic acids.

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

"lactam or o-amino dodecancic acid, azelaic acid,

sebacic acid, dodecanoic diacid, fatty acids (C 18 - C
36; e.g., under the trade name Pripoli®), c¢yclohexane
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 wunbranched, branched, or substituted forms, as well
as representatives from the class of alkyl-
substituted/unsubstituted cycloaliphatic diamines bis-
{d-aminocyclohexyl)-methane, . bis~ (3-methyl-4-~

aminocyclohexyl)-methane, bis-(4-aminocyclohexyl) -




di carboxylic acids, with partial or conplete
repl acenent of these aliphatic acids by
i soterephthalic acid, terephthalic acid, naphthal ene
di carboxylic acid, tributyl isophthalic acid.
Furthernore decane di ami ng, 1%dodecane di ani ne, nonane
di am ne, hexanet hyl ene diam ne in unbranched,
, o_rbi%Ub(Serithcﬁﬂzlfc@féQ%mea}s, Weld; s aSminomethyl) -
representatives fromthe class of "al kyl - _
qhaRaef unsapebrEered eyendaei phiat Vel afiwes liuged
' ke e id3gN ®e Risew( 3- met hyl - 4-
am nocycl ohexyl ) - met hane, bi s-(4-am nocycl ohexyl) 10
propane, bis-(am nocycl ohexane), bis-(am nonethyl) -
gycingliexanef icoplymnelidiantrengpae¢an spsfdiided are
Rt ARty ef]odﬁl a nes, gry ;be ysed. - bxanphes, of ER 4 725
correspondi ng 't ranspar eht “polyani desS™are escribed,
flé¥l .exanple, in EP 0 725 100 and EP 0 725 101.
Col ored transparent, translucent, or opaque plastic
- systens based on pol ynet hyl nethacryl ate, bi sphenol - A-
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addictieues, | 5:204R 20B0US ndl REE RofbECanBOkEnsparency
selection’is nade possible for the plastic materials.
PHoddecBB6ErAgS -whi ch have only a slight intrinsic
absorption in the range of interest between 800 and

1500 n |.§., are | aser transparent, cone int
In colore transparent, translucent, an opague

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, 1in the following the
nomenclature of the color index (C.I.) is wused. All

colorant names such as solvent orange or pigment red
.101 are C.I. names. {(For the sake of simplicity, the
name component C.I. is left out in the following Table
1.)

Table 1: laser-transparent colorants

Colorant C.I. Preferred Especially




consideration. To identify the colorants, in the
follow ng the nonenclature of the color index (C1.)

is used. Al colorant nanes such as sol vent orange or
pigment red 101 are C. I. nanes. (For the sake of
sinplicity, the nane conﬁoﬁ%nf Cl. is left out in

the followwng Table 1.) Table 1: | aser-transparent

col orants Col orant cgnéent';?%&o%”%% Ehscoem ally.s 11
concentrati on wei ght- preferred p ﬁ{ concentratlon
wei ght - per cent pi g@eneedr ange 64 0. 01 coeBteaigps -
0.05 solvent orange 60 0.01 - 1.0 0. 0lc;1Q-9er3QLVent
orange 10b 0.01 - 1.0 U.01 - 0.5 solyent oOorange I1T
@igment 9rapog o . Q-8 pPghent red 48 8.%5 - 94-93 0 05
@1 RentPbHRAt 64 €d 11031 Q. Q0% - 0.5 0.010;00-30.pi gment
red 144 0.005 - 0.5 0.0 - 0.2 pignent red 166 0. 005
sopveptgoyppae P 10 fhent-$ed 178 0.019:94 00k 03 .
Qobverpi grept 1@d 25409 01.¢ 1.0 0.03 {005 - 5804 vent
red 52 0.01 - 1.0[0.01 - 0.5 solvent red 111 0.01 -
Pigngtoicd 48 5 sdluBnt fe¥ 135 0. 01 19409D-8:91 . 0 5
0wt réedol79 0.0l065 1.0.90.01 - 0.5 opiigrenis green 7
3 g aec&ﬁh.o,.f,:g&% wgfneénogsg' gment 9re8el 8Pt o a0
sobneent rar een 3 0./01065 1. 0.50. 01 - 0. 5\03@11\/9;(;;2 green
20,0902, 1,0 0-01: 05, pi grent bl ug,15 0005 -
00z oo

pigment red 254 0.01 - 1.0 0.03 - 0.5

sclvent red 52 0.01 - 1.0 0.01 - 0.5

solvent red 111 0.01 - 1.0 0.01 - 0.5

solvent red 135 0.01 - 1.0 0.01 - 0.5

solvent red 179 0.01 - 1.0 0.01 - 0.5

pigment green 7 0.0005 - 1.0 G.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 - 1.0 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 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 yallow 110 0.01 - 1.0 0.03 - 0.5

pigment yellow 150 0.0005 - 0.5 0.00605 - 0.25
pigment yellow 180 0.01 - 1.0 0.03 - 0.5

pigment yellow 184 0.005 - 0.5 0.005 - 0.25
solvent yellow 21 0.005 - 0.5 0.005 - 0.5
sclvent yellow 93 0.005 - 1.0 0,005 - 0.5
pigment brown 24 0.005 ~- 0.5 0.00% - 0.15
pigment violet 19 0.01 — 1.0 0.03 0.5

pigment violet 13 0.01L - 1.0 0.01 - 0.5

pigment violet 46 0.01 - 1.0 0.01 ~ 0.5




pi gment blue 29 0.02 - 5.0 0.2 - 2.0 pignment blue 36
0.015 - 0.5 0.015 - 0.25 pignent yellow93 0.1 - 1.0
0.1 - 0.5 pignent yellow 110 0.01 - 1.0 0.03 - 0.5

pi gment yell ow 150 0.0005 - Q.5 0.0005 - 0.25 pignent
yel l ow 180 0.01 - 1.0 0.03 +2075 pignent yel | ow 184
0.005 - 0.5 0.005 - 0.25 solvent yellow 21 0.005 -

Bind. 065 thd. E'zzolsc%/rﬁfg yekka Wn%a?y 0:0Q3t- 10 HArent
0.5 pignment brown 005 0.005 - 0.15

p?%ﬁﬁuliﬁ%l"él?l‘i@ @léier ilegbtéﬁ Brem SRGnERC i -etFor
]éi&aﬁuzﬂl]e bl@naaxﬁ-ls m2y5 DbpI g]ﬁie@rhez\(t@&ifetus’lﬁq@- lQﬂ-iffeﬂreQ:lt
----------- of t col or ant
AT P st HAP U § PR SRS AR di erthe
ﬁwgﬂﬂﬂw &roseondhasotirems Fore Edanpié;e@lgmentﬁlugyto
Pi IS L i ffarent a hr,oug
3% hqgff%ggggghﬁgr%%(%g'?ﬂ - %n%ﬁ#garrsé g&gment
fltﬂqrs49ar50¥ dehei ppémea‘@c@namﬁgtﬁd uging k&;@dsumfu Xiigneat

clpnqand apRyRbEted® Geind! TR un ed :'%éméﬁ{: tf‘@d 48:2
pi gnent pignented using sodium pig ? :

GRS USioTid e aPEFaRIT pi BHERENT ocF @B: 26 pi glﬁﬂn@@t@d
mﬁﬂﬂﬁkEWtémﬁlﬁmgnEﬁﬁ @ﬁ@mé&t3lﬂkgn$®tﬁdplgﬁéﬁﬁed using

stronti.u red 48: nented usi n
Tt e B A E et naBs G fere S (5 be
MmdaHKMWBiond sucBuahwaymnhaﬂuﬂhéwegompnpsesalalEorms
f a lor ctu T de the
%4?% g r%‘t%%g%lasgﬁg%elgg%l §8£ a er a sCOlOr

aémhﬁnlng to the present |nvent|on are typically
provi ded as nol ded bodies or semfinished products.

Laser - wel dabl e | acquer coatln%s are al so possi bl e.
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 possibie.

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 polycondensation reaction in a typical way with
the remaining reaction partners. Furthermore, after

formation of macromolecules, the resulting high




The manufacture of the high-transparency

| aser-wel dable plastic nmaterials according to the
present invention is performed in a way known per se
according to techniques and nethods that are

vel | - known and typi cal in’p*%sfic manuf act uri ng and
processing. In this case, is possible to introduce
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L X€5P1e instant for this purpose 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 is especially preferred.

It is advantageous if the incorporation of the
nanoscale 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 into larger 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.




roller mlls, extruders, etc., possibly shaped, and
then caused to cure. The nanoscal e | aser-sensitive
particles are introduced into the material at the
suitable instant for this purpose and incorporated
homogeneously. The incorporafion of the nanoscal e

| aser-sensitive particles in the formof a '
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onpounds Qr .through casting nmethods. [The.
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curable lacquers, single-component or multicomponent
reactive lacguers, such as two-component polyurethane

lacguers.

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

be welded through irradiation using laser light.

The laser welding may be performed on a commercially
available laser marking device, such as a laser 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, 1in corder to avoid undesired carbonization. At

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




| acquer | ayer. The group of suitable l|acquers
conprises, for exanple, powder |acquers, physically
dryi ng | acquers, radiation- curable |acquers,
si ngl e-component or nulticopponent reactive |acquers,
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contalned I n |astic material is sensitive.
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: 5§ R C tac pressure necessary 1n order to

obtain a material bond.

Example 1:

Manufacture of a colored-transparent, colored-

translucent, or opague tinted laser-sensitive molded
body

A colored-transparent, colored-translucent, or opaque
tinted plastic molding compound, contailning 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

slabs, 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.




mat eri al according to the present invention, through
which the parts are so strongly heated at the phase
boundary that both parts are wel ded to one another. A
certain contact pressure is_necessary in order to
obtain a material bond. Exanple 1: Manufacture of a
col ored-transparent, colored- translucent, or opaque
D Bth ASRS - Sensi tivye mohdedr-BRdY Aent  (*)  molding
. col ored-transparent, colored-translucent, or opaque
MR BIHst i ¢ nol di ng conpound, containing a | aser-
sensitive nanoscal e pignent, was nelted in an extruder
injected.nto an injection nold to form plastic
i@ﬂé&#ﬂﬁggig%-in the formof |anina or extruded to
form slabs, films, or tubes. The incorporation of the
|f¥% Ve 'éﬁv?3?§9n§néo %Qc'éfe PBQEEkcoEDbglggsa AG,
conpound was perfornmed w s%rona sheéar “in order to
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AGnodtiagle penfionimoce poliyeensahs@rch, INMas, OBG0VSedon
the plastic gEIding conpound, and conpounded and
HeiaCed 960 a“BEr st OFFF- 22585V D et rUHE at “3ooc?
widnzenrardscal e oifndDufit | we DxhideodNar@it ) 12FA | Wi@H C.I.
f.rom nog as t I -sengj;tive fi nt i
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§B€éi@dﬂb%h%&%ﬁﬁﬁhebfa%.bﬁewhﬂéﬁElbééﬁéﬁﬁﬁent col or ant
in a concentration of 0.01 wei ght-percent.

Embodiment B?

Vestamid L1901, 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
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.I.
pigment red 166 {Scarlett RN, from Ciba
Spezialitatenchemie) as the laser-transparent colorant

in a concentration of 0.01 weight-percent.

Embodiment C*

Vestamid L1901, 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
" nanoscale indium-tin oxide Nano®ITO IT-05 C5000 from

Nanogate . as the laser-sensitive pigment in a




Enbodi nent Ba Vestam d L1901, a commerci al product of
Degussa AG  hi gh performance polyners branch, Marl,
was used as the plastic nolding conpound and
conmpounded and granul ated on a Berstorff ZE 25 33 D
extruder at 260C with nafoddale indiumtin oxide
Nano(r)I TO I T-05 C5000 from Nanogate as the
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molecular welight molding compound  of the type

Plexiglas® 7H may advantageously also be used.

Embodiment E?

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

used.

Embodiment F?.
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Example 2:

Manufacture of a colored-transparent, colored-

translucent, or opaque tinted laser-sensitive cast PMMA

semifinished product

The nanoscale indium-tin oxide Nano®ITO IT-05 C53000
from Nanogate was dispersed in a concentration of 0.001
weight-percent as the wlaser—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 wviscosity 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.




but with the difference that no | aser-sensitive
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poured into a chanber and pol ynerized at 50C in the
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preferably used. WeaKly Scattering mcronized
66@6ﬁ&ﬁ@e§¢gﬁ§hp§aq§@cWaééaﬁﬂpﬁéwagbﬁeaﬁﬁaénmeﬁﬁyOgethe

¢3edrhef neakhnpwhr asspabest sxelitlieddsn Maeearstr erghyples

sc tterL%$F§ qpen g.are EU|tabIe for transluceg 9r
B . THhe PRSSIGRMEAT LGP HE WForahtdi 47

bmowg bmhehosela@slléﬁ BA 0REe akt. Exanples and

i nstructions for polynerization are specified in,

anong ot her things, DE 43 139 24. Variant A C. |
pegient Ped 166 (Scarlett RN, from Giba

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

0.01 weight-percent as the laser-transparent colorant.
Variant B

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

C.I. pigment green 7 (Irgaitite Green GFNP, from Ciba
Spezialitédtenchemie) was used in a concentration of

0.01 weight-percent as the laser-transparent colorant.

Example 3:

Performing laser welding

(cast PMMA having 0.01 weight-percent ITO content)
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WeabRaCQulsd b utenpved; fiem t hendevi €8x was started. At
the end of the welding procedure, the welded plastic

slabs could be removed from the device.

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

The adhesion was evaluated as follows:

0 no adhesion.

1 slight adhesion.

2 some adhesion; to be separated with 1ittle
trouble.

3 good adhesion; only to be separated with great

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

cchesion fracture.

Embodiment A

Molding compound A* with molding compound AF




Adhesi on val ues having the grade 4 were achieved in
the hand test. The adhesi on was eval uated as fol | ows:
0 no adhesion. 1 slight adhesion. 2 sone adhesion; to
be separated with little trouble. 3 good adhesion;
only to be separated with gféat trouble and possibly
wth the aid of tools. 4 inseparabl e adhesion;

%@Pﬁ{aﬁ‘{dﬂh ol e d f&#%lcﬁe@:ﬂgﬁé Qi ifd agtyy e(gli’r‘_rﬂé’%%‘iio’ﬁ%mso
|ng conmpoun ng conpound
é‘tnhrﬁ:@arfﬂn i) B8t | BadeoPEeRoplasgi ¢ospannddiPne o iy camht

5155 5ac30) a@ﬁeaam wrm%e Of sBBbEUN G ICAMRONNA 1 A MBSORT wfected

to Qonta second anda in ectlon nmol d
i Rl b ] e o® i%%rémn% RBye g of
mm:lld:llmg; cansp@unddAt A" Thahsd absamer ewkabd ladd tiheeo the

of the Starmark | aser .SMVB5 f
asél aERE%} thlkfhn §UCh%§aﬁg@I' #afﬁg sla éadgrom
&faa segl-dianp rdegpedkd iat siugihd aowampﬁhaut éhe wdsbf meste of

RRNSLR e%mpoh%%lﬁseu&’f@m Thec \r aneter s wa%qugq%t
(2250 ), lanp current nd advarice

PEOCRAEEA Wof Rt Latr s h%e%nt ?TEP BATENSECERe HragBency
Afztzesro HAe Siaz efurtrkatarea.poahe welkdedvaasel Bpekd (10
Ser was stgrted At %F ind of %%3
Sdln %¢o%%au?% bRecQRTHRY PPakt PE SPandacsdrdpéer
mamomede hﬁbmmbhar@evmoebeAﬁh&$Ednwwalua@uhawaag4tﬁ@2
de 4 ch| t nd t est ariant Al:
g%%nen? %% 9 ( E%Sﬁﬁgrl F 8) ¥ u§¥6t§§ twgldlng
procedure, the welded plastlc slabs could be removed

from the device.

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

Variant Al:

Pigment blue 29 (ultramarine blue) was used as the
colorant in the plastic.

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

Variant A2:

~ 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 B®

A standard injection molded plastic slab (dimensions 60

- mm*60 mm*2 mm) made of molding compound B* was brought




colorant in the plastic. Adhesion val ues having the
grade 4 were achieved in the hand test. Variant A2:
Sol vent orange 60 was used as the colorant in the

pl asti c. Adhesion val ues having the grade 4 were
achieved in the hand test. 2Bnbodi nent B Mol di ng
conpound Ba with nol di ng conpound Bt A standard
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andard injection nolded plastic slab (dinensions 60
?htﬁpgbacrkﬂr%*?@ ““ade of nol di ng conpound Ca was brought

into contact with a second standard injection nol ded
Adhesion values having the grade 4 were achieved in the
hand test.

Embodiment C

Molding compound C* with molding compound C!

A standard injection molded plastic slab (dimensions €0
mm*60 mm*2 mm) made of molding compound C* was brought
into contact with a second standard injection molded
plastic slab (dimensions 60 mm*60 mm*2 mn) made cof
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”d 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.




plastic slab (dinensions 60 nM*60 M*2 M) nade of
nol di ng conpound & . The slabs were laid into. the
wel di ng support of the Starmark | aser SMVB5 from
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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.

Embodiment E

Molding compound E* with molding compound E®

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 F




hand test. Enbodi mrent E Mol di ng conpound Ea with
nmol di ng conpound Et The wel di ng was perforned
anal ogously to the welding of nolding compound Da
wi th nol di ng conpound Dt. Adhesion val ues having the
grade 4 were achieved in th& hand test. Enbodi ment F
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pamntd ¢ketsi ze of the |ncluded_laser sensitive
particles is 1 to 500 nm 3. The plastic materials
according to claiml or 2, characterized in that the
particle size of the included | aser-sensitive
particles is 5 to 100 nm 4. The plastic materials
according to clains 1 through 3, characterized in
that the content of |aser- sensitive particles is
0.0001 to 0.1 weight- percent, preferably 0.001 to
0.01 weight-percent, in relation to the plastic
mat eri al .




5. The plastic materials according to clainms 1
through 4, characterized in that they contain netal
oxi des, m xed nmetal oxides, conpl ex oxides, netal

fi i des, phosphat es, carbonates, sulfates,
ﬁ#@r%@iﬁkoéﬁgg, and/or m xtures of these conpounds as
t he nanoscal e | aser-sensitive particles 6. The
plastic materials accosghm@r t@.civgd s 1 t hrough 5,
characterized in that They contain doped indi um
oxi de, doped tin oxide, doped antinony oxide, 2
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polyn§b§ra@§ﬁﬁa@ﬁ| glm|lqutnethe particle 51ze of the

included laser-sensitive particles i1s 5 to 100 nm.

4, The plastic materials according to claims 1
through 3,
characterized in that the content of laser-
sensitive particles 1s 0.0001 to 0.1 weight-
percent, preferably 0.001 to 0.01 weight-percent,

-in relation to the plastic material.

5. The plastic materials according to c¢laims 1
through 4,
- characterized in that they contain metal oxides,
mixed metal oxides, complex  oxides, metal
_sulfides, beorides, phosphates, carbonates,

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

compounds as the nanoscale laser~sensitive
particles '
6. The plastic materials according to c¢laims 1
~ through 5,

 characterized in that they contain doped indium

oxide, doped tin oxide, doped antimony oxide,




10. The plastic materials according to claim9,
characterized in that they are based on pol ynet hyl

met hacrylate. "11. The plastic materials according to
claim9, characterized in that they are based on

bi sphenol - A-pol ycarbonat . 427 The plastic materials
according .to claim9, characterized in that they are
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pr e- nitkreugh B7. A met hod for wel ding plastic nol ded
bodi eg1@kscterized in that the plastic matrix is based
on poly(meth)acrylate, polyamide, polyurethane,
polyolefins, styrene polymers and styrene
copolymers, polycarbonate, silicones, polyimides,
polysulfone, polyethersulfone, polyketones,
polyetherketones, polyphenylene sulfide,
polyester, polyethylene oxide, polyurethane,
~polyolefins, cycloolefin copolymers or polymers

containing fluocrine.

10. The plastic materials according to claim 9,
characterized in that they are based on polymethyl

methacrylate.

11. The plastic materials according to claim 9,
characterized in that they are based on bisphenocl-

A-polycarbonate.

12. The plastic materials according to claim 9,

characterized in that they are based on polyamide.

13. The plastic materials according to <claims 1
through 12,




plastic sem finished products, at |east one of the
parts to be joined conprising plastic materials
according to clains 1 through 13 at least in the
surface region of the joining area, in that the
joining area is irradiated wth laser light to which
the particles contained in the plastic material are

sensitiMe acterized in that they are provided as molded
bodies, semifinished products, or lacguer

coatings.

14. A use of nanoscale laser-sensitive particles for
manufacturing transparent, translucent, or opaque
‘laser-weldable plastic materials that are tinted

by colorants.

15. A method for manufacturing transparent,
translucent, or opaque laser-weldable plastic
materials that are tinted by colorants according
to claims 1 to 13,
characterized in that the nanoscale 1laser-
sensitive particles are incorporated into the
plastic matrix or the fluid monomer-containing

casting formulation with high shear.

16. The method according to claim 15,
characterized in that the nanoscale laser-
sensitive particles are incorporated into the
plastic matrix or the fluid monomer-containing
casting formulation with the plastic material in

the form of a concentrated pre-mixture.

17. A method for welding plastic molded bodies or
plastic semifinished products, at least one of the
parts to be joined comprising plastic materials
according to claims 1 through 13 at least in the
surface region of the joining area, in that the
joining area 1is irradiated with laser light to
which the particles contained in the plastic

material are sensitive.




