WO 2005/ 084956 HI GH TRANSPARENCY LASER- MARKABLE AND
LASER- WELDABLE PLASTI C MATERI ALS The present
invention relates to high-transparency plastic
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laser energy. It may be a compound which is converted
from an invisible, colorless form into a visible form
upon irradiation with laser light. In laser welding,
the plastic material is so strongly heated in the join
area through absorption of the laser energy that the

material melts and both parts weld to one another.

The identification of production products is becoming
increasingly wmore important in nearly all industrial
branches. Thus, for example, production dates, batch
numbers, expiration dates, product identifications,
barcodes, company logos, etc. must be applied. Compared
to conventional identification technologies such as
printing, embossing, stamping, and labeling, laser
'marking is significantly more rapid, since it operates
without contact, more precise, and may be applied even
to nonplanar surfaces without further measures. Since
the laser markings are. produced under the surface in

the . material, they are - permanent, stable, and
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partners, not only the absofbing material, but rather
also the transparent material melt locally and
partially mix, through which a composite is produced
after cooling. Both parts are welded to one another in

this way as a result.

The laser markability or laser weldability is a
function of the nature of the plastic materials and/or
the polymers which they are based on, of the nature and
content of any laser-sensitive additives, -and of the
wavelength and radiation power of the laser used. In
addition to CO; and Excimer lasers, Nd:YAG lasers
(neodymium-doped yttrium-aluminum-garnet lasers),
having the characteristic wavelengths 1064 nm and 532
nm, are increasingly used in this technology, and more
recently even diode 1lasers. ' 'In laser marking, good
recognizability - as dark as possible in front of a
~light background - and high contrast are desired.
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Therefore, high-transparency laser-markable plastic

materials may not be produced using pigments of this

type.

Laser-markable products which contain antimony trioxide
having particle sizes over 0.5 pm ag the laser marking
pigment are described in WO 01/00719. Dark markings on
a light background and good contrast are obtained.
However, the products are no longer transparent because

of the particle size of the pigment.

Only a few polymer systems are laser-markable or laser-
weldable per se and without further laser-sensitive
additives. Polymers having ring-shaped or aromatic
structures are predominantly used for this purpose,
which tend to carbonize easily under the effect of
laser radiation. Polymer materials of this type are not
weather-stable because of their composition. The

contrast of the inscriptions is poor and is only
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tailored
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 10054852 Al. The molded parts contain
- laser-trangparent and laser-absorbent c¢olorings 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.

High-transparency laser-markable and laser-weldable
plastic materials, ©particularly those which are
additionally weather-resistant, are not known from the

prior art.

The present invention is therefore based on the object
of providing high-transparency laser-markable and
laser-weldable plastic materials. In particular, laser-

sensitive additives for plastic materials are to be
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The object of the present invention is alsoc the use of
nanoscale laser-sensitive metal oxides for producing
high-transparency laser-markable and/or laser-weldable

plastic materials.

In addition, the object of the present invention is a
method for producing high-transparency laser-markable
and/or laser-weldable plastic materials with the aid of
"nanoscale laser-sengitive metal oxides, the metal
oxides 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
are not suitable for high-transparency systems in
regard to their particle size and their morphology,
since they typically significantly exceed the critical
size of a fourth of the wavelength of visible light of
approximately 80 nm. Laser-sensitive pigments having
primary particles below 80 nm particle size are known,
- but these are not provided in the form of isolated
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less than 1% at a material thickness of 2 mm.

- Transmission and haze are determined in accordance with

ASTM D 1003.

Laser-gensitive metal oxides are to be understood as
all inorganic-metallic oxides such as metal oxides,
mixed metal oxides, and. complex oxides which absorbed
in the characteristic wavelength range of the laser to

be used and are thus capable of producing a locally

visible alteration in the plastic matrix in which they

are embedded.

Nanoscale is to be understood in that the largest
dimension of the discrete particles of these laser-
sensitive metal oxides is swaller than 1 um, 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 and

agglomerates.




Laser-sensitive netal oxides are to be understood as
all inorganic-netallic oxides such as netal oxides,

m xed netal oxides, and. conpl ex oxides which absorbed
in the characteristic wavel ength range of the laser to
be used and are thus capabl & of producing a locally
visible alteration in the plastic matrix in which they
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expedient to select the lower concentration range for
metal oxides having particle sizes above 100 nm, while
higher concentrations may also be selected for particle

gsizes below 100 nm.

Doped indium oxide, doped tin oxide, and doped antimony
oxide preferably come into consideration as the
‘nanoscale laser-sensitive metal oxides for
manufacturing high-transparency laéer—markable and/or

laser-weldable plastic materials.

Especially suitable metal oxides are indium-tin oxide
(ITO) or antimony-tin oxide (ATO) as well as doped
indium-tin and/or antimony-tin oxide. Indium-tin oxide
is especially preferred and in turn the "blue" indium-
tin oxide thereof obtainable through a partial
reduction process. The non-reduced "yellow" indium-tin
oxide may cause a visually perceivable slightly
yellowish tint of the plastic material at higher
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The determination of the degree of agglomeration is
performed as defined in DIN 53206 (of August 1972).

Nanoscale metal oxides in particular, may be produced,
for example, through pyrolytic methods. Such methods
are described, for example, in EP 1 142 830 A, EP 1 270
- 511 A, or DE 103 11 645. Furthermore, nanoscale metal
oxides may be manufactured through precipitation
methodsg, as described in DE 100 22 037, for example.

The nanogcale laser-sensitive metal oxides may be
incorporated into practically all plastic systems in
order to provide them with laser markability oxr laser
weldability. Plastic materials in which the plastic
matrix 1s based on poly(meth}acrylate, polyamide,
polyurethane, polyolefins, styrene polymers and styrene
- copolymers, polycarbonate, silicones, polyimides,
polysulfone, polyethersulfone, polyketones,
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transparency of the materla Furthermore, trangparent
polystyrene and polypropylene are to be cited, as well
as all partially crystalline plastics which may be
processed into transparent films or molded bodies by
using nucleation agents or special processing

conditions.

The transparent polyamides according to the present
invention are generally manufactured from the following
components: branched and unbranched aliphatic (6
through 14 C atoms), alkyl-substituted or unsubstituted
cycloaliphatic (14 through 22 C atoms), araliphatic
diamines (C14 - C22), and aliphatic and cycloaliphatic
" dicarboxylic acids (Cé 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 w-amino carboxylic acids.




pol yet hyl ene terephthal ate, pol ysul fone,

pol yet her sul fone, cycl ool efin copol yners (Topas(r),
Zeonex(r)), polynethyl nethacrylate, and their

copol yners, since they do q1 influence the
transparency of the materid Furt hernore, transparent
pol ystyrene and pol ypropyl ene are to be cited, as well
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cyclohexane, isophorone diamine or even sgubstituted

. pentamethylendiamines may be used.

Examples of corresponding transparent polyamides are
described, for example, in EP 0 725 100 and EP 0 725
101.

High-transparency plastic systems based on polymethyl
- methacrylate, bisphenol-A-polycarbonate, polyamide, and
cycloolefin copolymers made of norbornene and o-olefins
are especially preferred, which may be made laser-
markable or laser-weldable with the aid of the
nanoscale metal oxides according to the present
invention, without impairing the transparency of the

material.

The high-transparency laser-markable plastic materials
according to the present invention may be provided as
molded bodies, semifinished products, molding

compounds, or lacquers. The high-transparency 1laser-




aci-d, terephthalic acid, naphthal ene di carboxylic
acid, tributyl isophthalic acid. Furthernore decane
di am ne, dodecane di am ne, nonane di am ne,
hexamet hyl ene diamne in qg[anched, branched, or
substituted forns, as well S representatives from
the class of alkyl- substituted/ unsubstituted
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example. This monomer component may then be subjected

to a polycondensation reaction with the remaining
reaction partners in a typical way. Furthermore, after
formation of macromolecules, the resulting Thigh
molecular weight intermediate or final produéts may be
admixed with the laser-sensitive additives, all methods
known to those skilled in the art also being able to be

used in this case.

Depending on the formulation of the plastic matrix
material, £luid, 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 Dbrighteners, antistatic agents, softeners,
demolding agents, 1ubriéants ' dispersing agents,
antistatic agents, but also fillers and reinforcing
agents or impact resistance modifiers are mixed and
homogenized in devices and systems typical for this

purpose, such as reactors, stirring vessels, mixers,



the present invention is perforned in a way known per
se according to technol ogi es and nethods current in
typical in plastic production and processing. It is
possible to introduce the l|aser-sensitive additives
before or during the polynéFiiation or

pol ycondensation in individual reactants or reactant
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partlcles re broken down. The corresponding
technologles and the particular method parameters to be
selected are well-known to thosgse sgkilled in the art.

Plastic molded bodies and semifinished products are
obtainable £from the monomers and/or pre-polymers
through injection meolding 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 more polymerization initiators and inducing the
polymerization through heating or irradiation. For
complete conversion of the monomer({s), a tempering step

may follow the polymerization.

- Laser-markable and laser-weldable lacquer coatings are

obtainable through dispersion of nanoscale laser-




then caused to cure. The nanoscal e | aser-sensitive
nmetal oxides are introduced into the material at the
suitable instant for this purpose and incorporated
honbgeneousl y. The |ncorpo&§t|on of the nanoscal e

| aser-sensitive netal oxidéS in the formof a
concentrated pre-m xture (masterbatch) with the
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those skilled in the art, for exanple, by adding ore
or nore pol ynerization |n|t|ators and i nducing the
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Baubdlselypel Mmdrétmﬁrﬂ%ipaﬁawgﬂgarm abtangabllaser
SV AHINGET gRenBI B 0f (200568 & bdtdveen 1 and 200
mm/sgeconds. The molded body to be inscribed is inserted
into the device and white to dark-gray writing having
sharp contours and good readability on the colorless,
transparent substrate is obtained after irradiation. In
a special embodiment, the laser beam may also
advantageously be focused above the substrate. A larger
number of pigment particles are thus excited and
intensive, high contrast inscribed images are obtained
even at low pigment concentrations. The required energy
in the writing speed are a function of the composition
and guantity of the laser-sensitive oxide used. The
high the oxide content, the lower the required energy
in the higher the maximum writing speed of the laser
beam. The required settings may be ascertained in the

individual case without further measures.

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




sensitive oxides in typical |acquer fornmulations,
coating, and drying or hardening of the |acquer |ayer.
The group of suitable |lacquers conprises, for exanple,
powder | acquers, physicall 3i4dr_yi ng | acquers,
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wel di ng may be perfornmed on commer ci al aval [ abl _e:L
SRGFLGRH R nFeadorped saeh Hiak |thwer JPigm part facing

toward the laser beam does not absorb the 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 both parts are welded to one another. A
certain contact pregsure is necessary in order to

obtain a material bond.

The high-transparency laser-sensitive plastic materials
according to the present invention may be used very
advantageously for producing laser-markable production
products. The identification of production products,
produced from these plastic materials, is performed by
irradiating them with laser light to which the metal

oxide contained in the plastic material is sensitive.

Comparative Example A:




Baasel , Type StarMark SMVB5, having an out put between
14 0.1 and 22 anperes and an advance speed between 1
and 100 mm seconds. Wen setting the | aser energy and
advance speed, it is to be nsured that the output is
not selected too high and Ehe advance speed is not
selected too low, in order to avoid undesired
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material according to the present invention at |east
in 2@5 surface region,, the join surface being
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nmethod is expediently perfornmed so that the join part
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The light transmission in the visible range was 85% and

the haze was 4%.

Example 1:

Production of a high-transparency laser-sengitive

plastic molded body

A plastic molding compound, containing a laser-
sensitive nanoscale pigment, wag melted in an extruder
and 1injected into an injection mold to form plastic
molded bodies in the form of lamina or extruded to form

slabs, filmg, 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.




irradiating themwth laser |ight to which the netal
oxi de contained in the plastic nmaterial is sensitive.
Conparative Exanple A: 15 Trogam d(r) CX 7323, a
conmer ci al product of Degussa AG  high performance
pol ymers branch, Marl, was “Used as the plastic

nmol di ng conpound. Iriodin(r) LS800 from Merck KgaA,
Barosimdhy aMps used as the |aser-sensitive pignent in
a concentration of 0.2 weight-percent. The |ight
transm ssion in the visible range was 800- and the
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containing a | aser- sensitive nanoscal e pigment, was
%léidmér}: ?@ extruder and injected into an injection
plastic nol ded bodies in the form of

| am na or extruded to form slabs, filnms, or tubes.
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Nano®ITO IT-05 C5000 from Nanogate, was used as the

laser-sensitive pigment in a concentration of 0.001
weight-percent. In the case of extrusion, a higher
molecular weight molding compound of the type
Plexiglas® 7H may also advantageously be used. The
light transmission in the visible range was 92% and the

haze was < 1%.

- Example 2;:

Reduction of a high-transparency laser-sensitive

plastic molding compound

Embodiment A)

Trogamid® CX 7323, a commercial product of Degussa AG,
high performance polymers branch, Marl, was used as the
plastic molding compound and compounded and granulated
on a Berstorff ZE 2533 D extruder at 300°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. The 1light




16 - Enbodi nent A) Trogami d(r) CX 7323, a commerci al
product of Degussa AG hi gh performance pol yners
branch, Marl, was used as the plastic nolding
conpound. Nanoscal e indiumtin oxide Nano(r)ITO IT-05
C5000 from Nanogate, was “udddTas the |aser-sensitive
pi gnent in a concentration of 0.01 weight-percent.
dhgnshg6s1ibm anENthei QAsiB1EN@avigel Mag Jangaesnd®Waze
and the haze was 1.5% Enbodiment B) Plexiglas(r) 7N,
YWRonmefcial product of Degussa AG  methacryl at es
branch, Darnstadt, was used as the plastic nolding
i@@@gﬂﬁg%%iﬁgoscale indiumtin oxide Nano(r)ITOIT-06
nogate, was used as the |aser-sensitive
pigment in a concentration of 0.001 weight-percent.
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Nanogate as the | aser-sensitive pignent in a
concentration of 0.01 weight-percent. The light 17

Example 3:

Production of a high-transparency laser-sensitive

lacquer and a lacgquer coating

Embodiment A)

A radiation-curable acrylate lacgquer made of 40 weight-
parts pentaerythrite-tri-acrylate, 60 weight-parts
hexane dioldiacrylate, 100 weight-parts nanoscale
indium-tin oxide VP AdNano® ITO R50 from Degussa and
200 weight-parts ethanol was dispersed in a glass
vessel for 66 hours on the roller bench while adding
glass balls of a diameter of 1 mm, admixed with 2 parts
photoinitiator Irgacure® 184 after removing the glass
balls, and applied to plastic slabs through squeegeeing
with a wire doctor Dblade. The curing was performed
after a brief wventilation time through irradiation
using a commercially available Fusion F 400 UV dryer at
an advance of 1 m/min under inert gas. The light
transmission in the visible range is 90% and the haze

is <« 2%.




transm ssion in the visible range was 90% and the haze
was 1.5% Enbodinment B) Plexiglas(r) 7N, a comercia
product of Degussa AG nethacrylates br anch,
Dar nst adt, was conpounded %% granul ated on a 35
extruder, Storck, having a-degassing zone at 240C
wi t h nanoscal e |nd|un}t|n oxi de Nanol TO 1T-05 C5000
EhesaiNagpgage as the | aser-sensitive pignment in a
concentration of 0.001 weight-percent. The [ight
transm ssion in the visible range was 92% and the
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glass balls, and applied to plastic slabs through
squeegeeing wth a wire doctor blade. The curing was
Peef brget tzfneniasbenefinvéhei Vasiibdet rapgehrdsudiP® and
ipdadiatipn usdng a commercially available Fusion F
400 Wdryer at an advance of 1 nim n under inert gas.
The light transmssion in the visible range is 90%
@Rgnphe baze is < 2% 18 - Enbodi nent B)

Performing laser marking
(cast PMMA having 0.01 weight-percent ITO content)

A high-transparency laser-sensitive plastic slab
- (dimensions 100mm*&0mm#*2mm) made of cast PMMA having an
ITO content of 0.01 weight-percent was inserted into
the Starmark-Lasers SMM65 tool from Baasel-

. Lasertechnik. It was to be ensured that the slab has at

least 10 mm distance to the lower support surface of
the tool. The focus of the laser beam was set to the
middle of the slab thickness. The parameters of
frequency (2250 Hz), lamp current (21.0 A}, and writing
speed (100 mms™) were set on the control unit of the
laser. After the desired inscription text was input,
the laser was started. At the end of the inscription
procedure, the plastic slab may be removed from the

device.

‘The contrast was graded at 4.




A physically drying | acquer was produced by dispersing
100 wei ght-parts nanoscale indiumtin oxide VP

AdNano(r) | TO R50 from Degussa, 100 wei ght-parts

pol ynmet hacryl at e (DegalangP) 742), and 200

wei ght-parts butyl acetate™n a glass vessel for 66
hours on the roller bench while adding glass balls of

Ehdli agBheradt 1lwad Haoemiidy wesnper theneddlowing

eei ng using. a 24 pmw re doctor blade and

(%%ﬁé§ égr%%ﬂH81 room tenperature. The |ight

transm ssion in the V|sible range is 90% and the haze

4: Perform rking (cast.
m;hs]twg?%ad?df wei ght per cgﬁ? ?ﬁ%’gc%ﬁﬁtent) EOaSSglble'

hi gh-transparency | aser-sensitive plastic slab

dSHERA Qs DO 69@.’%%&61:&1@9% of gast PHMA h%ﬂa{bg:lc

an | TO content of 0.01 wei ght-percent was inserted
into the Starnark- EHSERSES\NBS tRFSF ¥ BEkuUt the
Lasertechni k. It wasckepbe ensuregeidnt the slraadiasie.
at least 10 nmdistance to the | ower support surface
of the tool. The focus of the | aser beam was set to
Qdrerastddiredsf 2:he Theb idmsckimsison The peehbetreyssiaifle.
frequency (2250 Hz), lanp current (21.0 A), and
witing speed (100 nms-3') were set on the contro
Qamitrast radd dser . Thet dnscifepdeshr andi fder iiprsasn ntehan

was input, the |asgpxpas;st %ﬁf&h Alg t g gad aefet%n
I nscription procedure, the plastic slab may be

renoved fromthe d&GREaP1¢ne contrast was graded at
4. 19 The contrast was determ ned using the follomrng

: i nscri
qégg |t%t|vedgehhod ngntagéErgggggnQ N%e %%s rlp QOD
text 1in Arial 18 beold, and the
inscription text in Arial 12 are

well readable.

Example 5:

Performing laser marking
(cast PMMA having 0.0001 weight-percent ITO content)

A high-transparency  laser-sensitive plastic slab
{(dimensions 100mm*60mm*2mm) made of cast PMMA having an
ITO content of 0.0001 weight-percent was inserted into
the Starmark-Lasers SMMe&5 tool from Baasel-
Lasertechnik. It was to be ensured that the slab has at
least 10 mm distance to the lower support surface of
the tool. The focus of the laser beam was set to 20 mm
above the middle of the slab thickness. The parameters
of frequency (2250 Hz), lamp current (22.0 A), and
writing speed (10 mme™) were set on the control unit
of the laser. After the desired inscription text was
input, the laser was started. At the end of the




Contrast grade 1: Discoloration of the plastic
surface was observed wi thout the script being
readabl e. Contrast grade 2: The inscription is well
readabl e. Contrast grade %: The inscription and the
inscription text in Arial P8 bol d are well readabl e.
Contrast grade 4: The inscription, the inscription
1ﬁ5&ri§tféhabré8eaeke, and HhastiRSGENiR! il X tréfoved
Arial 12 are, well readable. Exanple 5: Perform ng
FEeB tharkF W% cast PMVA having 0. 0001 wei ght - per cent
| TO content) A high-transparency | aser-sensitive

St i b i mensi ons,_ 10onm 60mr 2nm) nade of cast
gkﬁ%ﬁ%é%?%%té%éQIQ%?%%nt%%fgbf 0. 0001 wei ght - percent
was inserted into the Starmark-Lasers SMV65 tool from
E%%gﬁié gasertechnik. It was to be ensured that the

t least 10 mmdistance to the | ower support

surface of the tool. The focus of the |aser beam was

B&t Fden ey Masabayeritfiey middl e of the slab thickness.
A€ paranmeters . of fre uencg (2250 Hz), lanmp current

(2% RMEAfPRGE] t PR s 5EBE (ARFWRE 1FORERETSEE dhr 001
webglcionpaotenini ITOf the | aser. After the desired
inscription text was input, the |aser was started. At
the end of the 20 inscription procedure, the plastic
| afrighy thenspaowedty f r dasehesdesiitéveTheptastiast sib

ARG Bind- 1.0 A e WMWY AR Kided on
both sides with a PMMA lacquer containing 0.001 weight-
percent ITO was inserted into the Starmark-Lasers SMM65

tool from Baasel-Lasertechnik. It was to be ensured
that the slab has at least 10 mm distance to the lower
support surface of the tool. The focus of the laser
beam was set to 20 mm above the wmiddle of the glab
thickness. The parameters of'frequency (2250 Hz), lamp
current (21.0 A), and writing speed (15 mms™') were set
on the control unit of the lager. After the desired
inscription text was input, the laser was started. At
the end of the inscription procedure, the plastic slab

may be removed from the device.
The contrast was graded at 4.

Example 7:

Performing laser marking
(PA12 having 0.1 weight-percent ITO content)

A high-transparency laser-sensitive standard injection
molded plastic slab (dimensions 60mm*60mm*2mm)} made of
PAl2 having an ITO content of 0.1 weight-percent was
inserted into the Starmark-Lasers SMMé5 tool £rom




(cast PMVA coated with PMVA | acquer containing 0.001
wei ght - percent I TO A high-transparency

| aser-sensitive plastic slab (dinensions

100m 60mMmT* 2mm) nmade of cast, PMVA coated on both

sides with a PMVA |acquer égntalnlng 0. 001 wei ght -
percent 1 TO was inserted into the Starmark-Lasers
BANVBE1 -1.986rtEennBRASEL - hatgyet&eﬁanéhsufédw@ﬁatOti@@s slab

ured _that the slab bas at |east mm di st ance to
ﬁﬁ | eS8 fppdtt Gl f GEREIECE heé? 061(Ble THEWEGCc uSBPort

thefhasenf hﬂanwmaslsewhéoﬁakuﬁn@mOVHeth@s@ﬂﬂbeamﬁwas

17 o2 FEDRSe, TG HPSOTERSLE b HChENq400E0
afs-fequere s et(226A tHe) codtamyd onkrent t (O IGsé)., and
ﬁgiﬂngh% pHesl tr@_;g) x’hd?§ﬂ 'ra}éx%ng ﬁﬂa%ﬂen%ntfcﬁe unit

ser Wwas" star end e I nscription

Bt o&SGuridsathe bﬁﬁ@i—‘u dihﬁ aFE)esqvmfi bénﬁéﬁwéaorlr difRthewas
gﬁylf.l.@? ﬁrﬂi@l MéﬁStwlfV@S s&geﬂ%rahat a4 thExamghg 76f the
erformn aser rkin avin
O G AT OF 1GiE BNt LRE) PASRESH. Cias ey Temoved
faserelsendetiae. st andard |nJect|on nol ded pl astic
sl ab (di nensi ons 60mt60mt2m) made of PA12 havi ng
an 1 TO content of 0.1 weight-percent was inserted
The ocotier St arwas kgiaded satSMVB5 tool from 21
Baasel - Lasertechnik. It was to be ensured that the
slab _ had at |east 10 nm distance to the | ower support
BXaP® $f the tool. The focus of the |aser beam was
set to the mddle of the slab thickness. The
garfneters of frequency (2250 Hz), lanmp current (20.0
50 nms-1) were set on the
(:mmtz dlawimg 0 of1 tweel dlaseserAfriterITh e dglesdnied
inscription text was

A high-transparency laser-sensitive standard injection
molded plastic slab (dimensions 60mm*60mm*2mm) made of
PA12 having an ITO content of 0.01 weight-percent was
inserted into the Starmark-Lasers SMM65 tool from
Baasel-Lasertechnik. It was to be ensured that the slab
had at least 10 wm distance to the lower support
surface of the tool. The focus of the laser beam was

set to the middle of the slab thickness. The parameters

of frequency (2250 Hz), lamp current (20.0 A), and
writing speed (50 mms™') were set on the control unit
of the laser. After the desired inscription text was
input, the laser was started. At the end of the
inscription procedure, the plastic slab may be removed

from the device.

The contrast was graded at 4.

Example 9:




i nput, the laser was started. At the end of the
inscription procedure, the plastic slab nmay be renoved
fromthe device. The contrast was graded at 4.

Exanpl e 8: Perform ng | aser, _marking (PA12 having 0.01
wei ght - percent |1 TO conteﬁtsz'high-transparency

| aser-sensitive standard injection nolded plastic

sbabotdiABNsie0s GOTATAQMT 2mm) made of = PAL2 having
, . Wej ght - percent was inserted

FRBt t IMAS BV % - D albree RN (bR content)

Baasel - Lasertechnik. It was to be ensured that the

lah , had at |east 10 di stance.tq_the | ower.suppost

B it P o Ps R SR bR P ARk AR ol ds

s@imems idms nbddne*60 thé2shab thidek mds staskthePMMA having
r t equency, [ Q I

55" 248 Ebfrefl: LM plirben ML NS Zhid

ComERer WhkE aofeedd | pbavtinfiiab tradelcaf ragdoped cast

n’tnf]l@@,ri gﬁsiif@l@t L eré Rged 't“@é't bd hﬁe%@é&( rlﬁ& SF@&%Qd-weﬂe
e en (0] I NSCr | 1 oNn roceaure e plasticC
LSRG b EB oVt i RO oy b e E1fnd LagiATIS 1 LagaY
@HM?&Edfﬁbm4|§aa§>eaﬁmlaee9teaﬁﬁikpemf qafuti:mg%l aaer tieludigige
cast ving 0.01 weight-percent. | TO content
{iERed MRS dn Kot P PO Hins T aded by
tthi nersdonsed0. nh60fomhe of) thedéaskrc asanPMus et rogp
I en 0.81 | ght - pe r '
S g G R g T e o ey
fzpquermiiA 2350 Mgk heldne cairerfe (@8 dedt) THnd|adamance

WL (peenkRdr) nykbe WRidifg 8HBPUdntHoll Nen Bt apirthe
£§§§¥l 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:

no adhesion.
slight adhesgion.
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; ‘separvation only through

cohesion fracture.

Example 10:

Performing laser welding




SMMVB5 from Baasel - Lasertechnik in such a way that the
~undoped slab laid on top, i.e., was first penetrated
by the |laser beam The focus of the | aser beam was

set to the contact face of3the two slabs. The
paraneters frequency (2256 Fh) lanp current (22.0
A), and advance speed (30 nmrs-'-) were set on the

¢PRL2 Chavihg Of 01 heeidifiseserdderTthecezentdf the area
to be welded was input (22*4 mmR), the |aser was

started. At the end of the welding procedure, the
mehdgﬂ plrass'parehabs legelrd sehpe itémey et aidama hinjection

%&&& %fQE{?%EOEl%{ g&imgﬂgkﬁlﬁgt ggh%ﬁr% St ‘%n made

i eve test. 2550 WS evitud
%\% Paipoinving nanadfBsiemtents| pPHhi0 . Adheds taht errrnt

Rdbeshediughe b@nﬁspaeaheacw t aaltrnttlae S €. 5 390068

adhesi on; " onl be separated wth great troubl e and

b%%%%wnm %epla%tio? TR s(AUGHEONRT Al gUr60 mm*2
mhesi=el sEpanndoesd oHy thr Ou@ﬁlngom Ot ableaCt 4o €.be

Ex 0: Perf , Id (,PA12 h
FH R The . BIFRELTePY o BERE SRR SR el D
¢hsere straidaxie SisandBNME 5 ot cBaasm]l dabepﬁaacthmlk in
p
%@?n%d‘bér?a IE% cztnk?ée)nm%fav\%@ ahltr@gcg} c%grﬁ @Ze ; was
bregighrenatsatedt dot e hlasgéc@@@mst drtkar ﬁocuﬁj @c,ft i Ge
TRided ppbast s sl (dbmansd Oeén@Qcm@Qcmo% Mk two

rrade of .undoped PA 12, usin he faces to be wel ded.

SHRDL| SR RETGHSS dF SRAIRY v 4 (1 Bupplgp 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 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 achieved in the
hand test.




of the Starmark | aser SMMVB5 from Baasel - Lasert echni k
in such a way that the undoped slab laid on top,

e., was first penetrated by the | aser beam The

c h | aser beam was set to the contact face
‘6(? ‘%ﬁ%g{%é‘ﬁ%?abs. The paraneters frequency (2250 Hz),
“lanmp current (22.0 A), and advance speed (10 nmrs-1)
were set on the contpereymi¢oefMghe | aser. After the
size of the area to be welded was input (22*4 mmt),
the laser was started. At the end of the welding
pr ocetiigle; trdmspasinieyl plastic sibdsiabs) dcheraenevezed

wer o S G THhe hanuaraet nanAaoiBe, bHT4%E " phaiRn
CLAI MEhdakigh dueansparangerpienst | ©fnanenpgrgle laser-

char aé,:é@gigfpe hdedhalidey are | aser-markabl e and/ or
| aser- wel dable due to a content of nanoscal e | aser -

sensitive netal oxides. 2. The plastic materials

_ zmcormtrmgpmsﬁifai Mate@ials g@wmtr@riwgcmmhat dhez,
partigle size o clu nmet al es is

500 e delind ofpc Bt br s BRELIAHf AP %I BEm Hhe
char acteinidsil netdhatxides gar tl de Hiemof the

included netal oxides is 5 to 100 nm 4. The plastic
materials according to clainms 1 through 3,

Thar &heer i PERSEHC t haateneatent afcosflinget 4o oxdldean i s3,

0. 00Quh 70 &kl WRd Pt npeficent atheorﬁéfﬁﬂéié! %1%1— b® the
0. 01 wei ght cfercent in relation to the plastic

mat eringLuded ARE fstidesder 4% lé’&:é'inbl ng to claims
1 through 4 character| zed in that they cont ain

fppe%ﬂéuh§{g§¥ige matgrla én géhggalﬁr d%p claims 1

through 3, c¢haracterized in that the content of

metal oxides is 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 claims 1
through 4, characterized in that they contain
doped indium oxide, doped tin oxide, or doped
antimony oxide as the nanoscale laser-sensitive

metal oxide.

6. The plastic materials according to claim 5,
characterized in that they contain indium-tin
oxide or antimony-tin oxide as the nanoscale

laser-sensitive metal oxide.

7. The plastic materials  according to claim 6,
characterized in that they contain blue indium-tin
oxide as the nanoscale laser~sensitive metal

oxide.




anti nony oxi de as the nanoscal e | aser-sensitive netal
oxide. 6. The plastic materials according to claimb5,
characterized in that they contain indiumtin oxide

or antinony-tin oxide as thg nanoscal e

| aser-sensitive netal oxide? 7. The plastic materials
according to claim®6, characterized in that they

gont arAebl Qaksﬁdburrwart@rlamsdea@ﬁedﬁae_n@anwalcelams 1
| aser -

en | ast .
e ST BB By TR BLL® praneac
char ama’ern.xedim matstedt drhepglabtetch) amtylad:e,s bateaindie,

I e, | ha
ol Y PEHABEtAL Y. PR Ee, EOal S BB mers . and
pol ycaFybaRte, NI IOMRES . p@p}Wﬁﬁ§b§Da§§hysu$ibh@0nesr

pol y %Bf{;%ié@@e PobyKes@NESne PO yetﬁ@I}k@EH@ﬁ&llfone,
pol yp eny ensul fi de, polyester, polyethylenoxid
pol yUPREHEREOTSRI yol efi ns or fl uori ne-ROH&FREREEEONES,

pol ynpdssypﬂenghen@d;mid@ wpbeyealt&xacq@cbﬂy@@lwemmm
t hr ough char act éfgfln t hat é?q¥ are based

ol y RO M RERRAS y SO 56 1Mo R ot TerF e P e A ing

accorpbhgnensclains 1 through 8, characterized in

that they are based on bisphenol - A-pol ycarbonate. 11.

The plastic_materials according to clains 1 through
3, chEractptagbdci nmehariahey aceoydded oo poihmimde. 1

12. Therphsts & MmiLLdadsi ACEofdi f¥ht A udRid®e based on
through 11, characterized in that they are
polymethyl methacrylate.

10. The plastic materials according to claims 1
through 8, characterized in that they are based on

bisphenol-A-polycarbonate.

11. The plastic materials = according. to claims 1
through 8, characterized in that they are based on

polyamide.

12. The plastic materials according to c¢laims 1
through 11, characterized in that they are
provided as molded bodies, semifinished products,

molding compounds, or lacquers.

13. A use of nanoscale laser-sensitive metal oxides
for producing high-transparency laser-markable

and/or laser-weldable plastic materials.

14. A method for producing high-transparency laser-
markable and/or laser-weldable plastic materials
according to claims 1 through 12, characterized in

that the nanoscale laser-sensitive metal oxides




provi ded as nol ded bodi es, sem finished products,
nmol di ng conpounds, or |acquers. 13. A use of nanoscal e
| aser-sensitive netal oxides for producing
hi gh-t ranspar ency Iaser-nargable and/ or
| aser-wel dabl e plastic materials. 14. A nethod for
produci ng hi gh-transparency | aser- markabl e and/ or
| aser ayel dabbeppt-aséh Cifed ethal §1a3€EOM HARLi % OwLtRI ABgh
1 through 12, characterized in that the nanoscal e
| aser?® @%ﬂgrtlve metal oxides 3 are incorporated into
the plastic matrix with high shear. 15. The nethod

cor a c ed.in
g%n Sggggméggéé ég%ég?1@€8{8 é?éiﬁ gz ché gétérlzed in
i ncor poaat ddd nn@noheaéeaslasﬁmemsauwet hmetfa&r noxidas
concenie alel LR YA Sl { BnbNG1 ARt | fia PRLLY 5 - the

ITEtO r wel ngpastlc |es or
pI astﬁ%r%enpﬁu nPs hE@nseEsretsd atpneeagtxw ofWktHe the

par t splfs e wateei £pNpri sing plastic materials
according to clains 1 through 12 at least in the

surface area, in that the join face is irradi ated
With Aasrea‘tﬂddghtfoh:o whléhng hepedtai ¢ oniodeledcobbaheed or

int é'ge :ﬁ{iﬁjle %xsecﬂlc‘c I ve e At USs: OfEt’Pﬁe
| ast erl a accor ‘:Tl rou g% q_
for mmu s |h@eﬂomekiab¢@nppmmm pdnspmdumisermls

A metfodfPin gdeat thying A ftdrpfaagw P5 odHChSa st in the

produced fro lastic materials according to  cla
t hr oUHHE azcemr%at iphkBatatkej dodd fivcd tihrlf%%:@ted

||ghtwi§hwml§5e£helﬁgh@| @d deyhtent akAgd mthe oxide

| astic mafer sitive.
P conta%neé in éhe plastic material is sensitive.

17. A use of the plastic materials according to claims
1 through i2 for producing laser-markable

production products.

18. A method for identifying production products,
produced from plastic materials according to
claims 1 through 12, in that these are irradiated
with laser 1light to which the metal oxide

contained in the plastic material is sensitive.




