.COPP Rl' SALTS FOR LASER MARKI NG OF - THERMOPLASTI C
COVPOSI TI ONS BACKGROUND OF THE | NVENTI ON
It is known to nakeapolyrrerlc mat eri al- whi ch can be
-|nsqr|bed by means of laser light by nmilxing in a filler which
changes col or under the effect of energy radiation. 1f it is 5
desired to keep the costs @HpPER SAT TPRORCIASER MARKANG@OENt Of

0

filler is mxed in with tné I.C_Dase narer S
2,936,926). In particular, altIBRMQRLASEIC COM OMPQSITIONS
inscription in the natural color of the plastlc on a bl ack
background can be produced on the plastic surface by |aser 10
irradiation after incorporating 0.08 to 0.125% car'bon bl ack or
graphite as filler. The whiteness of the characters can be

i nproved by optical brighteners which are added to the

pi gments and which are not destroyed by the |aser ﬂht

(German patent No. 3,044, 72%@2&.&&0 known are

nmol ded articles consisting Rfis knowntomakea dmg@mm\a&ﬁlapwm@&h contain a
pol ymer having aro

| C e, .which e ery good
bl ack col oring duen?% insgeibpd by means of laSer Pgl?tr Fﬂﬂ“&%“&éﬁ {hﬁ t an
addi tive which can dimggs cokiramder the effect of energy-oadiation. 3fitisie vari ous

grades of thernopl a&é foie t’ﬁ% %s& fﬁllers Iow, onlydd f)&&fa‘TQH nt'dger € must
I na

be consi der abl e coor I on ters and
possi bly al so of nefile lralmmdlmlwethltbmpolymeng base material (DE'OSaI so

“inportant ‘to have cpbgs onk). IR dattidlalss ﬁ%mé&dmtll%h&%m&
| aser |ight and of wWhi ch. the Light stabil]t

S in bj usual
limits for the prod@etriptiondn thspatura colpr,of the plastic on a ?‘j%
nol ded articles, rebidkgroundsanbe[prodased bg the plasticcurfaee by laser

depend g on the 9ratughe LB Ao 0 L5 D58 %%&%g,f%gl

i ssue 8; pages 6
be inscribed well tgralmwrasgdl;er The whiteness of the characters can be

improved by optical brighteners which are added to the
pigments and which are not destroyed by the laser light
_ ~ (German patent No. 3,044,722).
15 ' Also known are molded articles consisting of
thermoplastics which contain a polymer having aromatic
structure, which exhibit very good black coloring due to laser

orwhi ch can

irradiation even without an additive which can change color.
- However, as the various grades of thermoplastics react very
20 differently, there must be considerable coordination of process
parameters, and possibly also of material modifications. Itis
also important to have color which is adjusted optimally for the
laser light and of which the light stability remains in the usual
_ limits for the product class concerned. In the case of large
25 molded articles, restrictions in processing are encountered,
' depending on the grade of thermoplastic (Kunststoffe 78 (1988),
issue 8, pages 688 to 691).
A material which can be inscribed well by laser and
which has good thermal stability and stress cracking resistance



shi ch has good thermal stability and stress cracking resistance
I s obtained by m xing pol ycarbonate with 10 to 50% of an
aromati c pol yester (European Patent No. 0,249, 082).

‘Finally, a process for the |aser inscri2zption of high-

moFecul ar wei ght organic materials is known in which good 5

I(ESC“ pti Og ItOFOItOGFNgs SBtafiﬁéﬂ Bthﬁ(Y pbly ctth&{dQ@Wth flOt@Sd%ltc::ﬁ/diﬁ

ur opean Pat en arti co y

avai | abl e pi gments aéfﬂﬂ‘/a %@Bﬁﬁ%ﬁﬁ{?&%ﬂ‘e%gég

coloring additives. An i nsd‘nnaiﬂ anprfcesgifen thé éaseo inscriptiocmnoft igh-

surface of the mat

with these additi V%B%ﬁla%%&?h?&égﬁ%ﬁﬂﬁﬁg ?%FRS&,&JQ%%%%J&)

| aser prferably oﬂmm@wxmg%wz qmdebugtmﬁmermmd@hves
frequency doubl i ng)(European Patent No. 0,190,997). In parficalitSfdhinerefafl9’ di ng to

th t, on can be gdjusted in
sughp;I %ya'[ hat | t O“é'éﬂe% pigments and/og H%l@ﬂ?r?geﬁfiﬂéiq a'ﬁ“cjﬁa Jsvvhet her by
choosing a grade ofcolormg additives. Ar inscripfibasffiadefaatengrastohdher _
[ nscri pti on_pr oDer dgh Qbe e materials of which th'G6P RaE bbbl adfl:sfdf L ve whi ch

changes col or under aser Trra I on
HoweverlOin nost caxidhb these additives e be produced: bymeang of a Nd-YAGyhi ch i s

achi eved by known ngidp fe‘r§b Qifc&ﬁxﬂlé&heﬁ%eﬁé‘f Jvﬁ@elength532nm after
Accordingly, there s gz eed for "‘additives wh can

cause significant (ffﬂ%ﬁenﬁlﬁ occur in the polyneric
materials in which it is iCuiseq ﬁéﬁ .achbrdifgad the prio? akt, ahp olgmenc

desi rabl e t hat thes additives pot erioysl t, the 2
bonet (ol al  physi car m%&msag*ﬁ?a#nﬁ% it e tha e calbe
SUMVARYI®F THE | I\Nfimﬂmd by laser light, whether by choosinga gradeeaft | nvent i on
provides a | aser J)ﬂa]\stlc haYmgtgood lasépﬁ{smﬁhaﬁtﬁrﬁgﬁﬂin@

conprising at | east one 03| tion
suitable for |aser IH‘ERTPPFEP%GP additive whigh.changes color “n‘&!ﬁbﬁ reftest ¢

sel ect ed from coppef 148ep sirhdiationcopper sul fate, cupric
hydroxide phosphate and Coiﬁgvrve;[rgll, i hiost ¢ 37 -me amount of color contrast
20 which is-achieved by known methods is not as high as desired.
Accordingly, there is a constant need for additives which can
cause significant color changes to occur in the polymeric
materials in which it is incorporated. Moreover, it is highly
desirable that these additives not deliteriously affect the
25 beneficial physical properties of the polymers.
SUMMARY OF THE INVENTION
The present invention provides a laser markable
thermoplastic composition comprising at least one thermoplastic
resin composition suitable for laser marking and at least one
30 copper salt selected from copper phosphate, copper sulfate,
cupric hydroxide phosphate and copper thiocyanate. The
copper phosphate salt is used in an amount sufficient to cause
the laser markable thermoplastic composition to absorb laser
light outside the visible spectrum. Those portions of the
35 composition which are so exposed have a visibly distinct and



copper phosphate salt is used in an anmount sufficient to cause

the | aser markabl e thernopl astic conposition to absorb | aser 2
l'ight outside the visible spectrum Those port ions of the 35
corrp03|t|on whi ch are so exposed have avisibly distinct and

3 ) separatel y identifiable color as conpared to the base

pol yme rﬂ@mi)ﬁ&lnhﬁﬁble color as compared to the bas®pblymed
DESCRI PTI ON OF THE Most plastic resins

may be effectively 4°£8?ﬂh?ﬁed t hrough the inclusion of the
copper salts according SCRIPTION OF THE INVENTHON For exanpl e,

the present invention may emq% Fﬁ‘“*‘f resins maybeeffécrtfv*é?} Héepﬁu rpstic resin

whi ch has a base col or that ctive [ aser
mar ki ng of the resi thraugh the ine qssomefﬂseicgmpﬁréam pcy:ordmg to the Presentdegr aded

by the cepper sal t singentibh.CFofleRfmple} thepitse ﬁtﬁ#@huonmg?dt hi gh
f

processing tenperatures that the.c e e de
during processi ng oyraly raé’éﬁﬂas%%ﬁﬂ %haﬁﬂ g@eg P%ﬁfm

dependi ng upon t he effestiveilasep moarking ufgt}maleaneam't whiclhis potsignificantly
material may conpri ?ﬁj@a&& the %Pﬁ&l $alf'o J'Wﬂicix' f&s% 1re such

materials, e.g. ose derfvatives an ast1cs
obt ai ned by pol ynerhISBtHréﬁessp'!ﬂ iemperatures ﬂ!ﬁ#thﬁﬁ@l’ﬂg salts are degraded

EIOl ygddnbl onI At Qi’&xtm ééaht Wf?ﬁe pés@;?t L%cblgﬁh B%o tthéb%'éiﬁbﬁﬁ and
ends, copol yners OSi er.geof can be Suita

| aser mar ki ng: ~ pol yo‘?l rﬁﬁ’g‘@ﬂ@f"&}gﬁ? BRSFIHE Progrssingparpme ?grabg‘:erplashc
modi fi ed monovi nyl |xﬂatenadm;atompnesei\her paithetidor Txmdiﬁad natural
pol yam des, pol yest 0

pol yam dei m des, nf\%tggfa %%rﬁa ’dg Zlul s(?ﬁ gﬁ;&degsqg\gs @agﬁ&%hl& are

pol yet heri ni de est eobtained| yapoly: mem,atqom polycopdensatione and .
pol ysul ggnes, pol y@&gs&aia‘&oeﬁt neaeﬂ tl‘é%{fl F&gﬁb%ﬁsﬁ g.Ehﬁﬂng

hi gh i npact pol yst ac yrene
copol yners, acryl or#lﬂ‘gﬁfémPP&'EﬁE SﬂnéP%”E"G §u1table for

pol yphenyl ene et herlaserpdrkirigh plo Jkﬂéﬁﬁs Polydirbohates gsblpastets; iibber

fluorinated pol yner st al ner.s
Ther mopl ast i ¢ r oot MRCRRE mehbuinyiidese rp BR U TEER polyetherimides,
polyamides, polyester carbonates, polyphenylene sulfides,
20 polyamideimides, polyesteramides, polyether esters,

polyetherimide esters, polyarylates, polymethylpentenes,
polysulfones, polyethersulfones, polystyrenes, rubber modified
high impact polystyrenes, acetyls, styrene maleic anhydride
copolymers, acrylonitrile styrene acrylate copolymers,
25 polyphenylene ethers, polyether ketones, chlorinated polymers,
 fluorinated polymers, and liquid crystal polymers.
- Thermoplastic resins are the most preferred plastic
resins and, given the light base color and relatively mild
_ processing conditions, polyesters, polycarbonates and rubber
30 modified monovinylidene aromatic resins and their blends are
particularly well suited for laser marking according to the
present invention.
Through their extensive research, Apphcanis
discovered that there are several copper salts which are



resins and, given the light base color and relatively mld
processi ng conditions, polyesters, polycarbonates and rubber 30
nodi fi ed nonovi nylidene aromatic resins and their blends are
.particularly well suited for |aser markifg according to the

present invention. Through their extensive

research, Appli cant surprisingly well suited! FGiClayér mdrkihig of plestie resimssdner al
copper salts which a

surprisingly well s8 Fﬁéﬂll?%rth? ﬁ%@erﬁﬁlrtﬁ f'?féu%? C?F%egtq gCl}Pé'éﬁ) rPé‘ osphate
particular, the coppeppetasulfatw,mupudéxydrpmeie phospbaterared phosphat e,

copper sul fate, C“ptE%ﬁp ﬁ{cﬂéfﬁﬁ%ﬂhﬁ%&@ ?;3) hc%nts also dxscovereﬁclHQ{ar Ia

(cuprous) t hi ocyana ant I Sco
number of5 copper saPit 1350rFGPPQUﬁ@oWPEﬁmPQﬁ'@?drfﬂFhsﬁljmﬂrkmgOf

pl astic resins. For pras@Rbsins.DB6Pénple, biaiuse bF it Righ Volatiity,2te,

copper salts such as c ate, Co a enat g,an

co BBer acetyl acat o na?gp%aits g‘hﬁﬁc‘?@?{%pcﬁﬁéﬁ chBf’%n?Bﬁﬂ\e&g@r and

‘r:rgr ki :a PgsuISI m ljgr gdcoppmaceqﬂmtomémmldebm todepensuitatilel for laSer
PP P nﬁﬂ-ﬂﬂ%a ﬁﬁi%?%iﬁerfég@@egkﬂ ‘{ﬁi\eaq é&%&) F?odide,

be suitable for | aser ar e ack
and/ or B&cause t heycoppersulphideiand W@&de;wpmalé@d@m?red not to

after exposure to |B§§ﬁ1$bﬁ%rlasermarhn becausetheyarebladlﬂn%l’blt'on to the

copper salts of the i on |t be, conv nt to add
an additional col oréﬁay Y?‘y“"t provide adequatg gpigr, t he
plastic resin. The aﬁéneﬁpﬂsueé tolasérlightof col orant s may,

| aser narklng produced in t
not inpdised. Depentesgnueniehktogidsban addmml coloragt or mlxture of
concentration is ty

Bolotant t& ﬁ{é"ﬁﬁ%hé‘ﬁ‘&tﬁ o a e é?fﬂ amﬂl

wei ght ona or ant S are
i norgani ¢ or or gani €olorants may, howevep, oplg be d jgisucha soncentration| up| e

dyes. that the laser marﬁf@]ﬁlo@&c&fl ih ﬂﬁh’ prittice Pf EHIB FhPeritich Whi t e

ploments 25 | isnotiniihd DS RX Mk aA U e 7ine

20 concentration is typically between about 0.01 to about 5% by
weight.

however, only be added in SE@Q%@&%&'%%%F%*%QPS&R\%tpemventxon,timtayt he s

Suitable additional colorants are inorganic or organic
pigments as well as polymer-soluble dyes.
Examples of inorganic pigments are white pigments
25 such as titanium dioxides (anatas, rutile), zinc oxide, antimony
oxide, zinc sulfide, lithopones, basic lead carbonate, basic lead
 sulfate or basic lead silicate, and also colored pigments such as
iron oxides, nickel antimony titanate, chromium antimony
titanate, manganese blue, manganese violet, cobalt blue, cobalt
30 chromium blue, cobalt nickel grey or ultramarine blue, Berlin
blue, lead chromates, lead sulfochromates, molybdate orange,
molybdate red, cadmium sulfides, antimony trisulfide,
zirconium silicates such as zirconium vanadium blue and
zirconium preseodyme yellow, and also carbon black or
- 35 graphite in low concentration, and also other pigments such as



.oxide, zinc sulfide, lithopones, basic |ead carbonate, basic |ead
sulfate or basic lead silicate, and al so col ored pignents such as
i ron oxides, nickel antinmony titanate, chronmium antinony

-titanate, manganese bl ue, manganese viol®t, cobalt blue, cobalt 30
chrom um bl ue, cobalt nickel grey or ultramarine blue, Berlin

bl ue, |ead chronat eguniifath p égrh@ﬁi%wmiﬁa m;b gaieat@rna;aﬁeelet form,

nol ybdat e red, cadm um.sul fi E&i&ﬁﬁﬁﬁ%ﬁﬁd{ Efg“%wi" and/or

zi rconi um si | i cat esS-§udtPR@Xige
zi rconi um pr eseody nnp€)d, asiwelhals peardescantypignidrts kuch agbasic lead

gr aphite in |ow CO”%%BL& Bﬂm@@ldo@cﬁi)orﬁ)&@?’lsrﬁhm c‘iﬂéHﬁQ Oﬁ%arll'lali ol e

for m 5 and, ig pa mhrobhectetanwnpldawdetcm mmmtn. [er r]
and/ or whidtelast mei\%oWéH' 1§ﬁqeﬂﬁ9ﬂa Sdlfb"\éoxﬁhﬂi Sthef cSlogéd as basi c
| ead : %Abon I smut chl clﬁll bi smut h oxychl ori de on
carrier 5 me 85 QSHE‘EH‘S?“ eshePhalt oxifgsnmMRRBANESe coat ed mi ca
pi gnent s, oxides ov\bhrﬂmitnﬁtoxi\ﬂ_béstl oned pignents may al so contain

oxi des. manganese Exaifipls g aRic igmelis e d0Reme ™ |
Exanpl e30of or gani cmsﬂgnemmhaaqmagoe, indenthronacpyradthrone, met hi ne,
ant hraqui none, | ”daﬂi\lfﬁrﬁﬂfbné)%ﬁﬂiﬁﬂ@@ﬁe phthalocyanine, peruf\&?é/ ant hrone,

benzant hrone, phthal ocyanine, peri ng g l;Ygl ene, di oxazi ne,
t hi oi ndi go, i soi nddPFIYeENS, ’Fﬂi’é‘l‘?rﬁ jpindigo, isoindoline, 15018 pReRe, done,

pyrrol opyrrol e or qqmmaﬁabﬁé c;b}&r@logiwfﬁlé or thophthalone pigmentsjland net al
conpl exes, for exa thlne dyes or

| f
netal salts of azo 3B g‘i%g%ﬁoggxwgg%?éazo,azomethme pi gments in

pl at el el5f orm methme dyes or metal salts ¢fidzoatomppundsas welllasltirganliges ar e,
for exanpl e, PRk $6rniyes such as those of the
ant hr aqui none seri eglgn?entsmﬁl Bty exanpl e hydrgxyant hr aqui nones,

ami noant hr aqui nones, 20 Sultableaquymsrnsﬁb&k Hyss ares ferexample,
hydr oxyani noant hr acdis PEFeya such as those of the aMIRAYIRIANRA i aqui nones,

o o lgeranmaanenes, SRR 0 1
fluoreseent dyes suakylkaninvasthrafjuirfomes, hydroxyaminoanthraquinones or
phenylmercaptoanthraquinones, as well as metal complexes of
azo dyes, in particular 1:2 chromium or cobalt complexes of
monoazo dyes,' and fluorescent dyes such as those of the
coumarin, naphthalimide, pyrazoline, acridine, xanthene,
25 thioxanthene, oxazine, thiazine or benzthiazole series.
In the practice of this invention, the inorganic or
~ organic pigments or polymer-soluble dyes can be used singly or
as mixtures, conveniently with or without pigment additives.
Suitable pigment additives are typically fatty acids of
30 at least 12 carbon atoms, for example stearic acid or behenic acid
and the amides, salts or esters thereof such as magnesium
stearate, zinc stearate, aluminum stearate or magnesium
behenate, and also quaternary ammonium compounds such as
tri(C1-Cg)alkylbenzylammonium salts, waxes such as
35 _ polyethylene wax, resin acids such as abietic acid, colophonium



coumarin, naphthalim.de, pyrazoline, acridi ne, xanthene, 25
t hi oxant hene, oxazi ne, thiazine or benzthi azol e seri es.

In the practice of this invention, the inorganic or organic
pi gnents or pol yner-sol ubl e dyes can be fised singly or . as
m xtures, conveniently with or w thout pignent additives.

Sui tabl e pi gnent addoap MBadreg éniféaldi&hiﬂérfs%atdblqﬁh&ﬁuﬁf CB&-C at

| east 12 carbon atom; .or ex le steari en

and the anides, sal P2 'tct?é? ?fé%éfﬁ’c’é"é“’ﬁw? 2\031 uc dI'CD-
stearate, zinc steau’dtehold%@nommmabdlﬂlmc)l&ﬂhglses| um

behenate, and ai so quat er narh BB AR 1A HEhsAS effected by

tri([err])al kyl benzyl ammni um i waxes s
pol yet hyl®ne wax, r daethods wiich aseknawaperisecfor@@mple by insernarating

soap, hydrogenated ¢he Hed@54dryabloreduviRpondhts ﬁ‘tlbll)}bdenum disulfide andoar af fi n
S Bl o AT o ol PhRy etk ey BPin the formofa
The preparation of wissteibatth, intodthesabsisates usirigextoyders, roll mills, met hods
whi ch are known per C R 59@1 t he
necessary col ored cﬁ#%%rég{gﬂﬁamég g}riluﬂnélgdl suer t£':9tr§sm is then an
opt i onal1@ddi t i onal broughtintg thendesiradfintlform by metheds wihich are

masterbatch, into thae f §¥, §6r einiPletaldnidiiing, lﬁélhlméﬂéﬂhﬁxdmg,
m xi ng or grinding nmachin The resultant

brought into the de 1
§P¢Mﬁangpsm1mﬁcnepm@% ifhls afen desirable to

known per se, for exmbemelpeauimzeﬂgmmhd Ioﬁgamexﬁatﬂaﬁahbefore-

coatlng, castlng or ectlo | I eto

i ncorporate plasti Clp£§$ X (Pﬂ {-Tg Eﬁ%‘ﬁ'&c ?‘é?mglflé §{1}1in§ soa}-t{o

processi¥y in order diminishdbeiz britHenesst Suitabls plasticizers are, foy example,

di m ni sh their bri t&wgﬁphgﬁw 1&'&?31&&%@% 1@6ﬁof§&ﬁcﬁ>&%{@|?he

esters of phosphoric_ acj |c a g? se acic d The

pl asticizers may beHl?ﬁPGFzﬁé? mé'db%mmor@ﬁech yor

col oring conponent s col¥ring ¢¥inpehaBlifto the olymers Dependi ng
on the end use, further nobdi

| er he
plastic resins, for exanple nalggéagﬁes&d@& fq.rthermoadfﬁlers mayi)e |
20 added to the plashc resins, for example fillers such as kaolin,

mica, feldspar, wollastonite, aluminum silicate, barium sulfate,
calcium sulfate, chalk, calcite and dolomite, as well as light

stabilizers, antioxidants, flame retardants, heat stabilizers, glass
fibres or processing auxiliaries conventionally employed in the
25 processing of plastics and known to the skilled person.

The thermoplastic resin composition may also include
other additives which are well known in the art. For example,
the resin composition may contain external lubricants,
antioxidants, flame retardants or the like. If desired, ultraviolet

30 stabilizers, flow aids, metal additives for electromagnetic
radiation shielding such as nickel coated graphite fibers, anti
static agents, coupling agents such as amino silanes and the like
may also be added.



mca, feldspar, wollastonite, alumnumsilicate, bariumsulfate,
calciumsulfate, chalk, calcite and dolomte, as well as |ight
stabilizers, antioxidants, flame retardants, heat stabilizers, glass
fibres or processing auxiliaries convewtionally enployed in the 25
processing of plastics and known to the skilled person.

The thernoplastic resin Conpos h&:{_&)ﬁr%rm% (? Ss%r sg&kléggfe used for ot her

addi ti ves which are wel | Knowh: t he
resin conposition rmgrkingthe plastic cesing a¢aodingate the practxce of this

ant i oxi dant s, 1 anGngeh@srlahs phbceldife kbipriset afp ag Bt e Hdfaltsnol et 30

stabilizers, flow alds, ditives etic
radi ation shi el di nfnetBF 1&§°ﬁfQ!1E’EFYE’6 the shaggio tt'ée FPS jng whigh is to

static agents, coube djfpliglrbivenieftiyat astdep driglehethesitfadesof thise
"may al so be added

Energy-rich pul sed Tﬁ?&al Rbr Eéabrkﬁ? earuisgod:ufag}g said radiation energyrasuﬁl ng the
pl astic resins accadhat vigihly dlstmcpaadtsepermlytlﬂeshﬁable marking is i nventi on.

The procedure Corrpéir%ﬁﬁc@cpa meﬂﬂ'ewsﬁn?gié\?mtd{igﬁout the surface of the€nergy, in

conformty with th ape o be
appl i ed, conveni entirked matarial be GPSQP%!'C?B“PW@%'H% e of t he

{rﬁtteri ?‘iOLF bg_ mta_r kefl agd Eﬁ%lﬁ!e@ﬁfseémeﬁ yaa‘glumeﬂe%bmau Rhpulsed

at vi si i stinct and .separa i abl e marki

produced at y.t he ar gg&erﬁ)pug b’(/\f“?%‘@ ef??fﬂ‘eﬂfyf'ﬁﬂg’a c{]ﬂ@ :YAG

mar ked- mat eri al beilasergegndeed ldsb;s whthdwedter sich as pulsed dye lasers or

Al s o SPeh o Helfttn SRt o £ bhfindbak Gl 136s with pulse | aser's

such as ruby lasers or frequehcy | asers,
pul sed | asers with meéﬁtcehona@-smtq&um logken)afariexagyple on the basis

Raman sfgfter, and di'GW NﬁWAGlQb&sWM? ﬁlea,aehéy mﬂmpnai Sc& cw on |
nodi ficdtions (Qs

| ock for, ex
07 O N YAG | Seer dasert KA K 2Bt ak RS Bielalyanepasshs, for Sxample
| asers (Ar, Kr), as:oppbfvapoplabae(brrmahra op tasetsa o€ high tapacdityapnlsed

comper veno | acer S it SRR s
doubl i ng, and al so qsmbjmg. gud alspspulsed geh l@sr%mhmemmer and
20 nitrogen lasers.
Depending on the laser system employed, pulse
contents of up to several Joules per cm?, intensities of up to 1012
W/ cpz, pulse durations of from 10-15 seconds to 10-6 seconds
and frequencies of up to 102 Hz are possible. Pulse contents of
25 micro-Joule to kilo-Joule, intensities of kilowatt/cm? to 100
megawatt/cm2, pulse durations of microseconds to picoseconds,
.and frequencies of a few hertz to 50 kilohertz are
advantageously used.
Preferred lasers are pulsed or pulse-modified,
30 frequency doubled Nd:YAG lasers or metal vapor lasers such as
gold or, in particular, copper vapor lasers, as well as excimer

lasers. .
The following table lists a number of commercially
available lasers which may be suitably used in the practice of
35 this invention.



20
| aser syste

nitrogen | asers.
m enpl oyed, pul se

Depending on th

contents of up to several

e

The best wavelength to be selected for the irradiation

Joul es per cnferr], intensities of up to 1012 [err], pul se
durations of from 10-15 seconds to 10-68seconds and
frequencies of up to [err] Hz are possible. Pulse contents of 25
m cr o-Joul e to kiIo Joul e, |ntenS|t|es oﬁykgtgmatt/[err] to 100
magavvatt/ [ e rJ —puu se—ddr-at+ors—ofTnteroseconds o copeconds;
and fr equenEl es of a few hertz to|50 kilohertz are il Principal wavelength
advant ageougl y tati Examples of ,f{g,@{ fi" Bd | asgaBsi@iafy PUl sed
or pul se- nodi flggﬁg'ﬂegresena ve frggﬂ’eﬁsc?/ com ] xd YAG ﬁgﬁser agy net al
vapor | aserL: such as nnl*“’al‘h eltm%arf Lcll n?‘{avﬂﬁgﬁé}fm
| asers, as Mgblid atepilbdiElasers | asers. d
The followng faplré rists a nuibeq ol Comer cl al avarlanl e
| asers whi C‘MMW&M%%EXI‘# 35694 (347) t-hi-s
i nvention. | Nd:YAG laser Quanta Ray (DCR 2A) 1063, (532, 355, 266)
TABLE
1 1 A Exﬁmtﬁ laser T\lnn ARQIIQ !MZ);f Lo [ V2 Z%?Sgn of
Principal v RGeS e Eatwe coFp-es—ot
comer ci al | jyPulsed lasésuhﬁl Hocstgr
avai l abl e tYP&Sch as wavel engt hg) [ mi Solid statje pul sed | asers
. Ruby | aser taser ' AG
laser . | RamanshifteQuanta Ray ( apta)Ray (RS-1) 1064, [ SB2IR 355, 266)
Al exandr i t€) hos Blser Aol | 016 hBAZPhysik FL2002 | &2%0d8600 _Pul sed
| asers wi t —boostet stuciTas matrren—siTT et amnt=
Ray (RS-1) | CW laser withypuijse Dye]|l aser Lanbda Physi k FL
2002 ca. 1L 80h CWlas¢r with pul se mpdi fi cation
ND: YAG Taser et T Ts 532 (O SwtTiT]
2[err]) ND:YAG( 95600TQ) Lasermetrics 532 )
(Q-Switch, 20) (9560QTG)
Argon (mode-locked) $pectra-l’hysics SP 2030 514.5, 488
Pulsed metal vapor laser _
Cu vapor laser Plasma-Kinetics 751 510, 578
Au vapor laser Plasma-Kinetics 628
Mn vapor laser Oxford 534, 1290,
Pb vapor laser Laser CU 25 723
| Semi-conductor diode lasers | M/ ACOM Type LD 65 ca. 905, (402)
Semi-conductor diode laser STANTEL ca. 905
array Type LF 100 (402)
Pulsed gas lisers Excimer
XeCl Lambda Physik 308
XeF as well as EMG-103 351
No 337
Lasers whose parameters can be readily adjusted, for
example pulse content and pulse duration, permit the best
possible adaptation to the requirements of the materials to be
5 marked.



Argon (node-| ocked) Spectr a- Phys;i cs SP 2030 514.5, 488

Pul sed netal vapor |aser Cu vapor | aser Pl asma- Ki neti cs
751 i 510,578 ° Au vapor | aser - Plasma-Kinetics

628 Mh vapor | aser : Oxf ofd _ 534, 1290,
Pb 'vapor | aser Laser CU 25 723

Semi - conduct or di odqs bRt swhivhAEadiBEBnldenbidive coppef SaltsdAtRd tHet02)

Sem - conduct or di ode |, ase TANTEL .9 array
Type LF 100 . optiotal adgiianal colosantabposbe most sFanel: AR ARt &t oo
Lambda Physi k which the d&stics mateFiahto beirlarked absorbs little. EMG 103
351 [err] ' R 337

. %referabl(y. 1aserl(§ ht wit(l} a \fvavelength in thel
Lasers whose paraneters can be readily a %ust'e , Tor, exanpl e
pul se con®ent and purBge iunsad. ohbe frearilR rapge'hassmeaning the range fyomsi bl e

adaptation to the rebeut8Biistdbddtemmt erials to be 5 mar ked.
The best wavel ength to be sel.ected for the irradiatio ]

9 s Chat ot TiRe cliffersnt mgtharls 81F SOMSARY §uiteblsfer salts and
t he. dpderanatking dn thepedctice |oﬁltlﬁl§ﬁnvélﬁimb$hémﬁslk<3héthbdl, y,b and
t hat at ' ' ' or bs
little. the li‘i‘@h?ﬂ\aﬂ-ﬂﬁ\go %?gﬁé(?g%%?ggg#alﬁﬁéﬁet\%g?h%gt@\gs\?el engt h
inthe I¥ 5 lasttwoymentioned anethinds (dpmamicfocusing), the lasenis ng t he
range from preferab bithed8Ufth'a 1a5ér MAAhg2lStenl, so that the

T king i Lhe. pr ac(RERIGImARFAl FoR bR merked wih pRke decomguter-
|2t two. menti oned net Bots. G, LoEas M LR et LS
preferably conbined with a.l eea‘%? Rfﬁée’é i“§851¥ﬂ‘f§i° t4Racity and
pl asticst¥mterial cdrequencydepends basizally oe.the marnking srethod employed.
oo 0,83, TRAGATaBAELy 1o AR, f, o, spid s pued
frequency depends bddterspnd %ﬁmwaWﬁm@M%mWOSUW- The
' average to low capacities and rapid frequencies of pulsed metal
vapor lasers or of continuous wave lasers with pulse
20 modifications are preferred for producing markings that require
dynamic focusing. Beam deflection can be effected, for examplé,
acousto-optically, holographically, with galvo-mirrors or
polygon scanners. Dynamic focusing makes possible an
extremely flexible marking, as the marks can be produced
25 electronically.
EXAMPLE1
This example demonstrates several of the copper salts
which were found to provide effective laser marking of
thermoplastic resins. The copper compounds were evaluated in
30 ~ a thermoplastic polyester sold by General Electric Co. as Valox®

325C, a grade specially developed for keycap applications.



The high capacity and | ow frequency of, e.g., solid state pul sed
| asers and exciner lasers are preferred for mask exposure. The
average to | ow capacities and rapid frequencies of pul sed netal
vapor | asers or of continuous wave |asergpwi th pul se 20
nodifications are preferred for producing marki ngs that require

dynam c focusing. Beam defle be effe

acousto-optically,, hol ograph‘£i 19?¥%?€\hsﬁr' DD %? r%éa‘%)rfea'{% of
pol ygon scanners. DyHidnm wasmsed do nvdrksthp@bdmbl!bpmfrom the material
extremel y flexible ”@Jxﬁb&ﬂhoﬁ%%ﬁ&séﬁ&&&\géﬂﬂe@oﬂfe%wn@ANPLE L

el ectronically.
Thi s exanpl e denonst%?‘é@a@'@vé[t}ﬁ opfimaksetiipgsy werg slependent on scan whi ch

Wﬁr e f o:mé to provi dq:oeéﬂf Rerip &ﬂrﬂeﬁﬁ,@-smg&l 4t flode blender. To debermme
t her nopl astic re5|ns ppeL_ co nds were.ey

t her nopl asti c pol yes 3’5?% %&1 gﬁ%f lﬁ’&lfflﬁ‘&aﬁg d—g%ve%gl %ﬁfeewljled
325C, a grade speci add fylrdhonbﬁﬂwsdamrspee;lczfprmlremdts ipddcated that the

1864nm was used to mogebéeﬁtﬁ%xa%ﬁfsfdl %H%le” gxr""?ligls@&ﬂ\tég

conposi tion, the | asprovidingithgbeskeanteast wergusod (tg marks small square
:rmortanqg tTheQ 0|otlt ni)etThxgﬁﬁea/\ﬂ‘:ﬁvvd&Q_?ﬁéﬁ‘ﬂ%reﬁ{érﬁ%ﬁ@ol& differences tﬁpeed
anp curren SWi e ﬁ‘ 0 leﬁrﬁgcgelﬁb d, DIN e
opti mal settings, %‘h‘ﬁg’ﬂ g%?"f“é‘l‘?'t e@‘?ﬁ’l‘?‘g mgtho

as function of the s6174, spree D65Yr AeDelte Evdlae iofl @0 dagenkrallyiconkiclered

node bl ender shoul d 6 eﬂ{_aphragm of 1.0 mm The settings

provi ding the best contrast Wwere used to mark a snmall. square 10

(1*1 cm . Thi sAar eCappexBulfatereasur ement  of col or differences '
of the backqround and the marked ared (G elab3nethod4 DI N 5 6

6174, sourcg D@§])ox®‘§2%' th Hogl ue ofog20 s mrnerkl | ypeconki dageed 100
as sufficie COPPET fate i
3 4 | Titanigm 28 4.3val bx[43r] p2s®&3 | 1083 148
100 © 100  dioxidk00 100} .
' Carbon black 0.015 0.015 0.015 0.015 0.015 0.015
Copper sulfate 1.5
(solid)
Copper sulfate 0.05 0.1 0.5 1.5
(solution)
Delta E 12.5 16.7 21.3 214 19.1 14.8




Ti tani um 2.8 4.3 4.3 4.3 4.3 4.3
di oxi de Car bon bl ack 0. 015 0. 015 0. 015 0. 015 0. 015
0.015 . Copper sulfate 1.5 ' (solid) Copper
sulfate _ 0. 05 N1 0.5 1.5 ~
(sol ution). Delta E 12.5 16.7 21.3 21. 4 19.1
14. 8 BB. Coppee Phosphateat e 1 7 8
9 10 - 11 Val OX[:l.err 32pC 180 9100 10100 337 100
100 10D 8 Z a3 I T
4.3 di oxﬂwbl aC;IOO? 01%00 . ellqg Q.},OPE 0—o15 m“‘\
0.015 Coppef phbitanisamne 28 |3 48PS=p0 48rr] £3pper phBsphpt e4.3
3 1.5 (Pgihedd €rrl) Coppgr phosphate
3 1.5 tPS=6—ter] Bei-t-a—F $2—5 177 23 260! 6
25. 4 24. J1_Carbon bladjpstp £Q16c| b 8i018. 000035 plar 0i03bes| i 8.-04Fml | ef.016an
gi ven nunber{ ¢ & Thi ocyapat 1 12
13 14 gi’perio Bpﬁf bx[err] B25 100 100 | 100 100
100 Ti t anjuntPS=30 pm) g 4 3 4 3 4.3 4.3 di oxi de
Car bon bl acki CogpePphosphat®| 015 D. 015 0. L5 $5015 Copper
0.75 1.0 g 3 [ hi ocyanfat e (AS=0.4 [drr] Dejta E
12.5 2 (PS= 29 12 19
Copper phosphate 3 1.5
(PS=6 pm)
Delta E 12.5 17.7 23.6 20.6 25.4 24.1
4PS=particle size, 90% of particles is smaller than given number.
C. Copper Thiocyanate
1 12 13 14 15
Valox® 325C 100 100 100 100 100
Titanium 28 4.3 43 4.3 43
dioxide
Carbon black 0.015 0.015 0.015 | 0.015 0.015
Copper 0.75 1.0 1.5 3
- thiocyanate
(PS=0.4 um)
Delta E 12.5 20 21.9 23.3 19.9
D.  Copper Thiocyanate .
16 17 18
Valox® 325C 100 100 100
Titanium 238 43 43
dioxide
Copper 15 3
thiocyanate
(PS%=0.4 pm)
Delta E 25.5 36.6 38.5




.D. Copper Thi ocyanate 16 17 18 . Val ox[ err]

325C 100 100 100 Titanium 2.8 4.3 - 4.3

di oxi de Copper 1.5 3 t hi ocyanate [err] Delta
E 255 . 36.6 38.5 12

12 - o Addi tion of 3 pbw of copper t hi ocyanate to a Val ox[err]
325C - Alddifivhfi305bwiofR6p ?&dﬂﬁ&@aiﬁ@tdhi’hkm@ 825Che CO2-1aser

significantly. Wthout t | aser se | astic
material was | ust a ?rgeléll&?iowwer?"ﬁ@ e stRaBli bt Bia COTIRIET Ve 5
was present, a greysignificardlyrbMithaosd tne bﬂeﬁsmmvefackﬁh&e; ihe. plastic

EXAVPLE 2 | SOk out

bet ween Cupric material was luﬁﬁ abkﬁéc? &R%Ju(rfg{u%@{sﬁ oC rgﬁg gagﬁlﬂ(ij‘%j@prl C
hydr oxi d& - was premis@msé se,wgéxmhﬂlépeemedaaﬁ/e rdrradigtiony
additives. 10 TheexXOMPVERg additi ves were eval uat ed
I n a polyester resjin manufactured b raI Ctl’l c and
sol d under the Ad{fﬁ&%ﬁ?ﬁ{%ﬂﬁf&ﬁf}%

Addi tives used: phosphate, Cuprous thiocyanate arﬂJﬁupmcIiWroxndée phosphat e;
Aldrich 15 . . - 0f ..

Cupri c phosphate; Sgho%qhaéees pﬁﬁ;b&conh‘a%ﬁﬁlﬁgngng gééﬁtwes Cupr ous

t hi ocyaﬁ.&t e: HCA Hol | and CoT&edollowing additives were evaluated jn h polygester
experi ments were Caf'és'lﬁ?nﬂ'kﬁfaél%'r@& General Electric and Md\(ﬁﬁe}(}ﬁé nm | aser.

Model LBI 6000. Sup Ier | asertechni k GrbH.
Focus: 160 mm Work &eﬁ!@gyﬂ!@‘& Laser
settings were optimzed in Wdﬂlaaéeuyme as Exanpl e 1.
Contrast has been neasured and def i d as . de (mar ked
area versus background) accordi lﬂ”fc Xﬁlr&‘é‘g R’h?ﬂ’gbﬂe Aldrich DI N
6174, sd& ce D65. 34,440-0, 97%.

Cupric phosphate; Scmidt B.V. M13-32
Cuprous thiocyanate; HCA Holland Colors

All laser experiments were carried out using a
Nd:YAG 1064 nm laser. Model LBI 6000. Supplier; Carl Baasel
20 lasertechnik GmbH. Focus: 160 mm, Working distance: 180 mm.
Laser séttings were optimized in the same way as
Example 1. Contrast has been measured and defined as delta E
(marked area versus background) according to CieLab method,
DIN 6174, source D65.



13 A. Cupric hydroxi de phosphate Cu2(CH) PO4 (pbw) 0
0.5 1 1.5 2 3 (conposition in pbw) Val ox[err]325C
100 100 100 100 100 100 Tit ani um di oxi de
4.3 4.3 4.3 4.3 4. 33 4.3 Carbon Bl ack
0.015 . 0.015 0. 015 0..015 0. 015 0.015 (Il aser settings)
Modebl endor (mm 1.0 1.0 1.0 1.0 1.0 1.0
Lanpcurrent (Anper.e) 18 16 14 14 14 14
Qswitch (Herz) 2000 2000 12000 2000 2000 2000
Speed (mm1's) A. Capfic hydrotide phospliate 225 225 225
Wobbl e (mm) : 0 —5 o % 8
delta E | Cu2(OH)PO&(pbw) 1| a0 qs 905 oo 41 15 232 2 |21 3
g. Cupri c3phg;%aq5@_iﬁ@ﬁ i pbw)b \ ol 0 32'5C0' 5 1 é 9
0 ninp oxf er
100 108“{3)@5%58 100 1@[ arf urt® oxji del00 z]i‘%g 1&83 100
4.3 4 Bitanium dicGxide . 3 43rban Black 43 0.435 04.915 4.3
0-015 O-Péarbon Biagk® 007808529 0985 '"95 4150900 63601 (s |\ 0.015
. . L. U . U_ -’ \J . \J AT ’J\lul moTTl 7\ O 4 =
16 1f(laser settings) 34 |14 Q@ swijtch (Herlz) 2000 | 2000
2000 200Riodeble3RidR 3000 speed (mps) 2 0 .
200 5 o odebletdits mm) °P2 £BEH e( i 10 10 g Lo,
0 o| Lampcurrent fampgrey | 18 16 1.3 14 47.214 |18. @ 2014
20. 7 " 22 @-switch (Herz) 2000 2000 2000 2000 2000 2000
Speed (mm/s) 200 175 225 225 225 225
Wobble (mm) 0 0 0 .0 0 0
delta E 16.3 15.8 18.9 20.4 23.2 21.7
B. Cupric phosphate
Cu3(POy4)2 (pbw) 0 0.5 1 1.5 2 3
(composition in pbw)
Valox® 325C 100 100 100 100 100 100
Titanium dioxide 43 43 43 43 43 43
Carbon Black 0.015 0.015 0.015 0.015 0.015 0.015
(laser settings)
Modeéblendor (mm) 1.0 1.0 1.0 1.0 1.0 1.0
Lampcurrent (Ampere) 16 16 14 14 14 14
Q-switch (Herz) 2000 2000 2000 2000 3000 3000
Speed (mm/'s) 225 200 200 200 225 225
Wobble (mm) 0 | o0 0 0 0 0
delta E 163 | 172 18.8 20.8 20.7 22.6




14 C. Cuprous thiocyanate CuSCN (pbw) _ 0 0.5

1 1.5 (conposition in pbw Valox 325C 100 100
100 100 Titani um di oxi de 4.3 4.3 4.3 4.3 Carbon
Bl ack ° 0. 015 0. 015 0.015 140.01 (lasersettings) Modebl endor
(M) 1.0 1.0 1.0 1.0 Lanpcurrent (Anpere) 16 16
14 14 Qswitch (Herz) 2000 2000 2000 2000 Speed :
(mm/ s) 225 225 225 225 Wobbl e (M) 0
0 0 0 delta E 16. 3 18.8 22.3 24.7
Obvi ously, other: rm@fcﬁi,}b,gg\&uaaﬁ,y‘ﬁél ations of the pr esent
i nvention a pUSSI pte 1t gt o €achingp. L1 i s,
therefore, {&W Nr{%m nod that @ran 19Q8qn{ be ndde 11 111;53 .
particul ar eqésnd agﬁbﬁlﬁqﬂﬁv) hbed abovE which hre with{n the scope
of the inve n flnednt appen cl ai
15 d W?g ’éﬁzg& A tﬂﬁ%se i@?ka bl e " T he m)p?ast c
conposi ti on, Titanium dioxide coTpr 43 ng] 4.3 43) at HKéhst |one
ther mopl ast | 65k BIEQPOSi Ui 91 0,015 SYi bl {omndpsef npoking: and
' (lasersettings) ' '

Modeblendor (mm) 1.0 1.0 1.0 1.0

Lampcurrent (Ampere) 16 16 14 14

Q-switch (Herz) 2000 2000 2000 2000

Speed (mn/s) 225 225 225 225

Wobble (mm) 0 0 0 0

delta E -l 163 18.8 223 24.7

Obviously, other modifications and variations of the
present invention are possible in light of the above teachings. It
is, therefore, to be understood that changes may be made in the

5 particular embodiments described above which are within the
scope of the invention as defined in the appended claims.



(b) at least one copper salt having a particle size of 5 less than 10
m crons, said copper salt selected fromthe group consi

phosphat e, copper sulfate and copper thiocyanate, copper
salt i5 present in an anount sufficl®nt to cause sﬁﬂ'mmﬂmmﬁﬁ
t her nopl astic conmposition to absorb a laser |ight outside

Ispectrijm ﬁucﬂ that thgimestion of said 10 conposition which absorbs sai d
aser light has a visSiply di s t..and s ratel i.dentifi col or.

2. The thernopl astic cohp%é?-‘t@!'&‘\aﬁﬁg tQP’FH‘?LP 6Fe smo'\’ﬁéﬁl\ﬁg\? ﬁ%ngth of
said laser light is above alja)tat k8tiome thermoplastie redinecomtposiiphastic
conposition of d ai ngu}hbrh%r?#rﬁaé_k?%qnaopper salt is copper phosphate or

copper thiocyanate. riopl astic_conmposition of Claim1l
wher ei n sai d t her nopl ast(b} arté@shongnwpefe@ tnel frogn the grup

sel ected grom pol yw{o?’@%ﬁh@oﬂ&@éé@@?ﬁéspl{a@QS{)p@Pﬂllfdt@dcuprlc Hjadﬁbmdé' i dene

aromati cs, polyetherim a pol.ya e.st er
carbonates, pol yphePhe 5@#@ quertmocyw A\ii ki 1ﬁ1 a!épf)‘éRRF@ Besters,
pol yet heri nm de est er sent mmlambuhegﬂﬁa@hymdnsbpafdhuer;markqidleysul f one,

pol yet her sul f one, ﬁBFanESS{@&%ﬁ{!? gbﬁgrqag'lﬁgr lgp‘@g fedﬂp@l yst yr ene,

acetyl, polyphenylen pol yme
fluorinated pol ymer, visibleispectruns sath ﬂ(attbopyrmn ot egidicpmpasition prhic hbove,

or blendgsof the aboygnrps said laser h?ﬂ?s&b%‘iﬁl?&i@ﬁhétcalﬁp sapazatelypn of O aim
4, wherein sai d | er_rrpﬁ astic e5| n conprfses polyester, polycarbonate,
pol yest er car bonat e, identifipble colofadi f i ed nonovi nyl i dene aromatics,

pol yet heri m des, pol ¥ evhe Hidthiigflastic comjsusiteoi of Cidiat 1, wheyeinithei m de
igt er. or copolymer Swg(relengthbcljp srallcli& laosfer iigﬁt 1%%%\6%@ about 900nm.

3. The thermoplastic composxtlon of Claim 1, wherein said
copper salt is copper phosphate or copper thiocyanate.

4. The thermoplastic composition of Claim 1 wherein said
thermoplastic resin comprises at least one resin selected from
polycarbonate, polyester, rubber modified monovinylidene
aromatics, polyetherimide, polyesteramides, polyamide,

5 : polyester carbonates, polyphenylene sulfide, polyamideimide,
polyether esters, polyetherimide esters, polyarylate,
polymethylpentene, polysulfone, polyethersulfone, polystyrene,
rubber modified high impact polystyrene, acetyl, polyphenylene
ether, polyether ketone, chlorinated polymer, fluorinated

10 polymer, liquid crystal polymer, copolymers of the above, or
blends of the above. '

5. The thermoplastic composition of Claim 4, wherein said
thermoplastic resin comprises polyester, polycarbonate,
polyestercarbonate, rubber modified monovinylidene aromatics,
polyetherimides, polyesteramides, polyetherester,

5 polyetherimide ester, or copolymers or blends of the above.
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6. The thernoplastic conposition of aimb5, wherein said thernoplastic

resins conpri ses pol ycarbonate, polyalkylene tereph
nodi fi ed nonovi nyl i dene aromatics, or copol yners or bl um"nul""mmm' .
.7. The' thernopl astic conposition of O aién 2, wherein thé& afpunt *of ssa
copper salt ranges from about 0.05 to about 10 parts by wei ght of the

t her nopl dsti c conposi tigIMThe therm% ladtR cbhﬁid%ﬁ&fctaxﬁpﬁmliéfdxﬂaaﬂf Caim
7, wherein the am)u of S ﬁﬁ ?per sal .t 1 to about 5
e

parts by weight of t %°‘EBHB%SSP?nII—8?Fb°“a QPyapﬁglef‘ﬁer nopl astic
“conposition of dai rterephﬂuiam, nubber modified miorexinylidemearomaltics,amges from

about 0.5 to about \ tivener nopl astic conposi ti on.
|%c Bgyxﬁ erd or"ﬁéﬂﬁ% C§he ;

10. The thernopl ast r%!% “wherein the particle size of
said copper salt is |eds ﬂleamastxchmgosmonof@lalmr’héfv exeindhe astic

conposi tion of O ai mﬂouﬂmﬁiwcéﬁpeﬂsalﬁian 84 fontl hb 05 fo ABSWERN t he base
conposi tion and theypaf{?tlon vg“crhﬁ orbed 1s Ld laser .light is at l[east 10

units as neasured b Pywiel ¢mPAYIEPASt i ¢ conposition of
G aim1ll, wherein the tSotEhie thelrmopth sﬁbebﬂmlﬂﬂmméélamim wherein thigposi ti on

and the portlon whi | nits as
nmeasured by the Del %%“E’B&O&l}’gﬂiggﬁ%sgpﬁépgog%nﬁ ?l():&?:todngﬁl&?ﬁtyof Caim
12, wherein the tot mawmwewhﬁcéﬁbﬁ&eemmm campesidenconposi tion and the

portion whi ch absor bed %%ﬂﬁﬂoﬁlds@i@ko o%ihé&éﬁéla%ﬂu P%hérefi’ﬁﬂﬁasured by
the Delta E. 14. The the erein

astu 0
sai d conposition fumnt&fﬁﬁ ffd’ﬁngF%é'R ?Q?‘ftt(hgﬁﬁg]‘éﬁ‘@(l de.
15. A |l aser markabl amtbwwelglitdmhutmmu aaitrmfm oditiohhe corrposmon of

o m L 1o Ao e A bt ol b 1 ©
partlcle size of said copper salt is less than about 10 um.

11. The thermoplastic composition of Claim 10, wherein the
particle size of said copper salt is less than about 1 um.

12. The thermoplastic composition of Claim 2, wherein the
total color difference between the base composition and the
portion which absorbed said laser light is at least 10 units as
measured by the Delta E.

* 13. The thermoplastic composition of Claim 12, wherein the
total color difference between the base composition and the
portion which absorbed said laser light is at least 15 units as
measured by the Delta E. '

14. The thermoplastic composition of Claim 13, wherein the
total color difference between the base composition and the
portion which absorbed said laser light is at least 20 units as
measured by the Delta E.

15. The thermoplastic composition of Claim 2, wherein said

_fl

composition further comprises carbon black or titanium dioxide.
16. A laser markable article of manufacture comprising the
composition of Claim 1.
17. A process for producing a laser markable thermoplastic
' composition comprising extruding the composition of Claim 1.
S —
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l7. A process for producing a |l aser marked article of manuf act ur e :

conprising the steps of: (1) extruding and nol gj '
t her mgpl astic conposi tion conprising: 5 Iml MI" III" Iml)" |“| '
{ east one thernoplastic resin conposition- suitable for laser mar ki ng;
and (b) at |east one copggr salt selected fromthe gr oup

consi sting of copper pﬁﬁ?%ﬁ}&esg odtididgh faser mafﬁH&rai'ﬁchWil.r oxi de o
phosphat e or copper thi ofgya ate, creln ggl d copper salt is present in

an anount suffi ci entnanyifacture somprising the,steps gk kabl e t her mopl asti ¢

conposition to absorb | gper Idxmwiﬂghﬁadﬁoldiﬁguitﬁéhhepﬁaﬁgt rum such

t hat " the porti O@oﬁ\f ors?g{cg corrgasj tion which absorbs said | aser | i ght
has a visibly distinc P %f)o f‘éﬂg'i dentifiable color; and 15

(11) laseé® marking said article Ja) ht leastone thexmiapdastic resinnavel engt h

outside the visibl ecshidsitidh suitable for laser marking; and
: (b) atleast one copper salt selected from the

group consisting of copper phosphate, copper sulfate, cupric
hydroxide phosphate or copper thiocyanate, wherein said

10 copper salt is present in an amount sufficient to cause said laser
markable thermoplastic composition to absorb laser light
outside the visible spectrum such that the portion of said
composition which absorbs said laser light has a visibly distinct
and separately identifiable color; and

15 (I)  laser marking said article with a laser having a

| wavelength outside the visible spectrum.
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