WD 2004/ 036661 PCT/ US2003/ 032603 ANTI - YELLOW NG
= POLYCONDENSATI ON POLYMER COVPCSI TI ONS AND ARTI CLES
- CROSS REFERENCE TO PROVI SI ONAL APPLI CATI ONS Thi s '
wapbi/eesdion claims priority fromU S. provi sipenais2003/032603
pat ent application Serial No. 60/418,184; filed
Cct ober 15, 2002, the entire disclosure of which is
i ncorporated herein by reference. TECHNI CAL FI ELD
This invention is directed to polycondensation pol ymer
conposi AFEYERVONINEPOL SATIQY BRLYMER
- yell ow ng under heat a in%l and articles forned from
the pol ymer cofﬁ%ﬁ?@ﬁ%ﬂ@, 5 AP dRHELESS | ect or s,
reflector cups, and scranmblers for light emtting
di odes. BACKGROUND OF THE | NVENTI ON Light emtting
di ode (LED) conponents, such as reflectors, reflector
RSN G FARBDETONAL AVRICATIGNS o med f 1 o
pol ymer conpositions. LED applications require . '
pol Fpniléfrnﬁgé Slatisamerity fram H% Bro¥isieRs  pytont FaPlicatnctatial Rlo.
Properties. Vari ous usef ul golyner conposi tions_for,
60/4 E85L &k led Qetabers, 2108, tenie disqlesute of waich tdpeammayated iy by
pol ycondensati on pol yners, such as pol ypht hal am des.
refgpreepr obl em noted with the prior art conpositions
- used in LED applications is yellow ng upon heat aging.
LED conponents are exposed to el evated tenperatures
during the manufacturing process. For exanple, during
TECH@“@SB#HE%@ing steps the LED conponents are heated to
about 180 C to cure an epoxy potting conpound. The
L ED s invertiondsdirgeted RInglycendsisaien Robymer eomeasiicns Myingsy e
260 C whil e sol dering operations are performed, In
imprgviidpBHancof yetowigg under heat aging, and articles formed from the polymer

compositions, including reflectors, reflector cups, and scramblers for light emitting diodes. .

BACKGROUND OF THE INVENTION
| : i.ight emitting diode (LED) components, such as reflectors, reflector c:ups, and
sdramblexs are typically fon;leci from polymer compositions. LED applicatidns reciuire ‘
polyﬁer compositions with good opacity and reflective properties. Various useful pqumer
. compositions for LED 'applicaﬁons a;:e' known, these ones usﬁélly include polycondensgﬁop '
.polymers, such as polyphthala’mides. One problem noted W1th thé prior art domﬁos‘itions
useﬁ in LED applications is yellowing upon heat aging. -
- LED components are exposed to elevated temperatures during the manufacturing

process, For example, during the fabricating steps the LED components are heated to about
180 °C to cure an epoxy potti'r'lg compound. The LED components are also exposed to | ', ‘.

temperétures above 2:'60 °C while soldering operations are performed. In addition, while in




WD 2004/ 036661 PCTI US2003/ 032603 2 use, LED

conponents, such as autonobile conponents, are

routinely subjected to tenperatures above 80 C. This
Ve p@sgisaect 0 hi gh tenperatures causes yel | ow npCTDIS2003/032603
pol ynmer conpositions used #or formng LED conponents.
Anot her pol yner conposition used for LED conponents
corrpri ses pol ycarbonate. Pol ycarbonate conpositions,

soften,whe osed to the epoxy curing and
usgﬁr oS, S 4? P ROEAp ES RO e ey S8
carri@(;é’natg‘?’rB osi tions V\x;&ﬁ]b retai rh t hei rf !
oBReriren o aG oo T Bipa @ L fampeatlfiry it giowie of potymer
art.j.cul a cut e obl em for blue Iight LEDs. Yellow
°°&B g?f’é?“a%‘é%f’ﬁ“%?‘@é COTRIE™SThus, yel low reflectors
t herefore
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need. in fhe ref r ar

t
PSRBT IOy RO B B e shppp paingpnd
| so%rg‘?@%ﬁ%‘g%% LR g%n‘?éo?ew o Forh 30 S Hpt S PP Rl Rontd
k sattlég % ner conp05|t| ons that do not
§’§ %&Hﬁ T U There exists a need in the
f t t f fI d
s b i PSR i g s
t th t I t
<y B il e Wiy aiecarebies bR RaR e g BT,
D Th d oth d t b t
m%ﬁm%ﬁﬁﬁsﬁw of the present. invention that provide a
pol ymer conposition conprising at |east 20 wei ght %
based on the total weight of the polyner conposition,

Smﬁngﬁﬁondensati on pol ymer having a heat

There exists a need in the reflector art for polycondensation pdlymer compositions

capable of withstanding long-term exposure to high temperatures. There exists a need in the
- reflector art for polycondensation polymer lcompositions that do not yellow upon heat .aging.
There exists a need in the reﬂéctor art for reflectors, reflector cups, and scramblers fonmed
from polycondensation polymer compositions that resist yellowing upon heat aging while

- maintairﬁng excellent opacity rand reflective properties.

These and other needs are met by certain ezﬁbodiments of the present invention that

- provide a polymer composition comprising at least 20 weight % based on the total weight of the
polymer composition; of at least one polycondensation polymer having a heat deflection

. temperature of above 80 °C under a load of 1.82 Mpa when measured according to ASTM D648.
The composition further comprises from 0 to 5 weight % based on the total weight of the polymer

composition, of at least one polymer having a heat deflection temperature of at most




tenperature of above 80 C under a | oad of 1.82 Ma
when neasured according to ASTM D648. The conposition:
further conprises fromO to 5 weight % based on the
wicntoad/easeirght of the pol ymer conposition, of ptTASRAS3/032603
one pol ymer having a heat deflection tenperature of at
nost WO 2004/ 036661 PCT/ US2003/ 032603 3 80C under a
| oad of 1.82 MPa when neasured according to ASTM D648.
In addition, the polynmer conposition conprises
807 pader Hlogdaht-83 WPa RS A étSTPgﬁéﬁs n gfdgtion, the
based on the total weight of the conposition, and a
polyiacéompiogjtierdoniprisea ao‘dmg pigtnenitin o pongéntighion of a0lease 4 WA%» hg#pd on
% based on _the total ht of the conpositi on.
thedetak weight ehibe a?wmlgn éf‘d ? ﬁlécwg%ﬁ {24 SOPLSATIER © PPﬂé?’ 0.02

| ected f th
wefa g g Wiy S YIS ribeeeiPhnes . ot enst O o
par tlﬁ%.lrl!a% b0 %ﬁt?oftﬂ%%:?eﬂl ﬂs&m@ a%mc&w;eamolmer is

l'iquid crystalline polymers, pol yim

sefé@decy ﬁBxlﬁ lg:ec%n?l?tﬂlg of ﬁtﬁil/dh Elﬂ&gl}ﬁ %Etsleas?%gt&aﬂy aromatic

pol yphen ese an
T e e -
detailed. Th d
pol A1, SRR BABR0 ® | e et .-ese.a_”
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seven- segnent
defAB&0s are nmet by a nethod of form ng a shaped artlcle

conprising providing a polyner conposition as above

det @j,ds€hd :S:Egefrtn aﬁdm«t_:ﬂ}ﬁg ?maﬁ%;dce eﬁ{%ﬁné)g 8551 DF fe gPets ent

by using a pi gnent
invention wherein the shaped articles are a reflector for an LCD, reflector cup for a surface

mount LED, or a scrambler for a seven-segment light LED. |

In addition, these and other needs are met by a method of fdnning a shaped article
comprising providing a polymer compoéition as above detailed. |
| Furthermore, these an& other needs are met by using a black pigment to improve the

'rheat-stability of a white-pigmented polycondensation polymer composition.:

In certain embodiments of the present invention, the black pigmenf is a carbon black,
the white pigment is titanitm dioxide, and the polycondensation polymer is a
polyphthalamide. )

The present invention provides a new polymer composition that inhibits yellowing of
high-temperature polycondensation polymeré upon heat aging. The present invention

provides reflectors, reflector cups, and scramblers with excellent opacity and reflective




heat-stability of a white-pignented pol ycondensati.on

pol ynmer conposition. In certain enbodi nents of the

present invention, the black pigment is a carbon

bl ack, the white pigment 3% titanium di oxide, and the

pol ycondensation polynmer is a polyphthal am de. The

present invention provides a new pol yner conposition

that inhibits yellow ng of high-tenperature

pol ycondensati on pol yners upon heat agi ng. The present
progertigent i on  provi des reflectors, reflector cups and

scranblers wth excellent 0 aC|t and refl ect

- - _The present invention groa use of ablack pm'%enmoelglgmve \;lszﬁtstlalblhty of
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ase ght™ of the polymer conposi ti on,
pol)ﬂfer Rdvilg®asht d@ﬂ&tl@@{e}#@é}ﬁﬁ%}ﬁ‘ abdve30 °O QhJeie loall @¥1.8TMpa when
heat deflection tenperature of above 80 C under a | oad
mea@ifredlac8adibd oo ASTEVI DoHR,and frexl 0ac 6 sweidhtnl, based Bt OBH B cighirnd
fromO to 5 weight % based on the total weight of
the polangs edmppsition.ofpidsast onsipolyarer bavingadsat dgfestipnicpperpture of at
havi ng a heat defl ection tenperatu e of t 80 C
mos AT hden s 152 Me A i e AP ¢ o
- ASTM D648. WD 2004/ 036661 PCT/ US2003/ 032603 4 The
present invention also provides a cost effective
pol ycondensati on polynmer conposition for use in
reflectors, reflector cups, and scranblers. The
present invention addresses the |ongstanding
limtation of yell ow ng of pol ycondensation polyners
upon heat




agi ng. Additional advantages and aspects of the
present invention will becone readily apparent to
those skilled in the art fromthe follow ng detailed .
wWiEpReihRké10n, wherein enbodi nents of the presaffus2003/032603
i nvention are shown and desgri bed, by way of
illustration of the best node contenplated for
practicing the present invention. As will be
descri bed, the present invention is capable of other
and T presané iverdion elp pronides 2 conichifeptiveqelysprilensadeompalianesr o
susceptible to nodification in various obvious
compefiaat for uselih refiectons reflettnp euptsi ang séremblersh dhe plesdnt invegtion
t he present invention. Accordingly, the descriptionis
addrgsdsethe dqpastdedinglimitation of yellowing of polyaendansation pplamars npepsheat
limtative. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G 1
aginghematically illustrates a LED reflector cup
according to an enbodi nent. of the instant invention.
_ FI GAdditioh#ladvantagessand aspeveef thepmient inkentignyilbbeopne readily
LED according to an enbodi nent of the instant
apparowd ite those skitiedin @®e px frigmhedblioyfing dqtailed dpseripjony whereis
wavel engt h for pol ycondensation polymer conpositions
cuhodioredis 0§ the praser dntientiamtage shewn #ndl dosasbedhtbyiviay ehillugation of the
FIG 4 is a plot of heat aged reflect|V|t¥ Versus -
beglanasie conjernplated firgractisiog the prefoptiorensing ads Wil roleyerbed, the
conposi tions. accordi ng to enbodi ments of the present
Présetdrveniom is wipabigod rbgeeé diffeery awdpdusnbamgQl sewral details are
DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n many
- suggepiitlctamakificagen iprerienshdsusapspedn il Wéméfdemrrgsffoah@w gyt

el evat ed L
of the present invention. Accordingly, the description is to be regarded as illustrative in

- nature, and not as Hmitative,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematmally illustrates 2 LED reflector cup according to an embodiment of
the nstant invention. |

FIG. 2 illustrates a ‘seven segment scrambler for an LED according to an embodiment
of the instant invention. | |

FIG. 3 1s a plot of reflectivity versus wévelengﬂa fo; polycondensation i:olymer '
compositions according to embodiments of the present invention. - |

FIG. 4 is al plot of heat aged reflectivity versus wavelength of light for

polyconden_satidn polymer compositions according_ o embodiments of the present invention.
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tenperatures, and that have good strength, and
tol erance to a host of chem cal environnents are
required. Polynmers that are suitable for use in the

“Rgﬁﬁgg%aﬁnvention are pol ycondensati on engiQQﬁ%hﬁﬁnosmms
. po St a{

yners.” Pol ycondensation pol yners are pol yner
are formed froma repeating condensation reaction.
Engi neeri ng pol yners are thernoplastics that _
advant ageously mai ntain di nensional stability and nost

.DB‘!B‘QDEDiDBSCMPHFDNQFQﬁEaNUEHTm\IC and bel ow 0 C.

Engi neering polyners can be advantageously forned into

f ungtharabpplatés polyheds tieaie bgablelofatibstadthgwicvitat and

abuse in tenperature environnments comonly experienced
tepipbrdtirad] bid ndlaven@l sieaith @d Etafidead s hoss ulidhemRalonoithnments

netal s, glass, and ceram cs. Aromatic pol ycondensati on
ardd@quedr s, in particular, provide high tenperature

service, high strength, and chem cal resistance.

Ar OP&lYinérs [k e QiR Fatusoin tRqiryserRyifvetieh gobylp@adensation

formed by the condensation reaction of two conpounds,
engii@rigg polahers. eBSlyconfasaibn polgmerns apquydsrchitprd foesddtom a

| east one aromatic group. Aromati c pol ycondensati on

repRatngBfidengition reattion. Endiieeting golytheas aie fgrhéghstcnipanent s.
Pol ycondensati on polynmers that are suitable for

 adeRteiusly eradh denhsonf stithidty pidmesimechaniceiiro@ricaneovhBGPC -

t enper at ure pol ycondensati on pol yners. Hi gh
and &6 0 aC UERging2Biby pelnaencaibe advapakyuusly Sorarcé idefunctitalasrts
. pol ycondensation polymers that have a heat deflection
that efieidbads and Bifstand EhindbivenpBawe envickaments baadordy expeBeiced
MPa when neasured according to ASTM D648. Typi cal
by aeditioth érl gty miteigie sueh ay wsodpfnetaisl glais/and ceramics.
pol ycondensation polyners are listed in Table 1. WD
20041346 pdly RGN SBRAGBIRBRGA PartiBular, provide high temperature service,

high sticngth, and chemical resistance. Aromatic polycondensation polymers are polymers
formed by the condensation reaction of two compounds, wherein at least one of the

compounds comprises at least one aromatic group. Aromatic polycondensation polymers are

~ well suited for forming LED components.

Polycoﬂdensation polymers that are suitable for certain embodiments of the present

' invention are high temperature polycondensation polymers. High temperature

- polycondensation polymers are defined as polycondensation polymers that have a heat

]

doflection temperature (HDT) of above 80 °C under a load of 1.82 MPa when measured
according to ASTM D648. Typical heat deflection temperatures of certain polycondensaﬁon

polymers are listed in Table 1.




Tabl e 1- H gh Tenperature Pol ycondensation Pol yners

Pol ycondensati on Pol yner Heat Defl
Pol ysul fone 174 Pol yet hersul f one

ection Tenmp. (O
. 203

| sul fone 204 Pol ypht hal am de 120
W RIRE line pol ymers (LoP) o0

i mde 278 Liquid grystal

180 - 310 (there are several different conventiona

LCPs) Polyim de 360 Polyetherim-de 200

Pol yet her et her ket one (|l ow flow) 160 '
TabRdl -yBigh @empdratitediobioendehiaén Pdlpmgrs 171 Pol yphenyl ene

sul fide 135 Polycarbonate 132 Heat defl ection

determ ned according to ASTM D648

Polyeomiznsition ®slyader pol yners and poIyniﬁmtmﬁbumhrrnmsﬁﬁbel

Met hod A, using a

PoBpdfonef 4 inches: The polyner is

into plaques that are 5 inches long, 1/2 inch w de,

nj ecti onl74wl ded

suitable liquid heat-transfer nedi

PoBe@lerhilfhnt NCh thick. The plaques are immersed in a

um such as an oil,

PolhdnWdulbdae HDT test. Dow Com ng
exanple, is used for polyphthal am

10 silTicome oil, for
de pol yners and

[ PofpRiARhiE ONS. FOr pol ycondensatT ofi pol ynmer $2;and
conposi tions, such as pol yphthal am des and

Po?gén?ﬁel "éédi ande-conposTtTons; theEDT test 34

ertorned! on unanneal ed speci nens| -
Liquid crystalline polymers (LCP) - 180310
(there are several different conventional LCPs) .
Polyimide : 360
Polyetherimide 200
Polyetheretherketone (low flow) 160
Polyetheretherketone (high flow) . 171
Polyphenylene sulfide i 135
Polycarbonate - 132

Heat deflection temperatures of polymers and polymer compositions are determined

according to ASTIVI'D648, Method A, using a span of 4 inches. The polymer is injection

molded into plaques that afe 5 inches long, 1/2 inch wide, and 1/8 inch thick. The plagues

are imimérsed in a suitable liquid heat-transfer medium, such as an ofl, during the HDT test.

Dow Corning 710 silicéne oil, for example, 15 used for pdlyphthalamidﬁ polymers and

compositions. For polycondensation pélymers and compositions, such as polyphthalamides

and polyphthalamide compositions, the HDT test is performed on gnannealed specimens.

In the present invention, the addition of a black pigment to a polycondensation

- polymer composition unexpectedly provides resistance to heat aging induced yellowing of .




In the present invention, the addition of a black
pigment to a pol ycondensation polyner conposition
unexpectedly provi des resistance to heat aging induced
W@kdﬁQ/MG@& of . WO 2004/ 036661 PCT/ US2003/ 0326031’C'I7U52003f032603
articles formed fromthe cosrposi tion, such as LED
conponents. Polyner conpositions according to the
present invention conprise a polycondensation pol ymer,
a white pignent, - and a black pignent. In certain
axtiglopfdrmesifiaen the corhpositionsrl as IiBleevhiporentst [Felymer compositions
pol ycondensati on polynmer is present in the polyner
agoripEse the presintingention cempristaipolycanfermttiongalymen laovlitite igment,
weight % In certain other enbodinents of the present
andaidackipigment. he pol ycondensation polynmer is present —in
t he pol ymer conposition in a concentration of at |east
abouhn caBinwtylimets of thepesser invewioh,ghe payrondtinsation polyier is
the present invention, the polycondensation polyner is
prssaatigiiie folynteh eomppeitipnriy a @opmpbsationiobat Ieast ot cenight & iTon
of at | east about 40 weight % In certain enbodi ments
cegfaintdtfisr grrlecdignants af derrrésont, invehigonptk poipeeddensationpolypot iz pessent
is present in the polynmer conpositionin a -
indbapabimuer goriensitiofn inpcongendiatian of 90lcasbibghit43ogeigin %¢ dntceriain other
ot her enbodi nents of the present invention, the
explridimpentscd ths prasem inyehtiompthe pslymédaeation pelymbrds pmemy insthe
conmposition in a concentration of up to about 75
polgngltompésitibh én comcentimtion ¢fehlemt abopbilywaght P Inlvertpol yner
‘conposition is based on the total weight of the
erplsidyrpents of teposent inyantioButhe pily@ndrabalion polemeds prsent in the
engi neering polyners for use in certain enbodi nents of
palymeergprapasiion imaeme¢ngmationmaefup deabout Parejghie Von dn sertafiroether,
at | east partially aromatic pol yam des,
erplsidireenis@é thaiptheent invintipngthe pelgoaddnsation palymends Bresent in the
pol yi m des, polyetherim des, pol yaryl et her Ket ones,
padyraer gerbyqshienyd mc@mﬁqrdgglp to about 75 weight %. The concentration of

polymer in the polymer compos1t1011 is based on the total weight of the polymer composmon
Suitable polycondensauon engmeenng polymers for use in certain embodiments of
. the present invention mclude polyarylethersulfones, at le_ast part:lally aromatic _polyaxmdes,;
'polyauﬁdéinﬁdes, liquid qi'ystalline polymers, polyimides, polyetﬁeﬂmides,
polyarylctherkétones, and.polyphenylene sulfides.
In ceﬁain embodiments of the present invention, suitable at least partially aromiti
- pol_yamides are polyphthalamides. Sﬁitable polyphthalamides for certain embodiments of the
“present invention are formed bjr a polyéondensaﬁon reaction between at least oﬂe a:’tomatic'
dicarboxylic acid and a diamine. In pertajn embodiments, the aromatic dicarboxylic acid is
terephthalic acid. In certain other embodiments of the present invention, the'polyphﬂlalamide

further comprises isophthalic acid residues. In other certain embodiments of the present




In certain enbodi nents of the present invention,
suitable at |east partially aromatic pol yam des are
pol ypht hal am des. Suitabl e pol ypht hal am des for
W{&g}gg gbodi ments of the present invention&8a003032603
forme %y a pol ycondensati ofi reacti on between at [ east
one aromatic dicarboxylic acid and a diamne. In
certain enbodi ments, the aromatic dicarboxylic acid is
terephthalic acid. In certain other enbodi nents of the
inpemtion rilte piolypkthilamide it fosghe dbrynph filvalaa niigetic dicarbdwaitic acid, such as
conprises isophthalic acid residues. In other certain
adipit edd. e ndrninofthdr kabpdiesan bf WpREOVNGB666 the diamine is an aliphatic
- PCT/ US2003/ 032603 8 invention, the polyphthal amde is
difmink hBuitable nlipketid diasrinanfoa birfahathibodichentanbibx plesant avedion
such as adipic acid. In certain other enbodi nents of
cdniyeisgs @92 pirbomatens, isadh, as hemdthglvhediarmiae GIMBIA) pivaibmecdiamine,
di am ne. Suitable aliphatic diamnes for certain
2-erthyBl, fpatadisnfing el P4-daeiiobitane Suitbie potyphflniageded faraertain
12 carbon atons, such as hexanet hyl ene diam ne (HVDA),
emimdiurats df thapresnt inRention hayd dist]oSedie it Sa BatemtiNg, 5,436294; 5,447,980;
.- 1, 4-di am nobut ane. Suitabl e pol ypht hal am des for
. andReB4H#47; the pdypel disdosuses of whick aprispotatedihanearity ferace In certain
di sclosed in U S. Patent Nos. 5,436, 294; 5, 447, 980;
englrodinkke 4f tid Fresdnhmventiony the sibBrinnsut e dicafboxylicclidarsed in the
~incorporated herein by reference. In certain
podypbthaianiln fsstrond attolhe5(36 esabott 75tvtenplitiedic aditefrom htsout @ o bout
- of dicarboxylic acid used in the polyphthalamde is’
45 % adipmbaditand 68mtabowtiicia to abodb 3586 epitiimdit pdd.aci d, from
about 0 %to about 45 % adipic acid, and from about O
% t dn epein tmB&lifikents ofthe matenidn@etiah, the dicaboiydicracid component of
- enbodi nents of the instant invention, the dicarboxylic
thepdlyphiekapoieenmpidfes fivmebmd|5§ plofd Yaieabiouts’ Sansip 84 mphthatizmcid
about 55 nole .%to about 75 nole %terephthalic acid
and it 25 amle2% adipicacihta dbquit 5 moleds, tand thb diatniskompbrend/gonaides
~ the di am ne conponent conprises about 100 nole % .
abe)X 8freble b baxemethplenadiaming. In ¢ earthiniembedibvooti afglnt ingént idvention,
i nstant invention, '
the dicarboxylic acid component of the polyphthalamide comprises about 65 mole %

terephthalic acid and 35 mole % adipic acid, and the diamine component comprises about
. 100%-ﬁexamethy1ceﬁe diamine. | | |
[ certain embodimeﬁts of the preseﬁt invention, the dicarboxylic acid used in
forming the potyphthalamide comfnfises a inole ratio of _aréniétic dicarboxylic acid groups in ‘
the range from at least about 50 niole % aromatic gréups to about 100% aromatic grou];;s. Tn
certain embodiments of the present invention, the polyphthalamide polymer comprises from
about 50 mole % to about 95 mole % hexamethylene terephthalamide umits, from about 25
mole % to aﬁout 0 mole % hexamethylene isophthalamide units, and from about 50 mole %

to about 5 mole % hexamethylene adipamide units. Suitable polyphthalamides for use in the




t he dicarboxylic acid conponent of the pol yphthal am de
conpri ses about 65 nole % terephthalic acid and 35
nol e % adi pi c acid, and the di anm ne conponent
0 about 100% hexanet hyl ene di am ne. .
%ﬂ?‘g#?l&znbodl ments of the present inventi on,llc{%ﬁlésmﬂ-smzws
di carboxylic acid used in Tformng the pol yphthal am de
conprises a nole ratio of aromatic dicarboxylic acid
groups in the range fromat |east about 50 nole %
praseimdehiton greowpitablec:s 2DOODELD poiystiiamdides f@a0Ssay Advanced
certain enbodi nents of the present invention, the
Popateyphiill am de pol yner conprises from about 50 nol e
% to about 95 nol e % hexanet hyl ene terephthal am de
uni Ogher ftilcaapakially acdmatidPdlgantiddsQuidbRfbr fde iDthe pfdsent invention
hexanet hyl ene i sopht hal am de units, and from about 50
inatwle @oBamides faladtfrdm 4 keclon i sa Alishhsd daebasgii@aith dearomatic
uni ts. Suitable polyphthal am des for use in the WD
disd60 / RGBS tREY AtdnRi0 619 aRIGsFornDed Broash thatid iahink GI0Inds e
avai | abl e as AMODEL(r) pol ypht hal am des from Sol vay -
reaftionepradnct of RAipy AR Rnd tn-tyldde d@uies Sath paemaly apaiidtic ably¥mides
aromati c pol yam des suitable for use in the present
arej avmtabtela@D{EH%lyad&armdé fadmiSdBay A ovaedl Holyaerf he.q.eact i on
of an aliphatic dicarboxylic with an aronmatic
di aPartidly afScriatiaplgarpides subihtily foati@imihe folpaley eMpdeiSiosfRding
fromaromatic diam ne include the reaction -product of
to thelpyeéent ineindonindlude polyaeiidesdbmid fiem dhtactoxplad dcidylaby diamines,
aromati c polyam des are avail able as | XEF(r)
whpeinyrty | @rhde Y sfain Gairbeylicwia ram&ﬁbrﬁhicyﬁﬂafboxjdldacﬁs and up to
Partially aromatic pol yanm des suitable for use in the .
10(oble veof thodipnined dsroasmaticdingingg to the present
i nvention include pol yam des fornmed from di car boxylic
aci Qéerunenatic poliycesiensatidrerolinier Khititde 0 Gser bR pdiveder t he
di carboxylic. acids are aromatic di carboxylic acids
congpaitiogs deerding to the present invention include polyarylethersulfones. The

N polyarylethersulfone polymers used in this invention are defined as polyarylene compounds
“in which arylene units exist irrégularly or regularly together with ether and sulfone linkages.
- Examples of sulfone polymers within the scope of the present invenﬁon polymers comprise

the following structural formulae (1) to (16) where n is an integer of at least 10. Generally,

. ihe average number of repeat units u is greater than 30 and more typically éeater than about

40 to ensure sufficiently high molecular weight for robust physmal and mcchamcal mtegnty

of the polymers when fabncated mto structu;tal components.,




100 nole % of the diam nes are aromatic di am nes.

O her aromati c pol ycondensati on pol yners suitable for

use in the polynmer conpositions according to the
2{3&&% dginvention include polyaryl et hersul f ongs, bl e32603

po yary et hersul fone pol ymgps used in this invention

are defined as pol yaryl ene conpounds in which aryl ene

units exist irregularly or regularly together with

ether and sul fone |inkages. Exanples of sulfone

polyners within the scope of the present invention

$e the followi ng structural forfl ae

ef€ N is. an integer of at |east 10.

, - .aver age number of repeat units nis
greater than 30 and nore typically greater than about
40 to ensure sufficiently high nolecul ar weight for
robust physi cal and nechanical integrity of the

” nt o structural conpon@nts.
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QSor-a pS1/ rt \.j -S2~0-& (14) p |l _~258~3J O
~/ p bH3 CU& L W/ haw "6) _ In certain enbodi nents
of the present invention, the aromatic

pol ycondensati on pol yner y preferably conprise

pol ysul f one, pol yphenyl sul fone, pol yethersul fone, 12
pol yet her et hersul fone, and bl ends and copol yners
thereof. The structural repeat units of

phenyl fone, .polLysul fone, pol yethersul fong; and
&4 §w d fare listed below polysulfone
p enyNsul/flone pol.yet hersul f one
Q - : [¢0)]
l < > il < > <‘ > < >l :
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In certain embodimerits of the present invention, the aromatic polycondensation

polymer may preferably comprise polysulfone, polyphenylsulfone, polyethersulfone, .




and (]11) polyetherethersul fone 40- --0- -0
Preparation of polyarylethersulfones is described in
U S. Patent Nos. 4, 108,837; 4,175,175; and Canadi an
Patent No. 847,963 which aye incorporated herein by
reference in their entireties. Polysulfone is
comercially avail able as UDEL(r) pol ysul fone from
Sol vay Advanced Polyners, L.L.C Polyethersul fone and
polystheseisesnlfons, Anfl bleedsand copshyreste thedebfy Thastaichuadlirepeatsinits of
. RADEL(r) A and RADEL(r) R, respectively, from Sol vay
polynbienyiseiene Rpsilypnifons, polyethersQifor@; imdrpobyetberaihemsulfone are listed
pol ycondensati on pol ynmers included in the pol yner
belogynposi ti ons w thin the scope of this invention
|nclude pol yam dei m des, liquid crystalline polyners,
pob9iyslidess, pol yet heri mi des, pol yaryl et her ket ones, and
) polyphenylene sul fides. An exanple WO 2004/ 036661

, H{_ g?jUS §3 af m pol yaryl et her ket one
polyet

gopeirof this.invention is
PERK) . PEEK conprise pol'ynmers
formed the follow ng structural unit: %8 \ / n"-
( VpolypgEifsultsnsconmer ci al |y avail abl e as VICTREX(r) from
Victrex,  LTD. ULTEM'r) pol yetherinmide is comrercially
avallable from General Elgctric. Liquid crystalline
, gi gifde are avail able from Sol vay

dyance ol ymeLs ag XYDAR(r) and
polyethersulfone
[ }, and ' m
polyetherethersulfone |

{@w@o—@e .

Preparatlon of polyarylethersulfones is described in U.S. Patent Nos. 4, 108 837,

: 4 175,175; and Canadlan Patent No. 847,963 which are incorporated herein by reference in
their entlrehes Polysulfone is commercially avaﬂable as UDEL® polysulfone from Solvay
Advanced Polymers, L1.C. Polyethersulfone and polyphenylsulfone are commerclally
available as RADEL® A and RADEL® R, respectively, from Solvay Advanced Polyiners,
LLC. o

Other aromatic polycondensation eolymers included in the polymer oompomhoﬁs

. mthm the scope of this invention include: polyamideimides, 11qu1d crystalline polymers,

rpolyumdes, polyetherimides, polyaryletherketones, and polyphenylene sulfides, An example




TORLON(r), respectively. In certain enbodi nents of the
present invention, the polycondensation polyner has a
HDT of above 100 C under a | oad of 1.82 MPa when
nmeasured according to ASTM D648. I n certain_other
WarBYdPHiGht s of the present jnvention, the pCrARb0031032603
pol ycondensati on pol yner h&s a HDT of above 110 C
under a load of 1.82 MPa when neasured according to
ASTM D648. I'n certain other enbodinents of the
of a PO SSREheikiBIAN tricRbed Willen 00 kdbpOBARR SBchih ipﬁﬂépe?@fetﬁéﬂ@t@e
heat defl ection tenperature HDT of bel ow 250 C under a
(PEERRCPEHK conistdiaiyneforRa s ilbwiRe @RERNenit 0 ASTM
D648. I n certain other enbodinments of the present
i nvention, the polycogdensation polyner has a heat
defl ec B\ tenp NFe[fHDF—of\ kel ow 200 C under a
*ﬁ?o% v @-' @o according to ASTM
D648. IN—ertain Do/ nents . of the pr esent
I nvention, the polycondensation polynmer has a heg)
.deflection tenperature EDT of below 170 C under a
PEEKdschnaherdiaBPavaBableis@ACTRAX A fienh ices: HTDgULIENSTM D648.
In certain other enbodi nents of the present invention,
polyttherimidt iscomtdendaly ineailaje fipneGenbabElactrit clatuid efybteltibé @ilymers
- tenperature HDT of below 155 C under a |oad of 1.82
and pbpanyifiimidenssaynidatile faccil diynglvimmeABIMnBS A9.C, ROKYDARS and
usual | y.having an HDT of at nost 80 C under a | oad of
- TORLOBY, vBeectibdyy WO 2004/ 036661 PCT/ US2003/ 032603 14
nmeasured accordi ng to ASTM D648, i ncl ude polwyam de 6,
polnyceridinl emB@limpred ofdim miesediZnventbed, the phiyt@densation polymer has a
- terephthal ate, and pol ybutyl ene terephthalate. In
HDTed rrbevier] 08 A6 addare fitad oHF.82 MPa prhesmedsuied wenidingio ASTHRI D648,
amount of pol yner having an HDT of at nost 80 C under
In cegainpédr ehbdliBéhtd@shepnsent invastimetie aclgamdémgioh ollmEhas a
D648 in - :
HDT of above 110 °C under a load of 1.82 MPa when measured according to ASTM D648.

. In certain other embodiments of the present invention, the pdlycondeﬁsaﬁon polymer has a
heat deflection temperature HDT of below 250 °C undgr a load of 1.82 MPa when measured
according to ASTM D648. In certain other embodiments of the present inveqﬁon, the

 polycondensation ﬁolymer has a heat deflection temperature HDT of below 200 °C under a
load of 1.82 MPa when measared according to ASTM D648, | In certain other embodiments
of the present invention, the poncondensatipn polymer has a heat deflection teﬁlperamre
HDT of below 170 °C under a lqad of 1.82 MPa when measured according tor ASTM D648.

In certain other embodiménts of the present inérention, the pblyconden_saﬁén polymer hasa

heat deflection temperature HDT of below 155 °C under a load of 1.82 MPa when measufed

é.ccording 1o ASTM D648, | .

Polymers usually having an HDT of at most 80 °C under a load of 1.82 MPa when




t he polynmer conposition is at nost 2.5 weight % based
on the total weight of the polyner conposition. In
certain other enbodi ments of the present invention,

r conposition is substantially fre
‘J&ﬁ%@rﬁz aving an HDT of at;;nost 80 C under ep(flffuscfooa][oszsos
1.82 MPa when neasured accordl ng to ASTM D648. In
certain enbodi nents of the present invention, the

_ pol ymer conposition is free of polycarbonate.

meBuietl adroslingic tAS TM DédSninsluflopolyaerideas, polyatbidd Gépotysmalt 12he
present invention include titaniumdioxide, zinc
polgtitylléng ésrephitatatep xiddelybidgienaterephihilate, and pot assi um
titanate, and mxtures thereof. In certain
enfio dertandssbodimentsef fhe pesat inventienf thoanounhef pahyinteehaving an
pignent is present in the polyner conposition in a

HDT @i standst & PO tndaf a latd dfd B2tMBbGhin rddsuwwed ghodrdhg td ASTM D648 in
certain other enbodi nents of the present invention,

the pdlemedhioinpogitignie At mass2. ﬁ)weghfr% bagedeon thotoewtipktalf de pofymer
fromat |east about 4 weight % In certain other

congotitch. e rétindthérkambpiivsenst the preent incantiod, e polyntee
pigment is present in a concentration of up to about

conPOsitien i latbsbmiidlly free of fodyinrer biiey ancdtiid'0 df ateutsis8061C e a load of
present invention, the white pignent is present in a
1.3ZMiRe ehty mtasored ofconlngtto ASTRUD64ES wei ght % The -

' concentration of white pignment is based on the total
we iy bdrtadf enttiodinots piithe pesmpinsdrtionthe palymecompasition is free of
~enbodi nents of the present i nvention, the white _

polysrpomate. i s titani um di oxi de. A sui table zinc oxi de is
KADOX(r) 911, available from Zi nc Corporation of .
AmSuitade whiSupigradyitscfort dettain embodiments dfthé preschhievephiaesapiide
invention include ruffle titania, such as Kronos 2230.

titarliwm diswidaj zincowifdeli e micksle,dfritrh eulfats swhpotissivartitanate, antihe
bl ack pigment is present in the WO 2004/ 036661 -
- mixPEEAYSRI0 BY ©82i6 6@ bodliBents of the present invention, the white pigment is

present in the polymer composiﬁdn in a concentration of at least about 12 weight %. In
certaiﬁ_ other embodiments of the present inveﬁtibni the White pigmeﬁt is presentin a
“concentration of from at least about 4 weight %. In certain other embodiments of the present
invention, f.he white pigment is present in 2 concentration of up to about 30 weight %. In
certain other embodiments of the present invention, the white pigment is present in a _ |
concentration of 'uprto about 25 weight %. The concentration df white pigment is based on
. the total weight of the polymér compo.sition. In cgrtain embociiments of the present
invention, the white pigment is titanium dioxide.
A suitable zinc oxide is KADOX® 91 1, évailable from Zinc Corporation of America.
Suitable titanium dioxide for the prlesent invention inc;lude rutile titanié, sﬁch as Kronos 2230,

In certain embodiments of the present invention, the black pigment is present in the




pol ynmer conposition in a concentration of at |east
about 0.0001 weight % In certain other enbodinents
of the present invention, the black pigment is present
| entration of at |east about 0.0005 03
W{)%‘%‘Q?‘[%gfn ot her enbodi menigs of the present Fﬁgﬁ?éﬂg&{g%
the black pignent is present in a concentration of at
| east about 0.0008 weight % In certain other
enbodi nents of the present invention, the bl ack
polypiegoBipbsitien fpraesavehiration af gdessieabbutat00h weight %ap It eertaip glter
0.02 weight % In certain other enbodi nents of the
embpdims@nof theypresent inmgntivd dhe Hidck phgmentispresent 81 oesmiratianel at
concentration of up to about 0.01 weight % In certain
leastabine 10.00efveighirtenTosceddin biher quitedmmntsi af theprdsent inviehigonbiha c k
pignent is present in a concentration of up to 0.005
blackpipahiit i9predent in @rchmientrativh of at dsritctivutd® 0088 whighttie. brasdaint
i nvention, the black pignent is Ppresent in a
othecaniedintanstdf te podsent finveuticd, 0.0 Blaviepigintntds présenttie e caioqntration
ot her enbodi nents of the present invention, a black
of uploghan0.02 oveighnta: db cotaingfthen bmbmdlmﬁxﬂmizhms}htm%msn.\mﬂl I
suited. In certai'n other enbodinents of the present
black pigmattiiopreseat io @comatiraivn ofupdh abdw 001 GrelpblB. hecaghin other
bl ack pigment is well suited. Carbon bl acks are :
embadiintmtbbfshdprasit jpiguien tie Hak plsrentis pressnb i qepeangatish of kip to
- present invention. Suitable carbon blacks include
0.005 amightth abkertaihuwthwaembddinmkef thetparsmslinhtéuok the bick pigment is
bl lacks, and acetyl ene bl acks. Sui tabl e carbon bl acks
presdndin & dmﬂcqntrelmmf up BN voaighit e | To da’tallm'.h@ﬂ(nb))dlmamb gﬁthe
bl ack, avail abl e from Col umbi an Cheni cal s Conpan
presﬁt—ﬁhwmlofﬁlﬂ\bladkl.p@@(nt Jonceamraiidnadflabouft 061 ViveightGh ISWﬁUI Slultfpjh In
Chem cal Conpany; BLACK PEARLS(r), MONARCH(r), and
- certaREEr @mpodisetts nf the predent inpéntiomaioheebiratioh 0B ahoCHh A6 weight
' Corporation, and MPC Channel Black. Certain !
% blagkipoghhemeistvesllchitedhe present invention, further conprise
fromabout 5 weight %glass fiber. Certain other
enGotnitdatks asfuitdble tlack pamtents fucentidio pmbediméendy ofdhmpredene
: up to
mventl%n Suitable carbon blacks mclude lamp blacks, furnace blacks, channel blacks oil

blacks, and acetylene blacks. Suitable carbon blacks for the present invention include .
RAVEN® carbon black, available from Columbian Chemicals Company; SHAWINIGAN
_ BLACK®, available frdm Chevmn Pﬁillips Chemical Company; BLACK PEARLS®,
MONARCH® , and ‘]R.EGAL® carbon blacks, all available from Cabot Cbrporation, and MPC
Chmel Black.
Certain e;nbodimenté of the present invention, further compriée from about 5 weight
% glassrfiber; Certain Gther embodiments of the instant invention further comprise up to
about 25 -Weight % glass fiber, Certain embodiments of the present invenﬁon ;.';omprise from

about 0.1 weight % antioxidant, Certdin other embodiments of the present invention




about 25 weight %glass fiber. Certain enbodi nents of
the present invention conprise from about 0.1 weight
% ant i oxi dant. Certain other enbodi ments of the '
jnvention WO 2004/ 036661 PCT/ US2003/
“&%‘%@%g&up to about 2 weight % antioxidant. %§00%2603
wei ght percents are based on the total weight of the
pol ymer conposition. dass fibers are comrercially
avai l able in continuous filanment, chopped, and m || ed
© condpBiEd i to AByut QfweidheHanfionidimt. Ofbe Welphtpdidptrarciatedon thestetd]
in the practice of this invention. A suitable glass
weiflitb€the polymentagiosigant. s of this invention is
" CERTAI NTEED(r) 910 fiberglass, available from
Velqlas kercaretcammbrtlly Gatilpble tohivebusfilainadt] chopped.smd milled
fiber is fiberglass 1/8" 3/16" avail able from Sai nt
forrks0 raiyrof thiokd foarht 6f ghad filiex cahctetused i CHelpaketibBANOMEtion 0A8,
avai |l abl e from G ba Specialty Chem cals. The
 suitgMe e ifbboios erfboditeitspif @geintentioy B THRIAINTEEDB p10 fiveadidsy,
' include reinforcing filler, additives, and |iKke.
 avaiRpy feme Neadtew CertditTeedsCarpi Aot guisblentasa fibered fifengliah MG"
medi a i ncl ude graphitic carbon fibers, anorphous
316 aviinblefidaesAnt Gophih hBiitablepationidanis dnchide B8R G ANAIXTrH0p&; M
. fibers, alumnumsilicate fibers, oxide of netals such
“avaiteblefrd Cibd ISpédidisTChemtichlsani um f i bers, magnesi um
~fibers, wollastonite, rock wool fibers, steel fibers,
t umys tanpdsitibey o, theyirdseitGitivetitonbing@ optiondlBrisclude refinfondng filler,
fibers, boron fibers, etc. Representative filler and '
 addoivEeindiikee Repibsniatied fitda wiidhassy, servabheieinforsing nedia dénclude
~silica, clays; such as kaolin, .chalk, mca, talc, and
graphitieesarbon fib&s |anfordhbey carboa fitlerq tshehetia gdiytierie fibssy elumdsim
wol | astoni.te, graphite, alumna.trihydrate, sodium
fibess| alnfateua silcaelibaa cxide béimetalnshichras mhninued fiberStitanmbd fibers,
- polyneric fibers include fibers formed from . ,
magaexiiinn Ebers, vpllpsibnirpock wotd ffibers,, stebfibessy @mnprten, fibers, silicon carbide
pol y(benzot hi azol ), pol y(benzi m dazol e),
- fibers, alumina fibers, boron fibers, etc. Representative filler and other materials include

- glass, calcium silicate, silica, clays; such as kaoh:n, chalk, mica, talc, and other minerél fillers
and other additifms such as, wollastonite, graﬁhite, alumina ﬁy&ate, sodiu;n aluminum
éaxbonate, barium ferrite, ete. Suitable-polyméric ﬁbers- include fibers formed from

. engineering polymers such as, for example, poiy(benzothiazole), poiy(benzimidazola),

pdlyarylates, pbly(benzokazole),_pdlyaryl ethers, aromatic polyamide fibers such as the fibers

sold by the DuPont Company under the trade name KEWAR®, and the like, and may include
| mbitures comprising two or mdre such fibers. The compositions of ﬂlis'invenﬁon may
ﬁuﬁler include additiohai additives commonly employed in the art, such as thermal
stabilizers, ultraviolet light stabilizers, oxidative stabilizers, plasticizérs, Iubricants, and mold

- release agents. Certain polymer compositions according to the present invention further




pol yaryl at es, pol y(benzoxazol e), polyaryl ethers,
aromati c polyam de fibers such as the fibers sold by
the DuPont Conpany under the trade name KEVLAR(r), ~and
woBodidsl&, and nmay include mixtures conprisi BgroRodfo32603
nor e sucﬁ fibers. The conpggitions of this invention
may further include additional additives commonly
enployed in the art, such as thernmal stabilizers,
ultraviolet light stabilizers, oxidative stabilizers,
comjisaah babmelrishrichntsublcaMIFE oahoy dankity palwthykee (1A 1S .
Certain polynmer conpositions according to the present
facilitity exitusion. BuitablReowiE:CPTE 08666 RGNS 68hoB2808 17
conprise an external |ubricant, such as PTFE or |ow
investtoadhdlydeROIYENISHP S5A agHBBE front Splvalysolekist Fhelewsks ofaihon.
. Sui t abl e powdered PTFE for certain enbodi nents of the
addifivee €M be deieriniuet ifw@thel paciculchensPEudib1BT( with FHA abona PO wbight %,
from Sol vay Sol exis., The |l evels of such additives
baseidioh kotdl emtpésition) ofeckbhfadditibrtabadaitivies cunsidered pébeavithinsthoraagk of
with up to about 50 weight - % based on total :
ordi@yinadict e padjmevohpacdingiacnal additi ves consi dered
to be within the range of ordinary practice in the
pohyaiitin ebqtiment bftye msthnt ivvention @impriestiBdiweight %of t he
i nstant invention conprises 59.5 wei ght %
polyplithalghiids, a5 awnighe % t@4niwwe lighitle, % tvei g Vafiherdlao, Ocbeyeight %
wei ght % fi berglass, 0.5 wei ght % antioxidant, and
antidkidao, éhﬁlmmhtelg%%aaﬂbanblbcﬂcack Addi tional enbodi ment s
of the present invention include shaped articles nade
f r additiamy embodithetsudkherpessert dnvpulgintindnds stiapsd atibletimade from
_ herein. The conposition of the. present invention can
any Gfthepdlyee, compaditions ddsytibed htreiha Bhée catposition ¢fthepredentinvention
nol di ng, ~extrudi ng, and blow nolding, to forma .
can beanol@édy siech as hypmelk fabridating, xgectibn robdies extrudingand h@“smdsmg,
of this invention include LED .conponents such as -
to foreivexidty of shapesl aftistes.s Articles withinuhe scDFED, thlsmwawtbn mchlde LED
(covers) for seven-
components such as reflector cups for suzface mount LEDs, scramblers (covers) for seven-

segment LEDs, and reflectors for any type of LED. Such reflectors, reflector cups, and
scramblers feature improved anti~yellowing prbperiies during heat aging, and have excellent
opaéity and reflectivity propgi'ties. A reflector cup 1 éccofding to the present invention‘is
illustrated in FIG. 1, with an LED element 2 positioned inside the cup I. The shape of
reflector cup 1, can be varied to optimize ligﬁt'reﬂecﬁon. Other common shapes of reflector
cups include parabaloidal, cénical, and hemispherical. A seven segment scrambler 3 foran
LED accordmg to the present mvennon is illustrated in F1G. 2. o
An additional embodiment of the present invention is the use of a black pigment 1o
' improve the heat. stabﬂlty of a white-pigmented polycondensation polymer composition. The

polymer composition coinprises at least 20 weight % of at least one polycondensation




segnent LEDs, and reflectors for any type of LED. Such
reflectors, reflector cups, and scranblers feature
i nproved anti-yell owi ng properties during heat aging,
widol)@égsiexcel lent  opacity and reflectivity perus2003032603
properties. A reflector cupgl according to the present
invention is illustrated in FIG 1, with an LED
el enent 2 positioned inside the cup 1. The shape of
reflector cup 1, can be varied to optimze |ight
. polymerf hawirigiadeat dElidution lemperamrostf apers 80°C nader etadef 1.8 when
i ncl ude parabal oi dal, conical, and hem spherical. A
meashesdencadigRnASTEM Dasd) lasad fr@mf0do 5 armight ROf atdeasiomd lPh]ngb
the present invention is illustrated in FIG 2. An
havisgiohdat deflebticandmstianeass ab fnostfe Crmgentloddmd €42 Mt whent he
use of a black pignent to inprove the heat. stability
measfedacudridihg topASM DG4’ pol ycondensati on pol ymer
conposition. The polymer cofnposition conprises at
| eAsdth&Qdditdmhembddpfentef theepresenoineniol e goﬂdemmpeﬁﬁmo
2004/ 036661 PCT/ US2003/ 032603 18 pol yner having a
comprisity afl bhétE0 trieight % @fipdeaat ane @olytomslbrsaiong0ly@ethaying aherioad
of 1.82 MPa when neasured according to ASTM D648, and
deflebti@nteptratufz ofebayl 80 9 uhdead ldad abt.8bMEa pbénmensurch aqﬁplrdgngato
- . heat -deflection tenperature of at nost 80 C under a
ASTMBGH & fThi c8Bpdeitian Wirthar compeisasfmh Givdovaihh & ofat kST e
D648. - Anot her additi onal enbodi nent of the present
~ polyinenteweingarheatsiefiectiol pmperatoemietinost 86 °C cmieps load eyl 82viPa
- least 20 weight % of at |east one pol ycondensation
wherpmbasmed abawdivgto . SAYED64 8 efd aghitemigrmahpisften 8 iwoers of heabesing
80 C under a load of 1.82 MPa when neasured according -
at 1700°C ASHhlyDer@®mpidiondenposittivity of greattrdkandd ¥pati asayelengtin
0O to 5weight %of at |east one. polyner having a heat
of 4dafd.ect i on tenperature of at nost 80 C under a | oad of
1.82 MPa when neasured according to ASTM D648, and a
v\h’I‘lteemmngmewﬂl beAfirther d@orhed by emnpingaﬂ‘hqafgqawgles are 111ustrat1ve of

the present invention and do not limit the scope of the claimed mventhn.

Examples: . . }
| Example 1

44.625 pounds of an AMODEL® polyphthalamide comprising, as tHe dicarboxylic
acid component, ébéut 65 mole % terephthalic acid and 35 mole % adipicrarcid, and, as the
diam;'ne component, about 100 mole % hexamethylene diamine, havin;g a HDT measured- '

accordmg to ASTM D648 under a load of 1.82 MPa of 120°C, was blended with 11.25
pounds of Saint Gobam ﬁberglass 1/8" 3/16", 18.75 pounds Kronos® 2230 titanium dioxide, _
0.0012 pounds MPC channel black, and 0.375 pounds of IRGANOX® 1098 to form_a
polyphthalamide composition with excellent anti-yellowing, opacity, and reflectivity

properties,




at 170 C the polynmer conposition has a reflectivity of

greater than 65 % at a wavel ength of 420 nu. The
~invention will be further described by exanples. The
vﬁgg&@bg§6@re illustrative of the present invgath&Rass2eos

and do not limt the scope @f the clained invention.

Exanpl es: Exanple 1 44.625 pounds of an AMODEL(r)

pol ypht hal am de conprising, as the dicarboxylic acid

conmponent, about 65 nole %terephthalic acid and 35 -

o IThe Propettig of thepblmentuthposision bkExantpla tiardistd ipdatdn?.,

about 100 nol e % hexanet hyl ene di am ne, having a EDT

e &able 2d Exangiot diopgtitso ASTM D648 under a | oad of 1.82

MPa of 120C, was bl ended with 11.25 pounds of Saint -
Galygsy 1 berglass 1/8" 3/ 16VALIAES’S5 pounds Kronos(r
2230 titani umdi oxide, 0.0012 pounds MPC channe

bl agksile®fehgdth @ip pounds of | IREANOX(r) 1098 to forma
pql ypht hal am de conpositiop with excell ent

arnhnyﬁﬁnggmﬁ@c%ppa0|ty, ahdareflectivity propertigs.
WD 2004/ 036661 PCT/ US2003/ 32603 19 The properti es| of

t HereRGle WMRIELE @PEPST T1 0N of [Exe@mle 1 are Tisted in
Tabte 2. Table 2 - Exanpl ¢ 1 -Properties TEST VALUEB

Temyﬂgﬁ@%m th (psr) 13, 8ddgzolensiTe Elongation (¥
1j2 Tensile dulus (kpsi}) 1260

Flex Strain (%) 2.39
Flex Modulus (kpsi) _ 1094
Notched Izod (f-1o/m) 0.46
HDT @ 1.82 MPa (264 psi) °C) 350.6
ISR \ 40.24
Pellet IV (dVgD) 0.98
Moisture (ppm) 570

Pellet Density (kg/m™) 1.56

Table 3 lists the carbon black content of Control C1 and Examples 2, 3, and 4.‘ MPC -
AChannrel Black was used in each of the Examples. The carbon black was added to 75-poonos
of polyphthalamide composition. The compositions Cl,2,3, and 4 are substantially similar
to Example 1, except t‘uei amount of carbon black in each COmposiﬁon 1s different from each

' other, as shown in Table 3.

Table 3 — Carbon black content of polyphthalamide compositions.




Flex Strength (psi) 24,820 Flex Strain (% 2.39 Flex
Modul us (kpsi) 1094 Notched hod (ft-1b/in) 0.46 HDT
@1.82 MPa (264 -psi) (O 290.6 Ash (% 40.24 Pellet
- wo 10ddfEen 0- 98 Moisture (ppm) 570 Pellet DegiSi/ig2003/032603
(kg/m 1.56 Table 3 lists tape carbon bl ack content of
Control d and Exanples 2, 3, and 4. MPC Channel
Bl ack was .used in each of the Exanples. The carbon
bl ack was added to 75 pounds_ _of pol yphthal am de
CcpEnesilési onl Th€iconppsitidns d, 2,33, and 4 e
substantially simlar| to Exanplle 1, except the anmount
of cambbon bj ack d n eafh ©é®¥pdbsi §i o®.0089 di fif er®e@16f r om
ebBlack ot her|, as shown{in Table 3. Table 3|- Carbon
b] @ektetgmhent of pol ypht hal am d¢ conposi tijons. WO
20047036661 PCT/ US2003/ 032603 20 Exanples O 2 3 4
Carbon 0 0.0012 0.0009 0.0016 Black Content (9 The
r efiine edfieativity dlabBhOinoldbé cotmjositidnscioempdisg tol tbmsstan:tomedtmg
to the instant invention
before and after heat aging are listed in Tables 4 and 5, and plotted in FIG. 3 and 4. Heat

aging is performed for three hours at 170 °C in a forced air oven at ambient humidity. ,
Reflectivity of plaqﬁes formed from the polymer compositions is measured using a
colorimeter. Light from a xenon arc source impinge on the plaques at an oblique angle and |
light reflected from the surface of the plaque is collected by the colorimeter thfough an
adjustable v?avelength filter. Thus, reflectivity is measﬁred at -al numbei of different
wavelengths The reflectance of the plagies is compared to the reflectance of a known
standard, The decreased reflectivity of the composmons after heat-agmg isa result of the
yellowing of the composition. As shown in FIG. 4, after heat aging, the composmons of the
present invention, have iinproved reflectivity in the shorter visible wgtveleng_t_lls (blue end of

visible spectrum), hence there is less yellowing than the control composition.
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500 89 86 ' 88 87 520 90 86 88 87 540- 90 86 89 87 -
560 90 86 88 87 580 90 85 88 87 600 90 . 85 88 87
620 90 85 88 87 640 90 85 88 87 660 90 85 88 86 680
366186 700 90 85 88 86 WD 2004/ 036661 peq/us2003/032603
PCT/ USZOOS/ 032603 22 Tablhg 5 - Heat Aged
Refl ectivity Wavel ength Reflectivity (%9 (nm
Exanples Cl1 2 3 4 400 41 43 43 44 420 62 70 70 71
440 67 73 74 75 460 70 76 76 77 480 73 77 78 79
Table 5 - Heat Aged Reflectivity

Wavelength | Reflectivity (%)

{nm) | Examples

i 2 3 q
400. 1 43 43 i
430 62 70 70 71
240 67 73 74 75
460 70 76 76 77
480 73 77 78 [ 79 (
500 76 |79 80 81
520 79 80 82 )
540 T8l 81 83 83
560 8 | 8 85 84
580 85 83 85 85
800 86 83 8 85
620 87 . | 8 | 8 85
640 88 T8 87 %6
660 ES 84 87 8
680 89 84 &7 G
700 89 4 | 87 86

The émbodiments illustrated in the instant disclosure are for illustrative purposes.
f'I'hey should not be construed to limit the scope of the claims. Asis clear to one of ordmary
: skﬂl in this art, the mstant disclosure encompasses a wide Varlety of embodlments not

spec1ﬁca11y 111ustrated herem




500 76 79 80 81 520 79 80 82 82 540 81 81 83 83 560
84 83 85 84 580 85 83 85 85 600 86 83 86 85 620 87
84 86 85 640 88 84. 87 86 660 89 84 87 86 680 89 84
87 86, 700 89 84 87 86 The enbodinents illustrated in
the instant disclosure are §or illustrative purposes.
They shoul d not be construed to limt the scope of the
claims. As is clear to one of ordinary skill in this
CLAMS the instant disclosure enconpasses a w de variety
of enbodi nents not specifically illustrated herein.
23 CLAIMS 1. Polyner conposition conprising: at |east
1. 20 PéBinghdonffo@fioddonbpeass one pol ycondensati on pol yner

havin heat ,deflection  tenperature of above 8 :
undbPeh SR of Stet 5% i ok SHe et Baeui G A i defeton
tempkGhive &Xb8ve 80F°C anded a toad bf N8 MPd wlén@licadired aeasdingi A STM D643;
pol avi ng,.a.heat deflection te tyre of a
o e ARy Bl 4 po e BRER Tl Py b ot
mosp¥CErudian g Idad oASTMMPG 4Bgn measured according to ASTM D648;
a white pigment; and
a black pigment.

2. Polymer composition accordingly to claim 1, characterized in that the polycondensation
polymer is selected from the group consisting of at least partially aromatic polyamides,
polyamideimides, liquid crystaltine polymers, polyimides, polyetherimides, polyaryletherketones,
and polyphenylene sulfides.

3. Polymer composition accordingly to claim 1, characterized in that the polycondensation

polymer is an at least partially aromatic polyamide.
4, Polymer composition accordingly to claim 3, characterized in that the at least partially
aromatic polyamide is a polyphthalamide formed from terephthalic acid and an aliphatic diamine,

and optionally, in addition, isophthalic acid/or an aliphatic dicarboxylic acid.

5. Polymer composition accordingly to claim 3, characterized in that the at least partially

aromatic polyphthalamide is formed from an aliphatic dicarboxylic acid and an aromatic diamine.

6. Polymer composition according to any of claims 1 to 5, characterized in that the white

pigment is titanium dioxide.

7. - Polymer composition according to any of ¢laims 1 to 6, characterized in that the black

pigment is a carbon black..

8. Polymer composition according to any of claims I to 7, characterized in that the
polycondensation polymer is present in a concentration of at least about 40 weight %, based on

' the total wei ght of the composition.




a white pignent; and a black pignment. 2. Polyner

conposition accordingly to claim1, characterized in

that the pol ycondensation polynmer is selected from

the group consisting of at |least partially aromatic

pol yam des, pol yam dei m , liquid crystalline

pol yners, polyim des, polyetherimdes,

pol yaryl et her ket ones, and pol yphenyl ene sul fi des. 3.

Pol ymer conposition accordingly to claim1,

characterlzed in that the pol ycondensation poly 'S
9. anPoymergguposifionaceording taﬁlwéﬂa@lspldp Sarhameterized “P@Pt)ﬂ?%r
poly&ﬁilﬁi@ﬁioh bOIPmaGESE@hi1gh YorkenGlical dTupto HHR1HAGERAM %,dseld Bn the

e at |least partially aromatic polyanlde is a

that t
tmdﬁ%ﬁ%ﬁﬁ. t14PBRYHE  or med from terephthalic acid and an

aliphatlc dlan1ne and optionally, in addition,

ht hal i al i tic dic
?8?‘%&' cgrélﬁ% fon tacr‘cgﬁln1§2% %rprdj? & aﬁng;ﬁttgb (.‘I% %:r%eé tl%? he whge
plgmciltas Predentrin 2 e@hccmratldna:if att levst abbutldemsght Pabdsedadnl tie toal e¢igit bfthe
%h&phthalan1de is formed froman aliphatic
I carboxylic acid and an aromatic diamne. 6. Polyner
conposition according to any of clains 1 to 5,
11, CPIARLhinhSflioh Bodoftly f 1y FOILAR 1 1P Bborbrfyod doll I White
di oxi d . Pol'ymer cConpdsition according to an
pigmentag Hfﬁsellt 11@  c@cenidnnpé tpto Kewright % hased erhibe tofahwight of the
compRki@lpENt is a carbon black.. 8. Polymer conposition
according to any of clalns | to 7, characterized in
that the polycondensation polyner is present in a

12. c OP&ﬁﬁérrcaﬁlb@RmQEcc@fdlﬂgQ@éﬂy o bigids 1481 M/eahsxlaétenéq:d iaaﬁaeﬁhe Ylack
e total. weight of the co

PiEER) o, BT 1 CHCBAPHY oL 500 b i) hasotal wight o he

compekidémct eri zed in that the

conmy

13. Polymer composition according to any of claims 1 to 12, characterized in that the black
pigment is present in a concentration of up to 0.02 weight % based on the total weight of the

composition.

14. Shaped article formed from the composition according to any of claims 1 to 13.




pol ycondensati on polynmer is present in a concentration
of up to about 90 weight % based on the total weight
of the conposition.” 10. Polymer conposition according
to any of clainms 1 to 9, characterized in that the
white pigment is present %8 a concentration of at
| east about 4 weight % based on the total weight of
the conposition. 11. Pol yner conposition according to
any of clainmse 1 to 10, characterized in that the white
p .%néh@peri@rtmlw@mdmgﬁo aladmrdesharantiriged wfthat )it is eel@@ed from the
wei ght % based on the total weight of the
groupcgpgseinigtofl e mefletr fRainy/iild, acefipaed dupdor astfacatnmgnttlEIRand a
of claims 1 to 11, characterized in that the bl ack
scrampleg frentseven-gopmeaItEl.n a concentration of at |east
0. 0001 wei ght % based on the total weight of the
conmposition. 13. Polyner conposition according to any
16. ofUsd dflartiack pigmdnt to Ghipdons tiRs Heatsabilityt dFatwHhiltepibhmasied -
- pignment is present in a concentration of up to 0.02
polycondgisttidn frdwac ampokitioh @bmiprisii @hleast20twigght %, based on the
conposition. 14. Shaped article formed fromthe
total weighbef the polyaer crpesitiang ofatylemt ond polyeonilensatidBpolmer
. 15. Shaped article according to claim 14,
havingladreatdalectieitenperahue of abdve 89iCortdetia faad il 1 132 NMpowpen
consisting of a reflector for an LED, a reflector cup

measyrgfl ageosding 4 A SHYLRE43,20d feom 040 5 seeightBh. desadan the total
. ,Se n-s?%ﬂmnt LED.. 16. Use of a black pigment to .

weigl ob iR noIYIRe SopRostonifaf fepsameolmerdapig abecl lection

temp RS L wfSisidie Sl Eh Moo ghenimemiogn eodrdaso

r conmposition, of at |east one pol ycondensation
ASTHEIARE

17, Use according to claim 16, characterized in that the polycondensation polymer is
selected from the group consisting of polyarylethersulfones, at least partially aromatic
polyarnides, polyamideimides, liquid crystalline polymers, polyimides, polyetherimides,

polyaryletherketones, and polyphenylene sulfides.

18 Use according to claim 16, characterized in that the polycondensation polymer is
a polyphthalamide formed from terephthalic acid and an alipbatic diamine, and optionally, in

addition, isophthalic acid and/or an aliphatic dicarboxylic acid.




havi ng a heat deflection tenperature of above 80 C
under a load of 1.82 Mda when neasured according to
ASTM D648, and fromO to 5 weight % based on the
total weight of the polynmer conposition, of at |east
one pol yner having a heat & lection tenperature of
at nost 80 C under a |l oad of 1.82 Mda when neasured
according to ASTM D648. 17. Use according to claim
16, characterized in that the pol ycondensation pol yner

19.18 Poﬁﬁﬁ&%ﬁﬁﬁofuﬁ@ﬁ%&ﬂﬁnﬁﬁ%’ HPekP DO 'vs%ﬁ%h‘ﬂg? @hsed on the total

pol yaryl et her sul f ones | east par 'y -aromatic
wei g lof eHe FhrnerRRmpaskiaR)] ot 6 Rast dde%l;féoﬂdeﬁsjétﬂ;lnlpdm@ner having
pol ymer's, pol yim des, polyetherimdes,

a he@&défl@éﬂdrﬁﬁeh@éﬂﬁ&tr@ﬁé%ov@m mhwah@nmaaﬁe.sem{f)a waen 18.
Use according to claim 16, characterized in that the

meapwky ecroddéing &t ASTVPDbYEyErom 6 to & weidthy phtHasddoom e tdtalrweight
fromterephthalic acid and an aliphatic diam ne, and
of thepptol omerl dognpokition.axfait teagironeipobyping having adn@amﬂe&lndicm an
al i phatic dicar boxyl ic acid. 26 19. Poly
tempasppgeestftat Besc®hisy padang lead ofda Mp@ “cb@n@maswd am@na tp
tal, wejght of the polyner osi tion,
ASTtl\éiﬁ‘l%oﬁ@ HBhE BIgHERS a‘thlwfﬁsﬁmfs axf;atr@mgaatﬂagt &hasa
deflectio ture of a C under a | oad of
feﬂef“‘é‘éyﬂftﬂ %ﬁ%ﬁ%ﬁé‘zﬁﬁ%ﬁwﬁ S&&?ﬁggw- ASTM D648, from 0
. to 5 weight % based on the total weight of the
pol ynmer conposition, of at |east one polynmer having a
he &0, dBéllymet ¢opmipositiefiaedoaditg & @linAl9, BRFhct&Ped it e fhe
| oad of 1.82 Moa when neasured accordi ng to ASTM

1548 1pMditi€a POIGPRAAlamIMRifsih Al i i
po %l ngnsat fﬁ)oy\ﬁ%rﬁagﬁ Qﬁ?ef frgctlw ty oc{?ﬁér tggrh%ta%gnahg%%%

ahpﬁ&tlcadlél}ﬁiﬁ%l éﬁfa%%vpo&ﬁl 1‘3‘%@@5#‘%‘%‘{’%‘%‘% gaid r?ﬁgjég %? fﬂ%}%h%ﬂc

according to arm

- dicarboxylic acid.




pol ycondensati on polyner is a pol ypht hal am de forned
fromterephthalic acid and an aliphatic diam ne, and
optionally, in addition, isophthalic acid and/or an

al i phatic dicarboxylic acid. -27- 21 - Pol ymer

. conposition according to cl air®’11, characterized in
that the white pignent is present in a concentration
of up to 25 weight % based on the total weight of the
conmposition. 22 - Polymer: conposition according to

claim 12, characterj.zed in.that.the,b .nj - .
preseht - ?‘HW%‘&‘F&QF\‘PP‘%}?‘?"S&”@BO g}mwgé’s‘{h%%%gég Q\iﬁ?&gﬁf&@w
| ‘g? ASE Gredthr g cbiRbtativebOG to @6 weight %; daypdshthedntal waight of the

ymer “conposition according to claim 12,
ebap@itioari zed in that the black pignent is present in
a concentration of at |east 0.0008 weight % based on

the tof —ai’olﬁﬁlﬂg%pggiﬁ ) &%oﬁlﬁ{gig $ialrh QD chérhcterifdal iy vheat the black

conposition according to claim 13, characterized in .
gjrga-}emt 0@ rdabratia oficgRiibn bEatPraeski0si weight ¢obessd ondtd @il weight of

up to 0.005 weight % based on the total weight of
theeompogidsi.t i on. 25 - Pol yner conposition according to
claim 13, characterized in that the black pignment is

P o P et SRR ER bR o Ufhch 2 LBRE MR hat the black

based e conhposition. .
pigment is present in a concentration of at least 0.0008 weight %, based on the total weight of

the composition.

24 - Polymer composition according to claim 13, characterized in that the black
pigment is present in a concentration of up to 0.005 weight %, based on the total weight of
the composition.

25 - Polymer composition according to claim 13, characterized in that the black
pigment is presert in a concentration of up to 0.002 weight %, based on the total weight of

the composition.




