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filler, fhe 1 uorescent brightener is found to surprisingly and
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FIELD % T%ex"giNz\égléErelcgt\:lal part becomes wet, e.g., from eiectroiﬁes or condensation. This tracking

may lead to flash over and arcing that causes further damage in the electrical part, causing a
catastrophic cascade failure. Tracking can occur at low voltages, e.g., 160V AC or less but
becomes less likely as the voltage is reduced. The comparative iracking index (CTI) rating
provides a quantitative indication of a composition's ability to perform as an electrical
- 25  insulating material under wet and/or contaminated conditions. In determining the CTI féting
of a resin composition, iwo electrodes are placed on a molded test specimen. A voltége
differential is then established between the electrodes while an aqueous ammonium chloride
solution is slowly dripped on the test specimen. The CTI .ratin'g of the test specimen is the
maximum electrode voltage diﬂ'erenﬁal at which, in five consecutive tests, more than 50
30 drops of the solution must be applied to the test specimen in order to cause tracking to occur.r
" Hence, the CTI value is the voltage at Which'a molding is found to exhibit conductivity, For
some applications in the electrical and electronics indusﬁ'y, the CTI value is expected to be at
least 220 volts. ' ' "
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20  brominated polystyrene, can be used to prepare flame-retardant thermoplastics. US Patent
No. 4,824,723 discloses a flame resistant electrically insulating multilayer material
comprising a core of a thermoplastic ﬁolymer and blends and an outer layer comprising

 blends of the polymers with a halogen-containing flame-retardant, with a V-0 rating and an
excellent CTI rating of greater than 500 volts.

25 US Patent No. 4,636,544 discloses rthé use of titanium dioxide (Ti02) to improve the

" CTI of resin molding compositions. However, 2 flame retardant is still required in the
composiﬁén. TiO2 is used in a limited amount, preferably in an amount of about 1 o about

. 10 parts TiO2 for Veach 85 parts by weight of resin and halogenated poly(1,4-butylenc |
terephthalate) composition. ‘US Pﬁteﬁt No. 4,421,888 diécloses an article molded from a non-

30  burning, non—dxilﬁping filled polyester composition having a high level of tracking resistance,

o con;;pﬁsing a mixture of polyethylene teréphtha}ate and polybutylene tercphthaléte,_ a mixture

of fiber glass and talc, and an effective amount of a halogen-containing flame-retardant.
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' Also disclosed herein is a practical method for the productlon ofa resin
~ composmon for electrical and elecu'omcs apphcatmn having good tracking index as we]l as
ﬂame-res13tant properties by blending a wholly aromatic polyester with a non—conduchve
filler material having a mean particle size of less than about 4jum, preferably a chloride-
-process rutile-type metal-oxides coated titanium dioxide and preferably in an amount of about
30 to 50 weight percent filler material based on total weight of said aromatic polyester and
said ﬁller material.
i Also dlsclosed herein are clectrical devices, by fabricating the electrical
_devices from a resin composition cons1stmg essentially of: a) a wholly aromatic polyester
which is melt processible and which displays anisotropy in the molten state; b) anon-
conductive filler material having a mean particle size of less than about 4 pm;-and-opﬁonaﬂy



pm present in an anmount sufficient to increase the conparative tracking
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V- d
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200 volts or nor (imlyéﬁ@xg)pély(tgtef smiie} poly(edtepiipide), poly(dstee amidesiatide)j orvent i on,
-there is provided an electronic or electrical apparatus, conprising a

conmponent forned F’?%‘F’H-e&ﬂllqr@ﬂﬂ d crystalline polyner
b) .at least one non-conductive filling agent component having a Jongest

_dimension of less than about 4 pm; and _
" wherein said electronic or electrical apparatus has a comparativé-trac]dng index (CTD)
rating above 220 volts and a ﬂamm_ability rating of V-0 in test UL-94 at a .0625" thickness,
and said apparatus also compﬁses an clectrical conductor camrying a voltage of 200 volts or

more.

According to a third aspect of the present invention, there is provided an apparatus
according to the second aspect, which is rated to carry 200 volts or more.
Furthermore, : the present invention includes applications made from the foregoing

compositions where surface and/or optical quality is/are desired.
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Eﬁnc?rgglt It&grougggguc as ester aglhgt%‘&& @%&?@E@@E%@%&Bﬂ%m&%m

i E thle nai mohzhmaregxﬁn&dl@qstgfga::hxpﬂloaﬂhrmdsmﬂ/ drglinﬂib(hlﬁhige@ Pief@x%ﬁ?b@ﬂ: .
phenyl ene, ne i phenyl.ene, etc. Carbon atons in other types o
gr oupi ngs ﬁ??ﬁluﬁg%% WS'% ﬁ%é MP%%@WEP@W%@%@#&% c5

January 20Qgiyesters. By "aromatic" is meant that, except for the carbon atoms contained in functional

groups such as ester, amide or imide, all of the carbon atoms in the main chain of the polymer
are present In aromatic rings such as phenylene, naphthylylene, biphenylene, etc. Carbon
atoms in other types of groupings such as alkyl may be present as substitzents on the'aromaﬁc



WO 02/ 02717 S PCT/US01/ 21267 rings, as in a repeat unit derived from

met hyl hydr oqui none or 2 t-butyl -4 hydroxybenzoic acid, and/gjjan%mdysesent
at other places in the polyner such as in n-al kyl am des. Ot her

substituent gr'¥dp¥tdlich as hal ogen, ether, and aryl may al SOPGRUSHMEEWHAt in
the LCP. As the conponents of the wholly aromatic pol yester used in the LCP
conposi ti ongingf, as b 4 BFeaPEBE@Itvel RYRIhd &ﬁhﬁ - le: i)
hydr oqui non?;ﬂgi i) 4, IE@: di hydroxybi phgﬁ{?ﬁ% ngig%zh%eln EF}?_E(}”{I | |{£y| sop thalic
aci d; iv) t@Pdpandfespise prgsangat afherpl acwaﬂlmwm@u@ aadi w-abhyl irpisles Pthemat | ves;

vi) 4,4 -di aci d Its rivagives; viii)
2, 6- napht halag%ggf&{%@@ | Cagggllﬁgexfl @%Pé?dh&gr%%yy&?%efﬁﬁf’w&l? a{é d, or

conbi nat i ons t heAsdfe. coﬁpmmmMW@mac@biye#&mmi infthé DEP a6k @ﬂﬂ)nﬁbfv‘
conmer ci §I I )(]%3 avgtit | abl.e qr can w@fl%par ed by t echni ques, readii)y avai l abl e

to those’i n FHECSGnVep§ion, fhere o ¥ sgamgpletiphpakioqinansridib s,
conbi nati on Ao h b 1R I ¢ acid,
4- hydroxyber(iﬁzﬂgi c %}gligﬂj ﬁ(llnd Iﬁh@ﬁggﬂ# ii?a enediagilgr %ﬁ(ey Pgﬁggi‘g&hﬁ%

particul arl %Yfﬁp@rbémowmdmﬂs@@myc% Wﬁi‘iﬁ'-dﬂlﬁfdlhmhmhenyi (MVIabmrepbxd@mattd y

hi gh tensil aly ed rs not
having a |i gﬁ‘;& El%rég\té@a??gln%mgﬂ%ﬂréglg 0}%8 Keid ?;\h(t%'é’ %’i’/’ Ulﬂs)tﬂﬁ %/

addi tion of cabiusticdihteot (THees ctemion&;ts ave ial) lthowod infth@ @ aDAE U@ﬁﬁn\i&mﬁly' | er
havi ng a than.4 pmto the wholly aromatic

article size | ess
pol yeste? sﬁilnIP Chgt ePWBf“’B@Bﬁ“F’H etsir%aéli@i’ﬁballﬁiﬁ'ﬂég(tha’i’?dn@% PEdest ant
properties Etﬁmﬁlﬁiﬂloﬁ%mﬁb%b bbiBpenchR! a ERMikdiGn }%{%ﬁ%knogi? %gi Ssﬁ?o&gﬁ enyl

required for electrical apparatuses such as ciTc

connect or s, teephthalic agg, tHiwdioxyrazeie adld.fand 25-1aphitrelendiicartahapiic mmhmnnent
commonly re Hh&ﬁ Iﬁf%P%_prior art. The precise nature of the operation of
t he non- con uctiv I's unknown in inproving both the tracking index

and fl ane-resi st]é(b&cqmm&ebns & kodwi fochal B cetivnblly Aikh tegsitaieaMBeEnd Madubdre
hi gh concentrati non- cﬁonductive particles in the resin .and especially

at the surf %%pa“id °tg8“S]f wners ppthavige adiand cevpralline hategtel n Applisiaaty thqider
the formati Qin@that HEUGEDRONFRAOUP1EONFHCNE PEWHERUTa S n IEdRvd £ifer hEAS 5”9

process. However, .this is not meant to be a limtation or requifeme
the present TEFRRAHIGIGTRe oflesniiaad e tq{bﬁwb@ihm!@mﬂWMEnyplﬁsmglﬁmmwml ude

but not | mjpk @Gt inddi 3l AURE SOk onite. netal oxides such
as iron oxides, tiqtlgneigum ogiEl qs g{ﬁ)%rtﬁg%% oniglnc ?rﬂlest%at m na;
met al car bomclﬁsatmu&daqiasadd"ad d@qmatmpbnmbﬂuaﬁnﬁh cmsag beaketnrelayd) eiiabaors et al

sul fates, sug CI u ate ariumsul fate hosphat es _ of
al uni num ca t % Bﬁe vl ﬁ%ﬂg@gF‘i’lﬁPﬂnﬁﬁﬁf"Fﬁ%@ ifddn theprignates of

magnesi um Tigeqiredmmumﬁd dfﬁihem{:maﬁﬂﬂ ofih¥ 86n-B8Hdak e HllcHRunkeswPh iIFBARGR M and

calcium silicates of zinc, zirconium calcium barium nagnesium. m xed
al kal i ne. &&f Fﬁgﬂweﬁgfl@lﬂaqnm%pmp%es of the LCP resin. It is believed that the high

conceniration of non-conductive particles in the resin and especially at the surface, leads to
the formation of insulated regions which hinder the formation of the carbonaceous éonducﬁng ;
deposits during the tracking process. However, this is not meant to be a limitation or
requirement of the present invention.

Examples of non-conductive powdery fillers include, but not limited to:
diatomaceous earth and wollastonite; metal oxides such as iron oxides, titanium oxides,

* barium oxides, zinc oxides and alumina; metal carbonates such as calcium carbonate and
magnesium carbonate; metal sulfates such as calcium sulfate and barium sulfate; phosphates
of aluminum, calcium; magnesium, zinc, cerium and mixed metals; titanates of magnesium,
calcium, aluminum and mixed metals; fluorides of magnesium and calcium; silicates of zinc,

zirconium, calcium, barium, magnesium, mixed alkaline earths and naturally occurring



5 January 2005 WD 02102717 6 PCT/US01/ 21267 silicate mnerals and the

l'i ke; alurninosilicates of alkali and alkaline earths, and najgiahid6os
occurring alum nosilicates and the |like; oxal ates of cal cium zinc,

magnesi um al UWPAE7Ahd  ni xed netal's; alunignates of zinc, c&CE{UF/21267
magnesi um and m xed al kaline earth silicon carbide; silicon nitride; and
boron nitri dilicate iitnebie nndthe livey-abamdoslics of hikhiensd fodlink SertisDNadd e
conposition of the present inventjon include tjtanium dioxide and nodified
titanium di &?F‘B‘éﬂ%?‘j‘ﬁﬁ}?ﬁ@?atﬂ% and the ke axalateeRe cglehah #incymagnesiymy plgwinum and
appl i cati on ikedmdhis! AuBindfEe b 2@ VadHn? nta@h@finliadh Rk AWM ESine & s?li&ro&aces of
the titani um oxide particles may be untreated, or nmay be coated with an

oxi de of a ¢atEde sibepmmitside;indhproumittdel i con or zirconia giving thema

g L I ORISR BBy Ohord or TRV BT B SR 223 © 21 ¢

such as stearic aci auricaci ul
crystal for risvenfiod intladd fieamidinalid:dée andchodifedftatianalickidb fitkhbdie. Tildisum f or mer
is sem - staple and chapnges .to the stable rutile format high tenperature.

The rutile fEPHIGasnpribsiinds spde aopieationias aimlie aisentieavpiga it aveey- Thke
any di scr et GuiRlelhSHEtafifmRAidd ok Res dibUeGRrelM] of Ay bt blifed MPLELEILHY,

, tr
non-conductive filler is a ruffle-type hig S oxl des coa
titani um di odtalsuchog eluminnm, stisbo pi decopiagibssthemta doating/ywith high amifacmatkapori de.

A most pr.ef -conducti.ve .filler is.a titani um djoxide pi nt with
9796 Ti B andau it eRET VAR B PR Bt st et R Car e oS ince.
One i npor t aril. &spRbdrysadl s of el Odxids irfchfle Shat@ec@hd hliRe. TR ERMEUS bdnve
filler. It is _desirable that_ the filler particulates be of a size of |ess

than 4 m aftbl52ef dengisyo thestbleqyile fommathigh temperatviss tTheratile formt iy proferrade
range of O. Onfim8 artaq 8y f : lve

filler part ijigﬁlhat es a?}gdg}[’ SO ustée‘%giiﬁ%lscgfu ng geg&?%@%g%le%fggﬁ %Sh%e%lréﬁ%#h\ét he
aggregate dkeadgirchmednm-jopdytivh fiflet is e ratotype pighsoliddrectakixidesicoatgk of t he

non- conductive.fikler particles... Aggregat.es are distinguished fro

agg| orns*(r]lllétt'-eg1 Ya%hun% %lggd%g%?heagsaatc oride gg%«g?s%"atf%é@? Hgﬁ’"%&@f‘%nqr I‘%S’Btr’iﬁgfr"%ﬁ%h as
f usi on bondsombehdeeivediliebi aftitagire dicxileqighdny withi7/LTiO0Ghe WEthatSsceMettceak| y
25 bonded and, can be broken up by high energy agitation. The ampunt of

non- conduct iy W%@d@@%ﬁ{cswtﬁq?éj LCP conposi tions of the present
invention is defppegly ﬁgﬁﬁ;ﬁe}éﬁ&ftﬁé’fuﬂr&ﬁoﬁ%thEQié%‘_i&f‘ﬂh@}iﬁn—@oMugtgvéﬂiﬂmkI Ity

rating of V-0 at .0625 lile maintaining a exceedi ng 220 vol ts.
Typi cal | 'y, dpritablehaf the filletyeartivyintesternd @ cize wEless thired pmynd prafyebly lesnibdaout 30

to about,,50 gt |, vei ght, of 30 th in. .High
o 7 P FE SR Pt Btk B 2 B0 B Biooni iRk E Mot g
Agent |t wasndacivarfille peglionldiesunelalshadefilaeiong abthi ghdreft dignagesTithegraasded to

the electricall s . . . .
or agglomerate is within the above prescribed size range of the non-conductive filler particles.

Aggregates are distinguished from agglomerates in that aggregates are held together by strong
bonds such as fusion bonds and cannot be fragmented easily, while agglomerates are weally
25 bonded and can be broken up by high energy agitation. |
The amount of non-cbnducﬁve filler present in the LCP compositions of the present
invention is defined as a level sufficient to achieve a ULS4 flammability rating of V-0 at
- .0625" while maintaining a CTI exceeding 220 volts. Typically; the level of the non-
conductive filler may range from about 30 to about 50 percent by weight of the total weight of
.30 the resin. A '

-+ High CTI/ Flame-resistant LCP Compositions with Optional Brightness Enhancing Agent

It was surprisingly found that when a brightening agent was added to the electrically

.' insulating 6omposition, there was noticeable improvement in the flame-retardant properties of |



i nsul ating conposition, there was noticeable inprovenent in the
flame-retardant properties of 5 January 2005 W 02/02717 7 BGhhLsYP0a3267
the material. The boiling point of the brightening agent should preferably
be as fol | ows:WHBP2E” Tm 60C, where Tbp is the boiling point POfUSHEI1267
brightening agent and Tmis the nelting point of the LCP. Brightness
enhanci ng ageniateral. €T bHiQHIR K the HROMNBNIAS éénuﬁoﬁﬁi%&%xatﬁgt(yet%é‘kouowsz Typ >

0,

bri ghteners Th&y i ncl ude, but are not particularly’limté

2, 2" - (t hi ophendryFers it thefotlipe poisbolibg brigtayng agent and Tp is the melting point of

2- (sti byl - 4pey(gpapht ho-1',2',4,5)-1,2,3-triazol e-2"-sul fonic acid pheny

ester; and :

7- (4" - chl or o- 6" -Rtighttiegd enkianong 4geBts afe aldordoamionty diowrl 2 @ibiesoeat dptiealy |

counar i n. qnti@ré ef | gnﬁ% esglglat O{)t ical bri ggt ﬁ_neré whi qh have one or nore

noi et i es deri LGP SRS 'ftbﬂ BU ORI EER HBUed {9, | bt @iophendigl)-hie- (-butyl

thiazol e, bbmzaxede); e-(stibIUIBL(aibhtHANLIENE] 2 BIthABR. Pusy tﬁ%%ﬁ her%?és?&pene or
se '

pyrazol i ne yn@e utilized in the LCP conpositions of e pr
i nventi on. edorg 6" <ligthdgniaod p3'iSt mlazine ¥y aorieg-8-phkriyt howsarinb eOtheed i n

accordance b St nal ' i r) OB.fromthe .G ba-Gei

oot ool Gomhdriodd? hftioal SRR WRHIPLA phE el 8icleR fhckiel s ibgtied

E.i s(S-ter It - dnthrgdeng ﬁ@bmmmemmblmmﬂm&z,m)gu% ?bﬂtﬁ(éﬂgﬁﬁ?ﬂéﬁo&é&&%,

)enzoxaz |1 O ene structure:.. . lLeuc r r Y rom sSandoz, ast

mosae 29\ ticbiigd B BTG ek B el BB dobupgtitos 4 haggesent ivontion.

7- (2h- napht hol ( Ex@mgiks bf dua6lk ogtida) braiARNwhiGOAARE Ssd ﬁﬁwo\ﬁé%%e%%ﬂ s 202
[ (0] e a

from Mobay Chenical Corporation, Union, N.J. and is thoug
pyr azol i ne ‘BETAOHEE Hyitex® QR Bemiiky Cipa-Origy Gheoabtompany, ShdshiychilY. FidGauét s,

I nc. Kings 4 ; F ghed a4t F ' .4- Bl s( benz.oxaz stijl bene.
The above- %?\S{?‘%{%{j&o&%ﬁegﬁ% @@g&%g% &6$§¥)§1r1?pé38e %W%&%E%%W@gnce
with this ibwmxa?!zﬂ)ﬂgiléphﬁ?nsmm Imopnira@rmii\t[@gn:t mo@tmstt}x%o%}ﬁmei ghtf
percent, a refera r out 0.005_to about 0.3 weight percent of a
hi gh boi | i %“g"#’%“g“’htl‘ﬁ%%%“‘ée%?‘geﬁ@f 1 ém&%l&r‘i? 8‘3 5Chap Fhé%(&érﬂ)"‘mﬁdﬁﬂs{éﬂwyk was
used in t heotiogin; Ehérwihkia®HEE-2OS2 bR NobdyiCHARRAOSbipbABRTUHRE NPT, ?xl?c?ﬁt
risingly, this extraordinarily small anount of uor escent

i nvention. Sur { i é

bri ght ener tﬁ‘ﬂ’@ﬁt to §¢ @ @yiarels dsti vaktveo Basipbiite® RB-hipmdissthanGhemidal Pioducts, not
onl'y subst gat. kéddsporE TRANCEE r ance: %tgi rface d.opti cal
quality) of the érs%c; erial ﬁ%ﬁ%@?‘é‘%’%ﬁ%ﬁ%ﬁ%@“ﬁe Ia%ao Smﬁénsel‘g{;eaz}]? “of the
conposi t i ormdntongd ABHigk® 3B fsauest preferied forbuse m dotardance Qathieig ieebtion, t he

addi tion of the,fluorescent. brightener allows. gpre non-conductive fillers
to be used. The™% #%8&%%0 eor{tgr%?e?gﬁf]é‘ﬁ%}t?dggtw }gggpﬁrﬁ@t,ragﬁig@?qﬁbly from about
non- conductoiofg td dblokied.3 weighbpertaPoLOMPRSbAlih® BEgtRhess EAANARE SR, of MYSRLLAN

from about .43 to above 45 wei.ght percent.
brightener, was used in the high CT1 flame-resistant LCP composition of the present

mvention. Surprisingly, this extraordinarily small amount of fluorescent brightener when
used in combination with the non-conductive filler, not only substantially enhances i:he
appearance {e.g., surface and qptical quality) of the material, but also improves the flame
resistance of the composition in general by lowering its burn time.. Consequently, the
addition of the fluorescent brightener allows more non-conductive fillers to be used. ‘The
fluorescent brighteners extends the range of non-conductive filler in the LCP compositions of
- the present invention from about 43 to above 45 weight percent. - |
The compositions of the invention may also optibnaﬂy contain various well-knowﬁ
additives that are nbn—conductive in amounts which do not affect the flame-retardant and
electrical insulating properties of the resins. Such additives include UV stabilizers,

lubricants, and colorants such as anthraquiﬁone, direct dyes, para red, and the like.



The conpositions of the invention may al so optionally contain various

wel | -known additives that are non conductive in amounts whisCRnd8yPobs
affect the flane-retardant and electrical insulating properties of the
resins. Such aY8P¥AES include UV stabilizeys, |ubricants, BRFVEWAEnt s
such as ant hraqui none, direct dyes, para red, and the like. 5 January 2005
WO 02/ 02717PRpechiéd Si0hé PAROTTT /PleipeR @ist-001.0P Qdaerokitighs CTI / Fl ane- Resi st ant
LCP Conpositions,_The jnjitjial LCP conpositions of .the present jnvention nay
be prepared fr oﬁwnagté#’é‘rﬁ?lp‘?ﬂt@n frEresent Hyvepfiimalhn prenapd fagp thepy
standard pohyeeRfhensahd | ' ' T ’!FR‘% t,

sol ution, alﬁ%?or sol i&gérgﬁ%tggE%%%nﬁ%ﬁ?g%g%?&%@g?%ﬁg%aﬁ%%r alﬁhydr ous
condi ti ons @HHch pandnclideegithermelb sghidone andZorrsolist phgse @olynivszatien)) ipeiféreblg modemt s

of aceti ' the diols,. the hydroxybenzoi cid r optionally the
acet at e/ gli a%%?’g{&gg ggﬂrdi“{l/oé]tc’ R glan’g:rerttaﬁfgo%;g S %fé?%?(@b@ﬁ?&}l%g%%@@ﬂts r?ﬁe%he
di aci ds, anshhyptide) faldiyls,the hRlrdObdesic QB (EXpBiSallyARE hdefutcddlidstid dlfiva@Fed ,
conbi ned in fIal r&ggt i on vesse] e,%l pped with a stirrer, nitrogen inlet tube,
and conbi na?iBndigsédrexybegnicae g dinsisr. and gptionally tp i 20 prycept exdeest
renmoval ). 1§ i ITEY ' - ar, | ur ged
wth nit roger?ﬁg?liﬁ{)yrgﬁ?% a&lrjbsoe. Tﬁ(kan %%g%tgﬁﬂg%gﬁﬁali@rggga%%ﬁﬁg% }sn%ﬁ%qg{egl ned
under ni t r objbe, and cembipati@udisiillatioroheatcoiiiepson@io fadiétaterbypemicenemovadnct and any
by- produyct -for (such as, for exanple ceti.c,acjd) i.s . repoved via the
distilladion hggg‘e/ Sahion Trel A plies Abipsenb s dgjed W@%&“&o‘%ﬂ@ﬁl’?ﬁf f%n
appear s neaniseyTieORpicb b stied icodérts hthtdied WidcPRBYRn, Sk hBMeddRRYhiGLihect ed
remai ni ng .15 constant, the nolten nmass is &I aced under reduced pressure

(e.g. 10 rerghenbsiradand gydy-predvgt fosmebisudins; Br sxamgnarcticegdesat ure, to
facilitate fgaRVEYiatfe AANIGETRLAY %d%é}oﬁn%qy%lhe@@g. e ﬁ%g}%(h)}% %zﬁtﬂ[% -
n evarleaacrcﬁng 0, e.g.,

pol yneri zation. Polynerization conditions nmay

the react aanpsare ngsckyothplotel as hidicgtedybyethe efmoput] of gpiraduti cotiedatbiemathingThe LCP
melt may. t hen enmoved, cooled . and allowed to solidif i to 2
purifi cgs_t i On n%tt% ﬁm o\itg?ﬁg% i ire?f"}dp Srergé‘fcﬁéggeﬁ%’ﬁe %sg'r]rgﬂnyffgﬁ%@ﬁﬂﬂ }r?égt he
liquid crysindli hewted tp @lbygei Rmpereing fol fabibiftoNeind vl E aRPRIARRBUSLAY it kdd @
and opti onal Iéﬁl tgg bri ght ness_enhanci ng agent of the present invention.
Mel t conpouifaRlge B pobmegeaiim Priymenzasipn seRiitnsinsy begapehiceodmerie e mghe he
mol ten |1 auelkuiiyShAbldaiiaRl dgsh 6f pofiferlhlidiPicsigqPOSi Ll ons, such as an

extruder, either single or twn screw Is critical that the conponents
are thoroughly bihsdddtmelrmay thyebtremoyed,znoled,fand hllowed tonpladiftprivetoat whi ch

t he ingsedi Leciently for a unifor and Xj,mum di s i on of
the noneEorioEis ia7 Bt lebesia blocing Yt rdn borihn e I R PR RIS ey
be either omiyestentdnnmsitionedtiithefontohdidivg fillrema oFROnINaEe b:sHaRSE éih@RtngrRY

agent of the present invention. Melt compounding can be accomplished by any device

capable of mlxmg the molten liquid crystalline polyester and filler compositions, such as an
extruder, either single or twin screw. It is critical that the components are thoroughly blended
25 together at an effective temperature at which the ingredients flux sufficiently for a uniform
_ - and maximum dispersion of the non-conductive particulates in the LCP melt. Twin screw
extruders may be either co-rotating or counter-rotating. The compounded compositions may
be cut into pellets for melt fabrication into a wide variety of articles by conventional |
. processes such as extrusion and injection molding into such forms molded articles and films.
S ' 30 K Optionally, the molten polymer along with the non-conductive filler and the elective
S - brightness enhancing agent, may be transferred diréctiy to an appropriate apparatus such as a

melt extruder and/or injection molding machine or spinning unit, for the preparation of .




be cut into pellets for nelt fabrication into a wde variety of articles by
conventional processes such as extrusion and injection nol diSnQnLQrg%O%HCh
forms nolded articles and filnms. Optionally,- the nolten polyner along with
t he non-conduc¥PY¥¥11 1 er and the el ective prightness enhancP@fUagens; may
be transferred directly to an appropriate apparatus such as a nelt

ext ruder —angioles, sike&dth6led @IS BehpbPEIBLHEa1 @ppaRh Rl a%ﬁﬂe co&?éneh{&%hould
preparation of 5 January 2005 WO 02/02717 9 PCTIUS01/21267 articles, such
“as nol ded aR&ifberoushlybieaded fopmazipum dipyrasions o @ partisalates. t he conponent s

shoul d be thor ogghy, ] at B i LSI.ONs, .of .t h rit.i cul at es.
The, high CTI/fl ane- g%?@'?%ﬁfm? com%&%ﬁ%ggggesgﬁ?ﬁﬁglgﬁ%gfgg%%dg%n usef ul
in an el ecetlefidedl appaanafwidch(aldoiindindes an “tladiouits apmitati®) iie@hih Blesiric&lppar at us)

in which electrical conductars.carrying relatively high 'voltages, are
present in SPIPEPE CBWP%?Y%%XM{Y?.& W%Fﬁ RyFEenk g 0 %&%ﬂh"eﬁ@ﬁi‘mg&‘@&ht
great er t hawlapedfierdfR M Sreatf ¥k 66 R0ARIY, rRROPleretARy ¥Rt fzooJoﬂts BPr €,

especially preterably about 240 volts or nore, and very preferably about 25
0 vol ts or ™A% Bsperpk pelsebly ahput| 248 yoltveramert, andereryquefaublyabent 269 valirary a

current of ap.J ﬁ&?éralﬁy 2 18Pone TP coﬂﬁugic{%% & %ﬁr%t ga (lzu%'%fsltt oéjat %g# D él %ﬁ?ﬁ%

one could say the apparatus I's expose Vv €es i
| evel . Thesprefeaitingds:sibymal Ina stese bhe cduldbdynsippafatis iexpbeatis v6ladges of a

appar at us. .this is ne that the electrical apparatus is rated by an
appr opri at e“FAT HHBYE L5 F‘?%’F VOEtﬁgeGFnaé(%%?ﬁeéh%ﬁﬁF@gW?ﬁtb? electiioab apparads: es)
to carry (bRyaxReaedit Hhot t80e18dt6l hpfatdtul Hi& by A |%)R§&(Ej}ﬁn§i0§%§7 ; .

vol tage. The high CTI/flane-resistant LCP conposi esc herein
may functi déersxamplelidemriterifishemstosies)io sarhibaexpisedtio prelkotred anmenti st at

t hese high I a | ' tings..that i. ey. _do
not | osegt ﬁ{girt}r{ﬁi&rl]su g‘tnivﬂgggg’r g%gr | gﬁ/ﬁ 3@15{}%&%%@%@@&%?%@8&%5

vol t ages. Im:flsair‘l]hdpﬁdm si(lijtableﬂ’nsumamh fredich Eﬁblgffﬁwlabﬁam@i a_tl‘ﬂmﬁi highertvdRages.
equi pnent ich is_.us t o conduct or_handle electricity have a certain

i ni num | evelr*6F of @F’éﬁ@héﬁlt‘%}“ﬁ? ARt jsdbexdonnt lose they ingylating propeities Ger

descri bed. hengivwhdiaygostdioSubtertilaiRd TPERREST Y is réduid Bt MR} ¥ notGRIR BT ONS
of this invention, particularly those containing optical "brightening agent
as descri be@WpBsREwhich is used fa%@mhorda@pdlﬁ@mmmgm@@ﬂ@unﬁeiwnahuelom i cal

qual ity is glgsi . [ S far L onobi l.es (e.g.,
headl i ghts, -r e(g?m-llﬁng%]%%&&c%’ﬁsag&gﬂ% Q?’g '?’ é@o@%‘%@%ﬁ%@ hgﬁe'nngllagatﬁé)srrggwfeggl anps and

auxiliary Iraemesty; reflectors for strobe lights (e.g., in aircraft, rescue

and ener gency v %&e%a%\srély,%gglpom [orlllls r(l)g thllsl i%@élﬁiogj pa?tlicli_.ﬂalélly%gossé coerit 3% ;;%St?cal

brightening agent as described above, may be used in applications where surface and optical
quality is desirable, such as reflectors and bezels for automobiles (e.g., headlights, rear lights,
brake lights, direction indicators, foglamps and auxiliary lamps); reflectors for sﬁobe lights.

' (e.g., in aircraft, rescue and emergency vehicles, and warning lights of all kinds, ¢.g. road
barriers); reflectors for high-intensity lights (e.g., in floodlights for sports stadiums, medical -
operating theater or surgery); reflectors for halogen lights (e.g., spotlights for interior use in
residential, industrial, commercial housing, spotlights for displays); general lighting (e.g.,
searchhights for military, marine, police or personal use); reflectors for optical and
photogfaphic use (e.g., in movie projectors, photo flash systems, slide projectors); aesthetic,
reflective under-the-hood automotive parts (e.g., manifold covers, rocker covers, valve
lcovel:rs); other aesthetic, reflective automotive parts (e.g., exhaust tailpipe ends, wheelcovers);
thermal (infrared) reflectors (e.g., automotive use, such as heat shields around Brakes, exhaust

systems, or industrial use, such as reflecting heat from glass, metal or other furnaces); laser



barriers); reflectors for high-intensity lights (e.g., in floodlights for
sports stadiuns, nedical operating theater or surgery); refd paugidosr
hal ogen |i ght Swé)%z/&nq spotlights for interior use in residenti alé

i ndustrial, comtercial housing, spotlights fgr displays); geREFEPUZAHti ng
(e.g., searchlights for mlitary, marine, police or personal use);
reflectors freflectys feqalin sasehrchnd timipstp indiousé eleatranics (CD playeisy, spicejiebhalogy

Under -t ho- n B EDS Aet s e par e eltmisyuteToey s s o

val ve covestyetops heentafs blRedihCirorseéib@fanicedicMdinaidnt b%@s,l@@ﬁb&efﬁar@;pbw%i‘hau“
tail pi pe ends, wheel covers); thermal (infrared) reflectors (e.g.,

aut onot i ve HRAUS. I signs with Weandeserptduips; andsakarefieeikisde.2 o firsoaey profletionls, or
industrigl use, such as reflecting heat fromglass, nmetal or .other
furnaces); |aser WD 02/02717 10 5 January 2005 PCT/USO1/21267 reflectors
(e.g., in research and industry, audi EXamPEES®ctronics (CD players), space

technology (satelljtes)); aesthetic, reflectiye parts that reach high
temperature (e.qg: ,e#"hogi}%@éﬁéﬁﬁ ,ateg@ing@&B odimgts Af wy dnvepfiis Myg i r ons,
el ectroni c @iegfidnil AoMMhitAQO thitse &appuker parts, power tools, it signs

wi th i ncandescent bul bs; and solar reflectors (e.g., for energy

production). 5 EXAMPLES: The fol lowi ng exanples illustrate preferred -
embodi mgpt sTafi..ny invention. My invention is not limted to these

exanpl es. 10 Tests: Melt viscosities of dried sanples were determ ned using
a Gal axyO V, ModMelt3Bbdities apitid¢deainpich eanedasrmird asiby 2 Kayaposs Mddargosehe

nmeasur ement s re.made at 0C,.or 36 at a shear rate of 1000 1/sec and
with a die ﬁﬁﬁ%fh&ﬁmﬁﬁ IPP%’}Y Yﬁ%?sig%%h‘?éﬂeaéwamaﬂtwgedmdeﬁéﬁo% or 360

Fl ammabi | i t @ dt @ Shear W8S F 1060 186008 wABCOLE hi\gnd & ddacR 41 30600 184 AWaNID of
physi cal tests described herein were carried out according to procedures

establ i shedz(P)y the American Society.for Testing and Materials (ASTM, _
o brealstrai n oansanit) bl AR e SRR, " hsTM D 256, DTOL
(Heat Def | ect i onTheehjewing physjcal teASdédciib@URreifosfeanticd vat cadkign@plobeRxes
(CT) test gs‘@:ﬁa]:fsl?ed%(}:r%?er Serican %cfgg-ror eLsté gn% l\E/Igterials (ASTM), including:

Flexural Modulus and Flexural Strength - ASTM D-790.

Elongation to break strain gauges - ASTM D-638.

20 Notched Izod - ASTM D-256. '
' DTUL (Heat Deflection Temperature) - ASTM D-648.

Comparative Tracking Index (CTT) test was in accordance to ASTM UL 746A. to

determine a specimen's ability to perform as an insulating material under wet and _
contaminated conditions, as Vblts of electricity which may be applied before tracking takes
25 place in the polymer sample. The maximum voltage that can be measured in a CTI test is 600
- Volts.
- Preparatiqns | : _ ,
| ‘Unless otherwise specified, compounding of LCP compositions in the Examples
~ below with the non-conductive filler and optionally in some examples, the brightening agent,
30 was done in a 30 or 40 mm ZSK Werner and Pfleiderer twin-screw extruder having a zone
- Wlth conventional conveying elements, a zone with knegding or mixing elements, and a low

- Ppressure zone with venting under vacuum of any volatiles from the polymer melt, and a die.



determ ne a specinen's ability to performas an insulating material under
wet and contam nated conditions, as volts of electricity Wy ghuagobs

appl i ed before tracking takes 25 place in the polynmer sanple. The maxi mum
vol tage that d¥MO¥EHeasured in a CTI test ;s 600 volts. PrRGJEFRIPEAS

Unl ess ot herwi se specified, conmpoundi ng of 1LCP conpositions in the Exanples

bel ow wi th the npixGe yﬁﬁlnzﬁ@gmbh tedhgl ﬁﬁdnﬁ'ﬂ%éiM/_[’Z R SXaRkEst the
bri ght eni ng agent, SOBEWas done in gﬁ aéé ZSK V\érg;fezr a%d Pfl ei derer

twi n-screw @xkedgwidy abeuii/htp H3 pbthe f?ﬁ“[ﬁﬁd E@h%@ﬁl‘qttm Allercand Vaig congedialadft s, a
zone with kﬂﬁﬂ) ﬁ&ﬁt@&e?&%k%&gﬂtﬁé@% er. 8 Af(ﬂ% n%ﬁ (f%Végﬁ& (%fuglavent ' ng

under vacuum of ~any vo romthe’ pol ymer nuary
2005 WO 02/ beghidniRFehtPo/ks 24026 Trohna difarept fosdeutd the Zﬂai‘]@nbhd'l‘biﬂ@hieﬂé’tﬁ wgreagent

and the 40 th s first i xed tha 1/ 3 of the
DUl e oM et Tird e 1 ekl o< MORTR Wik £ bt tre

rear zone OfecitiewardustilBhe foIB@JJéft@é{d 0 oth&@oﬂﬂé‘ﬁﬁ@fi%’c&-}éd\éﬁ Eaibdter AGWet hout
bri ghteni ng. agent) was added froma different feeder to the rear zone. The

LCP pel | et scowpamdedeppasitipnsraxéted Hiedi, thewr siere quenqhhémtbamammyand@kml es
utilizing t Qw r ets and

t he ot her fE‘Fqle'?she %‘r%aﬁv%%%ér%gﬁli %‘Ilr%gﬂ% Jt(%elebaylt%ﬁgjd ‘@%%B‘S%rﬁﬁg eI

- conposi t i onmaaxdineelcht bhvat 3HOSC. tl?mytmmnkhngubmpﬂhleﬂ mpéllea: wat dried@preayghafd cut
into pellets wi.th a conventional strand cutter xtruder barrel and
et enpér atRomsPa Tl & VAo veR RS b 2P0 of 36 1ol di ng ¢ he
pellets, the pe"h%cﬁ'w&@ Enﬂfb@ﬁtW&EHioﬂié&uft@!étamﬁ:ﬂﬂe&)&bé'@hé‘ﬂs?’l/i@ TIgES in a
vacuum oven with N2 pur gé at 100. 130C The dried pol ets were nol ded

i nto standat@" Teses agédismetersx 1/8) dges, W%%éOZPEWHOMWWQIWdWEt er x .
178" discs, (Malng & & .07 E'E’Mh%gg&foﬁggéaﬂ{}& fg@%&ﬁ glﬁ(ﬁd %ln Uﬁl%@?ﬁci c@att es of

about 340C a I'njection pressure | éss _
ot herw se, bﬂh&mm’rﬂnle@my]esreemm;eﬂionmmldmladeﬂighhmecﬁhhgﬂm&mp@stuedxﬂm&peﬁd and

¢, U DoBSl DRSS, BDUSINESD TR0 2200 Bl SHRERL g Ot

0 5-sec.) V‘dnEé&h@n Jnemxﬂgq;@a%tdoﬁé SSMBIe Sped (<78510ecr) WiBPDBwitvost éssﬁrsseomwl es

denoted as O SPEED, ™ the nol di ng was done at a | ow spee 5 sec.

but with a KGR Pﬁod%theﬁﬁléelg%ﬁi@ﬂtﬂdaﬁ"QQ(SﬁﬁEﬁ ithe meldmcivamdpawatlm smeieﬂ pf ng of

th | d. -~ t
fi FI (rar?, t heggr [ %?’gkﬁlr%a-af%ggl@?%gdrggﬁeﬁb?éﬁe?‘g?a!ﬁ qi'glﬁ%rbexarrp gsl \z;(rae

as foll ows: Cémpdients: LCP pol yner has the sane corrp05|t|on as that of Exanple
4 of U S.) Pat ent

The compositions of LCP resins, the non-conductive filler, the brightening agent, and
other fillers used in the examples are as follows: .
A: This LCP polymer has the same composition as that of Example 4 of U.S. Patent
5,110,896 of hydroquinéne / 4,4'—bipheno]/terephthlatic acid / 2,6-naphthalenedicarboxylic
acid / .4—hydroxybenzoic acid in molar ratio 50/50/70/30/320. |
i B A LCP polymer with the same composition as that of Example 9 of U.S. Patent
5,110,896, comprising hydroquinone / 4,4'-biphenol / terephthalic acid / 2,6-
naphthalenedicarboxylic acid / 4-hydroxybenzoic acid in molar ratio 50/50/85/15/320.
C:A LCP polymer comprising of hydroquinone/terephthalic acid/isophthalic
acid/2,6»naphthaleﬁedicarboxylic acid/4-hydroxybenzoic acid in molar ratio
) 100/33/34/33/300. |
_ Unless indicated otherwise, the non-conductive filler is a chloride prdt:ess rutile type
titanium dioxide available from SMC Corp. of Baltimore, Md. as Tiona® RCL-4, with__97%
TiO2 and with surface treated with alumina and an organic substance. e



5,110, 896 of hydroqui none / 4, 4'-biphenol/terephthlatic acid /

2, 6- napht hal enedi carboxylic acid 14-hydroxybenzoic acid i ngphaarny 50
50/ 50/ 70/ 30/ 320, B: A LCP polyner with the sane conposition as that of .
Exanpl e 9 -of WQ'%Bit%ent 5,110,896, conprijsing hydr oqui nonePFT/USH1/21267

4, 4" -bi phenol -/ terephthalic acid / 2,6- naphthal enedi carboxylic acid /

4- hydroxybenfzoihclgasmdofﬁhemrﬁp/ les, ﬂieif@llltﬁ'ﬁﬁéﬁfrﬁﬁ}’nd/ ﬂlﬁétﬂ&(ﬁh . tlleﬁnaﬁédﬂgﬁerpmlsmr
conprising Qf | ~oqgui none/tere i C i d/li ithalic )

aci d/ 2, 6- naBﬁP‘Hé’l ords RIEERL A 5@5@&3%@ 2 8t MG HO2 Anditr ratio

100/ 33/ 34/ 3#rf300ieatdA HRS AL/ B Qﬁfs%éé%ﬁtﬁﬁlﬁnﬂﬁﬂﬁ@ﬂfl%@ﬁtﬂcﬁm@i RCEL 1S

‘a chloride process rutile type titaniumdioxide availablé from SMC Corp.

of Bal t i nor & 80%tTiO2endrvish sirface ReatediwitnAl/BL; 9 Titanivri divxidepignenh TRURER 02
treated w th alum,ng and,an organi-c subst e, J ary 2005 WD 02/02717
12 PCTI u)go ﬁ%%’?d'fgoﬁgﬁg%g%oufs%gaexgl%?yeoﬁe@ﬁgggo&?%Lijvi ng non-conductive
filler mateThetbrphwaing agaRds frém Cibd-Geipy ChahioNiCiening®idklcy, NI SNwiiGe®p. as
Tiona(r) RCL-2 with 90% Ti O2 and with surface treated with Al/Si_and an
organi ¢ subSBatieh sty fingnyshonarrystaline norgrewith ymsHiEDeinkef 2boyt Ki§e3¢ Lo 2 end

with surfacg &Hﬁ%g&iz\%&gmﬁ' g/g' @dotct ani um di oxi de pi gnent TI PURE R102 5
fromE T. duaPont e Nenour aan uCorrpany of Wl mngton, DE. The brightening

agent is from C e Govgundecie tade @oegethl > 754k id obgned pmemillpfiomdgzedac OB,
which is, a fine el Low crystalline powder with a nelting point of about
196- 230%.) T%‘Elm% r?&?%&%‘%ﬁ?’i‘% %tarting at about 300C. Talc known under
the trade nanme JeHefoldss Bil&Gs tloppll Bighediii FoBr Owahd YohligFibétgRNB&hndlOgy
America, Inc., Englewod, Colorado. The glass filler is chopped E-glass

fi ber from BfefsmntolinoyatPhei0§Pas Technol ogy Inc., Summit, Illinois, as
OC 408BC. |t shquldR%eRBtadnd Iﬁ@co&%@ﬁﬁ@%‘%@ﬂ&ﬁbﬂ@a&ﬂﬂ@éc&é@&@i@ﬁﬁe&% SCr.ew
design affect the properties of the nolded parts. Sanples were prepared

from t he saprepaiesmd tictraldedyprdis1 Saroplepwen gegaed ifrogn thefsdires enmpositipranddesi gns.
The properties of,the sanple incl udi ng.burn __ti and | .rating, were
found t & vat{oaasienarng et soel Petirio g R-herrsT 1 yeres Pl dumyy

bei ng pr ef efimeghd OTI raig, Mere fiedivag dependiigbnahd fidéw HEEEGABPORREESGeRT €
t horoughly _b] ended. The injection no]ding conditions were also found to
af fect the $FFEpoFng pelersd for optimusybleading tgassyze that e gompanents ardhoegigBlunded
mat eri al angjeiqapection nol ded under high filling rate and | ow boost

pressure, and then | ow feeding rate and hi gh boost pressure. The
The injection molding conditions were also found to affect the properties. Samples

20 were prepared from the same compounded material and injection molded under high filling
rate and low bodst pressure, and then low feeding rate and high boost pressure. The
properties including UL 94 rating and CTI were found to vary depending on the feeding
method. Injection feeding speed is time in seconds to move the screw ram forwérd. :
Typically for the 6 OZ HPM used, a fast s;ieed is less than 0.5 sec (primarily in the range of

25 0.1 - 0.2 sec) residence time, and a slow speed is greater than 0.5 sec. A high feeding rate is.
preferred to give a low residence time in the injection molding machine for optimum o
molding. _

. | Under the compounding and injection molding conditions tested, it was found thata
" titanium dioxide pigment available from SMC Corp. as Tiona® RCL4, with 97% TiO2 and
30  surface tref;lted with alumina and an organic substance to be best. It was also found that |
" ‘ certain LCP startmg materials were better than others under certain conditions.
_ Results are shown in Table 1. |



properties .i ncluding UL 94 rating and CTI

the feeding nethod.

SCrew ram

than 0.5 sec (¥PPHE 11y in the range of 25 Q.
and a slow speed is greater than 0.5 sec.

f or war d.

were found to vary dependi ng on

I njection feeding speed is tinme in secen@nuhg Joo%e the
Typically for the 6 OZ HPM used,

1 - 0.2 sec)
A high feeding rate is

a fast speed’is |ess

r eB¢HeweR1267 e,
preferred

to give a low residence tine in the injecthgainol di ng machine for optinum

nol di ng. Under tThe (gd;ﬂqﬁu ed 6y FPgCL ¢ ORdid | Pont EF & t
was found |t hfitengle t i tMa Iﬁ%gl dgmﬂpl grerﬂcﬁ%vgrl abke frmaszMC'ﬁ&%p 'Hg!;_)
Ti ona(r) crefy designt 39?5% Ti02wand 38fms r f40em t [ eatad W Bowmdl UBY AR RACmAN
organi ¢ syB¥dlding€end @hizpeethdddspeefitl was allso found that Jcertaih LCP ptartihg
mat eri al s |[WeFR "Bt réotBan Ot'Berns Ufder] 8rfdain MY tli BhY" REBU"t k 6ata
shown in Tabl&Pa. 5!l lanuady 200% WD 02/102717 113 PCT/ LIS
Conpar eCopiParsny | #83EI4 ‘m.gu._d@@g%m“ BOREI4 | 40RCL3 [40RCL2 | 40R102
| eMbl di ng o] mé& b wSl - ewTi E"21’- 02H u: |
mMB0 nun3( g hm Mol i ng Bndlhi &
"B"60 "A" A GO—AG——6—" =540 ! ‘
RCL440 ' 240RTD2 000°G af et 20 4000000
Melt vise, cNReYs LE9P2zRm $E P
Tensi | e211 803&1,@921180%88674025{981 CT2050 1o a8 ad0 o endt PI'IZGEOpsﬂi )& dngatT op
at1.521.5%1. 5a&) 18. . 541. 841. 7341305 Bieak
FI exur al 2P 7H623i6042B 7182192202441 0166001 774023310 2.54 1.84 1.734 1.305
Break(%)
Flexural 23710 | 23600 | 23710 19220 21410 15600 | 17740 | 23310
Strength
(psi)
Flexural 1907000 | 2087000 | 1907000 | 1213000 | 1475000 | 1186000 | 1369000 | 2083000
Modulus '
(psi) ,
NotchedIzod | 3.38 - 3.38 6.42 - 66.95 1.01 130 |[. 433
fi-bs :
DIUL (°C) 275 277 275 241 244 211 227 269
- Ul94aging | 626V1 | 124v-1| 626Vl | 343Vv-0 | 224v-1 [374V-0|707V-1] 102 V1
48 s, /25 °C. :
UL94 —aging |44.8 V-0 | 811Vl | 448V0 | 335V | 128V-1 [46.7V-1|456V-0|47.7V-0
7 days/70°C. '
CTI {volts) - 275 275 275 275 225 250 250 250
Disc or Bar .

Additional tests were conducted using RCL-4 as the non-conductive filler material.

The test results in Table 2 shows that the mere presence of filler material in the compositions

provides a resin that has a high track index performance and flame-retardant property as well

as excellent mechanical propertles



Strength (p

Si)

Fl exural 19070002087000190700012130001475000118600013690002083A0ak2dabus

(psi) Notch
("C) 2752772

V-137.4 V-070.7 V-1102 V-1 48 his.
V-033.5 V-0128 V-146.7 V-145.6 V-047.7 V-6- 7 days/70 C. CTI

usi ng RCL-4
Tabl e 2 sho
provi des a
flame-retar

January 2004

Ex |l el LCP
RCL4 wt. @
Melt vise.l
Strengt h194

ed
75

A%

- 3.386. 4266. 951. 011. 304. 33 ft-|bs DTUL
227269 UL94 agi ng62. 614V1124 V- 162. 6 V1S4TASGYI4
/25 C. UL94 - aging.44.8 V-081.1 V-144.8

(volts)

i ons

| 8

pe
000

-275275275. 275225 250250250 T Di sc or Bar di.ti onal tests. were conducted
-as—the—nomreonduetive—fi-H-er i 8.7" al— he-tegt—fresults in
that,d he Eﬁ‘fug bresence of filfer|mferial >in|thé c pHpEEE:
. & . L . L - L £ ” Al
lieib‘t;l “].t_ldf.;_L I%B uBi\ ||7?J\1‘Aul I@}S“’A“ K\AHP :lﬁb‘dAdl 1!%“’(?(1 “60 v 55 *gv :
ant qoperty as well -las excgl i ent | nechani cal properfiés. 4
ROD QERDZ[M T 55141 Peg T USOH 52126 A5 Tabl €452 COTHT O 12345 Cogit
M. THowtsh) B /45 A 60 5 | A'G 65| A5 60| Agb0[ G 60t "B 55| "By 1Y
b B4R 40N 04045 Tal ¢ W @A 5P00P00D Ghas$ Tl TEr sk paogo
b4 3l i, 53B. 348, P1UYP1IZ Pa. Fegqds TPNSg s €] 333 109 132
70198264996021360/1874023000023540213b50 (ps|)
Tensile Strength | 19470 | 19090 | 19960 | 21360 | 18740 | 20000 | 23540 | 21350
(psi) ' ‘
Elongation at 1.80 1.85 172 | 336 3.18 1.24 1.6 1.305
Break(%)
| Flexural Strength | 23010 | 20520 | 20910 | 20930 | 19220 | 24180 | 22780 | 23310
(psi) ' :
Flexural 2037000 | 1392000 | 1449000 | 1324000 | 1213000 | 1888000 | 1979000 | 2083000
Modulus
(psi) . '
Notched Izod 1.17 752 754 | 965 6.42 5.02 3.01 433
fi-1bs '
DTUL (°C) - 290 245 242 242 241 223 275 269
- UL94 aging 110V-1 [267V-0| 306 V-0 |257V-0|343V-0| 38Vv-0 [233 V0] 102V
48 brs. /25°C. B ‘
UL94 —aging | 135V-0 |267V-0]27.7Vv-0]312V-0{335V0]407vol450vol 47.7V0
7 days/70°C. . ‘
CTI (volts) - 250 225 250 250 300 250 250 250
Disc or Bar :

5

As shown in the following Table 3, the presence of a very small amount of a

bri ghteniﬁg ageﬁt such as Uvitex OB substantially and unexpectedly improves the

composition's comparative tracking index and flame-resistance performance.



El ongati on at 1.801. 851. 723363. 181. 241. 61. 305 Break % Fl exur al

St rengt h2301020520209102093019220241802278023310 (psi) 5 January 2005
FI exur al 20370001392000144900013240001213000188800019790002083000 Modul us
(psi) Notched W28H4271%77. 527. 549. 956. 425. 023;014. 33 ft-| bs DTRETUS/21267
(C) 290245242242241223275269- UL94 agi ng110 V-126. 7V- 030. 6V- 025. 7

V-034. 3V-038 V-023.3V-0102 V-1 48 hrs. /25 "C. UL94 - agingl35 V-026.7
V-027.7 V-031.2 V-033.5 V-040.7 V-045.0 Vvl%lgg V-0 7 days/ 70 C. CTI

(VO|tS) -250¢'r4525625uo3%@? 0250—pPi-sc—o co st HAt-he—fqH G\M—Fg
Table 3, theipresgpee pf a v£ry65rral I7am)un olfm@ g big gt epj ng agent| such
as Witex OB{SUDS Pl T U KRG Gl sy "grPEDREY 5 [CEITROYT 458 IS
conparative traﬁ.k%%ei hdex amd fl ajre-res| stance perflormande. 5 January| 2005
WO 02/ 02717. |1kcikawd 8 B PET/USQAs/ 21126G¢ Cpntasol iComs r qI  Ekxanpl £&16489401712
LCP50 "B"50 |E'BGwt®'5p "B'5% "IB'5p '®'5p "8"55 "'0B" [W .0% -t ype 4 W
9252540454545 48 %EexTeH c[ wt 0 %4 518000P000 Uv] t ek $MIOJOM2OJ0.0@20. 03®504 Wt %
dass filler]010®BO0O0OD wt %

Glass filler 10 - 10 0- 0 0 0 0 0
wt % ,
Melt visc. © 154 63 109 132 124 - 64 77 30
{Pa.sec) .
Tensile 19470 -} 15100 ] 23540 | 21350 | 21280 | 22390 | 21860 | 19465
Strength (psi) : ' '
Elongation at 1.80 140 1.6 1.305 1.26 1.29 14 1.12
Break{%) -
~ Flex. 23016 | 20760 | 22780 | 23310 | 21280 | 23740 | 23570 | 23650
strength - psi
_ Flex. 2037000 } 1909000 { 1979000 | 2083000 | 2161000 | 2140000 § 2123000 | 2418000

modulus - psi
Notched Izod 1.17 0.80 3.01 433 3.78 5.66 5.82 1.99
Fi-Ibs E
DTUL 290G - 275 269 270 265 264 -
(°C) '
UL9% aging | 110 V-0 |38.6V-0] 233V-0 | 102 V-1 | 52.9V-0 { 51.6 V-0 | 43.4V0 -
48 hrs. /25°C. . C
UL94 —aging | 135V-0 | 44V-0 | 45V-0 §47.7V0 | 444V-0 }41.7V-0] 24.6V0 | 27 V-0
7 days/70°C. 5
CTI {volis) - 250 - - 250 250 225 275 250 -
Disc or Bar

Asis apparent from the foregoing description, the materials prepared and procedures
followed relate only to specific embodiments of the broad invention. While forms of the |
invention have been illustrated and described, modifications can be made without departing
from the spirit and scope of the invention. Accordingly, it is not intended thét the iﬁvention_

be limited thereby.



Melt visc.15463109132124647780 (Pa.sec)

Tensi | €1947015100235402135021280223902186019465 Strength (p%"}anﬁa&%@ I on
at 1. 801. 401. 61. 3051. 261.291.41.12 Br %
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| ongest wherein said electronic or electrical apparatus has a comparative tracking index (CT{)
- rating above 220 volts and a ﬂamma‘blhty rating of V-0 in test UL-94 at a .0625" thickness.

2. The electronic or electrical apparatus of claim 1, wherein said liquid crystalline |
15 polymer (LCP) composition further éompﬁses at least one fluorescent optical brightener:-
having a boiling point of Ty, > Tyy-60C, where Ty, is the melting point of the LCP
having one or more moleues derived from substituted anthracene, stilbene, triazine, thJazole
benzoxazole, coumarin, xanthene, tnazolc oxazole, thiophene or pyrazoline; and

in an amount of greater than 0.005 wt. % based on the total weight percents of a) and
20 b |

3. The electromc or electncal apparatus of claim 1, wherein said non—conductlve filling
agentis a chioride process rutile type titanium dlomde havmg a diameter of about 0.1t090.3
pm. '

25
4. The electronic or electrical apparatus of claim 1, wherein said non-conductive filling
agent is a titanium dioxide pigment with 97% TiO2 and with surface treated with alumina
and an organia substance and having a diameter of about 0.1 to about 0.3 pm.

30 5. The electronic or electrical apparatus of claim 1, wherein said thermotropic liquid
crystalline polymer is a wholly aromatic polyestef comprises repeating units derived from the
group consisting of: ) hydroquinone; if) 4,4'dihydroxybiphenyl (4, 4-biphenol); i)
isophthalic acid; iv) tercphthalic-acid; v} p-hydroxybenzoic acid; vi) 4,4'—dicarboxybiphen§l
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having one or more moieties derived from substituted anthracene, stilbene, triazine, thiazole,

20 benzoxazole, coumarin, xanthene, triazole, oxazole, thiophene or pyrazoline; and
m an amount of greater than 0.005 wt. % based on the total weight percents of a) and
b), '

8. The electronic or electrical apparatus of claim 6, wherein said non-conductive filling
25  agentis a chloride process rutile type titanium dioxide having a diameter of about 0.1 to 0.3

 pm.

9, The electronic or electrical apparatus of claim 6, wherein said non-conductive filling
agent is a titanium dioxide pigment with 97% TiO2 and with surface treated with alumina

30  and an organic substance and having a diameter of about 0.1 fo about 0.3 pm.

10.  The electronic or electrical apparatus of claim 6, wherein said thermotropic liquid

crystalline polymer is a wholly aromatic polyester comprises repeating units derived from the



and sai d apparatus al so conprises an electrical conductor carrying a

vol tage of 200 volts or more. 15 7. The electronic or el ectkigalarg@pgsat us
of claim®6, wherein said |liquid crystalline polyner (LCP) conposition
further compr VE2&%717 east one fluorescent gptical bright enePCTNSSIWS a
boiling point of Tbp > Tm60C, where T,, is the nelting point of the LCP;
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on the tota ica
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chl ori de pr@b@@éﬂmanmﬂbmﬁybe titani um di oxi de having a dlaneter of about 0.
1to 0.3, PM9. The electronic or electrical apparatus of claim6, wherein
sai d non-conductive filling agent is a titaniumdioxide pignent with 97%
Ti @ and with SUI‘HeBd}@;ﬁbﬁle@Eeﬁcﬁfibdlﬁp mlmﬁ(‘d m%m&mmg%a%tmce and
having a di aneter of about 0.1 to out .3 m 10. The electronic or

el ectrical ¥WP&FEO® of claim 6, mhereln saLd thermotropic liquid
crystalline polynmer is a wholly aromatic pol yester conprises repeating
units derived fromthe 5 January 2005 group consisting of:.. i)

hydr oqui nonEZ- i i Thedpgaratds hyrdritedyib claine O yihighis ratéd toicping 2@0 Yaltsior inpre. -
isophthalic acid; iv) terephthalic acid; v) p- hydroxyben20|c acid; vi)
4, 4' - di Car boxybi phenyl (4, 4' bi benzoic aC|d) vViii)

2, 6- napht haj &nediteabpaxil hereditdddn clad 6 WhhdE AXE S cRIPBINOD D wfits B moR!

conbi nati ons thereof WO 02/ 02717 18 PCT/ US01/ 21267 11. The el ectronic or

el ectrical apparatus of -claim®6, wherein said voltage is about 250 volts
or nore. 12. The apparatus as recited in claim6 which is rated to carry
200 volts or nore. 10 13. The apparatus as recited in claim6 which is
rated to carry about 250 volts or nore.



