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In one embodiment, the present invention relates to fibers made from a
composition comprising a long chain branched syndiotactic vinyl aromatic (LCB-SVA)
polymer.

As used herein, the term “syndiotactic” refers to polymers having a

35  stereoregular structure of greater than 90 percent syndiotactic, preferably greater
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25  multifunctional monomer is any compound having more than one olefinic functionality
which can react with a vinyl aromatic monomer under polymerization conditions.
Typically, the multifunctional monomer will contain 2-4 olefinic functionalities and is
represented by formula (1):
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is from 50,000, preferably from 100,000, more preferably from 125,000, and most
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500,000 and most preferably to 350,000. When making fibers from compositions

containing the LCB-SVA polymer, the molecular weight is preferably from 100,000 to
35  350,000.
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i n other non- f er a {lcatlons i ncl udi n E P‘ pr of i

extr usi ons, SralEg Bt WAYRD Q1en Weden efis Hers insohid ﬁtgorbw'trpqhsrrnasemng

- 6- reﬁlﬁé BOth 8¢ eixiedrto rived ptﬂté@ﬂiﬂawt%hrd iafinaid SiMictave| ¥ndlartue

materials. The fiber i nvention can al so be used in

powder coat i ng¥tcles \é’f"'cﬂ ﬁB@B@Slt%“%F &%?bers of the puegant Bepo it tims.
I n one embodi ment Ofl'hé Emcl%%%‘ﬁﬂiétpréééfﬁﬁﬁ/bﬁﬁbn daﬁ%e&yﬁnéw#rumbofﬁehﬁrns Lese S

usedtoforma fibrous base materi al nprisin

pol ymeri ¢ \P'{ PE r &?ﬁ!s JIbEsTom pbryrss; dlloys, Q‘,‘Gfﬁ!i‘ld?é’f hﬁBﬁqf%B?'W%Nthng
resin inpr egnacstﬁ& pdTynﬁé‘r@' or from a hmaerermlséﬂsalFor b%ﬁ%tﬁéhfbreﬁs édrfpd or ned
into a base nater.i, al ven_fabric, aknlttedfabrlc a

nonwoven f abr i OMpined %%@PJ'PP%@ mﬁsemvenmru ingjuding glassfikers, £2ePoRnd spun

bonded f abri csfibarg pBTy&fh%F kétdnéiﬁtﬁaré Dolydher et F(etoh@ Gib6re SEslyditéramidet fibeps, 10
fabrics based on |less-oriented fibers. Such

and crystallini t)}/ rTE)are
fabrics may Poim &rseWBQVVeB’WtPrPﬁWGW@' ﬂhﬂramssphamdenw'%@mu ty of

the thermget téraﬂ»aﬁ@ﬁdﬂ?amlde ﬂbet‘éoﬁ’ﬁﬁﬁd fibe?8, andl dé‘?érﬁib'i‘iﬁel%g@dch B¥rsh@anigec! uded
with the fibers tq i nprove di spersability thereof in a wet-laid

process. Al ter'ﬁ‘&‘?i’\‘f’éwhe f'l??és Pf tbepsesmynwﬂan by apy ggnventional method iBglgdingr esi n
conposi tion, adhiAgligcohfitliots fiBeH HunBRa o nfiig éﬁb?ﬂctﬁrstép?éiﬁbéréﬁrpa wetliaid
desired, optlonal |y I'am nat ed or conpl ex shaped article. The
fibrous base rRIPEASSIPr ¥ MNPiehcl ude other fibrous materials in addition to

the LCB-SVA fi bers. PBﬁéﬁs@&E@ﬁ\af(é %éwSNéb%sﬁa@h%h@hﬁt%@éﬁcﬁ@m@leé to 100
percent b preferably 5 to 100 percent by t he

LB SVA f e sthamromﬁfs ‘el kpown in thé aére@énmclw Rt ipgmpot "ﬂH@F’é‘P :mtyo% to O

percent by weiddihed i N&‘iwd\/@ﬁﬁabﬁé‘Pnﬁbh&Ed Ré!ﬂafén% Séthpler! P%Uced:w exanpl e,
the other fibers can be_selecte rowg? SS ers, carbon bers,

pol yet her ket omé-YausBpsClepspy bipfversitk: RGS: 6&'@@6&%500'58?%%?‘& i mi de
fibers, Rwavah dﬁdasw il pmtéﬂofmmv@@ w@ ﬁénd;tirogﬁﬁ%z

pol yphenyl ene sulfjde fjbers, aromat1 c aram d

fibers, and cehssoriation pidhe Nonyeyers Fahsics "K%Eﬁ'"’!bép'"nmg' melthiewing; $pENPRBCINGR- SVA

fibers by agoni mbmg,ga.ﬂayfih? W Uyirfg, AT aﬁéﬂiﬁhgSﬂlrﬂrﬂbﬂlléﬂnﬂﬁﬂa%ﬁspmﬁlhgr t-cut
staple fibers in e wet

'ai d process for formn ase material. In
a pr ef er'?@&‘ ?m“gréiﬂﬂm‘ﬁﬁ@m P%'gmﬁwgdémg}aéﬁ&r%hsg?n%wsm| nuousl| y
.spi nni ng fi beronding, solOéntBéhdl%\ﬁﬁéch@hlcdlrbbnhﬁhgdsﬁtﬁ waacmgt h mxtures of
gl ass or aram d fi b?rs W t

ber's tional di ents
to i nprove adHAGr m'ﬂ%é’ﬁe?‘f"ﬁbﬁ’%"%m" honging, powd ?’??QFH‘BSE?”W?ESF‘S‘QQ'SUCh
as coupling agﬁmannd @braf?)b@ﬁaihg, faaﬂneb%hamgpr@dtwﬁgrmrasdmaaupwamr@)sheéfal eic
anhydri de dified | ene oxide, or nmleic anhydri de podif g{
ot 2B AT FioR ohribie XN iR XTHSIBN RIS SXyam iy IBYASE RGO MO gt 1
of the hmms‘abbreésawoMngl&ﬁ&momm.ﬁg lé‘?(ﬁnatﬁigcfialﬁl%nf\hﬁ%g gdu@ dant s

I ncl udi ng brom n? yrene brom nat ed sy

vi nyl aromat i ¢ % an traﬁ?fgrnrﬁﬁlgmgr §I?5§|im§ ding ¢pmpound (gglC? processes, bulk

pol yt et r af | uor meding caﬁﬁbotrﬁcv Ekmcpptdeéisste@ atdate/afsumﬁ Qgsisfedsesinerhfstetmoriingiel |

h her
??_ to the 35 the 80 t?o%ta y, t nﬁe { bers, we%onplats or articles of the present invention can be

30 modified with a variety of finishing techniques known in the art including those
described on pages 72-76 of The Nonwoven Fabric Handbook; suifonation, spin
finishing utilizing lubricants, fatty acid esters, polyoxyethylenes, surfactants, flame
retardants, antistatic agents, hydrophilic and or hydrophobic wetting agents, and
softeners.

35 LCB-SVA polymers can also be used in other non-fiber applications including

pipe and profile extrusions, powder coatings such as in powder coating of plain
-6-



Sui t abl e tWé}Wﬁztl ng resins used to formthe prepreg incl BGLUSPRME™ esi ns
known and used previously to formprinted circuit board pre

Especial | y carbpp gteg} PrRthertions. t?'-ﬂéﬂsﬁ(?Be'F‘Wé"Y/\E‘PP'emﬁﬂa‘@p%R?(‘]P%@ﬂ‘l&he
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and vinylester resins. Exanples of suitable 5 epoxy resins tor use

herei n i ncl udefeductionprocess.” Ay pj gl yci dyl ether conpounds consisting of
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by Asahi - Denka) . (O Phenol - novol ound
exanpl e, Dow ng)@ldm\g!@pg@ bonded ap;uE ave prafefred q%l)o thngers increagey) onentatlon

o-cresol - nyol gk Qﬁgié“mﬁE?B&H?é‘t@E td fa%ﬁc@ffa"’sréeldﬁ le@br’l&‘hﬁé‘d o SBuch fabrics may
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t he epoxy resihe é@'ﬁﬂ@%"ﬁ@'|fQ)H“P’QV%mfoiib[r%ﬂddmpéﬁgwbth of thecthermaesgttingyesini n

general, at |eggh ,{TEAI’E@ t mt?ﬂ
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A curing pr orros!@per@ahlltwé grapkinarwatiaid psess. ctarmativaly, hedibprs eay he dispersed
conposi tion @(ﬂggég{ '
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conposi tions usabl eTﬁQrﬂbHﬁg bagéﬁfa?éﬁal may mcldaﬁlo't%‘? flﬂrdTh)FﬁéféﬁaIan é’ddﬂgo?ﬂbnat ed
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t et r abr onobi spReldtB /SVé’nfdJeb‘i sB’KPéQ\’Eﬁd finrapstigse materisdgrearnprisech§ i 100 percent Ry
heat - r esi st ant yidht %?&Brdb@’@l@ﬁdb’é?@erﬁwwldh?%f meﬁf@b SVA fhbe‘ijé si@gfsagode as

the curing agent. Preferred ep oxgl resi ns having n‘grove
¥ i8

resi stance andPg@&eat Meweiohy, araferably 95de P p@wnbbxawe tokatleastpne otiRs YRS ofg
the I®ackba Ay LUsRbR fP:E ott?é? flbers can b(a'slale%?ed' ffomt IaQEﬁb?”&ﬂBoﬁﬁﬂ)&Qt ed
fromthe .group consisting of I dyl ounds consi sting of

reaction produlplether @P%f"@ﬁ"&rﬁﬂéﬁmf \ﬁﬂtelﬁ kﬁen%@waemmemmde fiberssr oduct s
of bi sphenol pﬁl}lﬁﬁldé ﬂBé@'ﬂﬁ&M@%mﬁ oyl Bé‘rgaﬁtﬁ)fbor Oﬁlﬁgg}éblﬂ&é ﬁﬁérs,

corrpounds consli react I on uct s O epl Cc rrn wt
pol ycondensat i arpmaﬂc polm%&l@egs.@faml fipgem ét‘@éefﬁmﬁf@ﬂﬁl Suclyfilefs can be

formal dehyde, Wikdd with the LCB- s(/A'fube@tby' c%ﬁﬁﬁgnﬁ& goﬁﬁﬂ‘eﬁeﬂéé‘r'b%%g ok Frﬁﬂh%

bi sphenol A- and bi sphenol F- P r conpounds,

- 8- 25  short-cut stale r'bsrsan neéfvﬁial%ﬁ@cméfor@mgecémwbasredna@nglpHeﬁm A
bi sphenol F angreferred eﬁwB&&ﬁa’éh@tﬁ’@@b?EQﬁﬂ?'be’%repared by co—contanuEh@lytsBﬁ\HﬁBSfﬁJe?é ng
resin conposition can be conbined with various dil for ease

appl i cati on t o©f HENGWekondy daid iachnigdes wikhmpiteres gt glﬁ%ﬁa@ta"%@ FRerpwith Les-’
SVA fibers. Additional ingredients to improve adhesion between fibers and/or the

thermoset matrix such as coupling agents, for example maleated polymers, including
30 maileic anhydride modified polyphenylene oxide, or maleic anhydride modified

syhdiotactic vinylaromatic polymers, or binders to improve the wet strength of the

base fabric may be used. Additives, such as flame retardants including brominated

polystyrene, brominated syndiotactic vinylaromatic polymers, antimony trioxide, and

polytetrafluoroethylene may be added to the fibrous base material as well as to the
35 thermosetting resin composition.
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| am nati on of . tal to e surfac f the cured prepreg and
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-9- . 20 Klcatingspromoter can be further irkcorporatid lirethe epage rédsirocongposition

aromat i ¢ pol ynBEiob sl AR, AMBRRHEE pidpppmeB il Pl drbsiflg o,

i n the presencsuabfasftriphenyphosphitOarepetecblyaused! ti f uncti onal nononer, 5

based n ; . ! . i ci ent
to o roduce. =SainbH fi¥he FERBh Shot8 RE amiiRys EAk A et g
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vyl arorait i cCapshffkHatoh pRAGHR tavahromotiRRERY A g Hesrondl a TR Ot G €

epichlorohydrin, with a heat-resistant o-cresol-novolak type epoxy resin and

dicyandiamide as the curing agent. Preferred epoxy resins having improved heat
resistance and good metal laminate peel resistance are resins comprising the
reaction products of:

30 (1) at least one member selected from the group consisting of a glycidyl ether
compounds consisting of reaction products of epichlorohydrin with polycondensation
products of bisphenol A with formaldehyde, and a halogenated glycidyl ether
compounds consisting of reaction products of epichlorchydrin with polycondensation
products of halogenated bisphenol A with formaidehyde, with

35 (I) at least one member selected from bisphenol A- and bisphenol F-type

glycidyl ether compounds, and
-8-



backbone. W 9854382 2. The fibers of Cdaiml V\,herei N POEUSISNAE74
aromati c polyner is pol ystyrene. : The fibers of

Caim 1 wherein the iy itlieddt 8RB IHemtRP BB frdm b.sphegombaéggém' i ene-

4. The fibers of _ rern t ers are nent ers. 15
5. An arti clietrabioprabisphgnalife fibers of C aim 1. : The

article of Cdaim5s j ; ' i
medi a. 68 ﬁ*e“%%@%e%@é“&?s@ﬁ?“@ééﬂé“e@?ﬁ% 8'%91?%4. s,
filter media. forease of application to theThaseanateiale For examplenat lagstpae member

article is g pr§é?écfi9%frBHdeegin'égm%t%trylﬁe‘t&{e?&h&éﬁésﬁylé’ﬂaet ﬁ{én@)hsﬁﬂﬂgkét%hég

LCB- SPS poI ymeri c ers and a resin
t her nbsetting retbylracetate.cjndensiglyeol mwomaﬁwl ethere NiNitdimethyiformamide, N,Ns.

The prepreg ac C&iﬁ%‘tﬁl@aée?arﬁh@' rglbt%a}é\a%rn@'e:fhatnBPcatnr}Ferﬁgéﬁe%br}?sxﬁ SohPosition is

conprises an epoxy resin, n, cyanate-ester
bi smal ei mi de- t rimprégrated into them'sa maderiahindny\suiiahle manaet suchzs by spraying,10.

Th
(A & 3?5?&?35? binfigedaRint Alddhi, h ienliat BonfBMY rebfi Brasihion inereon.
bi sphenol The prepoeg may bg €hapastiortfurien avasiified btycdnﬂmmishaping and

cp! Eht or ohyar adltinal components, 66 s BINGEICYE MBI 6/l SATRALI SHIRYE 51 0

the reaction produ coho I ch
are the reacti oadgadyptioeto fihal butmgienol A 30 or hal ogenat ed

bi Sphen0| A Conpoundﬁré%gapya{ﬁe%é?%ﬁ&f‘b hﬂs ng% material to the resin pr esegce

of an acid or alkali oro (O
phenol - novol ak emnnwlmpémndzww to 90/10, preferably franﬁO/aO(hG @5/@spmorepprefexibly

epoxy conp d The prepreg according to Claim8
wherein thgﬁ]l bfrr?)rt'}s"ssé%ssgar%% eri aI 35 conprises a mxture of an aram d or

gl ass fiber and a LCBh&R®rmpobetting resinf mayefurther comprise one or more additional
10 m&redlentsl%uT a_LéAé ng%oﬁb;ngte? OJI@Htcﬁng\% fitfe ftardRhE a RidbIZEE 2 Of

any one of red conposite accdrdin
to daiml2. release agent, & .inorgadnip oi orgauic dillerciine paxrmaesjofca)ﬂqnnngromytmmg

conposi te accor 93!99@]",% pci:br‘ﬂlam, ;lg’d a%ye.

20 The prepreg can also be prepared by impregnating the LCB-SVA fiber base
material with the thermosetting resin composition, drying, and optionally, partially
curing the resulting prepreg, if necessary, by customary procedures. The cured
product results by initiating or completing crosslinking of the thermosetting resin,
generally by heating the prepreg, optionally after further forming or shaping the

25 prepreg into the desired shape. Alternatively the mixture comprising the fibers and
thermosetting resin can be extruded into the desired shape and cured to form the
desired cured prepreg.

A printed circuit board can be prepared by combining a predetermined
number of prepregs, adding a copper foil on the surface of the prepreg or prepreg

30 laminate, and integrally curing the laminate by heating under compression. A metal
circuit layer can also be added by vapor deposition or by subsequent lamination of
the metal layer to the surface of the cured prepreg and etching or machining the
desired circuit design thereon.
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CLAIMS:
1.

AMENDED SHEET

PCT/US98/04674

Fibers made from a composition comprising a long chain branched

syndiotactic vinyl aromatic polymer.

The article of Claim 5 wherein the article is electrostatic charged filter

2. The fibers of Claim 1 wherein the vinyl aromatic polymer is
polystyrene.

3. The fibers of Claim 1 wherein the vinyl aromatic polymer is
polymethylstyrene."

4. The fibers of Claim 1 wherein the fibers are bi-component fibers.

5. An article comprising the fibers of Claim 1.

6.
media.

7. The article of Claim 5 wherein the article is filter media.

8.

The article of Claim 5 wherein the article is a prepreg comprising a

fibrous base material comprising LCB-SPS polymeric fibers and a resin composition

comprising a thermosetting resin impregnated in the base material.

9.

The prepreg according to Claim 8 wherein the thermosetting resin

comprises an epoxy resin, polyimide resin, cyanate-ester resin, bismaleimide-triazine

resin, or a vinylester resin.

10.

The prepreg according to Claim 9 wherem the epoxy comprises:

(A) a diglycidyl ether compound comprising the reaction product of bisphenol
A or halogenated bisphenol A compounds with epichlorohydrin,

(B) a polyglycidylether compound comprising the reaction product of
polyhydric alcohol compounds which are the reaction product of bisphenol A
or halogenated bisphenol A compounds with an alkylene oxide in the
presence of an acid or alkali catalyst, with epichlorohydrin,

(C) a phenol-novolak epoxy compound, or
(D) a o-cresol-novolak epoxy compound.

11.

12.

Claims 8-11.

13.
14,

The prepreg according to Claim 8 wherein the fibrous base material
comprises a mixture of an aramid or glass fiber and a LCB-SPS polymeric fiber.

A composite comprising one or more prepregs of any one of

A cured composite according to Claim 12.

A printed circuit board comprising a composite according to Claim 13.
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