WO 20091058966PCT/US2008/081735 FLAME RETARDED FIBERS AND FILAMENTS AND
PROCESS OF PRODUCTION THEREFOR TECHNICAL FIELD 5[0001] This invention relates to
thermoplastic fibers and filaments, including those where the thermoplastic is a polyester, polyamide,
polyolefin, or ap@sesyiesssdsich are flame-retarded with a brominated styrenigp@yssgss BACKGROUND
10[0002] Although synthetic fiber materials possess a variety of excellent physical and chemical
properties, a common drawb VE&H £ %tEB (it%{ £ ffk%éﬁrr‘élhmh reason such
synthetic fiber materials have tradi @%@ﬁ%ﬁ?ﬁj&g 8@)@5@@% g%ent for flame retardancy.
Examples of finishing treatment metho e oati ing. An obvious
disadvantage of coatings is that they can wear off over time. 15 [0003] Unfortunately, the use of flame
retardant additives in synthetic fiber materiatgECaNi€lt FEnDesirable color development or blooming.
In other word ditives can detrimentally affect the colqr.of the synthetic fiber. hi man
applications, 00 o BToB e Dol R o e e S BB e e,
when blendedtivitihepinthetic lobestratpoigispiflame yetdnd antraddjfivesh 20 derfthie ferandadwithiform
distributions i@%ﬂ%ﬁgg&g@gﬂé%ﬁjﬁ%ylt in nonhomogeneous flame-retarded fibers, which have poor
mechanical properties. The problenis associated with nonhomogeneity are more pronounced for finer
fibers. Specifically, ii the name retardant additive is not completely mixed with the synthetic fiber
material prior to extrusion, the flame retardanpagditiyR ¢andp to agglomerate onto itself, producing
lumps in the extrusion melt, 25clogging the spinneret filters or orifices, or producing weak spots in the
resulting Kbntif99as fifslhersh §M’é3?%§gf§??fe%%¢dl?&% RS RSodn Brdd¥arfiyF prelit ePBiEAaf8ds in which

there will be adrekiefiffasperteiardantadeitivenand thusirecusadilisns tetardanieffectiveness. [0005]
In particular, brominated poI%styrenes have oftentimes been deficient in their color characteristics,

Manufacturerd 8 P SHULE RRHR MRS PERE FHArE SR BRI RIS SIUEMASLEEEE have
available a flafmeftatardant mbiclEwdthplet oofitribiile exoaessivedodos tacthe: pipduaia imathesyise

interfere with color magching. specifications applicable to a given product, Thus in general, the lower
the color of the BLBm ol At BB e LS e /0 JBO0DhsSeEE o L8 081735 whiter
the flamé Jetat@8iRt), thiefbsttertchothever, difhameitingfianddiretardasitstihae drenvirterofterarend up

acting as a whjig, pigment (.18 bt d@@éﬂ{}%ﬁ'%&i %]%q&’.e,ﬁﬁ MRLe Gifigult,as %F&WQ&‘% golor of the
flame retardant must be overcome. [0006] A |t|onafy, relatively few flame retardants work well with

polyamides (nff8HaynadIs e inthragdbecalisbeparpdistidelbare Highnaielthiglichiensovein &6lipig for one

week at 180Cdglg@g§19{t%om%W&ggipaﬂgrgpu%@%;ﬁgend to develop color. [0007] It would be of
considerable advantage if a way of forming more uniform mixtures of flame retardants and

fiber-forming tH99bpfEsthemymebstbisRE s b sy Beiin theitiabréakio Higteis seiis fsiis Yoy be
formed. Bovoulshbeadditianally @dvantaganisdfithedamedOratardants Jsed KHskehInixBaRS
exhibited minimal color development, and at the same time did not act as a white pigment. .
lame-retarded fibers, which have poor mechanical properties. The problems associated with
nonhomogeneily are more pronounced for finer [ibers. Specifically, if the flame retardant
additive is not completely mixed with the synthetic {iber material prior to extrusion, the flame
retardant additive tends to agglomerate onto itsclf, producing lumps in the extrusion melt,
25  clogging the spinncret filters or orifices, or producing weak spots in the resulting continuous
filament. Such agglomerated lumps also necessarily produce other areas in which there will be
a lack of flame retardant additive, and thus reduced flame retardant effectiveness.
[0005] In particular, brominated polystyrenes have oftentimes been deficient in their color
characteristics. Manufacturers of products containing flame retardants generally find it
30 advantageous to have available a flame retardant which will not contribute excessive color to
the products or otherwise interfere with color matching specifications applicable to a given

product. Thus in general, the lower the color of the brominated styrenic polymer (i.e., the



SUMMARY OF THE INVENTION [0008] Polybrominated anionic styrenic polymers are compatible
with, and provide flame 15 retardancy or,at least greater flame resistance to, fiber-forming
thermoplastic polymers. For fibers formed from polyesters, at least at high draw ratios, the rate of
spread of flameyim Afve/fHaess containing the polybrominated anionic styrenig@olysrwsmeasshalf the
speed observed in comparable fibers not containing a flame retardant. Fibers formed from polyamides
had both areater, sieajn pl.Reak.and greaieraralf aLRIeRK WhSN R.RAMARTInAIRd AnIpOIG Ay renic 20
polymer was present in the fiber, a surprising resu\th; In adﬁ?tlon, some of the polyamide fibers
containing a pelybromdinptetirioaiestywgicepoly the fiperforkiad sdeyingalidhitiaes NPIPHLLISOL flame
retardancy test or giiieasiaomadhgr: fermedram polkRieis, those that contained a

polybrominated anionic styrenic polymer self-extinguished, while polyolefin fibers that did not contain a

flame retardantd8R$hot’sdiiienathguakmvndey tensrese e or alpyKbrompriiemEissaRde styrenic
polymer insfibes omed fiemnesie RRIMORIARIERANRe S RRoR IciAL (9003l Rab Areminated
anionic styrenic polymers have fower visce si ties and greater thermal stability than polybrominated
non-anionic stjmlelrrﬂs_ quiymn%awim?mag@tm%mmg@mma@l@mIt_bIending and fiber spinning.
Due to their cogaibility, wifihfiagtsiauming ibeinapiasis Ralvmsss edrtodislianalkrolyRiominated

anionic styrenic polymers at the formation stage 300f fibers and filaments eliminates the need for

laterprocessinglandlatielratarad hproraire thermamiasistardanesy ingdrisd By dnemtithitB orixture of
the polybrominafed fRnienicrivienisy WQ.2Q09/0h8IEHE bl AdSiZ00MP8dV3R.pelynBriMdthne

fiber-forming thermoplastic polymer is expected to be relatively permanent, unlike a coating. [0010]
Further, g8lybr6HHitAYs ¢ SAIBHLCERHSHIEH BIREFS BemBIAIRY 1T YERRVEN, ariiarHheibRGE8%nd thus
result in more harmegrneous filkepssBacause of the greater homogeneity, it 5 is also possible to obtain
finer (thinner) fibers which contain a flame retardant and still retain good mechanical properties. Other
advantages of the greater homogeneity are that the mixtures are far less likely to clog spinneret
orifices, and the produced fibers or filsiidNA RN ORVEHEANVENTHOMIch the flame retardant is
absent. _[0014jy adgiion. poliplpminaied anionic styienic Polumers nae Daen faynd fo, exhibit
10minimal color developrment. In particular, % e use of a poﬁ/ rominated anidnic s]‘?yrenic po]ilymer with
a polyamide enabiémey radudtiohafatel daformatiomcf0012)THeweiniedivablwlssopertipsws. For
polybrominate,2niqpit, SIMBHGAONBRIS ALE PIRSRR SueN ISR e BN caARhef hpanionic
styrenic polymer is 67 wt% or more. Further, these polybrominated anionic styrenic polymers release
minimal amoufResfcRyEiBHe A PSAE thEr I RodeRRINg Eotdiivhd ey erestyreducing
the opportunity. fa,6RFRTIGR-Of AIQLRSSING LAMRMENUIROESH IR POMI PIAcRSHRgHRLrations.
[0013] One embodiment of the invention is a fiber or filament formed from ingredients comprising (a) at
least one polyBFedfinsiath Fhidie SgrerisscilAte At DErFhY RN chRt R RS foPRIRRY thRFMBplastic
polymer. Jihe polybiomingiec-ariome [siyranicrpriyip essaas aammins o somtani aimsitilemssabout 50
wt% and a CPC weiqht ’averaﬁ e molecular weight in th ran%e fab8ut 500q o bq\ﬂg 14315)405%9 ora
UPC weight avSPAYa 18818y AP WaHHT 3F W e tEeals a0 ¥o0 Dot e the fihar S ming thermoplastic
polymer is a palyesteryitheqyodybrboninated nioficestyoenicl polypely isofireséntatlaftame resistant or
flame retardant amount. \WWhen the fiber-forming.th oplastic polymer i lyamide, th
potybromate A I 5a e e L b e BB A R Bt e e
fiber-forming thermopldsticepelyrdertidia palyelediximuishstidne synergistis praseat b tived

polybromjgated, anionic, SHESRIS ROIYMESJS ﬂ%ﬁ%ﬁ@oﬁﬁ%e@:?&%éhﬁ%}f\!&p{ﬂ:%ﬁ_?ﬁé@@% hfment. [0014]
Another embodiment of the invéntion is a process for producing a fiber or filament,
[0009] Polybrominated anionic styrenic polymers have lower viscosities and greater thermal
stabijity than polybrominated non-anionic styrenic polymers, an advantage in processes such as
melt blending and fiber spinning. Due to their compatibility with fiber-forming thermoplastic
polymers, the introduction of polybrominated anionic styrenic polymers at the formation stage
30 of fibers and filaments eliminates the need for later processing to flame retard a fabric, and the

flame retardancy imparted by the intimate mixture of the polybrominated anionic styrenic

o




which process comprises melt spinning (a) at least one fiber-forming thermoplastic polymer, 30and (b)
at least one polybrominated anionic styrenic polymer. The polybrominated anionic styrenic polymer
has a bromine content of at least about 50 wt%, and a (}PC weight average WO
2009/058966 P h/Ad»22034081735 molecular weight in the range of about&99gstesglaeut40,000, or a
GPC weight average molecular weight of at least about 600,000. The fiber-forming thermoplastic
polymer and polybromingted;gnianic stytenic palvmer e n proportions uch that uhen, e
fiber-forming tﬁ)er}/noplas IC po ymerrTllsna pofgleg er, tHe gcrﬂylbrom nated anionic sty?’ nic pofymer is
present in 5 aftdinearesistant or flame retardant amount, when the fiber-forming thermoplastic
polymeris ap ide, 1t PEJ In; nion; eni lymer i ) % of the
Fber o flament ol e A oA
synergist is preshiranindibus stybitomirrcdmnisniowtjitenic Peslgeneriinerpatrd erzasaisomtil s wi% of
the fiber os filament, JAIANLR) Sk RRathen ERBEIRSILA iR VS THiAN is a-MASItRIeRuhich
comprises (a) at least one polybrominated anionic styrenic polymer, and (b) at least one fiber-forming
thermoplastic BORAHSENHERBIFPRSE FoIFBReaHTATL S DMLY S AREDSHIRYEATS RE1EKIPABBET 30 wt%
of said masterpate 1dbaiRabippiatac-arignicss ivemePlymETbas & hramine soniens elat least
about 50 wt%, and a GPC weight average molecular weight in the range of 15 about 5000 to about
40,000, or a Gﬁ@%@iﬁhfcg\}ﬁ?ij@ﬁfﬁiggﬂfﬁr‘W@ﬁfﬂf‘ of at least about 600,000. When the fiber-forming
thermoplastic palymerlisaagobyepiaybtbaipalybamnated-ani onigstysenic poniarms presantin a flame
resistant pga f!%lrlrl].e g?tglorgzl;n a(ﬁr)poou]gletﬁtWIfnen ?}Qec f'ger{fgrrgén?gger %%asgi‘c pcp%rr(l)erciss targt)lg)l amide,
the polybromina{e11 anionic s(fillre i polymeplélaf] dast about 2 Wit Or the fiber Of fiament. When the
fiber-forming tipetynoplastic: ROypulvimerdda podgoieiin catidastoonatioynergist is present and the

po'ybromi”ate?oﬂﬂﬁ’s“i@%%ﬁ&gﬁ%?%%&%ﬁe@% S’fg%}é‘r%{}wﬂ?c%’ﬁi?s%é"é?’y/?eg}cﬁ?&PJR&YS %[ef}l?él‘e%’{‘t [0016]

The flame retardan e polybrom anionic styrenic polymers use this invention, are
brominated styremieypohhsdronpnsferatshy aftho miitvatedtanionrobolgsty et T heseigobibeminated
anionic styrenig, RRIYANGSS NAVE.2 HORING RANISRHR R 1eRSIARNL AR WY s iRAblv At least

about 60 wt%, and more preferably at least about 67 wt%. All wt% and ppm levels in reference to the
polybromlfated 4RTOPEAPENTS PonrtRsisicns Hesdy Brrthe otsinwEig AR tha BlshtriErEa Y renic
polymer, unlessqihenwisgusiaiad (R4 dhassanthatheicembodpneiitsand features of this invention

will be still further apparent from the ensuing description and appended claims. WO

2009/058966PEXR]SSGB8IBRL T EUR PO ER BEFANL EBPBES CRIFPIRTSE Tk INUERPHON [0018]
Without wishing tephieiiounst kysthwepslibisheligveshihat thedowprgleaulan W hREtsobibaber-
polybrominated anionjc styrenic.polymer leads to better compatibility with the fiber-forming polymer,
B ths better LI ATG S M8 e H e oL TRt St A AR i 2
more unifdrm mjxtureoﬁ/_ah]mlrdmﬂtﬁ)mﬁﬁe&&@ﬁlﬂﬂn@ﬁ&ﬂeﬁg&m@w@mﬁ@ﬂﬁnﬂ@qmt _vvishing
to be bound by fheoryyif 15 thaLa ogt g}% 'B?Ebl%?g?bé%&%‘euﬁ%%fch% alseurwelghtRgminated

anionic styrenic polymer minimizes interference on color matching. This is advantageous in that less

pigment need$t8.Beladdbentd e siveraivsdbhieveldsacdmditaer solarolyesikr. Filsard vrenfilaaents of the
invention [001Qlpithe fibers apddiameantsah hanveriaainwich e harmapiastsypalymer is a

polyester, the polybrominated anionic styrenic polymer is generally present in a flame resistant or
flame retardant i BURNG HETE R P OTERRE e ReAYM idte FRet8aIMpFOvaa tHetilicRia) S S Hterflame

times and simifarpiopeHiesswhich aredbetiee han theisame mvapeity Measyuesh dmnafidglaidilament
not containing a flame retardant. Typical flame resistant or flame retardant amounts of a flame

retardant suchP38 A PR/ BrofRIEY AhlGHic S ARRSISIHHRIFSPE Holt P RS B ARG 2 Wtve,
although the amoetit palyher lbwenarhighestasneedsd Jorha paeticuldtapplication. Preferred amounts

of p0|ybr0mmeﬁﬁ‘)qlﬁ nl%rggtﬁgyg?nrggﬁrg%rpgfr t ne m\?eﬁt?(l))r/l%gtaef;rocess for producing a fiber or filament,
which process comprises melt spinning (a) at least one fiber-forming thermoplastic polymer,
30 and (b) at least one polybrominated anionic styrenic polymer. the polybrominated anionic

styrenic polymer has a bromine content of at least about 50 wi%, and a GPC weight average



20 fiber or filament vary with the molecular weight of the polyester, the presence or absence of a
synergist, and the application for which the fiber or filament is intended. Generally, for fibers and
filaments in which the fiber-forming thermoplastic polymer is a polyester, the amount of
polybrominategygnigpigsgbyeenic polymer is no more than about 15 wt%. Mg prabiesablysdhe amount
of polybmminated anionic styrenic polymer in a polyester fiber or filament is no more 25 than about 10
wt%; still more preferred is no more than about 5 wi%. polypromj aniopic styrenic polymer.
Typically, for po yfetg(élf(l-:-dr1 f%%l% talﬁldtféﬁafr‘ﬁnéoﬁtgt?w%f)clﬁ\\I/gv@méo%gr%g ?ﬁ @?A’Fn%,@?&s éxrﬁlﬁ%ﬂn&?%{ce
polybrominatethaleiomic stygenig’ polymiertiouthe (ol st flier-trrfilarpdntrisopteferably iz tesd than the

amount for an I\ fl r filament t | nat be. d 0L TE ine
polybrominate§(%1%:[l‘l)\(]()grllrll%ﬂs%tté/?e%l r%f%ﬁé?j%%%sg g}t& ﬁggigggﬁﬁltgggv%% ogf&gh%@f%gh%g Eji?lgflngél ntﬂav&herf the
fiber-forming thksimoplastiopbiymaes i el yolpahidw! FaoppoRieghaitienfipdysenyyoplymer is present in
2009/058966 P (/S 200810817 35306, {lAmeRssn amawhs 2hRabiaminaias,aRiRYe shuenic polymer

of at least about 2 wt% provide greater flame resistance, such as reduced afqterflame times. Preferred
polyamide fibeP8l%HBifitathieptty FavRs9e A8toat o sNGme paRTHT hiAsRy Wrish e e Atelymer:;
more preferredipgiyamica R apdifilaments haveijrast posuicQw YopRivbigrinatachanionic
Sstyrenic polymer. Typically, flame resistance and flame, retardant amounts of a.flahme %etarl@?nt such
as a polybromi¥AtE AHBHIERIIREATE PRI HUP LA S BUNYS Sy IRUS RSPBIICaIaHE /8P 8 easons,
although the amcuot tarfibe bighemas.needed for a particular application. [0021] When the
fiber-formipg t plastic polymer is a polyolefin,.the polybrominated anionic styrenic polymer is no
more thgrlwgaboTJgtéﬁ?wg}é 0 '&)ﬁtg/ %ﬁ&bgﬁf%%yé)rﬁ ré \éerlgb(i%?hdemﬁ?eg)rﬁ%ur% 5%pb‘¥§/ r%br%lr?‘ tétd anionic
styrenic polymkasin enpapoipbdimifiber omfilamertyisivo poigrecthandaiouttl Bawtoendvidber grefaned fibers
and flaments g PSR NERLINGRRAUAL RLoBlREAMIRakes ANIORIE SSRIC ROVTRT B Polyolefin

fiber or filament is nd more than about wt%. Polyo fin fibers and filaments having no more than
about 15 wt% polybfoptirriteatiduiestyrbhiropdipmérandoidenirsuterifRvkPESRIAACEOBIh as

significantly redyyced Ibafierflame tnesdn semrasisorigpalvaleinavtiny b fiame reigrdant. [0022]
Other ingredients mabg also be present in the fiber or filament. In particular, flame retardant synergists

are often ¥sed?bPik (e ARG R tardafit Syarghs e N8R Beka lE gl Yintderth IR tange of
up to about 12¢yt%0basedaniheatatabmeighteltbs fitisher fiber arfipment s siptedhialare, when

the fiber-forming thermoplastic polymer is a 20 polyolefin, a synergist is present. For&'}%ers and
flaments in wiRLI e SRR BBILSEE BEIGHHR e 4 O STEH G LIS S1et 2 IS AbI R Hlrange of
about 0.5 wt, tétabooing wtUecahtipeatine poirflameatpayaitie syeesgighioraienab yniasanyauecage
partcle of less han, abouls 0. Micton, s preferiad synergist,s ontmenoxide, Eorfibers, and flaments
in which the th? op’las%c porlymer Is a’polyamidé or a po‘fyes er, a synergist Is not necepssary, but is
25 prefer2éd. Awtymenyscoptdyningnsyneaegistsnarey prefierrecdbwiven the the ppioptasticapdlymeniis a
polyester. Depariures fram dhe forsgoing. prapqrtians arsmermizsble:whienever deemed necessary or
desirable underthe particular circumstances at hand, and such departures are within the scope and
contemplation @96l inVieritiore rewilldnés apisreeliseurthatchandptientisicain dghtat paipdroniinated
anionic styrenig, Rolygeh vasies Wit Ahe Rati Rk fibersierming %%&%%&d%ﬁcﬁa%?@%@%mf which it
is intended, any other ingredients present, and the flammability test to be passed. [0023] Preferred
fibers and filan%/éiéﬁ‘é RAYRE TRVBHTGH R HiePRlemaT i e iperaienpoipe et A2 Hb more
than about 15 widh privhrominaied adienic siyrema R PRINOIS Areferably.: UTevaroumt of%
polybrominated anionic styrenic polymer in the polyester fiber or filament is preferably no more than
about 10 wtob. fAOPBPISYEFBISE RIS SrlHAMARE RIS KGO Y TREROPISETR HEMER 1%
polyester also taareveigh o reethamabowut Sywidic pbigisyneargest. dtbsrsandiédaments of the invention in
which the ther stic. polymer is a polyamide preferably have at least about.5 wt%. rominated
anionic styreni@%%l m@??%n&é?fr%mpré?g?aﬁmné s%](fﬁae\/aél}é?ﬁé)asf lastfgﬁ%ri&%nw\?‘ﬁg g? a é@%%%%t.
Preferred fiberspamdrfilanme tits ofsthecideentionrirnwhigpetidedthiermoplastic polymer is a polyolefin
preferably have no more 10than about 10 wt% polybrominated anionic styronic polymer, More
preferably, a fiber or filament in which the thermoplastic polymer is a polyolefin has no more than
about 5 wt% polybrominated anionic styrenic polymer and at least about 0.5 wt% of a monist. 00241
Pursuant to this invention, nylon fiber containing brominated anionic polystyrene was formed, and
illustrates the beneficial qualities imparted to a fiber or filament of the invention. 15'Ibis inventive nylon
fiber had decreased water uptake in comparison to nédat nylon fiber (well- known in the art for its high
water uptake). A result of the decreased water uptake was an increase in fiber stiffness.Further, the
domain size of brominated anionic polystyrene in some nylons is vety small, as measured by scanning
electron microscopy (SEM).




20 I. Fiber-forming thermoplastic polymer [0025] The fiber-forming polymers in the compositions of the
invention are thermoplastic, and include polyesters, polyamides (nylons), polyolefins, amylates, and
mixtures of such thermoplastics. Polyesters and polyamides are preferred types of fiber-forming

thermoplastic bpalymnressd0026] Thermoplastic polyesters, often referredplerasspi/adiadene
terephthalates, are reaction products of a dicarboxylic acid together with a dint and/or a hydroxy

carboxylic acid; the SFUI?PHEE'}%JR ﬁ%ﬁ)ﬁgﬁgﬁw%ﬁﬁwﬁww of such reaction
products. Reactive derivatives of dicarboxylic acids, such as methyl esters or anhydrides, may also be
used. 30Relaté®0¢8poNestarswasidngleradoinalibdithgdnje ndsbolicné thatthotewmeriswopiastieipol esters
with one or Maje QUEEBHMORARHA PAVALS AR AT RAMEALDRA alssealt P WldRSiRR WO
2009/058966PCT/US2008/081735 formihg thermoplastic polymers that can bé used in the
compositions dPtAENheltshH. JobITES Ditartbsadieamerds sl icmesmyaagsaerindina by pmabMof
polyestersynclyde aliphatic dcabawdic aglithhaving2:20arban aters svahas azalaienacic adipic
acid, sebacic acid, and dodecanedicarboxylic acid; alicyclic dicarboxylic acids such as
cyclopentanedEibBRME it s ARGWcarkRai deRBLyn: BeRY aihdsaftratidiic b 8ilic acids
such as terephikalienacichrisophtbalis acidiorihoglithaliciagids Midraxylhenzoaeidr hdiaxsaphthoic
acid, diphenylenehydroxycarhoxylic acid, naphthalene-dicarboxyljc acid, and the like. .Alkyl and/or
oy Subett TGO SE101 G e M i) A1 B B b o G BN BEALAy be cach
used in the forrhedftiheiesteevtorimitgideriadives, such as dimethyl esters. Mixtures 100f two or more
of the foregoing dicarboxylic acids (and/or their ester-forming derivatives) can be used. [0028] Diols
that can be used to form polyesters include, but are not limited to, ethylene glycol, 1,2-propanediol,
1,3-propanedia¥; Kilels ande S riaténlidn 5-pentanediol, neopentyl glycol, 1,6-hexanediol,

1,10-decanedigjygp-Gy Qﬁ%%iajm‘éﬁ?s}/‘c}ﬂﬂéﬁ%ﬁ%ﬂ'in Tnibn 4Rl KepRs RIGALMeyRIgh ex ane,

hydroquinone, resorcinol, catechol , n apth al enedi ol, dihydroxydiphenyl ether, ‘
2,2-bis(4-hydrdRPsHEhYIHPBLAFRENAHE ARSI ARISHIDRBIBHAE SCIATRYY BiSEPBIARBIPSiEhstHtited

derivatives of thegglials.alam Mayba, usede Mixirgs-ahinoimere:efibefergaoieg dialsaliso may be
suitable for use. [0029] The polyester to be used in the present invention also may be a polyester
having a YbbraNEHEING BHISEIThREY tRIRRAFA-HvBIFhS rRiar i BYM HSHRS BARFIGHARMSURT B
trifunctional meperseriimnagditiardaihenahavensamponentsy Regfawad kifuwactiona mosanaers include
trimellitic, trimesic artl_d P rgmellititc _gcit?s, e'ntaer('}{tfgr.itol.ar%d dtrimethyltolprogarle. 0030 bMi)t(ti”eS of two
or more polyesters may be Usett, Bréferied pofyestard Tihis anione styrenic polymer are ahou
inventionarepolyéthykkoetefeptithaldteypb b utyienctarciphihwal atéiigher as needed for a particular
25polycyclohexanedimethanaglterephthalat | yeyvel oh ex aned | meth anol .
terephilater e e A P R A Mlvec i e poyeser
terephthaléite dbdrpolylsntaenatershHibalaleu|[@08dEM ol dikyhdyrsttarBsimirstatembseirs pfoduced by

known methOda§ln§§f§t,f29{d@§@!fﬂmﬁalion for which the fiber or filament is intended. Generally, for fibers

ey

b
2SS

and filaments in which the fiber-forming thermoplastic polymer is a polyester, the amount of
polybrominated anionic styrenic polymer is no more than about 15 wt%. More preferably, the
amount of polybrominated anionic styrenic polymer in a polyester fiber or filament is no more

25  than about 10 wt%; still more preferred is no more than about 5 wt% polybrominated anionic
styrenic polymer. Typically, for polyester fibers and filaments which will be formed into yarns,
the amount of polybrominated anionic styrenic polymer in the polyester fiber or filament is
preferably is less than the amount for an equivalent fiber or filament that will not be formed
into yarns.

30 [0020] The polybrominated anionic styrenic polymer is at least about 2 wt% ol the [iber or

filament when the fiber-forming thermoplastic polymer is a polyamide. For polyamide fibers




Encyclopedia of Polymer Science and Technology, Vol. 11, pages 62-128, John Wiley & Sons, 30Inc.,
copyright 1969; and Kirk-Othmer, Encyclopedia of Chemical Technology, 4th Ed., Vol. 19, pages
609-653, John Wiley & Sons, Inc., copyright 1996. WO 2009/058966PCTfUS2008/081735 [0032] The
polyamide thernynopdastisssdger-forming polymer can be any amorphous andior/pstthsosyaialline,
predominately aliphatic/cycloaliphatic or partially aromatic thermoplastic polyamide. Typically such
e o PIRPHEGEY RoVEAn I RoRlRN NG RN SRR RIRSESERS I iR pep which are
predominately or entirely allpTF'natlc or 8y8ioallljpl)ﬂatlc, or 5 which are partially or entirely aromatic, and
dicarboxylic acity vk lactmBaniivhisiraqereedrainethiy bl enfivaly taliphdtiefora ribalipaatibeisr which
are partially or Gt ARMANC | KREAARIHHSH I (RHIING RRIVATUaS IRchiigsuchglamines as
hexamethylenediannine, tetramethylenediamine, 2,2,4- and 2,4,4-trimethylhexa-methylene-diamine,
diaminobutane? effareirradragufsHdetirdripae g Sblest Eky (bre Fabfdy HRENiRYphaRsHEiamine,
and 10 xylylengliamingyhactamewiinrahleast ShhcarRom.alorag i iha gy e sagidshch
lactams include caprolactam, 4-tert-butylcaprolactam, 2-azac¥$Jclooctanone (enanthalactam), 2-

azacyclononan8ife e RARMERIEH R THBHECHITBISRRATS ATE G LSEA Y SH IR Hridteltar st
aminocarboxylicaacidSaBhchpAshs-aninacaptaieiabisl aonsudaminocpihaxydicappidatiuch as coaminolauric
acid and cu-aminoundgcanojc acid. Typically, the carboxylic acid used are 15 aliphatic or mixed
~aliphatic-arom é:(]cgglcg%oe%y% §%F "sfqrzrée\l/?ﬁd egy° %Srtf%@ il %lﬁrvbse?&%?%\or%ﬁnatjﬁl:ec%oﬁ% ir'[%nenrﬁltzgesduch as
“adipic acid, 2,2de@nst2ehidinityethidaclipiccalcid ahzeldicvatic,f seidsiccadidpdecdirettivhohey/lic acid,

dodecanedicarboxylic acid.. cyclohexanedica qu.clic cid. hex I id, i halic acid
and terer el R M B o o
20[0033] lllustitiveboolyEhvidés Wiichprateyrebliseddndtisupeattions gforsisniniuhidie areosnchf
polyamides asjy, Qf&ﬁim%%emé%?gmb ﬂ?)‘!’(}miﬁnaa %@@W@ﬂ&ﬁ i_RMRRAMhAGRIG acid),

ia S

nylon-6,9, nylon-6,10 (from hex amethylenediaminc and sebacic acid), nylon-6,12, nylon-11 (poly
undecanolactatmyt HylbANe ol hraLR)H ABERAY SRABI L TROTRYIBA- 8188 (5o} (feRalhitmyiraied

adipamide-co-ggprlaaiacni. fshivig Brisnapanatide muensspaticylaitn 25 aramaditipobmiaeddes and
partially aromatic polyamides. Examples of high temperature nylons include nylon-4,6 (from
diaminoblRane SHY RIS IB F PR BRI D R R AR (A A X8 EBR farylamide PA MXD6 from
Solvay, Zytel HiogdATorohuRontdand Amode pelyarylanmide from HRPHAmecolampativery, Fldrer HT] or
ITI2 from Ems-.C%h%mite or Arletr] Epl\éﬁr Iami(ﬁise om MitSltJi ?rﬂGeQest%ar oT frorr110KS ral aéér?u%t er
polyamides wHitH TA%Y BE 86 &8 HAUGE S tals BoR AR GE B HS T BEMY RS- he Boly Athide 6/66
copolymers franmBreily/ Sdlutian podyamide 61 B Qbestdmhict D rsed Grdanovhyyagd sirtitdimpglydmidcs.
[0034] This invgntion is,also applicable to thermoplastic blends or. allqys. of r @)
20091058966&?/%%8@%%1%?618 yg’r‘?rl?uO 6s Wit éhﬁel?bgrgﬁi%‘r%&gg’%é{ e mgtﬁ(%a t %Sfy%érs, such
as, for exaimpleyipolyamidepoiyiolefiprdsiamdsoofibioysd ixmmes ioftchdhantimanpplysinigdyneray also be
used. [0035] Metheds fok Pradusing ROV AIIGS Rl mersAte kKnowrandaesciibedsin the fitgeature.
See, for example, Encyclopedia of Polymer Science and Technology, Vol. 10, pages 460-482, 5John
Wiley & Sons, fifer Edpymnght 2ubaicaBcraik-oieHely BERcYERBTEEa B CHephittat FEBRRBIBYY 4th Ed.,
Vol. 19, pagesien 84 pAabn- Ui & $a8sinifonGopmight i 9649036 1riThRche imaplRbtige
fiber-forming polyolefins include homopolymers and co;l)olymers of olefins such as ethylene,
propylene, 1-bUSHEP RS REFB iRy i el 6T KFet SHIHE IR OSHRFF BN oS include, -
but are nof limjirgeiesdpolyeithylgneniachadingdovisis 1 mofecedarhveighthoatygihylenel polyprapylene,
including low-molecular-weight polypropylepe, ethylene-polypropylene copolymers, ethylene-Il-butene
copolymer, etHRIRECL -HASTERE Sooiira A Sty aRe St RBp e o5 A bus
polyolefins in whicksaly |eadtbipenceint e waightlis fonmes fnoen propyle nelanelalsgpdeemedesuitable
for use in this ipyentign. Sopalimers ALRIOAYERS. el may beyRed  haingkida ceRelymars vith one
or more alpha-oie ins such as et y}ené), 1-butene, 1-pentene, 3- metﬂ)}l- | -butene, and analogous
alpha-olefins. Suitaiepolyblefinnetigolyivmiess insiid e @thmyde nakoinyi thdbeae eopolprsriorming
ethy'en%ﬁethyéﬁ%ma?ﬂ,x'%}ﬁﬁ%ly%?rwﬁ}aylﬁr1§-ﬁtbx&&9rxé@t%&@ps}lym&%t@f@aﬁ:@Hcyliﬁeaud

c

copolymer, etha/lene-vinyl alcohol copolymer, and like ethylene copolymers, and the like.
ammability Lest to be passed.

6




20[0038] Mixtures of two or more of the foregoing olefin polymers and/or copolymers may also be
used. Mixtures of polyolefins with one or more polyamides and/or one or more polyesters can also be
used in the compositions of the invention. [0039] The fiber-forming thermoplastic polymer in this
invention includes acrylics, which are homopolymers and copolymers of unsaturated carboxylic acids
and their alkyl esters such as 25 acrylic acid, methacrylic acid, methylacrylate, methylmethacrylate,
ethyl acrylate, butyl acrylate, ethylene glycol diacrylate, ethylene glycol dimethacrylate, diethylene
glycol diacrylate, diethylene glycol dimethacrylate, tricthykne glycol diacrylate, Methylene glycol
dimethacrylatet 1,3-butylene glycol diacrylatc, 1,3-butylcne glycol dimethacrylate, | ,4-butylene glycol
dimethacrylate, 1.6-hexane glycol diacrylate, 1,6-hexane glycol dimethacrylate, 30 neopentyl glycol
diacrylate, neopentyl glycol dimethacryl ate, trimethylol propane triacrylate, trimethylol propane
trimethacrylate, trim&RyioletivanebtriaetlanertAethglah ethbfe B tRaAEAPAR t¥tramethylol methane
triacrylate, tetramethylghbimnsthanetetraacrylaté wohyidybmiv@d 2008¢/06886 6RET 1w82008/081735
acrylate, glycidyl mQ&hﬁﬁﬁwaﬁeaxﬂmhydwa(wmwaa@ﬁylﬁtes@faﬂic%dwdmxmephiyksmenhaerylate and the like,

and vinyl esters of saigwe@@%%a hvlic,Acide.sel as vl acetals, MovLiuiiraleand the like

Mixtures of two I|c h mop mers and co ol}/mers maqe from Joregomg monomers
ll elmop al th g er 1S a Ol ester ¢ no-moge than a Ollt
may be used. 5[ 048 I or-allo one ore acrylics with one or more of “the other types of

thermoplastic fiber- fé‘/ﬁ?ﬁﬁb B‘Bﬂfrﬁ@r e ainty ﬁ‘ﬁﬁi%’é’t&m%‘ﬁo PR BREIBIS polyolefin, may also
be used. 2. PolybrontirtéthuitienidspuémcpolymérdofotdtdiAnpohdsronmited 2ahionic styrenic
polymer is an anionigcgtyenigypolynernthai has hren breminatedesuetritaatitteaaeomine content of the

polymer is at least ahitRQ%R @flmm&@mmalpﬁeﬁ@pwpaydeﬁpﬁg% R0 Wi%xand more preferably
at least about 6?0 t?{aof he P9 ? er Theapg }/bromlnatedO nlonﬁost [ mghpglyme)r functions as a

an, about 1 ybromin momc styrenic polymer
flame retardant in the fiber and filament compositions of the |nvent|on Moreover the brominated

styrenic polymers 155 Pé‘fé\yaisivfﬁﬁéawﬁl%iféa%%hﬁ&PﬁWéM%Sﬁ‘éé‘}"ﬂe By fRthis"Avention possess
certain additional imp&HAREHIOPERiRYEre RAraetErstes: THese Hopféresest characteristics pertain to
such factors as therifahistabslity: weiyidowisAbtoldrevatues heasaredhusipghifad¥ssolutions in
chlorobentene, desirahle melt.fewsindicas adesimlle LRENURbHAVENage: malaesular weights, and
total chlorine copfent{i nf'agy)eEﬁ&fﬁgg?ﬁ&fe&ymemanﬁmﬁm&ﬁuelw@m@ Qxl}‘@éﬁ(\%lhaVe 20 melt flow

indices in the range ¢ of abo t min, tto a outAl F?{ 0 min. at N tage g in in the Melt Flow Index
Test as described herelirlﬁelﬁ‘ieerf1 orleS 1 “e'argb‘if/aliﬂe 18kt flow int éa'ef(seisvi'n range "of about 1 g/10 min.
to about 11 g/10 m|ﬁ“‘ﬁi‘S?2‘(5@‘“12“?861&1w e SR St ‘Iﬁ&é‘%‘*@%ﬁ%@‘&l@%ﬁﬁéﬂ hereinafter. [0042]
The above polybroniiptet enivwizssareniecpotymerugaddaythidcireent®ids 25 preferably a
hrominated anionic polystyrene. A particularly preferred polybrominated anionic polystyrene is a
polybrominated,gnionic polystyrene having a typical bromine content of approximately 68 wt% formed
from anionic polysty{epb j]'m%p 199%0}“ lcpozaulable from a Albemarle Corporation under the trade
designation SAYTEX H f ﬁromlnated anionic polystyrenes and their preparation are
described for examrﬁ?gz?ﬁ Ghéﬁtérg‘?’i”’?ﬁ%ly%?h8&‘@@%‘6?@5%{ Y8 yHe WirHor 75645, published
September 19, 2002 4#eRMs. Bl CAEERRIC IO PIBLBIsfited! reagus 2602 s'WO

2009/058966P CT/US2008/08 173b:8:stBitysemcipalyntenteactantder-foo4d)Styrgwmic polymers which
are brominated 1o foimnthe polybrominated anionic styrenic polymers of this invention are

homopolymers and &%?lm%?pﬁ@t Ip(}ﬂre@trps f:fg gegplgﬁggp&)walkylene terephthalates, are reaction
producté of adicarboxylic acid together with a diol and/or a hydroxy carboxylic acid; the self-

condensation of a hydroxy carboxylic acid; or mixtures of such reaction products. Reactive

derivatives of dicarboxylic acids, such as methyl esters or anhydrides, may also be used.

30 Related copolyesters and blends, including blends of one or more thermoplastic polyesters with

one or more other thermoplastic polymers such as polycarbonates, are included as fiber-




5Preferred vinyl aromatic monomers have the formula: H2C=CR-Ar wherein R is a hydrogen atom or
an alkyl group having from 1 to 4 carbon atoms and Ar is an aromatic group (including alkyl-ring
substituted aromatic groups) of from 6 to 10 carbon atoms. Examples of such monomers are styrene,
alpha-methylstyriepgopekgsmethylstyrene, 10meta-methylstyrene,pant-meplaT/Us2008/081735
ylstyrene,para-ethylstyrene,isopropenyltoluene, vinylnaphthalene, is opropenylnaphthalene,

vy bipheny!. vinRTNasERR. e dimelovshas e, el ARG mEISERe  RigRYsbrene,
tert-butylstyrone, t &several Brompos¥yrenes such as the mono rgmo-, ibromo-, and tribromo-
variants). The H@AThtiDicoristittierigdsfithsntenbeneeartbedoatkyl supstithestrbicindnogthesises, will
not be so 15 sybstituta. SHYFEDIGLONTBSES AR A £X2MRIEROMAHESRR: RANR-BAtYIstyrene,

polyvinyltoluene, styréne-a-methylstyrene copolymers and the like. Polystyrene is the preferred anionic
styrenic polymeéedssanedichid polbrediititediamieniostirasic pomesys chetianBlieseb st of a

copolymersof tyo ) IBRER MM ARMARG ML RAMEES dhidRIS RN AL thalsivrne be et 4br,
monomers and that styrene comprise at least 50 weight percent of the 20 copolymerizable vinyl

aromatic mondifBRES BFinoSlraRabioly#hidr id BRI F8iCoriitn ity PBRE A G Erominated
anionic styrenigipolyyneenueokjiabbrgmastyranit pelreerdausk flaveia, lowearbiamiaeycantent than the

bromine content to be present in the brominated styrenic ]oolglmerdofqtpis i ver]tt)ioni.ln this connection,
the terms "brofivAel SHPERIFAIGHES P BIsihissied e raie’ ARe orsHiRaYaq Shiom
polystyrene" abcusen ireib thefspeoffibaitiostarfdrinithel ofamrischenebfasafendthd briemindtedpsolymer
produced, By brom, ingion.ofaRiesexising shsnieRAMEL SHEA S RalEMANG o5 A oRslymer of
styrene and at least one other wnyFéromatlc mo?;omer, as distinguished from &n oligomer or polymer
produced by oligosaérization or polymerization of one or more brominated styrenic monomers, the
properties of thgjlatiergligomers,erpolnesshaing sensiderahl differeot fomsRraminaiggtA0anionic

polystyrene in a number of respects. [0044] The styrenic polymers used in the production of the

brominated sty polypretenagicl. 2od9ros8gesRCTisoobrsl Py iarid hre Use s $iaine
retardants in this, enuaRAre RiRduseddpy aniarisalydnitiatec ppbimezation.cRasnbkscRat, No.s
5,902,865, 5,717,040, 4,883,846, and 4,442,273 for descriptions of methods for anionic polymerization
of vinyl afomati¢rRERBHHREENNRYSIRIGAR IS thvdreasiidific FONiHBAL atiticorbryarfeltitithers has
very high monemﬁn@gwg{&i@neuﬁz@adzadﬁwasfmﬂpnmmeﬁgwaacpmwpa&megp%elpoolysr:yrene
used to produce the bromipated gnionic polystyrenes of this invention will typically have a M within the
range ofpfrom ﬁ%‘éhh‘ta%éf 1’[%%%35%&56{)(5%%@%580?5 5 |§%%C}Z%1§/av%ﬁﬁ?ﬁytﬁ{éursg§g@o f%shq%é\fVPe%ét about 1
to about 4. It isrdesitithleftocgonduit ihd doromyinationldé thewstyrenic polymer using anionic styrenic

polymers suc iopic palystyrene having GPC weight average molecular weights 10in the range of
about 500 to a %?qg%ﬁog&p%@%ra%lyeiH%‘%%%%B%Sfeg%gdf i%%atgoa%%)ﬁtg ?LS%%%Q Saﬁtﬁ more dpreferably
in the rarie ohabwh@@@mlaﬁgﬂsm:e[wbﬁzﬁ]isﬂpmm%ta/rissipeefefrh@t_l‘ provessiforipregisiag anionic
styrenic polymgrs, desqribadimare Mbai v SofRRleMo: BRAGI B4R IR AviRiror 205 aNd
incorporated herein by reference, comprises: 15A)charging a liquid saturated hydrocarbon diluent and
an ether proméigieifites diigietornd ol e Byeitids PEPEPoNIhY 4 SHGFaEdPRRRScarbon solution of
org,anolithiumgigfoniie.{ee FeagtohINRAR Q{0 RrQvide pdheranarof AUl thahgut 10
mol% of 20 organolithium initiator based on the total amount of a styrenic monomer to be added
followed by (ii) R&"E8RtrolldCadditoh eh e Sty redfERiSfer sudif it iHEtemp&isiieaiithe

resultant eactqimeyiitues issnaintaingd at or belewpabou:85C; or 2) ganeukenrtiyteraing.geparate
feeds of (i) a styrenic monomer and (ii) a saturated %5 h droqarg n solutiop of organolithium initiator
into the reactol k8 F&& lﬁﬁhglﬂ?é‘?ntﬁfﬁjedpg[yﬁﬁfgg 1%‘?/ vigER ]F%t‘hl%t%ddit]i(zl)(r)f%f I amounit of
organolithium iritiatbylimt¢hedpingd 0f abpitljbioyabeuttphmel#ebased on the total amount of styrenic
monomer to b fiedFt e temperature, of the resultant ea%t'g)r](mixture being §0n}aintaine?l at or
peton about SE ) PG L e Bh R S CoRc R n BB SETRIRRES
Encyclopedia of Polymer Science and Technology, Vol. 11, pages 62-128, John Wiley & Sons,

30 Inc., copyright 1969; and Kirk-Othmer, Encyclopedia of Chemical Technology, 4th Ed., Vol.
19, pages 609-653, John Wiley & Sons, Inc., copyright 1996.




(). WO 20091058966PCT1US20081081735 A more preferred process is a batch process in which
cyclohexane and an ether promoter are charged into a reactor, and then about 1 percent of the total
amount of styrene monomer is prefed to the reactor, and then separate feeds of (i) the remaining
styrene monom&s ajaeldduagssaturated hydrocarbon solution of organolithimyriniitesese soncurrently
fed into the reactor. 5 This batch process is carried out so as to form an anionic styrcnic polymer

having a polyd; ity jndex of about 1.2 or less, The styrenic monomer in this process / be any
anionically pol ﬁgﬁaﬁfg §t03)/f é%]@rﬁ%%%nr%%ﬁs%%becég%né}é\%g%?ygbb%%ercagfg)/',dtlﬁ(ceg tfﬁlesnﬂrégrﬁﬁ?)nomer
consists essentially ofystyterep{@R46h Ak liphdisatyratéohydrocemioydileentintthispplaitalarly
preferred proc .10 ing anioni enis . ' [ \ iphatic
i crocarbon. QF B S e oAl The
saturated hydrpeaebisn pratetablipeontimhsiin prsleanppicdt abuurd telibett 2PwaldiRtéme in the
molecule, and hig.pliphatichytrocacheripay.kedineaioneiansiad. Mag-limiingexampies.ef suitable
aliphatic hydrocarbons include pentane, isopentane, hexane, 2-methylpentane, octane, 15

2,2, 4-trimethy | PEAAHEHRECHSEURY, MR AsrEAPAYPRAC iU S h i REse By Br SR RBOH 98"8e or more
liquid saturatedigygloaliphaticsbydrasatinonsanitaklmaon: initing-axamnpiesafsnutmeyalaakphatic
hydrocarbons arc cyclopentane, meth yl cycl ()pentane , cyclohexane, methylcyclohexane,
cycloheptanc, '8 ge ﬁ?ﬁ%ﬁ%%&%ﬁgj ixi%‘fg%fﬂﬁ%%’f ﬁ’é@i%ﬁf&ﬁ‘ﬁ‘ﬂ%ﬂ?&%’, (\?/ﬁ{ﬁ”(’:?/c‘f(t) {&xane
being particulatlynpiref@etbas<iheditjunid, séituraietQyiesahhopadiduend. i2QH0G4¢lkénetherdpromoter
in this particularly preferred process for. preparing anionic styrenic polymers may be a saturated
aliphatic (E)t(:) cyé%ygﬁjp e§ ?‘én}ﬁ]gn%%?ﬁ%nﬁ Vélsa%? rbg%esgxa‘ffg%%l%iﬁ%}gl%?c%%ﬁx atic diet %rs %Ler}]j%&é%smatic
ether. 'thus, nonclimditingrexbipies @ttsuhaﬁleaethéﬂprmmbt‘ér@yw@}d@t@ﬁahy@lmimkam‘c}lmetﬁyl _
tert-butyl ether, gl JesEol &P ladtyh AIXANREIMEIRRAYE ARG REROXYRENZERG; ANg Ehe like.
The ether promoter is preferably a satdrated 25 cyclic or acyclic monoether having in the range of 4 to
about 8 carboriEtBRY HHHE RO CURR. M ErENBRSANFAII P e IO ABEIAEY P ekt e SFGPa (Bometimes

also referred tQ,hgkginas adillnd MetYbiBliaOYdohiRN ofdiasihideiakydrefdean ugdaamixture of
any two or more of these. Tetrahydrofuran is particularly preterred. In another particularly preferred

embodimEht of fRE N TSRS R foR TRt oS LK Atidiy o H &k Sy PR By 1e e S uitable
alkyl 30tert-butybgthrrsdngludeaisa@s lineapandibranchedchain alkykigridpitydathersl suahias, e.g.,

methyl tert-butyl ether (sometimes also referred fo herein as "MTBE") and ethyl tert-butyl WO
0051058966P EFISATLEIG T 06 RN o S B e et DRt Rrekiired. 1 i
desirable to useidrhethbydhatiphlidisdcihdepthieteactibmd oncitions deing Uspdy{0048) fTive
organolithium initiator ma ne of many lithium-containing hydrocarbons. Suitable non-limiting
examples inclj%eellﬁ?l{ﬁﬂ%%ﬁﬁ%%ngt “yfﬁt?ﬂu%‘?? %arnsag%?nt[))ﬁtlfﬁgﬁiium, 5 isopropy! lithium,
cyclohexylithiyopsy Phemdithipyinsluding erxdyas atdhe foregainge BRMLYIthike 20d such
sec-butyllithium are (rlefer‘red, with nibut ]Iilthium beigé;l ?\iﬁlfcul '3’ Ereﬁ “i?di Jhhe or fw%.ifhjum
initiator is used TV SBTIHEOR WA BAYHRE APy B SR WA IS B R SaHE B difteteRt From the
liquid saturatedc)dngarbdnngiment,Obiibis Ipreferdili¢ibdwantand Of0849 crbefeltlitg 2 pdrtion of the
styrenic monomger ig,not raguirsidanall vagations ofghinpayticularly Prefered processdosRieparing
anionic styrenic polymers, but is preferred because it apgears to reduce the likelihood of reaction
between the em@rygiﬁ*a&ﬁaﬁél?yém tHP RO AR AP RSB B tR SR RE YA Mer which
is prefed zan \Labynabutmimil@ewﬂhlperahlwrﬂammﬁmhxyjiwigmamfmhe@t@hamqmnnmﬁth@s‘syrenic _
monomer 10 be, et SR IR AMLING ERCURR [ RS0 MAINIAIRGHID R A eferably in

the range of atl)ou‘t | to'about 10 m more preferably about 2 to about 5 rnol%, and most
preferably in tH&cfangiefabiin 24 HEbSueB Moo otghhblthilitiinltiisrbased dmHe total
amount of the styyaRiermanesie BFONBRLYVhERPERAINUINE TEacEMSfogether iméhis: parigekarly
preferred process for 20 preparjng anionic styrepic polymers, qone should use the minimum feed times
while at the safie’ ?ﬁ%%mrhdgrf %il}nlkr?gﬁ the' 'ierﬁrbeé)ﬁ%ﬁ%f%%%%]ufé%ﬁio%@nﬁ& uréno efg‘ﬁ@? ?Hga about 55C.
For examidle, asedsealedof @bautpe|000ilsiofistyrdieMedddine fobdurads 6f(the mgameritiiom feed is

preferably abogt,¢ @, RQUE 0. iLERS. MQEE-REEFEFARIYRDAKL » RWES /pdiihe sene co-feed
should be effected in no more than about 2 hours, and more preferably within abqut 90 25 minutes or

less, measure St iniBHBYCBH R iy PRV FRIHAHE HEHEtha9EmMEH e Hty! ether,
at the foregoing scale, the styrene monomer co-feed preferably continues for a period of time not
exceeding about 5 hours measured from initiation of $he concurrent feeds. [0051] The reactor used
in this particularly preferred process for preparing anionic styrenic 30polymers is typically equipped
with a overhead heat exchanger. The process may be conducted at sub-atmospheric, atmospheric or
super-atmospheric pressure. However, it is preferred to




WO 2009/058966PCT/US2008/081735 carry out the reaction at a reduced pressure, e.g., in the range
from about 0.1 to about 0.7 atmospheres, so that the solvent is refluxed thereby providing consequent
evaporative cooling of the highly exothermic reaction, The process is preferably conducted in the
absence of oxyggngbldgesie process should be carried out under an inerpaiRRspiRESSsCh as, e.g.,
5 nitrogen or argon. The reaction system should be essentially anhydrous. By this is meant that small
amounts of water insufficient to destroy the organolithi um catalyst can be tolerated, but from a
practical standp@iatnites redittionoeqeirsmént Gauneaetispehintere sshbatdpeckapplaspdtyanddeasonably
practicable. [0Q32L I (BHRREEAINS, Of Ui (RSUYERIJ BARHNE fRidHiRNhisRarbeylady preferred

process 10 for preparing anionic styrenic polymers is maintained at or below the specified
temperature O]{(g(baéjlt BACEROLS, AR RIGHIR PABEHBIYC RO BREHSIE THB PELLEST IR NWAILS S ction is
conducted can &&,éqmﬂmuepﬂwﬁh@d@wmawmimd&mk endFarigelogitval plimpascitidié8op. The
heat exchangey.{izelf; Gan | eﬁgk‘%)"ﬂl‘é? W AR SePRM. B:Hmd gbé%%l%?!z‘?z%fpéﬁzﬁfz?my’ the

reaction mixture is maintained at a temperature in the range of about 25C to 15about 50C. After the
feeds are termifaféaiome tddédory ‘Pﬁiiﬁﬂ@%?b%%?% H%l}a &f}{%‘gfe‘é{?ﬁoﬁqeﬁi’pb’él?%r@%’r about 5-10
minutes, e.g., &Rl erhptolrig epsetrdiBr3000i80DY 1B BF StphelsibameRviat g trMeetitacting the
reaction mixturg witf,aB.emeunhafiwalernyibieh i deibe [anaeof akeuicl 2 teabatidddnales of

water, and preferably about 1.25 to about 5 moles of water per mole of organolithium originally
charged, to qu¥ichithe PEEERONYAIEMS APRLYHSNREE He M cdRiiehitivig)y BV -ogivdisarinarty
preferrediprocasseialprepanng BaiNG S HEPIoHUyRsand ermmMoREORUSHG Walkghopubstantially all
of the resultant %%gm_er s characterized 1bé‘having;ho e of ifts end groups terminated by a profon (i.e., a
hydrogen aton). Resulting THRIUM hy drSkide Salt AYUrats s Separatdd Hom the polymer solution by
washing the reactdymarixture aNifhewatesconeferplilyniera 7:1 organic:aqueous 25 weight ratio
(accounting fo r greviously added). The aqueous phase which results i parated and the
polymer-co ntalfrq/}\‘r?g?orgraallrﬂll%ups)ﬁgiggﬁjglase%\?o‘ivatllfgg%@ﬁoafsﬁg et CglrlYL\){) O\Wné?‘?e]? létr% %gﬁjfiglt%gl ﬁVﬁggarbon.
Devolatizationaaal fsedeemid dupiabin fanvariatyhof wearsiomcleriiplyforsextanmpidehy hperhrsatingdthe mixture
in a heat eChangRl.and RMING NI 3 NAbeARE cRIuG.Lhder FABAtions SHEN thath e fesidual
solvent and promoter are less than 0.5% by 30weight of the isolated polymer existing at the bottom of
the column. THESHRYHATHINE poRhernARs et he-aistbived irfRlsunaBresivangigrs include
broMochloromgihiane. fofy sirage- APOthes:, WR RAOHCBEREERLH LS 2008401 7 3i yway-eftgrminating
the reaction is to employ a lower alkyl halide, typically an alkyl chloride or an alkyl bromide, having in
the range of 1 1 HBGICBLENSET OIS TYE DI DIV dfe raE e T HAK FBPhiSHBR B B renie
polymer substsirtiathyrhofpbighdiaaangefiis end groups terminated by an alkyl group rather than a
proton. When psing an alkyl halide to 5 terminate the.reaction, a stoichigmetric amount, relative to the
organoitfilm, IRt M Ey 0 K et 1% it LA T OB e (@ PR BEGR prodct
can remain substandiaMianhydriusysikfesnetvaterosnaeddlgumidgs praduction: [@0s3joTket@mount of
saturated hydrga%aarllggrp)edlillsl_é%n;[1 %gledcgltgeors romo ﬁeelrlgl\plgtygd in this particularly preferred process for
preparing anionic styrenic po]Iymers mpay vary, but pre eragly 10 is sufficient in the aggregate to
cause the resuR8#fIredbtidrivaniciuragdsheontalasabpelyBaombout ZovetEIcandsmoytiqsrefacably about 40
to about 0 Wi, Rl sHR0IC RRIVGHHRANITRIRGHRA O e SRYIRNR IREhdNARd] heamber average
molecular weight of thé anionic styrenic polymei product made in accordance with this particularly
preferred?proce&yliorisieparHy amisnic sty renity peiyitier snabsdaatirayl et WY prerekashPHlin the
range of Mn 1QQQite-akauidn 18,0904ikhe1aRioRig,RiyEeBiGROIMMRIHRHNE RIRIHESH injacaordance
with this particularly preferred process typically will have a polydispersity which is about 1.5 or less,
and preferablyi@%Hal5t $1915198s&l56! .‘@?HWﬁWé‘ffSnt%?taﬁP%{ﬁi§M%°§t§?§¥ﬁ]é]tﬁo]9ﬁﬁ%’f]‘fﬁ%)§§f@enerally,
a suitable process decBiaminationkha Syt MRROMELEYINY ises fercing @ymixtuenafnemine and
a solution of bromachloromethane and polystyrene (2.5 to 5 mqles of bromine per mole of polymerized
styrene in the %?6/ S/gs]t}};‘rlénneé to )é%r%act ic%é'r%{fgirﬁﬁéoé dft‘h‘@lra}iemggfﬁf%xfl B‘Fogn]%cqr%lc?rlglﬁ}?]e‘ i ir‘i%z and a
catalytic atnoumntoptRICA3c dhigannxiurerafp@bypolystytnethbeorog hitonotndthangardrbroptine is
substantially fig,of o Bromigation saiavet, e Bhtass, ubsiantialy f1es.ofd Raminalpn,catalyst
is to be taken to mean less than a cata ytlgai'ly’e fectlvé’ amount of cata yst.’V\}it'h SUCh low amounts of
catalyst, little drimotbataiyre dbrominationcdraoeossstinikinte shoolely bt ownth Ge teraltyy such yerdpunts will
be less than 500 ppm based on the weight of polystyrene reactant present. The reaction temperature
will be 30within the range of from about -10C to abouf15C. Preferably, the reaction is conducted at

one or more temperatures in the range of about -10C to about 10C as this provides product




WO 20091058966PCT1US20081081735 of the highest quality and, surprisingly, the reaction itself
proceeds at a suitably rapid rate at these low temperatures such that the process meets commercial
production requirements. After the reaction mass is formed, it is usually maintained at reaction
temperature fogg RRYMSkIGsthe range of about 5 minutes to 2 hours, and ppefeiabldadhgsrange of
about 5 minutes to about 60 5 minutes. After this period, the reaction product is worked up by adding
water and then seftling to.remove the acidic phase., Multiple wat shes be performed as
desiren. Next 158 1Eaclon T e T R e R SR B e
and/or sodiumthohhydridenylsuelly dsamacliesbexstiudinds tachdjust the reaction pH to a suitable
level of basicity,3nd KILANY (RIRKING RIQMINANAC apRnt AGese iealnshls s Jaaglion mass is
10 settled to obtain"a two-phase reaction mass containing an organic phase; whic con ains, as a
solute, the bromihettee wogreniedsdiymérpiadgsnanemnaiusansepliade. The aqueous phase is
decanted and fhe,5eMaiBHAY Graapis BRaRE &5 siiRRR AL ARNRILEABROREM. iR Mmastcanvenient
to accomplish this strip by pumping the organic phase into boiling water. As the solvent is flashed off,
the brominatedstiielic s fieP RO 815Hs A eEipftattyerie s preddsitati e am HedetBvered by
any liquid-solidrgeparatiomtachnique, e.g., filtration, centrifugation, etc. The recovered precipitate is
then dried. If desired, especially in the case of free-radical polystyrenes, a thermal stabilizing amount
of base can be incorporated in the finished hrominated anionic polystyrene composition. [0056] The
catalyst used in. thepreferedninoessscamboanyef the aluminum based catalysts, 20 e.g., A103,
AlBrj andl,él. ng#fs falugr]inumtcgtalysts can also be used, Once .thet catalyst1 has neen added to
the reaction s’\)L em, it My undergs s6me reddtion without Significant 1085 of chtaiytic adivity, e.g., A
IC13 may convert to somece xtehttbot B HBoAIEC I3 lvecalbe wilimavaialediyabod foiseZisitte catalyst
of choice, and er grad IS Mmost preferre e to ] e of di sibilit 71 The
catalyst is useéJO ?l%ll\{%ﬁ i%%ﬁ%%/]%?& sltsaégﬁ%gr@ E%’ Sg%a%%&t%gl%%{g@%g%?%gtgﬁﬁg L}tgé'lt' Oggégc?atalytic
amounts will degemeror the dxkivinyidith endanidysiranig oty generstipna s thmeretaedigeintlicom about
0.2 to about 1%%?5%@?@%@9(@&%%9&%@%%YW@}M(‘;h?W&%&ﬁﬁ(@@oﬂﬁwé@s&%@ﬁ%%ﬁé’e@ht |
percent, based on the weight of the styrenic polymer being brominated. The most active catalysts will

be used itPthe BHEREMBAEIAGA RSB RAXSIORINVESELLAILtdnKAm RN Beey shet B RisfEHdHounts.
When A103is thsatalysbpamersts witie ihe-cange of froperagost thiriaahaul aneight pergent are
preferred. WO 2009/058966PCT/1JS2008/081735 100581 The brominating agent is preferably
bromine. Brom it Sal B Borvitheldiamy if e WS MEarRT 87 8ar a HRserated by the
oxidation of HBi#ilEBsR:cambesuppkentrither iasieciiquit-one(Pasnibie amon oblocorminatimg agent
used in the process should provide an overgll mole ratio, of total brominating agent to total styrenic
potymer fed whR I e s A Ao Bl B R R Gy omomer
unit in the(polymarildisngiefeirett thas dloe droniinatad aniomiehpotystyrehaiaomtzin At/ ask aout 60
wt% bromine, more preferably at least about 67 wt% bromine, and maost preferably at least about 68
wio6 bromine. PONT BAFIENTA, SR LSS tHE EbUFE BTG AN A Ot 664 T
process will bendeiarmbnesbyithe braminecantent/desitedconsideringihm Rghast braming.content
which is 10 obtainable with the process parameters chosen. It is pointed out that as perbromination is
approached, it 58S HES et dGRfelf to substitute the last bromines. Adding ever larger amounts of a
brominating agemf2doasnabalwaysatienmales this ciificsiynitheostaichiometiy isieasilyndetermined, as
it requireg one mole of .Br2 £_er §ubstitu.tion]sotth%ht. In#)ra,ctiﬁ:e the gracﬂ;itioner will determine the
bromine t%nte‘ﬁfs%ﬂ’ghfl P WA RS ANEPHER Wik T WATB RERE 5K B YBoAHDaY HALL She
number of molesysfybraninatingyagernhnetdedie gpbiainythe Javiey Raygxantpteyidhemseyresiic polymer
is polystyrene and the bromine content sought is.68 wit%, at least.2.7 moles of bromi o1 styrenic
monomer et B0 Farnan gt [ ke e S R e
foregoing desotibesdine Qygrmadguaniitative ralationshipdbetweenithe B0-boominaingageat-and
styrenie polymer, the quantitative relationship between these two reactants in the feed mixture has not
been fully disciiseed PE BNy AfddheibriaRAEEHIIS des b ee doiserarniddifrbm- &bvdt /1 4owpslit 8 moles
of brominglingrageat,PRY. S0k WisHeMe I ANAMEEYRisahany simenduring tkedsssresirdo During the
feed, the quantitative relationship can be constant or can vary within the above-mentioned range. (It is
possible to 25 Yot B astirsish42outside of the range so long as such does not do significant
harm to the process efficiency or to product quality.) A preferred range is from about 2.5 to about 5
moles of brominating agent per mole of styrenic moddmer units to form the feed mixture. As can be
appreciated, the use of an amount of brominating agent in the feed mixture which gives a mole ratio of
brominating agent to styrenic monomer units which is less than or greater than 30the selected overall
mole ratio of brominati ng agent to styrenic monomer units will result in exhaustion of either the
brominating agent or the styrenie polymer as a mixture constituent WO
2009/058966PCT/US2008/081735 before exhaustion of the other constituent. Generally, it is preferred

to have the overall molar ratio and the feed mixture ratio at least somewhat similar. In all cases
thoirinoh the initial fead chniild nrafarabhivv eontain at leact a molar ratin of brominea tn ctvysrenic Monamar




impurities, e.g., oil, grease, carbonyl containing hydrocarbons, iron, and the like. [0061] The preferred
organic solvent for the bromination, namely, byomochloromethane, is preferably essentially
anhydrous, containing less than 100 ppm (weight basis) water. It is most preferred that the solvent
contain as littleyaispassisdractically obtainable, say between 0 to 30 10pgri(yaigiisPasis). [0062] It
is possible to conduct the bromination reaction at a temperature within the range of from about -20C to
about 60C. Desirably, the bromination temperature is maintained within the range of from about -10C
to about 15C. Most preferred temperatures are in the range of from about -10C to about OC. This
last-mentionedtesmperapriemange rosides 15product of the highest quality and, surprisingly, the
reaction itself pigeseds, al.asuiably apidate gl Mesedaiemperalues,saD Nabe pragess meets
commercial production equmgments. e pressure can be atmosﬁh ric, sd’batmospflwer cor
superatmospherier{@868} e rgminati brmoebstynemic:pdlap@ywilisyieidny i a8mas canmagordsy-product.
The I-113rsformped.inthe piocess sl sRHE eSS Mg SalvaRLand from then on Mk escapes into the head
20 space above the reactor contents. It is preferred that the Mk be removed and passed to a water
scrubber or stored as dry I-113r. A dry, inert gad]&:gCHhiftbgen, can be used as a pad over the reactor

contents to mijfizs tReRLREHES alowales thRrRIB:IHPRAL IR same s badimeniss rafariedn
brominated anionic styrenic polymers such as brominated anionic polystyrenes generally have GPC
weight averagérﬂﬁ’ﬁf"r@&%‘é)ru%gfb%‘fglfﬁtﬂgy@%%ﬁﬂ@%wﬁﬁé‘ﬁ?‘gﬁﬁbg@%bﬁ{ 36800 DrFEPERY in the
range of aboutai) xalplt 25s000manchasrapssienablypinithe hangedat ahaut-8000Q toyameut 20,000.
In other embodirr}eﬂnts htl']e &preferred b‘rqmirq%e‘g anionic st ‘rgnéc Ptog(rréers h%})’er(?Pcl}N[%i, het average
moleculat weidhts T PRRGS of aBSTE 35 BY0YE Mbout A6 GE0Y RN Sore proharBBRY o SBsut 21,000
or in the rangevofyaloputi2iB00 tosapopt:30R0Rhitestill othieydmbogimentsthatprafarred Bheminated
anionic 30styrenic polymers haye CPC weight.aver ‘ rwel a 600,000.
10065] In some B O s o e P T e e ey et WO
2009/058966 PTINIS2008/ 0817 35 e anoromivratediSumanic Pelyiberhniag 4@y bFberirmeédatent of at
least about 50 i (Rrafesphiy atdeastAPAHEEA WPauRRdRArS RraTSIRRIY e ash RROUES {wt%), and

(i) thermal stability in the Thermal Stability Test déscribed hereinafter of 200 ppm I IIk or less,
preferably 1 50SBPHEERBr oY s PRRANRID @ Prefe obIg 20w SpRYYF YIS BY sadn&ptyrene,
polybrominatedo 5 afianiGesty reRie ROlmer s ©sReciaiy sritablg dormdsaias aftynereatardant when
blended in at least a flame retardant amount with a thermoplastic polymer. Particularly preferred in this
embodiment iSHFEHHELAL SYFEHCHSOMHer WATCHTE RYMRERBIRAFALASRG SHTHAE ilf(ﬁé@?b}?or to
blending, a chighmegondatihatianys,ablesgnibast about MO PPyl Lbmmadcenpretacably idessdhram about
500 ppm Cl, and stil more preferably Jess than ahout 106.pem. . 10,0066 n other.embadiments,
the polybromina%eofyanlonlc gfiyrenlel p(ﬂymer IS a brominated styrenic poﬁymer‘ﬁav?ng ([b a bromine
content ol(at least blosuitzs@avttny(preferablynabdeass.adbut GOt yand marenprefeselblyedt least about
67 %), 1) @ JWAISTIREIBES AS6uISIANtloss WHIE 5 406 QL IGNRTsAIEiesRhv b he range
of from about 340C to about 380C, and more preterably within therange of from about 345C to about
380C, and 15Kélymisemysl StabikitovctHuonteeraah StaBilty Tebradse fhaEHdeehaanescof 20bppm IThr
or less, pfefer%ﬁ’&nﬂrﬁ@e@@m&fi&Iﬁ)]rﬁﬁé?ro'le?rﬁs and:more Meferabind AR PR ol 2ir Shilessu Such

polybrominatexl| anionic styrenic polymer is especially suitable for use as a flame retardant when
blended in at 18X PR GetaRIRARTRFHRRIY AR S tHEHMB BT A SRR PRATHEENAT R Bieddired in this
embodiment isi kieoinales sydeniqrRolmas whied infurthen diaraatesizedlimebhatiifcbasa chlorine
content, if any, of less.than about 700 ppm CI, more preferably, less than about 500, z}n‘d still more
preferably les tREABALE TORS SHHTER [HOBYT BUSIERTES & BrYErE e th SaERE ot i RS ention,
the name retardarni isaa: breminatedyhmnionicistyireniadpoly diain praferabiyraab dognirateghamionic
polystyrene, that fias (i) & Promine oNtent of At ast, AUE R0.%, BisTRiabl At leat ahai 60 wi%.
more preferabﬁ/ yonsomeiz POy Y ’

the properties of the latter oligomers or polymers being considerably different from brominated

30  anionic polystyrene in a number of respects.

[0044] The styrenic polymers used in the production of the brominated styrenic polymers




25 at least about 67 wt, and still more preferably at least about 68 wt%; (10) a thermal stability in the
Thermal Stability Test of 200 ppm of Mr or less, preferably ISO ppm of 1111r or less, and more
preferably 100 ppm of 1-1Br or less; and (i0) a Ali color value, measured using 10 wt% solutions in
chlorobenzengy ghlgspdsian about 10, preferably less than about 7, and megg prgigsablysiess than
about 5. More preferred brominated anionic styrenic polymers of this 30embodiment such as

brominated anignic polystyrenes have 611C weight average molecylar weights in the range pf about
5000 t6 about STD PRI Te S S B ML JU08 e e S0 R L35 8 081735
about 25,000, migmdzetiprefeiably. b the. rdngesolalsoat 8000, td(aFctR3ZBLQ0Md it dHHiet Bréderred

embodiments, the more preferred brominated anionic styrcpic OC Wej erage
oloeuli wer S T B B 000
or in the rangefhaboutPPrdopiprabizatigo doorenistilonthesr s atar idhanibodign ety ciHienmore
preferred rominated, aQRIC StISRIG RRMGIIRAVS- (e Weight AYRigas MRlRCY 3 Wisights.of at least

about 600,000. [0068] In .another preferred embodiment of this invention, the polybrominated anionic
styrenic polym@Pi8iBaisehiRinRitRP HRRC SO BRI BENATEY b PartEa Y24 G dnirytar tBniarse of
polystyrene, thahasdl) sobieayne somtent.al ablaastshew Rl %e pieferablyaileastabeut 60 10
wt%, more preferably at least about 67 wt%, and still more preferably at least about 68 wt%, (ii) a
thermal stabilify ﬁ%’?ﬂbﬁﬁéfﬁf&ﬁ%ﬁh‘&ﬁ?ﬁ*é%{"bfhfdb%’bﬁ?ﬁ%%%é@}%P&f%?l?ﬁﬁll‘%‘%ﬁ%%ﬁ||3r or
less, and moretpreferphymkbaOsppisliBioaiclpslssandiili}anneitd owi ihdeve olcailekrstabeaights g/10
min., and preferably at least abou, /10 min. . inthe Melt 110w Index Test as ibed hereinafter.
More prejfgrre G}E)%/ﬁ?ﬁ%?e%? 3%?85%@%?3%%%6?}7&0@3 llt\aéﬁﬁgs]yfg él% aéldfn%rﬁ%gﬁc ag B)rélPr(l)i%ated
anionic polystyi&fiés navead PCiweighinderage wicleeulapWeigtitin tH¥¢ange of about 5000 to about
30000, preferflisin REANAR.AL BRaut AR 0. 2paham A0, ADHIIRIERIBIRARI Tndlsgange of

about 8000 to about 20,000. In other preferred embodiments, the more preferred brominated anionic
styrenic polymapsenalls B R wiightNveidge hidiedilke: Avegptits i#HfRe axthige BpaBdt®o B0 to about
30,000, and mare.2Q preferably of about 21,000 or in the range of about 27,000 to about 30,000. In
still other preferred embodiments, the more preferred hrominated anionic styrenic polymers have GPC
weight a\}éragé)moIe‘éli‘!&#%éi&H%W&i“?é‘%%&%%iﬁ%%@ﬂ@%@] fHSER ARSI ST fSARY
embodiment ofthigdpvention, the polybrominatcd anionic styrenic polymer is a bmminated anionic
styrenic polymer, preferably a brominated anionic 25 polystyrene, that has (i) a bromine content of at
least about SO]?R/t%, B’f@?érably at least about 60 wt%, more preferably at least about 67 wt%, and still
more preferably at letstipbeut B8 witkenand (iydometvilawlinde o dbahledshiaboit @ gintd® thein., and
preferably at least ahout, 1. 910 mif. (e Melitlow Index Test as dgspribed nereinaiey, lf more
preferred embodiments, these f)romlnziied)s?yrenlc polymers’such as brominated anionic polystyrene
also havé(l) a AE 30cgiopitiue) mcasuiadeadsinght0owiossolutioissinrehlorobenxarie bofikisd than
about 10, preferably Jeiss, A AbaKt . A0 mAe RIGHEACY (RS AR E0AM AT LA A
temperature WO 2009/058966PCMS2008/081735 for a 1% weight loss under nitrogen of at least
about 340C, and preferasiyiaiclehgrapyitBbue:tion (I CPRIEiget svarbgenbrtdarveight in
the range of about 5@00 to about 30,000, preferably in the range of about 7000 to about 25,000, and
more preferably in the range of about 8000 to about 20,000. In other preferred embodiments, (lll) is a
GPC weight average?)s MHEWEHbY ety irPaiusdrids o Ghd oy sni6ctris BBoUt e bd & Wi tore
preferablysof about 23,@QR06dR HautRNoEr ofr a6k tiarabolib 30:0RAc . stilk atees peafgrred

embodiments, (lll) is a GPC weight average molecular weight of at least about 600,000..Still more
B oA poLeets A iaas o

preferred compositio& BFYARS 8RBEHIRERY S S0 BAY A8 ) Crrm and th e 1) and

(1); (1) and (111); or (H)tenehME.JEudnumone pheieriddnastcomypbsitions wfthisrenmbedingntithat

Opossess all three of (1), (1), a0 (10, 19070 fher AReley sl sbaiiment gl s pvention has as

the flame retardant a brominated anionic styrerluc polymer, pre‘ferabfy a brominatcd anionic

polystyrene, that has (i) a bromine content of at least about 50 wt%, preferably at least about 60 wt%,

more preffrably at IegzlRR0U Ao el P i3 b Me PHELRI bl SPELARRHL AR th A color
(i).
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15 measured using 10 wt% solutions in chlorobenzene, of less than about 10, preferably less than
about 7, and more preferably less than about 5; and (iii) a GPC weight average molecular weight in the
range of about 5000 to about 30,000, preferably in the range of about 7000 to about 25,000, and more
preferably in thgganga@bapout 8000 to about 20,000. In other preferred epthogkpedés: §) is a CPC
weight average molecular weight of in the range of about 20 20.000 to about 30,000, and more
preferably of oyt 21,000.01 1. de o1 about 27.000.10.8bout 30,000, il g preferred
embodiments, |||?|s C ight average molecular welght of at least about 60%({8 In more
preferred embelirehisicthese: toroamih dted yre hipepolymétbesiesh asbrgrirtetamoninpolystyrene
also have a TGAGMPRIAIE LA elaliIass LReY RteRaR 7L 3 Rash Ao 4AER A0

preferably at least about 350C. 25 [0071] The polybrominated anionic styrenic polymer in still another
preferred embédirst iR iprETRiBiO0A BESRIHATBE HRIHIE B ARSIt B PeherEBR R
brominated angpicyaRlystysens. thakfiag dhabraminersentent.af aldeast-aRoyb vt avareferably at
least about 60 wt%, more preferably at least about 67 wt%, and still more preferably at least about 68
Wt%: (i) a therRHILtBHHiIY TRdHeCT ARThAPSES Ty Tt gr 0T SBATEISP F f¥ecHieRabBRA1%0 30ppm
of I | Er or lessyranddnpredivaieiaiye s00-ppmnbhdmer, lesae{iiradnsiiiiowiaded st atdeastsbout 0.5
g/l 0 min., and preferably at least aboTt 1 %/10 min., in the Melt Flow Index 'lest WO

2009/058966PCFRIES B85 38 44 Y8R hereinafter; and (iv) a AE color value, measured using
10 wt% solutioiee4a]chilbrobgriz eneyatddsglthanbabalitnd o), jpreferphtyclésdytiparfcateduirdcandomore
preferably jess, ihan, sbout, I mare preferted smoediments. e bomingigd sbysnicpalyners such
as brominated arionic polystyrene ddscibed in this pa?’rag]?ap are turther characterized ih that 5 they
have a (JPC weiittrawé tageormutecolshaveihivhithesdangé widabeat BO0Odi abaut BE, 00vameferably in
the range of ahont 7080:0,3R4NH 2200 20 iRt RITRIBBEY In dheviande of ABRULAAOGtg,about

20,000; and/or a "I'OA temperature for a 1% wei ght Tos s under nitrogen of at least about 340C, and
preferably at |eBSeaHeNSSBRIMEiHBYHaSAELpRaTEN Bell BN St e A A BroR e BRIBTHE styrenic

polymers have, G wielaht ayRIRessoRle IR Jmriaksdrihe kange of RhpubaRA00iaabout
30,000, and more preferably of about 21,000 or in the range of about 27.000 to about'30,000; and/or a

TGA temperatare foHBoy aiam: e MesRr e das g semie AP id)Cat least
about 350C. Instibetheimare-peaieftrd pmbrdiaentabihe. Wemated-Bmonicshrpnic galymers have
GPC weight aver?%f molecu}l1ar Weii%hts of at least aboutt 600,0001; e}nd/or a VGA temgggature for a 1%
weight loss 150HU&Y RFEGen SFRE LA abdiit 396 PSR Srefralbl AF 18R Hout FE6ETYY72] A
further preferrec-eyibetiheentcof fishipuaatinb-tias tigltyel gelyivo hindited lghipditistyneedpiodymer a
brominated anjgnic styrenic polymer, preferably a brominat nionic polystyrene, t ) a
promine contet P AL B gt SN LR et
about 67 Wt%, BT ktill heatbeppederablyrahle astiabloty 68 fan®st prOCG) e thieranak stadilitytinathie Thermal
Stability Test of 200. 0, 1 1B QLGSR RIRIGLAPIY: Ly O RIML IR QLIGEH ANA MR Areisrakly 100 ppm
11Br or less; and'(I) that is essentially free of impurities selected from the group consisting of (a)
methylene chisileal{pasthgieterdichfotidelaindBehedtaily (ehloMiag sEARstAaHE Ry dsfomochl
oroethane, (e)gimemedichigseathrng. (hfibremachiosasthans. ang (€)-anyrsixture ofitwaner more of

the foregoing, especially a 25 mixture that contains at least one of (c) through (f); (11) that has an ionic
bromine conte MBI BETRSY isPararaply PSAt keSS MBI ISPLhy 1 688BiSHh or less,
and still mere pyefierablyybROrpveafclessiqr id dhae@ntainab fud By atBss dvamn aboutnfdecprem Cl,
preferably less than 5(200 E@m %I, and more ‘referﬁb less t?ﬂan 100 é)meI‘.J,\/Iqrg Pre}}‘err.ed, _
compositions of this"Embodimelit POLLEEE" at IERACERY tWa of U U ARG Ui, &g, (' &hd (1): 30(2)
and (111); or (1t Hid).(htdy! Stidkhmdregypae ferdohahgl polytiprdofinated aniomicestiaenie polymersfthat
POSSESs all thrt%gseo.f’l(g't}hg%&x)dl%pa% g“ 'cilﬁ\é{l%l‘% OOl%%Qé’é(?G@gl%-[hl\e/:lls%gt?c%/lgl 13?6?6[99(17§%b€ﬁ§1|&![{la”y
preferred polybrominated’anionic styrcnic poﬁ}?ners are those anionic sty?]elmc polymers that are
prepared accovélihy tovthé athcularhe hesfomrastprocessl fopprepirnigabiorielistyrénitploisivérs, as
describedaboye, and hen-Lraminated. Mest RefaaRh-asHesaibedindiz paragw@ph.Each of the

patents described inthis paragraph is incorporated 5 herein by reference.”Such anionic styrenic
polymer may BeeBrdrifiridted! syhslaemipcitns adhivxeieashith BBt adingagerid stivh SHmBtitire being
substantially free of a brom in at ion catalyst, and fecl to a catalytic quantity of a brominati ng agent.
For further detailed teaching of such styrenic polymer bromin at i o n process, reference is made, for
example, to ITS. Patent No. 5,677,390. Another brortdnation method is to place the anionic styrcnic
polymer in solution 10 and in admixture with a brominating agent, such admixture being substantially
free of a bromination catalyst, and fed to a reactor containing a bromination catalyst and associated
liquid, wherein the solvent used in forming the polystyrene solution and the liquid associated with the
catalyst contains less than 200 ppm water between the two of them and the brominating agent
contains less than about 100 ppm water. For detailed teaching of such 15 polystyrene brominati on

process, reference is made, for example, to 11,5. Patent No. 5,852,132. Still another method for
hrominatinn ic tn cantact the anionie octvvranie nolvimear with a hrominatina acent in the nrecencea nf




WO 2009/058966PCT/US2008/081735 associated liquid is fed to a mixer external of the reactor; a
brominating agent and a solution of anionic polystyrene formed in accordance with the process taught
herein are fed as separate streams to the external mixer, in which the separate streams, prior to being
fed to the exterpglqyxedssake substantially free of a bromination catalyst, tpe-seksenssses in forming
the 5 polystyrene solution and the liquid associated with the catalyst contains less than 200 ppm
water between_‘EFga_twc%hof gi&?rln, @}[Ld tt qtgrgmi.ngti ‘ri.g agent qoptaigslltess thqrg)lat?out_ 100 ppm water.
For further detail&d tvélacﬁihgyo <Such %élys?fyrélﬁlé lfﬁbr?ﬁﬁ‘élﬂ rlleper%%e'ss,l?éjfeesrlé‘lnc% is'made, for example,
to 11.5. PatentiNoiss 852id 3ddds rhmination cnaltaisobbageedmplished by mixing the anionic styrenic
polymer with a inating agent and fed.to a reaction vessel to.. 10 which was previously added
bromochiorom b Hle 2ot b B R
polystyrene in theifeledonixtorangeingrfptiniabode hdth lahom. 8ty Herifurtherrdetablenl idhishing of such
polystyreng br?%ﬂ%%ﬂ]ﬂﬁ%%%}oﬁ%ﬁ%ﬁ%ﬂﬁﬁd&mgﬁylff?ﬁjﬁ%@fﬁ&\ﬁhﬁ@ bRa RaIRHMNRe K0 7n! 65 Bi. 15
ods

B. Analytical methods for polybrominated anionic styrenie polymer [0074] Bromine Content. Since
hrominated styPsHibiponimeard HevaYEhivr atfe 5 i6EE Ak By BBIUBIY TH RoRe R Edt Hs

tetrahydrofuran,cFife). the-deterpinatianndidhe bremina aantantian the.ieminated shemiepolymers
is easily accomplished by using conventional X-ray fluorescence (XRF) techniques. The sample
analyzed is a diit¥dsHn e sply e Dstg Brstfriitadmekec BBR<HIFsAE SH 6OPRHTRRIE. The
X1217 spectrometemean be a Phillips PW1480 Spectrometer. A standardized solution of
bromobeq@eniﬁl&QMﬁpr sed as the. caligr tion standard. ‘the bromine v Iqeﬁ[desc%ribed Jerein are all
based on'the X AnalyHiear IOt TE0 05 S AR C oINS Y S d RS i & A AUISF StiButes of the
brominated styremnio:poly prelisrud e éastHis inventigmnisecistagainpraderobthé atvilityctbbdisssive
hrominated styreni lymers,in. easy-tq-gbtai \Y; ch as chjorobenz igh,5.g.+ 0.1 g of
the brominated|E a?ﬁ%(r%g p%glylsgt(yl/l?%en zﬁ%t}éq{gqgj(?é n% égeﬁ%ﬁjogi%ﬁ%%.%%g i']t%eetu%e %?&O\é%edgﬁ% é]geo.l g
chlorobenzenexGlogéttentibbatnid ‘ShaRerfon Phibarsorerivrieraetionsenkar dftetatheaty Hotir
30shaking perigg: examinedis,seiutionfon yadisaobrest solidsmi ANRTg. is prasanboamriuge the

solution for 10 minutés at 4000 rpm. If the solution is still not clear, centrifuge an additional WO
2009/058966 PETI IS 0GBH8A #35raas HhutBs FSHbUImAR eBIEliBPrev S AR B R ©RétiId be
discarded as hgirgvingapabia:ahacarate eR%EBNERtuIh RowarermdigieaisalitipRisMpained, it is
submitted for testing in a HunterLab ColorQuest Sphere Spectrocoloritneter. A transmission cell
having a 20-miRCtFaRSHICLEH fenitAPR ided T HeC  SISHIELRFIE LUS BISHAR Y5 1 PEISH color as
AE and to 5 giMereolgtamduesdtonét.”, "a" and "b". Product color is determined as total color difference
(AE) using Hu , nd s%algs for the 10% by weight concentrations of the product in
chIorohenzeni@eg@u;\gﬁf%r%ﬁ)%%r%}éearéa’élélra |lr§gt?66tl\fqg formua’ ﬁ%gfl?ﬁ)(oﬁr ?ffe(lA% 2})41-0(,&?)&);31112
1000761 ThermapSiapility e styrdiocetsrmins teehnad stabiity mnduestinibiethe loarrodiveapotential of
a sample, the Thermal Stability Test is used. ‘Die test pbrocedure, described in U.S. Na. 5,637,650,
s et i e PTG Bl R B e R T o s hikcea o
new clean 20x&G0hmematesicither Méitihdp0neaprena stap et aned (Witon upieelastemelutuliindisthe test
tube is connected to a nitroge rge line with exit 15gas from the test tube bei assed successively
through subsuPﬁ'fi%:eerdgl;);il saélosugégs%{r)}%?té@ﬁnfﬁ?eees’%?n‘%_g‘ief(i@a’r‘%ofmegrl ggl&?’égép@(%?ﬁb%ﬁﬁﬁ 200 ml, of
0.1 N Na01-l aieiSidragdothenbiphthalsinihaitheucd hstantanitrogerppuiegsd atvo BiS @Rk, We test
tube is heated,at, 300G in.a melten spf AR RLAYKNRI(AR, M NUNN far. A eminyies follawed by 5
minutes at ambient temperature. The test tube containing the’sample is then replaced with a clean dry
test 20 tube, anditHeteppardues . piirded fwitBomg ogals. forca Aot tio AR e rAnass RAAEAN#hE empty
test tube in the. 300fcsal Ak Jheriest thhexubing.and 9asdisparsiondubesmareal sinsegwith
deionized water, and the rinse is combined quantitatively with the solutions in the three collection
flasks. The cofffBitEEFEdiRiSN is acidified with 1:1 11NO3 and titrated with 0.01 N AgNQ; using an
automatic potgpismetrigetiraior (Metiomm giiiculdby f3trRtpaivalentyaResuisacs saledlated as
ppm I 113(r, ppm 1 ICI. and ppm 1111r equivalents as follows: ppm I,]I‘IlSr = (HP 1)‘(Nh)v(809d12‘2/$isample
Wt.) ppmﬁCl ]%Okg‘ﬁ?lé_lﬁﬁ)}%h)%g%lﬂgﬁﬂ }.(Jég]rﬁﬁr/é‘,lma,] heatexchanger. ‘The process may be conducte

at sub-atmospheric, atmospheric or super-atmospheric pressure. However, it is preferred to
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ppm HBr equivalents = (EP 2)(N)(80912)/(sainple wt.) where EP(x) = mL of AQNO3 used to reach
end point x; and N = normality of AQNO3. The 30tubing is thoroughly dried with nitrogen before the
next analysis. Each day before the first sample, three empty clean test tubes are run as blanks to
assure there isy\9 Jfsigidasdrydrogen WO 2009/058966PCT/US2008/081 %35 hiahsigdaitis system.
[0077] CPC Weight Average Molecular Weights. The M", values were obtained by GPC using a
Waters model 510 HPLC pqmi) and, as detectors, a Waters efragti\/fe Index Dgtlectqr, Mo(gigl 410 and
a Precision Det¥&tofHifiit SRABrNG HEHERIP RisHaBp 200l TRE TN e WARHs Ud styragel,
500A, 10,000AandHo;0)00 that The dutosamfiercddasab$ himading cModelcsit ShoAtpolystiirene
standard (M", =185,000) was routinely used to.verify the.accuracy of the light scattering data. The
zovent used Wh R L Bt P R TR eoe
0.015-0.020 g ofwampleis. 1i0enproofsT IstFouiinbaliquatdl 0af ehilssaiutior rfittedeand 56 .ot is-injected
on the columng; e SERRBHOMYASANAIYEaChiSIn PRlwaiRBoVIHRAB.PIRGIRION Retgiars for the
PD 2000 Light Scattering Detector. [0078] The calculated theoretical Mw values were obtained in
accordance with'#Heagurtoh VmMaPsuTieercecdss s b amithywsa BEytbcen Pioorafaddittlow
Index Test. Togdlgterpikadhemeidaviodexehitgbraminated.stivienix RRI¥MRIS Rfithisdnygntion, the
procedure and test equipment of ASTM Test Method D1238-99 are used. The extrusion plastometcr is
operated at 228CAHIPYPIRGUABIfed pressure. The 20 samples used in the tests are composed of 50
parts by weightoosantimenynepdeesa aleuiaiad suantivhinitheangs pirabamt yhleftaaleute250 parts
by Weight1 ftrée brominated.styrenic ﬁqléger that will provide a final blend containing 15.0 wi% Br
based on the BY dOHREND S SRS LR RIE BBV i SUHCIE R GTass-fillda ayion 6,6 (zytel
polymer, from ioRossf 1o Bjveng tatalef hO@0dpartsrbymeightirorécOthevingne dienis:{008Q} Preferred
fiber compositions of this invention contain at least one_ flame retardant synergist. Such synergists are
typically used FPHHUEH L EFAIRRhE WDy AT SRR, ﬁ%ﬂ@%@l@ﬁ?ﬁ@ﬂ@%@%@f’@m% range of
about 5 to aboutht, radepeaterblysithenrange 0id30 abhbut 4itataboutiZnExamplesei tamenretardant
synergists include, but are not limited to, antimony tripxide, antimony pentoxidc, sodiut)n antimonate,
potassium antifIHZRAYiFBRBIHE" ZTEBEIAMB AL kI8 \APPARC SR 4182{0081 ] thet, ©
conventigral aggjtives-are aftep addeditatbefamadetardantibenaemprasiion yWheld at the
2009/058966PCT/US2008/081735 to impart desired properties to the end product. One or more such
additives may fsactrrdenzpabfrederiape réthmianesitsey: coraposition i arainoeio PR o uad i ti ve(s)
should be choggn.se thatdhe:flamestasdansy.and.athendesiable:propaties A tha Gompasition are

not adversely affected. Examples of such additives include coloring agents such as dyes and
pigments in the range of about 1.25 to about 10 moles of water, and preferably about 1.25 10 about 5

moles of water per mole of organolithium originally charged, to quench the reaction and
20  terminate the catalytic activity. By use of this particularly preferred process for preparing
anionic styrenic polymers and termination using water, substantially all of the resultant
polymer is characterized by having one of its end groups terminated by a proton (i.e., a
hydrogen atom). Resulting lithium hydroxide salt hydrate is separated from the polymer

solution by washing the reaction mixture with water, preferably in a 7:1 organic:aqueous

.
o

weight ratio (accounting for water previously added). The aqueous phase which results is
separated and the polymer-containing organic phase is devolatilized of the ether promoter and
saturated hydrocarbon. Devolatization can be carried out in a variety ol ways, including for
example by pre-heating the mixture in a heat exchanger and feeding it into a hot (200°C)
column under conditions such that the residual solvent and promoter arc Iess than 0.5% by
30 weight of the isolated polymer existing at the bottom of the column. T'he remaining polymer

may then be dissolved in a suitable solvent, e.g., bromochloromethane, for storage. Another
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5 stabilizers, including heat stabilizers and light stabilizers, ultraviolet absorbers, :fluorescent agents,
anti fogging, agents, weather-proofing agents, antistatic agents, fillers, lubricants, antioxidants,
dispersants, blowing agents, a release agent, processing aids, nucleating agents,. reinforcing agents,

plasticizers, angslflifigaalgoolymeric materials such as elastomers or rubersyd AR 214 should be
noted that not all of the listed optional other ingredients are compatible with all of the possible

thermoplastic fiber-forming polymers or mixtures thereof. For example, antimony trjoxide, a synergist,
o generally not U THIE TIRH R AL BRI O] o E DRSSP TS Tvntion
also may optionaiikyantaiide, iavyhed yietafiugeadthylenevesicarfheapotistetiatiudraelylénd(®'1119
resin that may e, sed an. e prepared by, any noun.pracees ecnious, suel as euylsion or
suspension poﬁymerizailon, and are reaomy availabie from a nuriber of commercial sources. The
polytetrafluoroetbyie nemesircdnay dnebolegten froheatinong thtse réshes havingnvakipustéegtees of
polymerization, (yisgasity). depending Jinan hedesiked dispersiiity hdrasteriaticnolibad YhL41-

resin, its 20processability as well as other physical properties which may be needed. D. Carrier blends
of the inventioAMdog4} The eavriepbIBRd e T feRPthisrdtiielts CarHPRdIMID &fleEstdhe

polybrominated,8igmiaistyienicoRo e howhereinthr Palyhoprinatedmanionic styrenic 25 polymer has
a bromine content of at least about 50 wt%, and (ii) at least one synergist or at least one other flame

retardant. CortPEhent (hy ARSI AL HITA BybasaRamerrat b aIE s ctgRpYAS 18dRiribed for

the compositiofig:itheueapiiere anes-eag s apticnadyicantain porventinnal agdtivesfineyding, but
not Iimite%l to, cp!otgn.(]:j agerli}s,' stabilizers, uI‘tn%/eiqlet absorbers, antioxidants, and additional polymeric
materials Such 55 RISSTEREPS St BIS AL SRS S (S GRS SRS ER R 343 A S8 that the
flame mtardanty aritl athercdesicabldlprdoerto socbthe @omfositioyrauie poyracivgrselyraffecied. The
advantage of sye ch?rrré% Rjg(?ds WO 2009/058966PCT/TJS2008/081735 is that high-melting
components may ecome part of the flame-retarded fiber composition, while minimizing the negative
effects that higOFHItindcompeneris aesuelitythavecph fidérquopeitis g cfo0 sy Taeppesiybrorinated
anionic styrenic, RAIYMELI= A% dascriRRd Rheye (G compasiions:al NG VeHion: yRIciRed

polybrominated anionic styrenic polymers are also as described above. When the §e/nergist and/or

flame retdrdarftaga ety picsandnibyipoistramsve’ Ma E8vRpeaheh§lierdéiatdteesminaiblend (i.e.,
it is high-melting,@fRonsmsingddthe pobiRrmMinatedAnienisBWRNaRelYMer Beeskallycamprises at
least about 40 weight % of the carrier blend. More preferably, the po]ybrominated anionic styrenic
polymer comph&sS.y rlishas 2Bl sBigHEss 5 ?H%”&ér%@lf bsferngidnnefephbriaoard-as'described
above for the ggmpositions of the invention. Any synergist or flame retardant that is high-melting can
be blended with the polybrominated anionic styrenic polymer to form a carrier blend. When the
synergist and/or flame retardant has a melting or softening point below the compounding temperature
of the bletid, thie poiybramin/atedamoniostykemitypetymer can comprise less than 1540 weight % of
the carrier ble 86] Preferred carrier blends.include.those comprised of brominated anionic
polyaryrene ar At o e e R SO S AL T
brominated anfonio polystyrend Enaisodivm ehtimonbbteoraedlorormiHated achiohist polpdBieneé and
ethylenebis(ieliahcomapRAmIdR). (s Hienss sk marmR RIRIERNNED, ha pminales,20 anionic
polystyrene has a typical bromine content of approximately 60 wf% formed from anionic polystyrene.
Especially preféffed eaiiet blehiggegeltruseiangrichasedrmntaet ghidHidpolistyienehas a typical
bromine ggntept|0f aRREONITAEIY- R8I formed: fram ianishimpalystkena pioadl feadian hiends may
be formed by mixing and melting together the polybrominated 25 anion ic styrenic polymer and the
synergist and/dPofEHflarte HARIANT 5104 b Biptish &R HYTEdIS MRS ARY. ' THRE HolGhiBH Mated
anionic styrenigpolygy, dhrecsypergisi(s)haodioysothen flanme netargasi(s), @ndatier lingredients, if any,
maybe added to gwe %%\(ice.qr zone in WTC .theﬁ/ are to be eltgﬂ, wh%:e thel}/ ,arﬁliinlwu'lt_%qneously
mixed and meltS3 YprerarrRdy P MR tBGLIREIANACHTER Mk, AAGThET REthad for Blehding the
polybrominatetiC@pienicastyrenic:3apalynfenlandrsynergish gndiar otfienfame retardatntdsvit melt one of

them, normally the polybrominated anionic styrenic po r.and then add the other of them, usually
whie iy WO 2008 VML 1SR GBS A gt i o 0 TE

one or more temperatures in the range of about ~10°C to about 10°C as this provides product
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[0088] Alternatively, the polybrominated anionic styrenic polymer, the synergist and/or other flame
retardant, and other optional ingredients may be (pre)mixed and then melted together. Premixing of
the dry ingedients is not usually necessary, and is not preferred. If the 5 polybrominated anionic
styrenic polymefothg.sssigist and/or other flame retardant, and, if desireqgqigsiRargdignts are
premixed prior to the melting, such premixing can be done in a mixing machine, such as, for example,
a Henschel mixer, a tumble mixer, and the Jike. A part or the entirety of any or all of the components
may be puIveri%?etaelﬁ’lépagr‘i%alfé%ﬁﬂg’téufﬁgﬁl’?:ﬁiypél}gir(?f"icfhoﬂfés i)?fﬁ?g?%%ﬁglf&ﬁ%%rf?l dh&rally not
necessary. 10[0eg89pWwhergerpatsndihghaf itheblesthatthe polyhisminaietbaniguicatytenidipolymer
and the synergist andior other.flame refardant, and,ther optional Inaredients. if any, can figdone on
compounding equipment such as e.g., a twin screw extruder or a Buss kneader. [?)%é’(?%\ﬁhen the
polybrominatedeagiof ib sty fenicyslymidn s Y.nedgist anbliomotherfiawiebetabdaim tene dptivnal other
ingredients are ieliRd angt Mgk RORNRL MU BRI ea B HNSAE WUANRRAGA LI the
polybrominated anionic styrenie polymer softens or melts, and then all of the components are
thoroughly mixedeafee WhittidisebairiuMuki BRirriady Fhes rrthsg dife kit esirethe Beridbeted using
such equipment. a5 SIS A MUILRIE SEEEW XA Bty @ WiIR; SEIBhaNIFHE R ABUSSeader,
and the like. [009111 As the compounded extrudate exits the compounding machine, the extruded

strands 20 exBGHEIESHIBEPAE Ura R A SRR a8 Nhile H5aHAR DR RcBde Wt cooling o
air coolin 2 mayabieigmpleyesh Maremwatascoaling, dhe (enTpe (v aafihawaierdscpsaianably at least
about 60\%' more Erdefeggbl. , the water temperature is in.the r‘angrg.of about 6Q-70C. More gr.eferably, a
spray of witer 1§ (RES %dg%%i%ﬁ@i FEfelrad 98 BIFESSIRE RS BISWHG D Str&am 'SP S iheh the
extruding carrieslbieni bpaniicudariyywhiepshensy pexgjist sarctorqpthes [R5sHaiite ngtaxdaphise is
high-melting. When the ortion. of high-melting ingredient(s) becomes high enough, .for example,
when brominz;{tge:eadgﬁel%ﬁllrgrggwsetlg/l?é%ﬁsgr &hou g(%/eo lgrs(ﬁégg%f%f]gscsa{)rfﬁgﬁﬁl%%g??te R%stleserﬁ% served
that the granulesfsmaatltewcotopsivatier whiehywatepiosedledr Qﬁh'@ pb@?ﬁéé_tpdﬁéli@gmléh tﬁiﬁsﬂ?}ﬁay oceur
's expected (wifout ishioglodhe BRYNERYREaRIAc Ak BN e R ieYEs Relvbreminalgel anionic

styrenic polymer used in the carrier blend. 30 E. Processes for producing flame retardant compositions
WO 20091058 P6BIRE T SPOOS 1OS1ZES! [DD9ZPALBES el HrTRStRIoN tHe1BiRes vistosity i greater
thermal stability.pf:the elyRieminated anianicspirapic mehinel arahealiavaddadngisare the,case of
forming flame-retardant fibers and filaments. One method for forming such fibers or filaments is a

process which E8iBHSEP REIERIFhIAGNETAL 1L BR% HBBIYoPMi thdh b ISSReBER el and (b) at
5 least one polyhikpsdinaiechariDniGsY RyityRaly Beipddepolybrominated anionic styrenie polymer
has a bromineéﬁggﬁgin %f at I(?Iast abdout H%O w[r;g/q: ‘(ghe fib_er-fo%min ﬂijt rmloE)Iastic}g)ol m_efrlargd
polybrominatedarioni¢ eI BET P A S B e T S Ui E AL WA TR HB R SARING ™
thermoplastic pglymiEiis/dpoelyeistér Miva ol yif rivminated auicnicstyleric ol nacisipreselytin a flame
resistant or flae retardant amount. when.he fber-forming 10 thermaplastic ROVMEL S & pglvamide,
the polybrominated anionic styrenic pol?y er is at lgast about 2 Wid% of the fiber or ilament, and when
the fiber-formingtahtikmoplastic-polyidr isua polyeotefin santeastone d\ibergidt(splesenicapidithe
polybrominated anigic, SIISAIS RONELISHOrTRTENAR AARKE L34V IREofithe ihst e iament. 100931
The polybrominated anionic styrenic polyrmer, the fiber-forming thermoplastic 15 polymer, synergist
when needed 8 gesirddisaad BRr ingredients, if any, may be added to the device or zone in which

they are tpsbe p@itad and sRUPsWhel& they argimWianerusitnxet ancmeltech(nyetesred), or
melted together, then mixed, and then extruded. The flame retardant and the fiber-forming polymer

may be blended@H meltiig B8Ry LoaatEnY Hormsam tHEs RSB g Bl bk ¢S Aling the
other componemit, wshiallysvhilge ixiogh ansumedtingb 20 Altesnatiyelyetinenaglydreaminatest amenic

styrenic polymer, the fiber-forming thermo Iasgc polyiner, synergjst, an ot‘t; r optional ingredients
may be (pre)miX&d, %Hé%mrﬁ]éﬂ‘géyfoﬁ)e%%]ﬁ %ﬁ%ﬁh@’ﬁlgﬁ%}u%aégﬁl E’“rqe]}ﬁ &Iel’ll@q] of He]ég’ ¢ %ﬁ%lﬁga?ﬁr’ﬁesl is not
usually necessaiiyg andchismned. prsferredad 0694 Giksthe/pdlybrednimateld anianioustyrehit: polyeser, the

fioer-formipg thermoplagtic.,2h RONMER Asymerdisiuheraieaasear Al desite,and.fl degied. other
ingredients are premixed prior to the me tlng,“suc'h premixing can bé done in a mixing machine, such
as, for exampléieadignschemaber, (BStunablaimixergdndtdvatlike pRipardor the entirety of any or all of
the components may be pulverized in order to facilitate their dispersion in the mixture, although this is
generally not necessary. 30[0095] When the polybrominated anionic styrenic polymer, the
fiber-forming thermoplastic polymer, synergist as nee¢g8led or desired, and optional other ingredients are
subjected to melt spinning without premixing, they are usually heated until the polybrominated anionic
styrenic




WO 2009/058966PCT/US2008/081735 polymer and the fiber-forming thermoplastic polymer soften or
melt, and then all of the components are thoroughly mixed, after which the mixture is extruded. The
melting and mixing can be conducted using such equipment as a Banbury mixer, an open roller, a
kneader, a singg af,onskigle screw extruder, and the like. 5[00961 AnothepappEasinie;Earming
compositions comprising a polybrominated anionic styrenic polymer and a thermoplastic fiber-forming

polymer is to f masterbatch, normally a mixtyre having a high concentration of the flame
retardant (the DBt orl et SHIHEECRIASATE Bl Ebn BLIBH B Hee S SO Alins can
be used to forin madtechdtdbes.dPalybatylenetteigphthalateiin af pibfeBedpdlyespelidoriibeming
masterbatches, jLi)e IR mastgrbaeh, 3 la'er e melied with, mets gl ermopiaic hersforming
polymer to form ahend pﬂ)é’uct with the desired ratios of flame rétardant and t erme astic
fiber-forming polgraibmolhistappiroddianbengseaginttiepragenidmeémioriodivhahyot thevide
above-describgd Mixing MeLeds; 9%5?&%5@%1‘#}9 E?@l%’fg‘%dfcwﬁ&%@yulﬂﬁ fddedd9.He ¢opcentrated

blend or added when the concentrated blend is mixed with more of the thermoplastic fiber-forming

polymer. 15 A¥feebidtriemiasied dainisndy e @8 eRsundintR K IRe e Rtritel Y ands

exiting the extgger.@i¢ anediaane peletizeswhile dhe mpdurisycoriadabiat o Soitwatal.cooling or
air cooling may be used. LO097] Generally, in a masterbatch, the concentration of flame retardant is
much higher r&itR%Y B3 HHE I SHHOPTRUE B FGIRANY BoRRTEPHAR 3R A HEEH BIAMERE Whical 20
proportions in eemasiarhateh mdenthectameretsirdacisiderexapshi gie Qohlneebsaminiatad anionic
styrenic palymer.thermoplastjc fiber-forming polymer; other typical ratios are 80:20 and 70:30
ohbrom et BT B O EP S BISSIE oo TR b T RRGL AR By wei (a0
Th us, the _poly@mmﬂmedtalﬁ@msstyoecn iﬁffﬁotymersubeﬁmapﬂbtsﬂicsﬁib@nﬁmmin@tipmslm Hatieiby weight
s usually In the, ange. 21 3RoEA000 10, ARQUL, 3040 A0d, A3 RIFIEIARLIN V16 aRa% OhaRow! 30:70 to
about 70:30. In other words, typicafly at least about 2% wt%, and preferably at least albput 0 wt%, of
the masterbatéwiky;ﬁr@emmedpeqa#aamimb@«pr@f@r@ﬁl?;ﬁ@@h@%ﬁ@é@f a@tﬁm-smweaﬁmt 90 wt%
of the maﬁer%&%ﬂﬁ%&&%ﬂ@ﬂ%&%ﬁ@%@: §Wh{i'ﬂ9r§09{é}f?§%9§m the £|@6@%H?WQ§HB&SMM%HP”QG of

about 30 wt% to about 80 wt% of the m as terbatc h . However, the ratio of the pol ybrom i nated
anionic styrenf@isBlsnap 6 19erhredhtin )51 28RO FrolEhof Ry PRRAtRY SR BE SR ARAESM 99:1 to
1:99. When a syiergistesa.inpledea dnihempsiaieaicho s janthanayaiatine esnehennsered for other
thermoplastic fiber-forming polymers, the proportions can be, e.g., 30:60:10 polybrominated anionic
styrenic polym‘@%h%tr]r%a&b%& 0%%6@’6%?%%6&%‘8%9??&6@'(ﬁﬂtr‘g%@eé?g%ﬂﬁlm@?éHif,hlm‘%gratio can
WO 2009105896 6P M&G20081:G8143bshe varied very widely, and is not limited by the presence of
the synergist. orJess than ten parts by weight of synergist can. be present in asterbatch;
either the polywrﬁc))gr%na\%gg?%r?fgnfl(&l%%%%%i%eg%\ll'é&%?%r%%at@ unqlrgb%atfsvt‘fclﬁ{%gf)-%rlrﬁirglleg{%%e[i}m{heer can be
present idlgreatemarmontgetative toythe otheynsi00R8} T foetydibars orsfilarhemtsfremserieor more
masterbatches, the.fibgrifering MIMORIAStE APRMAY S Rubieetad Ia et SRNDIDG. Hth; a1 Jeast one
masterbatch of this invention. Optional ingredients can be added at this’point, if desired. The methods
for forming fibégsfethts fitameshiooporidsteiatdnes ales sinilemicrtigstedilFestpaeseriBgtsr the
process for melf, spinRing & PRIYRYOMIRAtRH AN ARG/ TRRsolMer 20d adhermorlastiadiner-forming
10polymer. 100991 When forming fibers or filaments from carrier blends, the fiber-formin
thermoplastic J5HATSRIR Sde 818! RSN Gt L BAYFaRpIds baHE iﬁ@éﬁlﬁbﬁ%‘.b%ﬁﬂonal
ingredients canibe agddedatthispaiiuifidesired 4athes tbanaasueardwef the castarrklendarihe methods
for forming fibers and filaments from carrier blends are similar to those already 15 described for the
process for mEIE SHAHIRG PGHPOAT Hé(fglbc%%h%’)stgrg?g% ESlyATEF SHECE HEFhopIASAcHb_r-forming
polymer. [010@]cAs isf kinovmiin theaitpéibesscarick filativents caer heiprodouce thafevarietyof Anear
densities. Typigally, fibers and flaments with o, ingar. density, of ahouh2 1o shout 25 dener (about 0.22
to about 2.77 tex) arelused for nonwoven, woven, an hitted fabrics. Fibers and 20 filaments with
such linear densitiesatarberachievedbynthissinventimenMoreovervitiish elieyvddthagtvwchdmogeneity
of the blepds of pelvbrofninatad.ARIGNIS SHEERIS RIS Wt harmaplasts her-{ammisgnplymers
allows microfiber-sized fibers and filaments (about 1denier or less) to be produced. Of course, fibers
and filaments SHiRUTHEeR CHeG A ST AP D13 RS HEhier Shegratac aaiyEIZo e pratliesanstithrt
application calls for such a value. 25 [0101] Preferred fibers and filaments of this invention have a
linear.density in the range of about 2 to about 25 den ier; more preferred are fibers and filaments
having a linear density in the range of about 2 to abd@t 25 denier in which the polybrominated anionic
styrenic polymer is a brominated anionic polystyrene. Highly preferred fibers and filaments are those in
which the linear density in the range of about 2 to about 25 denier, and the polybrominated anionic 30
styrenic polymer is a brominated anionic polystyrene having a bromine content of at least about 60
wt%; even more highly preferred is such a filament or fiber in which the bromine content is at least
about 68 wt%. WO 2009/058966PCT/US2008/081735 ‘




[0102] It is also known in the art that melt spinning is a uniaxial extension process, and the
elongational viscosity behavior, which is the stress-strain relationship in uniaxial extension, is more
important than the shear viscosity behavior. In melt spinning, narrower molecular weight distributions
tend to be lessyingisigssagd clongational viscosity increases at higher exteagiQR.qpdaiess T his leads to
higher melt orientation, which in turn is reflected in higher spun fiber or filament orientation, higher
tenacity, and iguer extensibiity. 10 contrast broad moieciat weight distrigutions tend.fp bg more
thinning and hehce ' more prone nectklng ahdfractifs'a Yugh gplnnlng speeds. Thus, he harrow
molecular weigiichsttithaticnl ofitepalybiokisatedeahioniondtyrdnidlpabandpiyipart sigoificant
advantages to the processing of flame-retarded 10fibers and filame ts ft e i vgntigp,w}nﬁrﬂ
Cndergomg M ar e e e
formed into thi@868] orlysrnsforgsrduudheg faiics bl aré W\ ooesssopckerstadidHycoruaintisnaktextile
processes; The, SISt HAMEHS{QUIEARING SHEVSIRNBIRRASS FAIRMOR Yaaddadarm

nonwoven fabrics. Alternatively, the fibers or filaments may be used as components of bfends with
other 15fibers  S0EALES. Sty SSteRIGBcIIBRYHSORHBRIBRNTHRH TR 8E BB en, woven, or
knitted fabrics jfgghjics ¢ seertiles masadtamihedingr s apshilamenis e, hisHeverioneambeused in
carpeting (especially in high-pile carpeting), curtains, draperies, blinds, upholstery (e.qg., furniture,
airplane seats)’,"?%?@@:ifﬁﬂﬁg?tﬁ’é]d&iﬂ@ﬁd\‘i\?&ﬂc%?fﬂ%,laﬁdhﬂ?elﬁQé’P[@iﬁﬂ%hW‘}é‘%‘ﬂﬁ'\ﬁfh%lé%%ples are
presented for puipasesef iusiralioseamnd arameiRinienges teanyposentingatipha weiliassope of this
invention XAMPIFE 1 [0105].In a melt spinning apparatus, dried polyethylene terephthalate is mixed
with the an anf8Uht P81V S i nated anionic styrenic polymer that will be less than about 10 wt% o
the 25 fiber af®B2}300s@p ittt heconaltdsiexirucéd iinvioreaviatesthatm pestnanvdshii be filnersdbtained
are woven to form a fabrig, To, evaluate flame retardancy, the fabric is subjected to the. small-scale
peT R ‘

NEPA-701 tes rff@ég(i?tas“ And&d PR8t BLtanli HENARBRE i POt EESn W848 EAON. In the

NEPA-701 teslyith inchahyc 10 iRghapigge af wlathis stretetediaiibrye e ikamesaanes kg wertically.
This piece of fabric is put three-fourths of an inch into a 1.5 inch 30flame for 12 seconds. The char
length, drip burngared {xeigthdeissef theofalisric Are-nBus lrsdnansigmessiene A I ZIEE sy idematerial
should haye a dri rntime of zero seconds. WO 8966P ] 8/0817 XAMPLE 2
0106 10 S T e SrGR Sy R el hat il be
at least about Riwt% dhabre Rvertomfitsrieet isuabldédttohs rotesss nylests S-gpunraermblaycdnelitie melt is
extruded to giv, fibersAs filamensuihe fibe i fiaments amkpitad & dasemadabiierElame
retardancy is evaluated by subjecting the fabric to the NEPA701 test as described in Example 1.
EXAMPLE 3 18ft980 7] ibe pre@ifsiciwpigsetpRolume” witviislddiBieeximadavasedegd TrEBErews

were co- rotateglienfage peletizationwasyardofvepling WamWith wales: WRgESPidYthohastream of
air (air-cc%oling). The extruder had eleven separate zones, each of which was heated. For some
samples 2 sid@IEEGY WIS GURA PSRN At HBAAIA LBr &% BReUEE UMEsE Bih&Rkse stated,
each sample washvater coaleds MgrioRs patameaiatsior die sarmgle, ruasasumnmadzed: iz in Table
I. The brominatedtanionic Potlglst}/r.ene L%Eigd in all rulps WasthSAYTEX(r) HP-3010, a product of
Albemarle Corrﬁ%cré) iGR- The sa%%ﬂgézfnc UBISERYS L OBYE Bromitiated anionic polystyrene runs (Runs 1
and 2), which Hédpmparativeninsifiocihe pufpostdohthigiedvention. RuenR waly perfosmechat a
slightly higher temperature than Run 1. Carrier blends of brominated apionic polystyrene.with antimony
e (Wi e ek
brominatéd anignsic Polystyine to 2283 Abtinporyaibxidehrwecpurisipfthid Ylendiwerd peformed.

One run, Run %Mﬁ&-w@&&m'%@'tﬂlﬁ%@% gr];aﬂrgw) Ut #AGBIrRaRiRd cRERENEARdItiRNS, listed

in Table 1, were the same for both runs. TO1( o o
SeveralcarrierBlgisHE s AIAREEIMTIS Bl N9 berhity SSBthy pEriar apisrbpmtrghhie) (SA
YTEX BT@SVVhAH?\%WA%&QI@,@O@ﬂ@@))(\M@B@,U@@gﬁd more preferably of about 21,000 or in the range

of about 27,000 to about 30,000. In still other embodiments, the preferred brominated anionic

30 styrenic polymers have GPC weight average molecular weights of at least about 600,000.

[0065] In some embodiments of this invention, the polybrominated anionic styrenic polymer

20




A blend having 50% brominated anionic polystyrene and 50% ethylenebis(tetrabromophthalimide)
(Run 5) was made and water-cooled. The 45% brominatcd anionic polystyrene/55%
ethylenebis(tetrabromophthalimide) sample (Run 6) was also water-cooled. Two sets of conditions

were used for 4RY6dasaszsated anionic 30polystyrene/60% ethylencbis(tetpaliypmariiatinide), as
shown in ‘fable 1 (Runs 7-10). Run 8 was water-cooled; Run 9 was cooled with a spray of water: Run

10 was air-cooled. For the ‘)NO 2009/05896§‘PCT/L¢$2%08/081735 490{%13 % br%min%tﬁd te,;}ﬂonic
nds

polystyrene/etrlﬁlféR%%?flé’fraﬁ%?ﬁgpﬁ?%ﬂ%i 'é’)”bgle e lélreaﬁ(mleeg were 1658 ﬁ oosuéy an'those

having higher l(eiatwa)praﬂoarsiotbslmﬁbm%mmﬂanjmcﬁ@‘MMﬂyae@pwtﬂWﬁﬁdj@addd)tﬁmtlmé material
in the 4070/ 60%&5%%%%@%@ (]SF]"%‘?JLﬁRW E%P&qa%e'&‘h%%ﬂ%tféﬂo%&b%g?ﬁu‘ﬁ%@%?@ﬁ%%%%ﬁhat

although water-cooling shattered the 5granules, glossy granules were 6btained by air-coolirig instead.
Presumably, gtaluies fiddBRuress, 28d ardepwiitrably Jha e miffHélr ardcsir-cosherR 0109 Ricthe

"Proportions”. rawef fahlg e Arat apreRay Bibedelative.amennt piBmnAad RReRiG Relystyrene

in the carrier blend; the second number is the relative amount of the other component present in the
carrier blend. 1At &S RidRY praoam with g H5 PGPSO 10T ROGYI AR RifdF veE 504D . 506
50%/50% 45%:kaR4 400 YR 68akaB 6 ARG/ GR%n is further characterized in that it has, prior

to blending, a chlorine content, if any, of less than about 700 ppm Cl, more preferably, less
than about 500 ppm Cl, and still more preferably less than about 100 ppm CI.

10 [0066] In other embodiments, the polybrominated anionic styrenic polymer is a brominated
styrenic polymer having (i) a bromine content of at least about 50 wt% (preferably at least
about 60 wt%, and more preferably at least about 67 wt%), (i1) a TGA temperature for 1%
weight loss which is 340°C or higher, preferably within the range of [rom about 340°C to
about 380 °C, and more preferably within the range of from about 345 °C to about 380 °C, and

15 (iii) thermal stability in the Thermal Stability Test described hereinafter of 200 ppm HBr or
less; preferably 150 ppm of HBr or less, and more preferably 100 ppm of HBr or less. Such
polybrominated anionic styrenic polymer is especially suitable for use as a flame retardant
when blended in at least a flame retardant amount with a thermoplastic polymer. Particularly
preferred in this embodiment is a brominated styrenic polymer which is further characterized in

20 that it has a chlorine content, if any, of less than about 700 ppm Cl, more preferably, less than
about 500, and still more preferably less than about 100 ppm CI.
[0067] Pursuant to a preferred embodiment of this invention, the flame retardant is a
brominated anionic styrenic polymer, preferably a brominated anionic polystyrenc, that has (i)
a bromine content of atleast about 50 wt%, preferably at least about 60 wt%, more preferably

25  atleastabout 67 wit%, and still more preferably at least about 68 wt%; (ii) a thermal stability in
the Thermal Stability Test of 200 ppm of HBr or less, preferably 150 ppm of HBr or less, and
more preferably 100 ppm of HBr or less; and (ii1) a AL color value, measured using 10 wt%
solutions in chlorobenzene, of less than abhout 10, preferably less than about 7, and more
preferably less than about 5. More preferred brominated anionic styrenic polymers of this

30 embodiment such as brominated anionic polystyrenes have GPC weight average molecular

weights in the range of about 5000 to about 30,000, preferably in the range of about 7000 to




Screw speed 200 rpm 200 /Tin 200 rpm 220 rpm 220 rpm 220 rpm 220 rpm 0.m-ent 12 amps 17
amps 19 amps 21 amps 17 amps Throughput 15 kg/hr 15 kWhr 10 kg/hr 15 kg/hr 12 kg/hr 12 kg/hr 12
kg/lu- Pressure
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about 25,000, and more preferably in the range of about 8000 to about 20,000. In other

preferred embodiments, the more preferred brominated anionic styrenic polymers have GPC

weight average molecular weights in the range of about 20,000 to about 30,000, and more

preferably of about 21,000 or in the range of about 27,000 to about 30,000. In still other

5 preferred embodiments, the more preferred brominated anionic styrenic polymers have GPC
weight average molecular weights of at least about 600,000.

[0068] In another preferred embodiment of this invention, the polybrominated anionic

styrenic polymer is a brominated anionic styrenic polymer, preferably a brominated anionic

polystyrene, that has (i) a bromine content of at least about 50 wt%, preferably at least about 60

10 wt%, more preferably at least about 67 wt%, and still more preferably at least about 68 wt%;

(ii) a thermal stability in the Thermal Stability Test of 200 ppm HBr or less, preferably 150

ppm of HBr or less, and more preferably 100 ppm HBr or less; and (iii) a melt flow index of at

least about 0.5 g/10 min., and preferably at least about 1 g/10 min., in the Melt Flow Index "Test

as described hereinafter. More preferred brominated anionic styrenic polymers of this

15  embodiment such as brominated anionic polystyrenes have a GPC weight average molecular

weight in the range of about 5000 to about 30,000, preferably in the range of about 7000 to

about 25,000, and more preferably in the range of about 8000 to about 20,000. In other

preferred embodiments, the more preferred brominated anionic styrenic polymers have GPC

weight average molecular weights in the range of about 20,000 to about 30,000, and more

20 preferably of about 21,000 or in the range of about 27,000 to about 30,000. In sull other

preferred embodiments, the more preferred brominated anionic styrenic polymers have GPC
weight average molecular weights of at least about 600,000.

[0069] In still another preferred embodiment of this invention, the polybrominated anionic

styrenic polymer is a brominated anionic styrenic polymer, preferably a brominated anionic

25  polystyrene, that has (i) a bromine content of at least about 50 wt%, preferably at least about 60

wt%, more preferably at least about 67 wt%;, and still more preferably at least about 68 wi%:;

and (ii) a melt flow index of at least about 0.5 g/10 min., and preferably at least about 1 /10

min., in the Melt Flow Index Test as described hereinafter. In more preferred embodiments,

these brominated styrenic polymers such as brominated anionic polystyrene also have (1) a AE

30 color value, measured using 10 wt% solutions in chlorobenzene, of less than about 10,

preferably less than about 7, and more prelerably less than about 5; or (II) a TGA temperature

138}
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16 bar 29 bar 38 bar 54 bar 68 bar 71 bar Melting temp .2 220C 223C 241C 247C 251°C 258C
Granulator 900 rpm 1250 rpm 1250 rpm 12 rpm Side-feeder 145 rpm
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for a 1% weight loss under nitrogen of at least about 340°C, and preferably at least about
350°C; or (III) a GPC weight average molecular weight in the range of about 5000 to about
30,000, preferably in the range of about 7000 to about 25,000, and more preferably in the range
of about 8000 to about 20,000. In other preferred embodiments, (III) is a GPC weight average
5  molecular weight in the range of about 20,000 to about 30,000, and more preferably of about
21,000 or in the range of about 27,000 to about 30,000. In still other preferred embodiments,
(IM) is a GPC weight average molecular weight of at least about 600,000. Still more preferred
compositions of this embodiment possess at least any two of (I), (II), and (III), e.g., (I) and (1);
(I) and (III); or (IT) and (ITf). Even more preferred are compositions of this embodiment that
10 possess all three of (I), (II), and (IIL).
[0070] A further preferred embodiment of this invention has as the flame retardant a
brominated anionic styrenic polymer, preferably a brominated anionic polystyrene, that has (i)
a brominc content of at least about 50 wt%, preferably at least about 60 wt%, more preferably
at least about 67 wt%, and still more preferably at least about 68 wi%; (ii) a AE color value,

15  measured using 10 wt% solutions in chlorobenzene, of less than about 10, preferably less than
about 7, and more preferably less than about 5; and (iii) a GPC weight average molecular
weight in the range of about 5000 to about 30,000, preferably in the range of about 7000 to
about 25,000, and more preferably in the range of about 8000 to about 20,000. In other
preferred embodiments, (iii) is a GPC weight average molecular weight of in the range of about

20 20,000 to about 30,000, and more preferably of about 21,000 or in the range of about 27,000 to
about 30,000. In still other preferred embodiments, (ii1) is a GPC weight average molecular
weight of at least about 600,000. In more préferred embodiments, these brominated styrenic
polymers such as brominated anionic polystyrene also have a TGA temperature for a 1%
weight loss under nitrogen of at least about 340°C, and preferably at least about 350°C.

25  [0071] The polybrominated anionic styrenic polymer in still another preferred embodiment of
this invention is a brominated anionic styrenic polymer, preferably a brominated anionic
polystyrene, that has (i) a bromine content of at least about 50 wt%, preferably at least about 60
w1%. more preferably at least about 67 wt%, and still more prefcrably at Jcast about 68 wt%;
(i1) a thermal stability in the Thermal Stability ‘T'est of 200 ppm HBr or less, preferably 150

30 ppm of IIBr or less, and more preferably 100 ppm HBr or less; (iii) a melt flow index of at

least about (0.5 ¢/10 min., and preferably at least about 1 ¢/10 min., in the Melt Flow Index Test

23




145 rpm 145 rpm 145 rpm Extruder zones: Zone 1 220C 220C 220C 220C 220C 220C 230C Zone
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as described hereinafter; and (iv) a AE color value, measured using 10 wt% solutions in
chlorobenzene, of less than about 10, preferably less than about 7, and more preferably less

than about 5. In more preferred embodiments, the brominated styrenic polymers such as
brominated anionic polystyrene described in this paragraph are further characterized in that

5  theyhave a GPC weight average molecular weight in the range of about 5000 to about 30,000,
preferably in the range of about 7000 to about 25,000, and more preferably in the range of
about 8000 to about 20,000; and/or a TGA temperature for a 1% weight loss under nitrogen of

at least about 340°C, and preferably at least about 350°C. In other more preferred
embodiments, the brominated anionic styrenic polymers have GPC weight average molecular

10 weights in the range of about 20,000 to about 30,000, and more preferably of about 21,000 or
in the range of about 27,000 to about 30,000; and/or a TGA temperature for a 1% weight loss
under nitrogen of at least about 340 °C, and preferably at least about 350°C. In still other more
preferred embodiments, the brominated anionic styrenic polymers have GPC weight average
molecular weights of at least about 600,000; and/or a TGA temperature for a 1% weight loss

15  under nitrogen of at least about 340 °C, and preferably at least about 350°C.

[0072] A further preferred embodiment of this invention has as the polybrominated anionic
styrenic polymer a brominated anionic styrenic polymer, preferably a brominated anionic
polystyrene, that has (i) a bromine content of at least about 50 wt%, preferably atleast about 60
wt%, morc preferably at least about 67 wt%, and still more preferably at least about 68 wt%;
20 (ii) a thermal stability in the Thermal Stability Test of 200 ppm I1Br or less, preferably 150
ppm I1Br or less, and more preferably 100 ppm IIBr or less; and (I) that is essentially free of
impurities selected from the group consisting of (a) methylene chloride, (b) ethylene dichloride,
and especially (c) bromodichloroethane, (d) dibromochloroethane, (e) dibromodichloroethane,
(f) tribromochloroethane, and (g) any mixture of two or more of the foregoing, especially a
25  mixture that contains at least one of (c) through (f); (II) that has an ionic bromine content of
2000 ppm or less, preferably 1500 ppm or less, more preferably 1000 ppm or less, and still
more preferably 500 ppm or less; or (IIT) that contains, if any, less than about 700 ppm Cl,
preferably less than 500 ppm Cl, and more preferably less than 100 ppm Cl. More preferred
compositions of this embodiment possess at least any two of (I), (II), and (III), e.g., (1) and (II);
30 (1) and (111); or (1I) and (11I). Still more preferred are polybrominated anionic styrenic polymers

that possess all three of (1), (1I). and (IiI).




Z0O ne 3 210C 210C 210C 210C 210C 210C 220C Zone 4 200C 200C 200C 200C 200C 200C 220C

Zone 5 190C 190C 195C 195C 195C 195C 210C Zone 6 190C 190C

10

15

20

WO 2009/058966 PCT/US2008/081735

[0073] Particularly preferred polybrominated anionic styrenic polymers are thosc anionic

“styrenic polymers that are prepared according to the particularly preferred process for preparing

anionic styrenic polymers, as described above, and then brominated, most preferably as
described in this paragraph. Each of the patents described in this paragraph is incorporated
herein by reference. Such anionic styrenic polymer may be brominated by placing it in
admixture with a brominating agent, such admixture being substantially free of a bromination
catalyst, and fed to a catalytic quantity of a brominating agent. For further detailed teaching of
such styrenic polymer bromination process, reference is made, for example, to U.S. Patent No.
5,677,390. Another bromination method is to place the anionic styrenic polymer in solution
and in admixture with a brominating agent, such admixture being substantially free of a
bromination catalyst, and fed to a reactor containing a bromination catalyst and associated
liquid, wherein the solvent used in forming the polystyrene solution and the liquid associated
with the catalyst contains less than 200 ppm water between the two of them and the
brominating agent contains less than about 100 ppm water. For detailed teaching of such
polystyrené bromination process, reference is made, for example, to U.S. Patent No. 5,852,132.
Still another method for bromination is to contact the anionic styrenic polymer with a
brominating agent in the presence of lewis acid catalyst and solvent quantities of
bromochloromethane. For further detailed teaching of such styrenic polymer bromination
process, reference is made, for example, to U.S. Patent No. 5,767,203. Yet another way to
brominate the anionic polymer calls for bromochloromethane solvent and a Lewis acid catalyst
to be placed in a reaction vessel, and then a brominating agent is added to the vessel.
Alternatively, the polystyrene is not placed in the reaction vessel initially; it is instead feed in
admixture with the brominating agent to the reaction vessel which was previously charged with
bromochloromethane solvent and a Lewis acid catalyst. For further detailed teaching of such
polystyrene bromination process, reference is made, for example, to U.S. Patent No. 5,916,978.
Still another process for bromination involves a first stream comprising brominating agent, a
second stream comprising anionic styrenic polymer formed as taught herein, and a third stream
comprising bromination catalyst, which are fed to a mixer to intimately mix such streams. For
further detailed teaching of such styrenic polymer bromination process, reference is made, for
example, to U.S. Patent No. 5,686,538. In another bromination method, a bromination catalyst

and associated liquid are provided in a reactor and a portion of the bromination catalyst and

[N
N




195C 195C 195C 195C 210C WO 2009/058966PCT/US2008/081735 Zone 7 185C 190C 195C
195C 195C 195C 210C Zone 8 180C 190C 195C

WO 2009/058966 PCT/US2008/081735

associated liquid is fed to a mixer external of the reactor; a brominating agent and a solution of
anionic polystyrenc formed in accordance with the process taught herein are fed as separate
streams to the external mixer, in which the separate streams, prior to being fed to the external
mixer, are substantially free of a bromination catalyst, the solvent used in forming the

5  polystyrene solution and the liquid associated with the catalyst contains less than 200 ppm
water between the two of them, and the brominating agent contains less than about 100 ppm
water. For further detailed teaching of such polystyrene bromination process, reference is
made, for example, to U.S. Patent No. 5,852,131. Bromination may also be accomplished by
mixing the anionic styrenic polymer with a brominating agent and fed to a reaction vessel to

10 which was previously added bromochloromethane solvent and a Lewis acid catalyst, the mole
ratio of brominating agent to polystyrene in the feed mixture being from about 1:1 to about 8:1.

For further detailed teaching of such polystyrene bromination process, reference is made, for

example, to U.S. Patent No. 6,207,765 B1.

15  B. Analytical methods for polybrominated anionic styrenic polymer

[0074] Bromine Content. Since brominated styrenic polymers have good, or at least

satisfactory, solubility in solvents such as tetrahydrofuran (THF), the determination of the
bromine content for the brominated styrenic polymers is easily accomplished by using
conventional X-ray fluorescence (XRF) techniques. The sample analyzed is a dilute sample,
20 say 0.1+ 0.05 g brominated anionic polystyrene in 60 mL THF. The XRF spectrometer can be
a Phillips PW 1480 Spectrometer. A standardized solution of bromobenzene in THE is used as
the calibration standard. The bromine values described herein are all based on the XRF

analytical method.

25 [0075] AL Color Value. To determine the color attributes of the brominated styrenic

polymers used in this invention, use is again made of the ability to dissolve brominated styrenic
polymers in easy-to-obtain solvents, such as chlorobenzene. Weigh 5 g + 0.1 g of the
brominated anionic polystyrene into a 50 mL centrifuge tube. To thetube alsoadd45g + 0.1 ¢
chlorobenzene. Close the tube and shake [or 1 hour on a wrist action shaker. After the 1 hour
30 shaking period, examine the solution [or undissolved solids. Il a haze is present, centrifuge the

solution for 10 minutes at 4000 rpm. If the solution is still not clcar, centrifuge an additional
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10 minutes. Should the solution remain hazy, then it should be discarded as being incapable of
accurate measurement. If, however, a clear solution is obtained, it is submitted for testing in a
HunterLab ColorQuest Sphere Spectrocolorimeter. A transmission cell having a 20-mm
transmission length is used. The colorimeter is set to “Delta E-lab” to report color as AE and to

5  give color values for “L”, “a” and “b”. Product color is determined as total color difference
(AE) using Hunter L, a, and b scales for the 10% by weight concentrations of the product in
chlorobenzene versus chlorobenzene according to the formula:

AE = [(AL)? + (Aa)” + (Ab)*]"?

10 [0076] Thermal Stability Test. To determine thermal stability and estimate the corrosive

potential of a sample, the Thermal Stability Test is used. The test procedure, described in U.S.
Pat. No. 5,637,650, is used in the following manncr. Hach sample is run in duplicate. A
2.00+0.01 g sample is placed into a new clean 20x150 mm test tube. With a neoprene stopper
and Viton® fluoroelastomer tubing, the test tube is connected (o a nitrogen purge line with exit
15  gas from the test tube being passed successively through subsurface gas dispersion frits in three
250-mL sidearm filter flasks each containing 200 mL of 0.1 N NaOH and 5 drops of
phenolphthalein. With a constant nitrogen purge at 0.5 SCFH, the test tube is heated at 300°C
in a molten salt bath (51.3% KNOs/48.7% NaNQs) for 15 minutes followed by 5 minutes at
ambient temperature. The test tube containing the sample is then replaced with a clean dry test
20 tube, and the apparatus is purged with nitrogen for an additional 10 minutes with the empty test
tube in the 300°C salt bath. The test tube, tubing and gas dispersion tubes are all rinsed with
deionized water, and the rinse is combined quantitatively with the solutions in the three
collection flasks. The combined solution is acidified with 1:1 1INOj and titrated with 0.01 N
AgNQs3 using an automatic potentiometric titrator (Metrohm 670, 716, 736, or equivalent).
25  Results are calculated as ppm HBr, ppm HCI, and ppm HBr equivalents as follows:
ppm HBr = (EP 1)(N)(80912)/(sample wt.)
ppm HCI = (EP 2 - EP 1)(N)(36461)/(sample wt.)
ppm HBr equivalents = (EP 2)(N)(80912)/(sample wt.)
where EP(x) = mL of AgNOs; used to reach end point x; and N = normality of AgNOs. The
30 tubing is thoroughly dried with nitrogen before the next analysis. Each day before the first

sample, three empty clean test tubes are run as blanks to assure there is no residual hydrogen




210C 'Comparative runs 2 Tlas is the melting temperature of the blended mixture. SEXAMPLE 4
[0110], For the following sample runs, a twin-screw extruder was used. The screws were co-rotated.
Die-face pelletization was used. Cooling was with a cold water spray. The extruder had eleven _
separate zonesy§agfd pdgwdgich was heated. For some samples, a side-feegefyamdsagehsa conjunction
with the twin-screw extruder. Unless otherwise stated, each sample was 10water cooled. Various
parameters for tJ;f sample runs are summarized in Table 2. The brominated anionic polystyrene used
in all runs Wasig %%ngé%r)”ﬁﬁf’géom, a product of Albemarle Corporation. In Runs 1-5, the polybutylcne
terephth al ate was Crastin (a product of DuPont), while in Run 6 the polybutylene tercphthalate was

Arnite (a pfodtl@b%Dii\% i %s&%gg'Mb%éct&m%%ﬁsofﬁ{gmw%ﬁ%m@@i&)&%}sﬁ% s Wit
polybutylene terep : roportions” row of Table 2, the first humber is the

relative amountsofdordatimsanedeaploiibbolysnpend i dasanssteritchRifadeedndeniieipepis the

relative amounyQfipolybutyle pe.lareRmbalate) TABRLE2-RY P L1848 FrpRarions QiaR000
80%/20% 90%/10% 95%/5% 97%/3% 70%/30% Screw speed 210 rpm 210 rpm
were Waters, pStyragel, S00A, 10,000A and 100,000 A. The autosampler was a Shimadzu,

Model Sil 9A. A polystyrene standard (My, = 185,000) was routinely used to verify the
accuracy of the light scattering data. The solvent used was tetrahydrofuran, HPLC grade. The
test procedure used entailed dissolving 0.015-0.020 g of sample in 10 mL of THF. An aliquot
10 of this solution is filtered and 50 uL. is injected on the columns. The separation was analyzed
using software provided by Precision Detectors for the PD 2000 Light Scattering Detector.
[0078] The calculated theoretical M, values were obtained in accordance with the equation:

M,PS
Theorctical M,,BrPS =
15 1 - (wt% Br)(0.01)

[0079] Melt Illow Index Test. To determine the melt flow index of the brominated styrenic

polymers of this invention, the procedure and test equipment of ASTM Test Method 121238-99
are used. The extrusion plastometer is operated at 220°C and 2.16 kg applied pressure. The
20 samples used in the tests are composed of 50 parts by weight of antimony oxide, a calculated
quantity in the range of about 200 to about 250 parts by weight of the brominated styrenic
polymer that will provide a final blend containing 15.0 wt% Br based on the Br content of the
brominated styrenic polymer, and sufficient glass-filled nylon 6.6 (Zytel polymer, from

DuPont) to give a total of 1000 parts by weight.

C. Other ingredients

[0080] Preferred fiber compositions of this invention contain at least one [lame retardant
synergist. Such synergists are typically used in amounts such that the weight ratio of flame
retardant(s) to synergist is in the range of about 5 to about 1, and preferably in the range of

30 about 4 to about 2. Examples of flame retardant synergists include, but are not limited to.
antimony trioxide, antimony pentoxide, sodium antimonate, potassium antimonate, iron oxide,
zinc borate, zinc oxide, and zinc stannate.

[0081] Other, conventional additives are often added to the flame retardant fiber composition
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to impart desired properties to the end product. One or more such additives may be made part
of the flame retardant fiber composition of the invention. The additive(s) should be chosen so
that the flame retardancy and other desirable properties of the composition are not adversely
affected. Examples of such additives include coloring agents such as dyes and pigments,
stabilizers, including heat stabilizers and light stabilizers, ultraviolet absorbers, fluorescent
agents, antifogging agents, weather-proofing agents, antistatic agents, fillers, lubricants,
antioxidants, dispersants, blowing agents, a release agent, processing aids, nucleating agents,_
reinforcing agents, plasticizers, and additional polymeric materials such as elastomers or
rubbers.

[0082] Tt should be noted that not all of the listed optional other ingredients are compatible
with all of the possible thermoplastic fiber-forming polymers or mixtures thereof. Ior
cxample, antimony trioxide, a synergist, is generally not compatible with polyethylenc
terephthalate.

[0083] The compositions of this invention also may optionally contain a
polytetrafluoroethylene resin. The polytetrafluoroethylene (PTFE) resin that may be used can
be prepared by any known process technique, such as emulsion or suspension polymerization,
and are readily available from a number of commercial sources. The polytetrafluoroethylene
resin may be selected from among those resins having various degrees of polymerization
(viscosity) depending upon the desired dispersibility characteristics of the PTFE resin, its

processability as well as other physical properties which may be needed.

D. Carrier blends of the invention

[0084] The carrier blend is formed from ingredients comprising (i) at least one
polybrominated anionic styrenic polymer, wherein the polybrominated anionic styrenic
polymer has a bromine content of at least about 50 wt%, and (ii) at least one synergist or at
least one other flame retardant. Component (ii) may include both another flame retardant and a
synergist. As described for the compositions, the carrier blends may also optionally contain
conventional additives, including, but not limited to, coloring agents, stabilizers, ultraviolet
absorbers, antioxidants, and additional polymeric materials such as elastomers or rubbers. As
above, such additive(s) should be chosen so that the [lame reltardancy and other desirable

properties of the composition are not adversely affected. The advantage of such carrier blends
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is that high-melting components may become part of the flame-retarded fiber composition,
whilc minimizing the negative cffects that high-melting components usually have on fiber
properties.

[0085] The polybrominated anionic styrenic polymer is as described above for the
compositions of the invention; preferred polybrominated anionic styrenic polymers are also as
described above. When the synergist and/or flame retardant has a melting or softening point
above the compounding temperature of the blend (i.e., it is high-melting or non-melting), the
polybrominated anionic styrenic polymer generally comprises at least about 40 weight % of the
carrier blend. More preferably, the polybrominated anionic styrenic polymer comprises at least
about 50 weight % of the carrier blend. The synergists are as described above for the
compositions of the invention. Any synergist or flame retardant that is high-melting can be
blended with the polybrominated anionic styrenic polymer to form a carrier blend. When the
synergist and/or flame retardant has a melting or softening point below the compounding
temperature of the blend, the polybrominated anionic styrenic polymer can comprise less than
40 weight % of the carrier blend.

[0086] Preferred carrier blends include those comprised of brominated anionic polystyrene
and antimony trioxide; brominated anionic polystyrene and antimony pentoxide; brominated
anionic polystyrene and sodium antimonate; and brominated anionic polystyrene and
ethylenebis(tetrabromophthalimide); these blends are more preferred when the brominated
anionic polystyrene has a typical bromine content of approximately 60 wt% formed from
anionic polystyrene. Especially preferred carrier blends are those in which the brominated
anionic polystyrenc has a typical bromine content of approximately 68 wt% formed from
anionic polystyrene.

[0087] Carrier blends may be formed by mixing and melting together the polybrominated
anionic styrenic polymer and the synergist and/or other flame retardant, and other optional
ingredients, if any. The polybrominated anionic styrenic polymer, the synergist(s) and/or other
flame retardant(s), and other ingredients, if any, may be added to the device or zone in which
they are to be melted, where they are simultaneously mixed and melted (preferred), or melted
together and then mixed. Another method for blending the polybrominated anionic styrenic
polymer and synergist and/or other flame retardant is 1o mell one of them, normally the

polybrominated anionic styrenic polymer, and then add the other of them, usually while mixing
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and melting.
[0088] Alternatively, the polybrominated anionic styrenic polymer, the synergist and/or other
flame retardant, and other optional ingredients may be (pre)mixed and then melted together.
Premixing of the dry ingedients is not usually necessary, and is not preferred. If the
5 polybrominated anionic styrenic polymer, the synergist and/or other flame retardant, and, if
desired, other ingredients are premixed prior to the melting, such premixing can be done in a
mixing machine, such as, for example, a Henschel mixer, a tumble mixer, and the like. A part
or the entirety of any or all of the components may be pulverized in order to facilitate their
dispersion in the mixture, although this is generally not necessary.

10 [0089] The compounding of the blend of the polybrominated anionic styrenic polymer and
the synergist and/or other flame retardant, and other optional ingredients, if any, can be done on
compounding equipment such as e.g., a twin screw extruder or a Buss kneader.

[0090] When the polybrominated anionic styrenic polymer, synergist and/or other flame
retardant, and optional other ingredients are melted and mixed together without premixing,

15  they are usually heated until the polybrominated anionic styrenic polymer softens or melts, and
then all of the components are thoroughly mixed, after which the mixture is extruded. The
melting and mixing can be conducted using such equipment as a single or multiple screw
extruder, e.g., a twin-screw extruder, a Buss kneader, and the like.

[0091] As the compounded extrudate exits the compounding machine, the extruded strands

20  exiting the extruder die are die-face pelletized while the mixture is cooled. Water cooling or
air cooling may be employed. When water cooling, the temperature of the water is preferably

at least about 60°C; more preferably, the water temperature is in the range of about 60-70°C.

More preferably, a spray of waler is used. Especially preferred is air cooling (by blowing a

stream of air upon the extruding carrier blend), particularly when the synergist and/or other
25  flame retardant is high-melting. When the proportion of high-melting ingredient(s) becomes

high enough, for example, when brominated anionic polystyrene is about 50% or less of the

carrier blend, it has been observed that the granules formed tend to shatter when water cooled.

The precise ratio at which this may occur is expected (without wishing to be bound by theory)

to vary with the particular polybrominated anionic styrenic polymer used in the carrier blend.
30

E. Processes for producing flame retardant compositions
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[0092] As stated previously, the lower viscosity and greater thermal stability of the
polybrominated anionic styrenic polymer are believed to increase the ease of forming flame-
retardant fibers and filaments. One method for forming such fibers or filaments is a process
which comprises melt spinning (a) at least one fiber-forming thermoplastic polymer, and (b) at
5 least one polybrominated anionic styrenic polymer. The polybrominated anionic styrenic
polymer has a bromine content of at least about 50 wt%. The fiber-forming thermoplastic
polymer and polybrominated anionic styrenic polymer are in proportions such that when the
fiber-forming thermoplastic polymer is a polyester, the polybrominated anionic styrenic
polymer is present in a flame resistant or flame retardant amount, when the fiber-forming
10 thermoplastic polymer is a polyamide, the polybrominated anionic styrenic polymer is at least
about 2 wt% of the fiber or filament, and when the fiber-forming thermoplastic polymer is a
polyolefin, atleast one synergist is present and the polybrominated anionic styrenic polymer is

no more than about 15 wt% of the fiber or filament.
[0093] The polybrominated anionic styrenic polymer, the fiber-forming thermoplastic
15 polymer, synergist when needed or desired, and other ingredients, if any, may be added to the
device or zone in which they are to be melted and spun, where they are simultaneously mixed
and melted (preferred), or melted together, then mixed, and then extruded. The flame retardant
and the fiber-forming polymer may be blended by melting one component, normally the fiber-
forming polymer, and then adding the other component, usually while mixing and melting.
20 Alternatively, the polybrominated anionic styrenic polymer, the fiber-forming thermoplastic
polymer, synergist, and other optional ingredients may be (pre)mixed, then melted together,
and then extruded. Premixing of the dry ingedicents is not usually necessary, and is not

preferred.

[0094] If the polybrominated anionic styrenic polymer, the fiber-forming thermoplastic

25  polymer, a synergist where necessary or desired, and if desired. other ingredients are premixed
prior to the melting, such premixing can be done in a mixing machine, such as, for example, a
[lenschel mixer, a tumble mixer, and the like. A part or the entirety of any or all of the
components may be pulverized in order to facilitate their dispersion in the mixture, although
this is generally not necessary.

30 [0095] When the polybrominated anionic styrenic polymer, the fiber-forming thermoplastic
polymer, synergist as needed or desired, and optional other ingredients are subjected to melt

spinning without premixing, they are usually heated until the polybrominated anionic styrenic
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polymer and the fiber-forming thermoplastic polymer soften or melt, and then all of the
components are thoroughly mixed, after which the mixture is extruded. The melting and
mixing can be conducted using such equipment as a Banbury mixer, an open roller, a kneader,

a single or multiple screw cxtruder, and the like.
5 [0096] Another approach to forming compositions comprising a polybrominated anionic
styrenic polymer and a thermoplastic fiber-forming polymer is to form a masterbatch, normally
a mixture having a high concentration of the (lame retardant (the polybrominated anionic
styrenic polymer). Polyesters, polyamides, and polyolefins can be used to form masterbatches.
Polybutylene terephthalate is a preferred polyester for forming masterbatches. The
10 masterbatch is later re-melted with more of the thermoplastic fiber-forming polymer to form an
end product with the desired ratios of flame retardant and thermoplastic fiber-forming polymer.
This approach can be used in the present invention with any of the above-described mixing
methods. Other desired ingredients, if any, may be added to the concentrated blend or added
when the concentrated blend is mixed with more of the thermoplastic fiber-forming polymer.
15 Asthe compounded extrudate exits the compounding machine, the extruded strands exiting the
extruder die are die-face pelletized while the mixture is cooled. Hot or cold water cooling or

air cooling may be used.

[0097] Generally, in a masterbatch, the concentration of flame retardant is much higher
relative to the thermoplastic fiber-forming polymer than in a fiber or filament. Typical
20 proportions in a masterbatch when the flame retardant is in excess are 90:10 polybrominated
anionic styrenic polymer:thermoplastic (iber-forming polymer; other typical ratios are 80:20
and 70:30 polybrominated anionic styrenic polymer:thermoplastic fiber-forming polymer (all
ratios arc by weight). Thus, the polybrominated anionic styrenic polymer:thermoplastic fiber-
forming polymer ratio by weight is usually in the range of about 30:60 to about 90:10, and
25  preferably in the range of about 30:70 to about 70:30. In other words, typically at least about
25 wt%, and preferably at least about 30 wt%, of the masterbatch is the flame retardant; more
preferably, in the range of about 30 wt% to about 90 wi% of the masterbatch is the flame
retardant. Still more preferably, the [lame retardant is in the range ol about 30 wi% to about 80
wt% of the masterbatch. However, the ratio of the polybrominated anionic styrenic polymer to
30 the thermoplastic fiber-forming polymer can be anywhere from 99:1 to 1:99. When a synergist
is included in the masterhatch, as for the polyolefins or when needed for other thermoplastic
fiber-forming polymers, the proportions can be, ¢.g.. 30:60: 10 polybrominated anionic styrenic

polymer:thermoplastic fiber-forming polymer:synergist (all ratios are by weight); this ratio can
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210C 215C 215C 220C Thi s s the melting temperature of the blended mixture. EXAMPLE 5 [0112]
For the following sample runs, a twin-screw extruder was used. '1'he screws were co- 5 rotated.
Strand granulation was used. Cooling was with water, in a cold water bath. The extruder had nine
separate zonesy§asifdfdswdgich was heated. For some samples, a side-feegdeiyamdsageryd conjunction
with the twin-screw extruder. Unless otherwise stated, each sample was water cooled. Various
parameters for the sample runs are summarized in Table 3. The brominated anionic polystyrene used
in all runs was SAXTE X¢ry Mideb0and i mrodntedby Galnessiate Cosrpoeidsh, Jhare o lswybiajen

masterbatches,gfbppminates apanic palyshraas wMiebuleanierphihalaiginere.made. Some of
these masterbatches also contained a synerg |§l In the "Pro ortlons row of 'Fable 3, the flrst number
y
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relative amountbitipohypatitydére. 15terephthalate; if there is a third number, it is the amount of synergist
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Proportions 30
thermoplastlc polymer is subjected to melt spinning with at least one masterbatch of this

invention. Optional ingredients can be added at this point, if desired. The methods for forming
fibers and filaments from masterbatches are similar to those already described for the process
for melt spinning a polybrominated anionic styrenic polymer and a thermoplastic fiber-forming

10 polymer.
[0099] When [orming fibers or filaments from carrier blends, the fiber-forming thermoplastic

polymer is subjected to melt spinning with a carrier blend of this invention. Optional
ingredients can be added at this point, if desired, rather than as part of the carrier blend. The
methods for forming fibers and filaments from carrier blends are similar to those already

15  described for the process for melt spinning a polybrominated anionic styrenic polymer and a
thermoplastic fiber-forming polymer.

[0100] As is known in the art, fibers and filaments can be produced in a variety of linear
densities. Typically, fibers and filaments with a linear density of about 2 to about 25 denier
(about 0.22 to about 2.77 tex) are used for nonwoven, woven, and knitted fabrics. Fibers and

20  filaments with such linear densities can be achieved by this invention. Moreover, itis believed
that the homogeneity of the blends of polybrominated anionic styrenic polymers with
thermoplastic fiber-forming polymers allows microfiber-sized fibers and filaments (about 1
denier or less) to be produced. Of course, fibers and filaments with linear densities of about 25
denier or greater can also be produced, if the application calls for such a value.

25 [0101] Preferred fibers and filaments of this invention have a linear density in the range of
about 2 to about 25 denier; more preferred are fibers and filaments having a linear density in
the range of about 2 to about 25 denier in which the polybrominated anionic styrenic polymer
is a brominated anionic polystyrene. Highly preferred fibers and filaments are those in which
the linear density in the range of about 2 to about 25 denier, and the polybrominated anionic

30 styrenic polymer is a brominated anionic polystyrene having a bromine content of at Jeast about
60 w1%; even more highly preferred is such a filament or fiber in which the bromine content is

at least about 68 wt%.
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[0102] Itis also known in the art that melt spinning is a uniaxial extension process, and the
clongational viscosity behavior, which is the stress-strain relationship in uniaxial extension, is
more important than the shear viscosity behavior. In melt spinning, narrower molecular weight
distributions tend to be less thinning, and elongational viscosity increases at higher extension
5  rates. This leads to higher melt orientation, which in turn is reflected in higher spun fiber or
filament orientation, higher tenacity, and lower extensibility. In contrast, broad molecular
weight distributions tend to be more thinning and hence more prone to necking and fracture at
high spinning speeds. Thus, the narrow molecular weight distribution of the polybrominated
anionic styrenic polymer impart significant advantages to the processing of flame-retarded
10 fibers and filaments of the invention when undergoing melt spinning.
[0103] 'The fibers and filaments of this invention, once formed, can be formed into threads or
yarns for producing fabrics that are woven or knitted in conventional textile processes. The
fibers and filaments formed by the extrusion process can also be used to form nonwoven
fabrics. Alternatively, the fibers or filaments may be used as components of blends with other
15 fibers, such as polyester/cotton blends, that are in turn formed into nonwoven, woven, or
knitted fabrics. Fabrics or textiles made from the fibers and filaments of this invention can be
used in carpeting (especially in high-pile carpeting), curtains, draperies, blinds, upholstery
(e.g.. furniture, airplane seats), tablecloths, bedding, wallcoverings, and the like.
[0104] The following examples are presented for purposes of illustration, and are not

20 intended to impose limitations on the scope of this invention.

EXAMPLE 1
[0105] 1In a melt spinning apparatus, dried polyethylene terephthalate is mixed with the an
amount of polybrominated anionic styrenic polymer that will be less than about 10 wi% of the
25 fiberat 280°-300°C, and the melt is extruded into a water bath as strands. The fibers obtained
are woven to form a fabric. 'T'o evaluate flame retardancy, the fabric is subjected to the small-
scale NFPA-701 test (1989), a standard test established by the National Fire Protection
Association. In the NFPA-701 test, a 2 inch by 10 inch piece of cloth is stretched taut over a
frame, andv hung vertically. This piece of fabric is put three-fourths of an inch into a 1.5 inch
30 flame for 12 seconds. The char length, drip burn, and weight loss of the fabric are measured.

To pass the NFPA-701 test, a material should have a drip burn time of zero seconds.
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EXAMPLE 2
[0106] In a melt spinning apparatus, an amount of polybrominated anionic styrenic polymer
that will be at least about 2 wt% of the fiber or filament is added to a molten nylon
5 (polyamide), and the melt is extruded to give fibers or filaments. The fibers or filaments are
knitted to form a fabric. Flame retardancy is evaluated by subjecting the fabric to the NFPA-

701 test as described in Example 1.

EXAMPLE 3
10 [0107] For the following sample runs, a twin-screw extruder was used. The screws were co-
rotated. Dic-face pelletization was used. Cooling was with water, water spray, or a stream of
air (air-cooling). The extruder had eleven separate zones, each of which was heated. For some
samples, a side-feeder was used in conjunction with the twin-screw extruder. Unless otherwise
stated, each sample was water cooled. Various parameters for the sample runs are summarized
15 inTable 1. The brominated anionic polystyrene used in all runs was SAYTEX® HP-3010, a
product of Albemarle Corporation. The samples included two 100% brominated anionic
polystyrene runs (Runs 1 and 2), which are comparative runs for the purposes of this invention.
Run 2 was performed at a slightly higher temperature than Run 1. Carrier blends of
brominated anionic polystyrene with antimony trioxide (White Star N, Campine N. V., Beerse,
20 Belgium) werc made in a weight ratio of 77.5% brominated anionic polystyrene to 22.5%
antimony trioxide. Two runs of this blend were performed. One run, Run 3, was water-cooled,
while the other run, Run 4, was air-cooled. Other conditions, listed in Table 1, were the same
for both runs.
[0108] Several carrier blends of brominated anionic  polystyrene  with
25  ethylenebis(tetrabromophthalimide) ( SAYTEX® BT-93W, Albemarle Corporation) were made.
A blend having  50%  brominated  anionic  polystyrene and = 50%
ethylenebis(tetrabromophthalimide) (Run 5) was made and water-cooled. The 45%
brominated anionic polystyrence/55% cthylencbis(tetrabromophthalimide) sample (Run 6) was
also water-cooled.  ‘I'wo scts of conditions were used for 40% brominated anionic
30 polystyrene/60% ethylenebis(tetrabromophthalimide), as shown in Table 1 (Runs 7-10). Run 8

was water-cooled; Run 9 was cooled with a spray of water; Run 10 was air-cooled. For the
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Zone 9 245C 245C 245C 245C This is the melting temperature of the blended mixture. EXAMPLE 6
[0114] In this Example, fibers of polyethylene terephthalate were formed. Polyethylene terephthal ate
(PET) fibers, su8#k9/atasping brominated anionic polystyrene, were extrugeg, s adibargxtrusion line.
When present, the synergist was Na antimonate (Themloguard FR) with an average patrticle size of
about 1 um. The braminated aninic palvstyrens used,in all ns nias SAVTEX(HR:3010,.2 product
of Albemarle Corporation.”The zone tem ratures on the extrusion ine were approximately 575
C-286C-285C-28mCs285c@;sapd thetime lting hvtegipgratures wyerep2B8:RI0CroTthexfildersonere
extruded at d'Ih@ggg%%@@.e%ﬁe%@al% hand,2 helowdr PRI SRpANSWas,apRlied jo,pl of the

fibers. Flame ancy testing was performed on fibers that had been knitted. [0115] Yarns could not
be formed froraoPHPersiehimidt 1094 BroriihGts o bty pbilyaitgitpegh water-cooling shattered the

5 granules, glossy granules were obtained by air-cooling instead. Presumably, granules from
Runs 3, 8, and 9 will not shatter if they are air-cooled.
[0109] In the "Proportions" row of Table 1, the first number is the relative amount of
brominated anionic polystyrene in the carrier blend; the second number is the relative amount

of the other component present in the carrier blend.

10
TABLE 1
Run 1 2! 3-4 5 6 7 8-10
Proportions | 100% 100% 77.5%122.5% | 50%/50% | 45%/55% | 40%/60%, | 40%/60%
warmer water cool
only
Screw speed | 200 rpm | 200 200 rpm 220 rpm 220 rpm 220 rpm 220 rpm
rpm
Current - - 12 amps 17 amps 19 amps 21 amps 17 amps
Throughput | 15 kg/hr | 1S5 10 kg/hr 15 kg/hr 12 kg/hr 12 kg/hr 12 kg/hr
kg/hr
Pressure - 16 bar 29 bar 38 bar 54 bar 68 bar 71 bar
Melting - 220°C 223°C 241°C 247°C 251¢C 258°C
tc:mp.2
Granulator - - - 900 rpm 1250 rpm | 1250 rpm | 12 rpm
Side-feeder | - - - 145 rpm 145 rpm 145 rpm 145 rpm
Extruder
zones:
Zone 1 220°C 220°C | 220°C 220°C 220°C 220°C 230°C
Zone 2 220°C | 220°C | 220°C 220°C 220°C 220°C 230°C
Zone 3 210°C 210°C | 210°C 210°C 210°C 210°C 220°C
Zone 4 200°C | 200°C | 200°C 200°C 200°C 200°C 220°C
Zone 5 190°C 190°C | 195°C 195°C 195°C 195°C 210°C
Zone 6 190°C 190°C | 195°C 195°C 195°C 195°C 210°C




WO 2009/058966PCTAIS2008/081735 and 3.33% Na antimonate due to brittleness and a high
pressure drop at the spinneret; similar results were observed for PET containing 5% brominated
anionic polystyrene and 1.67% Na antimonate. Better results were obtained when the PEI contained
3.33% bromingiethanipisspolystyrene and 1.11% Na antimonate; in thesepiihars:gagesdssided PET in
twice the amount of 5 extruded PET was present. The fibers of Runs 5-8 were all made with

vnl-

unextruded P
summarized if

III?.

aﬁﬁu IT}{Ie %9|m<.

IF\ \3
~Zonc

h Tables 4

The
u. TIT

191§al§Ip 4 ail

2] rnmpar

qili\/p, and

S °C

19 210°C
welre per

that had been|extiugded. |

N goec'Prppprtions

oo\ of Ta

bles5¢-the

firgs UMy

ehisdhe refagive an

ith PET

hount of

brominated ar
the third numi

foric potystyrene infthe fioe

&1 the reldfi¥eCamolint of

ST the secor

sypelgist. [0

dnumbe

11%] fh the

isthe el

> BINC413

ntof PE]

etirdanc

tive amo

3P%idme I

, 10and
test, all

of the fibers ekeept;that af 8 ¢

XPQUIS

h%g efore |

eaghing {

deograerk in ;Bg@onz

nn-)nn

omjalcport

Al tadt | tho

on of the

test. Run 8 g
portion of the

/o 2. maanh/aliia /frt
VA% LA %I A A% IA% A \

testetie numbets re

.lIII LIII\.:

poriéd in

1 abies 4 a

rinnaey nf 26R
TI\J} IT O

=4 IIIIIIlIIIIII

nei&’are t

III LII\.' TTUT

heinfean of2tloree ru

n
G ITTruanrc

hs10f6 TA

201 ILMI | 8 wpe

ertical
BLE 4

Run 1 2 3 4 .Propesiiens QiH00%/

0/100%/0 0/100%/

07/100%

Spin speed 320fhminaie BA06L Ak AQRMM{ENRNded mixture.

0 Synergist none none none none

[0110] For the following sample runs, a twin-screw extruder was used. The screws were co-

rotated. Die-face pelletization was used. Cooling was with a cold water spray. The extruder

had eleven separate zones, cach of which was heated. For some samples, a side-feeder was

used in conjunction with the twin-screw extruder. Unless otherwise stated, each sample was

The

brominated anionic polystyrene used in all runs was SAYTEX® HP-3010, a product of

Albemarle Corporation. In Runs 1-5, the polybutylene terephthalate was Crastin (a product of

[0111] Several masterbatches of brominated anionic polystyrene with polybutylene

5 EXAMPLE 4
10 water cooled. Various parameters [or the sample runs are summarized in Table 2.
DuPont), while in Run 6 the polybutylene terephthalate was Arnite (a product of DSM).
15

terephthalate were made. In the "Proportions” row of Table 2, the first number is the relative

amount of brominated anionic polystyrene in the masterbatch; the second number is the relative

amount of polybutylene terephth

alate.

TABLE 2
Run 1 2 3 4 5 6
Proportions 70%/30% | 80%/20% | 90%/10% | 95%/5% | 97%/3% | 10%/30%
Screw speed 210 rpm 210 rpm 210 rpm 210rpm | 250 rpm | 210 rpm
Current 16 amps 15 amps 16 amps 16 amps 16 amps 16 amps
Throughput 25 kg/hr 25 kg/hr 25 kg/hr 25 kg/hr | 30 kg/hr | 25 kg/hr
Pressure 28 bar 24 bar 35 bar 22 bar 21 bar 28 bar
Melting temp." 234° 233°C 230°C 227°C 230°C 23s5°C
Granulator 2550 rpm | 2560 rpm | 2630 rpm 2610 rpm
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500 in/min As-spun properties Elongation 126% 117% 365% Tenacity 21.3 cl\l/tex 21.3 eN/tex 8.2
cN/tex Count 215 (llex 215 dtex 626 dtex 1012 (hex Modulus 218 cN/tex 218 cN/tex 122 cN/tex
Drawn properties Draw ratio 1:1.78

WO 2009/058966 PCT/US2008/081735
Side-feeder 133 rpm 134 rpm 115 rpm 135 rpm
Extruder zones:

Zone 1 240°C 240°C 240°C 240°C 240°C 240°C
Zone 2 230°C 230°C 230°C 230°C 230°C 230°C
Zone 3 230°C 230°C 230°C 230°C 230°C 230°C
Zone 4 200°C 200°C 200°C 200°C 200°C 200°C
Zone 5 190°C 190°C 190°C 190°C 190°C 190°C
Zone 6 190°C 190°C 180°C 190°C 190°C 190°C
Zone 7 190°C 190°C 180°C 190°C 190°C 190°C
Zone 8 190°C 190°C 190°C 190°C 190°C 190°C
Zone 9 190°C 190°C 190°C 190°C 190°C 190°C
Zone 10 210°C 210°C 210°C 200°C 200°C 210°C
Zone 11 220°C 220°C 210°C 215°C 215°C 220°C

' This is the melting temperature of the blended mixture.

EXAMPLE 5

[0112] For the following sample runs, a twin-screw extruder was used. The screws were co-
5 rotated. Strand granulation was used. Cooling was with water, in a cold water bath. The
extruder had nine separate zones, each of which was heated. For some samples, a side-feeder
was used in conjunction with the twin-screw extruder. Unless otherwise stated, each sample
was water cooled. Various parameters for the sample runs are summarized in Table 3. The
brominated anionic polystyrene used in all runs was SAYTEX" [1P-3010, a product of

10 Albemarle Corporation.
[0113] Several masterbatches of brominated anionic polystyrene with polybutylene
terephthalate were made. Some of these masterbatches also contained a synergist. In the
"Proportions” row of Tablc 3, the first number is the relative amount of brominated anionic
polystyrene in the masterbatch; the second number is the relative amount of polybutylene
15  terephthalate; if there is a third number, it is the amount of synergist present in the masterbatch.

TABLE 3

NS
w
N

Run 1




1:1.36 1:3.23 1:5.06 Filament size 5 dpf 5 clpf 15 dpi 15 dpi

Tenacity 39.5 eN/tex 30.5 cN/tex 16.9 cN/tex 8.8 cN/tex Count 121 dtcx

10

Elongation 23% 57% 64% 24%

WO 2009/058966 PCT/US2008/081735

Proportions | 30%/70 | 30%/60%/1 | 30%/60%/1 | 30%/60%/1
% 0% 0% 0%

Synergist none NaShO4 Sby 05 Shy 03
Screw speed | 250 rpm | 250 rpm 250 rpm 250 rpm
Throughput | 20 kg/hr | 20 kg/hr 20 kg/hr 20 kg/hr
Melting 253°C | 253°C 251°C 253°C
temp.'
Extruder
zones:
Zone 1 205°C | 205°C 205°C 205°C
Zone 2 235°C | 235°C 235°C 235°C
Zone 3 240°C | 240°C 240°C 240°C
Zone 4 250°C | 250°C 250°C 250°C
Zone 5 250°C | 250°C 250°C 250°C
Zone 6 245°C | 245°C 245°C 245°C
Zone 7 245°C | 245°C 245°C 245°C
Zone 8 245°C | 245°C 245°C 245°C
Zone 9 245°C | 245°C 245°C 245°C

" This is the melting temperature of the blended mixture.

EXAMPLE 6

[0114] In this Example, fibers of polyethylene terephthalate were formed. Polyethylene
terephthalate (PET) fibers, some containing brominated anionic polystyrene, were extruded on
a [iber extrusion line. When present, the synergist was Na antimonale (Thermoguard FR) with
an average particle size of about 1 um. The brominated anionic polystyrenc used in all runs
was SAYTEX" HP-3010, a product of Albemarlc Corporation. The zone temperatures on the
extrusion line were approximately 275°C-286°C-285°C-285°C-285°C, and the melting
temperatures were 285-290°C. The fibers were extruded at different speeds (see Tables 4 and
5 below). Dryfi RIL spinfinish was applied to all of the fibers. Flame retardancy testing was
performed on fibers that had been knitted.

[0115] Yarns could not be formed from PET containing 10% brominated anionic polystyrene
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130 dtex 194 dtex 200 dtex Modulus 831 eN/tex 546 cN/tex 343 eN/tex 352 cN/tex DIN 41333’ vertical
1123 min/min 1050 min/min 1835 min/min 'DIN 41333 is equivalent to the NE P92-504 flame
retardancy test. TABLE 5 Run 5 6 7 8 Proportions 3.33%/95.56%/1.11% Synergist NaSb03 Spin

speed 3200 migyn@2@&ksgymin PCT/US2008/081735

and 3.33% Na antimonate due to brittleness and a high pressure drop at the spinneret; similar
results were observed for PET containing 5% brominated anionic polystyrene and 1.67% Na
antimonate. Better results were obtained when the PE'' contained 3.33% brominated anionic
polystyrene and 1.11% Na antimonate; in these fibers, unextruded PET in twice the amount of
S5 extruded PET was present. The fibers of Runs 5-8 were all made with unextruded PET and
extruded PET in a 2:1 ratio. The results and properties of the fibers are summarized in Tables
4 and 5. The Runs in Table 4 are comparative, and were performed with PET that had been
extruded. In tfle "Proportions" row of Table 5, the first number is the relative amount of
brominated anionic polystyrene in the fibers; the second number is the relative amount of PET,
10 and the third number is the relative amount of synergist.
[0116] In the DIN 41333 flame retardancy test, all of the fibers except that of Run 8
cxtinguished before reaching the mark in the horizontal portion of the test. Run 8 gave a mean
value (from three runs) of 353 mm/min in the horizontal test. In the vertical portion of the test,

the numbers reported in Tables 4 and 5 are the mean of three runs.

15
TABLE 4

Run 1 2 3 4
,Proportibns 0/100%/0 - 0/100%/0 0/100%/0 0/100%/0
Synergist none none none none
Spin speed 3200 m/min 3200 m/min 1000 m/min 500

m/min
As-spun properties
Elongation 126% 117% 365% --
Tenacity 21.3 cN/tex 21.3 cN/tex 8.2 cN/lex --
Count 215 dtex 215 dtex 626 dlex 1012 diex
Modulus 218 cN/tex 218 cN/tex 122 cN/tex -
Drawn properties
Draw ratio 1:1.78 1:1.36 1:3.23 1:5.06
Filament size 5 dpf 5dpf 15 dpf 15 dpf
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1000 m/min 500 m/min As-spun properties Elongation 126% 117% 383% 377% Tenacity 17.2 eN/tex
16.5 cN/tex 7.6 eN/tex 5.2 cN/tex Count 213 dtcx 171 dtex 605 dtex 1012 dtex Modulus 223 eN/tex
230 cN/tex 127 eN/tex 154 cN/tex Drawn properties Draw ratio

WO 2009/058966 PCT/US2008/081735
Elongation 23% 57% 64% 24%
Tenacity 39.5 cN/tex 30.5 cN/tex 16.9 cN/tex 8.8 cN/tex
Count 121 dtex 130 dtex 194 dtex 200 dtex
Modulus 831 cN/tex 546 cN/tex 343 cN/tex 352

cN/tex
DIN 41333! vertical | 1123 mm/min | 1050 mm/min | 1835 mm/min | -

"DIN 41333 is equivalent to the NF P92-504 flame retardancy test.
TABLE 5

Run 5 6 7 8
Proportions 3.33%/95.56%/1.11%
Synergist NaSbO;
Spin speed 3200 m/min 3200 m/min | 1000 m/min | 500 m/min
As-spun propertics
Elongation 126% 117% 383% 377%
Tenacity 17.2 cN/tex 16.5 cN/tex | 7.6 cN/tex 5.2 cN/tex
Count 213 dtex 171 dtex 605 dtex 1012 dtex
Modulus 223 cN/lex 230 cN/tex 127 cN/tex 154 cN/tex
Drawn properties
Draw ratio 1:1.66 1:1.39 1:3.09 1:5.38
Filament size 5 dpf 5 dpf 15 dpf 15 dpf
Elongation 23% 54% 66% 29%
Tenacity 29.0 cN/tex 21.6 cN/tex 13.8 cN/tex 20).7 cN/tex
Count 128 dtex 123 dtex 196 dtex 188 dtex




1:1.66 1:1.39. 1:3.09 1:5.38 Filament size 5 dpf 5 dpf 15 dpf 15 dpf Elongation 23% 54% 66% 29%
Tenacity 29.0 eN/tex 21.6 cN/tex 13.8 eN/tex 20.7 cic/tex Count 128 dtex 123 dtex 196 dtex 188 dtex
WO 2009/058966PCT/1JS2008/081735 Modulus

WO 2009/058966 ‘ PCT/US2008/081735

Modulus 759 cN/tex 435 cN/tex 370 cN/tex 498 cN/tex

DIN 41333 vertical | 1013 mm/min | 937 mm/min | 904 mm/min | 468 mm/min

"DIN 41333 is equivalent to the NF P92-504 [lame retardancy test.

[0117] ‘The results in Tables 4 and 5 indicate that, at high draw ratios, the rate of spread of
flame in flame-retarded PET was half the speed of the spread of flame in PET not containing
S flame retardant.
EXAMPLE 7
[0118] Nylon 6 fibers, some containing brominated anionic pelystyrene, were extruded on a
fiber extrusion line. The nylon 6 was (Domamid® 27, Domo). When present, the synergist
was Ultrafine TI grade of Sb,0s, which has an average particle size of about 0.3 um. The
10 brominated anionic polystyrene used in all runs was SAYTEX” HP-3010, a product of
Albemarle Corporation. The zone temperatures on the extrusion line were 255°C-255°C-
260°C-265°C-265°C, and the spinplate had 40 circular holes. The first roll of fiber was
extruded at a speed of about 600 m/minute; for the subsequent rolls, the fibers were stretched at
a speed of about 1500 m/minute. Fasavin TC-72 spinfinish (Zschimmer & Schwarz) was
15 applied to all of the fibers. Flame retardancy testing was performed on f[ibers that had been
knitted to 3000 dtex. The results and properties of the {ibers are summarized in Table 6. The
first two Runs are comparative; Run 1 is nylon 6 that has not been extruded, while Run 2 is
nylon 6 that has been extruded. In the "Proportions” row of Table 6, the first number is the
relative amount of brominated anionic polystyrene in the fibers; the second number is the

20 relative amount of nylon 6, and where present, the third number is the relative amount of

synergist.
TABLE 6
Run 1 2 3 4 5 6
Proportions 0/100% | 0/100% S5%195% 10%/90% | S%/93.3%/1.7 10%/86.7%13.3
% Kz
Synergist nonc none nonc none Sb.0s5 Sb,04
Tilament 1700 2300 2200 2300 2200 2100
breakage
Yarn 2400 2700 2700 2800 >2900 2700




759 cN/tex 435 cN/tex 370 eN/tex 498 cN/tex DIN 41333' vertical 1013 mm/min 937 mm/min 904

mm/min 468 min/min DIN 41333 is equivalent to the NF P92-504 flame retaniancy test.

[0117] The

results in Tables 4 and 5 indicate that, at high draw ratios, the rate of spread of flame in flame-retarded
PET was half the sppadseédhe spread of flame in PET not containing 5flame-fatgseiank lE5AMPLE 7
[0118] Nylon 6 fibers, some containing bromlnated anionic polystyrene, were extruded on a fiber

extrusion line.
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[0119]

"In the NF P92-504 flame retardancy test, which considers afterflame time, burning debris, and
meltable materials, an M1 rating is the best result, with M2, M3, and M4 being progressively
less desirable. None of the samples had either flaming debris or non-flaming debris. The
afterflame time for all of the samples was <2 seconds.

ile Run 2
relative

amount of
un1034

The results in Table 6 indicate that the nylon fibers have both greater strain at peak

10

15

and greater strain at break when the brominated anionic polystyrene is present in the nylon
fiber. This is a surprising result, since the presence of an additive, such as a flame retardant,
usually adversely affects the properties of the fiber or filament. In addition, the fibers of Run 6

performed very well in the NF P92-504 flame retardancy test.

EXAMPLE 8
[0120] Polypropylene fibers, some containing brominated anionic polystyrene, were extruded
on a fiber extrusion line. The polypropylene was Borealis HG245FB. When present, the
synergist was Ultrafine II grade of Sb,03, which has an average particle size of about 0.3 pm.
"The brominated anionic polystyrene used in all runs was SAYTEX" HP-3010, a product of
Albemarle Corporation. The zone temperatures on the extrusion line were 200°C-210°C-
220°C-230°C-230°C, and the spinplate had 40 circular holes. Fasavin CF-64 spinfinish
(Zschimmer & Schwarz) was applied to all of the fibers. Flame retardancy testing was

performed on fibers that had been knitted to 3000 dtex.
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5 6 Proportions 0/100% 0/100% 5%/95% 10%190% 5%/93.3%/1.7 10%/86.7%/33 % Synergist none
none none none Sb203 WO; Filament breakage 1700 2300 2200 2300 2200 2100 Yarn 2400 2700

WO 2009/058966 PCT/US2008/081735

[0121] Polypropylenc having 5% brominated anionic polystyrenc without a synergist could
not be extruded due to melt stretching problems. In contrast, when a synergist was present,
polypropylene having 5% brominated anionic polystyrene was extrudable. Polypropylene
having 10% brominated anionic polystyrene with a synergist could not be extruded due to melt
5  stretching problems. Attempts to make masterbatches having 83.3% polypropylene and 16.7%
brominated anionic polystyrene failed, also due to melt spinning problems.
[0122] The results and properties of the fibers are summarized in Table 7. The first two Runs
are comparative; Run 1 is polypropylene that has not been precompounded, while Run 2 is
polypropylene that has been precompounded. In the "Proportions” row of Table 7, the first
10 number is the rclative amount of brominated anionic polystyrene in the fibers; the second
number is the rclative amount of polypropylenc, and where present, the third number is the
relative amount of synergist.
[0123] In the flame retardancy tests, each polypropylene without flame retardant had two
tests run on two samples, while ten tests on each of two samples were performed for the flame-
15  retarded polypropylene. The flames in the samples without flame retardants did not extinguish

on their own. By contrast, the flame-retarded samples did self-extinguish in relatively short

times.
TABLE 7
Run 1 2 3
Proportions 0/100% 0/100% 5%/93.3%/1.7%
Synergist none none Sb0s
Tenacity at peak 0.224 N/tex | 0.225 N/tex | 0.193 N/tex
Elongation at peak | 30% 25% 27%
Modulus 1.82 N/tex 1.91 N/tex 1.62 N/tex
Tenacity at break 0.234 N/tex | 0.231 N/tex | 0.179 N/tex
Elongation at break | 122% 114% 87%
NF P92-504 M4
Flaming debris yes yes yes
Nonflaming debris | yes yes yes
Afterflame time 1245,142s' | 1205, 139s' | 09102235,
0.6t012.2 s
"Time at which the sample was extinguished by external means.
20 % Time at which the flame extinguished (without external assistance).




2700 2800 >2900 2700 WO 2009/058966PCI/US2008/081735 breakage

2.8 3.8 3.7 3.8 3.7 3.5 Max. draw ratio-yarn 4.0 4.54.54.7 >4.8 4.5

10

15

30

WO 2009/058966 PCT/US2008/081735

[0124] As indicated in 'Table 7, the presence of the brominated anionic polystyrene in the
polypropylene significantly improved the flame retardant quality of the fibers. More
particularly, the polypropylene containing brominated anionic polystyrene did self-extinguish,
but in contrast, the non-flame-retarded polypropylene samples did not extinguish of their own
accord.

[0125] Further embodiments of the invention include, without limitation:

[0126] aa) A (iber or filament which comprises (a) at least one (iber-forming thermoplastic
polymer, and (b) at least one polybrominated anionic styrenic polymer, wherein the
polybrominated anionic styrcnic polymer has a bromine content of at least about 67 wt%.
[0127] ab) A fiber or filament as in aa) wherein when said fiber-forming thermoplastic
polymer is a polyester, said polyester is polyethylene terephthalate, polybutylene terephthalate,
polycyclohexanedimethanol terephthalate, polycyclohexanedimethanol
terephthalate/isophthalate, or polytrimethylene terephthalate; wherein when said fiber-forming
thermoplastic polymer is a polyamide, said polyamide is nylon-6 (polycaprolactam), nylon-6,6,
nylon-6,12, nylon-12 (polylauryllactam), or a high temperature nylon; and wherein when said
fiber-forming thermoplastic polymer is a polyolefin, said polyolefin is polypropylene.
[0128] ac) A fiber or filament as in aa) wherein said fiber-forming thermoplastic polymer
is an acrylic.

[0129] ad) A fiber or filament as in any of aa)-ac) wherein the linear density of said fiber or
filament is in the range of about 2 to about 25 denier.

[0130] ae) A thread or yarn formed from a fiber or filament of any of aa)-ac).

[0131] af) A blend of fibers or filaments wherein a fiber or filament of any of aa)-ac) is a
component of said blend.

[0132] ag) A proccss which comprises melt spinning (a) at lcast onc fiber-forming
thermoplastic polymer, and (b) at least onc polybrominated anionic styrenic polymer, wherein
the polybrominated anionic styrenic polymer has a bromine content of at least about 60 wt%.
[0133] ah) A process as in ag) wherein said polybrominated anionic styrenic polymer isa
brominated anionic polystyrene.

[0134] ai) A process as in ag) or ah) wherein when said fiber-forming thermoplastic
polymer is a polyester, said polyester is polyethylene terephthalate. polybutylene terephthalate,

polycyclohexanedimethanol terephthalate, polycyclohexanedimethanol terephthalate/iso-

46

Max. draw ratio-filament




Tenacity at peak 0.24 N/tex 0.19 N/tex 0.17 N/tex 0.20 N/tex 0.16 N/tex Strain at peak 64% 67% 71%
65% 69% Modulus 1.12 Nit ex 1.07 N/tex 0.99 N/tex 1.10 N/tex 1.03 N/tex Tenacity at break 0." N/tex
0.17 N/tex 0.16 N/tex 0.18 N/tex

WO 2009/058966 PCT/US2008/081735

phthalate, or polytrimethylene terephthalate; wherein when said fiber-forming thermoplastic
polymer is a polyamide, said polyamidc is nylon-6 (polycaprolactam), nylon-6,6, nylon-6,12,
nylon-12 (polylauryllactam), or a high temperature nylon; and wherein when said fiber-forming
thermoplastic polymer is a polyolefin, said polyolefin is polypropylene.
5 [0135] aj) A process asinag)or ah) wherein said fiber-forming thermoplastic polymer is

an acrylic.
[0136] ak) A process asinany of ag)-aj) wherein said thermoplastic fiber-forming polymer
and said polybrominated anionic styrenic polymer are simultaneously mixed and melted.
[0137] al) A process as in any of ag)-ak) the linear density of the produced fiber or

10 filament is in the range of about 2 to about 25 denier.
[0138] am) A process for forming a fiber or filament, which process comprises melt
spinning a carrier blend together with at least one fiber-forming thermoplastic polymer,
wherein said a carrier blend was formed by a process which process comprises mixing and
melting together (i) at least one polybrominated anionic styrenic polymer, wherein the

15  polybrominated anionic styrenic polymer has a bromine content of at least about 50 wt%, and
(i1) at least one synergist or at least one other flame retardant.
[0139] an) A process as in am) wherein when said fiber-forming thermoplastic polymeris a
polyester, and wherein said polyester is polyethylene terephthalate, polybutylenc terephthalate,
polycyclohexanedimethanol terephthalate, polycyclohexanedimethanol

20 terephthalate/isophthalate, or polytrimethylene terephthalate; wherein when said fiber-forming
thermoplastic polymer is a polyamide, and wherein said polyamide is nylon-6
(polycaprolactam), nylon-6,6, nylon-6,12, nylon-12 (polylauryllactam), or a high temperature
nylon; and wherein when said fiber-forming thermoplastic polymer is a polyolefin, said
polyolefin is polypropylene.

25 [0140] ao) A process as in am) wherein said fiber-forming thermoplastic polymer is an
acrylic.
[0141] ap) A process as in any of am)-ao) wherein said bromine content of said
polybrominated anionic styrenic polymer is at least about 60 wt%, and wherein said
polybrominated anionic styrenic polymer is a brominated anionic polystyrene.

30 [0142] aq) A process as in any of am)-ao) wherein said bromine content of said

polybrominated anionic styrenic polymer is at least about 67 wt%.
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0.N/tex Strain at break 74% 80% 84% 75% 80% NF P92-504' M4 M4 M4 M4 M1 Inthe N P92-504
lame retardaney test, which considers afterflame time, burning debris, and meltable materials, n M1
rating is the best rest it. with M2. M3, and M4 being rogressivcly less desirable. None of the samples
had either flaming gghsigsgE non-flaming debris. The afterflame time for all gd-fhas fRgRieswas s2
scconds. [0119] The results in Table 6 indicate that the nylon fibers have both greater strain at peak
and greater strain at break when the brominated anionic polystyrene is. present in the nylon fiber. This
s a surprising BT, dice e Bresahtbea HACAIBMNGP QOB BLA LA PES SIS AONSall acversely
affects the propestiesed theofingsodystifament. In addition, the fibers of Run 6 performed very well in the

NF P92-504 fl et rcian y test. EXAMPLE 8 [0120] Polypr ne fibers, spme containin
brominated an?g?ﬁgﬁpo% tyreﬁ%l?%%?gog%d:%ﬁ I8ona |n§%§%¥1§%nnd |?1%}1]??1e16)8?)}16?66§§/?3tr1% was
Borealis 11E1245p8ndVhenaprésentpthesyyisrgistaals bitrafinetirgradedly®b208hwhichthas an

average p'%‘”i%ﬁ‘ogﬁéir%&fn%&ﬁ%1%1%&%&ﬁ%@fﬁ%ﬂ%ﬁe&?&jﬂH%CCB’HQ{{%% ENENSRR I MRS HAS

SAY'I'EX(r) H - , a product of Albemarle’ Corporation. The zone temperatures on the extrusion
line were 200G12 10E2200CRBOCBR0 BadvdthbeFlaplatettidanso circular holes. Fasavin CF-64

spinfinish 20(Zgghsnmey) & Rebwavaliwas applieshia-allakihe fibsis-Hame relardanaydesiing was
anionic styrenic polymer comprises at least about 40 weight % of said carrier blend.
[0146] bc) A composition as in ba) or bb) wherein said polybrominated anionic styrenic
10 polymer has a GPC weight average molecular weight in the range of about 5000 to about
40,000, or a GPC weight average molecular weight of at least about 600,000.
[0147] bd) A composition as in ba) or bb) wherein said polybrominated anionic styrenic
polymer comprises at least about 50 weight % of the carrier blend.
[0148] be) A masterbatch which comprises (a) at least one fiber-forming thermoplastic
15  polymer, and (b) at least one polybrominated anionic styrenic polymer, wherein the
polybrominated anionic styrenic polymer has a bromine content of at least about 50 wt%.
[0149] bf) A masterbatch as in be) wherein when the fiber-forming thermoplastic polymer
1s a polyester, the polybrominated anionic styrenic polymer is present in a flame resistant or a
flame retardant amount, when the fiber-forming thermoplastic polymer is a polyamide, the
20 polybrominated anionic styrenic polymer is at least about 2 wt% of the fiber or filament, and
when the fiber-forming thermoplastic polymer is a polyolefin, at least one synergist is present
and the polybrominated anionic styrenic polymer is no more than about 15 wt% of the fiber or
filament.
[0150] bg) A masterbatch as in be) or bf) wherein the polybrominated anionic styrenic
25  polymer has a GPC weight average molecular weight in the range of about 5000 to about
40,000, or a GPC weight average molecular weight of at least about 600,000.
[0151] bh) A masterbatch as in be) wherein said polybrominated anionic styrenic polymer
is at least about 80 wt% of said masterbatch.
[0152] bi) = A masterbatch as in be) wherein said polybrominated anionic styrenic polymer
30 is at least about 90 wt% of said masterbatch.

[0153] bj) A masterbalch as in be) wherein said polybrominated anionic styrenic polymer
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performed on fibers that had been knitted to 3000 dtex. WO 2009/058966PCT/U52008/081735
101211 Polypropylene having 5% brominated anionic polystyrene without a synergist could not be
extruded due to melt stretching problems. In contrast, when a synergist was present, polypropylene

having 5% broginaissanignic polystyrene was extrudable. Polypropyleneppayinshddafia prominated
anionic polystyrene with a synergist could not be extruded due to melt 5stretching problems. Attempts

to make masterbatches having 83.3% polypropylene and 16.7% brominated anionic polystyrene failed,
also due to méi’t‘gll‘fﬁﬁiﬁ%%% & "s(.)‘[/é'@% ‘*Fﬁgt};l& L’Jﬁvzl 4Ra Broperies dt scen%itﬁlg(rjswzaffréczﬂ%Pl{JFn‘é/r(r%arized in
Table 7. 'the fisghvedsthins laze ebsnpareativef Rithaiscpalgpropylene that has not been

precompound GI ile,Run,2 is polypropylene that has.been precompounded. |n the "Proportions” row
of Table 7, the? irg%Y J kr%um%rélf ?ge aepcrhe?éytll?ée rvnvgedﬁltnz%{ggﬁrﬁﬁ%?é magr(%%rﬁfcnlﬁglg}/é%yl}%ﬂ%{%}?%ﬁe fibers;
the second numbehdditive fetathetzmommeok polypropytene, wnghivkadpeoprekasitabhet tHirdnumber is the

relative a@ouqb?isﬁynﬁsgi% [Q%a3bindhe Iﬁaavfxvgﬁ%ﬁfe%tﬂmp{e}aﬁtﬁm ARDBAMRIORYIRAR Wikekt flame

retardant had two tests run on two samples, while ten tests on each of two samples were performed
for the flame- Pdyreearded bolpropyieté ofidoaambe PPhet €amples without flame retardants did not

extinguish on {aespWpmBY £Lanitash-ibe flamesrstarded semplesdid seli-extingkishdn feiatively short
times. TABLE 7 Run 1 2 3 Proportions 0/100% 0/100% 5%/93.3%/1.7% Synergist none none St)003
Tenacity at pegikrenic polymer has a bromine content of at least about 67 wt%.
[0157] bn) A masterbatch as in any of be)-bm) wherein said polybrominated anionic
10 styrenic polymer is a brominated anionic polystyrene.
[0158] bo) A fiber or filament as in any of aa)-ad) wherein the weight ratio of
polybrominated anionic styrenic polymer to synergist is in the range of about 1 to about 5.
[0159] bp) A fiber or filament as in any of aa)-ad) wherein the weight ratio of
polybrominated anionic styrenic polymer to synergist is in the range of about 2 (o about 4.
15 [0160] bg) A fiber or filament as in any of aa)-ad) wherein said polybrominated anionic
styrenic polymer has at least one of the following characteristics:
(i) thermal stability in the Thermal Stability Test of 200 ppm HBr or less;
(i1) a chlorine content, if any, of less than about 700 ppm Cl;
(iii) a TGA temperature for 1% weight loss which is 340°C or higher;
20 (iv) a AE color value, measured using 10 wt% solutions in chlorobenzene, of less than
about 10;
(v) a melt flow index in the Melt Flow Index Test of at least about 0.5 g/10 min.;
and/or
(vi) a GPC weight average molecular weight in the range of about 8000 to about
25 20,000.
[0161] br) A fiber or filament as in bq) wherein said polybrominated anionic styrenic
polymer has at least one of the following characteristics:
(i) thermal stability in the Thermal Stability Test of 150 ppm HBr or less;
(iv) a AE color value, measured using 10 wt% solutions in chlorobenzene, of less than
30 about 7; and/or

(v) a melt flow index in the Melt Flow Index Test of at least about 1 ¢/10 min.
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0.224 N/tex 0.225 N/tex 0.193 N/tex Elongation at peak 30% 25% 27% Modulus 1.82 N/tex 1.91 N/tex
1.62 N/tex Tenacity at break 0,234 N/tex 0.231 N/tex 0.179 N/tex Elongation at break 122% 114%
87% NP P92-504 M4 Flaming debris yes yes yes

WO 2009/058966 - PCT/US2008/081735

[0162] bs) A fiber or filament as in bq) wherein said polybrominated anionic styrenic
polymer has at least one of the following characteristics:
(1) thermal stability in the Thermal Stability Test of 100 ppm HBr or less;
(iv) a AL color value, measured using 10) wt% solutions in chlorobenzene, of less than
5 about 5; and/or
(v) a melt flow index in the Melt Flow Index Test of at least about 1 g/10 min.
[0163] bt) A fiber or filament as in any of bg)-bs) wherein said polybrominated anionic
styrenic polymer is a brominaled anionic polystyrene.
[0164] bu) A fiber or filament as in aa) wherein said polybrominated anionic styrenic
10 polymer is produced by bromination of an anionic styrenic polymer, which anionic styrenic
polymer is produced by a batch process, which process comprises charging a liquid saturated
hydrocarbon diluent and an ether promoter into a reactor; and then either
A) (1) charging a saturated hydrocarbon solution of organolithium initiator into the
reactor, in an amount to provide in the range of about 1 to about 10 mol% of
15 organolithium initiator based on the total amount of a styrenic monomer to be
added followed by (ii) the controlled addition of the styrenic monomer such
that the temperature of the resultant reaction mixture is maintained at or below
about 55°C; or
B) concurrently feeding separate feeds of (i) a styrenic monomer and (ii) a
20 saturated hydrocarbon solution of organolithium initiator into the reactor, the
feeds being maintained at rates to provide for the addition of an amount of
organolithium initiator in the range of about 1 to about 10 mol% based on the
total amount of styrenic monomer to be addéd, the temperature of the resultant
reaction mixture being maintained at or below about 55 °C and fecd (i) being
25 of a shorter duration than feced (3).
[0165] bv) A fiber or filament as in bu) wherein said polybrominated anionic styrenic
polymer is a brominated anionic polystyrene.
[0166] bw) A fiber or filament as in bu) wherein said polybrominated anionic styrenic
polymer has a thermal stability in the Thermal Stability Test of 200 ppm HBr or less, and either
30 (i) a TGA temperature for 1% weight loss which is 340°C or higher or (ii) a AE color value,

measured using 10 wt% solutions in chlorobenzene, of less than about 10, and a melt flow
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Nonnaming debris yes yes yes Afterflame time 124s, 142 s 1120s, 139s' 0.9 to 22.3s, 0.6 t0 12.2 s2
Time at which the sample was extinguished by external means. 201 line at which the flame
extinguished (without external assistance). WO 2009/058966PCT/US2008/081735 [0124] As

indicated in TaRlg AoihRspEgsence of the brominated anionic polystyrene ipdha;paldasnyiene
significantly improved the flame retardant quality of the fibers. More particularly, the polypropylene

containing bromipated anionic polystyrene did self-extinguish, but in contrast, the non-flame-retarded
polypropylene gﬁ%ﬁ%@’%ﬁ%&%&t?ﬂ Uishs [th‘éti(ieﬁ%ﬁ%g’g&gr%ﬁ 25] Further embodiments of the
invention inclugiE,6mthout imitation: [0426) @a)idh tihepioefilamaniswhichiteofioprisest{@jnoplaerst one

fiber-forming thermoplasti lymer, and (1 &fleast one polybrominated anionic styrenie polymer,
T eminlL e Syvar SR REIEE R IR, AR B B oo

wherein the pd[fy romina nionic styrenic polymer has a
1 0 [0127] ab) polibermunfiahennassnrasy whigrein wherbsaidhfivertfotning thetrmoplastiodlymer is a

polyester, gaid palvgeteris pabisihviens (RrehialRts, ANbHIEnR L5 RlAlaE RO HGyElphexaned

methanol terephthalate, polycyclohexanedimethianol teréphth ate/i sophth al ate, or polytrimethylene

terephthal ate; Wieteir wheln?SRiePfibEiiforning thé msplestic pélyArEters tarp SNy dideiBnipPolyamide
is nylon-6 (polygapralasiamy. HYIREsE-Gx HrnyIam: Qutd, MYIRN1ZpRlYRURIRER9). Sha IR,

temperature nylon; and wherein when said fiber-forming thermoplastic polymer is a polyolefin, said
polyolefin is polyloropsiess. (0128 ae)apofibel. enditamrdii ey irdemlnlteeykit ISaid fildex-fontrihg
thermoplastic MMWu%@gmfﬂﬁﬁz [0129] ad) A fiber or filament as in any of aa)-ac) wherein the
linear density of said fiber or 20filament is in the range of about 2 to about 25 denier. [0130] ae) A
thread or\arn iStéd fvdm A filst ot fifdamesit ofsary GF aayleesiMoRsd | ARSI Bt tilsérsaét filaments
wherein a fiber,or filamameal Ane! 39)Ac) isfceMmponenkal seidibiend:d0132 agk-AiRrosass which
comprises melt spinning (a) at least one fiber-forming 25 thermoplastic polymer, and (h) at least one
polybrominate 8 ARG Sie HE AIMTRHC WRFRTA e FURI BRShRARRY BN fyrenic polymer has a
bromine conte[yigbpt ieast ahpubE0rwidh .[(0h38]ah) AipepceshasinAaghywbrigibpaid polybrominated
%lﬁ?ed anionic polyst rene.f;é)134 . i?A process ?gngb?, zor ah)

anionic styreni .’Pl mer is a brominated anionic polystyrene. [0134 \
wherein when G TSt forth HEFHAORSL A At Ghtrc  Toer o e ot any of B o3t
15  component of said blend.
[0171] cb) A process for producing a fiber or filament, which process comprises melt
spinning (a) at least one fiber-forming thermoplastic polymer, and (b) at least one
polybrominated anionic styrenic polymer, wherein the polybrominated anionic styrenic
polymer has a bromine content of at least about 50 wt%, wherein said polybrominated anionic
20  styrenic polymer has a thermal stability in the Thermal Stability Test of 200 ppm HBr or less,
and either (i) and a TGA temperature for 1% weight loss which is 340 °C or higher or (ii) a ALL
color value, measured using 10 wi% solutions in chlorobenzene, of less than about 10, and a
melt flow index in the Melt Ilow Index Test of at least about 0.5 g/10 min.
[0172] cc) A process as in cb) wherein said bromine content of said polybrominated
25  anionic styrenic polymer is at least about 60 wt%, and wherein said polybrominated anionic
styrenic polymer is a brominated anionic polystyrene.
[0173] c¢d) A carricr blend as in any of ba)-bd) whercein said polybrominated anionic
styrenic polymer has a GPC weight average molecular weight in the range of about 27,000 to
about 30,000.
30  [0174] ce) A masterbatch as in any of be)-bn) wherein said polybrominated anionic

styrenic polymer has a GPC weight average molecular weight in the range of about 27,000 to
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30polymer is a polyester, said polyester is polyethylene terephthalate. polybutylene terephthalate,
polycyclohexanedimethanol terephthalate, polyeyelohexanedimethanot terephthalate/iso- WO
2009/058966PCT/ITS2008/081735 phthalate, or polytrimethylene terephthalate; wherein when said
fiber-forming thegmpplastigsrolymer is a polyamidc, said polyamide is nylogcGApghisapreiactam),
nylon-6,6, nylon-6,12, nylon-12 (polylauryllactam), or a high temperature nylon; and wherein when said
fiber-forming therma Iag ic polymer is a polyolefin, said polyolefin is polypropylene. 5101351 aj)A
process as in é‘aj’lgrgif% herein said fiber-forming thermoplastic polymer is an acrylic. 101361 ak) A
process as in goy76f agyaj) avlierein Saiddhaomailastic iibediormsogmpalirmer and said polybrominated
anionic styrenic polymer are simultaneously mixed and melted. [0137] al rocess,as in of
ag)-ak) the linear derr%iy of fhe?g S?Bd(l)ﬂ:eed) #@elroél?l%ﬁigrﬁrélﬁf]ig i%(?}/ eélgcanééle%?eéboﬁ?fﬂ%l :j?lgut 25
denier. [0138] am) A processlgnéormirg arfiber oryfitamentywhidhsprdoessncormprisies! mieltaspinning a
carrier blegd together with g |6ast,0pe, fibgi-Tofping e moRIastE RANMELNENF IR SAithe garier
blend was formed by a process which process comprises mixing and melting together (i) at least one
polybrominated anionic styrémiet pBRPFerbor &Pt 1 SE6lyitishiinwadcanideielstyreisle potymer has
a bromine content of at least.abouihpQ0nG6e.and (i ) at least one synergist or at least one other flame
retardant. [0139] an) A process as in am) wherein when said fiber-forming thermoplastic polymer is a
polyester, and whereffsaidpbiyetaf i@bﬁﬁﬁ?é‘i‘l‘fﬁ)%H@‘%@P@ﬁﬁfﬁa?%ﬁ@?‘ﬁoW%ﬂﬁ)féﬁ’é“i%r@ﬁ theftate,
polycyclohexanedimethanoltgrepbthalaic palveysishexancrlpthanolh2@dsaphihalatedisopbthalate, or
polytrimetréylenc terephthalatc; wherein when said fiber-forming thermoplastic Bql)(/ime( is a polyamide,
and wherbh said polyamid& NI S oSIRESH JRAHMI AYISHTS &, hiBRc S HIaRYS: (poly] au
ryll actam). or a high tempervaitire thylofivarfdrmhereitewingtasaid fibigmtornming thvetpaoplastihpolymer is
D S AR RUE PR Al Aocess PRI TN RN,
fiber-forming thermoplastic %o mer s an acryh f'f)fi ﬁ)a Sﬂ process as in‘any of am)-ao) wherein
said bromine content of saiilpoigtirendinatedhariberid styrenitepohpiastdelyieaiss abolypOws, and
wherein said polybrominated aniQnic SHERTC RAMMSLis RIGMIRARE: ARG RO IFn00142]
ay) A process as in any of am)-ao) wherein said bromine content of said polybrominated anionic
styrenic pdlymer is at least BEOURGT RTabWO 260%/0589d8PCT il8018/081735 [0143] ar) A
process as in qaimﬂe@m sRigReybramipatad;aRioRie StyRemie POMMRCISS-REREINAERS, ARIRNIC
polystyrene. [0144] ha) A composition which is a carrier blend, which blend is formed from ingredients

comprising (i) 8188t SAGPBHyISFoTRIMBINE SibMe KHraRTE jsetphiaatfRerdiy e terephthalate,

polycyclohexanedimethanol terephthalate, polycyclohexanedimethanol

terephthalate/isophthalate, or polytrimethylene terephthalate; wherein when said fiber-forming
20  thermoplastic polymer is a polyamide, said polyamide is nylon-6 (polycaprolactam), nylon-6,0,
nylon-6,12, nylon-12 (polylauryllactam), or a high temperature nylon; wherein when said fiber-
forming thermoplastic polymer is a polyolcfin, said polyolefin is polypropylenc; wherein said
polybrominated anionic styrenic polymer is a brominated anionic polystyrene; and wherein said
bromine content of said polybrominated anionic styrenic polymer is at least about 60 wt%.
25  [0177] ch) A fiberorfilament as in cf) wherein said fiber-forming thermoplastic polymer is
an acrylic.
[0178] ci)  Afiberorfilament as in cf) or cg) wherein said polybrominated anionic styrenic
polymer has a GPC weight average molecular weight in the range of about 20,000 to about
30,000 or a GPC weight average molecular weight of at least about 600,000.
30  [0179] cj)  Afiberorfilament as in cf) wherein a flame retardant synergist is up to about 12

wit% of the fiber or filament.
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5polybrominated anionic styrenic polymer has a bromine content of at least about 50 wt%, and (ii) at
least one synergist or at least one other flame retardant. [0145] bb) A composition as in ha) wherein
when (ii) is high-melting, said polybrominated anionic styrenic polymer comprises at least about 40

weight % of sayhcRigEdlgnd. [0146] he) A composition as in ha) or bb) whergig:saldspalybrominated
anionic styrenic 10 polymer has a GPC weight average molecular weight in the range of about 5000 to

about 40,000, ar a GPC wejght average molecular weight of at least about 600,000. 1101471 bd) A
composition aé%i]rgwa) %bﬁéﬁﬁ%&&nﬁf%%oﬂ%%ﬁw Adanihicy yrleﬁrbioﬁgﬁ}]rﬁg?cégr%ppéisélés at least
about 50 weightymef ihepodyeiesrbdenterfid48hbmpA rhasierbaichihitthctheprisBbuf@natwbast one

fiber-forming ther. lastic. 15polym nd (b) at least one | oIXbromionqted rimi nic spirgni nolymer,
wharen e mo e B b S o o
[0149] bf) A mektierbatclrddamdne) avheteinsaid éibvehéofibme forminglabier mdpizestic guoixelefiis a

polyester, ghe galyhraminated anionjc.StueRIGRANMELIS Preseot inaifiame fesisiant or a flame

retardant amount, when the fiber-forming thermoplastic polymer is a polyamide, the 20
polyhrominatetd HHibnid)styfefifecpeyierdat as [eadtyatiotl- 2 wids sfiisaidipehSramapedtaaatisvhen the i
her-forming thgimarlasticRelymerisaRQlvRishiR. fhiegst RNeaynRIdistis MRseatnand had
polybrominated anionic styrenic polymer is no more than about 15 wt% of the fiber or filament. [0150]
bu) A masterbBPeh AdIAMEY BriBEGHBRSIRHR Yoty Brvihatetf dffonic styrenic 95polymer has a CPC
weight averaggmselecstar waighbidnikermangecafraloutrbopo: mahalid 900 cora) CPC weight
average molecular weight of at least abqut_gi?o,ooo.\&%lm bh) A m@sterbat(f‘,h S in be) wherein said
polybromiRatel bnfd sty reRIEB SN AREH Y LE4BISAE b TE 8¢ WhSh Bf SaTF RSB AR PO 521 bi) A
masterbatch asf saildejantherein said polybrorninated anionic styrenic polymer 30is at least about 90
wt% of said m atch. [0153] b)) A masterbatch_.as jn be) wherejn, said polybrominated anionic
styrenic polyn@%foCf&O%OEE%G%Iﬁéafﬂ%%dg/@f;%efg a 'lbcleggwg out %%vet‘%og Csa%eﬁlwlgsterbatch,
wherein a synepdjsteishpseséntt and ol Her&ilosdit: shaexgissisat least about 2 wt% of said masterbatch.

0154 bK) A mastertaiei s 1) DEMISTEHL R-RRLYAMInaled aniapis shepis pobymer and the

fiber-forming thermoplastic polymer are in a weight ratio of at least about 70:30. 5[0155] bl) A
masterbatth as in arf{i)of geyriie)arpiersii the pblybrdinirded dflerie Syrenic polymer has a bromine

content of at least gyt 5%, [O4R) BF) 4 Masterbalghias inapy OLPRIRI) wherein said

polybrominated anionic styrenic polymer has a bromine content of at least aboutf 67 wt%.  [0157] bn)
A masterbatch as in anedftbe)lb lvehescinsdios palyb retfinatstemiveito1dstyranico pritenis a
brominated anionic paglé{ﬁtyégne. [0158] ho) A fiber or filament as in any of aa)-ad) wherein the weight
ratio of polybrominated anionic styrenic polymer to synergist is in the range of about 1 to about 5.

[0159] bp) A fiber or fithmegt dlom Bdg<onady-A wWHeveldeie Teigherats ot ey roslfdtee anionic
styrenic pglymer to sypggist is in the range of about 2 to about 4.

(vi) a GPC weight average molecular weight in the range of about 20,000 to about
30,000 or a GPC weight average molecular weight of at least about 600,000.
[0185] cp) A fiber or filament as in co) wherein said bromine content of said
polybrominated anionic styrenic polymer is at least about 60 wt%, and wherein said
25  polybrominated anionic styrenic polymer is a brominated anionic polystyrene.
[0186] cq) A fiber or filament as in cp) wherein when said fiber-forming thermoplastic
polymer is a polyester, said polyester is polyethylene terephthalate, polybutylene terephthalate,
polycyclohexanedimethanol terephthalate, polycyclohexanedimethanol
terephthalate/isophthalate, or polytrimethylene terephthalate; wherein when said fiber-forming
30  thermoplastic polymer is a polyamide, said polyamide is nylon-6 (polycaprolactam), nylon-6,6,

nylon-6,12, nylon-12 (polylauryllactam), or a high temperature nylon; and wherein when said
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15[0160] IN) A fiber or filament as in any of aa)-ad) wherein said polybrominated anionic stYrenic
polymer has at least one of the following characteristics: (i) thermal stability in the 'Thermal Stability
Test of 200 ppm Mir or less; (i i) a chlorine content, if any, of less than about 700 ppm CI; (iii) a TCIiA
temperature fog,&%,Weigbidoss which is 340C or higher; 20(iv) a AE color yalygsmgagirad using 10
wt% solutions in chlorobenzene, of less than about 10; (v) a melt flow index in the Melt Flow Index
Test of at least about 0.5 g/10 min.; and/or . vi) a. GPC wejght average molecular weight in the
range of aboutﬁgﬁb {8“856%&'%58}6’6@’%%&%}?2&%%%F"m‘a%@ﬂqefg’ it %gﬁ%ﬂ%yr%flne 'said
polybrominateghagipnierstyrefite:palyieihas atdepshatia efitifeéplfowing diranagtristipstyticthermal
stability in the ;I;h%rgglall%tability Test of 150 ppm EIBr or less (iv) a AE color value, measured
using 10 wt% soflitién's'in chlorobenzene, of less than 30about 7; and/or (v) a melt flow index in the
Melt Flow Indel0 1883t of at |dalbabolitidngiitGinin WiQ ZROO58BE66R CTAIBR008/081785[0162] bs) A
fiber or filagnent as.in In said pol Inatal.anioni k& polymer has at least one of the
following ?:ﬂqarghg?g%fgt??gg %ﬂﬁ%@rﬁ%ﬁézﬁﬁﬁﬁﬁ t g%’ é?%ﬁ%%ﬁé{ﬁ@ﬂ 'It%st of 100 ppmlIBr or less;

(iv) a AL color MERM, rmeasdrdibersingllonetdoasclutionsincEntsrobegivienevhshdbe fhanBapot 5; and/or
(v) a melt flow gndex,in the MelhE'RW Jodexcrast pEgbIsaskARPME dne/ 100w pAJE3] R1LA fiber or
filament as in any of bq)-bs) wherein said polybrominated anionic styrehic polymer is a brominated
anionic polystyf&ié 0162 pbiheAhper ol ambnt i a AParerens A PO MAtAEY akidnic
styrenic 10 pojyghiscpieditad Ry RIemiRRi L Gf AN poioRis BRMEBORY MEkWbIGR-aHGIE styrcnic
polymer is produced by a batch process, which process comprises charging a liquid saturated
hydrocarb8n dilliEHi*ind%h Sy ﬁl?Snfbifﬁrr"fﬂ’P@lﬁgreH@fB??%lﬁﬁlfhé%ﬂéfm’?ér &) ) BRARYTHY a Ysturated
hydrocarbon spliigonahexgamodithi ytaénitigtayintoisheqaactarn ior s aon duerfiter prdidiecn. the range of

about 1 to abog&%) mgloo 0 15(%2 Qoli;ggi urcnnipigig,lté)er ba%ﬁgl on tthv% tl%al amount %f a st rerﬁc
monomer to be addedH IIowepd(by‘?is the Controiéd' addition ot the ' yrer?lc monomer such that the
temperature ofpheesultant reaction mixture is maintained at or below about 55C; or B) concurrently

feeding separate feega§ of (%t a.styrenie, manomer el T@;F}]la_%gcsr%ﬂ,glq&ddmdrocarbon solution of

organolithium initiator into the reactor, the fee s"bemg aintained at rates to provide for the addition of
an amounf of organoflthiurminitfasor imehe rkbeandtagsbrniesiabeirande mpdsBasedtsictie ftal

amount of styrenic monom%‘bfgopﬁn%ﬁjﬂ&pam%i@W@ﬁﬁtlﬂcﬁﬁﬁépﬁa@@ﬂﬁmr@@%{%&erXIH[@<1Q9in9
maintained at or below about 55C and feed (ii) being o
about 50 wt%, and a GPC weight average molecular weight in the range of

about 5000 to about 40,000, or a GPC weight average molecular weight of at
least about 600,000.

20 in proportions such that when the fiber-forming thermoplastic polymer is a polyester,
the polybrominated anionic styrenic polymer is present in a flame resistant or flame
retardant amount, when the fiber-forming thermoplastic polymer is a polyamide, the
polybrominated anionic styrenic polymer is at least about 2 wt% of the fiber or

filament, and when the fiber-forming thermoplastic polymer is a polyolefin, at least one

[\
wn

synergist is present and the polybrominated anionic styrenic polymer is no more than
about 15 wt% of the fiber or filament.
[0191] cv) A processasin cu) wherein when said fiber-forming thermoplastic polymeris a
polyester, said polyester is polyethylene terephthalate, polybutylene terephthalate,
polycyclohexanedimethanol terephthalate, polycyclohexanedimethanol
30 terephthalate/isophthalate, or polytrimethylene terephthalate; wherein when said fiber-forming

thermoplastic polymer is a polyamide, said polyamide is nylon-6 (polycaprolactam). nylon-6,6.
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250f a shorter duration than feed (i). [0165] by) A fiber or filament as in bu) wherein said
polybrommated anionic styrenie polymer is a brominated anionic polystyrene. [0166] bw) A fiber or
filament as in bu) wherein said polybrominated anionic styrenic polymer has a thermal stability in the

nein al StabilityyFesh9h306 ppm HBr or less, and either 30(i) a 'FGA tempggaiukgoinfodfasveight loss
which is 340C or higher or (ii) a Ali color value, measured using 10 wt% solutions in chlorobenzene, of

essthan about 40, £ & el fow, WO 200010889080 12008081 35,des e il Flow
Index Test of AP1eAst abaUtd B IAPMI é’ﬂl %) ‘A'Hoer oF fifament which comprises (a) at least one

fiber-forming ttilrmbyplaisticpolymbstiandlfbicaisieastyoleépedybpolyitdied pelipniedeprenicpolymer,

wherein the 90'9/19@9}%{39&%9@%}?% %%gg?oeqqua@@%m%@s@&Qmigelﬁgat?s%_faﬁgta{%%%@@%z 50 wt%,

5 wherein saidspoly]bromlnat anionic styrenic polymer has"a thermal stability in the Thermal Stability
Test of 200 ppind Whewinesss! pahcbeitiantd anPAAstarralure for bonsigh a8 pRiEHIS B40C or

higher or () a gpgplaryalue saeasured using, AQ 4% saistions inchiRroRenzeRe eSS than about
10, and a melt flow index in the Melt Flow Index Test of at least about 0.5 g/10 min. 10[0168] by) A
fiber or filamerf€RAifn WHOGM s ORI B FOfHE LRt R BP EAIB S BRI SEEni BRI €t éhie
polymer is at least alaus G0 % ansbwhersin sgislaelyhraminatesaaiens shaanicproiimaetis a

brominated anionic_polystyrene. [0169] bz) A thread or yarn formed from a fiber or filament of any of
bco-by). [Ol?O?%%f}%%@Féi%’ﬁbers or filaments wherein a fiber or filament of any of by)-by) is a
15component @9aid blendA[Pdédiscl)iMaproaess)for)praetacingid fidgonfilaumentionibiohrpiacess
comprises melt spinning (&) ateasone. fiber forming hermaplastic palvmer, and () &t Isast one
polybromlgatea Ionic styrenic pofymer, wherein the po rominated anionic s yrenic polymer has a
bromine contepl.of@bitedsPaboigBOwidss whereihrsaicholy bt drmindted a#idHic. 20 styrenic polymer

has a thermal Siapifity Iy m%gl%%@mk%a?d 'txhﬁ?eﬁ]k LR &8%‘%&%&%&1&*}%@&@9 aTGA

temperature for 1% weight loss which is 340C or higher or(ii) a Al r color valué, measured using 10
wt% solutions hoghistobhemparaydfdeseenan about 10, and a melt flow index in the Melt Flow Index

lest of at leasygppyt Qi3 9/30,/ifss {3 Ca) &ﬁzlféipEwﬁ)iﬂiﬁmmﬁﬁmﬁmi@mmg gontent of

said polybrominated 25anionic styrenic polymer is at least about 60 wt%, and wherein said
polybromifated &itioRie styrenielssiiaehtedBidifinated anionic polystyrene. [0173] cd) A canier

blend as in any of hajshdhhwhereiasaid Reloraminatashanionis styrenisppolypier has a GI'C weight
average molecular wejght in the ran‘ge of about 27,000 to about 30,000:. 30[0174] cc) A masterbatch

as in any of be)-bn) WHerEM 5L BB HrdtamatideshiBM Ryt er has a GPC weight average
molecular weight in the)range o apautuds 100040y cight loss which is 340°C or higher;
(iv) a AE color value, measured using 10 wt% solutions in chlorobenzene, of less than

20 about 10;

(v) a melt flow index in the Melt Flow Index Test of at least about 0.5 g/10 min.;
and/or

(vi) a GPC weight average molecular weight in the range ol about 20,000 to about
30,000 or a GPC weight average molecular weight of at least about 600,000.

25 [0196] db) A process as in da) wherein said bromine content of said polybrominated
anionic styrenic polymer is at least about 60 wt%, and wherein said polybrominated anionic
styrenic polymer is a brominated anionic polystyrene.

[0197] dc) A process as in da) wherein when said fiber-forming thermoplastic polymer is a
polyester, said polyester is polyethylene terephthalate, polybutylene terephthalate,

30  polycyclohexanedimethanol terephthalate, polycyclohexanedimethanol

terephthalate/isophthalate, or polytrimethylene terephthalate; wherein when said fiber-forming
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WO 2009/0589661TT/1182008/081735 about 30,000. [0175] cf) A fiber or filament formed from
ingredients comprising (a) at least one polybrominated anionic styrenic polymer, wherein the
polybrominated anionic styrenic polymer has a bromine content of at least 5 about 50 wt%, and a
GPC weight axggageomairgular weight in the range of about 5000 to abouipé®,09809§s376xPC weight
average molecular weight of at least about 600,000; and (b) at least one fiber-forming thermoplastic
polymer, wherein when the fiber- forming thermoplastic pglymer is a polyester, the polybrominated
Bionic. 10 sty R S e B B S e BRI e
fiber-forming thelmdplastizl poihierljidaarpidyamider; thezhalyipoairaigtanichichstyrentepaddner is at
least about 2 g6, 9f e Dt A1 HAmE Pl Ad Was e RSt I upinadheIANARY Rplymer 1S a
polyolefin, at least one synergist'is presSent and the polybrominated anionic styrenic polymer 15is no
more than abd@i 98 with ofAherfipess g filanaento{0161dey ) whdibiar snidildraemasintet) whertdn when

said fiber-forming thermoplasticROVMEniS,MPAlesiRT-2qichBRI¥eStes,is polyethylene tereplithalate,
polybutylene terephthalate, polycyclohexanedimethanol tereph th al ate. polycyclohexanedimethanol

terephthal ate/ild8Bhtiia) atd, BPESF At ihidthyienetetébhticatite Aidndramoriagic dherfiperiRgrming 20
thermoplastic pelyimerisianelyspidansaidipahanids isnyRnRdpelycapinlaciamy. Rxen-56,
nylon-6,12, nylon-12 (polylauryllactam), or a high temperature nylon; wherein when said fiber-forming
thermoplastic B’Sf)lffﬂ'er is a polyolefin, said polyolcfin is polypropylene; wherein said polybrominated
anionic styrenfooslym#y is A praminaied.anienic)pllyshuienahandeathrigin sdiddsaminal conrtent of
said ponP(ﬁ]omin_a%th anionict}slg/reryc oIB/mte£ its t Ieta% gbout 60 wt%. 25[0177] ch) A fiber or filament
asinel)w eréin }s%ri%ﬂﬂblérl-?ormrlﬁrb’?her%(é%lasﬂ@ pO&ymere%eé'n acrylic. [0178] ci)A fiber or filament as
in cf) or cg) whez2eid sdid palybremimafidchenionidistyngnic polpebdasia (IRO-weight@rerage
molecular weight. in.the range of about 20,000 to abou Q00 or a GP ight average ecular
elght of at 1o e R B OB oA T e R
synergist is upaagalodaba OO Gk opPfilament. WO 2009/058966PCT/US2008/081735 [0180]
ek) A fiber or fiiamant a5 in £, whereinhenrsaid.fibarsforming thermplasticagymes isaralyester, a

synergist is no more than about 5 wt% of the fiber or filament; when said fiber-forming thermoplastic
polymer i®a ptNHTde sy pRAnTSt it RSt Bpsht 3T Weog eemifivaiest Marfdmeantalrien said
fiber-forming thegmepiastic(3olyoter is a polyolefin, a 5synergist is in the range of about 05. wt% to
about 5 wt% of the fiber or filament. [0181] el) A fiber or filament as in any of cf)-cj) wherein said
polybrominate Ahbnit S{rHEFERML I DI eaIBRRFOEHEAL BrePHHERTSe linear
density of saicbfibemaniilamentis in thie trROga®H abptthe: terbeutidSrderield0L82} ¢m)A theead or

yam formed fr%nna fiber oglfilam.ent of any of eO-clz. 10[0183 i[%]%%tﬁlendbof fibers or fﬂa&)ngnts

wherein a fiber 8rt1lﬁ1§ﬁ1gsnf of éﬂ“lsst “cocgrﬁp%(?%gln Cof Safd Bish cecl)')S ﬁ%lg?eolfeﬁ‘fg}%entéé in cf)

wherein 88id pblybicinimated ainiordal sypraiaig. polytnertasat leastaneodthe followdngahaliacteristics:
preliminary chemical changes, transformations and/or reactions, if any, take place in the
resulting mixture or solution or reaction medium as such changes, transformations and/or
reactions are the natural result of bringing the specified reactants and/or components together
under the conditions called for pursuant to this disclosure. Thus the reactants and components
25  areidentified as ingredients to be brought together in connection with performing a desired
chemical operation or reaction or in forming a mixture to be used in conducting a desired
operation or reaction. Also, even though an embodiment may refer to substances, components
and/or ingredicnts in the present tensc ("is compriscd of™”, "comprises”, "is", efc.), the referenee
is to the substance, componcent or ingredient as it existed at the time just before it was first
30 contacted, blended or mixed with one or more other substances, components and/or ingredients

in accordance with the present disclosure.
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(i) a thermal stability in the Thermal Stability Test of 200 ppm HBr or less; 15(ii) a chlorine content, if
any, of less than about 700 ppm CI; (iii) a TGA temperature for 1% weight loss which is 340C or
higher; (iv) a AE color value, measured using 10 wt% solutions in ch loro benzene, of less than about
10; (v) a melt {laywinsiexsdpsthe Melt Flow Index Test of at least about 0.5Cp@isARa0sYRs (Vi) a GPC
weight average molecular weight in the range of about 20,000 to about 30,000 or a (JPC weight
average moleﬁéi}%a{)ﬁi\/eé%ht of at least about 600,000 [rO 85 CSQ)DA fibrer‘ortgilrament as in cgg wherein
said bromine ent %%iavﬁglﬁboru instsd gHidHie s‘iy“rletnlc péf??ﬁ%sr 1§ at1dastabout 50 Wte, and
wherein said 25polyphserhitiateddanibnicfstyenicpaiymbsiseehroneiisgted thaidmicpolydtyrans. [0186]
ca) A fiber or TiaMmEnt A%l ERANISIERNR AR 1RSI IQTNRG ISHOR ARG BRADEL ROV ester
said polyester Is po?yetﬁy ene terep(ht a)fate, polybutylene terep tRa ate,
polycyclohexapedimetisanelterephthalate, polycyclohex anedimethanol terephthalate/is ophthal ate, or
polytri methylepg jerephing] Al6.\yhersiRader R Jgiionming 3Rermaplagimalymetds a
polyamide, said polyamide is nylon-6 (polyeaprolaetam), nylon-6,6, nylon-6,12, nylon-12
(polylauryllactdsiyibisapligHaedeperdithiie W hodAdWhe fsis Wit i shipiipgorhe description or a
2009/058966 PGikie 2008/R8 14 fikerfrimiradiermoglastic Relmearize rolyplefinisaid Rolyolefin

is polypropylene. [0187] cr) A fiber or filament as in co) wherein said fiber-forming thermoplastic
polymer is an &E‘?Sgll?érelfdi%ir@é‘ifﬁ AR BPGPAMEE AR AR b WHsEH RS ETHPEETPERSHTE content of
said 5polybromipated@anionic styrenic polymer is at least about 67 wt%. [0189] et) A fiber or filament
as in any of ce- % herejn, when the fiber-forming thermoplastic of!y er is a polyester, the
polybrom}?fateglﬁg q\gniid i&?gv‘;{uet:v%éflﬁ}?ﬁeé? R A fﬁ‘%}t‘}cﬁlﬂ%flg) \lllv‘tflg%% t %lei%‘grr’%%%éerﬁé% "\When the
fiber-forming thpertoopifibiicspalifingios ia ipolyjamids jihepolyohondisatedrabjoricrstyre ascigoliymer is at
least about 103‘{3@‘{’{%’8}“&&%&*’” or 10filament, and when the fiber-forming thermoplastic polymer is a
polyolefin, the po yf:)romlnat'ed anionic styrenic polymer is about 5 wt% or less of the fiber or filament.
[0190] Cu) A pi&$8ss far progating sesfitsepdrifilamenidediishy protes s dhimprisesitrsid spipaing (a)at
least one fiberfar. ng@pgmggl_astic polymer; and 15(l))at least one polybrominated anionic styrenic
polymer, wherein the polybrominated anionic styrenic polymer has a bromine content of at least about
50 wt%, and a GPC weight average molecular weight in the range of about 5000 to about 40,000, or a
GPC weight average molecular weight of at least about 600,000. 20in proportions such that when the
fiber-forming thermoplastic polymer is a polyester,
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the polybrominated anionic styrenic polymer is present in a flame resistant or flame retardant amount,
when the fiber-forming thermoplastic polymer is a polyamide, the polybrominated anionic styrenic
polymer is at least about 2 wt% of the fiber or filament, and when the fiber-forming thermoplastic
polymer is a polyolefin, at least one 25synergist is present and the polybrominated anionic styrenic
polymer is no more than about 15 wt% of the fiber or filament. [0191] cv) A process as in cu) wherein
when said fiber-forming thermoplastic polymer is a polyester, said polyester is polyethylene
terephthalate, golyktylene terephthalate, po ycyc hex anedi methanol terephthalate, polyeyclohex
anedimethan o 30tereph th al ate/is ophthal ate, or p o lytri me thylene terephthalate; wherein when
said fiber-forming thermoplastic polymer is a polyamide, said polyamide is nylon-6 (polycaprolactam).
nylon-6,6. W@ 200905896 6iR@TUS2008/08hZ8G i orm@itRg nylon-12 (polylauryllactam), or a high
temperature nilon; andewhexeiBowhiensaish fiagrosming: theymaplasticPoiurges is-aRakolefin, said
polyolefin is polypropylene; wherein, said bromine, content of said polvbraminated anigpie styrenic
polymer is at least about 6 W{%, and wheréin Sal po'fy rominated anionic' s yrenic polymer is a
brominated anionic p6igtyYenes B RgTopyeihtinphe cmse e PP Whekein 4588% bet-fBfming
thermoplastic polymetiigiancagptic|saeretiyaaitkisaminaamoieot of said polybrominated anionic
styrenic polymey is aj ieashAnAL8Q i And e reln. aaid palyramingiel aniaois, sby enic polymer
is a brominated anionic polystyrene. [0193] cy) A process as In any of cu)-cx) wherein said
polybrominated anioar‘i‘fai:pﬂ?/'?@rq?@;f@ﬁolymer has a (JPC weight average molecular weight in the range
of about 20,000 to aiddertsB6106iorayERGive ghteasieragéicimolegisiat weightofhatiegisitabout 600,000.
[0194] cz) A processasmik &) pvhsLeda. said polybrominated anionic styrenic polymer is brominated
anionic polystyrene. [0195] da) A process as in cu) wherein said polybrominated anionic styrenic
polymer has 1 at jeast one of the following characteristics: (1) a thermal stability in the Thermal
Stability Test of 200(bbm liBieor lessfiber-formingjj)hersiniipitie aohtast, it ahyrdydess tharthebout 700 ppm
CI; (iii) a TGA temperatureptoybiShinegig bt lasSsombichpisy 3406 s Bighar amount in {i¥)}aag8bf color value,
measured using 10 wt% sglydions in %hm;?ha%gz(ﬁg%eofo@gg than 20aboyt 10: (v) a melt flow index in
the Melt How Index Test of at least about 0.5 g/ mir{; And/or ' flw a (IPC weight average
molecular weight in the raRgESELBRRY I BOTBIEHBRIEE000 or a GPC weight average molecular
weight of at least ab@ut 60@he0ehe ZbefrbBGHh gl bkAgreceseamén da)pahersin, saidhsamide content of
said polybrominated anionig ShiERIGRAMMIESIS aligasi ARAHESOMIM, andwkerRinRald
polybmminated anionic styfrenlc oolymer is a brominated anionic polystyrene. [0197] dc) A process as
in da) wherein when said AE8P45rAihg thermoplastic polymer is a polyester, said polyester is
polyethylene terephtRalateysolyisupkerertere pivthaldtstic polymer is a polyolefin, the amount of

the polybrominated anionic styrenic polymer is no more than 5 wt% of the fiber

or filament.

2. A fiber or filament as in Claim 1 wherein said polybrominated anionic styrenic polymer
has a GPC weight average molecular weight in the range of about 20,000 to about 30,000,
and/or wherein said bromine content of said polybrominated anionic styrenic polymer is at least
about 60 wit%, and wherein said polybrominated anionic styrenic polymer is a brominated

anionic polystyrene.

3. A fiber or filament as in Claim 1 wherein
) when said fiber-forming thermoplastic polymer is a polyester, the polybrominated
anionic styrenic polymer is 3.33 wt% of the fiber or filament, when said fiber-forming
thermoplastic polymer is a polyamide, the polybrominated anionic styrenic polymer is 5
wi% or 10 wt% of the fiber or filament, when said fiber-forming thermoplastic polymer
5geo



30polycyclohexanediinethanolterephthalate,polycyclohcxanedimethanol terephthalatelisophthalate, or
polytrimethylene terephthalate; wherein when said fiber-forming WO
2009/058966PCT/1JS2008/081735 thermoplastic polymer is a polyamide, said polyami de is nylon-6
(poi ycaprolactam), nylon-6,6, nylon-6,12, nylon-12 (polylauryllactam), or a high temperature nylon;
and wherein when said fiber-forming thermoplastic polymer is a polyolefin, said polyolefin is

polypropylene. [01i98] sty ahefpnp cassadibnanstef atdricsweare o hsaning eoniteritbef said

5polybrominated dgmé&s&yrenic polymer is at least about 67 wt%. [0199] de) A process as in any of
cu)-dd) wherein said therimoplastic fiber-forming polymer and said polybrominated anionic styrenic
polymer are simultaneously mixed and melted.  [0200] dl) A process as in any of cu)-de) wherein

Egggi{l]e;r)dgwﬁty WHﬁe ﬁﬁ@dﬂﬁadf&m%é,gﬁérﬁh@ﬂ&gn& ipdyhe r@ﬁae;@gﬂh@,t 3@5@ @?%@&85 i@eniéer-

g iber or filament as in of aa)-af), bo)-ca), or ce-ct) wherein said polybrgminate
anionic styrenic poq())}%eé W%Eatﬂgﬁ% t%%}éggté’lee)ﬂﬁof)gc%m%% fﬁaﬁl‘;ﬁ%%ot@%aie(gfn %‘8{]?@7,000 to
about 30,000. [O®=CRhthia)ate procewmbyayclnhaxgnedi agihanp! cb)-dejeatialitesppitielaia saidor

polybrominated 15anianicHHERR erBoMmalhARrmiR el @ian iR 5afad IR RIS Bl the range
of about 27,000 to about 30,000. [0203] It is to be understood that the rcdamactants and corﬁﬁ onents

| Itis to
referred to by cherfiEaPHEALIS: TAFRAAERIPR e ! AR P Y ERRTRbt AR &8 Refe MEGTE it the singular
or plural, are identifyéuhd? (pelylanigt mten)tmicain oy énfoecurtact| ot lranoebe rswhatanics iteferred to by

20 chemical namef&rnﬁhgm&&bﬁ@é@&@@ﬁ;&g&g&ﬁ%& ﬁ‘g!}"??&n% ;;i{é ! fters not what

preliminary chemical changes, tran ations reactions, if any, t in the resulting
mixture or solution or reaction medium as such changes, transformations and/or reactions are the

natural resuit of brmgisg dheilapesifisdreratantisirndinnrpmponemMad ogeths aine polfrrecanditions
called for pursuant to this disclgsure. Thus the reactants and components 25 are identified as
aredients IO TR o A B A R SRR R ER R, o
reaction or fovifiAGtRebRiard itanRitused in conducting a desired operation or reaction. Also, even
though an embodiment may refer to substances, components and/or ingredients in the present tense

("is comprised of", "comprises”, "is", etc.), the reference is to the substance, companent or.ingredient
b 1t oxistedtat the TS SRS ILC A0, SRR LTI DG AP OR S Hbro other
substancespadymisos e htsraineies anigreclmhistyreas cortahee métidthe yiresendt distliosio sty réio

2009105896560 HS2R0%L ORFREHARRIAN AlFe RUsR PR ARG SRIBAN dSI36 ipsubstances in

the present tense (e.g., "comprises”, "is", etc.), the reference is to the substance as it exists at the time
just before RQOFRSY @gﬂ?gc‘f{ﬂﬂ%%’ﬁff@ﬁ BPIREERERt A Sl SPGB R Wbstances in accordance with

the present disclosure. 5[0205] Except as may be expressly otherwise indicated, the article "a" or "an"

if and as usgd herg\irfylj&&gtfgg%&gﬁq? almg, gp}ﬂ &W’ﬂ?@@%@é%@%ﬁ@%&?‘a e description or

a claim to a single element to he article refers. Ra ‘a’or'a d as used
herein is inté@hded bl e8P HBEGF IR SIrEMANERHEHE Y eTesskenirel femdaghredals pllyeatiessotherwise
10[0206] Each angrMsilydratast or other publication or published document referred to in any

(b) at least one polybrominated anionic styrenic polymer, wherein the polybrominated
anionic styrenic polymer has a bromine content of at least about 50 wt%, and a GPC
weight average molecular weight in the range of about 5000 to about 40,000, or a GPC
weight average molecular weight of at least about 600,000; and

(© at least one antimony-containing synergist, which is optional when the thermoplastic
polymer is a polyamide;

in proportions such that;

D when the fiber-forming thermoplastic polymer is a polyester, (i) the
polybrominated anionic styrenic polymer is present in an amount in the range of
3.33 wt% to 5 wt%, and (ii) the polyester is in a 2:1 ratio of non-extruded
polyester to previously extruded polyester,
5gooo



portion of this specification is incorporated in tow into this disclosure by reference, as if fully set forth
herein. [0207] This invention is susceptible to considerable variation within the spirit and scope of the
appended claims. CLAIMS A fiber or filament formed from ingredients comprising (a) at least one
polybrominated anionic styrenic polymer, wherein the polybrominated anionic styrenic polymer has a
bromine content of at least about 50 wt%, and a GPC weight average molecular weight in the range of
about 5000 to about 40,000, or a GPC weight average molecular weight of at least about 600,000; (b)
at least one fiber-forging thermopasie, RAMRLSSIRGE Ao 8%'3581%%{&3?@'}1%%‘3& &nd polyolefins;

and (c) at least one antimony-containing synergist, which is optional when the thermoplastic polymer is
a polyamide; wherein: (1) WﬁBﬂ’fW@WB@g%Wﬁﬁgs%@Hﬁﬂ?H%ﬁE POIARN ™7 BIESSHRET £ the
polybrominated anionic styfemapdiymisr igpreserfifamearn arndomtean fhenrapiyerad3tB8 Widb to 5 wt%,
and (ii) the polyester is in a.&vbialiadef nan-eYttged polyester to previously extruded polyester; (2)
when the fiber-forming thermonplastic polymer.is a polyatnide, the amount of the pol minated
anionic styrenic polymer iswg]e\?v%ﬁi%efég vrﬁ%gﬁﬁleo llﬂa%cr %(#hfﬂlaeﬁ”llsé?]{);() : ﬁ%qfﬁ)t%ﬁgﬁu yé’% eer-forming
thermoplastic polymer is aPpbRfeTifipedfaiemisstimmis ipapsslijmomisdben anisné $T{RehE polymer is no
more than 5 wt% of the fibgraedilament. 2. A fiber or filament as in Claim 1 wherein said
polybrominated anionic styrenic polymer has a OPC weight average molecular weight in the range of
about 20,000 to about 30,000, and/or wherein said bromine content of said polybrominated anionic
styrenic polyrer is 4 FEXESAB LT BENGACSHd wherein said polybrominated anionic styrenic polymer is
a brominated @hioniglpolyktyfibaelo8niAgfithenmopfiin eply msrinsClapoiydstwhepeinand ) (bhere said
fiber-fortning thermopigstic.RalimenisiR PAlESIEMHIIGRANORIRAaG-ARIRRIG SHEERICHROIYMer is 3.33
wit% of the fiber or fiﬁgr]%nhwhep S idtLib%-fc_) min(%r%[ferinc;eltasticl polymer i%anp(?ly i%e, the
polybrominated anionic s{ylrgﬁfél pgylfrlﬁereisl 5 Wido ¢ lT\}\(/)l?’losd‘ e fifer Ffidmerit, When said
fiber-forming thermdpld&tit! poiyereans 8o thetahp opdiefiringise putpisrenmistaeharmonie gtrenic polymer
is 5 wt% of the fiberwn filameitie rgdywhenmsaid fib enéanmi rgdhrrmeplastic ol psima polyester,
said polyester is pol},éegl—%élﬁglgf;&r_%g%haa@)t% "D%'yﬁ?ﬁpgffﬁ%? gggi?ﬁg]%lea%%%%l’%%&%hﬁ xanedimethanol

terephthalate, polycyclohexanedimethanol tere Isophthalate, o ytrimethylene
terephthalate; wheréf HEAYSETR B hiia G e HBRRIURE polymer is a polyamide, said polyamide
is nylon-6 (poljaprelastasai, AtofiettignHomdiic nydtm:di2 ifpelawstactaih pdyeatdnigh temperature
nylon; and wherein yhen, spid fl@ﬁﬁﬁﬂ&@ﬂ@%ﬁl%ﬁ%@éﬂ@%@&@%ﬁm&r RI%?QBEQ!&H&B&%&WVO'GW is

polypropylene. 4. Afib%r o filament EVS in Claim 1 wherein said fiber- ormlngg%hermoplastic polymer is

a polyolefin, whereift SRt pafSolefiP I BEYPPSEYIERE AL whPSRITRESOREPYIEETE at le¥st about 0.5

wt% of the fiber or fitalvierethBlepe fisenhthakilambereiagvirerCradni Brvitrerestierfitpstid ppbiyisrominated
anionic styrenic polysnepdsanigrainates ARNICHRStFsRepatwmheein:saisl Rabdsaminated anionic
styrenic polymer has aG ight average molecular weight in the range of about, 20,000 to about
30,000 01 2 G C Wl R R R e PG o e 00 6 X s for
producing a fiber or A& He ARkt srdery échrphicelmsal By ey pierdt'sne fiber-forming
thermoplastic polymer selected from polyesters, polyamides, and polyolefins;

8. A process as in Claim 6 wherein said bromine content of said polybrominated anionic
styrenic polymer is at least about 60 wt%, and wherein said polybrominated anionic styrenic

polymer is a brominated anionic polystyrene.

9. A process as in Claim 7 wherein in (II) said polybrominated anionic styrenic polymer is
a brominated anionic polystyrene, and wherein said polybrominated anionic styrenic polymer
has a GPC weight average molecular weight in the range of about 20,000 to about 30,000 or a

GP}C weight average molecular weight of at least about 600,000.
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(b) at least one polybrominatecl anionic styrenic polymer, wherein the polybrominated anionic styrenic
polymer has a bromine content of at least about 50 wt%, and a GPC weight average molecular weight
in the range of about 5000 to about 40,000, or a GPC weight average molecular weight of at least
about 600,000; and (c) at least one antimony-containing synergist, which is optional whén the
thermoplastic polymer is a polyamide; in proportions such that; (I)when the fiber-forming thermoplastic
polymer is a polyester, (i) the polybrominated anionic styrenic polymer is present in an amount in the

range of 3.33 1% (o Stk ang G ihesnalvesieris 1 Adi RSN Pes pplgste o
t

previously extruded polyester, ?6 hen the fiber-formin ermgt%astlc ymer is a polyamide, (i) the
amount of thepﬁgf%%?ﬁeﬁiaf‘f@&"é?ﬁ PP IEN T SISt AN of the fiber or filament, (ii)
the fibers or filaments are formed from polyamide that has previously been extruded, and (3)'when the

fiber-forming thermoplasticpelymeer is @ palwoledin msram@mtsgfdth@ep@m reminated.@eionic styrenic
polymer is no more tt than 5 Wt% of the f ber or fil r;;% ene t y ocess as in Claim 6 wherein (1)when the

fiber-forming thermo ias‘ff’cyf)sc;f%ﬁeélr |§°a¥ BotySdte tg?éatﬁ’l BrESErIGHS Blch tat the
polybrominateF ’é%?ﬁ%t’ﬂ@ﬁféﬂﬁ&’}}?ﬁﬁ i’sPBIBi@Wﬁ%a& Phb'aﬁ‘rbé@r smfilenfemplyobrspiatieniber-forming
thermoplasticam@Iymmiﬂ%ep@hyammegr(a)@nﬁrm};agaciBo@r@@qgtmysugh that fbgdapglylyominated
anionic styrenigpalymer is 5 wt% or 10 wt% of the fiber or filament, and when the fiber-forming
thermoplastic polymer is a polyolefin, (a) and (b) are in proportions such that the polybrominated
anionic styrenic polymer is 5 wt% of the fiber or filament, or (11)when said fiber-forming thermoplastic
polymer is a pélyestérfisaidrfdiyesteris pojyefiiéne ltetephthatateipoldaunitefietierapithalate,

polycyclohexaﬁ@ﬂuﬁlm;my&%emw@é@mp%%@ ansdimeihanalierenlihalateigophthalate, or
polytrimethyl ne teref htha ate w erein wh n sa éer formln%fhermoplastlc polymer is a polyamide,

said polyamidé IS 1y fy@ ﬁro?ra%:stﬁ ny\oeh SV IRASH-BE5 P BR 1 2 (B8 & fiactam), or a
high temperaﬁﬂ‘f’eWIbW*%%PWﬁ@F@m theppisalid Atendoins el xhlefim o astie g ligmeinisna polyolefin,
said polyolefimisjgelypropylene. 8.A process as in Claim 6 wherein said bromine content of said
polybrominated anionic styrenic polymer is at least about 60 wt%, and wherein said polybrominated
anionic styrenic polymer is a brorninated anionic polystyrene. 9A process as in Claim 7 wherein in (1)
said polybromitiated 4Bt LaHHhiE folmdrGe B blomilate d2anienie Petysytdieamiravherein said
polybrominateidramigmitc stypericipoppimetdnateaytdriiieightavanagemblectbar waighéin the range of
about 20 OOO\W&QBWF%@»@QQ}H@ %éﬁ?&élﬂ@&%ﬁ%@@%@%ﬁ&y'@x% %Q%‘!&%ﬁ%!%@e%&ﬁ%m 600,000.

10. A process as | |g} 53-1 gnww tgelre said_thermoplastic fiber-formin mer and said polybrorninated
anionic styrenic polyiher &fé’ Simliit ﬁeSfJélﬁ?‘ﬁ?&é‘bd Xhereh L %Tmﬁ\gﬁ?)é’?‘?ﬁl?ﬁ%crﬁ@ﬁ?‘gs in Claim 1 or
3 wherein whin sl fieiformnirgsthedrhopiastic’polyridrd§ wipolfestet, said polyester is polyethylene
terephthalate, wherein when said fiber-forming thermoplastic polymer is a polyamide said polyarnide
is nylon-6 (pojyeaprpla gm) hereln w sald f| er- ing ther tlc olymer is a
polyolefin, said polyole%\ is pf(?)r}]ﬁoﬁf/ ene” I"gz }f F’ber‘lg amg;n?lésvlvneéeﬁ 0 e&lte?lmhs/ef 3,0r11
wherein wher{oS3iBefl B%PTBI?Hﬁ‘i‘ngﬂ%?ﬁﬁdxb‘fé’é?ﬂk?%ly}i*ﬁéYW%‘gaSTdﬁﬁ/@S%é?raﬂﬁé’%?ﬁéﬁgﬁ%f’f§ sadium
antimonate; whess saliehfibefifarminithesmopitasticopolymes jsigpalyamidegie pysergist, when
present, is anfimay @xids, andyben,said thers{ogming,(MermaplasIiG Rav e Aglyplefin. the

synergist is antlmony trioxide fiber or filament as in any of Claims 1, 3, 11, or 12 wherein when
said fiberformiiSg RETIMOPTASHE BASeIER s5i5lysasessthas %‘ﬂ/ﬁéﬁ@%’tﬁ%?éﬁt“f 44 WR9% of the fiber or
filament; whelsssaid fiber-forming thermoplastic polymer is a polyamide, the syncrgist, when present, is
1.7 wt% to 3.3 wt% of the fiber or filament and when said fiber-forming thermoplastic polymer is a
polyolcfin, thqssyne ist is 0.5 wt9 o of the fibe ! filament. 14. A fiber qr fllament as in any
of Claims 1, 3, 11, fg or §?/\S/F1nere?ﬁnwhen t% &'fibe Ef%lr?%lfgng é??’fﬁqc])“ é’sc %OQOQ]SUC d 184 b polyester, the

synergist hasaaPPb(%?ég@f)aﬁiﬁfét@" Zé oflyeprricop lesphiyHen thbefitiersforming tfﬂ@rfﬁ@plastlc polymer is

a polyamide, taesymﬂﬁgistpsljaﬁesentaapmi}ayn&rgssidh@ﬁy&ﬂlwegagﬂ)parm@@&&alm&& fama or less, and

when the flbem;m{nghgaegmpa@wgrmg%mpw BIgHD: RS BNRIASLIAS A Ryrge particle size
mmg

of 0.5 fun or less. 15, A process as in Claim 6 or 7 wherein Whe sal er-fo ermoplastic
polymer is a B%Pﬁpé%fﬁére“%ald polyester is polyethylene terephthalate, wherein when said fiberforming
thermoplastic polymer is a polyamide, said polyamicle is nylon-6 (polycaprolactam); and wherein when
said fiber-forming thermoplastic polymer is a polyglefin, said polyolefin is polypropylene.




16. A process as in any of Claims 6, 7 or 15 wherein when said fiber-forming thermoplastic polymer is
a polyester, the synergist is sodium antimonate; when said fiberforming thermoplastic polymer is a
polyatnide, the synergist, when present, is antimony oxide; and when said fiber-forming thermoplastic
polymer is a polyolefm, the synergist is antimony trioxide. 17. A process as in any of Claims 6, 7, 15,
or 16 wherein when said fiberfonning thermoplastic polymer is a polyester, the synergist is at least
1.11 wt% of the fiber or filament; when said fiber-forming thermoplastic polymer is a polyamide, the
synergist, when present, is 1.7. wt% to 3.3 wt% of the fiber or fila t: and when said fiber-forming
ermaniastie o e P B Sl S e A
process as in HIeF laimeolesters 5the 658praTt wheteltivHe Rt b etisimirlg tHRTHRBPEtic polymer is
a polyester, theesysgagispbiaseain ayeragedpanticlasize, ohd grasor, [Rasimbignitie, fileviforming

thermoplastic gplmesis PANAMIE. S, umeralat 5 iese i and suneigishias anaverage particle size

of 0.3 1.1111 or less, and when the fiberforming thermoplastic polymer is a polyolefin, said synergist

has an average patrticle size of 0.5 gm or less.
17. A process as in any of Claims 6, 7, 15, or 16 wherein when said fiberforming

thermoplastic polymer is a polyester, the synergist is at least 1.11 wt% of the fiber or filament;
when said fiber-forming thermoplastic polymer is a polyamide, the synergist, when present, is
1.7 wt% to 3.3 wit% of the fiber or filament; and when said fiber-forming thermoplastic polymer
is a polyolefin, the synergist is 0.5 wt% to 1.7 wt% of the fiber or filament.

18. A process as in any of Claims 6, 7, 15, 16, or 17 wherein when the fiberforming
thermoplastic polymer is a polyester, the synergist has an average particle size of 1 um or less,
when the fiber-forming thermoplastic polymer is a polyamide, a synergist is present and
synergist has an average particle size of 0.3 pm or less, and when the fiberforming
thermoplastic polymer is a polyolefin, said synergist has an average particle size of 0.5 pm or

less.
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