FLAME RETARDANT COMPQOSI TI ONS AND THEI R USE TECHNI CAL
FI ELD [ 0001] This invention relates to new, highly
webdsotisee fl ame retardant conpositions and — PCT/US2004/042772
thernopl astic polynmers that are effectively flane
retarded by inclusion therein of a flane retardant
CONPOS | OWRETARD ANTeOOMPOSBRIGRS JUNDARYF IR USHE
| N\VENTI ON [0002] Pursuant to this invention it has
been di scovered that certain conbinations of flane

retardants are not o | ive as flane
HeHhe Al FkE

retardants but that, can provide
[000€FT rBRk SrvRANSH feltestoRSY, highSy ffedtive BRI régEda@t compositions and
pol ymers such as styrenic polyners. [0003] The flane
therneosl astimniolymerns dlsdt taroefbectively Hlasne refeaded bninghsicadhpreisela flame
ofg.(ga) br am na%tglgl anionic styrenic polynmer, and (b) at
retardant coppasifap 0T Qs BYFHORat ed” di phenyl al kane. I n the
practice of this invention other additive conponents
whi ch do not materially detract fromthe performance
of such fl aneBRAEESIAMMARNOE THBANVENTH@Nused i n

conjunction wth such gonpositions. [0004] .The .. .
(00821, BWSE?.IE & %pv?rglgelléﬁggg@é%sqopfeqeﬂ Ehaﬁ F%‘%ﬁ% eerphingfions of flame
e RTLOPLS0 P SLy NS0k SBTSI Baeth S, onrovic
desiabRyhgsicilyproperis 16 didryoplastid il pders shiytnay styratic polynSuc h

brom nat ed ani oni c styrenic paolynmers when used i )
[0093]h; ‘The flasareifrdant spmpesiiensef dhig Byysaiiare emlpwﬁl@g (M rominated

.enabl e t.he achieye t t r
anigif bt oD AR B g R R AR RS itk fane. In the
pradB&d ofihig iffenfsh eRBIRAUNEB tomPondnkl whichdendt matefidl)y desract from the
brom nat ed ani onic polystyrene and (b) is a L .
perfomasce pEFiah Svne refandantrosnssisions icph daysed Hagrnjunction with such
roduct . BRI EF DESCRI PTI ON OF THE DRAW NGS [0006]

COEPANMONSA 1E are conputer generated regression plots of

[0003f CRR dthRh FIMAAEELENant uSEDH fhy plédwrtieh of & brominated anionic
conposi tion of anple 1 at 2500C in Pascal - seconds
stytemicepolginesuged as3omponst (25indthe praftige ofl this inveson are produced by
respectively, set .forth,in .TablLe 1. [.0007] Figs, 2A-2
anigh AR e beRerzog Ugr RO LTS fyrepiedoiymnas Sen used
i Y lo¥ie b PEifent FRhndteAEb1E WPRHidve@iEnt of th
- gé}ﬁg%%%@ﬂggg{g%%g\ébi% Parlls)cg%)ld(?)tsnz%onds taken at 6.5, wh o e
adviadfagtSusresilts. a@hicvatde f&svhnbiothisdsyentompect i vel y, as
3A-3E are. co

iven_in Table 2,[0008] Figs, . ter . .
(0§sher it the e restotreh opbediaals GBS PRIcE ¢ i BiopEgd enionie
[ [ q
e T
and 32.4 mnutes, respectively, as given in Table 3.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figs. 1A-1E are computer generated regression plots of the capillary theometry
viscosity data of the composition of Example 1 at 250°C in Pascal-seconds taken at 6.5, 13,

19.5, 25.9, and 32.4 minutes, respectively, set forth in Table 1.
[0007] Figs. 2A-2E are computer generated regression plots of the capillary rheometry

viscosity data of the composition of Example 2 at 250°C in Pascal-seconds taken at 6.5, 13,

19.5, 25.9, and 32.4 minutes, respectively, as given in Table 2.



[0009] In each Figure the curved |ine denotes test

data as set out in the Table referenced in the title
wotooshesssespecti ve Figure. The straight |ine PCT/US2004/042772

i ncorporated into each Figure represents a linear

trendline cal cul ated by the graphical software program
[0608] t Ne; §§ 25A S FOdre tBpLiRA SEnt A k8T edsidn p16fs oFf thé B&HiB&Ey rheometry

applied to the data points of the test data subnitted
visceditytdaea ¢fahé terpasitidn dfxampld R 458° Ot Rhdckseconds taken at 6.5, 13,

DESCRI PTI ON OF THE | NVENTI ON Conponent (a) [0010]
19Go2p 8t 32 jnimfies, espedivolys as giversincFablhp.s | nventi onis

[09%}9&! e h.gin 5 g %h%[rcé?\?qtdgm(z nrllégsl q%été)tg%/a{ ege,%lstc mR 20 HeTable referenced in
thftg@éé;%ﬁ@ Lds eac{? é}g%léﬁ? Fhy Et?eﬁ l’ft IRRTRRpHIRA iktBRhcHBgure represents

rom e ast one
a larho tedineyeapruimdert byl tlom gmably]mlr socﬁfwate/vpragrammneths tlmsxs mifdhe least

nonoper s hat has, been brom nate
sqyargs firar ¢ rne b b Fofe ABRGOMIEAL e fosk (R S%hﬂm%e‘é for the particular
f ould be at | east about 50 percent by weight.
referred brom nated ani onic styrenic pol yners,
especi ally brom nated ani onic polystyrene have a
brom ne content of at |east about
ot of er FURTRTORINAT AILERIORPE I F QN OF g AN ITON
cSs 0%%2!) y brom nated ani onic pol ystyrene, have a
omne“content of at |east about 64 wt% Particularly
[00108f eCogthoReh) et £ c@ﬂip@ﬁtlﬁnsSthﬁﬁn@erﬂﬁinin $east one brominated
especi al 'y brom nated ani onic E styrene, have a
anignmtyrem@@nb@m ij e, CORPORSH P ivE) & eqebommﬁm@all}’ﬁéodueed styrenic

el 0 b R ) AL Bl BB ol copotynes
ofm%%o%ys@yreﬁl: IonbiRrth & Hab ﬁéeﬁﬁbraﬁﬁﬂufédc or (iii) both of (i) and (11) The
styreni cpol yner will have anmelt flow i ndex by the A

br@a@e’osent chpolyettn skquld badulseg@beaet D@ hil wgm Preferred

k in th 3 to 40 h

o it 35 Pk, e A0S oSSRk orBY BB, v o
brh R B0 PR 1813 Ebotk %0 SRS aR@ kﬁﬂ?@ﬁfbfé&?&l%rbﬁlﬂa?&i anionic styrenic
practice of this invention have a nelt flow index

polymakes, espreeidly besningted diiphispelysiytdne, haxa g bropiing cant@0 of at least about

64%{%?1 arli?(?prl]qr} g;grlgf%ﬁrgg %g%?lgtg@ ﬁliuf.]gi)c tsyilrjéﬁctf Pﬂgﬁ%?&%emgﬁy brominated
an%o?%ﬁj 61?%[%5{ fe, Havihi Hi&nlﬂé%nﬁe'ﬂg ﬁ?ﬂfc%aﬁé‘@@ﬁ@ td @@%&W Bt bromine

dto a Irquid. Rather, théey tend to be
coatent mlmteki:styamepol\ydmmsrsuclw\hﬂdnomﬁmt@q:}olysandne will seldom exceed

oS S e NI R—
byaﬁaéﬁi&%@?%%féf‘g%é bt bt A e R P e in thp omee of 3 0
4008{31\/ Qitefa Mueﬂlﬁ%ﬁt vspﬁld& ﬁgﬁ gﬁg&%g%f%&@%&ﬂ@ brominated

n C styreni c po yners romnate orm

anxdma: fyreriic r}‘nalymbrﬁmednm thepiactienoLthpohyunebs haeedmpl ﬂswandlex under
to this invention are_one or npre anioni ¢ honopol
thesaipstronditiosnitthe spee gieps 0o this cpanestion ﬁempmt (2) Yubstances may

nof MATRA ! ﬁ: HPQRNEbr refe)lcfﬁng d ﬁlgltﬂl'gn;yclmtatre&%@{a'hﬁe at which they suddenly

become transformed from a solid to a liquid. Rather, they tend to be amorphous substances
which, when heated, tend to progressively soften as temperature is increased and thus become

progressively more pliable and tend to take on characteristics of a liquid such that other
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nmononmers have the formula: H2C=CR-Ar wherein Ris a
hydr ogen atom or an al kyl group having from1 to 4
W@ 2006063862 ons and Ar is an aromatic group (i ncPamMURZP04/042772
al kyl -ring substituted aromatic groups) of from6 to
10 carbon atons. Exanples of such nononers are

sub3tanE&Ren bedispeSed BErd Wit by 1§ cofvéifiond infixingtoy bRAding procedures.
wet - met hyl styrene, ar -nethylstyrene,

[0tdd k- eAIhgxtug EWQm@polyg@py Wb]ghwq mmgéed to form the brominated anionic

hthal e pe apht hal ene
sty PTBRGRS POISHOT dh s SOGAHOR AR, by B hrgopolymers
an@Bhni Ghid cdpdipphett Mf &M&ast SR WS ¥ RRicinfordodfer PPRE& T84yl aromatic
react ant. "Wien the brom nated styrenic polynmer is nmade
manymbrsdmaive dtei formah: an ani oni ¢ copol yner of two or nore
vinyl aromatic nononers, r%ztcf{ﬁ:}t referred that styrene
. be one of the m)norrers a tyrene conprise at

ﬁ?f{ i® % th gﬁ atBﬁ{ gr 8fa8 i@ om atto |4Q:§§50n@1@9ﬂ§ and Ar is

MEIg cent o ynerlzable Vi nyl
an afommlt: Igﬁoummmtmhﬁg alkyl-m1$g mbsthiated(}mﬂﬂattdgbupsbl ef fremrésto 10 carbon

st 55 i e 5o
mel?c; ﬁ{@ﬂ%ﬂg ?gen%n ! 97%5’8 n'?é)dly reid], © g}b‘; G %ﬂ% retic h QEn %dp?&be‘i’igfltoluene

pre-"exrsti hg“ani oni c styreﬁ

v1@mmaphrtlmlmﬁ ysbyprepenﬂhalﬁnhﬂen@m mnszkbnﬂieymhr wﬂylaﬁ&rmeﬁe the
and at | east one ot her V|n§ aromati ¢ non

dirgethylstitups ifad tertSiyATIyIsns. g Brlyptyesne ﬁ%FWPt%HFé dﬁ%cé%lltb When the
I
brc%pfg%eggty{é éfé Séogﬂg%r is Hl%!%% %ﬂoﬁﬂ%‘tﬁg og I?%%g&%l %ﬂmg#rﬁ%r of two or more

v1ﬂg§i£1bﬁfat1@ hogenefssit & profelrgdiasstpenste arnsiltenatonyers and that styrene
fferent from broninated anionic pol ystyrene in

compriisest lerist p@ sysight percapiand nrpfsrably asleasy ah%taﬁpowghfcpercent of the
e nk c

' Qnpnecti o r
cofpriabls aF oo Bel SRR MRS bt JRRERE! 3¢ s trgminated
anRhRYrbfic %[ﬁﬁé}“ afi@® "Bilotibeed §m@ﬁ1ctﬂib%7s’é§%@'\la@ uséy hemirCrefer to a
pol yner can be al kyl substituted or substituted by,

braminated entomic holymen greduced by huemination of acmg@glstlng Ianlom styrenic

oo P B B 5 o A St on e
virl Yk &RAte Hﬂh}éﬁi‘éf Sas“ﬁ%ﬁngtﬁsﬁeﬁefr&haﬁi bﬁgorﬁér bﬁ bﬁlymer produced by
i'nvention w |l have a wei ght aver a% nol ecul ar "wei ght

ohgmrlzaltlonkce palymerizition 0gf0oneo o5 01009 bremigated styrenic monomers the

I T T AU T .
anfdhRGIdL nﬁ?réﬁe ihhy rﬁmﬁlﬂ:}’ BPfek AT s "cl%jt'éﬁﬁg"\flﬁﬁé?oﬁﬁhg M "styrenic"

styreri ¢ pol ymers having a wei ght average nol ecul ar
in vmmghtﬁor( Wit micnbiver(sporgeloher@) @i used i9crobdhgaaldy herein. ,
ydi spersity in_the rapnge of t 0. about 4, and nost
[O‘S‘vzéf o Kb PRpTIafE 60 4a Geusteas ?%'ils SBiqnifeityrenissRplypey can be alkyl
sug's?%ec?gfjsﬁlbs% tﬁpg}%rogmng %chlﬂ@gtoﬁﬂl ¥t BRRSSE ichdks, will not be so

ués are per neation chromat ogr aphy
substRdEd. tByphallghs ambhmhtyw@c Py abidn poekice thedtominated anionic

styrenic polymérs used in the practice of this invention will have a weight average molecular

D"

W

weight (M,,) in the range of 2000 to 50,000 and a polydispersity in the range of 1 to about 10.
Preferred brominated anionic styrenic polymers used in the practice of this invention are

produced from anionic styrenic polymers having a weight average molecular weight (M,,) in



[0013] Methods for the preparation of anionic
styreni cpol yners such as anionic pol ystyrene are known
wo paoseessband reported inthe literature. Seef or PEREAO€042772
U S. Pat Nos. 3,812,088; 4,200, 713; 4,442,273,
4,883, 846; 5,391, 655; 5,717,040; and 5,902, 865; the -
the %?g%l ¢TS1006 S0 40,000 £ @F&y&ﬂ@ﬁ@ﬁim'maﬂle darper & htdybout 4, and most
reference. An especially preferred nethod is descri eti4
preferablp tirese r3ngssvats repociivily B APPPi VAP iasd hiép about 4. The M, and
10/ 211,648, fil August 1. 2002 . ' :
polireraiiciaisg o1 Soth Carorada oo Sy ATy GFT) techniques
whicf erBhodraddr®Rd pr ocesses which can be used for
produci ng a brom nated ani onic styrenic polynmer are
[0083]s MMetheds fortbe Srep@ation Noaniori¢ §YENBPOlyIBI$BEh g8@II0oNICc polystyrene
5,767,203; 5,852,131; 5,916, 978; d 6, 2077 ' )
are Bhah s B8 S DO g AR eSS T PR S hat o5, 812,088;

] j3nat i oA | 3313080 and S, 989 R6h et lidclo f
4’2{) Zilffaétf%azt?%?ﬁég’eg%? ’rS%r@ﬁ %@ g’r?gg’l e (S) Corporation unglér Stlres ?
whichardiesbpoatdddrerSAYY EfetdRc8 0AD espeaiatly preferygsi wethod is described in

oo edcoBseine b lcanoe. WAty Septt: A3, the disclosure

of WRER o} ol fichin byfrefcferdd] K DETST LY, 1 B 04

001 MBfbrmiRGEY prbEdsses] Ml G b e o g o myt! anionic
Sty OB A S lGBdim i URE No8 S, 6TIG90: 5986, 8% selp7203; 5,852,131;

5 BT R TR VRY aleRRut e SR eR L RRP b ot dence.

[0035F PBRREAdtbEEniGhicRIDIHONY 1 avhiabi ircthp aharkeplaoe fiam Albemarle
brom nated ani onic styreni

i i C cX;@pligrrer. | f deened X )

Corpecgimamdenthe designaiionSAYREX, P 381@ GReEeyityRiggl properties of this
rocedure,,s as reported in the literature can be
nglﬂﬁtlla Geﬂﬁ%@i(f‘@f]ﬁi ning such anal ysis or properties,

hi - anydouhiefitm ObfdiBiREafdulease, the fol | ow ng

procedures are recomended: [0017] 1) Brom ne Content
- Sipgc®)briepi nat ed ani oni c styrenic pol ymers have
good, or at |east satisfactory, solubility in solvents
sucBpa¢ifit giafapy@2e?Cy am2g THF) , the determination of
the total brom ne content for a brom nated anionic

st y Baik Demmityyivégal (le/medsi 122 acconpl i shed
TGA (TA instruments model 2950, 10°C/min. under N,):

1% weight loss, °C - 342
5% weight loss, °C - 360
10% weight loss, °C - 368
50% weight loss, °C - 393
90% weight loss, °C - 423

[0016] Normally one can rely upon the specifications of a reputable manufacturer as regards
chemical analysis and properties of an anionic styrenic polymer or a brominated anionic
styrenic polymer. If deemed necessary or desirable, any reliable analytical procedure such as

reported in the literature can be employed in determining such analysis or properties. In any

4



by using conventional X-Ray Fl uorescence techniques.

The sanple analyzed is a dilute sanple, say Ol 0.05 ¢
whe@siosssted ani oni ¢ pol ystyrene in 60 niL THF. AOEUXRB4/042772
spectronmeter can be a Phillips PW 480 Spectroneter. A

st andardi zed sol uti on of bronobenzene in THF is used

dodtfifl Be disphtcd cak] e f&l@ﬂﬁ@?ﬁbceﬂu&@é&]ﬁt rédonivéride ow | ndex
- To determne the nelt ow i ndex of a brom nat ed

[004(7Y r BN C Bp@myxwontqnhe&pp@br@mim%e%ﬁdoni@ styreaipipqlyraes hgve good or

B e T

of e %ﬁﬁ%&mn@%@n‘éﬁ‘ﬂﬁf £6roSRfed dhiddi€ styRBIcH R Ber GRS é‘&omphshed
of H50parts by weight of antinony oxide, a cal cul at ed

by qnsmgtaonyentmnath-R@n@]QOESC@O@ tQQbﬂBEl@S pdihe samyplevasialized 6 a dilute

b t { hat
sexpplgy o Ot P! & B aREAEanFEIo e e B0 e d - orfhe XRE
Sp éc'ﬂ%m%{er CORt 881 Phillihe e @ﬁo@&r(ﬁﬂét&m CAS§t¥ﬁcFan1§ed solution of

polynmer, an suff|C|ent gl ass-filled nylon 6,6 (Zytel

brmmd;benmne ih THTR IDuRahds)the calrateonsstancleal. of 1000 part s by

ht 0019] 3) Wi A | | i ght
[0<ﬂ§n |y 5 RRQ v bR TR BRI ek pEe BRAyRRIed styrenic

rqgé 81[82? ?Xndq: oSt eyt %n?o@?"?MST&? g@thozlélglm ?L‘é?@ed The

ors ters ractive In

A&BmafRdisdbpRlesd 3 Ro0° MRAERE Y 6k ghplid pretifee THREamples used
exw&? mI\/bdleS peD2000 or equi val %n?ﬂequﬁgﬁent hgmpesuse

in the h&fﬁwe ﬁfr@pdééd 6f 30, paniSby waipht of Anfitdny ﬂ)Ql.d@,CKb‘él(ﬂulHied quantlty in the
100,000 A. The autosanpler is a Shinmadzu, Mdel Sil
rargq of ROBEP 250 yieets by Sveisteof dhg Raominatad apiggic styrerig mlmr;;hat will

o St S YabARGRCEHD 350, B ) P SR DR o
anfBHﬁ: stygedic Fbl@ﬁﬁﬁ | b6 s&ﬁi@fénﬁglb@l-ﬂiﬁedhﬁ@ﬁdi é I(Dﬁelbdl)ﬁrﬁe@fr@ﬁﬂ)uPont)
of sanple in 10 nL of THF. An aliquot of this

tOSUB@tth@hOﬁlé)OﬂlnaﬁébEWemhﬁ 50 nL is injected on the

w@?i e i SRR on St B PRt R RS 00N g of anionic
§lyhiass Q%t&ﬁ‘élﬁéd by lepd uﬁhg tan\werp RGOSR HP3M pSmp and, as
in terims of weight average nolecul ar weight and al so

defentotspranWaiefs Refirptive dndexdgeectol, ddedeh A 10eind ktPrecision Detestor Light

oo Yol P SRR o s b e ot

pSY)@%ééF ff()@rﬁ\ ‘TU A 2aY fﬁ)@@@O ol 'ﬁ%ﬂlﬁ(’isaﬂﬁﬂ&hi a SREPRREModel Sil 9A.

Vari ous pol ybroni nated di phenyl al kanes’ can
A p@iystgmede atandandﬂb]iq,em 85,000) isTxopiinelly luged h)essmfy the accuracy of the light

SC%%?IRQ lég'i%ﬁ ﬁagF S?’ik‘)’g%ta}lge%ﬁggt% 2. Iﬁgﬁ@ L];g h%}t/ Ipl}%gdure used
enfilS a%p‘??mgt(@g?a@bg(?g of gﬂﬂgigé yg(ylgﬁ G TP, %%ﬁ)ﬁhoﬁfﬁm@ éolu‘uon is

and romne atons direct

fillegodckad S0ouL hlfm};ﬂﬁ:&ﬁlydn thie RgRimrGr ’Ehensephmﬂenoé analyzedrusing software
m)re such con&) ds. Preferred is_ an al pha-
R

ProyigadeRArasirian Setreiors fr the PIa 2000, Light §pat@rlng Detecgor The instrument

provides results in terms of weight average molecular weight and also in terms of number
average molecular weight. Thus, to obtain a value for polydispersity, the value for weight

average molecular weight is divided by the value for number average molecular weight.



unbranched) al kyl ene group of 1to 4 carbon atons
di sposed between the two phenyl groups and (ii) a
WO 0a0al063369 at | east 8 bromine atonms directly bordEuS1004/042772
t he phenyl rings; or a mxture of two or nore such
conmpounds. More preferred is an al pha-onega
Congophrelyl al kane having (i) a linear (i.e., unbranched)

(0020 he Ve Ry bgiesic o o AAngS ot 3 ORbOPBEb. o ypically
b i i t beori :
oGBS 5 R AR RO A, i

alkyRné€ gﬁhp 9d1 tes6 etesahiomn® dispbsed peetchathe.twb phevyll Erdnes and (ii) atotal
appreci ated that_the augélene groups, having,. for
of atdgastp bromine plgms dirgethohonded ke thembend £igs:x & ixgyp of two or more

t h | 3 e - - . | .
sut ISR HAEEHE ! s NP6 AR Sl t X 608 e,
unbraféeay allkprid ?Bﬁﬁ) 6f Ol LEIrB&ARGINE TR63IA briwden tiawwhd sREE groups
the I1near alkylene bridge between the bronophenyl

and Gi)oupts] nat 1edss® bivawiee sioms divesily hendsdiie therphengFings; or a mixture

of SRR BRSSPl bR LS HED B btenstatiane havin
(1) a SO G & Wnbchdd) Qkdend Brbuiplob € oPDEMBEOATBEE BIiPHEdAekRRA $he two

are one or nore’ conpounds which can be represented by
phertyh grdups and @) atwaleif at IRadt9 baomineatomsditeptly hendgddapheghenyl rings;

or & GHRER F0 00 MOHETER COBROU MO P oo Bt ddphehylethane.
It wgy&;%@%ciaaéd %at{t%@ glk\%etnﬁ LRITpS ﬁaﬁﬁgf%f i1 1816 Garfort Aoms are

nis 1 the sumof mplus n equal to
metiatlenecaéCH-), Petybmabl (fCR,GHg),1 propylenar KEHIADAE],-), butylene
andnost ferably 2 car e l.otal of I ys
C Sk BEEabl peatyicutor 60 L GHet B by i e hexylene
d t j ;
(-C%@R?%&%—I?%%I&e@np Ialgls eg(?ﬁ é:la%t',] gtfhg ngtgggy AISy14R bkEL Petween the
brompephehylogronhsphanyibahienemebrontfinampstitatios dctres, but preferably the

conponent (b) .include hexahronpdi pheny] net hane,
alkylrasEpivo reee il resat fataly e PRI R BHEM et hane,

na [ n .
00 R B A O R R BAE i can be
rqxgﬁhﬁgngﬁggﬁﬂ@@nylethane, nonabr onodi phenyl et hane,

decabr onodi phenyl et hane, hexabr onodi phenyl propane,

hept abr onodi phenyl propane, oct abronodi phenyl propane,

nonabr onodi phBryyl pr opane, decabBiwpdi phenyl propane,
b nodi phenyl but ane,

oct abr onodi p
decabr onodi
di phenyl pent ane,
di phenyl pent ane,
hexabr onodi ph xane, di phenyl hexane,
oct abr onodi phenyl hexane, nonabr onodi phenyl hexane,
decabr onodi phenyl hexane, oct abr onodi phenyl -

1- br onoet hane, nonabronodi phenyl - 1, 2-

wherein R is a linear alkylene group of 1 to 6 carbon atoms in length, which may be partially
or fully brominated, but which preferably is substantially free of bromine substitution; m is
1t0 5; and nis 1 to 5 with the sum of m plus n equal to at least 6. Preferably R has 1 to 4

carbon atoms and most preferably 2 carbon atoms. The total of m plus n is preferably at least



di br onoet hane, decabr onodi phenyl - 1- br onoet hane,
decabr onodi phenyl - 1, 2- di br onoet hane, and anal ogous
W@ oimpoeIses. M xtures of two or nore such conpoRCIESIA$042772
al so be used as conponent (b). Most preferred is
|, 2- bi s(pent abr onophenyl ) et hane, which is conmonly
8, nkoR@ PR fdribly hethe ring@ordaeabl MDdbaRd6lyiane. [0023] In
t he above exenplifications of al pha-onega

[0023 ﬁsemmm@wmmmmwmeg@dlybrwodﬁ%hwéalbanes which may be
| at ; d. To illystrate, : '
usef EERFREY RS B Sng eyt

tdProthotifh Rl G SRR NSnabtRoMBRIGNAL WA, decabromodiphenylmethane,
Oc"hexagﬁ%ngdiphenyl né%hang"ﬁrepresents diphenyln%r%gﬁg ane

hexhbnommgliphdanylathansf, Geptamomedivhendetiabbie gighrpmodidepslethane,
Thus if .t he hexabr onodi phe met hane a  si le ..
nong BRI 5 he8 e GATE HO SR BOBARBEE: o e A vigighegylpropane,

W QIS | GBRR6mOd

hep%lpﬂ)t e e?@? gr %’u pé&%%ém?ﬂ%%g@b%%m can bg gﬁaﬁ%}gop ane,
decatirbmodiphemylpropane) p, heanbiomodiplrmgibuteneat drptabaomdiBplomylbutane,
octghqgmgzigtggg genyéI, g%rggggr%pgorﬁpﬂéeng{b%%é? tega rgr?l%dg)%egyrfllbutane,

T .
nondbiomddipheaylpegee, nuddeebroafodiphenylpentah€neherebromuldgshehglhexane,

bei ng about 6. The sane type of considerations apply
heptabromedipkmyihexang, hqctairpmadiphsgyglhexane, nonabromodiphenylhexane,
' | r i .
e NHBIENAG | SLFOBRLAEBIISHEBelhE, Ryefioctotensi1 2
dibrogioess) i aBrogodiihphrybetivathend) dvdabhrsodisteall- R -dfbromoethane,
brom ne atons suitably distributed on the phenyl
andgpalggeus qusmetadsat Miduies of twe ormers sush capweyndstian alspdregised as

to thig, C un B [ ' .
contshobl )RR RN S ARSI el bl gpmmonty
knoR@TR tHeodrt Adctabromeaiphbhyemaiyhenyl et hane. The Registry

No. given forthis substance is 137563-34-9. hithe case
[0023] a dorhowvhdvd axewhplificationh obfaintacomegangyelylromoegdivhenylalkanes a

s GRS eiRb P ARG LS ot o B hegluomodiphenylmethane can
be eﬁ]ﬁrﬁ% ;é@fnpt%}ﬁi S nSx iR &1 c%ngféuﬁ&h‘? hTiR GRIPRAHAH" RKabromodiphenyl-

, 2-et hanedi yl ) bi s(2 53, 4,5, 6- pentabr onobenzene),
methare" adpsesents diphenydmetthae havmmgratotad o brommesitoms on the phenyl groups.

f QL Lt hi st ypeof ..c und i s decabr onodi | et hane. The
Thusghhe iR OGP HER g atef SnERSCRRRULL (5 S aus Eays can be on
ca O e BB P (P GG S B8 e pf the phenyl groups and
2 brloitisr &tdmE ean Been fheothex phyyd gtdup, orgchd Ueondns efoasedn ba on one of

U.S. Pat. Nos. 5,003,117; 5,008,477;.5,030, 778,
the phgnyl grgups gRd b bramingsatony Kan desep gheatheropheppt group.  If the

R . h ' .
noB SRt Ao GIERE R ! B Lo 6 B B3R pmoounts @, )
and[{€)opith theaivsrage humder efpofiendtomé per motkc(le)betrraboat 6. The same

varied, and in all cases )
type of considerations apply to most of the other alpha-omega polybromodiphenylalkanes

referred to herein. For example, the designation "octabromodiphenylethane" represents 1,2-
diphenylethane having a total of 8 bromine atoms suitably distributed on the phenyl groups.

Nomenclature used in Chemical Abstracts refers to this compound as the octobromo



effective flane retardancy will be obtained with any
and all proportions thereof as |ong as the total
w@rwan638ed t hese two conmponents present in thePCT/US2004/042772
substrate or host polynmer is a flane retardant anount
as described below. As the proportion of conponent (a)
der{v@kigé | 'dfel qo(l@ﬁﬁﬂﬂ:ﬂml)b@b):mi@epa@cgﬁﬁml thed ylnmthﬁf ﬁﬂﬁecfor this is

rom an : ht ratio of 1:99 to 99.
oct@lpmefr)érrdnbnxle anet H‘éleg@gggyé‘fo giyen dorthis 9@9819@1}26 1865%@37%9 In the

ddi. t t
cash P FaBLovPYR T e n O BB EB s P b AEefBY 3 8Bfme atorns
pﬁké’dﬁ%mbdi My febhahe IR labig: ubdd WCIRhicAlliAbRREGSRers to such a
Subst rate Bol ynmers [0026] Ot her enbodi ments of this

cormpaaxitas d i '-§t,2-cthangbgl) bis@rs4, é@nmn;tabm:(gol@npme} read also indicates that

e e 2B T8t BPF P OoRSTDN & U A A RorBs L i Redlsry No.
gl‘)éqfltf&t}q{igsggst%&pg@gz@?,e@ded a fl ama retardant quantity

anme retardant additive conposition of the above
[002dpdMiehdds foe)repanihg(akpha- om@a@o@rbeomhdlpherglaﬂgqnss are repaeted in the

RS <5t eEmP g RS HBIsciscli i Bboy B PSR 7: 5.008.477:

5 0%8&?%2%?2@23%(&15)6 flr8e4f%r tﬁ@ﬁﬁcl%%%ﬁ*@é bf vﬁkc‘ﬁfﬁagﬂhﬁds are incorporated

onopdl yier$ or copol yners, such
heﬂ@ﬁiw}elteretbme, pol ypr opyl ene, and copol YIer s of
et hyl ene or propylene with at |east one higher olefin
and with or without a diene nononer,and (iii) one or
0 r f st one vinylaromati ¢ nononer
Pr%&?% @(}s/ Og%ggrqgnw r{ﬁy{aar omati ¢ nonomer containing a

[0028Ct TROBlopBftiMp befikteh cdgpaaents ¢h)idndi(bpcanalie tariedl atiein all cases

nononer, of anethacryl ate nonomer with or w thout
effectiverflameeirdancy Bﬂd:mﬂbé@,n@ﬁwgh @mpan@.auyorqmw@hmg aslong as the
AN,. and_ ASA, r mul a ng,

ot S0 o compyer et f et B B pobsds o fame

rethidgh hldaht ¥ aREtiBEd b&loANy ASUle ?@@Brﬁéﬁ ) %6ﬁ)boﬂént () relative to
partial blend(s) of conponents and (b) and any

compbiant {b) quregtessmqlsomreaa@ijﬁwws(a) He)wwg t fato @f de9r9 10099 9:0.1

(prghsgél:tq]&ﬁﬂtghe G 02#(“5) gq, gé?? ?%t}enpnrgﬁ g.? 3%51{1) éﬁ a dltlog qfo servmg asa
ﬂa}%p&qraéﬂt Oﬁmgfégsdﬁ%ﬁl Bélﬁ% lal $iad& fob %b)pfo%%blﬂb@t pbL 'é@'ih which

at1o is preferable to mx with the poly
comppnett ¢b)ne sviddledidpersadpr i sed of conponents (a) and (b)
in which the conponents are already in suitable
proportions. [0027] O the above three groups of
eferred are vinylaromatic polyners with
Su\/\% %gﬂnep{)een bl ended a fl ane retardant anmount of
[0628)p o r@thess efpbydimvenits (df) this] DO@Bjon\araydoenpositibhs cpopyisieg 8 polymer

that can be flane retarded in the practice of
compyisett PHIRCHIBYR vﬁgggonoggﬁ%lpa&ﬁtg & p%lpfmgpéq,})ie olefinic double

boR&’ LY DRSS e SHED wRRWHE HRef B1A8ed QIR ot a%dﬁn% Hﬁghtléy of a flame

I Nyl aronati ¢ nononers as styrene, i ng-su
ret&i&hﬁd&ﬂﬁweﬂ:oﬂdpbﬁﬁoﬁ beths ubstd dongivnsnts (a) and (b). There are three groups

of such polymers, namely (i) one or more vinylaromatic homopolymers or copolymers,
preferably high-impact polystyrene, (ii) one or more acyclic olefinic hydrocarbon
hom&polymers or copolymers, such as polyethylene, polypropylene, and copolymers of

ethylene or propylene with at least one higher olefin and with or without a diene monomer,



are one or nore Cl6al kyl groups, al pha-nethyl styrene,
ring-substituted al pha-nethyl styrenes in which the
W@ wsoIseent s are one or nore Cl16 al kyl gr oupspPCT/US2004/042772
vi nyl napht hal ene, and sim | ar polynerizable styrenic
nononmers ~ i.e., styrenic conpounds capabl e of being
and@iydRIor aRfe copolymerbyf artasisomefvimpéaromiatiemonomekand at least one non-
_catalysts, into thernoplastic resins. Honopol ){rrer% and
vinylaperngtice mespmeT FRNtAINES ¢ AHIcEAPH GevR Jueh @s acrylonitrile, an acrylate

t - et hyl - st . - di
N T T -
()Rhehes A, MBS afd AISAP Gh Rirfuliting@E¢h 6186Us, components (a) and (b)

availability. The vinylaromatic polynmers that are .
caif bahlendet wittisbe palymeamdividuallyi and/orviarany sub-eambination(s) or partial

bleRBY BF sobeeniioie) AT (9 ARk i Ofbst Rt ebiifhel iiditiegy However in
orde® ke AREILAR {HRHosQbilidPbOBIeA@hS ¥rrbRidri12dkesk substantial uniformity from

pol ynmerization. In addition, the vinylaromatic ) o
forpoilativer o fdumulagioe, fdibe facditatedbe preparatwnpefasichclermplations, it is

e R SRSy SR 06 LSRR ) o
in RBIKTRE So g&leIﬂ%Va‘fe EaldQ P sutfab MG Rtiogonf i gur ati ons.

or exanp they can be i1sotactic pol yners,
[00277 diQft the bbavethiey wenups obpolpnktsupreferei ars vinglatdmatmmlymers with

TR i e g AT
[0(5;8& © r\/iﬁ{lg{oﬁpﬂc%ﬁ | er?ﬂaﬁfﬁg}%’ﬂaﬂégj@ta?&dqﬁ kY RERNE SR fhis invention

er-styrenic “pol yner s an

calbé horasgdyIate; ®bylyaitLorptck pelymdreamdsucipelymers can be formed from
vinyl aromatic pol ymers canbe inpact-nodified or, .
sugh ¥inEAtompicIRPmISss A EYTENG DOZOYDIiad styrenas inivehjch the substituents

| |
RO RO L e —
in RAlckSthY seBEitddit P RY ondbr loends, alkylHiBSpsRthyGRIBBthalene, and similar

(sonetimes referred to as crystal polystyrene). These .
polymesrizhble styraniemoBemErs ek dershafric cappoyngs sapablpseideing polymerized,

e & e e Fathe et e PnePEbiafic Ry Hbag8fimers and
co fl?r%,@@. ofEQRpRI sBir&fic MoARh&E (AT Méne( lgh&;'ﬂﬁ}ﬁfst}&éilﬁmﬁmir%ﬂ@'lstyrene,

0 i a m nor

i gh-i npact”™ pol ystyrene together wt )
alphaouethyl¢dterene,t drancloronttorpne)fare pyaferag¢d Fomybe praadpointseof cost and
rt.icularl referred as t suhstrate or host . . .
BBty 1oF oihsB SRt oty RRrsabats A *iFsRi P b fo s vention
. ' ng . ti . o
BRI M) SO Y TR gl i meraon,
catigrdeadlyenitmtaipolymeizatibik i angordcadlyHiaitiategl folyomerization. 4n addition, the
.carbon  ato and Ar is an aropat. c,group. (including..
VG RGARE RODERES 4 G HoRP GRICE 15 agRielst ibth Vihgion can be
r O . . . .
RO BOUP RO BBl 1 BT B, T iyt
polmedrs oai hyves taticnestruaiuzal mohfigirstionse néor example they can be isotactic

r-ethyl styrene, isopropenyltoluepe, . . .
polymers,ysynd%)tacac polymees, o@ mg(tures ote Pso’cactlc and syndiotactic polymers. In

addition the vinylaromatic polymers can be in the form of blends or alloys with other
thermoplastic polymers, such as polyphenylene ether-styrenic polymer blends and
polycarbonate-styrenic polymer blends. The vinylaromatic polymers can be impact-modified

or rubber-modified polymers.



vi nyl napht hal ene, i sopropenyl napht hal ene,

vi nyl bi phenyl, vinyl ant hracene, the di nethyl styrenes,
w@ar@sneIstd but yl st yrene. Pol ystyrene is the prePer/usmo4/042772

reactant. The wei ght average nol ecul ar wei ghts of the

vinyl aromatic polynmers that are flanme retarded

OOZQF S R difMdESpdlysyeBrids QIPSY fHat M8 bief¥abighuged thapbe hedium-impact
cul ar wei ght pol'ymers to very high nol ecul ar

polysiygne  (MIBS)e high-Nepaeb d’@lﬁsb’ifel}@r S)ngr stlgndsnot HIPS and GPPS

p0| @%&ggﬁg I%? %SJ ”ﬁgﬁﬁtﬁg@p zﬁg}ag? Wee“]e%onv]elbtm{jmg];erlals The

rulﬂn?ép ﬁg@ﬁm SrRAhyY $n 5& N fiSO 19 kst | ofter) bt SHeld 80€Bs, a butadiene
and bl ends or a ys of styrenic pol ymsrs with oth

rul:ﬁHeerHrghl—mqiactquxslty;rmmcs béands capainingd majmfmmblmt @r%tcrrthan 50 wt%)
ee for exanple Encyc di aof. Pol yner, Sci e
of %&gmwa?as@yo YESFi (R 6197131 ByMiF5R Mw@ﬁ |W’> of crystal

e

[00807] k- CAlhb”ﬁg Eoicahid @pgtliasonudticGhendmers uEem‘,hnmcb‘d)mgyg the vinylaromatic
copyright 1997 by John Wley & Sons, Inc., especially
pobmets e hessvhish havedte fxpplgne Pl astics;
U. S. Pat Nos. 4, 173, 688; 4, 411%2%7@? 4,287, 318; 4, 367, 320;
4,393,171; 4, 425, 459; 4,9 AZ{ 978, 730; 5, 045, 517;

wiRrelf R. 8 A3iydfogsB Atoh2br arballkf eréd§havingH@m69:3,4 &urbiiatd@dd and Ar is
5, 446, 117; 5, 502 133; 5,741,837; 5,777,028; 5,902, 865;

an GraEicEyeup @ndgcimg 3lyl-dngabstized asomatc grpgps) i drom 6 to 10 carbon

oy SRR SR RIS AP BRI BhC Brrngigernvisyrene,

M ERetHy 1M &) n’gfdrﬁi Iﬁ’@:h €159, ParRSth@sir&iee, t Asopropenyltoluene,
m xtures, blen or a és théreof with ot her

Vlmdbmlﬁmiese,ar @Opmnﬂ@ﬂm dlener evinyByiphestydr eviowldndtoaagne, the

S TR PO S5y SRS Bt P v
avixﬁ%@inﬁ%ﬁla@@ve hs Gtk dnylardidakit PBlyRierd tRhicA O BaHe Qe%rll@d pursuant to

1/ 8-inch thickness) that pass at |east the
thivhvieetion cdn0GER jvidely fiver loyr malscelfr Whlghhmi}mslts ite Very hlgh molecular

wdgh BB or BB O rEo0E e, 5T wPBHFS iithgeeteral purpose
pofy SRt ikt E@ct Hodeh o1y%wr&&elfemﬁ9@bﬂéx¥ﬁfdaméﬁﬁ5@ﬁ&eﬂe9 syndiotactic

t’hr's 1 ivehtion i s polydlefins. [Tmting exanples

pobyistyserict,aint blepd$ gmilkejm ofstyiremit pmiympml vyldt dthi¢rehemoplastic polymers are
Iene ne)

rolgriel e Lisr ot eﬁfog RmRlp Z?wc@pé?ff el Seience and Tochmology,
coﬁ%r%% g?ﬂfjro_y nJéFﬁy i % ScisPREe! 9?&1&%&3&‘%@?&5?}%@? E{stncgeﬁ entitled Styrene

pent en e,
Potyaymsak,\aned resfemﬁcqsrcapd/tlefeal \Hit MOgmesr dincymopediv off@temical Technology,

ol efins; ners_of ethyl ene, ? pyl ene ando
copyright 49 '@h@ XW&%&SSOH&&HC orerialuie sections exitled Shyigne Plastics;
USTpd o 2199868191 AbbROMSeT 915 BREPAOHICIHITH. POIY AR 940,735;

reporté e’lTterat’

4 %ﬁmt & 04E,I5¢YC$ 06%893 591895@5}/ Hﬂ96 890951252 6981 5 352 727 5,446,117,
Technol 0&8%7 ntersci ence

5,398HA3M.T éﬂﬁ§%028f§3902|x?éﬁ1 6’89&29-’9§;9éé40694@04§e%3t2b @#%3,428; and
%ﬁr‘y% C%gdgl hé{n & cf) s% (%%ﬁ?ér s thé fo?@é’on? focﬁ%eﬁﬂ?@f?almngto preparation

YIET S
of any such vinylaromatic polymer(s) or pertaining to mixtures, blends, or alloys thereof with

other substances are incorporated herein by reference.
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A efin Polymers, and references cited therein;

Ki rk- O hmer Encycl opedi a of Chem cal Technol ogy, John
woelspe®eSons, I nc.; 4,288,579; 4,619, 981; 4, 7BRT/ESA0D4/042772

4,980, 431; 5, 324,800; 5,644,008; 5,684,097, 5,714,555;

5,618, 886; 5,804,679; 6,034,188; 6,121,182; 6,121, 402,
[003] 2Pref Akl high-#3pacOfdystiredb@ndiiBitions 48ihisdnwention bk tHQGh,pablhty

and references cited therein. The. disclqgsures in

of frppiagonalied soeranes ohdrd a‘m.% reidligetep digleiesh (H16 nd 1/8-inch
f | ted h

thw%gw%ﬁ%e R %%%Sﬁiﬁiff% o et ar dant conbi nat 1 ons

[0032;] p dfaherfdplabti poWinarwiith hayibe effedibielit fldtseretarded

ot her SU|tabIe additives pursuant to this invention
by mnin}sum sfzomponendsi(a) and (bhwéh o1 Wighaut sesomsuserod atheysviteble additives
such Ners orres

poriEy 1 B TP e s ) Pap iR fepyplessfpuitable polyolefins
1nclﬁ<§et pdl 186¢: YoRipkdpyldng; %Q%X%ﬁﬁeneﬁ%f}polymers of ethylene N%éh one or

(acrylonitrile-styrene- acryl ate copol yner),
morg rtaglieaanmn anéfinsi dueh kasmmpymf étbyltmelmomyn@ r}meﬁwhl-butene 1-

hex iy AR el DT o SR E SIS REPRgIga et o o more
‘hlg}{%ﬁvfﬁ | J1Effs. Go Iﬁ%&mﬁfe %{E}bﬁeﬁé’ oﬂégrrﬁ&fé‘a{etn@?hdnemers and

iterafu See for exa Kirk-
blenids oymlimm:d ofarnyf of@iﬁmr&gaingTéﬁthmﬂscfgypreparp;grsugthpolmér's alg/known

andé%ﬁ ! éeﬁ%é%@ﬁm a§e§ fox eX%? C'ea%aftyycwqgél%e%f é@x‘m@ﬁcwm and

i ool gt 1583 i Sl 03 v

erdidy ookt inate s ooy s oy g o
ref erencescil te
Olefhdibymers el arlainem, s Bivelh eKlrng@ tBemgrenslapsdit & Chemical

TecﬁfﬁJléﬁJg ;Ur?ggaw} gr &F’S‘Br?%ﬁgﬁo ggé’é’kﬁmﬂ%lé’ bg{. ,%'7?2 599 4.980,431;

5,3 030068 [6314 1098 05,684,097 19, o, ﬁSS«; Gpﬂl&&m; 5\8041 57%6 (DﬂaIS&S erel1,182;
copol yneri zabl e nononer ot an_anot her styrenic
6 lzrwﬁ)@nészoéﬂéﬁ ﬁaéwéﬁa@éas ORChAS0g7 4 S70hle g ot cited

thergl S%@B él sc#os{‘eud =) dry %hF '%&%%&nﬁ 8?3*%&1@?&21%11@?0 I éargtx(gnr éﬂj%gyoleﬁn

ane r

polyhTP OStckin0 Bfe 1ﬁéorpbﬂafedlhaye@mby gdferefiée. Whi ch the flame
retardant vinylaromatic polynmers are preferred. Yet

[0033] o Theflams prértlag comhingtipnaod| n@mpqu§ (8) andi(owitlor without conjoint

use Rt S PR aaRG Y P AR s B B e lame
retaRfané§Prols@ci iR frers 8r 188t asH 189 (ﬁcﬂﬂorﬁtrﬁé%ﬁiaﬁfeﬁé@ﬁy’réhe Folafénéc]r), SAN

conposition of this invention. her Conponents
(styteine-beylqnitaide pagmer), AﬁAs{acmlwannleemyrvm-bmukacoylh‘@ rcopolymer), MBS
ction th co

e B 2D eSSBS Sy encs.

OF B 95 s, S (UL N, S o
t}nsdypmamen&psrtmhm te litaaburele Bek rfot hmarﬁplanﬁzrﬂcdﬂtémadﬂncyclopedza of
Che?rgdl L echno OOgI’:I}E) (c)glloyngﬁtn f9907fbyt ﬂ)lhn \’ng}? <rS’]ct ons, ]%c Iegpetcm?ly the sections
entitled Styrene Plastics; U.S. Pat. Nos. 3,957,912; 4,064,116; 4,141,932; 4,141,932;
4,141,933; 4,206,293; 4,252,911 4,262,096; 4,277,574, 4,341,695; 4,385,157, 4,421,895,

4,598,124; 4,640,959; 4,740,560, 5,807,928; 5,955,540, 6,391,965, 6,403,723; and references
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retardant polyner conpositions of this invention, or
both. [0036] One optional type of additive which can
wheoamsesss9 and preferably is used, are flanme reper/dswn4/042772
ai ds or synergists, especially one or nore antinony
oxi des such as antinony pentoxide, and nost especially
citecatersimnyTHer disodoglees M Hel forepgeim decumemnpéredniag b pasparation of

sodi um anti nonate can al so he used either get her ]
POlyieEholoresing Oélﬂélé GBIl PE AR i"‘&’éﬂys%?ilﬁé? 0%6‘%1%?@@?"“%% used in
i ' . e, alkal i .
o PRGN G B0 QB B R s s

monSiReagiifdcepihietl hbeiniseféranc@ount s such that the
brom nated fl ane retardant(s):antinony

[0034) n&ilsgi paersiylosbbrihisriaysnsioniarh neldad geetruged articles faiped from any of
e i oo PRl i B IR B ypmaci

polyfersire praferfbdi YehotHRr SPECtAT (HIPmQe@Ynl i §DMYhOd bERSducing a flame-
and/ or one or nore alkali netal antinonates, use can

retarded vinplarashatistpobmmer agigle whichotpisestndldingror extrisling at e éemperature
Anong such other suitable materials that can be, used
of up k5 2305Cs a getidend efircyipdarosndic sempesiion phihineyetios.
(i ncl udi ng m xed oxides of boron and zinc), calcium
borate (including m xed oxides of boron and cal cium,
Omdar ot ate, zinc stannate and simlar known flame
retardant aids or synergists. These materials can be
[0036} eld thaprattecesdties iprapontvatnss athertchopengyity@n balmsaddn conjunction
..Thus while th nount s, used_can vary, typical]y.these
withCoRpRgens &) g 5 GEOVISELT el Qe e boReh! PRIEOAHYIeac fom the
. Sviner g
recE L8 BR ATPn L 85004 Y81 st may o
includet Snweé dlaimer @tardenvialdditive dompokitions ofj¢hiefinZntioh @rShlthe flame
nd st preferably is, 3:1. [0038] Antioxidants that
retargslﬁ ng%r&%réemppﬁmaw thig nyspEppg Yelenol i c
tiQxi : YT aY j | rtjcle
(0033 R R0h A o BRadhid Wi BN AEPRATRI b p fame
retardBniCHidaoe ssh&gisepIpREallnldng @viableaditinonyt oxiGesabi®B as antimony
possi bl e to use other flane hal ogen-containing and/or
pentgxidesnd mpst espaeiallyamgnanysriexides éﬂ@éﬁn@ale@@ﬂnmgtewchm sodium
- f retar.da ef fect,veness and desirabl.e .
cntig o A RSN o Bl FitlneE DRR D elali 3o ifigp ppide. Amounts
of ofOHINBAL Arifn gy oxeI¥R ANEBF nd 8) mBRTalkHN anhtméMites used can vary, but
materially harnmed. |If another flane retardant is used
typicaHs suchceyncagisis Wil Menesedt ite amennist seh thab rthedbrominated flame

raovided thereby. uld. be..taken into j derat i [ .
retafl 0 R PR e Yot e Bt og HSELooEh i fegtably i
weigh® rdt{dew IS h iRl ﬁn%eo&m ko 89, hPRBSSREkRBIWSs: Wi | e the

anount of any such other flane retardant,” whet her
[003F@hI dybem oboitiaiadditign ¢o ophaspheransinwoy todides agd/ot dneumraaigre alkali
an.vary, it is preferable that at |east about 50 wt %
metai ﬁ]aﬂm%espp%chpgg dep? @tégrséarqejre;rﬂr%r&mdf RESHETEgts. Amo%g such
O T B LR ¥ okl REIndE obB: ore zine borates
(incl(bing misethdigesiof boron and zinpy, edleinatboratt ¢inalvding mised efidasf boron

h hal - i Nni h _ ..
and gjtﬂgi?grgl)r ggrg\%ggshlffg’f%ﬁ]gﬁg %%ngysgg gl]%gl a&ﬁo%%nﬁgrlng Irgtgrdant aids or

synergists. These materials can be used in the same proportions as those given above. Thus

while the amounts used can vary, typically these synergists will be used in amounts such that
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of this invention. The nost preferred flane retardant
addi tive conpositions and the nost preferred flane
WO ed0df06isne  pol ymer conpositions of this invent POTUS2064/042772
devoi d of any other hal ogen-containing flanme retardant
addi tive and any phosphorus-containing flanme
the bndngad flametr&iardanyid)tspnabisasdwtighestio 3s1tha SarpletE10.5:1 to 10:1.
metal deactivators, UV stabilizers, pignents and dyes,
Prefigrablethis wejghti raso Will be &y the range @f §tb@§b@§ mashpiefg#bly is 3:1.

003263 BB G e G Pend R many o
whiBPsHe bl Siable ARl oAb mBRI 4 dr Sani S HbsPEitd B34 d admibBr of which

the conpositions of this invention as Is appropriate.
are glse cammentiglydvailhls.e ltbid disoippesiblgsedise pther flente haldgen-containing

andjgl qu?%%és%ﬁgt%ﬁ%ﬁge - %E”%T%?a‘% %g%%srltpgge o RN L U o Pl ectiveness
andg@éifalﬂletﬂ%?foﬁﬁ%c% :cHﬁaétériﬁiﬁﬁ’ ggn]\('%héld b?ﬁ?é‘@ﬁth@éorﬁlgiﬁ%n of components

et ardant 1 n Pol yners [OO e practice of this
(a) aml/ @ntis aot ombgriahyitasméd) Thambthdy) flane rdshrdanteid used hnd htecontains

substrate pol r,. separ.at el r preferab in ) .
brogiey IO of proihine e e ecehi RanioL i tiefn o copsidegation in
. I . .
con?éé&gg{i] R)&{lwe}hé;{btéfl oot &F tEOHRR r{)\h?&i {or}ﬁées%{sr%té fbBRnedbs discussed

m nimum requi renerits for t
belawr. oBhile e aaovap pf anyednkle other flinee paaddstuivhetherithl oea-doaitaining or
whi ch the pol yner conposition is intendefd to be

phosphogisrranaining Heuserl 38 Ve HAtRIRteraids kst [eashahout 7% and more

ol ab D45 QRSO PE S A GRL1cAPARL TR s
polyinhetibe peelilécEinde safipamehty Erand (). f Uakly ik atodpieferable to avoid use
conponents (a) and ( bgwgr oportioned relative to each
of agst gfaer haloggrrsentpming os BeRsehaesPatapyes flanec rgtardangin the compositions

' 0 | r e _of -2 00, s
or ) BTGRER T THE Mgk Bt A9l % Wi and e mos
prefrred @b lr¥tatdant pelymangenidsitibnk @f 1is Whvéntibaaeddenid BEany other
wei ght of conponent s( g&r and (b) and the substrate
halogen-petaining flasperstardeat aditiveandeny bespberussconiating flame retardant.

wei ght .of, ..an t her additi C on .t hat _.may be
o hniabari SIS sBFOR! FaF MR kishuiAG; piER¥aRnd dves
prodeSdin® RidsOfiflkrsObdia schven s ethiefndladtabifgerd, | BIBWing agents, lubricants,
retardant(s), the brom.ne contribution of which is to
nuclgatingegentsi anticstafisrrgpufsplastioperssmpectatodifors sand Telatsd materials, can
flame retardant .anounts will .vary.w thin. the_.forgoin
be el ing g GRPRA PO R MY BY ISSIPBFPiAice DR HOGH of these
add 9Ly BRE, # fisdd, R Bpicalif be 8XATBIE ML ¥hE SaandfRUIM Sfot Bbtaining
the range of '8 to 12 W% of total bronmne are
the pharticulatppreperiyt dnhammorent oo fvhadhothe additive ¥odoeloned.
especially desirable, hithe case of pol yol ef m pol yners
(whi ch are hydrocarbon polynmers that are acyclic
AmcikES Fla%%tﬁd&ﬂﬁh%?nﬂzpﬁ“ c comononer such as
nor bor nadi ene 1s used) anounts of total bromne in the
[00394ngén dlie pictice BOthid Hivedtidr commpmentse(ajland (abhe blended with the
anounts in the range of }5, to 25 wt % bei hg eSJ[oeci ally )
subs{igls ROARNEF, SapPratFly 9wréff%recb Y Bromprationyjna{lame retardant amount, i.e.,

in ar{ %@é&rﬁ %ﬁ }ﬁggs g%@%ﬂ%gf%ﬁn Ss?fl%%tﬁs ey M&%’ﬁun%rﬁ Qé?quirements for

the test procedure(s) applicable to the particular end use to which the polymer composition

is intended to be put. In general, the flame retardant polymer compositions of this invention
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total bromne in the range of 9 to 15 w % of brom ne

are desirable with anbunts in the range of 10 to 13
wovdsloeisny especial ly desirable. [0040] It w | PCD®ES2004/042772

appreci ated that the proportions given anywhere herein

for specified conmponents or substances, although

shdWl@poaide tB§tQ&pemehshhes SeasPiisOHie W2 UL Sstestepadetitiee Typically the
fromone or nmpore of the ranges given herein are

finjshedblead bf polymenandsflangeretasdans eempananys (ahppt Gpproppeioged relative

desi r.abl e .i n .anygi ven, Si bon | der t | ave
to 658 YR PF direrpat ey rnFHANEY B 5t BB ki Bfange ot 2 0
25896 breFertblyVn 2hd @hyd&l 5 W10 WOBCHAaHbIN PrePébBly ifl 6fi rareh of 8 to 18
physi cal properties for the intended use of the
wi¥d, basidech thermpeight ofospmppnentsta) and th)eand the subspreterppiymer. In other

TR L AT SN G CRAR BEOREE Sy
intPRLELd 1'1340_%5 RIRRe BB R bRl sk cBptdSEdptiBRAIRIHAYrohfine-containing

proceed in‘any given situation in which the optinmm
flamenpiasdani(s)) tief branpse tortubweionf afrwhitlais rber ke méal consideration as
her ei n s not already been established with the .
oG eB0Yeal hest LR RUATORGS S RIS U paipraages depending
e B B e el X BRSPS Japunts in the
rar@f of npai2ewts of &)taldbrdmirte) areddsicebiewithensemneshigpbunithivt’ being
conmponents. Because component (a) is [tself a
esnsslalleesieablea fiathe sase 06P@M@§£%P°1¥@ﬁﬁ6w@ﬁ§1§ff(la’ﬁr°&ﬁﬂ’09lHPlYmefs that
- Ao L ¢
xR0 O chbANERGE Sorrtnl) <R ARl R el amornts
of esdIneo e ihale raApOONEY tovilywdh op bepdine g dekigabde with amounts in the
retardant additive conpositions of this invention i

rangg elordih ®@ BP eWtVo obeing SsRackY chesirbleonpbite rﬁ%ef{l‘a)coﬁﬁ%mers with

i [ . .
fusdpyuPof SRRV Rl 0 Bl SBR (SPERAR M, 941 gowats of
toti 1R @idd 18 teOARENEIN 15 16a)tYPsrbrédhinearedesithlablith amounts in the range
proportioned relative to each other but are in a

of b &h&d wilorheanz espedidly dasimitlpe fl ame retardant |evel to

. finish | c dant. | , I ]
Rt T
001?.1 )gﬁéﬂté/@r SEBRRSS, ltREuhAPHEA] SREnSHetitIeEB ARR Bkitatd ks @dpdrtures from

with or w thout one or nore other optional
one anpooeen v the teaged givendwireli rage triegmissibilet ihengvier sleemed necessary,

e I R AN T
(e. gtr’] P% ng'%qgkﬁ%g@%s@@@ BNAD Ystindhiveile Wiidvigpbth&dR & S Bical properties

ame retardant pol yner conposition’of
fortthé mté¢mded mbé afitha fidisbert cdnosgionaddiss torrchiepe tHeaptimum combination

0042] The flame retardant po] ymer conpositions. of .
of IS AR TP IGIPoP e il QRCRRYORS BTG OGO RBHats with the
- r- 0 . . .
IS8 AR Uty ST Bl i
optimuirs crapssitidreof o padidulah dorseNaioal refeoreddndwetein biis hdtealready been

| ame | .
established with the materials at hand.

Blending and Molding Procedures

[0041] The flame retardant additive compositions of this invention can be formed as powder
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retardant conpositions of this invention to the base
pol ymer individually or in any conbi nations.

wee@sosm y, however, apreforned additive conpPGT/UBZNNG/042772
or a masterbatch ofthis invention is blended with the
base thernoplastic resin. [0043] Conventional nolding

bleRHOERAHsE of ShEtbrdfts '(at)jaﬁ@{)ﬂ)@lmmma@ened epfidrabédpon@iits. Because
I i ke Known procedures canbe performed using the

compenanb(s) issitself apol ymasic materalsblendstaficempprents (apand () can be formed
ey B e BRreRb D & i 4o Bt o Bss BT bpenGlh i heat

bt ©f)! ARoEPREY SMGEshriM SRmeSLARAIL itions of
so?%%ﬁ%iglg}dglgéﬁogj) cpagaet I:;I’:gﬂ&hll%é%@has ToaBtianbAd ive compositions o

this vantiediswd férma blendion atastdrbagabl afadomploacnts (4)laadb) in a substrate or
retardant. Simlarly, the thermal degradation of .

hoffopgluRer skt hoRE oty BT IR, PORPER By tafie ke, where the

co1rn§§%écl)”{tss(§:) Iﬁrrlrc}’@fagg lsﬁ%{l? > ngtiﬁﬁ)h&f‘releﬁf%% dabifothertgage ina higher

alning the flame retarde
copeenratief tharctheflasie tétandaatfieviehiodbe usadan thedimisited Shme adtardant polymer.

In ;dfle g:%gg &g];rg : rt!q; g%l}pgi(r;g %}%ngg%gqq@%&% g ';i-gqr&rn?&?sgt?on comprised of
co%lg%é?ﬁ’g {ap gﬁ& (gl?)t t“{% | & SANGR o e Andib JRr ro?{igﬂeag %Egaf)onents, thereby

I nNa IS I nvention can be Inclru ore,

préWidingghe additive inendusc-ase sealilydrandichisle ffomieHoitthis purpose use can be
expandabl e product has been_forped. For exang)lée,

gl G ReRe T TEVA iy Bie M FRAiBOTEipH PR g will extrude
mH e BRsEER 0 R ot AR AR DR PAITER cutthe strands

intefpehéts. i nvention or at |east separate anounts of
conponents (a) and (b) suitably proportioned relative
[0842] e b flomeaetapiapspalympeiromnosisigns ehils ivmbienear e piepared by use
pur suant t.his inventiaq and .(iii) a _blow ent .
o B bt ieedsRa S fabiselely B S pPEHR mixer, or
shﬁﬂérragﬂﬁgtuﬁ.hAQ uetedadbee, ROPOHiNOtotdae thtesvERHcthpoREls @f the flame
of the product, such as boards with various )
retatdank nerwpesiticnsd ofyithis higventionyiei thel baset palsimef indivigdugilngr in any

o ATP b BEAS e SRR RSBl el B P TE  Bl enots
inROLYAR 18RIl Qi tH ﬂhe%éeethelﬂ{o)pi’asﬂi: s e of at least (i)
styrene nononer(s) and (ii) a preforned fl ane

[0043] ar Ganventidoalt myldingoprposiutdspsuchfastihjestiommweihding rexpmusian, or like
ampunt s, of conponen a). and

| east separat s . b o .
lmewppm@'gﬁ% PeHAredusinghs Beqnp %pelmer b!%p%gfg%mvemmn

PR EATUORERS S SIS oy it
colbhand nBtdsity elegmd ftdorgofiensorpedaicad whbn uking sueh techniques on GPPS or

dianmeter) so forned are_ then pre-expande ith_steam
1P whieln s rhspry gy stardgd (vt 9e‘%fﬁ¥nt“%?t‘if[] ezaﬂeglnha% dlame retardant.

SRSt RO P 3 L R R, which il
reslilte RNk EU3RY dEraditibng shonldsmpasded] Tmst eliminated) wheninhadaining the
flame retarded polyolefin composition of this invention at elevated temperatures during
processing.

[0044] To prepare flame retardant foamed or expandable polymer compositions of this

invention a flame retardant combination of this invention can be included before, during, and
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[ 0045] Plots using conputer generated regressions of

capillary rheonetry viscosities of (S) blends of a
whe@siosssted ani oni ¢ pol ystyrene (Saytex HP- 301BCT/U820084/042772

retardant; Al bemarle (r) Corporation),

decabr onodi phenyl et hane (Saytex 8010 fl anme retardant;

in QeoBEd 8i&POMRIbRhEDE) exgﬁﬂ@hlﬂé‘bﬁ&uét%%@&@ fddhie8) Fak erdinple, to
el evated tenperature (25Q0C), 1ndicate that there are

pradugs oflame retydang lextuided s{mp@ic gélquﬁf,q@@ ag XP{Seaﬁj@qsa(im winylaromatic

ETREERE TN I e e
se}tﬁﬁﬁé £466hts H8&nRionRAS PHIEhH PB)SuRibg BFIRBARMES rdl@ivead Badhther plus

at produce a‘synergi'stic increase in capillar
any btheneptional ¢canpmenised] mus@E0PChisGnenitions asl Giija gl‘O@\rin@agent are
migg{}g% g}&g&m i 9gfapég{ez?s|@£tva%tfme n 1%(%1%3 [eg%%llt%qglel%ﬁ é&i%tplré:v?diralg %e desired
dirhddstbR ro?'ﬂ'f‘egprgéfuét hﬁmﬁ Qk 1hB¥AY i B <RBLE TriMheSdRs 8hE wilths. A typical
Intended to [ITmt the scope of this invention to only
metlivel Spppdcingnafiime retdrdamierpatidable styechi Ep@lyRIcED1ThS imvedtion such
REFERE EXAMPLES A-F [0047]. I n Exapples 1-9 anq .
as REPeiEpIves EISRARTIQS PAYRCFiGRtiAn Wy WEIRS OF GPETHP M dlesst () styrene
o B e S Pkt Bfis imvention ora
lea@fh Rpaticiaamuafs of bempersmeat) and (bpsupably tprapostioded rélativd togach other
these conpositions, the powders and resin pel]ets re
plusy offex eptigngl aorapwprwlﬁ%s { @rthﬁdn@tﬁlpasfpaherehshgﬂn beads of

co [ a
sy BB O o O P Bl ? B 38 Rl G ffmed ave
theln kpardee vitto§tbdre and $healidolddd aZdif) wAl0st@ td Produce large blocks
Pel l etlzing was conduct ed b)é use of the chopped strand .
whiglt pandbe Agxeral metersrhighsangadt3ampisrsawidy. thajavillfbergut in the desired
disecoonds, cooling tinme of 15 seconds, and nold open
PHE™f 2 seconds. The conpounds were nol ded using the
foll ow ng conditions: tenperature profile =
199-210-216-2290C nol d tenperature = 38C i njection
Sypargista CempoditiBay qidhe brvewtéian hol di ng pressure = 900 psi

r 0048] The foll owi.ng ASTM t est ocedures were..
10FB1 7 ot e e e R e e aple Fsgafy YRCBsiis of
blehl§ 6F FBForhiRRd AnioklcSpolysdresd (S%?ﬁkﬁ HP23010 f168mE h&drddint; Albemarle

Defl ection tenperature under |0agy(D648) 1/8" at 264
CaopporatidriOllecalpanpdPhemylethime 18569x ne$Hdd fameGaetdrdant; Albemarle
I t
Corpnc.f)rgtci:on), and a HIPS (Dow F200 HIPS) at an elevated temperature (250°C), indicate that

there are regions -- which will vary depending on temperature, shear rate, and bromine
contents of components (a) and (b) -- where synergistic increases in melt flow can be
achieved. Use of proportions of components (a) and (b) that produce a synergistic increase
in capillary rheometry viscosities at 250°C constitutes a preferred embodiment of this
invention.

[0046] The practice and advantageous features of this invention are illustrated by the
following examples which are not intended to limit the scope of this invention to only the

subject matter therein disclosed.
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Strength (D3029); Xenon Arc UV stability testing
(D4459-86) - col or neasurenents taken at 100, 200, &
wWao®slesss; and Melt Flow I ndex (D1238) procedPeBUR004/042772
230C/ 3.8 Kg. Also, the UL-94 flanmability test was
performed. The col or neasurenents were made using

Hunt er Lab pxcaVPLESD-9i dndREFERENCE mplms Aapd
i nt egr at ed- sphere geonet ré Melt stability

[00&47Di I Exqmpleﬁebﬁ@nd efaence dxpEpis - Brfomlu&atméffgn@mmﬁ?s were

api.l | r heonet er 5 hear .r.at
pregah gudIok drPRRRT i ieiogg it ailssfeat § 3 F5Ris% sq getermine the
pro fifts Eﬁ%le(i%@é{%%nib%blﬁGnQr RUBEM R thds¥ @ofnP6diti o] 'Eﬂeqﬁ)wders and
n each group. The nakeup of the conpositions tested
resanpelietewtrediand ssxdd in agilesiicrieg prioe teeeirugion. siherrenippending of the
r) Tables 1-3 ani oni c

forpsia)ioh PeR EouR s VLS Pe Al riE e P PRy Extauder ot 175 pm.
Th§ @ggﬁﬁg}e@ (oﬁget%%@ﬁo 21)- 216@6 SbabE € peiawsnd Wes dBaliticted by use of

particular lot of the anionic
thephbystdystranémethed. AABh&Ematerikishathhoidorpgtime of 14 seconds, cooling time

dCo dData, Standar dHP- i
of ?ﬁ @efc'@gfi);# p@}lg opgn t a%%?%r % @gféoﬁg%g%ggﬁsé&g}t" ed using the
4 81.3 82.2 83.1 84.0 Saytex(r) HP-3010
deﬁ%%Ml 0 6.0 3.7 - Saytex(r) 8010 flame - 3.0
7. AtSaferdtireQréfici-NHR2 -2 I6R2RCA. 9 4.7 4.4 4.2 4.0 W

Rati o HP-3010/8010 100/0 78.6/21.4 44.8/55.2 29.1/70.9
0/ 1o®lkinmeratyie V§8fhering DL, | OOhrs. -15.8 -18.8

Mgt B g, 400 52 5238 B

29. BoR®apréGult Yehd pyeassm| ndex, | OChrs. 50.6 54. 8
53.0 52.2 45.2 DL, 200hrs. -28.5 -30.3 -24.8 -23.
[0048% . 3Timafollogdng ASTM test procedigesy werespexfoympth onztb@ﬁ%@ples Tensile

TN R RN T T —
@8 1A D648 /8" 208D HSi; I2P0 Irhpad QtréngtREDE56)48btRod ZSGArdner Impact
Strength (D3029); Xenon Arc UV stability testing (D4459-86) - color measurements taken
at 100, 200, & 300 hours; and Melt Flow Index (D1238) procedure A, 230°C/3.8 Kg. Also,
the UL-94 flammability test was performed. The color measurements were made using
HunterLab scale, D65 illuminant, 10° observer, and integrated-sphere geometry. Melt
stability by capillary rheometry was performed on a Kayness L-6000 capillary rheometer at
250°C, at a shear rate of 500/sec, with 6 minutes of preheat.

[0049] The test work was conducted using groups of five test samples in each group. The
makeup of the compositions tested and the test results obtained thereon are summarized in
Tables 1-3. In these Tables the anionic polystyrene used was Saytex® HP-3010 flame
retardant (Albemarle Corporation). Each Table shows the melt flow index of the particular

lot of the anionic polystyrene used.
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Da, 300hrs. 11.9 12.4 11.7 10.0 5.7 Db, 300hrs. 18.5
19.0 21.0 22.1 18.7 DE, 300hrs. 46.2 46.1 42.1 37.5

W3 2006/0838b% owness | ndex, 300hrs. 65.2 65.4 64. 5P6G1/U82004/042772
52.4 Notched |zod, ft-Ib/in. 0.92 0.99 1.41 1.46 1.16
Gardner Inpact, in-lIb/in. 70 60 58 71 66 HDT

TABLE 264B8hulftfens 8nd Cokfpotad Dath)Std(rdFP-5610/8010 Bleds in HIPS

et O V-2 Fram ng iXd pg NoeNq No Ney 2 Burme,Ii3Me | Ref. Ex.
in\%;ﬁ%g T S T el KR = 7 R R KT
L7 rotTo DUt 1 LI L = SICLCUITUS J. . I 1U. . J J.J.
ﬁHBAZ%QlQ)ﬂaMew" AT V-2 M120 V-2 N6.0 FI am3fg§ Dr i ps-'4
IrTe |1/ 12, s€c as 5o 11. 4/
B TomY Burn ﬁ?ma, Jt8nds 8420

AdBmbdRy Tridtide 12. / Med.o Stabidvty (&)4.2500C,| 600 St apt.e
Stabl'e Stablé Stablle Stabl  Viscosijty (a), g 5m n,

P

Rty HP- oRg Y [TRo/0S IR Va4 @55 390Th /709" BG500

TII I 9% ITOU 109 J.U viSLUSTIUY (4d), 4IJ. o1 1T, [Lo7r 1Loo HLOooS
187 192 Vi scosi-ty—{a-—25-9AA—159158—3484-1188—395
mekAmW@aﬂlﬁmngzo ai 41 150 1157 184 1101 195NEl (e bog
ADCLOGrQkg: 4.0 4.0 415.83. 9 |418.8Tens{1d.95t reimdBd [ -18.5
A§a)00Brseak, 2920 296/04.2640 2ob9 2960 TBnsil el B2rengt|h3.9 .
Aba000¥EL! d, 3460 34808330 34803 3430 H.@ngat i 9 17.8
Eai@(m!i§aK % 23 45 25 24 2 ﬁj.@.n.gat I3 (a),[VMgedd, %26.0
3 SRR Ul US|, = KPS 3 473
| YEIS o, e Sl S IS S PG e T
1 Nt A
ALna@m.r DIV o by B n.'3('\'py' ﬁ%% E: :3%_&1‘:3; -23.3
Aw200Ats. ngs with 1/8/1 . gh as 4.7
Ashr@hrdy Ref. Ex. B 2hE co Otion| 240i d |032.8 he |18.2
AEPog6HE) only gave aj348.2 ratijmew thl 398 i nclg3.3 29.9
YeR&vhLES TRdex, 200hrs. | 63.4 64.6 60.3 58.0 49.2
AL, 300hrs. -40.7 -40.1 -34.6 -28.6 -26.1
Aa, 300hrs. 11.9 12.4 11.7 10.0 5.7
Ab, 300hrs. 18.5 19.0 21.0 22.1 18.7
AE, 300hrs. 46.2 46.1 42.1 37.5 32.6
Yellowness Index, 300hrs. 65.2 65.4 64.5 61.8 524
Notched Izod, ft-1b/in. 0.92 0.99 1.41 1.46 1.16
Gardner Impact, in-1b/in. 70 60 58 71 66
HDT @) 264psi, °C 78 77 76 76 76
UL-94 @) 1/8” V-0 V-0 V-0 V-0 V-2
Flaming Drips No No No No 2
Burn Time T1/T2, seconds | 5.1/7.6 4.2/6.1 3.9/5.0 3.7/7.5 4.1/12.0
Total Burn Time, seconds 12.7 10.3 8.9 11.2 16
UL-94 @) 1/16” V-2 V-2 V-2 V-2 V-2
Flaming Drips 4 5 4 5 5
Burn Time T1/T2, seconds 56/28 11.4/6.5 | 8.8/6.9 8.3/13.2 |{5.1/7.6
Total Burn Time, seconds 84 18 15.7 21.5 12.7
Melt Stability @ 250°C, 500 | Stable Stable Stable Stable Stable
Viscosity @ 6.5min, Pa*sec | 154 152 179 182 187
Viscosity @ 13min, Pa*sec | 155 154 180 183 190
Viscosity @ 19.5min, 157 155 183 187 192
Viscosity @ 25.9min, 159 158 184 188 195
Viscosity @ 32.4min 159 157 184 191 195
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It is to be noted fromthe capillary rheonetry
viscosity data that in each case a significant
WO 2@s06386y reducti on occurred in Exanple 1 as POIpSs20e4042772
to Ref. Ex. B. In addition the capillary rheonetry
viscosity data as plotted in Figs. |A- | E show that

MEREH) 266 520key NeT 9! PAC T €OUERT ON Ty.Yi SCOSj3y
€ Stren: ﬂ”%%&%{f‘“ 50TV I GOTTPONE 1 3) [ 53D
T h . S;II@““fQLP l o i

ElOﬁgatfmt@ Bisaks %8| o 1| 237 ARLE

in

4.1
8960
3430
X,

Afmt
Ty 3

Elon,

Yzt % H gh

bt.2] Fl o

8810 B

ehﬂq in

1.3

TeisRS Modplwskpgit  Ref

38K, Ex|

BEx. 6

Ref2. Ex.

343

138 82. 2

5.1 84

PSayt e

}328P- 30

13p5

F@Q‘l‘&f&ﬁfhd"kﬁ’ﬁ 80.4 8
flanme .7 11.0 6.0 3.7 - Saytex 8010 flane retardant

- 3.07-.490120Ant|m)ny Trioxide 4.9 4.7 4.4 4.2

106507 1 53 s SN e it BR Pl ot O s igvention

b7 568
(Exahgﬂé’s I- Q?hﬁi Vs raﬁngsl&ltﬁ .ﬂﬁncl‘l %[Zrﬁ%ns‘f}l@ré %Dggﬁ?%ﬁ?% by Ref. Ex.
B the cempositorn dex@@ ef the HP-00 Moy aess Vi taing Wltkiﬁganh specimens.
45.2 DL, 200hr.

It is %‘?%ﬁ ffg %ﬂbg" e Gp) }ﬁr%rhegn@tr@ vgscgm d’at%A}%L?n ?%h case a sémﬁcant
v1539§§'r SdudfordodhrBd 23 Hkagddl? 1 18- cdnldared2Q0RES Ex3@ 4In33ddlt10n the
32.8 29.9 Yell owness I ndex, 200hrs. 60.9 61.8

cafiflary HhgoReut vADbsity30ahras. ploﬁéd mn Figp, 4A-B3 sBowAHaigin each case a
-26.1 Da 30Qhr s. %,8 12. 7 .5.7 Db, 300hrs.
syrstEltotpuction 1t Vo GecyTpsEwiE g LS Dying PRy (:component
- |
(b)é%l%hté%ﬂc% 1@50%%?&4&6@_@3 @Qﬂéﬁe.s@a%lelc}ﬁgacﬁerﬁﬂes]can be seen by
inspactibnerf thawtede in Table Lb/in. 67 79 6 6 62 6 6

TABLE 2 — Formulations and Compound Data, Higher Flow HP-3010/8010 Blends in HIPS

Ingredient Ref. Ex. | Ex. 4 Ex. 5 Ex. 6 Ref. Ex.
Dow F200 HIPS 80.4 81.3 82.2 83.1 84.0
Saytex HP-3010 flame 14.7 11.0 6.0 3.7 —
Saytex 8010 flame retardant | --- 3.0 7.4 9.0 12.0
Antimony Trioxide 4.9 4.7 4.4 4.2 4.0
Wt Ratio HP-3010/8010 100/0 78.6/21.4 | 44.8/55.2 | 29.1/70.9 | 0/100
Xenon Arc Weathering

AL, 100hrs. -17.3 -18.3 -18.6 -17.4 -18.5
Aa, 100hrs. 4.6 5.5 5.6 4.9 3.9
Ab, 100hrs. 23.8 24.1 22.8 22.0 17.8
AE, 100hrs. 29.8 30.8 30.0 28.5 26.0
Yellowness Index, 100hrs. 51.7 53.8 53.8 51.1 45.2
AL, 200hrs. -24.7 -25.9 -23.2 -22.0 -23.3
Aa, 200hrs. 8.6 9.5 8.2 7.2 4.7
Ab, 200hrs. 25.3 24.8 23.8 23.2 18.2
AE, 200hrs. 36.4 37.1 34.2 32.8 29.9
Yellowness Index, 200hrs. 60.9 61.8 59.7 57.2 49.2
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3400

3400
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Elongation

(@ Break, %
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1.2

1.2

1.3

1.3

Tensile Modulus, kpsi
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313
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329

324

329
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[0051] It will be seen from Table 2 that flame retardant effectiveness in the UL-94 tests with

1/8 inch test specimens was superior in each of Examples 4-6 as compared to Ref. Exs. C and

D. Also in the melt stability data a significant reduction in viscosity exists in Example 4 as

compared to Reference Example D. In addition the capillary rheometry viscosity data as

plotted in Figs. 2A-2E show that in each case a synergistic reduction in viscosity occurred

with mixtures having component (a):component (b) weight ratios in the range of 93:7 to

53:47. Other data in Table 2 are in general in line with the results given in Table 1.
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Ingredient Ref. Ex. Ex. 7 Ex. 8 Ex. 9 Ref. Ex. Dow

F200 HIPS 80.4 81.3 82.2 83.1 84.0 Saytex HP-3010
WO b@soeiBd? 7 11.0 6.0 3.7 - Saytex 8010 fl ane rRCHUSZ04/042772
3.0 7.4 9.0 12.0 Antinmony Trioxide 4.9 4.7 4.4 4.2
4.0 WRati o HP-3010/8010 100/0 78.6/31.4 44.8/55.2

TASLE/ 7 0. Bordididfonennd Eomp¥bed Meita NhtBimedi@thFlow HIEB3610/8010

BléﬁslﬁHﬂ%G -16.7 -18.5 Da, | OChr s, 3.9 5.6 5.3 4.7

39 — TOOms—23; .KE%YEXAS Q72 ATEL 8 DETEL T ST Rer. B

DA [0 AT, DL | 3560he o 5242 3 | 8E11" 55840

Sa}ZﬂxhlP 3i04lamse  o00dr14.7 11 2118 0 8/608 3 4|37y |-
Sapen8el0 2BudrepBdmmi24.-3 23. 2138 2 DE[ 7400hrs| 941, 4 37130
ABmbn34rioxid8. 9 Yel | quness | ndéx, 20phdAs. 65]/8.263.1 | 4.0

60.6 59.4 49.2 DL, 300hrs. {41.3 -3B.2 -32. % -31.5
Wtﬂf&trbﬁﬁgofé%@&f@, 13- 190k7- 0| F8.675 14| ¥4 8455 29020 3P0 $0/100

: 2187167 DE] duunrs 47 445 3 410
. TS T TIUCTA, OUUIII D . UJ J UV 2 U1

: \ ﬁd!zod ft-tb/ipn—3111 1151 5 11186
A S hnpact . in-\|idd 61-58.% 57 % s b ] £ | -18.5
AapUishirs. 0C 78 1 1 7737% 76 U504 (f{H3 1/8"|¥70 V-0 3.9
AY; O0rd V-2 Fl ami ng |D3i.dps No28d No N23.8 Bur n2Zidne 17.8

"El/la'@,rsseconds 4.6/ 9.08.44. 4/ 13p.74. 0/ b2844. 0/ 4283 26.0
Y‘é,u&{m!;éssﬁndleSit Rt N | JgE,  S§ S@@ds }45§211- J[918 © °|45o

UL- 94 \IIU 1/ 10O V-1£ V-4 V44 V-4 V
AL, 200hrs. -32.1 -26.1 -23.2 -24.2 -23.3
Aa, 200hrs. 11.2 10.0 8.5 8.3 4.7
Ab, 200hrs. 23.6 25.0 24.3 23.2 18.2
AE, 200hrs. 414 37.5 34.7 34.6 29.9
Yellowness Index, 200hrs. 65.3 63.1 60.6 59.4 49.2
AL, 300hrs. -41.3 -38.2 -32.5 -31.5 -26.1
Aa, 300hrs. 12.3 12.6 11.8 11.0 5.7
Ab, 300hrs. 19.6 20.9 22.2 21.8 18.7
AE, 300hrs. 47.4 45.3 41.0 39.8 32.6
Yellowness Index, 300hrs. 65.5 66.2 64.7 63.2 52.4
Notched Izod, ft-1b/in. 1.1 1.1 1.5 1.5 1.16
Gardner Impact, in-1b/in. 61 76 57 52 66
HDT @) 264psi, °C 78 77 77 77 76
UL-94 @ 1/8” V-0 V-0 V-0 V-0 V-2
Flaming Drips No No No No 2
Burn Time T1/T2, seconds 4.6/9.7 4.4/7.5 4.0/5.8 4.0/4.5 4.1/12.0
Total Burn Time, seconds 14.3 11.9 9.8 8.5 16
UL-94 @ 1/16” V-2 V-2 V-2 V-2 V-2
Flaming Drips 5 5 5 3 5
Burn Time T1/T2, seconds 72/17 7.6/5.7 5.8/16.9 14.9/18.4 |5.1/7.6
Total Burn Time, seconds 89 13.3 22.7 23.3 12,7
Melt Stability @ 250°C, 500 | Stable Stable Stable Stable Stable
Viscosity @ 6.5min, Pa*sec | 156 149 152 163 187
Viscosity @ 13min, Pa*sec 157 151 159 164 190
Viscosity @ 19.5min, Pa*sec | 158 153 160 166 192
Viscosity @ 25.9min, Pa*sec | 161 154 156 168 195
Viscosity @ 32.4min, Pa*sec | 160 155 163 168 195
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Flamng Drips 55 5 3 5 Burn Tine T1/T2, seconds 72/ 17
7.6/5.7 5.8/16,9 4.9/18.4 5.1/7.6 Total Burn Tine,

WG ewsnas6B89 13.3 22.7 23.3 12.7 Melt StabilityPCT/iub2004/042772
2500C, 500 Stable Stable Stable Stable Stable
Vi scosity (fib, 6.5n1n Pa*sec 156 149 152 163 187

M8 99bid, 3, HafgeC 134351 1339164 196G g 4.1
Téﬁﬁmenéth@ T o 1980893 199060° Y3390 _ | 2960
opsile S g @gpsa 500, 15000 0y 1348000 14500777 | 3430

'A» '4244?'3@‘284123Tpnc'1 27
Esmgeunm@mmr%ak 2982 3000 12060 289@ 2960 |teénsilel 13
TShGRMbRIGSXYEiel d, psi523540 {3480 348043500 3338 343

FiexM@Lkpki ) Break] 33% 24 33483 19331 El ongasson | 325
ield, 1.2 1.Z 1.2 1.2 1.3 Tensile Mdulus, kpsi
352 338 347 348 343 Fl ex Modul us, kusi 338 340 331 335

[O‘iéz [ﬁgsdza}a[ éqn.gab?eg’% gga:ﬂlg ﬁi:r(f)lfp {k}ggs?’uggﬂ evaélae Peﬁlargﬁ%y s égthleved in the
ULt 9§ttesY\‘wtitB 14 ﬁlch@ﬁ&lﬁ@%']ﬁﬁiﬁﬁ)le@(g%@v (YIaQingéiWﬁerVasf/ianef Ex. F

ratings whereas in . F the rating was onl
thé-mtiag agtalonlyaV{Qedﬂmrblagmn |arreduc$:lomm vigcostty vens arlioead indixample 7 as
Exampl e 7 red to ref addj t
copupiitars): Ehdb bR ion deeptlitieamaey pisgrr e psalgied in Figs.
3388 pow RN ihRath ba{be%}%e@ﬁ%e r8duRUBE 1Y kbbSGty! REMEE Gith mixtures
N Vviscosity occurre m xt ures havi ng” conponent
haf/ng: comppaereit):don)ponentgh) weight mtios m thheangan§87:d8 t@73:83.
to 15:85. EXAMPLES 10-11 and REFERENCE EXAMPLE G
[0053] Test specinmens for a nore abbreviated series of

e e

[0058]P Odletti PREintcpS tfexa aide abtuvitted @érléshei‘sﬁaﬁdasd Ees‘ae‘eﬂuatlons were
sumari zed in Table 4. TABLE 4 Ref. Ex.
prapprgbeRerdly 195 Fescalod alpvennd subjewadior ﬂUéhéeSFSe tTélP &aWPOSPz%S tested

an% rg's% s o? tﬁe tegtgjépe gdnﬁﬁﬁlzreﬂtlﬁﬁgﬁgt4 . 3.2%6.5%

TABLE 4

Ref. Ex. G Ex. 10 Ex. 11
Dow F200 HIPS 84% 83.4% . 83%
8010 flame retardant 12% 9.4% 6.5%
HP-3010 flame retardant - 3.2% 6.5%
Sb,0, 4% 4% 4%
% Br ‘ 10 10 10
Wit ratio 8010/Other 100/0 75125 50/50
Properties
DTUL (°C) 74 74 75
1ZOD Impact Strength (ft-1b/in) 1.5 1.4 1.5
Melt Flow (g/10 min) 200C/5 Kg - 4,0 5.0 4.9
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Sh2C8 4% 4% 4% % Br 10 10 10 Wratio 8010/ O her 100/0

75/ 25 50/ 50 Properties DITUL (0C) 74 74 75 |1ZOD | npact
wkoosoeisho (ft-1b/in) 1.5 1.4 1.5 Melt Fl ow ( g/ ROT/DB20D4/042772

200C/5 Kg 4.0 5.0 4.9UL-94 @1/8" V-2 V-O V-O # drips

ign. Cotton 2 O O total tl/t2 tinme (sec) 4/8 4/4 3/4
ULMde-@4/s@ 1/ 16" V-2 V-2 V-2 |# drivps igd4. Covteon 45 5 vy
#dhﬁh@h(&hﬁﬁz time (sec) 5/ 9 5/1126/11 [[0054] It i | | 0

totﬁgﬁﬁ'?mpﬁsé?en t hat |npr oved fl ayge ret ar dagy 3/4
naowr. \A sl hao I oot otnnd 110
A I‘\JT‘IIMIIV\, vvug UI.L:IIFCVCU 1 IT CTIeT CI— J TU’DL UDI_IIH L7 O

ULI—%C@lSUﬁéCI nmens in Exanpleg 10 &rd 114s coMgared fto V-2

# dRefign.Bottois. Al so i nproved jmelt #1 ow gerforfrance|{was 5
umﬂchueMﬁdmmp Exanples 10 and 11 54s corpareﬁllo Ref . BXl1
—6— 16655 —Conmpounds—TeferTedto by chenrcat—mameor
formul a anywhere in this docunent, whether referred to
in the singular or plural, are i dentified as t hey
exi st prior to comng |nto contact with another
[005:4) b &tveitl againdk ecangbatiimptoyed Aemie cethrdanimerformenvewas athieved in the

v el ﬂwﬂ%@%&ﬁﬁq AERahes 0and) T Srpbutedte Ref. B Also
1mpfcﬂfe& 1t ffoRwpd aH?:é(@vh’sr &h¥ved Eielrﬁ’ﬂ[iles 302 aﬁf’?ﬁasccfb%ﬂgiﬁéi to Ref.

are e nat resu t of bringin he specified
Ex. Gubstances together under the condltlons called for

ursuant to this disclosure 0056 en thou
[0033he Comaparadpis/errest ey e@tpaktl%m% egltqrﬂl@%@ya%sgeéﬁtthls Woument,
Wheﬁlﬁ?aeetgﬁ X tlg ﬁ}%:ee fgﬂérsb? élural h3id t1f LhSs P%ﬁﬁp@‘f?r t3 comlng into

XIsts att tinme |ust

confast With siotled Rtisstdred refbirehidesy mémlinak asinebi theptieal Wper(B e another
ot her substances_in accordance w ththe present

congpBt.o¥ A v si maticeepnt Vet ghgmisal eiapees & 4y, take place in the

resuﬁ%%nwg?rg Io% Eoﬁtét?oﬁ%ggsucﬁx %‘%5 lfu%l ,a?fes%l?g ’F%I?élﬁi‘f’ Becified

subfghce LSt theeshdRs tHel cBhditiogs cdllee f&q:ﬁﬁiuaﬂt noqnls@tsca)sﬁteal m
to a single elenent to which the article refers.

[0038t hAlso, even thoughethe claims gnay rgfer tp subgtancas inthedresspbiense (e.g,
nor e nt s

coq'tﬂréseﬁ'te i{gd gg]b rggegg%/}:% rrl% Y qﬁeﬁégtance asi SAt%g:nhsts it S inde JhSt%et”ore R is first

contacted, blended or mixed with one or more other substances in accordance with the present
disclosure.

[0057] Except as may be expressly otherwise indicated, the article "a" or "an" if and as used
herein is not intended to limit, and should not be construed as limiting, the description or a
claim to a single element to which the article refers. Rather, the article "a" or "an" if and as
used herein is intended to cover one or more such elements, unless the text expressly indicates
otherwise.

[0058] This invention is susceptible to considerable variation in its practice. Therefore the
foregoing description is not intended to limit, and should not be construed as limiting, the

invention to the particular exemplifications presented hereinabove.
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ot herw se. [0058] This invention is susceptible to
considerable variation in its practice. Therefore the

wo o008m6isny description is not intended to |inm PCT/ARIN04/042772
shoul d not be construed as |limting, the invention to
the particular exenplifications presented

CLA®VES: nabove. CLAIMS: 1. A flane retardant conposition
whi ch conprises (a) brom nated ani onic styrenic
poI ymer, and (b) at |east one pol ybrom' nat ed

ha v, a : .

5 B o s B GO SARRICAE YRR orBbiites 1) BHorR8H anionic

styréﬁid pbmidd fankdqBoe leakt dnetpol}@)r&ﬁfnbwﬂ am}mmegatdﬁ;menylalkane having a
al ky Ienegroup di sposed between the phenyl groups

totabef z:téeasy bramige @wplsme:eﬁ@y hondedda ﬁheafrh@yléﬁ@s gadifhe gangp of 1 to

s SRIRRT T SRoh b e L, BB Pb BB o

beity PHARS afklyRAE gfliupect | y bonded to the phenyl rings and
erein said alkylene group has in the range of 1 to 4

carbon aAocmnpdSﬂlOA asompolaimi bvherein said) palyhromipaégdeplpha-omega

iR PRSP 555 BB AR AR v

whér@iﬁ sﬁﬁleeﬂk‘)%ﬁé %}Glstp ﬁ&kqn\ﬁﬁbefaﬁg@ofslatﬂ édrbol #bmsgroup has 1

car bon A conposition as in Caiml
V\:he3‘ ei n Aascinsiticor :tsmnnﬁtam:i ]al\’\(hﬂ;aﬂlm seigapalyrhemated Righe-omega

e e T e
whE SRS alE@Bﬁéj"gﬂﬁl p3Has %?tha%‘aﬁldﬁon%o wt % of brom ne. 6.

conposition~as in any of Clains 1-4 wherein said

br ofti nat Adcmnpasmocm &t mréhmm botheren seidnpaljbromatatédealpha-omega

about 60 vvt% ro A conposition as in any of
diplegnyialkane is %ﬁ llg’lﬁpﬁ % nat ed ani oni ¢ styrenic

pol yer &)tn?}%cﬁﬁmﬂt as 1?1321?1 tm$4- M%éi%ﬁn B4i@HrBinated anionic

A conposi't as In f alnms 1-4 wherein said
styfefile Pohyah&toanims ibasttayooetrﬂm%bfjhmnmmnt ains in the

f 67 to 69 wt% of b 9 A t
o o Bl 154D Sl aioni

s Rl o AL ARIPLE iR Dout 71 w96 of

ositron as iIn I'm 6wher ei n

sai gbr OWAn@irQSbsﬁmn%I i@ @tyysfeOiatnellyreherin kit tgomimated anionic
nore than about 71wt % of bromine, 11. A conpositionas

stytepicq@olmeoataaisit kasiabprid wite o biomisai ¢

St ygenl CBPch‘n osition as in any of Claims 1-4 wherein said brominated anionic

styrenic polymer contains in the range of 67 to 69 wt% of bromine.

9. A composition as in Claim 5 wherein said brominated anionic styrenic polymer
contains no more than about 71 wt% of bromine.

10. A compositionas in Claim 6 wherein said brominated anionic styrenic polymer
contains no more than about 71 wt% of bromine.

11.  Acompositionasin Claim 7 wherein said brominated anionic styrenic polymer
contains no more than about 71 wt% of bromine.

12. A composition as in any of Claims 1-4 further comprising at least one

antimony oxide or alkali metal antimonate.
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contains no nore than about 71 wt% of brom ne. 12. A

conposition as in any of Clains 1-4 further conprising
wW@rooksmeast9 one anti nony oxide or al kali netal PCT/US2004/042772

antinonate. 13. A conposition as in any of Clains 1-4

wherein said brom nated anionic styrenic polymer

contains at |east about 60 w % of brom ne and wherein

said conposition further c rises at. |least .one . ..

it EronyR GRPiRe et d6 8y Gl 4R sai8 Drgyuinated anionic
styrEERARnld: QB s MIANbBht 68 AIoTor brdnilBEhE Whefidh thid composition

bro ated anionic styrenic polyner contains in the
furtharmgenpoiseHat 1¢ast G antithonfy omidendiratkadimetalhmtiaionatai d

it further. [ t | [
ggr]glgsgr}&%%g&%giﬁﬁg%gﬁg gﬁ{f: S gﬁr@s_ 1-%?\_?\7 erg&esa?dn Ir(?rglrr]l)t/lted anionic
i a STRY rEgi L L

o RS JRE RRSBLODS SO 1915, PSR i i
conpokiyior filedd lcemeptiedsian leastdae bhtmbayn dxids of bikaliredetd uh#manste.

wi th which pol yner has been blended a flane retardant

qualt i t yA Hamg retardsnt coraposiip FOMPRSINGER PelYITes PO A prREPT moTe

Lonj t ' .| .

pot AR S PRI B Ucic SR8 90 i e ot

with whith pefyngdr hh€lesh benbdedaflage aét@ﬂantdjfuaﬁﬁsf by a Bemeesatdant amount
t he phenyl rings and in the range of 1 to 6 carbon

of (Rbsersinatedianionid styrpriapolymetsnd (Bpblsast ope polsbipminged alpha-omega

- sbhenyl [ |k ne graq bei n | j nea .
i Fan@bgiBE P e RS e ACeRfe Bt del Tl phenyt rings
and W Eeiiafgd HE1 RS ¥iB6n hidnRNA I alRYAERe Mol URHOSRHebveen the phenyl

hormpoléyrrers or copolynmers. 17." A conposition as in
gro@sasaid alkylghe geiup betng adotegnalkylese goapor nor e

[ tnodified x;[i nyl ar. or@tj C ]gsnralé%/l}r%er.s.th18. A .

conposi t'i oft T ain 18 e _BOWWEP# % 0ge or more
vinfi@hratiEBBmbp MY o cBPSlymd®. A conposition as in Caim

15 wherein Fhe polymer is one or nore acyclic olefinic

hy dioc arA eamipositipm by ineClein rl 5 culpentip tee poly@@r isfone or more impact-

’8 0sSifion as iln G aim 15 wherein the polyner is (i)
mO‘ﬁ ?n@@lnﬁ WHZIC RYYTCIS 0| ypropyl ene, (iii) isotactic

POl 180T OPY | @fhosttiol) asS W EIALACLS GhBREY R 1;/3&%' (& Jhigh-impact

m xture of isgtsagti% and syndi otactic po% ropyllsene,gllmpac
polystyréne. ) at | east one copol ymer of ethylene or

propyl ene with .at | east. one higher olefjn of up to .
abdit 10> CATBETICR Bl e lopvRariay ‘4% PalVEIeB feOmb o, acyclic
: ' oA of (i) through (vi).
Oletg[ic. %&2&3&%@%" n lastt'rlg\l?]}r %Fpal m %& wherei n the pol yner
I s 20ne ok compesitiapad imElagimdt wherbiaahé polymer is (i) polyethylene, (ii)
vi nyl aropat.i c npnomer and. at | east one .
PolypERRNeNsy (i) isptagticohmrenyisne, (1v) syndiotactic polypropylene, (v) a mixture of

isotactic and syndiotactic polypropylene, or (vi) at least one copolymer of ethylene or

propylene with at least one higher olefin of up to about 10 carbon atoms, and optionally a
diene monomer, or a mixture of any two or more of (i) through (vi).

21. A composition as in Claim 15 wherein the polymer is one or more copolymers
of at least one vinylaromatic monomer and at least one non-vinylaromatic monomer

containing a functional group.
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contai ning a functional group.22. A conposition as in

Claim2 1 wherein said non-vinylaromati c nonomer
w@oemwsasasbng a functional group is (i) acryl oni PCT/US2004/042772

(ii) at least one acrylate nononer, or (iii) at |east

one net hacryl ate nononer, or (iv) a mxture of any two

or 22or e Mdfcotnppsitibn asigin Qaini 1 vRreiA sewuinpasivinybnomatid monomer

Claim22 wherein th ner, adﬁso i ncl udes at | east

conigHanER BRE T BIEP 5 GACTHTDIRISSN FoHEsaens Hangiecroremerfy i) a
x5 MBS AR Bl 9 o v

totodl ofA sémpesdisdn & ih Chaitr®2 whew thHe palgineyalboindbdes at least one

. the phenyl rings and wherein (1) if such at |east one
diengimpenomaral kane i s a singl'e conpound, the al kyl ene

; ‘ . | .
Poie or bty RTRS e ELBRS X o3 iR Aod, Bt @t astone
poly@?&nﬁﬂatéﬁ@l}{ﬁa%ﬂi@g’aedipﬁeﬂyMk@fe iy $Wethl of at least 8 bromine atoms

di phenyl al kanes, the al kyl ene grqups of the respective

direaﬂ:phw%dé«g thedthendriizies lard Méwraim (0 if suehap laasferpe|djphenilalkane is a

sineh b0 ok e EsSB R B AN SP OB bR Reranee o
1 td qa&db&NatRe ¥PI(DNIMalcE thtalle SR EPReriaheB ik atioate more such

having a total of at least 9 brom ne atons directl

diphsoplataness therakyd erergrbups ofghe wasdeative adtha-qmogai d‘ip@mzhﬁ@nes have,
. .l east one diphen kane.is a single conmpound, the
mdej&’feﬂ‘iﬂngﬁemdg%%ﬁg%& flh)elijl FBRL Oy agdi phem;l al kane has

i nJshe rapgRp@itich o fh hyoRCRGMs 3500 RyIRFeik @m;%]cfneﬁtl{ﬁf‘isaﬂeast one

| east one diphenylal kane is two or nore suc
polybirghmatedadl plaresega diphedykalkanechayingipsotel of heleagish buiniine atoms

. al pha- di.phenyl al kanes haye,..i hdependent I i n .
direfEORAR B PIERY Tred AP BOTeEei b if S61 A etk i Ralkane s a
S e e Bl o AR GATR Ay elfent B I tag range of
1 toCRa¢arborl Gto2Bwie (B if cohpadnleadt dre) dipkerylabkvineais égvo or more such

..anionic styreni.c polynmer_ containjng at |east _about 50
diphggmiateries, G A6y Ishe-EraRRs of e SoEPer s &B@@rqm%ﬁ% dipfeplgfkanes have,
: i i oxi de or alkali netal
mde%%{@ér%ﬁgi?lgﬁé %ﬁ@%l{)%gﬂ?{%%ﬁ% i nany of Clains 15-23

whedéei n A& csspgosition (@) in Sanpr ofriCi@itne dl 523 owhaeint yomaporent (b) is

pol ynmer contai ning at | east about 60 wt % of brom ne
decahremadighenyietianied conposition further conprises at

l e on ' ' . 1N ' t. .
R D e
anichid StyRshbolaihed caitaininigat 4éast abot JOOWYA BRI be@hiingiand witerein said
the range of 67 to 69 w % of brom ne and wherein said
compepifion futihen comprises ot leashone sadmany pxide or glkeli gyetal apfionate.

OXi 2%6 oA gcl)nl%paol s.itiorﬁ%g 1‘3}1I an? %%Cﬁ?tﬂ?i £23 wherein component (a) is brominated

anionic styrenic polymer containing at least about 60 wt% of bromine and wherein said

composition further comprises at least one antimony oxide or alkali metal antimonate.

29. A composition as in any of Claims 15-23 wherein said brominated anionic
styrenic polymer contains in the range of 67 to 69 wt% of bromine and wherein said
composition further comprises at least one antimony oxide or alkali metal antimonate.

30. A molded article or shape formed from a composition of any of Claims 15-23.
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30. A nolded article or shape fornmed froma conposition

of anyof O ains 15-23.31. An expandabl e or foaned
WwW@erasobisedr shape formed fromone or nore PCT/US2004/042772

vi nyl ar omat i chonopol yners or copol yners, and a fl ane

retardant anount of (a) brom nated anionic styrenic

poI mer , ARk ﬁﬁ&ab@é or ERsie@ngtiple! oo siipe Nfvi@dd from one or more
a- onmega |phenyl al kane having a total of at

vmﬁaimmnchemapdwmem ar eopdlympisnansip e@lqm@rctﬂ%ﬁwumpﬁ@% § Brominated

il 9‘52%5&1{5@89 el e il D et Mg tiphenylaliane
ha@@ fzh 5]?/ 1§38t @E&Hﬂnebﬁbﬁhg dﬁeétl}f&ﬂﬂecﬁﬂokﬂé ey and the range

e or shape as in Caim 31 wherein said one or

of a6 & ool atomudhitice Aliaytspme | gyrouy dlspcpseddpbygmethg phenyd groups, said
pol ystyrene. A _fl ane retardant conposition

alkﬁléh‘bgﬁoﬁ»P h@nggi@pgtaél@fl?@ $8Mpropyl ene or a bl end of
synglj ot agi,GRal Xﬁ&%ﬁ_ ﬁﬂ?Cﬁﬁtﬁ I 13Rh&6!d $%id one or more vinylaromatic
i C

pol ypr opyl enew t has been bl ended a fl ane

horﬁ@%cﬂy’lﬁar@tor aspulyrhersfs 4 polykiyreme.nat ed ani oni c styrenic
and (b) at | east one poI by om nat

aI pba négtéarm i %té]omélt]ﬁg\ﬁop{@) glngéy%q?lo@rstl%poliygggylene ora

bleg%gfsgﬁdlpﬁlgﬁé gﬂg%rgg\?lgliéétdg i8RA%E Dol frdfonhaBXIhiel B Secn blended
a fRhleHERARNY BRIl SR brmMihsatiarionichtyrphie pplyngaroansis(b) at least one

polibreripss] elnbaomseh HiRhea RIGSe (KBRS hioth)oh & L6hst 8 brofitie stoms
tak
R B ——
gro%%aﬂis%ﬂée‘aﬂfé{\ﬁdéﬁ thd gheitiligebupshaidalkdenezroup being a linear alkylene group.
yreni cpol ynerprior tobrom nationhas aGP G%?Sl
aveBége Aotoseneistiongs iy flaimmg) wherein (k) #Sélﬁ@@gf%lo‘% ylghane.
ab o 8? 0 18%‘ ggjale(jrg’ a%gqn\{ di §§’t St 10}1yw h tclagi%gﬁélsg gaa Ofrordisfhted anionic

ne polybr nat

ik FRRhHIRMnhi @sti@hRipoBime2 pribta bfonfinktictian e GPC weight
ato directly bondedtothelpheny rings and _in th

avasragﬁgmob:bular weight @Ay)bntheataogs of 2000re S910RH gad adiks 9olyd1spers1ty in

N LN Y o T

of ﬂ? e9§t6 bMWind Sodd dtn%@tl}r BOERAAD 1ROPKEnkPridgs AA0nahel rage @f 1 to 6
ispersity Is in the range of 1to about 4. 37. A

ca1<bomam$mst inoime alkarierm@etyi dispBedbeswetnths Phanylargips. aver age
ol %%u ! arA g\(l)enllposmo(n as’in bfalmn}S A/ Teréia St welgh% g\QeQ‘aée mélgglg)lar weight
(M.,,) is in the range of 3000 to 10,000 and said polydispersity is in the range of 1 to about 4.
37. A composition as in Claim 36 wherein said weight average molecular weight

(M,,) is in the range of 3500 to 4500.
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