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WD 2007/ 005233PCT/ US2006/ 023396 BROM NATED STYRENI C
POLYMERS AND THEI R PREPARATI ON TECHNI CAL FI ELD [ 0001]
This invention relates to brom nated styrenic polyners
wbbtbo7joogsoved nelt flow properties, such as popUS2066023396
melt flow and/or | ow color values, their pr epar atl on,
andOt hei rT

5,852,132, 5, 916 978 6 113 381 6 207 765 6 232 393
6, 232,408, 6, 235,831, 6,235,844, 6, 326,439, and
6.521. 714 descri be WREHNICALFEELDG t o be the best

000% J1OWHis Filtﬁx}egﬁoftpfe@&&st% Hr&ﬁﬁﬁt@li e§yenicogolynieasl mﬂhngxﬁed melt flow
romnated s
pmpﬁ%‘F%?R A8 H&pri’ ﬁﬁg aﬁ%ﬁf’é@f Jr%g%vwﬁwl e%r opeFﬁl Qé esmgafangr%l/eu
use. pr evi ousl y- known brom nat ed styrenic polyner. In this
connecti on, the terns "bronm nated styrenic polymer"
and "brom nated poly used in the
speci fication and i n%%éﬁg;ﬁzaqlﬁlé])her eof refer to
[0002} onGoramenty-pwingdiEr.S pPasoNew §.677.380.0n0$a38 A 767 293 552,131,
5858192 %1%@7@96 $13/5810 '6%9%5/,@2328393% a2, mﬂ ysgm,rssnes 285,844,

S TS PSS G et A B s e

techidbgynier pidauping ducathatey stykéniopelyingzstsuein asgibrommated polystyrene

ﬁﬂ;& altsyyir&id ol In
hav#%{hx Wgr é%%&regi?&? gﬁclﬂ)gfim tellsyr&id Solymer.

t n
this fygmegEPaihe {S5ris AP UIAE SyTt BY BEG ePParotyene” as
useddh GRispeifidtiqoindsn yireairmi hereofinefirbtora bodminatsp pelyser grodussg by

bron%a?t{ontoPg \é {sgigg t&‘@%&;%‘gh@h—l&s&ﬁa I%tﬁéﬁ%rla@%blﬁﬁ&%f Byrene

t f
and 451098 P EY) SR SRS & CIREH S SR R polymes
prodﬁlb@l\/\/bfcl rotigomedioition Oorcpélsmflemhme of Mespi pwre Megmingfed tstyrenic
moaner rhg ‘prc%p%rt%g RE g{eslattté‘rxl %ﬁ&&ﬂerpg{ ﬁéﬁyﬁl@é tﬁﬁ@dﬂyﬁﬁh@ dofisiderably

brom nat ed renic polyner
diffemeny iﬁ?ﬁgl hrmtegwohﬁmanpwva‘i’eaaére or 1 ow col or

[0008R! WREs theyiedts t@SRleibR efforb haatlicemmede ey vaioue parties to improve
upoxgﬁns gxg)%gljg? Sof b?%m.ﬁxggd ?%Pegl g;%iﬁ%rss Lyches in?pr@@d)&ﬁcﬁf ﬁow and/ or low

e an rov

[ nv ent b ﬁ‘
colopwalms Piriip theiubest efferit abeses e i ot pe Higpuce or
b@ﬂ&&t&@' syrbdie pplyasty taviemthe ﬁu@iméit Hlowrvelvesiand/or low color

br orn e%%Sst%aS{gha fp&cgﬁ%lé Igg{ EFo SR irEXed Tddzenic

S NOwW gl\éered |nterf d th
olyaiersaprOdmblelandtm@Vlé¢CthY dlpnivaRtice RF 3/ #ifior party found the

prodebsotleRfbhshs thatamle)fosdible tROpipawtion oéandh mrprovedriraimated
found i nfluence on the type of product forned.
Styrff%$%° ¥Pp&ifically, if the bromnation reaction mixture
'S forrred and exists 30 for a very short period of

tine at a S%MSUmmwnmmvarMn t he
d
[00@5 gr}?ag nbgq %&;@Fs{cg%?rscf rfgzlgin % a{%’l fhatainbcflg o@%rgﬂﬁrﬁ Cilahc%ei catalyzed

: bronaimdﬁcmr ofcaoétynemprwbemm wactme tmmraemngqyné inflyigaseson the type of

pro ORHAED Nidte éc iy, QPtthbf@nHﬁe&loh hédcti @xinSttere ivformed and exists

T b e S iy B B B oty
ternfihaed, @ Blomiegédityresic polymsr is fmed ey ineGmproved mel Apy 2pdaeplor

6 e that ex1sts for a longer

progsfhs s i o aﬁé%%aéﬁdé%%fg e e
perigd offime aurh as dering aiped peried ofF{) minutes ani 400 B%‘&‘%‘feo plingps, the
shoRE@ERsI8EcE HREErefsred o iB@bmABAIgRFmed Uch RagNos. 6,143,885 601232,393,

wei ght, and the respective products show very little

difference in their excellent thermal stabilities (as

exhi bited for exanple by thermal HBr evolution at 320

C© that could otherw se influence nelt flow (nmeasured

at 220-270 C). The 5 brom npation process enbodi nents

ofthis invention can be applied to brom nation of

styreni c polynmers produced by free radical

pol yneri zation, by anionic polynerization or by
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WO 2007/ 005233PCT/ US2006/ 023396 of pol yner occurs, and
termnating the brom nation of polyner in such

reaction mxture in a bromnation tinme of 20 m nutes

wo 2008865233 0007] Anot her erbodi ment of t hi s i npeTU$1006/023396
a new brom nated anionic styrenic polyner having (i) a

G281 80 9S50 R0k Shy S SAE OB B0 She L gt

is np pgﬁ@poq@gchﬁn@\m mql;egulaawelglmpairthdres;mcmmodmtsl show meryulittle
differeaRainahdie-Re et M@l &biGNs(aS E}Mﬁlﬁ&ﬁci"onoéila}??é' th@ﬁnal HBr

asur 38 a STM Test . Met hod D1238- 00
evoiiongi3gls M‘Tﬂfﬁe othsHise @Qp@%m@ﬁﬂﬁm(@easmd@hw-m ). The
bro@l&ﬁ&ﬂp@céﬁ@éxﬁﬁﬂﬂﬁrﬁm& Sf AR frveshnah 6 aﬂ?ﬁ@@t’b br&h&gt%ﬁgﬁstgfemc

t he scope nventl on t
polysiesRahed By BRErhenCbelifitea e By amlouicmamag atmmner by eftionic
polmwm;l; with upepfaiyfdniapdlymeropduced by maeratiivalelymaizatibn being
prei%ﬁ@d E&i’\’u&rﬁnﬂtf}éﬁeq)o%é?i‘ daletr N hfioO X eﬁzﬁfoptﬁékn% more

% cgdl ment w usual 'y ?{;ove abrom ne tent o

PICIP®st about 66 wt% but | ess than 72 vvt% e.g., in the
[0005) nFhe vhiladiowpetitentil mﬁdmc@m&mtwtmmhmnﬁmmma catalyzed
broRinB8én Bﬁé‘t&:@&@%ﬂ%ﬁé}? sﬂ&lt Wlcfor ke msﬁl’[ E’rplt}%% Pofn iffetic

b |nvent|o€ romnﬁ gq*_@?nsmt
TORGIRALRR REPOACLS Bi Brs3s agprpiyet it e RgisRTEIE B wﬁtsSfor longer
peripdnoé titoe mﬁmnbdmmuapmdu@n%ﬂbﬁerﬁieﬁ&h&rﬁsnpsf thigetnsiarmation,
the WRALEIE RyRiBhd 1H@i|c¥c§/§ﬂ}abﬁ1% (ﬁff@;re{? eglndlg s chtiv tpr(Ld%%t[%tis a
e 1n of *abou

about 66 or or exa
diffeggnos sn %%Wé% &neompagn ciyes bigrranated sepreEnpeliaers

produeed: xnthisgieveardtioa havatnoss yidrgsn hovisig ey st ﬂﬁ{gopﬂsﬁi%ns than do
procﬁlt:@ %nﬁé&eﬁ&ﬂnth@%#ﬁg %%kﬁ%ggen*?sym%rgge%ges I\!gé|r:\1)duc§e(i (?eﬁ comparable

ﬁCE') ercen 13“% mat1 c
reacB?Ib E10RE.HHE IRkt lenpser faffdet\sm@wrlylsk k@@ﬁp@r doplausible
explbmation fiat thid dififérenvieds sHay be ﬁ$e(foﬂsﬁbﬁ’ P&t Hon tEﬁEs hﬁﬂh D8R bromine

tend E)%%@ﬁ}%r Iﬁ%tlgﬁélcﬁﬂer%%\{ﬁe 0&@3}%&{1 (5) Vi n’B ﬁma\t%ﬁ? ? and 2,3,6~

ani styrenic

 tribrgg éﬁOWIWPSCt%# f@ﬂi’P#@ lpashiexered @ﬁthmlx p@saéaﬂe taibyroumo ig@ners for

prodnti¥miadé withshort Ratticaltatis, £ thé Yaly Gilemo hivih§ 8o bAROBr’ 98 4,5-
tnbr@tgg %ay%@ n%ogt f%o(%d or‘&{oenf Gh btlﬁéln te%cﬁ%oola{%?%ﬁ?? : c?pg@grabl% steric

rrer s
Stral% r‘B”mﬂ%?e PE]&WF% rb?’ékhoﬁe t‘M]@CIii ah g@m) fam et 87 nige voxognded chain

confbRROhd relaadeitd k3,4 G-tHbRald BEmER kdr efxla.ﬁﬁle Such chain extension

h . b
TR w—
haV%&fﬁ%tatbqr&omr@rpmawe sAd¢igenad mdgice in suppem nBiifiateatibromination
prodﬁ&b BahE fRRLY ﬁ&r)ﬁ!ia%‘ﬁ) s ﬁ%ﬁoﬂr '1@ ﬁg}g@&e%g %gglaés%&nsmon

have an unusual y [ow initi

tempesafe phserveg ey mgruels ahthis mye:(t@g ag p?man@i 4 corepaatrie gradycts
prodiue va@llongder TdactidtBresi &b itikdek y Test. Al'so, high brom ne

10006450y e oG s R i 8 e PGP o ipaed

styrenis polyEet, pa@e:gb]mqqug@Qrer@@polp@@ﬂbnnd&jarﬂeefradmalgaupmelrmanon

and rﬁ&letpréféx@hﬂ'y BY ARIRE Tsﬂy%‘iuc ﬁdﬂ'rﬁer' PROREBE] B arkéHic gtg eftfa@¥h Ahich
§

R LR e R

a soluttiui afisebestyrénigpdlymeieiniarsalyent, pdoidratinsinurahalidd datalyisin which
the HAR@6h HBHRIaR bfoﬁﬁﬁéjgzl E‘Igoﬁﬁbewﬁil & {)E?st Jn@%u&? ﬁﬂé%&n%tgﬁ'bemg a

styrenic polyner” anionic p
DronyngAtong. REORS I PHASP tepprastreinths rhvgs otﬁe?é}fto pyﬁ@ UG sethaidyommetion
of an anionic polynerization initiator, such as a
[ithium-alkyl. 35 [0011] 2Accordingly another
enbodi nent of this invention is brom nated anionic
styreni c polynmer wherein said polyner has an initia
Hunter Sol ution AE value in the range of above zero to
1.50, preferably in the range of 0.15 to 1.40, and
even nore preferably in the range of WO
2007/ 005233PCT/ US2006/ 023396 0. 18 to 1.32. Preferably,
these bron1nated ani oni c styrenlc polyners also have
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WD 2007/ 005233PC T/ US2006/ 023396 styrenic pol ymer and
the brom nating agent to achi eve various desired

brom ne contents are known to those of ordinary skill

WO 20471085286 t and have been described in the PCT/US2006/023396
cormonly owned patents referred to at the outset of

hi s docunent . one nfa'l'ar | . . .
of R PGS PO (FBPelot OF PSP oy I by RASiGH hixture in
a brofmination tiyrefA8 chipaesmtlessr eferred to at the outset. One
[oooﬂf éﬁ'a%r %@h‘]ﬁimﬁ@?@ﬁﬁﬁ%ﬁﬁ&ms%ﬁ&bﬁfo&ﬁn&éd drfirSc StyYeso polomer

LRI LK e R ST e ———
66-72 RlYeait (idtddgten nettiflowiiotexsdsyomparsd teprevionsly-kpewie gg@a@epble
bron:fl.gaqg'cg%&v%ﬂé f&grg%glyo%eﬂ@ a§ HEh &L %@Agﬂ\@ﬁesﬁm%d@lm 0.

are vari ous

The {5718 é‘er@g@gslﬁmm COmpRABIR POFIREIE ABRO VPG P%Q‘P"IS’&F {efined

" hercindfedt. NBHRdh s pﬂssmhyaﬂdewi:tlann’mj seopb atf ¢his gnveation to produce

bromitaied gn('ip ﬁ£ i el iVig dirA it b 8P bd1 bd therefore
i TR B ol e

thenp‘ébtqn@natgdﬁ@w ergwqbffé‘f‘is

contéfﬂgf s0enst dbBB G6RAYs B Yespah TDW%6Se. 4 hie teonyEed Abait 6681 wtbe.
un | a_br

Mor%grgfﬁl'g)%bﬁgse an? 6B r%%} ﬁrgﬁhﬂ a?e?%ﬂr%ﬁf% usglg%ﬁc élﬁ)fnexgg SP@Q invention

havertirgmine gontents Wéh%tﬁng? elpbask 6 7réaet®r is rapidly q uenc hed

[ooos t ben m’ﬁ)‘thdr Gﬁlb@cﬁﬂﬁhﬂ oT1hi® fnvantipudn bloitigateamatic ttyronicipnlyoer
Whe]l’em sg.ugg o?&' @%{ %S n?e%t B{'a? Je%gtncltoSFtLO% c% §7t‘£}%, Tﬁ‘%‘i&lﬂfﬂe in

con q uenchi 66]%
the reugepsbeut 66:721w % mdswlwewn sgg pp’dmer isrpng fin Phis ge of

arondBti¥ HEShav g %&E@ BonAOAbHStheROn hDhedtred by bmmrﬁﬁm is R®s than

nutes...So that .th Iast [
e T e E"e§1°‘1%?
comparalte bromtinatad, amomqsgrrmxsmlmre Rogthe sasgs r@fﬁensraé 5a'§n
new dtdriRfaRd RAGAE %ﬁ&n@olﬁn@eﬁ§éf this 2nibbdicieaswilbdsaslly have a bromme

R e .zat?dgk
wi%o Mdrh prefergp these retw bremmate@@mowmmﬁp@mpl)s of fhyi§ gmboggpent

have(Brbﬂninetct)ﬁ’teﬁ@ fﬁ’tﬁe Fé of &%hﬁ@ﬁbo @eni od of at least 1 to
m nu

t f .t .
10009} de }.rg @fdgfqyrﬁo r%p?rbq{ meﬁ] Bg&r b%?%ﬁtg%?ncg o’ cg}gf gﬁ)@iﬁ%&? al%lomc
styrenjre pallyiners sththid éhvientian haver afpind dcsmabbdmr@wr@?ﬁ offof |ggample, a
bron‘ﬁﬁgﬁg@ Qlﬁgﬁlé 19§t§’}eﬁé"ﬁ thi8 AFleRtiorAR4l f8hibo Bb{d dntinfiBddlly low initial

t|on and efficient cooling.of the reactor
colog Ghi e 1) i £¥eiont horrl i1 (P GRB B apeagured B 18'320°C
ThetHHl %Ea%nﬂfg‘egeﬂ monhltgﬂ BreRiAY Rvalp gak:)gf T@Gt% SeGIRina) dah e obtained

ranges an a Suj. table om na n
using PHESHoREOIAY o i A IO 5aT U PLe sepf B R FRRLLS
[0010] ef/apartefebnirmuperiof melp Epwrprapertissy thisdnrention e4i alsq proEde peinic

styr%a?c eég e%?&sdlﬁ‘ﬁ éi; 91? W IAHBHSuREXCR RPN ABVaRBS, aSdiiBferably one

t.his ventlo t.her Fiﬁh the claims,
or e tisnal B YDA R OB TR afipdita e
the tBY@1 Saffhic sﬂ}@nﬁdpoﬂgm’e&s‘ammpolmene&ﬁem&mhaﬁ thepebyorer sferred
to h%sfbe%]}fl ;1%(1&(%3%? JLO, Mﬂoﬁcgﬁ)%'nﬁér%%&ﬂﬁﬂﬁ% duSh E@z{rﬁﬁ}ﬁvﬁ@ glkyl.

omnatin | uti on
(00131 y vhskpiingb aier FHbodesaRAAL s IFAHRS PIPTSPAIR i srenic
polyddr Wﬂl@reﬁﬁa@J p()i%fmdr haydd i6iffial Hentéredohgion Adt ‘(aine iathe rangemif alove

ey SR SRR3R PR A B e

exi t froma reactl on zone nmai nt ai ned at one or rmre
tenperatures in the range 6f -20 to +20C, and
preferably in the range of 1 to 10 CI C, so that

brom nati on of polymer occurs during 35at |east a
portion of such travel; B) term nating brom nation of
polymer in the reaction mxture as or after reaction
m xture exits fromthe reaction zone; and WD

2007/ 005233PCT/ US2006/ 023396 C) conti nuously havi ng the
time between formation of reaction mxture in A) and




10

15

20

25

30

35

WD 2007/ 005233PCT/ US2006/ 023396 bromine is rapidly

di spersed within such liquid reaction mxture as it is
bei ng forned. Thus the reaction zone nay be provided

WO tdv7@oshas bul ent fl ow zone into which the i neliwishoed023396
brom ne feed(s) or the feed m xture(s)/solution(s)

0.18 ok b1 Bietoga QPO oA i S TS iyt B PREY (B0 82C
we1gﬁtmefagaﬂioilsomlarzwmght ®1w) Dohsiange phs.00% 1l %QrQQQ @Feé?rél? V@athe
range"‘@fyl 00600%8‘66 bbé}garﬂ%o&g?efé}*aay%n 828 WP 6,0p0 GCZEE00; or (2) a

fves pr ‘ovi‘d romnati on react|

themmmsta\mgtyrlemazﬁr@t Threrse SabR T b PRI B GHErabl
120 p%lﬂ:\dcg n&} (Ha b?&nﬁe B&ﬂtéﬂﬂ@ﬂﬁhéﬁstfa%dﬂw ar 61ei% dactanple

inth esféfwéﬂ‘&“? %? nW’uo leirg b Gty gy hn B PAMOEL .

in the ra€ee L abae 66771 wt%;mlmme prbfeprabm lsthmgngetoﬁ@qué@%:?@ WHo; or (4)
acogg&;t%r% aﬁy {)ﬂmgléf p)r?g gd in the reaction 10
re

y such re on m xt
POE CR BRI CER AR S e e
the efistithgOdes¢iption Bed fppaitdedehitas.t ravel of the reaction
mxture in A) is fromthe upstreaminlet zone to the

d t tl et d at |

{ enp EURIHER SERME Dirsg kiR LoNGR xr PediRagiR
Procdbs Xleblir®lddyr i Ng such continuous travel is naintained at
[001% po@re SH00 %meﬁ{‘%%%ﬁweﬁﬁoﬂf B4 éﬁcés@gﬁﬁeﬁnn%%goﬁl&atta Q@remc

polylpﬁleﬂepla(tﬂn)be Fondueted &s&rbg@h 6t Seﬁﬂ%‘fd; PROCESH I AR IBIPUS PROSeSS-
This %iﬂc%és%n@ﬁsds Bﬁuﬂtﬁ&ﬁg b @actidnehixtee foiméd frém@inabireninating agent,

(ii) 32S8ﬁ.lg10n gﬁ aé{%ﬁlg p?)Lygé ? EADL Mvd % aLEl ?ﬁfg Eﬂmlﬁﬁ’ﬂ\ﬁaﬁk{e %@ﬁly@ﬁ!n' vilich

TR <t fro
eachhelagen asem isarblorige Q%Q@tileuamw’éh erh@’ﬁb"ﬁe 2 aﬁﬁ?%‘fclg‘ﬁlalogen
atomi o€ nlcBR6leibeg E‘biﬁn‘ﬁﬁ@atbﬁl 8628 eh@drewbrhperatugsi ﬂrthh range of -20 to

t f t t
w20 oAyt brhl%geﬁgm Roigocs S st Bt o potyrmer
in subH Ve%@ﬁérptﬁlxtdré i eSbI@@lﬁﬁlhalll tine @€ 20 marites ot d}as@,@refp]ablm 1@aninutes
or le§se g]a ?nlggé ]Fﬁef%f%ﬁr tﬂ{tés 4r 15436 saélgr s nﬂm}nﬁﬁ Eraﬁunatmn 1:1me is

rom -t action zonew % h1h
approgimtdlpr minuthe In dis copnacHen,{ EERHNFHOR e URE US| e
bron(lhét%on caﬁ Qcohf I F& e%@ﬂle tih) ady, b bentinobusrfesdaft (1i)heuntnawhiollmged 1

mm%gﬁgqrg fmtlaf-lﬂﬁ gF ag uﬁéolug geﬁg ?F@ i), %@e < a%?ﬂ&lﬁé B 'b? klifation of
a contimioin frdf (Rebis bmmnnmnrtem Vs wi e OB R 1 B of O

becalibeP PP tHe[;S}!Brtt% higaes lb%inizn@t[tiﬁ wlaﬁldt #ijtoctwendi & onorakertictlar
I er mai an.essen
embt)c%.gle %cg‘é]?oiF B}*ﬁ)c?&%enbr fi h%n’ﬁﬁ)@ st i%?l’ef&éﬁ%é{ BBlehs? 50

0SSI

wivopufltisesyrbrie gelymer, pivge p@mhlm lqeéh@ ‘@% efae é‘b’fe&lﬁfé’?ymer used
in foRHinS 8Lk s%ﬁ{h@ﬁ‘gﬁ'ﬁﬁé&h@ Ibdlﬁytaéﬁro@ @) lhﬁﬁfe ﬁsﬁ%@};sthy@efheZEV?L mbre beefabbly
he ~sa i ne .Keepi VO e reaction
POIYWEF f15 upaddn ?‘Eg’ﬂag%ﬁso‘j‘éthoél Oggﬁ)sat%gn? ially constant.
[0014D 02 @ompenent ) iand (iDf canhiee properitipegd; ’@rprpd\uCB) brgminafed styrenic
polyﬁl%ﬂe,t éc ﬁ%ﬁé‘rﬁe %El%%ﬂlﬂle Chich 86hically wilY be in the range

tron mxture
om0, LS L, Mttt e, SRRt (" AL blieq orenc
polydfetEthatsdis be prodadet bp a proceasrof thixinyention @rpmaﬂﬁ contalaaf ]@F\St about
50 v@gq greferggl?f %PI%FSQ Q&ﬂ% 68 W ﬁj!ofr clahR) zﬁ"l‘éalsﬁ/abﬁﬁm W88 Sand still

guenghi ng s can.be
mmore profirely s he E0EMEF ORP JBRY4 HOEUISR ThE TBOWET PLRSURTjoring the

Di sconti nuous quenchi ng invol ves coll ecting during a
short period of time reactdon mxture as it exits from
the reaction zone and then pronptly quenching that
quantity in or with the quenching conposition.
Conti nuous 35 quenching involves causing the reaction
m xture as it continuously exits fromthe reaction
zone to be quenched in or with the guenching
conposition. [0021] The makeup of the aqueous
quenchi ng conposition can vary con3|derably Typlcally
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5et hyl styrene, isopropenyltoluene, vinylnaphthal ene,

i sopropenyl napht hal ene, vi nyl bi phenyl

vi nyl ant hracene, the di nethyl styrenes, and
wereorhbesd st yrene. [0025] The styreni c pol yn€BEUSRH23396
in the brom nation processes of this invention are

styre%i%%l CRs %{qslrﬂg%‘g TeLSpde 5{J % aghlg € 1§us &\élrécf l?rgmﬁEQb{ft@ﬁts are

proce
knowprto dmssoﬁaydmw@hiﬂcm ﬂngs aafrﬁnéhiate besn 9@1051\9@1@ thecopmonlsy %‘@f&d
paten r}efémlt e OWEQ df thhs Socurdedt. Addus ardyene Enflbiliabkith the art desiring

furthg, i3 gheste P HE R ETIBP -2 BERRU® Ehereo ) fodl bt e of
the hmhll}y admatapéas feataeswel thissimversignfie thaligke praces ,tqghqaféogy of this
inver?! oﬁg}ﬁgﬁﬁ:g ﬁ}?.gg) I&Eérﬁeﬁﬂbﬁ)k’kﬁﬁﬁted&ldniﬂ lystyrenes, even

ftiron

xe)
s TELkA e g oo

[0015]0 | Vigckeydre Rerics elaysis vitigh the pi®eSssesSifyhio mvemtion cap w eArtighmt.
One %fb g&ﬁwg?% g%g ern@f?%ﬁ or%%eff@tétc@&o@%f%%&@moﬂ\ﬁvolves

copiRusmsAdHInES OB i SRR PiR e O 18 8 PP As s so
that 8 IndXemuiBaihne ki dn¢ gorifoarof preochngionents ateivodérgoing y begrigation

reactgoélt%n?ﬁﬁct ?Ee%d KDQWAo &L QT g&’t J0inlies bi Fe@sr Ak Whinreia the

reni c po Ners. na Ca%| oni ition into
Stu‘reéwpyw@qtq)rzlgﬁap@}y Cﬂﬁﬂ"t@ Sithen PE“B‘B‘#"V%‘@? el 4HgRchiNe oppgsition in
the ré=R€br 6@1) &thiﬂ@thle Z&ﬁtbxﬁmof thh &abtai' ingr a guepcleng vespd containing the
.e n (0] S
quen]ca]iug% s1¥1(f:5‘1(‘ii poﬁ this " ait | o g bR {CX&% mPBae Mergoes

renlc 20pol ?ﬁ 4t
brormaﬂ@nkfgr Ime dhAneabpe| 20 FipntsSt $<bﬁl?at t%lﬁ SLRATH F%P% sfed to
the DRt NBYS siFfiSeftRictordergd 0026]e Bbmirdtiomiit ividesitablego sfop the

feed%%q%nt agg% %%ﬁfiﬁt;] YNGR YRES Z ?lﬁe kB RhaREs Ak BFIRALRA at or

I on process o .S 1 nvention

withisl then ghserfd} timp 5 ook Qsmuise OLeTRIR SR O g o oF at Lot
comﬁdﬂcef:l@ (g ), §ﬁd’(ﬁ1@%@erﬁ@és}df€sﬁ&mﬂﬁ&iﬁdby atdedst btoi2aninutes for the last

portlgp“o% Eﬁr L&Al ont? tgﬁ{x er%o bl;&%'q.'{lag%é PALY BREA 2R%E a@Jh BY¥de of

or mxture o
epcra S o e o] g P Lo oot SR s
sufﬁ@i@ht‘l;nﬁbidza'ghhﬁﬁﬁ A ¢fafienk 688 ing T heSieydt@rtiontenislsy et theaeetion

anl onl c tiLon ¢
tem;ﬁ%qtlg;ﬁgp gfi%@n{}xs AROVESHE o?nﬁ]eﬁig%rﬁgp %rﬁr % %ggéﬂﬁlasuﬁable
brontihatenireactiot fime of pOORR| thawbent 20 @tf’;}dfeénl e pol yners used
[001@]S r gWL BRI Ab&e bl oﬁ@:‘ﬁldﬁgplﬁét@hﬂ td &ﬁ§ chvehitjoneinvelves use of a

contmlpéqr%gg%gﬁlgtggé 3 nv g‘giﬂ%&gm%lmeg ﬁxer@tg%nethg:% pro¥1ded a
proc23(@ ptepardil lﬁﬁmnmldtstymc polyhery ‘HbICS} PrasessiFempPEife of
309291351 ftéé?:&gxg Qu)%e c@ﬁ’t oﬁﬂ&i fdrReg ﬁ@hﬁéo%ip%hér}ts tdinprived of () a

?ggwganwg@s% (hapolon phieyar otert se B AR G atuninum
mahgideabtalystin bhiochiheatlbgm gruces beminfor hipang sieyand dpwhich

desiiLabby sﬁ Y %ﬁ;gg BGHBBE LtoRY &Y RHEnUTRS EVe fhryvph @il &id flom
the range

to 500, 000 Daltons, prefer
t hereaawgezom nﬁ@t@m@at@lesmewe@f@mwa%%én ﬁ@gﬁﬁfgb %ot G

pref a I the r $ s durin

St GrEiPIabl P isr Dok BB A0 LG, 0 AP et Gl ecnrs dusing

usedlemapamwrmfarchaﬂavaln brom nati on processes of this

I nygpti Y. GPg B iredttioR Wak®RELas or after reaction
B) norecuagggﬁgﬁmiggﬁﬁﬂﬁéﬁgnran e of 2000 to 20, 000

Da S exbtﬁéfp@r BIeGetioR 20A% 3F9nge of 3000 to WO

2007/ 005233PCT/ US2006/ 023396 10, 000 Dal i ons, and nore

preferably in the range of 53000 to 7000 Dalions.

[0028] Any of a variety of suitable organic solvents

can be used as the solvent for the styrenic pol yner.

Thus use can be made of such substances as, for

exanpl e, dichl oronet hane, di brononet hane,

br onochl or onet hane, bronotri chl oronmet hane, chl orof orm

carbon 5 tetrachloride, 1,2-dibronoethane,

1 1 dlbronDethane | -brono-2-chl oroet hane, 1, 2-

. . ~ s
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[0031] As noted above, the catalyst as used in formng
the reaction mxture is at |east one al um num halide
catal yst in which the hal ogen atons are brom ne or
wobkerzioss23at ons and in which at | east one sSuchCHUS#G/@3396
a bromne atom One such catal yst which is very useful

©) ¢ meBRuFE BRERING BE TP el fe ?ly“fﬂ‘&bro“ ond

m
arterniindtionya B tethe mngcsof h@nﬁ%mu@tﬁ@mra’@f@ ShindhaaRg ﬁ 010
a%ﬁlaesﬂmemo%geﬁm dmrfbrsahmd@g cont ai ni ng
omn

t
In coRgis P HSFBRHPR Y Sr%fa%ﬁ%ﬂ‘/ L L L o
in A)dsibshaized predemimbtelyion amtirbly ofi2 Heuid ingiktues; prpéeryd @p bopninating

agenﬁ%gﬁmg% > aﬁ%ﬁéﬁeréﬁy B bramiHeisteiislicRs19 ROWitEh kiRr dofifines of the

. 60284- al u r
liquid FAGRIFBINERF DB eAmtRaEy Kpmedg 615%2?@ ognBl B RAR fans
withil Kl Baide bf the Inhmd mimadnnnxnmms(dé\ﬁtﬁ)gu@@ﬁom@gdmmmo an exterior

portlgﬂg3 ?gﬁ%ugd Q{}lﬁeltl}.l.{‘ ﬁﬁﬁé’éﬂrﬂﬁ% Sn®k adcBhnplished by use

I hven c at al act
of anripieeier er fe§dlag H’Fﬁbﬁ cﬂlﬁ ?ﬁ%oe%heﬁﬁé% Qf"hi\%&k{}@éf’%f 1 Ll
beingfoliiéd Rhehdiiah kenefso l‘,haethb bemibaisdbreed intghe lignidassit leaves the

injec céin‘ge%?\jﬁ b%aﬁ?n b %at |§éc }ba% 2860 BYa el ﬂ@)‘t B9e 8ldaétion

Ibst ance solublel tﬁtﬁ{]énl
vess@l itds desreblg §o B@ltlopque et R%tgqﬂ or oF Eﬁ? gt 181 clgse
proxfnﬁ’@' 17 tha pegstinesfcthe sieing ﬁ)tades: msthat ﬂmlb.udnhme is quickly dispersed

within &ﬁ X ?‘!&g’lﬁﬁpﬁl %c‘&gn ﬂ'f?{w ! h ei'%ic% tthetLllré]eg:u@ﬁ zéhe.

0015 oo contimens BVLSS sk oo g et 18 £ORLESERS o
com;%?x@ﬂt/s @9, Qﬁﬁ 39@[11}63& 00 frR2d 30GriBuowhysa tFet exAnipbs ihe bromination

reactbqndmxﬂlé? ¢an be ﬁ?rmea b}Q {"eelhgg ﬁl} M)e Qxﬁd @ JOQMSIWt%Eparately from

onr ¢ roduced

eachlother gugo gfe r@a‘v@ozpmgeégotb@é’f%r @f Ewﬂlﬁth? ‘PFP%‘”% TRRflgR muxture
mvoN@é"feQ&lﬁé (i) Bad aﬁﬂxxﬂﬁdz &) endsidy centiguopslly yme ths reattidirose, with the

feed 88@}?@% g?%?%?e ‘g #6951 g thc[;rﬁn)'&tmte o?\ﬁ 'aﬁ&j bg)e SStﬁf’another way of

novvn conp rom. n g 5
forméng thebromirafion maeth;mwcﬁfé@ is tafred (d|fiu)‘mﬁ‘f iipanghingnd a separate

feed ©P } &ﬁhﬁuou-ﬂﬁﬂto @ie&éhcﬁ@ﬁ/ ﬂ)deo‘ﬂvﬁh Ibe mppreciaedthentheare (:&n Top: plural

feederﬂerg o et Rhe PRSI0 Y pllomerey m%ﬁ*@ﬁw’féi‘“ﬁ%ny
feed inlets esamel] arsitoty the fesiisarel em“ge@% (@2t PLdEseSCPfRIRIsR]s or as two
sepaﬁ’éeefe%sf 8k SYSVHEH 9 ab&ﬁbiﬁéincafufqnlaﬁd Gitiy 6160Ti(16) amdll(iredsthe bther

is (11}.% r{a%{l}eb’g&&ega m n.e }% n}:&%ﬁ?‘/\?{%t ﬁlséﬁupwhen
the feedshoambdosmmdmedﬁf&mt bm@sh nghdltoﬁ%d agel’émﬁﬁ%ﬁ Bhich pause no
substhhE! ﬁﬂél%ﬂceiﬁﬂm Wﬁ@e@ol@ﬂaﬁbﬂ%ﬂﬁﬁa@é&bﬁ} iskguil€be avoided or

styrenic nmer S W DL O
at Ie% %lnéwmézegtw ﬁeadg; 6’13%;&)@??’[18% may %g aﬁﬂ% g % ] Whﬁll%titqg preferred that
all sedhrfeeisdk kbyntinnowsefeddayit isgleemért passihls te gparein Wlflhlﬁ’nP premprgpylsed

il it o dentfuianaco e 1 cod o

forogsies R 9 RGHA Bb STt o o REEEE SR Conditons or
discétiniei feedef sglventzan bevilidd aearodrer ferd sgeduained)s Hlariredh dys in

the %a§e oP {h%'ﬂa{&%}'s@& 9&9& Bb&e Beb e% i()'h,eﬁ‘?§ déglraﬁlg 'tc§ h!nféVtﬁé‘ trdddAdual

en SN range of 6
brorgiag) fqﬁg@)aorathe feé%lfxt%@a/ﬁ@%@néf‘r)a grhfﬂa’éle ‘B“hfﬁ datfbety into
the &Jolies SUIBS lighidtresttibh edkie wdisgriorasd dothearation gone so that the
previ ousl y- known conpar abl e brom nat ed ani onic
pol ystyrene. [0035] More preferred new brom nated
anioni c styrenic polyners 6f this invention also
either have (A) a thermal stability in the 320C
Thermal Stability Test of 300 ppmor |less of 20 HBr
(still nore preferably 200 ppmof HBr or |ess and even
nore preferably 125 ppmof HBr or less) or (B) an
initial AE color value of 5 or less (still nore
preferably 3 or less). Still nore preferred new
brom nated ani onic styrenic polyners of this invention
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20posi tions other than the ortho position(s).

[ 0039JWhat ever the nechanism this invention provides

as anot her enbodi ment broni nated ani onic styrenic

WO R§umes2p¥ oduced by a process of this inventPGFUS2006/023396
vvher ein the brom nated anionic styrenic polynmer when

bronﬁxée I Eﬁpgﬁf gls?eir%eﬁnw hiy é{fcﬁ 11@1518' o{%ﬁ&&?xﬂfxﬁu@%s P b@ﬁg %med Thus

Mer occurs
the reasiion Zzbesvmen e pmvmdrwlte@l ghlont; dow popesiptor @HP a’ﬁo‘P&H’é‘P"ﬂ
bronﬁﬁ@féétf(@d)r tHR féedaikERe (B @ﬁl‘ﬁ&ﬁ(s) dontitiiedbrominetidisre ifeveed into the

es and orti.on i) are
bOqug&q\“ije Ue?ﬁtlﬁﬁt%& it g%{nc% tc‘)o(rrm%r%fnn g%eﬁfé\gﬂg% hét he sa
[0018 a4 phuticulpdyrprefeated ey aﬁ@an(yu;g ouhithe pboNEICPBIHNURTSHIPGSES HKRINeS
provicﬁnghﬁé ﬂoﬁ‘ﬁnah@ﬁreﬁéﬁﬂ% ZoRWIEH AlupkiealrOinlefzone aid embIWInﬁtebam‘ oullet

tes, he.new . br om nat.ed_ani oni.
200 51 FRIRERTE ARPE PRVBRLBAEPE B gHRnal atf ot Ettfoust
feedimi(i)e (i) cand alii)ireitiser wepanatdly ommim sombinations rﬂeécnﬂ?@ﬂ ?@Q‘Vr é’f‘i‘é e
upsttk%%h[ﬁgetf%@ﬁé éx’f?ﬂﬁs%iyﬁh@ fe%étﬁﬁﬁﬁféhne% cctntﬁﬁu&fs@lﬁr&ﬁbéﬂdn the reaction

o ik o el Ay i
styreidl podynysremescaundhe csitingpuk ieeel of theaedctipn mjxere i 49 ivfion the -
upst%ﬁr% nﬁétezt)ﬁé {09k do Qe ﬁﬁ‘ﬁl zl?oﬁé aﬁ@&'léa@ﬁh@a&fd@@&hip&raﬁfre ofthe

rom nat ed styrenjc p ro uce

b
iquig pDeecs 5 R108 TRAUEh LA uoh GUUBET R T gf el ot o or

mordHeRipBlaf@ésafl it ¥afgy 6f -30 30-E201°C, pidfergbly yﬂlﬁé mngé of hiosl0° C, and
invention such as_broni nated anignic glg a}ﬁyrene

more preferablly igrthe 1eagmel 1 ©roalr I pddifiop. theexd g mixturs in
A) f@&ﬂaﬁ'e LddeMon Ste RSedB5GE frhRdhd\@dviistalrh @utletPogd, efid e reaction

mmtg{;ﬁoag hqne%.tltg ?r9$1té.ﬁ<% Eeg%)t&n%%%/ ﬁé%%mg a.e %ueacr:#ilx Xon? @%%{h% Qeactlon
mix@607 HOGSREBAET A WB20hiBL 0aBESBioasowntiscdrsMatar ir the Hauid sigts-
[00 } thgt Bﬁc}ucﬁﬁ Q'cbhﬁﬂ{mh@ ﬂbbe?xﬁ of ﬁ§§ m@ént@hoiﬂ s gbrappdRsirhble to

Br or r ef err net.s hae
A opotE tpR AT W it 506‘6‘518‘1%6“ E;m fion
zondin A)ds gelatBhitd themate of fhe &feding eficdmpmienta (ipdiiks @Jg,ff isach that the

volu! TR (FavBfing &Un&m& W e Qon %&{bel%in@inls Yuldfa@tidllytahdsht. Thus,
ani onic styrenjc nMers._s rom nat ec(li

it 5 o EEERRS ‘e ORI Trath RS TG AAR: SRR RYS s
front 1R r3affiGh Ebnﬁg emthiSteads foirhake Testsieoto maBitaipan essertigily eqanstant

vol iR the rQa{%ﬁg]% zote! !I—iow@@ L 1'9% %sﬁﬁé W Re Bhls& @éﬂs ﬁ?@&@ gbaction zone

yrenic nmers lce

or oprranare BHbed sérg:ﬁ@%%m%ﬁ%? %r%i& 7o 8 L“? W’eeﬁﬁn&e keeping
the m&uﬁéreftﬁe seaclibragixaure in thateacticrioos sxdaspnhglbrtopnm i's
[002@2 le lIl{’:rmlg %lf e\?\f@n&%ﬁ%@?x Ba | H&tc gupyro&!%? st Bl carried

escrl reinafte

out By aewchEs BARRTRLEHC She<EHF S0Pl n"@?@loszoP‘h with'a quenching
conipBéiﬁ’cSH ésQﬂ aft@SREk tablioh Mne exiisradne theariction gorst The gienching

ch_as. bro [
conPRi MR iR Raflsd AT L <A TreYlhig Bp it Caricd
out pliler discomsinpously or emtineasly. d?iacquéo% r@?‘é‘%ﬁ’&l v YesscOB?C‘“ng
durih® §%hor€§&ﬁ9i' & tirMe Rlaef R hieird aoftients @dmsthy Feantion zone and then

oSy B P B S bl LBUEREDE" Copgcns
queachity iovalwestcedsiagthe méastigroingdrg g ﬁé:ontup@gglg §§1th ety rﬁactlon
zoné Fhel JUBARLEth &F81ith the qw:r@mag @&ﬂqﬁésﬁtﬁﬁnl cs descri bed

ove, hut ipn addition eLt t her.

[0024] 5 bk alyup of the aauaos eshE poim °S§°§6F¥YW°°F&"3?‘J“‘“?’ Typically
initial AE Col or Value ‘as described in the i mediately
preceedi ng two paragraphs. 7More especially preferred
brom nated styrenic polyners of this invention possess
not only the inproved nelt flow characteristics
descri bed above, but in addition have both a thermnal
stability in the 320C Thernmal Stability Test and an
initial AE Color Value as described in the imediately
20preceedi ng two paragraphs. [0043] The brom nated
styrenic polynmers that can be produced by the
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and/or filler. [0047] The brom nated styrenie polyner
formed by a process of this invention - and especially
Wwoan7vas23sl ani oni ¢ styreni c pol ymers such asPCT/US2006/023396
bron1nated ani oni ¢ polystyrene of this invention - are

how 8 e e AT CSRA AN i KBRS, ot AP Vel BY 8 gl

aqus%éeilua?ﬂ efime Pbltnare hétplpsalig ran Hgo bemsf:drm casncpmgmmmsnon

: NorBﬁmithgMXbﬁble@ of QEltHOWaIH . mMiRuded 86 forlnhifs Qﬂ&iéﬁfhg Q:Bmposmons

ncll AR08, LIS HGR. 83 RSt bl o

quenahiizg compiogjtibn gefn dlsrevdryhus typtbal‘.tpwﬂbbeb inltbeb’lrangé‘lef GIoBOTC. The
: t e used, suc|
condin G o TR AR coR AR B i FinoB ot el vter
is algp, t"‘}Sﬁ“cm% lefe nejatige, Insasinalpractivei 196t @6 splotierssif sordium sulfite in
wataHiaveheét fund cofivedidnt or &b RS ’Q&Hcﬁitng ooﬁﬁaoﬂﬁ@ﬂso gﬂb‘@ever, other

cons 1 S 5B Vel S R LR ey

conposition. Departures fromthe foregoing ranges of

ConfoRas Lk@nﬁEa&gtsﬁwmgaﬁgﬂzmﬁmenever deened necessary
| ar ¢ircupgtances at

desirabl e artlc
10083, dE oafh o8 S Rel et Blodt o oRreom ke Qo apode of
operabent, @mﬂ@maéﬂmabfcan hé wsed avemirionents (i) (983nd\HYt Boreatmaple, in all
suckplﬁgaslét@?)lf bp&&%n%ﬁ.rllﬁ%fgrtr%@ﬁ Us© BRARAAL I)crox?x}rf]rfégag Itt}tlef !%Frgmaﬁng agent.
TheBiipRe Glotgra SERER aigt, e oEpuioiag bromiae v it nccessary
or degirpbin 1arecﬁesqrﬂpgd guibaty off the mhymrdy—pwae@pa&érﬁ&)ref&ﬂeﬂ itatttheoutset
of t15€ ORRnfRht. tﬂbﬁe\}eﬁ VR H?%nlttﬂr&saggﬁﬂs Sah BY %Egd' n@‘é%’cﬁ@%‘? this

0 t o ‘ch .conpri se one
mvea%fp@ ' O%L’%Qmﬂi gg&'s : P&dé"ﬁ%@ﬁ’a%& ehlgzidegN-

brotmsu@nimmdb,ylr,&dlbmmdlyldmghlm andngndlpnmyﬁﬂoydrﬁxﬂe Wi th which
[OOZ@P%@%&@ g@llyﬁl@fé%& 4 &ngﬂﬁ teR%h ARk gf&FrﬁS%técy i& B@%Xﬁ%mg

rom nat ani oni c

apq g%fé’iq ﬁ?solﬁv%lnﬁ‘oﬁ AgfogmPolEIersof piatens P’F %Q[pglymers ° styrene with other
vinypabypaisrmdaroorers) dtnechganitabid winys trpatié @ofahatBREmMhich the styrenic

-poly&e}sxeaﬁuéfoﬁlﬁ):ﬁxgn &@haaggﬁeqé B 1:99 to 70:30. Such

mast er ba S need: not may al so contain
filler or reinforcing sz§€pRa/hH/ or at |least one flane

wheret R ischalytdropgn etogi &t an aliby] §to0p haing from 1orx>l4dﬁrboalaﬁﬁrtls and Ar is
a m’éﬁlﬁg‘%%“rgﬁufﬁcﬁﬁ%mﬁf %@Pﬁﬁ%ﬁéﬁgéﬁﬁé‘@a@% SERGrA G 10 Caibon
atomgnbqlyvigRedlselsis aprersadishirmmignolimsmdand mwgp@lmtyremmeamore
prefeafed rag ithef Oyrehio GoB@ERtts bobrdrhibhted.S Usb@lin B8mhabe hbw&&r of other
styrehfag)b%gﬁré ?M%QJ tﬁgge 1}1}%39%0%?’ t%’oggezgﬁt ?r%%xfzt éfr@d]ﬁ(ge ﬁesunfply at

ass eres or
least #f welehf Eercepmf@tyrmané{gt dpkq-methxlamqnn withitlad Halancebedigrietived

fromkmglshbstitubdithtygenlt hdhoBed S TRIRCES “stedic POlyARAR LifedGRheRfactice

of th%slﬁgentg Iar&s&) LP% rg %JS]E)S I g{ l?léf%: ggwggg)tn?@%rse%lwhlgi at’ leas]’; 50%,
prefegrbiyyatiidest &He apd mmpm&radvimsamxamwmﬂ% ofthel prognatic groups in the
polyxﬁéiﬂﬁ@éh hy&ﬁéenad’r&n JYik 1&@'0@6 Qﬂhcs E5ifRE BndBh&Eihe nﬁg gystem of

used i.n pre n osi tions
SHChFﬁ’fns?%F DR P oD ergRsE oo %ﬁmﬂﬁa@? Slpopnin kg shestioned

are additive bl ends conposed of a broininated anionic
styrenic polymer of this inventien-and a synergi st
such as, for exanple, a blend of 75 25 parts by
wei ght of a brorninated anionic polystyrene and 25
parts by weight of a syner&ist such as antinony
trioxi de, antinony pentndde, sodium anti nonate,
pot assi um anti nonate, iron oxide, zinc borate, or
anal ogous synergist. Typically such blends wll
contain in the range of 70 to 98 parts by wei ght of
the brom nated anionic polystyrene and 30 to 2 parts
by wei ght of the synergist, with the total of the two
conponents being 100 parts by weight. Suitable 30
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WO 2007/ 005233PCT/ US2006/ 023396 [ 0056] Ther no
gravinetric Analysis. Thennogravinetric analysis (TGA)
is also used to test the thermal behavior of the
woani7ees2exl styreni c pol ynmers of this inventi eaT/uSie6/023396
TGA val ues are obtained by use of a TA Instrunents

Ther nogr avi t r chisa e %
a5 g el AR S iy o
of alhsuch plyeyl grbaw heve &ByB0ozaniaton on eesp@abcrposgtwc Th er mal
[002@S aﬁkaln‘lﬂlé’s o?@ﬁ?able-rrﬁoﬁtﬁﬁc% fOr Bﬁ)dbﬁﬁé SRh sSteaaid ﬂ)dlﬁrﬂerélﬁﬁ styrene,

e orr ot en
clo bR S e 7 T YISOl PR Pt G P B e
eﬂlyE@f@B,tm@kdppn)dﬂ)h(bae,omthﬂnlenh, Hopieaenylidphthalegs yingthiphenyl,

=R 320C d of
mnygg@%%nfhg@ﬁdg%%gﬁagﬁﬁsg ShdHeR-uB R b, instead o

sin uch "hi gher te ature i
[0026h at Thendyrper ?ﬁh’ﬁ&“so\“egﬁ? 315 BROB¥RABR PRG35 OF v V%}m"n are
typ1diﬂﬁl§¢ly1ﬁ&h PadsBuatieniqiy Be radical 3@ Gy afoni€ pollgmen:rauon procedures.
An eéc [ﬁgh!@%f 0f f%})ﬁéédd% Elg%]&lfgﬂg p@@ﬁgﬁeﬁé‘igﬁésgnﬁeﬁ i nrhBnly-owned U.S.

e 1S, placed into

Pat. Moo 65 B3 SiviericrRobimary Bede By fre Hisalipitieien g&ﬂ&aﬁ‘kﬁ Shdhe
markRéigl03( r Ambhd sficdestaghionolyhetbi tigt ateheell esitedt fobeaise $n forming

R
broniuﬂegeqe g%r?l%% %%%r%% IPHSS%S B tﬂﬁ Er%nﬂidn'}?s@feﬁ] 6@% I\?Jhl&%&t’k@t% by .

assed successl rou
The Daw§ihemisekCogapangi Ié@@?\@r,@ﬁdlﬁwq-?@@mngm oy s Styron 663,

Styr&i siﬁasmd‘nldso 6f THd D&K Eheaihl Cuipany,ab wgll 20PABE0G MB 3200N\MC

310(}:la ci(r}rll%lg g O(g f gggng)g ]}"gx%gl?%? g%&whgﬂ{, %!r %quléll\gl%%&u g&?éﬁiﬁ%ﬁﬁ é)ther

prodaterg2@n beused. Mathads rforsmmlu%qaﬂ?ls& StYTRIENROBYIATS PEpERIR fod
repoﬁ@d in¥Re [kt %sfb@iv&e@ﬁ\ﬁﬁrebj}é pblytHefizes batationitipelymerization and

b
RS e A THRALI BT B AR o
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35 pursuant to this invention the Exanples of the

i nvention involve use of relatively short reaction or
residence times. Conparison of the results of these
weameotszye Exanples thus illustrate sone of POEUS2006/023396
advant ages provided by this invention.
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2007/ 005233PCT/ US2006/ 023396 t he reactor overhead).
The catal yst was deactivated by addition of 50 g of
water. A 86.4 g portion of 10 wt % aqueous sodi um
sulfite was then added to assure the renoval of any
resi dual brom ne. The organi c phase was separated, and
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product was recovered fromthe organi c phase by
addition to vigorously stirred 5 hot (98C) water. The
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WO 2007/ 005233PCT/ US2006/ 023396 an ani oni ¢ pol ystyrene
havi ng a nunber average nol ecul ar wei ght of 3600 and a
wei ght average nol ecul ar wei ght of 7500. Anal yti cal
woe7ies28or the product are sunmari zed i n TabCBUS$2006/023396
EXAMPLE 3 5[ 0071] This continuous brom nation was

Gt OB oS LGN e L,usine on amon
[005H] 3Botirabis tie GRS gighhovsrass sncissiubss wicight wb g firoriazé egionic
styrEi© folgine RAMS B ertiof iSid mmaﬁgr:eﬂ‘ 8000 TeBb@0d Daﬁ_&gﬁ—feﬁerab%y in
the 3 (OGO R Db aoas i i o Pl e e ey 10,000 to 20,000
e
Daligptt i nuous Bat ch Conti nuous Batch Continuous Catal yst
[0033} CL3TdsBInovAl Grbahirhddr ani&ii@%‘%/re%cgﬁaolyﬁ‘&?@pos%k GeW? dnd*iseful
prop]éi't§es, e%pé@alfif iél%l‘OVCd melt flow properties and in many cases superior initial color
(typically measured as AE) and excellent thermal stability (typically measured by a standard
thermal stability procedure described hereinafter). On comparing NMR spectra, brominated
anionic polystyrene produced in accordance with this invention has more hydrogen atoms in
the ortho ring positions than do products formed from the same components in processes
conducted under comparable reaction conditions, but involving longer feed times and use of
cook periods. Also, a 2 to 10°C decrease in glass transition temperature observed for a
brominated anionic polystyrene of this invention as compared to comparable products
produced with longer reaction residence times serves as additional evidence that the
brominated anionic styrenic polymers of this invention are in fact different from previously
known anionic styrenic polymers. Thus the improved properties and analytical results both
point to novel chemical structure in the brominated styrenic polymers of this invention, i.e.,
the bromine atoms in the brominated styrenic polymers of this invention tend to occupy
positions other than the ortho position(s).
[0039] Whatever the mechanism, this invention provides as another embodiment
brominated anionic styrenic polymer produced by a process of this invention wherein the
brominated anionic styrenic polymer when heated to a temperature and pressure at which a
measurable flow of liquid polymer occurs, has a higher melt flow than brominated anionic
styrenic polymer produced in a batch process in which (a) the same quantities and proportions
of (i), (ii) and (iii) are fed for 30 minutes to a reactor maintained at the same reaction
temperature and (b) the reaction mixture then is held at the same temperature for a cook
period of 5 minutes.
[0040] The new brominated anionic styrenic polymers of this invention are brominated
anionic styrenic polymers with brominated anionic polystyrene being particularly preferred.
Of the brominated styrenic polymers made using free radical polymerization or cationic
polymerization, brominated polystyrenes made using free radical polymerization are preferred.
[0041] Another desirable property of brominated styrenic polymers produced by a
bromination process of this invention -- especially of the brominated anionic styrenic
polymers of this invention such as brominated anionic polystyrene -- is their high thermal

- stability in the 320°C Thermal Stability Test as described hereinafter. Preferred brominated

styrenic polymers, especially brominated anionic styrenic polymers such as brominated
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1.45 1.45 Maxi numreaction Tenp (C) -1 +4 -3 +3 -4 +2
'"iota reaction tune or ave. residence tine (mn) 80 8
87 8 88 8 APS feed concentration (wt% 40.0 30.0 40.0

80200788528 30. 0 APS M, 2900 3200 2900 2900 3800USHOE)023396
APS M 3400 3300 :

anionic polystyrene, have a thermal stability in that test of about 300 ppm of HBr or less and
more preferred such polymers have a thermal stability in that test of about 200 ppm of HBr
or less. Still more preferred brominated styrenic polymers of this invention, especially
brominated anionic styrenic polymers such as brominated anionic polystyrene, are those
having a thermal stability in the 320°C Thermal Stability Test of 125 ppm of HBr or less.
[0042] Still another feature of brominated styrenic polymers produced by a process of this
invention — especially brominated anionic styrenic polymers such as brominated anionic
polystyrene— is their low color values as illustrated by the Hunter Solution Color Value Test
described hereinafter. Preferred brominated styrenic polymers of this invention, especially
brominated anionic styrenic polymers such as brominated anionic polystyrene, are those which
have an initial AE color value by the Hunter test of 5 or less, and more preferably of 3 or less.
Especially preferred brominated styrenic polymers produced by a process of this invention —
especially brominated anionic styrenic polymers such as brominated anionic polystyrene —
possess not only the improved melt flow characteristics described above, but in addition have
either a thermal stability in the 320 °C Thermal Stability Test or an initial AE Color Value as
described in the immediately preceeding two paragraphs. More especially preferred
brominated styrenic polymers of this invention possess not only the improved melt flow
characteristics described above, but in addition have both a thermal stability in the 320°C
Thermal Stability Test and an initial AE Color Value as described in the immediately
preceeding two paragraphs.

[0043] The brominated styrenic polymers that can be produced by the processes of this
invention can contain any suitable amount of bromine. Typically they contain at least about
50 wt%, preferably at least about 60 wt%, and more preferably at least about 67 wt%.
Bromine contents in the range of 66 to 71 wt%., and in the range of 67 to 70 wt%. are also
desirable. Another desirable range is 68 to 72 wt% of bromine.

Uses of Brominated Styrenic Polymers
[0044] The brominated styrenic polymers produced in accordance with this invention can

be used as flame retardants for various polymeric materials such as thermoplastic and
thermosetting polymeric materials and resins. The improved melt flow characteristics of the
brominated anionic styrenic polymers of this invention enhances their usefulness for such
applications. For example, their improved melt flow enables them to be melt blended more
readily with thermoplastic polymers, and to be more readily applied to thermoset polymers
or resins as coatings or as flame retardant binders. The weight average molecular weights of
the substrate polymers that can be flame retarded pursuant to this invention can vary widely,
from low molecular weight polymers to very high molecular weight polymers. Methods for
producing the various thermoplastic or thermosetting polymers that can be flame retarded with
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5700 5700 7500 7500 Br APS Product Anal yses

W% Br (ARP) 68.9 67.4 68.8 68.4 69.1 69.0 Ther nal

HBr, 320C/ 15 min/N2 (PPnl) 187 59 115 112 77 99
wbhered2sxol or, PCT/US2006/023396

the brominated styrenic polymers of this invention are known to those of ordinary skill in the
art. Other persons who may be unfamiliar with such matters, should refer to the extensive
literature that exists on such subjects.

[0045] Preferably the brominated styrenic polymers of this invention are used as additive
flame retardants for various thermoplastic polymers. Thus among the embodiments of this
invention are flame retardant compositions comprising at least one thermoplastic polymer and
a flame retardant quantity of at least one brominated anionic styrenic polymer of this
invention. ,

[0046] Particular thermoplastics with which the brominated anionic styrenic polymers of
this invention can be blended pursuant to further embodiments of this invention include
polyethylene terephthalate, polybutylene terephthalate, polycyclohexylene dimethylene
terephthalate, polytrimethylene terephthalate, blends or mixtures of two or more ofthese, and
analogous copolymeric thermoplastic polyesters, especially when filled or reinforced with a
reinforcing filler such as glass fiber. Preferred thermoplastic polyesters are polyethylene
terephthalate and polybutylene terephthalate. Polyamide thermoplastics, such as polyamide
6, polyamide 6,6, polyamide 12, and the like, again preferably when glass filled, can also be
effectively flame retarded in like manner. Other thermoplastic polymers that can be -
effectively flame retarded by addition of a brominated styrenic polymer of this invention
include but are not limited to styrenic polymers, high impact polystyrenes, crystal
polystyrenes, polyolefins, ABS, MABS, SAN, aromatic polycarbonates, polyphenylene ethers,
and polymer blends such as aromatic polycarbonate-ABS blends, polyphenylene ether-
polystyrene blends, and similar substances. One group of thermoplastic polymers which can
be effectively flame retarded by use of at least one brominated anionic styrenic polymer of this
invention is (1) a thermoplastic styrenic polymer, (2) a thermoplastic acrylonitrile-butadiene-
styrene polymer, (3) a thermoplastic polyester, or (4) a thermoplastic polyamide.
Conventional additives, such as flame retardant synergists, antioxidants, UV stabilizers,
pigments, impact modifiers, fillers, acid scavengers, blowing agents, and the like, can be
included with the formulations as is appropriate. Preferred polymer blends of this invention
do contain a flame retardant synergist or glass fiber filler or reinforcement, and most
preferably both a synergist, and a reinforcing fiber and/or filler.

[0047]  The brominated styrenic polymer formed by a process of this invention — and
especially brominated anionic styrenic polymers such as brominated anionic polystyrene of
this invention — are used in flame retardant amounts, which typically are within the range of
from 5to 25 wit%, the wt% being based on the total weight of the thermoplastic polymer
formulation or blend. When used, the amount of reinforcing fillers such as glass fiber will
typically be in the range of up to about 50 wi% based on the total weight of the finished
composition. The amount of flame retardant synergist, when used, such as antimony trioxide,
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(320C/ 15 min/N2), 10 % in chl orobenzene L
93.46 95.29 95.41 95.34 95.04 94.36 a -2.31 -2.69
-3.59 -2.55 -5.12 -2.85 b 19.11 17.17 16.04 15.21
Wa 280t/0d6381 AE 20.39 18.02 17.06 16.14 PCT/US2006/023396

antimony pentoxide, sodium antimonate, potassium antimonate, iron oxide, zinc borate, or
analogous synergist generally will be in the range of up to about 12 wt% based on the total
weight of the finished composition. Departures from the foregoing ranges of proportions are
permissible whenever deemed necessary or desirable under the particular circumstances at
hand, and such departures are within the scope and contemplation of this invention.

[0048]  Masterbatch compositions wherein the components except for the substrate
thermoplastic polymer are in suitable relative proportions but are blended in a smaller amount
of the substrate polymer, are also within the scope of this invention. Thus this invention
includes compositions which comprise at least one thermoplastic polymer such as a
polyalkylene terephthalate or a nylon polymer or a high impact polystyrene with which has
been blended a brominated anionic styrenic polymer (preferably a brominated anionic
polystyrene) of this invention in a weight ratio (substrate polymer:brominated anionic styrenic
polymer or polystyrene) in the range of, say, 1:99 to 70:30. Such masterbatch blends need not,
but may also contain filler or reinforcing fiber and/or at least one flame retardant synergist
such as iron oxide, zinc borate, or preferably an antimony oxide synergist such as antimony
trioxide, antimony pentoxide, sodium antimonate, or potassium antimonate. Typical
examples of reinforcing agents or fillers that can be used include low-alkali E-glass, carbon
fibers, potassium titanate fibers, glass spheres or microballoons, whiskers, talc, wollastonite,
kaolin, chalk, calcined kaolin, and similar substances. Sizing agents can be used with such
reinforcing agents or fillers, if desired. A number of suitable glass-filled polyalkylene
terephthalates or nylon molding compositions are available on the open market, and these can
be used in preparing the compositions of this invention.

[0049]  Also provided by this invention are additive blends composed of a brominated
anionic styrenic polymer of this invention and a synergist such as, for example, a blend of 75
parts by weight of a brominated anjonic polystyrene and 25 parts by weight of a synergist such
as antimony trioxide, antimony pentoxide, sodium antimonate, potassium antimonate, iron
oxide, zinc borate, or analogous synergist. Typically such blends will contain in the range of
70 to 98 parts by weight of the brominated anionic polystyrene and 30to 2 parts by weight
of the synergist, with the total of the two components being 100 parts by weight. Suitable
amounts of other suitable additive components can also be included in such additive blends.
[0050] Various known procedures can be used to prepare the blends or formulations
constituting such additional compositions of this invention. For example the polyalkylene
terephthalate polymer or a nylon polymer and the brominated styrenic polymer such as
brominated polystyrene and any other components or ingredients to be incorporated into the
finished blend can be blended together in powder form and thereafter molded by extrusion,
compression, or injection molding. Likewise the components can be mixed together in a
Banbury mixer, a Brabender mixer, a roll mill, a kneader, or other similar mixing device, and
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23.86 18.01 Initial Color, 10 wt % m chl or obenzene

L 99.34 99.84 99.92 99.50 99.72 99.73 WO

2007/ 005233PCT/ US2006/ 023396 a -0.53 0.38 -0.51 0.24

w0 2800053304 b 2.59 -0.13 2.27 1.07 1.63 1. 83PCT/US2006/023396

then formed into the desired form or configuration such as by extrusion followed by
comminution into granules or pellets, or by other known methods. !

[0051] Preferred thermoplastic compositions of this invention have the capability of forming
molded specimens of 1.6 and 3.2 millimeter thickness (1/16 and 1/8-inch thickness) that pass

at least the UL 94 V2 test.

Analytical Methods
[0052] Known analytical methods can be used or adapted for use in assaying the

characteristics of the polymers of this invention. However, the following methods should be
used for the sake of consistency.
[0053] Total Bromine Content. Since brominated styrenic polymers have good, or at least
satisfactory, solubility in solvents such as tetrahydrofuran (THF), the determination of the
total bromine content for the brominated styrenic polymers is easily accoﬁlplished by using
conventional X-Ray Fluorescence techniques. The sample analyzed is a dilute sample, say
0.1 0.05 g brominated polystyrene in 60 mL THF. The XRF spectrometer can be a Phillips
PW1480 Spectrometer. A standardized solution of bromobenzene in THF is used as the
calibration standard. The total bromine values described herein and reported in the Examples
are all based on the XRF analytical method. '
[0054]  Hunter Solution Color Value Test. To determine the color attributes of the
brominated polymers ofthis invention, use is again made of the ability to dissolve brominated
styrenic polymers in easy-to-obtain solvents, such as chlorobenzene. The analytical method
used is quite straight-forward. Weigh 5 g+ 0.1 g of the brominated polystyrene into a 50 mL
centrifuge tube. To the tube also add 45 g+ 0.1 g chlorobenzene. Close the tube and shake
for 1 hour on a wrist action shaker. After the | hour shaking period, examine the solution for
undissolved solids. If a haze is present, centrifuge the solution for 10 minutes at 4000 rpm.
If the solution is still not clear, centrifuge an additional 10 minutes. Should the solution
remain hazy, then it should be discarded as being incapable of accurate measurement. If,
however, and this is the case most of the time, 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 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 = [(ALY + (Aa)? + (Ab)*]*?

[0055] DSC Values. DSC values were obtained with a TA Instruments DSC Model 2920.
Samples were heated from 25 °C to 400°C at 10°C/min under nitrogen.

16



10

15

20

25

30

AE 2.84 0.18 2.35 1.32 1.77 1.93 DSC, Tg (C)
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WO 2007/005233 PCT/US2006/023396

[0056] Thermogravimetric Analysis. Thermogravimeiric analysis (TGA)is also used to test
the thermal behavior of the brominated styrenic polymers of this invention. The TGA values
are obtained by use of a TA Instruments Thermogravimetric Analyzer. Each sample is heated

on a Pt pan from 25°C to about 600 °C at 10°C/min with a nitrogen flow of 50-60 mI/min.
[0057] 320°C Thermal Stability Test. To determine thermal stability and estimate the
corrosive potential of a sample, the 320 °C Thermal Stability Testis used. The test procedure
essentially as described in U.S. Pat. No. 5,637,650 except that the temperature usedis 320°C
instead of 300°C. The reason for using such higher temperature is that the polymers of this
invention do not involve measurable amounts of HBr at 300 °C. Thus, in conducting this test,
each sample is run in duplicate. A 2.00+0.01 gsampleis placed into a new clean 20x150 mm
test tube. With a neoprene stopper and Viton® fluoroelastomer tubing, the test tube is
connected to a nitrogen purge line with exit 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 320 °C in amolten salt bath (51.3% KNO,/48.7%NaNO,)
for 15 minutes followed by 5 minutes at ambient temperature. The test tube containing the
sample is then replaced with a clean dry test tube, and the apparatus is purged with nitrogen
for an additional 10 minutes with the émpty test tube in the 320°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 HNO, and titrated with 0.01 N AgNO; using an automatic potentiometric
titrator (Metrohm 670, 716, 736, or equivalent). Resultsare calculated as ppm HBr, ppm HC,

and ppm HBr equivalents as follows:
ppm HBr = (EP 1)(N)(80912)/(sample wt.)

ppm HCl = (EP 2 - EP 1)(N)(36461)/(sample wt.)
ppm HBr equivalents = (EP 2)(N)(80912)/(sample wt.)

where EP(x) = mL of AgNO, used to reach end point x; and N = normality of AgNO;. The
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
halide in the system.

NMR Analyses

[0058] Proton NMR spectra are acquired using a Bruker DPX 400 Mz instrument at a

probe temperature of 120 ° ¢ for solutions of about 20 wt% brominated polystyrenein 1,1,2,2.-
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350. 8 Br APS GPC M 12,100 12,400 13,200 13,000
18,200 15,300 13,100 13,000 22,400 22,100 29, 600

28, 700 % Aromatic rings with ortho-Br (NWR) 77
WO 2008062334 82. 4 . PCT/US2006/023396

tetrachloroethane-d,. After normal processing and base line corrections, the area of the broad
peaks are integrated between 3.8 to 2.2 ppm and 2.2 to 0.9 ppm. The sum of these two areas,
after correction for end groups and residual solvent, represents the three chain protons per
polymer repeat unit. The area from 3.8 to 2.2 ppm represents the chain methine proton where
the associated aromatic ring has at least one ortho-bromine atom. The percentage of polymer
units having ortho ring bromination is determined from these integrals.

GPC Weight Average Molecular Weights

[0059] The M, values were obtained by GPC using a Waters model 510 HPLC pump and,
as detectors, a Waters Refractive Index Detector, Model 410 and a Precision Detector Light
Scattering Detector, Model PD2000. The columns were Waters, uStyragel, 5004, 10,000A
and 100,000 A. The autosampler was a Shimadzu, Model Sil 9A. A polystyrene standard
(M,, = 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 of this solution is filtered and 50 pL
isinjected on the columns. The separation was analyzed using software provided by Precision
Detectors for the PD 2000 Light Scattering Detector.

[0060] Melt Flow 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 D1238-
00 are used. The extrusion plastometer is operated at 2.16 kg applied pressure and at a

temperature selected from 220°C, 235°C, or 270°C that provides measurable flow of the

molten polymer sample being analyzed. The samples used in the tests are a brominated
styrenic polymer of this invention or a sample of one or more previously-known comparable
brominated styrenic polymers with which the polymer of this invention is being compared.
All such tests are run using neat unadulterated samples of each of the respective polymers.
[0061] As used throughout this application, "APS" is used interchangeably with and meant
to designate anionic polystyrene. The term “BrAPS” designates brominated anionic
polystyrene. The term “M,,” means weight average molecular weight and the term “M,”
means number average molecular weight, both as determined by GPC (light scattering
detector) described above. The term “CSTR” means continuous stirred tank reactor.
[0062] The following numbered Examples iltustrate the practice of this invention and are
not intended to limit the generic scope of this invention. Also presented for reference
purposes are lettered Examples illustrating the preparation and properties of brominated
styrenic polymers formed using the best previously-known process technology. It will be
noted that the Reference Examples utilized relatively long reaction or residence times whereas
pursuant to this invention the Examples of the invention involve use of relatively short
reaction or residence times. Comparison of the results of these respective Examples thus
illustrate some of the advantages provided by this invention.
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dried to a constant weight of' 382.5 g (98%yield) in
an oven (130C) under a constant nitrogen purge.
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5sunmari zed in Table 2. TABLE 2 APS BROM NATI ON
RESULTS Exanple Ref D Ref E Ref F 4 rom nati on Process
Bat ch Bat ch Batch Continuous atalyst Al Cl3 Al as Al Br3
woBi30d8x mole % 0.75 1.43 1.41 0. 69 i num r eaT/UBIING/023396
Temp (C) 0.00 +1 +3 +10 lota reaction tinme or ye.

weiglrltg %If gegcri] (s:o ut&olng%se(dnf]op ehe 32 m711(? of?’ 05peration were:

1) 30.0 wt% APS in BCM, 619.26 g (1.78 mol)

2) 72.1 wt% Br, in BCM, 1026.0 g, (4.63 mol), 2.60 equiv.

3)10.6 wt% A1Br; in DBM, 84.9 g (0.0337 mol), 1.89 mol%
The white organic phase (934.7 g) in the main quench pot was separated from the aqueous
phase, and combined in a 2-L separatory funnel with a BCM rinse (143.7 g) of the quench
vessel. Three aqueous washes (900 g each) were used to remove residual acid and salts. The
neutralized white organic phase was pumped into 5-L of vigorously stirred hot (98 ° C) water
to obtain a slurry of white finely divided solid in water. The slurry was suction filtered, and
the solid was rinsed on the filter with water (3x2L). The wet cake (588 g) was dried in a
nitrogen purged oven at 122°C to a constant weight of 389.8 g. Analytical results are

summarized in Table 1.

REFERENCE EXAMPLE B
[0068] This batch bromination was carried out using an anionic polystyrene having a
number average molecular weight of 2900 and a weight average molecular weight of 5700.
A 2.75 g (20.6 mmol) pértion of aluminum chloride (Aldrich) was suspended in 550.3 g of
dry (>15 ppm water) BCM ina 1 -L, 5-necked, jacketed, glass reaction flask cooled to -8 °C
by a circulating glycol bath. The reaction flask having a flush-mount Teflon polymer bottom
valve was equipped with an overhead air stirrer and Teflon polymer banana-blade paddle,
Friedrich’s condenser (glycol cooled), and thermowell. A constant flow of dry nitrogen was
maintained on the vent line from the condenser to assist in moving exit gases from the flask
to a caustic HBr scrubber. A 374.92 g portion of a 40.0 wi% solution (149.97 g APS, 1.44/n
mol) of the anionic polystyrene in dry BCM was charged to a 500-mL graduated cylinder in
a dry box. The graduated cylinder was then set up to pump the APS solution from the cylinder
to a jacketed, glycol-cooled glass mixing tee mounted on the reaction flask. Bromine (621.6
g, 3.890 moles, 2.70 equivalents) was charged to a 250-mL graduated cylinder and set up to
pump the bromine to the same mixing tee as the APS solution. Both streams were cooled
separately by the mixer before combining at the bottom of the apparatus and dropping into the
bromination flask. The reaction mixture was protected from photo-initiated aliphatic
bromination by turning off hood lights and wrapping the flask and mixing tee with Al foil.
Both feeds were started at the same time and were both completed in 72 min. A rinse of 112
g of dry BCM was used for the APS solution feed system to assure compléte transfer of the
polymer to the reaction flask while nitrogen was flushed through the bromine feed system to

give quantitative transfer of the bromine. The reaction temperature was maintained at -3 °C

to -5°C throughout the addition and subsequent 15 min cook period (with nitrogen purge of
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MD 3400 3400 3400 3400 3800 3800 3800 3800 rAPS

Product Anal yses t% Br (XRF) 68.1 67.3 67.9 67.0
werewabostizl4r, 320C/ 15 min/ N2 (ppn) 119 90 18PCT/082006/023396
henna! color, (320 "C/15 mn/N2), 1OM%in

the 943&8{ &Q%%g’)n The catalyst was deactivated by addition of 50 g of water. A 864 g
portion of 10 wt% aqueous sodium sulfite was then added to assure the removal of any
residual bromine. The organic phase was separated, and then washed with water (4 x 1L) until
neutral. The product was recovered from the organic phase by addition to vigorously stirred
hot (98 °C) water. The solvent distilled from the hot water leaving a slurry of the brominated
polystyrene product in water. After suction filtering, the white solid was rinsed with water (3
X 2L) and dried to a constant weight of 443.8 g (96% yield) in an oven (118°C) under a

constant nitrogen purge. Product analyses appear in Table 1.

EXAMPLE 2

[0069] This continuous bromination was carried out as described.in Example 1 using an
anionic polystyrene having a number average molecular weight of 2900 and a weight average
molecular weight of 5700. The operation was started by charging the CSTR with dry BCM
(149.8 g) and 9 mL of the AlBr; solution. After cooling the contents of the CSTR to -12°C,
the bromine and APS feeds were started (4.8 mL/min rate for each stream), and the AlBr, feed
rate was adjusted to a pump setting of 0.21 ml/min. The CSTR temperature stayed between
+1°C and +3 °C during the reaction. For the first 25 min, the overflow stream from the CSTR
was directed to the waste quench pot (containing 1034 g of 2 wt% aqueous Na,SO,). At this
point, it was assumed a steady state condition (over 3 residence times) had been reached, so
the overflow stream was diverted to the main quench pot (containing 1757 g of 2 wt%
aqueous Na,S0O,) to collect the steady state product until the APS solution was depleted (70
min). A small amount (66.6 g) of bromine solution remained unused. The weights of feed
solutions used for the 95 min of operation were:

1) 30.0 wt% APS in BCM, 801.1 g (2.30 mol)

2) 72.3 wt% Br, in BCM, 1319.8 g, (5.97 mol), 2.60 equiv.

3) 10.6 wt% A1Br, in DBM, 82.6 g (0.0327 mol), 1.42 mol%
The white organic phase (1224.0 g) in the main quench pot was separated from the aqueous
phase, and combined in a 2-L separatory funnel with a BCM rinse (205 g) of the quench
vessel. Four aqueous washes were used to remove residual acid and salts. The neutralized
white organic phase was pumped into 5-L of vigorously stirred hot (98 °C) water to obtain a
shurry of white finely divided solid in water. The slurry was suction filtered, and the solid was
rinsed on the filter with water (3x2L). The wet cake (850 g) was dried in a nitrogen purged
ovenat 130°C to a constant weight of 521.3 g. Analytical results are summarized in Table 1.

REFERENCE EXAMPLE C
[0070] This batch bromination was carried out as described in Reference Example B using
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L 95.45 93.69 89.83 88.30 -2.31 -3.32 -3.32 -2.62 b
14.80 21.86 30.74 31.67 AE 15.70 22.99 32.58 33.88

itial Color, 10 wt% i n chl orobenzene L 99.66 99. 63
W8 2000082322 -0.61 PCT/US2006/023396

an anionic polystyrene having a number average molecular weight of 3600 and a weight
average molecular weight of 7500. Analytical results for the product are summarized in Table
1.

EXAMPLE 3
[0071] This continuous bromination was carried out as described in Example 1 using an
anionic polystyrene having a number average molecular weight of 3600 and a weight average
molecular weight of 7500. Product analyses are summarized in Table 1.

TABLE 1
BATCH AND CONTINUOUS BROMINATION REACTIONS
Example Ref A 1 Ref B 2 Ref C 3
Bromination Process Batch |Continuous || Baich {Continuous || Batch |{Continuous
Catalyst AICL AlBr; AlCl, AlBr; AlCL; | AlBr,
AlX,, mole.% 143 1.89 1.43 1.42 1.45 1.45
Maximum reaction Temp (°C) || -1 +4 3 +3 -4 +2
‘Total reaction fime or 80 3 87 8 38 8

ave. residence time (min)

APS feed concentration (wt%) || 40.0 30.0 40.0 30.0 38.9 30.0

APS M, 2900 3200 2900 2900 3600 3600
APS M, 3400 3300 5700 5700 7500 7500
BrAPS Product Analyses
Wt% Br (XRF) 68.9 67.4 68.8 68.4 69.1 69.0
Thermal HBr, 320°C/15 min/N, 187 59 115 112 77 99
(ppm)

‘Thermal color,
(320 °C/15 min/N2), 10 wt% in

chlorobenzene
L 93.46 95.29 95.41 95.34 95.04 94.36
a -2.31 -2.69 -3.59 -2.55 -5.12 -2.85
b 19.11 17.17 16.04 15.21 2291 16.81
AE 20.39 18.02 17.06 16.14 23.86 18.01
Inttial Color, 10 wi% n
chlorobenzene
L 99.34 99.84 99.92 99.50 99.72 99.73
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-0.71 -0.45 -0.64 b 2.47 2.75 2.64 3.61 AE '2.63 2.92

2.81 3.82 WO 2007/ 005233PCT/ US2006/ 023396 DSC,
To (C) 166.0 167.4 168.6 162.6 TGA 1% w | oss
W@ﬁﬂ)ﬂ/ﬂﬁﬁxﬁ C) 352 8 355 4 PCT/U52006/023396
a -0.53 0.38 -0.51 0.24 -0.21 -0.04
b 2.59 -0.13 2.27 1.07 1.63 1.83
AE 2.84 0.18 2.35 1.32 1.77 1.93
DSC, T, °0) 159.9 158.2 160.6 |. 155.6 169.2 161.8

TGA 1% wt loss temp, N, (°C) || 351.1 343.7 349.6 350.7 359.0 | 3508

BrAPS GPC
M, 12,100 | 12,400 [{13,200 | 13,000 /18,200 15,300
M, 13,100 | 13,000 [I22,400 | 22,100 29,600 28,700

U5 Aromatic rings with ortho-Br

(NMR)

77.8 674 82.4 68.0 81.6 70.8

MFI (/10 min, 220°C/2.61 kg) || 9.5 19.0 33 12.1 1.0 24

[0072] The brominated anionic polystyrenes of Examples 1 and 2 are novel products of this
invention having extremely low initial solution AE values. These brominated anionic
polystyrenes also possess other highly desirable properties such as high bromine contents,
high thermal stabilities in the 320°C Thermal Stability Test, and GPC weight average and
GPC number average weights in ranges which enable them to be readily blended with a wide
variety of thermoplastic polymers. So far as is presently known, the lowest value initial
solution AE value reported for a brominated anionic polystyrene is 1.74, and that polymer had
a far inferior thermal stability in the Thermal Stability Test even though conducted at 300 °C

rather than at 320°C as in Examples 1 and 2 above, and a significantly higher GPC weight

average molecular weight. See in this connection, U.S. Pat. No. 6,521,714, e.g., Column 33,
lines 55-67, Column 34, lines 32-67, and Table VI, Example CE-6.

REFERENCE EXAMPLE D
[0073] This batch bromination was carried out as described in Reference Example A using
an anionic polystyrene having a number average molecular weight of 3400 and a weight
average molecular weight of 3800. A 1.22 g (9.15 mmol) portion of aluminum chloride was
suspended in 499.1 g of dry (> 15 ppm water) BCM in a 1-L, 5-necked, jacketed, glass

reaction flask cooled ‘t(.) -5°C by a circulating glycol bath. The reaction flask, having a

flush-mount Teflon polymer bottom valve, was equipped with an overhead air stirrer and
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354.1 349.2 BrAPS GPC Ma 13, 000 13, 000 12, 800
12,100 Mw 13,500 13,200 13,200 12,400 % Aromati c
rings wwth ortho-Br (NWVR) 72.9 77.0 76.1 66.8 M-I

wahdoemss 220 C/2.16 kg) 5.7 5.3 5.2 12.1 RE7ER0MIR3396
EXAVMPLE G :

Teflon polymer banana-blade paddle, Friedrich’s condenser (glycol cooled), and thermowell.
A constant flow of dry nitrogen was maintained on the vent line from the condenser to assist
in moving exit gases from the flask to a caustic scrubber for neutralization of the HBr
by-product. A 315.0 g portion of a 40.5 wt% solution (127.6 g APS, 1.23/n mol) of anionic
polystyrene in dry BCM was charged to a 250-mL graduated cylinder in a dry box. The
graduated cylinder was then set up to pump the APS solution from the cylinder to a jacketed,
glycol-cooled glass mixing tee mounted on the reaction flask. Bromine (529.3 g, 3.31 moles,
2.70 equivalents) was charged to a 250-mL graduated cylinder and set up to pump the bromine
to the same mixing tee as the APS solution. Both streams were cooled separately by the mixer
before combining at the bottom of the apparatus and dropping into the bromination flask. The
reaction mixture was protected from photo-initiated aliphatic bromination by turning off hood
lights and wrapping the flask and mixing tee with Al foil. Both feeds were started at the same

time and were both completed in 60 min. The reaction temperature was maintained at -2°C

to 0°C throughout the addition and subsequent 15 min cook period (with nitrogen purge of
the reactor overhead). The catalyst was deactivated by addition of 40 g of water. A 19.2 g
portion of 10 wt% aqueous sodium sulfite was then added to assure the removal of any
residual bromine. The organic phase was separated, and then washed with water, dilute
sodium hydroxide, and finally water to neutralize acid and remove NaBr. The product was
recovered from the organic phase by addition to 4-L of vigorously stirred hot (98 °C) water.
The solvent distilled from the hot water leaving a slurry of the brominated polystyrene product
in water. After suction filtration of the slurry, the white solid was rinsed with water (3 x 2L)
and dried to a constant weight of 378.9 g (97% yield) in an oven (130°C) under a constant

nitrogen purge. Product analyses are given in Table 2.

REFERENCE EXAMPLE E
[0074] This batch bromination was carried out as described in Reference Example D using
the same anionic polystyrene, but with a higher A1Cl, level. Both the bromine and APS feeds
were started at the same time and were both completed in 61 min. The reaction temperature
was maintained at -2 ° C to +1 ° C throughout the addition and subsequent 15 min cook period
(with nitrogen purge of the reactor overhead). The catalyst was deactivated by addition 0f 40
g of water. A 26.5 g portion of 10 wi% aqueous sodium sulfite was then added to assure the
removal of any residual bromine. The organic phase was separated, and then washed with
water, dilute sodium hydroxide, and finally water to neutralize acid and remove NaBr. The
product was recovered from the organic phase by addition to vigorously stirred hot (98°C)
water. The solvent distilled from the hot water leaving a slurry of the brominated polystyrene
product in water. After suction filtering, the white solid was rinsed with water (3 x 2L) and
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Tefloxavigne (B83) andVi®nAluproglaston@r (A" eCole Panper, 18 Y-974055). The
operdtiodkwas started by charging the CSTR with dry BCM (163.0 g) and cooling the contents

of the reactor to -7°C. The bromine solution (2.29 g AlBr; in 525.0 g Br,) and APS solution
(127.5 g APS in 187.3 g BCM, 40.5 wt% APS) feeds to the reactor were started at the same

- time and both were held constant for the entire operation. The bromine feed rate was 2.87

ml/min and the APS feed rate was 3.62 ml/min. The CSTR temperature varied from 0°C to

+10°C during the operation. For the first 25 min, the overflow stream from the CSTR was
directed to the waste quench pot (containing 635 g of 4 wi% aqueous Na;SO;). After this
point, the overflow stream was diverted to the main quench pot (containing 520 g of 4 wt%
aqueous Na,SO,) to collect the steady state product. A small amount (10 g) of bromine
solution remained unused when the APS solution was depleted after 60 min of operation. The
weights of feed solutions used were: :

1) 40.5 wt% APS in BCM, 314.8 g (224/n mol APS)

2) Bry, 515 g (22 mol) 2.63 equiv.

3) 43 wit% AlBr; in Br, 2.25 g (0.0084 mol), 0.69 mol%
The average residence time for the reaction mass in the CSTR was 13 min. The organic phase
in the main quench pot was diluted with BCM (288 g), and the lower organic phase was
transferred to a 2-L separatory funnel. Two aqueous washes (900 g each) were used to remove
residual acid and salis.
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Maxi mum reaction Tenp (C) 0 5 -1 7 total reaction tine
or ave. residence tine (mn) 100 8 211 9 APS feed
concentration (% 30.0 30.0i 20.0 20.0 APS M' 3200
we26h7/8df28s 6100 APS M 3300 3300 6800 6800  pCT/U¥¥0V6/023396
2007/ 005233PCT/ US2006/ 023396 Br APS Product Anal yses

[0078] The neutralized organic phase was pumped into 4-L of vigorously stirred hot (98 °C)
water to obtain a slurry of white finely divided solid in water. The slurry was suction filtered,
and the solid was rinsed on the filter with water (3x2L). The wet cake (89 g) was dried in a

nitrogen purged oven at 130°C to a constant weight of 45.7 g. Analytical results are

summarized in Table 2.

TABLE 2
APS BROMINATION RESULTS
Example RefD Ref E Ref ¥ 4
Bromination Process Batch Batch Batch | Continuous
Catalyst AlCL, AlCl, AlBr, AlBr,
AIX,, mole % ' 0.75 1.43 1.41 0.69
Maximum reaction Temp (°C) 0.00 +1 +3 +10
lotal reac € or
a\ll)e. iesidzrl::; i;m;le ?min) 75 76 33 13
APS feed concentration (wi%o) 40.5 - 40.5 40.5 40.5
APS M, 3400 3400 3400 3400
APS M,, 3800 3800 3800 3800
BrAPS Product Analyses
Wt% Br (XRF) 68.1 67.3 67.9 67.0
Thermal HBr, 320°C/15 min/N, (ppm) 119 90 180 104
Thermal color, (320°C/15 min/N,), '
10wt% in chlorobenzene
L 95.45 93.69 89.83 88.30
a -2.31 -3.32 -3.32 -2.62
b 14.80 21.86 30.74 31.67
AE 15.70 22.99 32.58 33.88
fnitial Color, 10 wt% in chlorobenzene
L 99.66 99.63 | 99.50 99.22
a -0.61 -0.71 -0.45 -0.64
b 2.47 2.75 2.64 3.61
AE T 2.63 292 2.81 3.82
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W% Br (XRF) 70.3 69.9 70.1 69.4 Thermal HBr, 320C 15
mn/N2 (ppm) 180 203 168 279 Thermal col or, (320 15
mn/N2), 10 wt % in cbl orobenzene L 90.44 93.87

o 200d00523377 a -1.12 -2.17 9.20 2.27 b 20. 15 #61/882006/023396
24.56 19.75

DSC, T, (°C) 166.0 167.4 168.6 162.6
TGA 1% wt loss temp, N, (°C) 352.8 355.4 354.1 3492
BrAPS GPC

M, 13,000 13,000 | 12,800 12,100
M, 13,500 13,200 | 13,200 12,400
P4 Aromatic rings with ortho-Br (NMR) 72.9 77.0 76.1 66.8
MFT (g/10 min, 220 °C/2.16 kg) 5.7 5.3 5.2 12.1

REFERENCE EXAMPLE G

[0079]  This batch bromination was carried out using an anionic polystyrene having a
number average molecular weight of 3200 and a weight average molecular weight of 3300.
The bromine charge was increased from 2.70 to 3.00 equivalents of bromine per aromatic
ring. A 5.44 g (20.4 mamol) portion of aluminum bromide (Aldrich) was suspended in 199.8
g of dry (<15 ppm water) BCM in a 1-L, 5-necked, jacketed, glass reaction flask cooled to -
4°C by a circulating glycol bath. The reaction flask haviné a flush-mount Teflon polymer
bottom valve was equipped with an overhead air stirrer and Teflon polymer banana-blade
paddle, Friedrich’s condenser (glycol cooled), and thermowell. A constant flow of dry
nitrogen was maintained on the vent line from the condenser to assist in moving exit gases
from the flask to a caustic scrubber. A 500.0 g portion of a 30.0 wt% solution (150.0 g APS,
1.44/n mol) of the anionic polystyrene in dry BCM was charged to a 500-mL graduated
cylinder in a dry box. The graduated cylinder was then set up to pump the APS solution from
the cylinder to a jacketed, glycol-cooled glass mixing tee mounted on the reaction flask. A
solution of BCM (198.9 g) and bromine (690.4 g, 4.320 moles, 3.00 equivalents) was charged
to a second 500-mL graduated cylinder and set up to pump the bromine to the same mixing
tee as the APS solution. A single pump motor (Ismatec peristaltic pump, Cole-Parmer
SY-78017-00) having two pump heads was used to deliver equal volumes of the APS and
bromine solutions to the mixing tee. Both streams were cooled separately by the mixer before
combining at the bottom of the apparatus and dropping into the bromination flask. The
reaction mixture was protected from photo-initiated aliphatic bromination by turning offhood
lights and wrapping the flask and mixing tee with Al foil. Both feeds were started at the same
time and were both completed in 85 min. A rinse of 100 g of dry BCM was used for the APS
solution feed system to assure complete transfer of the polymer to the reaction flask while
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AE 22.49 18.26 44.35 28.76 Initial Color, 10 wt% in

chl or obenzene L 99.60 100.08 95.95 99.40 a -1.29
-0.47 -1.72 -0.84 b 4.19 1.69 11.29 3.64 AE 4.37 1.74
W3 2003/0652338 PCT/US2006/023396

nitrogen was flushed through the bromine feed system to give quantitative transfer of the
bromine. The reaction temperature was maintained at -3°C to 0°C throughout the addition
and subsequent 15 min cook period (with nitrogen purge of the reactor overhead). The catalyst
was deactivated by addition of 8.7 g of water. The organic phase was separated, and then
washed with water, dilute caustic, and finally water. The product was recovered from the
organic phase by addition to vigorously stirred hot (98 °C) water. The solvent distilled from
the hot water leaving a slurry of the brominated polystyrene product in water. After suction
filtering, the white solid was rinsed with water (3 x 2L) and dried to a constant weight of
471.9 g (95% yield) in an oven (120 °C) under a constant nitrogen purge. Product analyses
appear in Table 3.

EXAMPLE 5
[0080] This continuous bromination was carried out as described in Example 1 using 3.00
equivalents bromine. The APS used was the same as used in Reference Example G. Product
analyses are given in Table 3.

REFERENCE EXAMPLE H
[0081] This batch bromination was carried out using an anionic polystyrene having a
number average molecular weight of 6200 and a weight average molecular weight of 6800
following the batch procedure described in Reference Example A except for an increase in the
bromine charge to 3.00 equivalents. A 8.36 g (62.7 mmol) portion of aluminum chloride
(Aldrich) was suspended in 799.1 g of dry (< 15 ppm water) BCM in a 5-L, 5-necked,
jacketed, glass reaction flask cooled to -3 °C by a circulating glycol bath. The reaction flask
having a flush-mount Teflon polymer bottom valve was equipped with an overhead air stirrer
and Teflon polymer banana-blade paddle, Friedrich’ s condenser (glycol cooled), and
thermowell. A constant flow of dry nitrogen was maintained on the vent line from the
condenser to assist in moving exit gases from the flask to a caustic scrubber. A 2093.7 g
portion of a 20.0 wt% solution (418.7 g APS, 4.02/n mol) of the anionic polystyrene in dry
BCM was charged to a 2-L flask in a-dry box. The flask was then set up to pump the APS
solution from the flask to a jacketed, glycol-cooled glass mixing tee mounted on the reaction
flask. Bromine (1927.1 g, 12.06 moles, 3.00 equivalents) was charged to a second 2-L flask
and set up to pump the bromine to the same mixing tee as the APS solution. Both streams
were cooled separately by the mixer before combining at the bottom of the apparatus and
dropping into the bromination flask. The reaction mixture was protected from photo-initiated
aliphatic bromination by turning off hood lights and wrapping the flask and mixing tee with
Al foil. Both feeds were started at the same time and were both completed in 196 min. A rinse
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DSC, Tg (C) 174.2 170.8 184.1 178.7 TGA 1% wt

| oss tenp, N2 (C) 356.4 353.2 361.9 357.5 SrPS GPC

Mh 11,000 12,900 21,400 23,800 M 13,500 13, 200 26, 100
W4 26131005233 . PCT/US2006/023396

of 103 g of dry BCM was used for the APS solution feed system to assure complete transfer
of the polymer to the reaction flask while nitrogen was flushed through the bromine feed
system to give quantitative transfer of the bromine. The reaction temperature was maintained
at -3°C to -1°C throughout the addition and subsequent 15 min cook period (with nitrogen
purge of the reactor overhead). The catalyst was deactivated by addition of 72 g of water. A
73.8 g portion of 10 wt% aqueous sodium sulfite was then added to assure the removal of any
residual bromine. The organic phase was separated, and then washed with water, dilute
caustic, and water. The product was recovered from the organic phase by addition to 6-L of
vigorously stirred hot (98 °C) water in a 12-L pot. The solvent distilled from the hot water
leaving a slurry of the brominated polystyrene product in water. After suction filtering, the
white solid was rinsed with water (3 x 2L) and dried to a constant weight of 1337.1 g (97%
yield) in an oven (150 °C) under a constant nitrogen purge. Product analyses appear in Table
3.

EXAMPLE 6
[0082] This continuous bromination used the same anionic polystyrene used in Reference
Example H (number average molecular weight of 6200 and a weight average molecular
weight of 6800) with only two feed streams to the reactor. The bromine stream, containing
the dissolved AlBr; catalyst, and the APS solution in BCM were metered to the reactor using
two separate pumps An 80-mL capacity glass CSTR was used for the reaction. The reactor
had an outer insulating vacuum jacket and an inner jacket for circulating glycol coolant. The
vessel had two inlet ports on the bottom for delivery of reagent solutions directly under the

- bottom turbine blade of the dual Teflon polymer turbine agitator (operated at 400 rpm). An

overflow port located just above the top turbine blade allowed the reaction mixture to flow
by gravity to a splitter that could direct the flow to the main product quench pot (5-L fully
jacketed round bottom flask with paddle stirrer) or a secondary waste quench pot (2-L
Erlenmeyer with magnetic stirrer). Exit gases from the CSTR passed overhead through a
Friedrich’s condenser and into an aqueous caustic scrubber with assistance from a constant
nitrogen purge at the top of the condenser. During the bromination, the room and hood lights
were turned off to minimize photobromination.

[0083] Two identical pumps (Ismatec peristaltic pump, Cole-Parmer SY-780 17-00) were
used to deliver the bromine/AlBr, and APS/BCM solutions to the CSTR using feed lines of
Teflon polymer (1/8”) and Viton fluoroelastomer (0.10”, Cole-Parmer, SY-07605-46). The
operation was started by charging the CSTR with dry BCM (170.2 g) and cooling the contents
of the reactor to -5 °C. The bromine solution (18.01 g AlBr,in 2070.9 g Br,) and APS solution

(450.58 g APSin 1802.3 gBCM, 20.0 Wi% APS) feeds to the reactor were started at the same
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A Aromatic rings with ortho-Br (NVR) 90.7 84.3 85.3
78.8 MFI (g/10 min, 235C/2.16 kg) 9.5 20.5 --- --- ME
(g/10 min, 270C/ 2.16 kg) --- --- 47.2 96.7 [0084]
wehbzeds2siimari zes the results of eval uati onpoOf/UspoesER3396
filled nylon 6,6 polynmer bl ends containing various

time or (? g} tggtvg;?eg]%fl% ?3%%19 ﬁgrth%&%?e 0611(;;11?10;1 l ’?%enr&ﬁfng rfgeg%é WS9%3
ml/mfpo hr;dstheyAEs feed Altdbrens.2emlioip ?FhaCS'BR}QmI@aéuﬁ vmﬁdef@m +3°Cto
+7° g %%”@a%?%qf?s?% Brslns PES. & 2t Sk LARRECOOR v
diredpddoBithedste @eh eoesiniRg 1168 g€ 6 vEXaapkas Naosmg Mfter this
p01n 2 %g%%ggvo g'zarﬁ’ @%&V@ggé)tg t&%@%@%g%@ﬁk& (fé &P{r@éo‘ég TPy &%
aqueq;q@efNanSOg) to collect the steady state product. A small amount (62.9 g) of bromme
solution remained unused when the APS solution was depleted after 221 min of operation.
The weights of feed solutions used were:

1) 20.0 wt% APS in BCM, 2252.9 g (4.326/n mol APS)

2) Br,, 2008.0 g (12.57 mol), 2.90 equiv.

3) 0.86 wt% AlBr, in Br,, 17.46 g (0.0655 mol), 1.51 mol%
The average residence time for the reaction mass in the CSTR was 9 min. The organic phase
in the main quench pot was transferred to a 2-L separatory funnel and then diluted with a
BCM rinse (538 g) of the quench pot.. The diluted organic phase was then washed with water,
dilute caustic, and finally water to remove residual acid and salts. The neutralized organic
phase was pumped into 6-L of vigorously stirred hot (98 °C) water to obtain a slurry of white
finely divided solid in water. The slurry was suction filtered, and the solid was rinsed on the
filter with water (3x2L). The wet cake (1702 g) was dried in a nitrogen purged oven at 130 °C
to a constant weight of 1219.3 g. Analytical results for the product are summarized in Table
3.

TABLE 3
BATCH AND CONTINUOUS BROMINATION REACTIONS
FOR HIGH BROMINE BrPS PRODUCTS
Example Ref G 5 Ref H 6
Bromination Process Batch | Continuous || Batch | Continuous
Catalyst AlBr, AlBr, AlCl, AlBr,
ALX,, mole % ~ 142 1.22 1.56 1.51
Maximum reaction Temp (°C) 0 5 -1 7
T'otal reaction time or
ave. residence time (min) 100 8 211 9
APS feed concentration (wt%) 30.0 30.0 20.0 20.0
APS M, _ 3200 3200 6100 " 6100
APS M, 3300 | 3300 6800 6800
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"arts Zytel 70043L . ol yner
70.0 70.0 70.0 "arts Zytel

woLb@BS80TM Fire - -

23.1

101 pol yner

(43% gl ass) 69.9 69.9 70.0

2.8 0.4 3.2 3.2
3.2 3.2 "arts Saytex 3010, 68.0%20.7 -- -- -
- 'arts Br PBcB8fdodbr33oe

APS, .9.9%Br (continuous Br) -- -- 20.2 --

BrAPS Product Analyses

Wt% Br (XRF) 70.3 69.9 70.1 69.4

Thermal HBr, 320°C/15 min/N, (ppm) 180 203 168 279

Thermal color, (320 C/15 min/N,),

10 wt% in chlorobenzene

L 90.44 93.87 64.71 79.77
-1.12 -2.17 9.20 2.27
20.15 16.98 24.56 19.75

AE 22.49 18.26 44.35 28.76

[nitial Color, 10 wt% in chlorobenzene

L 99.60 100.08 95.95 99.40
-1.29 -0.47 -1.72 -0.84

b 4.19 1.69 11.29 3.64

AE 4.37 1.74 12.23 3.78

DSC, T, (°C) 174.2 170.8 184.1 178.7

TGA 1% wt loss temp, N, (°C) 356.4 353.2 361.9 357.5

BrPS GPC

M, 11,000 12,900 21,400 23,800

M, 13,500 13,200 26,100 24,000

% Aromatic rings with ortho-Br (NMR) 90.7 84.3 85.3 78.8

MFI (g/10 min, 235°C/2.16 kg) 9.5 20.5 -—- ---

MEFI (g/10 min, 270°C/2.16 kg) 47.2 96.7

[0084] Table4 summarizes the results of evaluation of glass filled nylon 6,6 polymer blends
containing various brominated flame retardants. The flame retardants used were Saytex

HP-3010 polymer (brominated polystyrene; Albemarle Corporation), Great Lakes PDBS-
80™, and samples of brominated polystyrenes of this invention from Examples 5 and 6, and
samples of brominated polystyrenes Reference Examples G and H.
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-- arts BrPS 3300 Mv APS, 0. 3% Br
' arts BrPS 6800 Mv AX' S,

(batch Br)

.9.4% Br (continuous Br)

-- --20.2 ‘'arts BrPS 6800 Mv APS, 0.1% Br (batch Br)
WO 2007/065233 - 20.2 "arts Antinony Trioxide 6. 2cHuR2006/@3396
6.2 6.26.2 (r) 0.40.40.4
TABLE 4
... | Commercial

BrPS Sampi: Commercial PDBS-80 Ex.5 | Ref. G |Ex. 6 |Ref. H
Parts Zytel ~ 70G43L
bolymer (43% glass) 69.9 69.9 70.0 | 70.0 | 70.0 | 70.0
Parts Zytel 101 polymer 2.8 0.4 3.2 3.2 3.2 32
Parts Saytex =~ 3010, 68.0% |  20.7 - - - - -
Parts PDBS-80™ Fire - 23.1 - -- - --
Parts BrPS 3300 Mw APS, N ~ o2 | - | - T =
$9.9% Br (continuous Br) '
Parts BrPS 3300 Mw APS, _ _ ] 202 _ _
70.3% Br (batch Br) ) .

arts BrPS 6800 Mw APS, _ _ _ j 20.2 _
69.4% Br (continuous Br) ) ) .
Parts BrPS 6800 Mw APS, _ B B _ _ 20.2
70.1% Br (batch Br) :
Parts Antimony Trioxide 6.2 6.2 6.2 6.2 6.2 6.2
Parts PTFE Teflon ® 0.4 0.4 0.4 0.4 0.4 0.4
TESTING RESULTS
UL-94 @ 1/16" V-0 V-0 V-0 V-0 | V-0 ] V-0
Burn Time T1 25.5 18.9 21.0 | 246 | 373 | 16.6
Burn Time T1 + T2 30.4 23.0 254 | 30.1 | 455 ] 2438
Drip No No No No No No
Melt Viscosity @ 250°C, _ _
7300 1/sec; Pa* sec 49 45 59 61
Melt Viscosity @ 265°C, B B
7300 1/sec; Pa* sec 44 43 44 49
Notched Izod, fi-lb 1.5 1.3 1.8 1.8 1.7 1.6
Tensile @ Break, kpsi 19.0 17.7 20.8 | 209 193 | 194
Elongation @ Break, % 29 2.7 33 3.6 3.2 3.3

[0085]

embodiments such as for example:

[0086] )

From the foregoing it can be seen that this invention includes various additional

A process of preparing a brominated styrenic polymer having increased

melt flow properties measurable by use of ASTM Test Method D1238-00, which process

comprises:

A) continuously forming reaction mixture from (i) a brominating agent, (ii) a solution of
styrenic polymer in a solvent, and (iii) aluminum halide catalyst in which the halogen
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0.4 0.4 0.4 arts PTFE Tefl on STI NG

RESULTS -94 (r) 1/16" V-0 V-0 V-0 V-0 V-0 V-0 :
urn Tine T1 25.5 18.9
WO 2007/005233 PCT/US2006/023396

atoms are bromine or chlorine with at least one such halogen atom being a bromine
atom; _
B) causing said reaction mixture to continuously travel through and exit from a reaction

zone maintained at one or more temperatures in the range of -20 to +20°C (preferably

in the range of 1 to 10°C and more preferably in the range of 1 to 5°C), so that
bromination of polymer occurs during at least a portion of such travel;

6] terminating bromination of polymer in the reaction mixture as or after reaction
mixture exits from the reaction zone; and

D) continuously having the time between formation of reaction mixture in A) and
termination in C) in the range of 20 minutes or less (preferably 10 minutes or less and
more preferably 5 minutes or less).

[0087] I) A processofpreparinga brominated styrenic polymer product having increased

- melt flow properties at 235°C and 2.16 kg or at 270°C and 2.16 kg in the melt flow index

test, which process comprises:
A) continuously forming in, and continuously withdrawing from, a reaction zone

maintained at one or more temperatures in the range of -20°C to +20°C (preferably
in the range of 1 to 10°C and more preferably in the range of 1 to 5 °C), a bromination
reaction mixture formed from (i) a brominating agent, (ii) a solution of styrenic
polymer in a solvent, and (iii) aluminum halide catalyst in which the halogen atoms
are bromine or chlorine with at least one such halogen atom being a bromine atom;
B) providing reaction mixture in the reaction zone a residence time for bromination of
polymer to occur, such residence time being in the range of no more than about 20
minutes (preferably 10 minutes or less and more preferably 5 minutes or less) between
formation and withdrawal of reaction mixture; and
O terminating bromination of polymer in withdrawn reaction mixture within 10 minutes
(preferably within 5 minutes) after withdrawal, the total time of B) and C) being no
more than about 20 minutes.
[0088] II) A process as in I) or II) wherein bromination of polymer is terminated in C)
by quenching withdrawn reaction mixture with a quenching composition comprising water
in the liquid state.
[0089]  As used anywhere herein, including the claims, the terms “continuous” and
“continuously” denote that the operation referred to ordinarily proceeds without interruption
in time provided however that an interruption is permissible if of a duration that does not
disrupt steady-state conditions of that operation. If the interruption is of a duration that
disrupts steady-state operation, a steady state condition of operation should be achieved before
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21.0 24.6 37.3 16.6 : urn Time T1 + T2 30.4 23.0 25.4
30.1 45.5 24.8 1l rip No No No No No No eh Viscosity
@ 250C, 300 1/sec; Pa* sec 49 45 -- -- 59 61 elt

Wb SeoRIRys @265 C, 300 1/sec; Pa* sec 44 43 Hdr/d$006/023396
-- otched lzod, ft-1b 1.5

resuming collection of the product.

[0090] TItis to be understood that the components referred to by chemical name or formula
anywhere in the specification or claims hereof, whether referred to in the singular or plural,
are identified as they exist prior to coming into contact with another substance referred to by
chemical name or chemical type (e.g., another component, or a solvent). It matters not what
preliminary chemical changes, transformations and/or reactions, if any, take place in the
resulting mixture or solution as such changes, transformations, and/or reactions are the natural
result of bringing the specified components together under the conditions called for pursuant
to this disclosure. Thus the components are identified as ingredients to be brought together
in connection with performing a desired operation or in forming a desired composition. Even
though the claims hereinafter may refer to substances, components and/or ingredients in the
present tense ("comprises”, "is"), the reference is to the substance, component or ingredient
as it existed at the time just before it was first contacted, blended or mixed with one or more
other substances, components and/or ingredients in accordance with the present disclosure.
The fact that a substance, component or ingredient may have lost its original identity through
a chemical reaction or transformation during the course of contacting, blending or mixing
operations, if conducted in accordance with this disclosure and with the application of
common sense and the ordinary skill of a chemist, is thus wholly immaterial for an accurate
understanding and appreciation of the true meaning and substance of this disclosure and the
claims thereof.

[0091] Each and every patent or publication referred to in any portion of this specification
is incorporated i toto into this disclosure by reference, as if fully set forth herein.

[0092] 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. Rather, what is intended
to be covered is as set forth in the ensuing claims and the equivalents thereof permitted as a
matter of law.
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3.6 3.2 3.3 30[0085] Fromthe foregoing it can be
seen that this invention includes various additional
enbodi nents such as for exanple: [0086]1) Aprocess
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B) causing said reaction mxture tqo continuously
atoppseage ProfRerghlasing Vet at leasionessuplbbrlpgearatom hging a’bromine atom,

at 5@ SHRb8 @anl?e(ratf?fé? iPthe TSR JrERPR) -AMESS thdl bhhﬁmB@&gﬁ" polymer
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25‘ %/ i Cﬁhere ctjgg xture as or after reaction
P%%FsaséS% Al ghgrein D JSoming, 7 one:  and

3. A process as in Claim 1 wherein at least 50 wt% of the styrenic polymer used in

forming (ii) is polystyrene.
4. A process as in Claim 3 wherein said polystyrene is anionic polystyrene.

5. A process as in Claim 1 wherein the styrenic polymer used in forming (ii) is

polystyrene.
6. A process as in Claim 5 wherein said polystyrene is anionic polystyrene.

7. A process as in Claim 1 wherein (i) is bromine and wherein at least 50 wt% of the

styrenic polymer used in forming (ii) is polystyrene.
8. A process as in Claim 7 wherein said polystyrene is anionic polystyrene.

9. A process as in Claim 1 wherein the styrenic polymer used in forming (ii) is anionic

styrenic polymer.

10. A process as in Claim 1 wherein (i) is bromine and wherein the styrenic polymer used

in forming (ii) is polystyrene.

11. A process as in Claim 10 wherein said polystyrene is anionic polystyrene.
12. A process as in Claim 1 wherein (iii) is comprised of aluminum tribromide.
13. A process as in Claim 12 wherein (i) is bromine.

14. A process as in Claim 13 wherein at least 50 wt% of the styrenic polymer used in

forming (ii) is comprised of polystyrene.
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dte ting is as or after reaction mxture exits

thef cantinudus travakofl said peaetéon mirdure @ Adas oy eaid lupstream inlgt zone to

salgn@“%lét?%rﬁ §{1 Y\Eegnef é’ré{fﬁ lée% h%far\}{;leﬁ %8 ttén?&] 5@1?9 fie !llﬁufé?ephase of
the? deactforp G Sdutihgl ﬁlchGntmuaﬁ)s whedl db nndilteintd ramsmdtormnor more

of brom nation of onme in B carried out
terpRAEHENTS fiythe dange q§n Moctares WHS‘%‘”’e‘EF%“‘Pg& ‘ter{sacﬂ%n mixture in
A)rfﬁﬁﬁ HeABadBRS oM isFrddn G4 AEWh A aMSTRIRE:dneOfhddSh&@Eindhd Rhction
such reaction mxture exits fromthe reacti on zone,
sai d quenching conposition conprising water in the
liquid state. 22. A process as in Caim?21 wherein the
quenching i s conducted by dPscontinuously quenching
the reaction mxture that exits fromthe reaction
zone. 23. A process as in Caim?21 wherein the
guenching is conducted continuously. 24. A process as
in Caim20 wherein (i) is bromne. 25. A process as
in Claim24 wherein the reaction m xture as



26. A process as in Claim25 wherein (iii) is

conprised of alumnumtribromde. 27. A process as in

any of Clains 20-26 wherein said bronm nation reaction

m xture is fornmed by feeding (i) and (ii) continuously

but separately fromeach other, into the reaction

zone, and feeding (iii) as a separate continuous feed

and/or as a pulsating feed with tine intervals between
mig{iflrldé'S 68 it exdfs’ frdth P L& Forf Sorleis (Bagégm ifth m&‘&ﬁh Nohé iih IwHich the

a separate continuous fee A process as

redctiod Iﬁ)&xmf‘e @I cuienehed Ovift6 a wuemobing mp»sibnoo reomgtiseshof water in the
,react|on m xture is formed by feeding (ii) and a
lighidtait-e of (i) and (iii) contlnuously into the

reactlon zon he. f ed of sepalate
OF AoPPEAR of GRGITT 1 muHeiA e deGrot( et TR tpT TggIe from the
reaﬁﬁgﬁ: §<§§ 1ﬁ§&)'1ﬁ‘ reibnQb tifel redeBF c&&n&@uy%ealﬁg h Al &esﬁaﬁﬁt@lﬁib@ such
in(1i) is anionic polystyrene. 31. A p %ess
thaasthc rvomye of figl HEvRingOopBnishet Hienfeastion mrlﬁererrﬁm@) glantially
Qhe range of 1 to 10 mnutes. 32. A process as in
%%lof Gl aims 20-26 wherein said time in C is in the

37C$é%§% o‘é@sl %18@\5%% I}@%h ?ehn (@?S tgxérﬁll?rgeozﬁﬁls@r?g§ cbﬂpi?{@ﬁ cﬁ* alummum

m&ﬁhﬁdﬁ @V}ﬁfﬂll}/ sdiyf ceiinuandfesdiap off 1) s dnd (i is afonm)lctedsby feeding
the range of 1 t 10 mnutes.., 34. A process
(idcpngh Uil (idiend G aor%tanﬁgu%?shmés the seacfiop RS %E‘éh%fee‘i of (ii)
befng sgpalﬂlt@ WoRBthe ek of%@&%&ﬁ%%f 29 ahd (i) nEwAHreM §4i€ b or more
id reaction zone has an upstreaminl et zone and a
terdpanatytes erermajntainst iy hgsangaiobd &0 A09(n A) the reaction
m xture is continuously fornmed by continuously feeding
38( A)prodess Js imGikifi 37 Wharein thesstyrania pelymea in (1 iseanionigeolyssyrene.
conti nuously produce said reaction mxture in the
reacti on zone; wherein said reaction m xture conprises
a liquid phase in which brom nation of styrenic
pol ymer can occur; wherein the continuous travel of
said reaction mxture in A is fromsaid upstream
inlet zone to said downstream outl et zone and at | east
the average tenperature of the |liquid phase of the
reaction m xture during said continuous travel is
mai ntai ned at said one or nore tenperatures in the
range of -20 to +20C, wherein the exiting of the
reaction mxture in A) fromthe reaction zone is from
sai d downstream outl et zone; and wherein the reaction
m xture as it exits fromthe reaction zone is passed
into a quench zone in which the reaction mxture is
guenched with a quenchi ng conposition conprised of
water in the liquid state. 36. A process as in Caim
35 wherein the rate of exiting of reaction m xture
fromthe reaction zone in A) inrelation to the rate
of continuous feeding in A) are maintai ned such that
the volune of the traveling contents of the reaction
zone remai ns substantially constant. 37. A process as
in Claim35 wherein (i) is bromine and (iii) is
conprised of alum numtribromde; wherein said
conti nuous feeding of (i), (ii) and (iii) is conducted
by feeding (ii) and a mxture of (i) and (iii)
continuously into the reaction zone, with the feed of
(ii) being separate fromthe feed of the m xture of
(i) and (iii); and wherein said one or nore
tenperatures are naintained in the range of 1 to 10C
38. A process as in Caim37 wherein the styrenic
polymer in (ii) is anionic48d°%styrene.



