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BROM NATEDSTYRENI C POLYMERS AND THEI R GKEI KAJL | UJ>
TECHNI CAL FI ELD [0001] This invention relates to
wonrevics23ed styrenic polyners with inproved nebPCTMUSEMWG6/023396

properties, such as inproved nelt flow and/or |ow
color values

5 677 390 5, 686 538 5 767 203 5 852 131 5 852 132,

5,916, 978, 6,113,381, 6,207,765, 6,232,393, 6,232,408,

6, 235, 831 6, 235, 84EECHM%MBELBnd 6,521,714

e i.b t

[OOOI]S i[izg 1§1vet'nt re1a§esbt8 fblrc?ﬁ{%gt g%@%& Eglg%?]% }Vgtgq}i’{?ro?ég %E;eh flow
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use. Pest known properties of any previously-known

brom nated styrenic polyner. In this connection, the

ternms "brom nated styrenic polynmer” and "brom nated

pol ystyrene" as used BACKIGROD®MD fication and in the
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een roduce or rovi de
monog*;e;,sr &6 ropstighal tlﬁd@qtqgg) IEHEETS; O PORENSTS fynice g?eg&consi%erably
differ8itdfod blovingied pbly¥gtdiesn a E’Iumbeﬂ &gsspebig. conbi nati on of

[000332?@\}% ?lget pr er t e gneggoﬁsg\e? %e%gc{eﬁbd S\%Iﬁré]{lllg ﬁ%n%es to improve
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provié NhIRngEd mEemNVENmemaYl@g@hq high mpek ‘P]‘B\MaB@é ﬁnd/ or low color
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proceh@higredatiMMoni@s sig ahdkiecsdshiple the prdtmction of sadhi inmproewachiopnnated
m xture Js formed and exists for a very short period

Sbmaa?P?WﬁE at a suitably |low tenmperature and then the
reaction i s promptly

BRIEF SUMMARY OF THE INVENTION
[0004] It has now been discovered, inter alia, that in the aluminum halide catalyzed

“bromination of a styrenic polymer, reaction time has a profound influence on the type of

product formed. More specifically, if the bromination reaction mixture is formed and exists
for a very short period of time at a suitably low temperature and then the reaction is promptly
terminated, a brominated styrenic polymer is formed having improved melt flow and/or color
properties as compared to products produced in a reaction mixture that exists for a longer
period of time, such as during a feed period of 30 minutes and a cook period of 5 minutes, the
shortest residence times referred to in commonly-owned U.S. Pat. Nos. 6,113,381,6,232,393,
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term nated, a brom nated styrenic polyner is forned

havi ng i nproved nelt flow and/or color properties as
woangansxddt o products produced in a reaction nMPETAISE006/023396

that exists for a |longer period of tine, such as
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ent rocesses conduct
prodwcﬁ%@# ﬁ f B tIHES. and {hey Q}ﬂshtglhr@ﬁg éﬁvm@@s\a orthads’s 3,4,5-
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h the | eas avor ed oss
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h onf or mat i ons r
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styremmpdslmﬁle pf@él‘ablyl L&ﬁfgssltj‘rrﬁm?: %Bfnfe@ ‘f&*rr[& Hyrf?eeqlaﬁﬁ nvs menzatmn

ow for I.S0 havi ng greate
snd nf BRI Py Ik st miabrogieorcas  PHe Boppieatim. which
proceg$i dohprisest mbingaining taireaction aixtirs foeied Grobo (e Brdihﬁh&ﬂﬁﬂ.fﬁgent (ii)

a soluﬁrQ% Eg%@h' ﬁﬁ‘&ﬁ& bOrdeS irfa &)1{76%'[ d%usi filhao% hallad ceaslyst in which
the halogen atoms are bromine or chlorine with at least one such halogen atom being a

bromine atom, at one or more temperatures in the range of -20 to +20 °C so that bromination
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~ hereingfter. t&l

tenperature observed for products of this invention as
conpared to conparabl e products produced w th | onger
woeerises3r esi dence times. [0006] Accordingly, POMAIS2006/023396
Snbodlneng of this invention is a process of preparlng
rom nat ed styrenic pol yner e erabl u3|n
of polygetryacenrss 3 ?‘H%%tge biopnatign %{WWB? P a""é ymixtire in
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havingyi)arbromiriengniageofiaf legstiapost Gair af math, &fr esmmlesn theannge of about
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refore.t
the perpsutage offtherspmdtieringthiayingoythe hr%mp@ oS theren 1 ey IOUSﬁ’-kHOWH

ar afife réeQ h aBbve, th
comp?rgglg@ %gi&tte&%l%br\}wi‘é?/oﬂ%ﬂuﬁxhﬁﬁﬁrs SR EaNR r&RBhLRgiveh aBbve, these

h 7
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conte@ﬂdf@f lehst whiit 66 wied d 1as itaniabowst A2 rvePi, e. gnih yreemsgeodt abhuts6-71

Wt% gr%g}réﬁ@bg%%g{eo romlr(fag%{o (téfrﬁc Etﬂ{)tn% %dgﬂ{ﬂgr% o? Iﬁé‘gﬁ%dimen’t
have browsm ¢canentsinghoringaoéaban 60Vt yr eni ¢ pol ymer
[00091’2“1? g%ﬁlgh q% gﬁ%\%ﬁfﬁrr{ga@%o% a{ﬁ?ﬁt&%’tﬁ@ meeﬁﬁvepfbr(ﬁhmh&dsdmomc

or exanplie_ in he ran about
styrerge Ppb’mﬁr%oirihlsv\ﬁéfﬁéﬁlw daye obes Fal?lg AL lﬁs vaoéhe’%aHB’le a

bromﬁ%fe@%ﬁfo%&epo%tsq&émthﬁ mvem,ﬁan kmy ifdighdas bhve i widsoslly low initial
atons thereon as neasu i(qypr ot on is | ess

color (A oA e Agesimt TirEah SHaLivAo) PRESFHE EFgReh gy the 320°C
Thenﬁ%lggr%ﬁggtiy? déngEAfsB i8R BrdHink &I ORY. Y7KROWbr&aTRREADbEobtained

anioni c styreni c polymers. Forthe _sane

usingrseeeshigchnplegy,fiihigdpvaation O ECHE B RT3 SRR
[()()l(ﬁt YAﬁzﬁt ﬁoﬁﬂu}ﬁtﬂi&&fm@l;t ﬂb{w opérkies] Ik’;llﬁgﬁlivemwlh catsalab pyovidevanionic
brom ne conten a I
Styte VRS NE P RS G lmﬁwﬁ Pl iR At ARt BREgrably one
or motk ¥dditirad hizhbf desaibly ptdpesies apwelhr Amaed@elmmglmldmg the claims,
styre £ t>
the teggﬁ%gftug sts;lo ln¥ x E}?Iéé%‘ e1I %Pﬁaﬁgﬁ%ﬁg d&fb‘f@s tR4QRE fymer referred

to has been produced by use of an amomc polymenza‘uon 1n1t1ator such as a lithium alkyl.

[0011] Accordingly another embodiment of this invention is brominated anionic styrenic
polymer wherein said polymer has an initial Hunter Solution AE value in the range of above
zero to 1.50, preferably in the range of 0.15 to 1.40, and even more preferably in the range of
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[0009] In addition to superior nelt flow

characteristics the novel brom nated anionic styrenic
woabyress3of this invention have ot her desirabPbPeT/Us2006/023396

properties. For exanple, a brom nated anionic

0.18 W a3 b 5o lnihers DREINRIEH BRioPIOAORER. PApTIAtAR Bl dhe GPC
Welghtt ah%ugel mélbélld Wélght((mwp nmhblaaﬁgeaﬁ" SJmKerﬁ'&le(m/(prtfera:bBOm the
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thermadl 8&BNRY @0the 320 T dﬁ II'i‘aemﬁBI Sedbiiling Tiest dfeiéﬁ mpmnﬁ}i{]&]e@ 1a3§ (preferably

1205 SRS B i bR AR A SR BHBSF s cxamp

inthe ﬁﬁg@éﬁ a@oﬁﬁéﬁtmm pod ymap&lﬁmi\abnge eaxuaﬂglimls ﬂlahahpmtﬂﬂw%, e.g.

|
nthe f&a%? ? at?r? 3{ &;? fg)JWf eS| 788 fef&gﬁg o ﬁlt é’g alwe ?'%mw or (4)
a combisetothef aiyriyoj mlh,tljxenQOﬁ(ﬂé (%) é3)ms t he term "anionic

[0012](St AP f}e%ttﬂ@% MR mbo@imen® 4 fQRis fnRAli ¥S WL BO&11l Fieet Sparent from

ynmer referred to has been produced by use
the en%}ﬂngldeﬁﬁﬁp W%ﬂcﬁcﬁﬂpﬁ' ickMSon initiator, such as a

I :ct{u um al kyl . [0011] Accordingly anot her embodi ment

o o . alr .

por Jehukvighif X BRRTARR AR TP T PEYERMEN
ProcesSOla¢hhelogE val ue in the range of above zero to 1.50,

[OOISE " :(;) %glp(ydﬂng %gth{sgﬁg&tﬂ)&dg %%o?oéeg’s afg}%%parﬁ%%@ﬁ%hté@&?remc

polymhwhephl@am  eraduciedan &hﬁ!itoclﬁl os sginiehiteh PFOPsAiE §s ap%nwaweprocess
This p@&esé‘c@ﬁ@é@ hﬁhﬁalﬁl fa@@&:uﬁﬁ hegtikormed ﬂbﬁn (()M@roinﬁhaltlhg agent,

ran 8, 000 OOO f
(i) & sTOUBOO SISO ObC 3 AR GREHED S Bl iy i pbich
each h?{ag) QQ’glc_iansanhM?e gﬂllﬁroﬁﬁﬂe z&oﬂhhﬁ;hmi avstagbbf atflgast onet sneh halogen
e[ na a t
stom e plgrls PP 35 Bhe Bt Ol Srad et s Trlnctimd 3220 to
+20°C ;@16 tebréthination @Qﬁﬂyrﬁ&m&ulﬁﬁarm’r tefifinutiig tht brorematips ef pelymer
0,
in suci}ggaé{tq%ggr’ﬁlégée %ﬁ%ﬁﬁ%&%ﬁfﬁﬁﬁﬁ@l@?& orl? g,lt Iﬁgﬁje}‘ag)ﬁ)b Y(? h%mutes
or les.a%dtm&@ p?éfewb% 5 mimutepoeleps. eUsualylthe mnmtrhml bamgieatn time is

approg}rpaﬁf: g ¥Vt 0/% %1(5 (chd'gnn?%;;:o%n%k‘)@ﬁ@]aﬁ% Qf‘mea?% ;1%@? ggl‘?ﬁ% which

bromientiaulcarecrcar. dFor ekanaplirifisnay.iaoniintgusteedsfi(ii) isinjfipied |f0110wed 1
minutd @ﬁ@fﬂ]@ﬁ%ﬁh&%@&mﬁﬂﬁéﬂs‘}ge i)' RlibRBd 2Rdnae Qﬁ&d@dmﬁatlon of

DETAI LED. DE OF. TH
a confperscised ot finahe Gyopinetia) tl@}?est%m(ﬁ}l R tm%?ﬂ%?@g 1684 of ()
becauk® VB Nhé Yot Iwd RMEE rodinapiba PRsIldthdiresimatied more particular

AT e O
wt% @ﬂ‘the eeysexﬁo pelyinse snare prefeablyag leastr 8avth oﬁthm sprenie polymer used
in fonam% luP gﬂ &t sFyr@mp f)&%ﬁ‘l@%f (pga‘tﬂﬁf@ ﬁtgyn dy(sk}}rénea F58h HlokOfteferably

al um num
polys’ryadmajiesebfas a$e5219n f¢rmmmﬂ@|$0b&1@n oh§Dgere-at om i s a

[()OlzféhI OCbﬁﬁﬁ ﬁefnlt@fﬁ Thep ?uﬁk&ﬁbé\"ﬂr&bcﬁﬁo@d%aﬁi@d@ée Bionhi@@sd styrenic

ne su ogen atom per I'ecul e be
polyrBars GpnIAIE RGHIAGF QUL of Bomige YHC %ﬁaﬂ‘faélﬁ Bl i e range
from BPleast about 50 wi% up to a max1mu1n of about 72 wt%. Thus, brommated styrenic

polymers that can be produced by a process of this invention typically contain at least about
50 wt%, preferably at least about 60 wt%, more preferably at least about 67 wt%, and still
more preferably in the range of 68 to 72 wt% of bromine. The manner of proportioning the
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+20 C so that brom nation of polynmer occurs, and
termnating the brom nation of polyner in such

woeerioos33 m xture in a brom nation tine of 20 RCMAWSE®6/023396
or less, preferably 10 m nutes or |less, and nore
preferabl 5 mnutes or |ess,. Usual.
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further dettadls sthmDnsmthommoalymnadmatﬁln@ eéeangd i6 af(the P‘)"‘SGt One of
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pre y at . least out

feeds apdto Aleav 8 peried ‘Pﬁﬂt aply le? apigpiey beier feemingHpgt %T%r@gmtagon at or
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r an rom

compaRAR e (eI, (aEHF 81F 17 GHTAEPEU AL Erivet S i frghe ast
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unen O ne unfam
sufficieintly ragieé agmuom@@d reffgerttigop g oﬂ&xeamcé,orsq@atw@ sodhat the reaction

tempe%%ﬁrquﬁﬁ i B(ecﬂ%ﬂﬂﬁithg abSRL $ebiis Eé‘nﬁ%r&tﬁre&&née@ EnPwisiRh suitable

vant ageous features of this
bromlinﬁil@hteiaéﬁhoﬂ %mﬁ ﬁﬁﬂo oEe (hap cRAY 20dpHSogy of this

[0016% NVent eferRl AMbae SF %p@atlém panibyy WPty edenomeitobesiuse of a

contifpge BRRAY A 0% BB MaEr et Siman Rl s ilehti, FRREHs Bovideda
procesy ofaltop:eing] oM latclsereniapelywsr,i wluish PEOESSSi qempiniseh t he
A) g&gﬁgﬁéf%c@(gn %Qtﬁrhlc%ﬁﬁﬂ%dug{}ef?ﬂnge froﬁf’\% eﬁ’ﬂé tcom?ﬂﬁ‘ed of ) a

s dmombatiod agesd it S@ﬁmfusmmﬁwvméémraéﬁ Pigpty and (i) aluminum
Ir glgagtﬁgér:ﬁél & nﬁi&gﬁg 'El??ltalri) rgéh Qttorr{s 'ﬁ'}@cﬁﬁit‘ilm{d drichlokiRé &oms and in which
[ ot reactor s

etk lenghane sveh AlorRdS aalrﬂg)mm<? rfo 89@%@3%&8@%&5};\?@ exit from
u rhq@ﬁcgﬁh%n@mgfr@a[ﬂl&ﬁﬁ bRSor B thiaPerdRes: if e rex@add20 to +20°C,
about 20 mnutes. At about 20 mihutes or |less, the

m anﬂandenablyhinﬂlesange pehtogdr” G; saibipthroingnatiap pﬁpqul@}g@?@hl‘é during

er b¥ [ ntr t| on1 of a quenching conposition into

%‘fﬁo’&l‘) d@#¥P? ng the contents of the reactor
B) | rtbnmaamnga brdmmngtmnegﬁpblymnmmthﬁ mepctipie mixture as or after reaction

mixture exits from the reaction zone; and
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guenchi ng conposition. In this way, no portion of the

reacti on m xture undergoes brom nation for nore than
wahonroo233m nutes. So that the |ast portion of PCT/US2006/023396

conponents fed to the reactor have sufficient time to

C)  matresel hins G penesd fometpt o THsln oo ShoR) and
rfbl?lﬁh@ﬁorbmf]@)’ ia thefanpaaf 1 120 ménleg prefatablynindbe mnge of 1 to 10
W |
e e Eng R TGt o L0, o 1 ese

In condiotipgthésdontifiiigus pfacess, prafedatily thie yeaction méstyes ag gorginuously formed

in A) i &?rb gllf?eld (H?&i[ eﬂatglgéﬂent alfq%u?m'i&t[h‘ét pfdrily Hrédfiating

component to uhder g %ﬁ ronlnatlon Thi s

agent i Gtashing: enelerPieRYCHe RTINS HS SPRREOYN SHBUNR g Of the
liquid F@Rtih hitktuRIbGHd @dhti‘ﬂﬁoﬁﬂ? £&@I0 MRt t8roh MeanfinBe' sfamotsermeans
i B 8 S LA O G i
portloﬁ emqe tighidreactionaiixttisl feedling ird thetdoafindsmas be perointplislid by use
of an 1}1%65 ero%tfé” I}%g&%?g &/h?cﬂqe%eﬁ}laﬁ Fs, t@@b&@}bgﬁhg rl@[md%ﬁétf?)ﬁ mixture

being frpeé ireuhc eehCtionieongfso mmthr@ﬁumi Kuegetinfaghe Hawd ab ftJeaves the
injectdrbf ?&tdllﬂ?%ﬂoﬁé’ oy § Batb'l%‘erﬁif-ba?lc}? ﬁ rhildiPIhSa RIrREESE type dilt€action
e

e e S S Ao v b ) B o

proxinfiy YoTRie, petfphely ¢Irtbe ethiging Wigptes Soshat/the bansinads reiaklyi dspersed

withingh bpd of BF SR FRAGR BYRITE bhg TOrREEE IR aBid. ooc
[0017pt y fre theccqmbiyiomesr mbde af 9p¢mbm thearedetion myixtyreyfarmednin A) from
comp(;}l%n{sctﬁbfiﬁ%%{dyﬁic? dafl bg"gd %aﬁkﬁis%g FbPEENHIE thY Brdhiifation

t.] h ato
reactigrsmixtiesan he famedpy fes @6&1)4 wm@@l)?ﬁ‘li@a%ﬂﬁmiﬁ%ﬁ%&w from

each o@ﬁ%‘r 1é1fd' t?me%cﬁﬁﬂz?ﬁlb OAnétﬁ&GwziSBcbﬂﬂ)ﬁmﬁig thetiromiention rémtien mixture
ratyres in

111V01V'§§ @eg}ngg}lg,ar}dﬁ qnpfgm? %fl[.@égg {1115 f(Bl%li‘lB&uSl% 819? ﬁ i t1reacgon zone, with the
feed ofQNbNEE beparatd frpaliysreed of thensixtue ofig) and (igps$tilhanother way of

formug%{liglr}izg 3 ?{gﬂ?ﬁg actticgnq{x ‘}Jture B ol 8L Hﬁ%ﬁﬂ@oﬁgl? %@gﬁj M aogeparate

reac xture as or er r ctio
feed offi(i} Comtenuenily snto ﬂ@rrcatchen ze@: tlf will bomeprecipigdihat there can be plural

feed n‘flgﬁttb ﬂ&é%&!t%n hayd 28 oﬁé‘@r Iﬁbﬂé%f St %ﬁdf(ﬁ&!) nRE z@dile§sf of how many

reaction mxture i n rmnpation

feed iplgtppse B$ed]?mfi($102’dhﬁfeﬁé% %fg Came fOBE h$ 323 thretﬂﬁ %r?}ﬁ 5%3 6?1’ gs two
separét@ fes, "B W §hichEin d coBbihafio® bE( R/ (iiiyort dfeiiy @nigéi)ahd the other

is (i1) ?ﬁ,(@ﬁ @:sn%%#ll&gy}i @e&g%gg {S]lil%ﬁ& bﬁn% Dt h hi alié' Cc%‘ic}% e%ltj ex@%pq ﬁfs%aﬁ't tup, when
the fdeds Ahn ite tamgl ats didfepme dimmshatséig}lt deede m@madtgwn@fwlach cause no
substa&;ﬁﬂn?bamg gﬁ fhe EI%IIEIF a8l ve lﬁe{ogkﬁlat@& B 1@ bisiile ag6MH bb fivoided or

pre era romne 1S continpyou
at leastaainignizhd so ﬂn@st@admfstaﬁmpeamnr@ay bmﬁheeweéam@ Pﬁ¥faﬁr%d that
all sug}gger@gseﬁ@wéiﬁﬁ%’&éffeéfdsf i?ﬁ@gmealib@ssﬁ@é [ oﬁe@ﬁtﬁe iWighSone @ more pulsed
in the t
s o oy S BP9 Rl SR BB 1 o e
foregHiabt Wé?ﬁs of chitging i |cﬁw ithke fesdlstinoA),na xeparete E@edire ¢amtipuous or
dlscoﬁttfnuous rt]eed o%ssoﬁferrft 3 b8 Gf Hz'gal ds3068ePYecl Sfcam in A), if desired. As in

the case of the batch/semi-batch mode of operation, it is desirable to have the individual

bromine feed(s) or the feed mixture(s)/solution(s) containing bromine to be fed directly into
the confines of the liquid reaction mixture being formed in the reaction zone so that the
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of an injector or feeding probe which extends into the
body of the liquid reaction mxture being formed in
woOher7roes381 on zone so that the brom ne is forcedTiustme/023396

the liquid as it |eaves the injector or feedlng pr obe.
In a batch/sem

bromied s ek gPoed SEIRT 1o DOBGSF AN BIRBTHHGE BB AR, Thus
the reﬁ?ﬁloh zl@ﬁé ke bedproivitrdi wiitte 6 ttabulent Aveheonsdntohwhich tthé sdividual

i G0 5 B e Sk o e

body dffeetutbmityt odactiorerixtoe ai 1tlezbcmg<fﬂrnmd>anl§h¢3reb@til<mg20ﬂﬂér med
[0018]O nAtJA&Ju?ﬂgt#eréréQ Q‘iﬂ (l)lﬁ tﬁé"@oo‘%@ %ﬁtﬂ%% proeelR idfolves
eration

e react o for ms in
prov1chngﬁbg heomigatiqn) reac(qcm)zon%mgh R R S’IC@I&II\I E“Q;_zop@, %cﬁqupstream outlet
zone; \afd 'c@H&c‘f‘iﬁg A) frcoﬁtmbl? foirfifg the MEadebh @fixtfueady icontinuously

e o e el 55, O S kSRl o o

upstreﬁﬁﬁﬁlbt AnezBithis wiypthh esacti@ymixturt trovhtiguduisky pn@dmﬁ@atth@qactlon
Q0 M xture |

B

styrenid pdiymhecafnewunfthe( eqrm)tlnb@mgavsb@faﬂlamacﬂ% miKiyEe edlisdom the -

upstr M&@t}%fdo(x}nktr@éﬁgoﬁﬂe't bdne, a3ld dt leagtiRd :W%Eaan@‘ratme ofthe

AL UL UL G L O BTN

more & e AU S el rHh S (th-QO keast i@ "pré@fh%ly ntth¥irddge € 1 to 10°C, and
recirated that th ere can be plural feed inlets to

more pf&era‘ﬂgam tterazgmel If or5 “ghelnadditionethefxiting of hej rpactigpdnixture in

A) frq({B \ﬁl% Iﬁgctfog:%)%e g)?%e@g} h¥ d{)%%gtréarﬂl %hﬁ?tﬂi’oﬁe U5 89h&Rdction

mixtuse st aties frandse wactis 2tom 1mpmdan@ a‘q;@d@h zangén pihighhe rpaction
mlxtdrg gﬁu&%ﬁ%? Eﬂ g gu% h@g)coﬁ?g ifibh l:%mﬁﬁse@lfof (Wdtér 1@% Hquhd Jtate.

,_respectlve
[00195 holn epniductings capinuoup VTQ,CéW&frthJé rﬁqV@(f’é‘QEe‘fS %{S &?negfﬁlém% ‘a%ﬂe to
provﬂﬁ@ Sk, SReA RN tﬁ@ra&ta@{xﬂlﬁﬂ tld regitfohenigfiire &lit¥E®n the reaction

eed t h
L8 B SR acHag P GUATED e ot
volurR®©&85th k@velﬁigcwntknbﬁofah@redelmbrmonatrelhaas substantinily edhstaot. Thus,

e
T
fromithe resctiwerne, pods kinds tomeleitarsicwlo maiirin op epspially constant

olmgé'{nstﬁgréca n(gps J}% N8I {198 Mo¥ibRIBhise hilg&d fe@@is&b‘ﬂ@é 1Baction zone

ween | ulses In each o e
or ongy OB PGS BHLNE B eHacy e WL @bl SHBe e keeping
the v&l%ﬁfébtﬂfftl@e{hteﬁ&ﬁﬁi e sSn ﬂfﬁ réctien abnmsubumﬁﬂt;dcamasn | vent

a e.utlll anot her str.eam | . :
002Gy of i famEREn B 8| FER SORFRBLA P f Spisaly camicd
out b;rf qupeliatireationt mixtuethitr exitsefrom thaweadtion zandi witl @aqluenching

e —

23 rom ne I C into_t
compsitiongscally comprispaitar indbakiquis statex e Quenshing st e carried

out e'(lj)ﬂelt &lgcd'n?lﬁﬁ&is‘l)i‘ of EARintBudlfaDiddoaRmets rtﬁehdmﬁ@ﬁivdlvﬁs collecting

I spersed, wthin such liquid react] t
curinge, g BEIPGCRY WRESSACHRR OS2SR TR T S0 aiy then
pronigdtle "qkﬁnl:l%iﬁ@ lihQHQuefnltherZ f@fl ez\éltm the qmrrchlﬂgha)mpmtltmd u&lontinuous
r.om. ne e
quenghing IvolYes 08\("%%@ ﬁ? re%‘?%g}l TH] ec% %JO%%{ %&EQ ggﬁ) the reaction
zonettobbyharhed saot Wit thei qubmimlga@mposlts)nbel ng for msd in
[OOZH1 e %%‘f(‘éﬁ}%‘f thE Qcﬁleous quenching composition can vary considerably. Typically
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[0018] A particularly preferred way of carrying out
t he above continuous process involves providing the
wonreTios23Bon reacti on zone wi th an upstream i nPer/UB20M6/023396
and a dovvnstream outI et zone; and conducti ng A) by
t he react,ion

ont,i nuousy|l. xture
howe%%rh%l} ncglgaél? %;g Fglé]gpﬂ op V\jlﬂ cempps%ﬁtdp] e:ftlvygter 1@, tpﬁ diquid state. An
aquedig pelutive bﬁ/orwrormore euhabiasalt@ ran des bé tdedais allﬁméﬁchnhg‘léd?nposmon

‘Non-ﬁz,tﬂﬁufgpe | %C?]O(?‘li;ql nuo %tﬁma{ bfjglsee ‘tnﬂglg(re %“i\eeaﬁlgﬁ cpgHpgsitions

includsy gordizpra 5pifite, sorivne é)é&ull aridxsadium borqilydsécs Zempepatutes for the
quenﬂﬂ?&)rﬂﬂ%si’ﬁﬁhccgn Qfs%%a?ﬁtﬂu?%?éallﬁwﬂ%g rreﬁq @?OE}O C. The

he continuous’’tra
concenfratin ¢fghd quanching cumsbsleatm:om;bzﬁed obose dr@ndrb Suitable salts in water

is alsé! Q%éitfb?@t@ V%H%‘!I&L eﬁnl%ﬁlal gﬁgtﬁ A & 148 Sslbr{ot ) utgo\ﬁt%ro odium sulfite in

rature o gq;lrl e o0
Watefrh%‘(ﬁ (peen denndnepryarisnt tqsﬁ@élﬂﬁlemqha@bomgomimmt aHowdveat other

conceRftgticHs cAPbEuse@NMOSS GHvHIESdrR ab R qhaRdsh #oRist :
preferably in the range of f toqlo OCg’Q:fo &%%olﬁ)glsaggp%mme'

preferably in the range of 1 to 5C. hi addition, the

Compexents higedés Fdeds tetetReantish Zéntre in A) fromthe
[00222ea(ih'b%ﬂ1 %}?ﬁqgatr ) Cxﬁf ggcl?’,nl%sdﬁ go o?g}"a:%it%nga;%l\gtrI %;cr%gﬁlgq%télrggde of
operafiem yriioNs matdals sampbeed af eopaneqis € olii).zad i) nmeeimple inall
such ﬁlb@esrcﬁ%?éﬂaﬁﬁn i 3% %f@rrédstoqié@ @fe@%tdi“bh&nﬁf ?rg: H)?natmg agent.

0S| I sed of water 1nt
The bf rrg@fhoh‘:k? Reopiduish PHgYaMethds mxwgﬁpn@b@gsn@whcmw if necessary
or dedimblenid d3cribdd inmPBNENtBE LomABRIyLAMA faRnB R¥rH8 10 at the outset

ntain, .and/ or r ol e rate at whic
of hif BATRLT, RRYEPE oBReeShinglife AeesFe e Pobieadndbs Arosfos of this
inventies. aAurmgtlmomdarpanmtmg dobets fle diaychbeofised @moblrmﬁhé chibyide, N-
bromdsubdininffad1 § 'd1h90n§&hga?ﬁt9ﬁt at r1d?A1H1%E[r18 ge traveling

contents’ oOf 1 0N’ Z0 remal ns su ?antlally
[0023} o3txteatetpolymays which argbraminatédio faret tyominated soyrhaie polymers using

aprodé%ﬂtlﬂlb' ﬁiii%nﬁ@@&% HofhdpB e?sa(ﬁ{sb%h %Sp(ﬁgﬁilgs to{y'?éi%%t% other

fromthe reactlo zone, IS t

viny! s moR g AR SHiF ﬂtarqmtmweaﬁfrowmwm pfyrenic
polyntetsecande Cbinted ze tiese Haviay &fe fotrhulas possi bl e to use ‘

pul sed feeds to the r eaﬁqu:gﬂ% é\gne or one or nore

pul sed streans exiting f¥omthe reaction zone while at
wherefrhR isahpdrogereatkmeqi analkl @roupl hanimgdforh Heo Memeticnamoms and Ar is

m ic t n
el O BRI SRR AL P BIRL G 0 cron
atomsc W?Waagseéﬁléeegéerr@ styypliepolymer; and anéehiopelysgyrene is even more
preferepdessche @@rérﬁ@@blyﬂ&r%ﬁetﬁrﬁmhﬁ%d eWid Sarf HOMaHD %owev?r of other

L e AU T S
least 8Piveeigiu parchitrod siyoameasd or @Zjﬁh& mmtl@&é@mn@ﬁfﬁnlthﬁfafﬁaﬂ&@bﬁﬁg dérived
from rﬁr{%‘%ulbétﬁﬁﬂeg %&‘ rehl o OIQI%GI%U 6 eg gﬁ? erﬁ% a0 R usec{ 1n%1qe practice

I'nuously
of thisgngenston; ave dalynepie o€ hna gr mmsmmcmbh@nensng which atyleast 50%,
preferéﬂl? E‘J leR@ 809 ad Irfoké@refe?@[ﬁj? EQBntH tl‘(‘)’b% @15thi:1 Ero%‘a'tt%}{édpg T the

ction zone and.then pronptly. quenc
Polymah%ﬁ%?u %Vdr%ea rPIoAR O o FF@SW@MO@SE&%@& yhehthe ring system of

such at@mdticngronss is dempbidddavalbysiof 38 ?héig’l p§ 8REAKPDsubstituted
mxture as it continuously exits from he reaction
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zone to be quenched in or wth the quenching
conposition. [0021] The makeup of the aqueous

wquerons23g conposition can vary considerably. PCT/US2006/023396
Typ| cal l yhowever, the quenching con‘posn tion vv| [

onprise at | east wat t d st
phenybgjabesuat Isst 60T RSBt st ol note pirtieiply Sregtially 100%
of all @Jcﬁ@h&@l pRfs Bdvea lijde el A0¢m 0o RpESortticopositNan- | i mi ti ng

[0()24]q gf%ﬁboma@glq?@&er? ﬁa %&oafgcg%%g%ﬂm I ﬁ{chdqﬁ'ners g.re sr‘%/rene

alpha'bieshifistitere, oarho-raotiylstyrée ofayemetylstyTenep gmaa-—mpﬁlg stysene, para-
ethylsgxlpe% Oﬁgcg&gﬁgnpﬁoﬁgﬁ@ B #a%gt}ﬁ?cﬂ%qg%%ﬁ’e%&ﬂmpﬂﬁﬁleﬁé/ Rif#iblenyl,

e ran he concentration

Vlnylaufhraqqee,qhﬁe@ﬁwthywﬁf@ﬁﬁeéﬁld fegrPuwdppiensed of one or nore

[0025‘5“' TROLGren ! ﬁ(ﬁyﬂnErSV\@steﬁrmltﬁe BiondinSitHCHPBEEBELOT this invention are
ariati on. |'n actual ractlce é‘l%?to 10%.sol uti,.ons _of

typically Be R A Ps CRUPTIR DRI iFah SERY AURHEPG GRSt DR (R ures.
An extdRnEFosHEMve piodgcing apiosicipolystyrenkiisesaibed it dvenmonly-owned U.S.

Pat. I\%) g%ﬁﬂbzg ? i g%?gfcr)rherlg‘ gl%g? Ug?reg 1%1’(1&91{] greaaizaﬁme in the

marketslect. agniegdsichostyteeicRedymEsn t naée [vodb gl}ltqdnfcv@ d%Sﬁ mh@rmmg

bromlggtg& E‘tgn?e E@ﬁ&? FREG & thRREvAHbRR ﬁﬁ@ll® lBe2 %HEH ifHRH&ted by
eratlo varlous materials n be use

The D@@/}%ﬁé@ﬁl glomp}any (Iflcpxyeve& 1@1|‘Vp105)nta1|n8}g pgi 20 su,:]hasiﬁityron 668,

tyro® §F1 S@&%soxffmqu OBBmidal Compasf agwem:lag BABS80, MB 3200, MC

3100’g$re gg)%ghcg{ﬁlgg eh}lﬂl](g% tl%q%ﬁa{ﬁ%t Ixir\]/gglﬁgageﬁt m-m:%als from other

produpeis) dagibegised. OMeltle)ds/ifempladulcmg catmss&tmeylcmoljde@ﬁ atgbkrown and

reportaecelfntﬂg ﬁ%{‘*é{t@r@d spﬁt%ae@ gtg{ ({}?)Iﬁﬂ&gﬂfg m%ﬁlc%iﬁﬁ@rﬁzatlon and

rrent Hoveve

styremi¢ fpelymisrsomade by nigecatpsinal p@hfﬁl%@a%b dh"r fatte SOBRE Mob@ners are

prefeﬁéd t{g& ﬁetkn@y@gtwe%b APRBS ﬂsmevw fRdeqnilipat dﬂﬁné&@z&ﬂbﬁ ahd) 8yrenic
e used are t)rom ne chl ori. de, Nbrom)(gucm

polymerS e, HEAHA RABGRGZALAR] ChR AR PTG T OTORAS QS Biéferred.

[0026[] O(ﬁ&]ds t& gﬁﬁtﬁte@ oWy BE rdravityreticpobynrocdnmicetl bromimated using
at ed st.yrenic

oo B TSR AR OB BB 09,8, 05858 Bl o

more Sdiffcesmée snyrbﬂuc opdlgmers mydde ab;o reatipaic np;ﬂmﬂgauowg free radical

polyrﬁét’il 1 LAY & H ﬁbnﬁ S&ggﬁélgze EPHO')SPBI%nJl bP %W.ﬂlk&@f 4thBast one styrenic

réeni c yrrer ormed are those having the

polyrwrm%dea y EptioRands afa{eﬁiid%nsgsgﬁe% efaIHade by

amor@é bM&m@fl%ﬁnwl diéb f)é 058dlast e pobidI GObsEaTR boBroninated by a
pmati c. group (i'ncluding al kyl-ring substituted

Proceé? SEVeiglips) of from 6 to 10 carbon atons.

[002'Ffol y,mcyﬁcemenicqﬂfmns wmednefar mattrisisyinenaling biomipated styrenic
polytg?r§/ Pgﬂysofﬁgegrrtﬂ)% \%ﬁ]{ Q(s[ugln}g Bé\?‘e @1\;{@ QV t %Se%lgé ﬁl%!) eqlrfag%vee:ié\?s in the
rangehf RO 10 2@§00@tﬂﬁé‘§0ns,tw¢fe¥ﬂbb’ ip @1651 m@fé 0@ toold), 09l tong,q@d more
prefeFe[bgmnatg%b\%gé b 36008 HVo TRGIRENBeyr éﬁ@pﬁ?ﬁﬁrs@%ﬁhécﬁbﬂf fre@tadical

ht percent, of sty
polymerating PSS 4Al WAEFAHe PEAMENE: BELTSE R Bisdavenfigp desiably

have [GIU weiidhs bildrbife thosdoyla Mt otie rrSngeriﬁB!) 0acth® 500,000 Daltons,

preferafcf)‘is}/ {netﬂle% lo¥" rgtaro%o to%%% dod D t%ng A4 h&E preferably in the range of
150,000 to 300,000. Styrenic polymers formed by cationic polymerization used as raw
material in bromination processes of this invention desirably have GPC weight average
molecular weights in the range of 2000 to 20,000 Daltons, preferably in the range of 3000 to
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of this invention are polynmers of one or nore styrenic

mononers in which at | east 50% preferably at | east
w6Q@bg7as3nor e preferably essentially 100% of PO®/US2006/023396

aromatic groups in the pol ymer have a hydrogen atom on

10,00 paliqrenand Braareiogbupdhs Enes Ao b d Bl nat s on
[0028]of "9222‘{"“ ggﬂg/ &yl sﬂllfai)léglbigahrcssd)\&htst csnelstpimed ek thy salpant for the
syven gl eSS OEr ST OL OIS BRI F Sy e Sy A bloromethane,

dlbronlmanﬁhm@yarongmhloanqmwm, e @mmomt:hlorthaneo nchlp , carbon
tetrach] &H&&ﬁa@ee 'irqnﬁgfd'rﬁoeft%f,pr P@Hﬁh@-@ GWUsBethane, 1,2-
za- net hyl st.yrene,

énlé po mers are styrene
dlCthmetth@Qr ﬂrét%mbg@rye@h@e, r1e¥2#etﬁﬁ rgwﬁféﬁ%ﬁa 2-dibromapropane, 1-

brom@3-cHRL&PF 6}§cﬁlﬁr §[HRomBBhEAsS, hﬂb‘ﬁéﬂdblﬁﬂﬁw 2-bromo-2-methylpropane, 1-

brom&péogpg,ggﬂércﬁlgrﬁﬁi%agm gﬁj%ny W\%}%? Epaputane 1-bromohexane, 1-
bromdhleﬁMh@rbtdiﬁ@@emhexdib,@ndlquaidiydmtmﬂmrﬁﬂogsamwnalogs thereof. Liquid

mlxtheﬁ o%% S%Smpklg&%@an BOGset ?E&Hb&l&Bhﬁéﬁﬁh@ ishHfafticularly

ion*processes 0 nvention ar
preferteylmoh@hty poI yners madeby cationic, by free radical,

[0029@ S eesrgg ?Qaner ig u%’c?%()lv?atlh B sfé[\félﬁ?ﬂ%ﬁ§ usé¥h xRk lgdeaction
mixtupey 'gb%fﬁgﬁquyn gcwﬁel@@ gxg c]pg)% %Qljmgbg gh ége}‘y G o ehcéﬁ(.}/ gg]ﬁglgll ab gl?ltable

quanti}p b{t’ HBhsic @Bﬂf@ntﬁiﬁd‘r @ eniti@einCell the fdedli oﬁttllleocbrﬂp(meﬁts aif ltiabieaction
N mar ke S r t

mixtu 5 R OSUTEB oF 81088 T 0T WY *bp SRRt Sy pBfton. o

separfie ktyewe of glditimahtolvant tim ke felduaﬂotth@reactsoﬂcylﬁoﬁ desized.

[0030m I\ﬁﬂh af?lmqg é%f?érﬁgpagm;gal 1 Pﬁ'}g htGR8R8s iholecular weight in

Ive-C ene suc
the ra&qnf@ﬁ()@%l 0,860y prsferahly thestyrepis peévleé folyHen Ei?\ﬂ/"@ﬁéﬁ?@g} in the

range 98%%’@%%70 C%?arr\ﬁedf lstg&u &Eo133680per Mo gd R blveat) Witloanibific styrenic

polyniest g Tl YRR 0 SEIBBPE: s} tsatre B pamagnsete for
the inﬁféésdﬂr\@ﬂﬂdﬁw stalh polyier s@lymemn c polynmers are known and

[0031@ &&cﬁgd %.}g)a's I}ggl | t %taatﬁll{%gd 1 ‘?1% {éoc?]ﬁ(%fl:] 1§&It&re is at least one
alumipomyiratids catakyet 1hyv1ﬁ¢le‘éle rhahngca IatO[mI ayﬁbmrma@ pb@hlom@atoms and in
which ?tt L& ot Mid F}%‘tcﬁn RO} Klgfﬁ Ee Hotn PORE @ﬁdh%talﬁ% WhEdhS Q@ry useful in

rent c polyners ree radli ca rIZ Q
forrnlagthenga;cﬂ@mmxtp@uw@m i rwldéﬁp%lﬁ%ofﬁglgﬁge f?-‘/dﬂ romine
and }éing%%bm&l %E)Weﬁﬁl CsuEItQ| ¥4TRfiBroafogndii-eke aﬂcedbrohibﬁﬂlﬁ}omethane

ure Wo O

g GRS SEM TS Dotk e e B bR o R S iy be used
in foﬂnting theneastidnomnixt@edhclbiemth smbstanoes s ehnmanmwonude dichloride

oS
(AR % S0 9, B St P PR st
7), ghahiomer Ihfanmdm chlorigy éﬁlzBrkiCé Rsigy i 280087 747)p | asflg di-.mu.-
brom?{egg%lﬁg fal %gfn (./r?g ﬁtz%l??@e SNMH%E;ZP% @@2?”3&1%@6 éiﬁ(bod1ments

eas
of thip iertien. FaefeRyd | i £ ﬁgﬁ%ﬁ%ﬁa‘i%qf} Bhus T SpEBHEE Hbtomide.
[0032]S &Y c@sly §t][%61tulgi@h yiieblsfob Sﬁllieaibgtch or bentiowos bratéxhtioy can be easily
cess .0 .S
prepeq ?bhfé’hn?l%éad};@@m‘? Bimesmaniiis AR TR il o goscous

HBr & Wafifi(80-50°C) liquid bromine. A rapid halogen exchange produces a soluble

bromoaluminum halide catalyst and HCL. Use of a catalyst of this type (with or without the
copresence of HCI) is particularly preferred.
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pol ynmers of this invention will usually have GPC
wei ght average nol ecul ar weights in the range of 2000
woao2@pf38 Dal t ons, preferably in the range of pPBDAB2M06/023396
10, 000 Daltons, and nore preferably in the range of
3000 to 7000 Daltons St reni c polymers fornmed by free
Aglonie,Plyraniq Bolymers of dhiey HoRy materials in
[0033]ber’d] @tdr@maﬂaa @ﬁleﬁmsyr@zﬁc phllyﬁlersmaﬁrbblpmdwe@aby el of theaprocess

techno%yd@\l%k% %%8 ge ganl?rf)%ﬁé'l p?mm§%? géf?em@ RBlpﬁmefsangcﬁls q{l}/entlon

have (50j@Pmiett fREONOREs Badonyased tarpdesiowsly- @mambpzyablﬁ brqgainated
amomé &FQ f oil}érger.g %chl‘r&r L 17 gﬂ H0inet 'Ee%‘?é CTRE} ¥RE 'h%vé QswRHlorine

ni’c tion use as raw

contengsy @rg 100 o prrléiiﬁe sad preferably; OO mppRok ey aﬂégﬁuﬁ a5 llﬁssrf‘é\’i’é’s“’e
to equ%ﬁnwﬁi Qfﬁfchfﬂ‘{ ﬁfg ro@@ﬂs@& WheH aebfitk Sardrextitadersange of

O SO S e R SR v
bromif@&@erdt adDio h@eﬂ@@@r Iﬁhbetrmms of adA8lic Amgs wfithsorihersubstjtuted

bromng%?‘r\g)gﬁ:a%?%glpg{?g g %evff’o%s%r q%m{:@d}n}pa?%lﬂé Bporﬁ’iﬁatteﬁ%glomc styrenic

yrenl uUsS use can
polymefs. s Efgplcalhb sheanc\eéorammamdr a@;awpa;tﬁrenm pHywesnet Hah énventlon

especugfbb{ QITRER RHRIRhHESE6T to 7 1 Wt% have at least 5% less

trlch rome ane, chloroform carb

aromafie (S BF ogibo-S¥bBTeiF MERTBREIANES 28, IR, o REEKigHEly-known
compéral*ﬂE: YBmBrafdal éﬁﬁ(ﬁﬁé Baredic ﬂal?meﬂ;l clhbesdo exheaimeents have shown that

bromnj}atgc’*l am‘éﬁg% n%g%%oﬁﬁ}ls 1%Ye$‘f}8 ko;etnée’;%é %}?){r)ng%%goanﬁe&}ﬁﬁn the range of 67
to 69 \ilrt% canhbietaaleest 10Ydesmpbmstiomingsavity Qrﬂmrﬂlbﬁ%’mltﬂﬁl hsepwREoms as

Comp?re% b %@%ﬁgl&e}ﬁﬁw& Oglfﬁ) gllalBg O%Bfglm exa n%mc EOlyStyrene
[0035br oMstre preferesd mbm@y@at@h anigpis, stepeic PPlymeas phiissipgention also

eltherglg{/@ n{)&)gasthe al @trdﬂih ﬁ@?ﬁ(ﬁ%Th&h&‘P SEb{Tns red %? 306 p rﬁ@r less of

r’'e suc un S can be used. Bronochl or onet hane
HBr (jtil momqfrefemmaz()%gm ef [3Br edessaind enen mpeeefprabiynl2smpe of HBr

or lesg%l ﬁ?}ﬁd’n b.ﬁlapﬁﬁ gb]?? %lﬁ{@gf 5 & léﬁﬁstﬁpfnﬁferﬁreﬂ%fdbw 3 bedy.EStildlmore

t
preferted st brong eated HRetn stw@rcaiqlme@ S REBSEORRfoRave bot of hese

(A) agd! {Ef‘ﬁ’ﬂoﬁeﬂk@nt\]‘o%ﬂ 1bmAH BN G050 styedtlic Poliymlerstdf this invention are
Inrtiation of . the feed of the conponents of the

Pfefeliabldchrf”@ﬁlattﬁd)&nﬁﬁnéc Py Eyis8ts PP ™ElRs pend or di ssol ve the
[00364at Asysded Hireif, ONIinguhe sldimdethoftempéprayiovsly-kmown comparable

o BB 57 RO GRPRL REy 2PLYSRIo G, P Pi ) i

v

madedtom d’m sam@@lnmmm' styraeigipolynzer d}!@r\qug tona%mgg@c styrenic polymer
prodd¥Rd ?J.gr aliﬁ ‘Q@Ihxg Wind Bt Bﬂgmﬁg;flﬂﬁngﬁza’%QQantﬁt&%ﬁolﬁe same kind of

pre yrenic ner solutio use
styremie Aroapmer wmmltroalr{gé bqth%%nmétev‘@tyr %IP:@ Ftpafed are

formé?%ﬂﬁ%fmﬂﬁfon'ﬂf'aﬁﬁ)hﬁfﬁtyl%mﬁ Qb M@Rr théf%\tab naerauemmg thd semerikind and
rs o er nol ec r

auaniod GrBoBREIARFE Doty oe Sy Syild RhSRR, grior 1o
brommke;ﬁ@ﬁ wet%m@ﬁe bupblymetiyation of mhmztalnmrmonc[lﬂﬂ?»‘m]bh mstw@n@ ginly, or if

above, the

T
bromirei cohtenhabdval66 gath thatahiffers fon herbreraingiconiepirtithenay b??énmated
amon?@gtylleﬂlc polymer of this invention (which also has a bromine content above 66 wt%)
by no more than 1.5 wt%; and (3) has a GPC weight average molecular weight that differs
from the average GPC weight average molecular weight of the two brominated anionic
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whi ch at | east one such atomis a brom ne atom One

such catalyst which is very useful in formng the
woeerrioos33 m xture i s alum numtribrom de becauBeTml2006923396

good solubility in brom ne and hal ohydrocar bon

| h d
SMG%?B%%%P%%FW%%%E’& E}r, g%rmlmrre%ﬂﬁae] és cont ai ni ng both
[003r o lenigately.otivg P Gimetighh berageem aleoutts Weiglhabf theYor&aindtedthnionic
styreﬂi@ ngfgir?ééqgf hikSn fe@ﬁﬁs}l 1O 78 ZhUL & '8@@(%) ud g%@Hq &agpla preferably in

m num brom deée di or i
the r%fgof mOO%mmOMD@;onsmmmame&rbblgmﬂiaerangb of 16,600 to 20,000
Daltob&l Br2C , Reg. No. 60284-43- 7), al um num bronide

hl o de eg.. No. 380907-74-4), and
[00384; ° BPuidreriisies Giem R PO AIS2BRSEs AevRegd useful
propeNmes ésff»%&ﬂlﬂy idpidyed molt 8oy Iﬂf) drii&s eﬁlﬂb@ﬁi Bis8s ﬂfpehbf #hitial color

T T O RO
thermgbstabilibrprectdunbdesciitmd heteitedier)b Aicdongraring INMR$petdra, brominated
anionfy Mﬁﬁ%h@ oRaEbdag aﬁ%?&ah& Phthi 91?5 ﬁgleg%?f R0 %‘e ?ﬁh‘ﬁg?n Homsin

solu

ubst anc
the o@p{dn@&@@gggny@an,dﬁ pmqhwﬁq ﬂ)@ng@ from theqaam @nmqmqﬁs inAprocesses

condtfc&!bll Ldld@ﬁ‘:(ﬁﬂﬁiﬁ'aﬁg edaBiG AR RIYAS, Ssht fhv%ﬁhh@ioﬁ er feed t1rnes and use of
num hal i.de catal yst and é

cook B%ﬁl Sys‘g[n 36f a2rfpsl O fpdecrsase B slaswrtammn temea:atpuee@@med for a
bromﬁﬁtewﬂoﬂé R §f Iﬂ?ﬁls RERh A0S 69 8L i foi\lgoréﬁér & Cproducts

PoI Yyners of e Invention [G

produged Wit ereck TFRAIPR SERIA] Gmppisoives 9 cullisaal erdonssdtat the
bromﬂﬁ;lted%ﬁlcﬁlﬁc sthenierpolesds b Al @onle fliast difRAeR #O previously

| nveﬁic sgifeﬁfg\%gl}%%}rg mrla.ﬁéflé/ {pgﬁl;yf)%?cf g‘%ﬂ%%? erg];anggiucal results both
point gompat etenicalptmviuoisl te mmnmtabstpmmeeyrbm of thad i@dlention, i.e.,
the bl‘Bﬁhﬁ)@ht%nfst %ﬂ&ﬁ@ %Pqnﬁﬁgtﬁgsé/%tﬁ% ]&He}s 0 hs Pﬁ{voﬁiogl (teepdgto occupy

cont ent orlne
POSltl@EﬂOOtb‘ﬁfﬁhémheéK@OP&ﬁlﬂopﬁsbferabl y 100 ppm or |ess) and

[0039§ hus Wh@te{fﬁsﬁlecﬁéélﬁﬁisﬂle th} BIEARIE 1'0\} c'ﬂssv‘éy ﬁt&)&%%eé(mg&ﬁment

brom1g?t8§essed such a end rs and ex ders:

ek acuGer acp@pwecrﬁ thisjaysptien vhstein the
bromiiaed anmmwmcrmmda iv@Rn beaedl Bea et a&aq)r@sk&e at which a

mss SRIE gL A8 S5 55PL 3 QTR b 5 B it o

sMenprmxlyrgg@rydmdm Teatehraociss i wiricn{ah Gtesama giiomities and proportions
of (1),5¢i) T8R! Gii P YRR S 3? %th‘ft@é ltc%’ tljégct&e %a@l{t?ﬂ%@ A 89 same reaction

ani oni c tyrenic I nven
tempegatiyreqng ﬁ%} t %%%thw}?ﬁge éh@f ?énherh‘é at et e tempeiabire Symgecook

perlocbnﬁfﬁﬂnﬁlﬁes? 1 wt% have at |east 5% ess aromatic rings

ort ho-subst i tut ed N ne_ at ons conpared to
004001 Thegiesy Pradaisd @swagrs%me@wmo&m%p i fGen are brominated

amomsisgmrﬁnc pokynieymrth brolnndﬁe@l amemn@ibl%mméhrfe Héﬂtgq)aﬁtli@mﬂﬁ féferred.
of t

Of thf'b Q%ragsrtf} % }éﬁc’ ruSﬁ%SfF%enlﬁ é.?pl%lg%t%gz%cgm\,&r%atlomc

polym@ygﬁatwglv‘@rommatgémlysm%ds awsle asingfitd redicalpglynwirizhiion are preferred.

[0041Prt hRn%@ﬁHb&féBFed &F%g agl A rg{fﬁteﬁs #&gmgl% produced by a
1

b revi ousl % Povvn co rom na

romiBH{OR PifReeo! (5D IBeINDR o srreriailycaf HeuPromsmierhesignic styrenic
polymarsi afithis 1iit/¢iﬂﬁ>ﬂlsﬁclp@§ WeR1iSat&] adibhie JolysBREdLD i®RR 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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either have (A) a thermal stability in the 320 C
Thermal Stability Test of 300 ppmor |ess of HBr

woO07i0s238r e preferably 200 ppm of HBr or | esspranasennen23396
nore preferably 125 ppm of HBr or | ess) or (B) an
initial DE coloqr v st

amom(‘pl?@?@‘fﬁm&lage ptherma § %ﬂg in qhaii.;tﬁté) Bpé épb @ano Br or less and
more pbéf@mm@tcﬁq)owmam h@vesd el stapiity irethat tebt dffbsuti 200epin ofHBr

or lesssy Sl AE PPN RO RSO Ry b Sl iRl Pl
bromirated priefie rsa’mé:ryc lppbmemsas@:h mbmmmatp@ay@nw]@cﬂgstyrene are those

havmgfagéhgl{l?e{l Stabll Qg A?ZO“ @eﬂieﬁﬁéleﬁ;tgbﬂﬂ}n%éﬂ dF gk ﬁiﬁ of E5r BB less.

Known conpar ab

[0042]arStdhanothar g{@@ﬁ‘p @f bmr@xp@_{pqi gtyrengfdﬁgyrggrs E;)r%f ﬁ)ﬁg prpoess of this
invent®hY! 8§eEialP |bY6Eﬁfna¥e'ElaJmcﬁﬁc) sﬂyﬁeni@ﬁ@lyﬁfemdch&lsslﬁﬁmmated anionic

t
o Sob A BOWATE Ul TRl e e
descritsdi erdisaffe) Prefeiradbioatindted $ti@hiwrpodyrders oé tiia myediond egpfecially

bromu%at% Pk Irngc s%?r%gngglgﬁ%{:gﬁa{ a{slb%}géng ar g%?!od% r{%&"}%{éqﬁie Bfhse which
have ab irotialn/sft ¢cador hucdri theHontst ssesfeqf. Scor pesisyandrmers e Rialkly phaer less.

Especila{ﬁ#r Qi Pe b?@ﬁﬁﬁlalféd@yr@ﬂg g ARk r)zSdﬁffedEB?' aQftbéess of this invention —

merizatign system n ni.c_pal
espemphly mipated Wﬂlﬁts%ﬁn%ﬁ’ nﬁﬁo@cwsé ﬂ%ﬁeg P@ %‘fg%’fene -
possess BBt shiyhe iRRPRIVEH nﬁum“ﬂﬁaaﬁabteheﬁﬁs dB§¢r;Iqed(abovef buat in addition have

cther BBt BB aRey el ST BRI HE (LA Lo o
descnﬁ&l \{Y’E %hd hﬁhe@ieftél? rp“reée"e@i the PhRBipEs. COMo@dﬂtespkfcwlllly(Epreferred

rom nated anionic. s renlc t.his
bromipgied ADFH PHRISE o Ui X Ak gnvoe dpiiyed guelt flow
charadtéi¥ticHVesdebedslfoviehbut id a&dmbﬁ/dlaw‘doth&) thivarsal asta®BiTy we thg20°C

a | ecul.,ar vvel htt e V.
e
preceddlimgniweapaeaRraphsoni cst yr eni ¢ pol yners bei ng conpared by

o] r 4 hi
v B A T Ao s G it o i

mven@@rwa@moetapbwrﬁewg ﬁHlOHntsofubﬁ%mer dapice ﬁ%ntf‘%"é leagabout
qge PabpP o QA stDAMJuP B , wils, Ga‘lﬁfmbfe)/pﬂefbrhlflﬁ at angealafut 67 wit%.

s AR B8 o oS RE e 0

desirablep vk desiribiniangs tsy6%tui 72 pu‘r/wféaremmfssess new and
useful properties, especially inproved nelt flow
propertles and |n many cases superior initial color

‘ pated StymepiciPelymess DE) and excel | ent t her mal

[0044it qk?le lb!r&}ﬁn%{eﬁ% @Ilub YolFRARUIrEGudRY iR asdordtdiaé YithRBis i@lention can

tabi|i praoc re dés ed h ft
be usgwaﬂmrqtmwagfef IO R RS G ST 81 Jspelagtic and
themﬁﬁﬁdﬁgﬁﬁm?rléﬁﬁw%ﬁﬁ{]&& ré@ﬁﬁhsh Thbirspiovednieltdlovhdmravteristics of the
rogen. atoms. in the ortho.rin it
bromﬁ%& oG Fyreaie BYYRETS RE EBEHE’ CB%?FE Sﬁ%antcgyﬁlﬁ rglr%gfuﬂl%ss for such
apphdauﬁﬁw CF(ﬁdsXamﬂEt thetrrimarcebdl evettebot exablesghetnite bamelt E@iﬁnded more
readlfxlvgl 1t mgol%lg&%gt{ gng&g Anhi 75 Be Al i‘é%ﬁll?%g}%%"to R i@kt polymers

cerease 1 n gl ass tion
or resinsmp eoamgs or asfiame/stprdast bimders. 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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brom nated ani oni c pol ystyrene of this invention as

conpared to conparabl e products produced w th | onger
woeearios33r esi dence tinmes serves as additi onal Peviusene®23396

that the bromi nated anionic styrenic polyners of this

e S 1 S S et LS B Sl K0
art. C@h@@ﬁfsfoh@ svhe ﬂﬂa;albﬁidm&hmﬁﬁﬂr withssukh saattetsh shamil dteférdo timvedtensive

cal .struc L. the brom nated styrenic polyners
llteratl}‘fee[?ﬂle?ﬁsn%ﬁcﬁl 1¢%e. . the bronine atons in the

[0045br Préfembbydths bl;mmnatcd sorepiepalymerstafites inveation ais usedhes additive
ﬂame?gtg.gigj\{tsmirioﬁg ﬁqe%hgﬁ%sthcgﬁdl‘%ﬁn% LD EmBRS iHe! e%lfoﬁ}ments of this

ever m.this i nvent| on_pr.ovi d
invengien aipdeme retaAE GPEPTLIONSGAIRESBE 2H RIS AREthery figpolymerand

a flarR® rSERENPERAUGE df BY 1esPbRE BEsmi@htell furﬁoma\sgmémo polymer of this
erein the brom nated ani onic styrenic polynmer when

invenfigfit ed to a tenperature and pressure at which a
[0046]re P3iticabir ehdrinoplasfics withuivtlichahy bminated asipnivatyrenib ipglyerers of

this nbvegé% e%lwbé %?6%619@ gﬁ}sﬂﬁtetg mh&%\}ﬁb&% 1%? ¢ tﬁ@llﬂ%ﬁon include

polyethytemt i teiephthatate, pp@m@rtyheméer@phtbalpte (o xcyal@aewlme) digpeghylene

terep}{tﬁﬁat(a c}foly%ﬂnf&ﬂﬂf‘l@rﬁ%r&ﬁhtﬁalﬁt@ 3&@1913 oFHﬂuEﬁlst QefvPdr hdi€ oSthBR, and
reaction tenperat ure, an

reactio xture. th
analogausi PRIy RIETiE H@r@aalésttwg@s@m pEpee Wh&af%ﬁlfnsgr fgorspd vith a
relnfdi‘hﬁgltfﬂl%r PO las'EhEbdi?eVPr&EﬂBd ﬂ&hﬁdplaﬁmwpd)lyeﬁéry menpalyethylene

BB S LA RO, PR S SO s
6, polyemitg Ggﬁarpblyanilck’f 12 apd éfeéﬂmagalrmrefeh@lbwbﬁm glatséeﬁllled can also be
effectg‘\;@r){/ bt R:?AIMSHE iy lf@dﬁaﬁi%k ngthref"‘ &hé ?&@Jﬂc polymers that fan be -

merization or cationic nmeri zation, brom

effectp‘(fﬂll)y Same aelerleddyeaddsionfra b@mﬂa@tﬁ% &1yrenes pRkraes of ﬁ% mvention
1nclu@é' Subraes alot elﬁmt&@ Q4 1§ty1'%ﬁiét pelynidesi mgbl 1ﬁ11ﬁb’0 @)@Iytsbyr@l%s crystal

polys‘ﬁflrrqg)g]%g)g ye}% r@fé] h@éﬁg %ﬁs %rgétgc? oo lb(%(ma?eﬁ,é)o?y%heny‘iene ethers,

and ﬂaﬂﬁmrnlﬂém aich aBi @r@h@trcepnlpcaplaimmeABSdﬂemdsg polyphe@ylanerether-

polysfyﬁ%t}erpg n l%r%yﬁg%u}%gé C%lg %réﬁfi_éf ﬁl@ﬁ?oﬂé? I'I})%ly'ineﬁlér Qhich can
be ef@su\w@sﬂmmtar&@dmma@ﬁaékastpnebmmé@re@amma‘b’é@nc po ymer of this
1nven§ﬁ)}{§ &th@ﬂ*l tﬁ 'S &9@1961?15513’ (23raQH@rﬁfé)b&@tl@&ErﬂBhﬁnle-butad1ene-

st yr rom nat e{i ni onl
styreqso [RPSHYeE er@ qqab@fn@phs%? r’% yeé%@&b iOf | 43 p nthﬁﬁa?Pl?Sélgt pglyamide.
Conv%ﬁ)l@(bﬁal agﬁﬁﬂ@insﬁéh hBiflafl reREEnABrhenEists, mt&fxﬁaneg (Bl Gtabilizers,
B9 55 ety BBl TR Y W el oy B g, can b
incluthecowith dteefdrnsulyti @nsias ipappyoyeiate. direfelred polmmn bleods of this invention

do cgﬁﬁgcé Hald 1%%9 Qﬁh@r‘éls@‘% gﬁsg f5eY MR %r%irﬁf&%ﬁﬁeﬁtuﬁﬂd most
rom nated anl o rene are those having a
preferdblst bath asyadygisi. epd p sel 188@ rfﬂ]ﬁr Stability Test
0048 R lﬁg%ﬁted'@yréﬂic b&SHer F(Q'Qéa]bysti bfdce@d“@it hey 1nvent1on — and
feature of bromnated,. styrenic po pr duced 1%,
cspecqi BOEOBIHed HIGHF AVGRES BADBCR SpELRIMP Y BB GEEgoysrene of

this 1ﬁ%rﬁ6hc aé Wedh €lade rytamlast susintsasvhivhappinaliyeate svithomihe range of

oS SR 45 b B B L BALL B

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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descri bed hereinafter. Preferred brom nated styrenic
pol ynmers of this invention, especially brom nated
wanians23st yreni ¢ pol ynmers such asbron nat ed aRCOMIS2006/023396
pol ystyrene, are those whi ch have an initial DE col or
val ue b t he Hunter test of or |less, and nore
antinGhy pEpKids, Soditan gptimpaas, IE%??@%WVHW dopgide, zine borate, or
analdgoosriymatgisd generaliynivill poiryile mlga rofdy @@glbcmf 18 viaoB£88 oR fhe total
I C ated anionic s
weightl e ALY B o S DR AR R 1557 Dl et Bl BbotiOns ave
permmg wheneyer dasmpdiniseessanyron esiratms wndet thw particular circumstances at

hand CAarsagk @éﬂaﬁhre% %réj@ﬁﬁfn' e HRANE ﬁoﬁgl%giag @g‘fﬂchtlé O0ehpye

ith stability'in
[004%; 5 %#?baé%PO@PO%IHO% W@%@n B compenevty except for the substrate

therntbgdastic b@l?mbﬂaré hesuitabReélati ) ptolﬁfrﬁ&%%k A8 bldfedina smaller amount

Nbr e re ed brom nat ed
of thE BHRGE AR iR AT Bk bl GhS peaiicn lows s avention
11101uf1¢ﬁe COmMpPsohiEs which témopricshatr fatteones theemopsiic Ipr@her such as a

o AT B 0 i
been %1@ \abrgminaied agianic srenic pn emfe@rqaldyya proecieatdd rapionic
polystyw&e}p@ﬁ tBig [@I@ﬁﬁon hQQA3Eht Tt (9&5%%1@?5 S h¥diihed a%uomﬁ: styrenic

processes o

t n be r od
polye ot el Sreninin Himacs i L0 o A0 Shestepaigh blepdsheednot,
but niky pisoaiohtpirt fikkyr amelhﬁ)rmngtﬁﬂeﬁa&ﬂm@dl%&st ofk ke retardant synergist

such B ﬁ"%rgé}??é &BﬁtI%or%% br%%}to / %?g)%{cgo ! eer‘ghsg ‘%‘r?ﬁ @Xtunony
tr10x1§¢, @gimeny7 penipRide, acpdjumn amthaomeam ger pbtassfuthoantinodalé.  Typical
exam?fe@ oﬁre%ﬁbl@?ﬁg a[g%ﬁis%r ﬂff@f&ﬁ?ﬁr gq Be 'uEé?ﬁhgl g?[bq\e aflkgh ?’:Sgltas?s, carbon

% 0 Uses_ 0 rom nat e
ﬁbers@B????é‘F%“F@@‘&?ﬂ Petsnglaps phetsaprmicsebiptlepnss whiskguveiels, wollastonite,

kaohmrdhﬁllﬂrpml!cméd lettiay grarmﬁﬁnmr Substahbes. 'Sﬁ%ﬁ@ hgds &aﬁrbek{{%e&%ﬁ such
retar dan f.or, v r| ou %/qlﬁé ec mat
t

remfo%émﬁ aggetts 0% eﬁ 4L desired, p%l?@ﬁn@llqdc polyalkylene
terephthaletes el nylanrrdoldesy cosapositiens airp a@alhﬁlermlthe dpedvharket, and these can

be us@&‘ﬁ)}ﬁnﬁagihg?ﬁé nﬁﬁnﬁsﬁ [ oPHRMNALeg, ani onic styrenic

nventi on> enhances their useful ness
or Adsecirosigpd iby dhisdnventivarare addifive blepHe compogedmfedbrominated

ni®tfredit QM\Iyﬁi%@Qf B ﬂﬁﬁiﬁoh%n@ e sﬁferdélsttéhgggseﬁ&rgszﬁﬁglgr ?gfellé' of 75

r astic poly
parts %Flﬁﬁfﬁﬁgo PHBR i SIS RO iednd B At R gt such
as anthsofiy tiveidephmirdedt pditswl@s, Ssodlﬁﬁﬁaﬂtﬁh(ﬂﬁfe PYURAEHAR antimonate, iron

xS S8, PR BB

70 to \§i8chatty by fveight dithe boireinated eniogicgiolyspoénereedsid o 2 @arys by weight
of mﬁgﬁ&gﬁp'vﬁﬁf‘ﬂh@ totABd t@BchHi?B?% t%élﬁ%??() hgtrts l%f &ﬁgﬁg "uitable

rous ernopl asti c er nos

amou{lﬁ%&f O‘gsrﬂsl@ablﬁ aﬁémfve camperenii eantelse b@rlmfudmk 8 du@h addéiriedblends.

0050po! WaEibss Rhowh| éeﬂﬁ@atdaﬁrb aﬁs%dlf@ 0
[0050p s Rho pl‘i% ARA1 ig d %Xé@r'bg%é;‘gfemhﬁéﬁs S %)rmulatlons

consiffiiaiRe adipaa Omeiras o5 6ls restion: For ¥ameale theepolyaliylene
terephthxalae polyendri drex aylonepdlrasr ad ﬂk%r@ﬂmr&wﬂlst?wﬂloeﬁ&@mer such as

brormh%t@é’ BJ)IX\E;[&I%EIQ 5&?% 5’[?1% br 2 m A tafe)g nfgftg fetitd 6 R 1né/orporate8 into the

I on are used
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, ot other similar mixing device, and
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flame retardants for various thernoplastic polyners.

Thus anong the enbodi nents of this invention are fl ane
woeb@rods238 conpositions conprising at | east oneCT/US2006/023396

thernopl astic polymer and a flame retardant quantity

then iy, e GrFe B SmIESAEP Re AODl SSTHRR qilgived by
commuinizién inteeglandes oepedidtsani bﬁomeﬁkrwv&ﬂnethpaﬁ ynmers of this -

L T N -
moldedsnspimena pht.6 anpdLymillimeteribiokeess Ghi A ahdat/8;inch thickness) that pass

at leaBahy Cy Gd00ie x4t ene di net hyl ene terepht hal at e,
pol ytrinet hyl ene terephthal ate, blends or m xtures of

two or nore of these, and anal ogous copol yneric
Analytival Mefiodst i ¢ pol yest ers especially when filled or

ei ntorced wt orcing filler _such_as glass .
1005317, o KRR el et Rl a-qdops, ARG iyt B assaying the
charapistiytadsiof thepe lynsare phithisahedrgioan Hopelstbilit Yol&svEng methods should be
used g&&&o&k@g{pg&ngmﬁgggyam de thernopl astics, such as

de 6,6, polyam de 12, and the
[0054[1) tal aBinge hrveningled styrehid papmersdavage, beat least
satlsfﬁ‘(ftf)@c Edlﬁlﬁﬁﬁy '&1' sARnfs&hdh @ﬁ getdaga%rbgg TRRIE, I‘che etﬂé?rm[matlon of the

asti.c po] ymers
total f’@ffﬁ%@ﬂl f%fdg? H/ 8HH%PF SRR ERes 1%%29&1% ﬁ?@nnﬂqsb%by using
convearftiohli X—Raly\EélmresEBnctel’teélﬂd@lds utTha Ezﬁn}ﬁl@tanélyféat ied dilte sample say

B g e

PW1 ‘%ﬁﬂ pestibvstred) sipodargized polatien of bwmbenmﬁepm ITHR (s used as the
cahbﬂﬁh@ﬁ‘géncﬁw: hffé%ot@ﬁﬁgﬁﬁr}ecvaﬂﬁls XQS%EE délﬁeg&n QSCE ﬁ@&jﬁx the Examples

enyl ene et erpo ystyrene
are alg gﬁﬁ&}& KRPgpalyt ‘%/her mopl asti c pol ymers whi ch
[0054¢ an H@lt@f Eglﬁahbﬂ g%d&gl; W?[@ T?Jé ?J“Tiﬁdf)t@ﬂmﬁ@ Qh@fcolﬁ} ahﬁﬁﬁttes of the
m l opi c_ st i
brom{Ba Bp e o Tis veRton useidprata B adlhs iyt rgonus brominated
styreri@polgmeisan panyHasbiain acvytguth ad dddrobeieess) ERieydnaltical method
t
s RRLATRG A POLTERS 950, BOWVER o lhapoom.
centnglgefqi@mél‘q e arh%hﬁo asliriéray+ 8tlsg chierobenzenanCse the tube and shake
for 1 §duRBh b vARE SotioRIsHARAL A fref (AR @%Bu?ﬁg%&ﬂg ?Elﬁod fekéuln%b t$he Bttt for

OW ng agents
undis;aléed 9085t taﬁ"atziﬁ@ WEeRl CanirifHes thesaleionar bpmilautes at 4000 rpm.
If the I%bhfuen riestilb abty¢tedr, bblﬁﬁﬁiglen etdaitﬁ)nhm/@ﬁﬁh&t@s deh&aatd Solution

remalg h %P? gﬁ%neﬁgﬁ?qu @ﬁ dls qvgg]g{e i)]e l as Hﬁ%gé@% lé{l%ﬁrsgq%;nent If,

hOWG‘EﬂTdaIEl thigiisithe casermgost Dﬁﬁle tm&jh@feaf Sdhlltﬁm. is poraméd, ﬁﬁs%ubmltted for
testin f@ﬁiﬂﬁ%ﬁ%b%o‘f&r@ﬂe& e@é:lfe %?Jo'l‘%ﬂnggr % ﬁéﬁ) §s1%n cell having a

hi's I nvention rom na
20- m@ttsppgmsgmg &ng’p@,s gs 16 ea:glqyumﬁrnme@tp ‘Dhliadi-lab” to report color as

AE anfdab ¥&le\oRAQaliEs fd?i5.”] ‘fav %ﬂ& pn Pt%ﬂﬁ‘ct WeRdid &térlrﬂﬁ%l as total color
are within

t
dlffer?%fﬁZéggFﬂ?% H{lffgf ﬁoa Id\%tS%lef f?éﬁw ﬁ%/béy Mty g seepeatations of the
produtioihahlonehephineoferdus ehloheengleantdrdingab Weforhgpmul at i on

or blend. Wen usqg &ppﬁzgqggp&(ggy?ginforcing fillers

such as gl ass flber

[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.
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typically be in the range of up to about 50 wt % based

on the total weight of the finished conposition. The
wanorsss flame retardant synergi st, when use®8CTAIS2(96/023396

as antinonytrioxide, anti nony pentoxide, sodium

[0056];3ltl a e IS8 i t A 2l | ur_n tg]lngsgg?itn%g I o yrsgﬁﬁgp 13@%8%%&& to test

the thebhgl Heﬁé]@@r ﬁfthmommwyreﬂm potyindvasfitisdmventien.t Blieal GA values

h
are OthWSgBQSP%egoéPﬁgl{r‘I mid %?ﬁpr o%irvﬁrlhgtﬁg A%i Ifa}ﬁrr%?tz% leheated

on a PVherteste 05 tie esratsbun 60@%@ at 10 ‘ai/nie smmahhteogmdhrw ofe)- 60 mL/min.
parti gul ar circunstances at hand, and sucaﬁ{ﬁppartu

[0057]ar mnmmabﬁamﬁﬁd Todtemsatheonaon d cstimiate the
corrosiyg RO AT A SRRRRL T 370 (e il SRTRAT Kt MSed ML phteaure

essentRAY ¥EBEscAP& ih . S.Hat. . §,6391630 e eeppthapiie tangisatietused i 320°C
bl ended in a smal l er amount of the substrate pol
1nstea<hoé3(w € Thetthasoniforousingopeh bigheriemperpians at th crﬁa%frrxefﬁ of this

[ nvention jnclude conp03|t 6 £
1nvent} nog H)é(oi[Vﬁ é‘?"ﬁﬂﬁ? uBtS Pbﬁg; atg&(b' h Ea gﬁlgy pI% o%dﬁ%{tlrfg this test,
each s£1ﬁ RRSFuRdh alfticate. A md)ﬂno p@bamme ispilacad hlt@inne\n‘pban 20x1 50 mm

th_ wh
e ) S By DD, LSO P AT 1 e
conneeted ni nitqogérysirge Bnevithexit gasfrom\lhfmestctnb& being mpg}ﬁuccesswely

throu haﬁﬁlbg’ur%a%g ?g‘sI&?Be?m@rphﬁ thregbﬁmlﬂﬁgﬁgarﬁﬁﬁl%?'f&sl%tééﬁﬁBd)rﬁammg

In the ran

200 mon iy NSO ot Aol i cogai oghigree
0.5 séﬁﬂﬁ% @stftﬁﬂeé oald of b @1 8itdd éaﬁ ba@s 9% @NOL/R8TY, NaNO,)

synergl st such as iron oxide, zinc
for 15hminates, folboweat lexf & nabillys a’fnarablﬁmrf@myer@mr@ dheyiess fefesqontaing the

sampl@% A94 !réﬁe{&éd %ﬂh%l% drg st fBRYanR &R é}?ﬂaﬂﬁus i8 ?Gigéﬂ‘wnh nitrogen

or po assi um ant i nonat e. ({ I ca exa I
for ancandmmlf mmmmgesazgémhs conptyl 1obl tabaintthed2 knseiicbatis o he fest tube,

tubmg e?.n( ?gk%\é\%g o al 'aﬁe%llgr n%&%wﬂﬁﬂ%i%ﬁ&e& %? 5éll'nd R AR §4Bmbined

eres Oormcro oons
quantistivekewith the B‘d}ltlﬁmﬂ inatbe dhitee eolleationiflasks: hEng corbingd selytion is

ac1d1ﬂ‘eﬁcdéﬁﬁ‘1 1%@'05 ﬁﬂte&%ﬁmqe%gm Zjs a@&@fﬂrﬁatmt&momemc
uth reinforci ts.or
tltratoa ENieirelem 67&0 iR, Gedupiean| Re fag@cﬁ C}lia&eg 23 ppin HBr, ppm HCI,

d pp@ IHB} ieikénts & oAbwkal ates or nyI on nol di ng

bl e. on {{ he open market, and
tﬂi’ggbﬁbén?gé 13@@@@%@%‘88% §%Y the conpositions of
this invention. [0049] Also provided by this invention

gt %maﬁgllllt_gﬁ? zbllﬁﬂg)?NE(%BP@Bﬁgm% lyr om nat ed ani onic

renrc 'S 1'nv Ion“and a synergi st
such as, for exanple, a blend of 75 parts by weight of

ﬁﬁa B@%&\ﬁvﬁeﬁt@m@m@mﬁswmy@saam wh) parts by wei ght
a

syner gi st such as antinmony trioxide, antinony
pent oxi de, sodium anti nonate, potassium anti nonate,
wheré EP(X)%E%;E A@Nﬂg wBed &t @actoendapuintog and Nsy nemgalisy of AgNO,. The

tubmg \éspg]g Qﬁ‘ﬁ’ﬁ S&f‘lg@ W, heﬁllﬁr%gel} teffﬂreocgé g&r%ﬂ ﬁ.'g?lg C}Q eEﬁéH@a? W¥orbQhe first
sampjeothred gmptmelean usstam esparg ryppasttdarty tovessytetthese ignpgresidual hydrogen

with the total of the two conponents being
hahd{ﬁﬁt%%gysﬁémby wei ght. Suitabl e anbunts of other

__Rsﬁmﬂw_e addi ti ve conponents can al so be included in
[0058]UC BrAGEINVIN 8p&Ju@nglé acquired using a Bruker DPX 400 MHz instrument at a

probe temperature of 120 ° C for solutions of about 20 wt% brominated polystyrene inl,1,2,2,-
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[ 0050] Various known procedures can be used to prepare
the blends or fornulations constituting such

waddi7ioos3al conpositions of this invention. FOPCEXNSRWLEO23396
the pol yal kyl ene terephthalate polymer or a nylon

I d,t bro nat ed styreni ¢ pol yner such as
tetrac%)fogﬁer{ﬁé%ea@ Mleg‘gctrma p{gc%@gélﬁé %Gsteﬂjé)'e %egeﬁj@ﬁéﬁ}g%ars@ of the broad
peaks argieegretet betvaeins. 8ito 2 Arppat atdRl2 t010.9 phie TheRislethdet ﬁmlareas

after 9@}? dyj?x‘gn L eO8e nd goé(%ga%ltdqg&d{leﬁ V‘g? repgesegﬁatgg fl%rge?éham protons per
P01W|re@q¢gumu%\me§érmmé8ée epenepresents the cham extthiogproherwhere

the assbcidteBarIaHi ri ﬂ% K& at lé%st%’n"é Remds %oﬂé?é%fom aTﬁQherﬁthéée of Bolymer

eader vice

r mxin
units F%Ylﬂﬁ&rtﬁﬂflé}g Ffémé‘%‘%‘:”nf]édle?e@PFﬁeérfg%HW@WW@lén such as
GPC Weg;kﬁAmagerMblebdﬂ@id\mgl conmi Rugl on bggcla granul es 8r
|-et t.ho re
005 5, e S T B
as defgaionsh laIWatyrsd{eﬁfaomYn IndexnDetbetbr.dyiodd]l de 0 and b PleckianDeBctdr L1ght

e e N
b@@ee& Teroaggsappbssrvas et iimadal, Meddh Sd9an trdystwrene standard
(M, qad&pt)@@) vaésfrou&ﬁeljf eSS %ﬁﬂgthfe hec&haf §Cihe ﬁlfgﬁf %c%ﬁeﬁ{gg &aﬁs The

ot OIS B B LA, GBIl L) s

0.015F@0%3BE oﬂ'sﬂ:nqﬂe Br thinhef TR, ety ahéﬁlld’t@)f tH3£ mlhﬂi@{ Rdiltered and 50 L

s S N A58 DRl BT i

Detecttfﬁé f@éb@?ﬁi 2090 iLaght ScattdrimgtDetedtobr omi ne content for the
[0060pT m1ﬂﬁb€zqn§éme%ﬁ i &@&M{H}‘{ e 1SR, Inbed gﬁ&%&drﬁfﬁggﬁ R¥renic

t
polyui P g oibdbs BogedhFd andicg aapPerentebA STM DsoSigod DI23s-

00 ardussd. n@he dxtmsﬁgtﬁlbluitmetet fs 6fkrifed BB, 16TRE o ﬁitﬁfed pressure and at a
a Phil I I PS, PV\1480 roet er.

ternp R AETeH 0TS QR £ 0B DI 5F GHB b EriBeiror HesThEaugablas Bt of the

d |
moltegz‘;ps(ﬂﬂ?iﬁ%ﬁ%hiﬂﬂéé; 2%12@ gﬁﬁﬁlé’égl g’;‘ I?ee daHx‘;%& ﬁée‘a nbcflg [fresﬂsear\éaa &?Fhlnated

Styre%“a%@?ﬂm%‘”?t ISRt ol A emmPle ohiiers gnorp Bwqusmdmoem comparable
bromlﬁaﬂedtst}mm16pd)l§)meMab1ﬂ6W]iﬁz$1tthe pelydRt 6f ﬂi'lsﬂﬁv&rt’tﬁ)rﬁ@’ befag compared.

RN MU S
[0061]r dvsivaed Técbtghwt@ms apmhﬁaymg "APISH iseaey iterchditgably with and meant

h| |
ST AP SR P
POIYS‘HF% B oMis tl’;#@a@ﬁ é?veilght @Verage mole@l&ﬁr erflgﬂg‘—eandube terfio”M,”
mean§ h&mibbllbaveaég%om@@duléﬁ wetight; Botl éém&érﬁﬁﬁéazﬁf Q}Pé:{gﬁglﬁ {Bfering

R T S U WA T N

[0062} oThefdilesiak wenhbeet IEiamplefs 1Hu§‘ﬂ1&2@the @re&fl@@@ﬂﬂms 1nvent1on and are
not m‘fﬁﬁ%&' {)lf%ﬁt 'iﬁee%e?l%{lg ts %eo PP EIP% dpven gg{xf ?41?% é)éesgp{ted GRG reference
purpoggschre ilefteaed Egamplas ilbistradio tHedprebaratian abd 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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remai n hazy, then it should be discarded as being

i ncapabl e of accurate neasurenent. |f, however, and
woho®/s238he case nost of the tine, a clear sobPariusmo06923396

obtained, it is submtted for testing in a HunterLab

Col or Quest Sphere Spectrocolorinmeter. A transm ssion

cell having a 20-mmtransm ssion length is used. The

colorineter is SREFERE'NEEtE:XEM]abEAo report col or as

[0063]3:56@% lba@Bgo&\)/n%n%P @g%vg%/ %Fl}lilil g ou(? utsm?aqn m@'i)glyfspé?né:nléagmg a
numbef Bigragsimotpctdantveight of 2900and abVS;E]dI aersrag@md%@ a3 Yo el
A2. 46% 1@% nﬁrﬁigﬁ&ggﬁgf A0SiRfm bReriRE ?ﬁlﬂ?ﬂch} \Wa§§ﬂsﬁé&l@@ RZE4BI g of

enzene accor di formu

dry (>[16 @p)nZwa{e() [EQM irra (B P2 etked, p%&s@p gm reaskign @aslmled to -6°C

bya c%gagmg g!fﬁﬁﬁ@%l \L’@F ge%gtéw ftl%kga\T 2 E@E&l{ Hﬁﬁ.ﬁf f@§@ Nﬁﬂ'ﬁalr bottom
valve @Gasrequippeiewith iat p@quq 00 stiyerremdr Taslpnawlyraerrh hagana-blade paddle,
Fr1edri%ﬂa§ Cf%?&i@l% @‘E’cﬂp&fo na}drth&nﬁ‘ﬂ@l]}’ﬂ &)néﬁl@aﬁow 8f @y a@trogen was

behavi qr .of the bronm n

ed
maintaingd emihe vgo asdrasn e Cpﬁii@s?rr%’é‘ﬁ%l?tdﬂ mOYHE oxiAge HJY the flask
to a cabc QBPEBHRed 385378 ﬁfon@fwww%memsn (134.2 g APS, 1.29/n mol)

N R T R e
box. Thietgiapatedfdytindenfvas thefiGety twi pumi 085S Sigia@ fromatheeylinder to
a Jackcé%tgg oy 'oz-)éf)%l%& glassT \éfé@ mdﬁﬁtetdnﬁftﬁkea\%ﬁﬁpﬂiékt Brode 5555 7e,

pot en a sanp
3.48 n@lesTAGArativaesis) waao}aargéé t0 8 > Ogb gradpaed P)é‘értdeb?lts;;%‘mt@ pump

the br&ﬁﬁfé% ﬂﬁl 5513{16 ‘ﬁﬁxﬁg &elak BRAPNsdihtfon. B@fh stﬂél@ms ﬁf,eﬁa?cﬁoﬁﬂ@eparately
except

erature used,is [
by theguer beke: CEHbBIG Br TSP GEH R BRERIS AFRey aPaPe 1o the
bromihf@dén tFlask PThy Yi&[cﬁo@fmbdﬁmrs way endtectad doonm qihotmmﬂlazed ahphatlc

brom@aﬁ% F e a é é}lgiltshagg %% tl% ﬂégﬂléﬁd lﬁlglélg tfe w1th Al foil.
¢

Both feadmerecsnar@daawhqa s&meé §mgland s tb campbwddn 88 rlimgo& Imse S of102
gofd ﬁ@l\& Goas 'ilse%t fol %Q%g%&l&uﬁi fREP Ws?éﬁ?tosésglﬁlﬁ Rbmpltde Nhﬁs@d& of the

| t t
polyner it theagrshop Upgevhilauts ag%w&ﬁqs%@%@m%fﬂi% ﬁ%ﬁﬁé%,{%e? Bttem to
give %h%n%‘& er DY AR SnHR] Yhi aef ik 36 ndiSained at -2°C

I'spersion frits in three 250-niL SI earmfilter fl asks
to -4 c&aﬂﬁo@glfd)hathl iafdjtidn Anddubsdquentll Sl\inmelkqmd0¢$(\ﬂ1iﬂ©@1§f og¢n purge of

e RS IR 3, GOSN LA AP lecOn500:
porticiabl 1Mattth {hiboBYANNGRN 481f7eovdaNDs) added toFissHre mlneeg:moval of any
reﬂdt%q? E)gn%%lﬁt 'gP( c?r% BES% Wis s%fm% At adeiiee %El’tgdemtﬂ_%tetr g5k 1 L)

e sanpl e’ 1s then re ace
until péweh ”thxpmémt wag EGCOVQWd frame thepparsie aﬁe§°ypﬁil\fl¥l§@@ tRivigprously

st CAER PP AT oy Vel oy of e

e test tub
bromtmmmmﬁewodw ewsteom fiertsesticn Bltering, terveleitp mhfirwas rinsed

with ‘dﬂ%ﬁ@ >f§l?) |dyeg\}o[aannc%tn‘fﬁt2\§t3\%?1gl?ﬁ 53293%@2%%?%@ in an oven (123°C)
undelc@bdxﬁ,eénlt Afrokbplige. MhduciomhiysehppeininiTableils aci di fi ed

with 1:1 H and titrated with 0.01 N AgNO3 usi ng an
automati c potentionetric

EXAMPLE 1
[0064] This continuous bromination was carried out using an anionic polystyrene having

a number average molecular weight of 3200 and a weight average molecular weight of 3300
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titrator (Metrohm 670, 716, 736, or equivalent).

Results are cal cul ated asppm HBr, ppnHC, and ppm HBr
wequinassat s as fol |l ows: ppm HBr (EP PCT/U82006/023396

I)(I\I)(80912)/(sanp|evw ppm HC (EP2-

with e AR b BaTEe S orv\ﬁAn)SOV{ﬁg]pglpBe{gmef%fass aﬁﬁ@wfor the run,

he rerstut had an eatd iresathtipg ivaduux Jaa]mi abld an ﬁhﬁfeﬂjﬁck&t}foﬁ@l\ﬁﬁg glycol

A TR (T
directyynssr Wcm t@d?rm@t tdade Qf@km@aéfeﬂwmlmeM@aglwtor (operated

at 40031‘!1)?1@" Qntchf%fffow ﬁoﬁ! RochRd 61%6 ahovand] ’\ﬁ bid&e él[bv{réraethe reaction

t ec ra
let“é% &lﬁ% by &E%VH@ ‘f%\a %ﬁfﬁ@é Fhab?@%ﬂé Eigefmthe ﬂwgﬁfp theawain afodget quench
pot (L didéy faekapet ﬁﬁmd eo@ém ROk p%@&il@tshﬁ@@ o?h se&ﬂa&ﬁ&b\éte%uench

por LSRRI bt gellerecl e T

througthe Feedrichds CQﬂdensbr aEtinreakes|ueos damte:g;caibédr Wwith wedmnde fom a
constaf r@trc%geﬁ?ﬁﬁl@é"& tRe fopld? the ?orﬂ@ﬂger %n?g;ﬁﬁ] &?{ﬁc?n ttl\{\é) room and

reas correction for end Fesi
hood 5‘1“\?&%6 @ﬁ@wmgumt?@pﬂiﬁwbéommh@n protons per

[0065poAysiRIle pﬁﬁ Sﬁiotdyir(lshmate-@b%nﬁﬁﬁfé phh&m:%leBPafrﬁleES‘% npm -00) having

ere

o B P A e hRAAL SHEPY Satonstohe CSTR,
using dedchiinds rocﬁmaﬂenqfommer"(we”pmdcvnb@@aoﬂfeum&mm 10Miciote-Parmer,

t.h
SY‘Om\SL a ”SQ%B% %ﬂgﬁ? ver a eaﬁSW be&(uf;al % ‘ﬁ?’é 'gsrgficf@g%ﬁ’d the
AlBr/Hd, l%wd i usies @fes@hm: pEBeflon reb@nerd(L184) andMit@r Buarodadtomer

(#14)510 HPLC punp and, as detectors, a \Wters Refractlve

0066 35 e i b e RSB e <5 it and

bromine (2. Wati %, d,= 166 §/8d 9 werdEXbsen 401HP a@f)@’luﬂn@@m@gﬂ provide 2.7
{osanp

9A
et B HORAE iqrgﬁ%%rameweg gk 688 Bashs s ek anypga ganster
equal NglwlmSlq‘fyhetsh éwaccluntianytodhe tdaetor) ghisativaavf teitwgy febalt treams are

matchgﬁ §n§é§s¥1ﬁ gla/lﬁ% %ﬁté@@ﬁegfstd‘l@%eqé QIO%H?&netgrp% Cﬁ%ﬁ%g%b%ubdurmg

procedar e used

the owfat@grﬁf Itee CRTRo The siehdardrnsolubla Algldwominatiph satslystasedin the
batch pfodekd as Bshland b?Qhé@ohhlﬁg :AEBr :%t%gmg%rél ?YV?;‘%E%&E AldHR®) 1.0
B O N S R A G
be usddeingdar of PBO6EJr ABE} difdobwionntiexo TRk fgen ERctdabe it fhverts the
i BB BN MRS BT 8 LTS o empernne
[0067k qlihpoparatiaf waSTavicldychifigingate OSTBOwitl) OryaB@VIL($ 815 gHel 8 mL

o081 5 0yPA RS SR 5 R PL AR -0 3oRbeSng rs

feeds @precstar%ﬂ(M @ rhlvadin prtofur dach stieamiraakiliee AIBread rdtdi@as adjusted to

~ apump setting of 0.35 ml/min. The CSTR temperature quickly rose to +1°C and then slowly

increased to reach +3 °C by the end of the operation. For the first 26 min, the overflow stream
from the CSTR was directed to the waste quench pot (containing 850 g of 2 wt% aqueous
NaZSO3).‘ 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 1590
g of 2 wit% aqueous Na,SO;) to collect the steady state product until the PS solution was
completely used (48 min). A small amount (41.0 g) of bromine solution remained unused. The
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nol ten pol yner sanpl e being anal yzed. The sanpl es used

in the tests are a brom nated styrenic polyner of this
wonvEssa or a sanple of one or nore previ ousPygTAISZIM/023396

conparable brom nated styrenic polyners with which the

mer of this |nv ion i s being conpared. Al such
Welghf§@§¥ d spltipphusedift %ﬁgét‘mﬁﬁ er?%‘%hwg{‘}ps anpl es of each

of) JOW%%MR@MQGMQ&@@ 7B0HEL] As used t glr oughout
t LI th
aﬂﬁwﬁ&f‘/ i SEMy A0PE0 g0 S0 EO, PHE §‘5‘S’ﬂgeaw¥ ter m
" Bl ABSItY6 A4 BgiatMb B Aigr(A10837 mlbmSQ mpel’ystyrene. The
The w%xﬁ.é gI}gaMe, ph %ﬁea(@% W%ggﬁ‘fhearﬂﬁﬁﬁg&m& s %Epdi\@cb& RonAMe aqueous

nber average nmol ecu
phase,tpod isombingdtie ar-h sepasgtoorenpsl vy 2 BCM rimss @3fe)e<g%“r quench
vessel TEREE ARRIuARANRSs (008 éa@h)ﬁve@ﬁ?éﬂ tolfe@anse eeidunlucaled salts. The

stlrredtankreactor The foll own d
neutragxmh@rgwgﬁhasafv@sw@%f lé%fti Eeo afgqfﬂvgéy %ﬁ{pﬁﬁ%‘f@ﬁ G ayater
to obta%% sﬂfﬁty df%t%f%?%ﬁ:h‘ @iy deFI"thd hewaen i GLesores ettstiiered, and

ntion r esent ed r reﬁ_ rence u @ ?S ad§ di
the soli@praerrisacden it SUcT MRBSEICESHI L HB® BFLBIRLTo® difg drid in a
mtrog&{ :ﬁ&%@&'o%n o 1bpeai ad e&s%y RRIMR FTOB80TB IS Aralyieel results are

the best previously-known process technol ogy. It
summWIdelbé"ahlﬁftled that the Reference Exanples utilized

relatively long reaction or residence tines whereas

pursuant to this iny ' es of the

i nvention invol vé‘@@éﬁgh%ﬁe#m%hort reaction or
[0068] esTHae:ht bioBsnaticanpay tared ofit tding resuidic pélystirese having a

oS CERSEL Y SoSHATRLEH 00 51RO i ot 70

A 2. TEXARPE Eudol) POSRI oﬂanmnmwmﬂﬂcmd@mmqhd ivaggaspeadadiiads0.3 g of

i SR ATAPLE, LS TR SRS et 1°
bya cif&hl@@ﬁé gycdlllba@lhl‘h@lfeaﬁﬁﬁﬁlasléhﬁvmg aglughi-admntrieflon gedymérdetiom

valve J dvasfeq&pye Wi %%Veﬁ%aé?.ig%lg%{%nﬁéﬂ%ﬁ&%g altaﬂa—@fa%e %addle

Fr1ed1;1dr3kectrfddnseg (glsel ceeled), and thermsawelbdh eqnstast flgyof gy nitrogen was
malnt?in%& Eh Ald gt ﬂﬁé’ ﬁ@lln tH@E(?hdefHé? td £8%t inQﬁoﬁhg\éﬂﬁt Baet Afmahe flask

unt

to.a coustin LT SSREb oA T2 SRarherapt k0 Tl %9&'1“ BILRLT TS AR 44
mol) Qﬁﬁé‘ Bﬁoﬁic%g/ sBaeld ig drFBCRtvas theggaino (ieiﬁ)@ernL (eeddyetell cylinder in

i AR e TR S-Sl g e
toa Ja(dkéltd& @Wol—toolad glasg mixingrive mtgmm an thaastidn Baskt Bromine (621.6
g, 3. 8%@ %]Sflf l(l/'gltdl& H%? ﬁg%ﬁétﬁu%ﬂ 'éyl‘?rﬁieP fndset up to

u I 'on
pumpethi dvmmlqup ;ﬂsq W@]@lxmg theyas @@M’éssoeﬁ@pggagh regms W\?Tﬁooled
s par%fi%ﬁ@tﬁn&%éfﬂﬁ%nibﬁnﬁg stiie BRom Jike gf &d droppmg into the
S

t hen. set
bromtn@go% yff skd gie trgacglqna d Wa | %E‘}F{ég cftg élgl 1ﬁtied ﬁ%phatlc
bromirﬁﬁoﬁfbyl Iﬂlrﬁiitlgwff héwe] lighae andmrafpbargkthe Badnamdem{x3f5te? vgth Al foil.

Both 3‘?6 S WSTS sgargesﬁl1 gt ﬁ\% :ﬁ/&% f 'Elt\%gr}é"?&h‘:&ﬁ{p@ﬁg& glr ’}gl nl]%ﬁlce) Alfinse of 112
g of drp @CMdveasnised fog theeAPSisolutien mes sxmmtt@ assureRRaRDlefe ﬂr@asfﬁr of the

polyni&i't§ #98,&n $BRRGAIE hifrogen was flushed through the bromine feed system to

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

t0 -5°C throughout the addition and subsequent 15 min cook period (with nitrogen purge of
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by the m xer before conbining at the bottom of the
apparatus and dropping into the brom nation flask. The

woeerios33 m xt ure was protected from phot o-i ni PCRUSL006/023396
al i phatic brom nation by turning off hood Iights and

W ing t fla nd mxing tee wth Al _foil. Both
the 2 BRBY oS ey Ftcheribe (Tl o Ce mbpir A 564 ¢
portigoepl @tveth aquedls sodium/sulfitseasaherd 82ded ©f aseiirg tROMMBSI of any

. . < i t t .
a3 BR0L 4R AR AR LB LR P8 S5 G i
neutrgy ﬁ%pﬁ@dwtdgeéﬁewyerdq frh & arpamieipliast by additinn kevigewdsly stirred
ot (Y SO ML TR Sl TS
polystyrerernsedyieoin wathie Add sudtion fittaring tiesehjttesolid s Hinse @itk water (3

[ (W th nitrogen. pur of reactor overhead) .
2R B ottt 335 RO 4PE8 R Uil o .07 QL) under a
constwttnitirogeA pReld. Bradact amatysed aphanth YableUEous sodi um

sulfite was then added to assure the renoval of any
resi dual brom ne. The organi c phase was separated, and

then washed with water EXAMPLE2 until neutral. The
[00693 ggﬁl&ig Eoﬂtﬁﬁoﬁ?ﬁfb\‘ﬁﬁ?ﬁoﬁ \Rf&’sp&atnl?%l ﬁggﬁ Eﬁ'g%crig%zﬁaggépple.ﬂh%sing an

. ition to vigorou stirre )
anionicrolystirens hayingagwnthes Avarags meleculavesight e4290pnd agvaightyverage

mole@flartwiegiof 137 ORI EHE delativh a8 RErBd 8 ¢hireind HAESTR xﬁgﬁ 8fy BCM
uction filtering, the white solid wasS rinsed wt o
(149-3&?@@; T3he Allfe selptieny Aftsr sodlashe pentorts ghithe 1S TRI®.-22°C,

the brfmifREaHI WP 13 dsivibr@ Ra¥E@ S kB Anifrkatt m%g.chastr%%zta]ag {hf AlBr, feed
ni trogen Dpurge. Product analyses a%ear I'n Tabl'e T,

rate w@?@dr f pBBRPetRE oL g tnlian She FotRrigmperstuastayed between

+1°CemtirBed dakhg HivirBsttidn. AR Tt 2@%%%% gg%ﬁo@g\’ﬂe&ﬂ % the CSTR
nunber average nol ecul ar wei ght of and a wel glgnh

was diggeted ipdheriiagie guemch st eontagting 30 of2 witoeguémsda,SO,). At this

point,St WeedBuhed & BRadeasie @bndidbn &Rt ré‘sﬁcg:g&‘% %%S%L%é%eéﬁsr-ggzhed, S0

h V\%@ U}?rd for the rucg. The reactor oIy
© OYHUOW SFHY Wasc diyRstpch i Bhe A Bsncihiet (Goatakeng 1357 g of 2 wi%
aqueonis NeySQy) i:mgal@:byttthte Istea?pétag fpqudﬁbﬁlﬂtﬂ ?&GAPQ aélutibn lﬁz@% igi&td (70
.\ PO om.for. deljvery of. reagent sol utions
min) 3P Aol o8 BT o B e HrhEBTERY: TP Wbt ot feed
solutigest ysoth fqydhy Ak min of bparetiagiverat or (operated at 400 rpnj.
Ay 9y BRFthPAPR 3K dMP@l‘?ﬁ%gﬁ%é%%gOVe the top turbine

bllade al | owed the react | re to flow by gravity
té) gz-%ﬁiﬁr‘t?’érmﬁ%‘fh EIQ&e. df P ol Reb0fdamiv-t o t he mai n

pBp N6 twiga B i WBNISS1.6 bybloy27 Aeket ad maund bottom
econdary waste guench

flLask wt a stiLrrer) .or a

The whitt Otegnic p%a?eea%é%&g‘w the AR ARTICE Pet VAT Eppratqddrom diesaggieous

phasef mgheaniteneSiiR s sqaraorgihmed vitl @ BZM airse Ié%w byed¥ tﬁe quench
| S causti.c scr rowit :

s SORIRED APPSR AP ST SRR, Mty

white ofganicehesersiammenpediutol b of higotwuslyi stiged @0t (98R€) aritdtdain a

h .|l kght s. . d t ' | .
s B B e e Bty i v
rinsedparthe filtet with peatgy, (32 )e TRawaeeakSY8 %@Wasflﬁ)edhﬂ‘a}rﬁl@o deWPpurged

ol unes o

oven a@?%ﬁ?g @goaag?c’]o&ls At \lg'llgl"egg{ ﬁgtg&g %ltglj\/%%rﬂ eﬁé%l:@u ts 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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using feed lines of Teflon polyner (1/8") and Viton
fluoroel astoner (0.10", Col e-Parner, SY-07605-46). A

weepmriass3 peri staltic punp (Masterfiex 7550- 90PCWAS2006/023396
used to feed the Al Br3/ CH2Br 2 soI ution using a feed

ine of Tefl ol ynmer. (1/8 Viton . .
an o pBlspeEing v P A Tyt etes Fdepilticuriehbef 3600 pd a weight
averaghmoBCMas vkight @ivS00f AARIS (3 esOltafolthe grodudt Déddurghbitided in Table

and bromne (72.1 wt% d = 2.660 g/nL) were chosen so
that equal vol unes woul d provide 2.7 equival ents of
brom ne for each aromatic ring in the APS. By using a
single punp to transferpegvgpgl umes of these two

ol utions.to the reactor, pul, satlons of the two feed
10078 S CoRibpe o e vies ies & 45 described iaAxamplsyul using an

anionddwaoigetyreme lﬁvmmwﬁm hyf_:l_l‘gge Iﬁ%ﬁﬁeﬂ?ﬁdﬁgﬂd& G600 eluﬂile[ Wweight average
| e standar
molek]“% Wigh r%’&ﬂ% gtag VS AR T Ao dn BAREH- process

was repl aced by the soluble AIBr3. A commercially
avai |l abl e (Al drich) 1.0%@ #0.58 wt % Al Br3 sol ution
Of Al Br3in dibrononethane Eb was used. BCM can not

be use®ATCH IAMECONTHBMGIISBH)BIIBIA(IIIGNCREIACTK)NIG to

nal og%ﬁécnangﬁl H\B?%% OTTVE[ s ﬁﬁfﬁ'u uU|2c b

the tnealiihle ¢ in a nnat several

&romiogintPeoreey at u Bathl% @Bhiinubhe( Bpel
the APBPE sol uti ofh Ak tler Aol i Héj@lhé cHEirent

(CAS.T%X%ﬂ O}ﬁ%ﬁ r’ate l’For ﬁzraTch s%ﬁdgjglf' 3aﬁ

Maxl‘rﬁhﬁsrewﬁ)n&éjnp$feﬂ t o1 apunp+set tf| ng of

PESEET-G  TETIP-N V2 B (VI Y = +-\ = 1aC
o 4u|bl\| y mMuoouw — C© -_—

g. A~
a‘jen&.glgélgggmggnﬁlfam 38 dby the e1d8bf t he8operfptd8on. 8

APSEE o Eaon SR 1B o vl o [ aBAet 00 odnety o ng0 0

850 gpgfy2 W % aqi%%’@ nase) Il 2odt ! Sy Nt

_assuned a steady Ktate (‘()n itioh (ove

ti nmedPShad been r _aemad, $800 hefl ovoer f{1 oswost r
| H—gHenreh—pot{eeria-ni-Rg-
2 W % aqueous Na2[s03) tjo col |l ec st eady

|

ution

Bl‘mqﬁgauc&lﬂh l:yetshe PS Sg

m n) amopnt (4 1.0 )
rewa%rBithHE)Jsed Hrhsewel ghtey.4of [f@ed $ol yguony gsed f @b o
F atod—wer-e: 300wt 9% AP LN F(‘J\/!

Thers ’i el )182) [72. 19 we o B2 |

2 60 qu: vl 33106 Uat 94 Al

—. OJ SO
b 89 ngl % The white {
Gzo%Omez:}m)“%%m i n quench pgr was

ahrl r\nM\I ne

t IIT aqucuu\T FJIIU.Ob ...... e

funnel Lwi th a BCM P3#Ge (92 7 954if

VEsSsel . Three aq;]Eq?—v s
renove °r esi dual and ts.

organi ¢ phase wasj parpgd iniP S le @F [VIgosouglyor | 1681
ar
AE 20.39 18.02 17.06 16.14 23.86 18.01
Initial Color, TO0 wt% I
chlorobenzene
L 99.34 99.84 99.92 99.50 99.72 99.73
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to obtain a slurry of white finely divided solid in

water. The slurry was suction filtered, and the solid
woasoroomsed on the filter with water (3x2L). TReTWSR006/023396

cake (588 g) was dried in a nitrogen purged oven at

122 0C to a constant weight of 389 8 g Analytical

resul ts are sumnr(b.ﬂed. [ rO.SflSabI b -0151 REFERE

r nnRQ'l Thl S |nn+ o

ani onibe pol ystyr prie*hgvi ngld nlJr?‘o?gr

Wel gﬂI of —2900 a aveer. e
of 5785 A 2.75 %(%OVE ?r% s

chloride (Al drich) vvas suspendgd in
5 ppmwater) BCMR 1] L hoclac

polyrrer bottom v@l ve was equi pjped wilth an ovierhead air

L anlceat
relaSIt‘ﬂIg(l @) ask ¢ dl5938 t 0 1582C byo%6 di r 630Gt i
batth— e Treacti RK—aving a f1jush- rmun“S TeflT on

TGA L 1o dNT(@H) B5Pol  maus banfinas bllades@add] 9.0 | 3508
Q (‘ﬂ

rle Qnrlf nrrmnnll

Amnssenc flow f dry : '

ni trogefp was rral nt ai ngd on| t he
gases My om the fl é%;ﬂ(oot

Pt 0, Gl oopieao] 13300

374.92,0 portion & FO19 008 %1l§pjm)t I opp {ob49 2@760(;
i ¢ pal st !

1.44/n ) of t eanl oni ¢ _pol ¥styre
charged to a 5004l graduated ¢yl i nd

tod covilhndaor y
7 Arofiy uélg irom th e%8i hdeb74 0

OI V(‘Q‘ﬂMR)‘lﬂ| ed nl ss m ki nog-teelnmpunt

MFI (blia ko, 200 W0 6ekOY2 25 6| g, 130890 A6l e
et vatents)—was ctrarged 10 a Z50- L gr aduat ed
cylinder and set up to punp the bromine to the sane

[007 2]" Thd WoBitaaniditc ﬁcﬂﬁst?&hw of@xampls i and £ essmovebpeducts of this

anen'ﬁb(B} h‘lgﬁ.{lgfee %]glglglp é\i. ﬁl_\{i@e%o l.étlo [ Age‘];a%e% C?HQGW)I%QHI?‘JTC& Iaﬁlonlc
polysﬂpmm alad posseds| aibér. higiiy desizabls mpmuzs mcéa anehigtp brswaine egntents,

A

GPC Mdrhber Aler, \bve1gﬁi@ ﬁlli‘lrahgesj\&ihmh mem memeojbfateadﬁyebbad@ \mtlm@mde

h | itia
i RS SR el A el e b
solutias Alivelue capokted ﬁ)rtarbmmeted@monw@ob@tyywﬁs 1.d4 +amd that polymer had
a far 1B§aCt pnflgéé%%g U o€ TS %%11 ¥ e{t evmguélh&ﬁidgbteﬁ hes00°C

emto grve qua ative transfer of
ratheltthgn Qtr 32@‘° 0s id E&afn@&@tll #£d X IR, ra@ti lars@mﬁ&nmlmmgm (e N Welght

Cto -5 C throughout the bse
aVeraﬂ;@nﬁieﬁu}ébiYﬁlgb% rSesdp mgqqnn?ﬁttopold R R R LR

lines SW 87 "eatinn 3ﬁhﬁn€sa32a5W%hdvﬂasledﬁaEkamﬂbéﬂE -6y addi ti on of
0 g of water. A 86.4 g portion of 10 wt % aqueous

SOdI umsul fite was then added to assure the renoval of

any residual br oriREEERENCEENAMPLIBse was separ at ed,

[007% gl'&ﬁﬁhlfearf]%v% 81:1]12%81%?%8 \é@[r%ﬁ o{lﬁas)ﬁegdr)beﬁl i R«l:fefb%% ERbmpit t)@usmg

e organi c hase

an anéuité polystytene iagiog usIpbestaverage mfdecue@mg ht 4}v00 apden weight
averag? {n\()ﬁ&(ﬂb e g'hlt b?ﬁS(fOr AM YN (104 midl Pportie@yf Agmamsh dhlbyide was

hat
suspended in 499.1 g of dry (> 15 ppm water) BCM in a 1-L, 5-necked, jacketed, glass

reaction flask cooled to -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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pol ystyrene product in water. After suction filtering,

the white solid was rinsed with water (3 x 2L) and
wdni@doss3a const ant wei ght of 443.8 g (96% yi eC@d)US2w6/023396

an oven (118 0C) under a constant nitrogen purge.

Pr oduct | i.n Table 1. L

vefon R e o RS ko (Yo 2o

A cons@e@ﬁ ﬂbbvbﬁ“élry mtrEg@mﬁnammmelmlgma}ae et fine Gropothy sonydeases to assist
u

i o s 55 R BOERE LR APl or s

by-prodiac. Aeastoegjpduyomhﬁa 49. ﬁgvt%s»lmmmWﬁrg 4P, BEp molpoiganionic

polyst;%%rllﬁ ?.\3 ﬁ'%?wf&raé @Féiﬁo:sa 98 ll'ﬁl', %?hdu&tfeﬂ%"yhﬁ&&"lh hx. The

to -12C
graduamlrcerhgdqmaé thepsegmio PR thadl ste uﬁ@% b é)glﬁ‘iA‘Er Ei’r?dlagke"ed
glycol tcBSleﬁ"g@’s?’mfnﬁﬁ tek Al RNWADNAHE HaERsh ﬂe@kﬁBﬂ@lﬂme @epBignd.3dfmoles,

2.70 ecg%%ajlqrg@vgﬁ;'chq{éecf tq gggg 512:[? %ﬁlrla%ﬁ%(g ?ﬁ%r%ﬁ et 8} %c\gﬁﬁﬂ%fhégﬁomme

to the SAMRIHhix@ 164 dseleAPS estutidre BOBTRreaas vaire @mﬂ@icsep@atebeby the mixer

before ﬁg@gaésggu a?ci]{f r\zoﬁt%%n 50 J"%p%hﬁt't&%ngl %ig&r%ggtoﬁhﬁrggﬁgéﬂ??g?%k The
reactionomictirire s groteeted ﬁfon"a&()@éﬁétéat@@ ahiimtie brgminatipnby AuRwg offhood

SR Wasvith ABfotleBoth Tedds ever@dtarteflig deisame
hghtsm&%?@%?i{{#aﬁgaﬁés *SF D"\t % aqueous  Na2SO8) .o
time andMeerboth hempleteddy 68 lﬁatleT}Ef-r 1‘@@‘%}&11 tamp@law%‘éfaw@mamed at-2°C

0" RS TR P AT o

the reé&&%@gidﬁ)/q%g g&l&@d’c Wax dddodvatbd m(y addition pératg Q‘ana/&.a*r &192¢g
% [

portlo%ro§3]] Wé/él\ﬂqu‘i%‘fggo lual%lgﬁ‘g%f g‘tlﬂ%n ﬁ!ﬁig(g 6&9@1&;?116 sim%véﬁt of any

residual BhoAliBe. Bhe orgDBMph8&: @ag) s@@r@g@mnﬁcﬂhyn Wgs@ Wihowatere dilute

sod1ufﬁ’fﬂg;d§ &ae? g{ﬂd g @W&eﬁ%ﬁtﬁh% adldU abd'RniBVe rN@%eﬂTEehpﬁﬁhct was

rom the aqueous phase, and conbin
recovaea frbnstép ar@m@%mmldnm th 4al BENIZPTORSY Stipgd h@) (9§f C) water.

The sqlxé?ﬁij 3@? ﬂ‘é‘gﬁr ao(‘t: Vva%?fea@ﬁg??fﬁﬁywﬁlg ﬁgol}iti\l‘?ngﬁd g§1§9ty¥e‘i’1e (groduct
in water.gefiir cughastreiémn ofithpdurythe white selid wrytngdsyih water (3 x 2L)

d_hot .
e e
nitrogeh ptifdeeProdactcinblysessod gidemarsTalile2ed on the filter with

wat er (3x2L). The wet cake (850 g) was dried in a

ni trogen purged oven at 130C to a constant wei ght of
521.3 g. Analyti GHIFERENGE EXAMPLEHr i zed in Table 1.

[0074?5 o g%l% Wg@; gfrajﬁ g%?lgéll %ﬂ%ms%lgilﬁﬂbééﬂ irPR efgienad Eoample ® using
AT T L KT W
were SRHEEAH tBE satfed @he and wieHdtinosmpletweiig bt nanelegeactmn temperature

was 1@%012;;%;1 gé-lz\g/eclég A aft}gégg%%ﬁt t%nggllflé ttlliyﬁ %]l.’ld su Ssgclpferslt féo Dt Jb%k period

(with nitrogen purge of the reactor overhead). The catalyst was deactivated by addition of 40
g of water. A 26.5 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 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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EXAMPLE 3 [0071] This continuous brom nati on was
carried out as described in Exanple 1 using an anionic
woabygy23ene havi ng a nunber average nol ecul ar PeEiIU§HI06/023396
of 3600 and a wei ght average nol ecul ar wei ght of 7500.
Product anal yses_ are su ized in Table 1. TABLE
dried |t¢ Gdff’?fta%‘éf%}sibﬁf g%ﬁ & & %Wekd)gawls@we@é@ @) under a constant
nitro @msgeepmhaa%&y@ésear@gw@h uPrglyet s of this invention
aving extrenely low initial solution DE val ues. These
brom nat ed ani oni ¢ pol ystyrenes al so possess ot her

hi ghly desirable REEERM\I(BEESQ&MF%EIE gh brom ne
h t b t 320 . .
10075 T eR et T st el B i Targmeseionic
polystytangebutaAdéil ages meplagdt with AIBangtdysiiand theemreadiion tiewas eeduced
from Q?otélecﬂﬂi: by 753111%{%93% Pﬁ‘lnt 7\ %SW#@ 4\9%5181)%309tﬁon of aluIEmum bromide

her mopl astl1 c ﬁo yners

(Alfa) wes usiensed il T3eh & of dry &1 13 pPacwaser) BEN a0 wé -, épmokecu jacketed,
glass fe%tm"h ﬁés‘i{'@gﬂl%ﬁ ?@-33-’@ &r&@étﬁ%ﬁ%%i%ﬁ] S?tthTII}e %éctlo?ﬂ?%ft I'}f’“’rvmg a

ar i n erior t abi
ﬂush-m@elntribﬂm ablymiet yotles vakyeewas bauigbedcwithl lantoea'drhaad 3 GtifSer and

Tefloh ﬁél?ﬁfer $£ﬁﬂa-ﬁfad§€{ad%ﬁrﬁﬁ Cg@@g#&a g]ry(:%ﬁ'googecﬁ hMBhermowell.

%nl I .can aver a
Aconﬁ@rl A & @‘rﬁenveé@qu@wp@ 0B dhrieedt ligfrong t > candensents, assist

in mo@m'é?eklt@aées Ro1fl the f_%_‘&ﬁkltﬁﬁ \?Iaﬁstld slcﬁﬁibe15 %XE ©74.3 oié'tggl Fh 40.5 wi%
ab| e
solutips RTREE B b §5m Tk AT B HRBITSRS Brie Maved Sreed to

250- -ngugradsatededinidbEd aidny iRed. @he prdubied oplileAwasiheg s@&mip to pump the

APS s%mtﬁ)ﬁ' f?or? ﬁ%g%ﬁﬁe?gae aﬂ@ﬂé’c&g lggfggg ?(go%d %é? gzluégr“cg%@i%u' ffc‘cri on the
reactigy ﬂe@@ Broming (280.9 g( 814 m@ﬂmt .68 @qtuvghmtsb wab ulmrg@drto a 200-mL

graduftedl %hﬂ&r%a et §€ eH %ﬁﬂlp' he ‘b?gmkegtootfhe %ﬁ’le( ixh 128" the APS

I ﬁﬂ)l CMin a nec% | acket ed
solutipn, Fiqth sireamsugre 86%‘?% aena@te % by thqppixer @Pﬁoé‘moﬁblﬁl@ggr thedottom
of the bppdratud ued drepysing Dito thie sdminbiayi fgskaThd wakidihivturd &bk prdtected

rom BRI Blp5, SOHBES o PSS e na
and mgngge wd iy Aldoit Bottefesdy wirg ktprted atthodaat) timaand were both completed
in 30 fBETARKE! ch 100 %ﬁ Hl%’tm/l x%sqyge@ %oor%ﬁ%/ ﬁ?StSBngSH fé’ga%?fstem to assure

I nt a| ned on~the ven con

complgtedransier af thg pplygresta the trastion fasknwhileanitrogenivas slughed through the

bromi@e skl s§sts e td Jaﬁﬁtaﬁ@é‘irélﬁlférz(ﬁfth@ﬁroﬁﬁné e fBction temperature
uct . portion of .a 40.5 wt % sol ution

by- p
was m(a}éégl;l%f? g HAPS to 1L3 2 chr%hqutéhe aglelitinm @dﬁabsmﬂw Sreinjcpok period
(with A g&%ﬁr\é@éf ﬁ@f&"a%ﬂo&e?h%d% 3@:5@3‘[2&{7@ %@H%itl%‘cleﬁ ngdfdlﬁ&l of 40

r aduat er was

gof Wﬁt?ﬁ‘pxtli%@ gpasian i) Bite presae red) sulie was eajaddecsiogdsure the
removgl y£ @hy f@ﬂh@lcbrgm TH: X)tghﬁmt SETI4R fs@é@ara@&i tahe the@aRadhed with

water, SR sl T oSty il eaa'eﬁés’wwé?d fe¥rEaDr. The

produtt&pamcdd’eﬁectﬁcﬁmﬂﬁﬁorgﬁn& PRaseEndaitidne vigRo@Sy étl}ﬁedeq%‘@(% C)
I ut streans were cool ed separately. b

water oflia ol gl Hemgt witet lsavips f sbiFy oL thersoming. @pb@tyrene
produetrif veht@ppiftegsuctibe filtbendthe Rluat ki whitesdid witinsed with water (3

x 2L) and dried to a constant weight of 205.4 g (96% yield) in an oven (130°C) under a

constant nitrogen purge. Product analyses are given in Table 2.
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reaction m xture was protected from photo-initiated
al i phatic brom nation byturning off hood |ights and
woneapgmosg3dt he flask and mxing tee with A foi PCTBSRWG6/023396
feeds were started at the sane tinme and were both
conpleted in 60 mn. gﬁgéﬁa E,I n tenperature was
mai ntained at -2 0C t th hout the addition and
[0076F ulsequatitudiB brominatiakuged Ithﬁz)sim(ammdsma pblystgene psedge Reference

Examfé)llgg ﬂt q%ﬁa‘.iﬁrF gﬁﬂg&??ggra%e-rﬂl%le%a%g V%ﬁ%ht\’&g%ﬂﬁg I V\?%ﬁg\} %}yerage

molecylgn svsight ©6 a8Qﬂhvgth guily mmdﬁﬁmamq rqagtoas 3 l:w brappige stream,

, contalhﬁigqn@hlsgélv@cmmeéatgwal axttraamm som@or%??mala%g&efé@%o the

arated, and then vvase Wi th wat i um

reactopy P%Wa%epa@%&pmmaw L &FPAcEy BLSt © TR s deckiontag reaction.
The reaetpied NaBiiter fﬁblﬁamig)ﬁhmﬁm\ﬂ@&et EDMEIAE Jﬁél&ﬂfdr I&ﬁcula’ung glycol

oot R s AR S O e B S St
under ket Erttone twrbing blede biithe ylualf Tafloa fmipmentatbae gmithips (gpreested at 400
rpm). g{rg&é?ﬂodvﬁ x\@%ﬁfed ju%ft %ﬁd’ge%’&{) Akii lbié’d@hil&ﬁ?cﬂfhe %e%@tloré ixture

nse

to flow hy g&ﬂwt&ao # epliteg ﬁwsmld ikt ghe flow tathe rrgmgpl(odv%qqulmot (5-L
fully jhdkedsd @Mﬁ‘dlb&t@&ﬁ) GhsKRHE badile @tﬂ@é@ Bt a &cbﬁ&%g_azaau d€nch pot (2-L

Pr oduct, anal are J ven | Ta
ErlentpSyRuSiiE: EagRn Aiveh; BNt gonay iﬁqlarrﬁﬁ Pl everhgad hrough a
Friedrimhf s emddese andiath amadRedey ensiic forabbel evith alslﬁsta@:etﬁ‘cﬁn Qa@Astant

ntros b 3 e AP YRR o R T % BAb TR o Rl ood et
were tyened off teeminidizaphetobwntinalioml eted in 61 nin. The
[0077{; CAAN i@l@nﬁ Fpﬁhﬁé Hérﬁaﬂé@ﬁeﬁ%lﬁ& gmﬁgdcél%-lraﬁng $y: *7%011 -00) were

rou hout dit]on ent mn_ Ccoo

used tp delivey erﬁmﬂﬁ/ﬂ%@ﬁi %Bﬁ/g?éﬂ\slfso{qﬁ@ns toaibe 6 T& usingeiegd lines of
TeﬂonT}Bkﬁyﬁlaf al/sfstanawstoﬂem@idemtoﬁ%rw 1eddidid-Parnek, s@ogé@s‘ -46). The

operalf ol BB TR b AV BCARE Sl S Sl g comtens

of the fe@®tdit@l7 1. AHe Beominb olatigR (1,29 PABE iNBEs.6 8 PR)) ah€ APSadthtion

t er, dilute SOdI um hydr oxi de and
(127.54 §heits 1023 e Bt B Hess AbS) bebosostheiraaion verersuated o s same
time apd GAUCverdseld easwat & the edyirt f@peﬁﬁlﬁlﬂﬂﬁa Hibﬁi&% foyd ra_‘lc_eh was 2.87
wat er, . e

mi/migg0q e ABS Gl ISt § GBI Ee ST topgiRAig VLS i °C to
+10°@ﬁuf1ﬂ%tl{%rdf)@}a@iﬁheﬁorgﬁim k95 808, ﬁ]@%g&%w A AR . tﬁégﬁ was

suct | fritering, was rinse
directedhtoethe (@iste @I@l)lclnpm qedngadning 665cgmﬁ4 aio aguegistN@B 08 2A Ker this

point, ghé SRSl 'vJé H&fﬂ) tﬁ]&ﬁpa @eﬂéﬂ%‘é{ @%ﬁ@%ﬁlﬁ? %of24 wi%

trogen pu roduct ana are
aqueopg=pea ShE EXﬂWIIE? stepdpsiate plrﬁd@ctbét Thmnmidd§ & ofdsomine
solutid ﬁ}ﬂaﬁfedﬁlﬁuﬁﬁfvﬂfeﬁ R X G WasRehRedlafi@r SRR Fopetien. The
hgg ;f ?‘3 but Al Cl 3 was replaced with Al Br3
weights g fifisto s UF V&¥Scti on time was reduced from a
t o) 40.5 witheABS iYBCM, 3148 S&2dimmoPAPSH3 g (9. 49 nmol )
p Qm de (Al fa) was suspended in
%ﬁ 5]15%(232IHBT()a%?getglpme water) BCMin a 1 -L,
53)1@3;1(@@ A]ingméirga 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 salts.
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gl ass reaction flask cooled to -3 OC by a circul ating

gl ycol bath. The reaction
woedd7ans3sl ymer bottom val

fl ask,
ve,

havi ng a fl ush- nount
was equi pped w t RCRWS2006/023396

overhead air stirrer and Tefl on pol yner banana- blade

dl e, Friedrich'

(0078} p

s condenser_ (gl ycol d),
esiplized Qrganicrhans Way YRS iy pf Ylgg@ﬁslmgrred Kot (98°C)

Ccoo

water f%mélﬁla@ﬁﬁlrww}ﬁe ﬁfenxdlblueescﬁquwake f

mtrog&?'pkﬁf%
po yrene in ry
smnmgm%ﬂsiuaﬂ“@b &l inder in a d

es fro

016140 ° f
e@NovehOat61 5 @Pgac&oe\ﬁggé{éﬂ ng%% c{¥045§71

The graduat ed

ry box.

| e

I n Movin Xi t S 58 stu@tlon filtered,
and the&af.@ s %ﬁ%ﬁbﬁ% i ew M@fﬁ%af%lr)oﬁhwebca@ (%9 gm@s dried in a

f‘é@hﬁlyﬂcal results are

cylinder was then set up to punp the APS solution from

the cylinder to aj acket eﬂl 9' &col -
tee nounted on the reacth ask.

cool ed gl ass m xi ng

Brom ne (289.9 g,

l ol4d nDI es, Z.

VANANTON WES TG 0°0, T0 3 200- Tt
5 o—phip-—Lthe

eanst

A, Bk hood | ghts and wr app

i ng Ot7ﬁe fla

I
g intolt

'd%gﬁnuous

| frat+oh

3dnd

1 r.
Ul

TrJﬁrfﬁng

t 69

th 1eeds

Wer g ptart
n 30 mn.

ed qr
A rinse

Ae Sang
o 10

Ul
g o

?ﬂ&nﬂg@%q&%ﬁ conpleted j
ol Ig3IRENMRRS used for the A

pve. resigeige medmpl) et e t r ansf er

PS s@f uti
of the pol

hN f7ged
mer to

Sysfsem
t he

APS f&ﬁ%&ﬁ&&&t&h&ﬁd‘/)\ml l'e nitr

bromne feed svstemito qi

ogenpwas f

\/&ﬂluantl

I ugdhed
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t hi@sigh

ransfer
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I 8408.S

mad 490 ai

ned400
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e 1¥4ct

CITt J

or 3800
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S deact |
ortion of

ated by
10wt %
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sod@Pum

hydIN;;l

Thermdl 61dr] G20 TV 13WaRAN,) T 0 Neut
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(98 0Q)

phase
water
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_The
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br OBSAVi

ng§9683sl
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LIS I UUl

rryj2 Ihe
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I Te~Ss

et
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lTI
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weight of 205 4 g (96% yij

) a
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reactor using two separate punps. An 80-nlL capacity
gl ass CSTRwas used for the reaction. The reactor had
wanomwnsrs33i nsul at i ng vacuum j acket and an i nnePCraskmb/023396
for circulating glycol coolant. The vessel had two
bottomfor delivery of reagent

DSC, §aI°@ i ons directly under [t heldsdttom 167 bi rle 168add 0f162.6

| 1 ! - | 1 + ot ot x. A ot
—rneuudrT T T O poryrer furor me—aygtr tat ot rupcn —at-ga—at

400 rpm). An overfl ow por|t | ocated] ust above thg top
TGA fo gl owed the td on| m re tQ,nlqw

A n}?jav\?ltogketea zet itter th c%%[gld d réo’)é%ﬂt ff?)lélow 32
BrAPS GBC mai n product guench got (5-L fully jacket ed round

HE) 'ﬂ anaddl a lct i v ~Ar hy Lcﬂr-mndarmmﬂﬂ a.
U

9 paAauUuUT Lo tT T T C1) TC . T

M. quench pot (2-L Erl enmeydqr WPOR0 rraEnb%@QQ st |1?-|8%Z}]). 12,100
EXI T gases fromthe CSTR|pa OVET T a
M, £=XIT gase: ﬁ?%@o 83:%03)8 o éggﬁ‘ 47 12,400

Friedrich's condenser and B _an
scrubber with assistance from a const ant nitroge
———pur-ge—at—the—top—of—the-—gondenser During lthe
%Aroam@mimmi@mnhp%mwm and hod%i9l i gt s77v(érd t t.-hed of66.8

otobrommatirom - 007 dentTcgt—
MFI(%EPrfBgl ﬁységzr e"rclk%eri stal tiijc le Cpl eg\é\’gr ner 5.2 12.1

SY-78017-00) were used to deli ver the brom ne/ Al Br3
and APS/ BCM solutions to the CSTR using feed lines of
Tefl on polymer (1/8") and Viten fl uoroel astomner

(0.10", Cole-Par MEEI&YN@EE&AMPLETGG oper ati on was

. har. qi he CS th d 1
o075 SR SRR oM LS B, A8
numbérrayeiage neddcutar oveigl 02 92¢) AdBr Beight eﬁ%ﬁag@ rgolE’mﬂar waightAP3300.
-ut i . %. AP .
N AR T e

ring. i 8P mimph pesin afilunpigrmtiemider (Aéricip evaa sisgpandetiia 199.8
g of dBf(@I% Bﬁmf\@ﬁgr% 'Bﬂl‘ﬁ 11?4\@51 12 5817ecH13d %&e@ﬂ do1h G AR §nfﬂ%§gcooled to -

rate was, 3 The CS emperature varied from
4°C by acsiycylating g@cgoa b@thnﬁhq wectmeﬁaékuIaﬁlng%ﬂuqlm@omtrmﬂonsvolmer

bottorH‘lewe LR eﬂﬁ%@gd %hsdnr SRMehE AP s'ﬁﬁ%% %d”feﬂ@? Rglé\fir@/? b&hnhPlade

wast e contal nin

paddl%.cﬁﬂc?éugh ma%ést}ser (@lw roopleds épvd thpnn@mll ofregonptang flow of dry
nitrogéi WeSMaasinet ¥e ﬂie%ni e fAen R &rﬂb‘ﬁdé@ o RQlst (r?ﬁ@(fﬁ‘lg%kﬁ%ases

from 5 ok G setc SR OEriarh S DEAREE O f90-0rv bt S (1500 & APS,
1.44/nsmbl)tdfche ammimonpzcﬂysﬂmﬁesdl idyeRCMVh Waé\EEalg@d t b BO0MAD graduated
o840 B VT PR A5 G5 U R o
the cyglldfprgo g jqcketed nglprestl-copisyl gm)ss Briving sesmguite@ onhe regetBd flask. A
soluu&ﬁﬁ‘BCM% 84!3 g PntopRBind (490, Agge 4 20018k, ?Q)Oggﬁiéal@% was charged

RSV LS A

tee asnthe MARRIsslation. OAhstge @luhip: ®dtot (Islﬁla%a\/bér?s&ﬁuél )p,um'%i & JiParmer
as s transferre

57750 F0) RS b RUFD e i 6.4 BB s he obgpos atipe APS and

bromlmnme tb ﬂho nmemrgm 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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residual acid and salts.[0078] The neutralized organic
phase was punped into 4-L of vigorously stirred hot

w08 7@psasat er to obtain a slurry of white finePgT/US2006/023396
di vided solid in water. The slurry was suction

mtrog%\!blt téae rﬂ%gl‘))(eélﬁr;l]u ugﬂ the\gfon&lgmgs @ggggtés%df\pgggv% Hﬁ@{j{tathvegrans%er of the

bromme.tTlﬁge&tlbnﬂgﬁﬁeWW% maBheifd 4t 03 2C @@Ogcaﬂﬂougﬁhﬁ He #dition
Anal yti cal Wﬁﬁlts are sunparized in

45. 7
and subsgueit A rpalopetiodd RItQSFRFYET Ofithe Kapigr erhead). i atalyst
was dbdonﬁhtﬁaﬁ)y@ﬂdm o187 igesd vinitdr. Uheé Bgaﬁi& ﬁﬁb@Wa@ separated and then

st MM G 8 S EDEG ST 392 5 G Mo S e

organitiphade yrdddéticnha vigorv@sdy $tﬁfﬁd&1@$€-ﬁ$ °10) evted, TRe §cdvent @tilled from

ui v Ients f br e tlcrln A 5. .44
the hO?%?e % gﬁ{ Srodinaied el brariRIed CAFraWﬁ@ﬁ)Ag@saaucuon
filteritsg) smewﬂ‘ﬂei solid #29rifisegl with ehayer (3 kR2IPprandvdiedrth aBddbtant Weight of
1-|.,,5-necked, cketed, gl ass reactjon flask coal ed
4719 g b5 g AR o B 50 Ferilec Sprsha FitroFge Phisc PRgHC: analyses
appeafinaﬁdbldngm ng a flush-nount Tefl on pol ynmer bottom val ve
was equi pped with an overhead air stirrer and Tefl on

pol ynmer banana- bl ade paddl e, Friedrich's condenser
(glycol cooled), and tBXKAMBREEIS A constant flow of

[0080@ ry 'ctoﬂf?lg.?ﬂl \ggogpigﬂl& @/hpgagngc{]m}t '&? dé{s% %e!i #nnﬁxanﬁi'g]l t11 %g 3.00

enser

equlvalfﬂats kromging: TheuSRY usedovas lﬂbfeiame/as@@@l la) l@fgma Frrangfle &. Product

analysgg)a&gﬁeﬁ)lgqraglépn (150 0 g APS, 1.44/n nol) of the
anioni c polystyrene in dry BCM was charged to a 500-nL

graduated cylinder in a dry box. The graduated

cyI i nder was t herRBIHERENGE)EMPLEeHAPS sol ution from
0081} oo TR PEEPrshSpidTRAC kot P Eine 58 Saiid bl Srites pivine o
numb@rlmrage golequdbrbwaightrod 6060 Bndla gieight 3P@agmmekculdr G8ight of 6800
follovﬁ%’fhg gél‘réﬂ gﬁ%e(‘fﬁé dggéﬁ[)&ﬁﬁ §e?er = %%%%}CS‘Q Q)t«!gp% %E %ﬂ@feﬁ&: inthe

bromip¢ RPAES fa: OQse%lﬁ@l%FﬂsAsgBétgi (687 Prs Y ippréop egluminem chloride
(Aldr161|1)9WE§ @@spe&dddsma’ygg p g&yfrtﬁy (GOﬂsepﬁﬁr b Er) %@Mﬁ&la? 500)5-necked,

havi ng punp used Iver e

Jacke’f%@lﬁﬁ%ea@#wm ﬂéslsmsl@airta ?b roRY Asirgypiing gyeolthst ﬂ be Fragiipnyflask
havm%@ﬁush%%ﬂntsﬁerfﬁﬁgﬁlg% ﬁot?cg'g Lade §J§$ @({%&Jdﬂl@&& &%rﬂ@ag Gt stirrer

efore_conbj nin ttomo apparatus an

and TgHep fHokgnsnbanappdlade opaddle: iFeigdrichs sk comdmsere falyqabrsooled), and

thermawm UAectoh@t‘én@ﬂ?weéﬁ xﬁtfrr?genpmg ﬁxahﬁphe@togdthalveﬁhﬁﬁé Grom the
rom natl o ur ni 0 S and. wa

condepied dy i FitE PR from BFAFE fiaenosieatien g 2057 g

portiosbfin O wt%e soletien (il 87 g PaNd. 024w oD of thecmﬁmhepelgisﬂynnBﬁl dry

BCM Wa? 'c{xéﬁggd P)S (ﬂ ﬂ 0 gitc%z AL YIRS asutﬁglg sgt th hg.mf)‘Pl% APS

0" assure conplete ran fe

solutiqrnfgorp dhe/fask t@ emcketed@mi-g@plcd algks mixingter nravgted ondlee reaction
flask. Bra1aRe @162 ORI ddRioRE %m&qﬁ@ﬁ&@ms%ggd% Y §econd 2-L flask

guantitatiyve transfer of th € brom’'ne, reaction

and sef SRR PUPg Re REpaming fthg spreg mixing deqas he @’é’@ svténny Reth streams
were dd@kd&gm’f@)ﬂ bt @iks befeentonbifing 4 Ak b@t@dﬂl‘bﬁtbe apparatus and

droppl%gtn‘)JI i}%etbrr fithtion AESk. %e %elagtlgnenalf}}tgrg Wa¥ 1%1(0 ectec? from pﬁoto—mltlated
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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was deactivated by addition of 8.7 g of water. The

organi ¢ phase was separated, and then washed wth
woav@voossBl ut e caustic, and finally water. TheprPprasume/023396

was recovered fromthe organic phase by addition to

of 103 &2y BEA pRb e MR ALS U ontR et B Gy Sl romster
of the potymiande gt 1adticat faskrwehipr wittogen vas Hashed. thadfugh the trohiion feed
systen] ’ﬂolgﬁ@er dgﬁ%ﬂtﬂﬁ%ﬁﬁgf& of Bl niteSTHe rQa?b‘f-i;B %&éwee\g%é(ﬁmﬁtamed

ed to a constant wei gh
at -3 (}|t@Hd3C thmowghoot/tha afldizion @pd suhSequeat i:’j)mm etk pﬂrtoddgfeth nitrogen

puree PRl EsaciBUU B e SRR MRS Mard Dt S Y o er 4
73.8 ggegivniod &0 withe aﬁn@uqslsedlmiﬁtg was 00n eddddvta hesuresthb raandvakof any
res1dua—lhl?foﬁip 1% 43Ry Qsé@ﬂ?s dﬁﬂétle %ﬁ gf?%ﬁg E&Nt'?’cdg}l Qilute

Product an ssare gl
caustlmwa@r# lgmsdl]wt RS SCa9RPIEA Do e @agané‘npmé@ bﬁ afdijiggto 6-L of

vigordlly seisred 910@(983 g%ﬂt& iRQ 125ﬂ M(Steﬁ’ﬁe Bavid th%ll@g'ﬂ%%{ the hot water

aver age | ecul ar wei ght 200 and a wel ght average
leavingrg|shaTy @}thvvbrma@ﬂ Pe tyrefn@IPIrQﬂMchgl whter. b’eftetr lsuﬁtrqm‘élmnm, the
white SQRCKADSkel %ﬁ%ﬁé@@%@z@@ﬂ%ﬁd% %S&%tfv&ﬁ R 1337.1 ¢ (97%

increase in the brom ne ‘charge to 00 equi va ents.
yield) g1 @ vgn (B L)rngdena cpmrsﬂanmtr@gena:rm RuadustAnshyisefeappear in Table
3 (Al drich) was suspended in 799.1 g of dry (< 15 ppm
" water) BCMin a 5-L, 5-necked, jacketed, glass

reaction flask cooled to -3 0C by a circulating glycol

bath. The reaction fl aﬁj(AMyLEg; a flush-nmount Tefl on

ol ymer bottom val ve was ui pped, wi.t h _an overhead ai.r
100828 T Epmips BTG e AR Ao G PR Bhed n Refirence
Example i [& dmimher semgadesisarar ‘@élghwd)f 62:01)1 ad) a watight average molecular

Welgh{ gfeé%&\(\%tb on'f\ ﬁiglse\clzgmrezfms to t er e ci%/)ﬁ gf‘}éerb%%gn%e\é\s?rse?%x, containing
the disgelypd Al cml\vsm gndethie APGerobrion imBCivhwerd meikretdo the reactor using
two sego utllﬁlﬁnnlﬁ%ﬁ' RBSAL, C%)P fiy %lag @SWRrxlfésotﬁfe@ff%ehg Qa0 %Phe reactor

418. 7 ani oni c
anyyter dpspl %wg Vﬁﬁutalflgﬁc das mshiegkst forrirgulaing glygekeqokang The
Vesseldfa& e aneﬂihﬁtsfdnétﬁg bw@&ntﬂﬁﬁ{élﬁ@ﬁy off @eatg@nﬂém?ﬁohb QirBEY under the

ottor fisbis R o8 Ry TeTinier dn®: hiipe o obragH of 200 pm). An

overfl@w pottiecat&bRigt dboye tHeXoP Gurbimeddade21100eé the readtemtraixtwaso flow

by gra‘gﬁg Iog gpﬁtfér ﬂha% %8191'&%11%0‘3“[& lﬂ%%oacﬂgn‘féﬁ{ pxﬁ@g& Lﬁ%ﬂ{ﬂ)g&'@ L fully

tee as
JacketBbtmmslt hadtoms fl\mlfc ev1tbopadélbp sterpq} at @l secpndarh avagiexquench pot (2-L

Erlemﬁé%feP KBthCAAiic NG}, ERR éﬂ@éstf%ﬁa Ghe C@TR%H%?%CE%\&?%%@d{hrough a

into, the brom nat i on
Friedy apdehas ang} igoea @alewse%umcalaqﬁa@r Pithasdstapqediem aconstant
nitro gé:r[ pn‘g@ aithemrcbp oy tﬁwondagelo Diuring aw Bro@hiaGoante Wwoap@idigod lights
tee with Al foil. Both feeds were

were (S)k 1%” 17¢€ g 0 at
tmtngé é Apnppize pRpeBiomigationer e bot h conpl eted in
[008311 9 wwriidentidali pvsaesf(Ish@BeqpeniktatiioypuB@lIGuds Parseat SYo78@ he-00) were

used t6\0Sive? e UrBRide PR S Y3t KBS HCMSSHSnERRE BN R SMEPHES 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 APS in 1802.3 g BCM, 20.0 wt% APS) feeds to the reactor were started at the same
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of the polymer to the reaction flask while nitrogen

was flushed through the brom ne feed systemto give
wqueotiosmssi ve transfer of the brom ne. The reaetCTms2006/023396

tenperature was maintained at -3 0Cto - 1 0C

- t hr oughou he addition and subsequent .15 m n. C

tme apdbBEREnely o SR ok O AR BROHRRE ARG arop e ety 293

ml/mi hed thasPISyeéd rarsvaeaZd inVatie dHe\CARtiehiperatat vaZedfrah +3 °C to
A 73.8 g_portion of 10 w % aqueous saqdi um

wat er .

+7°C during the cpstationeForabie dasttZd migs theeowerdow siermairont therfySTR was
. | r .
directdd ) b Y8 ADor UAARGRIUER PORS SAARUERABLER). A this
point, Hieygeovszeabway diveided todhs mam Gregahpet (poniaiging,007 g of 7 wi%
aqueo@édﬂb}s'l(gptﬁi éblt@cﬂ-t%ﬁfstééﬁ @fawpﬂgplmta; Jhr sfn%ﬂf Haburt Qsz.g)gt)\wtbﬁfmine
.In a - ot.,. e. S en | STI e 0 .
solutiqy pepaiticd SpReey vy i APSclytioe s b a8 008 ahf ot geeration.
The wpighthudtfeddrsohaibas useffwae: suction filtering, the white
' i i t | d dried t

D)o MA% Led BESCM, DX 8 L R AP S, O e oven”

(ZBBIZOT@OE&M&@H woksi-ahequvt rogen purge. Product

apph ¥6 45%:aRBeAh Br), 174 &(BoecBHAMELES Bmb482] Thi s

conti nyous Qrom nation _used the § ani qni ¢ .
The avsgaacaesidcapp g ?%f tﬁﬁ reRsH It WASdn @saq‘?ﬁ‘%f R Was P i Che organic phase
in the Mﬁl qg@cl’fqioe_ezel%1 &ans%miéw? a)E-_LﬁsE@@rai&ngi fammf iag% theaVdlugglewith a

140 [ | 1,0 . on t Wo e stre
BeMBTRES Plostifishthariord Bpdintd che@ili ¥ndst ek A s f R water,
dilute dasstio) anddinallprv@iterdp abmeve reainuak dvéd ARBsalel The oeutiatiz&0Mganic

wer e neter o.the reactor  usj o epa . .
phase {35 Bttt S G L BN R AR 08 EYRRERARLS o b white
finely d&addd sotid inWweater. daetshirrynask suotionfikéred,rdid tlad sohid wesainged on the

j.acket and_an. inner . j t for . cifculatin | ol o
ftter e AR5 ot Betiaich 2708 Wi ed B ntes it pirebduen 4 430°C
to a cdn@fantiebicMesty 209,310 AgeRtica abdlth m}&h@ljfnroaa&tl dYe SUiE@Aritddan Table
3 bott om turbi ne bl ade of the dual Teflon polyner

turbine agitator (operated at 400 rpnm). An overflow
port |ocated just above the top turbine blade all owed
the reaction mxture toT%IﬁfvEgy gravity to a splitter

Jhof Lt'\ll! d rL: ract fJI:\ra f! Fa V.YAN ifa th - nroduec alleanch

pot BATICHANL) GQNIINLOUS BROMINAIION REAGAIANSadd! e

stirrer) orF@ 6 BROMANEB dieRBOIHHTE2- |

lEXﬁmEgé enneyer w th nmagneti cf Jtdrc e ) - T _aRegpH OM (ge

Bromization Rtogessn aqueous causl iBateler uGpetinugus f Betshs( &rmadnuous
—fTomma Tonstamt i tToger rge gttt toy gt St e

Caltalyégndenser. During the br )ﬁ&%@i pn,M@é r(o%ﬁgtﬁd hodyB1s

ALK, I @8bs were turned off th Aigsi nj ze jphot olfr gmsqati om 55

[0083] Two identical punps (Isnptec perigtalticlpunp

MaxirfioheeRaon@emPY°TI0 17- 00 wére usedsto ddl i ver fhe 7
[Total g .1 R Br—3—ant—APRPSHBEM-sotbt+ons—toft he—€ESTR
ve. 1silcnGe 88 Gmid)nes of Tefl pn 1881 yprer (G1/8") abd Viton ?
APS ford e tiog (re) O 10 PORF A Moy 0T 4 7O% P
APS M, 3200 3200 6100 - 6100
APS M, 3300 3300 6800 6800
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operation was started by charging the CSTR with dry

BCM ( 170.2 g) and cooling the contents of the reactor
w0a007508233 The broni ne solution (18.01 g Al Br3 PaT2871®6823396

g Br 2) and APS sol ution (450 58 gAPS in 1802.3

Hedat——
constant|for th
DT} freed s 2. 9B
and the APS f eed a%ﬂf 6%8 m'?ﬂ'i The &R
Thennﬁﬁﬁ]@?@@b%ﬁls\tﬁﬁm@zd(ppﬁﬂm +3180 t g +72§3de ngeghel 279
Qoperation ifstil 25 min the ovefflow stream
Thennﬁlr‘ifhﬁ’lt @@chﬂ'lfﬁfﬁﬂ’éNﬂt rectled to tlhe waste juench pot
10 wt% & eflas G968 g 0o M % aqudo R). After this
L. point, the over f | ow stre m)\mts 064.7!19 ai 19.77
‘ gHeReh—po of 6P e ous—Na2SE3)
to collect the st eady stlaté-] Brc 20120anbunt2-27
(62.9 g) of brom ne sofl S En
b APS sol ution was depl et gd atﬁt er] 221 mn ff‘g%%?atlg%%
AE The vvei ghts of feed sol Ut inom® sedlnge 14425)
AD N BCM O__9d 41326/ 0 A0
[nitial @1010121(5%%@1 9h1012>b91®zee@w| 3) d. 86 Wt % Br 2
‘ 46y (0706 | o6 TITE BT e
L tinme for the reactlon 3[S ‘“ tihe 3‘%@ i h %20
organi ¢ phase in the mai _q]ti@nch pQtamas |t rapst prregigs
to a 2-1 separatory funnpl andithen dilufled with a BCM
b r| nse (538 g) of the que cthlﬁot. 1'619e dfil Lk.29 prganbE
pIIaDC wasS l_fI€T1 VV(JDIICU W ULU u ‘I L, iAIJ\l
2B fipally water to renove re‘égzujl ai17é an @aﬁs Tﬁ}'efy18
neutral 1 zed organi c phasje was m o-L of
vigorously stirred hot (|P8 C) tain aislurry
DSC, @f(‘m te f| neI y di vi ded SQI7I4Q ijn viEmoes . [Theg4s] uf ry 1&g
a-d b H d.aon + ha
f||ter Wi th vvater (3x2L) The vy(et cake (702 g)|was
€n purg VEN at C ﬂo opst
TGA %'“&ﬁ?ssé?mag\%{ Anal |) djlsng'l results f r3@h% DI oggié
BrPS @pre summrl zed in Tabl e : TABuE3[0084] fable 4
_llll- afa ll l | CC f ! v—d
M, nylon 6, 6 pol yrrer bl ends QIPOQqnt df0Ag é’rh”&@s 23,800
O O al €U C
M, wer e Sayt ex HP 3010 poly : ’59 mi! .}'" c?l%y]g)p en&\:&ﬂ)
Al bemar | e Cor poration), eat Lakes PDBSYy 80(tm, and
‘ i ystyrdnes of thijs invehtion
%Aro&nabiwiﬁgawﬁthemthﬁ ]ﬁr(NMR) d9@;5irrp| esSéB br gmi8adt e  78.8
crence at pl cS H: 7=\DL|: 4 LT'AI{‘JUMJTL
M (P05 e betokig 1t oo o sden Pat & oot bt om
v addi t1-gpal erﬁiodl nment s u sitor
MEFL (é/)ilg LillIg?%(Z[ gggﬁlgqiﬁg)\ Apr nﬂ Q{-Of# ega-r_Lrlg %rl?nzfln hat 9(?7

styreni c polynmer having increased

[0084] Table 4 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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melt flow properties neasurable by use of ASTM Test
Met hod D1238- 00, which process conprises: A
woant7iosssisl y formng reaction mxture from (i PC&US2006/023396

brom nati ng agent,
and (iii)
whi ch the hal ogenatons are

in a solvent,

Fom ne

() a solution of styrenic polynmner
um hal i de cat al yst

in

or chI orine with at

one such 0 dronv@ereal D
pIPs §§‘§§f ng said rexé ﬁ“%e?%glgdt leI]tBS-@OCFl %\/@ Ref. H
Parts Z{eD é@b(}&g}j exi a rlgaction zpne '
polynRR €430 gliBd)e tem)er Il in rap 7@@0 /0.0
cfar gl vy {he lrgeuf"‘ul
Parts@’t'e 50 der U rg%gp e 1 0 32 | 32
Parts Szmm n810ﬂ@,r68df% pol yaee? oclcur s-duri B -- -
potrt+en—ef—suehi-trave—g—term-ha al--on—pf
PMSEQWn@IMlFﬁTCt he feacton nixt 3?8 as betdi op -
Parts omrtheTgactT oz
59. 9%Bf1{doﬁﬁmkmﬁah ng the tji me betwe of- | -
oo g an o) i + h~
T 7‘\) at u CCTTIT 11 —oR—Hh ) | CT1IC
it es -or | gss (preferably [1R0A nlites or --
ef-erabhby—5—m-nutestorl ess)—[D0O87]
prepari ng a bsom nat ed styr.enl C20.2 -
i increase bl t fliow properties
16 kg or jat 270 0Cjand .16_kg o theoo
test lich process conprises: A
Pal’tSAQHmDma&Tugklylefo m n@2i n, land &nti hubdslly 62t hfiradi hg6.2
PTPR TR T &acti ol Z0 el mal 2 oT £
Parts PTPETefloh _ 0% dq%n a fgg‘ion 4 0.4 0.4
(preferably in the range of 1to 10 and jnmore
TESTmafmg{b)ﬂ,ysi n the range of Ito 5C) a brjom naf] on
Pt -6tk —br-errat RE—3ge
UL-9 @ng sol ution ofif@ren BFP ¥ a ;%TQ/e TV,"-Dde-O
Burn Tiné T1 al um num hal i25e5 cat aI y$8.9i n Nﬁlah t Ing.dal agsn| 16.6
& DT OTI |TE Char iz asi—onEsteh
Burn ] ha nnp%@tnmhg natgao Zﬁrn i ne” at om &'4 ro?lodfn 433 248
Drip reaction m xturg i nNehe rleactNon zbnNoa |r eBiodehd8ot | mbo
§Lon[of polyngr to occuf, sugnh resi pence,
%%lé %Oéﬂg geu‘% t he rdfige qf notsore|t han [abeut R0O59 61
eﬁ:ngsS‘fcprefer hbly 10 nijnutes or | ess dnd nork
Melt Pis&S m hutes or lless) between fdrmatioh and
73%()}8/5 Sﬁg’% 5? pact tén milxturd anp @ tlerPnaling [ --
r’nna Lon of polymer in withdrawp readtion m xturg
Notched {40idnftd® i nut ps (pSef erjabl yi.3i t h| n1.8 nfi niBes) laTtpr 1.6
: %;V\@]-FHEI’O['H =B 4 e 24w
Tensil®@ Bre Sl')n nllfl?éo [ DRR?’]?II\ ?@n@r rrgnga:??'r:{ ;"19'4
Elonggfion @ Bigpler’8i n br on?dat i dn of2-hol yhed-3i § t26ni hax-2d| | A-3

0

[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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by quenching withdrawn reaction mxture with a

guenchi ng conposition conprising water in the liquid
woeeai7®05130089] As used anyV\/nere her ei n, i ncl udpagushme/023396

clainms, the ternms "continuous” and "conti nuously"”

d t r rj .

oo g byl AR TR Hchihalalh ARl biing a pagmine

t#amian interruption is pernissible if of a duration

B) &Rk ?%@i%l 1*5‘@9:%1019i hﬁﬁt‘ﬁ% to%BﬁﬁﬁYméE@fa%l‘%Hfbﬁgﬁ h&&‘@xl@froﬁlt%ﬁ{eactlon

operation elnterruptlonls uration
dz@mmmlstagledawwﬂamef@p@ﬁwgwn the rengeafy2@toat2d ° C(preferably
eved

it houl d. b hi
B i AL L AP EOTC R R G e Ko ooty 5105 that
t Brof@nativaefpolattr bbairs theng Tpane pbsioheff ehdleghve by

O oEEEifhe SRuRingon kiR iy BF rlerPn iR &S iRt
onnxﬂnﬂﬁmnﬁﬁ@nmmed@nmpmzemaaadthey exi st prior to

D) ﬁlgoﬁﬁt ?laﬁﬁgmtﬁ@ ttm’l%1 B&w?é@? tfgﬁﬁatﬁ)?{b&t ARAG5ord ﬁ*ﬁ)ﬁtﬁf Eth W9 and

em ca em ca

éﬁﬁtﬂ‘%@ﬁl@ in (gyin thegrgngraift2() mippitesar keé%@ra%@abbmatmmutes orless and

prskd prefdbly § hamheabr khgnges, transformations and/ or
reactions, iIf any, take place in the resulting mxture

or solution as such changes, transfornmations, and/or
[0087f dBct i Ar}ﬁocielssaoﬂpi’@ariﬁg ab@diminasddtyrewié pblymegpm@ucttﬂﬁvmg increased

melt gﬁgrggéf g5 @ ent S?ttéo Eetpgg gﬁécﬁer th I%g?ﬂ‘)gt L oTt flow index
test, mwmﬁa@gg sorﬁp]@segdent ified as i ngr edi ent s to be br ought

f her .in _cannectio esired
A) o R drStRE ey anh s oamudShe i Bttt B S Esustion zone
t ﬂﬁh@:hnédw odk at MrdiRhfenaireen thayangeber20°C BUZEC an@ederably
onents and/gr ingredients in the present tense
(mggﬁtﬂngg ekt to 10| € and maye preédrable ircthe raglg@ of 1 toe5 °C), a bromination
(PN [
 KBEH G Sy OTPARE Hord o) LS ARl SR e
opoliuge i awcl vensread dii) phmeingtHisdide e@gltvatn@ sdiich-bapelegar stoms

apd/Rémind B eHlofRE Svithhit RESOSHANEIEhNbER e&&ﬁ RIRSEBomine atom;
di scl psure. . The. fact. that a. substance

B) Ry edrettc WH‘&W@ p Btéetref“iué’nc?ropa ?ﬁ%ﬁldfin&% n?‘?"'té t’WFBH@tPPn of
apclpmet tadccue dath @Ridenced tiraa bémg rmtheqmghwﬂ mgmbftethan about 20

e e
mﬁHHMﬁh@ambwﬁh@a%@bwﬁc&ﬁmmnnunuaemée and the ordlnary
C)  Stehhinafhe Brotliff oo Pb m&%ﬂréamflﬁ{phﬁ% wWithin Pminutes

accurate under st an reciation.o true

t
plerg Danihig s tRse a‘@?f Wﬁlil Bils todeial ime 94 B ped ©) being no
Chakdhah bR 20 mihGR91] Each and every patent or

wossPUR T Rprbikst & &1 ) SueiERorSiignt splsghehis terminated in C)

by qu&imhmlgmﬂrdea@yraaetﬁcm minaere wish biquénching eatpokitivh lkolprising. water
1ntheh§9% ThIS invention is susceptible to considerable
Ton inits ractice. Therefore the foregoing
[0089Hes dxs piedomymdereoberpimt dnabeding ghe claims, thademiroitantinnous” and
“contiREoERPHehME theRhel dp@iahbﬁ Gofelrbltol ANRAI g%?oJeQdé‘pﬁhout interruption

parti ular exe i fications presented herei nabove.
in tlmpgfqy hervegves at m uRerseption 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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to be covered is as set forth in the ensuing clains

and the equivalents thereof permtted as a natter of
woOam70b#I38/5: 1. Aprocess of preparing brom nat edT/US2006/023396

styreni c polynmer, which process conprises mnaintaining

resum%ééﬁﬁ?&{(’gi%fmg)%gﬁq&tf orned from (i) a brom nating

I ol ution of styrenic polynmer in a
[0090]s Olt isgnbe uadetstopd that tiegampanstistefaredda bachenichimany @Hormula

anywhEte6in i %gaﬁc&mrﬁ s RERBE ReheBler CaHREd Einhd fn@ilar or plural,

.. least o such hal ogen atom being .a brom ne atom _at
are idegliedps they &t PHALICAOTHBS IR ceuiast %a&bgaéwﬁxer suhgtapge tesgyred to by
chemifag nhﬁbiébr a{ea{r@:an @tp'e]g(a 29 ﬁn@xﬁéﬂqm{poﬁ&ﬁy@@ soéiisﬂﬁht)t emitamk hétgwhat
. e broni nation o rin ch reacti.on m xture in
prelimigiey SRRt ORgssmireRon s drdlef SRRt 1 il e, the
resultiagmittu@loasatutionsds sudi ahafiges, transformediors, af8l/ordegetioness thesatural
, . e o ' .
sl 4 BT OB o S 60 84608480 s
to thislisstasyss. ddhup thegomipengntapisriderificdiog H;ﬁwg@rtty todppebrioyght together
in comgd\}]%greﬂ ?AﬁthEﬁfgbﬁzﬁiﬁg gEI@Sérea opéaﬁéﬂ%ﬁgonﬁﬁn' 2d&&irdH Bdrhposition. Even
. ) olymer used in form 1) s .
thougty e Lais Feinagr e de SUDstanfcs. eorapaReBts Graits igrkdips in he
preseng anys("yorapises's "Bh), di efpeicg3s wortke subsncd) cPmMPORGE odfngrdtlient
. ak m er.ej i )..l.s brom a ereln.aty |. 5
as it xful B e NS Pelored s FREPORSBTHED Bt iy Pl i
other qmblstysctey;@mp_op&lts Apcﬁppingge;iiq@s mracwrdanne'mi\tmgwQq‘rcr:seghdieplosure.
The fa%quﬁ%ﬁgﬂgcrezc% R & iRRL YN EMBve Rt i@sdcﬂ}f%ﬁ%ﬁéenﬁ%y fhfbugh

1 al i el n e.styrenic polyner used, formng . .

a chenpicalrepcdionfir Slpefogpgticiaingahy rese ebcontaghpgcRlsadipg of pixing
operat{dng] 1A qibnhiﬁtﬁélécﬁ i aédokddne %?ﬂlﬁ@ dasibsideedRi Witlhhﬁe application of
styreni c. po r u n.formi.n ii.) 1S _polystyrene.
comy Yexie i, g ol iBey FR gL e PR Bpt oLl R KAl pourate
understandimyg amdli appreoiayien yf thedrue hieantgpnd celssargs off thiCHiaclsuke and the

. fn (iii) is conprised of alum numtribrom de. 13.
Claﬂnggﬁl%:eg%ess as in Aaiml12 wherein (i) is bromne, 14.
[0091)apEacheand exeryipatet e publgatigreieéiniedde i aworgon of thisgpeaifieation

is incAhHERAIA RIS BEs $i388skrB b PrBIeALE, Gk IDfully s& 95k haem. of
5. A.process as._in wher ei

ol ystyrene., 1 daiml4 saj. d
l0092£ oF i ielien is suscpiihle (0 sopviderplesyreiotiomin s mpgices Shegetore the
foregoif @dseiiplichdis Woeinednded he listity bad louldhytRy coisgted & limiting, the
inventflo%rtg]tﬁ]eqpag’tliélﬂar Ie}‘c‘iergf))lliﬂcsatti\églse Br%‘sented 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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17. A process as in Claim 16 wherein said polystyrene
i s anionic polystyrene. 18. A process as in any of
wGChei7es528317 wherein said bromnation time i s ROT/US2006/023396
m nutes or less. 19. Aprocess as in any of Cains 1-17
CLAI%erei n said bromnation tine is 5 mnutes or |ess.
Aprocess of preparing brom nated styrenic polyner,
whi ch process conprises: A) causing reaction mxture
CRNLI Ny Hﬁ:@é’so% JUrOflitdtdd ﬁyr@fh@gb k%&ﬂﬁr@éess édrhprises
a sol ut on of ren| pol.yner™in sol vent, qnd%%tj i
mamtamla&ﬁfﬁalﬁﬁlw;xa‘ge ;ﬁé)en %abmﬁwtm@gm Gyasplut
polyméd & DESINEMEa@ (ithhlafmimen Matille aktalyeiit whidk td! ﬁ&lo@ﬁi AQATY are

brommi i ThEh0 il TSR Al Oy SORADURSL I LAY Sl ope ormore

tempe@figedin fHer@n eﬁﬁfJ@OaﬁoU-FZH}S (E Botthet Brafdtioh of¥bljert@dbuland
SQ tha brom natj o mer occurs during at .l egst
tennmaﬁ%ﬁhﬁ qulaﬁtwg@ YF%“G Su FeAcEPRTHEITGG A RTALPR e of20
minutforpg@kynmer in the reacti on mxture as or after
reactiQn m'xturecﬁxm e.reaction zone; and O

contin é’ﬂ%‘ieys/s 4V rer% gg’t%eﬁl % ormation of
ract i Amprogess asie Cilanmﬁl) Wh@'rdmtaé temstridl Wi of the Blyrdanic pdigmer used

mfonﬁmﬁgqg)g ﬂysfyﬂsn%o m nutes. 21. A process as in Caim20
2

term nati on _of brom nati on of polyner in
s émqeéﬁa%etc #in 3 wdsrain prid pelystyTeas Isamienig eoltm‘a?fene

95“ ts ArRodcka @6l OWheRite thel shyterdic @UBRER usd in forming (ii) is
i osition as or after such reaction mxture exits
po ySt}'rFB the reaction zone, said quenching conposition

_c@rrp r i Aipngeespasein Glaint fievheiefubald polybtyren2 2s andorric polystyreas.

P coatBr Greks %M}ﬁrﬁbﬁh %%e&#ﬁ 5 i Bl i eﬁ&'\gfe‘é}&ﬁ%t Eéétst 50 wt%

d| scon i‘nuously quenc mg reaction mxture 1
of the styranic polpmen ysed frefoemingr(iid drieolystgene\ process as in

Gaim K&o%@&ﬁh@lhlﬂﬁ %Hl%fkfh'i‘ 5418 b sct?%@ l1‘§51ﬁ6’mc polystyrene
c nt| nyousl y. €ss ahsﬁ,a ai ereij gl)
- br oftiBieeesE mﬁ&mé heredn fhe TIPS é‘?f'éjilﬁ‘ prping (i) is

aniom&e@eetm@pbmm&tgre as clontl nuousl y Ifor mfed in A) |s

c ri r edoni nat.e ent i. re 0 a .

PP B SaRS SR RS § oS (L tolineland Hefin g ptyvenic
polymwmdwdmnfdmn@ﬁmf)usrwzly&bﬁesmch [ qU| d. 26 A pr ocess as

t rl br o @égés%%eﬂl%lgln( !N) 'W)hefeﬁl %@E&l‘y?ﬁ?ﬁ C?ﬁs ﬁléﬁﬂ: Bb‘lg&tyrene

Arﬁpr OCess as In a
wher ei A psagess vy igrflam 1 ovheredn 6il) tﬁ@ommw# af'g slmwaarwlde

f F@ﬂ' nghﬁrbaesamn(clﬁl}n (%) %e&me;isyor&mnes epar ately from
N MR C N NI TR AR

in fonﬁﬁgc{u)rmstcbntprmmi ofifodyswatbise. bet ween pul ses.

15. A process as in Claim 14 wherein said polystyrene is anionic polystyrene.

16.  Aprocess as in Claim 13 wherein the styrenic polymer used in forming (ii) is
polystyrene.

17. A process as in Claim 16 wherein said polystyrene is anionic polystyrene.

18. A process as in any of Claims 1-17 wherein said bromination time is 10
minutes or less.

19.  Aprocessas in any of Claims 1-17 wherein said bromination time is 5 minutes
or less.

20.  Aprocess of preparing brominated styrenic polymer, which process comprises:
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28. A process as in Claim27 wherein (iii) is fed as a
separate continuous feed. 29. Aprocess as in any of

wGChei78538- 26 wherei n said brom nati on reacti ORCTIUSR096823396
is formed by feeding (ii) and a m xture of (i) and

&) (g OpLPUREY RS 538400 (L froafhddyd W,
ndokutionenf sfyrenio pcelymel( lin|a| splvest) ang\(ijf) dumimna balide catfyssin which

Gh 'h%ggrpatgﬁs Mé@r@ﬂnﬁletcﬂ%hﬁ)trﬁﬁ% S/t RALOHTE Sud hdiddeh akdin being
ani oni ystyrene. . process as _1n any of O ajns

29 bygmipg &t@nn tay ﬁPIéFH%‘%OHélyu ﬁﬁa‘@} thrgugh, apd exjtafgm prreactiog zone
Lafftdiddest: ordPor dé ABBSafes' h BBYraRfe Qfaﬁ(’ﬂ% 2@02 € so that
wherein said tine in " is in the range of to
nbemization 8 polxmer eew@isduring a1 leasha pertion af mchztowzb

B) V\d%ﬁﬁﬁlhﬁ’né BRShMIENbE pBRAETER the rédctidn I1SixBRE @81 & after reaction
pol ystyren wher.ei n saldtlrrem C Isin the

r‘é‘f‘?ﬁ’éred’?“tiﬁ?’@t BIGCHRR 2e3and A process as in C ai m 33

C) whmtiabsusbahavibg ke timeCpetivgen Hortniition asfgeadtionlmixufe in A) and
C.ai.m 20 wherein said

nute
g&nl %?P 1213%1) lﬁﬁ% rag%e ng‘{xf g%fﬁl?‘ﬁ? %t zone and a
d2)1/m st Agaoresnasl in Claon) whersingthe termindfion hEbroganatiommf polymer

in B) 1?"051&%? %ug By ﬁﬁ%%hfﬁ%qgacétﬁénfn‘ﬁ Iﬂgg Y e SRbAY ﬁé‘ Ma¥tibe %&ienvglth a

III INto sa strean1|n zone
quencl@aa ppm%%wryasﬁﬁr@d’t% éu@aﬁeactr@damhefﬁ exity framethp geackan Zone said

quencllil @bﬂn@@sﬁl&ﬂ@mpﬂk@x{ Elteﬁﬁi e ligadist26) M xture conprises
hase i n, om,nat i otF‘FOf st yrenic

i qu
mett BECHc Ay D ST ing pipercopfucted by
discomaumsi}eqimhclnng the)q'eantmnl nmxt\)re that Exionfremitlie tepstionezone.

et Zx Seek assiﬁ'(ﬂal?ﬁ) %&?ﬁh%ﬁhkl?&lﬂcﬁgglﬁ %oﬂ%{e@{ﬁ?&ﬁﬂ%uﬂy

e ave age enper at ur e ase 0
r%ct i Arprodess avia (daim AQ Watedn ﬁbﬁthrmm@s travel is

s Nt ajhRectedtas %@Cﬂmﬁ 78 vHerdIR{HR rd RUBSMBLtHLS cbﬁhﬂd@ﬁsly formed
Jange erein the . exitin

in A) i GHADYIGH PGP RESR P Aﬁlﬂ%?yo?ﬁ A liq i o pigeindhe biopine s

continfeuslly fidwridiin eRrsoaflhésedf suolmBiquidnd wherein the reaction
L g3 e S, GO B4 BB
q2&nc hégraviessas an apyer Chaimg 20-2apdsicin said lyompratior teacfion mixture

is fonﬂ%t%eédﬂl%@edﬁe (ﬂ)‘%oﬂtlﬁl?&fssf but @e aﬁaftéi? RORSScRStHeR 1rgo AdPeaction

rate o eactl on ﬁlX ure
zone, apdy frefg (HR 618 %?ﬁar@tﬂq@mlﬁuw}s cpd pd/ax pon Pelsating faed vath time

lntewggb@t%gﬁwgégs feeding in A) are mai nt ai ned such that
nt e of the reaction

t of the.t |
0 Dt e B ST g g ot BT e scofd ibublsecd.
i 29.C aAlprdiﬁssmb aragiyof Claims 20-06 otierein saittbrminalion seaction mixture

is forrﬂ:e%lrﬁgfrfée ﬂ%(ﬁ C#H}X%ﬂ{en Q{dctm)ggntm Eﬁ? 51‘;1 ﬁ{%rgactlan Zone, with
the fedhofi(ibtingseprIaje e the eﬂwﬁﬂ@ ‘sixtgte pt Gneid 6.
COMt | NUQYSEAs hfiPardy§t CRARL DOD6 ZRHeRin el HybhiR JoBRRerah (i) is

anionic polystyrene.

31.  Aprocess as in any of Claims 20-26 wherein said time in C) is in the range of
1 to 10 minutes.

32.  Aprocess as in any of Claims 20-26 wherein said time in C) is in the range of
1 to 5 minutes.

33. A process as in any of Claims 20-26 wherein the styrenic polymer in (ii) is
anionic polystyrene and wherein said time in C) is in the range of 1 to 10 minutes.
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(ii) being separate fromthe feed of the m xture of

(i) and (iii); and wherein said said one or nore
woOeogaosa3sr es are mai ntained in the range of 1rPCo/UsB00&023396

38. Aprocess as in Claim37 wherein the styrenic

21{14 oni pg?%?glel?i%lﬂél I n| earg?lLséﬁf(%;“gngCﬁ%i he co )fijtos
minutesf at | east about 66 vvt% (ii) a GPC wei ght average

My ecul @foc (39 it laﬁn Qb %héﬁﬁ%%l&}%]a@%%ﬁ Uond0Q0n {ll%tl%gﬁqﬁlet zone

50, 000, ow. |1 ndex as, co are

and a QQ?WI]ESFYW Qﬂﬂ@r ?QIWnW%ﬁreeblﬁp‘h)rth% FeaCiRxidedscoingarsly formed by

contmﬁéﬂé SﬁRE&mQ ol ,}([[93 bﬁd (iBpinte s d udhedml Akt AEND 'Eﬁﬁf&nd\ﬂﬁbll?qﬂoduce
ni nat ed ,anl.oni. grstér eni. ¢

said ey AP ShHE B HOL AP CIRERER T "R LB g ap  liquid
phase mrvlybh bicgninatidrhef styaerge polfymbd c06ctn w3erdi the coitinuous travel of

said re t?JH ﬁ%ﬁg 1@&%&%h¥r@v r@anp Rllé{'%gfé% ﬁssa!ic{]d&?%m%uﬂet zone

erern sal eragem) ar wel
and atd¢pst iharag@ram telr@emmretﬁ tixoli@Qad phagg of meowaﬁametalwre luripg said

contmﬂélﬁslsrhga%ﬁse frﬁ?mn?{aﬁﬁ %§?1| t&)}gj}lﬁh(%pﬁ %gtgﬁégxﬂﬁﬁé f‘jcmggl)ﬁ/ ABto+20°C;
wherefst thlei dxiiting dEtite whct3@0nppmroin WBrfran thegsactid®.zone is from said
down e%oﬂﬁ&t%n@'rﬁng]%ﬂeréhﬁee@h&loﬁer rmHFE afR ek{?sl Al ?é%c’uon zone

erein sa o has a sta tyln
is pasgddnp@ qwﬁélphrﬁpnestnawhlcmtbe rpagionomixtors ip grensh Bfltho% quenchmg

compdsﬁﬁ)‘h th ri@é@@fﬂ@t‘éﬁﬂl tga hqﬁucsta%é yr eni ¢ pol %/mer as { n
wher ei.n ai L0l Tl unt er

St mr%ésm B 3oV BT o e S e ot feashbR e from

the rea@tibmpore is 1Y irerelatiopad theeste afcontinGbas faedHg inhE) @e massaided such

- that thQ?l ]élm ¢ of l?l?e ra@%&gg cg{tgﬂts Bpt'tﬂg? act?@rll %r{quﬁpg)ﬁs %S‘Pe{nu%( cﬁqstant

as7.in & m’pmss @s whElaim3s whérepfo (19 mabromrage and Kigip rmpomprlsed of
alumnﬁhﬁ‘ I&‘LﬂrbltnYdé th(efk"r‘n %@ BftidRRs @@dm%t (ﬁt{i)l (ﬂ)yana?ﬁi) 1%%01&@1@‘[@ by

Br "or | ess, erel n sal

feedmaénw aavwg@ ef b @Dson iRyl it tjk%@a?tmg?@nw&l@ﬂ@éeed of

(ii) bein@ 3far@@Grona i} fabiesfthe nfituee FRk)yame (iif)pandanhdreintsafl said one or
Hunt er Sol utign DE Col.or Val ye of 5 or |less. 47.

more gppRIaHEELHC AAtAIREd & e PIYAerCas in d ai m 39

weer ei i SakehsPRl MEhihay RhébRr Rl styibdbipol il (4ie
320 C Thlzlr%rmlS St abi Iallty Testr of 122§ppmp|(())f}lnly—|elér1 0(515‘ s anionic

polystye8&  wherein sai d pol ymer has a GPC wei ght aver age
B .ec uBadmingied hhlolnh: ditjrenic pofyencd hatlidg ()@ bt@miad cOfent cfiatlleast

oue SE5H D RCHPLAT by 088 A0l M0 00 B0 o
about §0,00@&and (ipd Iyglmr nzedt flaw iamdyx ofco@ipaiedto Beviduslytkmowingomparable
bromlﬁﬁbg 888}1%5 @E&%H@Ecr)l OO xgl%aéﬁ?&f g ASTM edt Wﬁocpﬁ 15833-00.

nated ani oni ¢ &t yrenic
i A0. anyBsqm@@ﬂﬁ@low SEyTeRipBOIIAT asdp %@Wﬁéﬁ@% %aid GPC weight
averag¥ B6leOhEHeigh 18 M theRBhgsSIMN DO to 30,000.
41.  Brominated anionic styrenic polymer as in Claim 39 wherein said GPC weight
average molecular weight is in the range of 10,000 to 20,000.
42.  Brominated anionic styrenic polymer as in Claim 39 wherein said polymer has
a thermal stability in the 320°C Thermal Stability Test of 300 ppm of HBr or less.
43.  Brominated anionic styrenic polymer as in Claim 39 wherein said polymer has
a thermal stability in the 320°C Thermal Stability Test of 125 ppm of HBr or less.

39



10

15

20

25

30

35

50. Brom nated anionic styrenic polynmer as in any of

Cl ains 39-47 wherein said polyner is brom nated
wanias23pol yst yrene having a brom ne content PaTUS2006/023396

range of 67 to 70 wt% 51. Brom nated anionic styrenic

I er el n:sai . i
T R e
an initiahHwhfer Bolutien pBrcdon Hglweof Sarbwatic rings having ortho
bysom rﬁroﬁﬁﬂ%&i dAGHE Qr AR JTRARM S Hh iR 5 OLRBrelMRId olymer has

| ess than the Efrcen age of the aromatic rings having

an initig} Hugteppofstion AEt(elgr Vﬁ’%?é’gﬁ Of #£SHr evi ousl y- known

1P arBlhenEOMictdt Sl Iy hersk i €Aing 3 Pahyief id foymer has

Br.om nat ed.. ani, Qo 6., St yr,eni,c,. S in imbl .
o hermggl GBIy el daf e oA P Sl R P gt AR B B i
said pdiyraer lres adiRCrsveighe neaags moktulbewsightisthesmge bah),pbkto 30,000,
and Wl%‘tf'éiﬁ @5‘1&%8@11% hdd mtlﬂéeﬁ ﬁ&@&%o‘ﬂﬁ%ﬁ% PHIR K AL NG Tess.
atons thereon_ n sard previously-known conparabl e
A Tori Mroadnaied anewic styyauiaialypenay irFleim 83 wheseiniaitrodymer has
a therrﬁ%lis%‘l‘fil?y f{{ he ga'g f% %gawﬁars%ﬁnﬂtynr_e@{ @ﬂ'hms%\ﬁh@f EBR of Risé] Whgrein
) ne confent in the range o 0
seid iyt wipe aierEHE REStper DBl Age giehbidhariee o h§§0‘5 f 2000,
and Wl:IB'ith Reid@olyhter oo igtidtursertSodutan\i Cokir Vataset 3LQ%ess.
s than .t he. percentage r I I] [ .
oFho BPBHE BERHE RERs Bl Rh hafy b PRRer P ercn wid
polymedtmy artarhime lgontenhiatthel range 0h6 T tosTd/wehi ¢ pol ymers. 54.

Biom ngladnand Qtﬂbﬁic%&%&ﬁ@ %Glyﬁl@lr YORan§ef CRirss 8087 wherein said
5Iwherel n said pol r has a thermal " stability in the
polymepig bpminpfed ﬁ%llongt%’i‘(ﬁtﬁme- Test of 300 ppm of HBr or

Idﬁ)ss- §15>m51 iRtedrh 'lﬂaﬁi;egq&énl 'i@pblglﬁ@f afyitaﬁhy‘ oplalame?fs vilRrein said
.aim rein sajdpo r. hasa thernmal stabilit
polymei3 bESBIHE HHbTD SRS e FOCTRBE SUGT BT RngR! 6 o 70
wt%. | ess. 56. Brom nated anionic styrenic polyner as in
i m kn.said | e i L .
e e e R o L
conteng pf §tdeast atmnt 6@ETriand vérgrein Fad pelysiey isaiedn pbi pageentage of

aromafit h$8 %Y%%ﬂo'br%i& RGhyefeoh aSnmdsurdl By otddBNIER! i ess than
Val ue of or |ess. 58. Broni nated ani @nl cnst re.nlll

the pergeftaarat thearomaty T aHha A BFRS FrogunTAorF gfusly-known
compaiéaﬂj'l& gﬁmihhtéﬂ efiofolstitrérde pblzniend. or Vlal ue of 3 or I|ess.
rgm nat.ed anionic styrenic_po [ n. i
2iner BRIRHER pEPRE R SpORIeE AR LR 33l Mitntage
of aromatitwingsrhemingerthd brenink et thérsomis At kastS% sk Sws thepencentage
oraohi, BRpAETLRRE bR, OB K 8 OL R A A
bromipgterhfrenie SyERiOPIIEMESy r eni ¢ pol yners, and wherein said

P&t % FTFBrdihﬁﬁat@d aﬁif@ﬁm r&ﬁ@pdl#nhwasiimctdﬂa 53 2heftin JH@pdTHher has
a bromsl%lea cc;ntel:ntt Yn g %ngg of g’? 0 (?90 vrxrr}"/% ang| \%Ber%{n tklg Is)grbentage of aromatic rings
having ortho bromine atoms thereon is at least 10% less than the percentage of aromatic rings

having ortho bromine atoms thereon in said previously-known comparable brominated anionic
styrenic polymers. A

54,  Brominated anionic styrenic polymer as in Claim 51 wherein said polymer has
a thermal stability in the 320°C Thermal Stability Test of 300 ppm of HBr or less.

55.  Brominated anionic styrenic polymer as in Claim 51 wherein said polymer has
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60. Brom nated anionic styrenic polyner as in Claim
51wherein said polyner has a thermal stability in the

wGB2070as2BRer mal Stability Test of 300 ppm of HBCT@IS2006/023396
| ess and vvherei n said polyner has an initial Hunter

a thenf? Cl s’fgbﬂﬁy O(fl TX?JTHQ S‘?fibﬂ?tlyglreé &%%Oéo%%}]oﬁ[lﬁ%f]ﬁgf d

ani oni C S ren C po yner
s3.dp olenathé@mamp erreni¢ podymeriasin Glaim 51 wiep@psagidpolymer has

a therr%}%f%ﬁ ty it @1@'3&05@ TheRhal &t RY TRRM O 5HB 8f HBE &S1ead)d

ereln sai yner has an rnitial Hunter Sol ut

-or lwrruaatsg aojic Sfygiic PEPMETRs SHIREn ad VARTIHFA 4 $lymet has
anlmtiell)AlEﬁU,‘tblﬁrV@lhyﬁes oa$esgn Cl ai m 51wherei n sai dpol yner has

T% h er IIEga’[%%' l. I nenté(E]fqlgégr agfl]fge%{ggi \Rﬁltelgegﬁ!l %all& Eolymer has
animtpxbll—@ulmar Shhgion AR ﬁolor Maluadwrft3er 1&s] ut i on DE Col or Val ue
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r 8hge Bfomma@dtamo]_nms@rremc polymer as in Claim 65 wherein said polymer has
a GPC weight average molecular weight in the range of 10,000 to 20,000.

68. A flame retardant composition which comprises a blend of at least one
thermoplastic polymer and a flame retardant amount of at least one brominated anionic
styrenic polymer as in any of Claims 39-67.

69. A composition as in Claim 68 wherein said thermoplastic polymer is a
thermoplastic styrenic polymer, a thermoplastic acrylonitrile-butadiene-styrene polymer, a
thermoplastic polyester, or a thermoplastic polyamide.
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73. Brom nated anionic styrenic polynmer as in Claim?7
1 wherein said initial DE value is in the range of 0.1
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in any of Cainms 71-73 wherein said polyner

di L ItA)FI}a? { (%ieqa@ "ﬁ‘é 1}6,[%(1@3%0@@,{[&%&563 ﬁ;%?er"g? etﬁ%lﬁ)rset resin,

which memodadonwatﬂ blenging therersitiz p0apIsihe rooktisg élrmrerqnt cg,f af deast one
brommgfed%ggerﬁpg%l?neﬁg% 1n°e[n(y| F %ﬁalrn@ Rolgd) a bromine content of

a conbj nati on of
thho, dirominated, a@@mcmqeljuc Robyner(\gl)\eren,%salchpglﬁqnﬁ:gt 1@% an initial

Hunter@b'l&fﬁn%]ﬁ%ﬂh@[ﬂ fhﬁEQﬂlQé@ﬁpo@IISO C aim 74 wherein said
as . a conhi nation
8. Y BruAR R ARG APCerdy pRgRRC bt 7 hbberehfag fpfda ag
value inhetherangs aif @.15abyx has a conbi nation of all three of
7). n<§ar§mﬁagéd&rzzmc REdhOReHAN 6 m&n?;%%@f&hm& WHBA AR
Valuelauethag@gﬁ@lfédﬁltarl 3ei ght of (1) is in the range of
17Qf OOQSI’O&H%?@@QQ@m% &l dlﬁﬁeﬂd@%&x%}oﬁ@@ﬁhé 713 ihefelifsaid

|
st Gt LA L S ke O R bt 500
to 50,000 o1 (2 W heRhaldbMility & th%@m &’drhzﬁnal@t@dnlﬁare@ﬂomoqmnpofHBr

styrenic polynmer aS in wherei n said poly
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77.  Brominated anionic styrenic polymer as in any of Claims 74-76 wherein the
GPC weight average molecular weight of (1) is in the range of 10,000 to 30,000, wherein the

thermal stability in the 320° C Thermal Stability Test of (2) is 200 ppm of HBr or less, and

wherein the bromine content of (3) is in the range of about 67-70 wt%.

78.  Brominated anionic styrenic polymer as in Claim 77 wherein said polymer has
a combination of any two of (1), (2), (3).

79.  Brominated anionic styrenic polymer as in Claim 77 wherein said polymer has
a combination of all three of (1), (2), (3).

80.  Brominated anionic styrenic polymer as in any of Claims 74-76 wherein said
polymer is brominated anionic polystyrene.

81.  Brominated anionic styrenic polymer as in any of Claims 77-79 wherein said
polymer is brominated anionic polystyrene.
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