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BROM NATED ANI ONI C STYRENI C POLYMERS AND THEI R
PREPARATI ON TECHNI CAL FI ELD [0001] This invention
relates to processes for the preparation of brom nated
ani oni c styrenic polyners having reduced contents of
br onrobenzenes, and to the novel brom nated anionic
styrenic polyners that can be produced by such
processes. 5BACKGROUND [ 0002] Comonl y-owned U. S. Pat.
Nos. 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,
ANTO § ¥ B BERS2ENIDIDHEIR A REPARATION
6, 521 714 descrlbe what is belleved to be the best
known prior process technol ogy for producing
broi ni nat ed styreni c PECHNICGAREEELBs br oni nat ed
[0001]Y Thish@Ratiod R1demb Pbcédies fbeEE pleputionsfOpRhiink @8 afibnic styrenic

piibleRh b E%he &%Lxemg}qéqtsbgf%%lﬂ SRl %8 ge) fhe RRL YR midafed anionic

onne rom nat e yrenic
StyeRig ﬁ’é’rymehsntﬁa“ BR SFPFRIUEH BoTIgR PIFEHE™ as used anywher e
herein including the clains refer to a brom nated
polyner produced by br agAORIGROUND a pre-existing
[oﬁf)g,f ek %ﬂéﬂneﬁ%f@ 8. RI%EVSS%’W 5L 5%86%3§°5’%'>’ 993, 552,131,

rene an one” ot [ “aro
5 887 PSRBT SN 1 Bhn a0 o GBAGH T ECyIEr 6 2AGORl 6235844
6,p2 4R @dd I6y521| 11 oteseriteavharis @bhmﬂymhel tbatbps;riawnomor process

te@l{nof%ryefop EHH'uBﬁ Qﬂoﬁn\é&ﬁmtﬁ‘eﬁg PRYEKEs shdhCasPbroR@fdtddE folystyrene

e Gt B T el R Do 1
this eapsEPnOh® (s e BrogUnFesH T BENIC PO LR Mh PrBPHRI ST tobgtyrene” as
usei anpivhers theredm ichypting fer daims ﬂafemttmanubnmmt@f peliyimgn jproduced by
bx%hb{ﬁa%'&h of PRe)dXBiRg s @ﬁ‘cﬂ zm%rysiyte@la of £86holynd?@f styrene

KRN e Wi
Pl@éWe@ebSS (PHISPIEHTAEGN HYr 2010’6“36296’!06 n‘Pﬁ’l Nt gLoT eBé%g%teq) fstyrenic
miohéhérs he piaplertics lofithiel latier dligombs\aatpelimicesppicatly bemg considerably

d&f&&%‘ﬁ&&%@%ﬁd&t og}s nelif & n¥RBE FTedpofttai ni ng 2, 3,

om ne . at substi.tuents a
[qﬁﬂ% Si ]F"aQ}'P%uctﬂﬁgaﬁr %£ élal%iug c gog?ncés %}{ g rﬁnﬁgau?n of anionic
stprenicheolytnery, biomabhezese dapuritidsr tond fabe darmgd iheeaice than desired
qRakiled. Y868 HsdenGpatitidh aitispetiad indehiclbbealzgistrings Banvibd sbstituted by

Eﬂﬁ)ebrgﬁiﬂe(kon?st Y Bauséor AL ng@&@mcﬁﬁl atSitvRieh [E%gﬁfat@r@& heountered

ecl es contal nin romne at
mrﬁ“ﬂ’&“%ﬂ“&%ﬂ‘é%?@‘%{%m &t Br %g’d’“bﬁ’f fiRRRs 4P &ing su Substitients are more
undesipahde ithea| thosel cdntafiningoPrel én bromeine pigms} on the ring. In the case of
bﬁoﬁllﬁ)dfﬂbﬁﬁbﬁﬁ&ﬁﬁﬁolyﬁﬁ@néuﬁng”e&ﬁnﬁﬁﬁﬂﬁhdﬁmm R@ichheiatide atoms

\é%lr c orsc?l?o‘ﬂél% rh:%‘tfb? ﬂ@e %CEQ:Q go%‘gﬁ{ng@% Q)?g, ﬁg]%éjﬁf)ﬁg as ring

| tant
Slth%%%lénté pRe| dééer?‘H‘efihBy p% s%re’r é%st?le‘fté"eﬁyr’ o}n461q%“89’£8%n18Pe 1,24-
trfromethengene; agkl,2.Adretiteomobarere. dhaianolai¢ species hayerp strong odor

aPark B&ﬁs@&géé‘cﬁt% Herskﬁgalﬂdaﬁﬂg ir@Gnts N ALHE tHeGbi@ion Wl #hale species in the
%Cgﬁ/%oles 3 & b c eava ebgp Qoﬁa%tl tr?nrgé f{'o%l}]ttﬂeeﬁgl?‘ln\ér%ﬁaﬁhahﬁs in turn

1 On

ingrogpges rrfe;submph@ ﬂafrmrﬂ%ﬂcéﬁn g%cy?rewriﬁwﬁaf Drpeine atppgto thgpolymer
chubill Guide addigbnh yesatly ntedgeing she themnalaiabiy lofl tHecbrootmeded styrenic

pbi9fnef, EEME Rg;deTcgb{,rg{ggﬁb dgqgntg colls Ol Qbﬁ&iﬁ@ 8e kARArfbf feBbcing the

foéﬂ]&%%} t?’é??é%ﬁ“ﬁ?‘}%“"gﬂ%%?s e§pec y(%iﬁeb F0Oke A v'olatcli cgf;romo, tribromo and/or
topebisaroatpeeins. sfuripg g avétab grepAiab o e? biopripated anienig yisrenic polymers
radidr didagelyidpaipoh @uifiediod RePs puiting prodidt ervrisiperpudibicatitg.
product work-up or purification. BRI EF SUMVARY OF THE

| NVENTI ON [ 0004] Thi s i nvent ilon provi des process

technol ogy which can significantly reduce the anmounts

of nore volatile bronobenzenes present in finished

brom nated ani onic styrenic polynmer products w thout

need for special product workup or speci al

purification procedures. 5 The reduction in the

amounts of such bronobenzenes in the finished products
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whi ch contains the third of (i), (iii) either
individually or in conmbination with no nore than one
other of (i), (ii), andto thereby forma reaction
m xture containing a |iquid phase, and maintai ning
said reaction m xture at about 10C or |ess whereby 25
brom nati on of anionic styrenic polyner occurs, the
conmponent s bei ng proportioned such that the anount of
al um num hal i de being fed is at about 0.8 nole percent
or less in relation to the nolar anount of aromatic
monorer uni t s BRIERSUNRYIGRY OF THENYVIERNIIAN bei ng
[dood] amiels Saxehtibh plovidee pefceedictlimpitgattdch ami sighiticantly reduce the

aRbYtE BF EaoPOVYIBE vrGih&ihShet %1&3&'&@1 fiﬁ%ﬁ@d Bﬁ;nhﬁﬁtemahllomc styrenic

ave a rom
P S o o TR BRI O Heo RO PBRTsAg g procedues.
Tay rqdectabuutﬂmagnwn% of spyh bremebenzangsriy thetfinished predyctsidges not rely
updithssesttipedig wolRYp bif @tidPpihutitation pebcehirdl tpSichices sulti@sductions.

Ix%(e%‘ cohertibRs! \9&?] chbhd/ dI;Jj}?g HaEddufesGRBE LG £ﬂd‘§éﬂ”d§‘e bduct will

rtions reac xture that .nave exi
R R QF AL, BRI B HALERAFARS A FE TR 000 PP
(wtivO pind isprgfeamqd Gaqgalwﬁwpmdné’d\abm lessom t he reaction
[000B} Ulveora patticilyiily) Gn 84tofuapEOEHIE thivvieeelon thére mjpmeﬂed a process of

p}%g eé; B}to?ﬁ:inﬁ%:\e o bﬁlc Ssh)%rﬁy E)Sl JR‘R% %’q% g gba%ﬂl?ce_9 IQ Bromobenzene

ran

Ci‘ﬁ?‘Ef@’JﬁBIP?’CF*ﬁ CPH’é’nFE’énge of about 67 to about 69 w %

Aand eoncolrattist feedingintsirarmadtivn zountamnoneits cdmpiised of (ibs erominating
t hana@he @rei@%lyﬂﬁﬂimlfew(ily\éﬁlrmrﬁﬂxdhﬂ{(ﬁfcﬁfa%{  wiscRBRWalide atoms

300 y?tl ) S 2}11? ineo %gth ﬁdgfug I%?lu)é l'yﬁ{l@ ;%olgxgg 1efe1ab1y anionic

cat a eac ed b
m xt BPlstenehay H\&é‘o@% SHHERCHISHES Hr veirht 6 ﬂwpfraqgﬁé)f about
concRb0tbéw 80900 (préprablyon hewmigepf 4b0)11; 2QqQ0ity alzond {3,000 and more

exanpieferhbly & tf:@ FQSE BN 380 mmutaﬁ)o@ﬂnltma RBEhofa solutlon or slurry

pr obm 200 ngg%o egdrlen 10to or

in 't 8aCTSH WS ETRY dn con eht seremt E Comé’}?%‘ﬁ A red (1)
f eedinsgvidealives atlsp f‘?"?%lf"é’a@tepféﬁ(%“l B2 af }?éﬁfrtéfg(fpp@#e feeds, one
zonefeehd whicincantadasen oiord thias tiy e (1), (il nd @i Landenother feed of

f eedgnah&oh QAN oP@ﬁ G (1§ﬂ!1thfmeﬁgﬁndxﬁﬁ Blefn chfhbination with no

Lor P R WSS HAC R Dol o0 e i Bt P gonaining
devi eéquidgbheset @rd mbistairangsaibreyctioh e atboirol) 16 xtlessavhereby

:C)Pelt‘ Eﬁ)nﬁuﬁﬁn% ﬁ}gpgﬁ' }léén}ﬁ% Slﬁext &ggrgaﬂg Uom ?once%fs%ﬂ& 2¥brtioned
Pt oo o o Mo o b § e pppegtontes
t ypein wlaticade theonelap amewnttpf eereaticrapnoniesayifs jins the anionic styrenic
rapi golymptibsiag fedrmdrsuel thd: @Rel dri@e biogtinitedagioaicUstgrenic polymer

cont géglgam lgnt%tu%ﬁlafts?em e TibdHg biftbdidh Bld sl 6 obBut 60 to
caus8P¥4 %Q?"té’?‘iq B‘i‘??%ﬂ’ %“’f%‘éﬁe}nﬁa B%Qﬂuﬁgyﬁ’n °8ﬁ?§?"t%’jhe

Bhrai nd¢rsdyatisiz thapatalystiot andrwarhing away hramidedonsaad caalystresidues from
Wi t hilp nosuBtaatitiiodie aMadretisea@nit® oand preferably no

nore than about 2 seconds after unification in the

device. [0007] It can be seen therefore that in

condéttin gopnsefhe reasigfoREire tat avegxitpd ﬂaﬂ’oth(’ fgaehion zone;
are amd at | east two separate feed strearrs and one of

b hen}ecaoa{r@r%mh@d Kﬁsﬁlﬁ@%li a8@don] tﬁéfeactmemxm and

T e o R —

1) directly enter the main body of the reaction
m xture in the reactor such a& a stirred tank
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reactor or a tubular or |oop-type reactor, and/or 2)

are unified no nore than 5 seconds (and preferably no

nore than 2 seconds) before 25directly entering the
reaction mxture in the main body of the reaction

m xture in such a reactor. [0008] In a preferred node

of operation, the above process is carried out in a

cl osed reaction system whereby the hydrogen brom de
coproduct is kept in the reaction m xture until the

catal yst. is deactivated, preferably in an aqueous
quen&HTHEe sgRens i thpereg SEaIPASQ EAbEHLL: i (mgfesablyualﬂ@ range of
i n t heoth&l/ agebaited veid)\wadt otk brbhebéiBene cpitadwdtich B no more
thus ﬂ?aﬁraﬁbﬁ%ob By@xh/v&t? @né& b&?e‘i‘%l{r RABLLOTHOZPAE( Mt}) Br leks.

B c)rerraéig Qn }3%,38 C?aﬁﬁy}t X &e\?ftév(% 15')9“ qc%m%ﬂ%%a%rp&cmm 1h Jn aqueous
%%lwbmadﬂednmm ng bronination, the closed bronination
[6005] e 1 the bBidufelTHRYs of W) ab@Ranify 0i) 6§ (i) FiRxafiple in a feeding
ab¥ié GthlaY a! ﬂuéc@o 09902 DR f8edigl %r B{ &h ?Ja@ﬁ& 046 a reactor,
eraf pr OV &E %%% tan ble.a dvant In the "~ °
spily wittse Sy Kbl fesige CROGHOTBHCIE & BpRRDIch g rescton
Véhesy, éng fase of g iee.ysuolh coRrITeR feasld yeg cdntipneusinenewient fpgds, better
tﬁhpd&:ﬁﬁiefd’oﬁﬁ‘bmh ﬁclﬁHv@Hbi} aidufifig thaedit Qhified cOhteis BRlcaGked to exit from

shdiSfebafly ivni:y RGP EheBn Uc?d %%k %‘P %&h?@inggc reactor within no

S5 Hg i B %é%@% g @ﬁ@ertael? ut § fhsionitor Gntication in

thepdeviont dndfwhan, inquesoef thisfepe bt Ingst oysefsnrlugedufrent feeds is a rapidly
piRaCdncatrém Gt R e bdbarature VBtr61aME EreatehRa@Rithitur€ @S formity are

af:lﬁéve% %%Lélﬂi%?&t ﬁ%%&li?%g Q&Qe&tpﬁe E%Qto e‘f %Io}{ﬂesqlcﬁ gaelhpg device and

nai nt e ance a Scr.u stem are I m nat

eBIFHTe B °(de8 thesagden W@t C TeRET VISR P e Gk gpout S seconds
anfh preffereliip np mdBe tag abett & snewhds sfieradifireton o dpdeed to

[ooos'u Nitkad be RaE tHeRifors Vissk ﬁfBohdihc\ﬁﬁg 2 abliRfe co&Fbﬁ&lt 2{3i), and (iii) are
SHQA’S? gﬁo Hf%ﬂfeafeec? Qt.y %Ens and o{lehgiil tﬁglgs%}eyeraooliz ‘(:‘iu? is gb |s%)arate from

portuni
ahg:éetdype st hard @@,@:'r?embbﬁféqm Bethed (D apd (s @'Pﬁ] the atd?pqt two separate
femds ofi(ip (BY amddiii)c pol ymer with the sanme | evel of
150l v %ﬁ'&cﬂﬁeg&g Qe o8 Wﬂfc?eatcﬁ&'l BEREk i @e Ractobbh as a stirred tank

rovi ded new bror ni nat ed

reacyor or a %.IQ)IIE her F ar G c(%mp

anironr c ‘?gﬁ %%% 25E93|tlons havi ng brom ne

2} ont éf?t‘smff <ﬁi %@%thgreS §%cog d greferably pg e than2segpmds) before
dirpethf entaiigythe reddien mérge: of thalbolid bedy bOthalreadtion Iivtudd in such a
rgycgﬁmbenzene contents which are no nore than about 600

er abl 30 mor |ess .
o  Hsplienelrelifis 6?8(&@&‘“1 DoPEfottes < Eerier b aglosedroacion
sysigR oTheraby the hyrspgan bramideioprodyey) is kepif inghe raction wixture until the
chtaB)St iadelcivatad, tpheferably i6 hﬁhjdcbﬁsyqﬂeﬁcmh@e}a%c Bdtetifg#Br coproduct

Stk i Yhe 1830 geRited Q&U«I,nt 950%1%&? qg tl%@larzamed through the

Qve an at ure Q0
RSl TS Ak o aglfi.lm A SRR abp% Sl il thercby
redyeing thawisegsiticaf ¢lhd polyromicankitiap pewigbroingiotien, tBRI1EHE bromination
iSRRI NGl dUidzeRRA 1%&@&e[m&ﬁlls Bipbally upSo@bout 60 psig. This

p?e?&?e{&élfgé 8% 8%&9‘!11{10% ovi SP Fecvtef‘a? @an% béggd\k r11+ %8% : ﬁpfh@ﬁgte ce, the

typicel P?%‘rﬁ% Haubhing Héteﬁ‘r %)eﬁcezéerasp R soprrdisiifoghthe exit gas stream
fi20{ 06 bRjmikatipn 12adter igelmivetrdt Instehd ofprdivisigrgeamdaibing such a scrubbing
sP¥rh &l bRIMiIGOPANEE dfMikk ABE S6PrbAObsh I BERSSvré in a single operation
accordance with this invention. [0013]Fig. 3 is a

schematic flow diagram for conducting a conti nuous

process in accordance with a preferred enbodi nent of

this invention. FURTHER DETAI LED DESCRI PTI ON OF THE

| NVENTI ON
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whichiRe

25 [0014] As used anywhere herein including the

clainms, the term "bronobenzene", whether in the

singular or plural, refers to one or nore brom nated

aromati ¢ hydrocarbons forned as one or nore coproducts

or inpurities in the bromnati on reaction itself. The

benzene ring may contain one or nore substituents

ot her than one or nore brom ne atons For exanple it is

likely that if an anionic styrenk polymnmer formed in

whole or in part froma nethylstyrene is 30 subjected

from Breotpinteatsi ohan mquenus pogecbing systen) agest fogofacévatipgdhe catalyst.

MdeeSR e il cosrdpr Dsbuaibideasybiest antl ke dosts inivaived émehe medntenance

of 8% Hhi Eytlyéga Qx@de%ﬁﬁng&g Pﬁ%ﬂ%ln, SRS LN e RAchHmixture in

rn $ S rggp enzege or %{Pnnbagzenes a%cyS%QﬂﬁdeBr
I RPN ITTEMET ARSI PR RiERE 4 TRASHRL BFIBh :

hey teln Fempyed.t Such@rediciominoriscpsinatfersythe epnosmnity of qpetating with less

sBlQeittdkaiablehib @6l thiderately Aggheadoleh sty di gt 6 afdrfortiG @gkehio polymer

vé&ﬂ£§§1 ﬁﬁ&ggggﬁgghpated aromatic inpurities that form

urin e ro

m nation_of the anpionic _styreni .
sy Hhecprpiee.oh iy Hvenion dhise aeclsordiavife pw brominated
aftipoicatyirénéc pdlymamndrenpositiehs havie treminerconteatsdh Higukage fabout 60 to
aboud 172 kvt %A SRRk A3y B tAERRBNSRMBUHIAE bRsut BAWIt%Y, brémbtt@zene contents

I f ' i [ ec -
B ProebiydoBi gt ?%n&@%@ﬁ@sﬁ%&%%@%ﬁﬁ?géc%é Hiiona
IBF ol HoRSHIER SRS AP HE ARG A ERTRAL A GGt Rg pERPo: 15 or loss
addYbon therrdl Isyesility enthe 320 BC Aheimidl Sediliry Testeofabowd28 ppn or less of
{brono, tribrono, and/or tetrabnrno species,
pically 1, 4- 5dibronnbenzene,_1,2,4-trLbronDbeq ene_1

[9HO] ofhe abpve ang gtherfgdprshpmkmbadimeytyefithls inyepipnyi ﬁbeasg 1 further
apysaacht froywthe easulivey dasoriptionl and iapgentiébcleings. s, the terns

"ani oni c styrenic polyner" and "ani oni c pol ystyrene"

are terns co nl v ' kill in
EK X tl&@f@?f@ﬁgﬁiﬂAﬂ@ﬁ%]§

i
the art to d e, T t | @yrentc_polyner or ,
[P st Fie deis rratrbemptie sievasionghdepictioni of Boinjaetipn sxttem for feeding
réadtantsaiocdvent, aué Batalyst ibhra exaivplzene @ the plactica «lthiy invention.

[Ia_(ﬁ%? 'hF%Z % ;Lssa s\@ﬁérhamw d{agrahh&%esystlﬂ 0f c i BR e ofithddus process

) . ﬁBese terms do not nmean that the polyner

in peogrdangeswith, i IYen4¥016] In the enbodi nents of this )

[00h3dnt i THe. dtiereichemadd dowddiagrany farcongugting ¢ sonjinagus process in

abdeddneE With Gl pRsredled 8aB6di@BntSHf HieTHveskDINt €S a reaction

system whi ch, except for piping or conduits carrying

t he nec ry . c onents_(ineludi rqi '

gases. Rk DI prst Rk R A RN bt

[OWHd avsdhsechanyvwdiett pntin afcluding tha thainys thedeme tromopezene”, whether

i MRRinghfr 61 Lﬂﬁﬁﬁ rf:i!éf&'fb oadof thérebhdRdiaR@saticyd®Babbns formed as

8 RYRLE bR (S BT G LAN - ARERHS, i TREERIU R ringmay

8oe$ not ‘escape from fe system but rat%er I S cause ..

cPBiat ORFER MR P RSHEIEBE Ofeh Hiah Se PREICET FRmURfRIoHt Hor Frample it is

likaltyahat $ ancepdntic statehirpobyoume férored iewbukeroy in parafremiatradthgstyrene is

s{#}}%&éd By Qf@nﬁﬁﬂﬂo?rltnﬁh@ ORESss) SCRAR /¥ of the "l(ajromof;&&lr?d" coproduct
e pr.acesses .0 s i.nvention can be conduc .

R P Lo et B URE S PGS oo SR ibETuaRs &b thering.

Thpep cremobenzeng) of Hleromekhenrenes” af useh anyyhsseheeigipcludiyg the claims in

conmetion @ith liniple domgtion boingpurepcdritan izion ég by iakerdliterally -- instead

ot . ) ne). s (i A Mg the

SpTAIS et oL A e o

DEPmIDAQH 9L %‘Pf’b“osctﬁemﬁﬁ et ?#ecﬁi‘?i %fﬁ*‘us’%“{c%?ﬂ?r:Sﬁ?Sé' e term volatrle

pol yner (preferably anionic polystyrene) having a GPC

Min the range of about 2000 #o0 about 30, 000

(preferably in the range 25 of about 2000 to about

10, 000, and nore preferably in the range of about 3000

to about 7000) in the formof a solution or slurry

(preferably as a solution) in a solvent; 2) conducting

the feeding of (i), (ii), and (iii) in at |least two

separate feed streans and wherein no such feed stream

is formed fromall three of (i), (ii), and (iii)
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15about 300 ppm (w/wt) or less; 7)preferably

conducting the bromnation in a closed reacti on system

so that the coproduct 11Br remains in the reaction

m xture until the catalyst is deactivated, preferably

by quenching the reaction m xture with and recoveri ng

the HBr coproduct in an aqueous quenchi ng nedi um

20[ 0018] Feede. , the solution or shirty of the

ani oni ¢ styrenic polynmer, should contain enough

solvent to forma solution or slurry that is flowable =
bermehenprap!. avhefhgoighe Angelpeer fieral, derotesfbrempeenzeneanedierhaving in
theSrah 6adf 1ab 8 bfoughe dtbmeidgbétlyeachepesthe Behdeat ribd6f the bromobenzene,
v@ﬁ&mlﬁﬁéda%f E&ﬁﬁbb%géﬁ%ﬁné&bﬂeﬂ gp@dugﬁg %ﬁﬁ"ﬁinm{d amomc polystyrene,

eratjn a $brom acttlra?) %/ %yp My 1,4-
af 5 ‘H@Pe QPP EtO B RE™Rr £ QT ETAPEYR ‘?PSH‘“ eally
difirgmngbenzere; bddhoirronndhenzdior amdiaxdi. b tetiabrdyaebepzang.

[(musr]l d Stohigdilyfa0 bsed dnyRhé@ehieal infludipg siescidibe, thé @i Bdni ik styrenic

s%‘?e&" agltﬁ " £rﬁ£rﬁc g&g%ﬁ%ﬁe‘xﬁe @&@c%nfﬁéﬁl%%d'@ tﬂolggof 01dmary skill in the

I oNn wa ucted at atno eric
PO SRRGH ST BRI LR e PY %F’Fed’é‘a%agé Pfpf an anionic
mnwglzatem initiatoh eushzacior enanipld, a lithiwm dlkyyh @hne khais welhisoewn to those
o® brdRyBitill 6n 8 ARBEsetBirhSdd dbt idtan &k el golyier i9E1F B anionic.

[&(ﬂé{ IT% th%%g}%%(ri{n?%ttg (%f t&ig Ill{}gfllflcgld\’v% efrlrlleclésgé %ag@&h {%l?éfnuig ﬁsed the

(R PP T Hon SR, AeRSies oo B RAVB R SEHRE forgjpipg qryconduits
camying tlieinecdspary hempaeds (acbhdng meging rariangibes; efc.) into and out of the
bQ&HinE@&ﬂ HeRdioh Qené’ RNt dndQui saHs céfté*l&ﬁSie@étlde)rﬁibn@ ik klosed from

smtx gundu)gn hoﬁ gt%gs eqn gsrdemurq?rcgs g% hﬂl g OS% ot ng-?ﬁl%%ﬂogﬁct does not

esERPP foprthe WéteFPoP‘élﬂrfa%ﬁ’ﬁa frusest to éqaﬁ?hfmarmhﬁ &rqna@att%fa*}%e zone into
tlma:amgys‘t dehcainatichirenefdraecoxenyunt saifabds fommat | ¢ nononer

units in the anionic styrenic polymer concurrently
rq1ned by use of the follow ng
i Al X, [/ Formul a Wi ght of ADC
78 osTRe prceFeTRIthintventiqsante sonderigh as pbatels Gpmi-patch process,
duolas & cominases frbeesyeAghbhsg tieffeatussonthiephadesstiee:cat al yst '
1§ ePERGRLREY ?&dﬁ@cﬁub N, tHGaEXREES StiP) broRthaghe ug@nt (preferably

Do et gl i ISR L Sl Badd @0 &g bromine or
conprhipgng aebesh, andr(El) sejsaicattereriaaiplyiney Sprefeeblisanipnie p9lystyrene)

(i) havinga GPG Y, af the P g bf 4MLE2GBPAE bbde 30,000 refbrabll)in &he range
C 0 ”b I0Rah &R 086 tdThRH 18,006 rgn%ﬂm&%%feéb@ ih tﬂ@gm%é bt a@%@' 3000 to

separate fe sira
r hpaboutr hodlh eroBR o S o st pistdiatly g o lag in & sotvent
i sposedhcing tretfpriing ¢fc(iy E8panst (i)dn fag legstgwp sepagate feed streams and
t her eftetsin Rxddch Elell@GEdny is fointedifRen B0 thyeendt ().A8), bhd)@iXbxcept where
p has %@fee&sr}:?e ﬁl%ﬁg& Iehé]t trx]xe rfgedu;k Ge rﬁj@&%&’l}&ﬂlé%o hdre than 5

e b e e
(i i i )injeetombri mzmdmmtqrhne ripxefiiratily direqist ¢nderinga tht ingin body of the
one Qfactibemlxth® 1§£ﬁ?%’e§le@ctf)f ena 1§1€&1 AMPREdhY), 0if), arilﬂm) as separate

t hemfgélu af% en%gm%f é g :(b asa s?n 1e EMC% 1??&%%?:& 1& A (iii);

i ndi Vi the I'nj ecto

3Mozz Ineesntehnmdht yeapmrozqmelt Iabcqnﬂ@ E}méessoprefeﬁ@ly ab@tt 5o or less,
m xt regent r

o1 t ey FRaBO LR Eorg o oo Okl 87 RRARRN reaction
pr ef ewc@ae %@Pﬁéﬁ{qﬁﬂ Best:east one of the separ ate

feed streans is a conbination of (i) and (ii) and at

| east anot her of such separat& feed streans is and

such feed streans are fed subsurface 15 into the

reaction mxture or within the body of the liquid

phase of the reaction m xture by neans of concentric

or coaxially-aligned injection probes or nozzles, or

by nmeans of injection probes, injectors or nozzles in
substanti al face-to-face opposed alignnment so that the
feeds are directed towards each other from proxi mate
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formation fromoccurring. [0023] Wthout being bound

by theory, it does not appear, unreasonable to suggest

that in 35 the reaction mxture into which the

concurrent feeds take place, three conpeting reactions

can occur, viz., (a) the desired brom nation of the

anionic styrenic polynmer and (b) undesired al kyl ation

of the anionic styrenic polymer by the chloro- and/or

br onohydr ocar bon sol vent bei ng used (which can al so

| ead to crosslinking of unbrom nated or partially

4hr onPreReEPNES thifeed SQuypeashis to alajnigp the apaypnt efjalyrpigum halide as it
undess ety fed deea kthekgdetivn aixmfe dthboyd.§ mplepettenti@itless based on the
ring &o@a[r‘a%ﬁhm R ORBRGHE SN e 'aHRch' styjréﬁc SPGB &lid Blng fed into
site hermal instability on the polymer chain, all
such ‘%3% OBRE*BE ng cat al yzed by the aIun1nun1haI|de
Stat abyepertipaingghe feed copponantiof maigiaiyampenty abbrogppating ggent and
cat akyishicistyr@tio pﬁllyinbﬂﬁﬁ nﬁﬂd: radctioh @ohost thetahd fifdl washed and dried

tenp %fcﬁ‘x‘h%t@é afionid @%Pefnh petydEs Igrb@uct 28¢heR rcSEt@iFnQ EH 1¥1e $5h ge of about

t hat t.I
e h ODEREIST AR HIE " SO 5P STTHAPE 1 At ettes, o Gpos e About 69
f eediwi® ofibrasinenpl oyed, the bromni nation reactlon

69 C C UdSadiisadhg e eatslff tfbicalljTByqadiyhi@@ehd agirétdsytidi mbiure in a

or d %QJC# }%) @&s%ﬁeﬁ&@r{:& (Qébo%&s%@ gl% it Bof ﬁﬁi thgll Bhhoval from the

| evel rom occurr e resu

br o SASHE HERGIHH PRI S PEGFEEHTRET aﬁ‘SPy‘??él? a‘barq&aﬂiftq“F%mmg solution
nor e spasémugh that gheabrieyioherizone epntedaiicht arihsd anfalried brominated
unbr afioAR! et pPigtuet BldoymbreaparRiREt 600 Syth Cwe)| &l freferably is

p°|ygﬁ&§305?g%ﬁkﬂw% &$J|I2Ing a preferred proximte

eedi n nHX|nun1d|stance bef ween or ano

5 he & ‘Ylg. GBS (p Prapmating g Logsh BREF SXPL Sjgthat the

fact smarogm HHBis refirénsy iat the obactigh traixbuwre vofil theecatadyst i denctivated,

m xt l_{&f&era&lb@yh&éfk ¥ Baction biRtuFEREA hi reBAvélibg e HEY®oproduct

veIo Hé&ﬁgpctlve feed streans, the

concen res ctlve feed streans, and_the
[Q028} nFe?sir <u§oq ﬁbth? fqhgftl%lforts Rt apaqniG fysepig Pplymer-shpuld contain
envughusolveatntd/fom & bautsal artsidriyt that is floamable oopumjmm; at al yst

[0619§ heAB@tﬁQr ﬁﬁﬁféﬂ@ ﬂ)ﬁsmeerfti‘ébeis @l{at tgﬂﬁgﬁgth 1:t lﬁn aﬂe%[p&gecﬁthat the
e L NS a a

f eed C|a [
bR oo TG SR AR BET I & S R iion reaction
SEYiER gs@nthas ithee §IByf copprslupte eqyn%{l% &g ter sastiagemixture throughout the
brcﬁﬁ]pe@ctn Wehak bepacioafid that fqeralllpesctical purp@aste Grahination reaction rate

patabhatl e Alir B br&&ngaéﬁwsbé&daae& bt ﬁmbgb@mé Hohgess

[ﬁ?@i? A

thfi melan a@ow| o woatatig tmepomee Haits inthe apjenic élfyrerm polgmgpegpeurrently
beipgXddab tHeaedting mixtarzdsbam hintlinddacertelovwf e epedifiad aadiar ratio limit,

b&lk@&fﬁ?ﬁ%gﬁ%@ gl'ﬂG&thé (I:J]ﬁldf ﬁﬁ ‘iin ke Ffeeeﬂgﬁnd s@{tm g QQI(Q gr controlling the

reSBRA SR ) %@5&?3 wg sl bt o oSt P apagtion mixturc
in thegeachien prpui Id tigh a@megtﬁort, ithee ratigof ithermelpxameunt of aluminum halide

c2alyd0sdlg B 2B el AG1OUIN QR 6L4bB1ALO dnBe PEAEGEE $he anionic styrenic

i EleEOG RO g (T, MR S IR Skl BBl
cont act mnth each other or, in other mords the tinme
fron1|n|h; ntactmaﬁmhheuqeaﬁmﬂnWHgﬁaﬂmQataI o
until dedcfivi i OWeigdf of Batneet AFStajulaWvdight df YiprogadelUpit He U
to about 30 minutes and preferably about 20 m nutes or
| ess. More preferred continuous processes of this
i nvention involve average rea@tion tinmes or 30
average residence tines in the range of about 2 to
about 10 mnutes, nore preferably in the range of
about 2 to about 5 mnutes, and still nore preferably
in the range of up to about 2 or 3 mnutes. Such short
residence times are nade possible by the use of the
al um num hal i de catal yst and the uni que feeding
nmet hods enpl oyed used in the processes of this
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4)feed a conbination of (i) and (iii) as a single feed
which is fed separately from(ii). Conbi nati ons
of two or nore feeds of 1), 2), 3), and 4) are
possi ble. Also, any or all of the foregoing feeds can
be introduced at nore than one location in the
reaction zone. As non- 20limting exanples, in the
case of 1) there can be multiple separate feeds of any
of (i), (ii), and/orSimlarly, in 2) there can be
mul tiple separate feeds of the combination of (i) and
w(xene Jheawdgtos ofralbiinuiehalidp gatalyet (repwersniof and Soindhe expassien) and
di;m&%s if @6 dsm®adsiuhits bhdh)as gadiek or(polhds. ar e

| S deS| . :
O e
NG PRI S AL I AL S
() ol @i ape ()ione os @ise sarad febde df (i), eDegpablydthgraphesf injsgiors or
n&@feg FSHRGE strERhs £ @ﬂp&é@d sHIEI8: AL rpédiive feddQGdsmOtheefrom exit

t a_f
du(‘eic y %%&QEP?}, %fﬁ%eeléquédg‘%‘él?ea (feﬁl%? r%ac on fu%%glre 1 tl% r«%@ﬁ%ﬁ' E&Jo Et is also
praferigd gt Brgtepubadcasp af thel seRE dredis BB B Aot 2nd 65D
inStHicH @ df aivekn. (veieiodravithoat dnethdr afe of tadnxtisisepammfe fE¢op therpdher two of
méﬂ)or a@&daof%ﬁm%@apméﬁ@d geam(ataw Andeﬁsafv;duam}h@néﬂg@s f&R s probes,

iy G Py DELE B S B Tl e BBt o
emperget rsat|9| oF eapesegst eikesneft the tother deede ggqqnb?qq%@ampb\%\%gre preferred
ethb&TiRents, b eatadd of the hepaeatafded fenmsaf a soobinhdedef (i) and (ii) and at

leQ QXL HBL & shg% &?&Qte%%eaw 2y, HREQCR &edStrbdislare &d sébsurface

ve | S eegal
gy O arieoah TEo0TeT VAT aYtdre Fapbe S G eliol titure by
metp\pEcoriceniris otiesskialipibisned injeetion paghes Py RIS, @ébbmﬁ%lﬁ g injection
P8k Bifdctdibl6thod dleCinististuiminEhdeatoefacy opbpibddhgmmmeb fhattbe feeds are

dﬁ%te%.vtg{wgrdg %%Ha@fﬁéﬂ o g{oﬁrﬁﬁe %ﬁ&“@éy Sﬁ l;')s%.nlnfal ﬁce—to-face opposed

or1 ne-cont ai ni ng onochl or o
sfaBnisat s B 15k BTN Bt SR DA R B e Probes
n@etcycrre oEndaley penfran bachiother shibe lsamb elahe atrpelB0]° ubsplmmme(l e., they
%ﬁgétgr%tppgge% \/\é Qa%ﬁ LBRr {)}9& cotngn@ly Q:hg) e aﬁ@stcﬁ ltIYe,SsliIeams confront each

egra occ over ti ne. %}1 ﬁ?t h
othgpinacoEIgen P]éé‘ai“r?& °$’§‘15F* ﬁm&‘j cempeph (i€ ,ﬁﬁ nag?l 0sgd to eac
ofheObY Matel thegn 2WTinta coaspacpladd)y brom ne, and anionic
(RIY] NP HTFL 2 Bletthlef %fn%t; hhhed BE 8 if 'E}%fl%ﬂﬁ@a&m mixture

edfor tantia
Wb?l@,ﬂqu@ﬁpqq&v%l ﬂf;tresagtswn% ob:iu'g ﬁxiuﬁrée(\i,\mrqct]y pLass ﬂ}eoreactlon mixture are

- ploxtmite aé eadbhethgo| Asresedcdieadin, doluiding the clags . thel by, “paexigate to”

dERRE Bkt tﬁé‘ |sﬁes \k/ﬁeré %%Ck;e&g st?e“an%srli&}:ﬂ#f SntbPthe TedtBotl $Edird are close
sir m.tf he .m xtur r
e%ﬂ)ilgg S% Fac%botﬁer auttflo Ibnﬁat%i’ﬁ C?f flinac(i:e?t%e@ragg)u ?{s gorf]' Fr?strcnﬂd%% uﬁtﬁ?xﬂ& due to
crom-bnlﬂn@ of thg apbrgpinagdorRRYtalli brprpipgied AR ORie stysgoicolymer does not
ot @i NBlidhaitossvikrkingt dae osdwoif the felel @trpmms @xerfareavtion xtigtpee at too great
afd%HﬂEé O dah bBENHIGs tﬂcﬂﬁs g’ﬁ%ﬁ:ﬁt rabﬂ%ﬁlﬂdnr dr %&dl@&dtio‘ri@mxture at
he manner 1 n \Nhl % i % are u'g?ed |
very dewaigrmpsrafieh (¢ fe aGo‘?Fe el?‘ﬁ)e ¢ B ﬁ’iltr 58 VgeﬂfP?Fgl polymer
fdrinatién BbANédeakingg agent pr eferably bronine, (ii)

[@251“ %%oul‘ Qeﬁl@ lbh\rqfdr | ne dc')é} AN PR ﬁﬁeﬂ@ﬁdb@eeto%ggﬁt that in

hrom_ ne aqr ') the anionl
ﬂsetrwew eﬁvameyw@wv%thﬁﬁoaﬁwwt %Fe%ﬁagw%ced % cRgpetiag reactions can
oc@mLitiz.e (<) hiaet desired bemuinatidpeofi the highiscstyrenie pelymerand (b) undesired
21RO oPthelan{BRic SERENIE%BRRAICE by ke chiat¥- arl/d Gibrhlydsarbon solvent
féed of (iii) is |n|t|ated followed 1 mnute |ater by
initiation of a continuous feed of (ii), followed 1

mnute later by initiation of a continuous feed of

(i), the brommation tine starts with the initiation

of the feed of (i) because 15 in the prior two

m nutes brom nation pursuant to the invention would

not occur. Also slight interruptions of one or nore

feeds during continuous feeding of (i), (ii), and

(iii) that do not disrupt the overall operation of the
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5 feeds as a regular or irregular pulsed streamw th
appropriate tine intervals between pul ses, again

subject to the proviso just given in connection with

the second way of feeding the respective feeds. [0032]

I f necessary, the feed streans to the brom nation

reacti on zone can be degassed to renove dissol ved

at nospheri c gases that may be entrained therein. In

this way, the possibility 10of exceeding the pressure
limtations of the brom nation reaction systen1bgin% i

being vege tWhich aamilae Jead to coBdikingofoahrmeinpied or ppertially brominated

ahiofigistyadniicqidl Phay, a6 (c) the vaadsirtbisle Bedlpfatlontodthie Pblyinitkd ayomatic rings

p&fd‘agilng %rdngbbteﬁfe[ng GGl R gﬁ&’ &%?tﬁlg%@{‘&f tﬁgmﬁfl fn%&h:ﬂﬁp Bn the polymer
uch _as e sol ven usg | %rnhgﬁ t &ﬁ 2 UEIOH W th i B

BHE Ahh reactoyy bRECRANgHY, (F AT fajee gl deing bsed. By

coffepding therrdactantssardecatalysit frepropontiont 21idon the bowieactiph temperatures as

dbribEd Wirélh Rad pieferklf sd @acthé RBdszaPIaly cbine @6 intiathte @ntact with each

Oﬁ%p‘)é&ld?éj?f fE pcgcrnlngtqll eﬁt@pglr gltoge ffe%ﬁﬁjl %fitesc‘é',rﬁ oyed, the bromination

add SO ct &

addi tiona g vent I ere |onﬁéqne can o
IAGRPLRPSs mpach mosy ppidly thatpoyegmpetingalicviation o5 dsalicafgn yegetion and
operis idesitpdehigls lavel ofdhrdmination e péawred whet teswitant brogonaied anionic
styPdniid il An G @Rd et is alPRN@sibHet tb QRGlation ofd%ﬁl_k@l&ﬁgﬁ than h3dhinated or

: - e proportioned to
Pg%%ggggﬁgﬁ?%%%Tgﬁggﬁgﬁhgﬁgﬁgf?ed 20_brom nat ed anij oni c_.
[5:%}3 eniVEhgont/irttes 2 prefemeds PrOrRMe ifesdingotisisrhithyy Maginye distance
betarge oodmerpohe edly tits ablred strdanvit Wwilladedenulr e variahs facfors such as the
ritE6f dp A T theaORUbn Alxthi, RB BtpefPurdb e feabliithture, Brelocities
oFﬁgJ}%#eg{%véofe%’ 9§-£a{n%'[‘ 9. 4o nn%bﬁs”bfcthé LYLERLE fgé’cl XJ%%gls, and the

and the brom natl ni%é(agent 0 acni eve Valpl ous deslire
ehiERiRitalub Bt ehthe caiplastin Siketcsiop misaremdifsy dhernefypility; if puy, of the
catmlysttin shedfedd sueemh A @ rile efi thahede i deeigning atférel system for a commercial-
sZOATRAINH AR RBERO ISk RN difithck Be@leeh BLarRdHoSBE eérgent sites of
ol ARGl e OB hOS0R RRnd Ll gpeion s
e thapaboutdtinehes vilspcarcartiiselly bigheresofigitationpndgvery low reaction
tesRprratinat el usat] @he kmalartiad distanderbeiwabout Ajpckilsythe better. Preferably,
bR QUG NG sABscARBFfabDEArRD Qﬁﬁse&QMﬁpfe%djﬁ b bf theitbel streams is

an [ 1.Nt.0 reagt o _such as.a stirred t reactor
cR ook CotAl s Rt EREPBoIp 374 s ng fafcefors b probes
exionging essriagednigribieigpui! Rbasa ob therbavdien hxtesact i on does
[0025] I &S thritinhusl dplermibh of thefpréveay] HedrageQBidtion it dr@Kerage residence
tl}rl},a(? e.?ﬁﬁ%vex@g(g uﬁlg tﬂ@f@a&t\ﬁﬁt/s %c) c&p:il QL M%Egﬁ&e\mﬂl each, other or, in

Lmpurifies.. To termnate the reaction, the mxture in .

oft Wreey B oo B Lfoniash S PRSIy FER B b dpfedyation of

cppplysth wilh dvpdeallyibep ta abort POHingtes end prefaray about @0trpjautes or less.

M&EAGha¥Erre] cdifindouidprotestds el iRgertde iBRINVE NPagf rebdi®n times or

alét 19£idét{2:% Qinfes Y %Q‘Qﬂ&%f \éﬁﬁcﬁ%l to %Bwt A0 %iﬂgteg,rlﬁore 1pre:fﬁrably in the
ue fﬁgﬁg coqgosLtLon. In thi's way, ng portion o tteb ‘o

rehies &f RS AOALOPES TR SgRnestil merr efefespilinh e e oggp to about 2 or

3trhiatntes. hBudhabort pesidenomtimes ae mpda potsidld bylthe @s¢ ditthe elwotimm halide

chrams: 238 teltinfdueir@iing théfBods@ mpisiRl 48:dSH iHeqb@sses of this invention. In

o el mel ol RabicfucsytebPal Bipe SRR fful B reacion

tignes €31 Reagreatly affseted By sypahidfpctorpigp thegealp efaperation, the gyieat of agitation

ppetideddwsiein VRS reastod, ahéishélrad opheat adndfarintthe rdaatidn system. Thus in

kBHitd @B Q15D BmE PNPBERLA td ﬁ'eyé}g S8R tioR bR AR 4@ anionic styrenic

Thi s” batch or sem -batch node ot operation should

i nvol ve rapid introduction of the conponents into the

reactor and al so sufficiently8rapid agitation and

efficient cooling of the reactor contents so that the

reaction tenperature is nmaintained within the

above-specified tenperature ranges and within a

suitable brornination reaction tinme. 5 [0036] Another

node of operation involves use of a continuous

process. In one such enbodi nent of this invention,

there is provided a process of preparing brom nated
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C) recovering brom nated anionic styrenic polyner

product fromthe reaction m xture and dryi ng such

product whereby the dried brom nated anionic styrenic

pol ynmer has a 30brom ne content in the range of about

60 to about 71 wt % and preferably in the range of

about 67 to about 69 w% and a vol atil e bronobenzene
content which is no nore t han about 600 ppm

(wt/wt) and preferably about 300 ppm (wt/wt) or |ess.
Preferably the concurrent feeds in such a continuous
pphyoeesentaiping owmdthen apus pPhepm it/ we phbramebgnzgpejimpurities, recourse
nhdy e \Hadl toalsk Wf frReekpegineach Aafrules pf thunb) whiah éhduild bg of assistance in

tlﬁQ @géé.rr({ :vFﬁelnyo egi't (go{; ; 58@(9?51?;?} gf:é.{y % Ui8d cﬁ*ruﬂj% 3 hours may be
(

med, mxture
pE mhgl cﬁ ?t 1fm gﬁa&c f)fo(?peba&wﬂoq]g?ﬂod( ?fl lfp) to 6 hours may be

peme&;blpeﬁmﬂy thent & some scdaapietinctii geninaous qrERIPH, the effect in such
opaatihielen@b bl BERYSer PiRaRSE tBADRMhIRRE oDbatdbiferation.

[6({»6? nt IAQ r}1o’t dbobll Otﬁg ‘%ﬁné{]}reﬂ[ ?ﬁ%ﬁfnggﬁ' (glrao moﬁﬁhﬁﬂlgaz[yeﬁw Ip?efembly

eni C
B S UL e romigeor clorne o
botl mdw(gl) ﬂ@amtommtymmc pelgmensolutipnan 4 sodnsintlis pbdpetedwinihdhat (i), (i),
ah& @6} e Atileastifne® de?a&&%écfﬁﬂ&bk&b Ynd WHdFEIE nblsBEA feed stream is formed
I n
%&‘*S%Yna ?‘afg 1 315 0 B LR s R Mo Ryash ok cfying out such
erdined s dlfyst in which the halide atons are bromine
ld)r c fidedr(i) n@),and §8i) anthrée sepirawifessini ¢ st yreni ¢ pol yner
2J51aVI Md% %ﬂ&hoﬁ Bf (fhﬁqcf @neea ahe18 BRUIwIRO0R fEDsepRAMLY from (iil);

O ARG Pl XD b5 PR SRt P o o

to aE‘}B‘th 7000) in the form of a solution or slurry in
42 solfecdntcofppirefion abliyaml Gipl astaisorgld feedwbishvefetlsepargely from (if).

CERYih oS thotoE st féehg epg)hzﬁapl aﬁam)t ark [a@s’ﬁb‘iéll ﬁhso, any or all of the

foregé:ih ngsz g még% gr&o Que log%otnﬁ%?hr% on Zf)ne As non-
Lipgiting P@mpécsmlyﬁhé SRS ?fol ©here ce%b% POTltiply sapgTain feﬁ@a%ftana of @, @,
apdot (in Strhilelicin X)tesreban eahdtiple eeimrans fefds)of td do)nbn&imdn of (i) and

(ﬁj dn'd)or%!l e éeBan%{e L&A 1§1 5%{ %ﬂg Ri%jor%&r@ ms , (i), and
dih s Hﬂﬁ%yeﬁﬁf i esEle, ﬁﬁl&%@f Fesh B s R B0 G5 s Anat thir

opin)feeds entpr thepagtiqn tpixgie proximpate e aach ether. peamdhough the respective sets
ofifestislire spRbEl-gpartd¥@n eathfiotied. F& egample] Wihdde & aff@etdbdig of a continuous

s9§¥d Gk %é%r Q?eeﬁ 5 %ﬁturé Qﬂ (%Catng 6 11)0Jndr&(%é§2{r§te \fga'dcd? i!1r§ ex1st and at

eCtIn(% fl |nto ﬁ"ﬂl%tlon %ﬁy%te fur
ar?8 IRGB2 ﬁ&ﬁaf% °§‘ésc § S%%lc%"@?‘éiséﬂﬁ i mixture
of ¢ andidl) Bed @ peparateiegil 0f (i) st e tveéadiing tedirss bocampreferably are
pedifblend cddheothad] SR the @kly f@lls bitle @84 1020s PiefdrtlblQ ateproximate to

eﬁ& oth& ﬁto%ve Etﬂ@ qpﬁ;p{}&%% ﬁaxkéea!ll'}gurcb '}@&13 gﬁ'&%mf\te éo each other.

or{Ji one nt o um n
[ﬁ‘iﬁ i’sfdi‘qgsa b fémge %P’é’ sslmséggn.%%
pmfblaftd on to the nol ar anount of aromatl C nononer units
omzsq hen & QBd 6f SEFRERE G PPALRE it i@@lbﬂgabfeet@ usaa@hﬁ,ﬁﬁaﬁee organic

sgl!'\]r t SBEL dasdd’ﬂgrggmo le anQ %} fﬂyog{cl)' fl.n%t a%&d dg? on lof the catalyst.

If: ® ﬁ’(ﬂé’ﬁfle'F?PtPH’é‘c rbahfgét s%chaﬁs d:ty?me‘éﬂ?remﬁﬁlaa? 15711669& Wawefture of the
cptabfeamalhe/anionit Stgrenengdyradr salntitt sionld loe hoed jusObefibr¥ifeeding into
ﬂE’a regaai% ly&h Iaﬁpcstmeys@&gahx&an Which ffs WARRIN S RNRY.

brom de ions and catal yst residues fromreaction

m xture that has exited fromthe reaction zone (and
preferably continuously deactPvating catalyst in the
reaction mxture pronptly after it exits fromthe
reacti on zone and washi ng away brom de ions and
catal yst residues fromreaction mxture that has
exited fromthe reaction zone); and C) recovering
brom nat ed ani onic styrenic polymer product fromthe
reaction m xture and drying such product whereby the
dried brom nated anionic styrenic polyner has a

ove 1s more

—
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30 within such liquid reaction mxture as it is being
formed. Thus the reaction zone may be provided with a
turbul ent flow zone into which the individual brom ne
feed(s) or the feed m xture(s)/solution(s) containing

brom ne is/are injected into the body of a turbul ent
reaction mxture as it is being fornmed in the reaction
zone. [0040] In conducting a continuous process of

this invention, it is desirable to provide, 35

mai ntai n, and/or control the rate at which the

[PQ2931 i dm thei caseoé feadingsas frof) etmyer dacrmbinaionef brominating agent,
efigdciillly Bfvntifle, biBarti Gi€stpreniclpelyhfe shiighnahowl o N @réfsridd)and stored
f&l su@glgn (a%gél)iod O Uﬁg tﬁeeﬁ’l%‘ifn‘?ﬂmzo%é mtssﬂ&h ad 91@11115@%1]1 tend to

O ave conte Cct,
%ﬁﬁlflﬁ neq chpiy u.g;ul @f@tﬁaﬂ' hus, 482, generaﬁ n.ﬁ% {éﬁ%¥ sin 4) is to

bomedddtiahésirable thfaue theonixiure) oflsominating agsntdnd pplyaet Mwwn and feed
tHOFRSulaRn e n@ﬂﬁ%lLﬁl@théLJaEManE MHid 8 féve aliniteaff R@matiSn, with the

sk&ka tﬁee];}ﬁ% 4 SR BK G o2 RR oIregd uﬂg Bl an

cong@ant VO, ums IQ) re Ctl O Zone

v & CSPF‘FWFg JUIRERIn Vel {ip2qeppslance with the
abem; thegonauoreet eding ef G) 2 h@rrenq@mlgaedltmrcf@aw tgginitien@i) aluminum
hiali@Rakdist nSAGEH @B hil(&é%tdiﬁé drebRinih 16 RERINE of bR, alk@ G {hg anionic

fl;lgmé/ g&%ﬂ% q%{utl%FF i 90% nt 8&? Wof%gﬁ? ﬂh%}tﬁ%@%ﬁﬁqe 8¢ Hlt(i)ﬁec* at the same

cons t 0Cess
SRS P oS xRl 56 SEbh a%%auSafFedafrﬁimé {7 gifeq followed 1 minute
lgereby inigatioRrof facgembihyoutshieed ph (1 s foliosred dnalinwteeteg tbyainitiation of a
cBﬁ@rﬁﬁME Redl Bf (1)0the BRIMin &bt ih Ot B0y I inti£708 beddle Yeadldf &) because

t t
g 23 %01 Rv o n% goonr{ungt"ilgn ﬁu?pﬁalsly tﬂ?é“m%h%ﬁ vﬂ)l(ﬁc?rg)% EQ&% Also slight

ETEPHITS ﬁf ?Weormqsa freds Wnﬁﬂws \f"é?‘%é’é D4 Gidrand gy fhat do not
diatptl thstovarall versitiongofiwey phrcesyi de hinansn addersatefflegtstpon product

cbﬁfpbsia&% afeparc@épembl wamfangu %ﬁu}hmmh@mr ﬁ@lﬁl‘dl B¥av¥idddWsEnuch as

0SS gl espel al,]_fjl nce é’te:ac{J s. ugneca argueveci
ROgY 8U§P°t5 oM Re° re Pﬁtfcﬁle F 8&ct 1 on mxture
[0931d e Fraarhy aft theproeens c@apémtﬁ of {iginyeftiion dle puerEmit Ff‘@d* of (i), (i1,
@ dii i) whethersbishrdtd ocwiih diya cambaddon ofpnggemdf (HUED, aad (iii) as one feed
aﬁ@ @)Qﬁ@ Mh faé 3 fepglgtecfgéﬁl € R;Jm&ﬂ]ﬁa}hf&%&ﬁbﬁlgﬁ& \bfﬂpgﬁéj&‘ the two of (i),

G182 L HTSTR L SR RO oA G o 1 FeB P G gty o actual
ferds thomselvas aipfediite thetrgaasinn éorp?dp {araya rpaciign grxtugen @ne way is to have
ed&ly feB@int the forasiTadoftifitul @ trédmt. ONisecontl Yo i © Haot yathifeed in the

f ernQ gf’acﬁuls%ﬁ ?&H%{reirﬁ GONRCH uﬁﬁ(iint%h 'b@give‘éﬁ‘ &ﬁ%hﬁ% k@?imently short

%let?t Q/%{{u?%g%;u o h@%&r: 5%{12 %ﬁi%réjl 061F g el %Bcﬂcent or less in relation
to ﬁ@rnmlar@monlgt of gyoisic mpnewer i inthe agjgnig siereake nedyreddeing fed, and
t6€ Mitdep Ethe EAKUNEN of Tb¥brdiTRLHE tdied SMERATIILRY sRATOPblyhreR. being fed

pp&?(ﬁ'ﬁ ﬁt bqﬁ]ocﬂlfce a]hﬁnaﬁa\{fe?she\ﬁ gnél Qin@%) b%mﬁa rll%icgﬂpﬁgr nic polymer

Cess IS carrie quenc

RPSHCE O ByH4 SokF GATDFE S0dachPU L EHEmReRgFag bromine. Tn this
sqeravdichiynef fesstimptbe réspective ferds athe gnlsevmstberwesentor emong the respective
f&@étthk{c@seﬁﬁéb b difePbd E‘ﬁwﬁﬁﬁ%ﬂ b SR tahdduf bbkiRfrefGfiflses or to be
a!ltgl%taﬁﬁl o% ﬂget n? {re:qgugseé)ggl% | eﬁ 1{1}"10 0 %?0&%?1?212189&%8 ihovc!,%&?&her and
1@1 Eﬁqli’dﬁ“ft‘ﬁ'ﬁe glewls@aﬁarﬁ:@ regHar cgepqu{ar,eq]]twgr the proviso that the amount of
aflirsimomt Halidobthy fedris Repttak abvmit §18ymolBipswentdr ese isrelation to the molar
AHRRELH A R VRIS B s £ B bRGn R WAt R1HGHEinB 8d, Ath € amounts
time reaction mxture as 1t exits fromthe reaction

zone and then pronptly quenching that quantity in or

with the quenchi ng conpositi ol Continuous quenchi ng

i nvol ves causing the reaction mxture as it

continuously exits fromthe reacti on 30zone to be

quenched in or with the quenching conposition. [0044]

The makeup of the aqueous quenchi ng conposition can

vary considerably. Typically however, the quenching
conposition will conprise at |east water in the liquid
state. An aqueous solution of one or nore suitable
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150C. [0046] If desired, the agueous phase fromthe

guenchi ng operation containing HBr can be treated with

a metallic base such as sodi um hydroxi de, potassium

hydr oxi de, magnesi um 20 hydr oxi de, or cal ci um

hydr oxi de to produce the corresponding netallic

brom de salt. Preferably, the aqueous phase fromthe

guenchi ng operation can be steaned snipped in either a

conti nuous or batch operation to renove traces of

sol vent and thereby provide an aqueous hydrobrom c
ofdebairstihg tert andi anaplicestyrsnicup@dyper being fed are keptpiggmpportions to

pr¥fiRB aRInAPREHEd RN HeA besninttel BfioNRRARMiCiIRIRhérpesivabmnenining in
th ha%gg Epe{:gou% t? ?ﬂh%} i \ﬁ%? akéﬂftgm QOAWW fetielrs ath)éast one
?ﬁ ess 0 g

AL e R Ty
fepms @weguldr)or diregules puledd direampbitn2rpneptiatetime intergals between pulses,
a FEoSthb'Slﬁ%s%S jukegden iDcdectReawith @k séoniRl WwhpdéBieeding the
re ec? ctlhe batch/sem bat ch node of operation and the
SHRETHUGUS nmode of operatiqn, variqus materials d
[00344 Kgm@@mﬁbeﬁ@d Figamstp F})e braxmzpa(lml Fe)acnqgozromé ﬁ%{hﬁe %egasse to
reimovadiss@tedutmbs phedessaftha pey &t Pomingd theeipr bitds e theppossibility

of&@ee%hr%nfﬁg bRlssbé BRI f iR rohfitibRtdafgbnageBin. belfpeemployed is
br.om shoul d be of high purity. Methods for

e 1 ng brom ne when and i f necessary or desj ra e in ih
[0932] d pritheithe PrRRYNAGPT PRRECED AFBRIPY B & 1oditady tpgow e in the
rea@fcardoad a oarity bthelvent sieh aothetshiventdsedimgntmingiwesebition with the

arﬁ%xﬁ@ Etym’n%ﬁ?ﬁléﬁ Gn %@Q&? LrABreRBIHSHM thik 1ER&iREA lch@BON mixture

n Sﬁ.lggé r%alpg?ﬁ :ﬁOél%C Eﬁncpersu%{:p g%knf_ltgn%to{lsn Sk p%ggﬁhk %e[;a.l'[]ﬂé feed of
sx@gb\démgg]c@mnh@ethe Teagtion mwmﬂpyed Aixgessive viscosity in the
re@tidndiont i ridekibibiasdetendy 0GB ferRnvidniontistons éxtimgate contact among

ﬂ,g%a}éqgﬁgomg&geg tsar € br om nat ed to formthe br om nat ed

nLonic styreni thlS i,nvent.i on .
(ﬁaﬂ) pGP?WQ Qnig ) %‘{2\{1} éﬁéﬂ %F P{:Oé)ﬁ II:% proldu f;ilneag gvashetdhand dried
broniieated/anighic stymistiolyntrasnelithis énvenfiomepnéainingis tbe 1Anggypf about 60 to
alHu@ MR tu 0, HRNEHETN-£blY Ot Wiige Fof tabeutadT wruboutsddywediof bromine. The

l a Q achieve
SR8, SR s
VAl PegBEP RS P BT 45058 PETIED SR 18 i o ridduave been
dearibedoimethé corgmonly-ofinad patdint gefairidto-at thegpubsgbef this goegment.

(ﬁﬁgjmffh&e AFOYHRDMs inysfﬂ‘l YRich the pﬂ&esﬁ;é{f &XQhis aivefiion dfitetafried out.

O%: a}o\ér eﬂ%h II’I%% g% ferthéd aaDaPc?‘n%g & F]én% a%}%ﬁ@dy of oee%twmﬁvolves rapidly

e can’ ,ant ont ¢ st
ingriysier 85 SHERDASEOPH SOTRRRRENY (o iand BRdRIoTo3RA gheh 2 @ sired
ppeeaant so thncthd Mariomen tesithabhy pattioh@f §te @Owp@rénghare undergoing a

bRAfESMn lctith )AB(%%t ARG B forthgHbR-oTB A oM iaRing: Mbiefihdd¥bout 600
PR e P B R A oh R £ Qi BURM UG BN e strred

Ppinfe{lqﬁel pnderpRdlysrRerdipd cithey bintRsogiion ?foar %aﬂyne?ﬁ%?ﬁ%ﬁfm info
thenichdtad O dymping za tfeedingothe goateots quherestttyr &ne @ quenching vessel

ORI, ﬁ’le' d'heﬂltﬂu‘&h céthpdsRRBL ﬁlo%is %F i¥n @ theAskbtion mixture
uggegg&elsw gud: Egr erer Sb ltl{%ﬁ-&ei%s Jor, & cjoﬁip%ngrfts felc'i%? the reactcn have

sufficignt fimgde Ul@ﬁ%%ﬂuﬂh@e pesiinatig, 1tah‘éesuﬁéﬁ tq $4ep the ﬁft}ds s and to allow

aiiiéﬁb@ﬂf af legstCh2 adimived befol dbdpibvatiag (Ilmm;ﬁﬁs Ghisaat least 1-2 minute
0 n r M to undergo

P 8‘Eenym'gér %gpsies'%]g] %{gnsotq %g&ﬁ g‘?sgf er abl ;P at Iéde%%{{n%g%% &

and nore preferably essentially 100% of all such

phenyl groups have a hydrogenllat om on each ortho

position. Non-limting exanpl es of suitable nononers

that may be used for producing styrenic polyners of

this invention are styrene, al pha-nethyl styrene,

ortho- 20 nethyl st yrene, neta-nethylstyrene, pa ra-

net hyl styrene, para-ethyl styrene , is

opr openyl t ol uene, vi nyl napht hal ene,

I sopropenyl napht hal ene, vi nyl bi phenyl ,
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5 di brornopentane, 1 -br ono - 2-nethylbutane , 1 -bro
nohexane, 1-bronoheptane, bronocycl ohexane, and |iquid
i-soners, honol ogs, or anal ogs thereof. Liquid m xtures
of two or nore such conmpounds can be used. Preferred
sol vents are clichl oronet hane, di brononethane, and
1, 2-di chl or oet hane. Bronochl oronethane is a
particularly preferred solvent. 10[0053] Wth anionic
styreni c polymers having a wei ght average nol ecul ar
wei ght in the range of about 2000 to about 10,000 ppm
bipmifagioabTyisbhth an samiiatchnyade sl epmtliqxrﬁbpulgommvmp@s@wductwn
ofthd borfteRis rint‘o fhd 1|3§ct61ﬁd?1lﬂ Q158 fsuffentlP rapDa Glafom arf effifient cooling
renic [ r v
ots % rr%arcl:tog (%8} FTS'E ?OS o; €. 16%%031%[?% 1§t|(3g3r ﬁml%?m}\éi&eﬁ v@i@dlﬁ rl‘jlé: above.
spseifigd er%@um%én%ﬂ%“wrlm‘%e waaﬁwgﬁg ign PHP t he
[00B6) easehati medsof gpepftion uevolyes [ugeref aohtnvous processs In one such

er['lg%lant%?' tﬁﬁ'iﬁve%h)‘ﬁ Qﬁ&g LsH;QB\YiH&f a bfac@srs%@ ipFepRiYEB olindidtanionic

gl\cl:g)gg'gfeﬂ hﬁwg%ﬁée P?]ed voBlgf 21121%191 enz ne %ﬁ%ﬁ%%aﬂ}p&c&gs%ompnses

Aéhome@swg nEsaFiieTn Wiyt frging uﬁnlt‘qutl‘} Besor yaﬁilcregeql% fixture is
pri ofonti@ubwdiy ifednednfrodh ¢dnewteanedeafs ¢t eoropmentsesrngpriséd of (i) a

the &%ﬁﬁﬁa{tﬁ&@r a@e?&t C(;:llfeg%%ﬂy BfHahe)t i) %ﬁ&hﬂ& lﬁﬁa@l 1@t in which the

: L:n]?afélglra gtonfsna:% E?HH?‘? ?{ﬁgt?gmﬁgtagls a%lcli'] gm an1?mc styre'ﬁ%%%l}%flel having
sepat GPE Mi indbgwapge f@dbout 280 ute %@Ftﬁeﬁpo éla?fez?@ii@nfl?dange of about
I Nt 026000 EBAGE0MO0 Zod eort prefteatily icthe {20858 abdhie3000 to about 7000)

cat ajysd fo?ﬁ of'z @(ﬁuﬂnﬁl 9 E%}Zé}ﬂ th G@ntfn%@ﬁ‘stljr Qi‘vemhﬁdgﬁﬁndl &xiffrom said

| east one al um num h

cataly In é?aklgqo C
at on¥agia %ﬂ“ﬁm%a‘&?d %tWF‘B 2] W@reéF‘GP&ramﬁﬁ?én d’ﬁnﬁ{f’ ary or
Whi Clesd, So iRl Yrongiedtitn of AniboicRtyiehid pelymheaaicins riuring tileast a portion

s g AR W4 iﬁ%ﬁn@ %Q@lu $&1 Wingd ﬁl%{)&ﬂgged&ﬁl:ﬂr' Bial iht Ymount of
in bromne roc SO V e

di br @H’BWE{IH e is Str%%tctﬂ§ Be fﬁg%%ﬁeSMaﬁm%to the molar
hal i esumtortaapmitimymbairherbnisrin te anismicsstyrspig Robinesr bsing fed, and
at onfugch thdtake Al B16miReM ahidnfcatyremig pbiiher RAGtddan in C) hereinafter

m xt Wat hi&q( B 11?‘6%%9&&{&9%%&&5%%%0&' dfbf{b Bbd0: b'i Wf%da%d preferably

di chl'oride 4 44-8), al um num
di brah%éancsﬁl%ﬁ’i)%@mmt@w By. No. 60284- 43-

Bal unilengtivigingthekeatadyst g andevashin® By sGiromiiejonsigad catalyst residues from
38094 tdh mRturcdRA had exdted HOFDME tasEdH Dne dindg)refstaBlybontinuously

,S é\lcﬁ g’arc%cltf' c%‘teag}"st No%eg‘eglé% élgn&%(%t %%ror%tgfgf Syfpexﬁsofro the reaction

t he FRRCIPHOYHIgEHREDIOmIeaPTs 9 CRRES GRS H’tlga%if’n xture that
t hi shasasdtet ifom the rgrcdbrerorell cat al yst as fed to the
dheactd.g U‘ermgiﬁr%&a’cea aﬁbﬁ@kt?féﬂic&:ﬁlyﬁfe@ﬁﬂod@ct filoftBédeadtion mixture and

cat al yst or..either Db

cont PHAME BRIRANEICE A §890se Wﬁr%&%ﬂc (opgic polymer has 2
conbbrimige §@m%r inthermee ot OB IR LK § S ugferably in he range
s oI ubf aadulﬂ 6DEDIbAeO aifd agd s eolutile BGmbBmMzene asatent WHGh S0no more

l . go@f SO g vﬁ/&ﬁ%&p@ﬁkﬁﬂf&o%i@mﬂgﬁ (@f/@ét& ®Es.a

&gl rg%'gg%%mﬁ?%g@hg t.ahc t al %{sn 81-({%%5 are con uc%ecp either by
Sqmmt@s @né éndipidpialy) feeding gachi of di)am)yal}sir @r—)e(fqné‘a“-fenﬂb{ into the reaction
nagiesd lbﬁgﬁ sépfardddly E’@dﬁ;oqa)taqhyﬁ)im&f mixting of }:jtﬁlﬁpmzentst(ﬁahd (ii) and (b)

ggjg ieved to be the
éa§°§§& c&ﬁ&ﬂ? |%£%$g or me and thus the
br onai nat| on of the anionic styrenic polyner initiates
very rapidly and with high selectivity. Product
Sanpling and Anal ysis Procedur2e for Bronobenzene
5[ 0057] Whil e other procedures nmay be enpl oyed for
determ ni ng bronobenzene content of a brom nated
anioni c styrenic polyner, use of the foll ow ng Product
Sanpling and Anal ysis Procedure is a recomended
procedure for use in determ ning whether a bron nat ed
anioni c styrenic polymer satisfies the volatile
br onobenzene content specifications of this invention.

L/
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Doubl et near 7.8 ppmfor 1,2,4-tribronobenzene Singl et

near 7.5 ppmfor 1, 4-di bronobenzene 25The integral s of

the brom nated anionic styrenic polynmer aliphatic

region (0.4 to 3.5 ppm) and aromatic region (5.6 to

8.2 ppm) are also obtained. Using these integrals and

t he nol ecul ar wei ghts of the conponents of interest,

t he amount of each conponent is cal cul ated. Summation

of the amounts of 1, 2,4,5-tetrabronobenzene,

1,2,4-tri bronobenzene, and 1, 4- di bronobenzene defi nes
[00378 @bl tantihnansrerezseembaidners of thisfinvénsiob it proawss ebpreparing

bréMin2k GniShik b Rinfe RMPALIHIR g AfeddSR ol afild BRbMobdheeiddoatent, which
rPro ortlﬁgm.ng of Catalyst [0060] To achi eve optinmum
PIOGES fYYP ™ e proportions of catalyst(s) of this

A nventsingn 1¢aston emixipge hating o g, 8harsi viigh Jaftiop, mixture is
| es gofi@hiablyefolfied eonarbaninents fepde of coppbyenss compdsed of @) a
wi | 'br&ﬂfn}itﬁé’%ﬂ@?ﬂ@%@r&bﬁ&dﬂﬁ) AYAMREhAMeldaRyst in which the
conposition” of "the catalyst, the optinumresult.s tio . hivi
35b Bt A DLARIIEIRE %%éuaﬁo%sn%l ﬁnr? SMeri ¢ #o rlmg{) eraving
wei GHEPQM., e zavizen ebost 34081 EoybiQ R0 (Prefirnbly i Lggnse of about
Bas exyoo b 4beatil 0,600, andimbe, preteiahlyAd Git3amadé dbes 3DPeto about 7000)
cat g}, ¥islroRRAr 2041085 oRRhrYSih W s8R entipkefer@bl§aRORRIbH 6n a solvent), to
fornula wei ght 8{ 104 dal't on roportions NBined
ran g‘é’nﬁ?uoélﬁlglffav | rqush 499 Gt glfogp ToT & %% %'PZOA%%T% %'glsc egtone o
on trhere aniymmitorep @ the range nbativet HY (erdeisnse thet bypmination of anionic

rec i i j . .i o\ pes
Tab %g}i%ﬂg E?l I Bgcu'rsndm?%te 2D B6kHoA RS stdAGrad8L, 8aill Fecl6S (i), (ii),

T G e G BP0 g v

ef f efgtm of leash enrof (Grand £1i) pntithext agt g sepAFgAfceds of (1), (1) and Gib)

pol y&te¥npaerthRBhction@hiaturasmlijor sienpified (@p ovittina feeding device such

o o B8 (GEORE bERELR, G AIalRAR, Lie e e At i e reaction

I SRR 9 AR DR BarRs SRLpEsy 5ognfeith ofiFongs before

bas ecn@pingPSmithd fecfing e giceighd@n@Eing the larger body of the reaction mixture
in the reactor, the components being combined are proportioned such that the amount
of aluminum halide being fed is at about 0.8 mole percent or less in relation to the
molar amount of aromatic monomer units in the anionic styrenic polymer being fed,
and such that the dried brominated anionic styrenic polymer referred to in C)
hereinafter will have a bromine content in the range of about 60 to about 71 wt% and
preferably in the range of about 67 to about 69 wit%:;

B) deactivating the catalyst in, and washing away bromide ions and catalyst residues from
reaction mixture that has exited from the reaction zone (and preferably continuously
deactivating catalyst in the reaction mixture promptly after it exits from the reaction
zone and washing away bromide ions and catalyst residues from reaction mixture that
has exited from the reaction zone);
and

O recovering brominated anionic styrenic polymer product from the reaction mixture and
drying such product whereby the dried brominated anionic styrenic polymer has a
bromine content in the range of about 60 to about 71 wt% (preferably in the range of
about 67 to about 69 wt%) and a volatile bromobenzene content which is no more

than about 600 ppm (wt/wt) (preferably about 300 ppm (wt/wt) or less).

13



10

15

20

25

30

35

Br onobenzenes fornmed, ppm (by NN1R)
1, 4- di bronobenzene 90 4 20 19 1, 2,4-tri bronobenzene
320 0 90 0 1, 2,4, 5-tetrabronobenzene 870 250 120 0O
[0061] Note especially the large reduction in total
di brono-, tribrono-, and tetrabronobenzene content
(from 1280 ppmto ca. 250 ppmand | ower) for the
brom nat ed APS products achi eved at the | ower catal yst
| oadi ngs pursuant to this invention as shown in Table
A. The work reported in Table 1 hereinafter further
[09B81v t Hat comdbdtinghthisAtBriBiuoas @kaesss, IpeafedabXyothet tpactim mixture as

c&ﬁﬂhbﬁ%ﬁ)’ﬂﬁmﬁa Qﬁn/@a{el I sed\BRdeiraleyTpl @nireiys ofd aifjuil Mixture,
e Nl
Py elg‘%iy the rom%ﬂiﬁarégﬁg 1@@{( é c?P g§ab\i\§ ﬂ@ bﬂﬁhﬂg é&oﬁﬁusly fed

us s avera
The term

wqhme the cogfines 1of s ligyid afe%Cétﬁﬁ é’?lé'i‘lEFr keipg c
"Sinfines " meatsveithimthe bodypl the lquikhteactiph wextuians ﬂia;bhgm&hed from feeding

ol¥8r Al dradioe faoﬂténtoh@ﬁe }Mli\ﬁﬂ réR 8o Brrel G8HinYASortRE U6 Ethes can be
a%cgmp%%ed%a;us%ot{ anbm_be%ﬁ nozZle %r eedlﬁg%ﬂ'o%g wiich éﬂtgﬂcﬁ% %Qco'ﬂ% body of

'enzene

trgioprigrciien yguis e PERcifEy I tBIBERSE DR HPRAER IoBrn B ppcpot type
of eactionedsshi 1gis deditwbieo masundld thatttltﬁusnalgudg Gzt dranheech anjector, nozzle,

of ?é@ging%b g%j&gtp&.a,l tl%"%) fat!ﬁg stfr@hgOblades so that the
eve
rfiaBJ:aBtg #F clué 18%%% c bod e s é.llqmt re%ﬂmg Qﬁ%%éjgélﬂé/ formed

insthg eaptiemppne ynd @@u@m@raﬁ% %S’éﬁtféFFem}Dﬁ‘B{ﬁe ty
[60391at [nthe dolfifiitjus Ansdedol dpedation nthé rawtde ndgpe formed in A) from

ORPpIRLE, YFSind R cAPHOErHOd inRAkiSHs WERMEBAE: 218 fthe bromination
reaction mixture can be formed by use of at least two separate continuous feeds of (i), (ii), and
(iii) with no such feed being formed from all three of (i), (ii), and (iii), all as described above.
Also, there can be plural feed inlets to the reaction zone for one or more of (i), (ii), and (iii).
Regardless of how many feed inlets are used and how the feeds are carried out, the feeds
should be substantially concurrent (except at start up when the feeds can be started atdifferent
times). Slight feed interruptions which cause no substantial imbalance in the operation can
be tolerated but if possible, should be avoided or at least minimized so that steady state
operation may be achieved. While it is preferred that all such feeds be continuous feeds, it
is deemed possible to operate with one or more pulsed feeds having uniformly short time
intervals between individual pulses. In each of the foregoing ways of carrying out the feeds
in A), a separate concurrent continuous or discontinuous feed of solvent can be utilized as
another feed stream 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 bromine is rapidly dispersed
within such liquid reaction mixture as it is being formed. Thus the reaction zone may be
provided with a turbulent flow zone into which the individual bromine feed(s) or the feed
mixture(s)/solution(s) containing bromine is/are injected into the body of a turbulent reaction
mixture as it is being formed in the reaction zone.

[0040] In conducting a continuous process of this invention, it is desirable to provide,
maintain, and/or control the rate at which the reaction mixture exits from the reaction zone
in A) in relation to the rate of the feeding of components (i), (ii), and (jii) into the reaction
zone such that the volume of the traveling contents of the reaction zone remains substantially

14



10

15

20

25

30

35

30 APS when the alum num hal i de catal yst |evel was
reduced. Exanple 4 used about half the level of Al Cl3
as Reference Exanple B, and the product had about half
t he anpbunt of bronobenzene inpurities (see Table 2).
An even greater reduction in bronobenzenes was
observed for the product of Exanple 5 where the
catalyst (AIBr3) was fed to the reaction dissolved in
the bromine feed stream This netered introduction of
catalyst to the batch reaction results in the sane
cohem@l Tofis it Bnehalyzmeferdbie relidve wortinugue faepaiodbe geaction zone and
co Qﬁ\ldu@ YW ff(ﬁﬂ(iﬁé féﬁct(o@@d’&' 8s dhis tBHOW naked ABieO taintain an

eswgﬁﬂé%étao Eo %F reac%on z\égptf{&geve{’ 9893%83W8|use pulsed feeds

to Bie reRssion £onetes ofst (afd@srg puseq °é‘§ﬁ‘ﬁ‘6 F’saya BPmihe r§a‘$‘ﬁ0 ERRS ‘g‘hﬂe at the
saiB tafidlkédpaiy the vomehecethd rentibe nEemes notht esrctor penengnbstantially
about 600 ppm and preferably about 300 ppm or

bron1na d .ani onic ren| oral
[Otm £ BRCHSRSE g'xlx%lg}(engx %stb cgerdg ag ;Tl%{t?blg éregstﬂl!rdes Preferably
thy poesstis eandufiod abx BRPPIUES b 2 Mesesd 6, PO OB PSR fp 2 closed

brbMenakisf gRcidn Fhemtunder sogehoust praskusat % and | ow
br onobenzene contents, the new brom nated ani onic

styrenic E0|ég§[3 of this invention have very
10 properties and col or
[0042]r diwthe prastiders thisiieansiop dleyredust werkuninyelvEsdraciyayRe the catalyst
arﬂ&bﬁshfn'gQWay BeinGesSionPasd edled radeited (paeftnblydy quandiigrthe reaction
PP SAHC PR Y TEeSuf uén@fuﬁo 'n{]s\‘lﬁﬂﬁ)' 9Parfy éﬁdﬁl@%ﬁ)xﬁlﬁg HG@fns in the

ercen ages o1 "aro ti.c rf ort ho- subst | ut
165?‘%% ‘H’é‘“’a{? BHEL tordspevHRs Hier g&"bﬁ& DIV Hated " ah oﬁeE flon should
catain emedicingl agamrssclos sdwiem isnifisntd eanvert 5 PBSrinfpskrgmide ions
whith afe thBewaRed %t)va?iﬂ tht Mqhdbul PRasd 2&u1tﬁ0'?ftﬁﬁ ] quenching operation,
1eS(t)€e%é1|F| t%x%,( %a%d giﬁ%gg p%@ E{g | ;?tﬁyci-fx oh&t 684 i drlingOhe washed

even. nore
bremaé?daﬁlvuq%rewmowqqsfodw |Pé%@§5°t {S’F°‘(C§J g VR g comied
oit@k arsingdd unitatyyopetagiobunt er test of 15 or less (still

[OGEBF Fﬁeﬁ&ﬁfaﬁ% ¥f é;% @falysESSB) otSi batkh arpdrramplrleftﬁﬁdsamg} camiud out by

anl oni ¢ St Yr&nl. [
S
catglp® i1 BDekt $oRBRyoustRes
thaeesiht frah thdeabiconianatveith ammmﬂlmm;gps@nn @s |96 [2ftpresush reaction

m@){)tufe@x%ts 'ﬁ%ﬁ?ﬁ]ﬁe'r&l@ubﬁ zbtik. ti&%lﬂl@ﬁ&ﬁe,qfw q{iéﬂéhmé%ﬁ@esﬁwn typically

c%g%{es %%’teggrg’ﬂ} 2]1 Fezgf;lcefg%{n%tq y Q) %argt Iq:}geﬂ(?%r P{m«r step can be

cqvied ont etthes r@?ﬁoﬁ@@ws‘é{n?ro pREINEPYAE N RISC;?BFWPé’F shelipg gavolves
collveang damgantore s dkime redvtioh mixrieas Bexiyfirem i reaction zone and

th%ﬂ l}%ﬁ!&ﬂtﬁ %\Eﬁc}% H&'t audn@?ff m J)roxﬂrth hﬁ‘éﬁm@d’tﬁ}m SEnpoRitiof N tContinuous

a bout
QP;%W lélﬁtlgvo S r(fausmﬁ, tr?]ag 012j~l %{I 6636 dt con%l{éqggi %Hamthreog& ﬁ{;ﬁ'eacnon
zgireetb de abtnchedbisur vBE0thp gHmshineceBP ol Eapaddltlonally at

[d(ﬁﬂ} tTHMKehp dfiTee zfqﬁlad)&\qiue;g:hn{gmpmpbsﬁsn can¥pryaon$idemilly. Typically

howe et & oo |38 Ssompeike 8t Iegﬁrvm&r #tad hl]iuﬁystate An
Feihe s sty MR
NNl LR i s

NGRJimitink examyles af saltrowbich| mey e uggt in fForming ql%?ﬁg@n%fcomposm’“s
u@%ﬁétsog;glg{s)ggﬁ{ef) seeM b 0end g&iuﬁzxfn pj@ig}f&ﬂﬁwr Feinperafures for the
about ar, | ess; an.initia co

ABFICHESORESIEPR PP i {sarps’r‘a’ﬁ ity Wt sf 5 fle S Plo Sooc. The
Brom nated anionic styrenic polyners of thIS I nvention

and especially the brom nated5ani oni c pol ystyrenes of

this invention, having any three or all four of

addi ti onal properties of 1), 2), 353), and 4) are nore

preferred. [0066] O all of the brom nated anionic
styrenic polyners of this invention, the nore
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preferred are brom nated ani oni ¢ pol ystyrene pol yners.

Ref erence to the Draw ngs [ 0067] Reference is now
made to the Figures of the Draw ngs which
schematically illustrate typical preferred systens for

practicing the processes of this invention. These

Figures are not Sintended to Iimt this invention to

only the systens depicted. [00681 Figure 1, which is

not to scale, schematically depicts a typical feeding
system adapt ed for feedlng a mxture of bromnating
coRfenation et e arepdingrampaetien eonpEied gEone of morpyuiiable salts in water
islscetisdepatile tamatiatios dhuttnalpraficarin sitiatiosd wheingueijna bromine

eiu@ts @n gekyRe0bn a&talta %ftairaﬁsvaﬁ ﬁ%ﬁn m!ﬁ Br otnhﬁatfoaaégcﬁ&pi&k%e of 1% to

a a ar mx
1R 87 T Sk R B bR B e o & quenching
C%B%%%OHSrf@ura@% th bregung tockrommide fanpavhich 4rpthes gapdad away in the
afpieput pHase. IRowevet, ptiecankyntrurites @i bexibeall Pesfiryblilie quenching liquid

1§&ﬁ§&%&ggﬂd95@§§wpoated carbon steel and is thus

of downwa ion into the_ brom nat,
(] Bt G trio GRiet Aucr g s &g FUp iy letting the
qunghadreapiorymassosstly taiobtaim a ttiye-phateatergsion ghass gpmfaigiigedrdorganic
phdsenghioh ebntains,tdia sbRergthe taémindicd dnitdee stitenibpolyin®r p@AREL and an

?ﬂu@ﬂﬁa{sé Offhe cﬁ%g\ys' ﬁhas"e‘lis Hécaﬂ(}@:@%ﬁ él‘fetr%ﬁi).a: nﬂ{%oo gaéﬁ(grﬁ{alsg s stripped

er co
B BYSHNS8meSntily ol TRAT IR (iR i S by gresping the
orgapicaridsp bite bofingfwatesn déss thel ®lvpe s flaghed off, fienrominated anionic
stoReafdilyrét produat ﬂbﬁh@d’pr&&i@t&f& 017Y16f Prodipi€aEhinibe redvdrsd by any liquid-
srﬁiJ fe Eu%qon t% guﬁlg d (ﬁ ﬁl'ugE a‘&o}é"' Jtpl Pnd ne%ovefred R1ec1p1tated

|nte I or ma virtue o
wapbed pppdyct is tgdsied, dYPA‘r"Pé]b’éF 2 Wﬁmﬁén ‘lhﬁ Eangp pkgbout 110 °C to about
1§baﬁeter of dip tube 12 or by use of a plurality of

(gggﬁ ﬁ%F§ea ing ri %s (nat shown) di sposed around, the

[ SEPd: HISAGUAT Phasg fiom BregneRchingsoperatan peniniRgBr can be
tregted gatbta mqtaiﬂmltaaqz sudhsistshdisnphgirexitie potassimmtgesixide, magnesium
hymmasl ur chlbRmt RedibRie th qu&p;a%e 2&rbpAbig tﬁ’l@tﬁllﬂszbrormde salt.

| 9,2 seal e ncl o u e C
%&5‘&90 hen gus ;ﬁigse thF guenc gm[g Sr %fﬁ%%ﬁ‘a& %gp%edgn either
a 8@%’%@&? ¢ aEﬁ Egn ES’CFP’EHOB?)@?FF% §f F‘ﬁt’ @“ Gﬂ%@ﬁ@% grovide an aqueous
hmhnUnnncaﬂdSQMBmhamgﬂcﬁnnﬁubtmﬂﬁ is typically threaded

[(mtw] t VARG &?Srtc%ﬁél&&d%ﬁ? it @b dlas%rﬁe& SWvE thi sﬁmhmted anionic

styreglc ppo\f}'reqxer C?rod@ﬁcg B ?18 Plbocﬁg d))% m1g WFEH%H’ Wﬂ)lf‘é‘?'“ﬁ?l?\ g? P}‘?é than about
6QQyenp (wHHDAng meﬁm‘?lh alrug 0@ prra (Y X deas of brpegbenzene impurities.
conduits 14 and 22 and the solution of anionic

cs Bﬁ‘é?l'tsCUE’é?i HPREath Wk dPE G, Londuits 16 and 25. At
o] T I BR e (R ot B i o o ARE P s AigBus mode of

oxzmm tvfalmu; mﬁ@r@lsmn heesed sotampanentsd ({iidwad (iHy Fayepample, in all
such@halek Wi bpswatich iy Refeirédto ddalfemdntd bi @RS al tHe®i&Bifplating agent.

I a
W% gﬁgﬁldﬁa% rt])@ gi%q g&ﬁ'th q f\%;rﬁlcidg gg? ﬁﬁ{nﬁﬁn‘% &gmﬁ%w& anagfnecessaly
irtlle aredlesited ARG RigHe a?@a?abg%wa%‘rmtﬁnfs rofgrrgd ¢p at the outset
olpthid dicument. | Hew8®r.agtbleri bromirtalieg bpens pat beowsed dm titel mractice of this
m%ﬁﬂddlr eAm[oQQ TRbwd )ﬁﬂinﬁﬁid_n\g g L!ha{t%la]}/lbeﬁﬁk‘éd 1R RbmidBdBoride, N-
c%lmm%e 103 ler mL!hyrdglrl)t(c)){n}/ L&Es bl nqinls)uc hd as
pol yrer &1 BFBE nch.
CbndU|ts 22 and 25, plug 18 are also typi cally made of
fluoropolyraer. Conduit 22 typically has an |.D. of
0.466 inch. Conduit 25 35typiteally has an ID. of
0.3125 inch. Typically discharge conduit 28 has an
[.D. of 0.375-inch. In the formdepicted in Fig. 1,
plug 18 and di scharge port 28 therein extend about 1/4
inch below the |owernost rimof dip tube 12.
D nensi ons of the schematically depicted feeding
systemof Fig. 1 can vary depending for exanple on the
scale of operatlon [0071] In a typical plant scale

oA A "] e r . r ‘A N7
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10 the HBr coproduct through reactor 40, a take-off

line 44 for receiving fromreactor 40 a portion of the
circulating reaction m xture and transmtting such

contents to a quench vessel (not shown), a dua

i njection system conposed of injector 43 and injector

45, an indirect heat exchanger 46, and a static m xer

48. In the form depi cted, heat exchanger 46 is

di sposed upstreamfrominjectors 43 and 45 and
downstream from punp 42 so as to renove heat 15 o
[949% r AwgnisyPtrerac Relymess vafichharaprapinatgd toudrm the bramipated anionic
sfyrapin pdlgmensatihigis Mvendionome halhbpcﬂymeﬂ;(ﬁfletymnel dr capsdjmned of styrene
m&%&&&@@&gﬁfaué ﬁmﬁ@tﬂe@ eARlOﬁg ?lﬂtaﬁfe VI aR)thl%E Hﬁ)lﬂbﬁl@g lfl%m which

e suc
BB, Sris it 8 e et T ey bf e
reactor 40 to renpve heat at npre than one Iocatlon
around the | oop. Heat excHapger-#6 is provided with a
fl ow of suitable heat absorbing Iiquid such as cooling

ter_and/or ethylene glycol. 20 [.0073 epi ct ed,
VIR RET & SoRTHAS o8 A8 A BRvar = bploR o4 GErfioths and Aris
arr peoufitic gerupsnslvdingalinhaing isplstititedvinamati¢ group) o€ fpm ¢ ted 0 carbon
ainst mmleﬁolyﬁyxeﬁé el iddprafthed byfen@: sdafiad UsPedntbefniBhowever
o? @ﬁl@r Qﬁ&ﬁﬁ 5 E(g %{xjﬁg s&&nats%ﬂés% nQafde iﬁ? E@%i&‘l[xgpmcent and

I r ect t owar
%ﬁ éﬁ‘?%’fya?tl 193358 pgrﬁa}t SERENS zmﬁiZor Ezt-lps ylstyrene with the
bnhamwquhgomm@gwwmwnmm@m dlhus, the “anionic styrenic
palyhRAYRBRTTH tiRpPictieSolas Mvémidhdrefothely al®naiTBifigtetl Plymerization
o‘f %@&ﬁ&e%ﬂ@&ﬁ@ Eﬂ%ﬁuﬁ&g}n‘f Qﬁlﬁi‘l Q{ lggstt %E% El%fer%i attl%’st 80%, and more

actlion m eacto

Pf FACI ﬁﬁ?PEé %@Fﬁ o t?%?fg’am?‘hg”t"?lﬁ% indhe pelypihave a hy‘?mgen atom on
aplegntppatitorpastwot andiwheh @@ Zitlg systkm-of fich|aroreatit4raps is composed of

a@6RbIhesh 605Hehylgedtiph ¥nd LK EBstiktdpRRILLrBipsI& 1éhst 50%, preferably

aplggstt Q@‘% dfntu%}g Eﬁa'fe[r?l#ﬂr ?sts g&g ?8&}0 o? Ih {0 H\Jén§7 orI n;gs hav? a Iaydrogen

content’s are

afogn %%Pcapé%ﬁa?sg%@l Nﬂnolﬂaﬁ%%@wleﬁ%t{)sug%wn%ﬁ? Hhahmgy be used
far modeitg stgrehicquolsonesh oftthispineentioh arEdgeas tdp/at methylayrene, ortho-
n@&ﬁﬁlsvﬁ&ne [ OBZRd-rdeth 2 Sty BeEn e 3 ﬂcﬁ“&%\éﬁﬁylﬁgger@ S‘}J@E&Qﬁyl@tyrenc

S tedofier Bh. Whind iSRS ReaTRenlePyitlind, Busipionenst,
viAviepiFEeeBs. @Pcﬂ%ﬁwﬁ@e@@eﬁtﬂ teticrtdstyisneni Hose darng an unfused
berdend §isg inshicinolasula (iwnthvsenhtchie devioitboflfhsed eimi ki@ghtured) epreferred.
{OUH)FC@[@ tﬂ@&&reﬁﬁ%&@ﬁke@?n HiSPOSRDnALONPLLaT 9&15’1951‘8 made by

fo ecti n | uti of ani nlc
oISt BBt o An S PG o S T ug{ég ARiofigtpfysrene
isslesqited 4w omplopkyrawisd IB | RpsrN9- 728 third for
[005)1 ECBlends @ahigtiyartof (W diin@¢ attibhidGtiferi©pol @iitrs 04n also be brominated
uthg %ﬂﬁﬂmﬁ@or{ fBtess %QQﬁ AR IS eqléd?l@ %?m!u[ﬂn%g E&fbe composed of

Sstreans "curs Jap id S resu

UL T R RN RN Ae————
Asblend pr tmhiktige icpinpesed rprggogumwm :tthzese onejstyeenig polymer made by
afii@nicAllA Myt dleSdehériAtod fldals 4l aln@ufas Bt 104sh&ie sBiénit st fimer made

b§ I%l%e rQ&&ﬁtlﬁﬁa&‘a o(f%%utaﬁ% gealgonll)eeﬁéegra% tfig gglyh%} gubstrate to be

’f?é‘llf‘@? Bya BrW%\Nog@é*dﬁYf‘émO@’?é‘t ’éﬁ?@ﬁ s‘qu?rbéf‘e.nd# 5] ’@E&“HPS is n°t preferred.
[MOSRhngenenf a ivaniety wé suithbipaganig sblvents ke dé asesl @rtheisalvent for the
styRARIRIyrAQ, Phildlst Eﬁb%%ﬁ@@&féu)éﬁs@’éﬁﬁcé%fas tf&%x&ﬂl%@ﬁchloromethane

injectors in the same plane and radial [’y spaced at

about 1200 intervals. [0076] The systemof Figure 2 is

typically operated at a presdiéire in the vicinity of 45

psig. A larger dianeter tubular pressure relief drum

47 fabricated fromfluoropolynmer is disposed in an

upright position.in the | oop of reactor 40, for

exanpl e downstreamfromthe | ocus of static m xer 48

and punp 42 (as shown) so that the flow of reaction

m xture passes into the 10 upper end and out of the

| oner end of drum47. Drum 47 is closed except for
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35t hernosetting polyners that can be flane retarded

wWith the brom nated anionic styrenic polynmers of this
invention are known to those of ordinary skill in the

art. O her persons who may be unfamliar with such
matters, should refer to the extensive literature that

exi sts on such subjects. [0079] Preferably the

brom nated ani onic styrenic polynmers of this invention

are used as additive flame retardants for various

t hernopl astic polymers. Thus anong the enbodi nents 5
dgfrompmsthapsy e rp@aCHpEmdtane. rupacHichlorewapens.t | Gipgoform, 1,2-
ditomodthineg 1dtdibeasdetone, 1besmopldakirbahae| ik dichlotbethane, 1,1,2-
txfﬂh@ﬁ%eﬁl@x{eai ‘i@rﬁ—te%ﬁ’i'ah{o%ﬁlaﬁ’é lakt-dﬂaﬁﬁgp Hafe, DLOTIH a:i-&ﬂoroplopane,

ent i on.

N g e e
difromepeneng.r ehibzopetrmathylbrtangi s libyomehiesand anl-beomoheptane,
bbi@dft@éldh@ddﬁé, dadlqii®isbinetsliein@og0sH abmBESthedeot. Miignid mixtures of two

o.l' NYERL 'sﬁﬁ’l & Hx@ﬁislgaxp@eyﬁgéayl eﬂ@fe{'x‘@& emm aﬁ@ dichloromethane,

dﬂq?%z%{) I%I}e?g gxe fégﬁ{}‘hwg éne F%‘P?%’Fﬁmﬂafﬁ%ﬁ gsa pa1t1cular1y preferred

Sﬂ@ﬂéphthalate bl ends or m xtures of two or nore of
[0053% € ' Wah anidhik| sHGenis poBRekyKaRalg LweipRl améﬁigasﬁdlébular weight in the

rzﬂ@e)eéj?%lgo%g §00(ﬂ%&%ﬂxtaf0| 360 g)ﬁp I‘éf%ljaﬁg :ié r{lgfug &%@(ﬂ};&%ﬁ& solution

oglgl{ {r]xghi)m% Qf 2#1%1 té{FFéuc po ymer per kilogram of
solefmtp Néitheeinicinéc ammp@bwmwfél@et lelpbpﬁmtlah‘re the solutions should be
nitRé Mt dﬁcdnﬁ}%hﬁﬁﬂ@fo@ hd ﬁsl;eas%u Qh;c@eﬁtyﬁﬂ’ kg dEmddofitions.

(R - AR Ry BpichBNAT Gredson it BRI PR LELATh forming the

g BRI THadSasHioRans 1o harchi éF%B?tﬁ]% ePEaR Siopldscontain a
stitidble qQuntityefeffaait sobehny pfidrandnitiet ar afeble fapd ad thet doprponénts of the
r@acawm;aﬁ% atora8i 18 chﬁq&tg\bb@ﬂéa@tr%k&me&heﬁﬂnﬁm in the initial stage
of H'1V %nt | Oﬂ1 %go%ﬁgc)eus%cgde %ygrf'oz on. a@gﬁa?c : S an% Xf cﬁmonal solvent can
bg &%@W%W@éﬁ"wn?dlf grRe. ABS . M 35, SAN, aromatic

[qmssy Cc ThdHcataye 85 uged liyy frinming thm&aﬁidmmmraﬁ adledstpat ylominum halide

vﬁ‘h@%@ﬁaﬁf%b Qx‘c@%r}ﬁqm@ P Qlﬁ@ﬁﬁ‘e ﬁ&%@ ohne @Q& catalyst which

Al t I
£ nﬁ?z\eﬁ@éﬁ”e 88 B ish SRBFRS AE R wRfwaE Bbiffocsfits sood
selahilibe ipf brepxips, eﬂpé halahslrecarbepdadvasys, usishops glibppggethane and
besigodhicpomerhired ARintilg Isdijéetintaifial \bod binihd)atom(s) and chlorine

aHﬁY(?)nﬁfaP lfha Sbe( {!tgedamt m&@%&&loﬁt r)ﬁ:@ﬁje Cinﬂﬁhy B subdthnees as

E%g?&%s&lgﬁ?%% g c% 0 S ng)s X)E%]nggbronudechlonde
(S HeCdinzal 01 6028b i d ) pivweinumbrereide ¢16waqie (28, Baefel) Reay Mg, 380907-74-

45umh d&&-lfrbr&ﬁﬁtrﬁc&ﬂ@‘bdﬂﬁirmﬁw €AYBS,Ch,, RapINOX] 62aNY-82-2VATuminum
tﬁélﬂa{de' gaﬁrﬁso Qé@”&ssme'cgaf}&{ asnEG' tg'tﬁé eacablln Irrﬁ%t%re afnl g1 of the

er oW N

R HEG? LT P HS o ECHE Gy at ol BRgponpEce s aluminum
tiprefoéder ed pol ymer blends of this invention do contain

[6056l] amafagtsai(ﬂ@ﬂh sSMARE BHr sfiheRba@h @ﬁ&)nfn'nb&.[s HrbhlRtioO¢an be easily

P8 ESEs ARFATOR. AL SLEL Ao 001 A RYRBLALiR und goseons
Pmrdm Wfa"tne@loaﬁﬂ @illmusi ylrognmz; @otaywbhal@g@neccr@twrmawgs a soluble
bﬁfm&a!ﬁin%nh&\&ﬁﬂhé Qzﬂal%t%n&l%ﬁq 'UQe bt ABRay &R MR pe @HRIUHE without the

c?%'e%e%%%%%(gﬁﬁ %//arn?lﬁaé%rg}eggﬁ& §n ﬁgg%gagg Ifs?f H{gomfl S%t%yst of this type is

wei ght of the therneplastic polynmer fornulation or

bl end. Wen used, the anount 18f reinforcing fillers
such as glass fiber will typically be in the range of
up to about 50 wt % based on the total weight of the
finished conmposition. The 35 anmount of flane retardant
synergi st, when used, such as antinony tri oxide,

anti nony pentoxi de, sodium antinonate, potassium
antinonate, iron oxide, zinc borate, or anal ogous
synergi st generally will be in the range of up to
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30[ 0084] Various known procedures can be used to

prepare the blends or fornulations constituting such
addi ti onal conpositions of this invention. For exanple
t he pol yall cyl ene terephthal ate polymer or a nylon

pol ymer and the brom nated anionic styrenic polymer
such as brom nated ani oni ¢ pol ystyrene and any ot her
conmponents or ingredients to be incorporated into the
finished blend can be bl ended together in powder form

and thereafter nolded by 35 extrusion, conpression
thet theapiivebropinaingipagies CRieRE ibathebiomepimeitnsBR i Piptormed, and
this kel bioadedtioa rof ithe ani Bain btyrynierpalgmer dnititedrednrg eapidiy aed with high
Sgﬁ&g&g mll, a kneader, or other simlar mxing

devicé, and then formed into the dashed form or
conf|ourat|on such as by extru5|on foll oned by

YL PAMILAE ang B18 Prces gpenzerg by ot her

[OOMW’IWDEE bthéﬁprozﬁeﬂﬂﬁﬁ]ma?ﬂﬁfe&pl’o@dd folﬁ Gétﬁﬂ:ﬁhﬁgﬁ:ﬁ démobenzene content of

a%%Hﬁﬁ§ﬂe& hlﬁgrge Qtfyretnlfﬂ ]?0 n%rﬂ&eﬂge' & 'ﬁlet}@ﬂgwitng @r&@%ﬂﬁ% aﬂcfl Analysis

Fe AR B oA ot P f e OB EBEE Yo A BicEniggied snionic
sny@sq pOtlmertsalttsﬁgﬂthvzolaebtbrmngneuceaﬂenmmﬁ@é,mns of this invention.

I{i0 Q86 KGeivaincan elay theFabcedaicRdsed R cRfnpls ©F cOéry adafiieof product
pﬁ&:fucé@ eI‘HerP 8‘&%&%‘ i gox'tlﬂg oﬁ%"ﬁ %ﬁ Whdnsd ﬁc%ﬁ OQP Gor a bromobenzene
0 I nventi o wever , e

rre[s o this oW ng

BOAMSE d be used for the sake of consi stency
[QQ%B?] ToThe PRdugtiSamplio g eehinalginBectdwerisratfelibveni oni ¢
[m] eNARh§ph \PERIBrddRnENe ind %Exalﬂoﬂbbdn@@gﬁi can not be measured by

PYEtT 2{1 t Fé’ua 38 g’t %{Thlrﬁ d[% o\{ﬁﬁé safxé l‘{l%lae%sab e odou’t)us dibromo,

ur an termnation o I

R AP HREGIPO PBFOISS fen e PHRERCERY e 6, fhie PLcgPuy @roton NMR
spohy perasquird @sis g h Preloe BN 400NHZbystmgiengfor exlwiaoms iobaiziut 10 wi%

bronBaXted hMOAiE %@%ﬁ@@p&l%gﬁin%ﬂfbn diénﬁi&mah&oaféalan&ag(yzsscans and

S%ecdﬂué%td%_%?_ﬂ‘%fﬁﬁl () ac1c1 (9 tdpog)?r% d1sso ve ggl s%ﬁﬁ%ﬁﬁry thE RRIR tube

PR Rg02IgHE c A ftEmistting th?\C&th @a@ﬁ@z@aﬁ) éfbﬁ atﬂpmqav@rbaqdme correcting
tHeSdpecnmb enzmoee contfbutidasif®mite drasaticheotoad ofrhebrominated anionic

e?a&dﬁerxymerTﬁsef&mvahgwgﬁmQl%ﬁﬁegxu%a described herein

and rted all based on the XRF
anal i{rfgépeaﬁgtlm%n I—tlﬁtﬁafbé?m%ﬁnﬁ?q on Col or Val ue
Test Dorbleinsepef ﬁ1Pﬁé1 friromehenrdigt es of the

br onsngteedeqwlSypmﬁsOrdM-tifbmmbmml on, use is again ,
TH@Q@e Ils &ﬂﬁ‘e lﬁ'@ﬁ).liﬂaﬁéﬁ dnforld ﬁy’ﬁ’@tllﬁ{ ol%@@l%ﬁ@cdre%h ‘aml {03.5 ppm) and

renli c n, eas E vents, suc
Sk 8?5%%%?@@ (82 b 52 50 6553 b st Do U notecotan
weighty ghthef epmpengntsyef gﬁe@stg theppmount ¢f egcht «m;nponent is calculated.
Shinasitipabethe ﬁﬁio)dﬁfs)d‘f&fmﬁl Fagtebeorbébeftene eNP Mifiu@Rndbehene, and 1,4
d@o&@&&éﬂ@% d@A %tlfefbr ol%n;eng C&M&Iﬂ(}%@ Bﬁ%ﬁﬁateﬂlﬁ?&ﬁc styrenic

(? or 1 hour on a wrist actlon
Pg ’é?susﬁ\ fnetfmst’ﬂ‘éenfoﬂour shaki ng period, exam ne the

solution for undissolved solids. If a haze IS present,

PEyobtidninpQe dalyssol ution for 10 minutes at 4000 rpm |f

< TRt ¢ ‘
10ty > FotbhiBl bttt st nE b BEnchERE L) B\ spyeption i the
14085 Of aholh8 molegiesepntiondessdrlaltvs ta Eie apionistygnic ﬁelé(m&b}‘%?d will vary
sahewlnt dependingdasxampinin thé Compwienart thmthlysluithe ominiune results to
b6 AEevBBShd Ble thdl@up biPmoRoRRAGRAhL Weld®Pof He HAbAL 8§Fbnic polymer

it is submtted for testing in a HunterLab Col or Qiest

Sphere Spectrocolorinmeter. A transm ssion cell haV|ng

a 20- nnmtransnlsS|on | ength 18 used. The col orineter

is set to "Delta E-1ab" to report color as AE and to

give color values for "L", "a" and "b". Product color

Is determned as total color 30difference, AE, using

Hunter L, a, and b scales for the 10% by wei ght

concentrations of the product in chlorobenzene versus

chl orobenzene according to the formula: AB = [(AL)2 +

(Aa)2 + (Ab)21112 [0089] 320 C Thermal Color Test. To

I~ P~ o~ P —
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15 nost of the time, a clear solution is obtained, it

is submtted for testing in a HunterLab Col or Quest

Sphere Spectrocol mimeter. A transm ssion cell having a
20-mm transm ssion length is used. The colorineter is

set to "Delta B-lab" to report color as AR and to give

col or values for "L", "a" and "b". Product color is
deternmined as total color difference, AB, using Hunter

L, a, and b scales for the 10% by wei ght

concentrations of the product in 20chl orobenzene

boing yepsl. Basedopbesuiivivdage vk Alhg 2ddsdapbe Fypliystiapd agignic polystyrene
withAl hanomdriafprule Azl 'of | 0084onESoMativiesin thiSGnyabisut 0.6 to
aﬁ&ﬁ @@tlﬁ!ﬂ@e@ B tAﬁCfjl Hefled Qﬁt fh‘énﬁﬁ&ﬁc fvs N?qu%l bt Brominated are

S S (Tt e AR N

crmpletrodntain Fable | Bergin tcyrswblcwmawt%daéat ﬁ@um%@eteéfeﬁte@tthe molar
radp bhAlBA)es lonkefayitpeno(APSle Relatidatiablatibonitary bromination
eRpeHnfi:L c-ﬂxoﬂ)é'g?eﬁqn %y bHe? sichRAL kOB tmm@ rdstifls Wk BPacticing this
are.obtalined by use of a TA | nstrun%

1?ﬁﬁ?ﬂbgraV|netr|c Anal yzer. Each sanple is heated on a

Pt pan from25 C to about 600C at 10 C/mn with a

nitrogen fl ow of 50-60 nUmABLAGO2] 320C Ther mal

Ct.alh ||f\l Taof Tr\ rlafgrm no fhnrml ct At | 1 t0,
OtTtoT T e Her-tar-Sstoorrey ot

Exampleat ¢ t he 30cor T 0si ve potenﬁ?ﬁV\ f alsarlpl e
AECTIE) BRleahalpd 1Ty Test s uged.| 1he21dstgg7 0.35

goge.dw_e_a_s_esse,m_u_a_l_y_as_z' lescribed +n-Uls. Pat I Ne.
ogBpeeBoeseiragst ppidby NMR)X erper at urp used|is 320 |C

nghg@,goggnzé{éu C. The reason |T Orgqusl ng @ hl ghQO_ 19

]-Z:t‘uﬁéﬂo e Iebel frat—the pu= vy c:-,ﬁzq,lu lelg: Iqlr;}l\ U.ITLI: :QUUO
L4SdaEehremabeneics t est eacﬁ s8il el i 359 ur i 420 0
duplicate. A 2.000.01 g sanple is placed into a new

x150 test t neo e.StoRper
rBE T TR e g et 1ot GOt e FEpSpE RBE teprabromo-
bemn@%qné@% m 1280 praylera o gem ainﬁéowri fior th prongjaated A@ﬁmproducts
athievedas thetioher da&mgmpmgephmcmﬁis vileytién dshshowglin Table A. The
w%ﬂp ()f't@r‘f o] ? &Qﬁlraﬁéloﬂrtﬁéﬂ slh%w' tﬁattvtﬁﬁ?ﬁe %ﬁﬁr;rgatal st level for the

S|dear 0 Ialnln

CRBER O ORISR of A ST LR GTBle, s AP AL GG e et Pigpination (ca.
6Rivti7od yeing pGSIR (eentBusussORed tankaeactar) average rasislepeadinaeiofd minutes
a82 %ﬁéi‘atﬁre'@ vtk sabt Ay ﬁo%]bﬁﬁ@ NGB 48 p168o d¥aNER 2n in Table 1

m_nut es f ol
B IRBERLIE AL Mo o AR TPV o8 Brear ﬁ%’gﬂ%@”@éﬁﬁ@e 3¢ bromination
vitaly dimited (30 ge.c@l wi%hbui bedmaelengeng foayationwyeas nearly ellh?enated (19 ppm)
iR pf oS hérfnaPUEEE rvhiiedipl. OO e Addultsahusandiasle tiat O&@hbination

%Qorﬁ%nﬂ%se&o%fg;aﬁoﬁ Ex?d Sgpcg)éuitta%% 1&'&“9&‘% dg& gﬁﬁpﬁvég foelg: aﬁ%lpiaortumty

an ersion tub
?%th ApverqostsEad JmpYove SPHY g’@ qamaicantly megcipg Qr%?@éz‘?”@ impurity
ﬁuvnhpmed quantitatively with the solutions in the

[6dv2ge £ EHd'u@tQJﬂ Rbrérh S56Sene A ATVHOL 4380k 0SBh FoP BatcB bromination of
A&ifs \91!15 | tﬁg a {mnunt'x hg‘thN%gtgal ay gevgllt &I&%Ie?&-te}‘i" Eigam ]%%1 Mecﬁm half the

usi ng an au
leyeb 99 Pl a3 Refergpoeckixample &na}l thgeaduishagh @oea ipelfy thg appount of
bmqﬂpm’.éﬂBnmppxﬁmsl-d@e Thdn2). proetdbrgreeriredicant ; memobenzenes was
ﬂ%%]%dﬁ%f Exbible ) 4k Wé&%&]{r&t %ﬁfﬁ}hﬁw&\@ fe tBRAR reaction

dg&%} ‘\alcgglg'il}?é’ Qmj(‘ﬁ%%‘%\% 646&5&}“’?%2%‘}%%% O?Ipq'ﬁjchaiyst to the batch

EP(x) = nmL of AgNO3 used to reach end point x; and N =
normal ity of AgNOB. The 20 t#¥ing is thoroughly dried
with nitrogen before the next analysis. Each day
before the first sanple, three enpty clean test tubes
are run as blanks to assure there is no residua
hydrogen halide in the system NWVR Anal yses

N
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[0093] To determ ne the volatile bronpbenzene content

of the brorninated anionic styrenic 25 pol yners,

proton NI VIR spectra are acquired using a Bruker DPX

400 MHZ instrument for solutions of about 10 wt %

brom nated anionic styrenic polynmer in carbon

di sul fi de/ di chl or onet hane-d2 (32 scans and 5 sec pul se

delay). Trifluoroacetic acid (1 drop) is dissolved in

each solution in the NIVIR tube prior to analysis.

After setting the CD2Cl2 peak (triplet) to 5.3 ppmand,
rezgtien fepeltsciorthe gamanigvel 198 brgrecheneapetiprmpatiop we a comparable continuous
1666 (Hxdinp@ns. f rom t he 30aromatic protons of the
brom nated ani onic styrenic polyner, the follow ng
signhals are.integrated: Singlet near 8.1 ppmfor
Bjorfinated ANQHG BRI ABsE oBe N8B ar 7.8 ppm for
[0062] 4Nov¢lhramnivbted 2uinaic Shngliepolymars cn Be produded by use of the process
tebhAol 86 QAR RSVREDE Ilifﬁhﬂioh Mé egldddSbromobdiedd itenal (@6 more than

t - .
< 304 . Y BN AR S OF G il Alofhcl GrehiCoymes
oB B winERHion e ghehdrsERln cRgpPEstion and HOPTHPY cHift fxample, besides
bygeightentefts inltke wogpdrbotts066 about @i e4%,and v buepohenzsfie contents,
tl%?l’fébl &eﬁm&mrumdnsc gpbhid patydfbrs SURREEegfloriavt ReryaidBiddtlSthermal

= e e - .
ottty b ECL AR BIRAC HEN ol dones £l LR ATHRBNGERBrow sndices
PrfeshRT: QFRENBEIAE ARORIGSCYIRREE MO At TN RItionsglss e reduced
ppotntages ofi grangait rings whthsorthovsmhstitoted b5§r0i0 4jonFo More preferred new
bERAiBAEH B okib StyRRicHlyn@drs Sthid thvBhEdH ddleitBdl habe @)@ARING] stability

.rings.o he | yoer, r n NVR s e acquir

in o8 30 el S eSO PR ish et el i o6 200 ppm
of Hiljp er kesuael ofn hROpkfratdp 12 pron of HBr abless) o2(B)vit thermal AE color
V?lﬁl@ B iﬂﬁ:ﬁﬁﬁﬂeﬁét)ﬁ? tlz gﬁﬁ%f d.tsﬁ'll ole gﬁelgerably 12 or less). Still more preferred

et rachl or.oet hane- d2. er r. F0cessin

b RSt B Aol M5 pelinulhs P R ERHADIn B HASE ) ana
(Bhereptited between 3.8 to 2.2 ppmand 2 2 to 0.9 ppm

[(Ued] s UDesirhblyhthe aGROWveiphe agragelmalktdar wephitadtth® hrdntinated anionic

sgfﬁgiicgﬁ dgirkﬁ?rg ggﬁlbé' irﬁ%nglUﬁl {sif ﬁie\i%gée of Bﬁ&:t[tQ§,9l_E®e §)aztrb'g§t %({,%(ﬁ])? and more
pichGrably o the Sl anB3 JHAPh 4 AR et hi e proton.

[90661 e Rarticulaslyqeplatredibrondneted enipnia gtyranic ralymers of thinmvention and
eSpetially e Gori@aet affbnid Pelypefcaeifag ein0éntjon) harebroiihd Gontents in the

. ggﬁgogﬁ 56 :rgog% 1%3&%\5}%%%@&@' c@{(@%ﬁ% gk vaﬁoﬁe[tggn 148600 ppm,
8 OBy FPOC A0 B o B SO INP Y Eplei s ot fhe following
pwpedics: nodel 510 HPLC punp and, as detectors, a \Waters

1Ref r aghidrin@l ABRdedr Raheet 7 or 1bh3glel 410 and a Preci sion

tector Ljght.Scatteyin tectOr,.... el P1)L2000. .T .
2 8Bl Ay G55 SEbP G S AR e
anQopii@elly, af kastaweoshotplofr i s a Shi madzu, Model SU 9A
30 pohBHCRIEr 8 dleduMi weigh® i O hed & abOwtt10/18LYo about 15,000

used ver . r L. the light scattering
dat aaﬁ%g gg{sé‘g%]t%?%%%é é|I(smolte’sest’|[ahydr of uran, HPLC

441 adan infial ARegqlonyabiecdi P Iers @ad sl BioreRIcEradbu? of legs-

Biorflihated anidBicgtyoénispuiphers ofithisGn ventiof anfdspeciuilysihe tyomminagefd anionic
pBHf%@lcﬁeé %thﬁ%{félﬁgﬁ,lﬂa%g an‘ﬁ‘geég‘ dilfohSof BBCHhAGrORriidASSf 1), 2),
3 olaggs. The s_g%?%%atl on'is” anal yzed using software

él“& iUEE BYC BFEYT¥r on Detectors for the PD 2000 Light

[ t eff Y dethe brasminatpd @giEichsyrEniF|polyment e thifeipventigy, the more
determne the nelt flow i ndex of the brom nated

anionic 25 styrenic polynmers 2f this invention, the
procedure and test equi pnment of ASTM Test Met hod

D1238-00 are used. The extrusion plastoneter is

operated at 2.16 kg applied pressure and at a

tenperature of 220. The sanples used in the tests are

neat unadul t erat ed sanples of the pol yners being

tested. [0097] As used herein, "APS' designates

ani oni ¢ pol ystyrene, and "Br APS" desi gnates 30
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REFERENCE EXAMPLE A [0099] For this continuous

brom nation, two feed streans were punped into the
bottom of the glass reactor. The brom ne stream
contai ning the dissolved AlBr3 catalyst, and the APS
solution in BCM were netered to the reactor using two
separate punps An 80-nlL capacity 5 glass CSTR was
used for the reaction. The reactor had an outer

i nsul ati ng vacuum j acket and an inner jacket for
circulating glycol coolant. The vessel had two inlet
pripe e bropEnyed PUeRis pplysigrang 8PYYMSTS: r eagent sol uti ons
directly under the bottom turbine blade of the dual

REGSLRA 16 WehBgimgi tator (operated at 400 rpm). An

ow porf Tocate f abo he to bi ne
473, RESREF BRRETGR s gt oL oe POty g g5 g e ey Hnstrate
typigal prefarredisuiterabiior pragiiving the prasesspyef this Brvertiqm d haggitgures are not
teRibdad ligiani inyatiof by dnly tHelsystpds Bgliced.r ound bottom

[566%? K W Pasgf#cﬁ iShot t%esfcheoéchémﬁ‘?&sﬁ )éts &aﬂfé%@ﬁ@ system

renme er netic stir er
oBited B e s e a0 UE it i, TRl Talide caalyst s o
pRfprmehd mixed feed natehnes ealutiomdofi anicmicasiyranjo @olysnes & aus s¢lgent as the other
&Y, Uh ey fowh Idepie®a] eba@ing SystdR M0 ds BaRallAA artivlldr@GiRihg and injection

%Uircegﬁlagé of%%ro&ggrn%f %Qh s g@%ﬂﬂ%&é a l%éreﬂrftgg ¢ n-gb 2 ffc.wr sugport Dip

7 ety e, G RPN 0] ISP A RO |cagbgn stedl and is thus
smta’qlmfczeiopmmm@nlm th¢ BdGhatibngeddtiontmictire pumed from the

fédds MBbREiR A afd 86 bicGidPeRad witiah ereRRBASK of Pird X &hd2Qy much of the

1¥%ﬁ1e ?P S&?rpsmttbg gelAtngJﬂ%§ egé 8 g/ ?%]‘Euf’? 12?9 %é%%é CE\4nto a smaller

digspspersonduiy 22 \Conduit I pifs IBWPWOI{% i3 gprneddgardbypifisin plug 18 so
G 11/ Gl podifion. of Hoadwip 28 apémsrintwasixBigahtmber 20 iotvawligichn the flow from
bR Raividdy. Shug 1@41&1&1%}%&%1&9 wiid tlfeQ.QtlehBngvm%f dip tube 12 either

t t
SRR Qe ;\%Z"APE T oRPEP R oG .25 ey A pel EppIa gr by v
of ES’@)JI@W@ vlay se@by dngs (BQIMhOWO) @)tsmseé apgnd theegterippof plug 18.

Th Bighei-e @ i bro@ifti sﬁ fdat@6h 1@ix bl & (Y PRetdnted faontlpddeih upwardly into

d{@ﬁl?erf%? L;%cg 26 §1¥ ﬁp olr t]\bfﬁﬁghﬁ; Qgéai’é?i eélybﬁuxe except for the

aver a rate

eAE P%‘?Pé“%&rf%f o the ey mfi@nmés “‘Pi’rf% axiplly &wﬂi pgig pponing into
d30hargn cafdusP8r Rischarge thmluinSris typially thecaded atdtmupher s@BTIR: so that
wmc&lwrfﬁeaegtom lb%nﬂ@s‘i Srtﬁﬁ%ﬁ ﬁﬁmagtha(n%wnw m ng 530 g

[§(§/6e9 ?Fg\?\?p\%%a{?o%q%%o Tt rme Ec%c’r'tqqomma{nﬁg g% ent allj]d Eﬂ inum halide

cetalyist Bews thepugb sonsivys 1ﬂ awl 3/% M%ﬁguwféeeynwwéw pRlymer flows
thioeglst@eldits $6 aid2Hr Adudting oharhber @ tHededmbaitiug g andeagalyst are
tﬂeahfgtlﬁq dwzwmd@)uﬂ aﬁec%ﬁ Bnd @EREOAL 'éfy?en‘i@lﬁnlj}'mgr@oﬂlﬁﬁh fGraveling

ea r 0 Th aver .residen
i o 6 RoRDELE ol e A e iR b T mining
chagbeti20 a%%%sewnhmt Irpecongi o 1Q§Ebé’i*R:rHS%'@tlt mjx e s fprsedthraugh discharge
coadit 28 :Lnd&ﬁ:ﬂaf @ifie\30f dndngb .thea3h dhiirefioA trse oIS MV GRE S

[6 Q‘ co\ﬁﬁ{lﬁs HE&R f60ﬁ1'£ F3RY &¢ 38 ?ﬂcﬂ@% A6bd &%er tubing such

s aI The neut orga 3
gi” p e’llt“Em(ng\'?]i‘- go LB of 5/e<pett o ?@sd > Rig &4 are also
tjz;ocaﬂytrmda ofiflgdrapolymef. Udnidui 2Ritypidajly asanddd) of 614i64 irich. Conduit 25
Wb Ll hhs 15D WroYs 129& cﬁu?%@e[llyfdlslchﬁﬁ@é’ondﬁﬁ ds hﬁlseanqu lb€l0.375-inch.

ed 0
W TRorR A4 Pl & pioE s it SRR p st 28 i B hpoge i incn
constant weight of 317.5 g. Analytical results are
sunmari zed in 35Tablel. EXAMAE 1 [0102] This exanple
of the present invention was carried out as described
in Reference Exanple A except the anount of Al Br3
catal yst was reduced fromb5.44 g (1.42 nol e% based on
APS) to 2.76 g (032 nole% . Analyses for the steady
state product are sumarized in 5Table 1. EXAMPLE 2
[0103] This exanple of the present invention was al so
carrled out as descrlbed in Reference Exanple A

—~ o~
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[0104] This exanple of the present invention was
carried out as described in Reference Exanple A,

except the anount of AlBr3 catal yst was reduced from
5.44 g (1.42 nol e% based on APS) to 1.36 g (0.35

nol e%). The inconplete reaction of bromne in the CSTR
required 15 the use of nore sodiumsulfite solution
in the main quench vessel (1300 g of 8.0 % to
neutralize the excess Br2, but the rest of the product
i sol ati on procedure was unchanged Anal yses for the
bebwaleh/lowemast pmoddin tude d2s Dimensione df the sthestagically depigdpfeeding
sﬁtewrﬁl ANUQES vBRAbBIATTH hbr SkariitS oh/8leNCaldloBo@er&ohAL YST

[@Z Sgp fﬁ @ﬁ?{)g %@8;1)5 558% '%%@ra%’&d%'lai M38310 gram/%ur FQ02240 2 10%
solution of anionic polystyrene having a GPC number average molecular weight of 3500 and
a feed rate of 712 kg/hour of bromine containing 0.44 wt% of AlBr,, the residence time of the
mixture forming in mixing chamber 20 is about 10 seconds.

[0072] The flow diagram of Figure 2 schematically depicts one type of system that can be
used for conducting a continuous process pursuant to this invention. Basically the system is
composed of a loop type reactor 40, a pump 42 for circulating the reaction mixture including
the HBr coproduct through reactor 40, a take-off line 44 for receiving from reactor 40 a
portion of the circulating reaction mixture and transmitting such contents to a quench vessel
(not shown), a dual injection system composed of injector 43 and injector 45, an indirect heat
exchanger 46, and a static mixer 48. In the form depicted, heat exchanger 46 is disposed
upstream from injectors 43 and 45 and downstream from pump 42 so as to remove heat
generated by the action of pump 42, as well as heat from the exothermic bromination reaction.
If desired, heat exchanger 46 can be placed at any other suitable place relative to reactor 40.
Also more than one such heat exchanger can be employed in association with reactor 40 to
remove heat at more than one location around the loop. Heat exchanger 46 is provided with
a flow of suitable heat absorbing liquid such as cooling water and/or ethylene glycol.
[0073] As depicted, injectors 43 and 45 are in axial opposed alignment. Though not shown
in the line drawing of Figure 2, the orifices of injectors 43 and 45 are spaced apart from each
other so that the contents of these respective injectors are forced directly toward each other
and substantially at right angles into the reaction mixture flowing through reactor 40. Such
an arrangement ensures very rapid contacting among the injected contents from the injectors
and the reaction mixture flowing through the reactor. This in turn ensures highly rapid
initiation of the bromination reaction.

[0074] Take-off line 44 as depicted continuously removes from reactor 40 a portion of the
circulating reaction mixture. The contents of take-off line 44 are typically transported to and
discharged into a vessel (not shown) containing a quenching liquid which promptly
deactivates the catalyst.

[0075] Injector 43 receives and discharges a solution of anionic styrenic polymer in a
sujtable solvent whereas injector 45 receives and discharges a mixture of brominating agent
such as bromine, and catalyst such as aluminum tribromide. If desired, three injectors (not
shown) can be disposed around reactor 40, one for injecting solution of anionic styrenic
polymer, another for injecting brominating agent (with or without solvent or diluent) and the
third for injecting catalyst (with or without solvent or diluent) so that contact among the three
injected streams occurs rapidly thus resulting in rapid initiation of bromination of styrenic
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3800 3800 Al Br3,, nole% based on APS 1.42 0.72 0.47
0.35 CSTR reaction tenmp. ( © 2 3 1 1 APS Feed
Concentration (% 10.0 10.0 10.0 10.0 CSTR ave.
residence tinme (rain) 8 8 8 8 HP-3010 Product Anal yses

polymer. In such a three-injector system the three injectors can be in any disposition relative
to each other provided the injected contents from the injectors come into contact with each
other rapidly, preferably within a matter of a few seconds. One such three injector
arrangement involves disposing the injectors around reactor 40 with the respective axes of the

three injectors in the same plane and radially spaced at about 120° intervals.

[0076] The system of Figure 2 is typically operated at a pressure in the vicinity of 45 psig.
A larger diameter tubular pressure relief drum 47 fabricated from fluoropolymer is disposed
in an upright position in the loop of reactor 40, for example downstream from the locus of
static mixer 48 and pump 42 (as shown) so that the flow of reaction mixture passes into the
upper end and out of the lower end of drum 47. Drum 47 is closed except for entrance and
exit ports at its ends (for intake and outflow of reaction mixture) and a lateral port near its
upper end enabling hydrogen bromide gas (HBr) entrained in the reaction mixture that escapes
from the reaction mixture due to the pressure drop within the drum, to exit through a lateral
port into purge line 49 leading to a scrubber (not shown) containing a liquid to absorb the HBr
from the gas stream that exits from drum 47 via line 49.

[0077] A preferred feature of this invention schematically depicted in Figure 3 is the
discovery that, contrary to expectations, it is not necessary to purge HBr from a loop-type
reaction system as is illustrated schematically in Figure 2. The system depicted in Figure 3
is identical to the system of Figure 2 except that drum 47 and purge line 49 are absent. When
operating the system of Figure 3 at elevated pressures in the order of about 20 to about 60 and
preferably at about 45 psig, all of the HBr coproduct formed can be retained in the liquid
reaction mixture. This has the advantage not only of eliminating a need for a separate HBr
scrubber from the overall system, but in addition all of the bromine values in the HBr can be
recovered from the aqueous quench of the reaction mixture thus simplifying and reducing the
cost of the recovery of such bromine values. Further, the retained HBr has been observed to
reduce the viscosity of the reaction mixture. Such reduced viscosity would enable the
bromination process to operate with less solvent or enable use of a moderately higher
molecular weight anionic styrenic polymer with the same level of solvent.

Uses of the Brominated Anionic Styrenic Polymers
[0078] The brominated anionic styrenic polymers of this invention can be used as flame

retardants for various polymeric materials such as thermoplastic and thermosetting polymeric
materials and resins. The weight average molecular weights of the 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 the brominated anionic styrenic
polymers of this invention are known to those of ordinary skill in the art. Other persons who
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may be unfamiliar with such matters, should refer to the extensive literature that exists on
such subjects.

[0079] Preferably the brominated anionic styrenic polymers of this invention are used as
additive flame retardants for various thermoplastic polymers. Thus among the embodiments
of this invention are flame retardant compositions comprising at least one thermoplastic
polymer and a flame retardant quantity of at least one brominated anjonic styrenic polymer
of this invention.

[0080] Particular thermoplastics with which the brominated anionic styrenic polymers of
this invention can be blended pursuant to further embodiments of this invention include
polyethylene terephthalate, polybutylene terephthalate, polycyclohexylene dimethylene
terephthalate, polytrimethylene terephthalate, blends or mixtures of two or more of these, and
analogous copolymeric thermoplastic polyesters, especially when filled or reinforced with a
reinforcing filler such as glass fiber. Preferred thermoplastic polyesters are polyethylene
terephthalate and polybutylene terephthalate. Polyamide thermoplastics, such as polyamide
6, polyamide 6,6, polyamide 12, erc., again preferably when glass filled, can also be
effectively flame retarded in like manner. Other thermoplastic polymers that can be
effectively flame retarded by addition of a brominated anionic styrenic polymer of this
invention include but are not limited to styrenic polymers, high impact polystyrenes, crystal
polystyrenes, polyolefins, ABS, MABS, SAN, aromatic polycarbonates, polyphenylene ethers,
and polymer blends such as aromatic polycarbonate-ABS blends, polyphenylene ether-
polystyrene blends, and similar substances. One group of thermoplastic polymers which can
be effectively flame retarded by use of at least one brominated anionic styrenic polymer of this
invention is (1) a thermoplastic styrenic polymer, (2) a thermoplastic acrylonitrile-butadiene-
styrene polymer, (3) a thermoplastic polyester, or (4) a thermoplastic polyamide. Conventional
additives, such as flame retardant synergists, antioxidants, UV stabilizers, pigmenté, impact
modifiers, fillers, acid scavengers, blowing agents, and the like, can be included with the
formulations as is appropriate. Preferred polymer blends of this invention do contain a flame
retardant synergist or glass fiber filler or reinforcement, and most preferably both a synergist,
and a reinforcing fiber and/or filler.

[0081] The brominated anionic styrenic polymer flame retardants of this invention are used
in flame retardant amounts, which typically are within the range of from about 5 to about 25
wt%, the wt% being based on the total weight of the thermoplastic ‘polymer formulation or
blend. When used, the amount of reinforcing fillers such as glass fiber will typically be in the
range of up to about 50 wt% based on the total weight of the finished composition. The
amount of flame retardant synergist, when used, such as antimony frioxide, antimony
pentoxide, sodium antimonate, potassium antimonate, iron oxide, zinc borate, or analogous
synergist generally will be in the range of up to about 12 wt% based on the total weight of the
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finished composition. Departures from the foregoing ranges of proportions are permissible
whenever deemed necessary or desirable under the particular circumstances at hand, and such
departures are within the scope and contemplation of this invention.

[0082] Masterbatch compositions wherein the components except for the substrate
thermoplastic polymer are in suitable relative proportions but are blended in a smaller amount
of the substrate polymer, are also within the scope of this invention. Thus this invention
includes compositions which comprise at least one thermoplastic polymer such as a
polyalkylene terephthalate or a nylon polymer or a high impact polystyrene with which has
been blended a brominated anionic styrenic polymer (preferably a brominated anionic
polystyrene) of this invention in a weight ratio (substrate polymer:brominated polystyrene)
in the range of, say, 1:99 to 70:30. Such masterbatch blends need not, but may also contain
filler or reinforcing fiber and/or at least one flame retardant synergist such as iron oxide, zinc
borate, or preferably an antimony oxide synergist such as antimony trioxide, antimony
pentoxide, sodium antimonate, or potassium antimonate. Typical examples of reinforcing
agents or fillers that can be used include low-alkali E-glass, carbon fibers, potassium titanate
fibers, glass spheres or microballoons, whiskers, talc, wollastonite, kaolin, chalk, calcined
kaolin, and similar substances. Sizing agents can be used with such reinforcing agents or
fillers, if desired. A number of suitable glass-filled polyalkylene terephthalates or nylon
molding compositions are available on the open market, and these can be used in preparing
the compositions of this invention.

[0083] Also provided by this invention are additive blends composed of a brominated
anionic styrenic polymer of this invention and a synergist such as, for example, a blend of 75
parts by weight of a brominated anionic polystyrene and 25 parts by weight of a synergist such
as antimony trioxide, antimony pentoxide, sodium antimonate, potassium antimonate, iron
oxide, zinc borate, or analogous synergist. Typically such blends will contain in the range of
about 70 to about 98 parts by weight of the brominated anionic polystyrene and about 30 to
about 2 parts by weight of the synergist, with the total of the two components being 100 parts
by weight. Suitable amounts of other suitable additive components can also be included in
such additive blends.

[0084] Various known procedures can be used to prepare the blends or formulations
constituting such additional compositions of this invention. For example the polyalkylene
terephthalate polymer or a nylon polymer and the brominated anionic styrenic polymer such
as brominated anionic polystyrene and any other components or ingredients to be incorporated
into the finished blend can be blended together in powder form and thereafter molded by
extrusion, compression, or injection molding, Likewise the components can -be mixed
together in a Banbury mixer, a Brabender mixer, aroll mill, a kneader, or other similar mixing
device, and then formed into the desired form or configuration such as by extrusion followed
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by comminution into granules or pellets, or by other known methods.

[0085] Preferred thermoplastic compositions of this invention have the capability of forming
molded specimens of 1.6 and 3.2 millimeter thickness (1/16 and 1/8-inch thickness) that pass
at least the UL 94 V2 test.

Analytical Methods
[0086] Known analytical methods can be used or adapted for use in assaying the

characteristics of the polymers of this invention. However, the following methods should be
used for the sake of consistency.

[0087] Total Bromine Content. Since brominated anionic styrenic polymers have good, or
at least satisfactory, solubility in solvents such as tetrahydrofuran (THF), the determination
of the total bromine content for the brominated anionic styrenic polymers is easily
accomplished by using conventional X-Ray Fluorescence techniques. The sample analyzed
is a dilute sample, say 0.1+ 0.05 g brominated polystyrene in 60 mL THF. The XRF
spectrometer can be a Phillips PW1480 Spectrometer. A standardized solution of
bromobenzene in THF is used as the calibration standard. The total bromine values described
herein and reported in the Examples are all based on the XRF analytical method.

[0088] Hunter Solution Color Value Test. To determine the color attributes of the
brominated polymers of this invention, use is again made of the ability to dissolve brominated
anionic styrenic polymers in easy-to-obtain solvents, such as chlorobenzene. The analytical
method used is quite straight-forward. Weigh S g+ 0.1 g of the brominated polystyrene into
a 50 mL. centrifuge tube. To the tube also add 45 g+ 0.1 g chlorobenzene. Close the tube and
shake for 1 hour on a wrist action shaker. After the 1 hour shaking period, examine the
solution for undissolved solids. If a haze is present, centrifuge the solution for 10 minutes at
4000 rpm. If the solution is still not clear, centrifuge an additional 10 minutes. Should the
solution remain hazy, then it should be discarded as being incapable of accurate measurement.
If, however, and this is the case most of the time, a clear solution is obtained, it is submitted
for testing in a HunterLab ColorQuest Sphere Spectrocolorimeter. A transmission cell having
a 20-mm transmission length is used. The colorimeter is set to “Delta E-lab” to report color
as AFE and to give color values for “L, “a” and “b”. Product color is determined as total color
difference, AE, using Hunter L, a, and b scales for the 10% by weight concentrations of the
product in chlorobenzene versus chlorobenzene according to the formula:

AE = [(ALY + (Aa)* + (Ab)*1?
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[0089] 320 C Thermal Color Test. To determine thermal color of a sample, the 320 C
Thermal Stability Test apparatus is used. A 2.50+0.01 g portion of the sample is placed into
each of four new clean 20x150 mm test tubes. With a neoprene stopper and Viton
fluoroelastomer tubing, each test tube is connected to a nitrogen purge line with exit gas from
the test tube being vented to an aqueous caustic scrubber. With a constant nitrogen purge at
0.5 SCFH, the test tubes are heated at 320 C in a molten salt bath (51.3% KNO,/48.7%
NaNQ,) for 15 minutes followed by 5 minutes at ambient temperature. The residues from each
test tube are then combined to provide enough sample for a solution color measurement. A
5 g +0.1 g portion of the residue is weighed into a 50 mL centrifuge tube along with a 45 g
+ 0.1 g portion of chlorobenzene. Close the tube and shake for 1 hour on a wrist action
shaker. After the 1 hour shaking period, examine the solution for undissolved solids. If a
haze is present, centrifuge the solution for 10 minutes at 4000 rpm. If the solution is still not
clear, centrifuge an additional 10 minutes. Should the solution remain hazy, then it should
be discarded as being incapable of accurate measurement. If, however, and this is the case
most of the time, a clear solution is obtained, it is submitted for testing in a Hunterlab
ColorQuest Sphere Spectrocolorimeter. A transmission cell having a 20-mm transmission
length is used. The colorimeter is set to “Delta E-lab” to report color as AE and to give color
values for “L”, “a” and “b”. Product color is determined as total color difference, AE, using
Hunter L, a, and b scales for the 10% by weight concentrations of the product in
chlorobenzene versus chlorobenzene according to the formula:

AE = [(AL)? + (Aa)* + (Ab)*]'2

[0090] DSC Values. DSC values are obtained with a TA Instruments DSC Model 2920.
Samples are heated from 25 °C to 400 °C at 10 °C/min under nitrogen.

[0091] Thermogravimetric Analysis. Thermogravimetric analysis (TGA) is also used to test
the thermal behavior of the brominated anionic styrenic polymers of this invention. The TGA
values are obtained by use of a TA Instruments Thermogravimetric Analyzer. Each sample

is heated on a Pt pan from 25 °C to about 600 °C at 10 °C/min with a nitrogen flow of 50-60
mL/min.

[0092] 320°C Thermal Stability Test. To determine thermal stability and estimate the
corrosive potential of a sample, the 320 °C Thermal Stability Testis used. The test procedure
is essentially as described in U.S. Pat. No. 5,637,650 except that the temperature used is
320°C instead of 300 °C. The reason for using a higher temperature is that the polymers of
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this invention do not evolve measurable amounts of HBr at 300 °C. Thus, in conducting this
test, each sample is run in duplicate. A 2.00+0.01 g sampleis placed into a new clean 20x150
mm test tube. With a neoprene stopper and Viton ™~ fluoroelastomer tubing, the test tube is
connected to a nitrogen purge line with exit gas from the test tube being passed successively
through subsurface gas dispersion frits in three 250-mL sidearm filter flasks each containing
200 mL of 0.1 N NaOH and 5 drops of phenolphthalein. With a constant nitrogen purge at
0.5 SCFH, the test tube is heated at 320 °(Cin a molten salt bath (51.3% KNO,/48.7% NaNO,)
for 15 minutes followed by 5 minutes at ambient temperature. The test tube containing the
sample is then replaced with a clean dry test tube, and the apparatus is purged with nitrogen
for an additional 10 minutes with the empty test tube in the 320 °C salt bath. The test tube,
tubing and gas dispersion tubes are all rinsed with deionized water, and the rinse is combined
quantitatively with the solutions in the three collection flasks. The combined solution is
acidified with 1:1 HNO, and titrated with 0.01 N AgNO; using an automatic potentiometric
titrator (Metrohm 670,716, 736, orequivalent). Results are calculated as ppm HBr, ppm HC,
and ppm HBr equivalents as follows:

ppm HBr = (EP 1)(N)(80912)/(sample wt.)

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

ppm HBr equivalents = (EP 2)(N )(80912)/(sample wt.)
where EP(x) = mL of AgNO, used to reach end point x; and N = normality of AgNQO;. The
tubing is thoroughly dried with nitrogen before the next analysis. Each day before the first
sample, three empty clean test tubes are run as blanks to assure there is no residual hydrogen
halide in the system.

NMR Analyses
[0093] To determine the volatile bromobenzene content of the brominated anionic styrenic
polymers, proton NMR spectra are acquired using a Bruker DPX 400 MHZ instrument for
solutions of about 10 wt% brominated anionic styrenic polymer in carbon
disulfide/dichloromethane-d, (32 scans and 5 sec pulse delay). Trifluoroacetic acid (1 drop)
is dissolved in each solution in the NMR tube prior to analysis. After setting the CD,Cl, peak
(triplet) to 5.3 ppm and baseline correcting the spectrum to remove contributions from the
aromatic protons of the brominated anionic styrenic polymer, the following signals are
integrated:

Singlet near 8.1 ppm for 1,2,4,5-tetrabromobenzene

Doublet near 7.8 ppm for 1,2,4-tribromobenzene

Singlet near 7.5 ppm for 1,4-dibromobenzene
The integrals of the brominated anionic styrenic polymer aliphatic region (0.4 to 3.5 ppm) and
aromatic region (5.6 to 8.2 ppm) are also obtained. Using these integrals and the molecular
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EXAVMPLE 5 [0109] In this exanple, the batch brom nati
on described in Reference Exanple B was nodified by
renovi ng the glass m xing teedland securing the two
feed lines together to forma dipleg that delivered
the two reagent streans under the surface of the
solvent in the reaction 5 flask. In addition, AlBr3
catal yst was used in place of AICl13 and it was
di ssolved in the brom ne feed streaminstead of being
charged to the reaction flask with the initial solvent
char ge. The 1-L f|ve necked fuIIy Jacket ed react| on
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5 finely divided solid in water. The slurry was
suction filtered, and the solid was rinsed on the
filter with water (3x2L). The wet cake (89 g) was
dried in a nitrogen purged oven at 130C to a constant
wei ght of 45.7 g. Analytical results are summarized in
Table 2. TABLE 2 APS BROLVI | NATI ON RESULTS Exanpl e
Ref B Ref C 4 5 6 Bromi nation Process Batch Batch

Bat ch Bat ch Continuous 'Catal yst Al C13 Al Br3 Al1Cl13

AlBr3 in AIBr3 in Br2 ALX3, nole % 1.43 1.41
EXAMPLE 1

[0102] This example of the present invention was carried out as described in Reference
Example A, except the amount of AlBr, catalyst was reduced from 5.44 g (1.42 mole% based
on APS) to 2.76 g (0.72 mole%). Analyses for the steady state product are summarized in
Table 1.

EXAMPLE 2
[0103] This example of the present invention was also carried out as described in Reference
Example A, except the amount of AlBr, catalyst was reduced from 5.44 g (1.42 mole% based
on APS) to 1.80 g (0.47 mole%). Analyses for the steady state product are summarized in
Table 1.

EXAMPLE 3
[0104] This example of the present invention was carried out as described in Reference
Example A, except the amount of AlBr; catalyst was reduced from 5.44 g (1.42 mole% based
on APS) to 1.36 g (0.35 mole%). The incomplete reaction of bromine in the CSTR required
the use of more sodium sulfite solution in the main quench vessel (1300 g of 8.0 wt%) to
neutralize the excess Br,, but the rest of the product isolation procedure was unchanged.
Analyses for the steady state product are summarized in Table 1.

TABLE 1
CONTINUOUS BROMINATION OF APS USING AlBr; CATALYST
Example Ref. A 1 2 3
APS GPC Analyses
M, 3400 3400 3400 3400
M, 3800 3800 3800 3800
AlBr, , mole% based on APS 1.42 0.72 0.47 0.35
CSTR reaction temp. (°C) 2 3 1 1
APS Feed Concentration (wt%) 10.0 10.0 10.0 10.0
[CSTR ave. residence time (min) 8 8 8 8
HP-3010 Product Analyses
Wt% Br (XRF) 68.5 68.7 67.8 61.5
MFTI (g/10 min, 220 °C/2.16 kg) 3.1 2.1 5.7 112
Thermal HBr (320 °C/15 min) 147 <50 93 66
Thermal Color (320 °C/15 min)
L 96.14 97.29 05.98 92.21
a -2.83 -1.86 -1.44 -0.61
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0.75 0.72 0.70 Maxi mum reaction Tenp ( C +1 +3 0 O
+10 Total reaction tinme or 76 35 75 79 13 APS feed
concentration (% 40.5 40.5 40.5 40.5 40.5 APS M
3400 3400 3400

b 14.30 10.26 1041 11.50
AE 15.09 10.81 11.36 14.17
Initial Color,
10 wt% in chlorobenzene
L 99.75 100.00 99.36 99.75
a 0.02 -0.11 0.02 -0.37
b 0.91 0.97 1.46 1.89
AE 1.11 1.01 1.75 2.02
DSC, T, (°C) 162.7 166.9 164.8 143.5
TGA 1% wt loss temp., N, (°C) 354.6 358.2 366.1 366.4
BrAPS GPC
M, 13,300 13,300 13,050 10,450
M,, 13,400 13,500 13,200 11,500
% rings with ortho-Br 777 77.4 71.3 35.2
NMR (pprm)
1,4-Dibromobenzene 90 4 20 19
1,2.4-Tribromobenzene 320 0 90 0
1,2,4,5-Tetrabromobenzene 870 250 120 0

[0105] Example A illustrates advantages of a process in which a short reaction time and low
reaction temperature are used. Examples 1, 2, and 3 illustrate the further advantage, pursuant
to this invention, of using in a continuous process a reduced aluminum halide catalyst level
along with a short reaction time and low reaction temperature. In particular, as seen from
Table 1, the combination of these features substantially reduced bromobenzene content of the
brominated anionic styrenic polymer product as produced. Also, thermal properties such as
thermal HBr and thermal color were further improved.

REFERENCE EXAMPLE B
[0106] In this batch bromination, a 2.33 g (17.5 mmol, 1.43 mol%) portion of aluminum
chloride (Aldrich) was suspended in 500.2 g of dry (< 15 ppm water) BCMin a 1-L, 5-necked,
jacketed, glass reaction flask cooled to -6 °C by a circulating glycol bath. The reaction flask
having a flush-mount Teflon bottom valve was equipped with an overhead air stirrer and
Teflon banana-blade paddle, Friedrich’s condenser (glycol cocled), and thermowell. A
constant flow of dry nitrogen was maintained on the vent line from the condenser to assist in
moving exit gases from the flask to a caustic scrubber. A 315.0 g(127.6 g APS, 1.225/nmol)
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3400 3400 APS Is/1,,, 3800 3800 3800 3800 3800 W % Br
(XRE) 67.3 67.9 68.1 67.6 67.0 Thermal HBr, 320C 15
mn/ N2 (ppm) 90 180 119 '76 104 Thermal col or,

(320C/ 15 min/N,), 10 mt% in chl orobenzene

portion of the 40.5 wt% solution of anionic polystyrene in dry BCM was charged to a 500-
mL graduated cylinder in a dry box. The graduated cylinder was then set up to pump the APS
solution from the cylinder to a jacketed, glycol-cooled glass mixing tee mounted on the
reaction flask. Bromine (529.0 g, 3.310 moles, 2.70 equivalents) was charged to a 250-mL
graduated cylinder and set up to pump the bromine to the same mixing tee as the APS
solution. Both streams were cooled separately by the mixer before combining at the bottom
of the apparatus and dropping into the bromination flask. The reaction mixture was protected
from photo-initiated aliphatic bromination by turning off hood lights and wrapping the flask
and mixing tee with Al foil. Both feeds were started at the same time and were both
completed in 61 min. A rinse of 99.1 g of dry BCM was used for the APS solution feed
system to assure complete transfer of the polymer to the reaction flask while nitrogen was
flushed through the bromine feed system to give quantitative transfer of the bromine. The
reaction temperature was maintained at -2°C to +1°C throughout the addition and
subsequent 15 min cook period (with nitrogen purge of the reactor overhead). The catalyst
was deactivated by addition 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 800 mL portions of water, dilute caustic, and water. The
product was recovered from the washed organic phase by addition to vigorously stirred hot
(98°C) water. The solvent distilled from the hot water leaving a slurry of the brominated
polystyrene product in water. After suction filtering, the white solid was rinsed with water
(3 x 2L) and dried to a constant weight of 382.5 g (98% yield) in an oven (130 °C) under a
constant nitrogen purge. Product analyses appear in Table 2.

REFERENCE EXAMPLE C
[0107] In this batch bromination that was carried out in a similar manner to Reference
Example B, reaction time was reduced from about 76 minutes to 35 minutes, and the catalyst
was changed from AICI, to AlBr;. A 2.53 g (9.49 mmol, 1.41 mol%) portion of aluminum
bromide (Alfa Aesar) was suspended in 772.4 g of dry (< 15 ppm water) BCM in a 1-L, 5-
necked, jacketed, glass reaction flask cooled to -3°C by a circulating glycol bath. The
reaction flask having a flush-mount Teflon bottom valve was equipped with an overhead air
stirrer and Teflon banana-blade paddle, Friedrich’s condenser (glycol cooled), and
thermowell. A constant flow of dry nitrogen was maintained on the vent line from the
condenser to assist in moving exit gases from the flask to a caustic scrubber. A 174.3 g (70.6
g APS, 0.678/n mol) portion of the 40.5 wt% solution of anionic polystyrene in dry BCM
was charged to a 250-mL graduated cylinder in a dry box. The graduated cylinder was then
set up to pump the APS solution from the cylinder to a jacketed, glycol-cooled glass mixing
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93.69 89.83 95.45 95.67 88.30 a -3.32 -3.32 -2.31
-1.91 -2.62 b 21.86 30.74 14.80 13.70 31.67 AE 22.99
32.58 15.70 14.56 33. 88

tee mounted on the reaction flask., Bromine (289.9 g, 1.814 mol, 2.68 equivalents) was
charged to a 250-mL graduated cylinder and set up to pump the bromine to the same mixing
tee as the APS solution. Both streams were cooled separately by the mixer before combining
at the bottom of the apparatus and dropping into the bromination flask. The reaction mixture
was protected from photo-initiated aliphatic bromination by turning off hood lights and
wrapping the flask and mixing tee with Al foil. Both feeds were started at the same time and
were both completed in 30 min. A rinse of 100.2 g of dry BCM was used for the APS
solution feed system to assure complete transfer of the polymer to the reaction flask while
nitrogen was flushed through the bromine feed system to give quantitative transfer of the
bromine. The reaction temperature was maintained at -1 °C to +3 °C throughout the addition
and subsequent 5 min cook period (with nitrogen purge of the reactor overhead). The catalyst
was deactivated by addition of 40 g of water. A 12.8 g portion of 10 wt% aqueous sodium
sulfite was then added to assure the removal of any residual bromine. The organic phase was
separated, and then washed with 1100 mL portions of water, dilute caustic, and water. The
product was recovered from the washed organic phase by addition to vigorously stirred hot
(98°C) water. The solvent distilled from the hot water leaving a slurry of the brominated
polystyrene product in water. After suction filtering, the white solid was rinsed with water
(3 x 2L) and dried to a constant weight of 205.4 g (95% yield) in an oven (130 °C) under a

constant nitrogen purge. Product analyses appear in Tables 2.

EXAMPLE 4

[0108] This batch bromination was carried out as described for Reference Example B using
the same anionic polystyrene, but with a lower AlCL, level (1.22 g, 9.15 mmol, 0.75 mol%).
Both the bromine and APS feeds were started at the same time and were both completed in
60 min. The reaction temperature was maintained at -2 °C to 0 °C throughout the addition
and subsequent 15 min cook period (with nitrogen purge of the reactor overhead). The catalyst
was deactivated by addition of 40 g of water. A 19.2 g portion of 10 wt% aqueous sodium
sulfite was then added to assure the removal of any residual bromine. The organic phase was
separated, and then washed with water, dilute sodium hydroxide, and finally water to
neutralize acid and remove NaBr. The product was recovered from the organic phase by
addition to vigorously stirred hot (98 °C) water. The solvent distilled from the hot water
leaving a slurry of the brominated polystyrene product in water. After suction filtering, the
white solid was rinsed with water (3 x 2L) and dried to a constant weight of 378.9 g (97%
yield) in an oven (130 °C) under a constant nitrogen purge. Product analyses are given in
Table 2.
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Initial Color, 10 wt% i n chl orobenzene L 99. 63
99.50 99.66 99.24 99.22 a -0.71 -0.45 -0.61 -0.55
-0.64 b 2.75 2.64 247 2.92 3.61 AB

EXAMPLE 5

[0109] In this example, the batch bromination described in Reference Example B was
modified by removing the glass mixing tee and securing the two feed lines together to form
adipleg that delivered the two reagent streams under the surface of the solvent in the reaction
flask. In addition, AlBr, catalyst was used in place of AICl, and it was dissolved in the
bromine feed stream instead of being charged to the reaction flask with the initial solvent
charge. The 1-L five-necked fully jacketed reaction flask was charged with 499.9 g dry BCM
and cooled to 5 °C. The reactant solutions were then pumped into the cold solvent using an
average rate of 2.69 mIL/min for the bromine/AlBr, solution (526.6 g Br, and 2.33 g AlBr,)
and 3.81 mIL/min for the APS/BCM solution (315.2 g of 40.5 wt% solution). Both streams
were started at the same time. The bromine feed finished in 64 min and the APS feed ended
in 57 min. The reaction temperature was maintained at -3°C to +1°C throughout the
addition and subsequent 15 min cook period (with nitrogen purge of the reactor overhead).
The catalyst was deactivated by addition of 40 g of water. A 20.8 g portion of 10 wt%
aqueous sodium sulfite was then added to assure the removal of any residual bromine. The
organic phase was separated, and then washed with water, dilute 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 shurry of the brominated polystyrene product in water. After suction
filtering, the white solid was rinsed with water (3 x 2L) and dried to a constant weight of
381.4 g (98% yield) in an oven (110°C) under a constant nitrogen purge. Product analyses
are given in Table 2.

EXAMPLE 6
[0110] This continuous bromination was carried out similar to Example 1, but using the
same concentrated APS feed solution used for the batch reaction (Reference Examples B and
Cand Examples 4 and 5). The operation was started by charging the 80-mL glass CSTR with
dry BCM (163.0 g) and cooling the contents of the reactor to —7 °C. The bromine solution
(2.29 g AlBr; in 525.0 g Br,) and APS solution (127.5 g APS in 187.3 g BCM, 40.5 wt%
APS) feeds to the reactor were started at the same time and both were held constant for the
entire operation. The bromine feed rate was 2.87 ml/min and the APS feed rate was 3.62
ml/min. The CSTR temperature varied from 0°C to +10 °C during the operation. For the
first 25 min, the overflow stream from the CSTR was directed to the waste quench pot
(containing 635 g of 4 wt% aqueous Na,SO;). After this point, the very viscous overflow
stream was diverted to the main quench pot (containing 520 g of 4 wt% aqueous Na,SO;) to
collect the steady state product. The average residence time for the reaction mass in the CSTR
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2.92 2.81 2.63 3.16 3.82
166.0 159.9 162.6 TGA 1% w

DSC, S2 (C) 167.4 168.6

354.1 352.8 362.3 349.2 BrAPS GPC

| oss tenp, N2 (C) 355.4

was 13 min. The viscous organic phase in the main quench pot was diluted with BCM (288

g), and the lower organic phase was then transferred to a 2-L. separatory funnel. Two aqueous
washes (900 g each) were used to remove residual acid and salts. The neutralized organic

phase was pumped into 4-L of vigorously stirred hot (98 °(C) water to obtain a shurry of white

finely divided solid in water. The slurry was suction filtered, and the solid was rinsed on the

filter with water (3x2L). The wet cake (89 g) was dried in a nitrogen purged oven at 130°C

to a constant weight of 45.7 g. Analytical results are summarized in Table 2.

TABLE 2
APS BROMINATION RESULTS
Example Ref B Ref C 4 5 6

Bromination Process Batch Batch Batch Batch |Continuous
Catalyst AICl, AlBr, AlCI; | AlBr;in JAlBr; in Br;
AIX ., mole % 143 141 0.75 0.72 0.70
Maximum reaction Temp (- C) +1 +3 0 0 +10
Total reaction time or 76 35 75 79 13
APS feed concentration (Wt%) 40.5 40.5 40.5 40.5 40.5
APS M, 3400 3400 3400 3400 3400
APS M, 3800 3800 3800 3800 3800
Wt% Br (XRF) 67.3 67.9 68.1 67.6 67.0
Thermal HBr, 320 °C/15 min/N, (ppm) 90 180 119. 76 104
Thermal color, (320 °C/15 min/N,),
10 wt% in chlorobenzene

L 93.69 89.83 95.45 95.67 88.30

a -3.32 -3.32 231 -1.91 -2.62

b 21.86 30.74 14.80 13.70 31.67

AE 22.99 32.58 15.70 14.56 33.88
[nitial Color, 10 wt% in chlorobenzene

L 99.63 99.50 99.66 99.24 99.22

a -0.71 -0.45 -0.61 -0.55 -0.64

b 2.175 2.64 2.47 2.92 3.61

AE 2.92 2.81 2.63 3.16 3.82
DSC, T, (°C) 1674 168.6 | 166.0 159.9 162.6
TGA 1% wt loss temp, N, (°C) 355.4 354.1 | 352.8 362.3 349.2
BrAPS GPC

M, 13,000 | 12,800 | 13,000 | 13,200 12,100
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Ivl,, 13,000 12,800 13,000 13,200 12,100 13, 200
13,200 13,500 13,400 12,400 % Aromatic rings
with ortbo-Br (NWR)

M, 13,200 | 13,200 | 13,500 | 13,400 12,400
% Aromatic rings with ortho-Br (NMR) 77.0 76.1 729 69.7 66.8
MFT (g/10 min, 220 °C/2.16 kg) 53 52 5.7 7.5 12.1
NMR (ppm)

1,4-dibromobenzene 270 640 60 40 126

1,2,4-tribromobenzene - 450 1040 240 130 370

1,2,4,5-tetrabromobenzene 380 280 220 70 1100

[0111] The high bromobenzene contents in the product of Example 6 are attributed to the
fact that in the continuous mode of operation, the feed stream of the APS in the organic
solvent was too concentrated and thus resulted in a overly viscous reaction mixture. This
mixture proved difficult to handle during workup. Thus, when conducting a continuous
operation, the concentration of the APS in the solution being fed to the reaction zone should
be kept more dilute. See in this connection the results achieved in Examples 1-3 of Table 1.

[0112] As used anywhere herein including the claims, the terms “continuous™ and
“continuously”” denote that the operation referred to ordinarily proceeds without interruption
in time provided however that an interruption is permissible if of a duration that does not
disrupt steady-state conditions of that operation. If the interruption is of a duration that
disrupts steady-state operation, a steady state condition of operation should be achieved before
resuming collection of the product.

[0113] Components referred to by chemical name or formula anywhere in the specification
or claims hereof, whether referred to in the singular or plural, are identified as they exist prior
to coming into contact with another substance referred to by chemical name or chemical type
(e.g., another component, a solvent, or etc.). It matters not what preliminary chemical
changes, transformations and/or reactions, if any, take place in the resulting mixture or
solution as such changes, transformations, and/or reactions are the natural result of bringing
the specified components together under the conditions called for pursuant to this disclosure.
Thus the components are identified as ingredients to be brought together in connection with
performing a desired operation or in forming a desired composition. Also, even though the
claims hereinafter may refer to substances, components and/or ingredients in the present tense
("comprises”, "is", etc.), the reference is to the substance, component or ingredient as it
existed at the time just before it was first contacted, blended or mixed with one or more other
substances, components and/or ingredients in accordance with the present disclosure. The fact
that a substance, component or ingredient may have lost its original identity through a
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77.0 76.1 72.9 69.7 66.8 W (g/10 nin, 220C/ 2.16 kg)

5,352 5.7 7.5 12.1 NMR (ppm 1, 4- di bronobenzene
270 640 60 40 126 1,2,4-tribronobenzene 450

chemical reaction or transformation during the course of contacting, blending or mixing
operations, if conducted in accordance with this disclosure and with ordinary skill of a
chemist, is thus of no practical concern.

[0114] Each and every patent or publication referred to in any portion of this specification
is incorporated in toto into this disclosure by reference, as if fully set forth herein.

[0115] This invention is susceptible to considerable variation in its practice. Therefore the
foregoing description is not intended to limit, and should not be construed as limiting, the
invention to the particular exemplifications presented hereinabove.
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SRR AN i
catil ysta bﬁ&b%ﬁnf(‘fl% I@he?éf}?%la %H@hﬁéﬁtst Qg t(ﬁ)ntahﬁ Riii) are fed as at

reaction mxture or 2) portions o
least{wg senarate feedpay Srss wiream Whrld‘nwt foemed: fom brondenand saidl catalyst and a

secdnli’ & \%Vhﬁﬂ ré?mn@@ dedﬁ n:l?g j-} \é” en %gxgﬁ% average molecular

pro rom the reaé

weight m:mhc tanmexfeb(yuttmeo o abdlt 30,000 Mahé brAdfAbfutidh Yk §l|ilhg in a solvent;
in the range of about

and Pfe %‘6‘096{‘;1 it W‘%egﬁr?w‘nsgeg*g? ts'!?tgl} igtohe FReBEoLZ0Me Peomatstto each other.
V\:hth | A pH8cd¥PLE 1r{ b?anmalb Ereﬁrosgucp JHaﬁmeﬁWJl)i_ gHt a?d gagare fed as at

process as in Claim1 er ein sal d conc
leaSthYOAFP?dﬁfé feeds arfirstusirebmewbichds fonpddi@s braminerand saidwatalyst and a

secoﬁ/éf1 ?t?@a'np wittf! i O SH %grtepgcipe %rgpepf uég ralegggl S fri%%gpge molecular

process as

welghion d:hﬁrna&gd of abedt MOOA&)) ab6ut30000tih tHédBEm bES golﬂﬂgn 61t slurry in a solvent;
d ast sai d concurrent feed in A) is a pul sed ed.

an “éher‘?&“ B?‘g %@%‘? Seepdsirgams entepintthgiveacsion zerd i substantlal face-to-face
opposednmgmaatts (i), (ii), and (iii) are fed individually

as _at least three separate feeds. 6. A process as
i A3Q alAr‘rBrO]?e-‘b’raSvadme rofi Claimesi b-8¢ d)tmﬁnmﬂ‘zvheréin) salc( bro)mnatmg agent is

bromifi o bhbichf i B BB S stclfoulangrapie Gt riyee of about 2000
to aboant0,000.i ), and anot her feed of which contains the

third of (i), (ii), (iii) either individually or in

conmbi nation with no nore than one other of (i), (ii),

and (iii). 7. A process as in Caim6 wherein

each of said at |east two separate feeds enters into

the reaction zone proximate to the other feed stream

or streans. 8. A process as in Caim6 wherein

each of said at |east two separate feeds enters into

the reaction zone in substagalaj face-to-face opposed

al i gnment .



9. Aprocess as in CQaim5 wherein each of said at

| east two separate feeds enters into the reaction zone
proxi mate to the other feed stream or streans.

10. A process as in Caimb5 wherein each of said at

| east two separate feeds enters into the reaction zone

in substantial face-to-face opposed alignnent.

11. A process as in Caim1l wherein said conmponents

(i), (ii), and (iii) are fed as at |east two separate
feedsd. a Ai pdtesshy @naawbi Chirhs 1f80rme R, for am Wheddth ke aaslyst is

a ta a a second
BRI R BofiRg oA At PeiupSil T ebrorg im an
am@mghmmmhmghemnmnge of about 2000 to about 30,000 in
the formof a solution or slurry in a solvent; and
wherein said first and second streans enter into the
reactd.on Agmesesraoii aataf Glomededh 1 btlReor. 13 wherein A) b2ondcted in a
[ [
cl?fe??‘?a%ﬁo@% tlhlﬂl égragﬂokengﬂseér%sﬂre%@ é i {c ﬁfd&%@g g&grﬁ%e( &)product is kept
infsgiddeaction mixpuse Uﬂé‘t the eaalydihiscleadtivattdr ned from bromi ne and
said catal yst and a second stream which is anionic
styrenic polyner havi ng a GPC nunber average nol ecul ar
wei gt i nAtPFRSes &p feanyfol Sinims 1800b 12oordBdthereBpsaibaniqnie styrenic
pﬂlﬂﬁerﬁmﬁem};po@, s§Rhdtion or slurry in a solvent; and
““Wherein said first and second streans enter into the
reaction zone in substantial face-to-face opposed
al i grmeNnt A process as in 48y o \CRIRLC €8S 1892] & BYbnictdd Bl 1ontinuous
1-8, 11, or 12 wherein said bron1nat|ng agent is
PiB¢SHi ne and wherein sai d GPC number average nol ecul ar
weight is in the range of about 2000 to about 10, 000.

i f. d aj -8, .11, 12 1
v\,he)rA]e LO:: 3‘%?%? gﬁl @g{?%g&axgggﬁ, @tléd)rd% cmﬁl&ﬂgq,ﬁs%&)a{cﬁ process.

reaction mxture with and recovering t he HBr coproduct

in ap aqueous uench nedi.u cess [n_any .
of oo ek Degesd SR SRR o o ST sitpolpuFoprises
(a) &t laast bus Bqlid eurbted alighytd ehtomhgdmcaﬂm,qg}amdmt priccBquid eaturated
ha n bromd roduct |s ke ai.d N
o o PR 11 Tk "Bt 1 O HBUG | VACUE  alphadc
brc_l_raochlqmlordesaarbcas oii aymixtwye afmpthad afanﬁm& or illt;hre‘bef (@s(b)l 3nd ().
wherein said anionic styrenic polynmer is anionic
pol ystyrene. 17.A process as in any of Clainms 1-8, Il
12, %% 13A bomitedeniions styrewa bolpmenisiving e begsine ¢@iteht in the range
of QB&E 86 % Adut A »@t%’ a Elage%'r&ﬁob%n%ae g)&)]ntenllgf no%org' ﬁlan about 600 ppm
conduct ed as bat c rocess rocess as any
duging e aren@aqm@f sa1<1polmer o ot Basnes afithe foling phpestie: _
1) Q%Eﬁﬁél%%sco(o?)valg% ﬁaﬁé\%tIS Qplgfsl Héiéfhl%eﬁﬁfﬁb gﬂ al i phati c

chl or ohydr ocar east one sat ur at ed
2) & el el Oy UCOR el iaby ) obabon 42 ppv pelessio s
saturated aliphatic bronochl or ohydrocarbon, or a
m xture conprised of any two or all three of (a), fbﬁ
and Alc) . “pbrominsedmnipaicedy aHf paymesesyindaim ?fd)o%iﬁmal aving at
la@ﬁﬂkﬁﬂm@ﬁhkwﬁgQﬁmﬁgmﬁﬁﬁbaﬁ& the range of about 60 to
about 71 wt% a volatile bronobenzene content of no
nore t han about 600 ppm during the preparation of said
pol ymer, and at |east one of the follow ng properties:
1) a thermal AE col or valugzof about 15 or |ess,
determ ned at 320C; and °oe



2) a thermal stability in the 320C Thermal Stability
Test of about 125 ppmor less of HBr. 21. A brom nated
anionic styrenic polyner as in Claim20 additionally
havi ng at | east one of the follow ng additional
properties: 3) a GPC nunber average nol ecul ar wei ght
in the range of about 10,000 to about 15,000 and a
pol ydi spersity of about 1.25 or less; 4) an initial
AE col or value of about 5 or |ess. 22. A
3br omarGEhCadineber vatage Sibletwan veeigh inythe FangsSofl aboutl 16J000 labout 15,000
| properties of both 3) and 4).
B%Xbﬂ%bs&)e&tﬂ%b%tggsgﬁgc ’styrenic polyner as in any of
40 ai meinkl 2R colbreabienf smuth erdésat i | e br onbbenzene
content is about 300 ppm or |ess. 24. A
brom nated anionic styrenic polynmer as in any of
d ai B8 20AZzomineted anioniaistyrdpicopnlyragr @d imQlaomi2e hgtlyg ¢hei aglditional
p%le,y;ggsgfbbtﬁ sPLEMnat ed ani oni ¢ pol ystyrene. 25.
brom nated anionic styrenic polymer as in Caim23
wher ein said brom nated anionic styrenic polyner is

br onppat ed R&hiaRkEarRid/ stir¥ki€ BSlymer as in any of Claims 20-22 wherein said

volatile bromobenzene content is about 300 ppm or less.

24. A brominated anionic styrenic polymer as in any of Claims 20-22 wherein said

'brominated anionic styrenic polymer is brominated anionic polystyrene.

25. A brominated anionic styrenic polymer as in Claim 23 wherein said brominated -

anionic styrenic polymer is brominated anionic polystyrene.
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