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styreni c polynmer brom nation reaction mxtures in as
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reaction systemin which substantially all of the HX
coproduct is retained in the reaction mxture until
the catalyst is quenched either in the reaction zone
or externally fromthe reaction zone. 2 [0008] In
carrying out the above process, typically the catalyst
i s quenched in an aqueous quenching nedi um
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process in which the brom nation and quenching are to
be carried out, or are carried out, in separate
vessel s or zones is neant that except for piping or
conduits carrying the necessary conponents (i ncluding
purging carrier gases, if used, etc.) into and out of
the brom nation reaction vessel or zone and into and
out of the catal yst deactivation vessel or zone, the
system is closed fromits surroundings. In short, the
systemis designed such that gaseous FI X coproduct
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5,686,538. [0018] Also, the process for brom nating
styrenic polyners can be a process which conprises
contacting styrenic polymer with a brom nating agent
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of process technology first described in U S. Pat.
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IS not soluble in brom ne) and gaseous HBr in warm
(40-500) liquid bromne, A rapid halogen exchange
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anmounts of a brom nating agent does not al ways reduce
this difficulty. However, it is helpful, in
attenpting to nmaxim ze the brom ne content, to provide
a smal |l stoichionetric excess of brom nating agent.
Stoi chionetric excesses up to about 2% are preferred.
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content sought on a weight basis and then w |
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brom nat ed pol ystyrene with a 70 wt % brom ne content,
an overall nolar ratio of bromne to styrenic nonomner
units of 3.0:1, and any excess if desired, would be
suitable. If the practitioner chooses to forma feed
m xture in which the nolar ratio of bromne to
styrenic nononer units is 1:1, it can be seen that

t he amount of polystyrene to be fed will be conpleted
bef ore obtaining the needed overall anmount of brom ne.
In this case, the practitioner first uses the 1:1

m xture and then continues on with just a brom ne feed
after the polystyrene feed has been exhausted. If, on

iheanthee dﬂ%ﬁ: irk tﬁplaﬁtﬂ Waldri @nleht B@&eﬁﬁ‘@&d@ éﬁhlﬂeeconvemenﬂy
ﬁ%uceta%§r%1qﬁ1tng tolggtgf T totl VO ufrrﬁe 15&(? cr> 101Hn1%e\elzmn<% conBentl a%ed (94-98 percent)

augs nd the
filivrispeid- GitvR-PhAe rﬁéw@w%w@% fotiered A @rigihoyrs. Pt girring and
gtitih e rthe sulfudic haideptake atme vathl thebhptriticatind wagnds tdperated from the

ﬁl%ﬁﬁlnerﬂﬂgséj Mo ﬁ%é&nﬁ‘énde%éurﬁ? BEMWR &forsih th@fecoxle?edail bmine phase
es tho initial feed should preferably

(. ?gpe%it{]ﬁgo?r‘ol ar ratio of bromne to styrenic
E?Bﬁb}re%s hefrire gated, itfis preferfed g fhe processeqpidhis inveatiqnyige 2 ¢heent. The
biledii BeistiBE dapablet SesALARS tief stjdehis polyedit fe@d ali® underbrominated

ﬁﬁeﬁ‘ﬁ@(ﬁl h@g .llr)ﬁ be"ilagéf %@rt td th@ roc&@ i @éc%oh @@rﬁhﬁ&@n TI]rQsQ)lvent should

asl ont aJ nor e
ggch? dta%) \gbﬂftﬁﬁa efun %l%mémaa ec? %t'y.‘emc é)f)gyé%e S ar@a%ﬁfﬁled cases, the
wsh bimvinpigd Pipdhelc Rrdfomes! solvens, arafidse inavhiptk@he bromination catalyst is
Avaddieti, @eadilp Bi¥PEreddadr reda g SuspemiEd NElalogynataMe e Are preferred and

a4 'é!ét}’]r%{ hfleEl'b Q&iﬁ??é gertrgcngﬁ& E?loibg%% getﬂg J’O@Ma he, n&é@l%lene chloride,
R K é@ewnﬁans%fftﬁlpaefteﬁ?g%%’rf%g%r%oethane
dicligtodifhioramdtioanef b@mmln@ﬁmﬂ@nemé@mmw debr¢d4 Eg@cially preferred
Qe beidchlorStiéthatlel €,2afdlorodhbe) mefig e Biomills, and Mt/ lene chloride.

f'oq ‘losa &Hﬁfoﬁ%@ %19ént 304 gt?x HQ o n&ftf’x 01§£’161[ f%écg e?ghqy to handle

sett urli ¢ ac ase,

ar“ﬁlﬂﬁ?‘u"%l £ RqLutiqng of s IpXerign Pre %%tlﬁ gontgin ato SO wt%
phase. Moehightherefcantarrdbosehdighugdntain pmt héo P ovtPeolymer.
[i0b82]r eQO e EfrBl AN hAv: MRaSEminaabn bRalHDIEGhRE the bromine/styrenic

?ci’]%}xy rh_&tr&rg 18 fehogggé Jfl‘lpiﬁ&?itl%gl%vl% Qtl ﬁgl’d e!otthﬁtsthF rcae.tfalsrgtr c%ﬂ bein a

FOCESSEes 0 IS I nventi o
SPH%lons%‘F% AISPSTRIQR OsusRERNAR1 eB ik HhgRFq Wwfﬁﬁé@maﬂ“ and mass
tsAngfeequadition| iy rexpédead, tan dotnedess oy oriusrathe game liquid, Z.e., solvent, that
ik at&&mﬂmﬁ&&yl@nﬂ pBB i@kttt I Bhuk 18 bhe ﬁr@fehla@ K GRS®R ses of this

%gg}lh g{& %1%%%%&19&{]&‘}1'%%@ ge%! \émkt &B% a@st iff Iﬂ?e(%eactm into which

rom nate
tb@ |S9?%f(’sp(gwa.el/l?lﬁlnﬁﬂagfl% AEEY mixEe cany botfeds  The mlxtme of halogenated
dobem amdtcetdlypm)blucdescxﬁvaeifa@ riepesnd diansrafly gt it ligisabld tn use from 95
twmwtc}a elquﬂu Bﬂatfél bI9p £:oat 8b s bo |8Svt%ab§s@d 5@ kneabes Weloht of liquid

I
ﬁ%t fns egon%fmcgg 8 C?%%jég rXodSe ﬁ%ﬁt 1? dls%ocfgednor suslgended in the

III@‘FIFT&E% @,gqna éﬂ grnge g}eﬁqw@éﬂpﬂp@? HeYHER &0 ution as it enters the
mettioyzeme chl oride, dichloroethane,

o3Hh |’[@1%9§1R1@r}’[ |u§&ﬁco dﬁs%bl‘%@ hﬁrs%@é?ﬂ eﬂ’%%i :@B{e! 15J¥8d used in association
| uor

0 e

B DM CIbPL e PRARETD A e PRCP Bt MRba) A Gveighe
tmslé} weics detwer thm fae mr?fpr@hbftlﬁ%m@an 1b<21tdh5@mrow@enmaﬁ@ter The
pmtehge aMmeatdiriondtdiesiraing, imsidyfi@neqehtitss, dean dBytta¢ theRgtalyst to -

I t :

i M e e P S e AR
The solutions of this inventijgn preferably contain
from5 to 50 wt% polyner. Mdre highly preferred are
t hose which contain from5 to 30 wt % pol ymner.




[0032] It is preferred to have the brom nation

catal yst, to which the brom ne/styrenic polyner

m xture is fed, to be in association with a liquid so
that the catalyst can be in a solution, slurry,

di spersion or suspension. Such will enhance m xi ng of
the reactants and nmass transfer qualities. It is
expedi ent, but not necessary, to use the same |iquid,
i.e., solvent, that is used to formthe styrenic
polyner solqtlon Thus, in one Breferred node,

Privestand dewatgring innet practipel thensibmay be poseibipite avercomedhe et by
silhply dgemsing thesptorantf anthstabh| Fortthe protdseofmdﬁmnm ftdsnot a

fe%?@sol%lggseﬁﬁ%éﬁ@ h&o{nﬁ’ AL x%ragig QU g%ﬁ?%{%ﬁbﬁj?@ but

re 0 ["ogen
rathgn Sy dweptiongpinimiges, yamm el igpludesita apeal foeding
tedhh1ques_SU|tabIeto usefrom95 to 99.9 wt% liquid and

[omj 58 Mol 0k i ol b AR I UhaliB B Bboditionsty,
“@P@ qr%twnﬂas@s given to theetility ot the srogess egiineent irhagdls fehgatdoad
framntht Beothdpi Provekd, ﬂ:& PRg R genBkltcd b theG X Bdpedhet)bbdothdd @rocess
e
coB{sH B 5o TRl oBf ol O 2 b SR BL B S5, il o
ep%ﬂumwt af#houtwécmmo&tst@eqf mﬁceémmmtem mn%@, it is
anmpaédymat the deqdr piriod bt batell yperdtioasd wilb be Hafy 0.65a0 118 durs for a

JPE]% Q% jgéjer aé%%%%&%%ﬁ%&éﬁd@fﬁi %ﬁl@gw‘%ﬁf&&ms

‘mg@fes: wmu@fs PIRSESss 9 @nﬁwetw@@ﬂreedpea bpweentht
tinmi xgjnaﬁoncxﬁm'ominauinn docms in the rmﬁmdmet:nmadeacﬁdaﬁomaﬁthé yaRalyst

océtl‘i’sg ?;H:Uéﬂgﬁsi Eﬁuﬁ‘e@t thibii flpkmi%%r ie@?tﬁﬁcgmm%%?efembly

55 arge afount s ter
F.uﬁse%’ &S8nd devvaterl ng is not practical, then It may

[0038] POESirdels 6T0hR\AFBANFoIRE afd kﬁ?&hﬁfeﬁ)theﬁh BEY-20° to 20°
i ncreasing the anpunt of catal yst used. For

prefirahbingherrnganfs10 nieHt iCopnd rmre psefmhlyaathqe @agw%-st Eto 5°C.
Thmbﬁin\éubiﬁsﬁnd\ﬁ?éf&&bl&% u%% éﬁu&a@%ﬁduma
w%aaen@c

S. ,Pat
8t SppkrRRORR A PR dies 7S

m:@sgpgg ag\mnazﬁencement or
duringdhia frknsict of macte OOh‘eau tonife aqueotnivgoeding helien] wiiteckeeping all
of thé %&?&E&n@%ﬁéﬁfcﬁﬂ@tﬁm%ﬁk%daﬁif n‘témghﬁwf&e @dﬂx@ 50
et b8 X pnodiil bl Bl bitiooton 5 A ety and
transtsered toad cagtuagdiby the ayarhingmmidampr ocess, the pressure
[0036 NeTAda89 oBVa ﬁ:ai‘ﬁﬁt&%éﬁb&%s ofﬂﬂi@ nﬁf‘eﬂ%n, ) bﬂﬁxﬂﬁa‘-izon catalyst,

e.2.o M B sras ah il S olifih By Ty stimable

suspgtsibp n¥he suspetsim is gxeparcdiima g&.aas-bmsﬂe stitedcrenatdroand brought to a
] |

temPorSEA BT LR TRMEIGT o U0 8 L0, o B o8 dtedsilea,

mezt,csirnmmmhege ingthe aeactcmzﬁml og| of &5 sierenic patymeshed salyent, e.g:,

brothGuiibrHaEthRdS isrepRdPeEt ietindtely 1Sied With a3 ahmiedibah to yield a

honfp 58 Ads, AEb YRR R} ggmq?e@gm%g; it ippion

mﬂteu spaled preesprizadapacie. Bhointimatiminingof thes tmmq plymessohtiomand
brori@anpliRbdt catagbbiplishedn@fuiber df&tagé ity ex&ﬁﬂ;g fi#§e)soRAEiBn and

ety 0GR ) O

3

g:§ lower énd of

the dip oths o the eapipbwhish eypndsrio gpqrquw ta sespension lavel.aThe mixing
tenperature in the range of 20 to 20
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preferably in the range of -10 to 10 C, and nore
preferably in the range of -5Cto 5 C. The

brom natinn and preferably the transfer to the aqueous
qguenchi ng nedi um are conducted at superatnospheric
pressure. Less preferred is to reduce the pressure at
comencenent or during the transfer of reactor
contents to the aqueous quenching nedium while
keeping all of the reactor contents including the HX
confined, e.g., within transfer piping or conduits so
that substantially all of the HX coproduct formed in
the bromination is kept confined, and transferred to

c?e@g:e ?s%glgﬁé%fjto gytamlﬁe ﬂﬂﬁﬁﬁ:‘%ﬁﬂl olT¢ ﬂfelé Qi‘uhgxg Q&ﬁ‘]l oﬂiﬁlaﬁﬁ‘r dg¥nt. Also,

out at I.Ca roce SS

B o nedout aeafttaﬂlg}gftﬂ%g‘é genere wtﬁ'% o %&% ﬁ&%%muma% mixture
g senatystusyengivhy dhentiser sohviane fortc@tagm% natrmttasmw g of the styrenic
ﬁﬂ&ﬂﬁér@bﬂuﬁon &ﬂlﬁﬂﬁﬂﬁﬂaﬁﬁg addd€ iS1eS3€ As ERBrihiSrefiit@lasehhving a@ in-line

I?JX%IS §a|1)) atn & mcrecijn%r[t 'ilﬁgeﬁ‘r %@ﬁ;érﬁ%' @Eq?ep(;fQH g!atten&qe?ctm loop 1%cludes first

%&méh%@mtormg@brgn%agg% 3 %&ﬂurr}rf,ls{ﬁnsa_s{lsmrb Iev andC then wﬁichawmo
fasmuispleadter 4 sirdalrewhieh ds ten fetl tg @l mixen ﬁxtelfna]aOfs‘i19 FRaffop A mixture

ﬁéﬁhéﬁ'@(fm afdast BIonEAE andSstFenic pllyOBPIS Also FaN®ithameser iyield a second
D% %F'a ngch %r}glm&it ﬂ&@\t.hg Ly EE&%%Q%%Q«%@ THE QT Aem BleiE ﬁ%ﬁs@quently

ouS m X m Xt ur

APk éhf's‘EeP?tP’e dﬁﬁéﬁieﬁatm@ﬁ@é‘t“a@%t %{f&ﬁ@h il gﬁ“‘lﬂuﬁ cppgrise the
@edyse dA perbs sacpr@ thixteds fad to Tiegedchriand the prpseshymefthe wghdrawn
s%‘éyﬂn%rﬂl Ee?@%o)(%ﬁfpxﬁ@l&’éﬁhﬂbd@ﬂ@sty@h@ AlonghmithGaageNtUeahan exterior

1e%citor%o g)mmatb %o&yﬂ?ﬁﬂ‘thgj di¥Rq @ f?@%@o%lG tlh)?U S. Pat.

Smhati ng agent can
N?)é??@’%)@w ce, eg., a mxing nozzle at the | ower end

[00371t M@eGédltdr iept &t 2t16@ tEBReitore, Whi, 6bme 8P ends® T, auting the feed of
tgm nt bel ow t he suat%enm onlf??gvel The

& SiyEeaici RO |a@ﬁi(§ﬂ f R3SE ﬁ%&tyg:ve, %}dxqr#el aly from 2°

tbhe°@sol ution and br om nating agent. Al so, the mxing

[gggé(}c eAt\ gga;nh eta(r@)%xlem € 85}&%?195 St %Xled?}gafgsnﬁz&%a% ©etor change

] LPOP®A gfigh duapg flﬁ:é:rromg@mqp diﬁ’é’s fyéﬁ:neésa%vgph 5 ﬂbnanﬁereq‘sat Iéutlally the
doinent@f ik réaher sdryprivecatalygehy sobvens ghuthé procesn gins, the reactor contents

Ms@ atd %xﬁ(ﬁ%@&omé SiofeQidASL bRAMiRKEEPb19Stylete CDOMingd DOPK period,
aVI. ng? of hmﬁllast St renuc po%ﬁrh %?é’ e r%lcorll Al Ft RELSSH of the reactor

erior. reactor
qqnaqnweg C?'?WF to %‘Fr‘&f g ﬂeerf@OF P5uedto Al i trhmaﬂng
(00891 NnaAlfieothecfaddabasHeess heromplished dpendi watch-epe operatgh, the reaction

Eﬂc@lﬁ Whtlafjﬂlél\%éwsubgtﬁﬁtﬁﬁliyrb@l SFOBE 0! cpr8aU® M MWRLGREdIi§ the sealed
rf%crt%%l%f;)l; %%elgfxn?sggs?c ressureatlor a cagk Pergoecﬁgft f%m SAtc!ni%tr}ﬁglﬁtes and

bromme” an ren
@tfemblyefioth & thhiss mimaes. Tl gpole keanpzer m@h‘dﬁhmﬂ% nan@e Qﬁlﬁ!ioéh -10° to

iOS° ('{ gnrden[%(ej:feflar Wgtﬂﬁl &Maﬁg%%egm aCtShetonb'xér Th-ghz%oﬁ%gﬂtﬁgsewes to

sequen to the reactor
csmlé%tmhm brpringtipn PF Bie lﬁﬁ & freatireic RPIYST fid odh jpactor. The cook
FeRidpchiseccihi the adaadoyst . After the second mixture is

[f()ﬁg(gt qujo ati gﬁl%f %Leﬁﬁq)oiﬁ?cl ﬁ% Q%@%lﬂtiéﬁsieachbﬁ i Ha&i&cam( is also
an lb rrep o Otm f,\ lﬂggl%%g x¥1} S the process
faFBEy™ \%i“f f?a%t‘éﬁna II‘§/§1F Pm@@‘é ) fhegﬁ%?%’f eryegron 6 6p P

iis frept votlonitieatepasor Idotischersed alppg by the r@é@@s@@cweﬂnto an aqueous
Lﬁﬁ&f b02dnk GA dby,Qfierk baS, e. PaditrogdNocanthefibdd @ arrier gas to purge

The S YRS 2 drelchin

r om P fm%a%s Pe(rﬁluéf) |§ th Q‘?w @#egsd&%ycmgg styr etnlac(ﬁle § zone
pol ymer and/or brom natl ng fggd, as the case may be,

and preferably from-2



to 2C. [0038] As can be appreciated, the contents of
the seal ed, pressurized batch reactor change in
conmposition during the brom ne and pol ystyrene/ sol vent
solution feeds. Initially, the contents of the
reactor conprise catalyst and solvent. As the process
runs, the reactor contents conprise and begin to
beconme nore rich in brom nated pol ystyrene. During a
cook period, bromnation of the |ast styrenic polyner
fed to the reactor occurs. Renoval of the reactor
contents can continue to occur during the cook period
to ald in mxing. [0039] After the feed has been

|vJ1§ﬁ§QeduQ sﬁ H§;§To Qﬁ.‘é&be §1§6Qﬁn@e@ﬁrraﬁtolf 91@ V HQJ}Sus HX. The aqueous
r eac udes subst a

%%eéxc og%tB 6%1 Pra;/s 10 r%gfii %L%egcckﬁg%z?nﬁ rxl;zﬁ' con a é!ltyfomuntg %ase such as
ndéen hydrpeifa shihaithe FiXcenirbnsd i hefesctiop %‘B‘é‘kfe B¢ ﬂxséDéPurf’ed from
fhe oapd state 36 convetitdito awdter-pcﬂelf)le disidlyed saimsuch 4sonbkali metal salt,

ﬁ%‘.ﬁfﬁ aBridPR2€9 qlﬁefe ? Waker isSis¥d iropﬂhg Ee!h%h E@ﬂﬁgﬁh&tydl robromic

e
198 hyér%caloet:amgﬁoéuﬁ%tﬁ R B R T T
m@hﬂmﬂn@rpfeﬂamﬁbbmagnat@fl selventst yreni ¢ pol ymer fed to
[0be1]r EWHiIB ure MRerG o €tl¢ pr¢fertiddDdueant (@etdhing editi@, a solution or slurry

%‘&ﬁxﬁi‘i sulhgoé%/ox%rogmnpﬁ};dr&ﬁdé)éansgeyl{s@@ tocdd%hx)’a@ﬁé cbt%ly@t kill any

B bE RS ot 0 SR Ao P BB A R el hen, e
queneknad rgaction meixie fsgetiied t¢ pbthinen fyrogrtassreagtipniaiyture containing an
Wihiit phdsbevkiciaedbding asla col6e e gRthindtengyrahic olyr product, and an

£(§1@&5§ IﬁerS fl%hj [:c?ntélﬂg Qlogtnrf FAHE?, UQ% the%ﬁrég 'oﬁgctb %Q a@fgous phase is

, lner
E2Rsieq e s e cHifie SRS TR NPt O B FOIBHH: ER@Ponens Tt is most
cetiont tp mcgmahﬂethweﬂmsb}mmrmrm thg otzanik pbaseiipip hoding water. As the
SURIAE DN MGhZDBE, thd Dr&GiabieP /ey romid Bol@zﬂiéﬁpxldﬁuéiﬁbﬁxyéiva bfcipitate. The

%E R£’c¥ Gatt LB%S} %Mél@CL Ib¥ a%gl hcﬁ.%cé E %JQBEIQH fth%i%u-egn %}% nflltra’uon

u ous, quenc N
Vg u%?éﬂ?nc‘ffﬁt AP I%‘PO§%{F‘? PGPS g‘“ﬁéir@ﬂcﬁ 8§q“%08§j Phgse Trom the 4
imedelowibed iscluddsathe tHYE chptodwmit iaitmeed withtlive steacin eifher a batch or

EBnkh iR o@&dublhfb el oRd ﬁﬂ;eﬁésfdﬁﬂmroﬁlbﬁﬁ&l@&ﬂ%rﬁt ?V}ﬁn & @mine (Br,) is
V
&s‘éﬁ?‘é?% oﬂn&taﬁ?ﬁs%ﬁ@.‘t Ghe &94&{@ Iﬁaip aé.gé ?901@!& 88l 88 sent to a

an a
PR 8“29"913’ %HIW‘%&P@P °F§n"u‘éaé‘%f 1 E?FOYGIH@ ﬁﬁ@%‘% Bropiag or if pure
vier Wydwsed forthequeach,dhosolitiadrio stitablel for awiad sslglaghydypbromic acid.
Aﬁéhativ%l}f el dRbhed agtddud @(Llﬁn&péant&aréafcd%hﬁ‘a metallic base in order to

BLhSILRIBY Bt ol Tom BIRLL (AUANIH LS, Ol ot ol ned

om nati on SO pure vvater is the
[9P43le FfPéaﬁéa‘Héé’B%"eaifé ﬁnﬁ@““r?B&F ammél OBHRRuE RroGFss. typically two
@l three yontahowsdeeds i shelreacte compdients ssochntien dw dorgxirelelyc sig reactor

&@edéﬁ@ﬂz&n@ léjﬁ@fél"db%@ai @bdiReor @&Ipatlybfec'x‘éact&l hdd RRdknts f1 om the reactor are
natln

tpﬁnc% l}, con R (FEoyed r?%he reacrho tzoo?%%ﬂdut alﬂls}errﬁd (t]p a quenolglmg bath

reatmne
crr@aemhm LY V\fhén |t%'° §%¥Fﬂuéas %d-b%? gred> %F“Elﬁbfe% gaygains all three of
the aahparnyifod aifegiod ©fitiske Rraagr dran adewasroody) s €1) twhindfating agent,

%&ﬁys@ Snd @% sBr&fd ;%lﬁneﬂ(fh%fe%ﬂ?hl@ﬂ% i®h é’cﬂ%h't)c bﬁ%h)élﬁ%é of these

hase I, i f
ﬁﬁ%{) E’P’ Fbmgﬁ"ﬂ%%g ﬂi‘g‘é era GEPPORERE "aaa*éeo{ilihc tﬂ“8§%° JJFin such case
@bisdort negt. thecrolvieet shewdliPATfritbeigeith be bmg@aqrg agent |ap<b@a catalyst or
athirll feed 800t slaReRREL. . Whén thfee TREE are @eJAAEH €M(1), (D), and (3) can

&%@Q%J cﬁéﬂ%wé S &rh&ﬁ Br Q)& &iérﬂ%'d?&n EDELOLIAREG FHRS Boed of (1), (2)

Into
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solvent is flashed off, the brom nated styrenic

pol ymer product forns a precipitate. The precipitate
can be recovered by any liquid-solid separation
technique, eg., filtration, centrifugation, etc. The
recovered precipitate is then dried. The aqueous phase
fromthe quench which includes the HX coproduct is
treated with Iive steamin either a batch or
contlnuous operation to renove any residua

A e U P o Bl o
Seg%qdat iy cornbinatina of alfthree geeds fonw pariod of time nat grogterthin a fow

seudmaseamahﬁe , for extimipde, Whinthe thice 6E ﬁtgémasasﬁiaﬁ @émh t mixing
nc

Sl bt 4 g e o I s

mw&%wm Cxjipagsage ferafiopponsiisity part nétbs teaciinmenaqueous
[nwu uMﬂﬁpleMMcbmgaﬁ@tb ), aad/ 3 l:éﬁ 1 cihfed f&rsﬂ

{ t al de sal t, suit.

éo use or S 61“[?‘?%1% E?:?mn JYRFSS SEstegp cl:agbe

‘ﬁ B FRNdgsting @ C&FW%*& pmessmwmw §0 ﬁummonuwxung toptinuous

brmmmofﬁﬁmﬁeswﬂc'pﬁw (g 8@ RenRipolt: ; I BY use of an anionic
Lhed o c e re

pogr r eactl on zo aargam et %fzﬂ;ﬁyﬁ ﬂ?ﬁ%ﬁﬂ a‘fyﬁ%’ﬁmlc%’ﬁ"ieéﬁtalmp

IR sectop 0, ampéarfmmlatmg)ﬁﬁ daetionauiztue inghiding the K zbpraduct

throughtreastondis hwkwﬁume d4 for aseeiviig RoBASAR A0 ag&%@ Bfthe mculatmg
ench

e ?r%ﬁi{x\;\ﬁgg Co n{i A g%ﬁés%’% 9 é"d@gg ?’gﬁ%@@ag sﬂ: |°P?lt§5’ts ?oeae@ench vessel
(nog ?ﬁ§u9dlme¢ﬁw§fe§¥wmm&ed®ﬁmmﬂ$ sndtigjectar 4Fean indiret heat
exchanger ¢f,and & Is:tatlb‘l afxa 48¢\Vih $RCRAL %epﬂt’e@ heat @Qhaﬁée‘? s R Gispted

;?E&Q%&or a‘%ﬁ%&" i s s&?éisliesd ?dwngj g&ng%? ﬁ’ 4 I"‘b‘lﬁﬂa%/q 25 19, Tero heat
£C y th&P@OPQEPW Honiveliasheat ﬁ?@m@ie exbibemnic broménation reaction.
If desinegh,chestrek chahger 46 emaa:;ﬂadea 8t dnpathbeastible bfacé RIBVE D £RHE 4.

e 6 0 L0 5 SO o s

rom nati'ng

rempgeéapaw o7, g ne dergtipwanend fbeloop.VHie exhesger #6sdrovided with
a flovs efuitabihhaf aus&kmg(la;md sulad BblisENate Mo S Bﬂ@él o‘?' y
o0d3y! A§ga§?§z Pl ohll PEbo Dbt op% Yot tlovin

tb@é}.ﬁ}? g;awglg Flﬁlﬁ:r lgthegrify ?%éﬁﬁﬂ@tor%\‘!?{mdlﬁ @regipadeid mpart from each
otheg sedivcthe tdatentsai iewe respeARERjeclon 3 &ridal &e@ﬂiﬁiﬁ%ﬂﬁteb&f‘other

and Gfbefbdialy it A SEEUE el B BTG B Olall T 00k LA Ce

ds can ar
TP R gmmstvem mmdgontacnng
amoggitherinfectadromtents fb@aheinjedives dnl @ rédclioh Hizﬁﬁk%“fxﬂ oy

mﬂ“mﬁglﬁ%@a@%ﬁ?ﬁﬁﬂ b R O P o e ”ﬁhta?«e-o
44 ﬂ% W‘f) niigiously peroovsy fiom tepgsercdly aemtsomhfﬂn mpouiemgsneacnon

masg, The ct(nﬂ'))tsaﬂ'dk@ﬁﬂ’ (89 daftyBRal gﬂhﬁ‘w tso' g%cé ﬁﬁ;ﬁiafg%g into a vessel
(ot ggpl ¢t s on @"% nggg é@'gfl évf"ﬁ ?m@i' flepritvatss TGer\ét

[0046];, , dujegton 3 g Wirgharpesoowdsiopunf sutenic ttyretib lpelymer in a
suitable welnért ohered\iGbotbi B e Qibes @h@&ﬁc Qﬁ'bﬂ?cﬁz'c %@ bl%

{
S“‘*%*%ﬁ”%ﬁ?’@%%%” Sk it ol bromide: o Greied, i eaynes ors (aot
shown) eag; berdispoed) %romﬁa@mxm 40y onmmrswmm@ sobition mp esefic afyrenic

polyh@npotheyBeinfebRp Of%g@ﬁ‘t'fﬁntﬂ ﬁf Vﬁ%ﬁ%&%&%%{“ %’gﬁh

reaction mxture i ncluding t
reactor 40, a take-offline 44 for receiving from

reactor 40 aportion oftbe circulating reaction
m xture including HX coprodu&€t and transmitting such

contents to a quench vessel

I')




(not shown), a dual injection system conposed of
injector 43 and injector 45, an indirect heat
exchanger 46, and a static mixer 48. In the form
depi ct ed heat exchanger 46 is disposed. upstreamfrom
i njectors 43 and 45 and downstream from punp 42 so as
to renove heat generated by the actionofpunip 42, as
wel | as heat from the exotherm cbrom nation reaction.
I f desired, heat exchanger 46 can be pl aced at any
er, SUJtab|e ce r | ative to,reactor 40.
i RS i e ol otogooheps e sofbeisaieeiymans e tres
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takes up the 11X and prevents its-escape into the
environnent: Thus substantially all of the HX
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thernosetting polynmers that can be flanme retarded with

the brom nated styrenic polyners of this invention

are known to those of ordinary skill in the art. Qher
persons who may be unfamliar with such matters,

should refer to the extensive literature that exists

on such subjects. Preferably the brom nated styrenic
polymers of this invention are used as additive flane
retardants for various thernoplastic polyners. [0052]

As used anywhere herein including the clains, the

terns "continuous" and "continuously" denote that the
operation referred to ordinarily proceeds w thout
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RBSEL HeF SR souac%flbfeE@%ﬂ%@ﬂ%@?ﬁ%ﬁ%@%@? i Blastce: Ahgicfore the
foatepineedesriptioy it Aeinteated g fgnipand Bot D\ FRAETIEd pf) Limiting, the
frentkmead itfei paaticutan examplificaiiorns teesed herainebtdver ref erred
toin the singular or plural, are identified as they
exist prior to comng into contact with another
substance referred to by chem cal nane or chemni ca
type (e.g., another conmponent, a solvent, or etc.).

It matters not what prelimnary chem cal changes,
transformati ons and/or reactions, if any, take place
in the resulting mxture or solution as such changes,
transformati ons, and/or reactions are the natura
result of bringing the specified conponents together
under the conditions called for pursuant to this

di scl osure. Thus the conponents are identified as

i ngredients to be brought together in connection with
performng a desired operation or in formng a desired
conposition. Also, even though the clains hereinafter
may refer to substances, conponents and/or ingredients
in the present tense ("conprises", "is", etc.), the
reference is to the substance, conponent or ingredient
as it existed at the tinme just before it was first
contacted, blended or mxed with one or nore other
subst ances, conponents and/oringredients in accordance
with the present disclosure. The fact that a

subst ance, conponent or ingredient nmay have lost its
original identity through a chem cal reaction or
transformati on during the course of contacting,

bl ending or mxing 16 operations, if conducted in
accordance with this disclosure and with ordinary
skill of a chemst, is thus of no practical concern.

[ 0054] Each and every patent or publication referred
to in any portion of this specification 1is
incorporated in toto into this disclosure by
reference, as if fully set forth herein. [0055] This
invention is susceptible to considerable variation in
its practice. Therefore the foregoing descriptionis
not intended to limt, and should not be construed as
limting, the invention to the particul ar
exenplifications presented herei nabove. 17
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CLAIMs: 1. A process wherein a brom nated slyrenic

pol ynmer having a brom ne content of at |east about 50
W% is prepared by brom nating styrenic polyner
wherein said process is characterized by brom nating
the styrenic polyner in a |liquid phase reaction

m xture under suparat nospherio pressure in a closed
reacti on systemso that substantially all of gaseous
HX coproduct is captured as part of said reaction

m xture and sai d gaseous HX coproduct is not released
forongsd d cl osed reacti on system separately and apart
fromsaid reaction m xture. 2. A process as in Caim1l
wherein the brom nation is conducted using brom ne,

Br2, las buopronas wﬁ&eﬁ&%mﬁﬁxeﬁbﬁ&elﬁ@ﬂwﬂﬁfWH§a b%nhﬁe content
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méﬂléﬁ%sme@qsu sxam Senﬂ@tﬂiY & apart Sym maifigeaction mixture,
S u p er at MSRRESdets 42 E@éﬁﬂﬁ g V\I'H&retnbﬁle Bf(ﬁ%ﬁm 19éorﬁuét@c\_(\hs?no bromine,
§C|qﬂg%8£%natlont @_ a¥§ 5?? a?ﬁ osed reaction
Systemtn WhE R S B DR RT %FF‘“ “of"the HX coproduct

i s reétai ne@qcsssapx Glap? Wbﬁlem S)%tdd%f@nm“?lcpllltﬂ!th%at least about 60 wt%.
cat al §st i &pgeessahadCleint hehetemn shidbrommeicomentiOnatiabout 67 wt%.
ext er pal | yAfg-oamst oG he %‘Eéﬂa%oﬁ%ea blfémlteat&f QGRAR Fiyh& having a

GRS o i o e A e
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cadpstanedh 4 chreditcattBmsdys@nparwhiol sestankiellyagueDths HX coproduct is

ﬁ%ﬁ&hh nga ﬂéiaaﬁoﬂfn%x&% e thgyzfté.IPQ id &%ngﬁ@%ﬁéﬂg threaltion zone or

the as i n CIt1 m 5 wherein brom nation is
Ha %dﬂ "§S6M78RT  which solubilizes the styrenic

poI yner. 9% Pﬂpﬁﬁﬁsoéseglsch*éml T vbeminit® spprdyseiingewicked in an aqueous

@envleng medinpr i ses at | east one aliphatic hal ocarbon

and/ of. hal &Eiﬁé@%%rlp Qﬁaﬁpg\(&g@ cith BroMlh&Ba Et@ﬁenﬁo@ﬁﬁ% and HX are -

e, atons Or

R ORe2hE £ R R OoTh & BT PPl o SO Bt pigire formed
Brggdergusreies-hane. 11. A process as in any of Cains
5- 10 &her e prochg dseiCSaimC dheirpdhy StorhBa@dh isabhdicidth a solvent

\Dﬁil:h gﬁuﬂnﬁzé’énh&ﬁ#e&% ftsgln{egen atoms are brom ne,
oQine orrO ) E“g%ess qf in %n of G t R

5-10 Shor & ROBFBAT il ’ﬁ% B 0 S P ﬁaé, one aliphatic
helesAitee 2edPoial eydrasprbgn sl vertdn hishi thab4lpgenagent are tBloripe atoms,
pomtessomasoritiotCl ai m 12 wherein brom ne is used as the
br o ml@at ' r@&%gﬁs in Cﬂaﬂlm 9’%@%& e scﬁ?cnlt Qorggf}/se%rogo@mg@omeﬂlane
5-10 i'n the st reni renic

ol y g*rwgaewsfl a8y Pi&?aes? Bl Yheseiny HitgRs acid catatyst is an
aluminum hahde in which the halogen atoms are bromine, chlorine or both.

12. A process as in any of Claims 5-10 wherein bromination is effected with

bromine, bromine chloride, or both, as brominating agent.
13. A process as in Claim 12 wherein bromine is used as the brominating agent.
14. A process as in any of Claims 5-10 wherein the styrenic polymer is a styrenic
polymer formed by free radical polymerization.
15. A process as in Claim 14 wherein the styrenic polymer is polystyrene.
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15. A process as in Claim 14 wherein the styrenic
polynmer is polystyrene. 18 16. A process as in any of
Clainms 5-10 wherein the styrenic polynmer is a styrenic
pol ymer formed by anionic polynerization. 17. A
process as in Claim16 wherein the styrenic polyner is
pol ystyrene. 18. A process as in Caimb5 wherein: A
brom nation is conducted with brom ne, brom ne
chloride, or both, as brom nating agent; B)

brom nation is conducted in a solvent which

sol ubilizes the styrenic polyner; and C) brom nated
styrenic polymer and HX are separated and recovered

fromgag | e&%foc@ss aQinﬂyQ)@ Coimt bapapniegh! &e@%@&ﬁ@bﬂﬁn& is a styrenic
rocess as

turaﬁe ef%rre cgluC 3 ghenguenchl ng. 19

P?}YIEF CREOX AP RT BOYRE & eni ¢ pol yner is a styrenic
pol ynkl  fPFRSEssRy it Pha@n rléonh@aqm BSIspiers pelyPes aplygyrene
ani onig poAypreedszatis GhimZ0vhefeipr ocess as in Caim 19

wher e&l@nﬁmoﬂs\/&%ﬁh&e@%m MBJmihS, ROMUSIAIERE; ordbth, As brominating
process as in daim5 wherein in conducti ng t he

bromi #§t% on, a mixture (i) which is substantially
B) ee ypminalion i qeagics ig atsalvgat wii el sqlihilizagtihcHiyieric polymer; and
Epr meskoiiramedadtyrtegiagolsaner Rho X0 atd stgangdnindaacbvared from at least a

StYT R, oD txgg({uebés qcﬂlga A 2boHddCa, AHR el htn g

brom t|on alne in said

react fon sy SIEHS aﬁén K“B é”é’?éel%g’e SW‘@%F%%\%@F%’T?W%‘” olymer
farmsd by freerdicebppimserirgtip pt hysaniondc nefemerizatignsecond
stream.c Om&rpl'(ﬁ:bﬁgas S VI6M110 vieksmtie sapchiapdlmetis pblyagime.
glogpr bS1 NgA [og,@éds%ﬁﬂ el ?g%%%elk’:gﬁl C%Il”lgl%cfél% t}%qixﬁmilﬁhngﬁ{ a mixture (i)
LN R R TR
brofriipaging %ﬁ@mﬂ@omﬁny regysar dprifeshta mgatalgmﬂua@ﬁdof a bromination
61t ¥Sitainad fh RAiS@E6LRAeastiseaesONPri sing styrenic
pol'y gy arg p}fo%gssiaggnocﬁﬁli] g'w%kx%%eéjﬁrs{ ﬁl@gﬁqlcgﬁxpﬁMﬁé G@nif\'ﬂ%n g agent,
a second stream comprising styrenic polymer and a third stream comprising bromination
catalyst are fed to a mixer disposed in said closed reaction system to intimately mix such
streams.

23. A process as in Claim 5 wherein a first stream comprising brominating agent
and catalyst, and a second stream comprising styrenic polymer are fed into said closed

reaction system.
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