LOW MOLECULAR VEEI GHT BROM NATED POLYMERS, PROCESSES FOR THEI R MANUFACTURE
AND THEI R USE | N THERMOPLASTI C FORMULATI ONS 5TECHNI CAL FI ELD [0001] This
invention relates to flame retardant conpositions containing bronm nated
ani oni ¢, chahBobhanefer. vinyl aromatic polyners, hereigafiShoshtRsd nat ed
"ACTVAP, " and net ods for their manufacture. The conpositions can
accommodat e hi gh brom ne content V\/ni le still exhibiting a low thermal |y

| abi | e brom n en :
t enper at ures ?ﬁ"&?nﬁqo iTE %ﬁ% Fs@’ Bfﬁaﬁéid n hi gh

i npact pol ystyr ené g t[%s (ABS) based
formul ations. Articles produced f u‘érj r mul atl ons have good heat
distortion tenperatures. The conpositions, are suitable flanme retardant
candi dat essfor use in thernopl as'ni;@;mm;rmlngons e.g. HPS and ABS

formul ati ons. 1SBACKGRC1JND 0002] Brom nated pol ystyrenic (styrenic

pol yrmer) con'p[(%q {i Dk inyepgen fedffé “bé‘é’hﬂ [?éaé’d"‘a‘é’mP‘Psé’r?és Foataining fyieraingigq

t her nopl ast | Canfoﬁlrc rwtlatrmﬂas vmﬁra%ﬂaﬂ@%%eﬁoﬂleyéﬂaﬁ&%%ﬁna%@WACT—‘VPP Jogdaced by
brom nation of e(/) yrenes, the ystyrenes bei ng? derived by free-radical

or anionic pothé% é‘at’t BHpuBFue Vteéﬂ’i“EOSt‘tﬁ‘Hdﬁ’e%m"é’é’é Bygh g foatent

comonl y- owneghiksih exmBiting 1998 thefly Bl ba3ne cBnt&B 6TH 38npositidh Favd ﬁss 5, 852, 131,
5, 852, 132 5 916,978, 6,113, 381, 6 207,765, 6,232,393, 6,232,

6, 235, 83110 6. traslion fomperiutes £Ty) tha araﬁtﬁdlsﬂvsﬁaefimable[fe@bfmwsvw]mg%"ﬁtaﬁy of the

f orgoi ng conppskiyic/NIHROA Rd 0&3&3 baxRnafigleRl eABSELAsRD femRiicer abl e
commerci al success, the skilled arti san is always searching for the next

generati on prijdtlesPresticef figmeuch formyfatians bk aoeshbeal éisﬁfm&mﬁé‘éreeny‘epr om se.

25SUMVARY OF chlibosltidMENTE OtdbR0@idthe Troda@ant N4NEARN for €hsBt @S thefndplagtie r et ar dant
conposi tions and processes for t heir production, the conpositions

conprisi ng a BBt HERiaBhMBS foppilatipnst r ansfer, vinyl aromatic pol yner
(ACTVAP), wherein the conmpositions: (i) contain at |east about 72 w %
brom ne; d (ii) contain |less thg é%l?%#u 000 ppm (wei ght/wei ght)
thermally Tabile Br, 30 the w % an ues bei ng based upon the total
wei ght of t hel0@BhpBominatehpol Mytehic (styrdne: polymen tanpasiswefrae @nabe@mmpd)a;i tions in
whi ch the bro, e i r styrene
pol yrmer (ACT Qﬁaﬁ%@@g }@E’ él snp{o ﬁgggsl g{/ogma%g &?’ e)ﬁ .Q,@Je&n %J&P éeﬁe r et ar dant
conposi tions la/rmbnpnaucreds)eblstfrerres ttllmetotystymemlbuug d:cnyedtblyérectadrpajsr niaivs
conprising a b oni.n ni gni ¢ chal tr.ans fer i.n I I\..pol ymer
CAap) "o PR AR SRR om B Ry LADR Blmoll Moo STRLNGDD VITEE
(Tg) wthi2h th&73%h§68@T8f5 B 6852,1350, 85211%&&t697&51113(381| Y.2¢7c166.ai n at -

| east 5 abou % t han about 1, 000 ppm
(wei ght / wei gh‘%’g?’g’?% {3 405)@25;%8%1%%5%% h%zs@t‘%g‘ ag&nédﬁlgr%ﬁ?val ues bei ng based
upon the t ot a0003ki @’Ihﬂe mnytolﬁdwe(fmgqaugwmpmnmnwrtdmmessdadtavemnerate|rmemmgcope are
conpositions in. rom na ed VAP i.s br onm_nat ed oni.c, chain
transfer styrcé)ﬁsé eba%‘ Commer IACSfjécIS hfogf)ﬁ%raw@f\fAH ahd A foﬂ’s? "iSed her ei n,
are acronyns gegargtion prottdqearbnoceéstthnamp commreydial ddyamce amitpragnigol yner, and, in the
second case, styrene polyner that have been anionically derived and t hat
have had their respective chain length distri but| ons determ ned by a chain
transfer Aechani sm These polUMMARYAMCTHEBSHENHRN v bromninated to yield the

flame retar de@iosf OMROMdntiNR1RE oJ Minge ﬂeﬁmmtcblﬂ@mnmedn@ Atdisch F@nsdier agent is
preferably toluene. [00071 The use of the chain transfer mechani sm al | ows

for the use OROYEoR (Be iCEMBATHEH: OMPHENEE DESPRAEA AISRIGI ChalngAnsTEn #RYlum

pol yneri zati offorhditk tdlﬁte@mcwm@ »a,b’émlmelcbxt;tyslumsl (mctmat Qﬂéﬁstaﬁcﬁt Blae W dely
used in conventional ynmerization of sty er, there, the pol yner

growth i s notPrefBpe e &eﬁP"BV‘ léﬂ%étlaﬁatt"f"‘ah@f)@?m (‘ﬁﬂféh‘/t”&‘ﬂ'ﬂe‘thermbv ]d‘d@r?éhl ng of the

l'i thi um engl- GhOW % antt BRLS vAI RSB bAG LEdE tHeSRal GighiloPing FinoBldni vidmamnt s (rat her
than catal ytic anmounts) of lithiumalkyls to obtain_the desired polyneric

chai n | engt hsi"VeHiRRsSCORS sy FRIPROSItiNs i Whichpthg hromargted (AIMALY ispREmiBHTds m t o

det erm ne chajninic@REL RanSl BYend psiaRs (Alesapl e cost advantage that inures to
t he cost advantage of the conpositions of this invention.

(
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[ 0008] The flanme retardant conpositions of this invention exhibit, anongst
other things, a glass transition tenperature, i.e. Tg that predicts that

t he use of such conpositions to flame retard H PS and ABS fornul ati ons w ||
not frustr g qualities and that 25 nolded art ced from
such for wﬁgﬁlzéﬁg%w\fmg have acceptabl e heat distortion #&%ﬁg%?@"?%s (HDT) .

[ 0009] The conbi nation of a favorable Tg conbined with a high brom ne
content and a |low thermally | abile brgm ne content provides a partl cularly
preferred fl altf9} efuireratits IRERHIB S51255 Shileste retgrdant F‘H’R‘P@ﬂ{') nyAnd PIFERE IO The

hi gher br oni n@eic@itubivh, iE@ABodidbat cdnpfsi dgaammhﬂédaernd)a,etchﬁmmﬁm tingns of this
i nvention can deliver nore brom ne, hence nore flame retardancy, to a

H PS or ABS fBPPalF 2B AT AP Pmew@é‘EﬁbthG‘\éi"@Pﬂs“‘B'rs &) c Btpo glatsi BsiAyi ng a

| ower broni netexﬁﬁkfhttlﬁ@((T)J mﬁatm&u@ghlot bor hfoft B°C RIboud FSPAYH BRARLLIEN ties for
t he manufacturer of final ernopl astic article. 2 SUBSTI TUTE SHEET
(RULE 26) 5[0@1%]65%\79 Prﬁ@w&aqnw"u) amw"e lesy Ban pout bAGePRTS (waighVyeightr ed si nce
fornul ation cadmannetin®:andwh bidhm m;aymrgt MEédﬂQorPGHQQJdth Iwggﬁt drapd to

rel ease thernmally | abi| e brom ne as Her, which gas can estructive of
conpoundi ng aKEPHEIRT NYitiy i JAEAION 0199 Cqmposiiagaind whish Bredhpmigatedn t he HI PS
or ABS forml a¢iwAp 195roﬁfn5tkd3zln§§ncf&Elﬁ'ﬁ%sfef’st}r&%?ﬁ;rﬁg'@.CT§P)' s mentioned that
the conpositions of this invention are essenti al I\é free (less than 50 ppnm),

i f not totall 0046} cACTYAP andAGISEdasysegriiensia, aropeenyme tor.ir Beififsecass visyloni ne
captured ihf th&ndil dAGméindr amd secAIRAS] &irQie ep@l?mgxstﬂat DaveeNdfdnfcARL

quantities of such brom ne are not desirabl or obvious reasons. [0013]
The flame ret%rtrdand bdfpye dad tharyespestive thpig langth disribuiansvigigeniecdbheelidgr avi netri ¢

10 anal ysis (GNr RcRhishe ’m@?et ?OWHQQ' &l §ub§c}d§$m1§ @ﬁmﬁ@@@?@h@:lﬁqwmﬁﬁ t _her mal |y

st abl e enough to not excessively degrade under conpoundi ng and nol di ng
condi ti ons butetasgt Fonuiegma@ft@aqune%ﬁm hain graisgey eggriais prafeiably [plusd. ne

substi tuent goggrperirsdofthIRgh trgrefépﬁec%swnﬁmo%fa@fhk%&%?@atﬁ}nc%mo&nkam%‘ front.”
The term"flame front" relates to the proximt ire flame

retarded M Pfsenvapgna pkyldlitkdum pplgmerzaton dahatere %’EFsitlkYehéI]ha@e#ﬂtﬂatpﬁéreartl cle or
15enmanat i ng fanstam,aeiyeusarla 'c&llvﬁltlbﬂaisE‘(Jl)fmen[zaqgﬁl-é]f]sty]_clﬂce 108, h&l HedBiher

conpositions of thi's invention have od col'or. They are water-white or at
| east near vva&r@’f‘b Wtiiot detafipiaed Rycabpie grany rtbhbrathtrnleygtuersbmpf bnlitwymond-val ue Test,

see the "Anal %f& upCets rM%HﬂQ@L% useS GlolcRBmAR! Muntd Gatﬁ&%ﬁ k%:c%ﬂ&m?s%&‘mos' tions

have excell en 1 val ues " when '"tested i n accordance w ASTM D1925. Such
Y1 val ues ar ditigag¥deioabtaig thgjdesired pplymesaghewilangthn Thasy peyness usiig & ehaidr near

whi te col g4 W&ﬁaerqpéc%.smétd&@lm% cﬁan'é@ahgtmem[»}ﬂ?l&hd;m Q5018 g@@mACT VAP or

ACTSP found in the conpositions of thiS invention are derive
br om nat i on ofurestiethe enstad v seif ity CWAPIS@fthA@VQPOH The unbroni nat ed ACTVAP

or ACTSP, ca a R . or ACTSP.
e Sase. aCTRE T RRYLEIGARLs b Bt SRR e TSR 0,

nmonoadduct , €2 gass yramitigh Emptrptpigpisen & thvmwwﬁsﬁéatabﬁwse gfrwdp@nmpﬁetwph@nyl groups,
1,3- di phenyl reRang Hiss fdaeAﬁmemt wﬂl"r@%"ﬁ%ﬁ&e M@&%B?gﬂﬁﬁ s aﬁ(ﬁjthaﬁ[ he base

ACTVAP or ACTSP can be altered, prior to brom nation ave a | ower
nmonoadduc®’ coneldsdtarticla pedused fmm|sschdswlan9nsef~flbhﬂvedccbyabm keptj diftertignon t o

reduce the mppadductugpntent fromthe

[0009] The combination of a favorable T, combined with a high bromine content and a
low thermally labile bromine content provides a particularly preferred flame retardant
composition of this invention. |

30 [0010] The higher bromine content means that the flame retardant compositions of this
invention can deliver more bromine, and hence more flame retardancy, to a HIPS or ABS
formulation than the same weight of a composition having a lower bromine content. That
quality offers cost savings opportunities for the manufacturer of the final thermoplastic

article.
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30 base ACTVAP or ACTSP. Such alteration is believed to be desirable as it
is theorized, though this inventionis not limted to such theory, that the
nonoadduct tends to brom nate quickly and, thus, consume avail abl e brom ne
at a faster t hat consuned by the hi gher nol e I < pol ynmer
chai ns naklwnfg)éhgll%ﬂgpbase ACTVAP or ACTSP. Such faster C%Erjgﬁrﬁz}r‘l\ghgg%surrpti on
is believed to distort the extent. and honogeneity of the 3 SUBSTI TUTE SHEET

(RULE 26) brom nati on of the remai nder of the higher molecul ar polyner
consti t uent s. OBHyrlevat thesmalho niahile n &romipe ¢ eREeats nare Pf'é’“iﬂ'eé‘t“@e feymudi™f ormity in
the distri bUt&dﬂ@o@lﬁmF‘raﬁa aRIcRNIAR BRI cdniiBord Ok MR refelh@i RermdljelaBi@N- €nd gr oup
aryl groups are usually kinetically slower to brom nate and hence harder to
hi ghl'y br oni n2ieming #sdBre Hichigay 5an beesteyetive aframgruadipe and pglding s@irRsHs due to
steric hindrapges rrﬁﬁegirélz@g,rJn{l&mntJB@ HIPY oF AR ARWEHM F adibibUfdidge. [ 0016]

Di sproportl onate distribution of the brom ne between the brom nated
nonoadduct 5 anereffre. itasmengened Hat thosompesitiopntf dhis inyratignare essctiply Bisedletsnat ed
ACTVAP or ACTSR Sapbl)es Wbt totally ﬁeef begBIudR hRIHRN 0L RBRORAHOR binfift @ | ower
glass transition tenperature,” T8, than would ot herwi se occur. |f depressed
enough, the |@Ruedi tr%aria@t@ﬁln%@n@@ef Brp | SgnHigas ayan@ienelifed bomiigh mel t f1 ow
i ndex) for thgehRairddlls BlioABIs@nd a reduced heat distortion tenperature
(HDT) for articles produced fromthe flanme-retarded H PS or ABS, [0017} In
the fol | owi ngl0013kt Aha Bapepeardpnt sompnsitigs of His fnvendipn hoya's hymedivimeiEscri pti on
is given figr 5n|31§51§: ?ﬁiohle%§p@(§mt§ MhiShd dAMEEHoA bre RARAHAMBRShJubPRS, 0 Which
t he description 15applies art or in whole, are within the scope of the
i nvent i ons di &t E¥sstely degds, ““[’@(‘}%H’OUTI‘F\'@% e pnokding eondifiens dptewillcdseredsi ni ng any
one or nore OJufﬁcnﬁtlmé?&ket R Sbrérhind hh&ummeantmeomma{ @ighért Rinperdolig scope of
the invention. [00I9] This invention also relates to processes for

produci ng a b¥asrierrat dd ﬂ?‘%ﬁfﬂmf efrh?‘ﬁrahtﬂa@?)%’é)s"ﬂﬂtF%h the preeimyyy 6icteiy8 oc onpr i si ng
bromi nat i ng AGTHAR: RixdCTHR bY ABBGri20. "BaGH QR 1 fusLERNAR 2 AGTSP Wi th a
brom nating agent in the presence of catalytic armunt of Al18r3 and a

sol vent wHer efhiniiie red g esicleitel- can be characterized as: (i) contai ning
less than 1, 0@@14?%4mcqmnéam&mo}manb%rﬂml .lvxmioﬁtlﬂs\k%o&ar&m Nghey3Rd, el ther
one or nore o ii) containing greater than wt % or 72 wt % brom ne;

(iii) having #aQywheonat lepst near wafer Vevitp aheittesied by T@)Hwef palytiop ﬁé‘orr‘é%lge of from
about to 35C & ahapd «AGRGcal MAModD sdclidh) bem\“ l‘ﬂgad@rﬁonl ﬁl@%gm[ﬂ)s@gns%v@ brom nat ed
ACTVAP or ACTSP content produced from A ACTSP havi ng a nunber

aver age nol ectcdientyidivghes Wyn et @@PWWCW@mSJMom%%O@UOP o'Tapmytare1900

Dal tons, bhe WDl RELHHokcsh lﬁﬂhﬂgwllﬁé%?ﬂzaw 1S He L té@@d m}t of the
conposi tion [0020] Preferred processes of this invention can

additional |y ®héracterized by the 30 ACTVAP or ACTSP bei ng fed as a solute

in proximty fofrspNehORehiRRRNERAPUYS AT fot;hdj.mh@aon%smp@fnm;ﬁv&ﬁﬁd(S) of the
brom nating agent and the Al Br3, such feeds bein a reactor

pre-char ged wi¢ Kemet \hynthe bagyeination tof flkee epgrespandpnggA thp p”f e“tCé[ﬁBr g8t sol vent,

at | east partlonhale@AErV8Ep 6 ACAP! | béﬂ'&lsgﬁééfeﬁé?iw&'p?écﬂﬁn olade ACY& ApACt i on
products obtained by the feed of ACTVAP or ACTSP 'and their respective

i mpuriti edd biraYaTRBL irhfdaagg%"fvw AKJTBP 3ean have up to about 25 relative GPC area%
monoadduct, e.g. 1,3-diarylpropane. When the aryl groups are phenyl groups, 1,3-

diphenylpropane is the monoadduct. However, where desired, the base ACTVAP or
ACTSP can be altered, prior to bromination, to have a lower monoadduct content.
Alteration is usually effected by distillation to reduce the monoadduct content from the
30 base ACTVAP or ACTSP. Such alteration is believed to be desirable as it is theorized,
though this invention is not limited to such theory, that the monoadduct tends to brominate
quickly and, thus, consume available bromine at a faster rate than that consumed by the
higher molecular weight polymer chains making up the base ACTVAP or ACTSP. Such

faster bromine consumption is believed to distort the extent and homogeneity of the

SUBSTITUTE SHEET (RULE 26)



4 (ii) solvent; (iii) AlBrs and; (iv), optionally, unreacted brom nating
agent, and such feeds being made subsurface of the reaction mass | evel and
the reaction mass having a tenperature within the range of from about -20C

to about 5 [ After the brom nation, the reacti ondBsSydsisBiLl €rably
guenched |§V%?(grmdt48 5 deactivate the Al Br3 catal yst, such quesﬁc |£ng

form ng an aqueous phase and an organic phase to which is optionally added

(a) a reducing agent onte f any brom natng.agent present
o or oy L BaRgh ah e e@vRlchGe GO Flk R SEIhe s ARG o e

t he aqueous phamgineiN@n&aP Afeake freegof tuhitor@itydia MieClistbasa ofﬁ@ﬁbrbrﬁi&e geligeous phase.
[ 0022] A pref%rred fe turgl_of th roce?ses of this invention is

subsequent t o'f REYRY Yeikn Il AT HP D! Srovpshe Sl Kipaliep!ly SRR © phase or
any ot her or gebmiatp BaiSienddaiatdéed highs roedniifd tint the @mbiRs bClen@gugO us1-NaBHA
solution tgq reducg‘tthe cgntent of am ne derived col or bodies and thermally

| abi | e brori d&OtPRELE ST CHRIBRcESTETHtng Eorm fhe sl MYl JuYFri ng at a

t enper at ur e Wobty nDtanepcrnamge @ktribuiiom eoanet bABOnet BeRBaUtthéd Heominated[ 00231 I n
the followng "Detailed Description of the Invention” further description

i s 15gi ven foWO’BP‘@H‘ésag‘ééhedFSttolﬁlﬂ’:? ROHU‘éth"SﬁuemTh'é‘hﬁrbb‘@?é%"? fNe¥ t o which

the descri pti OTSFOPIl R&ult inNa FRME rOrdind cYiskiGon MR MotvBi Blads NEn§§ape of the
i nventi ons di sclosed herein. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Conposi tions GRPEHE Terbaartauidrpthenyise oaryp 4 deprssd 10p8hohe loger Teiredictsnvent i on

are predonhnagihancd Re1QRE peafoshn AGTIYINR® lovMald S for GRNBE HIPY or ABEan@@NPOSI ti ons
will contain at | east about 97 wt % brom nated ACTVAP or ACTSP, with the -

remai nder beij Kgeeh %‘r%%‘ﬁ%‘t“ RS AP GHET) fosgriples i e o healfagne- ¢45fedt he mpst

part, by-prodywssr OBs.either the polynerization or brom nation processes
used to ulti r’r@éely obtain the brom nated ACTVAP or ACTSP. Mpst preferred
flame 25ret ar $4HE ~ Bohp llpving nRetyled Drscaptiop 0k B iyt nluahen desFaptPhout 99 to

about 99. 95+ MSOrRQke/dTRbosRRSES RNintdAont Thakoreii@hs, O hitthee G&eRPGSI ti on.
[ 00251 Base ACT VAP can be represented by the fornula: Ar-CREIECH2CH(Ar) 1n

aver ageCHZ& HEPPlickyin Pagps fngyhqlepgre withinife %(?%?I"f ¢ Brptiongdiscdosed hesin. - o1 g ky| group

or a hydrOgen[OdISﬂ)rT‘rﬁdﬂﬂopﬂh@tY&zﬁﬁl@eslcﬁntﬁﬂnﬁfXh@ oY B G oNUEb&hpoQifions @PMAt I Ng units
and is based on the nunber avera ecul ar weight, N n, of the ACTVAP

di stributi on, KAty Eihindhessone of B YNy enge=(M t - fornula wt Ar CRH -.

formula wt Ar@FHZNE (ivesidk | dkoVWelaky Cﬁ&é@&s f&Oﬁ&ﬁéngBaaﬁoMe‘éPnaa{ee t hose
havi ng the structure: C61l-15CH2I - C6F15) %n average CH2CH2- C6H5 wherein

the average nreEifa somPayiLipn,dhe; @OCB%F@FRHSH%YOB‘W NG LCIRP Qv dtage = (M -
196. 29) / 2804reddfion of ACTVAP or ACTSP with a brominating agent in the presence of catalytic :

amount of AlBr; and a solvent wherein the composition can be characterized as: (i)
containing less than 1,000 ppm (weight/weight) thermally labile bromine; and, either one
or more of, (ii) containing greater than 65 wt% or 72 wt% bromine; (iii} having a glass
transition temperature (T,) within the range of from about to 35°C to about 165°C; and
25  (iv) having at least a 97 wt% brominated ACTVAP or ACTSP content produced from
ACTVAP or ACTSP having a number average molecular weight by GPC between from
about 300 to about 1900 Daltons, the wt% and ppm values being based upon the total
weight of the composition
[0020] Preferred processes of this invention can be additionally characterized by the
30  ACTVAP or ACTSP being fed as a solute in proximity to and contemporaneously with
joint or separate feed(s) of the brominating agent and the AlBrs, such feeds being made to
a reactor pre-charged with solvent, and such feeds, along with pré~charged solvent, at least
partially forming a reaction mass comprising: (i) the reaction products obtained by the

feed of ACTVAP or ACTSP and their respective impurities, brominating agent and AlBr3;

SUBSTITUTE SHEET (RULE 26)



5[ 0027] The met hod of determining the M for ACTVAP and ACTSP is descri bed
in the "Analytical Methods" section hereof. [0028] The polynerization

nmet hod for produci ng base ACTVAP or ACTSP can be generally described as the
ani oni ¢ polynerization of vinyl aromatic/styrene in the presence of toluene
solvent (which also participates as the transfer agent) and a catal ytic
anmount of 10butyllithiumthat is pronoted wth

E’e Ir\lelTE N [ Bth r9? ) ls—% he}{tt' ﬁ hglé ggg‘ﬂ v oé}’g’['él% Hreﬁ%egﬁgﬁ@g@?ag'h‘ nggdd 3 c éL ’ cont ent

of the base AgtzngARader subdufsP of e Reaction mass [avedfagd nledreutibn tassebasidgd about 25

GPC area% nonoadduct nyl.propane for ACTSP. (See GPC

anal ysis in tﬁg‘p“ﬁ?fﬁmﬂf’?E’gfani@%ﬁ%’f‘ﬁll?ti%ﬂgé‘fq%‘ﬁsfﬁereof ) Some base ACTVAP or
ACTSP of thi s[oonyamntd B8 badnEnades | B REkIHO nRQNE Prdferitly GRbed MARa@bRUt 10 GPC
ar ea% nonoadduct, while others are designed to contain no _nore {han about 5

GPC area % noffastyate e AR gaialyst, sachuenghieg f°f“?'%a“baé!§‘?9“%@1‘s\7ﬁpd Bt OTRBESP Wi | |

contain no m)Flﬂsct 0dahichi0 WhtichalfpPAddAlr @R aedBMRAMHENI GS lowth e GOREOSE biyons of this
invention will reflect the amount of rmnoa duct present in the base 20

ACTVAP or ACTYPmiRatng ageehpresepygadigy Ght srsfoeient ﬁﬁ)?f’ﬁ%f‘ﬂdﬁé’tcakc@ﬁte@ﬂlﬁ‘gn B 1ike aPC

area per cent smaffofm RMRARleBus é}ﬂas@(&ﬁmﬁaﬁxhgﬁe& ARYEREIfréh BBL@BoudEFEMAP or ACTSP
cont ai ning | ess. than about GPC area% wi ll in turn contain | ess than

about 25 GPC HPZA ) pretsisd, ety ofohadesets ohusvemion e stsERFRitfht of the
conmposi ti ap. [iRchiNE, WhsRGE of e sdph@l® ogMicAFhARNYr 1BOHRA dgtam@@sas@aenwu S
invention contain at | east about 97 25 w % brom nate ?TVAP or cﬁCTSP and
in preferred Hgelum wilagpsioagueousNapklesglifiondp exduonchesopeny of ppipesgerivg

mol ecul ar vei glir bEBASHA BekmbIDY 126l BroaRIFRAEINkY RPFeseM, sidhivashingpstiirary ar e
considered to be the sanme as that for the brom nated ACTVAP or ACTSP
conponents. WHercnpg@iuggrihodhe pugn of feppcrbeun&5°He BasthaCed ACTVAP or ACTSP of
this inventiOfoddig fldFbiRidgd: ﬁeauéaobagmmrpofaﬂn@kmtén’bmrﬁge&%sn e

"Anal ytical Methods 30section herein), an Mw thin the range of from about
1,000 to aBougivemfopgmcasgs b s ipvantiony e Theeniesars dfenturesr tervdiahetle Pascripfien r ange of
from about 1, gppHest 8 paPR W wibfe, 0 QinkRint QB of-mﬁwémf)x@'agaosfe@ﬁerérhe My val ue will
be within the range of from about 860 to about , 500 Daltons, preferred is
the range of from about 1070 to about 8,200 Dal tons The pol yd| spersity
(MV MR) i's bel ow 2.2 angpisngaysEstiiFTioNOF ThE INVENTIGN N the range of from
about 1.1 and about 1.7. Such polyneric nol ecul ar weights evidence a
relatively | ofomessiensofthislpveaiien 5Nomi nat ed pol ymer and such may

al ternativgly {dﬁ?z&]rc%&%sm%ﬁk Bpuﬁsnmw.aorpawmammmn aosonqmeqox@r\mp bP031] An

i mportant feature | ame retardant conpositions of this invention is
their conpat i BCTSR.yGangrelly, thsecompesitiophwilingopriasy |1Q?Sts*l!?Bl§t9r7a‘t’@ bremigatedy| PS and
ABS fornul ati Q&?mﬁ%ﬂﬁé*rsxbwlmtt% it SRS Prolict bffinfi&! Rhénvighpyigeiel | domai n-

si ze of the conpositions of
are, for the most part, by-products of either the polymerization or bromination processes

used to ultimately obtain the brominated ACTVAP or ACTSP. Most preferred flame
25  retardant compositions of this invention contain from about 99 to about 99.95" wi%
polymer based on the total weight of the composition.
[0025] Base ACTVAP can be represented by the formula:
Ar-CRH[-CH;CH(AD)]5 average-CH2CH3 -Arr,

wherein Ar is an aryl group, R is a C| - C, alkyl group or a hydrogen atom and n is

average
30 the average number of repeating units and is based on the number average molecular
weight, M, of the ACTVAP distribution, n______is calculated:

average

Naverage=(Mp - formula wt ArCRH - formula wt ArCH,CH,)/(formula wt ArCH;CH>)



10 invention within the articles formed fromthe host thernoplastic

formul ation. Conpatibility is a function of the degree of mscibility of
the conpositions in the host thernoplastic substrate. Domain sizes of from
about 0.5 to a m crons are characteristic of co this

i nvention i‘ﬁofﬂg’g}r{r&sd(’zﬂ-u PS or ABS articles. Mscibili tynﬁ)ﬁc%rzl@? (é7(r3§e°d to be a
function of polymer size and the conposition's Tg. 15 Cenerally,

non- pol ynmeric flame-retardants containing-high levels of aryl bromne, e.g.
> 71 wt % br onf0¥%8] Basm CHFie s Brving e ssiugght  br.omi nat ed pol yners do not
enjoy this conpatibility. [0032] Preferred flanme retardant conpositions of
thi's inventi oyH@wpCR,CHIC LK. dHeHseage of from about 35C to about 165C,
and preferably within the range of from about 75C to 20 about 135C. Such Tg
val ues porten n HPS or ABS and good HDT
val ues for pr‘%’ﬁu&"t ean%i’%@d“’fg"rvc?}r%e\g@%t mfnedm}'eaftof"g’rl]a lithe Tg value is too

hi gh, the nmolding qualities of the formulation will exhibit too |ow of a
melt flow, whereas if the T8 is«}®Mowl96RBT 10hl5ues for the final nol ded
article can be unacceptably low. The glass transition tenperature analysis
i's described jom7} iR metMdaloy bdiGdiinh MR ds ASPHAR S0 AKGRLEEeRibddQRE3] The flame
retardant conpositions of this invention contain at |east about 65 W%
bromi ne as det'@FHiAESYS aFAPYETS" of the flame retardant conposition by
X-Ray Fl uor esmmmemnﬁéﬁiaam( eBod RE profitals WateCACTWRE BoABTSISEGhiveN herein).
Since the brom nate CTVAP or ACTSP conponents of the conpositions of this
i nvention ar esentRlydeseribedes theragienio aplymengiios el vikpromatis/styersiiy e pre5i&e ACTVAP or

ACTSP it is pisshield S1viR (AR aysotaﬁrﬂma&am tﬁentra%f%ﬁé\é aﬁ@p&tatw.@mﬁoumhat wi |l push
the brom ne cont ent of these(g ymers to ver vel s wi thout attendant

excessi ve 1§ hethditiym thaids premesdotit hrf\éN Hr’&dﬁ@ﬂ?@ﬂe‘hﬂ%‘ﬂd‘@%wﬁﬁ@é cPf&i n
degradati on. paapes A@tspndanteigONpositi ons of this invention contain from
about 65 W% to about 80 wt % brom ne, is believed that a partl cularly
commer ci al |y [P029%Fqr the fqatpas Féﬁ@@dvﬂrqvl"“%‘é fheompropdsiugt ceptenit % o Patout 79 wt %

broni ne. Brom@py 00t actsp Qﬁveﬁtfo@mlgbﬁﬁﬁ@r ndt h@nxcedd Whote L9 GHEOWEa% 8 Wt %
brom ne are believed to be nost favo froma comercial standpoint. The

hi gh brom ne BYRE<-8f b d‘PPféylP‘P%’?%fof éF§$Pda\(ﬁ?e sl ip 8155 ABRYHH; s _

i nvent i on 15hoykigbds RaminGelefyesonfe RRATTEARIFHADTSH gragli m%n&fhr@déé\tgh@ht S basis
wi thout sacrifice of the flame retarding brom ne content of the H PS or ABS
end- product . 'TKRMEBHRYBITAGanpomrbl0drRhaeakameneaddugtaviie oibers &R desiaed Bt al  wei ght
of the flame Jo@tﬁlﬁrng%¥e EANBOR st G area H AR fldaddhlde AilnddiBrohQlidkdRRthageONPOSI ti Ons
of this invention, will average from about 2 to about 4.8 brom ne
substituents MetVAR ¢IAGSBUBI icontaimee BHE itk abodi SEPE BGr% G1noapiusk eFhsbl v, t hey

10 w i avera(% eﬁsrtfaﬁe @myxhve%n&n%ﬂml@& tife-aBiolt emmacﬁktwegehuﬁn{e%a&er aryl
group in the E‘é di stribution. Thus, eac grou he pol yner

di stri but 2®n ‘Pft/*é?TéP W@ﬁ?%bb”ﬂtbr%“‘taéfdé!%wd‘%yﬁf‘ g kéL(ﬁggtai“iauent s per

aryl group (0&rcarns el Minplb Al comt smo@y@&l@aﬁmﬁaﬁlAmmr Rags® dontaltity term
"pol ynmer distribution" neans the total %/mer constituents as neasured by

GPC anal ysi s '6F b4iebpyt 2eCheprgi 2l ‘%Bﬁb&%‘ afny ot BHgateHcIuEES 25AY bromi nat ed

15 nonoadduct gomhfSiSithadct, daR@ by fiBhaCRigt bine@Bhpositiof. he di stribution. It
does not include residual chain transfer agent qor styrene nonomer if

present. As nif0) Siredhepiangirgydiany comppsifioas efyiis l’f‘b"ﬁ‘ﬁ%‘i"f“f“ﬂﬁ%leﬁf Wi % i nvention
are very b ghyiibbfieiddDatIed PACAYASD, &d if\ediSRd chsBe 99+ widfordiipadane

constituents in the conpositions of this invention is essentlally t he sane
as for the brofl Yt et ARETR/ARe Grolepider Speighirmsasyted forg e FampRaitionst ofp i ne

20subst i t uent §yenSonGdd Ghdidated o Bé/théisaﬁ{éfiblhﬁkafbﬂ Rbrehind 8 Oroae sleavise XRF and
GPC neasurenent for M The calculation is illustrated as follows: For 1

mol e of mat er SOBPONHE h Whre!he SPTARPSIHONS @pd thp brergiid A3 Y EE or ACTSP of this
H( 5- &) Bf X CHCHyehfidn24et Rubfebred o pdihcaic analysmM}eGlQ {(Seb $hel bﬂla iQr sg@ounber of

brom ne atons per phenyl group. 25then, X = i ppl e Phenyl average
Total nol 88 ofFctigp Bq:ﬁnwean(lgr Pﬂﬂ"ég’f rqnge ﬁlfr@@ﬁawaOOO to about21000 Daltons will

be measured, preferred is the range of from about 1,250 to about 14,000 Daltons. The
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Brmates = (Mh (brorninated)) (wt%Br/ 80) 30The average number of phenyl
rings in one nole (Phenyl average) is given by Phenyl average = 2 + n
average where: n avenge = (Ma (nmatarani nated) -196.29) / 104.15 and: 35
anbruni i nai an_= nom nman (1- wt% Br/100), 8 ther 1.5.9i ven by
X = Bra, al 350/200%43?@ average = M (bom nated) (w % Br P?Tégoﬁ/oégisgi i
average 5x = Mh (bromnated) (W% Br / 80)/(2 + i(m(unbrom nal ead)
-196.29) / 104. 15D X-l\/h(bromnatedé' wt % Br 3@2 é2+[(IVh

(bpar ai na, ad)rangg for Moy Wit Oy Vitkisthorgyge of M“@B@@@'Fh‘é“ A aksar e gi ven
for each of tRg. 3 aMhdahedorFXRTRIRSI 07( 1o TAB S 2bo daQ&§5]thEtﬁyd%e(gl®r omine is

affected by selection of the process paraneters for the brom nation of the

base ACTVAP dM.AGrispelopae andis ggngrallisigutd tbe willithe rapgeiobfion pbaet 1.tadal yst used,
cat al yst amougly 1 7€86h p@PmSR!nYoRdliar \J&%ﬁﬁt:h%cetae@ﬁ@’eﬁftl&w RoRAeh Wgniamount  of
brom ne present, can influence the amount of brom nation obtained. (See
Bromi nat i oh 15@ieagd] Relymer gg) suptouaeiltepadisivt ke eivacd @l iatheralpehighashr oni ne
contents of tg}gonﬁelrsama retardant” conpositions of this invention, it is a
feature of suc ositions that they exhibit relatively |ow t her mal | y

| abi | e bromi r{803ébm anpogant fayg7ef fame refprdash corprositiong of Iy ipvangags is dher omi ne i n

the conposi t'c%ﬁangﬁn St tht RYE MekdplabiR sOBstrh@Ve. mﬁpi %d ApYirtbRidbe range of

fromthe detectabl e I|m ts of the test to about 0 ppm (wei ght/wei ght and

based on the §oowealibilineis gtidenest! by He rdasingnanalljdemyin sige qfé*memwuwso B8C for 15
m nutes i aqmmﬂn@vﬁh.w Ihb Lrnaesn%maﬂ RS Ghd Bed th@m&)pl@st Apghidioral Met hods”

section hereof. Thermal ry | abile bromne contents nay also fall within the
nar r ower rangesnpasfoility isriy momeftté@,@ea@rs ef mispipifity ahfthetqempysisiens in ghedwgut 750 ppm

and fromthe ﬂ&&@%@éﬂk&&é 'bmnm seés §ehEork %ﬁ&utt@sa@%&m 50RicRiRMareSee
Brom nation Exanples 1 - 3 he detectable limts of the test are

evi denced by diereatesisljst abe@lHOﬂ%@Sdff this davesdopnin fggned| HIPS oerc 4BY i atiglehen
attenpting t%g@@}ﬁt lsec&ntlﬁgéﬁ%'b\é al kbR oS AP Gizd TdBHP BiMBsifih&S Tk han 50 ppm

It is to be un ood that flame retardant compositions of thi€ invention
can cont ailh t@eagratiyl hop-folymietiefllameaptirdmtsgapeiping highikeals eftiah beeminat e &0 ppm when

det erm ned byt g §r01tnnx§tanﬂrh?ghcxﬂ&?ct?llalewaéht%Qﬂnﬁa@édsﬂo%eém RECHEPHY at these

| ow concentrations.
compatibility.

[0032] Preferred flame retardant compositions of this invention have a Ty within the range
of from about 35°C to about 165°C, and preferably within the range of from about 75°C to
.20 about 135°C. Such T, values portend good moldibility when formulated in HIPS or ABS
and good HDT values for products molded from such formulations. If the T, value is too
high, the molding qualities of the formulation will exhibit too low of a melt flow, whereas
if the T, is too low, HDT values for the final molded article can be unacceptably low.
The glass transition témperature analysis is described in the “Analytical Methods” section

25 herein,
[0033] The flame retardant compositions of this invention contain at least about 65 wt%
bromine as determined by analysis of the flame retardant composition by X-Ray
Fluorescence analysis (See the “Analytical Methods” section herein).  Since the
brominated ACTVAP or ACTSP components of the compositions of this invention are
30  produced from very robust and well designed base ACTVAP or ACTSP it is possible to
apply bromination process conditions that will push the bromine content of these polymers
to very high levels without attendant excessive thermally labile bromine production, and
excessive chain degradation. Flame retardant compositions of this invention contain from

about 65 wt% to about 80 wt% bromine. It is believed that a particularly commercially
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[ 0038] Besides having low thermally |abile brom ne contents, conpositions
of this invention nust be otherwise thernmally stable. They nust be
thermally stable so they do not degrade during the nolding or conpounding
processes. They al so nust be stable under expected con

transport %@2%?/&8;%& But the conposition cannot be S?thll\//ﬁek? 0§8é7t9a Ie si nce
to function as a flanme retardant in the host H PS or ABS substrate, the
brom nat ed ACTVAP or ACTSP constituent needs to thernmally degrade only in
the face of eitfaptve rangg willtbe from apayt 2D wighy fo pbeut 3¢ wigh hiomise.oBioREe CHERS when i n
adm xture W td 3mfd@EPmsh BURT lo Belde 7SWEE brofifielake t2Raved fotle odiaory NET gi St

it does degrade and release its flanme retarding bromne at a tenperature,
which is cl osfeamy a gpmgereial sipndppinth eTheekighe Pamine ecsntertisafor sy llenepstagiidect ed at a
“flame front. com%ﬁbns%@klﬁ@ﬁ%n@dn sH¥d énlaﬁe RiveiiAR rétﬂddnpltoﬁfl QB@aWE%llﬂ the flame
chem stry and ther function as a flane retardant: lﬁéﬁeflarre
retardant ¥ ndast W%O(éb‘ﬂ@lﬁd@iafsthel' Aeperratardmg Rtominstcpitent Pﬂéﬂﬂ Sor d-to be an

i ndi cator of how,a rsandisatas ik Tl BLA Rk b Irt tcﬂzﬁr\Je%Bmf'tﬁk @a%ual use.
Conpositions of this invention can have a TGA 5 l'oss, under nitrogen,

at a tenper atretadanhgamppstionhe r ange of from about 290C to about 380C. It is
expect ed t haty oéslafrﬁelfﬁm@ rd FAAH ALl ROUSHS Yoihibd, oBI Bfife Fon] E30u7 Wt %0 | 0SS
under nitrogen at a tenperature wthin the range of from 10 about 300C to
about 370C. Rbfubf Stb@rrmrtqéubswmiswria@égromnglwmsre*émbvmnh&ﬁ@tahlyftbﬁw a
descripti gf %ulv%g@f?@. mm [ooa%?ke%maﬁ%wsmmg pafar,la Blosp ih R¥GRLMAN, as
before said have good color. measured by the Hunter "Solution Col or Val ue
Test descri bedistibutiqnh dhuspppgh Wh gep inMae pdpser disibytiop ma eqgniapyffrom ghautdonposi ti on
obtai ns Del t g, &qyas Ur%&.nwswaennentsfb%r arar}ﬁg&pqén Al iR0R @ROKH: aRrafle Lt @hput 15 17.
When the color 1s measured for the so )ositron in accordance wth
ASTM D1925, \Hasigalhedermpipelbiper dtsﬁéutroangeanbﬁle forappalispepnstituenty asgpraspreds ar e

obtai ned. Prejfe HE S1aRHk SreiMaldd| Bmbdfiod ARDrcRbies MnPBréHRI 1 to about
6. [0041] Iteclfység\(n?% %I’Sls ﬁle scé1 etwd t|Csm¥)nvgnt| onct easlt n? é conpositions of |
this invenii dnone@ducbepress@dls ia rpogyaher Wﬁm@nwftﬂw dstithwporf. | Iy deesrnet Welddent s, e. g.
hal ogenat ed i Yt @R Bhch Cor {GEaht Ss nfntfbned Iy,

decabr onodi p%{:{% %artleS ggécea ?ro%{) %ﬁgnyfeﬁrler an(’sj trétt P%b%r%vrlr%lf)?sphenol
provi ded t hat suwtbhcqmphemonﬁ bfah'emwmlmszamchlﬁlnm brpmiapted AGDAR & Add'SRot .
frustrate then RERhAGRhR koSt EhEARROS hit AerSBAS BEhEALH CS. [0042]
It is to be rst oo hat since most he conpositions of

invention ar esamoﬁpfqrshfdbremmaﬁd AEAY AP o7 AGTSE b riderianeatse dunzT Of/Aw“tb'Pe ACT SP,
when quanbyt %bs\éﬁa{?{] 135 IR bRk %ﬁmb‘ﬁ@t‘o‘n‘leﬁ MoE b'hﬁxﬁﬁet %’ X0F JfP'EPeS tions of
this invention, suc f'les are considered to al so apply to the brom nated
ACTVAP or ACTrmsurmeqffvrMhé"heaa;hplah@abllllestratedgfolrpgs brom ne w % cont ent,

thermal 'y | abg} .0k QFh RGN ORGSRt . TGA color, nol ecular weights, etc.
30Ther mopl astic Form ai&}aons of this Invention [0043 The fl anme retardant

conposi tions of this iGnbrdHtGHchBrUEed: ICh¢lhebsopBasti c fornul ati ons
based on HPS, ot ABS: RS A0 ARSAL Sobohl PRt 0 the art and are

comercially avail e from several sources
25 then,

X = BImoles / Phenyl average
Total moles of Bromine (Bry,es) is given by:

Brimoles = (My, (brominated)) - (Wt% Br/ 80}

30 The average number of phenyl rings in one mole (Phenyl averge) is given by
Pheﬂyl average = 2+n average ‘
where:
N average = (Mn (unbrominated) — -196. 29)/ 104.15
angd:
35

Ma (unbrominated) = M, (brominated) * (1- wt% Br/100),
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[0044] Preferably the conpositions of this invention are used as additive
flame retardants and are fornulated with the H PS or ABS based fornul ation
in an anount sufficient to obtain the |level of flame retardancy sought,
generally a UL 94 ratlng of V-0 or V-2 for 1/8 inch (3. Strips
produced f PR S, nul ati on. The formul ation can corrppr%lﬂﬂégzoogﬁikﬁ pr obabl y
w Il conprise, other conventional additives. Conventional additives, such
as flame retardant synergists, antioxidants, UV stabilizers, drip

suppr essant s, thgséfepre itedven bpact nodi fiers, fillers, acid scavengers, blowing
agents, and the |ike, can be included sel ected and used in suitable anmounts
in the fornul at’ ®RsuasPliesyl appr oMs bates t 1 ABH 8V t hené unct i on that each
additive is to perform Such selection and anobunts are within the 10routine
skill of the aF Migainuey P Sr { &Y/ @riSland-ABS 1 Hededl0f btlhul ati ons of this
invention contain a flanme retardant synergist. [00451 Fl anme retarded H PS
and ABS based forFmi atinens @ShtBai/ i@ t KM whees atigevt®fBi0@nPaBoUt 3 to
about 25 wt % FHahe retardant conpositions of this invention, the w % being
based on the total weight of the fornulation. Preferred amounts are within
t he range 1@50Fhekvalnesatsgiven Br ¢ach eftthgRromisataftExamplgs 0Bl LThe f1 ane ret ar dant
conposi tions f g ergist.
These synergl@{):ls'SS gﬁeewl ﬁ\gfs%;e}lt"itehlg aﬂgc?eg O%Tl%“n%;bfdge: ceEseh é’%tyef} 'lgfgﬁl nat ed
flame ret ar daberginaioul ofithe buse| ACTRIAGveriACTSRe PammeterEseainis.arymipfios tieh syner gi st s
are iron oxi dcedtal qugd paQJl)gI Stmoufil rea&n‘f)l?g \yeﬁlbte)fcuon gérm@Xn(ﬂ)ﬁé g’ﬁouﬁty&er gi st,

such as, antinony trr oxl ant | m)ny 0 pent oxi potassi um anti noni te
sodi um ant i nobwmleﬁ prEfuat, cams ufhvenco fthef dmmnm of eromindidgntobtaypker GesBromighieon used,

general |y, lé’ﬁ?@ﬁ p3(;)he range of up to about 12 w % based on the tot aI

wei ght of or “ABS based fornul ati on, Synergi st amounts wi |l nost
often fall wi0P36hDespite thanq@eveb'fhlg%rbmmuabgmnmbf the flathyoetard @t wtn%)sﬂ[()epdrt ures from
the Toregol NGyl ARk PLORRALE |k haéoﬁlppsﬁ[om B3 B MARNEN R R F e

necessary or deésira der™t artrcular circunstances and, and
such departurtegma!iyéahMbdqmrmCt:M@HSCope and cont enpl ati on of th| s i nvention.
[00471 This WS Peb ol WG URBACEBARE (h GO FRSLIO Bt ulihe R[] are
retardant conpositions of t ventl on are nded wi th conventi onal
anount s of20 c olewnnd faﬁhjwnhm/té@raam:cbf Wb theldetRSbisrlimABSS thatest tawbpuy RP00mami o (HI PS or
ABS : conposi t} to 70: 30.
Such rrasterba(ltwgﬁh@ gtr‘]}uh%'d?) ?Sgéri]?{ﬁ]e@té 8weltghtrhbt[ﬁéem&€£g?@§§ glga'r%@%{ﬂ ;H]Sg(?gl east one
fl ame ret ar dafot 15 yiretegiins tcogrdanbe agh ihe onethost idekeribed iim the hdnattieal Mathods’ef er abl y an
antinony oxi dS%CtIO q’l”l%ofr e%h%rrﬁiaﬂﬂlabﬁ%/ Bl%ﬁngesc{mténlt‘scaa}aﬁsoaﬂh'Mi'ﬂ%het Hn?_ﬁn'—:rde’

ant i nony pentoxli de, tassi um antinonite, I'um antinmonite e thus
formed nast emmt cﬂfesn the detestable dilmhteofitipe thae to"sbatt 7xloppni'ani frorpitiedetentab®BS t o f orm

the finished f t . edr used to
brepar e 1o bUERdL Martsp e At b, Yk SRR LBRATE PSR (P24 b
or ABS, the flnrmrsevf rhettaradtamdemdrpy)matqembledbsstthrscm&'pm wvalyofcomingwbenany ot her
conponents or re ients can be

bl ended t oget ﬁéemgu q%glea uereE mpaﬁ %ﬁdkf h@?é@?‘%ﬁﬂ l§$§ﬂ&5g§m&ﬁ 'ltjogt%on

conpr essi on, wderstpgdgiedt flore rntmidmt crgnposl_tldnevﬁtlsemtdneon@motwemesnadnhblbe m xed
together in a, Banbury, el thafla gnt%*ag,gﬂ%em $Sihinedby" tgssxh ek ba @?gfneader, or
other simlar m Xing device, for |ntot esired Torm or

conf i gur at3D onprsaisidn aad;actayacexttthqaslowruorfcoitl‘atmned by 10 comm nution into granul es
or pell ej[ S, 0 0 BQE(Q? rh &OYM EB%H}ﬁ Sfabllg) rbﬁ)ﬁn?r[]r&q{eflth Ssﬁtoﬁ’sr gfe%lsHl PS or ABS
formul ati ons ferern or ose t hat gpalllty of form ng
nmol ded speci nmmnamf m®t B otrerw by mmawa@m hdyrmetst Yehharkallg skhle sdthty qoass at

| east the UL 9 e |1 [.Ci al
ity are ThoStechyBe i R Eihank dhocies, Mo IR O

f orm ng nol dedchdepepice pndilio® afmwweq ind@ti and kiyragehiBekthe composition cannot be

35  overly stable since to function as a flame retardant in the host HIPS or ABS substrate, the
brominated ACTVAP or ACTSP constituent needs to thermally degrade only in the face

of a fire threat. It is a feature of aryl bromine that, when in admixture with a flame
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15 that obtain a UL 94 V2 rating. Brom nation of ACTVAP or ACTSP. [0049]
The conpatibility and effectiveness of the brom nated ACTVAP and ACTSP of
this invention in HPS and ABS resins |leads to the belief that these

brom nat ed I rs would be simlarly conpatible and i L. pol yner
al I oys and @B@?@@%@nt aining HPS or ABS. Such H PS bagjecfaﬁgas#‘?og@@%ncl ude,
but are not limted to, PPO-H PS. Such ABS 20based al |l oys include, but are
not limted to, PCABS. Thus, the phrase, "H PS and ABS" resins or _
formul ations relrdauatypergiy. iindgey dlserpiepisd slaasppls Baist B2HNEgbaMPG s 2and bl ends.
Br ot natti on_oferANBR iR AGTSR i85l 1 nfpBalbi:oRdaRk IR Merka pr OCesSesS
of this invention conprise brom nating 25 ACTVAP or ACTSP with a

brom nating agke fiamd Push fedrasetevsdhrchaongpe tg intesierg Withithe flamp ehsmisey 24| Br 3 and
sol vent. The QEewy hitib2R a BiRCRERAGH. Of this invention can be conducted as a
bat ch, sem -batch or as a continuous process. [0051] As noted previously,

preferred Protl83N dbe Gpmersizrdant dustiy poptidesaiene Geamerotuhpiy TGHatdet eri zed as
having the ACGIMAR#R: offehIeahdifhicl Rmd rekLARLAN p@SmRinSQLILE. IComPs@¥AsM ty 30 to
and contenporaneously with joint or separate feed(s) to the reactor of the
bromi nat i ng agfehit inggon 198 e THA Suidhlofscwed nijeedio! 8 IBRERTPECENP e | i qui d
contents of thgero@AGh Woul 2964Eb hbuPBshc WitkxsRlcY B thd TRAL redkdahi§RMsdyni tiation
and the crude reaction nass after feeding has been initiated) and such
feeds form ng¥ilvirefer 2 HeA priittoiless updsarivesen ¥ dritmnstayre Wity tigengceddeon nass at
lleast compi Shyag WoTBbRB7ET iRer 38 BCAR icAMIBds” ARG oS RrdE Ry -2 The crude
reaction 12 mass can also contain unreacted brom nating agent, especially
when the desi feseripEonfddSiepadysisis to have a very high wt % broni ne content,

say above abOFﬁMO? %o%é){?tioﬁmttltwrnv&lh@‘n,s% ford ARURTe! dod Bidr. ¥ thlasdridkgy! Y be
present in all cases is N-bronmpbam nes, which are suspected to give rise to

undesi rabl e cHF dtuntsoSptetion Lrriprt Yol kg dpscribedi i dhetAoalirel. Myhessesestioni ne
conponent s ar gerdofMschihpdRiof UM Defta PNbaINAR Y thNoardgelor AiMlatRE® 4dSkoved from the
chain transfer polynerization pronoter, such as, _

NAN N-t et rianedhy Waemipe evleris aitpsiesd fgrolpselid erposiénvie secoiss wih ASFMt he ACTVAP
or ACTSP f eedpigspfBletahing hdlns 3Rod fhohi 8o 3RLVEM othidl. brreRtseyichar ged to
the reactor before feeding begins. [0053] The solvent used in the ACTVAP or
ACTSP and r eataluss appishie haragee & dampout 0o govefet ed from any of the fol | ow ng
exenpl ary sol wa# $ois HluGh HeSQPBLNAD Gwentbth 2 HRTEH RRRN6s PIRTRENPEATEL hane,
bronotrichl oronethane, chloroform 1,2- dibronoethane, 1, 1-dibronoethane,

1- br or no- 2- ehbowseé trhadpixturg with giherHflame Geardmatie e g1halogonated porhyigiaemptitne,

1,1,2, 2t elor ah&m%ﬁﬂaﬁlﬁg é—g.z'déialgfoﬁgaﬁ{emﬂﬁe, %égﬁﬁm&énylether and
chl or opr opane, 1- br onobut ane, 2- br onobut ane, 2- br ono- 2- net hyl propane, | - 15

br onmopent ane, tetrabsmgibispherepe Rrozided th%-sm_hdﬁféi Damperetrgansuand thsir amowisoleohexane,  1-
bromohept ane, \HrQAREYife o ARRN AN 6S thAddflreh EdipoGhion SRFRESsich OOl 0gs, or anal ogs
thereof and m xtures of any two or nore of the foregoing. Preferred

sol vents are HIEHIOR i tderstooddhyrsived Bk htineomparitong oDt iv¥shtisr d&t hane.
Bronmochl or ometHaRg.qiof afleRBSH Wit G5hidadd REBIAPEH AXAKKENhen KALBEDAL: VWhat ever
the solvent chosen is, It Is inportant to insure that it is relatively free
of water. Aat ayalifativet yrduer ceec raciad By sompasidonsi oigthisr wrankets isedh valuer g f ect

catal ytic act pykihdfeddh afshpphl B BSmihated Wik APSS QQSE RELIFA Whed BPHADIE, :
CGenerally, it is best that the solvent contain | ess than about 50 ppm

(wei ght / wei ght} Vatbegmine] W% eguiend hesmoliyt labile tipming e toapiens EGdutdPrbe dry. The
brom nating ageptyar Geights, 2-0M ne, should not contain nore than about 30 ppm
water. 25 The ACTVAP or ACTSP should al so be sufficiently dry so as to not
i ntroduce del eterious anmounts of water into the brom nation. [0055] The

anount of {ol e odiddid PG Ma IV 1 Inviebe” feed is that ampunt which at

[0043] The flame retardant compositions of this invention can be used in thermoplastic

formulations based on HIPS or ABS. HIPS and ABS are well known to the art and are

commercially available from several sources.
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| east enables the formation of a free-flowng, low viscosity solutions. In
cases where the ACTVAP or ACTSP is liquid, consideration for using a
sol vent-free ACTVAP or ACTSP 30 feed can be given. However, if has been
found that the use of a solvent is preferred as it hel e ACTVAP
or ACTSP feed Y3 8%t efficient bronination can occur ?%Tﬂ]ﬁ%dﬂ%@gé}{%l on nass.
Cenerally, when the solvent is bronochl oronet hane, from about 60 to about
80 W % of the ACTVAP or ACTSP feed will be solvent. Preferred amounts of
sol vent are fOBHI Bisforbly th cemassitions Sf this inyeiwin arg ssedupsolditivedlame AL The
pre-charge of 5,3 QleMGRulale® with e HIRE LOLB PR fornRlafidhEin o BRSANurRRA 62t al yst s
feeds is that amount which will provide a sufficient nass to provide an
adequat e heat obsinthe levs! ofiflaperetalancy soupl gencerlly g HE ObFagng i dtq oY-3 wabd i on
corbi ned wi thy Ehk@Z%‘:r}ttesP ‘Bloﬁﬁde@ﬂoxﬁ’thetfct}ﬁulpt}’onr @Rl <§19c$ ke, @ " heat
ki ck" or terrperature5| is mnimzed in the proximty of t he above
ment i oned f eethd profablytwill sor@n@P othgr C¢“§¢"&P‘§kﬁdé¢l@ﬁeGWEWU?Wthdlﬁihﬁé se¢pdle react or
cont ent s/ cr udg, f.e 35, RftoRiabhid @R LibileR R 4 RighdTBS S
uniformty thgarn{eel %&fdb@&y%?g? l? %rtsom at revi ouspe?urgﬁgs reg% sfatur at ed
Wi th HBr reduioesst m@ﬁﬂmﬁﬂlﬁralaCldémmerbrblowh'e agats| ?ndghesly@tcéi'ﬁmlﬂlcwré react or
~and for that fel S ure i SR TR QOB G Alprop RN o AUAAL oS -

10[ 0057] The {&%ggog&gg%d@g Itﬁ)cf agfsau etlp"slglﬁute ]ign ?S g S g{om ne, separate
from the bronfundivd thgt eagferdditive ésdo thve%ﬂch @l?@tivnain@e'p@:mﬁtaefdw'@bw ng schene
| s not prgper nﬂl:fla hak %@dfonﬁﬁ bl Msaeftdh i ng agent
be brom ngbanﬁﬁ‘g’ﬁsmgﬁﬁé%%m a the Z&romgltr'ie an as aSS| ngl e feed.
Al Br3 readi| yeodiaisgdlvestaidant meygishe.  The anount of AI Br3 fed, whether
separatel y or ghJy) ﬁﬁmpumegmingdhAﬁéﬂsas&rfamamao,rs%ﬁlam Iy d;ealtaegeyéfl c 15
anmount uff|C|ent to provi rom about 3 to about nole % Al Br3 per nole
of brom ne feffom Rlb)luef* 6% ahpuB2S Wi%(ﬂam ggherdags feoppayiigys 06 @hiszinuapiegng the Wi
Br ot e/ 159. SolngXask ¥ nd @R en 15 HIMUon OPreRA QI Ll hdYfge amount
required to achr'eve the desi red om nation | evel sought assum ng sone
smal | Iossl5of0flfromrﬁbm5®\ﬁquésa\d%\nth by product BBL Thus, for exanple,
obtaining a 6 bR GATRISb £0 uscR RN Harde BBy eS Of
brom ne are f@gyﬁ)%ﬁrjﬁ) eragr?&@w{\ gr(())up preslent |usr? a gl ?/en tACT AP or
ACTSP, whi | e, syntreist. dbesé mmgsts we dlbseahanaracmznonky%ﬁwotﬂﬁmébreromt@hﬂameabout 3.3
ol es of bro f Fo R aR T ERREAYof HEPURLBUEFE R ox)iEMcODT ai ni ng
very high brg}ﬁaﬁjé'ﬂé%d a%%’ﬁ?gn%@kggg' a%ogl?%% wt%%eb?otm ne, noz)a( bout C4 5 nol es
of brom ne ar bordiedr,peefershiyl, @ntinfonp laxidgy byngrgisupicp pse getimony Em@@]amlﬂmnmxanpl e,
for the bag 2 (0] RAYEr age n{fRuldg nol es of
phenyl gr oupsf’bémg)%fgﬁ)r’rgjg!(:s?gc%;};l Jm“ g_|§';1Ose A%lr %’Ytglerl vé‘%?ggn t ol ugne is given by
t he fol | owi ngsyndviibtewish esrl germ*lh! WACTSR the ringe-ofipvte plpgel 2wt Hagetlfan the196, 29) /
104.15). 30 [ | [ 180 O LB dudes QEmGR DR P! Y A
charge brom n%@g@llgﬁ&% gﬁies aé%t%tb?%gs Eﬁmﬁ ?Yxﬁ{%ss ?ﬁdrlllol?es rtnﬁse éma Il mass of
t he ACTVAP"" bfathmithin, thedrahgs oof fudmeabotmlsimb@mi@m% o@ewﬁmﬁh@m@ﬁmf@w@my br omi ne
and thus resu| QUBNniL Heonpensat e
for brom ne I(%é% 'ocpeé%ﬁ,'olaggﬂé eﬁﬁﬁ?_@l«f@ﬁ&&% O(L?'J% ‘{%I'%g %T ?R&LeEtZG) wt Br
=. W % Br 25wt patTThoARhuontarrat ed hewd, AGT belqpmurﬁat@d within AT \saepg nisddmi nat ed /

(1-wt % Br) Thyo%templation of this invention.

.[0047] This invention includes masterbatch compositions in which flame retardant
compositions of this invention are blended with conventional amounts of common
additives and with HIPS or ABS in a weight ratio (HIPS or ABS :composition of the
30 invention) in the range of, say, 1:99 to 70:30. Such masterbatch formulations need not,
but may also contain at least one flame retardant synergist such as iron oxide, zinc borate,
or preferably an antimony oxide flame retardant synergist such as antimony trioxide,

antimony pentoxide, potassium antimonite, sodium antimonite. The thus formed
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w Br wt%Br [wt ACTVAP. Roruminanu /(1-wt%Br)] 5and Mbles bromne = 2 w
Br / 159.81 Moles Bromne 2 w%Br * bwt ACTVAP, "brom nated /(1-w % Br)]
/159.81 [0061] It is preferred toifeed, as close as is possible, just the
amount of brom ne needed to 10 obtain the wt % broni ne j . excess
broni ne is Y&d" 1t at 1 east some of that excess will q)%éj/lgsg&pﬁée%%:r ude
reaction nmass and will have to be renoved irn down-stream finishing steps.
However, not using excess brom ne feed becones problematic when the
practitioner Masttbaiehes e wilghls P b get domamimElSoet SRS te depoe fiPisked say from
about 74 to 7@.W.HpProm ne. To obtain such conpositions an excess of from
about .05%to about 2% 15brom ne is used to provide the nost favorable
reacti on ki nel0948kVeripus knoypneecedusgs caf bOBRY taNrapaEy B blepds erdfaiptionsr t he
presence of excass l@(eﬂmFerexhrH'plé e uFsWd R Bt GRCAR '?etmisconﬁm}ﬁﬁ 3f inQnal

techni ques recogni zed in the art to rempve such excess bronine can be used,
e.g. using’a inedinapganyehat comaongnts argerredients ¢ fejuped in the figished &rmuletipd bromi ne to
wat er sol ubl e.,ppoMl A& SalhESn psIRIENES and ifereHRF m&@&mquroy%gmsra%n the use
such reduci ng agents tends to 20 encourage the formation of an enul sion
and/ or rag dutriimgrtisbmeldae. tLilswite Hie-compaagig ¢an hieghikaigtogethepd. 2 Bedlry enul si on
or rag | ayer fausesGaRAnALL aRithlild Gl SouRndhibk ARERSelBelld whenci es. It
is a feature of this Invention that these emulsions and rag | ayers can be
easi | y handl elgmisy intaethyslesired ferpy praeenfigiraion eugh, ass byjicyimsigpdelboped hyl fate, to
att enuat e ;jhe : ,q,lera&l AE 0P by Btler RidWASHENNRR! briErred Ble1 PE. 25

[ 0063] ThebA @%ugé ACT%lrg ) enat |0ngyaggrnt and Al Br3rf ertrads sﬁoul d be
made beneath rteh@ahHWﬁ@céBéformhlenqne@mr@?d heteit @ Hosg thet deei teacapadity ¢fnd i n cl ose
proxinity to g 46132 b bn 78 ch bifkikcResh MAE P Abad iRt the
brom nati on of Egr%lm KI%IH%? ACTSP sﬂc dﬁocc‘fur u?sc) Iy&‘ts earlét es of
reaction for Uhé“kﬁ@@m hexs PfefnsedolfutEtﬁllf@Vlllm@ﬁlFfF@erUéWearv@Psym‘?ﬁs‘t AdSe to
reaction kine WiAng chebapdBfinyt RERRESRo10Q spdclhesis 1 SMRTEAQRen) tR& T at &-
determ ni ng 3%} cmr;ogr |qsgttert}§f’ratyg; g)%ﬁn% rsgms ¢ S gce °ﬁe use of

pr oxi mat e 1 eetis Obtsmdé‘éﬁgﬁé@htl%BtdﬁaltaUWPéAE@‘ééP em"t(éTSQnd catal yst are cl ose,
one to the o it QrodiPenss Sk BB ARTORP AR hefst o Lhe feed
of the Al1Br3 l!aﬁ@]sgﬁtl gﬁb{/\{[}?ﬁ' Ff%nll ne. m[)ﬁﬁ eved that the brom ne
precondi ti onsthis mefcmsloBrn:;ﬂP%artdhAeBSaretlnS\}@dsctatﬂalbyl@f thatt thasebrggingtprbpoliges cat al yst
Is active V\’hewo %an%ﬁ)dcom%lﬁle aﬁ&&fg&tgyﬁx p%@mkﬂﬁngn(ﬁJléﬂ§@coptﬁlﬂPﬁé fiigsy of the

feeds is to prOV| feed tubes 1nto the reactor

contents/ reachH’dﬁ rPaghsHIBS bised dlomg@mdhéwt ayonqt h@!tedtlhéimdl“g& hér§eBSn adj acent
paral | el | Dhs i aNGE Srciubid B AR 3G rlleli & Cf’dﬁ Q§§ ThOWAdh bR VI Y 2§ d-eeds

di scharge beneath t'he reactor content/crude reaction mass liquid levels is
benefici al asrejins Oeﬁwmﬂ@@nsvhlacaﬂtthér’edq HPHand tABdicensdipag dlloys aa%dvl fromthe
feeding area. 5 Having a "hot spot" at the feeding area is to be avoided to
the extent commercially possible. Again, stirring of the reactor

contents/cr ud@&m&w&iﬁl ds in heat dispersion. [ 0065] The
amount of SOl i 15 e BRAEForh Ok Nfiack 8RCLORisSHOUMih BeniRAbroRRM necessary
to acconplisht eat di ssi pation finct | on. W t hout rdeni ng the process
wi th hi ghe$ thé”ﬁV&E)ornP«géFéBehthrabremlnalnghan@ml nghegrepsd g catflpggeapunpfe feed rate
of the indivigyal, E%ade%t Srfagwoﬂn Aaﬁ‘on ocmsah)f%ﬁs ;nsennaﬁédh%%omaédl dering the
reactor size and desi gn, at nust be handl ed and the cooling

avai l abl e t o betbissini- bawhheaatacmn@gemis t he feedi ng appar at us avail abl e and
the ability t Oﬁ?]fA?lnXtc(? RAL&! f%ye{]enyd HoQE b ﬁl@sx veIm & %@%m&&ﬁﬁnyp%s' bl e
feed rates, the nore e |C|e ocess 67] During the co-feed,
the reactor conteerized shades theé@thOfn%%TsSPinmPEPa%@r akem'utatn PEOXiT@iyper at ur e

wi thin the, raﬂﬂgd &fntekfiéémeaﬁg%m 9%3% ﬁp@‘zﬁ(a%;h t&%ﬁh@ﬁ)%n%tu’@ thin the
range of fro out bout he fee e reactor are .

conveni ent |y #geu and thabiBot sugnfoeds heing sebspdacaithe iquid vaewféierﬁeat?‘h@“{“ébfct or _
cont ent S/ Cr udg i BAGHER M Brieed RIRAE ARl RALIR AL ARG hlGeLeACt Of 1S
provi ded with adequate cool I ng Ot enperature s bée neasured as
close to the hee@d)anmdafsedﬁ@npmao*tﬂhdalmltla[ BOEB torEne, w@sw@@n messethe react or
during the br Qi (e drmifls AEHAKR ACTSHAG: AdWRBRCHL enlt ERAM e Deing
the norm However, I gh pressures aré not preferred in the context of
equi pnent requi renents and safety issues Autogenous pressures are

per m ssi bl e. 12
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25[ 0069] Subsequent to the reactant and catalyst feeds, it is permssible
to allow the reaction nmass to experience a ride tine to ensure that
brom nat i on has ceased. It is perm ssible, when brom nating above 71 w %
brom ne, |l ow the tenperature to warmto about 25C Jlltate
consunpt i on éﬁ%g/ﬂgéﬁct out as much of the fed brom ne apt&é&g&g@{l%al Thi s
is particularly desirable when brom nati ng above 73% and where the 30
practitioner decides to forgo the use of a brom ne reducing agent during
the initial dBAIEGHS aljoSARRD swreaded Broaynging agsyt. eprstid|yoheamdher degiredayer
di fficulties. oWisfioRs O&l%beng v&&%@hywth%ﬂ@rcmnAg VARVO LISk, L he ride
times wll be longer than if |ower brom nated products are sought.
General |y, ri&nstheqotpsssof depputity that wilt lékely b pregntrin piliages isd¥-brompdmieg|which 16 [ 0070]
After the f_ee(ﬁjesn%@&edqs)gpéﬁ&%ﬂun@&qm}lé@lo“ﬂ@s derlrlﬁ:rmdllg la@f‘é’broxﬁﬁé massed, the
crude reaction ss Is renoved fromthe reactor quénched 1n water. The
quench wat &r asis ceoprmerityare imphitieh tyrd io ACT VéB@Uf\CI%O@d IS rteréved fropnthe
dodecyl sul f at g, 1 t MaEnet he Al Br3

L &ain (rﬁgﬂe%g/énc ag(h\ p%omoTc}?%uéﬁ’% ®IN. ﬁ-’%’ Qetltaﬂct%ém}l%ng ne

catalyst, while t suI at e 'hel break any 5 ernulsion or rag |ayer
that is for nB[ﬂQ52EFﬁ9ISBIiV@h§10¥9ﬂ for ghy A(EWé\IPS)r AFESHiees iy prefqrablythe samaas thet e based

r educi ng age%ﬁerﬁgl%,ypﬁsamx % bAYGERRAARLRI LM ne or when hi gh brom ne
contents are sought &P or ACTSP that are very high in brom ne content,
tend to forml8¢fd Thetsﬁlvﬁ'ar‘lg@ ande ACAYBP eos v SBrandi neagtop prefchasge eapltieds (see

Br om nati g EXRIRI e NA! N NBAT hoHo,AR6 SRKHES) soll B85 € afibrbdnnt the
absence of a surfactant, g. 10 dodec e mgrate to and are
suspended in Ctlbi@mtmfd?ems bﬂoay@%or@reémq, ngm@}ﬁmélhimﬁt@nﬁ orchleggfprinayled with the
aqueous phas ey, Adinkie0n, | Afbrduden ! | %Fn@%hl‘b%&%n% S1 b Bichb bt oy 2f the
solids to the organic phase and the formation of a thin slurry’in the
organic | ayermbrpmoeﬂ@nebel i elbdtetritsamostharfeact dtdibrereapraptyie] | zd-temd-hterfere
wth the appaahﬁrbhmg&@faq%m%m,% (%%fr@noﬁ’mn%nt b dmdf-m %h‘ﬁp%hé dsj.and prevent
their aggregatio near conplete elimnation of 15a rag | ayer.
[0071] As lherhrmme@narelvﬁ@hrgmpentmfe thém@pﬁd@thy@atene» ofrbipmekexane, F-or t hat
matter, any %rmgﬁ npm%cﬁm&xahes aﬁdr]ﬁl@{d%émg@%mﬁﬁ)gs er%m)%sttltfb?eopgngm nation,
contai ns unreacte r'om ne, such brom ne content can ower ed

el i m nated bymixtyes ok@ydfo er merdatihnépresgient Prelsrelowivents are Highlpewehare to wat er
sol ubl e brom g, BRI 2. d‘léﬂﬁrole&ﬁ eOBrofGHbrE e 09 pAEEHR SprefBRta! cularfy
20 the sulfites can exacer bate enul sion and rag Iaye handling efforts.
Therefore, itsoventpreferred to keep the initial bronine content of the crude
reaction ggRSsy hatWE the dofvehtflsed i, i TmpBhAE oliGRe thal R&Nethdvell el erred to
use only gﬁougﬁqw&%{tt%oovf Jslﬁr%sfl te neepg to r|et at he %ta?gcferl stic red
col or of freevdgroWatein ihy raagfion systemduong btmrnpgort vidl affect catahysin ewsivity ddficor i metri ¢
titration is Ajg fa%twaﬂ%cfo@nzﬁ% thé 2k, 0842k G gégﬁmmhe SIERRYERM _RL Y
perfornmed at a jient te rature and genera fy speaki ng no heating ot her
than the. heatth@fabgbﬁ%nnﬂbwemht/wewi)d@m Ipigar & wpesschtldeacigniefhpeéd be diy-phase
separation, SiIGR &n oS shatftd hoY CorOHbD kb AbuSREGHMEREaN be
present it is pref]rm{r&eIé| téaénkldnl mnlzeS eatol n(Z;n of trhe m x{]ure andteto limt
exposure 2 VIhSASTTYAPoghETSPTshpuld alsodr sufficientliydrg emis tenat éntoduce ¢eleksEPysi ng t o

ensure a | ow gherosll.y | akietfonfigpd ne content. 30 [0073] The water quench
does not have a ride tine as the deactivation of the AI'Br3 and the

reduction of [BPShThveanjount o€ spiyeyt ip et Al VaPews ML TAB faehds that ymeunt whigh fon mass i s
fed to the qug péaas{@tu@rfor%.o%wﬁ& m@rloaeméegl@gomﬁptm SRkUikRMe Once the
quench is conplete, two defined phases are forfed, an agueous phase and an
organi ¢ phas eACTVP @AGAAT & lighidsensidonta fprasispt winnt-fgpn ACTHAP pr AfSRat ed ACTVAP
or ACTVSPGO ani@cd"@alk !)e i)ﬁ:gul-lf)\?cvtep rfthgselfeen f%an tﬁali %@EWE sol;l;gt 1's Pﬂefeh@cf-a@ i(t reatment,
the organic phase is separated fromt aqueous phase. After the water
quench and phizlpe dduphe ACTHAP of ACTE @edmoélﬁaéﬁff gight fb@aww@ P o¢chi 18 thenvent i on
that the orgaplGoPhasecdn aWi%JH@rgtthBlbenfins%ﬁ&h]&%ﬂkd‘l‘ﬂk beg b 6le sol ution.

The borohydride and 1ts borane products act to convert unreacted

bromi nati ng atpenit80 va%cpf therASPh Yid ‘(rl ACEPHeed vihhbebadvegt i Preferrd amownseeft ) and

N- br onpani nes vkrﬁ%@ﬁ\%taﬁfuté%ddpéﬁo Ettﬁw%, in the case of sone N-brom des,
to am nes whi cl‘n ave some water solubility. The use of sodium borohydride
to reduce bromne in the production of brom nated polystyrenes i s known.
However, a novel feature of preferred pProcesses of this invention is the
use of a caustic solution of sodium borohydride to reduce the anount of
N7br onbam ne derived col or 10 bodi es that acconpany the brom nated ACTVAPs
or ACTSP. Thus, for the SprB¥BISEE SHEFAI RUlnlv@6) i on t he sodi um bor ohydri de
has a primary function, i.e. reduce the anmount of Norono am nes present,
and a secondary function, i.e. the reduction of any anount of brom ne



20 mnimze the anount of unreacted bromne that wll have to be handl ed
in down-stream finishing steps. [0075] As the caustic aqueous sodi um
borohydri de solution is used to treat the organic phase, an aqueous phase
is formed. The of the sodi um borohydri de solution i ST%%%‘{L 4,97’5‘}, t he

f or med aqué%%%oog(ﬁﬁé(é‘ has a pH between about 10 and abo firtiighout the
25period that the formed aqueous phase is in contact with the organic
phase. [0076] The preferred sodi um borohydride content of the treating

sol ution is vPeSkl Fhetprrechpramefesolgnt forthmicasisn oor (P, iGreactanpind Grtalgstsgeadt 6 sodi um
bor ohydr i de, Raghty, th‘?%ﬂ g,foahe Wi aém %fass tbﬁmwdgaﬁ L AGu ROkt fifiho [0077] An
i nportant feature o e ca st|cs I um boro de step 1s that a

t enper at ur e Sﬂbpamb@eat@f)ms bm@mamdeagroefc@nta@ﬁwtmhpmanoftswenqnaﬁ@eb)of from
about 54C to ﬁ&ﬁg&tHBﬁg&hQ(t ﬂ@d‘?hi@ﬂ ’rm%ﬁgb@(aﬁre § m'nﬂﬁlﬁﬁz@@ﬁt 6ﬂgxt)1(he treat ment
period. Experinentation has terrperature oes riot obtain the
hi gh att enuiattheoabopf mibptionadnfoedsi rike thisrand.eidl i ascoprefomedi et tamdﬂldeh@lﬂmﬂ I y labile
promine t hat 3}k, CABER Ml E3a00f @ pRmote Hhrmd A Rhss Hfrhity 4

tenperature i s nalntai ne or at easlp URat ampunt of tIme nee ed to obtain
t he benefits Wbt of hieel framnt previvus rgpesiwadalshtyrated witteHBi redigesube BGaldemudes. The
practitioner t ime as
suits his/ heroqxﬁ}%egg,%a%teﬂl ‘lf%fes’rg‘{c‘é’%geawﬁ%ﬁ%é@?o ﬁ%@ﬁsﬁmg% rg{m%]he organic
phase and aquedigsraninxt ure (during 5 treatnent, mixing is provided) wll
not i ceabl y, b . oyt r heori zed
that the bﬁgdns‘? h{éhg @E ncaﬁ;l/)e ﬁ@sﬁli’f %Uld% ets”’éﬁoa/% %)ar Zb%-qgél?laggs%f baeccff%“z thtﬁr esent are
quat er nary arigonhisatioe aghiafegh dogpacisedh osepatated deading Isihghé ys mlwem®e0| e. Such
Shecies, are WRLLARAty! bl Bl SEM00 Bl LFMAL LEREIY RG] of ani ¢
and basic aqueous IS 1S Served in an I nerease aw on

agitator dri vee lustelde benfed hsea snigld fagg. 44Br; 1@dily disselpreirmbromise. dho vreouGofC and
closer to 54 drive is
educed. A (BRAER LG SR, iSn G AR G ML REEH POAR T

i nconpl et &5 prva@ems@fmmatommmp §oobbwt ¥bw.ab@nt wolhFighi8r; prramqies dtomines ar e

achi eved, the,fhickening phenomenon is elimnated, and phase separation is
nearly mstanfaneous especially when tenperatures in excess of 54C are
used. 15[ 0079] THdole GeAlBF: =t(meigta bOMBr: 66T +Wdighthf Byuwuis98Budl.c sodi um

bor ohydri de treatnment or wash can be used at any tine after the water
guench step and phase separation and on any recovered organi c phase in the
down stream [PO58] Bl n@usteqfubmm'ee fed is[ @@8HJoudtt require e fehiave dhet desisdoi d
substanti r ohydri de
treat ment % H;lﬁ%é ngn elg ght(?igsgrgﬂ gon%g&gnﬁl@ops dfglrolr_ne é)lng?lze \8?!} %}[Brpd%t

20bor ohydr i deHBrr é‘msniend:xamplél@)amﬂmné\fatﬁérwt%r’peorrfmermhtalmasmmpgsmoml”ﬂémﬂ@am c phase

i s separated q S t om about
00C ¢ o about OB e RSP HRRCor AR i et i i ACRAR B0 PT0C"
t he aqueous pPAGER®, whiknplenaksming torabtmt @rfane bremmbeon&ohn@uew tnyled(éepl ng the

water at reflux te f t known in
the 25 art ofb p"#‘%"dgg?er‘%g’%ﬁ“gﬁf’m}@é gl (ﬁ?g’le{%& r ce{&lﬁegsosgtﬂﬁéqaﬁlhfﬁ bﬁﬂ rlet ment t hat
may be use§ ulcofitams, payoabowi 78 gvtbonproisé, tabain 4.5 afoles ol roiime exret fied per moshe ¢fhe use of
sub at nosphe during the flash when the conposition produced has
a low TB , adhg']yp%{grpp?eh%ﬁ about 105C. Ot herw se, for such conpositions, a
soft nmass wi I[DOSSEFq‘r@xarma& fohtht base IAICT&E-ChﬁEﬂz[{Cdiz(Eiﬁﬁdisﬁnave[agQOBzEHz{m:ae t he

sol vent has heen flashed o I wat er by 30
conventi onal rreerg?llesogpend] Cf’"lp%?erfn ]c?no(Palﬁg%? ?ﬁﬁﬁ?&{v%@:&%ghg@a% QQ "solids are
then dried bybychrrfvlt@lwungdnalb plekn ylinrpde AGKSR T 20Ue &z a@a[(Mnkéw}VgM lm nd the Tg
of the 50136 ds[g%ﬁpﬁlteq{ah@e% a%gln!oge og\;eﬁlelgtn%ng &aglsﬁm@(:!:hﬁgm&ﬁlhé l')a?&!l%n(?ﬁe this

i nventi on.
equations below (this ignores the small mass of the ACTVAPumbrominaca lost due to

substitution of the protons f)y bromine and thus results in a slight over charge of bromine,
enough to compensate for bromine lost overhead with HBr).
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[ 0083] Anot her method that nmay be useful when dealing with | ow Tg pol yners,
is to send the organic phase (after azeotropie drying to prevent corrosion
issues) to a wiped filmevaporator, a falling fil mevaporator, a continuous
strip kettle or devolitilization extruder where solv Aapidly
renmoved andNPﬁ@mﬁggﬁﬁting viscous nelt can be easily 5?%?W%§W%@§@£and t hen
granul ated or pelletized. ANALYTI CAL METHODS [0084] Knowh anal yti cal

nmet hods can be used or adapted for use in assaying the characteristics of

t he conpositions and formul dttiBsastEMBre Ki ACT Y\ emticon. 10 Total Bromi ne
Content [00851 Since {ha-BHROSLLERNRCBIALNLS NSk iBpn have good, or at

| east satisfactory, solubility 1n solvents such as t et rahydr of uran (THF),

t he determ naftiven of the total bromine content for' the conpositions of this
invention is easily accQpplishegt by Asiviag, Lo, convaatignal X- Ray

Fl uorescence techni ques. The sanple analyzed i1s a dilute sanple, say 0.1 g
+1-0.05 g Pn ®d nlL THE The XRF spectroneter can be a Phillips. PW480
Spectroneter. A standardi zed \sQlWo@iR -of. WhmPPogNzene in THF is used as the
calibration standard. The total brom ne val ues descri bed herein and
reported in the BEMalaytresing? @ w1% BHAseCHARnenRit! -#ifaPyt/ile%d! net hod. 20
Hunt er Sol ution Col or Value Test. [0086] To determ ne the color attributes
of the flame retardant conpositions of this invention, use is again nmade of
the ability tB0e Bsoirefered trefsed, esctppossiit Hossible, jupt theagpunt of beytminginsedsbOvent s, such
as chl orohgnz L b G & SedC rgj orward. 25
Weigh 5 gqgl- : n%@@?%?ﬂ%h%gﬁ%%@i?F%ﬂﬂg&%@ﬁg:%%ﬂhﬁhtgdﬁﬁﬁﬁhggf?&be. To the
tube al so addext®s willtle- i the qgude hi¢aghon espszand evill [mve sebe lgmoved; bedoyAgiredRake for 1
hour on a wri g ' IQQ@% r f | LRl the€xam ne t he
solution for ﬁ&risé’?’gss{gﬁs\?e o) ’inggéfn%?chg&ﬁgoznémpgdg?%g%%r{ﬁ%ggﬁ{tli&]gtjhee t he

sol ution for gdrectitibneuis eskiag a 40P Bigh praming fontenecomposition.gay from abpyt[7¢ tnldt ¢l ear,
centrifuge an i tjon 1 " I 4%, itAghazy, then
¢ shoul 3 be 40F S RLET 3L 4 Sk e B O R P et 11,
however, dAd brainge isgsed eprevadsaherneost favfable raction kipetichasdy psagticabol ution i's
gbtained, 1t oo Willehd B rc@h 15r@Rblcled of e RedMidhie KAR: Stk Rhcrhpat, Spher e
Spectrocol ori ? r R ranam ssi O cel ﬁaV|ng a 20-mmtransm ssion | ength
is used. The ocwlationaiseadniqies resegnizedin it toarerFove aish excess popie candobsd. as AE and
to give color VaJSMgg]éde%AgeME?sodﬂmsul 1o EhARUEL biifhOfo daftr ARher M ned as

total color drffer e using Hunter L, a, an scales for the

10% by wei ght bromhe ealis.r Howayersit s tetneobparesd that the vse sveh srdotiesragentdende s us
chi or 0benzgne . Jflok WNRHRbA P HILET iRt ! diRhL Lo AR/ donfpRAST L1 ONS Of

this invention were subjecte e anal ysi's described in ASTM
finishing steps. Such, emulsion or rag layer causes separation difficulties and process

inefficiencies. It is a feature of this invention that these emulsions and rag layers can be
easily handled by the use of surfactants, e.g. sodium dodecyl sulfate, to attenuate the
emulsions and rag layers, all as hereinafter described.

25  [0063] The ACTVAP or ACTSP, brominating agent and AlBr; feeds should be made
beneath the surface of the reactor contents/reaction mass and in close proximity to each
other. It is a principle of this invention that the bromination of the ACTVAP or ACTSP
should occur quickly. The rates of reaction for the brominations of this invention are very
fast due to reaction kinetics. Thus, in the processés of this invention, the rate- determining

30 factor is the rate of mass transfer. Hence, the use of proximate feeds is designed so that
the reactants and catalyst are close, one to the other. Another factor in assuring fast
bromination is the feed of the AlBr; in solution with bromine. It is believed that the
bromine preconditions the AlBr; to the active catalyst state so that the catalyst is active

when first fed. One technique to insure close proximity of the feeds is to provide that the
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D 1925 Tgyal ues [0088] 118 val ues were obtained by DSC with a TA

I nstrunents DSC Model 2920. 10 Sanples were heated to 400C. at a rate of 10
C/ mn under nitrogen. Tg is determ ned by noting the change in the specific
heat of a polynmer at the glass to rubber transition. T ond order
endot herm ¢ ?¥%P3/§i‘8f'% fon (requires heat to go through th?cﬁfdas?losof%ﬁl%gﬁ) In
DSC, the transition appears as a step transition and not a peak such as

m ght be seen with a nelting transition, See, The El enents of Pol yne
Sci ence and Efeg] thsainoriey rRSton comigRt/sartien 1Ay beheld fossthar sk thew dipchargsip Chem st

Alfred Rudin, headgrine Fhens @L@,@qqeﬂm 1982, pg 403. Thenmgravinetric
Anal ysi s. ooé her nogravi netri c anal ysi s (TGA) is also used to test the

t her mal behavi08¢4] Hpvimghs feeds djsehage peweagh @Jamct%Gmmdeé%gﬂoaﬁ"aﬁsm%l i nventi on.

The TGA val ueﬁv@sﬁ?béﬂ%c@a‘l qugien@\}fesLIﬁ?thQ& 18@165['%18;1?}% Hﬁg'ﬂ%x% thENGGNpakeaVi metric
Anal yzer. Each sanple is heated on a Pt C to about 600C at 10

C/min wthSa Hivingogdnt srobwit dife Belingoras iy #h W avyidest tepthe Sttenbcemnpgiciatiy st

(Thermal I'y LaFU siffe. Brl\gm rlﬁm-'{g%f' dhe reagtér[ &Q@QJ/@J&@'rg‘dcltuﬁsrﬁaspﬁlgpﬁﬂulﬁqleﬁsSent ially
as described In U S In conducting this test, each

sanpl e i s rundibparsgpl i cate A 2. 00 g +1-0 01 g sanple is placed into a new
clean 20 mm b Joodspd mohﬁ%f]sowemm-cwr%ho e REARSROA b8 ARG flcksaM hon(R)

quoroeIastoner |ng, e 1s connected to a nitrogen purge |ine
with exit gasacf:cvrmhﬁft the heabdissipatidyunsannijthp Sudeningulbecrsecsisvdth pightirtksp g h

subsur f acq9a8..8HiSREkES hMAid kbesisek N 30 three 250-nl sidearmfilter flasks
each cont 2|On| Eeéﬁjé %18@ g 9,?1(§f E;NseNaCJ—| and 5 drops of phenol phthalein. Wth a

constant ni t r W& Thaufegratgof the Brdisiml feedsbouldlr asthigh @s is possiblgcendidging300C in a
mol ten salt H@L beaétéjmz%%?)%m 4 Re%’ 2 M) bcftfaﬁdlell%nﬁr'tﬂal&t)tﬁ§ fa@h*b%v‘@d by 5

m nutes at anbient tenperature. -The test tube contalni ng he sanple is then
repl aced wi t hassigtin hegt réﬂnwﬁlelﬂrtbﬁ feeslig apratles avateblerandthe iy tsefely Papdisur ged wi th

ni trogen for g, gﬁiddut J;alrhé@gh@hmgogﬁ,le%ehbatésh& rﬁ&péfﬁmén?mprwge in the 300C
salt bath. The test tu e, tubing and di spersion tubes are all rinsed

Wi th dei orlbzet0GBDering tanep-fetvle the irragter qostcrémw mieaetioq rprt shewad Pokephaldi th t he
solutions in Iepxﬁer{ttmé Gthift melrzﬁxﬁé b QP dotit Ko ;Eggou?mnﬁlﬁgfe&fﬂ& WhthiR fhe! S

range of from about -7°C to about 0°C. The feeds to the reactor are conveniently fed at
about ambient temperature. To obtain the reactor contenté/crude reaction mass
temperatures mentioned above, the reactor is provided with adequate cooling. The

20 temperatufé should be measured as close to the feed area as is practical.

[0068] The pressure in. the reactor during the bromination is not critical,_ super-
atmospheric pressures being the norm. However, very high pressures are not preferred in
the context of equipment requirements and safety issues Autogenous pressures are
permissible.

25  [0069] Subsequent to the reactant and catalyst feeds, it is permissible to allow the reaction
mass to experience a ride time to ensure that bromination has ceased. It is permissible,
when brominating above 71 wt% bromine, to allow the temperature to warm to about
25°C to help facilitate consumption and react out as much of the fed bromine as is
practical. This is particularly desirable when brominating above 73% and where the

30  practitioner decides to forgo the use of a bromine reducing agent during the initial aqueous
quenéh so as to avoid any emulsion and rag layer difficulties. When producing highly
brominated ACTVAP or ACTSP, the ride times will be longer than if lower brominated

products are sought. Generally, ride times of 15 minutes to 60 minutes are suitable.
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5 acidified wwth 1:1 HNG3 and titrated with 0.01 N AgNCG3 using an automatic

potentionetric titrator (Metrohm 670, 716, 736, or equivalent). Results are

;:al(cul at )e;j(as ppm HBr ppm HBr.(nL AgN®B to end point) (nornality of AgNG3
80912 sanple w.). The tubing is thoroughly dried en before

t he next an‘ﬁP%Ws“S‘@ach day before the first sanple, Wﬁ&é@%[@%gl ean test

tubes are run as blanks to assure there is no 10reS|duaI hydr ogen halide in

the system GPC Mol ecul ar Wi ghts for Brom nated ACTVAP/ ACTSP [0091] The

M M, Mz, NplOBHHARD tiafeeds praveomplersdiapd e didpYmGRTanys hatgasedtiicet e npdel 510

HPLC punp and,., g5, ﬁl%e%ctteﬂf)%d ﬁ%mVIﬂé ﬁﬁ&or%@én‘&lﬂ:ﬁtﬂ Vel MRquideh %&Pcfan Model 410

and a 15 Precision tector Scattering Detector, Mdel PD2000. The

col urms wer e Wagrfpm {bnv]OSPybﬁlgéfIOO PO Godiem dgieqbolfae. Avdehyeogodtha. The

aut o- sanpl er yag a%tssépld&@%  hVRAG! camlfst, While e RIBAK SN REpS hrafdzgd (Mi, =

185, 000) was routinely use to ver| y the accuracy o? B I'i ght "scattering

data The s6l vemisingedgwes thatisriatmedr Biulsiem or HB’La@ngraG@ValeBa\S@d s@fitej sol at ed

1, 3di phenyl prQal?e%”:%du%Iﬂg %ﬁné %6 EéehFII;'? Méepﬁ% ?I&'%I %phcnaﬂgh bmirode of

205eparat|on IS size usl on, s are | entl according to their

order of elut ¢oonntasre $ought (eIC"b‘ﬁ@hle @(ETS@ahﬁeare Yerg high gy hrpyhianganjseinteedhied,

1,3,5, 7-tetra The

i ndi vi dual pefa2> S ﬂ?ﬁeﬁqﬁd"é‘%’ﬁ%%ﬁg a%%lﬁtesro?gfgsg?%q lgr%(ag%gi&g%%ﬁ&?ﬁeoretl cal

mol ecul ar wei fgving vaIquSSO%\ solids). brese ovelidsuriv ghei sbsenoh of rausurieelantis¢-fig t hese

t heoretic val ' d on this

calibrati gh ?ﬁ?gcggg%%\%é‘%?u%?g{ersﬁs ﬁ]t(a {lﬂlﬁ §u§5u§2}y %:rg a&riggﬁ Eﬂmgﬁg&r eport ed.

The test proceduiye withelt mndoad pret. diddisiol ofi thrgsudacBmBregylts inQniga®ngf g sanpl e in

10 mL of THF. I S NO r S injected

on the col urmSSOﬁ &Ilﬁ tﬂeq)e%hcgﬁ%é ﬂ*d\?/‘ées‘ga“ﬁ‘t‘I &adﬁﬁgl}nlrrl} ﬁstge?(%r%fé lg'er Ic_)I\t/!Sde be

Pr FC| s: on Det bdited shaf prfadtine desrtARoOr mieg‘h‘@ “‘Bbaltet@pamgsmee@@rm (ZeQO GPC

Mol ecul ar Wi [.0092] Mp, 1A and

PD val ues werg(n%)ﬁ?lal rtlheegﬁiﬁa%%sﬁldﬁpq%ﬁ%gﬁfngr&es&écg@ %m"é ?fmadzu

aut osanpl &5 (momgperSI L-9), a Shi madzu refractive index detector (nodel

RI D-6A), a W ElL P heat er .

The col urms \/\g)r%ercllés}7n h%ne%légg?@%gﬂeéﬁ%p%fc%hgﬁ%srAeé\é%lg %Wﬁg}ﬂ a%émmn by 7.5 mm

part 22 nunpese thd 1G466E 8owrostreany of thabreminatiomyentgind weqatted leseidingystch

t et r ahydr of ur eSsol vin

0.10 g of Sangrnrgm?%n%&%fﬂq?w%ééé %&n ,Ige?g @?9%? Parﬁ q%%%g{l}ﬁ é(gﬁ\glng“fl I tereg

and 50 pL is bminie toordhteosplubledrapiden Brisagai e ugeadf sugh eetlicing sgensrpartipdartyor med by

the Vi scotgk 0. ( ) ation

5chr omat ogr apﬁng'(%%%:fand&%%}bg{gl é’%rtolggﬁdgg‘ﬁol%rr gaggﬁsélaérflfgmsyg%grfﬁrp%geytl cal

Met hods for Mpkfdirgigo Reep ihe lirdsal bromin@@@%&ofhl@‘ﬁmdas?a@em wesyidorert bisyif WETM D 648;

Vicat, C by ASTM 256" I by ASTM D
T2a; " and_ (L 040 Pppgen pab roRRAE o Y ory Rt eg e of Gl B IR Y g
Exanpl es i || usttaragtristipred n(dorwlfé@ ImbmmfhinsheisnIv@ntbbiomtraméI hance aggerimatricended t o
limt the gengrl G %%569{0 nEeIIEI' s invention. EXAMPLES ACTSP EXAMPLES 1-10

15[ 0099] GenermInO"’ rical glass 12 liter creased reactor with oil
j acket INaSZSeq[ﬂomé“de wud_nth & cosfenigntlyc panfideed et ambliers t (ehiesptuire andngeaerallysubmer ged

thermal Coupl Ciab@lh il g’h‘? mfa.ﬁ'uve%at%%@mbﬂL&d%a i 3heed B ELAAL, COOLT NG

coils. Tenper mai ntal ned at a set point via Pl D controller
that regul at eshasesegaratibi. oSAnct brotnlne anb@her nrgv‘tluomlsatlngflipgmsaelsbﬂa?gqstrmt|150n was

acconpl i shed bpéferrrrgdaln%nlnlmlz?‘hé?i}/l?grg}%qn&tue aﬁd llaglm?ls&&)m!t s \ﬁmﬁéh§ eﬂn of 19 m‘n b

gI ass
assists, to some extent, in helping to ensure a low thermally labile bromine content.

30  [0073] The water quench does not have a ride time as the deactivation of the AlBr; and
the reduction of bromine is nearly instantancous as the crude reaction mass is fed to the
quench water or quench water reducing agent solution. Once the quench is complete, two
defined phases are formed, an aqueous phase and an organic phase. The organic phase

contains solvent and the brominated ACTVAP or ACTVSP, and will require further
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20 shaft with two sets of glass inpellers, one set pitched and the other
flat, fused to the shaft. The reactor was essentially free of all wetted
PTFE parts or other polyneric fluorinated naterials or elastonmers. [0096]
In all exanples the reactor was nmintai ned under an iner t nosphere
during all Y¥P&¥&i3%dHs. The reactor was charged with thg’cﬁﬁg?%s@%a%sfer
agent (s) through a 25 dip leg by neans of a di aphragm punp. Al kyl lithium
nmet al al koxi des (when used), additional solvents and the am ne pronoter
(TVMEDA) wer e tghtmertedo SUEUTCRIER, thoorednis phase iy sphraddefiom the aveTue phasgent (s) in

A e S e R L M g
(44.45 ) dithe organit@Basgis)waglfed Babn@asAlstmm@eolemTwwwwds Al um num
30 OXI de 90’ a%%pbor%e%ggrod&%l i:}t!m CS CIQIJPI’E#QH %anagl{ aa%g)[ é’agmi!rogﬂel(l\fer ed as a

fine streamor sSpray a he surface the reaction m xture through two
1/ 16" (16 mﬁanmoﬁléetdl erzéndsind NB@moEXANVAE Wit \CITBP4al e iBacapdf= 1, 32
[0097] Tol uen t 6,022 , Sy CHaL 989t Qailiie reactor
previ ously heg ?m'geft)% %n Lérsrevglﬁlcé h(%\ﬁ: SO&‘ \ﬁpetps ‘\ﬂ?l facket The 'PID

controller oﬁquhydmdgtotrh@cc:bmmmng! Be poilycionf dramratedl polyfperes Asknewe cont ent  of

the react or be,08al fi@ubd\® AA8h bAEEOREE Bl <G 89 of oLl sol ut i on

(2Min cycl ohexane har ge rou leg below the
surface of tmmg@mflsydlaglbbrah)ddde(@Oaiucqoﬁr) angying efnks: brommih@ﬁerwf@(@We The feed

line was tlS' € odlesu tﬁg%go a%gd'l?a%omma% A%?OXPJOQ%%TEP' T'lﬁl@qror twggccﬁewfev' ously

prepared sol ution conp ot assi um 1-but oxi de 163 nol ),
10 TMEDA (94. (B inggntitn tB&delnmlb))roh)dmtt had prieney féml:mm Qe7reguceme?mﬁfm9 Nvas

Lt roduced T of kD e e%én%%ﬁ“s;oh ggfuh&n*% Sfle 6fon OF oy FMERACOTP! exed

benzyl anion concom t'ant sin utane. The 'subsurface |line
was fl ushed V\brorhnaprsm:torﬂuﬂﬁumltam\lelyqlhgtamwt ahwyldmdlwhrd@riﬂewé isvhet et eri ng

punp. An addlétnllo(gn nece%g?torqamggb rfﬂ)é@&n us toluene was fed at a constant rate
during the anionic cha rans ynerization process. Reactor 15

agitation lﬁvas[oom;ﬁlea@éam loor5g®tl)rtpmeah¢d0f2®381ﬁg abisuifitg redpeinga@gusni is24. 22 nol )
were fed over,da9 MulihSs v e MRl 83 ks e @E&e{hk% WRmAES Progr amred

to feed at a con rous cyc ohexane (2 x 200
m ) was char gecbgtiging that m yseeasfesufﬁeae@t @yé“meemmmgfagﬂygrbmgﬁewah dnfsrmnbed and

conpl ete t he sieang, hestle Mt W DG RS H:bB biGT G361 S ieerred

conpl ete when“ o T af reaction was observe general | y
signified by infrentani tboomteefdd parsi thg boinirtehve %sef] thi eimposiédnysoughh sa kfetor eact or ' s

cool 1 NG CGh! Snipl DA IRd a1 ¢ Jf%ﬁgacle%ﬁomnéw Gilas. GUEREARH Alouf et th @ 50

al i quot of "deoXxygen ting 1n ter white turbird m xture.
The reaction finishingstepswas washed with deoxygenat ed water (3 x 650 nml) phase

cuts coul d be fter or |
enul si on was L"gﬁsi e t urSt(’)cu ngoulig()dh l{LgonE rhd fqglsorlllggg?s it ?q‘ggqs;%r%@gt enperature
of the oil |agket ammscoumlmsaswnetdo Thg Cofvhé mwtﬂrt@m(bmqm slutigmis\secht 0 t he

cooling coils i r SeLhONGle @ period
of approxi mat %‘V@r?et %ne a%uue usa{’has ﬁ% a&we%%@n%zotrogt@raﬁ@%o?mg rom 6650 to 115C,

whil e wat @6, pyiod bitexdnmedaydeosophesctisoh crane wih the ogamie phaseed. An anal yti cal
sanpl e was r efEB')’s? "ilhe ;%ngrred sodium borohydride content of the treating solution is within the
range of from about 0.05 to about 0.5 wt% sodium borohydride, based on the total weight
of the treating solution.
[0077] An important feature of the caustic sodium borohydride step is that a temperature
30 above about 45°C and preferably within the range of from about 54°C to about 62°C at
one atmosphere is maintained during the treatment period. Experimentation has shown
that room temperature does not obtain the high attenuation of N-bromoamine derived

color bodies and thermally labile bromine that higher temperatures obtain.
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30 anal ysis provided the foIIdvvi ng data: Mp: 197, Mi: 331, 368, M 406,

PD: 1.11. [0100] The crude reaction m xture, 7027 g, was stripped in a
continuous operation of excess toluene to yield 3231 g of the concentrated
product stream t hat had the foll owi ng GPC anal ysi s 67, M
483, Ma: 63%02PM1484%432  The continuous strip was acconppqsrzlgs&?wﬂm%eans of
w ped fil mevaporator (WFE, aka. Pope Still). WFE operating 24 SUBSTIFU fE
SKEET (RLTLE 27) conditions: feed rate = 1.33 Unr, oil jacket tenperature
= 185C, Press0¥78] =The treaimeniigmarrafure sriausiaesd foremsast el amount optme esdedddi t i onal
440 g of tol l'{grb%tawal%e ¢lehiRCIrefle irBarentl’ Yondrflf étrlé“{s’t’ atWGE b nh:hﬁ‘es cotid finger
condensed 3280 g of a m xture of toluene and 1, 3- di phenyl ropane free of
structural i steBtoger C@E‘)QAWPEESWWBM?&WH"’A%“PD‘HSP“B ishgPePit Tol uene,
4763 g (5.5 |dhehis, e xgém@%am'h)asmﬁwedﬁgqm& ald¥Rd 5@@&,& Rixukd @¥igus! y heat ed
to 80C by neans of t hot oil jacket. The PLO controller operating the
cooling cofl streavasntslemﬂﬁ o pré@ded, willotidgeblislesigip e thine bdve mixede at#Sthie react i on

t enper at ur e, L i i 288 nol)
was charged t rough ?‘ﬁomﬁjl&at%kb 6%%%13"2%1\/% é@gs %?‘é)%k ﬁgﬁgﬁﬁl yfgagl tated
(300 rpm toIpnecreaneaammao)namhlwncurc@rge?rhwcrkeedﬂ leash bighlg poletrwperics] Sedhed wWith 75

m of anhydrous t Iue C 9.46 g of
N, N, TPX- t et raﬁ%feh Fe’?‘h‘c eedrime ?glﬁﬁmﬁlé&%f%%gm QB@E@%EH& %Jv;&ggasggi%e&@d to the
react or throughset 1ﬂhas subxsmcha@emtxeacﬂ drivnen thosgititorgirivheedinsheawtieg.iAt i ¢ bri ght
red col or ,pof 0 n tant off
gassi ng of6)b %em%:%f b&e’%sg ?&;céggr%%}e dmsleiéhhbpm'ﬁgld%pml lg(n‘ngg‘cgﬁg] 75 nm

al i quot of andwytbl drive ig xediunehe,\tvtlelapmmdresrhehg 45U0Rp thickeningdhdéurs mdal &0 nml  of
anhydr ous tol.uene na n . ring the I chai n
transfer pol yRErPSSth %%Sﬁ ¥ rarc")lé%"s'sso §V§€t obpcegllﬁcptémgergw/ﬁssarf%%:}’rleggué%d to 510 rpm
and 2951 ¢ ofthnskeymgrpben()ﬁere%xs 2Bmid8ediah] ptmar ecphmubnois ercarly8 Dstaritaveiues. The

wel | -calibrated 2 terin U, wa rpgramyed to feed at a constant rate
of 16.4 g/ m nPS 'a‘%&g%%ﬁa?p%gg so‘ngxcgsrsléf%Zegm m) was charged to the
styrene feégd [99791 eThetuee dfkhﬂsabpvbh@crdslemmums betlic sddnen wrohydride tréagreadt ¢ro t he
reactor was dee d conp rth observed
general ly si gnl 38 "y " %zgf{grntﬂe w?ty e Sl{b 2 Ph%%: s@%ﬁiﬁé%ﬁ'gv% e on the
cooling coil srccozcﬁ{(ﬂ)l@ﬁfp pFEheamﬂieDoWrempam @tudmg sepatceol | er was | eft at 80C and
water was fe co0] i coil i fl. t oil was
altered to b ogésai rfgré%itt(())ravmg%ﬁbsa 'a]T'Pu% 1?ge§fC{h?§¥anh19£‘Pa8% 3“\/}\2(§Q%uenched at
80C with a 50somhmabmhwmde tmﬁtmdrao}dygemap@durwaiebw 3p &6 wike picfeged prioatowt er whi t e
turbid m >§6ur Eiroh (h {rea?}nen' on m xture was washed with deoxygenated water (3
X 650 m). hase’ Ut 08 e rapid and required little settling tinme. 30Water
and any rag o{N)OtH]rulAﬁerome fve b wsing \dor ganic pbigh istskygraled titomrhedagadons pajeve. 101031
The tenperature he oil j.a r e control
val ve to the coo lgOt(‘év(a)tlerl’ %ay\%)@lﬁﬁéutwg té {B&tq@?eqoﬁg@{éﬁgt%s\ré@éﬁt C&F& noi sture
and tol uene wadeo delémohldt iadhd drquucuugtmasae sTempérgurelinginichdnag¢ ¢aprbe hehizded(by at m )

until a pot te ature ST =BT
observed. An aF qgu Vadt reﬂ"x]h ure Zlglhsj{J 3&%&% E"'%S%E ‘(?\}rlﬁgk'gg%hQNB 300,

Mv. 416, NB: zﬁQdf prdaﬁ):mgjbraﬁ):atﬁﬂmmyﬁhla Cthadaly ndjagthiént rhatmagt heruseful§@4 g, was

stripped via uglhggo%l’;l)%sm ns OPR‘IIS 1nver910n is the use of sub atmospheric pressure during

o

the flash when the composition produced has a low T, , say lower than about 105°C.
Otherwise, for such compositions, a soft mass will be formed that will be hard to handle.
[0082] Once the solvent has been flashed off, the soliﬂds are separated from the water by
30 conventional means, e.g. filtration and the like. The separated solids are then dried by
conventional drying techniques, again keeping in mind the T, of the solids. The dried

solids are the finished compositions of this invention.
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excess toluene to yield 4011 g of an internmedi ate product streamthat had
the followwng 5 GPC anal ysis: M: 191, MB: 314, Mwv 426, MB: 615, PD:. 1.40.
The continuous strip was acconplished by neans of w ped fil m evaporater
(WFE, aka. Pope Still). WFE operating conditions wer e ng feed rate
= 1.33 Uhr W%E‘f"’“ﬁ‘é?(‘et temperature = 190C, Pressure 21%31{4%2 %\2733
condenser tenperature = 0C. An additional 918 g of toI uene was collected in
a dry ice trap, while the cold finger condensed 2942 of a m xture of

t ol uene 10and0083B- Afolaemetyddpthe ey be usqf 1hen deﬁll%e‘@&lrﬂélwg'as’glymfs tth® 855.4 g of
the concentr Bnds O GroiEeo RO RfinGofli st 10O fim Xt ur e
V\Aththef0||a%%t§]{}{r pro@ft%\lco 1 %qﬁ/_gn 75 séf WE. r?15 PD:

1. 32. WFE opeavaioiateg a(fdhmftlm@mowem ecwgﬂupuﬁlsirm\)@tﬂe ﬁr@é@"qh&‘!?étm extndg Uhr, oil

j acket tenpergatyr Q0% ok O sl Lo FOREIEBR Ve LGRPET At Ure =
0C. A m xtur e‘%g S%Vilgzc y r%:)}ﬁcﬁ?g y ?)h?anyrpr opar%e aﬁ% traces eof ﬂ)s
structuralsi WbteQMﬂlﬁwlgaméde@rpﬁbwﬂ et hanes) were collected as a
distillate. EXAMPLE 3 ACTSP-3 Mwv = 530 PD = 1.47 [0106] Tol uene, 4758 g
(5.5 liters, 51.64 nol) was charged to the reactor previously 20 heated to

90C by neans &M}Wﬁcket The ND controller operating the cooling
coils was set t e r
[9@8(3%71%% BAA‘EIP/(E tﬂ!)d\éec% %ﬁ?edh(ﬁaatd dt B Lhein’ £& ﬁ]é e

t enper at ur e, Gt 1 on In cyc exane, 0.189 nol) was
charged thr OL@haCttehetw@ipbhd @glpwioownﬂ fpemlsimOﬁ%RféliSdﬁvetﬁive- gently agitated (300
rpm tolugpe reaction mxture. The feed line was then flushed with 75 nl of
anhydrous tol uene. Once the pot tenperature reached 90C,  32.72 25 g of

N, N, NCN -t et rEateBrogiineiJogtentnedi ami ne ( TMEDA, 0. 282 nol) was charged to the
reactor thro f tic bright
red col or of L@@EEAﬁg%L{PfHM | (g]rslg)$%% !inqﬁméﬁr)n&g%\:kg?ﬁ %?taﬁng%gé%%t%gnt of f

gassi ng of butolbigty fﬁhiglvsmabs'u:hfacletralhvdn@,furwaﬂﬂﬂ)u@he’@temmaholaOfséledﬁell 75 m

al i quot of a 0, t 0 m of
anhydr ous torﬁ%'ﬁépﬁgkﬁﬂoyﬁg%ogé Ogigﬁgtogmsqrggt urﬁr}' ?Cgﬂﬂepq 1%}%5‘61”' oni ¢ chain
transfer pbl ywwevehtatliXoRaydilocsssce tﬂéameaffhtagmvlatan«bﬁemsdlium:spleﬁse@ to 510 rpm
and 2933 g ofy SLYL,GHE. gg]%géo/‘}m??ﬂﬂ%%kﬁ Lk EO (AVES o PrfliploRULgS.  The

vel | - cal i br at 6d et er i was progra feed at a'constant rate of
19.5 g/ nmin. ASpestedmetas Acsyacclauheﬁacrielo(l 2f brore@enzere)in WHE lsolhtdragéld cglibrati¢ve st yr ene
feed system t(t)and réﬁjﬂe oba? r%lnH)g]vgﬁge lﬁgs%b gﬁeré”?’%ﬂep \%\%ﬁn%l':ﬂ':x mélg%eEal 6) The
styrene feed 1O ¢t reac or was deered en no ther heat of
reaction was wiggentedRjemiyigilimethed.gni fi ed by the cl osing of the autonated
control v bve on the cooling coils. [0107] The ND tenperature controller
was set at 80C and water was fed through the 5 cooling coils while the flow

of the hot oi Humwm§olation&oldVilee Fegtpass t he reactor jacket. The reaction
mxture vas aidee e almf dbdd) it T R At ASRKAGRAE GFL WAt eF

resulting in tur m Xt ure. e reacti xture was washed -
wi t h deoxygeniateptonwast 3raga(anadewé$e alﬂBY)torﬂiS)olvcph@semwm@nmﬁ@y toaqblagh and
required I|tt| etthi r %f lWﬁ\,ﬁ_rem)ved

t hrough the bo tém rha%g%hlt\?g) genl l%[aﬁ@g' la#ﬁh()da[g%‘%érqg]t@uér@ggpot e oil jacket
was i ncr easedwWeigh 130G0.Wgiof e t:dl@ostmtmtgla S¥ mlyentrifugettibe. Togbd wbegplseadd s was
turned off. t h9d0 |1 ed

t hrough a si fgeﬂzﬁ Ob n?zgdﬁ ﬁlg edmﬁb%ta}“& @E% llhl%r;bﬁggnmgﬁ)sgraatrure of 115C
was observed. Am theel li mpuxosthakn&spenm’w@dleft@rsolamlfyrsmélsseblved@ﬁ’@ (fwihazejo6, M :

363, M 55.5’ Ivgem cer?thfu Jah go1u$§3 fo?’?({rmis)tgs]atl § WH%SBI@?O%% sﬂﬂn&"cl)é&rure 8062
g, was stri pp%cls OAt I NUOUS operation o Xcess uene to yield 3837 g
of the concentenmﬁsgd a:padﬂdmrctl IQUTHB&WI $hialt theaclutiongerhai haswitheg iIGREIdP@AI ysi s:  Mp:
196, M: e P, M : ' b S

acconpl i sﬁ‘gd %Mr?%dgﬁgdegw %apg’@g O]EIE ‘Fﬁa%g/ngz%rrc %;%hgrl?m%v?yg thé’isotpfgca\é?l 11). WVEE
operating conniosu ioDthe timeraccleas sdlgioh owbtamﬁtéetds subméted: for t@Gnglimp Hugtedlal acket
tenperature = Rr.essur = 1 40. gLature = 0C
An addi ti onal Céf@w SB?ereﬁgfﬁgﬁogonﬁggéﬁ aﬁﬁﬂgggggglnh%g{%fgﬁ?@é&gggp, whi |l e t he
cold finger cmﬁmllemsmzl "BI&%logmetf:r ia savitoc teht@ Edeb” tookpearelonmdAE and to give

1, 3-di phenyl pEo?J%ai'Ql%es tJoErXA NP[EE nd %C-rég)d'uzli cMglr is d%érl}mﬁala) as to:l’a] %90r difference
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25[ 0110] Tol uene, 5801 g (6.7 liters, 62.95 nol) was charged to the reactor
previously heated to 115C by neans of the hot oil jacket. The PID
controller operating the cooling coils was set for 115C. As the solvent was
heated to near reflux, 78.31 g n-BuLi solution (2Min | s 0.202
mol ) was chiaf? d¥d ' t*ough the dip 1 eg bel ow the surface%\gﬁnﬁg@?g@@%‘l y
agitated (300 rpm toluene reaction m xture. The feed line was then flushed
with 30 75 m of anhydrous toluene. Once the pot tenperature reached 110C,
24.73 g of N, WENsingHupter Ir. anasd Rygales foy the A% Dy weishs cempvimians @ B PRdpR) ) was
charged to thgcglg,g%;,% JeRtomhbtDgesubsur f ace feed line formng

t hecharacteristic bri geht red col or of TMEDA conpl exed benzyl 1ithium anion
wi th concomtant off gassing of butane. The subsurface 27 1line was
flushed Wi th @.SecoNdief btk @hdugd@t of anhydrous toluene via nmetering punp.
An addi tional 350 of anhydrous toluene was fed at a constant rate during
t he anioni & cl4887h €ompesifiens Oébib ipmenton vard ybieqnd drbeanalyfRedseoribd i Mt i on was
increased to §}&srpmand 2543 g of styrene (99+% 24.42 nmol) were fed over
120 minutes. The well-calibrated netering 5 punp was progranmmed to feed at
a constant rate of 21.2 Olin. Anhydrous cycl ohexane (2 x 200 m) was
charged to thg.gfysene feed systemto flush the alum na bed. The styrene
feed to the réactor was deened conpl ete when no further heat of reaction
was observed §638&r % vajues iwgnsi dblaingd by DSRewith ©3A nlgstwmenthBSGMadered®ed cont r ol

val ve on the ' LSy |- b t : re . older was set
to 80C anciawa a&‘?)le\%\gg[e ? eggh fo h4r0([%%ééjatrﬂ%&?88c/ggl u?ﬁ%ﬁlgg%cﬁ's?ﬁ%%ylg éﬁg?f | ow of the
hot oi |l was atdtieg ¢e chavgdip phessgectfiadeat efpatotymey a4tk alass rfybber BagitioroThisi xt ure was
guenched at 8 i i . e t.er ting in a
water white tgrgbs%maurkr%rg?d@ Fﬁewﬁé{rﬁgg@t ?%Hggnﬂé%/%régq&rg%hﬁstﬁé%%\?f tU[ h

deoxygenat ed D8E.¢he taBition ppsars 65 Gtepritdnsitigaizad ot ¢ prak sugeasanightbs seenand ar equi r ed

little settlipgyt %Xf\t Nes A6 PRAKAGYr Py SIS ON B B RERECAnt N7 OUGN e
bottom drain vaf Ve. flg 0115] erature oil |Jacket was Increased to

| 30C whi | d5t histr xt ineers andyehemisi Aifred Rudin, [Asadgryis Pregsys RdadoFl,

Cycl ohexane, Lﬁg 99? noi sture and tol uene were distilled through a sinple
distillation ea’(ﬁ)( ‘atm) until a pot tenperature of 115C was observed. An
al i quot was renoved for analysis via GPC (M: 185, MR 322, M: 457, M:
648, PD: 1.42) 20l0113]:. Aig,§J ude reaction mxture, 8528 g, was stripped
via conti nuou cess toluene to yield 3253 of the
concentrat ed [908dubermagrazmetricrraalysisadGAhis afsohiedd agy ﬂ@@“&ﬁgpfysipfs@f M: 300,
M: 389, : X 2D " contd U i cconpl i shed
by neans gb vv?'?)éa inl%{&%arg\%/gnﬁp&g E%ncs)g) f ?@\ﬂg}mg&amggp}e%gﬁ ﬁ ?l?[g[{f\%%?é])%er ating
condi ti ons weofe TAshftohbosEemfogrdimesit dnatyzdr. Bh tgmple igichted aaalepantienper at ure =
170C, Pressur g, = : ) s = 0C. An additional
1154 g of tol gseﬁg()%‘g%%mggt(% |ﬁ19§%§%§§{ﬂgg%ﬁ%@%ﬁl e the cold finger
condensed 4092 g of a m xture of toluene and 1, 3-di phenyl propane. EXAVPLE 5

ACTSP. 5 W = TonOuiud 0 riOR AN A TobuaDeL 5048 0 (6,76 11 ters. 6346
not) was char eated to 115C by nmeans of the
hot oil | 25kef0090Th&hiP1dst poradure| dsentisipas descrivgd tithd). S dal iNeg 5684458 ras set for
115C. As the sol fo t.oh ESk! %00 f 8o @ NaBHLls pBedgut i on (2M
in cycl ohexango?ld‘}ésgyotgl\éﬁ%ti’ %an%ls%lc?ﬁgrruggg&uf) Cr'o'ugh t%e di pgrglaeg bél'ow t he
surface of thato 28w clean 20 mm by 150 mm test tube. With a neoprene stopper and Viton(R)

fluoroelastomer tubing, the test tube is connected to a nitrogen purge line with exit gas
from the test tube being passed successively through subsurface éas dispersion frits in
30 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
300°C in a molten salt bath (51.3% KNO3/48.7% NaNOs;) for 15 minutes followed by 5

minutes at ambient temperature. The test tube containing the sample is then replaced with
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gently agitated (300 rpm toluene reaction mxture. The feed |line was then
flushed with 75 m of anhydrous toluene. Once the pot tenperature reached
110C, 24.0 g of N,N,N , N -tetranethyl et hyl enedi am ne (TI\/EDA 0. 207 nol) was
charged to the reactor through the subsurface feed I|n ﬂ[s%o Bpe
char act eri sYPE'BriYht red color of TMEDA 5 conpl exed benzy H'tm ani on

- wWith concomtant off gassing of butane. The subsurface |ine was flushed
with a second 75 m aliquot of anhydrous toluene via netering punp. An

addi tional 350ckdn &F tenhheredighe tapaipnds paged frid ratrosen ons edond dfe duri ng
the anionic c [ ACt Al qu Ation was
increased to @%btgsr%{tﬁ@?] ﬁ@%ﬁ% %gégl t@?@?ﬁgﬁf’g@e@ tﬁfgﬁ46 m;] re fed over
110 mi nutes. dibpersive| thbeg ard Iaklatnead wnlt@pibmg:dlmunpndwas SO gy amﬂé@dto feed at
a constant rate /m N, I X ;) was
charged to th%“amqanrV é é"%? ﬂomtloél em{ tm??(ﬁlg‘f\gﬁ as?s ﬁmﬂerﬁoﬁémﬁd %99 e styrene
feed to thé r&ahﬁedrwmsl ldém@dandomteet@thMQ@h MoAgNﬂsthﬁerg fre attomdticr eact i on
was observed rall cl. o fot control

val ve on the g"o%1 ?Hr‘lem&c/%l {Ogmefrﬁ‘irlig}fbym e%moage" a‘%’iﬁ‘pg agcgtrall?g%%dlegr was set
to 80C and wap;mrHB\mmf BBir=trilr gy t¢ énd pdibt) c(otzrhmlngofcfcgNIOS)v(ﬁ@ﬂlé)/(sahlelef | ow of the
hot oil was alterged to hypass t cket t 1 Xture was
guenched at 88@‘ V\nﬁ} mbmgé% s r\tly gneot atgf"qﬁéé"ab €] m% ne(f?a'{a i érase}lgu ting in a
wat er whit e t befdé e fiskdauple,. thrﬂ'd’mlpt)ﬁﬁmﬂ |emtubmax¢xum®hlmss tmhedhewsmh
deoxygenatg 650 m ). Phase cuts were rapid and

required I|ttTe%'&ugéqygifoﬁen%e]f&mn%% "&r and any rag or enul sion was renoved

through the bottom drai n val ve. 20 [0116] The tenperature oil jacket was
gpgfeggﬁoﬁlg TR ER e B G TN & A R
sinple distil [Oaml]omhdMad/In(Mz,Mpmd)Pmmued wege ghaifned BNERET @itng p &apfs nl8C was
observed. An t was an ISV 4. MD. 382,
My 595, M: S@éﬂﬂgé’“mi %’%S’Sr@%?&‘if%'“‘ Rl é“d?"g%eqp“’{j%‘fg“g?“g 2°8660 g
was stripped Pneasxmdbﬁtecmublgm &nmemagtlbamatooﬂvloeed(?@@@m’Eﬂeuelmenstmrwwmrd 3217 g of
oD T 2 S Slg £ AN LBl En O AHS, Ean okl > W
acconpl i shed bﬂ/9neﬁamsysryfenwmedd fMJmaéwa(p)mmatrmme@WEj to abeely thParpeacsstl I1). WFE
operat ng. cond i RAPNEHS, BB H5 LBl SRJ AR B o O o
An addi ti onal is84tad d,3dfphdnglbropme anaiS] hblnlpmylpndtanm adducks,y anidc the t mede, ofwhi | e t he

cold finger, condensed of ..t ol yuene

1, 3- di phe%()l pr8paRe s sfzﬁi’fg]“g'kp %aé(%%rﬁ’ "ﬁg%fac R CA 5'63@%5’? paioa % hFough t he
V\FE produced 2igkedylpropdne,anl mbnrgmmlptrmaned Xt L3,87- mraphemylhepta‘n@d | o3, 1g9-GPC
profile: doperatl ng

condi ti ons vvePeé’g‘BiéeMPB‘i“f’"g e I\ﬁﬁ, "8“502{1 %eaks 019‘54“%_?1 "C,maten?lw el?e%S'gFe enperature =
205C, Pressur exec;retﬁlal6mm1ag vsmghi mmndemsembmtexmrvatnumlsmnc@d: usifg mieset ure (69 Q)

of 1, 3-Di phenyl r its structural orres y

di phenyl et hanﬁ@‘;}e ﬁ%oﬁ"?éhefr sgrR" g gdrete'tmoi" Sgéﬁ)&\k}ﬁ Cﬁﬁéﬁlﬂﬁ'}gp 6 Mv= 740
PD 7; 1. 665[ Obdey!l dfﬂﬂlhnedﬂedatadf%&ﬂlcgaté(ﬁalﬁi lepdrted. SI,‘he 5€m Prbcadot Jusedaamtadddar ged to

t he reactor rev he 80C.b a f t h [ cket. The HD
control l.er opglrszg f%?%?‘ué @gﬁﬁ ﬁgsac 1FImsyovxr/fing 2"2 8 ahglt?ggtt%gs?lﬁéﬁsol vent was
heat ed t o t hefir@alind 60L tiscinjpa¢dainulfes:olumitk. Ihegsepufandewahalydebsuig|sofrwa(e2M in

cycl ohexane, bel ow t he surface
of the gentl yp%?é'g? a{’?gﬁe)c'flg'bée‘ecmns)fg lﬁgg)gblg' htts %E)"n"g%‘alc %re The feed Iine
was then flushed with 75 m of anhydrous t ol uene. Once the pot tenperature
reached 800, &2CIBlagulafWdizhidiorHasct At TVavPahd¥CERPhy| enedi am ne ( TMEDA, 0. 284
nol ) was char ¢eg2]t ahd Ms-; Maam,t, o1, amM’Dugluest»Ime shmmaurb&altl’@ fsmed rhddmler f or m ng

t he characteristic A e | lithium
ani on with coﬁ’(‘fl‘fW]‘”fg '8}39 2 azlilé)ssafnﬁl% %Pdeﬂ)%@ 91ea agzuggj agtlljvr "ggxe e‘%lé/t(r)]re was
flushed w th amgecCRIDGATR wiateraIHquCuqaﬁm;o(fmoamhwramuswmadsa"érvbchm hemdrer i ng punp.
An addi tional ,350 m of ne was onstant rate during
the anionic cH& ‘f?l‘i“l"éﬁgnf:g?ly% r‘/f’%ﬁtjﬁlb%?p%?g’éué"s?% ?@eacﬁyo??agl Phti on was
increased to 510 rpm and 2933 g of styrene (99+% 28.16 nol) were fed over
180 minutes. The well-calibrated
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20 netering punp was programmed to feed at a constant rate of 16,3 g/ mn.
Anhydr ous cycl ohexane (2 x 200 m) was charged to the styrene feed system
to flush the alum na bed. The styrene feed to the reactor was deened

conpl ete when no further heat of reaction was observed ignified
by the cl os‘ivﬂéoodlfl48f‘?14e aut omat ed control valve on the cggﬁﬂ%{%g/bﬁé?%
25[0120] The ND tenperature controller was |left at 80C and water was fed

t hrough the cooling coils while the flow of the hot oil was altered to

bypass the reaeber!ljheRbtor eqglepedba jobant ol was detipbysrogison EREG 88fe- 80C wi th a
50 m al i quotyh..deauyaanat adialseivifg®38lglol Bfple h A MRSAHFWY 41igudi ur bi d

m xture. The reaction m xture was washed wth deoxygenat ed water (3 tines,
650 ml). Phas¥ titsclutipr isfilterghprtl Brid- is dnagied ep thejcolpmes. Sbe qajcplppnsSBee re. Wat er

and any 1ag LGl 8} A VeSik OFAKES \LHELHSD I, BIRH) (i Ghihekiphve. [ 0121]

The tenperature ol acket was I ncreased e control valve to
t he cool i ng codrdnztograghy@GRGidela ediiectiongyd pobessizgrsestent esi dual noi sture and
toluene were distilled through a sinple distillation heacMatm) until a
pot tenperature of 115C was observed. 30 An aliquot was renoved for

anal ysi s vi a &pGticalMcthg for MoldingZgticlass : 727, Mz: 1398, PD: 1.71) [0122] The
crude reactio b X 0, i oM ty dayo ation of
excess tol uen@ogtgg) gilﬁel%s dé%g%n% "8?@?’%'? %%ﬁ@gﬂt F(E? égﬁgrﬂoﬁgb%i §dsﬂbg%m t hat had
the fol | owi ngbySASEND 35mMpk Flow Indox by2ASTM M12384apd ULn; /&4, mg) rating b3 357 PD;
1.66. The gongj gyous strip was acconplished by means of wiped film
evapor at or ( , aka. Pope Still). WFE operating conditions were as

fol l ows: feed0p eThe flGAndIEramplsss|illysiaik tincipdasnbrthis (pventien 186 @re PMtessure = 70
nm Hg and con - = . ..addi tional 917 g of toluene was
collected in gé rgroil%@q%%%%y\%\éﬁﬁOéglgﬁ%vg}ggﬁd finger condensed 3340 g of a

m xture of toluene 10and 1, 3-di phenyl propane. EXAMPLE 7 ACTSP-7 Mwv = 801) _
PD = 1.39 [0123] Toluene 4758 g, (E:=XaNPiEy s, 51.64 nol) was charged to the
reactor previo he reflux and azeotropically dried over a 4 hour
period; Karl ﬁﬁﬁ%’?x‘ﬁ@ﬁgﬁigﬂ 15 anal ysis indicated 15 ppmresidual 1120.

The dri ed 150! (06958 Gaterd:00 keridaloglaéb120item ctelsell Feact@iwhithjol dcledt wanequipled control | er
operating the cooling coils both set, at that tenperature. Upon cooling to
the set point W?‘b%ﬁb?"actoﬂﬂe%sf’” i'ﬁ@ag"’é‘e?ﬂ’ gﬁ]ﬁfrg%&pqu%wpﬁzwtm d@{})‘c"lal(‘)'ﬁexane,

0.282 nol) wasdchimlegedel ididraulighliigreild Tpmpergirdeds ayhtly hainaned A et pdintt he gently
agitated (300 rﬁ‘ﬁ/ t ol uene reaction ‘%xt ur e 1'The‘1f e&.d | i ne. was t hen fl ushed
with 75 m of VARHPPEE hal repuiles waly Ty the gephing iy ¢ Vigorous agitafion was

N, N, N, Ni -t et scasmiibtied 6 hydneoed brresiestifih)EsdablDcokiblset®l )9 masOl Blagsged to the
reactor through the subsurface feed |ine &or'n:a]rﬁg Lh?’fcparacheri‘zti c bright
red col or %f PRh e ehekass BRAEE OF 5 At AR PO AR UES e B eint  of f

gassi ng of but@nesctol e &by Fracer allivreedWIFE fphrusin@thenyotymerc Sodmed 75 ni

al i quot of anhydrous toluene via nmetering punp. Additionally 350 m of
anhydr ous t ol BEFEISAEE08YSat a constant rate during the 25 anionic chain
transfer pol ymesd) zat i0kampiBCHS feactdRoas tnintagd Lidei sminwvasryi Mcrmsdsed t o 510 rpm

and 2940 g of styrene (99+% 28.23 1) we fed over 180 nj nutes. The
wel | -cal i brat Q‘H""Zré’{ Y S p g‘f‘ﬁe’\‘ﬁ&éwﬁrﬁgﬂ%grﬁ‘r‘é?etc a1 E@ngai\gené(s)c Net'dnt rate of
f16.3 g/ mt s ?ﬂib%&lﬁrt@lﬁﬁ?ﬁs}/m a?m@mg.e gﬁgp.X_?B@Olitﬁihm, wersl au&mn@e(d?dﬁmsme tstyr ene
eed systemto flu e al um na bed. rene feed to the reactor was
deened conpl efdé‘“Wf‘iﬁOI}‘FB“faﬁ?l‘ AMKSIPMAF Qﬁgg@%{} 8Ff°\f€h§edgﬁ%%’§fécf\)%3'egener ally
signified by t@delaRSlangr @dend e tiay bragratragh ho siimedlp lapalSweenowastphmpaoi | i ng
coils. [0124] The set g}gi nt

of Pl1l) tenperature ntroller mai nt ai ned
at 75C and wal™the g5t Rymeags ?f{j’dﬁet RPURIHP aéopﬁg %Cﬁ‘é"@&cea\gg’\?w e the flow
of the hot oi 1. ag4ab e aid. £100 g ) of Basic Aluminum Oxide (EMD Chemicals, Aluminum

30  oxide 90, mesh 70-230, column chromatography grade) and delivered as a fine stream or
spray above the surface of the reaction mixture through two 1/16” (16 mm) OD feed

nozzles.
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31 bypass the reactor jacket. The reaction m xture was quenched at 75C
with a 50 m aliquot of deoxygenated water resulting in a water white
turbid m xture. The reaction m xture was washed wi th deoxygenated water (3
times, 650 ml). Phase cuts were rapid and required litt tinme.
Wat er and a‘ﬁ?z?oa/d”d?‘ enul si on was renoved through the b llcﬁ‘t/ﬁs%ogrog{a% 5val ve.
[0125] The tenperature of the oil jacket was increased to 130C whil e the
control valve to. the cooling coils was turned off. Cycl ohexane, residual
noi sture and tol uene were distil| ed*ARk a sinple distillation
apparatus. An aliquot was rend\daPAMwat®Rst B3%ia GPC (Me: 192, M: 447,

Mv. 713, Me: [:bdﬁ'j’i TdRkehe, 113ﬁ9§ (5-@ﬁ1@ﬂszﬁ‘i92-rrh’tﬁ) ﬁis%ﬂﬁngQ@%H%toﬂbrﬂlbUs@ 8068 g,
was stripped via continuous operation of excess toluene to yield 3380 g of

an i nt er nedi abEeé‘e‘b?"JHLfc‘Ey 'gftaf‘se"ofﬁl?"th‘?h‘f“ Ipcket tThe PotopskErRycaie theieePirgi s:  Me:

297, M1 496, cob was sel & 70062 Asl &R JeontEP of IneDactof NPas ARAEd RUMY Seadiidni p was
accorrpllshed by nmeans of w ped fil m evaporator (WFE, aka. Pope Still). WE

oper ating con@Psdrs Gdf & o “If*'osl"l“SWs(zM‘ é‘eﬁb’c}oéﬁxé"ezoié%g‘%h"t‘as Bargedj acket
tenmperature =pdh8aGhe B E’F 3Yelo® tHedsuiface 2f theFedtl agREd ¢V IRRSBhed-qRRMat ure = 0C.
Additionally 1935 g of toluene was collected in a dry ice trap, while the
col d finger cBiEnsBy fow1ling we then fughed, with Jp “E‘dlfLi’éli‘Véroahd’l“e“e Next a

1, 3- di phenyl psapang pre%Qé'dZ;o]utl& s dPPstassith ztﬁaf%x@@m@@tgr 8hi& hbiough the
WFE pr oduced 2715 an oligoneric mxture with foll owi ng GPC
profile: EDA 26 370811 o @6“&%‘2(4211217%472191”5@““50‘*3?(1 fApinEdper at i ng
condi ti ons we&hgraaénsapdnggw colof 6tk TMMIRA combledd b1 anih bvith BmkSiahi@opEr at ure =
185C, Pressure = 0.1 mm and condenser ter‘g)erature = 0C. A mxture (388
g) of 1,3-Di ptésngl qub@B@ﬁqe hentpbsugface ding ey {lyshs wglbﬁé?cgmt fre fh plicieteef

di phenyl et han%)drdﬂ@foﬁm&@'d@&&ﬁ% u?hga An Qlidﬁﬂbﬁah 5 At8 of Js%hﬁn@%feqr SP-8 M=
817 PD = 1.30 [0128] Tol uene % 5.0 liters, 47.02 nol) was charged to
the reactor p?‘eav?oﬁﬁ%‘F At duging dhet @lorschw t%&wol@fmervh@nmceiﬁi |Regeierket . The PD
contr ol | ensopgkiioh Ws fhBas&P@! 510 epnf Rid|252M2St Bfdne (994%7 4. B mélF whibgeqcont ent  of
the reactor was heated to the reaction tenperature, 94 g n-BuLi solution
(2Min cycl oh@®ah®, migutsss Thepyell-calibsatedngieiiag PRIRP A FrogemmKblodfs #tédg bel ow t he

surface of th&ngﬁmateyofagsi gmﬂ A,&Q@owsrapohmhymezdoeaytvhmmgadxtt)l&ree The feed
line was then flushed wt drous tol uéne. Next a previously

prepared sol utty'es fed ﬁ#ﬁf"l“s‘@é“%?f‘hf’p%‘t“ﬁ%"stieﬁl ﬁ’idtc—"lﬁ‘alf"ék'ledé”"(@ feeg X haswreﬁems nol ),
TMEDA (35. 95 fed ’d%qgacm:)s deehtdlr cémsletOwhed no AurBid he TR JeadiBf whsdbitenRe, (433.36 g,

4.7 mol) was 32 introduced formng a characteristic bright red color of a
TMEDA conpf exesdertlrigyifiedhyibrpuigmed eeeshibe slpnoid vilvepads Fgiont coBlittane. The
subsurface liggswas flushed with a second 75 ml aliquot of anhydrous
toluene via nmetering punp. An additional 350 ml of anhydrous tol uene was
fed at a consi08H Therenctipnmirigre aedugnsheddt © i Hi%mlaHerEs dprsyseassdi zat i on

process. 5 Re@giQLuRed fnat VARG WRS Witif hERSEThe Racid® midiR 3R0wAR28yifh of styrene
(99+% 24.27 nmol) were fed over 150 m nutes. The well-calibrated netering

punp was progfeartigngted srareEdx 450 B abis cuthcowdbeemede after Bme getling §me.Anhydr ous

cycl ohexang (a/a%ra%@%y%g)orm&m%ﬂvgd%r& ﬁth%%b’tfoﬁﬂﬁanfﬁﬁ/@ systemto flush
the al um na bed and conplete the styrene he styrene feed to the

reactor was d8MRdThedsRcatuE W‘f@rﬁ“lmﬁ HP&'Pf‘é‘?aqué‘a{wcﬁ white4ba GopfP! ¥HY obser ved,

10 generall ytonhQEUofmge&Lnlpwast ﬂ%e@uﬁfolﬂ@&iﬁlﬂ nfols@f W8 Bholeheveal RA 6 val ve on
the reactor's cooling coil éo 29] The reaction m xture was quenched at

70Cwith a 50agmoxng1aiemg\@q hoglfs agj gwgglnqgt@gchmbed from 65°C to 115°C; while water,

cyclohexane and some toluene were distilled. An analytical sample was removed, GPC -
30 analysis provided the following data: My: 197, M,: 331, M,,: 368, M,: 406, PD: 1.11.
[0100] The crude reaction mixture, 7027 g, was stripped in a continuous operation of
excess toluene 1o yield 3231 g of the concentrated product stream that had the following
GPC analysis: My: 300, M 367, My: 483, M,: 634, PD: 1.32. The continuous strip was
accomplished by means of wiped film evaporator (WFE, aka. Pope Still). WFE operating
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water resulting in a water white turbid m xture. The reaction m xture was
washed wi th deoxygenated water (3 tines, 650 nml) phase cuts though not easy
coul d be made after 15sone settling tine. Water and any rag or emul sion was
removed through the bottomdrain valve. [0130] The te ihe oil

j acket was Wg? A4 to 130 9C while the control val vgp]f%ﬁé#é&@g%fl ng coils
was turned off. Residual noisture was renoved over a period of
approximately two hours is the pot tenperature clinbed from65 to 115 C

wat er, 20 cyeohdifnax ferd raterrt33 ke tod ljaske demparkes o\B8ICh EEeFUe A 0dMP dlBot was

rermved for azﬂglcé(nﬁén%er\(é ex%xg =p(5°@V'Aqedgd l‘i(ﬂﬁ 4f4@k L)quBQ gt dearddn 2 495, M 509,
M 790, K 118 PD. 1 The crude reaction m xture, 7215 g, was

stripped in aicetm iwhilos @b‘efl@el omdenpede3eg@ gsoft o mirgiie of &Pllwf'ef"ﬂ b894 g of an

i nternedi ate t ad.the follow ng GPC anal ysis: M 402,
Mh: 530, My, B%WQK?M& M'ﬁ‘t‘“%ss The continuous strip was 25

acconpl i shed by neans of vm ped fil mevaporator (WEE, aka. Pope Still). WFE
operating gonditions: feed rate = EX33pr2 oil jacket tenperature = 185C,
Pressure = 55 mm Hg and condemrsptmpem%mewzo C. An additional 1435 g

of toluene col lected_jn y ige trap, e cold f|n r condensed
2884 g of amﬁ%}(qlﬁrjé‘ﬁ e’tqa‘%%ﬂséd [i%rd’ il%m"& ‘ﬁﬁ\é\cﬂ %‘SErﬁrfgacméﬁrfﬁﬁ ] A second
pass of the preaelintsows wﬁmi difﬂlQ:U@hmI faekeM\Afhe pn:odmﬁmr é}%beﬂ@h@éooﬁhgol i gomeric
e R T
t enper at une =Bul3lutidBSEM ml?ycﬂkﬂﬁMh@O%S@mdl) watchiggea idougb e @ipserbeloeniper at ure = 0

C. 271 g of 1,3- diphen free of structural . js col | ected
as a distil| atidaceg é& E‘g@&@m CREFEAC mixture, Th fo ‘"%{”6*1?3}’3‘ Tol uene
4758 g, - (5.5 fiishedMsth 75! Eanigatobs MSnecrmrcgaépétmerﬁpblecufeeamemsom evdeousl y
heated to reflu zeotropic dri our peri,od;, Karl Fisher
noi st ure anal @gf(yl\plﬂd‘?éfgfﬂgﬁh & ?ﬂy%'écl @&;&AHQd%?‘H ‘H’flg of ine was :
cool ed to 80 feacwr titoudgh heOdubsujface kel 1ae dorivlig Glendhti@édrdtic briphr &'ﬂlcﬂlgr tthe cool i ng
coils both_se t hat t erat ure. .Upo. coolln o the set point

t enper at ur'e, %"f%é‘f) c@mﬂ‘?"%ﬁ@?’zgg‘mﬂ"?% Rﬁ‘ioﬂco@ﬂf s é?é‘ﬂ%f’fs?j’.tafg;nfo mol ) was

char ged t hr ougbsutfite lifd vas he@ed)ﬁlltmdﬁoh@7$rhlraixﬁilbeofeﬁhyﬂxhﬁs tg&dii'é big ma@intgat ed (300
rpm tol uene reactl on. m X gd' | Thg feed |line s t hen IusH th 75 m of.
anhydr ous t ol RfgReA" Agittonal 330 Bl of o ydﬂ?“NtONenel\}ias ¥ 4 BEHYN B AYI"E%di ani ne
(TMEDA, O. 286anmﬂlckhm&nﬁﬂ®bgﬁhélzTatﬁbntph)‘eesl§ el&ﬁ&t@l’agﬁahﬁml’hcfeb’@d tblibﬁitprnf ace feed

line formng the characteri stl br| coI of TNMEDA co exed benzyl
li t hi um ani on®%*H gd%ﬁéfs?ﬁ(?%*r% &1 "@gw ﬁg%erl infEs. Thgwel Lféﬁg Tifs(urface

i ne was f2bUSJﬂadm‘gllphx|ﬂp 8/a§ﬁ6gtﬂndm3<5torfted6h|t b @bvBiantQhite anmtydrgmms Aolydeme VI a
nmetering punp. An addjtj

const ant rat ecyalapqx?p@ (4 h@%é’m kel |°Ear %f’ﬂ ey tIﬁ S?ytr’] h%gcf‘g?"s‘f)’ﬁ f‘ﬂ)ﬁ'étf 5%% %a']“%begr oc egs |

React or agi t atlieQfyrenfged taﬂkeaa&ad»atsaeeﬁwcdnpmeaﬂxdn 23 hegheaf of Ehgtiorwes (99+%
28.22 nol) were fed ov rrete 1|1gng punp was

progr anmed t o®PEEY 8grer yt‘f@ﬂg"tdz?ﬁtr;lhe € 1§g S?Eel%“"?ai‘jgﬁ‘?"ﬁ V&H%g‘ﬂﬁhﬁﬁf’é’ !

coils. ‘

25 [0102] The PID temperature controller was left at 80°C and water was fed through the
cooling coils while the flow of the hot oil was altered to bypass the reactor jacket. The
reaction mixture was quenched at 80°C with a 50 ml aliquot of deoxygenated water
resulting in a water white turbid mixture. The reaction mixture was washed with
deoxygenated water (3 x 650 ml). Phase cuts were rapid and required little settling time.

30  Water and any rag or emulsion was removed through the bottom drain valve.

[0103]) The temperature of the oil jacket was increased to 130°C while the control valve
to the cooling coils was turned off. Cyclohexane, residual moisture and toluene were

distilled through a simple distillation head (1 atm.) until a pot temperature of 115°C was
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SUBSTITUTE SHEET (RULE 26)



20 cycl ohexane (2 x 200 m) was charged to the styrene feed systemto flush
the alum na bed. The styrene feed to the reactor was deened conpl ete when
no further heat of reaction was observed generally signified by the closing
of the automated control val ve on the cooling coils. t point
of PID temd®? AR #*¥ontrol l er was nmintained at 80C angléﬂszém@%ﬁﬁas f ed

t hrough the cooling coils as needed while the flow of the hot oil was
altered to bypass the reactor jacket. The reaction m xture was quenched at
80C Wi th a 50beerved| Aryeligpot gps &9@@\5@9&@#\%@6%@?@&1\4.: %% Mri3Q M4 Mat er white
turbid m xturgy pphgsgeaction mxture was washed with deoxygenated water (3
x 650 m). Phase cuts were rapid and required little settling tlrre Wat er
and any rag dP104huThsicore vrstionahinied 8Q4ng: Gtag Isripprd ot BeEr eeiAiPatfve. 30

[0135] The teem@mfuu{e% 91fsldt4h?1 gbd amla%@&.atw@ddcmgﬁ%maq]elfafawﬁgwhl le the
control valve to the codling coils was turned . _Cycl ohexane, residual

moi st ure ahd GRS welisis: Wer B1dWs 5114, IMadl 4360 Mo 9éh PR bi‘QrﬂhéchI“EltoF% 13 ¥8n head (1

atm) until oy W f ffguot was
atm) il ac&ﬁatpls;%hgd'ww aé%ﬁwf%/ &Efﬂ#@%o‘{%ﬁ (wﬁé akepbaﬁ sm‘)d Wﬁ'bp%tl oS 63)

[0136] The crqgerbuqneaer@ Psd"ﬁ"qﬂsfo@rrée—75@9’“’@0’1%‘tg‘f‘l?efaﬁﬁ%dIWI%Pfféfﬁ'tel nuous
operation of £XOeaSuE UAIEARA WHsSheleI352. 0aPlaghand BILE BPiRLAT 0duct
streamthat had the ow ng 5 anal ysis: M: : 539, M 852, W
1342, PD: 1. 5@llechén adnict mmubllestbvmobi finaes C@z@e@wpl%?sm@fd rwytm@&%wf wi ped

fllmevap at Qh 1 6\WEkenvBkaanePoOPE Still). WEE operating conditions were as
fol | ows: ? dﬁrat\gﬁ—nﬁ gane oil jacket tenperature = 185C, Pressure = 55

mm Hg and conl@t3%ed saccendipays af th 855:4 gpf che comgentrefelibraugintae WEEB0deed§980l uene was
collected in aﬁiBlggofn&% dﬁtﬁﬁwu‘l‘}melf@l&vﬂg G@@l fbife! M8998 spnAeNsSd2fi34 g of a

m xture of toluene 10an di phenyl propane A second pass of the
concentrate tHbdRyh-32WEFENPEtiEsaRitions Raa 3 fejlogs: f@ﬁfﬁm? b dlipgkt ure wi t h

the follow NG ré%;nélﬁé -OfZGOI"@ PrMure —A'R)q'nm Mg and c@ﬁ’cﬁnse%m Ire N5°C 138 QwrePD: 1. 43.

VEEE oper ati ng tions were as feed rate 1.33 L/hr, oil jacket
t enper at ulé :(lii)wf: of Pk%@wb@elpwm\%afﬁmrm ahadts c*ﬁh@'éﬁsé?m‘tf%r%ﬂ%@re 0C A

15 mxture (é}éﬁ gg‘s Jer§c0@kmqpy3,gmgtpane and its structural isonmers
(et hyl ated di eny anes were collected as a distillate. EXAMPLE 10

ACTSP-10 M = 1194 PD = 1.77 [0138] Toluene, 5798 g (6.7 liters, 62.92 nol)
was charged to the reactor previoustyaMpPLI®ated to 110C by neans of the hot
oil jacket. The PD controller gopespaimpg ss0®D o4y i ng coils was set for |15C. .
As t he sol ven

sol ution (2M Oh(wiyz? %ﬁt‘éig#eg (%P gﬁ%egr]oél O?rbagasr%%%ttgrﬂﬂeehﬁg%géﬁm ﬁusgdl p leg

bel ow t he 28 ur feace®todh°C isgemgaanbﬂ thte mgbm ;atled ThB(P(D cqnn‘)llet qieuxeﬁgathdf ealitgi on
m xture. The fged [ i (3').}15 t ol uene.

S 9@% Ig iﬁ lv e gg d te tl temperaturg qu’
Once the pot TEMPE &L O the i el MoK 5’5 @%‘3 ol
N, WAL, N1-t eBuiaeaétion (2 fh}tlyﬂﬂﬁfhnamem()lTWEDﬂargeﬁ t26§h thaldjp legsloghier ged to t he

reactor thro t he subsurface f ne formng th acter stic bright
red col or of U%%EBR?E‘SEWF giﬁéﬁ“"ﬁ@ﬂ@iﬂm)lt‘ih{em TP AHT g‘r‘ire er{,#é W&S’ﬁﬁ‘bﬁn; offI ]
gassi ng of bufigna. wnfﬁh&m$Uﬁ)ﬁlﬂfdfr(ﬂlﬁ&)Idehd"leowaﬂlefpbtllﬁhﬁdtuwr’f:d@heﬂ 9wcent 75 m

al i quot of anhydr o ol ue teri ional ly 350 m of
anhgdr ous ¥ ol %éﬂé\’@d\s T‘%ﬂmé‘ﬁylﬁhﬁ%’r@i"&ﬁet Wé‘n@ﬁ? 'Dt‘f‘laé Cgﬁ e\ént%}?ﬁ ¢ chain

transfer pol yR®idr zkbighNhP§ubaefaG. feddelae tiarmingghd afa:aamsmmrig'hnmﬁeabedf to 510 rpm
and 2544 g of _s ene +% 4 43 no e fed qver. 80 The

wel | -cal i br at‘w}aﬁét‘:@?‘i’léﬁg V\%%m ﬂ?‘%’b?y‘éhrﬁ%cc?mﬂ%mfogegass% ta8ns int rate of
31.8 g/ mn. A@hsaeha@ume ﬁas(ﬂuﬂllaewameseécﬁdxs i DelDi qurok bfammrochanugednamtenﬁge styrene

feed system t;())urr]:pl. X d(I"ltlonala.is(l)J lgf’ianlay(fjous to?uenscu\%g-lg% gf%]é%nsngrEt d{mngl'lﬁ: 26)
30  anionic chain transfer polymerization process. Reactor agitation was increased to 510 rpm
and 2933 g of styrene (99+%, 28.16 mol) were fed over 150 minutes. The well-calibrated
metering pump was programmed to feed at a constant rate of 19.5 g/min. Anhydrous

cyclohexane (2 x 200 ml) was charged to the styrene feed system to flush the alumina bed.
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The styrene feed to the reactor was deened conpl ete when no further heat of
reacti on was observed generally signified by the closing of the autonmated
control valve on the coiling coils. [0139] The PID tenperature controller
was set at 80C and water was fed through the 5 cooling 2 the flow
of the hot WYPP'%AE* Y tered to bypass the reactor jacketp%qﬁdr?%o‘ré\/g(la%}tel on

m xture was quenched at 80C with a 50 ml aliquot of deoxygenated water
resulting in a water white turbid m xture. The reaction m xture was washed:
wi t h deoxygenkesureppieeto (hg rapqipress desmes Gomplete phenge fertherdetpat wackety and
required |ittlge38ltdelaPsifdifiRd bwaatcr%&n@mheaaneémst@cgco%m SR GhitRtoM¥Rg T enoved
through the bottom-drain valve. 10 [0140] The tenperature oil jacket was

i ncreased to PBBC While the control valve to the cooling coil' turned off.

Cycl ohexane, [ﬂﬁﬁ | OHR| P Rinph iR c@ﬁl%ll&r%a%‘@é?@tm%d%a?&'vdai fd wrhipugh a sinple
distillation head (1 atm) until a pot tenperature of 115C was observed. An

al i quot was r@ﬁlméaﬂsmrle therflomyadithe hot el @pQltgrd to bymys thoreactggaketnihe 1174, Me:
1853, PD: 1. 8Qdcidmhfiflvas ﬁl@n&édlﬁl%s@%ﬁ'a% maﬁqwt%f d836cknded WRS StTipped
via continuous operation of excess toluene to yield 2846 g of the
concent r at ed rp%ﬂb'dacv as paterayhiteh Bebich goxtyrm eThe oRACHN MEUBP@anvathed with M 295,
M: 674, M. gobdthcinerd s, B mi: Flse G4 MAOURDISH s
acconpl i shed tgy)gy%nearﬁs (a)elj( l es ml}n evagepcorateor (lV\F ,ng]ra Pogmﬁigtl I1). WFE
operating conéne W@wsanmrryeam CW?J‘F'PID‘M% renfoueddhrpygh ghe bottpmaimin yalye. o | j acket
tenperat ung oi(ﬁs? CTheﬁ’énﬁ}%x%HFeeof AR off keI WhsHEerAR (£ BO4ENHR thelcBIRETALUr € = OC.
Addltlonally 10 g of toluene waS collected in a dry ice trap, Wmle t he
coI d finger cereieliy BlOPasuned off n{xdehprant residedl moisreagyd toluene were

3 di pheny! piiqaang ESs iR o ENFENIUSMRE: B 11
25ACTSP41 My = - mW ) 0“1421 & a}pﬁgér atus was a glass 200 nL
oi | -j acket ed @aerrveﬁedn iAot s re@avedrf@a@éwv f Mp 1y Mt 30D W 815t Mequi pped
with a nitrogen pﬂ)llgg) over head stainless steel stirring shaft wi th pitched
bl ade turbine inpellTer, and a thermal coupl e. The reactor was al so
out fittedIfi t 9180 Theutnse réagiion iz, 067 @ was(strippedd Wa sgnfinvewssopsraa of1/ 8" (32 -
m) O.D. Ilneexfcég toluHe rt99*ffa'3@97 of%Pe Jah{emafes R)tmcﬂt%s,ﬁﬂﬁt REGhetilowege; and (2)

a stainless stee 1/16" I ne feeding a mxture formed from
butyl |ithi un$RG/EBAsisiib: 136 Mer?e?. Nrmé301M1668 @DGlmThbpw@nmasstmmWéaded
through a ' A A chani cal
stirring appaz}cg%qn S%ﬁﬁ?}%@ﬁJ’%gmngz‘g%mg@ﬁﬁ%;gaﬁﬁlw Vlﬂ:Et(%gr 1/716 inch (16
mm) feed | i necopgditiondivere es fellpyjsuised rije dwi3 Lhe oil agkel thraperatuftyel I9We Pfebsow port was
directed wn d pps aat a 13 mm Ace
Thr ead(r) Fer] anlrt e e n i e e, e R o O by 5o ©
gl ass tube. Té¢vlectsdlines driied traif, whiteethe ®ldnfing® ceidensed 28beofarixteonhielsened to a 2
liter, glycol 3¢ K@g‘g ﬁ%gu{ered reactor by neans of a second 13 mm Ace
Thread(r) Tef?on? Anection (neither Teflon(r) couplings were wetted
parts). The overfl ow reactor was equi pped with an all-glass overhead
stirring apparatus, bottomdrain vaxevpiana!l | ed wat er condenser, and
nitrogen oil -bubbler outlet. 'Imrgwmtvl:gmpl')gqas(and reactor were heated to

100C with gly oven-dri.ed pear-shaped 500 ml
~ flask undé? ﬁﬂ%ei‘g‘g %g%ln%Z?)ﬁE é&g%aﬂ‘l% %ﬁtCh?éﬁqﬁ&lﬁtrW@’ PEROSWganol i t hi um
m xture was fgas®ed 150y dkankDf the hdQa Jma The@¥D BBALrYlleOEpetiipib @dingt Ol uene,

42.98 nL of 16.5 wt %.(5. , .0.0824 ont ai i um n-butyl
lithiumin cy‘éﬂ' 6?1%‘)??;{?{ léég 358’2 "e("ﬂang?te onegr %ﬁiﬁlﬁtg@?"l{'ﬁgﬁﬁ this
m xture was s@zMxheytlo\hMahb 20y BApwS QRdrgd thrdugh i8d Hi)eg WOIGM & iserfatd df el Ng bar .

About one half 5 of i on was dr awn /1

stai nl ess st e%"l"‘%ﬁ“%‘%‘} Gg%/ B‘gf"ltl“e(‘/earle?fgo‘\ Riryres rﬁ“(’)EFE‘ﬁlgrﬁr“iaéé’e'ig'ﬁh%w‘ﬁl ass

sylrl nge rrgluntesgmoef &h%édsﬂ@&enﬁﬁmnceﬂtﬁli bt tbdﬁkfeﬁi&ird)f&a(m@d uimecswgergg?f 6t h(e galmlﬁ
valve was 1 ned up such that the pat t he e 1/1 1
subsurface febdAN Wné“’“i"ﬁcd{yﬂé‘yké‘%ﬂ?{"&c (g\%gﬁﬁg(}aﬂﬁ?? “(aﬁégabgé{j I 5 PHY

magnetical |y @bough @€l sibhuaade féﬁﬁllrﬁ”&ﬁlﬁ@ thel Wb di@istichBighaed Sofor @F TMEDaacti on, the
i nfusion of the syringe wth the 20 second_ hal f of t he m u&)

achi eved by |fqmphgedmﬁw§%'9 apia itk conepanitary off eespiag of{oHane i suby Ko fl ask vas
open and the path to the reactor was closed. [0144] At the start of the
run, the reactor was charged with 100 nL of anhydrous toluene and heated to
110C. Meanwhile, 547 g (602 m., 5.25 nwl) of styrene and 1734 g (2000 rnL,
20.6 nmol) of anhydrous tol uene were conbi ned, m xed and then charged to a
N2- 25 bl anketed 3000 ml graduated cylinder reservoir. The toluene-styrene
m xture was punped to tHIBSEEEGIE WHEETA(REbbr2&) or y- met eri ng punp through a’
col um. of anhydrous basic alumna until the first drop or two were seen
entering the reactor; the feed was stopped and stirring in the reactor was




30 the characteristic red col or of thé pol ystyryllithi um ani on appeared
(i ndicating anhydrous conditions). Next, about 4.8 g (0.012 nol) of 16.5
wt% n-butyl lithiumand 1.3 g (0.011 nol) of TMEDA were charged to the
reactor. The feed rates of both feeds (toluene- styrene jy
or ganol i t hi iM2APLHHPL) were preset (tol uene-styrene leiﬂﬁgg&%mgggnUnln
organolithiumm xture: 0.386 nlmn) and the punps were calibrated such that
37 SUBSTI TUTE SHEET (RULE 26) 200 ml of conbined feed passed through the
reactor per hbigrvag flyshedrvai@iserend, i51m] rayolsé pohpdsens yolyeps vigmagingPHER 87 r esi dence
tinme, The progRssnesd fQNAMGdAH whlfe A0 QYL @Rt i bifithg e ahidfCehaih 0145]
Sanmpl es were col | ected approximately every 30 mnutes after the first
45-m nute 5 pasferpolymerizaben Fresesid Reasiar asiiptioniwas ingrenseddaétlopmaed Idg, t he
system had r e@ﬁs‘?&?&e Sogati. @tn?f;l)ew&é)i@&ib\tel‘ PIWSminutide Tﬁ?@elﬁ&hﬁ%&kﬁ fi}éteﬁ/?@' ght
distribution of the first fraction collected was as = 1992, M=
2209, NMh =571BnmDayas pregramppd-to 36d 2t axgqestapioialy @f Slges/mint y\n&yd@uwclomxar‘ym cal
steady state {2&%@ 'm%rlvaéaﬁ}g)fdz@)qlhe%glretlcp%eld(%gﬁcm Mﬂush‘theﬁl‘a}u%ﬁna MThé&}ane = 1656,
M = 7134 Dal tons and | ydi spersity C analysis of a conposite of.
steady state feet odketrpasies wmweziédm@lﬁe éhensmrf\'lr@pr hegf of edagiion evaSaqmsrved
1- 3-di phenyl pgéﬂﬂ@lg% W@l?d @%hgc%singx\ﬁhe aMémated C%erb}vaIMnmeg&% cod. = 1879, M =
6897 Dal tons an of Ispersity = 2.15 EXAVPLE 12 ACISP-12 Mk 2288 PD =
1..91 [0146] TWéllﬂuiﬁhei HID t¢mpsra@seaqeproderr venp e tias 807G and water Mias feg Ithsough theexcept  as
descri bed |ger ) N Me47 g (602
m., 5.25 rrgl ?dop‘n gscéb)ﬁ/srglﬂg t}%ﬁh&ﬁmﬁéﬁd?g gsanﬂ%rrliéi(I BZ?pMC F[é%g&(#&gnhydrous
t ol uene. The Gpcgammtqrmwamm@hﬂxpteSQ/\fésvnﬁ@rfri?elal fliqueh of Tgoxpgenaied(water1 nol , 205
nL) of anhydr gs: o) 9 furd 6112 o T8 s syt idt0!
cont ai ned alkgﬁﬁr& h%PQ%mh bﬁzgﬂm}ﬁ?ﬁvﬁnﬁ?ﬁ%% &fo éxaﬁgsang%%4l%1 (19.10
m., 0.1644 nnﬂf@)ygmﬂ)ﬂ(atewttmes téﬁfémr)eahaemumwe@framnﬁendpmuygtlyﬂwwin@m um ani on
20 appeared, Y 24190l ), qgf B odk, Yo Rodut dédin dalleNi um and 2.6 ¢
(0.022 nol) O?QQ aw}gﬁ%@&%%ﬁérugg t% e #egﬁ%of o %%ed rates of both
f eeds werdSpr 3R @hﬁﬁm@m@m5®Mméﬁ@mwm%?@ﬂﬁo18)Q8hwi¢mwmﬁddﬂganéklth|um
m xture: 0.76 t A6k Alsnv@! ume (200
m) per 28.4 %"W"m wal{mﬁed(r:(ggg@ses&aéﬁggsﬁ glcxﬁoel%g@?g&rmgl %‘g 419 Snrﬁ nut es at
110C- 113C. 25fheugir] mr@amigtélstmwéwé(b@ml)e@,ttledotéqywpr@tmewéiléf@mee@O m nut es
after the fir t Bat v i eact or
vol unes, the ggéﬁgﬁnagﬁhggggﬂégggFég y s?%ﬁggggngat¥3ﬁ§hh@hg%%%% mol ecul ar
wei ght distribédion of the first fraction collected was as fol | ows: My, =
2154, Mp=,329 : Ogfal.t gns Rol.ydi 1.65. A
typi cal steadgngggggbgégéFgﬁﬁ'gﬁg y%gg asg?ﬁﬁﬁgi 9 %ﬂ'ﬁggé%hhMN%: 2410, M
= 1026, M 30excess,mnd3alyt6t§lr8§5hmdftmoy@ntwémmduoystmarz tguhad@edolamilgysi s of a
conposite of Hhat H QRS <@Nfd . a r Welell uene and
123 i phenyl pescan il Sl VAT AR sRERLAEE B7! pF e Sl g S0 T0" W =
3767 Dal tons aweniiidicy ty weras sfiwipedilm c\ggorator 3B FE BROPIIATINON Eeperntaly.
Deser L pLLon: ph B QURAN.OF AR 0308 LAPGHclinRARRI L PRAC Bhlatredr | 20 (5-10

ppm noi st ure
25 =95 mm Hg and condenser temperature = 0°C. An additional 1154 g of toluene was

collected in a dry ice trap, while the cold finger condensed 4092 g of a mixture of toluene

and 1,3-diphenylpropane.

EXAMPLE 5
ACTSP-5 Mw=T715PD =1.40

30 [0114] Toluene, 5848 g (6.76 liters, 63.46 mol) was charged to the reactor previously
heated to 115°C by means of the hot oil jacket. The PID controller operating the cooling
coils was set for 115°C. As the solvent was heated to near reflux, 78. g n-BuLi solution

(2M in cyclohexane, 0.202 mol) was charged through the dip leg below the surface of the
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Karl Fisher). Al feed lines, feed tanks and gl assware were dried (Oven
dried at 130C min 5 2 hour where appropriate) and purged over-night prior
to use in the brom nation reaction. Al glassware, feed |ines, and feed
tanks are nmintai ned under a N2 atnosphere during the cour e set-up
and the opeV2PBA+4¢* t he bronination reactor. [0149] Tﬁ)é%é[f?g??%m%% Al Br a
catal yst (comrercially avail able) needed to nake a 0.25 nol e% (cal cul at ed
using the formula [noles AIBr3 / noles Br2] * 100% = 0. 25% nol e%lO Al Br 3)
sol uti on of agenilwasiteedt @P0am) Rhene ey arixtirad Therfead ling yasthen fuskedthoven dri ed
reagent bottles,) gy ?nh?dr&fsqgﬁé?le pum&dthglp&vi@m%re RécREuhoee, epd glyst, it is -
meant that anount of catal yst above any additional amount that woul d be
ot herw se deatéMiNf- @aawymvlsmema@meﬂ Ai0R0T mel) rep pharged 1o BRIRCSr any ot her
process streagy, vtﬂé yu%gjrfhéa fzéaqmprf&mngak'cwacreﬁ@fetbhgn redRoRIbMEMEBA L0 ppm
noi st ure content punped into the reagent l'e 15 containing the
Al Br3 and ﬁhewmtemdrbemwmnnn aniETEh corramiant offgpaeng of baaner dpggpbyyepcef or 30
minutes Lo asgiig RARRGARQUR.R BSALHhbQR Ml oIRAl Al Mal Qn25 ol e %
AlBr3 in br omﬁ%gﬁ%@?}utl on m%g'qjtﬁen lltrhiuatns? e? rreu radndg}-mﬁ)fgedl ng
vessel pl acedadditions! 358my ef ahysisaes toyleneamfeé@f@rcym@a! fa‘ﬁé'@ﬂg ter50)ic R@ ani oni ¢
chai n-transf eg, sty (AGTSP)eipf S Biseadioss 9108H ahd2sigy 20 (5-10
ppm noi sture){r@%&ﬂd’o H)%anﬁ’an ESSSWt A)so%gﬁtlﬁona eea sol utllgn avvas t%en char ged
to a graduat eof sfyead{NevH<8 atol) WPWéC‘OO\@S“rQﬂ]IH@%SAﬂB? gell-¢alibyptehingieringnd t he 25
wt % ACTSP phn f £. RehvashatviiofexidMPs thrdugh
1/4 (32 nm 1b %@%‘@?g:‘dg’mﬁﬁ%@é?ﬁfﬁé c\?&ta“{@flgfgea@hres )l%re%yclxe heel of
anhydr ous BCM2at200@!) V@O@argﬁdﬁte theglyeend foesl spssqaito flughghke alyminaceh Jhafiyeng noni t or ed
such that rat j.0; gfyelfie Im(feé‘r@eq%&h@ i aﬁen IS TR EShe QR hdh wao@er@ar const ant
during the course of t e electrophiic brom nation reaction. Bronination
Equi prent  Set saugally sigoifigdiby ﬂA?dB)SlEngﬂhea}"&@%é’c@mmﬂvf’é@l@ﬂ(hbﬁwfﬂmﬁ on reactor)
vas equi ppec sk 2t (Y SmBean c%t?oﬁi,sr Wb 1 120 BRf dgter REE RaHibigh i paddl e, -2
wat er - cool ed condenser, "Her mo-- wel trogen I nl et bottom drain
val ve. Thdsr eamtncgrcowashxkszemfw thhedwgml aasceéwred tsrrhymaq lthateect@macg@tuﬂ@ trap to a
wel | -stirred o Gdt JrBEoxand gp“@,l ned Br 2.
Addi ti onal | y g&ﬁ glgx(t:‘tﬁgﬁv%b SBC(I)]ECP fi tteé'Ja 'ﬁ? {nﬁ?g‘e t| nl eth?% iﬁes : " (64
m) O. D. PTFEreBOGMsfiecd whtor whits turtad nfiderel Dfe BCNOTL Grixthie wag aveshsd v(lthhe BCI\/I can
be either fre N LW QLS hd ddiyel/ 4" (32
m) 0. D, subetinfbtat LGEY i, BREM! A SRRl Q3 b ‘&’ff/ 85008/ 067935
line; and 3) SeAling(t@@ Wetjr@doiny By 2f mn@r«a waglomemed tircaglf thebpitpm duinTplse. Al Br 3/ Br 2
and_ ACTSP/ @C'\/L()flf‘(ﬁd +el Bttt mﬁ? W\\%gmﬁlé&éh Bhﬁﬁc Wﬂﬁ@thé &)Inﬁ& vhild@shedi schar ge
t heir content proximty creating a locally high reagent
concent r at i ongooliikgecolly mmtwaetdi o Gyelabexane, adnalcorigire andl toluenoweieekiptiigdt h al umi num
foil to exclu k902 o CABREISH 1 157 B dhrlegned
ventil ation hg’g‘iﬂg” fﬂ&@%ﬂgq‘\hgﬁgﬁyr{a?l r(l)tn ?%taég{}or was pl aced above a 6-liter
wat er quench posliqepttvras eemyRd f¢ra@alysis)viaGRO, (MpTIBE Mir 262nMbi 398 M/ 838, Bldnnect s t he
bottom drain ve of the brom nation reactor to the quench pot to all ow
for direct transfer of the brom nation reactor's contents. The quench pot
was oi | | 25kettdtTlafbe avigirpoead mixtuie, 860 @y eps fréppel Wo continypys prsetigPism 10
t her mowel 1, SQQEsk”Uthcstldl eadtﬁlﬁg% bl m@mfema@god&ngmm&]mtjfutqunm intimte
m xi ng of organic and a ueous hases uench had a nitrogen inlet
and was pur gefP€enaysicalis297cMs PUbbe13, Mh 003 udhc 34-pBite cprdiduays BoR #efm dr ai n
valve to enab%&o&ﬂlmﬁgfﬁleaﬂ oftvngedm e\ﬁp&ﬁg}t(@"i}ﬁsaka Qoﬁ%tlllﬁt\@fﬂ@g}aeﬂe S liter

st orage vesse
conditions were as follows: feed rate = 1.33 L/hr, oil jacket temperature = 165°C, Pressure

30 =90 mm Hg and condenser temperature = 0°C. An additional 813 g of toluene was
collected in a dry ice trap, while the cold finger condensed 4600 g of a mixture of toluene
and 1,3-diphenylpropane. |
{0118] A second passr of the concentrate through the WFE produced 2453 g of an
oligomeric mixture with the following GPC profile: M,: 400, M,: 512, My: 715, M,: 1084,
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[0153] The internedi ate storage vessel was piped to transfer its contents
to a wash 15kettle. The wash kettle was a 6- liter oil-jacketed, baffled
reactor outfitted with an over- head stirrer, reverse phase Dean Stark
trap, thernopcoupl e and bottom drain valve. [0154] Al ter i s of

equi prent a‘?’gzgﬂgﬂf%ﬁl e for recovering the brom nated pr]Qz‘I/ &)g}s%ﬁ%gol id and
essentially free of BCM Product recovery can be effected by distilling off
the BCMin an oil jacketed resin kettle to forma concentrate. The kettle
is 20 | ocat etP:tloh dWebererajingscoadifiene rereans dolipmgdiat rate = 143 LU rpilbekeir opped as a
melt into a bugkeh,of zqgﬁf lPre%}eerm(lh'g%H SRBRAED e RbAurdabRY A nliR@reSt 1 1 1i ng
produces a granul ar oppe product "(after oven.drying) that is suitable
for conpoundi ¢g & ek b3 lehwlrmpawemlts Thetug] sepaatnotylasddigylihaetdes a

wat er - cont ai n{, 4. ¥i&%I4! 2 didiQe Whi ch unconcentrated product is fed -
acconpani ed by t%e concomtant azeotropic renoval of BCM The granules from
the first 25 and the precipitate fromthe second, are passed through a
vacuum ovep for drying Mterials WHExAMPMISE transition tenperature (TQ)

bel ow | 00C are rinsed with netdmplﬁm‘gtwﬂ»uuyamg in the oven at a

tenperature | 015 A recapitul ati on of process
par anet er s an@%a?g ?3%@?%9%8(1%?535 B‘ﬁ‘ls’tﬁ(ﬁf’?orl?a‘f’ascf %%ﬁgs‘?tt edﬁ%“’&BﬁF&‘is ed for each
of the Broni nphkon sExamphass (bf&heleUcﬁldjaékBl TAbPI® dontr@0r Gleatiignad dodkngExanpl e 1

o158 To The s Cet LI Gt St RSP RS, o1 2L,
was cool edoi nBéiheoldan @NﬁS-EychHI)EneSB{EﬁTm&l% hatde)l thral@h ke Uip leg]bel@walﬂ:d a
previ ously prepare

wt sed .of 3 ACTSP-1 (From
ACTSP Exanpl e acl?/l"td-thﬁé‘??fly %ﬂtﬁa‘ﬁdoft"@??paﬁ’amf%‘?ﬂd%‘we ?S‘f %él\)lnﬁ\ﬁg“ Marged to a
dry, 2000 m {NRhdalvahkeineer a@lﬁy’ﬂdﬂﬁﬁoﬁ%ec}OﬂcﬂdepotwtpﬁmﬁliceékclmiIBf)?Ca?Q\HS? (32 mm)

PTFE feed line pl ! totransf thee of the c I|nder by
neans of a pef iogf\@fﬁ ' “’I’f@’f’ﬁ?yl‘?@' @&{Eﬁﬁeﬁg%m‘) ¥ 5&%68 r. The
previously pr ﬁﬁb&fr@lﬁox&h Bre3subsdrfd fmallﬂ»@ fdriﬂm@m&rnhmectc(r&ﬁ‘s&ggb rcwasloxt sfansf erred

via a perl pu i.ter. graduated._c s feed
veasel Pund’ nat HEGA RGBT IR SR A aB Bh ot THPedTTh £ h a Vs
(3|2 ran) ETFEsuf)ﬁﬂﬁlce:chthﬂhéﬂé‘(ﬁ\dltti@edohca’rﬁsrﬁlahqlio{"kﬂ'aﬂ@&xbﬂis&ﬂu@gﬁxuﬂktemfg br oni ne
sol uti on by nmeans of a ic nmete o the br tion
reactor. 10[ OB%%P] A‘Tﬁ%d“to% E%‘[ gyd‘a"lui‘e“’ g‘?éag?%?‘tatﬂl‘%'ﬁ@{“er?% pEe s ative
rates such t hﬂﬁontchﬁanﬁtﬂintfﬁr@:ol@ﬁéﬁz@dﬂﬁl pfkest. T adtmQgifaG@0isas a’fc&asédnarsg@quand

si mul t aneousl y ﬁ%rgp ted in tes feed S |nt dpt ed and

the entire co?ﬂd@ SRe @%‘éﬁ?%?g ‘E‘ab‘ﬁ‘g‘i‘ @JP‘@H&{% ipyics- ‘ﬁfi{lFFa

60- m nut e 20Nt REwzSunp Sl progtBmnél ta f&@-anh Réds@ntame bR ge3 BRasi. demgemﬁsi me for the
reagents. A new heel was created t{}? bro;n(gati on fkl klof 867 g of dry
BCM each ti meo¥slopepnedox 18 “}J)e“é‘iﬁﬁ?ffgeﬁf?t ShfgReTeebp Ry %a Wt bl was

provi ded thr oughtyedé febdre tl\@mét&{Wa@ﬂee&&E&nﬁ)fé&twhbm fﬁx‘ﬂﬁﬁlﬁehwﬂ rea@RP@Eat ur e
remai ns cl ose to -3C. thefe e reaction,.was all owed

to stir for afPsfudisene f‘g'B &teéL"S'f‘%"f{sﬁ'el aﬂ)‘W”ﬁﬁ %Oélff? AR t8lR8, he

consuned. Theccmeacti on mxture was transferred (gravity) to the 6 L quench

pot thr ou t he. bottom.drain val ve e 1/8" (96 . PTFE transfer

line. 20 i58§ e &w&ﬂéwpﬁawfwgﬁoﬂwew%@sﬁt %‘4 Erad a&t&fr%tfﬁ e tap wat er

(25C) and sti edolst dtls ¥R tlﬂeﬂlﬂvﬁﬁtEcSl&)Ut’newhﬁltkrlﬂﬂitoa)yﬁﬁs%(ihﬁgea&f)r jadret. Diegani ¢ and

aqueous phase. Upon, co Ietl Or}]nf néoh éan fe 0% 2503 ‘fl ution was
achet t*éd %and

added until t &t ‘éﬂ“"é‘ﬁ m, aligual, of deosyeengled WA vt ure was
observed. Thereguuggch a/va;s:e:ewmaweﬁm Gniaitel PhelREGtibe ARArAL ks v shied ewita s

observed. Agitation st op e organi c_phase 25 dto
settle. The | "\Ré’fgerﬁ’fﬁe)&’ﬁier(% H@ggS%g %F"éﬁ%"ﬁse‘?‘?"e‘ii‘p’ﬁé d;re%i_re% @f‘ é&ﬁegvessel
cont ai ni N@0106Ke. Watedind b fadNaChlusioslws. rﬂn(ged\iﬁrBhﬂ: thc[b@tl(ﬂ9<]ra1'rrhzllﬁ: t wo- phase
system vas t hﬁ)rl]ﬂt] %l?est];n%e{agge glﬂactlcptewa(ssxncre:\ggds to 115(0QE hEI‘e t%g (cjonlirgl valve %qhe

cooling coils was turned off. Cyclohexane, residual moisture and toluene were distilled

through a simple distillation head.(1 atm.) until a pot temperature of 115°C was observed.
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(62C) for 30 mnutes. Agitation was intemmted and the bottom organic |ayer
cut fromthe reactor. The organic layer was returned to the conpletely

drai ned kettle and washed 30 twice with 1000 nl of tap water to a pH of 10.
The solution was then azeotropically dried by neans of hase
Dean- St ar k WQ #EY1 44 content of the reactor was punped 't %3/U§¥@§/ﬁ&?£ resin
kettle while stripping BCM at atnospheric pressure. Upon conpletion of the
transfer, the BCM strip was continued at atnospheric pressure until the pot
t enper at ur e Mﬂallquoea@ﬁhe'mpvidsﬁ)@nalmmﬁgc Me 2 My ¢ e Mur @idde B98P Dyaccuot o an
endi ng condi tjiqg E | 50C and ¢5 mm Hg. [0160] The content of the resin
kettl e was dral ed into a 2.5-gallon plastic pail of rapidly stirred (high
sheer bl ade, [9128D Therrude shetionaidre.t 193 e wad strineedyicoepndnuoysriperapndbar se

powder. 5 The qng&E té"ﬁéd §fb|0 gﬁogttﬂ%c%ﬂc gr%cmtrezﬁx?asﬁﬁd fink 'lelB@ﬂ Bi i chner

‘funnel, ri nsed ano hen vacuum oven %C to yield
955 ¢ of the GRCoamnlpsist Mgk 285, dMhué4s. MBr7é®nNhat3|5?)r?DEkéﬁvrﬁiheC@“fl@&%ﬁqp VEhe procedure

201 ut tonof | ALPRERRL G realkh3 HRP oCobiRRly bR, JE0R: Sl WiERRede N D o
was co-fed V\ncbhﬂltzaﬁgwge offolpweSeatnitesd A I2hr30il jackirtespenirct=ol 85° ChB@%SUféf 3850 g of
ooat a const gnlr Gy 8l %ﬁde“%ﬁgmgggt B S0°ENatn i Y 17306 bislcdpRCe time in

the reactor was nut es uct was drie in a vacuum oven.
The procedur eojpecd incetly t68®, ghitsithepolddnger cond®Bd3Rd0rexfa onixtEg aftpliene 3 [ 0162]

The procedyr n Exanple 1 was used except that 2000 g of a 25
A o?ii@ri‘%@/@’%% B Om ACTSP Exampl e 1 M 483, PD = 1.32) in dry

BCM was co-fed with 2846.g of 0.25 nole% AlBr3 in bromine to a heel of 3850
g of BCM at a constant rel ative feggangiig 50 that the average residence
time in-the reactor was 30 m Rgtrep.y MQ= “ﬂmp]pgpghjct was dried at 65C in a

vacuum oven. The procedure produced 1823 rqduct. Brom nation Exanple
4 [0163] The P18k ctilices 58 @ Om Medi Y1t @Pﬁﬁﬁséhﬁggeaé%ﬁﬁéﬁ‘&“’ REENEYt hat 1500 g

of a 25 wt % shttf toORMKS andGIRRoEcalli upan HerT SR lﬁxxaﬁmb@ RarlMisher= méiQGr,e PD = 1.32)
in dry BCM 25 was cofedwlth2895 ﬁ;Q. e% (23] g é@ mne to a
heel of 3390 Helyts iptisoteddS BP ROy Hfl‘?éir‘?lﬂ‘iﬂfé'ﬁs Pplpd e PRy at e so
that the averag&kae.sd 198 B&rofidr B ratifg thl@oliRREis®bth W st t&@tcmpeﬁuﬁreSUpoThe crude
product m xture was heterogeneous and re UI red tpg\gaddl jon 04 125 g of

sodi um dodecydoolig|tq B gt mméaemfm&a%é%g §IH splytiqg (@M i gyRlahexeng, 38 ng
emul si ons andm@pms%ﬂgd‘dmgogﬁsnerdqdlegomsxem@mﬁ-facem&e rgérmglugtateu\mo ﬁ:l’nQCI pi t at ed

fromwater at 30 95C wi th concom t ant roduct was
dried at 130CoRfDeaacHoR Mt oVEY fecd Hig “ﬁ‘? ‘ﬁﬂﬁ'ﬁ gP g{i’ﬂggg'l‘hi% '9"8F product .
42 20  Next, 48.7 g of N,N,N’,N’-tetramethylethylenediamine (TMEDA, 0.419 mol) was charged
to the reactor through the subsurface feed line forming the characteristic bright red color
of TMEDA complexed benzyl lithium Va'mion with concomitant off gassing of butane. The
subsurface line was flushed with a second 75 ml aliquot of anhydrous toluene via metering
pump. Additionally 350 ml of anhydrous toluene was fed at a constant rate during the
25  anionic chain transfer polymerization process. Reactor agitation was increased to 510 rpm
and 2940 g of styrene (99+%, 28.23 mol) were fed over 180 minutes. The well-calibrated
metering pump was programmed to feed at a constant rate of 16.3 g/min. Anhydrous
cyclohexane (2 x 200 ml) was charged to the styrene feed system to flush the alumina bed.
The styrene feed to the rcacfor was deemed complete when no further heat of reaction was
30  observed generally signified by the closing of the automated control valve on the coiling
coils.
[0124] The set point of PID temperature controller was maintained at 75°C and water

was fed through the cooling coils as needed while the flow of the hot o1l was altered to
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WO 2009/ 148464PCT/ US2008/ 067935 Brom nati on Exanple 5 [0164] The procedure
of Brom nation Exanple 1 was used except that 1165 g of a 25 w % sol ution
of ACTSP-2 (From ACTSP Exanple 2 Mv = 496, PD = 1.32) in dry BCM was co-fed
with 2330 g of 0.25 mole%AlBr3 in bromne to a heel of, 3200 g, of .BCM at a
5 const ant ?Oﬂ?/éﬁgf(’dpt ed relative feed rate so that thd Ve age residence
time in the reactor during the feed was 90 m nutes. The reaction m xture
was allowed to stir for an additional 60 m nutes after conpletion of the
co-feed. The typassibe yspct ieltet. Fhscieastien miawreras aepded e 4US vahd 5P BHYYEd t he

addi tion of Qy glgo)r%ggﬁa?e%afg re&gglglljrm M@ﬁyelturﬁ*dlnfxﬁﬁr@ ThOreRAGIMARHAAWS Wash to

break the resultl enul si ons achieve the desired phase cut. The washed
product 10 rrvathed mathdeps ydendtedeyatad Chtrdest 498 Hﬂ)esﬂstﬁlcﬁgWPfF rapidrand gREehashed wit h

BCM and dri edhtflenseﬁ}g U QD r@tragé;'%l&& \yds%n%ve%‘:igmlgghq}fe wudirlig solid. The

filtrate and wash wer e co rned and the soluble portion of the product
precipitat®ed favom water at 95C with concomtant stripping of BCM The

BCM sol ubl e %Pg{’ﬂe téé%gr%tg%%f a3l ?drclteggas%crelﬁsgg 13 C‘;_WMI]@%lémngf‘/ﬁﬂet oyield

693 g of a rom na The procedure of
Brom nati on Exahrmoelmz cmsswa;se*dedeef&eﬁrclqhﬁcane ol goisfuregang Bolyenesverg| ut i on of

ACTSP 3 (FT oMo b Ao, lfom apbdus. PR Fgdon 40 relfleflfof oM viaS co- fred

with 2846 g omnet a heel of 4000 g of BCM at a
const ant r el aBRG/@,f W8 Mx MTeMsd 13, %tllt)h@Dal/@bage residence tine in the

react or Qd L uum oven.
The procedure progﬂ%gcg]di%%gm %)bg gkﬁ%ﬁéﬁ%ﬁ&gﬁaﬁs@%&ﬁ?&[0166] The

procedure of dBpQSMOhatelt@welE)éé%ﬁp&ef amrme@@eeto@wt@pqm thptahad st ddlogingf a 25 wt %
sol ution of I 7ydsn dry BCM
55 Was Co- fegt%'stnﬁ]%és(?gfﬁ%wgf) eﬁo %9WH ¥5§3ﬁ1e cExQnuouQ—stf?p S

Br3'in bromne to a heel of 4000
g of BCM at aaccmplishahiy m@hmﬂwdﬂ@e@amﬁ@ (WBE. takeaPope RElDa VetEegeratingsi dence

time in the r@ﬁ&i&éﬁg Wi % thwl 0 tr§§~Jbe/hpslpﬂa&&cmﬁmsﬂéi% @bdRe i n a

vacuum oven. Focedur e produced 1°g of product. Brornination Exanple
8 30[ 0167]i5 Th=e Sbnnnuu:Islgit;undacomflenBtra;enmprcnatureoan0°|§xa4’:t1!si|1t1@m1llyvl«éliir,5 gobiluesecest t hat 2000

g of a 25 wt¥% gﬁ'gfﬂg% fﬁ}%}ﬁ@?@%&ﬁ BiPeAdehse 2 ARG mixdWoFioRAR. PD =

1.47)in dryB E 26) was co-fed wth 2846 g of
0. 25 nol e% Al 8d 3,3idiphbwylpropme. t 0 a heel of 4200 g of BCM at a constant

relative T eediiA eaSRobd Bl i Giel:ANR HRIMIGE SE bRl AlG Gegetor was 30

m nutes. The [8 uct’ was in a vacuum oven. The procedure
produced 1853oligoradric prixde with ths RilowminniERT profilEdENFIBEMQ 577, Mu: 800 M.: 1186,

20  PD: 1.39. WFE operating conditions were as follows: feed rate = 1.33 L/hr, oil jacket
temperature = 185°C, Pressure = 0.1 mm Hg and condenser temperature = 0°C. A mixture
(388 g) of 1,3-Diphenylpropane and its structural isomers (methylated diphenylethanes)

were collected as a distillate.

EXAMPLE 8
25 ACTSP-8 My = 817 PD = 1.30

[0128] Toluene, 4332 g (5.0 liters, 47.02 mol) was. charged to the reactbr previously
heated to 75°C by means of the hot oil Jacket. The PID controller operating the cooling
coils was set for 70 °C. As the content of the reactor was heated to the reaction
temperature, 94 g n-BuLi solution (2M in cyclohexane, 0.242 mol) was charged through
30 the dip leg below the surface of the gently agitated (300 rpm) toluene reaction mixture.
The feed line was then flushed with 75 ml of anhydrous toluene. Next a previously
prepared solution comprised of potassium t-butoxide (27.32 g, 0.243 mol), TMEDA
(3595 g, 0.309 mol), THF (59.93 g, 0.831 mol) and toluene (433.36 g, 4.7 mol) v-vas
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[0168] The procedure of Bromi nation Exanple | was used except that 1336 ¢
of a 25 wt % sol ution of ACTSP-4 (From ACTSP Exanple 4 My, = 584, PD = 1.50)
in dry BCMwas co-fed with 1356 g of 0.25 nole% AlBr3 in bromne to a heel

of 2600 g of BCM at a constant relative feed rate so t age
resi dence tWHE'PH*¢¢te reactor was 30 minutes. 10 The p:}%gﬁlts?(%\?@&é%ri ed at

30C in a vacuum oven. The procedure produced 933 g of product. Brom nation
Exanpl e 10 [0169] The procedure of Brom nation Exanple | was used except
that 2000 g oftreduces fopping & glarsetprstic brighedreofor af { BARRA meampiseedibenpdanion g vy, =

584, PD = 1. 50k, doRtoflltdhe FEMselg oMBstant OTHcQEbsWEaENind 33318he@fwitl a &o0dd@b €% Al Br3 in
brom ne to a heel of 4000"g of BCM at a constant relative feed rate so that

the average rmisdlideonefeanhidus folnepdda melarng pE M Gditienalni?P @8 of RS oduct was

dried at S5C foflo WEENHTGNER rad NeinPhOSRARPEAGL GO DA Grolss pr oduct
Brom nati on Exanple 11 . 20[0170] e procedure of Brom nation Example 1-

was used eXceRrecieragitationn@o irgr’emed@@@mmav)d 336 aef soreno 99 XE PSRT M) Fesm ACTSP
Exanple 4 MV 5 Bt soffihfes! 180 bell-Qaifthids REMngQim Qad Stk (2840w g OF 0.25

mol e% Al Bri in bromne to a h 4200 g CMat” a constant relative
feed rate so tohwant taiseof 4R afmin.r Asliydrevscarclolicpse (2 20anly waschyyeediadie 30 ni nut es.

The proauct Wage st Rbunft & .ﬁa%wqr}dgc\f%te%@%ty;an@feaﬁqﬁeestﬁéngduced 1677

g of 25product’. Brontination anple 12 e procedure ‘of Brom nation
Exanpl e | wasfeedste the@secterpastdpeaed 20adetgywhsh na fupervitaypbrgiction was obferVAETSP- 4 ( From

ACTSP Exﬁgﬁleoeéeﬁjr%gigrﬁﬁ?cﬁo&thap attomatid égs%]né'gpthgg emggggl%%n Seabifrd c‘?)gin@’i th 3167 g

of 0.25 I'n omne to a 3 of BCM at a const ant
rel ative feedeorlat e so that the average residence tinme in the reactor was 30

m nutes. 44 mﬁ ' ' ' ; Lhg procedure
pr oduced 164&%%&%?%‘%"@& : ?g/[r;‘r% ﬁ%cﬁ%ﬁp@%% %O@%%iﬂfg}(&%@n prﬂocedur e of
Bromi nati on BEwasrptseltiig inaswars exhite seled mixtuna (Th Beiony mixfurgwasvshedtvdh sol ut i on of
ACTSP-5 (Fro P p‘g?gp : =102 Sudh 3P4l BGM.mas co-fed
wth 2125 ¢ C%%%gtcm e%ﬁﬁers’géyloﬁnl)béhosﬁicﬁgttog&an Eeaes% @061 t%6800 S of BCM at a
const ant &l atomg eettfiegtiiner Aaeer sl apheag ot cralsiey Wpsefeovedbiotgrtoebottonpgrainn t he

reactor was 30, nutes. The product was dried at 60C in a vacuumoven. The

1ve. . .
procedur e prod”uced 1462 g of product. 10Bronmi nation Exanple 14
[0130] The temperature of the oil jacket was increased to 130 ?C while the control valve

to the cooling coils was turned off. Residual moisture was removed over a period of
approximately two hours as the pot temperature climbed from 65 to 115 °C; water,

20  cyclohexane, THF and toluene taken overhead. An aliquot was removed for analysis via
GPC provided the following data: My: 405, M,: 509, M,,: 790, M: 1 180, PD: 1.55. |
[0131] The crude reaction mixture, 7215 g, was stripped in a continuous operation of
excess toluene to yield 2894 g of an intermediate product stream that had the following
GPC analysis: M,: 402, My: 530, M,.: 767, M,: 1039, PD: 1.45. The continuous strip was

25  accomplished by means of wiped film evaporator (WFE, aka. Pope Still). WFE operating
conditions: feed rate = 1.33 L/hr, oil jacket temperature = 185°C, Pressure = 55 mm Hg
and condenser temperature = 0 °C. An additional 1435 g of toluene was collected in a dry
ice trap, while thé cold finger condensed 2884 g of a mixture of toluene and 1,3-
diphenylpropane.

30 [0132] A second pass of the product stream through the WFE produced 2415 g of a
oligomeric mixture with the following GPC profile: M: 409, M,.: 645, M,.: 817, M,: 1009,
PD: 1.27. WFE operating conditions: feed rate = 1.33 L/hr, oil jacket temperature =
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[0173] The procedure of Brom nation Exanple | was used except that 2000 g
of a 25 w% solution of ACTSP-5 (From ACTSP Exanple 5 M= 715, PD =.1.40) in
ZB%OBCM :‘NaSBCI(\:/IO fed with 2571 g of 0.25 nole% AIBr3 in bromine to a heel of
g o at a constant relative feed rate so that ¢

resi dence tYRE'PH*¥fe reactor was 30 ninutes. 15The pr &)frﬁ{s 0?/5(97d3%| ed at
70C in a vacuum oven. The procedure produced 1601 g of product. Brom nation
Exanpl e 15 [0174] The procedure of Brom nation Exanple 1 was used except
that 1600 g of85:C, Poesswre)r Sbll o Ha aod condrnsp-enpempuont ACTSP 2Bk amdlle-5 Mv = 715,

PD = 1. 40) i n?]ggﬁyl@%%%B%?B%&ﬂer%ssQol?eng@asg dRfinaf, 25 1ol e% Al Br3 in

brom ne to a at a constant relative feed rate so that
t he average residence tine in the reactor was 30 mnutes. The product was .
precipitated fromwater at 95C w t kxaangm t ant stri pping of. BCM The

pr oguct ngBdri ed at 90CE:Xi n ?A@swm@yg@pnﬂlﬁgpr ocedure produced 1427 g of
pr oduct rom nation anple 16 [0175] The pro ed re of Brom nation

Exanpl e | wasl0¥ddTdueeptosign it 5‘6‘6’0519?46?01)a“2§ RSt B JEFBNPTBEOURETSP- 6 ( From
ACTSP Exanpl endaiedMé refldd bhd d%&:mplaanﬁa}ned dsveldw BEMereg 1ca-Figer wbikthre 2846 g of
0.25 nol e% A18r3 in brom ne to a heel of 4200 g of BC%VI 160 st ant

rel ative feeda‘}a’df‘%'“g'@‘ethétpp'PI‘Fé‘d%i\/gF%gg’er‘jE%dltﬁi'é‘ﬁ‘gé'ast‘ioﬁlﬁ Oﬁ ﬁé“tﬁg’éctor was 30
m nutes. 30 THEREQIYVBD BASIRLRSAIRE ﬂla&ﬁﬂlgfcbxﬁmbm/@étetﬂh@fcm%@xrw Wgvnconconmi t ant
stripping of B(flVl The product was drie vacuum ove]%% The

procedur e pr offgbREde 1'782@ PintiEMPSFYH dt-00 mSBUlBrSQM%é%lﬁ&hCYEBQWe [0176] The

procedur e 10f EBW%MBIE NhrGXAR & g wcsvmsaﬁka@me]ptgempagltaeuscyx)Ogmof a 25 w %
sol uti on of ACTSP-7 rom ACTSP Exanp in dry BCM

was co-fed wi EOH’CTS%“‘Q mipturgy B foed i %aNth@“?eﬂ WHP g%?‘ﬁ‘ga'fhé‘g}ﬁ“sﬁ‘é‘écf‘e of 3000 g

of BCM at a 5SNe@n3bank nan NifkrihiylcthleRdiamBlk AMBIEA, Deesimslpw s cBagdihat t he
average residence tinme in the reactor was 90 m nutes, E\_@gg?g) ct was

preci pitated fortbselser Brough the sgbsugfaseieed ST SHPIREHE ChafartpRsfs The

product was dpdRdEst c&%xédrbe {Mﬁmwaﬂ@v\ﬁm contBifitaAl FCQNf Rt@duned 1250 g of
product. Brom nation Exanp 8 10[0177] The procedure of Brom nation

Exanple 1 Mas sqygyéfaceé%%g:ﬁtﬂuflﬁ((iiwltlg_a\:)%@ngﬁdpl a(liunSof anhydrous toluene via metering

pump. An additional 350 m! of anhydrous toluene was fed at a constant rate during the
anionic chain iransfer polymerization process. Reactor agitation was increased to 510 rpm
and 2939 g of styrene (99+%, 28.22 mol) were fed over 180 minutes. The well-calibrated
metering pump was programmed to feed at a constant rate of 16.3 g/min. Anhydrous
20  cyclohexane (2 x 200 ml) was charged to the styrene feed system to flush the alumina bed.
The styrene feed to the reactor was deemed complete when no further heat of reaction was
observed generally signified by the closing of the automated control valve on the cooling

coils. |
- [0134) The set point of PID temperature controller was maintained at 80°C and water
25  was fed through the cooling coils as needed while the flow of the hot oil was altered to
bypass the reactor jacket. The reaction mixture was quenched at 80°C with a 50 ml aliquot
of deoxygenated water resulting in a water white turbid mixture. The reaction mixture was
washed with deoxygenated water (3 x 650 ml). Phase cuts were rapid and required little
settling time. Water and any rag or emulsion was removed through the bottom drain valve.
30 [0135] The temperature of the oil jacket was increased to 130 °C while the control valve
to the cooling coils was turned off. Cyclohexane, residual moisture and toluene were

distilled through a simple distillation head (1 atm.) until a pot temperature of 115°C was
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Wt % sol ution of ACTSP-7 (From ACTSP Exanple 7 Ma= 800, PD = 1.39) in dry
BCM was co-fed with 2135 g of 0.25 nole% AlBr3 in bromne to a heel of 3000
g of BCM at a constant and uninterrupted relative feed rate so that the
average resjdence time in the reactor was 90 m nutes. Was

preci pitat éﬁg?‘}"%r‘ﬁs\?\fﬁ‘t er at 95C with 15concom tant stri }%?ﬁgg"g?’“@ VI The
product was dried at 110C in a vacuum oven. The procedure produced 1400 ¢
of product. Brom nation Exanple 19 [0178] The procedure of Braom nation
Exanpl e | wasobsesied Anxadigpt wasiamnovedpanglyss visGBG Myt 3y 695 M B MCTSP- 7 (From
ACTSP Exanpl e374 M, 43800, PD = 1.39) in dry BCM 20 was co-fed with 2135 g
of 0.25 nole% AlBr3 in bronmine to a heel of 3000 g of BCM at _a constant and
uni nt er r upt ed0136] akhevads eagiop gtixdure g 58haitwas [Epred -Viaceptingels PP Sfed i n 180

m nutes. Uponexgegsg@iu&%hﬁgﬁelgf%&rgeoffaﬁ%rﬁlgﬁter ettt s Tthat i @i YSwiEr med to 25C

over a 1 hr peri . providi ng an average residence tine in excess of
120 mi nut e§. GMzanglysisd Met30hiMt SR9eMwaa2, M-aldss EPr beB. tThe ecnbnugussHPepot and no
sulfite was idhQ1 By feahs of O ERfIEapprto POV NG PApREAAC WaH o i Ne was
converted toazg%grﬁ%]%e t%uri nsg0 th’e caus%pi%cml\l{a}BHZl vvasOH. Tﬁe r(())gfir;c{&was

preci pi t at ed donditonsvagress feltowgd@dvijte 1. Bddlromd jeckettemperapis s I8¢ Cofre®arl  The
product was dri dbRe A AR QYEN Ay THERALAISAY bERERIMEed 1401 g
of product. Brgfﬂwﬁg %"é%&Exa?rpfeIQZO [ 0179] 'lllhe t[l)rocedu%le 8f Brom nati on
Exanpl e 1 wascolistd inendreiot traphabile 18Ol dingsf condepspd 3684\t ofa gwntyre pideluest ACTSP- 7
(From ACT | ane 800, PD = 1.39) in dry BCM was co-fed with 2375
g of O. 25§§0%&?&d§$‘%yyﬁp%}?'om ne to a heel of 3000 g of BCM at a 46

const ant and [@H7ht &£secapt pads pethatcpreentpiedifoyghttee YbEmeduced (81 6-of 8Rd was

conpl eted in g?ga LGS witHRORN&D el O, dobiga,f £8AML:%s, hpagdd,on m xture
was war nmed toolhg o&gﬁlﬁimlt_ Er pe'r?«%&ﬁ‘{rﬁ{}s providi ng' an average residence
tinme in exces®:df431%WEE whmiingsondifkes wrraigbelolnvsalest rairi -8t E/hwal jdsktter ogeneous
and required {he addi UooR Pl 1286 AP HE A ch@did Rped@HecylocSULfate to
each aqueous wash to break t%e. resulting enmul sions and achieve the desired
phase cut .15 Theixpreoigt ek tluRipkeadpropaan shéritse ghruetgral Homgieeethylsise and no
sulfite was H 1&gy om ne. Unreacted brom ne was
converted toaﬁ&g&le&gn@l’)ﬁ%& %ﬁg%ﬁaust?c NaBH4 wash. The product was
precipitated fromwater at 95C with concom tant stripping of BCM The
product was dried at 110C in a vacgxAaM®rene The 10 procedure produced 1460 g
of product. Brom nation Exanpiers®lio]80lo4 Pbe iprrocedure of Bromi nation
Exanpl e | was used except that 1500 of a 25 wt % sqgl ution of ACTSP-8 (From
ACTSP Exanpl el?byPebicns 798cg(b o232 ol v7s Qealhedd e o Py ¥R 1836 g of
0. 25 ol e% Al Badd ion 1COInenstodtha hiiet jackt. BRAID gonablleBepvtadig @e dfiingonst ant and
uninterrupted rel ative fsef d rz{i‘}e so that the average resid&g%e tinme in the
reactor was 9WIHHIEEY 1Y e ASHEIORE YRR e FRLPR EPFENEWRCE " at 95C wi t h
concomi tant sBli Riitiog (28f inBiMhexbhe 0 ROSARICHas WRSged thidagh @t dip B@Gelowitha vacuum

ven. Th rei [ r f pr . )
ove €Pp es,u(r:fat(:)c(éi %f l%e Eent )(/j gg(;;taegd (%go?’x%mgtoﬁxeneeeagt%lﬂl(J:ntixture. The feed line was then

flushed with 75 m! of anhydrous toluene. Once the pot temperature reached 110°C, 24.2 g
25 of N,N,N’,N’-tetramethylethylenediamine (TMEDA, 0.208 mol) was charged to the
reactor through the subsurface feed line forming the characteristic bright red color of
TMEDA complexed benzyl lithium anion with concomitant off gassing of butane. The
subsurface line was flushed with a second 75 m! aliquot of anhydrous toluene via metering
pump. Additionally 350 ml of anhydrous toluene was fed at a constant rate during the
30  anionic chain transfer polymerization process. Reactor agitation was increased to 510 rpm
and 2544 g of styrene (99+%, 24.43 mol) were fed over 80 minutes. The well-calibrated
metering pump was programmed to feed at a constant rate of 31.8 g/min. Anhydrous

cyclohexane (2 x 200 ml) was charged to the styrene feed system to flush the alumina bed.
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Brom nati on Exanple 22 20[0181] The procedure of Brom nation Exanple 1 was
used except that 1500 g of a 25 wt % sol ution of ACTSP-8 (From ACTSP Exanpl e
8 Mv = 817, PD = 1.26) in dry BCMwas co-fed with 2135 g of 0.25 nol e%
AlBr3 in bromne to a heel of 3000 g of BCM at a constant and uni nterrupted
relative feed rate so that the average residence tine in the reactor was 90
m nutes. The product was precipitated fromwater at 95C wth 25concom t ant
stripping of BCM The product was dried at 110C in a vacuum oven. The
procedure pr OII;ac@dnle&ﬂmo sgc mﬁctqmwmcncd confjiiete Bhepmp fiathérdeat Biagasineva33 [ 0182]

The pr ocedure I o dafk@ g of a 25
Wt % sol uti on &%E{a %(%%1 A@‘i‘n@lﬁﬁ Oé\{n%lagtg@ﬁ%ﬂ'&)ég‘?%lv{%%e . Zg) in dry
BCM was co-fecdxlwth 2659 g of 0.25 nol e% A18r3 in bromine to a heel of 3000

g of BCM at ggﬁigtoﬁew#eﬁlpfrﬁg%%lnm or WP £C?g§#8% &l '\:Yat?erfw%e@% hiduen §@ ¢ hat the

aver age resi actor was e crude product
m xture was mal&g@genﬂﬂuﬂmeahd of et hiot ailcwds hkeraickd iblypasstho fea@dor j@ketgfhg s of

sodi um dodecyl sul fate to each S I t | {429 enul si ons
and achi eve tH&IPDI LY BEINS U#%#W\A@ i n(')ltat?l 5% dt&?’%ﬁaﬁégfea from wat er
at 95C with cesnbiagiii anvatat whigpiurbig mianﬁ\IIhe‘Ebaetiqmr mdqtm wangvashed eddthat 130C in

a 1l0vacuum ov The roc ure uged 1440 r JB{Q, nati on
littl

Exanpl e 24 [0‘%%’@? ?)?ro(ggﬁ'usr’gw’lfqufhgﬂcicﬁéﬂe{)e%a&m‘% @Hﬂ%{ as eusgd except

that 1500 g OtfmeaWBEraM%ysmg anbnﬂsiomaskﬁfﬁﬁlmmo(gﬁtmmtmﬁfr@m ®lanpl e 9 M 928,

PD = 1. 43) [g%% ’5\ &;npga{}? g&;lfjgcgﬁévas mcrca? ()Q wgfleztﬁ &B{r(ﬁ%l'% g 1 n brom ne

to a heel cons uni nt errupted rel ative feed
rate so that doblngaosily ayRd roffsi Gpuinhexatd, rrtsxduai dere @uit tanenarwere Jistilgdnut es. The

product was p eci.p ppi ng of
" BCM The prod r(?t’ Wgnpger‘idsé'hatéff' %@%%mihﬁ??gé%&r%e%@%%?%%@Q%%%Jé{ggre produced
1250 g of pr oAualiquotBrap rAmo@ddi foranBlydinyid 6PC BM2 0PT) MBAG52TMe: bﬂfbdédﬂ.ﬁé of
Brom nati on Eﬁg&ggﬁ 1 was used except that 1500 g of a.25 wt % sol ution of
ACTSP-9 (Fro > Exanple 9 ?2qv, = 928, PD a- 1.43) in dry BCM was co-fed
with 213519 0f0141] 2Bhenamide Yeabliddr mixiure, 83601 wes dripped hie ebntipfougoptign of BCM at a

Cime. i the r B0 Bivetis Y50 2 ErelcoriERuiud doad o AWNERARE (00 LT
at 95C with ZGE(qum MpN2953M;: 6 PIPMAOL 194, NB(IR’W i{1: 55 W o] g Ehhmtntmna\s sgpwedd at .1 10C
In a vacuum Oe\llc%]mplxsheg by means of wiped film evaporator (WFE, aka. Pope Still). WFE operating
conditions were as follows: feed rate = 1.33 L/hr, oil jacket temperature = 160°C, Pressure
20 ='90 mm Hg and condenser temperature = 0°C. Additionally 1024 g of toluene was
collected in a dry ice trap, while the cold ﬁngér condensed 5002 g of a mixture of toluene

and 1,3-diphenylpropane.
EXAMPLES 11 AND 12 CONTINUOUS MODE

EXAMPLE 11
25 ACTSP-11 My = 4054 PD = 2.14

[0142] The apparatus was a glass 200 mL oil-jacketed baffled cylindrical reactor with an
overflow port equipped with a nitrogen inlet, overhead stainless steel stirring shaft with
pitched blade turbine impeller, and a thermal couple. The reactor was also outfitted with
two subsurface feed lines: (1) a stainless steel %” (32 mm) O.D. line for introducing a
30  mixture of styrene and toluene; and (2) a stainless steel 1/16” (16 mm) O.D. line for
feeding a mixture formed from butyl lithium, TMEDA and toluene. The 1/16” (16 mm)

line was threaded through a '%” (6.4 mm) line to prevent entanglement with the
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. procedure produced 1388 g of product. Brom nation Exanple 26 [0185] The

procedure of Brom nation Exanple 1 was used except that 1500 g of a 25 30
G‘i/;lnsol utio? of ACTSP-9 (From ACTSP Exanple 9 M = 928, PD = 1.43) in dry

BCM was co-fed with 2659 g of 0.25 nole% AlBr3 in brom of 3000

g of BCM atVA2%YHEt%nt and uninterrupted rel ative feed [}SQOOQ/OH‘%

average residence tine in the 48 reactor was 90 m nut es The crude

product m xture was heterogeneous and re(}w red the addition of 0.125 grans

of sodi um dodeselshistlistrdeaappBatesatAngdbrobisolwah Thetinnf dal/16 eh HE8Wt i ng

emul si ons anq“eeggl?&é \?:}é%hrgctﬂa@ jHEsdWEte RPARE ﬁ]‘étoverﬂgwepogr“gxgmfehemnﬁﬁr@m pi tated

from wat er concomtant stri gap roduct was dried
at 130Cin a asw@cij@nglw@rwasmh (b sy P Hrrma@e@ﬂquas%wbb COPfIEEHPAIC L .

Brom nati on nEisaml e 1
used except t ag%g)zﬁglg%?gig@m A)ngg% 1|ra§c3§r{m§;f B’E%SIEE%QEOB?H om AC$'SP e

Exanpl e 9 M= gtaxsgmbe VR canndcted 19 a  fiter glycoB@Meicd stirsd rdfagter byimepns PEOGCYdof 0.25
mol e% Al Bo i nlBﬁ'Brﬁ Wcﬂ%hrga(P %ell%%e on% &29\91("19[ 9Jﬂom1ﬁ}ﬁgsawgr9 w&%ﬂ%ﬁxﬁm relative

feed rate so ft e average residence tinme in thereactor was 30 m nutes.
The product \Vigks opariéai feacton vatleduippesh withtas rall-alassgsetheadl sthriegoanpasaivst BOYPMst r i ppi ng

of BCM The era.fva%e %d Wa%%nae%s&%&n@geﬁl if@&dﬂ}éﬂflﬁl‘é@ he SOSAY Redur e

produced 89 pro rom nat’i on 0187] The procedure of
Broni nati on Emawmtww@re\hwdm@w%‘ev(@emcot hat 1400 g of a 25 15 wt % sol ution

of ACTSP- :1‘6’ ([5{4817121A%§'F %%@egp Q%?d%é(%’il flds Ipun'd%r aZYr)ert'N atq{)%)hgw was co-fed

with 2045 g o rs’in omne to a of BCM at a
constant rel atmbicet tregechturc e orgaotithinm ikiereaae fose frC@s? 1d7ér2dé06t liﬂhel n the

reactor vas 30, HiEPiONUAL o198 PCRIY BhE i Ol Syal 95C wi th

conconmi t ant 'l ppl roduct 'was OC in a vacuum
oven. The prdcleum)rrebuptl bﬂjlu(.nemCﬂ@H@arg apd 8.¢Prgodiitk mL, 0.0742 mole) TMEDA this

mixture was stirred with a glass coated (no PTFE) magnetic stirring bar. About one half

15  of the solution was drawn through a 1/16” (16 mm) stainless steel .three-way ball valve

into an oven dried 100 ml glass syrinée mounted on a syringe pump. After infusion of the

syringe, the ball valve was lined up such that the path from the syringe to the 1/16” (16

mm) subsurface feed line in the reactor was open and the path to the magnetically stirred

flask was closed. During the course of a reaction, the infusion of the syringe with the

20  second half of the mixture was achieved by lining the 3-way ball valve such that the path
to the flask was open and the path to the reactor was closed.

[0144] At the start of the run, the reactor was charged with 100 mL of anhydrous toluene

and heated to 110°C. Meanwhile, 547 g (602 mL, 5.25 mol) of styrene and 1734 g (2000

mL, 20.6 mol) of anhydrous toluene were combined, mixed and then charged to a N-

25  blanketed 3000 ml graduated cylinder reservoir. The toluene-styrene mixture was pumped

to the reactor with a laboratory-metering i)ump through a column of anhydrous basic

alumina until the first drop or two were seen entering the reactor; the feed was stopped and

stirring in the reactor was initiated (~ 400 rpm). Butyl lithium in cyclohexane was charged

dropwise into the reactor by means of a 1.0 mL syringe. The addition was stopped when

30  the characteristic red color of the polystyryllithium anion appeared (indicating anhydrous

| conditions). Next, about 4.8 g (0.012 mol) of 16.5 wt% n-butyl lithium and 1.3 g (0.011

mol) of TMEDA were charged to the reactor. The feed rates of both feeds (toluene-

styrene mixture and organolithium mixture) were preset (toluene-styrene mixture: 6.28

mL/min; organolithium mixture: 0.386 mL/min) and the pumps were calibrated such that
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20Brom nation Exanple 29 [0188] The procedure of Brom nation Exanple 1 was
used except that 1392 g of a 25 w % solution of ACTSP-1 | (From ACTSP
Exanmple 11 M,, = 4051, PD = 2.15) in dry BCMwas co-fed with 1479 g of
0.25 nmol e% AlBrs in bromne to a heel of 3000 g of BCI\/I Gonshan

relative f&Q2H Yo that the average residence tine i 1%20 r'eac or was 25
30 m nutes. The product was precipitated fromwater at 95C with concom t ant
stripping of BCM The product was dried at 130C in a vacuum oven. The |
procedure pr @fitoedf 880ingd &d paswdcmugh&eomtnamerbwrlﬂwammer ®iymes per [ 0189] The

procedure of Br f a 25 30
W % sol ution o*'r?%ﬁ' gém%@tc%r om X@% Sgﬁzs r&%&%a?ﬁ%@@ﬁedtfcl?%ou%gﬁ%P%tég 1.91) in |
dry 49 BCMad°Co-f ed W|th 1445 g of 025 nol e% AlBr3 in bronine to a

hee! of 3200 91491‘| $ ﬁl\/‘e?‘&'er@ SRaat g&éﬂEnggh\{e}ﬁOfr@ﬁﬂes aﬂér S0 kAt e average

resi dence t| Feactor wa ct was precipitated
from wat ers atpeS&IC lwas fousdthaorithingmeo re@titquvpipmﬂgthoinlB@Md rﬂ'dthdpﬁe@d@leq& was dried

at 115C in a vaeuum gy ﬂ %%g Wﬁ/ﬁ uct. 50
51 en NN en7?i® t(5’(‘350 e‘ﬂ'i&d'g Eull 9 leétgb‘g“’ sﬁQWIQ\PegFeWES%N N N 00 00
0 ttn9. OON ) 4olJows: My, = 1992, M, = 2209 M, = 716 Daltons, M, = 3512 and Polydispersity = 2.78.

A typical steady state fraction analyzed as follows: M, = 4146, M, = 4507, M, = 1656, M,

= 7134 Daltons and Polydispersity = 2.50. GPC analysis of a composite of steady state
10 fractions analyzed after stripping toluene and 1-3-diphenylpropane was as follows: My =
4051, M, = 3822, M, = 1879, M, = 6897 Daltons and Polydispersity = 2.15

EXAMPLE 12
ACTSP-12 My = 2288 PD = 1.91

[0146] The run in this Example repeats that of Example 11, except as described herein.

15  The toluene-styrene mixture was made from 547 g (602 mL, 5.25 mol) of styrene and
1816 g (2100 mL, 21.58 mol) of anhydrous toluene. The organolithium mixture was
formed from 177.27 g (2.11 mol, 205 mL) of anhydrous toluene, 90.26 mL of 16.5 wt%

- (11.08 g, 0.173 mol contained alkyl lithium) n-butyl lithium in cyclohexane and 24.81 g
(19.10 mL, 0.1644 mole) TMEDA. After the red color of the polystyryllithium anion

20  appeared, about 10 g (0.024 mol) of 16.5 wt% n-butyl lithium and 2.6 g (0.022 mol) of
TMEDA .were charged to the reactor. The feed rates of both feeds were preset (toluene-
styrene mixture: 6.28 mL/min; organolithium mixture: 0.764 mL/min). The combined
feed rate was one reactor volume (200 ml) per 28.4 minutes. The process was conducted
for about 419 minutes at 110°C-113°C.

25  [0147] Samples were collected approximately every 30 minutes after the first 45 minute
period. It was found that within two reactor volumes, the system had reached steady state
conditions. The GPC-molecular weight distribution of the first fraction collected was as
follows: M,, = 2154, M, = 2293, M, = 953, M, = 3510 Daltons and Polydispersity = 1.65.
A typical steady state fraction analyzed as follows: M,, = 2395, M, = 2410, M, = 1026, M,

30 = 4246 Daltons and Polydispersity = 2.34. GPC analysis of a composite of steady state
fractions analyzed after stripping toluene and 1-3-diphenylpropane was as follows: My, =
2288, M, = 2094, M,, = 1200, M, = 3767 Daltons and Polydispersity = 1.91.
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BROMINATION
General Description:
[0148] Bromochloromethane (BCM) was azeotropically dried (5-10 ppm moisture by
Karl Fisher). All feed lines, feed tanks and glassware were dried (oven dried at 130°C min
2 hour where appropriate) and purged over-night prior to use in the bromination reaction.
All glassware, feed lines, and feed tanks are maintained under a N, atmosphere during the
course of the set-up and the operation of the bromination reactor.
[0149] The amount of AlBrj; catalyst (commercially available) needed to make a 0.25
mole% (calculated using the formula [moles AlBrs / moles Bry) * 100% = 0.25% mole%
AlBr3) solution of active catalyst was weighed and then transferred to oven dried reagent
bottles in a nitrbgen-purged glove box. By active catalyst, it is meant that amount of
catalyst above any additional amount that would be otherwise deactivated by moisture
either in the bromine itself or any other process stream involved in the bromination
reaction. Bromine (5-10 ppm moisture content) was pumped into the reagent bottle
containing the AlBrj and then stirred with a PTFE coated magnetic stirring bar for 30
minutes to assure homogenous dissolution of the catalyst. The 0.25 mole % AlBr; in
bromine solution was then transferred to a graduated feeding vessél placed on a large
capacity laboratory balance.
[0150] The anjonic chain-transfer styrene polymer (ACTSP) used was dissolved in dry
(5-10 ppm moisture) BCM to make a 25-wt% solution. The solution was then charged to
a graduated feeding vessel. The 0.25 mole% AlBr3in bromine and the 25 wt% ACTSP in
BCM solution are co-fed via separate peristaltic pumps through %” (32 mm) O.D. feed
lines to a well-stirred fresh or recycle heel of anhydrous BCM at 0°C —-10°C. The relative
feed rates are constantly monitored such that ratio of the two reagents fed remains constant

or near constant during the course of the electrophilic bromination reaction.

Bromination Equipment Set-up:

[0151] A 5 L oil jacketed flask (bromination reactor) was equipped with an over head
glass stirrer shaft, PTFE stirring paddle, a water-cooled condenser, thermo- well, nitrogen
inlet, and bottom drain valve. The reactor was vented through a calcium sulfate moisture
trap to a well-stirred caustic scrubber to absorb co-product HBr and entrained Br,.
Additionally the reactor was outfitted with three inlet lines: 1) %4” (64 mm) O.D. PTFE
BCM feed for initial feed of BCM to the reactor (the BCM can be either fresh or a BCM
recycle heel from a previoué run) ; 2) %4” (32 mm) O.D. substrate/BCM subsurface feed
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line; and 3) %" (32 mm)O.D. Bry/AlBr; subsurface feed line. The AlBryBr; and
ACTSP/BCM feed lines are secured such that both inlet lines discharge their contents in
close proximity creating a locally high reagent concentration. The bromination reactor was
completely covered with aluminum foil to exclude light and the reaction was conducted in
5 adarkened ventilation hood.
[0152] The bromination reactor was placed above a 6-liter water quench pot with a %”
(96 mm) O.D. PTFE drain line that connects the bottom drain valve of the bromination
reactor to the quench pot to allow for direct transfer of the bromination reactor’s contents.
The quench pot was oil jacketed and equipped with an over-head stirring mechanism,
10 thermowell, sodium bisulfite addition funnel and was baffled for intimate mixing of
organic and aqueous phases. The quench pot had a nitrogen inlet and was purged to a
caustic scrubber. The quench pot had a bottom drain valve to enable transfer of the pot's
contents to an intermediate 5 liter storage vessel.
[0153] The intermediate storage vessel was piped to transfer its contents to a wash
15 kettle. The wash kettle was a 6- liter oil-jacketed, baffled reactor outfitted with an over-
Head stirrer, reverse phase Dean Stark trap, thermocouple and bottom drain valve.
[0154] Alternative pieces of equipment are suitable for recovering the brominated
product as a solid and essentially free of BCM. Product recovery can be effected by
distilling off the BCM in an oil jacketed resin kettle to form a concentrate. The keitle is
20 . located to enabfe its concentrate product to in turn be dropped as a melt into a bucket of
well-stirred (high shear) cold water. The stirring produces a granular (chopped) product
(after oven drying) that is suitable for compounding into a formulation. The alternative '
set-up provides a water-containing vessel into which unconcentrated pro‘duct is fed
accompanied by the concomitant azeotropic removal of BCM. The granules from the first
25 and the precipitate from the second, are passed through a vacuum oven for drying
Materials with glass transition temperature (T,) below 100°C are rinsed with methanol
before drying in the oven at a temperature 15°C below their T,
[0155) A recapitulation of process parameters and analytical data on the final '
compositions contained for each of the Bromination Examples is found in Table I.

30
Bromination Example 1
[0156] To the 5 L bromination reactor described above was charged 867 g of dry BCM
(azeotropically dried to 5 — 10 ppm moisture, Karl Fisher). The BCM was cooled in the
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dark to -1 °C and a previously prepared 25 wt % solution comprised of 334 g of ACTSP-1
(From ACTSP Example 1 M,,= 483, PD = 1.32) and 1002 g of dry BCM was charged to a
dry, 2000 m]l N blanketed graduated cylinder outfitted with a %4” (32 mm) PTFE feed line
placed to transfer the entire content of the cylinder by means of a peristaltic metcring
pump to the bromination reactor. The previously prepared AlBr3 (0.25 mol%) in bromine
(1356 g) was transferred via a peristaltic pump into a 1.5 liter graduated cylinder. This
feed vessel was maintained under a N, atmosphere and was outfitted with a %” (32 mm)

PTFE feed line placed to transfer the desired amount of bromine solution by means of a

" peristaltic metering pump to the bromination reactor.

[0157] The two reagents are co-fed at predetermine reiative rates such that the entire
content of the two feeds are charged and simultaneously completed in 180 minutes. The
co-feed was interrupted and the entire content of the reactor transferred to the quench pot
on 60-minute intervals resulting in a 30-minute average residence time for the reagents. A
new heel was created in the bromination flask of 867 g of dry BCM each time prior to
resumption of the cofeed. Ample cooling was provided through out fhe operation such
that the reaction temperature remains close to -3°C.  Upon completion of the feed the
reaction was allowed to stir for an additional 5 minutes to allow unreacted bromine to be
consumed. The reaction mixture was transferred (gravity) to the 6 L quench pot through
the bottom drain valve and the %” (96 mm) O.D. PTFE transfer line.

[0158]) The quench pot was previously charged with 1000 ml tap water (25°C) and
stirred at 400 rpm to assure intimate mixing of the organic and aqueous phase. Upon
completion of the transfer, 10% Na;SOs solution was added until the red color was
climinated and a near water white mixture was observed. The quench was exothermic and
a 10°C temperature rise was observed. Agitation was stopped and the organic phase
allowed to settle. The lower organic phase was transferred to a SL storage vessel
containing 1000 ml of 10% NaOH and 1.0 g NaBH,. _
[0159]) This two-phase system was then transferred to the 6 L wash kettle and refluxed
(62°C) for 30 minutes. Agitation was interrupted and the bottom organic layer cut from
the reactor. The organic layer was returned to the completely drained kettle and washed
twice with 1000 ml of tap water to a pH of 10. The solution was then azeotropically dried
by means of a reverse phase Dean-Stark trap. The conten.t of the reactor was pumped to a
1 liter resin kettle while stripping BCM at atmospheric pressure. Upon completion of the

transfer, the BCM strip was continued at atmospheric pressure until the pot temperature
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reached 150°C. BCM was then further removed in vaccuo to an ending condition of

150°C and < 5 mm Hg.

[0160] The content of the resin kettle was drained into a 2.5-gallon plastic pail of rapidly

stirred (high sheer blade, 2100 rpm) cold water to grind the product into a coarse powder.
5 The product was collected in a 3000 ml coarse fritted Biichner funnel, rinsed with

methanol and then dried in a vacuum oven (25°C) to yield 955 g of the brominated

product.

Bromination Example 2 .
[0161] The procedure of Bromination Example ! was used except that 2000 g of a 25
10 wt% solution of ACTSP-1 (From ACTSP Example 1 Mw = 483, PD = 1.32) in dry BCM
was co-fed with 257 g of 0.25 mole% AIBr3 in bromine to a heel of 3850 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was dried at 45°C in a vacuum oven. The procedure produced 1688 g of

product.

15 Bromination Example 3
[0162] The procedure of Bromination Example 1 was used except that 2000 g of -a 25
wt% solution of ACTSP-1 (From ACTSP Example 1 My, = 483, PD = 1.32) in dry BCM
was co-fed with 2846°g of 0.25 mole% AlBrs in bromine to a heel of 3850 g of BCM at a
constant relative feed rate so that the averége residence time in the reactor was 30 minutes.
20  The product was dried at 6§°C in a vacuum oven. The procedure produced 1823 g of

product.

Bromination Example 4
[0163] The procedure of Bromination Example ! was used except that 1500 g of a 25
wt% solution of ACTSP-2 (From ACTSP Example 2 M,, = 496, PD = 1.32) in dry BCM
25  was co-fed with 2895 g of 0.25 mole% AlIBr; in bromine to a heel of 3500 g of BCM at a
constant uninterrupted relative feed ralé so that the average residence time in the reactor -
was 90 minutes. The crude product mixture was heterogeneous and required the addition
of 0.125 g of sodium dodecyl sulfate to each aqueous wash to break the resulting
emulsions and achieve the desired phase cut. The product was precipitated from water at
30  95°C with concomitant stripping of BCM. The product was dried at 130°C in a vacuum
oven. The procedure produced 1645 g of product.
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Bromination Example S -
[0164) The procedure of Bromination Example 1 was used except that 1165 g of a 25
wt% solution of ACTSP-2 (From ACTSP Example 2 M,, = 496, PD = 1.32) in dry BCM
was co-fed with 2330 g of 0.25 mole% AlBr3 in bromine to a heel of 3200 g of BCM at a
5  constant uninterrupted relative feed rate so that the average residence time in the reactor
during the feed was 90 minutes. The reaction mixture was allowed to stir for an a&ditiona]
60 minutes after completion of the co-feed. The crude product mixture was heterogeneous
and required the addition of 0.125 grams of sodium dodecyl sulfate to each aqueous wash
to break the resulting emulsions and achieve the desired phase cut. The washed product
10 mixture was filtered and the resulting filter cake washed with BCM and dried in a vacuum
oven at 150°C to yield 557 g of a white solid. The filtrate and wash BCM were combined
and the soluble portion of the product precipitated from water at 95°C with concomitant
stripping of BCM. The BCM-soluble product fraction was dried at 130°C in a vacuum
oven to yield 693 g of a white solid.

15 Bromination Example 6
[0165] The procedure of Bromination Example 1 was used except that 2000 g of a 25
wt% solution of ACTSP-3 (From ACTSP Example 3 My, = 530, PD = 1.47) in dry BCM
was co-fed with 2846 g of 0.25 mole% AlBr; in bromine to a heel of 4000 gof BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
20  The product was dried at 65°C in a vacuum oven. The procedure produced 1730 g of

product.

Bromination Example 7
[0166] The procedure of Bromination Example 1 was used except that 2000 g of a 25
wt% solution of ACTSP-3 (From ACTSP Example 3 My, = 530, PD = 1.47)in dry BCM
25  was co-fed with 2704 g of 0.25 mole% AlBr; in bromine to a heel 6f 4000 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was dried at 45°C in a vacuum oven. The procedure produced 1751 g of

product.

Bromination Example 8
30 [0167] The procedure of Bromination Example 1 was used except that 2000 g of a 25
wt% solution of ACTSP-3 (From ACTSP Example 3 M,, = 530, PD = 1.47)in dry BCM

43

SUBSTITUTE SHEET (RULE 26)



Cvr oo lnenen "™ -4000 CO00 -4 In enenenyr O0enln-.4 40 -4 vD 00
enNxt NOn'000r- clOel -1 NIn CONN NN 4 cei (7)) r- a, ? mN N ce;
eq r-

NOO

-4

WO 2009/148464

10

15

20

25

30

was co-fed with 2846 g of 0.25 mole% AlBr; in bromine to a heel of 4200 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was dried at 45°C in a vacuum oven. The procedure produced 1853 g of

product.

_ Bromination Example 9
[0168] The procedure of Bromination Example 1 was used except that 1336 g of a 25
wt% solution of ACTSP-4 (From ACTSP Example 4 M,, = 584, PD = 1.50) in dry BCM
was co-fed with 1356 g of 0.25 mole% AlBr; in bromine to a heel of 2600 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was dried at 30°C in a vacuum oven. The procedure produced 933 g of

product.

Bromination Example 10

[0169] The procedure of Bromination Example 1 was used except that 2000 g of a 25

wt% solution of ACTSP-4 (From ACTSP Example 4 M,, = 584, PD = 1.50) in dry BCM A

was co-fed with 2333 g of 0.25 mole% AlBr; in bromine to a heel of 4000 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was dried at 35°C in a vacuum oven. The procedure produced 1540 g of

product.

Bromination Example 11
[0170] The procedure of Bromination Example 1 was used except that 2000 g of a 25
wit% solution of ACTSP-4 (From ACTSP Example 4 M,, = 584, PD = 1.50) in dry BCM
was co-fed with 2846 g of 0.25 mole% AlBr; in bromine to a heel of 4200 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was dried at 60°C in a vacuum oven. The procedure produced 1677 g of

product.

Bromination Example 12
[0171] The procedure of Bromination Example 1 was used except that 2000 g of a 25
wt% solution of ACTSP-4 (From ACTSP Example 4 M,, = 584, PD = 1.50) in dry BCM
was co-fed with 3167 g of 0.25 mole% AlBr3 in bromine to a heel of 3850 g of BCM at a

constant relative feed rate so that the average residence time in the reactor was 30 minutes.
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The product was dried at 65°C in a vacuum oven. The procedure produced 1640 g of

product.

Bromination Example 13
[0172] The procedure of Bromination Example 1 was used except that 2000 g of a 25
5 wt% solution of ACTSP-5 (From ACTSP Example 5 M,, = 715, PD = 1.40) in dry BCM
was co-fed with 2125 g of 0.25 mole% AlBr3 in bromine to a heel of 3800 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was dried at 60°C in a vacuum oven. The procedure produced 1462 g of

product.

10 Bromination Example 14
[0173] The procedure of Bromination Example 1 was used except that 2000 g of a 25
wt% solution of ACTSP-5 (From ACTSP Example 5 M,, = 715, PD = 1.40) in dry BCM
was co-fed with 2571 g of 0.25 mole% AlBr; in bromine to a heel of 4000 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
15 The product was dried at 70°C in a vacuum oven. The procedure produced 1601 g of

product,

Bromination Example 15
[0174] The procedure of Bromination Example 1 was used except that 1600 g of a 25
wt% solution of ACTSP-5 (From ACTSP Example 5 My, = 715, PD = 1.40) in dry BCM
20  was co-fed with 2276 g of 0.25 mole% AlBr; in bromine to a heel of 3500 g of BCM ata
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was precipitated from water at 95°C with concomitant stripping of BCM. The

product was dried at 90°C in a vacuum oven. The procedure produced 1427 g of product.

25 Bromination Example 16
[0175] The procedure of Bromination Eiamplc 1 was used except that 2000 g of a 25
wt% solution of ACTSP-6 (From ACTSP Example 6 M,, = 740, PD = 1.66) in dry BCM
was co-fed with 2846 g of 0.25 mole% AlBr; in bromine to a heel of 4200 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
30  The product was precipitated from water at 92°C. with concomitant stripping of BCM. The

product was dried at 90°C in a vacuum oven. The procedure produced 1820 g of product.

45

SUBSTITUTE SHEET (RULE 26)



vD,._, -'000

0 00 kn N c:

en Nen -4 00000 41- DOmcO -- Nen -1 Sn C'00 vi

5C%VDO tr?0 o r-5¢cc; - Olr- 10 1. I r". In VD ON

O,NSn vi If tr; CA

WO 2009/148464

10

15

20

25

30

Bromination Example 17
[0176] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-7 (From ACTSP Example 7 M,, = 800, PD = 1.39) in dry BCM
was co-fed with 1836 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a
constant and uninterrupted relative feed rate so that the average residence time in the
reactor was 90 minutes. The product was precipitated from water at 95°C with
concomitant stripping of BCM. The product was dried at 90°C in a vacﬁum oven. The

procedure produced 1250 g of product.

Bromination Example 18
[0177] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wi% solution of ACTSP-7 (From ACTSP Example 7 M,, = 800, PD = 1.39) in dry BCM
was co-fed with 2135 g of 0.25 mole% AlBr; in bromine to a hcel of 3000 g of BCM ata
constant and uninterrupted relative feed rate so that the average residence time in the
reactor was 90 minutes. The product was precipitated from water at 95°C with
concomitant stripping of BCM. The product was dried at 110°C in a vacuum oven. The

procedure produced 1400 g of product.

Bromination Example 19
[0178] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wi% solution of ACTSP-7 (From ACTSP Example 7 M,, = 800, PD = 1.39) in dry BCM
was co-fed with 2135 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a
constant and uninterrupted relative feed rate so that the co-feed was completed in 180
minutes. Upon completion of the feed the reaction mixture was warmed to 25°C overa !
hr period, thus prdviding an average residence time in excess of 120 minutes. The product
mixture was transferred to the quench pot and no sulfite was added to treat unreacted
bromine. Unreacted bromine was converted to bromide during the caustic NaBH, wash.
The product was precipitated from water at 95°C with concomitant stripping of BCM. The

product was dried at 110°C in a vacuum oven. The procedure produced 1401 g of product.
Bromination Example 20
[0179] The procedure of Bromination Example 1 was used except that 1500 g of a 25

wt% solution of ACTSP-7 (From ACTSP Example 7 M,, = 800, PD = 1.39) in dry BCM
was co-fed with 2375 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a
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“constant and uninterrupted relative feed rate so that the co-feed was completed in 180

. minutes. Upon completion of the feed the reaction mixture was warmed to 25°C over a 1

hr period, thus providing an average residence time in excess of 120 minutes. The crude

product mixture was heterogeneous and required the addition of 0.125 grams of sodium

5 dodecyl sulfate to each aqueous wash to break the resulting emulsions and achieve tﬁe

desired phase cut. The product mixture was transferred to the quench pot and no sulfite

was added to treat unreacted bromine. Unreacted bromine was converted to bromide
during the caustic NaBH, wash. The product was precipitated from water at 95°C with ‘

‘concomitant stripping of BCM. The product was dried at 110°C in a vacuum oven. The

10 procedure produced 1460 g of product.

Bromination Example 21
[0180] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-8 (From ACTSP Example 8 M, = 817, PD = 1.26) in dry BCM
was co-fed with 1836 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a
15  constant and uninterrupted relative feed rate so that the average residence time in the
reactor was 90 minutes. The product was precipitated from water at 95°C with
concomitant stripping of BCM. The product was dried at 100°C in a vacuum oven. The

procedure produced 1230 g of product.

Bromination Example 22
20 [0181] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-8 (From ACTSP Example 8 My, = 817, PD = 1.26) in dry BCM
was co-fed with 2135 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a
constant and uninterrupted relative feed rate so that the average residence time in the
reactor was 90 minutes. The product was precipitated from water at 95°C with
25  concomitant stﬁpping of BCM. The product was dried at 110°C in a vacuum oven. The

procedure produced 1320 g of product.
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Bromination Example 23
[0182] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-8 (From ACTSP Example 8 My, = 817, PD = 1.26) in dry BCM
was co-fed with 2659 g of 0.25 mole% AlIBr in bromine to a heel of 3000 g of BCM at a
constant and uninterrupted relative feed rate so that the average residence time in the
reactor was 90 minutes. The crude product mixture was heterogeneous and required the
addition of 0.125 grams of sodium dodecylsulfate to each aqueous wash to break the
resulting emulsions and achieve the desired phase cut. The product was precipitated from
water at 95°C with concomitant stripping of BCM. The product was dried at 130°C in a

vacuum oven. The procedure produced 1440 g of product.

Bromination Example 24
[0183] The procedure of Bromination Example 1 was used except that 71500 gofa?2s
wt% solution of ACTSP—9 (From ACTSP Example 9 M,, = 928, PD = 1.43) in dry BCM
was co-fed with 1836 g of 0.25 mole% AlBr3 in bromiﬁc to a heel of 3000 g of BCM at a
constant and uninterrupted relative feed rate so that the average residence time in the
reactor was 90 minutes. The product was precipitated from water at 95°C with
concomitant stripping of BCM. The product was dried at 100°C in a vacuum oven. The

procedure produced 1250 g of product.

Bromination Example 25
[0184] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-9 (From ACTSP Example 9 M., = 928, PD = 1.43) in dry BCM
was co-fed with 2135 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a
constant and uninterrupted relative feed rate so that the average residence time in the
reactor was 90 minutes. The product was precipitated from water at 95°C with
concomitant stripping of BCM. The product was dried at 110°C in a vacuum oven. The

procedure produced 1388 g of product.

Bromination Example 26
[0185] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-9 (From ACTSP Example 9 M,, = 928, PD = 1.43) in dry BCM
was co-fed with 2659 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a

constant and uninterrupted relative feed rate so that the average residence time in the
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reactor was 90 minutes. The crude product mixture was heterogeneous and required the
addition of 0.125 grams of sodium dodecylsulfate to each aqueous wash to break the
resulting emulsions and achieve the desired phase cut. Tt;e product was precipitated from
water at 95°C with concomitant stripping of BCM. The product was dried at 130°C in a

5 vacuum oven. The procedure produced 150 g of product.

Bromination Example 27
[0186] The procedure of Bromination Example 1 was used except that 1400 g of a 25
| wt% solution of ACTSP-10 (From ACTSP Example 9 My, = 1194, PD = 1.77) in dry BCM
was co-fed with 1800 g of 0.25 mole% AlBr3 in bromine to a heel of 3200 gof BCM ata
10 constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was precipitated from water at 95°C with concomitant stripping of BCM. The

product was dried at 105°C in a vacuum oven. The procedure produced 89 g of product.

Bromination Example 28
[0187] The procedure of Bromination Example 1 was used except tQat 1400 g of a 25
15 wt% solution of ACTSP-10 (From ACTSP Example 9 M,,= 1194, PD ='1.77) in dry BCM_
was co-fed with 2045 g of 0.25 mole% AlBr; in bromine to a heel of 4000 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was precipitated from water at 95°C with concomitant stripping of BCM. The

product was dried at 120°C in a vacuum oven. The procedure produced 1245 g of product.

20 Bromination Example 29
[0188] The procedure of Bromination Example 1 was used except that 1392 g of a 25
wt% solution of ACTSP-11 (Fjom ACTSP Example 11 My, = 4051, PD = 2.15) in dry
BCM was co-fed with 1479 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of
BCM at a constant relative feed rate so that the average residence time in the reactor was

25 30 minutes. The product was precipitated from water at 95°C with concomitant stripping
of BCM. The product was dried at 130°C in a vacuum oven. The procedure produced 980
g of product. '

Bromination Example 30

[0189] The procedure of Bromination Example | was used except that 1360 g of a 25
30 wt% solution of ACTSP-12 (From ACTSP Example 12 M,, = 2288, PD = 1.91) in dry
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BCM was co-fed with 1445 g of 0.25 mole% AlBr; in bro:ﬁine to a heel of 3200 g of

BCM at a constant relative feed rate so that the average residence time in the reactor wés

30 minutes. The product was precipitated from water at 95°C with concomitant stripping

of BCM. The product was dried at 115°C in a vacuum oven. The procedure produced 1002
5 g of product.
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HIPS and ABS Formulations

[0190] General Procedure for Compounding, Injection Molding and Testing of HIPS and
ABS Formulated with CLASP Materials. ' »

5 HIPS
[0191] The HIPS resin and fhe flame-retardant in addition to antimony oxide were mixed
in a plastic bag using a tumble mixer for approximately 10 minutes prior to extrusion. The
compounding was conducted on a Werner & Pfleiderer ZSK30 twin-screw extruder at 175
rbm. The feed rate was 8kg/hr. The teniperature profile was 175-175-190-215-215°C. In
10 some cases, the first zone temperature was lowered to 125-150°C in order to avoid
sticking issues at feed throat. A trap was used to capture any volatiles if there was any.
The extruded strand was first cooled down by passing an iced-water bath and then
pelletized on-line. All formulations were injection molded at a Battenfeld BA350 CD
injection-molding machine. The temperature profile was 195-195-205°C for most of the
15 samples. A lower feed zone temperature of 190°C was used in some cases. The mold

temperature was 40°C.

ABS
[0192] The ABS resin, flame-retardant, antimony oxide and antioxidant were mixed in a

20 plastic bag using a tumble mixer for approximately 10 minutes prior to extrusion. The
. compounding was conducted on a Werner & Pfleiderer ZSK30 twin-screw extruder at 175
rpm. The feed rate was 8kg/hr. The temperature profile was 190-210-210-220-220°C. In
some cases, the first zone temperature was lowered to 125-150°C in order to avoid
sticking issues at feed throat. A trap was used to capture any volatiles if there was any.
25  The extruded strand was first cooléd down by passing an iced-water bath and then
pelletized on-line. All formulations were injection molded at a Battenfeld BA350 CD
injection-molding machine. The temperature profile was 204-216-221°C. The mold
temperature was 40°C.
[0193] Testing was performed on HIPS and ABS samples according to the following
30  ASTM test standards: VICAT (ASTM D649); Heat Deflection Temperature under Load
(ASTM D648) 1/8” (32 mm) at 264 psi (1820 kPa); Notched-Izod Impact Strength
(ASTM D256 method A); and Melt Flow Index (ASTM D1238 procedure A), 200°C/5 kg.
The UL-94 flammability test was performed on 1/8” (32 mm) bars. The results are
reported in Table I1.
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[0194] 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
5  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 togcther under the conditions called for
pursuant to this disclosure. Also, even though the claims hereinafter may refer to
substances, components and/or ingredients in the present tense (“"comprises”, "is", etc.),
"10  the reference is to the substance, component or ingredient as it existed at the time just
before it was first contacted, blended or mixed with one or more other substances,
components and/or ingredients in accordance with the present disclosure. The fact that a
substance, component or ingredient may have lost its original identity through a chemical
reaction or transformation during the coﬁrse of contacting, blending or mixing operations,
15 if conducted in accordance with this disclosure and with ordinary skill of a cilemist, is thus
of no practical concern.
[0195] Except as may be expressly otherwise indicated, the article "a" or "an" if and as
used herein is not intended to limit, and should not be construed as limiting, a claim to a
single element to which the article refers. Rather, the article "a" or "an" if and as used
20  herein is intended to cover one or more such elements, unless the text expressly indicates
othef\'vise.
[0196] The invention may comprise, consist or consist essentially of the materials and/or
procedures recited herein.
[0197] Each and every patent or publication referred to in any portion of this
25 specification is incorpofatcd in toto into this disclosure by reference, as if fully set forth
herein.
[0198] 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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CLAIMS
1. A flame retardant composition comprising a brominated anionic, chain transfer, vinyl

-aromatic polymer (ACTVAP) distribution having a number average molecular weight by GPC
between from 300 to 1900 Daltons, which distribution (1) has been formed anionically using an
added chain transfer polymerization promoter and at least one chain transfer agent, and (2) has
been brominated such that the composition: (i) contains above 72 wt% bromine; and (ii) contains
less than about 1,000 ppm (weight/weight) thermally labile Br, the wt% and ppm values being

based upon the total weight of the composition.

2. The composition of claim 1 wherein the composition has at least
a)- a TGA 5 wt% loss ata temperature of from 280°C to 380°C under nitrogen, or
b) a content of less than 25 wt% brominated monoadduct, based on the total weight
of the composition, or
c) a Yellowness Index (ASTM D1925) within the range of from 1 to 8, or
d) as determined by GPC, an M,, of from 1250 to 14,000 Daltons, and an M, from
1070 to 8,200 Daltons and a PD less than about 2.2.

3. A flame retardant composition comprising an ACTVAP which is anionic, chain transfer,
styrene polymer (ACTSP) having a number average molecular weight by GPC between from
300 to 1900 Daltons that (1) has been formed anionically using an added chain transfer
polymerization promoter and at least one chain transfer agent, and (2) has been brominated such
that the composition: (i) contains above 72 wt% bromine; and (ii) contains less than about 1,000
ppm (weight/weight) thermally labile Br, the wt% and ppm values being based upon the total

weight of the composition.

4. The composition of claim 3 wherein the composition has at least (i) a TGA wt% loss of
5% at a temperature of from 290 to 380°C; or (ii) a Yellowness Index (ASTM D1925) of from 1
to 8, or (iii) as determined by GPC, an M,, of from 1250 to 14,000 Daltons, and an M, from
1,070 to 8,200 Daltons and a PD less than about 2.2.

5. A formulation which is an HIPS-based or an ABS-based formulation containing a flame

retardant amount of the composition of claims 1 or 3, which formulation preferably also contains

a synergistic amount of a flame retardant synergist.
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6. A flame retardant composition comprising an anionic, chain transfer, styrene polymer
(ACTSP) having a number average molecular weight by GPC between from 300 to 1900
Daltons, that (1) has been formed anionically using N,N.N’, N -tetramethylethylenediamine as an
added chain transfer polymerization promoter and at least one chain transfer agent, and (2) has
been brominated such that the composition: (i) has a glass transition temperature (Tg) within the
range of from 35°C to 165°C, preferably within the range of from 75°C to 135°C; (ii) contains at
least about 65 wt% bromine; and (iii) contains less than about 1,000 ppm (weight/weight)
thermally labile Br, the wt% and ppm values being based upon the total weight of the

composition; and preferably the composition

a) has a TGA 5 wt% loss at a temperature of from 290°C to 380°C; or

b) contains less than about 25 wt% brominated monoadduct, based on the total weight of the
composition; or

c) has a Yellowness Index (ASTM D1925) within the range of from 1 to 8; or

d) has as determined by GPC, an M,, of from 1,000 to 21,000 Daltons, and an M, from 850
to 18,500 and a PD less than about 2.2.

7. The composition of claim 3 wherein the chain transfer polymerization promoter

comprises N,N.N’, N’-tetramethylethylenediamine.

8. The composition of claim 7 wherein (i) the composition has a glass transition temperature
within the range of from 70°C to 160°C, or (ii) the composition has a TGA wt% loss of 5% at a
temperature of from 290°C to 380°C, or (iii) the composition has a Yellowness Index (ASTM
D1925) of from 1 to 8, or (iv) the composition as determined by GPC has M,, of from 1,000 to
21,000 Daltons, and an M,, from 850 to 18,500 and a PD that is less than about 2.2.

9, The composition of any of claims 1, 3, 6, or 7 wherein at least about 97 wt% of the total
compbsition weight of said composition is comprised of the brominated ACTVAP or the

brominated ACTSP.

10. A formulation which is an HIPS-based or ABS-based formulation, either said

formulation containing a flame retardant amount of the composition of claims 1, 3, 6 or 7.

11. A thermoplastic article containing any one or more of the compositions of claims 1, 3, 6

or7.
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matter SGIr’]((%tbe}/ween from 300 to 1900 Daltons that has been formed anionically using an added chain
transfer polymerization promoter and at least one chain transfer agent, wherein the bromination
is effected by reacting said ACTVAP or ACTSP with a brominating agent in the presence of
catalytic amount of AlBr; and a solvent wherein the composition contains greater than 72 wt%
bromine and 'contains less than 1,000 ppm (weight/weight) thermally labile bromine, the wt%

and ppm values being based upon the total weight of the composition.

13.  The process of claim 12 wherein the ACTVAP or ACTSP is fed as a solute in proximity
to and contemporaneously with joint or separate feed(s) of the brominating agent and the AlBr3,
such feeds being made to a reactor pre-charged with solvent, and such feeds, along with pre-
charged solvent, at least partially forming a reaction mass comprising: (i) the reaction products
obtained by the feed of ACTVAP or ACTSP and their respective impurities, brominating agent
and AlBrs; (ii) solvent; (iii) AlBr; and; (iv), optionally, unreacted brominating agent, and such
feeds being made subsurface of the reaction mass level and the reaction mass having a

temperature within the range of from —20°C to 5°C.

14.  The process of claim 13 wherein at least (a) the ACTVAP or ACTSP feed and the joint or
separate feeds are impinging feeds, or (b) the ACTVAP or ACSTP is fed in solution with
bromochloromethane, or (c) at least a portion, preferably all, of the brominating agent and the
AlBr; are fed jointly as a solution comprising same, or (d) the bromination occurs at a
temperature within the range of from —10°C to 0°C, or (e) wherein the brominating agent is

bromine.

15.  The process of claim 13 wherein the brominating agent and the AlBr3 are jointly fed as a
solution comprising the two and wherein the ACTVAP or ACSTP feed and the joint feed are

impinging feeds.

16. The process of claim 13 wherein the process further comprises (1) quenching the reaction
mass in water to deactivate the AlBr; catalyst, such quenching forming an aqueous phase and an
organic phase to which is optionally added (a) a reducing agent to lower the content of any
brominating agent present and/or (b) a surfactant as needed to break any emulsion that may form

in the aqueous phase; and (2) separating the organic phase from the aqueous phase.
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flame retardant conposition conprising a brom nated anionic, chain
transfeld, viAyproaessntiri prquiokiyiger bACEVAR] Harse ricbudandncdiapdsitipna thenpecess

average nol ecul ar wel ht C bet fr.om 300 to 1900 Dalt

ot £ ot e o R Y AT o BT bafing bt qiotmga dno LRuRT WERR By
poly Wr@?@%ﬂ%eﬁ FRINR B OO t@m%(ﬁbait&%&haﬂ{& Hé@@'f&nieﬁadﬂﬁfrﬁéal@%ﬂig, arPdtdlell Zhailas
been brom nated such that the conposition: (i) contains above 72 wt %

br oni néranaiey peiymen@@tmnapn@glqt@sa@dtah dgesapraeham passigmeepinvavhgrain e yemination

ther el 0) b8 Bl bGP0 RPACEBCRIDE A RATE. 00T THEpRERL of

wei ght 0SI ion o arma erei

COFYDOSidaiatl)ﬁxJIzﬁﬁOL&it o|f@an3 ﬂﬂd zﬁsdI%tSlert%l lthxs-SorApositidrecqeding gll’eEte@fthefnr@ﬂWv%OC
to 380C under nitrogen, a content of less than 25 wt % brom nat ed

monoadduieinep gad oA s ttbqral OQRipgH (verightfeeiginhssmelly hadilgrbreming, the wt%
i oo RN o L, R G g © (0.0, 01,9 o2
1070 to 8, 200 Daltons and a PD | ess than about 2.2. 3. A flame retardant
ConpOSI t I on Orgjrgéessls Qigany o au\‘r/éFl. 8V(V)I¥|18szllle§elg r-lh Kb(i"VAClb KC&%E I"e%ra’s a solute,
preferably in solution with bromochloromethane, the feed being in proximity to and
contemporaneously with joint or separate feed(s) of the brominating agent and the AlBr;, the
brominating agent preferably being bromine, such feeds being made to a reactor pre-charged
with solvent, and such feeds, along with pre-charged solvent, at least partially forming a reaction
mass comprising: (i) the reaction products obtained by the feed of ACTVAP or ACTSP and their
respective impurities, brominating agent and AlBrs; (ii) solvent; (iii) AlBr3; and; (iv), optionally,
unreacted brominating agent, and such feeds being made subsurface of the reaction mass level
and the reaction mass having a temperature within the range of from —20°C to 5°C, and
preferably within the range of from —10°C to 0°C, and wherein preferably (1) the ACTVAP or
ACTSP feed and the joint or separate feeds are impinging feeds, and (2a) AlBr; and (2b) at least
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styrene pol yner (ACTSP) having a nunber average nol ecul ar wei ght by GPC
between from 300 to 1900 Daltons that (1) has been formed anionically using
an added chain transfer polymerization pronoter and at | east one chain
transf ef pG6RbS tiRMohRatilgsedi 8Rd BEILRAAIPSL G GRorhhating Been€,onP asi jbin@lgias @i )
contains above 72 wt % brom ne; and (ii) contains |ess than about 1,000 ppm
(wei ghtsolwsiogreomptisiaerhkg two.| abil e Br, the wt % and ppm val ues bei ng based
upon the total weight of the conposition. 4.The conposition of claim3
wherein the conposition has at least (i) a TGA w% | oss of 5% at a

t enper atjur e THe froed¥s 306nyt Of AR, 18061 19 Wherdinft ACUNAB ot AAERSHK RIddvhd 8dbfe of
froml to 8, or (iii) as determned by GPC, an M, of from 1250 to 14, 000
Dal t onsd papimaly tvrandfqoptampogargordly avitlopimeqrt ssharaeniged(spef thesyominating S8est
2.2. 5. Af ti [ ' - r f i

cont ai naf%rcll gtﬂér%ibg%esﬁéhe ard g Eﬁl@aﬁgﬁﬂf&@ﬁ?g@ﬁﬁgg&e@%@g?ﬁg?té?fr}@%ka% Irf&gs :
whi ch fadsripuiiavithi mre-chargbd rsabiet, at $east partially Sominy reragitidn massroamnprighg:a(iy theme
retardant synergist. 6.Afl reta t co i tion conprising an ..

ani oni da¢IRR; pofycknhtained é’ﬁ’)}ﬁ‘gﬁ"é:’dp‘& é&ig/A(PA@T sh)a?ﬂ% Y rﬁ?ﬂ%té\ge IRriGe
mol ecul k: t P 9 ; , indeen
For mad B e e R ke SR b b
chai n tagantsfed spdi feeds beiaginsaleprubswtae dribe atactiemmase hevek hed thet reagtinemass

t, .and (2) has been ronj nated h that th posi tion: (i) h
oPaas uRSite £ ehrahpemaliisoof Tk Sttt 3¢ 1R SRR s e e
prefer %%rf%%'@lgnqﬁé?ﬁhfn%n&% RhcddOMadd $n WPardBREdehdtivheC AR Alme @taly£2asihch

r and (i h b 00 ppm

about 65 % m'ne; 1) contains less than about 1,0
(wei ghtqueeclging Yortihieg amlagyedualyibase Brd an loegamOplaasd tpprhichaisuesiopelln gddeksed a

nae a Tel ettt SEBv? e PaHER e iR BEE eTr ot & AR Ofne.
| ess t hpRdaPEWreakbantckadsion e hix fmﬂﬁﬁdl@légﬁeouhxg@@; aid ngseﬁaf?étﬁig the bgahicof

t he conposition; or c) has a Yel[owness Index (ASTM D19 wi thin the range
of fromhase drogy the agpediss phasedandrprefesablpywigreln subsgquenbfto fthe quengigog.t die

21,000 Dal tons, and an Mfro 0 to. 0 | es U 2,
7 the comBolraitG PRt S ViRe it R A e B o R R paie
pr onot efqueairINaBIES sdiuiibriNo reliuce thie@loniebhynéiechyol] @nigdiianthaemay bd Ipeesent, such
conposition of claim7 wherein (i) the conposition has a glass transition

t enper avashing() oaewTing et @ tmperasprefwighin fogange albvem 457 tq 3%t he conposi ti on
has a TGA Wt % | oss of 5% at a tenperature of from 290C to 380C, or (iii)

t he conposition has a Yell owness Index (ASTM D1925) of from1l to 8, or (iv)
t he conposition as determ ned by GPC has M of from 1,000 to 21, 000

Dal t ons22. andA atendd' rétardant8&iniositiod, &dfiprésiek a Hbmikea¢d wsiohies shdiharanafegutind. 2.
9. The conposition of any of clains 3, r 7 wherein at | east ahout 97
wt % of AABatioPalymes r(ﬁ&ﬁ%%}a RRRAUgRE ]f“qu gAaéEVz%’nb%vs% AIHmRET Ay RIREF gﬂé@@ fat e
brom n BH@L&d opE 0 dior b QR ! |

i e akgEnCly XL Henk fgﬁﬁumﬁg'(?,tgﬂ O oty TANAP ) Wit ooy forid,
flamre ratancdytustogourtdded chdie trensfpogilymenzasfongirama®r and &, le®t one ghair trapsfer

E:Ihgir gpalig%rslél a%éa{}bl hcie!sebece(r)ln{)%npllna?tgd avrv]}\{ergi?leth%r corrn%goesit%n: t(riBe cglgtgi%(s)se{btolvg ) (\%It%
bromine; and (ii) contains less than about 1,000 ppm (weight/weight) thermally labile Br, the

wi% and ppm values being based upon the total weight of the composition.

23.  The composition of claim 22 wherein the brominated ACTVAP is brominated ACTSP
produced from anionic, chain transfer, styrene polymer (ACTSP) having a number average

molecular weight by GPC between from 300 to 1900 Daltons.

24. A flame retardant composition comprising a brominated anionic, chain transfer, vinyl

aromatic polymer (ACTVAP) produced from ACTVAP having a number average molecular
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12. "A process for producing a brom nated flanme retardant conposition, the
process conprising brom nati ng ACTVAP or ACTSP having a nunber average

nol ecul ar wei ght by GPC between from 300 to 1900 Dal tons that has been

for med \aRbanh @AY besidRE Romasiee 4bad MR8 SHWRIChPATTVRNR 78t ha b&dnorRined
and at |east ‘'one chain transfer agent, wherein the brom nation is effected
by r eaenionipazaiuging@madeedbehaOrspisinolymeriragion peameigr angestdeashonerahapy eansfee e

O ot e s b B AR e GRS SR B 35 i e
(wei ghtdmpdrgiate (T etk ke FaRbé be ARHPBETE 1o 165 (Y %fé«x’&ﬁ@ﬁhﬁ‘ﬂhé‘@&qé@&iﬂ&om

based upon the tog?al wei ght of the conposition.  13. The process of claim
12 wher7éP@ to H8 5SAC ARG S£ust sbdwdbSawt% twoiirtes and (ipi) erntainsylegsghamdbout

cont enpor.aneously, with jqQint or separate feed(s), of the brom nati agent
and ¢ nd-gqbmman twtichveighS Berivanl Bo he Padu b Pp e Brarass THih g O8n:
and SUQ&af@vﬁgﬁt’oﬁh@@&nﬁ\bstit'?orﬁraﬁdﬁ’@élgﬁl@tﬁ@l:d/rﬁﬁ&s,iti(ﬂ{( least partially formng
a reaction ss conprising: (i) the réaction products obtained by the feed
of ACTVAP or ACTSP and their respective inpurities, brom nating agent and
Al Br3; a)ii) heohU&hk 5 wtPs iops A BreBparatyre of irpm U CandBOSE; ounr eact ed
brom nating agent, a sych e bei n de suhsurface of the.reacti
mass | ¥el e?ﬁgtafrﬁéestsgﬂa& %t’(S’Ht %%%WWH%%&%@W@B%&U}PH@C s mentoiahge}ggn&&%%gf
from-20C thﬁ%ositiéﬂ--orThe process of claim13 wherein at |east (a) the

S

ACTVAP or ACTSP feed and the joint or separate feeds are ingi ngi ng feeds,
or (b) dhe AaTwARllowngiadndey AR DH25pwithinothe yangs b fiorpt  &rasnet hane, or

' bl || i '
Wik 3 dbe 7 ond pofbbigRed BL TR RN, B ropP ) obo 2L DRLOAAPREM B 835,

occurs at atbespeoahdih@Diekdihan bbsautange of from -10C to 0C, or (e) wherein
the bromnating agent is bromne. 15. The process of claim 13 wherein the
brom nating agent and the AlBr3 are jointly fed as a solution conprising
the t and ' e : r e ] Qi dgee

i npi n\é\?r?g féeds. gés%f&TRﬁég%?@ egsbfgj@ ;(:{%;i(lfl mﬁ%@\?ﬁgﬁr@ﬁ[\ ﬂ?gkgops;tg%éss f%rr0 f Sgr
conpr i sesp(idingchremititing AGEVARaot IAGTSTdsving avatebert avethgaaholeatler whighAbBr 3
cat al yst uch quenchij r.m an Q e and an organi c.phase to
whi oh’ TP Besraty e OnPdfrdasrha abeRt e s Tl Bibishll gingny
brom nahi RYeFIRAh RIERE ?Bly%ﬂﬁi{zgﬁor( Blondot&Uid P&t Rkt A8 ABIRARMsEP aBERAMBDY
emul sion that may formin“the aqueous phase; and (2) se&%ratl ng the organic
phase fhaseehbroagjoaed dypthageactioniof. ACHY AR oc 65T wthai brotdnatinghagenugntoet o

t he quenching, .t epar at ed. qrgani hase .or, any ot her organi c phase

der i ved ¢HBrePk WR?E.IVEC &B‘@H&HOW&[‘ r3aan§a£i;(g}'elﬁdﬁée(5ﬂ§ tﬁ%éﬂﬁp%%ﬁ F%IHQIP% g8lflice
the conpant206198NbRdmise 00 QREHIRS 1&3athamely.0be fp@ﬁew& ht/wight) WsRha( $abile
occurring at a tenperature within the range of from45 to 65C. 18. A

pr oces Préminepthe s angl rpmb valvehbeing baded mpon diedpehweizhbahds compnsitiethe process
conprising brom nating ACTVAP or ACTSP havi ng a nunber average nol ecul ar
wei ght by GPC between from 300 to 1900 Dal tons that has been forned

ani oni sl | y AIspiogesanfard@adiucingi & broatiadted Hohynetdrdaiti compositiont ethe apcass

| east one chain transfer wherein the bromnpation is eff

: %%e nt ct ed'}gg\é
react i FgMPERBEATTRIBLSE ACTIARE KGIY bATIRGE ey eerass fflﬂlémg?fe% 5%t a
cat al ytd 3 | V&L, APEY & Jag oYY ass
transi t(?lﬁ%@?@\%%%f@h%@%{g%ﬁ@%%ﬁ% %ﬁgh FAangeg(l;Rl#ir;%nl{%gSC t Shfggbé@?%ﬁ‘?ig?ns
gr eat erantdided 6baintttanbico polymeramtor pritnatasandestsleadtame Lh@idOramefer agent, and (2)

i ght/ wei gh f t [ 1 | abi | i , Lt Wt % | b
bced s bt blargnaied it B restiopr ADTRIT Bt TSP it SrobREkird 4heRe o2
pr Odpcgi[?;&heﬁc@ﬁpﬁi Qalieae bhalB: betandamd GO¥PRSE WiRin HRe cHhpPESEsn RN dISsNY

brom nating ACTVAP or ACTSP having a nunber average nol ecul ar wei ght by GPC
bet weerransition 300peretut® §0;) Daithiortbe tringe ¢fafoipedTCr tor hsdCanpning ir¢ajerubhm§San

added chg n_ tr.ansfer pol ri.zatj ronot er and.at ast ,;,one.chai n.

£ anst SROA R eapa e R r o] 00 PBR sy et s B ireatstyap
or ACTSRomhAdp@n RERES Béhi Besc@dpbh thatotdl velihe SiHeRofposieibal yti ¢ anount of

Al Br3 and a sol vent wherein the-conposition contains greater than 65 w %

brom ne, and contains |ess than 1,000 ppm (wei ght/weight) thermally labile
brom ne, the wt % and ppm val ues bei ng based upon the total weight of the
conposition. 20. The process of any of clains 18 or 19 wherein the ACTVAP
or ACTSP is fed as a solute, preferably in solution with

bronmochl oromet hane, the feed being in pgoxinmty to and contenporaneousl|oep
with joint or separate feed(s) of the brom nating agent and the A Br3, the
brom nating agent preferably being brom ne, such feeds being made to a
reactor pre-charged with solvent, and such feeds, along with pre-charged



25. 'A process for producing a brom nated flane retardant conposition, the
process conprising brom nati ng ACTVAP or ACTSP having a nunber average

nol ecul ar wei ght by GPC between from 300 to 1900 Dal tons, which ACTVAP (1)
has beepn forAregoassoRirCalddicigl A9bhiRdEE diaha rRiatdaAnSiipRitloTRAE ZRbiRH
pronoter and at |east one chain transfer agent, and (2) has been brom nated
by t he comgpeisingrbrominaGigARCEN ARCTSAGiShh havibg eniuvaler ryerage mpolpeularhweighebence

of cat i C, anount Al nd a sol,vent erei.n the conpositi t.ai ns
o eat eoH iR g Bpo f Poot RAfter A S Heal B Aold s TRAR ' A0S EREE
(wei ghtifawefed Holyrh&tesatieh | prohdlir] evHREGHT the , brofnattobd BNeffeytsa bl thesrdaetidiy of
based upon the total weight of the conposition. 26. A process for

pr oduciAgT Y ARram GRS R avith ahwmisttinedrasnt Biohp srasen ol catabytisramanss ot Az iagd ng

brom nat | VAP or ACTSP..havi ng. C i GPC
pet weor 1A S0 LS00 RRHE e Rl AR B o b

ani oni qad00yppss (Weighitweidte dharhallp ldbilensdmaineptheywnes azdppro vajpeobgihg based dipah

| east one chain transfer agent, and (2) has been brom nated by the reaction
of ACTViaptogal wetahgp! fhietqompasitioni nati ng agent in the presence of a catalytic
anount of A1Br3 and a solvent wherein the conposition has a gl ass
transition tenperature (Tg) wthin the range of from 35C to 165C, contains
gr eat er28t ham @nvet %6timdent cemp@sitibnc oompiisisg lapsaniohigncliai® @@ngpm vinyl aromatic

(wei ght / yei ght) __of rmgl Ly l.abile brom ne, the %.and % bei ng
based ool B b SiFmdbartine . BaB! fectee molsetl R ERELhY DS perieh

pr oducifigy 308%® ToaRDEA0Ad BEGihahe dAaMutieR WY ShionRAlly [dBRvVERS WRE AThER s fek NY
brom nating ACTVAP or ACTSP having a nunber average nol ecul ar wei ght by GPC

bet weerpolymerizaGon prm@eowekbpths chain lehgtd divabutionripdeternined by 4l dhginsansigr an

added chain transfer l. rizatdi on.pronmot erein_t.he brom nati I

ef f ect &¢° P2} etilgtd?sgﬁﬂy 1‘0%@5\;’,&?}%@&%@? %ﬁ%"pﬁ’ LB (S)lnlloﬁ'a ﬁ?@ aé%edrﬁa O? ‘r71§t he
pr esencaopbrdimha)l ad Gi) 26Btalis 16ds tAhBaBoANdd sah (wsighwiveighi)nhérhllg damlesBi, i on
contains greater than 65 wt% brom ne, and contains | ess than 1,000 ppm

(wei ghtthewi’gtanyl ppmeyakegs| bpingdsisedunsnghs tsal weightyof dhegamnosiiodal ues bei ng
based upon the total weight of the conposition. 28. A flane retardant
conposition conprising an anionic, chain transfer, vinyl aronmatic polymner

( ACTVARp. di StHei dostpositionaofi ¢iging 28 urize¢in ake bagenawod 0l dAPvie ibghrhinbied GRCTSP
between from 300 to, 1900 Daltons wherein the distrjhution was anionically
der i ved@rfucRd 4TQIA ANPNIE. oY Arapsfer, mLyiens, o ﬂ‘eﬁr@téi% %&Yérfgeﬁw T AY&138°

| engt h rﬂéléédléﬂ%ilggﬂba’ GPEY RN BRI BY0 & CIR Malldn@nsfer mechani sm and the

di stribution was “brom nated such that the conposition: (i) contains above
72 wt % brom ne; and (ii) contains |ess than about 1,000 ppm (wei ght/wei ght)

thermal ]y lapile Br, the wt% and ppm val ues being. based upopn the total ..
wetght 30 tHb CBRECATEN, ComgotioRmTiste BT anogic: ehah il Beicnarg fopide

br om ngloeen AFRAR AP? 'a[sﬂﬁ'ﬁlﬂ@h%vﬁgrasﬁuﬂb@ldh’s@%ef MORc@AR Right bG G between
transfer,” styrene po grrer (ACTSP) having a nunber average nol ecul ar wei ght
by GPC fhyank6@ito P ong whargipghdistrdhgion vaws anjpniqaliprelerivechyvith mtchenfasiari on
conpri si an aniaonic,. chalin. transf j . i ( \Y/

i st i TR0 Ao E Bk IR B oM R o OInkIR sl D M
300 t 0 fi&Manibrl taga sheMagtghniohheadibsdrhinbteti @ehwast dri cothgsition: dBrhasesl glassh a
chain transfer polymerization pronoter whereby the chain |length

di st ri Bransisienitempsp@ra he avithin theapaganok remsHek terd R nirseferakhiovithia the range

di stribytion b jhat.ed such at the ition: (j).has.a as
transi tqt%(fﬁm? gﬁg@?‘éﬁ 3? g] ?Ef?ﬁns{%fl? ﬁf Ga ‘ﬁ%"?ta@sgg’g’éf‘”?‘?’&% utlﬂc%%&?less than

pr ef er afgbr 1WooE )P (eI gh@\@eshef themQuily 196i1e Br, IR56A% bhd ppaGahiRs BSindbaled

about 65 V\}t%br_g%ntrge;lggnd %{?it) contains | ess than ag%ut 1,000n%p?n Aigon
(wei ghtthevsitajhweight o ithea¢dmypdsiivng andgpreferatdy Wexoamesisiom val ues bei ng based
upon the total weight of the conposition; and preferably the conposition a)

has a T 5 wt % t te rature of..fro 0C R, 380C; ~or b) contains
| ess t Han at)}@ﬁtaojlégg\%n‘&n/ﬁf%ﬁiaﬂgﬁweﬁ%wgéﬁé@&@%g/‘stg&%gn&t%e total weight of
the comgyosi tdo@mhinsdbssGthad@oud 2 &b PbYoaSSaté N0 (d0SdIVbAE 3R hewotanwRidhh ef thange

of fromlito 8, or d)has as determ ned by GPC, an My, of from 1,000 to
21, 000 Dal t espoarignaer M from 850 to 18,500 and a PD | ess than about 2. 2.

31. A process f roduci i d.fla et ar, oppqsition, the
pr ocessc)coné}alsgﬁieé%mngﬁﬁqﬁg% %gg%%&%n egjlfgﬁ)% E)E ?}(;O(r% pr oduced
from.an ACTVAP or ACTSP distribution having a nunber average nol ecul ar

wei ght by GPC between from 300 to 1900 Jfeulions wherein the distribution.was
anionically derived with a chain transfer polynerization pronoter whereby

the chain length distribution is determ ned by a chain transfer nechanism
and the distribution was brom nated by the reaction of the ACTVAP or ACTSP



d) has as determined by GPC, an M,, of from 1,000 to 21,000 Daltons, and an M,, from 850
to 18,500 and a PD less than about 2.2.

31. A process for producing a brominated flame retardant composition, the process
comprising brominating an ACTVAP or ACTSP distribution produced from an ACTVAP or
ACTSP distribution having a number average molecular weight by GPC between from 300 to
1900 Daltons wherein the distribution was anionically derived with a chain transfer
polymerization promoter whereby the chain length distribution is determined by a chain transfer
mechanism, and the distribution was brominated by the reaction of the ACTVAP or ACTSP
distribution with a brominating agent in the presence of catalytic amount of AlBr3 and a solvent
wherein the composition contains greater than 72 wt% bromine and contains less than 1,000 ppm
(weight/weight) thermally labile bromine, the wt% and ppm values being based upon the total

weight of the composition.

32. A process for producing a brominated flame retardant composition, the process
comprising brominating ACTVAP or ACTSP distribution produced from an ACTVAP or
ACTSP distribution having a number average molecular weight by GPC between from 300 to
1900 Daltons wherein the distribution was anionically derived with a chain transfer
polymerization promoter whereby the chain length distribution is determined by a chain transfer
mechanism, and the distribution was brominated by the reaction of ACTVAP or ACTSP with a
brominating agent in the presence of a catalytic amount of AlBr; and a solvent wherein the
composition has a glass transition temperature (T,) within the range of from 35°C to 165°C,
contains greater than 65 Wt%. bromine, and contains less than 1,000 ppm (weight/weight) of
thermally labile bromine, the wt% and ppm values being based upon the total weight of the

composition.

33. A process for producing a brominated flame retardant composition, the process
comprising brominating an ACTVAP or ACTSP distribution produced from an ACTVAP or
ACTSP distribution having a number average molecular weight by GPC between from 300 to
1900 Daltons wherein the distribution was anionically derived with a chain transfer
polymerization promoter whereby the chain length distribution is determined by a chain transfer
mechanism, and the distribution was brominated by the reaction of an ACTVAP or ACTSP
distribution with a brominating agent in the presence of catalytic amount of AlBr; and a solvent

wherein the composition contains greater than 65 wt% bromine, and contains less than 1,000
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ppm (weight/weight) thermally labile bromine, the wt% and ppm values being based upon the

total weight of the composition.
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