WO 2010/ 065467PCT/ US2009/ 066132 BRANCHED AND STAR- BRANCHED STYRENE
POLYMERS, TELOVERS, AND ADDUCTS THEI R SYNTHESI S, THEI R BROM NATI ON, AND
THEI R USB80o20t6@dN6CAL FI ELD [ 0001] This invention rel at @6TIUS2@9/066¥3Pr OCESS
enabl i ng production of branched and/or star-branched styrene pol yners

tel oners and adducts ani onj caII and via chain transfer Such s oducts are
deened to B 12 AN STAR-BRA DS ENERG’ REFEEOMERS: ¢ i ves
by subj ect |ANDADBU6}TS/WHE4R0$YNEFHE§JS§:T QMINA;TL@W nati on.

10 BACKGROUND [0002] A vari ety of fIaUSESet ardant conpounds are avail abl e
as articles of comrerce. Despite extensive research over the years, the art
still continues to search for new aronatic _hydrocarbons which can be

readi Py brominated to produce hilTEHIRINEEALKEEID br onvi nated 15 aromatic
flame r et[@()ﬁﬂ is i§\?&%o elgtegto a,a}l 9 %é’%‘ﬁa%ﬁ[{g Prto%ué ntoq% a%rcfled or\églrnew
process technol og or ‘brom na tron ?fi pofyrrers or med by

ani oni caltryndhsd tsryadneqaomﬂletmmatsla@a a@fluctd Mfl@ﬂﬁeaﬂy[ zﬁﬁloﬁ]l clidih SransréenShicen i s
bel i eved to provide new technol ogy for producing branched and/or

star-br arr&n@thsrry rdeneeqbrﬂ Wrer@llém wbberey or prepatiag clmeaniaghing addigvesrky vi a
chain tran 20 V\:h or t.el u on brom nation,

w | provi g’egttl%su(:htp O\Xr%}eﬁsonro%le dIduCtg ar% g{}%g%?%ﬁ‘r‘lltﬁdélt ed aromatic flane
retarigants. [0004] In connecti on vvlth products of this invention and

t erm nol ogy used anywhere in this docunent, including the clains: 1) the
term"styrene polymer", whet her |HAQl@GBme}NrDar or plural, denotes styrene

br anched d/or star -.hranched,addi ti on product havi nhg degr ees of

br anched gedlot Sk et Hanc it ARdLLLn, o Gductis) heviag. dearces of

t han aboqﬁesﬁﬁe %E@l@%e@%a@éh (Wé? tH@}eﬁ%U{}@rartV\@l'llg&htlﬂlhétté QI 15 nB@\akdiFatdn My
greater than 620 Daltons; and 2) the term"styrene teloner”, whether in the

si ngul ar hyrdrqshiboas whign care ge S“t:z}dﬂefriefomrmmreupmdd¢®h1$1hacffmtezndhemmmﬁ tion

prod t(s es o oI rizatjon in the e 3Qof about O to

boutiS " e B G EEEs - o ab R 63 deobPeimoan FR ARG P 9 A0St gh

d' stri bUttbQﬁ‘loh}%}{' 108 LASmMAIGH @aliBkarl E@fén@zgol%leﬁsofb'?me@ﬂﬁr AliokiBANL BltHed
"styrene adduct™, whether in the singular of plural, dénotes styrene

br anched mhdnerzagomoet iyranehed additi on product (s) havi ng degrees of

pol ymer i Lan ual to O That.is to,sa ere are no, styrene. r t units
br exont  (4e TR Evartih RaTe e SO B AeRC RS OD DS P VAT e of
"degrees @f. PAKERLIRL! p%rrym&%r BEoRas| 3 fRaHAQ% hﬁ1)5ni%§1tl;!' ARt ¢d dPYinC@zat i ng
as if the material was a Iinear polyner. The calculation is, therefore, a

r eas@ablvehielppolyxienadi @hmdreor adgaitsy marbrominahivohwdl pylvedeghe art with novel,

trimet hyl beqzene or, a tetranet hyl benzene is the chain transfer agent(s)
(her ei nafti@HyeHpeehiompated rpmats tgtardants) yral as CTA), the respectr ve

5 nunber a i

U or I RS ] BT A Aol B BBl S R A on
accor di nglocomtiteinetydaty thaslainxyl ene - (IVh - 210)/104 DPtri met hyl benzene -
(WMn - 224 /104 DPt et r anet hyl benzene - - 238)/104 10[0005] In each case,
the abovelpol yRefesmortyteap Bnlérner rvha@erueﬂse siealappioduek denpyessbifnesransted

R v v SRR BB DR 0 BSE RuTR  RAE .

am)ng ot her t hufngsaterathah QltbeﬁtSO Boranpriephg Higatbr &mﬁhefbduo 10 IRC alcabbatehed
styrene pol yners and/ or yners, which process conprises: A) bringing

t oget her at Iéﬁ%l‘?c@?‘few‘ﬁélll%ﬁéﬂhwoalt@dl%raé‘ri’étwE@aﬁyﬁ%%pmoaﬁdlné catal ytic
f ‘ :
e Ty b B GG BV LTRSS, oL RSB LRG ©

bringing at | elaaxor@uaeb&hyrreelraadiﬁmd padactx) Ravifg dege@n bAsdlymériAatign @disndeor med
in A) at a 20rate such that at |east one branched or star-branched styrene

pol y@€r and/ orof gbpytribio 3bgut b g having hesa thaserbors HyGPe asea’holiHy myleeHaor y,
it is believed élgﬁfdﬁétﬁqblfstL H}avdlg%%lﬂ\{}ﬁ%?%at?rq anaéioolggﬁ zﬂﬁil y(tertiary) am ne

conpl exed si de’¢ ar ofrat ydr ocar bon product

Ib S fﬁr med)as ahé eatbtyent aa&rcﬂeebmeﬂqenmalﬁwlslﬁgmaroﬁpmhalfwnmts kt9fenk Sraasidast ed
y the

and/or star-branched addition product(s) having degrees of polymerization equal to 0.

That is to say there are no styrene repeat units present in the distribution.



25 formation of one or nore conpl exes between the one or nore al kyllithium
catal ysts and the one or nore aliphatic tertiary amne pronoters that are
br ought twoebtvarssiem t he m xture formed. The formati on ofPCIwskomwmesaB: ve
internediate product in turn enables reaction with the styrene hydrocarbon
bei ng brought into contact wi th such reactive internedi ate wher eby

format i oﬂl@rvabwa%ﬁcﬁ%eﬁro wamwa%héan be yatisfastqsy gatisnated Bb?akb’rl%tﬁ’(gﬁéélf or
star-bra n ] Also
ot ovi ded By 1T ar PG ERRal ENGHEE Mk leuRlifh SPBCRIGLS ERknBRE M Ty bRl

pol ymer i CForTain(Dﬁ‘Edfrl if whdtida Rpled@rtritmeptytishtueénedbsi tetiatietoitenz&iddh ther ddinc t

di stributions conprise one or nore styrene polyner djstributions, or one or

nore st yrtepefe ég%@? (heyginafter arisesd 67 Wm@/%efé&@b ayCIeyi BatrRRstiveor one

about "1 7Y AEERETTL YA 1ol ThrBhiAP HoP Ee ARG, GolInl g, P SEBB%E G 1 i

in the rangeges thaﬂaoﬂtof %Jpamuad@(pMduBB&l@trﬂwtldsh accpﬂinygitostheé@awn( PD) in the
range of 1.000 to about 2.000 of this invention and conprise at |east one
or nore dPBemetéMpi2é@UlW¥s represented by Fornula (1) 5bel ow

(I)(CHB)gﬁQ %CHZ(CH 4—@)0 gl CH2CH2 C6H5 wherein: each C6H5 is a phenyl
group an HEWeEta 1s"a s stituted phenyl group; n is a whole nunber and
is in theoPangeof..0= Mp- £38/1040a is a whol e nunber independently equal to
2, 3 0or 4, b is a whole nunber independently equal to O, 1, 2 or 3; cis a
whol dOnurfBe5lilagagiesierthe @@g@&lyrws mr te@mess or adghuctyaee preducedraysongollad + ¢ =
6 for anyeéjc't%(:sf%[ & rlrﬁ)l e% L &0n ]? Ona X i 1aI I /s erref erred new conpositions
of this inventton aVreg npose ranc ed ™5 "3Nd/ or star-branched tel omer
di stribution having an I\/a in the range of about 300 to about 1050, an Mw in
the range of about 350 to about 2600 and an M in the range of about 400 to
about 3500 with aBRIEFINONeLIMRFENGSUMMARY. QFtTcHEENNtE 'TOMNNd whi ch

conpri se st. o nd repre ed b For bel ow

(11) ( CHs)[ﬁ@%‘héﬁtbﬂf Clisth n%éa%% Sh SReD Ry e f’ f&ﬁ%c‘ﬁ?rﬁg‘?%oris?r‘a
phenyls grigsphadstyRac BoSatdds drdl/d p%}sl?ﬁérk tvkﬁﬁdpﬂ%@@s@)ébm [iQdp; N is a whole
nunber and is in"the range of 0O 8; a 1s a whole nunber independently

equal to /), 3 twinghg @Fhérsat éeaah‘ailee})qimmﬂhr’lateddiecpeéittdﬂelmdlfgcaémmeﬂndtamamlytk 2 or

3, ¢ awholenrrb nde en e 2, 3 or.4: .an h. m of
2 b + o =6 FBRTRy df LOHaTE Mot Eelire by Skt S RSPy ad
preferred nerﬁgH@%bﬁlbgpﬁl Q{lngll@q@dﬂoegﬁggﬁ 5 sgconposed of branched

and/ or star-branched tel oner distfibution having an Ma in the range of
about 2123)t o 30ingbgutt ledSne aryrdvie hydrochibon artgeomacta&bdmm@mfctrmeéluom at2300

and in the range of abou 6 to abou 00 with a PD ange of
gl A L R s O e L R DR A
represented by FLqrula (111) below. WO 2010/ 065467PCT/ U82009/ 066132
(111)(CH3) bCeHa] CH2( CH2CH C6H5) ] CH2CH2 C6H5 wherein: each C6H5 is a phenyl
group andWehelt desiHagits be beuliby theved itph belydved thow oy stnp iAS agleaktaine ahiphdter and
isinthe e 0.<n < 3; 5a n ependent ual to
2, 3 or £ ﬁte?%ﬂ%) WRBE oS S}dﬁdiﬁ@rﬂﬁgﬁmdypﬁ&aa@w fpdgromaticoh 36?406 Wis a
whol e nurfgd,ct AdeRaRASRT] %a@t%ai!ntérﬁ)ie&mte and® (1t sﬂch %}Hlahgl? 1§ et R 93/ R tc=
6 for any discrete nolecule. [0010] Athird especially preferred new
conpa@si t ifonsat@h dflons or mesntongriexaes beto@n deadhe of mbde dkalhdtied caﬂatystsrand the

st ar - branched di strl utions of aone or nore_ adducts having a in the
range of AEAUtMOF1D ga%&mlarmafun%arwtpﬁ t%lﬁtearPéﬁ@%ghéfw%%&atm $hey MUt out

511 and af@rr% 'THe Hi‘ﬁlil 6%{1 891]; \I\%’li 3 tlnt%ljrfltecflﬁ)ce E{Q)QM& 1§ Hm %&bheSQ‘eaE:'aog Omh'&'?e range

of 1.000 to out conpri se | east one conpoun
repr esentsqdeﬂwhﬁmodmdbml bdidg bhreightintd LMtaEHBiND GidHalcGHREHACHR &6 kts) whereby
15wher ei n each C6H5 i s a phenyl %r oup and each C6Ha is a substituted
phenyl gr ggbatlon of branched or star—branc ed styrene polymer(s) or branched or star-branched
30  styrene telomer(s) or styrene adduct(s) occurs.
[0007] Also provided by this invention are new branched or star-branched styrene
polymeric, telomeric, and monomeric product distributions. Such product distributions

comprise one or more styrene polymer distributions, or one or more styrene telomer



a is a whol e nunber independently equal to 2, 3 or 4; b is a whole nunber

i ndependently equal to 0, 1, 2 or 3; ¢ is a whole nunber independently
equal to wp?2810/@597 4; and 20t he sumof a +b + ¢ = 6 forcanB2A9H6F18L €

nol ecul e. [0011] Al so provided by this invention are new branched or
star-branched styrene polyneric, teloneric, and nononeri c product

di st ri butd SHRUEISt Hjoge PHRIF SOBRIC-EHE e6 pddhet tisBibyHoRNaYHE AMeinBarange ®or nul a
v bel ow. FBESA 1RBbAR 1036, RGP Fiibe oAb 21 PE HIAENGRMAkM ST @Gt | L1 e
as coproducts during a process of this invention. Thelr copresence’results
from t he dbaat?2 1tlthahba2d 3 5¥ew il o pelgsisparviol (PED ircthairangt bANSOEI apoutZ00loythin a
nmet hyl gr.oup but at tinmes can also occur on the aromatic ring._Typically,

t he amourifVetios gafh cepprtscrideast ong opaigeiscrety malerales repygsenteditythiorByla bhs” of
this isnvgpid,an may be in the range of 0 to 5 GPC area % and preferably is
in thée range of 0.1 to 2 GPC area % [0012] Such coproducts can be

r epr esent by the for H H BT ey, 1. ¢H,CH, C,H
(C}B)b+iﬁgﬂZ(CHZCHC611g$E]SEE%ZGEEEQEE ﬁherein: %achZCBﬁS ?ssa phenyl group
and each v@@iiinl is a substituted phenyl group; WO

2010/ 065467PCT/ US2009/ 066132 n is a whol e nunber and is in the range of 0 <
n<8 ais aStdlddnirRienyhaapeabiichHyiia S%tltgt,edﬁler&ylg,rw;i s a whol e
nunber i ndepe ntd o1 AUAbeta2d 9 indhOFa Qé: of0iSy & gvhol e nunber independently
equal to 1, 2, or 4; and 5tﬁe sun1o?’a +%'? C =25 for any discrete

nol eddl e. The zis adisle tirsbdriitdepeadteatiwbi i tedt @4y t hese coproducts have the
sane nol ecul ar wei ght distributions as given above in connection with the
di stributi ons Biggreidspenberdpdepspdantlyayalyo O(1.or 3and (1v). [0013] Al so
provi ded by thi:s.inyv i F Ci and for brom nating
the 10 above Hgﬁrlcﬁ?#%ﬁgﬂgéﬁ?gégﬁﬁzgg%%%g%;g%%?g’%ﬁgention still further
provi des, anorfe aitief atrhi+gs 6 far dyatiianat atbldduiire r et ar dant conposi tion

whi ch conBrises a brom nated aronmatic product distribution of this
i nvent i orl0898liEspcsigiypieferred new compositions of this invention are composed of branched

o 25 orft it AR prod St WPl £l S & Epuc SRR o

phenyl gri@sp; anMi,$n the\MiglefABHIRESS0 @b 6bdus 2600 irdean MNFEhetan@e sf ibout 800 1S a
whol e nunber %ﬁyaL to 0 to 4, y is a whole nunber equal to O to 4, 20b is a
whol e nurdbert 3598epEnyBRtiR {heaangsl ofabow, 1. hito apopt2.8 ang whighgoprepeatiepshere

i ndependent |y equal t 3.ord:. 1 _Is a whole nunber equal to 0 to 4; |
is a mhpf@ngﬁﬁggﬁpgaﬁgF&P%%Bn?%aggﬂ%%%Nthe sumof x +y +b + ¢ = 6 and the
sumof | gl =5 for anyCH Rel & LCFRICPUCH CRaNdCiersiaypal d
distribution is further characterizéed by having an i In the range of
about20420 to about 3300, an Mv in the range of about 420 to about 6250, an
M in the range of about 420 to about 10937, and a PD in the range of about
1.00 to awigin2. 00 the wei ght percent of bromine as deternined by XRF in

about 80 w o 1AChbont 70 RrS) Abp PRy CalSis BN Pkl B, | 200°

retardant conposiatvide nihib&hing aprths esig@obd otmh R ed aromati c substrate
distribution of this invention of the tormnula;

(VI 1) ( CH3) bCarxiBRyfolpeprricEremienily paw@hpcHZca:Bri WO
2010/,Q65467PCT/{ US2009/ 066,132 erein:. eagh inBri,.is a brom nated phenyl
grou&gand eagﬁ5%ﬁﬁ§@%?“?%%%?&%ﬁ?ﬁ?@é&q%ﬁﬂéﬁﬁp&fg ’phenyl group; nis a

whol e nunber  anid aivsholéndhiger id@endhtl P equal t<1,82, 3% 4t snd®@ Whol e nunber equal
to O to 4, yis a whole nunber equal to O to 4; b is a whole nunber
i ndependent | y thejsran of a+b + c= 6dopmyatiscrete molecule.

[0009] A second especially preferred new compositions of this invention are composed of
branched and/or star-branched telomer distribution having an Mj, in the range of about 212 to
30  about 490, an My, in the range of about 212 to about 2300 and an M, in the range of about 226
to about 2800 with a PD in the range of about 1.002 to about 1.150 and which comprise at

least one compound represented by Formula (III) below:



c is a whol e nunber independently equal to 1, 2, 3 or 4; i is a whole
nunmber equal to O to 4; 10 is a whole nunber equal to O to 5; and the sum
of x + y wb2#10w6s466 and the sumof i +j =5 for any di ecraseommbasul e, and
wherein said distribution is further characterized by having an Mi in the
range of about 900 to about 3300, an Mwv in the range of about 1100 to about
6600, an ML in the ranffeHoh(GEblIEHLEbLCH Shbls.ldaHo HodneHa PD i n t he
range of about 1.0 to about 2.0 the weight percent 15 of brom ne as

det er mi net"BY"XRF in the broninated product distribution of this invention
is in the ranggc.pt@baul i3 b SPLRHIC A% st lREDhe N0t QY preferred
broni nated flane reétardant conposition of this invention conprises a

br om nat ed ar omataiwhdebehbatanddi mtthe onge oh0 af n £W; s | nventi on of the
formula: (VII1), C6HxBr y 2( CH2CHCGHI Bri) "], CH2CH2C6H Bri 20 wherein:
each €6Hi Br i i%gé Eﬁﬁ%‘?%@%ﬁ%‘&ﬂwaé%%t%%d?%‘]a%h C6H'Bry is a bromi nated
substituted pheRylwidiOHnbe ih&pBnddial 8qidiiber; angl 3.s in the range of 0 < n
< 4; x is a who e“rllun‘ger eqda(?ept% 0 %oq4; 25y 'i's a’whol e nunber equal to O
to 4; b is a whehevhulminenbdrnaipembtbatiy bquadeual2, Ber@; add 2 or 3; ¢ is a whole
nunber i ndependently g{g al to 1, 2, 3 or 4'1 i Is a whole nunber equal to O
to 4; j is a VRorENREABE ©q0dPr 3y dsarde Boleghls- 30t he sumof x +y +b + ¢ =
6 and th firl = [ : - ' i

ai ot bunt BRI Rtk fleelp pHEralHol SEBLEMTOFEN fvefith IRSERERRY

about104 2 ®rimehad md/ord80brarehediisiributibies df anger mbreabdutts KR hg am Mpoulke @AdL0, an
M in the range of about 452 to about 4 a PDin _the rangg‘of about

000, d
1.00 to dBsbeut2ldgorheutwdilght Myeindbhiangs of v@augéibmwﬁbwm 9n 886132

brom ne e ] [N ] [ St LQR:-Qf this
nvent | on g A hESFL Rl sL £kt o35 ARPRLRE SFIRBHE ST 11 BHR Y
anot her pioafpeise edeist ond o@hgshntlregreseheidaydantuadyoisdiéwon of this invention
conprises a brom nated aromati c substrate adduct distribution of this

i nventiod'¥f the 5fornula: (I0GHOMBYHEERECY-CHb-CHEHR C6HI Bri ), wherein:
each C6H Bri is a brom nated phenyl group and each C6HxBry is a brom nated
substlPt ut¥PRenyl group; 10x is a whol e number equal to O to 4; y is a
whol e nunber 0:0 X i - y equal to O,
1, 2 or 3; ¢ ?egylgbeﬁsofsea %}%ﬁgle%rglll% ecgeea\reﬁ?ﬁtﬁf %ng%ggtllth{ég%@?ﬂg%@p or 4, i is a
whol e nunber egalwhobe furhiber4indepbndeindy aquubed 2, herger equal to O to 5; and
the sumof x +y +b + ¢ = 6 and the sum of i +|;£OJ: 5 for any discrete

nol ecul e, and Baiérehale Humnkerdpdepgadengs efeddo Pnbh? d¥out 2; i is on average

| ess t han about. 2; Whe! € ' [ i buty i4S rther characterized
by having an l|Sgliv‘ﬁ ?Eﬁ% ragﬁgfé&B?ﬂé‘%ggF&%B@f’oig’b%ééf a‘i&izo, an Mvin the
rangeoof aboutthéldiinbbdaabaut = b4a0anyatisdte nvlddake. r ange of about 420 to 20
about 1420, and a PD in the range of about 1.00 to about 2.00 the wei ght
per cent dPOBHGMpBroxided by driminverfiamaroame pianehied opptarrbraached spragwetymeric,

di stri butj f [ t] IS the r e. out. 4 % - ut 61
t 3 (whertcBRsRE s BT A8 Fiioibtfs SEBETChuRole R ByRERS: o1
such as aiitdnTh F¥rrXh Vel GNAThdde bAr€iclilangeteAhls 8w berontialtivsasldgianifesmt %
(when the conposition is used in the presence of a flame retardant

syner gi stas copRdpgedmingy piocyss 66 e ventianhilheirsopissinen resplss riewy the Bai thatk ed

bran<‘2r§ed Rr star-.br?nch tXSrfene. ol.vneric el o and nmfnomeri c
pr oduct d

d ric,.
PpBr B RRE gse Rl R HES L BBl AL nP G iy en 1 o
For mul a Xh@@fdﬁ\iﬁtic-rﬂﬂ%e'[‘ﬁﬁﬂbﬁlgg@ Uh@hmidahest alch doprstiut®, Feprpdeas antthd Prqaueduct s
of Formulas (VI) through (IX) in small quantities as coproducts. Typically,
t he amourdistgbutsans lof Bopimsenfimsnay e iptkssiange ofj (htotHePp arsdfetandipsiferablytis ons of

this inveption e,l he range 30 of 0 to 5 GPC area % and preferably
isin thgtﬂ?ﬁaﬁléeégg%g?%qboé ire% area % [0018] Such broninated coproducts

can be r qROERURLoP%dhdS cdibeebRserited) by bl &intulLH2CH2C6HX _i Bry (CH3) b+1
[ CH2( CH2CHCGHi Bri ) j eCH2CH2CGHi Br i

30 (V) CsHsCH>CH,CsH,.1(CH3)p41 [CHL(CH,CHC6Hss),, | . CH,CH,CeHss

wherein:

each CsHs is a phenyl group and each C¢H,.; is a substituted phenyl group;



WO 2010/ 065467PCT/ US2009/ 066132 wherein: each C6H Bri is a brom nated
phenyl group and each C61-1iBry is a brom nated substituted phenyl group; n
i s a wholwonombes4eand is in the range of 0 < n < 8; 5x iPsTAISMIOl06s18UNDET
equal to 0 to 4; y is a whole nunber equal to O to 4; b is a whole nunber

i ndependently equal to 0, 2 or 3; c is a whole nunber independently equal
to 1, 2, 3 or Wi ywhale gumpeaadiinghs rwgasi Oton 6 %o 4: 10j is a whol e nunmber
equal to 0 to 5; . .c = 5 and the sumof i + |
= 5 for any diaggﬁgf}gﬂen%lfnel%eﬁﬁ%@p%ﬁ%g%e@%gz’;je)gﬁdr es and enbodi nents of

t hi s inventi orb isialwhddenshbdrlindapendearly agpdre0)2 érym t he ensui ng descri ption
and appended cl ai ms.  15FURTHER DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0020]
Reference is rfeidé “HilenHnbsr ipdepandsgtly Revat ful s 3t% 4brthched and

st ar - kranched telo By such terns is neant that
t he o?er al | cc}ﬁ?%ﬁ?g?ﬁgﬁéo?gﬁﬁianﬁ%agg%%ﬁ Y% visualized to be in

accor dancknewrbduct A tritaltloasvhghi dohtasit thetd sepreduepl Halve @tk ant moleedlamvéighg

chem cal structures:. net a- Xyl ene as CTA  _PhPh Mesityl ene as CTA

25Dur ene Ggribntions pegiven hays suenpestionsatuby dssibysiopggprepenteddopRyveldshnul as
are pres f poses of illustration, but are not intended to

desi gnat gﬁgﬁyf/h)p%?dt@gzl ar stereoregularity of the nol ecul es. Process
Technol oqgof3rARs pebvidea®ytihie iBeanemad pastdbes fértpasdudiranage: toslifaty ticons of
this 5lnvention [0022] The processes for producing a conposition as above
conprllse:aboygy disgrdyitings of fhieHeentieny dhisagientoadtilleethpioproyides..aneom2optheld f r om
Conponenttﬁ'ncsorgpbrrl Rilte LA O e cAh S C%?niy%ni%t Qwhti)cﬁlngen[l]erissehg‘ vl inazltf;gi(%lro4 a1ct hyl
groups in e o PeCtle, ic uncti nfsf ds @ chai it ranster agent,

al kyl l'i t hiroduct anRgibyibh dF thi¥ mbeltioarsgtiytoghbiyt enedi ami ne 10 (TMEDA), at rates
of (i) moles of styrene/noles of CTA/hour in the range of about 0.15 to
about 3.QVand (ii) (&iesCellBtyCEheCbddCoH Rt kyITHiGHubkHeldr; i n t he range
of about 15 to about 150; with a nolar ratio of styrene:CTA in the range of
about 0. WReseigbout 10, a nolar ratio of styrene:alkyllithiumin the range

anga ot about: "5 S e1 P psf BernB Bhef bl and Ko Sl it pbfhiged 12

reaction m xt uuBstititel PRedyRgRPpef about 70C to about 120C; the agitation
being at |east sufficient to nmaintain a substantially honbgeneous
concentrat i on pisefwhade pymbeiand ésiprthemngs f dren <8) quenching the reaction
m xture while XaitS aawﬁo%ggergér%r gaqu OQOe|4,OW about 95C with a protic sol vent
which, (i) if Water 15 he guenchi'ng 5ol vent, making at | east one phase
cut, and 20 (iyi} aiwhole fighGhighg tsoltwyent ot her than water is used, adding
wash water and meki ng a phase cut; and C) separating and recovering TMEDA
and @freact ed tOFA W winkerriedepenemmtlieqeal te0, ﬁﬁe?féby water is also renoved
fromthe reactciion r]‘]ioiet ur e, a%ge cI(l)&tnhméi n t(;t ?ez 2%?% ation such that the CTA
content of the ¥ESUITAM ™ PY SUGEE " Xt GHE" 1S 188 than 0.1 wt % 25[0023] A
feature of thqipsQEeRSIIner BHEPE 0 RO4;t he branched or star-branched styrene
polynmeric, telomeric, and nonomeric product distributions of this invention
i s the extent jtipawhotshnunther peuagen® & $rantthe reaction mixture are uniformy
di spersed. Th t he_conbi.nation of .signifi.cant i tation and dispersive
T g of the TesBRt S T he +Ball 1St sri g s Bhand B PRGHEET o
provizge tg wHeRdHGid diskiButdHtii RPGePéhatdtEizb¥eREVIRR an MRIiE dsRassd dfcdbliyy, the
agitation 30 and m xi ng used should be at |east sufficient to naintain a
subst ant i40Ity abro B Eh eo k. iv dregengeradtban 480 tsf dbloat 62350t 4neMly mdbe faoge ofi abbutr e.

That is t t t i f all ts. t he tot al
ot orORE Kbl MR f T B bR Bk SHul 7Bl Mow DB fiehtbetatr o€ & 1o
one di scr&&ﬁ&%%%ﬁmé@ﬂfx@s 18 the broffhdtdd oGkt QRAKRILH 3k l}f?{‘i%;&gtio%wirﬁ uch

reagent are at a 20107 065467PCT/ US2009/ 066132 mi ni mun) .
consequenberange phitmut fhet@dopbertdftvets reacti on ki netics of chain transfer

and ai pagat.i on, .occur formy throughout the entire val une of the
react’ onqﬁﬁ‘ﬁ ds gfef?rﬁglrtgwl%@ﬁa&?%ﬁtaf%t Ef?ﬁllg‘?ﬁtiﬂw&]‘é?@&f’@rp% pminated

di st ri butjgAsiAaBiemedistibutibg oPHACHVESi A ofihierRhaResses of this invention.
I n doing so, conpeting undesirable side reactions which would 5lead to
catal yst (vapf fi ci encCER) &M, B fEH, @HCHCEHIBr)j S HRCH £5 38| al |y
elimnated. [0024] In conducting Step A) of the above process, various

al kyll'ithium catal ysts can be enpl oyed, either singly or in m xtures of two
or nore alkyllithiumor cycloal kyllithium species. Preferably, the
alkyll'ithiumreagents contain in the range of 1 to about 5 carbon atons in
t he nol ecul e and the cycl oal kyl l'ithium™eagents contain in the range of
about 5 to



10 about 7 carbon atons in the nolecule. Mre preferred are organolithium
conpounds which are available as articles of comerce. Particularly

pr ef er r edwaneiwesbwtyl | i t hi um and secbutyl lithium especipalrius2emessiased
individually rather than in conbination. In addition, organolithium
conpounds ot her than al kyllithium conpounds can be used. Non-limting
exanpl es WICSlch ot her organol it hi um conpounds i ncl ude phenyl |ithium

xylyllithium d\,\rﬁﬁé'_yl' i - Y, it B pal % based
l'ithium corrpouer]c}g% rhi CI% icsadni) gﬁ%%tg%ﬁ%@ﬁ é&?%élﬁ%reg@egﬂ%{’?lgilgg.%ﬁ%&% ¢ In
conducti ng St epb#jtutedl phéreyl glvope process, a polyaliphatic tertiary am ne

pronoter or actjvator capable of conplexing with the alkyllithiumand the
range of reactl¥é@ Whlepwabsrandds ndhergee P%&]i mE&lkyllithiumis used. The
mat er izal  of c_t;?jﬁs %ﬁﬁegﬁfﬁ@-eqm"{@()% d: ot her 20 anal ogous tertiary amnes
can be used, i esired. For “exanple, experinmental results have shown that
N, N, N , N | NyisperticdrirhydrdigeidlhyDenes ri am ne (PMDTA) can be successful ly
enpl oyed in the process of this invention. TMEDA renmai ns the presently npst
preferred suct Barhols yumbsriadepsndratesaud ée Ouke ard:t he processes of this

i nvention bec ' ' A% it veni ence in recycl e due
to its volati ﬁ%ﬁg%&l{ %%ﬁlgﬁrq%@g@iﬁﬁhiég%@?oni’t%g%ggbcesses of this invention
is an aromati dihyemokaiudeher whiat ko Candbe (i) xylene (which can be any one or
m xture of o-, m, and/or p-isoners) ii) one or a mxture of

. (
tri mdOhyl benzdried Wholsalumhengayabro @itg, ' mesityl ene,
L2, 3-1ri et hy} bengepe., L@y 41 g LAPLAXLBENAENE: 5 fodnPul LhER L BENZYL O
m xtures thereof, (il1i) “one or a m Xture of tetrane P‘ly enzenes, such as
durene, Ilandwhefeih edit dsithitionenzemes chhrattedized bghidnghm W e feensge Fhbohit ot her
i soners thereof, and (iv) m xtures of any two or nore of (i), (ii), and

(iii). THOOETAbaHAAIE, riaéheprangqpabent il HI) tp Fbeue6@0, aml-dn Kia 1gegezehne
Spoct &8 o dolllaSlid A iy, SLOUD L nOLISE ok B oy 20l Sgh fpEEnET 2

aromaticahy _ nore ‘arFomati C rrngs. ou I's6 be
freegr sfibsémint laélhétb’rrﬁih&ﬁc‘t_)l}of(RFQﬁ tRmyshprReab-SalcedistribBon stBRtiAnkiah isy
free" is WD 2010/ 065467PCT/ US2009/ 066132 neant that if any such desi gnated

mat er i al ihshepaageeftabophed witb thabquhét 6. i s not nore than 1 w % based on

t he total ight of the aromati drocarbon. [0027 . conducting Step A,
the cra APt A 2l R e AR B Bt P ST Py

sui t abl e SQEHENER! ADRMEE s HIRHE ARMATHOADE Bis inh¥RicR tie fdrR@ISt yrene is fed
to a5 preformed m xture of the other conmponents. However, co-feeding

t echni que¥Idpn be uG@HgDﬁ@ﬁ@m@ﬂzqmg@ﬁamimpgjgﬁﬂzﬁﬂ{ﬁ@m} of the
process, upon conpletion of the styrene addition reaction, as 1ndicated,
for @Wanpykereiby rapid reduction in the process tenperature at constant heat

flux, the reacti,o ixture is guenched, .typically at tenperat ure | ust

bel ow the r eacrg Mg el bR BHECT a8 PN Bha ot PugRREE St
reaction is peubalthed phényd otpper at ure above 95C, the tenperature used for
t he quenchi ng shoul d lge be?ow about 95C. The quenching is effected using a
protic sol ventn iahivetple fumbgrfandag iarth¢ mnghef guenciiing sol vent, at |east one
phase cut is made to.sepayate the.organic and aqueous phases, and (ii) if a
quenchi ng sol J‘e’ﬁta‘%lﬂ%%ypgqlh%{r’?qﬂ%lpgpq?g’ used, wash water is added to extract
the agenchi ng sRlawaMle AlMbdrRGHAIAR 096 gani ¢ 15 phase and an aqueous phase

whi ch are then separated by a phase cut. [0029] In conducting Step O
above, the TMEDA aavitblenuebatiedepeTdendy eqead pabat.edrand recovered fromthe

reaction m xtur.e, reby the | as races o ter are al so renoved
azeot ropi cal | f?F&%@%%“f%‘éeééﬁeé?ﬁniﬁ“&l?ﬁﬂ%ﬁ tgrifiz\é\%soééar ation operation is
continued in g isyivhall RintRseglal tdo & pat ch or continuous strip operation or

can be conducted by other neans, such as in 20 a w ped film evaporator
(WFE), until tjhea@halecomitentqud ta e 5.emdl t ant product mixture is |ess than

0.1 % In so cases, such as_conplying w th product.specifjcations, it
5 doli rabl e (BF SHIRET KI* Y He ICouard [STRELIAR Wit GHET JEBHOREECRE: ( he
reaction JgyyXiHét&n sé'i_ﬁ'd?s_tﬂi@;tﬁﬁﬁ‘é’ﬁf?ﬂh@ﬁéﬂa)/ac?&ﬂg&'% ﬁ&iviﬂg 81, 8n Weban & &e6a0! Y,

the TMEDA- CTA m xture is recovered and recycled to the reaction after
dryi ng by20cnetent 280thhn Maan she raigect about Hd e gbassd 10§, arhvlpinghe rogecfidbant 25

sieves or, hy refluxing un .a_sparge of dry nitroge r any, ot her t hod
an on pr éeranhotddblnde R D uETEHE crpken §o0inLrec ande FHPeranHoq
happens to renove the TMEDA, it is desirable froma process econom cs

st andpoint to recover and recycle the TMEDA as well as the CTA. In the
guenchi ng operation and washings thereafter, use of deoxygenated water is
especially desirable because it suppresses formation of color bodies in the
distribution of 30 styrene polynmers. Formation of such color bodies is very

o "



pol yner. The crude material was then distilled at full vacuumto yield 1400
g of a clear colorless resin having the follow ng G°C analysis: Mi: 755,
Mv. 1178,wOwvkio/@347, PD: 1.1559. WD 2010/ 065467PCT/ US2@02/136@28&61BXAMPLE 2
Preparation of BSPD-2 [0033] A dry oil-jacketed 3-liter resin kettle
reactor equi pped wth stainless steel .internal cooling cqils (chilled

wat er) armognﬁwaégtegv@f:ﬁg&&ﬁﬁnm bigmirateraiPdist divgittiop oflit BYeHigNis 5 was
char ged w of anhydrous m xyl ene and heated to
105C. To%%gm gégﬁog(\%gglt?ﬁgﬁg% 3783;{&)% l'ithium (0.0348 nol) in cycl ohexane
f ol | owed [0016].5341 gndtRerO@4@ned )brothinatehlEDAne SétyidemecdnBibbitibngof this/ dvamion

di ssolved in 650 mMl of pentane was fed to the reactor (through_ a plug of
anhydr ouscopgises altipiingied fromatic sibiiats adducy gstripusion 1efcthispiyyentipn @b ghe

di sti sl eq%ﬁ%(]%head through out the feed as it flashed to disperse the 10
styrene. e reaction mxture was cooled to 80C quenched with 100 niL of
water andrd) liter ofC Qe BNECH]O!L g}g?@}[ig@ fion mxture was washed
three ti Ertes) W th 1.8 Eé%of tapyvvat gr. 2m yl6ene Jgnd cycl ohexane were

di still edvliereim t he star branched pol yner. GPC Anal ysis of the stripped

m xture was as follows: Mi; 444, Mwv. 812, M: 1437, PD: 1.829. The crude
material was t9eh CHdin | 1seh biamingted Rhgexlgrrumand saeh fokl:Bredparypmintest 220cC
to yield 800 : colorless resin having the foll owi ng GPC

anal ysis: Mi %“%5&%36%%@1 vk: 1515, PD: 1.396. [0034] Exanples 3

t hrough 5 denonistarvdicte nehbadguilas Onaki ng | ower nol ecul ar wei ght branched
and star branched st)[rene pol ymers. 20 General Description [0035] A
spherical gl askis #2vhalg spmbsregaddo Pdadt or with oil jacket was equi pped with
a reflux condgpser L Stl ! r t-her mal coupl e, bottom
drai n val ve, %lg%svg}gﬁénﬁﬁe@%&s %eg)?n%%?g,reﬂg#l?co’og?gogr 3éoi | s. Tenperature was
tightly nmaint aisadvirile @ursledr ipdepstidevitla edldDec O/, Balrkder t hat regul ates water
flowto the cooling coils. Vigorous agitation was acconplished by neans 25
of an over head is# Whpleynzhes eausil (0 @ éhpri sed of 19 mm OD gl ass shaft with two
sets @f gl ass .i. |.er [ te and the other flat, fused to the
shaf tls The redé%rwhf)ge@&b%ggﬁl%ﬁoy@*orggﬁgf all wetted PTFE parts or other
pol yrmeric fl uahé nah eflx et e i-al-=s6 afid mhaﬁmwfeng':ﬁﬂﬁ&ﬁ% dikbetd @aktae, was

mai nt ai ned under an inert dry N2 atnosphere during all operations. The
react or \f¢ vARENGEdS O Aisragedess ﬁ%nﬂbpﬁ%ﬁ $fseqn gease ?@; thanrﬂgwgﬂ; andjvperedg by
means of a. di.aphragm.punp. Al kyl. .l i:thiu ddi t i onal | v and the
rmine. pr ok FRELRATIRY Rupote iy bt o8 b RBRs pP oL igbu!
transfer jagenid B, ihhhot@be bheb&ankobb&gl 428t ¥ BNEn §aSrapgdPesboun 420 tohe
reactor by means of a netering punp through a 3" cylindrical colum (1.75"

di a. 20100bgyt 203l acPIAjn e tiange Ok Pt OO apaayi? dQItke waighrpancant ofkbramigo,

mesh 70-23 WO 201 5467PCT/ US2009/ 066.1 ol upm. chr omat ogr aph rade)
e el o gmiiRed By REISR ARk e inretiataet dibufin SN GHBh AR R gl 20
m xture tdrddghas Wagliclfboual fvees (WREZ tiRScontpdiividhBs Ine PARIeARE @RI AL | ONn

of BSPD-3 [0037] Mesitylene 1305 g, (1.5 liters, 10.86 nol) was charged to
t he reactatimengsyrpugibly sirhizasadtimeny exidaxanshidl the woge opiloal #§ wifd tedbowterd a 4

h [ Th i ed ityl heated.tq, 115 C with th il jacket
and PLD Bt POTP BRBPY TG ERB aB PR o & BBt Eah bbb S| e
t enmpesat ypg17]0ee beerﬁieli BY i QinkyBRichelre R Bonti @RS &HEEor s@a'§4)r£1cHertﬁbﬂej

solution (2Min 10 cycl ohexane, 0.398 nol) was charged through the dip | eg
bel ow t hepodymdrac elaheridy endy@nndmyeragproduct dis(rip@ionpof) thivesicn b tlee steatird oh

1 Xt . The feed Lli h f hed with 75. f hyd i I .
Next - 0 Wgh b EREbROFD Sberor) RS SERS e Rttt KD BN G RBUIY he
subsur f acg fefgial (PP RLEA K iR EmANALARKRS hS boolid Nt ypialy ok Aindhe JVEDA

conpl exed nesity i'thiumanion with concomtant off gassing of butane. The
subsur f acech coppodistspneprésents hettle pradhctaligsbatinohs 5thid insentgpnaobaydfe iatteydngeus

mesi t.yl ene vi eri np. itionally 3 m o nhydr ous nesityl ene
was Tséd é%%oéogéﬁ(#&f?@%’é&g P&ﬁ?@ﬁ@ 1 Hbthﬁﬁ?‘éﬁioggclﬁaizné?&& do/ér pol yneri zati on
process. 1GeRIQlch dRhiRhiedR0o rﬁuétE‘Ee[nel?esr% e%&téﬂ@yﬂh@%ﬁﬂﬁ’a'&% g of styrene

(99+% 50.46 nol) was fed over 160 m nutes. The well-calibrated netering
punp was r ] ! @r-ous
cycl ohexa(FlKgc'%ézlglzob 2%gﬁz)aglé‘ggcrﬁ(glgéel)%1¥%P¥ZE%P§%¥%%EIH?§%%CR?$%%‘%}§B% ush
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 valve on the c7ool ing coils. [0038] The set point
of PID tenperature controller was naintained at 115C and water was fed

t hrough the cooling coils as needed while the flow of the hot oil was
altered to bypass the 25 reactor jacket. The reaction m xture was quenched

o, NN~ s e~ o, oy . .



[0041] A 4264 g sanple of the crude reaction mxture from Exanple 3 - Part
A, was stripped via continuous operation of excess nesitylene to yield 4106
g of an iwbenmadssle product streamthat had the foll owrPnl/USP@IANEBYSI S:
M,: 493, Mm 580, W,: 685, PD: 1.18, Mwv 10% Low 271, Mw 10% Hi gh: 1107.
The conti nuous strip was acconpl i shed by nmeans of w ped 20 fil m evaporat or
(WFE, akavh Pdpe Still). WE operatl ng conditions were as follows: feed rate
= 1.33 L/hr t = Pres
condenser terrr?é@éjtcﬁgl}q % .%“?8}3%‘%?38“8 Egl%o%wrlrgﬂrlt ?éneawarg&coaﬁect ed
inadry ice tsmlamtumﬂlphmyﬂge)uppl d finger condensed 99 g of a m xture of
nmesi tyl ene and 1-(3, 5-di net hyl phenyl) - 3-phen Ipr opane. 25EXAMPLE 4- PART A
Preparati on ofnlBSP@OAen‘[erb%?PdT@n’é‘t ¢ egeol @ of =Branple 3, Part A was
repeated exce 7 (2 liters, 16.58 nol), with 128.4 g
DBt Sl uti g‘ﬁﬂ%@@?@“@%&ﬁ‘é@éﬁgtg 8°331 mol) and 38.6 g of TMEDA (0. 332
mol ) were char;gled\ﬁhbléﬂlﬁnb@aaqﬁﬂrtoommti onal ly 300 nL of anhydrous o- 30
xyl ene was fed at a constant rate during the anionic chain transfer
pol yrer i zat i orP isPoeg numbgripdgpendeptiy egual 49Gog oul 7 npl ) di ssol ved with
6579 of pentane, Fleeﬁiurglye? ncﬂe%gn Hyre@?m[ POA3] After water washing,
cycl ohexane, redi nol sture an ene Were drstilled via sinple
distillation heﬁﬁlvﬂlbleaidﬂﬁﬁeraqﬁdlko @tpet tenperature of 115C was observed. An
al i quot was renoved for analysis via GPC of the product m xture excl udi ng
o- xylléne was dds # prmmwmm@m@mm U82009/ 066132 M1: 287, Mw 338,
Mz: 409, PD: OfV 09 |g_h 14 cr ude

. ; &P%gn%ggé %I%‘Q\ér §' Zl?d th ﬁ:}ﬂo@ 1 or aﬁiﬁ sgl%t 1111014;§

reaction m xt his 75§ rou Nf teria “total),
was stirred19y OdebRaueds ah'd%ﬁ@édlfrﬁntmf&hl@ @Wenuzﬁlﬂwsu Bestill hethef dgpafinedolhr ough
a pad of Na2SO4 followed by filtering through silica gel to inprove color.

5 EXAVPLEhgenspiRTepcrmbioniang agRsPes glimy. 0045] The 3598 g sanpl e of the crude
silica gel treated reaction mxture from Exanple 4, Part A was then
stripped via continuous operation of excess o-xylene to yield 3293 g of an
10 i nter medi at e PURIUEERDEEANL EDWDESERIPTEONDF AR INGPN IO Ysi s: M | :
275, Mw 322, |VL: 387, PD: 1.17, Mv 10% Low. 166, Mwv 10% Hi gh: 638. The
cont i nuoU802}rRefergace &cn@d@lhemﬁ@dinbl}ldmaﬁ@ diinwi fselranihad @mhptar ataoehqd\FE) .

WFE oper at diti ons fo ws:. feed 0| |. j acket
Vomor ot ot HEerS S0eine s B t&agbs%#ﬁnﬁﬁ%mS%HEﬁé‘SPV?%‘Hﬁ%‘?fL torrgds

Addi ti onaarba/ucm@ ‘B@'vﬂsuﬁlhﬂ:ﬁ% b€ ANALHRIBRCAh Ghe Pb11AViRE Xiludb St Rf sifp Kﬁédﬂzﬁ}ﬁl and
1-(2- 15met hyl phenyl) 3- phenyl propane. EXAMPLE 4 PA C Form ng SBSPD- 4¢

[0046] A mRI8nigingghprhisaldtructveescr ude reaction mixture (not treated with

of excess o-xylene to yield 3617 g of pdi at e product streamthat
SIS ; . AR , _Mg: 405, PD: 1.17. The
conti nuous strip was acconplishaed by neans of [VWizped fil m evaporator (WFE,
aka. 2Pope Still). WFE operating"@onditions weF8 as follows: feed rate =
1.33 L/hr, oil jacket tenperatung.m ¥yifife adtgasure = 30 mm Hg and condenser
terrperature 0 C. 25Additionally the cold finger condensed 620 g of a
m xture of o-xylene and 1-(2- nethyl phenyl): 3-phenyl propane. [0047] A
second pass of the concentrate through e YAFE Eﬂ’oduced 2874 g of an
oligoneric mxture with the follow ng ( arSfile: MI: 291, Mwv 343, |VL:
422, PD: 1.18, Mwv 10% Low. 196, Mwv 10f gh' 710. WFE operating conditions
were as follows: feed rat&h<_1 \ o 3 ackeit tenperature = 220C,
Pressure = 10 nmHg and condense tonperature =@ C. A nmixture (713 g) of
1- (2- met hyl phenyl) - 3- phenyl propzfr’l‘e and its stflctural isoners (di met hyl at ed
di phenyl et hanes) were col | ected afespiyfnéhlidpie. WO
2010/ 065467PCT/ US2009/ 066132 EXAI\/PLE 5- PART A Preparation of BSPD-5
[0048] The procedure of Exanple g3, Part A was giepeated except that p-xylene
1459 g, (z1.7 liters, 13.74 m)l) ith 107./1 g\n-BuLi solution (2Min
cycl ohexane, 0.276 m)l)) nd . 0. 32 nol) was charged to
the reactor. Additionally 300 q Iene was fed at a constant
rate during the anionic chai | Al i on process. Styrene
(3452 g; 99+% 33.14 nol) WaﬁhfeR]‘l over 150 mi rit eBh [ 0049] After water
vvashi2 g, cycl ohexane, residual Dst ure aaqw -xylene were distilled via
sinpl® distillation head (1 atm) (ﬁ tenperature of 115C was
observed. An aliquot 10 was renoved for anal ysis via GPC of the product
m xture excludi ng o-xylene was as follaows: Mi: 320, Mv 439, M. 663, PD
1.37, Mv 10% Low : 168, Mwv 10% Hi gh : 59. EXAMPLE 5- PART B Form ng
SBSPD-5b 15 [0050] A 1824 g sanple of the crude reaction mxture from
Exarrpl e 5, Part A was strl pped vi a contl nuous oper ation of excess p- xyI ene

1 A NN A - Y L . a o, T e [T T c 11 =




EXAMPLE 5- PART C 25Form ng SBSPD-5c¢c [0051] A 3257 g sanple of the crude
reaction mxture from Exanple 5, Part A was stripped via continuous

oper at i orwof20eeess p- xyl ene to yield 2670.2 g of an i nrermsdeoatesipz oduct
streamthat had the follow ng GPC analysis: Mi: 343, Mwv 457, Ivk: 665,

PD: 1.33, My 10% Low. 170, Mwv 10% Hi 1154. The continuous strip was
acconpl i JAGAItherbavsfosmulas gregaerenigd %?11 RARAY SO b srationwtiy areipEnggediq ng
conditio hr, oil jacket tenperature =
200C, Pr g%g Crltgaﬂgp%m%lgmge aﬁ eér%ﬂtl_eeﬂr-rlgie%rglelall%re 0O C Additionally 164 g
of p-xyl ene was collected in a dry ice trap, while the cold finger condensed
397 g of a mxture of p-xylene and 1- (4 met hyl pheny1) - 3- phen Ipropane
[0052] .?na S e HOK) f'.'l ’ah- rpa lf" unf... "’.’ A-’ z_&- :-;L‘ J.u‘ a'.a;’" .'d.a.gi. :u' ..L.ﬂ
styreRe tlavewsion WD 2010/ 065467PCT/ U82009/ 066132 di stributions using
0- xyl ened0622]t Fe CddksscXanpbésidRa deinpasitiduers alevoesprabe use of 1-(2-

nmet hyl phg&%l) 3- phenyl propane as g recycl e fr(%m prior reactions. [0053]
EXAMPLE ForfRYHEE BETRS 811 YORREpteA TRy OB IOt e ééﬁ?@bcon&olnel}t%&%%lfré*&lggl ass
flask wa i d gl ass
paddl e, coaadnmar IREAIk AR AL & S aRY BEbThe S MR 867
g, 1. 0 ndfhctonky hemehaantdartshﬁlagesmmmmm,ymmmN4mtanﬂan(eﬂly&ﬂﬁdemﬂi)arnznd\/l

n- but lithiumand 1.14 (0.88 g, 0.0076 nol) of TMEDA at_ anbi ent

t enpé at drMEGAS aitﬂt‘isé?ﬁﬁ@rr%‘?lﬁ?%f wyrepgmoles of Glawhonrin thedangecofiaheptdh 526 t o
115 C. St B

207 m nut%égg?ogﬁ%glﬁg%lgﬁ%%é S?yr W(]n][?lgs gg%lﬁﬁ l\glﬁﬁ?ng cgﬁlstthghr?n éﬁ@ %ﬁgﬁﬂ"chf r
agi t at i ombofit 130e withxt aolar raUijﬁ syoampl BT A dnthefrarigeef abyuténietof abedt, 104 aZnothr

0- Xyl ene was punped into the reaction mxture to replace styrene in the
f eed. Théa%a sivemein i litheimis theglapscapf abagt €Ortgrabget #9th 286 @ mAkeh ratiodled to
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styrene dissolved in 36.2 nL o-xylene (31.9 g, 0.3 nol) was fed over a 208

m nute period at about 115 Cto a reaction mass forned from84.1 g
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is summarized in Table 3. 15Table 1 BSTD 6 7
can %e (iB xylene (which can be any one or mixture of o-, m-, and/or p-isomers), (ii) one or a

mixture of trimethylbenzenes, including for example, mesitylene, 1,2,3-trimethylbenzene,
1,2,4-trimethylbenzene, 1,2,5-trimethylbenzyl, or mixtures thereof, (iii) one or a mixture of
tetramethylbenzenes, such as durene, 1,2,3,4-tetramethylbenzene, 1,2,3,5-tetramethylbenzene,
30  orother isomers thereof, and (iv) mixtures of any two or more of (i), (ii), and (iii). The CTA
should be free or substantially free of any alkylbenzene species in which the alkyl group is
other than methyl, and also free of any aromatic hydrocarbon having 2 or more aromatic rings.

It should also be free or substantially free of tetrahydronaphthalene. By “substantially free” is
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8 9 10 11 Volume styrene 114 129 129 141 141 141 Styrene (nol) 1 1.13 1.13
1.23 1.23 1.23 o-Xylene (mol) 1 0.9 0.9 0.7 0.7 0.7 BuLi (nol) 0.008 0.0090
0. 0090 0.wO0200/@8H70. 0099 TMEDA (nol) 0.008 0.0086 0. 009COBA@I064168 0. 0094
Feed tinme (hr) 3.45 2.79

meant that if any such designated material is present, the amount thereof is not more than 1
wt%, based on the total weight of the aromatic hydrocarbon.
[0027] In conducting Step A), the CTA alkyllithium catalyst and TMEDA can be brought
together in any suitable sequence and/or subcombination(s). Typically, the styrene is fed to a
5  preformed mixture of the other components. However, co-feeding techniques can be used if
desired.
[0028] In conducting Step B) of the process, upon completion of the styrene addition reaction,
as indicated, for example, by rapid reduction in the process temperature at constant heat flux,
the reaction mixture is quenched, typically at a temperature just below the reaction
10 temperature used, with the proviso that if the reaction is performed at a temperature above
95°C, the temperature used for the quenching should be below about 95°C. The quenching is
effected using a protic solvent which, (i) if water is the quenching solvent, at least one phase
cut is made to separate the organic and aqueous phases, and (ii) if a quenching solvent other
than water is used, wash water is added to extract the quenching solvent and form an organic
15  phase and an aqueous phase which are then separated by a phase cut.
[0029] In conducting Step C) above, the TMEDA and unreacted CTA are separated and
recovered from the reaction mixture, whereby the last traces of water are also removed
azeotropically from the reaction mixture. This separation operation is continued in a suitable
vessel in a batch or continuous strip operation or can be conducted by other means, such as in
20  awiped film evaporator (WFE), until the CTA content of the resultant product mixture is less
than 0.1 wt%. In some cases, such as complying with product specifications, it is desirable to
distill the lowest molecular weight components of the reaction mixture. This is conveniently
conducted using a WFE. Preferably, the TMEDA-CTA mixture is recovered and recycled to
the reaction after drying by conventional means, which include passing through molecular
25  sieves or by refluxing under a sparge of dry nitrogen, or any other method which preferably
does not remove the TMEDA from the CTA. If the method happens to remove the TMEDA,
it is desirable from a process economics standpoint to recover and recycle the TMEDA as well
as the CTA. In the quenching operation and washings thereafter, use of deoxygenated water is
especially desirable because it suppresses formation of color bodies in the distribution of
30  styrene polymers. Formation of such color bodies is very undesirable in as much as the
amount of such color bodies can continuously increase as the commercial production unit
reaches steady-state production. A commercial plant facility can be operated either on a batch,

semi-batch, or continuous mode using balanced feeds as described above.

11



2.08 3.22 3.05 3.18 Feed rate (mM/mn) 0.56 0.77 0.1.03 0.73 0.77 0.74 Ml e
Styrene/ Mol e oxyl ene/ hour 0.29 0.45 0.60 0.55 0.77 0.55 Mol e Styrene/ Mol e
Bu- Li / howo261046560 48 50 39 Tenp (C) 115 115 115 120 1POTABR00SMGCS1BAL a

Mh 263 282

[0030] In conducting Step C) with the desire to obtain formulations having a substantially
reduced level of the lowest molecular styrene addition product, the mono-adducts, it is
advantageous to recover and recycle the distribution of mono-adducts. This is typically done
by further stripping and is conveniently conducted using a WFE. The recovered distribution

5  of mono-adducts can be combined with the dried recovered CTA and/or dried TMEDA and
recycled in the process in Step A) above. This mode of operation is particularly desirable
when producing branched styrene telomer distributions and styrene adduct distributions
substantially enriched in styrene addition products wherein 2-styrene units have been added.
Such distributions are represented by formulas III and IV.

10 [0031] Examples 1 and 2 demonstrate methods for making higher molecular weight branched
and star branched styrene polymers. In the Examples, the term “BSPD” designates a branched
styrene polymer distribution, “SBSPD” designates a stripped branched styrene polymer
distribution (the stripping is conducted to remove CTA and other volatile fractions), “BSTD”
designates a branched styrene telomer distribution, and “SBSTD” designates a stripped

15  branched styrene telomer distribution (the stripping is conducted to remove CTA and other
volatile fractions. The numeral following such designations of a given product distribution

identifies the Example number describing how the product distribution was prepared.

EXAMPLE 1
20 Preparation of BSPD-1

[0032] A dry oil-jacketed 3-liter resin kettle reactor equipped with stainless steel internal
cooling coils (chilled water) and a glass overhead stirring mechanism (no
polytetrafluoroethylene (PTFE) wetted parts) was charged with 139 g, (161 mL, 1.16 mol) of
anhydrous mesitylene and heated to 115°C. To the mixture was charged butyl lithium (0.0922
25  mol) in cyclohexane followed by 10.98 g (0.095 mol) dry TMEDA. Styrene (1200 g, 11.52
mol) dissolved in 650 ml of pentane was fed to the reactor (through a plug of anhydrous basic
alumina) in 180 minutes at 115°C. Pentane was distilled overhead through out the feed as it
flashed to disperse the styrene. As the reaction mixture thickened additional mesitylene was
charged to keep the mixture fluid, a total of 410 g charges (0.33 mol) was made. The reaction
30  mixture was cooled to 95°C quenched with 100 mL of water and subsequently washed three
times with 1.0 kg of tap water. Mesitylene was distilled from the crude star branched
polymer. The crude material was then distilled at full vacuum to yield 1400 g of a clear
colorless resin having the following GPC analysis: M,: 755, My,: 1178, M,: 2157, PD: 1.1559.

12



291 306 315 322 290 318 335 359 361 369 Mz 328 368 395 438 420 428 PD
1.103 1.128 1.15 1.173 1.146 1.146 Nunber average DP 0.51 0.69 0.78 0.92
1.01 1. 09wWCR@Axe®% Wi th an Mv > 620 Daltons 2 4.10 6. 99C8/180008/02Q37. 90
Tabl e 2 BSTD

EXAMPLE 2
Preparation of BSPD-2

[0033] A dry oil-jacketed 3-liter resin kettle reactor equipped with stainless steel internal

cooling coils (chilled water) and a glass overhead stirring mechanism (no PTFE wetted parts)

5  wascharged with 492 g, (569 mL, 4.63 mol) of anhydrous m-xylene and heated to 105°C. To

the mixture was charged butyl lithium (0.0348 mol) in cyclohexane followed by 4.04 g

(0.0348mol) dry TMEDA. Styrene (804.1 g, 7.72 mol) dissolved in 650 ml of pentane was

fed to the reactor (through a plug of anhydrous basic alumina) in 180 minutes at 105°C to

115°C. Pentane was distilled overhead through out the feed as it flashed to disperse the

10 styrene. The reaction mixture was cooled to 80°C quenched with 100 mL of water and 1 liter

of cyclohexane. The crude reaction mixture was washed three times with 1.0 kg of tap water.

m-Xylene and cyclohexane were distilled from the star branched polymer. GPC Analysis of

the stripped mixture was as follows: M,: 444, My,: 812, M,: 1437, PD: 1.829. The crude

material was then distilled at full vacuum and to a pot temperature of 220°C to yield 800 g of

15 aclear colorless resin having the following GPC analysis: M,: 732, M,,: 1022, M,: 1515, PD:
1.396.

[0034] Examples 3 through 5 demonstrate methods for making lower molecular weight

branched and star branched styrene polymers.

20  General Description

[0035] A spherical glass 12 liter creased reactor with oil jacket was equipped with a reflux
condenser, distillation head, submerged thermal couple, bottom drain valve, and stainless steel
internal cooling coils. Temperature was tightly maintained at a set point via PID controller
that regulates water flow to the cooling coils. Vigorous agitation was accomplished by means
25  of an overhead stirring assembly comprised of 19 mm OD glass shaft with two sets of glass
impellers, one set pitched and the other flat, fused to the shaft. The reactor is essentially free
of all wetted PTFE parts or other polymeric fluorinated materials or elastomers.
[0036] The reactor was maintained under an inert dry N, atmosphere during all operations.
The reactor was charged with the chain transfer agent(s) through a dip leg by means of a
30  diaphragm pump. Alkyl lithium, additional solvents and the amine promoter (TMEDA) were
all fed subsurface to the stirred chain transfer agent(s) through the same dip leg. Styrene was
pumped into the reactor by means of a metering pump through a 3” cylindrical column (1.75”

dia. =100 g) of Basic Aluminum Oxide (EMD Chemicals, Aluminum oxide 90, mesh 70-230,

13



6 12 13 14 Volune styrene 114 61 61 77 Styrene (nol) 1.0 0.532 0.532 0.670
o- Xyl ene (total nol) 1.0 0.400 0.400 0.400

1- ( 2- met wbphemesides 3- phenyl propane (nol) 0.000 0.400 0. 200/U3260006E31 |
0.008 0.007 0.004 0.006 TMEDA (nol) 0.008 0.007 0.004 0.006 Feed tinme (hr)
3.45 3. 46 1?»11. 45 4.03 Feed rate (nm/mn) O. S%HO. 470

10

15

20

25

30

column chromatography grade) and delivered as a fine stream or spray above the surface of

the reaction mixture through two 1/16” OD feed nozzles.

EXAMPLE 3 - PART A
Preparation of BSPD-3

[0037] Mesitylene 1305 g, (=1.5 liters, 10.86 mol) was charged to the reactor previously
heated to reflux and azeotropically dried over a 4 hour period. The dried mesitylene was
heated to 115° C with the oil jacket and PID controller operating the cooling coils both set at
that temperature. Upon heating to the set point temperature, 154.4 g n-BuLi solution (2M in
cyclohexane, 0.398 mol) was charged through the dip leg below the surface of the gently
agitated (300 rpm) mesitylene reaction mixture. The feed line was then flushed with 75 ml of
anhydrous mesitylene. Next, 49.4 g of TMEDA (0.425 mol) was charged to the reactor
through the subsurface feed line forming the characteristic bright red color of TMEDA
complexed mesityl lithium anion with concomitant off gassing of butane. The subsurface line
was flushed with a second 75 ml aliquot of anhydrous mesitylene via metering pump.
Additionally 350 ml of anhydrous mesitylene was fed at a constant rate during the anionic
chain transfer polymerization process. Reactor agitation was increased to 510 rpm and 5256 g
of styrene (99+%, 50.46 mol) was fed over 160 minutes. The well-calibrated metering pump
was programmed to feed at an average rate of 32.85 g/min. Anhydrous cyclohexane (2x200
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.

[0038] The set point of PID temperature controller was maintained at 115°C and water 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. 3 liters of cyclohexane was
added to assist with the phase cuts. The reaction mixture was washed with deoxygenated
water (3 x 1500 ml). Phase cuts were rapid and required little settling time. Water and any rag
or emulsion was removed through the bottom drain valve.

[0039] The temperature of the oil jacket was increased to 130 °C while the control valve to
the cooling coils turned off. Cyclohexane, residual moisture and mesitylene were distilled
through a simple distillation head (1 atm.) until a pot temperature of 115°C was observed. An

aliquot was removed for analysis via GPC of the product mixture excluding mesitylene was as

14
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0.470 0.460 Mol e Styrene/ Mol e o-xyl ene/ hour 0.29 0.38 0.39 0.42 Mle
Styrene/ Mol e Bu-Li/hour 36 36 39 28 Tenp (C) 115 115-116 115-116 115-116
GPC DATA WO 20M06263 266 294 313 290 310 328 356 Mz 328P85AIS3004/046162 PD
1.103 1.165 1.116 1.137

follows M,: 488, M,: 566, M,: 647, PD: 1.16, M,, 10% Low: 263, M,, 10% High: 999.

EXAMPLE 3 - PARTB
Forming SBSPD-3b

5 [0040] A 1899 g sample of the crude reaction mixture from Example 3 - Part A, was stripped
via continuous operation of excess mesitylene to yield 1315 g of an intermediate product
stream that had the following GPC analysis: M,: 547, My: 605, M,: 672, PD: 1.11, My, 10%
Low: 331, My, 10% High: 1022. The continuous strip was accomplished by means of a wiped
film evaporator (WFE). WFE operating conditions were as follows: feed rate = 1.33 L/hr, oil

10 jacket temperature = 220°C, Pressure = <0.1 mmHg and condenser temperature = 0 °C.
Additionally 548 g of mesitylene was collected in a dry ice trap, while the cold finger

condensed 129g of a mixture of mesitylene and 1-(3,5-dimethylphenyl)-3-phenylpropane.

EXAMPLE 3 - PART C
15 Forming SBSPD-3c¢

[0041] A 4264 g sample of the crude reaction mixture from Example 3 - Part A, was stripped
via continuous operation of excess mesitylene to yield 4106 g of an intermediate product
stream that had the following GPC analysis: M,: 493, M: 580, M,: 685, PD: 1.18, My, 10%
Low: 271, My, 10% High: 1107. The continuous strip was accomplished by means of wiped
20  filmevaporator (WFE, aka. Pope Still). WFE operating conditions were as follows: feed rate
= 1.33 L/hr, oil jacket temperature = 185°C, Pressure = 20 mmHg and condenser temperature
=0 °C. Additionally 59 g of mesitylene was collected in a dry ice trap, while the cold finger
condensed 99 g of a mixture of mesitylene and 1-(3,5-dimethylphenyl)-3-phenylpropane.

25 EXAMPLE 4 - PART A
Preparation of BSPD-4

[0042] The procedure of Example 3, Part A was repeated except that o-xylene 1760 g, (2
liters, 16.58 mol), with 128.4 g n-BuLi solution (2M in cyclohexane, 0.331 mol) and 38.6 g of
TMEDA (0.332 mol) were charged to the reactor. Additionally 300 mL of anhydrous o-
30  xylene was fed at a constant rate during the anionic chain transfer polymerization process.
Styrene, 5176 g (99+%, 49.7 mol) dissolved with 657g of pentane was fed over 180 minutes.
[0043] After water washing, cyclohexane, residual moisture and o-xylene were distilled via
simple distillation head (1 atm.) until a pot temperature of 115°C was observed. An aliquot

was removed for analysis via GPC of the product mixture excluding o-xylene was as follows:

15



Nunmber average DP 0.51 0.54 0.81 0.99 GPC area% wth an Mv > 620 Dal t ons
2.00 3.10 3.10 5.90 WO 2010/ 065467PCT/ US2009/ 066132 Table 3 BSPD 15 16 17
18 Vol unewetgroamedct14 141 149 141 Styrene (nol) 1 1.23 PC3UB2@8/0661Xy| ene
(mol) 1 0.7 0.7 0.7 BuLi (rmol) 0.008 0.0082 0.009 0.0082 TMEDA (nol) 0.008
0. 0078 0.008

M,: 287, My,: 338, My: 409, PD: 1.18, My, 10% Low: 175, M, 10% High: 683.
[0044] The crude reaction mixture, 3598 g (this is roughly half the material, 7857 total), was
stirred with 60g of Na,SO, for one hour. This was then filtered through a pad of Na,SO4

followed by filtering through silica gel to improve color.

EXAMPLE 4 - PART B
Forming SBSPD-4b

[0045] The 3598 g sample of the crude silica gel treated reaction mixture from Example 4,

Part A was then stripped via continuous operation of excess o-xylene to yield 3293 g of an
10 intermediate product stream that had the following GPC analysis: My: 275, My,: 322, M,: 387,

PD: 1.17, My, 10% Low: 166, M, 10% High: 638. The continuous strip was accomplished by

means of wiped film evaporator (WFE). WFE operating conditions were as follows: feed rate

= 1.33 L/hr, oil jacket temperature = 130°C, Pressure = 30 mmHg and condenser temperature

=0 °C. Additionally the cold finger condensed 296 g of a mixture of o-xylene and 1-(2-
15  methylphenyl)-3-phenylpropane.

EXAMPLE 4 PART C
Forming SBSPD-4c
[0046] A 4259 g sample of the crude reaction mixture (not treated with silica gel) from

20  Example 4, Part A was stripped via continuous operation of excess o-xylene to yield 3617 g of
an intermediate product stream that had the following GPC analysis: M,: 288, M,,: 337, M:
405, PD: 1.17. The continuous strip was accomplished by means of wiped film evaporator
(WEFE, aka. Pope Still). WFE operating conditions were as follows: feed rate = 1.33 L/hr, oil
jacket temperature = 130°C, Pressure = 30 mm Hg and condenser temperature = 0 °C.

25  Additionally the cold finger condensed 620 g of a mixture of o-xylene and 1-(2-
methylphenyl)-3-phenylpropane.
[0047] A second pass of the concentrate through the WFE produced 2874 g of an oligomeric
mixture with the following GPC profile: My: 291, My,: 343, M,: 422, PD: 1.18, My, 10% Low:
196, My, 10% High: 710. WFE operating conditions were as follows: feed rate = 1.33 L/hr, oil

30  jacket temperature = 220°C, Pressure = 10 mmHg and condenser temperature = 0 °C. A
mixture (713 g) of 1-(2-methylphenyl)-3-phenylpropane and its structural isomers

(dimethylated diphenylethanes) were collected as a distillate.
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0.0078 feed time (hr) 2.47 2.26 3.31 1.22 Feed rate (mM/mn) 0.77 1.04 0.75
1.92 Mole Styrene/ Mol e o-xyl ene/ hour 0.41 0.78 0.56 1.44 Mol e Styrene/ Mol e
Bu- Li / houwo=2a1088544 123 Tenp (C) 115 115 115 115 GPC DAPAT/US200006A308 316
321 366 368 370 384 484 W

EXAMPLE 5 - PART A
Preparation of BSPD-5
[0048] The procedure of Example 3, Part A was repeated except that p-xylene 1459 g, (=1.7

liters, 13.74 mol), with 107.1 g n-BuLi solution (2M in cyclohexane, 0.276 mol)) and 32.8 g
5 of TMEDA (0.332 mol) was charged to the reactor. Additionally 300 ml of anhydrous p-

xylene was fed at a constant rate during the anionic chain transfer polymerization process.

Styrene (3452 g; 99+%, 33.14 mol) was fed over 150 minutes.

[0049] After water washing, cyclohexane, residual moisture and o-xylene were distilled via

simple distillation head (1 atm.) until a pot temperature of 115°C was observed. An aliquot
10 wasremoved for analysis via GPC of the product mixture excluding o-xylene was as follows:

Ma: 320, My,: 439, M,: 663, PD: 1.37, My, 10% Low : 168, M,, 10% High : 1159.

EXAMPLE 5 - PARTB
Forming SBSPD-5b

15  [0050] A 1824 g sample of the crude reaction mixture from Example 5, Part A was stripped
via continuous operation of excess p-xylene to yield 1624 g of an intermediate product stream
that had the following GPC analysis: M,: 381, My: 495, M,: 653, PD: 1.30, My, 10% Low:
195, M, 10% High: 1118. The continuous strip was accomplished by means of wiped film
evaporator (WFE, a.k.a. Pope Still). WFE operating conditions were as follows: feed rate =

20  1.33 L/hr, oil jacket temperature = 165°C, Pressure = 10 mmHg and condenser temperature =
0 °C. Additionally 38 g of p-xylene was collected in a dry ice trap, while the cold finger
condensed 123 g of a mixture of p-xylene and 1-(4-methylphenyl)-3-phenylpropane.

EXAMPLE 5 - PART C
25 Forming SBSPD-5¢

[0051] A 3257 g sample of the crude reaction mixture from Example 5, Part A was stripped
via continuous operation of excess p-xylene to yield 2670.2 g of an intermediate product
stream that had the following GPC analysis: M,: 343, My: 457, M,: 665, PD: 1.33, M,, 10%
Low: 170, My, 10% High: 1154. The continuous strip was accomplished by means of a wiped

30  film evaporator (WFE). WFE operating conditions were as follows: feed rate = 1.33 L/hr, oil
jacket temperature = 200°C, Pressure = 9 mmHg and condenser temperature = 0 °C.
Additionally 164 g of p-xylene was collected in a dry ice trap, while the cold finger condensed
397 g of a mixture of p-xylene and 1-(4-methylphenyl)-3-phenylpropane.

[0052] Examples 6 through 14 demonstrate methods for making branched styrene telomer

17



477 438 486 674 PD 1.215 1.171 1.196 1.322 Nunber average DP 0.89 1.02 1.07
1.50 GPC area% with an Mv > 620 Daltons 11.90 12.70 12.90 28.00 Preferred
Br om nat iwo 20mafessrogy for Use in the Practice of this PoTAste0n661pD067]
The preferred processes of this invention conprise brom nating the product
5 distributions of this invention with a brom nating agent and in_the

pr esence BtrBueLs spgiocxhsa AT 6k BXUmpIau M halfutEr damapsyate wineh !l the
B esend . . . Bedridab . .
excese. orQayp ey e pRergbrbiie At A et AR ot br o ne 1 the |

brom nated products of this invention is sought, then a mlder Lews acid
catalyst (e.g., an iron trihalide;_antinony halide; or other weak Lew s
acid netal halide, where 10t he HQp%ﬂéﬁxé E®an be chlorine, bronine

and/ oP iodine) is used. [0068] Tolparine®Sd#li@ts having bromi ne contents in

th t . 68% bqut.. 79% bromine it is desired that the initial
form of ORGSR AL PedRf i ko] S Fask buah B SRl Sl A Bt pfefubid 1 2
i nvent i onyliss od&rhsklGelidrePlith bRk SpadiRecahbicAdr ikl Nigflet, alteYeattod iwak Ethrddd vAth

suitable diluent. Alternatively, ALCl13 can be reacted by neans of chloride

broni de eldhahd@6£tg: ddsmol)®-kidémpymdahéosibsequeppditbel. Amii(8e8 mopaM nal | y

m xed chl.orghlrono al um nu rdohal i W th i.nar d solubility int l'iquid
ai tent . Ganarheng: 14 104 S OGiscinb e BB aGubieny Gizbeialiny Bicont ne.
The Qpom BApEaRPEOHE 3680 P thieSwaNHEBLIAR @ﬁﬂ’d@.esg(%@ ciedl 942 Ogbqtoch,

sem -batch or as a continuous process. WD 2010/ 065467PCT/ US2009/ 066132

[ 0069] Asnelotved pungefl autsl the recwl everd) hminssses: afmstahf sitd whdamiantaipag be

additionally characteri zed. as havi ng.the distributions of this. inpventjion
fod 1o n padafane e A E R D e et i SRR s e S

joint or SRSk 8 &ﬁﬂefdsi}ltottﬂefr&%tiéﬁﬁﬁitﬁfq t‘é}frcﬁlg@e RR fatht RGd29RNeadsh t he
AlBr 3, such feeds being subsurface the liquid contents of the 5 reactor
(usual | y mixhirguwad hetd steht> Heédr 3t mireedt ihentdoaledan A tchquenchiciathr @aanl on

mass after feedi as been initiated) and such feeds formng, with.the
oy T nertion SR g oater caping s drdapra T beuty et Bl pbrgde
br o nat egypr @OUG Skl ARSI IGAA DO ARl AL RS AOhUSRL . The

crude reaction mass can al so contain unreacted brom nating agen Anot her
cl ass of sunmmarizty irt Fiatle Wahdl fdrickelpgrifra wpitle Eeatplen 1211 agais éis Talsle 2

N- br onbam nes, which are 10 suspected to give rise to undesirable col or
bodies and thermally | abile brom ne. These Noronoam nes would form from
am ne conponents or inpurities sus 6oy be present in the product

di strjbutions of this invention. ngmgig%ggzpected to be derived fromthe

chai n"transfer polynerization pro [0070] The sol vent chosen
for the fle@su]ofhetpgrecdduRBIExafipst 6 Wasltdpedtsd &fcephhst 1294ENI1 PN g $.13%n0l) of
preferably the sanme as the sonenp that is pre-charged to the reactor
bef ore f etdprrgvirdgd ager 9198 miputpiperigdlosagactipsarpss frrmed fiopoH%at (98 HO-% he

product distributio f LS 1 tiho d rea - ghar can, b

el ect ed TBRIaNeoS s a0 pgp Fusl 5 e PP yh 3By 2 Bl BB SR

di br ononetManay . AFOIRIRIP IR BRA6H nRkOERUdiehb- R RABIshaRaarzbd af PiE M

1, 2-di bronoet hane, 1, 1-di bronoet hane, 1-brono-2-chl oroethane, 1,2- 20

di chl2dr oet hane, 1,1, 2-tribronoethane, 1,1,2,2-tetrabronoethane,

1, 2-di br onopr opane, 1- brono- 3-chl 13 1- br onobut ane, 2- br onobut ane,
2- br ono- 2- net hyl propane, 1- bronnzgﬁggggggglg-dibronopentane,

1- br ono- 2- et hyl but ane, 1-bronohe 7t STR nohept ane, bronocycl ohexane,
and |i quipgo4 r j two or
more of RS TonEgarsRiay Ipamefts BA0kBERA BRAOCID AL} V08 PLLARY

di br ononeifkamnee vaded pPerdi 5 minoetgeaineé to Braatwahmassdorhdtbfiemi 199anl (95.5
particularly preferred solvent for brom natign of the branched and/or star

br ancdfed &Pyt ank oppllsiget-S drl{PO0BaqlbaM Bouth fihipmaadtliZSinl O L-0M84t ever
the solv A Sepdt o L1Sal : that. it .: ¥ y free
of vt er TGP VD P andlfit PR @Rbdin RISE G plbnd iz

catal yti cTadttivity of the 30 al umi num halide catalyst as is well recognized
inthe art. Generally, it is best that the solvent contain | ess than about
50 ppm (wei ght/weight) water. In regard to water, all reactants shoul d be
dry. The brom nating agent, e.g. brom ne, should not contain nore than
about 30 ppmwater. The styrene polyner distributions of this invention
shoul d al so be sufficiently dry so as W) 2010/ 065467PCT/ US2009/ 066132 to
not introduce del eterious anounts of m?%er into the bromnation. [0073] The
anount of solvent in the feed of the product distributions of this
invention is that




amount which at | east enables the formation of a free-flow ng, |ow
viscosity solutions. In cases where the product distributions of this
i nvent i orwooiogsded, consi deration for using a 5 sol venrcriseobmed3nf t he
styrene polyner distributions of this invention can be given. However, it
has been found that the use of a sglvent is preferred as it helps dilute
the feed of the product distri butiwwlt ?s invention so that efficient
brom nati on can occur in the reactanngdsdD-%eneral |y, when the solvent is
br onochl deFEtTHemeecednemfdxompla®whorepbased ex80pwthas Idfl mihg28.ded 138 nidipof
styrene polyner distributjions of this invention will be solvent.
B o or 1 e UMBNESIEGoVEDT JhIaE PP IGEILE. €5 BT J8 DR O £ o1
shown st o (be sadyant3geplaledd 4 &to.b0 S61)Y MeRLLAf1 Tiftfum LhE aner ROLO/OES,
di stribution™f this invention in the bromnating solvent wth a solid
absor bent0.60V&t mdbest AMEDAL r@lRIU camalysischu athy zeadtioe fessnatdladingfo-xylawc ept abl e
anounts of inpurities, such as acidic alum num oxide to renove pol ar
speci es p“PF’é‘i‘a“cZSdH’rrg?'Hlﬁiti on. Such treatment results in enhanced thermal
HBr stability. Other 15 suitable absorbants that do not introduce or
catal yze formati on of an unacceptabl e amount of inpurities are available in
t he mar ket pl ace. Such material s asEXAMBEEdiOc forns of Anmberlyst(r) or
Anberipyte(r) resins (Rohm & Haas KgwpangyTDilive acidic fornms of Dowex(r)
resins (Tbes7omeREEIGR of EXARPYE waOfepbdid Eddépt @5@4@%&1@@8.&%‘,&9@'@1%}’ use
as absorbants for use in this treatnment procedure. Hi gh surface silica gel,
neutral adelzagisded ovars 184 mahwierperind abt il @€' to andic@@rmpssdpmealdiai 85 meOKi& es
are also d d. suitable fo in this tre nt procedu 0074]_.The
o 6- char do TormgB e & b o2 pT srtutd R Bdck Bo hat S (0%t <
feeds is LbHgbe RRAUIA. @P@ﬁaWsis'foPﬂh@Yéa@ﬁo@nﬁk’sfé;&cﬁjd?rigto- S8 LQuRhRYi-88iaN
adequate heat sink to disperse the heat of the brom nation reaction
conbilhed Tubtehl.t he heat of solution of the by-product HBr so that a "heat
ki ck" or tenperature spike is mnimzed in the proximty of the above
mentioned 25 feeds. To this end, it is also preferred that the crude
reactor contents/crude reaction stﬁAlR@PEEilrlr ed to pronote thermal and mass
I

uniformty therein. Use of a hee rm(%@ Eﬁfb'eﬁi ous run already saturated

with HBr reduces the initial de ol ing system of the reactor
and for t[pes8]rERSPEcdSreifEx@mpRAS vas &?aae@@;mptrtﬁhtaﬂmqmrmizgurgau.izgﬁhsol) 60075]
The AlBr3 can be fed as a solute in, for, exanple brom ne, separate fromthe
30 br28nmi rateregyasgeheverad0 mipite petod af bk Cdo 8 eqsatian massifemefiddpns 8hahe/4i%s not
preferred, .RProcess. sinplizCitzardhCct that the broninati e

br o ne ahdl 180 S nate oGt P 8] R ket PRt S WIPLOYER O o
readi |y dh§isef YREEDA. BIPOMnaBsis Fhetha ieudiibn flasAekBrudlidfes xylehetshemnseped at el y
or in conbination with the brom ne feed, is a catalytic anmount sufficient
to provi deblgd.2010/ 065467PCT/ US2009/ 066132 from about 0.3 to about 1 rmole %
AlBr3 per nole of bromne fed as cal cul ated using the equation: Mle %
AlBr3 = (weight of AlBr3/266.7 weight of Brom ne/159.81) x 100. 5 [0076]
The amgount of bromne fed is that pRAMPLEqQuUi red to achieve the desired

bromi nat i on A Sifle SAYINS [R5 AthcSRIT/S BRL 2 hR5SY Honfil- 0T/ DR pYpRREA W L
by- pr oduct r. en prom natli ng € produc I Stripbutions o S

i nvent i o008 eltegirosidogd of Exharpleot lvas mepeetc @ egpt dint bhenlwss.ght 0063 i) of
substrate to be brom nated accordi zg}sto the equations below.. aywt Br = wt %

Br wt Subderetisniemiaced Mlopywtensibs? gdl-&Brodht fed ovg a§dpingedsHpY 8hmat ed
/(1 - w 7 . e Xi_psad | ' Q.

i gnoring at(ﬁgtr %I%W%a%%%&o?hﬁa@mﬁ%?% Fé‘?%‘ga%tle%%@mrﬂﬁ‘gn%?grp%ﬁ@”é%ﬁ% tuted
by br3om ne.40[AY8P.1Thu$10.6 g)0. WnoBro-x18he38.3 rhim0.Qdysholaheunf didrumt(2M i 1 -
wt% Br)] 15 and d{ Mol es bromine =2 w Br / 159.81 e) Mles bhromne 2

Wt % Br * Palohsiamst st ledimbr @it 804 ( mol) TYBDAY. (3P anphyyisger the eeagiion maghe
above eq i v erm” I . 4efers to the SBSPD or SBSTD

unbr om n%t%%lﬁg%ood%lyg?netﬁ?)@%@??&E}Sﬁ%&o. It is preferred to feed, as close
as is possible, just the amount of brom ne needed to obtain the w % brom ne
desired. If, excess bromne is fed, then at | east sone of that excess wll
be in the crude reaction mass and will have to be renoved in down-stream
finishing steps. [0081] Whatever the reason for the presence of excess
brom ne in the crude reaction mass, conventional techniques recognized in
the art to renove such excess brom ne can be used, 25 e.g., using a

reduci ng agent, e.g., sodiumsulfite, tl% convert the brom ne to water

sol ubl e brom de salts. However, it has Deen observed that the use of such
reduci ng agents tends to encourage the formation of an enul sion and/or rag
during some of the down-stream finishing steps. Such, emulsion or rag |ayer
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[ 0087] The pressure in the reactor during the bromnation is not critical,
super - at nospheri c pressures being the norm However, very high pressures
are not pweferwmssisrn t he context of equi pnent requirenmreRrC3/s2ahned18r y

i ssues. Autogenous pressures are permssible. [0088] Subsequent to the

reactant and catal yst feeds, it is@ggbgiss
R

e to allow the reaction 30
brom nation has ceased. It is

per mi ssi bl e Fonwag HRYld il pAeinggsiaqtingin I Bangthyinhesyl) -6 phanypropaig

t enper at warm t.0 _ahqut 7 o help facilitat 0 ti nd f eact
out " as. ] oS dtamre b S ogatelRhon B of B3P EH o BnF B L3

when br orgiyiaid diSkoRledaR 860 n?lﬁowg%n@mn@ BE0.3 hd] Ak Asred bh@ at @meihaiepefod & War m
to WO 2010/ 065467PCT/ US2009/ 066132 about 25C to heIP facilitate

consuApt idbautahld Cetaca regotiommasnionmed fromes4.b¢ btZometelphsnyls 3 pharilpoaine Thi s

[ ticularl [ h it i hj

of & br o Tdudayt ayEed BlAehy R mrn G SeEEBhE Fob el e =
avoi d anycyerMé&ane)ardcbd Ml (d>.92g,ro.@bzﬁ4frh&9ﬂrMLq5A. GPOARAYsiffok B rédeBloh BAGS are
conpleted and the ride tine, if any, has passed, the crude reaction nmass is

renoved fexolwdinge-xdestis sumnmdrigeseinckabte 2.n water. As nentioned previously, if
the crude reaction mass or, for that matter, any organic phase that is
treated down-stream of the brom nation, contains unreacted brom ne, such
bronille content can be |owered or EXAMBEREdd by the use of a reducing agent
to convert tHoembigd Tie /8 denmneraigl Rdohde bf 0i2-dethyButendydiphentivepie use of

such redycj gents, particularly the sulfites ca aus nmul s on

f or mat i o 006H {HERoscduts qfiﬁ%lmgp f‘oé Ut rRetAd §x Py Hat ToEm 0% & h'6l{7 FRelbeint er
Sol ution : : . ] 0 bip t :

b1 sul 116 ar e pye Moo mi DEVRRP 8D bio S Bl SERIREORES S E hheRhodal

[ 0090] ThaboguEISCHT icsa canti@nimest floympd fribor Srietl galt-(2ambihgytheh yd v ehat wipe pamed
generally s eakingé;S no heating other than the heat of solution of

resi ddal (PP B deddrb (140 &4 LErDD-prigice 2 Saparhpdfrmolsnrhasy! hiftiwngé Maid

ot her actJ ' j ' tapd 4l red. LN m ze
et i ng. of P he a0 ERE3E £0.0FR 1) ERBESRGHC ahdylt i BerEkypPmile

assi sts, dxoluginge-exesnit sumnmalieédinrible2.ensure a [ow thernally |abile

brom ne content. [0091] The water quench does not have a ride tine as the

deact i vatlPBeRldsxampdesAdmhroughh P damronsimate mgthets for making therdpwest moleqular ygight

i nstant a A ; e e quench water or
guench mgﬁégﬁFgg%%Qﬁ88§gg%9ﬁ§gﬁ%??%ﬁgaigégﬁp%gg&ﬁgggﬁ"is conplete, two
defined phases are formed, an aqueous phase and an organi c phase. The
organi ¢ phase contains solvent and the brom nated styrenic pol yner
distribution of this invention, an@XMMPLEd§uire further treatnent.

25[ 0092] After the water quench arfdmimaB&PBdparation and any additi onal

7sn pren@MRta e Ruto D oG eraer s S that ALt BGRE EenflRThit '
basi ¢ sodiyaDeLaRY SVdrde 56 Aimic ]Bgti)old%% rQRAESNYELJ BEnaEoh 131 RV ARRS ¢ 1.0

by- product’s act to convert avai e active brom ne species, including
avai 12abl encinpegtinedd.HmdrD.H88 imvg) 2Yentbutyd lichiumraodilnd i @.88ny 000G aGIntblsefi | | be

present), an vai |l abl e derivatives 30 f.ormed. fromthe unreacted

br oni nat i?@ﬁgg%n‘ﬁp‘?é%@%ls hﬂfﬂ%?d?%‘?ﬂoflé%%ssﬁ’ﬁfg}‘%% HW?BFW%‘%)&@ €3 so
any avail abl e N-bronoam nes, so that the brom ne and active brom ne species
are reduced to bromde, and in the case of the N-bromdes, this material is
reduced to sodi um brom de and freeEXAMEBLET6e use of sodi um borohydride to
reduce brom ne in the producti on N¥pn2klBERBS467PCT/ US2009/ 066132 of

brom nat ed pol ystyrenes is known. However, a novel feature of preferred

pr oc 88s ed 08441t Hieprpepduret af dixampla wagppedsed excenibat k¢ 19nl U28.418. 23 send) efm

bor ohydr i g6 § O, L SANE e L8 s3IRUAL 0y Mo QIRATING, HEHNSG.C0l OF Ad] g% hat
acconpany YHe Hi'om nat e styren@ pol yner CStrbut 6n. OThus " f'or® e

pr ocessesnd otxylenel NY aNt0.0082 Mel) 2adinbacParRitiidddel has (9 Pg,i0NBU78 ndol) of
function, i.e., to reduce the amount of N-bronoam nes present, and a
secondar yI¥IEREY. i@, analysis, for Hie reastige mashexsluding/o-amsoats ssmnparigad peTgiesdent .
Thus, quantitatively, the anmount of sodi um borohydride used is that anount
necessary to handl e both functions. As used in this paragraph, the term
"avail abl e", as used in connection with active brom ne species, unreacted
brom nating agent, derivatives formed fromthe unreacted brom nating agent,
and N- 10 bronopam nes, denotes that thz identified materials are not
occluded within solids to such an exte Q that they cannot be renoved sinply
by contact with the sodi um borohydride solution. [0093] As the caustic
aqueous sodi um borohydride solution is used to treat the organi c phase, an
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[0101] When precipitation fromwater with concurrent distillation of the

brom nati on sol vent
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nmeans,
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25 Each portion was

separately treated with 1000 g of 0.2 wt% NaBH4 in 2% NaOH at about 62C in
the wash reactor with good agitation to assure m xing of the two phases.
The organi ¢ phase was separated aqueous wash and then washed with fresh

wat er
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[0123] The procedure of Exanple BR-21 was used except that 500 g of SBSPD3b
was conbined with 1500 g of dry BCM and was co-fed with 1941.18 g of

brom ne cwotaimicty70. 25 Wt ¥%A1Br 3. The co-feed was conduetCeaseonobsier 60

m nute periods with each co-feed fed to 25 1283 g heel of dry BCM The

wor kup procedure was that of Exanple Br-22. The process yielded 1345.7
grans of product analyses of which aT%b Qﬁmmrl zed in Tabhle 4 EXAMPLE

BR- 24 Broni haBiSBP of SBSPD3b 30 [0124] The procHduré¢ ofl7Exanpl d8BR121 was

used except |t RafymOQy@nof SBSPD3b was ceppi ned M[Ilth | 1504h g of ¢y BCM and

nnnnnn

was co-fed wth 2333733 g of brommejcontaini Ilg# vh“/ﬁﬁu. r-3: g:%\le co-feed
was conduct ed Yﬁel}er{iﬁl@ 60 _m nute pprl ods: witlh h_¢co- ril 283 ¢

heel of dry|BeMNyldieenwdr kup procedur ¢ wabk that ®7 Eanﬁl7e Br-20.7 The
process vyi el dedy lggfy 9 grams of produciyonanal sRo0 Wijooh [argosgpmrer i zed

in Table 4. [V 06546 7PCTUS20091 0666132 1EXA BR= '"_ ron ion of
SBSPDMb [01'7‘2‘?[{ r(mrq edure of Examl b@-?1 bggm @rp 6 hﬁ 500 g of
SBSPD4b was cﬁwﬁitimmj(hm)th 1500 g of dry2.8CM|and.2fas |co3.Bkd Wi t h22125 g of
brom ne cont ai;ggdwlgteo(na,ﬁmﬁ)wt%AlBrB Tma_77:o-feqq)4wa:; ceneluct ed '9@ fhree 60
m nute perio@ vt h—eacty co- | to 1283 g theettof ¢ty BEM—Fhe wor kup
procedure was CH?—'] t%‘?neMQ ﬁ}eﬂwr }'Q:-i{?r (‘99:7 vi ¢l &#1466 | 4§4m ans of
product anal ydBse Sfyremr’Mhledi‘LeLB’hmmarl zedlin [Tabbe 4 EXAIVPLE BRY6
10Br om nati ¢on PD4b [0126] The pro urle aof anp BR- 21, was | used
except that h ;J—ng Wi ..q11§00 g rL driy R}ma and was
co-fed with|26PCR3TA of bronm ne containi ng 0.25 wt %A1Br3. [The co-{eed was
conducted in ree 60 m nute periods|w edach -feedsfed to 3|g heel
Of dry BGVI M] WOEL |/||n nr nhnrhlrn WasS thg(gg Cf I:v3iir8n’\| B:I:) 22 Th%&gr DCess 15
yi el ded 1697. Mvgr ans of pr oduct anal yse36df V\/m3dﬁ ale S%hmrizé84 i h Tabl e

4. EXAMPLE | romnation o 27]y38he pr%‘éadure 4 Exanpl e
BR- 20 was uset—except—that—5060—¢g—of .SBS.]C‘Ab Wars gu ¢cofbtne Wi—?jh—l-fioo g of
dry BCM and|wh® co-fed with 2846.15 ¢ df218r dni hé’kont dil¥ng 01282 %A1Br 3.

The co-feed|wdsindenawcigedP n three 60 ni.8ut ¢ pérd2ods wi.0h eachl.f@-1eed fed
to 1400 g heel;pef, 8% BEHML NNS gy kKup procedure was|that ofl Exanple Br-22.
The process| tﬁl g%:rd 1791.25 grans of prlééPQct abhalYs¢s 1890whi cR8&Pe
summari zed i-n—tabte—4—25EXAMPEEBR-—28Brom-nati+on—of—SBSPB4b [012 )] The
procedure of Exanple BR-21 was used except that 500 g of SBSPD4b was
conbi ned Mol F)Dmh d@fon Fe¥n BN ADAUNRS: £OPFHEN WL Misthden @, OF brom ne
contai ning 0.25 WMYAIBr3. The co-Teed was conducted in three 60 mnute
peri ods W006V]eBeh poderfasie ghrdceshkes oof3t1n§L28@englohe«a:lmm{sedbly)nﬁfﬁMngTﬁe nardkop

procedure was that of Exanple Br-22. The. process ded 1468.85 granms of
product ahsipaens of thig;RyenHPR v W@f&lqgﬁgﬁm in tilwesence of a catalytic

2010/ 06541566 Qgﬁhﬁﬁmﬁ?de@éﬂ}% eSO bRAMihO Vel i Ft!?é&d@édw]
The pr oce?ﬂre w ) BR-21 was EVS@E excergt tﬂﬁil 505 g OE§SBSP1
conbi ned pmddmts]ﬁ&ﬁhsgm@htldm yre BCM @ndofERSe bionfieed Wihtina Bhofdind Bevgl bﬂoxbﬁ@% ne

containing 0,25 5 w %A1Br3. The co-feed was conducted in three 60 m nute
peri ods WPRINE4RKhe Bromiagfed prpdugts S dhis dnyealipn b squeht. Hesp a mderbewigseid

pr ocedur Y/ of

pr oduct gsralla ysés mﬁéﬁiﬁf ea@u n@ér}ﬁa l-z[%”g Orélﬂglg‘g%g)tf%sdg%(g\dwégﬂl haﬁd&g&’éﬁe

10Br doi nahé halogdn aEBrBSPBBl heldB@ineT hmnphe asbloriedae) xxaapl e BR-19 was used
except that 340 of SBSPD2 was conbi ned with 1020 g of drgl BCM and was
co-fed wilP o%?gf( ogmeprefucky hingePreBMCORICHE 1D ﬂzesraas%f@m@ FiheaRAU 8%d was
conduct e eel of
dry BCM hrgmf): Ir?{)lgggsgl%ﬁ} ﬁmeall?gltegmﬁg‘gggéf eglF Eiltfrarlxsnjf:1 p})lgr‘i@dﬁI C%?%és&]aﬁ%%lgtg §§$) \%n?sch are
15 sunmardfziid inventiam iseasdA1ORAVRIBL; . BRhe3A1(BE (indesiaibl @ BlufiedSBARDRa}10 ddddnt The
procedure of Exanple BR- 19 was used except that 296 g of SBSPD2 was 20
conbi ned Atarpatagly. A6 ¢py thmaa'ﬁé biagneass faddchipiide Poumidy sexghgsigeptteiine

pori ads. whlikeARih 16 Ack o ARSARPAAERY Ref OBl TRl Il ©

yi el ded Lfhpfovd s@lﬁlafﬁﬁy mfth@n@duaﬂu@mamﬁsxmfs mhueahu ﬁrd%msdlﬂmt%rpr&ﬁ‘ﬁolvﬂ itfabl e
4.

in bromine. The bromination processes of this invention can be conducted as a batch, semi-

batch or as a continuous process.

23



25EXAVMPLE BR-32 Brom nation of SBSPD5c [0132] The procedure of Exanple

BR- 21 was used except that 500 g of SBSPD5c was conmbined with 1500 g of dry
BCM and waie 20m/dee7Wi t h 1985. 07 g of brom ne cont ai ni ngPOTAB200086A3Br 3. The
co-feed was conducted in three 60 mnute periods with each co-feed fed to
30 1283 g of dry BCM The workup procedure was that of Exanple Br-22.
The procd9¢ %)Méq 68E?d11§3"710351§j’r BreecTEd poseRiet Ohihis yaEten il b agdigionally

Br om nat o5 o nsanie Y S AOERASE IR ﬁ?@&%ﬁ%%‘f%&@%@@aﬁ%
except thabtxiblQ © oid &Bﬁﬂ@ﬁﬁan@ﬁslyamﬁi jgat o ielpar]a&Oﬂ:eg(sﬁ)io dieyreBEdt antheras

co-fed with 2389.83% brom ne cont ai ni ng W % A1Br3. The co-feed
was condl}tg?@warlﬂg 8¢ éméGh‘r"nAﬁB’ESeS‘ﬂfé‘rﬁe%ﬁsbwg ﬁu'ﬁaéﬁcec@ﬂflw FIHeRty of Sz g

B?gLes s yi eﬁtﬁ%ﬂ%QZ Qﬁﬁlﬁ%’gl\%{l? ﬁ&ﬁi Lﬁ'{ ?ee\ﬁeiﬁltfapéﬁ aﬁﬁ tlfe?< ﬁ[log %ms ;naﬁer

product ana re sunmaeri zed in

Tabl e 4. fEtAMPhEs BB aﬂtla]té)cBranmsﬁai feads mhnﬁlgswﬂﬁbhe{ 1(ﬂﬂtﬁl4lieazrdaec@rtme,dwmdwf
Exanpl e BR-21 was used except that 500 g of SBSPD5b was conbined with 1500
g of dry 'BENVOBMAsHAKICS CPBAriSNg hroz{rga@e@prqgu@fdlmlbvﬁ% of 8t HivaRtiy. &1Bs. wt %

AlBr3. T t ; h
co-t oed 10§ tRO R ERIEARUR AR, L SRR M T SRR LA A RERE
Exanpl e Bflasdadf i ]ﬂp@n&f gee sl Ukeyy eé Geched3fald chfea s Nli:)rdiﬁ@ﬂluﬁ&s, aatly ags of
which are summarized in Table 4. EXAVPLE BR-35 Brom nati on of SBSPD5b

[ 013530 THespscivdde i iife truadgsiablgrolor bagdiss a%&le&a@lé»pkabﬂ% hrongog ah@ﬁre P@BSPDBb
was 20 CQDnbl ned. w t h ]% 00 of dry BCM and was C 389, 3

o o ne. CORTATHI e 6535 B Reahy PR ERE oL R Eipdleb AR o

M nut e peirb@ds diitutieoas bf s imestiddThey 4333sgechaab vefdetifyd BOM thEn@aior kup
procedure was that of Exanple Br-22. The process yielded 1561.4 grams of
pr oduct amsgﬁge@ymnmm@mrametesm?ﬁﬁmzed in Tabl e 4. 25EXAMPLE BR- 36

oxceopt D7 05gReRiveny cbsiier MRoEBSRarhathdiit HEThASy 5 O %%&‘f}?riwd was
co- f ad W grkredidBlthd ¢arfle & thB rs@l%ﬁl&hﬁ@@f)@ldhlafg@d% e r¥AcVorALES feedl fSEEd was

conducted in three 60 mnute periods with each co-feed fed to 33 g
heel of dPY7BGVe sPhventwsed upthp breosdatran afdls rbduct dfstribusiopd & this nz@ntlmh@d

k- | d h | t t | Mul t | BCM
nohaaP i B e e B bRl Pfoudy | Betn sy Campnnatt bl “The
washes V"Qﬁﬁﬂ&%m&}ﬁﬁg Wdﬁlﬁoﬁﬁﬁwﬁfaﬁ@-m %r&ﬂ@&%r@ﬁgthﬁﬁ@at 3H)n?€§tr1&}ﬂ01%hegl?ane The

process yi el ded 1264. 95 grans of product anal yses of are summari zed
in Table chloroi[oml37]l 2-diblahdathape, Rinl- dibrmmmhame,acﬂftmmno Mldenttham X.2-ay

e bRl B SNl £5 B pes LSl on  empet ature, o
t her mogr ay, Bt dflordPRY xl% S deDmo%tu@a{h‘és 2t Gonobiahe. P2 %fﬁé 2FRRBRAghEs  ge!
per meat i on chronat ogrgphy result. 177 f‘;323)333 33 0.C8
) 17 bromOpenganieS| 1,5-dibromopentane, 1- bromo 2- methylbutane 1 bromohexane 1-
bromoheptane, bromocyclohexane, and liquid isomers, homologs, or analogs thereof and
mixtures of any two or more of the foregoing. Preferred solvents are dichloromethane,
25  dibromomethane, and 1,2-dichloroethane. Bromochloromethane is a particularly preferred
solvent for bromination of the branched and/or star branched styrene polymer distributions of
this invention.
[0072] Whatever the solvent chosen is, it is important to ensure that it is relatively free of
water. Water in the reaction system during bromination will affect catalytic activity of the
30  aluminum halide catalyst as is well recognized in the art. Generally, it is best that the solvent
contain less than about 50 ppm (weight/weight) water. Inregard to water, all reactants should

be dry. The brominating agent, e.g. bromine, should not contain more than about 30 ppm

water. The styrene polymer distributions of this invention should also be sufficiently dry so as
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to not introduce deleterious amounts of water into the bromination.
[0073] The amount of solvent in the feed of the product distributions of this invention is that
amount which at least enables the formation of a free-flowing, low- viscosity solutions. In
cases where the product distributions of this invention is liquid, consideration for using a
solvent-free feed of the styrene polymer distributions of this invention can be given.
However, it has been found that the use of a solvent is preferred as it helps dilute the feed of
the product distributions of this invention so that efficient bromination can occur in the
reaction mass. Generally, when the solvent is bromochloromethane, from about 60 to about 80
wt% of the feed of the styrene polymer distributions of this invention will be solvent.
Preferred amounts of solvent are from about 65 to about 75 wt%. It has shown to be
advantageous to treat the solution of the styrene polymer distribution of this invention in the
brominating solvent with a solid absorbent that does not introduce or catalyze the formation of
unacceptable amounts of impurities, such as acidic aluminum oxide to remove polar species
prior to bromination. Such treatment results in enhanced thermal HBr stability. Other
suitable absorbants that do not introduce or catalyze formation of an unacceptable amount of
impurities are available in the marketplace. Such materials as the acidic forms of Amberlyst®
or Amberlyte® resins (Rohm & Haas Company), the acidic forms of Dowex® resins (The
Dow Chemical Company), or the like are deemed suitable for use as absorbants for use in this
treatment procedure. High surface silica gel, neutral and basic forms of aluminum oxide, and
certain acidic zeolites are also deemed suitable for use in this treatment procedure.
[0074] The pre-charge of solvent to the reactor prior to the reactant and catalysts feeds is that
amount which will provide a sufficient mass to provide an adequate heat sink to disperse the
heat of the bromination reaction combined with the heat of solution of the by-product HBr so
that a “heat kick” or temperature spike is minimized in the proximity of the above mentioned
feeds. To this end, it is also preferred that the crude reactor contents/crude reaction mass be
stirred to promote thermal and mass uniformity therein. Use of a heel from a previous run
already saturated with HBr reduces the initial demand on the cooling system of the reactor and
for that reason is preferred in some commercial configurations.
[0075] The AlBr; can be fed as a solute in, for example bromine, separate from the
brominating agent feed, however, such a separated feeding scheme is not preferred. Process
simplicity, dictates that the brominating agent be bromine and that the AlBr; and the bromine
be fed as a single feed. AlBr;readily dissolves in bromine. The amount of AlBr; fed, whether

separately or in combination with the bromine feed, is a catalytic amount sufficient to provide

25
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from about 0.3 to about 1 mole % AlBr; per mole of bromine fed as calculated using the
equation:

Mole % AlBr; = (weight of AlBr3/266.7 < weight of Bromine/159.81) x 100.

5 [0076] The amount of bromine fed is that amount required to achieve the desired bromination
level sought assuming some small loss of bromine overhead with by-product HBr. When
brominating the product distributions of this invention, one can simply charge bromine based
on the weight of the substrate to be brominated according to the equations below:

a) wt Br = wt% Br - wt Substrateyominated

10 b) wt Substrateyominaed = Wt Substrateynbrominaeed / (1 - Wt% Br)

[0077] Note: In b), the approximation is the result of ignoring the small amount of mass not
accounted for the protons substituted by bromine.

[0078] Thus,

c) wt Br = wt% Br - [wt Substrate,prominatea /(1 - Wt% Br)]

15 and
d) Moles bromine =2 - wt Br/ 159.81
e) Moles bromine = 2 - wt% Br * [wt Substrateynprominaced /(1 - Wt% Br)] / 159.81
[0079] In the above equations, the term “Substrate” refers to the SBSPD or SBSTD
unbrominated product mixtures.

20  [0080] It is preferred to feed, as close as is possible, just the amount of bromine needed to
obtain the wt% bromine desired. If, excess bromine is fed, then at least some of that excess
will be in the crude reaction mass and will have to be removed in down-stream finishing steps.
[0081] Whatever the reason for the presence of excess bromine in the crude reaction mass,
conventional techniques recognized in the art to remove such excess bromine can be used,

25 e.g., using a reducing agent, e.g., sodium sulfite, to convert the bromine to water soluble
bromide salts. However, it has been observed that the use of such reducing agents tends to
encourage the formation of an emulsion and/or rag during some of the down-stream finishing
steps. Such, emulsion or rag layer causes separation difficulties and process inefficiencies.
[0082] The product distribution of this invention, brominating agent and AlBr; feeds should

30  be made beneath the surface of the reactor contents/reaction mass and in close proximity to
each other. Itis a principle of this invention that the bromination of the product distributions
of this invention should occur quickly. The rates of reaction for the brominations of this

invention are very fast due to reaction kinetics. Thus, in the processes of this invention, the
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rate-determining 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
5  when first fed. One technique to ensure close proximity of the feeds is to provide that the feed
tubes into the reactor contents/reaction mass be held together so that they discharge in
adjacent parallel or in direct, impinging directions.
[0083] Having the feeds discharge beneath the reactor content/crude reaction mass liquid
levels is beneficial as it ensures that there is heat dissipation away from the feeding area.

10 Having a “hot spot” at the feeding area is to be avoided to the extent commercially possible.
Again, stirring of the reactor contents/crude reaction mass also aids in heat dispersion.
[0084] The amount of solvent pre-charge to the reactor should be that amount necessary to
accomplish the heat dissipation function without burdening the process with higher than
needed material handling expenses.

15  [0085] The feed rate of the individual feeds should be as high as is possible considering the
reactor size and design, the heat that must be handled and the cooling available to assist in
heat management, the feeding apparatus available and the ability to safely handle HBr by
product gas. The higher the possible feed rates, the more efficient the process.

[0086] During the co-feed, the reactor contents/crude reaction mass should be kept at a

20  temperature within the range of from about -20°C to about 5°C and preferably within the
range of from about -10°C to about 0°C until substantially all the bromination has occurred.
The feeds to the reactor are conveniently fed at about ambient temperature. To obtain the
reactor contents/crude reaction mass temperatures mentioned above, the reactor is provided
with adequate cooling. The temperature should be measured as close to the feed area as is

25  practical.

[0087] 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.

[0088] Subsequent to the reactant and catalyst feeds, it is permissible to allow the reaction

30  mass to experience a ride time to ensure that bromination has ceased. It is permissible, when
brominating at about 74 wt% bromine, to allow the temperature to warm to about 7°C to help
facilitate consumption and react out as much of the fed bromine as is practical. It is also

permissible, when brominating at about 78 wt% bromine, to allow the temperature to warm to
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practical. This is particularly desirable where the practitioner decides to forgo the use of a
bromine reducing agent during the initial aqueous quench so as to avoid any emulsion and rag
layer difficulties.

5 [0089] After the feeds are completed and the ride time, if any, has passed, the crude reaction
mass is removed from the reactor and quenched in water. As mentioned previously, if the
crude reaction mass or, for that matter, any organic phase that is treated down-stream of the
bromination, contains unreacted bromine, such bromine content can be lowered or eliminated
by the use of a reducing agent to convert the bromine to water soluble bromide. But again, the

10 use of such reducing agents, particularly the sulfites can cause emulsion formation, and can
lead to a product with a higher AE value in the Hunter Solution Color Value Test. Therefore,
it is recommended to not use bisulfite or sulfite, or any other sulfur-based bromine reducing
agent.

[0090] The quench is conveniently performed at ambient temperature and generally speaking

15  no heating other than the heat of solution of residual HBr is needed to effect a phase
separation. Since bromine and other active brominating species can be present it is preferred
to minimize heating of the mixture and to limit exposure to visible light. This assists, to some
extent, in helping to ensure a low thermally labile bromine content.

[0091] The water quench does not have a ride time as the deactivation of the AlBr; and the

20  reduction of bromine is nearly instantaneous 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 styrenic polymer distribution of this invention, and will require
further treatment.

25  [0092] After the water quench and phase separation and any additional bromine removal steps
(water extraction or distillation) are complete, it is a preferred feature of this invention to wash
the organic phase with a basic sodium borohydride solution. The borohydride and its borane
by-products act to convert available active bromine species, including available unreacted
brominating agent, e.g. bromine (if any should still be present), and any available derivatives

30  formed from the unreacted brominating agent (e.g., hypobromites, and/or hypobromous acid)
and also any available N-bromoamines, so that the bromine and active bromine species are

reduced to bromide, and in the case of the N-bromides, this material is reduced to sodium

bromide and free amine. The use of sodium borohydride to reduce bromine in the production
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of brominated polystyrenes is known. However, a novel feature of preferred processes of this
invention is the use of a caustic solution of sodium borohydride to reduce the amount of N-
bromoamine derived color bodies that accompany the brominated styrene polymer
distribution. Thus, for the processes of this invention the sodium borohydride has a primary
function, i.e., to reduce the amount of N-bromoamines present, and a secondary function, i.e.,
the reduction of any amount of bromine present. Thus, quantitatively, the amount of sodium
borohydride used is that amount necessary to handle both functions. As used in this
paragraph, the term “available”, as used in connection with active bromine species, unreacted
brominating agent, derivatives formed from the unreacted brominating agent, and N-
bromoamines, denotes that the identified materials are not occluded within solids to such an
extent that they cannot be removed simply by contact with the sodium borohydride solution.
[0093] As the caustic aqueous sodium borohydride solution is used to treat the organic phase,
an aqueous phase is formed. The pH of the sodium borohydride solution is such that the
formed aqueous phase has a pH between about 10 and about 14 throughout the period that the
formed aqueous phase is in contact with the organic phase.

[0094] The preferred sodium borohydride content of the treating solution is within the range
of from about 0.05 to about 1.0 wt% sodium borohydride, based on the total weight of the
treating solution.

[0095] An important feature of the caustic sodium borohydride step is that a temperature
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.

[0096] The treatment temperature is maintained for at least that amount of time needed to
obtain the benefits of the treatment, generally at least about 30 minutes has deemed to be more
than sufficient. The practitioner can choose a lesser amount or a greater amount of time as
suits his/her needs. Generally, experimentation has shown that the organic phase and aqueous
mixture (during treatment, mixing is provided) will noticeably begin to thin at about 45°C to
50°C. Itis theorized that the N-bromides and any N-sulfides and/or N-oxides species present
are quaternary and hence charged species or at least highly polar species. Such species are
implicated in the thickening of the intimately mixed organic and basic aqueous phase. This is
observed in an increased draw on the agitator drive used in the mixing. At a temperature

above 45°C and closer to 54°C such thickening is eliminated and the draw on the drive is
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reduced. At temperatures below 45°C, thickening occurs and at times incomplete phase
separation is observed. Once higher temperatures are achieved, the thickening phenomenon is
eliminated, and phase separation is nearly instantaneous, especially when temperatures in
excess of 54°C are used.

5 [0097] The use of the above described aqueous caustic sodium borohydride treatment or wash
can be used at any time after the water quench step and phase separation and on any recovered
organic phase in the down stream, finishing sequence.

[0098] It is preferred to avoid substantial heating of the organic phase prior to the sodium
borohydride treatment. Hence temperatures below 35°C are preferred prior to the borohydride
10 treatment.
[0099] After the final washing, the organic phase is separated from the aqueous phase. The
brominated products of this invention are then isolated from the bromination solvent and any
volatile impurities by devolatilization of some means. Methods that may be useful when
dealing with low T, polymers, is to send the organic phase (after azeotropic drying to prevent
15  corrosion issues) to a wiped film evaporator, a falling film evaporator, a continuous strip
kettle or a devolatilization extruder where solvent can be rapidly removed and the resulting
viscous melt can be easily manipulated and then granulated or pelletized.
[0100] When the brominated products of this invention having glass transition temperature
(Ty) greater than about 100°C, the solution is fed to hot water, having a temperature in the
20  range of from about 90°C to about 100°C, to flash off the solvent present and to yield solids in
the aqueous phase. This flashing off technique is well known in the art of producing
brominated polystyrenics.
[0101] When precipitation from water with concurrent distillation of the bromination solvent
is used, the resulting solids are separated from the water by conventional means, e.g. filtration
25 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.
[0102] Whether devolatilization by means of precipitation or by means of wiped film
evaporator, a falling film evaporator, a continuous strip kettle or a devolatilization extruder, it
30  1is preferred to filter the azeotropically dried solution through activated acidic aluminum oxide.
It has been found that about 1-5 parts by weight of aluminum oxide per 100 parts by weight
of dissolved (contained) brominated styrene polymer is sufficient to remove impurities that

contribute to reduced thermal color stability.
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[0103] A general description of bromination procedures and variations in workup procedure
used in the practice of this invention are described below and summarized in Table 1. A
summary of the analyses performed on the substrates and brominated products formed in the

Examples is set forth in Table 2.

Preparation for Bromination

[0104] Dry bromochloromethane (BCM, 5-30 ppm moisture by Karl Fisher) was prepared by
azeotropically drying. All feed lines, feed tanks and glassware were dried (oven dried at
130°C min 2 hour where appropriate) and purged with nitrogen over-night prior to use in the
10 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.
[0105] The amount of AlBrj; catalyst (commercially available) needed to make a 0.25 mole%
(calculated using the formula [moles AlBr; / moles Bry] * 100% = 0.25 mole% AlBr3)
solution of active catalyst was weighed and then transferred to oven dried reagent bottles in a
15  nitrogen-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 AlBr; and then stirred
with a PTFE coated magnetic stirring bar for 30 minutes to assure homogeneous dissolution of
20  the catalyst. The 0.25 mole % AlBr;in bromine solution was then transferred to a graduated
feeding vessel placed on a large capacity laboratory balance.
[0106] The stripped branched styrene polymer distribution (SBSPD) 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% AlBr; in bromine and the 25 wt% SBSPD in
25  BCM solution are co-fed via separate peristaltic pumps through 5” (3.2 mm) O.D. feed lines
to a well-stirred fresh or recycle heel of anhydrous BCM at 0°C to —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.

30  Bromination Equipment Set-up

[0107] A 5 L oil jacketed flask (bromination reactor) was equipped with an overhead glass
stirrer shaft, PTFE stirring paddle, a water-cooled condenser, thermowell, nitrogen inlet, and

bottom drain valve. The reactor was vented through a calcium sulfate moisture trap to a well-
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stirred caustic scrubber to absorb co-product HBr and entrained Br,. Additionally the reactor
was outfitted with three inlet lines: 1) %4” (6.4 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 previous run) ;
2) %" (3.2 mm) O.D. substrate/BCM subsurface feed line; and 3) %” (3.2 mm) O.D.
5  Bry/AlBr; subsurface feed line. The AlBr;/Br; and SBSPD/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 a darkened ventilation hood.
[0108] The bromination reactor was placed above a 6-liter water quench vessel with a 35 (9.5

10 mm) O.D. PTFE drain line that connects the bottom drain valve of the bromination reactor to
the quench vessel to allow for direct transfer of the bromination reactor’s contents. The
quench vessel was oil jacketed and equipped with an overhead stirring mechanism,
thermowell and was baffled for intimate mixing of organic and aqueous phases. The quench
vessel had a nitrogen inlet and was purged to a caustic scrubber. The quench vessel had a

15  bottom drain valve to enable transfer of the pot’s contents to an intermediate 5 liter storage
vessel.
[0109] The intermediate storage vessel was piped to transfer its contents to a wash kettle.
The wash kettle was a 6-liter oil-jacketed, baffled reactor outfitted with an overhead stirrer,
thermocouple and bottom drain valve.

20  [0110] Product isolation set-up provides a water-containing vessel into which the product
slurry is fed accompanied by the concomitant azeotropic removal of BCM. The precipitate

from is passed through an oven for drying.

EXAMPLE BR-19
25 Bromination of SBSPD1 with Sodium Borohvdride Treatment of Unreacted Bromine

[0111] To the 5 L bromination reactor described above was charged 816 g of dry BCM (23
ppm moisture, Karl Fisher). The BCM was cooled in the dark to -2 °C and a previously
prepared 25 wt % solution comprised of 350 g of a distilled SBSPD1 mixture (M,, = 1405)
and 1050 g of dry BCM was charged to a dry, 2000 mL N, blanketed graduated cylinder
30  outfitted with a /5” (3.2 mm) O.D. PTFE feed line placed to transfer the entire content of the
cylinder by means of a peristaltic metering pump to the bromination reactor. The previously
prepared AlBr3; (0.25 mol%) in bromine (1800 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
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[0112] The two reagents were co-fed at predetermine relative rates such that the entire content
of the two feeds would have been charged simultaneously to be completed in 180 minutes.
5  The feeds were interrupted on 60-minute intervals and transferred to the aqueous quench
vessel thus providing an average residence time of 30 minutes. Ample cooling was provided
through out the operation such that the reaction temperature remains close to —2°C.  The
transfer of the reaction mixture was affected by gravity to the 6 L quench vessel through the
bottom drain valve and the 3% (9.5 mm) O.D. PTFE transfer line. The bromination reactor

10 was then recharged with another 816 g of dry BCM and the feeds continued at —6 to -2 °C. A
second 60-minute co-feed and then a third 60-minute co-feed was conducted. Each time the
reaction mass was quenched as below.

[0113] The quench vessel 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. The quench was

15  exothermic and a 10°C temperature rise was observed. 10% sodium bisulfite was added until
the red color associated with elemental Br, was quenched. Agitation was stopped and the
organic phase allowed time to separate and settle. The lower organic phase was physically
separated and transferred to a 6 L wash vessel containing 1000 mL of 1 % NaBH. in aqueous
10% NaOH and gently stirred at room temperature while the 2™ and then the 3™ portions of

20  the co-feed were completed. Once all three portions of the co-feed had been combined in the
wash vessel, agitation was increased. The mixture was heated to the reflux temperature of
about 62°C and stirred at or just below that temperature for about 30 minutes. During this
period the thick emulsion that formed upon mixing the two phases thinned and the organic
phase lost much of its dark color.

25 [0114] Agitation was interrupted and the bottom organic layer cut from the reactor. The
organic layer was returned to the completely drained kettle and washed with 1000 mL of tap
water until a pH of 10 was observed.

[0115] The organic solution was fed to a well-stirred 10-liter vessel containing fresh water
with a pot temperature of 95°C. The product precipitated as BCM azeotropically distilled and

30  was removed from the precipitator. The product was collected via vacuum filtration on a 3-
liter coarse glass sintered glass filter funnel. The product was water washed twice (2 x 1000
mL) and left to dry on the funnel. The white filter cake (2400 g) was then dried in an oven

under a nitrogen purge for 36 hours at 105°C. It was then dried further at reduced pressure (4

33



TGA (C) DdD Hunter Solution Color WD 2010/065467PCT/ US2009/ 066132 9 q
S617 17L S*617 Or SZ 2501.77 00017 (z-s-)17- IN S6179ZT L. L TZ L8
. 1787 WO 288/065467 SO017 PCT/US2009/066132

hrs, 105°C, 30 in. Hg vacuum) resulting in 1200 g of an off-white product, analyses of which

are summarized in Table 4.

EXAMPLE BR-20
5 Bromination of SBSPD1

[0116] The procedure of Example BR-19 was used except that the co-feeds were conducted

using 1992 g of a 0.25 wt% AlBrs.

[0117] The isolation procedure provided 2500 g of a wet cake which was then dried in an

oven under a nitrogen purge for 36 hours at 105°C. It was then dried further at reduced
10 pressure (4 hrs, 105°C, 30 in. Hg vacuum) resulting in 1247 g of an off-white product,

analyses of which are summarized in Table 4.

EXAMPLE BR-21
Bromination of SBSPD3c alternate isolation procedure for low T, product

15 [0118] The procedure of Example BR-19 was used except that 500 g of SBSPD3c was
combined with 1500 g of dry BCM and was co-fed with 1941.18 g of bromine containing 0.25
wt%AlBr;. The co-feed was conducted in three 60 minute periods each feed was fed to 1266
grams of dry BCM.

[0119] Each of the three reactions mixtures were separately processed by feeding the reaction

20  mixtures to the 5 liter quench vessel containing initially 1000 mL of fresh water. Unreacted
Br, was reduced by the addition of 10% sodium bisulfite. The reaction mixture was then
transferred to a wash reactor where it was washed with 10% NaOH and subsequently with
fresh water until the pH of the wash water was < 10. The three wash solutions were then
combined and on a later date reworked. The combined material was divided in two portions.

25  Each portion was separately treated with 1000 g of 0.2 wt% NaBH, in 2% NaOH at about
62°C in the wash reactor with good agitation to assure mixing of the two phases. The organic
phase was separated aqueous wash and then washed with fresh water until the pH of the wash
was < 10. The separate feeds were combined and concentrated to a volume of 3.8 liters.
[0120] The concentrate was devolatilized by passing it through a heated column at 185°C.

30 BCM was distilled overhead and the product was collected as a melt containing about 2 wt%
residual BCM. The melt (having a fishlike amine odor) was transferred to a 1 liter oil-
jacketed resin kettle with a stainless steel agitator and a heated (heat trace tape) bottom drain
valve. The mass was melted (130 °C oil-jacket temperature) with mixing under vacuum BCM

was condensed overhead. The strip was continued as the jacket temperature was slowly
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increased to 180°C as the pressure in the reactor was decreased. The strip was deemed
complete when a vacuum of about 3 mmHg was achieved.
[0121] Nitrogen was bled into the resin kettle to restore an ambient inert atmosphere. The
entire content of the resin kettle was then dropped as the melt through the heated valve into a
5  vigorously stirred (2000 RPM) 2.5 gallon pail containing 2 gallons of tap water. The resulting
granulated product was collected in a 3-liter glass filter funnel (coarse glass filter). The
product was reslurried on the filter with 2 liters of methanol and filtered. Air was pulled
through the filter cake to evaporate absorbed methanol. The wet cake was placed in drying
trays and dried at 45°C in a vacuum oven at 25 in Hg vacuum. The process yielded 1389.2

10 grams of product analyses of which are summarized in Table 4.

EXAMPLE BR-22
Bromination of SBSPD3c

[0122] The procedure of Example BR-21 was used except that 500 g of SBSPD3c was
15  combined with 1500 g of dry BCM and was co-fed with 2333.33 g of bromine containing 0.25

wt%AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1333 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1478.35 grams of product, analyses of which are summarized in Table 4.

20 EXAMPLE BR-23
Bromination of SBSPD3b

[0123] The procedure of Example BR-21 was used except that 500 g of SBSPD3b was

combined with 1500 g of dry BCM and was co-fed with 1941.18 g of bromine containing 0.25
wt%AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
25 1283 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1345.7 grams of product, analyses of which are summarized in Table 4.

EXAMPLE BR-24
Bromination of SBSPD3b

30 [0124] The procedure of Example BR-21 was used except that 500 g of SBSPD3b was

combined with 1500 g of dry BCM and was co-fed with 2333.33 g of bromine containing 0.25
wt%AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1283 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1537.9 grams of product, analyses of which are summarized in Table 4.
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EXAMPLE BR-25
Bromination of SBSPD4b

[0125] The procedure of Example BR-21 was used except that 500 g of SBSPD4b was

combined with 1500 g of dry BCM and was co-fed with 2125 g of bromine containing 0.25
5  wt% AlBrs. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1283 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1466.05 grams of product analyses of which are summarized in Table 4.

EXAMPLE BR-26
10 Bromination of SBSPD4b

[0126] The procedure of Example BR-21 was used except that 500 g of SBSPD4b was

combined with 1500 g of dry BCM and was co-fed with 2571.43 g of bromine containing 0.25
wt%AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1283 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

15  yielded 1697.4 grams of product analyses of which are summarized in Table 4.

EXAMPLE BR-27
Bromination of SBSPD4b
[0127] The procedure of Example BR-20 was used except that 500 g of SBSPD4b was

20  combined with 1500 g of dry BCM and was co-fed with 2846.15 g of bromine containing 0.25

wt%AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1400 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1791.25 grams of product analyses of which are summarized in Table 4.

25 EXAMPLE BR-28
Bromination of SBSPD4b

[0128] The procedure of Example BR-21 was used except that 500 g of SBSPD4b was

combined with 1500 g of dry BCM and was co-fed with 2125 g of bromine containing 0.25
wt%AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
30 1283 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1468.85 grams of product analyses of which are summarized in Table4.
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EXAMPLE BR-29
Bromination of SBSPD4b

[0129] The procedure of Example BR-21 was used except that 500 g of SBSPD4b was

combined with 1500 g of dry BCM and was co-fed with 2571.43 g of bromine containing 0.25
wt%AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1283 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1647.2 grams of product analyses of which are summarized in Table 4.

EXAMPLE BR-30
Bromination of SBSPD?2

[0130] The procedure of Example BR-19 was used except that 340 g of SBSPD2 was

combined with 1020 g of dry BCM and was co-fed with 2059.8 g of bromine containing 0.25
wt% AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
866 g heel of dry BCM. The process yielded 1159.75 grams of product analyses of which are

summarized in Table 4.

EXAMPLE BR-31
Bromination of SBSPD?2

[0131] The procedure of Example BR-19 was used except that 296 g of SBSPD2 was

combined with 888 g of dry BCM and was co-fed with 1995.78 g of bromine containing 0.25
wt% AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1283 g heel of dry BCM. The process yielded 1074.45 grams of product analyses of which are

summarized in Table 4.

EXAMPLE BR-32
Bromination of SBSPD5c

[0132] The procedure of Example BR-21 was used except that 500 g of SBSPD5c was

combined with 1500 g of dry BCM and was co-fed with 1985.07 g of bromine containing 0.25
wt% AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1283 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1357.3 grams of product analyses of which are summarized in Table 4.
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EXAMPLE BR-33
Bromination of SBSPD5c¢
[0133] The procedure of Example BR-21 was used except that 500 g of SBSPD5c was
combined with 1500 g of dry BCM and was co-fed with 2389.83 g of bromine containing 0.25

5 wt% AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1283 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1552.6 grams of product analyses of which are summarized in Table 4.

EXAMPLE BR-34
10 Bromination of SBSPD5b

[0134] The procedure of Example BR-21 was used except that 500 g of SBSPD5b was

combined with 1500 g of dry BCM and was co-fed with 1985.07 g of bromine containing 0.25
wt% AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1283 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

15  yielded 1382.5 grams of product analyses of which are summarized in Table 4.

EXAMPLE BR-35
Bromination of SBSPD5b

[0135] The procedure of Example BR-21 was used except that 500 g of SBSPD5b was
20  combined with 1500 g of dry BCM and was co-fed with 2389.3 g of bromine containing 0.25

wt% AlBrs. The co-feed was conducted in three 60 minute periods with each co-feed fed to
1333 g heel of dry BCM. The workup procedure was that of Example Br-22. The process

yielded 1561.4 grams of product analyses of which are summarized in Table 4.

25 EXAMPLE BR-36
Bromination of SBSPD5c

[0136] The procedure of Example BR-21 was used except that 439.5 g of SBSPD5c was

combined with 1318 g of dry BCM and was co-fed with 2501.77 g of bromine containing 0.25
wt% AlBr;. The co-feed was conducted in three 60 minute periods with each co-feed fed to
30 1333 g heel of dry BCM. The workup procedure was that of Example Br-22. The work-up
involved a heavy rag layer due to insoluble material. Multiple BCM washes of the rag were
employed to recover as much product as possible. The washes were combined with the
organic phase and treated as in Br-22. The process yielded 1264.95 grams of product analyses

of which are summarized in Table 4.

38



L 138.76 Z. z 17179 .9L Z.6017 117Z 0176 008Z LLSS 1-17. 1 S 66
L.." 1- Z2S 9'S Brom nati on Exanpl e SBSPD Substrate 'TAT CHSEES SBSPD PD
W % Br SBERD0Bubstrate (g) Misture (ppm) W% i n BCM ( @rCTRISo0m9066162) BCM
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ct -C? " Idnotes glass transition temperature as determined by differential scanning calorimetry (DSC),
TGA denotes thermogravimetric analysis, FP stands for final product, GPC denotes gel

permeation chromatography result.
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t he fl amewoebaw@sasrs of this invention. 5 Exanples of euthuscanwesitz ona
additives include plasticizers, antioxidants, fillers, pignments, W
stabilizers, lubricants, inpact nodifiers, and the like. [0143] Various
procedures for blending the flane retardants of this invention with
substrate polyners can be used. Non-limting exanples of such procedures

i nclude nelt bl ending, powder blending, and the like. 10[0144]

Thernopl astic articles fornmed fromformul ati ons containing a thernoplastic
polymer and a flanme retardant of this invention can be produced
conventionally, e.g., by injection nolding, extrusion nolding, conpression
nol ding, and the |ike. Blow nolding may al so be appropriate in certain
cases. [0145] In one of the nore particular enbodi nents of this invention,
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Use of and Properties Achievable from the Flame Retardants of this Invention

[0138] As noted above, the brominated branched or star-branched styrene polymeric,
telomeric, and monomeric product distributions of this invention (often referred to hereinafter
as “flame retardants of this invention”) can be used as flame retardants, especially in
5 macromolecular substances such as thermoplastic polymers and thermoset polymers, as well
as elastomers.
[0139] Tllustrative polymers are: olefin polymers, cross-linked and otherwise, for example
homopolymers of ethylene, propylene, and butylene; copolymers of two or more of such
alkene monomers and copolymers of one or more of such alkene monomers and other
10 copolymerizable monomers, for example, ethylene/propylene copolymers, ethylene/ethyl
acrylate copolymers and ethylene/propylene copolymers, ethylene/acrylate copolymers and
ethylene/vinyl acetate copolymers; polymers of olefinically unsaturated monomers, for
example, polystyrene, e.g. high impact polystyrene, and styrene copolymers, polyurethanes;
polyamides; polyimides; polycarbonates; polyethers; acrylic resins; polyesters, especially
15  poly(ethyleneterephthalate) and poly(butyleneterephthalate); polyvinyl chloride; thermosets,
for example, epoxy resins; elastomers, for example, butadiene/styrene copolymers and
butadiene/acrylonitrile copolymers; terpolymers of acrylonitrile, butadiene and styrene; natural
rubber; butyl rubber and polysiloxanes. The polymer may be, where appropriate, cross-linked
by chemical means or by irradiation. The flame retardants of this invention can also be used
20  in textile applications, such as in latex-based back coatings.
[0140] The amount of a flame retardant of this invention used in a formulation will be that
quantity needed to obtain the flame retardancy sought. In general, the formulation and
resultant product may contain from about 1 to about 50 wt% of bromine, introduced therein in
the form of at least one flame retardant of this invention. Preferably, this amount is in the
25  range of from about 5 to about 30 wt% of bromine, introduced into the substrate polymer in
the form of at least one flame retardant of this invention. Masterbatches of polymer are
formed from one or more flame retardants of this invention blended with additional amounts
of substrate polymer. The amount of flame retardant of this invention used in a masterbatch
ordinarily is in the range of 50 to 99 wt%.
30 [0141] Itis advantageous to use the flame retardants of this invention in combination with one
or more suitable flame retardant synergists, such as antimony-based synergists, e.g. Sb>Os.

Generally, the flame retardants of this invention will be used with the antimony based
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synergists in a weight ratio ranging from about 1:1 to 7:1, and preferably of from about 2:1 to
about 4:1.

[0142] Any of a number of conventional additives used in thermoplastic formulations may be
used, in their respective conventional amounts, with the flame retardants of this invention.
Examples of such conventional additives include plasticizers, antioxidants, fillers, pigments,
UV stabilizers, lubricants, impact modifiers, and the like.

[0143] Various procedures for blending the flame retardants of this invention with substrate
polymers can be used. Non-limiting examples of such procedures include melt blending,
powder blending, and the like.

[0144] Thermoplastic articles formed from formulations containing a thermoplastic polymer
and a flame retardant of this invention can be produced conventionally, e.g., by injection
molding, extrusion molding, compression molding, and the like. Blow molding may also be
appropriate in certain cases.

[0145] In one of the more particular embodiments of this invention, the flame retardants of
this invention can be used in various styrenic polymers, including homopolymers and/or
copolymers of various styrenic monomers which typically contain in the range of 6 to 10
aromatic carbon atoms. Examples of such monomers are styrene, alpha-methylstyrene, ortho-
methylstyrene, meta-methylstyrene, para-methylstyrene, para-ethylstyrene,
isopropenyltoluene, vinylnaphthalene, isopropenylnaphthalene, vinylbiphenyl, the
dimethylstyrenes, tert-butylstyrene, and analogous monomers. The flame retardants of this
invention corresponding to Formulas (VII), (VIII), and (IX), and with a bromine content in the
range of about 68 to about 79 wt%, are especially well suited for use in flame retarding impact
modified polystyrenes (e.g., HIPS), styrene-acrylonitrile copolymers (SAN), and impact
modified styrene-acrylonitrile copolymers (e.g., ABS). In these applications, flame retarded
polymers of this invention possess a desirable balance of physical properties, including flame
retardancy, thermal properties, impact properties, and rheological properties.

[0146] In another of the more particular embodiments of this invention, the flame retardants
of this invention that are comprised of brominated styrene telomers corresponding to Formula
(IX), and styrene adducts corresponding to Formula (VIII), products of this invention having
molecular weight distributions in the range of for M, of about 520 to about to about 700, for
M,, of about 540 to about to about 710, and for M, of about 550 to about to about 750 and
PD in the range of about 1.00 to about 1.05, are well suited for use in forming polyurethane

foams, such as flexible polyurethane foams. Typically, such telomers and adducts of this
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invention are introduced into the polyurethane formulation prior to initiation of
polymerization. Typically, the telomers and adducts of this invention are predissolved in a
liquid phosphate flame retardant such as isopropylated triphenyl phosphates. For use in this
manner, the preferred telomers and adducts corresponding to Formula (IX) are those which are
5 derived from o-xylene. As is well known in the art, formulations used for preparing flexible
polyurethane foams comprise as components or ingredients at least isocyanate, polyol,
surfactant, catalyst, and blowing agent. The brominated telomers and adducts of this
invention are deemed suitable for use as flame retardant components to be included with such
formulations used for preparing polyurethanes. The catalyst is usually added to the
10 formulation as the final ingredient so that polymerization occurs. When the brominated
telomers or brominated adducts of this invention are introduced into the polyurethane
formulation along with an alkylated triphenyl phosphate such as isopropylated triphenyl
phosphate the resultant flexible polyurethane foam is characterized by having excellent scorch
resistance. Alkylated triphenyl phosphates, as well as other known materials are known to
15  also function as flame retardant synergists.
[0147] Among particular flame retarded compositions which can be formed by use of a flame
retardant of this invention are the following:
A) A HIPS-based formulation containing a flame retardant amount of a brominated flame
retardant of this invention. Such formulations can be composed of primarily HIPS or they can
20  be an alloy of HIPS, such as a polyphenylene ether-HIPS blend. These are flame retarded
compositions formed by blending a brominated flame retardant of this invention with the
HIPS or alloy thereof.
B) An ABS-based formulation containing a flame retardant amount of a brominated flame
retardant of this invention. Such formulations can be composed of primarily ABS or they can
25 be an alloy of ABS, such as a polycarbonate-ABS blend. These are flame retarded
compositions formed by blending a brominated flame retardant of this invention with the ABS
or alloy thereof. C) A polyolefin-based formulation containing a flame retardant amount of
a brominated flame retardant of this invention. Such polyolefin-based formulations include
polyethylene, polypropylene, and ethylene or propylene copolymers with other olefinic
30  monomers copolymerizable therewith. These are flame retarded compositions formed by
blending a brominated flame retardant of this invention with a polyolefin homopolymer or

copolymer.

D) An engineering thermoplastic-based formulation containing a flame retardant amount
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of a brominated flame retardant of this invention. These are flame retarded compositions
formed by blending a brominated flame retardant of this invention with an engineering
thermoplastic polymer or blend thereof.

E) A formulation as in D) wherein the engineering thermoplastic is a thermoplastic
polyester. These are flame retarded compositions formed by blending a brominated flame
retardant of this invention with a thermoplastic polyester or blend thereof.

F) A formulation as in D) wherein the engineering thermoplastic is a thermoplastic
polyamide. These are flame retarded compositions formed by blending a brominated flame
retardant of this invention with a polyamide thermoplastic or blend thereof.

G) A formulation as in any of A)-F) wherein the flame retardant amount is in the range of
about 1 to about 95 wt% based on the total weight of the formulation.

H) A formulation as in any of A)-F) wherein the formulation additionally contains a
synergistic amount of a flame retardant synergist.

D A flame retarded thermoset resin composition which comprises a thermoset resin in
which has been included a flame retardant amount of a brominated flame retardant of this
invention.

1)) A composition as in I) wherein said thermoset resin is a novolak resin.

[0148] The beneficial combination of properties that become manifest when a flame retardant
of this invention is blended into a polymeric substrate such as a thermoplastic resin were

demonstrated by a group of tests in which the substrate polymer was a high impact polystyrene
(Dow® 801 high impact polystyrene resin). The materials tested, the tests utilized, and results

of such tests are summarized in Table 5. In Table 5 (and in subsequent Table 6) Br-FR
denotes brominated flame retardant of this invention, HDT denotes heat deflection

temperature test results, and MFI denotes melt flow index test results.
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[0150] Another group of tests was carried out in which the substrate polymer was an ABS

polymer (Dow® 342EZ ABS). Once again, the beneficial combination of properties that

10 become manifest when a flame retardant of this invention is blended into a polymeric
substrate was demonstrated by these tests. The materials tested, the tests utilized, and results

of such tests are summarized in Table 6.
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[0151] As can be seen from the results summarized in Table 6, the flame retardants of this
invention contribute effective flame retardancy as measured by the UL—94® test procedure, while

providing substantially improved melt flow of the polymer resin without sacrifice of thermal
properties such as heat distortion temperature (HDT) and thermal heat deflection as measured by
Vicat performance. Additionally, the molded articles of this resin are off-white and have

excellent impact properties as measured by the notched Izod Impact Test.

Analyvtical Methods

[0152] Known analytical methods can be used or adapted for use in assaying the characteristics

of the compositions and formulations of this invention.

Total Bromine Content

[0153] Since the compositions of this invention have good, or at least satisfactory, solubility in
solvents such as tetrahydrofuran (THF), the determination of the total bromine content for the
compositions of this invention is easily accomplished by using conventional X-Ray Fluorescence
techniques. The sample analyzed is a dilute sample, say 0.1 g +/-0.05 g in 60 mL. THF. The XRF
spectrometer can be a Phillips PW1480 Spectrometer. A standardized solution of bromobenzene
in THF is used as the calibration standard. The total bromine values described herein and

reported in the Examples are all based on the XRF analytical method.

Hunter Solution Color Value Test

[0154] To determine the color attributes of the flame retardant compositions of this invention,
use is again made of the ability to dissolve these compositions in easy-to-obtain solvents, such as
chlorobenzene. The analytical method entails weighing a 5 gram +/-0.1 g sample of the
composition into a 50 mL centrifuge tube. To the tube also add 45 g 4+/-0.1 g chlorobenzene.
Close the tube and shake for 1 hour on a wrist action shaker. After the 1 hour shaking period,
examine the solution for undissolved solids. If a haze is present, centrifuge the solution for 10
minutes at 4000 rpm. If the solution is still not clear, centrifuge an additional 10 minutes. Should
the solution remain hazy, then it should be discarded as being incapable of accurate
measurement. If, however, and this is the case most of the time, a clear solution is obtained, it is

submitted for testing in a HunterLab Color Quest Sphere Spectrocolorimeter. A transmission cell
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having a 20-mm transmission length is used. The colorimeter is set to "Delta E-lab" to report
color as AE and to give color values for "L", "a" and "b". Product color is determined as total
color difference (AE) using Hunter L, a, and b scales for the 10% by weight concentrations of the

product in chlorobenzene versus chlorobenzene.

Yellowness Index Hunter Colorimeter

[0155] Compositions of this invention were subjected to the analysis described in ASTM D 1925

T, Values
10 [0156] T, values were obtained by DSC with a TA Instruments DSC Model 2920. Samples were
heated to 400°C. at a rate of 10 C°/min under nitrogen. T, is determined by noting the change in
the specific heat of a polymer at the glass to rubber transition. This is a second order
endothermic transition (requires heat to go through the transition). In DSC, the transition appears
as a step transition and not a peak such as might be seen with a melting transition. See, The
15 Elements of Polymer Science and Engineering, An introductory Text for Engineers and Chemist,

Alfred Rudin, Academic Press, Orlando FL, 1982, pg 403.

Thermogravimetric Analysis.

[0157] Thermogravimetric analysis (TGA) is also used to test the thermal behavior of the flame
20  retardant compositions of this invention. The TGA values are obtained by use of a TA
Instruments Thermogravimetric Analyzer. Each sample is heated on a Pt pan from 25°C to about

600°C at 10 C°/min with a nitrogen flow of 50-60 mL/min.

Thermal Stability Test (Thermally Labile Bromine Test).
25  [0158] This test procedure essentially as described in U.S. Pat. No. 5,637,650. In conducting this

test, each sample is run in duplicate. A 2.00 g +/-0.01 g sample is placed into a new clean 20 mm
by 150 mm test tube. With a neoprene stopper and Viton® fluoroelastomer tubing, the test tube is
connected to a nitrogen purge line with exit gas from the test tube being passed successively
through subsurface gas dispersion frits in three 250-mL sidearm filter flasks each containing 200
30  mLof0.1 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
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then replaced with a clean dry test tube, and the apparatus is purged with nitrogen for an
additional 10 minutes with the empty test tube in the 300°C salt bath. The test tube, tubing and
gas dispersion tubes are all rinsed with deionized water, and the rinse is combined quantitatively
with the solutions in the three collection flasks. The combined solution is acidified with 1:1
HNO:s and titrated with 0.01 N AgNOs using an automatic potentiometric titrator (Metrohm 670,
716, 736, or equivalent). Results are calculated as ppm in accordance with the equation:

HBr = (mL AgNOs to end point)  (normality of AgNO3) « (80912)/(sample wt.)
The tubing is thoroughly dried with nitrogen before the next analysis. Each day before the first
sample, three empty clean test tubes are run as blanks to assure there is no residual hydrogen

halide in the system.

GPC Molecular Weights for the Unbrominated Styrene Product Distributions

[0159] The M,,, M,, M, and Pd values were obtained by GPC using a modular system with a
Shimadzu autosampler (model SIL-9), a Shimadzu refractive index detector (model RID-6A), a
Waters HPLC pump (model 510) and a Waters TCM column heater. The columns used were
Polymer Labs (Varian) Oligopore columns, 300 mm by 7.5 mm, part number 1113-6520. The
solvent used was tetrahydrofuran, HPLC grade. The test procedure used entailed dissolving
approximately 0.10 g of sample in 10 mL of THF. An aliquot of this solution is filtered and 50
uL is injected on the columns. Based on isolated C;¢H;7 and C,4H»s (for xylene isomers), and
C17 Hyg and C,sHy7 (for mesitylene) and the mode of separation is size exclusion, peaks are
identified according to their order of elution as for xylenes: CisH17, C24Has C3:H33 CaoHay CagHuao,
etc; and for mesitylene C7H19, CysH7 Ci3H3s CajHas CagHsy, efc The individual peaks of the
oligomeric material are then assigned molecular weight values based on their formula. A
calibration curve is constructed using these values and their corresponding retention times. Based
on this calibration, the overall distribution data is calculated and reported. The calculations were
performed by the Viscotek Omnisec, version 4.2.0.237 gel permeation chromatography (GPC)

data collection and processing system

GPC Molecular Weights for Brominated Flame Retardants

[0160] The M,,, M,,, M, and PD values were obtained by gel permeation chromatography (GPC)
using an integrated multidetector GPC system manufactured by Viscotek Corporation. The

system includes a combination pump and autosampler (model GPC-Max) along with an
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integrated detector system (model TDA) which includes a refractive index detector (RI) along
with a dual angle light scattering detector. The columns used were Polymer Labs (Varian)
Oligopore columns, 300 mm by 7.5 mm, part number 1113-6520. The solvent used was
tetrahydrofuran, HPLC grade. The test procedure entails dissolving approximately 0.20 g of
sample in 10 mL of THF. An aliquot of this solution is filtered and 50 pL is injected on the
columns. Light scattering determinations require a single polystyrene standard for calibration. A
polystyrene standard with a known molecular weight of 19,550 Daltons was used to calibrate the
detector system. The software used to determine the molecular weight distribution was Viscotek
Omnisec, version 4.2.0.237 gel permeation chromatography (GPC) data collection and

processing system.

Analvytical Methods for Molding Articles:
[0161] HDT was determined by ASTM D 648; Vicat, °C by ASTM D 1525; Izod Impact by
ASTM D 256; Melt Flow Index by ASTM D 1238; and UL-94, 1/8” (3.2 mm) rating by UL-94.

Color properties were determined by ASTM D 1925.

[0162] The flame retardant compositions of this invention are used with flame retarding
synergist. These synergists are those that are commonly used with aryl brominated flame
retardants and are well know in the art. Exemplary of such synergists are iron oxide, zinc borate,
or, preferably, antimony oxide synergist, such as, antimony trioxide, antimony pentoxide,
potassium antimonite, sodium antimonite. The amount of flame retardant synergist, when used,
generally will be in the range of up to about 12 wt% based on the total weight of the HIPS or
ABS based formulation. Synergist amounts will most often fall within the range of from about 1
to about 6 wt%. Departures from the foregoing ranges of proportions are permissible whenever
deemed necessary or desirable under the particular circumstances at hand, and such departures
are within the scope and contemplation of this invention.

[0163] 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 chemical changes, transformations
and/or reactions, if any, take place in the resulting mixture or solution as such changes,
transformations, and/or reactions are the natural result of bringing the specified components

together under the conditions called for pursuant to this disclosure. Thus the components are
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identified as ingredients to be brought together in connection with performing a desired operation
or in forming a desired composition. Also, even though the claims hereinafter may refer to
substances, components and/or ingredients in the present tense ("comprises”, "is", etc.), the
reference is to the substance, component or ingredient as it existed at the time just before it was
5  first contacted, blended or mixed with one or more other substances, components and/or

ingredients in accordance with the present disclosure. The fact that a substance, component or
ingredient may have lost its original identity through a chemical reaction or transformation during
the course of contacting, blending or mixing operations, if conducted in accordance with this
disclosure and with ordinary skill of a chemist, is thus of no practical concern.

10 [0164] Each and every patent or publication referred to in any portion of this specification is
incorporated in tofo into this disclosure by reference, as if fully set forth herein.
[0165] 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 herein is intended

15  tocover one or more such elements, unless the text taken in context clearly indicates otherwise.
[0166] The invention may comprise, consist or consist essentially of the materials and/or
procedures recited herein.
[0167] 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

20  invention to the particular exemplifications presented hereinabove.
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CLAIMS:
1. A composition which comprises a mixture of branched or star-branched styrene product

distributions of the formula:
ey (CH;3)yCsHa[CH2(CH,CHC6Hs), ] CH,CH,CsHss
5  wherein each C¢Hsis a phenyl group and each CgH, is a substituted phenyl group and for each
molecule of said formula, n is a whole number and is in the range of 0 < n < 8; a is,
independently, a whole number in the range of 2 to 4; b is, independently, a whole number in the
range of 0 to 3; c is, independently, a whole number in the range of 1 to 4; and the sum of a +b +
¢ = 6 for any discrete molecule, and with the further proviso that said distribution optionally
10  further contains CTA in an amount of not more than 0.1 wt%, and wherein said distribution is
further characterized by having an M, in the range of about 211 to about 1050, an My, in the
range of about 211 to about 2600, an M, in the range of about 211 to about 3500, and a PD in the
range of about 1.000 to about 2.000.
2. A composition as in Claim 1 wherein said distribution is further characterized by having
15 an M, in the range of about 300 to about 1050, an M, in the range of about 350 to about 2600, an
M, in the range of about 400 to about 3500, and a PD in the range of about 1.1 to about 2.0.
3. A composition as in Claim 1 wherein n is a whole number and is in the range of 0 <n <
4; and wherein said distribution is further characterized by having an M, in the range of about
212 to about 488, an My, in the range of about 212 to about 2300, an M, in the range of about
20 226 to about 2800, and a PD in the range of about 1.002 to about 1.150.
4. A composition as in Claim 1 which comprises a mixture of branched or star-branched
styrene monomeric product distributions of the formula:
(Iv) (CH;)yCsHa(CH2CH2CH,CeHss).
wherein each CgHs is a phenyl group and each CgH, is a substituted phenyl group and for each
25 molecule of said formula, a is, independently, a whole number in the range of 2 to 4; b is,
independently, a whole number in the range of O to 3; c is, independently, a whole number in the
range of 1 to 4; and the sum of a +b + ¢ = 6 for any discrete molecule, and with the further
proviso that said distribution optionally further contains CTA in an amount of not more than 0.1
wt%, and wherein said distribution is further characterized by having an M, in the range of about
30 211 toabout 551, an My, in the range of about 211to about 551, an M, in the range of about 211
to about 551, and a PD in the range of about 1.000 to about 1.100.
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5. A composition as in any of Claims 1-4 which comprises a mixture of branched or star-

branched styrene monomeric product distributions of the Formula V below.
V) CeHsCH,CH2CsHa.1(CH3 )b, [CH2(CH,CHCHs), . CHCH>CHss

wherein the amount of V present is in the range of 0 to 5 wt%; and wherein each C¢Hs is a phenyl
group and each C¢H, ; is a substituted phenyl group; n is a whole number and is in the range of 0
<n <8; ais, independently, a whole number in the range of 2 to 4; b is, independently, a whole
number in the range of 0 to 3; ¢ is, independently, a whole number in the range of 1 to 4; and the
sum of a +b + ¢ = 5 for any discrete molecule.

6. A process for producing a composition as in any of Claims 1-5, which process comprises:
D feeding styrene into an agitated reaction mixture formed from components comprising
CTA, alkyllithium, and TMEDA and/or PMDTA promoter, at rates of (i) moles of styrene/moles
of CTA/hour in the range of about 15 to about 150 and (ii) moles of styrene/moles of
alkyllithium/hour in the range of about 0.15 to about 3.0; with a molar ratio of styrene:CTA in
the range of about 0.1 to about 10, a molar ratio of styrene:alkyllithium in the range of about 60
to about 360, and a molar ratio of promoter:alkyllithium in the range of about 0.95 to about §;
and maintaining a substantially constant temperature of the reaction mixture in the range of about
70°C to about 120°C; the agitation being at least sufficient to maintain a substantially
homogeneous concentration profile in the reaction mixture;

1)) quenching the reaction mixture while at a temperature of below about 95°C with a protic
solvent which, (1) if water is the quenching solvent, making at least one phase cut, and (ii) if a
quenching solvent other than water is used, adding wash water and making a phase cut; and
1) separating and recovering said promoter and unreacted CTA from the reaction mixture,
whereby water is also removed from the reaction mixture, and continuing the separation such that
the CTA content of the resultant product mixture is less than 0.1 wt%.

7. A process as in Claim 6 wherein the protic solvent employed in the quench is
deoxygenated water.

8. A process as in Claim 6 wherein the protic solvent employed in the quench is other than
water, the added wash water is deoxygenated water.

9. A process as in any of Claims 6-8 wherein the process is conducted using TMEDA as the
promoter and is conducted at rates of (i) moles of styrene/moles of CTA/hour in the range of

about 0.4 to about 3 and (ii) moles of styrene/moles of alkyllithium/hour in the range of about 40
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[0167] This invention is susceptible to considerable variation in its
practice. Therefore the foregoing descriptionis not intended to limt, and
shoul d novohelcssstrued as |imting, the 20i nventi on toPCmaspavs@at ar
exenplifications presented herei nabove. W) 2010/ 065467PCT/ US2009/ 066132
CLAIMS: 1. A conposition which conprises a m xture of branched or
star-branched styrene product distributions of the formnula: (I%ngIjB) bCo6Ha

[ CH2 ( CHeEmesd@ ] e ohpleppabenn thapegef ) te dchis asiependendlyphwhgle ngmbeipgnélied each
CoHa is_a s tituted . .phenyl.gro and .for each no ule.of. said farmula, n
A e e S S ST R ) G R T A
whol e nudIE huhPertii ehelraR@eof@f to3; i the siinio$ x + nAeperdLMd the sian Whiol p=Buysber in
the range of 0 to 3; c is, independently, a whole nunber in the range of 1
to 4; amyl disseetsmelespleathepramine coptentorf saycogipssition deimglie thel rangeadidibaiti4? t he
fur hervﬁ%r ﬁvibsot?]&attqsai d distribution optionally 10 further contains CTA
in dn ansUHt* S not' ffore than 0.1 wt% and wherein said distribution is

f ur t herjochar astfih#ed 1By Rai48 capddRidns Iy oPOGEN O 4- 2D RNhedhdrab @risdout
1050, an Mv in the range of about I%11 to about 2600, an M in the range of
about 2n ithatothg hgemi@sdOaromatic aoRmer rocheor hangea diGAabywight 1oG0d 3% wividut

2. 000. ¢ 2. A corrtgogﬂi ti g({)}gs in %ai m 1l wherein said distribution is

f ur t her®PRAPYET &FRTE aB|§7 SHEPedan Ma in the range of about 300 to about
1050, am, Mv A Brduhifatb@88e RlardRREémARRidnQs RAY LT 26885 1418 MrthbithhAswefiakge of
about 400 to about 3500, and a PDin the range of about 1.1 to about 2.0.

3. 18 canpuwsiheibvemmgted aradhaicrpolymdrdned hermald1Br wahwlag 30{1oe thegangeiof belowt he
range oh 8 <n <1 4. ﬁgéj wherei n said d'éstri Quti on is further characterized
by haviAgIercton limit oha! pRIRdR N Mmotpdian a59% 208 PRBout 488, an Mw in the range
of about] 212 bRnARABE 2RO Rtard@dht %mb&itgdﬂ%(% Ezrﬁdﬁg%f Qfairﬁé)mﬂiSS %@th@%@a%@teﬁ?&yt

2800, and a PD in the range of about 1. t0 about 1.

conposiih ttem thedrémin@ed iamniatigtpoymer bapr AE esluaimthg Huner §6lubpmf'olve & abre Test
star-br.anched styrene, nononeric product distributions of the formula:
(w)(%?%%%@%@ﬂ?@-@%%ﬁﬁmher ein each C6H5 is a phenyl group and each
C6Ha 1 9% S%ﬁfdrﬁiﬂﬁt@&‘ﬂ%@f&a{rdzgﬁ Q&Hpé"s'ﬂﬁ)nfa%n a%?rBPC?alr’m@péL?@fﬂr@le@haﬁl@{eﬁzed .
formula, a is, independently, a whole nunber “in the range of 2 to 4; b is,
i ndepenidéni the bramwhGidereratizgrolymerthae a ghngearsitiod ttrop&atuce inshe fangepedent | v,
a whol e @{B}gbeé ig 6% range of 1 to 4; and the sumof a +b + ¢ = 6 for any
di scr et® dp abentd®0%nd with the further proviso that said distribution
optionaly y further, eqntak Ao hiflle AIRMB e QfdaRPboBE St ahibh hroitede and
wher ei n3sai cﬁcﬂrstr? gut onﬁgggurtﬁér char actrgrl;zaed %@Bﬂa\lﬂs r’lgﬂelaln ij/é in the
range calongibeed bB3MniAdting o dirdbittidb df baanchMd iand/bhetar-brapehal s@lradt payliiés, about

551, an At in the range of about 211 to about 551, and a PD in the range of

abotlt 1006t Y ABBEH NIEOBIANADY B0 LT BeEHER POTPSPH08 ABE 15D picsepce of a
CONMPOS At cAnbthe A Phwfd Aidrdrithattl CRaGRI 5313 Wiitreh aPiAGCNe
or star-branched styrene nononeric product “di stributions of the Formila V
bel ow. subyt&EHHICHR CHAEHHAAI naLbiE) do i s[aCrRp P2 e th) the regkd OHGabbutwWhEFCei n
the amount of V present is.in the range of 0 to 5 w% and wherein each
C6H5 i <0 abPHErfy to iorypsampatHorbRingmMaNing contenssetrniied dy gnithefapgsp; n
is a I ke I S~d he range of 0 < n < 8; ais, independently, a
whol evwrbgr?g%g I'n t’[q gonér:i)glrl]lg? gllt%Z to 4, b is, independently, a whole nunber in
t hesr ange ofA GroeesS;as Cini Clairh MBe paveenthey bramintidre ineffesd bp depsratenger of 1
to 4; and the sumof a +b + ¢ = 5 for any discrete nolecule, 6. A process

for prc@uedrFgtly feedingdviacoabingsion af thehrogrinatingjagent audsthe Hromipation satalyst, and
rom conpatERipbtbESELN LN S Rueadl AR WA o h Gl Qv B R

pr onot edone aitid1Btc@stadfing the séDédor Ohedd by 4 pri@/reaeties mdituChAd hetsafiéntohtamingange
of about 15 to about 150 and (ii) noles of styrene/noles of ,

al kyl | iamadsienogfure i the eolyeigaiddeedippbeing further ehagtsériized irpthayhe feeds aigliar
rat,o of .St : CTA in.the e about 0. (o) : l.ar ratio
o 00y rag LIRS Rr RS o6 B Ber BiRllaiab O AR s o BB ofbstly ™

mol ar  rigdpirfhe@baiRst@AEH ®herdb Ak h 1dchllyRlch BotdeBu i@t tf coalpohéntOof9B ah@(ipRout  8;
and nmai ntaining a substantially constant tenperature of the reaction

m xt ur eéichigvedsaiddergls oseureibg subspd@ette adigoist Phps@ @, the FRackey mattisn bei ng at

| east sufficient to maintain a substaptially honbgeneous concentration
profile in the reaction mxture; |[|1) quenching the reaction mxture while
at a tenperature of bel ow about 95C with a protic 20sol vent which, (i) if
wat er is the quenching solvent, maeking at | east one phase cut, and (ii) if
a quenching sol vent other than water is used, adding wash water and maki ng
a phase cut; and 111) separating and recovering said pronoter and

T ~T A . . o o I Y



process. 13. A process as in any of Cainms 6-10 wherein an adduct is
formed in which the nole ratio of CTA:styrene is 1:1 and wherein said
adduct, twe 2teassd/ or pronoter(s) are recovered by di sciritstéonsand are
recycled in the process. 20 14. A brom nated fl ane retardant conposition

whi ch conprises a brom nated aronmatic substrate distribution of the
formula: (CH3)bC6H, Bry[ CH2( CH2CHC6H Bri ) "], CH2CH2C6HI Bri wherei n each

C6Hi Bri25is aAlreerishasda Glaenyd3 gtheigp dird bemeinat@gHrsBelfedted Ry eparpieht but
W B L e R L R
whol e ridahietird With B®nliA R s6fveft ih@ ag)'rerﬁixiiﬂig zonB gapeBdRSdu¥tioRin etk Rabddgrber 1 n
the range of 1 to 4; x is, independently, a whole nunber in the range of 0O
to 4; yons, andrghapein denmixfuregfouwnes] i@ the pisarixing zone is thpigeaftasfingoduged, intp thes,

i ndependent | a _whol e.nunber_.i.n . the, ran of. 0.to, 4;.] Iis,.1independently,
& whol deRUSBEP™S. I8 racp Argaeapitig e e poluens g B dlomiion S e Lum
of i + dptionallyf dPor@sWofdiHel §1i@intRUeaInaf pant x ¥WNREb&turdt) wiBhuifadd &tallighnt i on
is further characterized by having an NF in the range of about 420 to
about 380¢:; inghe iaction mhx¢urcange of about 420 to about 6250, an M in the

range about 420 to. about 937, PD in,the.ran of . apout 1 .00 to
about 3.{600, %r?aocteﬁseaw 61% o{)gf?a&@ﬁt%gﬁdgﬁ%nn%al%?em 848 %ror.mna ion catalyst
2010/ 0GSAASRATL WSZORMRBSIFamiRL 8 FluRRRR YRS ideof DR REAThAREd product
distribution is in the range of about 45 wt%to about 79 % 15. A

br dfi n&7ed fA areessetsan fdaim IbowpwsintspidrbraminatiolCeatihystlig akwhreneh trikyaingde.
distribytion is further, ch cterized by havin n Mi . in the.ran of
about | 90 ¢ o AISER: S366 S Hr P HnoRE BomLRGRn S RyduE e A 6600,
an M im they hRRERK a9in AYRUC1AH303 18 vARAYH sald BdthinAM @taRf is TetrR@nlage of
about 1.0 to about 2.0 the weight percent of brom ne as ‘determ ned by XRF

i n the fbretroaidedagmoehyatihadidst of Hepmpnatofn efhit abtrtwenf ittenforegoing. t he range of
about 68 wt % to about 74 %, ~~A. bromnated flanme retardant conposition
2 1 al m A BRGRSRSI of 6 iR gi2g SHBBINe D HAR R EFH PR AHGETBID <
< ‘lsanchl‘.’me%gfbcég%'a%'iﬁh S AN OB 3B whateingE s&@é}ﬁ?scéo%{ﬂri%gﬂ RéofRUteNoAN M i
in the range of about 420 to about 2300, an Mw in the rangg of about 420 to
about 3tO6fpcldoroMethanet he range of about 452 to about 4000, and a PD in the

range of, about 1.00 to abou ..00. 7. A hrom nated flanme retardant
conposits on APPSR hAdY %ﬁwsr%—i? S Bt oot G RFEIna G Chabet

di st ri uddiondhasidellfuh iBingde, Wi RGN BhYi Qi%{:ﬁ% s Brdrhine VWIRF €1 N
each C%ﬁ&ggﬁ IS 5&gr%niﬁate %heﬁ%%ﬁgroup aﬁ%“%&?ﬁ Co ,Bgéﬁfs a nfbnlnated
subst i twiteeein pitesvyvengisaompaised prodoreaatelyol lwomoehlofonsahatef or mul a, s,

i ndependently, a whole nunber_in the range of 0 to. 3; c.is,. independently,
a wiol 3nunterP9555% Ae 1 dRYET §flaims; g3-4> wacredn the, feWbnerdthbrgmingtioh spalysunber

in the . eV i e [ nge of
0"t o 3, GG alokuet ibbibiige, \ERE MAEchpa the I8 BRGS0
i's, I ndeixesidelnt doyvenaisdoalpeisadipiedsminatelhef bramgehlofontktiiame4; and t he sum of
x+y+b+c=6 and the sumof i _+ j =5 for any discrete nolecule, and wherein
sai d di¥hri BUPress & nayHeping Rarictairindhe HiptHaioR Pt ayrane Palymemdn fignge of
about . i { . 1420, an
A in thaniuBClient Saes iR Wi £udaSul R Hon B o sityd thoBOM b 08
1. Q8 tdeahingt 2. 00. 2518. A conposition as in any of Cainms 14-17 which
further conprises a mxture of branched or star-branched styrene nonomeric
pr oduct33di st PEGEISEhE B of h&aims 23t avhrrade thwrocese further comprises (1) quenching

arount Bt S BRSPS LR TR RIS cach

C6Hi Br iaqusod phagindahegzaniephise @y which anshtidasly Lhled kd)Brigdicngadehoisilowted
substituted phenyl 30 group; n is a whole nunber and is in the range of 0 <
n < 8; the ¢antent afpdnamARIi)e agenhpsbant audBite Which i aptienags addedgb) apsugfactgnt g

0 26 a8 TRbastnto BedBAF AAT95h ohd) bl o AR Shlenod Cprtice: hpli o) Whhsasing the

0 to 3jorgariSphdsP GOREME @Rlidoyis pRasehol € nunber in the range of 0 to 4; i is,
i ndependently, a whole nunber in the range of 0 to 4: j is, independently,
a whol e nunber in the range of 0 to 5; and the sumof x +y +b + ¢ = 5 and
the sumof i + =5 for any discrete | ecul e, the brom ne content of said
conposition being in the range of about 45 5 w%to about 79 wt% 19. A
brom nated flanme retardant conposition as in any of Clainms 14-18 further
characterized in that the brom nated aronmati c pol ymer does not have a TGA
wei ght loss of 5% until a tenperature greater than 350C is reached. 20.
A brom nated flame retardant conposition as in any of Cains 14-18 further

T 1 A~ g, o, o o o,



25. A process as in Claim 23 wherein the brom nation is effected by
separately but concurrently feeding (i) the brom nating agent, and (ii) a
di st ri butworromfoese7d styrene polymers in adm xture w t hpomrarseevans@n2 sol vent
into a prem xing zone prior to introduction into the reaction zone, and
wherein the m xture formed in the prem xing zone is thereafter introduced
into the 5 reaction zone, said reaction zone initially containing the

sol vent3and A Reodsssorti in&ilpioh 3 aithareys subseqrgnbist the aagnoping, Bersepaated organiteel |
said introduction, of premxed feed occurring subsurface to a |igu hase
o the TRSEOT b st s bERE dRfh AR NI ARl S il o5
sai d Lewhfiont fdEafe fstid? 0f NairampahiTaoyedbe Sredht alei AlMgls) blvamgde, an
alumnumtrichloride, or a mxture thereof. 10 27. A process as in C alm 26
wher ei rit g &rdpdsatore wighin die wagadlfsomiaboutlddfitmalraut 65%r.omi de. 28. A process as
in aijn 26 wherein sajd. brom natign catalyst .is alumnumtrichlaride. 29.
A poocels ask PRI o CEH Rav e b enriahal it B BraRRtosir DR parS | s
ferric ﬁé@ée@rﬂh%ghfz?%élﬁc?_a@io%@n@‘éario@%'r@i%yaltéﬂ baldrdlQo ﬂéld%h@_‘?i'i@?ﬁﬁlﬁfdn%‘f of at
| east two of the foregoing. 30. A process as in any of Cainms 23-29

wher ei rbromenadonyrast padgmagent enpl oyed is brom ne. 1531. A process as in any
of C ai 23- erei.n the. solvent is_co ri(fed redom nat el y. of

br omochidor orfe jgasegformulatipneontaging gflamg efrdagy ?fﬁthIE}rL%%OW%’rt’é)Pﬁf?‘}Ye

Lew s agicd,ilfomimation catal yst enployed is alum numtribrom de, wherein
the brom nating agent enployed is brom ne, and wherein the solvent is
conpri s priddBiSaxtsed forofuladtioo rootainargoanBiheansgard2@ aBuAt pff the esmpasgtiomofany of
Clainms 23- wherein the Lewis acid brom nation catal yst enployed is

al um Ny e ’P“érlﬁ‘c?g; wherei n the broninating agent enployed is bronine,
and wh in . 1 i : } ne.
3. A b cess P e B S R e

pol ynerd annof Gids d4i2@at i on sol vent is passed through a solid absorbent to

renove pol ar_am ne ir?uriti es gri_or to 25feeding. 35. A Process as i n any
of O aits 23 SWmeEREIs PRENGPOEEESCTTRIHIEN KD CPBBESTH) TGUBAEATHY tthe
regat | %hi@i# KL il RE A1 I‘éﬁﬁﬁn’t Xﬁé&ntto*?‘ﬁ c%ﬁ)ﬁliﬂ&% bf)ghyccﬁftc\'}hiyrﬁt p4-S3ich
quenchi ng formng an aqueous phase and an organic phase’to which is
optionaldly atldetlpgddiorpasiedilginngl atierein daal themmsset lReindonhendlalofesmny

brom nating agent present and/or to which is optionally added (b) a
sur f act®nt 300 enginfsEns heppoplpuigkbage foamlapperntdang fdlimedptrdant anngefueous

phase; ) i RQ: grgani ¢ phase fromthe aqueous phase. WO
2010/ 0&@2”}%@%@%28%‘8&%@%@%%220\ process as in Caim 35 wherein subsequent
t o the quencAfdthuldtioa as ap@adh ad whiegamidd phaseriag tenyoplbieyis aliganbplaghase
derived therefromis washed with a basic, aqueous NaBH4 sol ution to reduce
t heOcoritodyestebf N- br onpani nes that nmay be present, such washi ng(s) occurring
at a tempera L.t hin. the. £ fr 0 U A

pr ocessﬁgs i}r‘l%%ﬁ%:ﬂr%ogég\%gggﬁggt gpe\}\%gs%(gg}‘%?%ghg@%‘%gglgag:slg 32%%%1? g;z)tliccal |y
dried guyapagsed through a solid absorbent prior to renoval of solvent to

yield the distribution of brom nated styrene pol émers. 38. A HI PS- based
f or nul &6 on & &roailationgs an pmaefeClamnudotdh vharebusmd dpme rtardaniioriunt srindte any

of C ai 14-22.. 10 . -.base 0 | at ,on. 6o ining a flame
retar darﬁgea(ﬁnﬁléﬂ]tlt 1otf0 at%ﬁlétpé(;soven%gg?stelﬁc?% tfé {Ozgtn‘;dnfv e h?&f g}eﬁé‘qﬂ@?‘%@- 40. A
pol2gol ef7, n- hasaehul Gomak at AdLFCRNRIZY BY 48, 43, a0RLT, 6f 26 daRtciRRYSImPAtidnhe
conposition of any of O ainms 14-22. 41. A flanme retarded thernoset

resin c9apiosily emtaing ¢ byneeaigsici ameaingof hlame sesardparisynerBist. 15 whi ch has been
included a f] ane ret ardant .amouynt of .a conpositjo f any .of daj.ns 14-22.
42, A Grpodt PRI 8 GRIR AT R ° TAms eiaPnb salrguds am Bidasy of ok

resin. coft@inif®syRgigieeri ng thernopl astic-based fornul ation containing a

flame retardant anpbunt of a conposition of any of Cains 14-22. 44. A

f or mul &% on Agommulatioai ania danywhleCEims 4248 véegdinder dmepnt ke thesphergist s in thea

t her.nopl astic. 20pol yest e 45. A f |l ation as,.,in Claim43 wherein said
engPnedrisig eharnosaeys 12 vt Bueapthoiu i 5 patomaiis > AT ormul ati on
as in any ofa fdralulRiodSordhe %z‘éﬁzhﬁdiéh St ubd(RIR, WRICATEB M atRMP W HardcReriléd Byhe
range of about 1 to about 95 w % based on the total weight of the

f or mul an@imin@ 547 flanfegetardaat, acempesition ghynyodf @himisnkd-B88, 39, 40, 43, 44, 45,
or 46 wherein the fornulation additiopally contains a synergistic anount of
a flame retardant synergist. 48. Afornmulation as in Caim47 wherein the
flame retardant synergist is an antinony-contai ning synergist. 49. A
formulation as in any of Clainms 47-48 wherein the anmount of the synergi st
is in the 30 range of about 1 to about 12 wt % based on the total weight of
the formulation. 50. A fornulation for the preparation of polyurethane,

o, . o T T ] e o o
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51. A formulation as in Claim 50 further comprising at least one flame retardant synergist.

52. A formulation as in Claim 51 wherein said synergist is an alkylated triphenylphosphate.
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