THERAPEUTI C PYRAZOLONAPHTHYRI DI NE DERI VATI VES RELATED

APPLI CATI ONS [0001] This application clains the
whemwsfis¢4sainder 35 U. S. C, 119(e) of U. S. Provi BCDO81008/066218

Application No. 60/943,000, filed June 8, 2007 which

IS incorporated herein by reference inits entirety.
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of ISRFHDE PR AN Hie bassAran the| rpmber ayerpm)m]ecukar tweeightnd, of the

ALOReQfisriflioh 6] er,agenpeenaﬁgsaﬂ' cal Iy acceptabl e sal ts,
wherein Y r one enbodi nent, X can be NL. In
anot her enbodl ment, X can be oxygen@LOOSS] I n anot her
riroaT (Mt formida w6 ANERHet Tormila weArGzaHA(foomyls by ArCHE2,)
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[mmemaabheisalawthommg%e\fstﬂu&u@\ﬂ or N. In one
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be oxygen. 035]. I n_anagt her enbodi nent the conpound
has the for r&éés'%ﬂﬂ)CHzCH(CGHS)]naverage CH,CH,-CgHs

wherein the average n ayerage value is determined by the formula:
n average = (Mn - 196.29) / 104.15.

[0021] The method of determining the M,, for ACTVAP and ACTSP is described in the
“Analytical Methods” section hereof.
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phar maceutically acceptable salts, wherein Y is CM or
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compound has the formula (1j) (lIj) [0039] or tautomer

1hAE eFhe nlkmeieaon PRI o PG tR oo ASOEN B AGESP can be
géherillo ldeiérlb&’ﬁastthé?arﬁ&{llﬂdd)l?m@hfa)uoﬁ H‘V)lnflloﬁélrﬂ:ltlc%rtyr&?el% Ql‘fﬁeﬁresence

t hereof, or their pharmaceutically acceptable sal
ofiqlieRs splwenifvichelsq mgpatpﬁqaséh@trmfer@mmnﬁemwatqlm amount of

blﬁﬁlﬁm@&’rﬁ ¢ha ?sspr&hgte& QRN & N 3‘{7 I)-tétlf%r?eIﬂ%Qe ﬁ}ler?é’ a[nﬂh'é gllrﬁEDA). See

ereof, or their pharnace y "accept a
Ewmlmwwmlamemm [0044] I n anot her enbodi rrent the

W?%gf g%?fjthg a@%shﬁse d sgéI 5%&%13;" l'-%; %)(O(’)g(gagi}ig% c‘eon eél zetfle base

A@Wé’lﬁé’i or WCIRBB nn\Nntu[)IO O4¢6]prdfél‘rcﬂh abhes egedeodibzRNDSt GBC area%.
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Aﬁﬁg(pﬁé?o@r AGTSE el coptainr pentorst thamla qut dcGRGtaatal% rrmbztdsipct The

i, o 8 Ty TS v e e
ACHhY AL, A@TSE’ heihrthph awndlremmatedldlqnoad:cmeptcﬁiﬁérﬁ sfalikeSGPC area
pe‘?&%{s or e)rg]amsplef‘ ﬁeco]ng)rom 9 pm%l;sedrhoa}g gttl R%’T\g{? gl(‘j PXeih g}’ ctort;tgmmg

conpound
less than about 25 GPC area% will in turn contain less than about 25 GPC area%

brominated monadduct, based on the total weight of the composition.

[0024] Since the flame retardant compositions of this invention contain at least about 97
wit% Brominated ACTVAP or ACTSP, and in preferred cases, 99 or more wt% brominated
ACTVAP or ACTSP, the molecular weight measured for the compositions of this
invention are considered to be the same as that for the brominated ACTVAP or ACTSP
components. When the compositions and the brominated ACTVAP or ACTSP of this
invention are subjected to polymeric analysis by GPC (See the “Analytical Methods
section herein), an M,, within the range of from about 1,000 to about 21,000 Daltons will
be measured, preferred is the range of from about 1,250 to about 14,000 Daltons. The
range for the M, value will be within the range of from about 860 to about 18,500 Daltons,
preferred is the range of from about 1070 to about 8,200 Daltons. The polydispersity
(Mw/M,) is below 2.2 and is generally found to be within the range of from about 1.1 and
about 1.7.

[0025] An important feature of flame retardant compositions of this invention is their
compatibility with the host thermoplastic substrate, e.g. HIPS and ABS formulations.
Compatibility is evidenced by the relatively small domain size of the compositions of this
invention within the articles formed from the host thermoplastic formulation.

Compatibility is a function of the degree of miscibility of the compositions in the host
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lﬁa%cegfefoanﬂé%w @retthe t .Aewlytﬁeﬁpé/ﬁealaqsis ssectitye herein).  Since the
bioRRAR ACPOAP &Y §C§‘§P tc@Ql'p?ne% a{ﬁhé %Bﬁf)g%ns qiﬁ_jjléqr?\;e%ﬁon are
or nu i

for use in thernoplastic t1rons,

pragiged drommvery irohust arRAGGRGIgEd base ACTVAP or ACTSP it is possible to

apply bromination process conditions that will push the bromine content of these polymers

to very high levels without attendant excessive thermally labile bromine production, and
excessive chain degradation. Flame retardant compositions of this invention contain from
about 65 wt% to about 80 wt% bromine. It is believed that a particularly commercially
attractive range will be from about 70 wt% to about 79 wt% bromine. Bromine contents
of from about 72 wt% to about 78 wt% bromine are believed to be most favored from a
commercial standpoint. The high bromine contents for the flame retardant compositions
of this invention should enable lower flame retardant loadings on a weight basis without
sacrifice of the flame retarding bromine content of the HIPS or ABS end-product. The
forgoing wt% bromine values are based on the total weight of the flame retardant
composition.

[0028] The flame retardant compositions of this invention, will average from about 2 to
about 4.8 bromine substituents per aryl group in the polymer distribution. Preferably, they
will average from about 3 to about 4.6 bromine substituents per aryl group in the polymer

distribution. Thus, each aryl group in the polymer distribution may contain from about 2



[ 0002] Brom nated polystyrenic (styrenic polyner)
conposi tions have | ong been used as flane retardants
WO poosheuadpl astic fornul ati ons. Brom nat ed pol PCI/YSMN&666218
can be produced by brom nation of polystyrenes, the
pol ystyrenes being derived by free-radical or anionic
pol i zation Qf styreni¢c nononer,  see, for exanp
togbRifor, 'i’gﬁna%é sijuents e ary\@ioup Lorg oy inghdduat n@tsfae@gs aiyl group
badis). 6The’@dn “15()1%5& distdibutonB AadsiBe to%al%l)g' 78@nsﬁtu1:ﬂt§ ag’ﬁéasured
6, 207, 765, 232, 393, 6,232,408, 6 831,
by GPS analysis aqfdthe Bame Tgtarda{ltoe@’sg’osmm and rln,cllfd@$ gmy n@rommated
mbRIRAR bRt RewepdiM ﬁft dﬂ?gthé: ‘aﬁﬁib%ﬁ&?b'l{f does not include
conmer ci al success, artisan is al
regidua] chpingransfer agest nextyregle rmcmmeomf pﬁ@d&cﬂstmamosdfd)mwously,

| RY OF THE INVENTI 4
SETEPL Sk PR B M 6 T VRRTLEXCOROREL pcrr,

the ampbersifrbgonink cmmmmhte dh the Icompﬁsltl(fﬂs af thig ineerafoaris es‘ébﬂ’ttﬁlly the

ar ona I conposi tions:
A ST L I SR P
subﬁﬁtﬁﬁdttﬂ it eakulafedn bpbo WombiddBon W%Bb@)mlﬁev\@heg RF and GPC
thermally |abile Br, the wt % and gpm val ues being

measuEeeioh Moh d he ﬁlﬁilat\‘ﬁé‘llﬁﬂlt“sweciﬁ dewsosition. Wthin

t per | 1 Hl‘éférﬁﬂn%erﬁx@%ﬁt&rt%nﬁtﬂﬁmos' tions in which the
brom nated ACTVAP is brom nated anionic, chain

t CaFlsshabinx SHs(CeHo-BoiGHE- JCAEEERCs HOg®s] ACTVAP and

A , C the first
cg;sﬁgg le?%%@ggﬂglt{rﬁ%& B(f) f/’ﬁlé& Jt(gﬁ%lg& i tlQflyl!]gloﬂgcond case,
sthenene pol yner that have been anionicall yderived and
that have Ihad their respective chain |length

di‘st Prsliti'ORY aeteer ni ned by a chain transfer
nﬂbta&nm&anfﬁhmaﬁe B,y LEE giva By:subsequent |y brom nat ed

yield the fl retardant conpositions of this
it T n(bfmﬁ@edgng‘ivﬁ(e# fer agent is preferably
toI uene. [0006] The use of the chain transfer
md OR AYFragn mbeR el Phenyl rings e grolec@heny) trge) dnitien &y of
c SAvwheieral Fdlabeyte |t hi um pol ynerization initiators.
TR&C®i kyl |ithiuminitiators are also widely used in
c 8nvenTi(Wnalopely mt36.2241 1¢h1Df styrene. However,
t ked:e, the polymer growth is not determnined by chai n
transfer, but rather, by quenching of the lithium
e MigrRate S L b0t F (IRgvttdisy/1098 of stoichionetric
anmounts (rather than catalytic anmounts) of |ithium
alkheydfsretxds givtbyy t he desired polynmeric chain | engths.
Thus, polyners using a chain transfer nmechanismto

d Qt:aBI{;FLIQ ¢ Pﬁﬁhl@'l z@er'Jg HMrhbro%ﬂLt&‘Q)y (@t% B ? 8@53 r2a'|b11 gera%eo st
advantage that i1nures to the cost advant age oOf the

Cgrmq§ br%r!nnated? (th(y Et}‘l/%()} me'n[[% gmbro mate 7196 m / ﬁbﬁ

retar dant conposi tions of I nventi on éxhi

a ot her [ ss transit e t ,
104@51%:“;015 coacl (&t"@o dlflgtﬁes)/(? +gtI€l ﬁmmmdés('l W B&ﬁﬂ@)-f G624 £
ositions to fl ams retard H PS and ABS fornul ati ons

i AL LA T R R oL

[092&} epItebiveds tearindi is tadiet ted byt @hgoeisra ol s pfobkst) pardn@@&8lfor the
bré?@m&ﬁ% at) on Aa(%]a\?éf’ ao\1{ %(?’P éPe. ggrar%gtrc]:?sl, ggc X\sﬁ, tbpon?inerl]tlio%htime,

catalyst used, catalyst amount, reaction solvent, reaction temperature and the amount of



|l ow thermal ly | abile brom ne content provides a
particularly preferred flanme retardant conposition of
WO kiog/154a5&nt i on. [ 0009] The hi gher bronm ne conP@&mS2008/066218
nmeans that the flane retardant conpositions of this
i nvention can deliver nore brom ne, and hence nore
flame ret ardanca/ a H PS or ABS fornul ation than
bropnespIRse SRy it "Gf‘ceathé SouEt eff bminaliph gbteinedueBee Bromination
Ebm@isnes@ontent. That quality offers cost savings
opportunities for the manufacturer of the final
lﬂﬂg‘gr nidesbiis theaelativaly high bf@aing portenis ohe rﬂamleyetblaibiltl @mpositions
n ts i he f
o o R eBfe, PE S BB L o ety tov
thenallg lahdls érdnhiee maitérys | abi |l e brom ne as HBr whi ch gas

destr |ve oundln and nol
0831} oo oh if el ROt 4 Somhor CpReof s dmygntion s
loABmdffaltsWuitish it rafge & fedrk kiRSdet@tabRAihifesfethe @8 tol aboitS1000 ppm
ment ondt at the compositions of this invention are
( Pased op thestotal egighs of Bisrgemppsitipm asyrpeagpred at 300°C
fob rlgemmﬁfes Qﬁ Qit:étqgéilcp A e mt%&i HeR bl m}ﬁe‘/’hﬁlﬂﬁgrﬁ\d@ﬁlods”
captured in the flane retardant conposition as
segfiigfhhereefant h%{maHr ilehilesbromingyeantdnisoman erlser &llnwithin the narrower
i
ra?%% é{f gxk&ht?thg gi{iteglg?{l:? ?fgﬁtss 0 ?}?@ﬁg‘t Sto I[aﬁc\gl)%tﬁ O-OBE%thd% the detectable
limitepithg tesy tcmhout 80Gphy Sks B(dfﬂiﬁ.)thmrE»fanipdaest has0.prewi detegtable

TN TR T

attenlpdh@ ¢ memtie lhemllbu&blwbﬁrbmdﬁgﬂ &dﬁuﬁﬂsgésb @lhaﬁhnidhp’prﬁ At is to be
rel ea eir brqm ne substituyent, at the nuc [

uErsfaR Bl AEint eshin: Sivber ins a7 4 iayentiph Gy ontoimetiatiy labile

brofmirRMEnduh@Nbwer BhR bRt 50 phGwIRInQekdiininéd Bly 18std ihh€ark Qapable of
the flame retarded H PS or ABS article. The fire can

PreasipR ad acguraesetithess lowasancentations. enanat i ng from t he

[0@31]' %e%ld& qﬁ{llﬁ’l lk@oa'é}ma E’elat)h@'ﬁ?orﬁlﬁé %ﬁ%ﬂ& cO pOSJ[thonS of this
conposi tions o his 1 nvéntion have good col or

inggnsiopamust bwmiih@wm themallly sxtablen eHTey\muse be diermallybtale so they do

0 r_Val ue Tes
n({t ﬁ%kﬁg\n g?{ru%éjglg:_m%?ﬁog 4,011‘%) ?dl% p oc sses eyaaléd) mugﬁ be stable
urtdhleemctpd)sondltmns dfarse texspeird adt stdfhge\/ aButetﬁe \ehidpositemt @dnot be
rdan e.W th ASTM D1925, -Suc es are
ol SR i Pt A Mrmeretardimt Fis Pt SbRSF B eupsgre, the
brofirtaedCOC DY ARMR A CTRPO¢onk @Gt thedds 18 th@nbly déQ8deAdnly Rethe face
?, at ed ACTVAP or ACTSP found in the conpositions

of et TifhfheegtnJb it # Srptup &f deyli Rreingythaty vhen dnadmixigp veith a flame

retaR@inf QUASSBONE dids AT NAP Hd Akt its | AGmY nMeﬁ’@fhg afShine at a
ACTVAP or ACTSP, can also be referred to as cur sor

teppergise whishviaplosely atigsm with éheotamemtqrwbatowomglexmmd at a

“ﬂbﬂ}éq}dﬁ@”t %Jcﬁqglgﬁse %ﬁo&? \Hﬁ&ﬁmgjgm@é’r?e? MRQ}?@HQHG Ithemlstry and

I aryl propane. the groups
thphby]mnctgnwpsﬂamb rtarddntphenyl propane is the rmnoadduct

[OE?‘W:\I ﬁer e\gnhee%fair%fl?{ gu%po%ﬂr}’ﬁlgfﬁs emi‘C%\éﬁﬁY/‘@’regélc‘g%i))‘S‘s thaa) to

bemanomdiduot «fOR6WNE . candidate flame retardant will perform in actual use.

Compositions of this invention have a TGA 5 wt% loss, under nitrogen, at a temperature
within the range of from about 290°C to about 380°C. It is expected that the flame
retardant industry will prefer a TGA 5 wt% loss under nitrogen at a temperature within the



Alteration is usually effected by distillation to

reduce the nonoadduct content fromthe base ACTVAP or
WADDNSPS44Sich alteration i s believed to be desiPEhUS08%5066218

it is theorized, though this inventionis not limted

to such theory, that the nonoadduct tends to brom nate

qui ckly and, thus, consune avail able brom ne at

a
rafl%& 9fefr0maabeuft 300°C to b0 MO frre ey te the Hinghidicalptheds” aection
héi\@h $Ha RUrPEBA ofP@ANSaYRKI Ng Up the base ACTVAP or
SP. Such faster brofmne consunption is believed to

[0@$‘Qt drempdsitionx pethis ianentiennesdwefase s3id bavet grodsoloni Aamesnred by
tthH&IR& g(ﬁ%nn @g or (‘\;ahM‘ ?ea (%Q&fbeg[ﬂl etﬁéJ l“@&lal?&éa\*f rﬁ%thods” section

constituents. Brom nati on honbgeneity concerns the
hedeg“rtée c@ﬁpqasitiohmbtmrtsy)alua R Vedued wethnn thatangn oﬁfromrajobut 0.4 to about

r ng.the Y The. .non-end
18 e ring o8R8 i MRadiiie 6F e i oy SiiPB i fosopinéd B AsTM
D b%zswm ahleeawithif elﬁH:ﬁngﬁidSidﬁkﬁm taboi : 198 lapold rsgm: gehRed.h BReferred YI

e ter group" ary oups due to steric

Vs grea ‘?@%%&é‘tﬂetq‘%ﬁr@n‘f@%ﬁ } ipeab P’ﬁ%er nal nol ecul ar

[0933)UClt 1" \Bithih @Q]séaype[afftlﬂ'é MRhdidron &t Re %n?orsitlgkg d)iOCHISQIflVeBBSIl can
broni ne between the brom nated nbnoadduct and the rest

beopsed He admipre rwighh pider fleran refardants,h e.gb haleienated choaeyingApromatic
ﬂﬁﬁe Agt%%aﬁt@n & %Z u'&ecéb'?orﬂo&*l‘?eﬂ?le{hﬁﬁear d?&&brSHm%{R%ﬁ rh/'le%r and

ower ss transition’te
tembmomnh@nw&eprgwd@d that fsucdiecpth@sm eetewdegits, artd‘ltheir aweunts do
erf or high nelt
n(%{l%gg\% ﬁ%{ ?tafh C%F ﬁﬁﬂ% rg<’1_|f;<%§9 SI1oR 3?%[ 1S&‘P%duced heat
[0636]t dt s ©bet wnipstoat tha s(ddE)Tl)osf of tlﬁrdohfpbﬁﬂomrdfdhﬁdﬁlventlon are

cq}rm?{%c{lmoﬁ atf feﬁ%n%gr e l%gd a egits,{ngq\/g?s rhé(q&%g] ﬁ{d}%&f‘ﬂqgntltatlve or

qualifatihe rvatles caré pﬂebl&lﬂ fst gbpatitions dthenie QH?FHﬁﬁbﬂ' aRe Odlues are
this invention. The conpositions to whic

coaélgerp (R Rl aarngﬂt? &g bromingigd: AGTVAR WéCESP atp@f Wihem ppplicable,
Lhe, SRt vidhSodidtY eHehRif HbRE! R5GMHheNEI8! Bnicdh0RE

hef mopl astic articles containing any one or nore %‘ color,
mPh@ﬂ%fdmjgkﬁ; tflons of this invention are within the
scope of the invention. DETAI LED DESCRI PTI ON OF THE
I NVENTI ON Conpositions of this Invention [0018]
TieompplsiticiFensulafiortsvif this Inventionon ar e pr edom nant in

B3l O A BRSPS R s By vip termoptasti
fohhﬂmlmttﬁﬁbdAﬁTm & ABETSHPS winll b\BSh@re VRNBR ORI to ARd B and are
rities. Such inpurities are, for the

uc
rc‘ﬁﬂ’f i“’a’B PBRG¥eral SSPCeY-t her the pol yneri zation or

[0b38]m FrefetBr @ﬁ@%@ﬁ%@sﬁtl&ﬁegf t0is Uinbdrfih CAr¥ I%QH aés a&cﬂﬁve flame
br om nat ed "ACTVAP or ACTSP. Mst preferred

I‘CFaé‘ia&PSd?aﬁt arg dpiydated onth e HIRS sorj A §rhasqdnfoermlamm irf pp@mount

A AR AR TR Bk PSS, O e or V0

01’031‘2 e H&pn@s tast etdlpb)prttdmeecf Gromuthe: formul@Ri, - (]:IHeZ‘@flﬁtﬂatt)cin can
Ar AR . R..
Y T .

additiveer such as ﬂame retardant synergists, antioxidants, UV stabilizers, drip

suppressants, pigments, impact modifiers, fillers, acid scavengers, blowing agents, and the
like, can be included selected and used in suitable amounts in the formulations as is

appropriate to achieve the function that each additive is to perform. Such selection and



of repeating units and is based on the nunber average

nol ecul ar wei ght, M, of the ACTVAP distribution.
Wmm2008nsyse3 i s cal cul ated: - fornmula wt ArCRH - POF/DB1088/066218

wt ArCH 2CH2)/ (forrmula wt ArCH 2CH2) [0020] Base ACTSP

are those having the structure: C6H5-CH2[-CH 2CH(C

6H5 rein th ve era
R b e I AL SR A L
fotAflaitShs of thidihvddion cOfidih]a fERR r%m%yﬁérgﬁﬁt erm ning the

Mh for ACTVAP and ACTSP is described in

1003 §lpne agtarded HARE and &S brsedh &rﬁ@faﬂpmgzqtanrw@thm the range of
fr@lﬁcl_ra‘l.’)gﬁu Ao ZW%oﬂarBQ Eetﬁﬁ&g%ghggs@ﬂ%%f%\{ﬁ%nﬁl;n the wt%

SP can be general ly describ e anionic
baieg based erythe kel vefight ohthe fenaetion c Pesfgrredragnounts iareewithin the range

oﬂfo??ﬁ%%ﬁs%a g H,eapo/sol vent (which also participates

rans er ‘agent) and a catal ytic amount of
[0048]y | Thet flamennetaldaint ccﬁnmrsmm eftthisiibventibiNai used\with flame retarding

R TS NPT, 3 12 CTRER 1 SR EXLES e e

refit@ivitsCing laye, wélNEnovo maBEl i C Ex@apl it sadh dyierghsRe MNor Mhle, zinc
or ACTSP invention is preferred not to exceed about 25

bargies o fsrablyn gHRRIY: OXide & nefgist, $HehHsn PR atiioxidgy antimony

pedfok; ()t%%urﬁgp ZatiA0AH, Sodiubl aktfifoni@nairid 'aﬁﬁ{lnt'\/@tt h&gé retardant
secti on hereof.) Sonme base ACTVAP or ACISP of th

synprgishtWhsa vsed egeesalhnwill boincthatanen of op o rkout Hawvt%iblwcd on the
h
togaq) “@Pa%gﬁ @f; g@ﬁ@g%ﬂ%@g% Mu&%ﬁ %rgae sf“ algguc’ é&‘@«‘ﬁ? mogt often

cont nonoa
falll withsn theoraogel dﬂ tﬁbm‘ stwat bbas @bATTO/AR 0" Dékﬁ'ﬁﬁfés Vitdnh the foregoing

GPC ar a% nopnoad
SRR e R PRt i P g, o s s the
p@ﬁcMhOﬂdﬂumﬁw@r as GHahdI and hackhadeparb(ed/AlR Ot TRP Wob# and
[ om nat ed nonoadduct contents of |ike GPC

t heir own .br
coélFeé‘H’Iaﬁlé’P&gﬁ'[’%‘nv}@é‘Pnexanpl e, a conposition produced

[0D4gM BHis AGVEWASh Glicliifed SRast@Bdte RbMPodietS tNaRicAP@ithe 2&ardant
GPC area% will_ in turn contain | ess than about 25 GPC

COMROSORT Sfithist BHCTHER ade URlended awitly coRVenkianal caragunige P [ppmmon
additiveH nd WHBOFIIPtS' &nAthgzaA'lvveéhp&%o bﬁP§ 'oﬁ'}&qur %Bﬁﬁog 6n of the

COﬁ'pOSI tions of this invention con aln at east out
ingentignpanbthe ranga tobsapCrYAR 30:3ACESH, masterbatoh rﬁwrafu@nmsjneed not,

0 P, or. ACTSP
btrﬁm ??agz‘alﬁo c%m%[n M{agt 3/}{% ﬁag‘[e Btt %ne qg%/éaﬁch a3 Ilrglﬁ ox18? ztlrﬁ‘,eborate

ar wei gh msasure NPOoSi
o m@lﬂhlp |an antmooy Sxile rMnet n:ta’ctéarit h;gsnesrglﬂe sich atshattlrrfoﬁ;ly trioxide,

t.he brom nat ed ACTVAP o ACTSP onent s,
onIRBY PSS oRETHE RUmPls CoINEr RGP oA CT 4B (s formed
mbdiérbatblivy &t | saNatidé @o Hebflec H&dn’t o POPS NG ABSaRafaml tebhinished
GPq% See the "Anal yti cal Methods section herein), an

R aHehi n the range of from about 1,000 to about

[0842]000a iRk tkahwn %Medll%s RRABY LS topﬁr%faa% "d?edbl'eﬁd &eformﬂlations

range of from about 1,250 to about 000 Dal t ons
deserihgd hegsin. ¢ Fer ewamplg|theeHIRS or ABS,the Iﬂame ré¢terdaniregapofition of this

inb&RiSh 2R Hﬁy &80 éo?np%ﬁ&ﬂg orlﬁgég%ntQQJ) $USed in the finished formulation

can be blended together in powder form and thereafter molded by extrusion, compression,
or injection molding. Likewise the components can be mixed together in a Banbury
mixer, a Brabender mixer, a roll mill, a kneader, or other similar mixing device, and then
formed into the desired form or configuration such as by extrusion followed by

comminution into granules or pellets, or by other known methods.
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preferred is the range of from about 1070 to about

8,200 Daltons. The pol ydispersity (Mv M) is below 2.2
w@pasits4general |y found to be within the rangeP@f/U$20081066218

about 1.1 and about 1.7. [0025] An inportant feature

of flame retardant conpositions of this invention is

[Obﬂlﬁ ]?rg% c? té{ag{elrpﬁapigwal%lgSkggAggf%qﬁ@qet{ogg gesac%%)tlad herein or those
thm_éltﬂekéhﬂ)dbﬂg%r bﬁfo%ln‘é@ﬁkﬂ@éﬁ s*ﬁXcﬁn@ﬁ‘s (Ff%l f"ﬁﬁl}{ﬁl‘:ﬁér &E@Rhéss (1/8-inch

domai n size the conmpositions of this invention
thigknesshihetpasseatdgasy the Uﬂ-@n\é@lteﬁtr dress ]Preferrgé,tht stdkmmga@mmrclal

f1 | 801 §&
ut 9§ nm&fé gfxctsg {Ililtl’go%?ﬂthﬁgolggﬂ%%dél? th%g{] g%é ?}%bﬁ ty ol? %o molded
smamenh b6 g Binzeteri( /1 6-iryd) thitkehat Dbtain aUEI946&2 mafind.r om

about 0.5 to about 2 nicrons are characteristic of

conpositions of this invention in formed H PS or ABS
articles. M scibil ANALXTEGALMETEORS® be a function
P 0 i gn

(094 AL 2R Bhdf GO Ut S adpled A8 e e
chafactgrigtiics lof theicnmpostigns and Torthulatidb ook lm/pntmmd hi gh

nol ecul ar wei ght brom nated polynmers do not enjoy this

conpatibility. [0026] Preferred flanme retardant
Tatalprosiidel Qunsenaf this i nvention have a Tg within the

ge,.of rom about 35C to.aboyt 165C and preferabl
(Oh 810l SRS P TS B ors BoYeo Earp ¥ 4 56! esisstor.

solbilita| esolratst QR 0 efraARIrSfubin! (THYFWREN dfe@frﬂﬁ&tﬁ;negf 'the total
H PS or ABS and good HDT val ues for products nold

brpmifie) <ontent £ thsiPempastions of thininvegtiapats LF@Slinachmphshgﬁ by using

cdnléntiFRAIG-RAy gl—i@tés&én@@te@fl v\ﬁ&g "ﬁ%rs:%hlp%tdngf%g W il d%ﬁ@ sgf\}\l/ble say

too | ow of a nel er eas 'S
0. HoEr Wr8108e in A0 mﬂieTHFnaﬂaer?éRHespecamemrecaoabe bePhllllps PW1480

b Siti Qnrenner a
SROATHEE, AhdafWled 0ith BEobb AT MR RO RESHEE catibraton
staeeidi Ghe htal dirominf G8RF] debuibeld! e aﬁt ﬁupdﬁdfd in the Examples are all
o) th| i.,nvention contain at |east about
baé%@"%‘:@?ﬁ“ﬁ@‘ élrm ned by analysis of the flane
ret ardant conposi t| on by X-Ray Fl uorescence anal ysis
H See, the "Q@al le cal Met hods" section herein). Since
' g or ACTSP conponents of the
[0046]POR) HétemSin®khet BiISr bR SNtha Bk RENERT bfHB5Rit &ll’sy f thi
robust and wel| designed base ACTVAP or ACT§ P 1Y o this
inpediengise isagainppidg obthesbilis foutisspive dbess cemnefiiticng nseatsma -obtain
Wehis, BNt BforB OIS figs
soffepts B AP S 15 A APicol im0 Rl T YIRY SidiBhttpryara.
WeighiJ £+60. d)rgmfehqommmmsmpm mto ars ndlx cesisfuge tubbaTcnthe tube also add
t FlL ame..r et ar 0|t|ons of th
T B o P B en R Jor LAIE s i iy shaker.

Aberaht ihéour :thakmg kpelhdxﬁ‘éﬁﬁnihbl de sdlytidhtfbCuddassblyed solids. If a haze is
comTerria\@ attra%~ g range wi ||l be from about
8% A

Prgsest, el mipEes a3A009 man. dithe éﬂtl%orvfi S&ﬂ% phclear,

ceatiPude ﬁﬁadﬁt%nbpl(ﬁhﬂﬁi&egghwla/"tﬁy QB Rf&intRky, et‘lﬂ@ﬂj 1ttsﬂo 1d be
be mpst favaored froma comrercial standpoint’ lF]

digsarded e beiatingepable oF agyeaty mhsequimnarladmwewnpmttms tsrtbe case
m@gt otf I?ﬁestlﬁlgvaeat‘:ér%hﬁllaﬁ % Ooigmadi ﬁ is! QBREttel! B st A £ A0kterLab

oalngsonavvelgt basis w't
Color Quest Sphere Spectrocolorimeter. A transmlssmn cell having a 20-mm transmission

length is used. The colorimeter is set to "Delta E-lab" to report color as AE and to give

color values for "L", "a" and "b". Product color is determined as total color difference
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sacrifice of the flane retarding brom ne content of
the HI PS or ABS end-product. The forgoing wt% brom ne
W@ 200885448 e based on the total weight of the fPENES2008/066218
retardant conposition. [0028] The flanme retardant
conpositions of this invention wi || average from
out t o about 8 e substituents per, ary
dapeitnten e rA{>efi°a lR% gﬁ Werght cenegpiFasions ﬂfet}ae product
in‘Mhldro&M%n@g&susr &mr@@ﬁﬂénes to about 4.6 brom ne
substituents per aryl group in the polyner
di stribution. Thus, each aryl group in the polyner

Y8l et ObibOufBCARhgEn from about 2to about 5
'“Brﬁﬁrﬁé‘§Uﬁ§fﬁ§ﬁéﬁT§—beT aryl group (on an individua
[0Ad1] a@@magéiom off thigrioveptibmwers)subjdtted toghaadafysisydesribed in ASTM
§r|but|on nmeans the total polynmer constituents as
neasured by GPC analysis of the flanme retardant
conposition and includes any brom nated nonoadducts
resent as a polymer constituent of the distribution.
~£¥—@§es not include residual chain transfer agent or

[0848]" ET\EVATRONEE dbtailddeBRMDSC ARthTE MA @ﬁk@ﬂnﬁﬁﬁvmel%wdel 2920.
S|nce the conpositions of this invention are ver gh

Samples-were Reatediio ABIREAR! & FatorefTRCe /mircundgrmitrpe et %rlb%qtﬁ’éllned by
Sthi k8 f

PBIShEHERL R DR LATERIPGEL igRe At U RS, s

is ACFoMd arer endethempeic igndiéen GEqutes ieatdo gobibroigh dmttslnisis'on) In

DL YL e I S Y B T80

meléing ofrdneitien. FSee, 1 Tho | Heméntsraife Polamew Scientd eantl OE_mEih@rmg An

e S B E SR ke .

angﬂkagroup then, X = B r mo |les / Phenyl average

Total noles of Bromine (Br npies) is given by: Brnoies

= (M (bromnated)) (wt% Br / 80) The average nunber
TirmPReviHetid Addysisn one nol e (Phenyl average) is given

b henyl average ~ 2 + n average where: n average =
[O?X?]n Yh?ﬁﬁ?gfﬂlﬁlﬁ‘t”@d}“all’mgﬁ%)) iy almzpsedlts tegidhe termal behavior of
thé $Re QLA @ inposilibil (ﬁfm‘n@ TG The FoA VTR, thé%Qéa by use

herefore x 1s given
ofa»j@i; daprumens iy hQrmogmvrmﬁted)\naly@aM I%CB sample 8@(1)eaied2>n-a Rt pan from
b mnnted % B r../ 8 (2 + [(M

2 B R By COBE BB RSt s T

(bromnated) (% B r /80)/(2 + [(Mn (brom nated) (1

leg‘rgﬁlegtéb]ﬂitg Ol)eét ( :l"hegrl@n'aﬁs9 Laéile]]g)r%'m}l?e] 'R’est).

[0050] 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(R)
fluoroelastomer tubing, the test tube is connected to a nitrogen purge line with exit gas
from the test tube being passed successively through subsurface gas dispersion frits in
three 250-mL sidearm filter flasks each containing 200 mL of 0.1 N NaOH and 5 drops of
phenolphthalein. With a constant nitrogen purge at 0.5 SCFH, the test tube is heated at
300°C in a molten salt bath (51.3% KNO3/48.7% NaNOs) for 15 minutes followed by 5

minutes at ambient temperature. The test tube containing the sample is then replaced with

12



The x values are given for each of the Brom nated
Exanples in Table I. [0029] The wt% bromine is
wW@doeasad by sel ection of the process paranet ePGI/U82008/066218
the brom nation of the base ACTVAP or ACTSP.
Par anet er s, such as, bromnation tinme, catalyst used,
t al reaction sol vent, reactlon
» chp el ten ibenand Hi SrOTHE SIFE WED prEassntior awdditional 10
t [ (
i E e ARZTRY e h () S0 G 30} 2 MR (B bl Witng and s
dispsraaen \tebep hﬁghﬂl biirrd neitlc ofviamivied  ohtet,hend Itheneinse is combined

w{aﬁ%@ﬂ?@?&g&&ﬁ% ﬁgllu{'lolr{%gg ithe f%l%ege (Esf)'l‘llg? 10{1&&;]? )?‘Illlfr B:P{n%med solution is
adicﬁﬁgdliwf_ihyl :1 oMINIR ear;mltitgatddalkmﬂhe lotmgo[m nﬁgNﬂ)ﬁtlﬁﬁ&S an automatlc
0 . anount e apbl{e _promne I n
PGB BTGNP 700 81 78l PecAuiNMea kPl ar,gelcuiaed e
ppnh BBt @ﬁﬂ@HBﬁ"(ﬁr[[QRng&? tokldgoimdP! (Bornlalityt S @N@{:}g (k@ﬁl@ /Esgmple

about 1000 p (wei ght / wei ght. and based on t t ot

Whiei Jhe tirng ﬁether@ﬁalasudr% ithasittagsisbafers the nggomatysis. E@h day
dagg e

e lreiay el Al Rk, RO B s mo
repiflegthpidrogemhatide in thegystenso fal | within the narrower

ranges of fromthe detectable limts of the test to

about 750 ppmand fromthe detectable |imts of the
GP@Mole@llab’m.&htsﬂﬁ menatseacamm/m&pn Exanples 1 -

et c of the test ar vi.denced by
10884, @}? 1\2 e gire Qpkajagd Ry GRS g h%\m Fodel
5 1@t MO puing ahd, dmia&tjﬂb& b ve4tem IRefrad tale i Th@xD 86t Moldel 410 and a
anounts Ies t han 50, is to be understood that

PR CeipoR tesHos. Mpdal RRZOPHvENRco IS atEre. Waters,
[y g, Sd)mAﬁ?d 600 A ahidl190,06@ K1 The ARR A Sled OWES Slﬁxﬂ@d}gl Model

aboUt 50 ppm when determ ned by tests that are ca
Sib ?ApAdDQIY§W6€r1iIC atendagd €Mwac 1854100 as eoutivglyosed wrierift tho @scuracy

of RO ﬁéﬂt sgﬁt%hﬁi%%atg ai“’ﬁens%l\Je steﬁ %JaEf?énlaM (irélk?lka{neH?Feb%'arl‘c% Based on

contents ositions O I NVeE
isolataér Wi diphanytpromht yarstt 413, %trlpﬁh@ypemtmb nkluttee nndl dhy mode of

e. SO th .do n t dur
B TSP it obl TR 0 S le (B ERat BPoiffrges 1
dlphqnglptqﬂn@ond;iﬂ-ﬁiphe@ﬁpdn&ﬁed tr arxs:pmdtraplﬁ‘dih Btphde. Bok,7,9-

e osi tion Ot b st abl e, S|nce to
P“’PEQRB‘E‘W e gl |T§ fl&e&i% 4 the Phx@%@ﬁnqtﬁméars thenpssigned
theatbxsdal ahBeculdp ewé?%lﬁmdh@ése‘jAA@ﬁ%oﬁrcﬁgl +P c&%ﬁﬁétéd Lﬂl@’ﬁk these
needs to thernal degrade only in the face of fire

theqiptacat valpgs angd their e%n‘%p@idmg refaption times-rfdasedh an thlmdﬁamtmn the
ov%EHI'T' &ffsﬁlfbﬁtl(‘fﬂ tdE'ta"’Es féaﬁﬂﬁterde%rﬁlr fBfted y—{:}{%r thg?rocédtured 9?@% entailed

rade and release its flane reta
dlﬁségfmg &0l e,- A0t of samplo gel ¢ ndl D@"ﬁﬁﬂ A:ntahqlldt] @f this solution is

d be expected a
rif S ESE, FEinlcRl M o in TRE Sirbiih e h1iFgHE g gottware
prowitiéd byhPreibiamBetchtond fot thy PELIDOD Hggie Syaticig DieRBtoAS a
flame retardant. [0033] The flame retardant industry

Gﬁa (hget§vlhqunPkEng¥ EIC Anal&sgfasggﬁ% &lee an

[ %Y O UATTAOT

(0=t ot M Mise et Macaind T8 alyes pietsrebteined: Ry SRGpeing ponodular
syB@M6Bwith 4 SHind Htdsafpler BASERA ST-bY, QBBinadh réractive index detector

t enper at ure
(model RID-6A), a Waters HPLC pump (model 510) and a Waters TCM column heater.

The columns were Polymer Labs (Varian) Oligopore columns, 300 mm by 7.5 mm, part
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within the range of from about 290C to about 38Q0C. It

is expected that the flanme retardant industry wll
WEe@Bas44s3 TGA 5 wt % | oss under nitrogen at a PCT/US2008/066218

tenperature within therange of from about 3000C to

about 3700C. Refer to the "Anal ytical Methods" section

her ei descripti of  TGA anal ysis [
n e%c}gil%%%{@ opedtirient the ok fvent, used “@éft%}fa@ygram% dHRLC grade.
TEORS peeleBiire uétl RBMSH ARSL DG t)h@ g'ﬂﬂ@ﬁﬁﬁle%@h@’m% @ﬁ* Qn aliquot
Val ue Test, described in the "Analytical Methods
ofsihist johHionds dilered apd SO grtp Bsinierts opizhaicolympe| The @lquéﬂtlgaswere
pé’x‘f&h&&‘ bS/ h&e r\ﬂ%%ko(ﬁmflfsgfnv% ﬁdﬁ 48. O@g@o(gﬁggﬁmalé&% gwlﬁg}meation
he color is neasured for the soli sitlro
c}a@@mmnbe(G/HQ)ldamswmcmmw prygessing sb@gfnw thin the range
of fromabout 1 to about 8 are obtained. Preferred Vi
values are within the range of from about 1 to about
Afbalytic@0Bsthobls for MoMlihpiAntidlése scope of this invention

HERar SRR RY ton BT D ke PHASTA B g 108 gt oy "

ARahog ebetMelt Plon-Midytly A8 TVED i 238; haBLI%R! #8taN!Em) ftiflg by
gecabronndlphenylethane decabronDdlphenerther and

é%rabronnblsphenol A, provided that such other flane
[(K)SS]arﬂi'kmf(ﬂl HREhble@TRMLE HAndiREs fof Usils" AlEntloflCand are not

obtai nment he desired conposition characteristics.
infepdagbtp Limit 'ihS gensrip scqpa @6 thig ipwentiohat si nce nost of the

conpositions of this invention are conprised of at

| east 97 wt % brom nated ACTVAP or ACTSP, when

quantitative or qualitathX4aMPliEfes are recited for

ACITRPEXAMPIESR]-1§ hi s i nvention, such values are
considered to also apply to the brom nat ed ACTVAP or

- [08FHSPGenesal: A sifhericahploby Eabiter creased rearcg)r wWithoril jaekenwds equipped
wihtR Qtr@tmx' c ﬁlﬁﬁ{s hisﬁlléﬁ%ﬁ Ihlegd, g{lﬁgﬂér alq %E\.Ep?ptbbttérrg’%ram valve,

col or, eCU ar weil ghts, erno
arﬁ@tamumtsteehsteufal tduligg boilse icmprraudO 8 ugﬂnlg idigtaiged at a set point

osi tjons. of th S, inv be used.
via (f)h?her Fr%ue reguta%? ot eﬁtﬂlogvn tB%lg%gmgr?Oﬁﬁ P%‘%’Fouﬁééltatmn was
adelbrﬁﬁlﬁadi bﬁﬁi&aﬂs‘ ef wekérhéadostinriigDasdsé1BbIRrcom@riskdadfel9 mm OD glass
e from several sour [ 0038]

rcially_.avail ab
SHa O St P B Bl g ichq SR e s Tased s phatt
TigsSreaéte Whe/ esédtalIE fle€ bR bl aited RTHEafRs bPOIE plIeHedd Hlorinated
the H PS or ABS based formulation in an anoun

matgrigls ef dattoess-opt ai n the | evel of flane retardancy
[089%19h, al0ERGI s the Fed glocgrﬁa rrﬂ&h@?ﬁ@ underQ Ofnel¥ I\fljg tr%s%here

i nch test strlps pro from For nul ati o
durigg ralll apefaganse aT”hCO’OEquTIV% changeld with bbﬂ)ﬂymn/\urddsfec epaut(E)tarough a

|o I ves, entlon ddi t
dlgu%[)%s gﬁ% rde1 hra ré néa%uéﬁoltrl%mm AP xallgoé‘ﬁ({ (W?Wl used),
adslitmpal schemss, ard the mﬂ@ ipessaat SCMPDgYendrs alli s aabsurface to the

stFRA i ot o oo SRRISDERE Srmero Rt Suing s pumped

infoltht adak®r Byrai¢atsSofiamétBignd %Irﬁﬂlﬂﬁ?édgﬂ I?133”3(?6 Q%ﬁp@{lﬁﬁﬁéaﬁk&umn
ca ditive is 0

the f t t
(1787 PG a0 - s40UCE ) P Hosin AdiroHm i AT gyl Aluminum
oxri@euﬁ(l Qﬁ‘esﬁ l?’012|30 CB‘olJn'ﬂ?c}ﬁ'Bx’hhéét@plyP%t i 8 delilered eﬁ:nuﬁ' %angream or

based fornulations of this ih n contain a
sprast ahoyarihe syrfpse @if she reaction mixture through two 1/16” (16 mm) OD feed

nozzles.

14



[0039] Flanme retarded H PS and ABS based fornul ati ons

contain within the range of from about 3 to about 25
wowresfisane retardant conpositions of this inveP@T/082008/066218

the wt % bei ng based on the total weight of the

formul ation. Preferred anounts are within the range of

fromabout 5 to about 1% 040] The fl ane
retardant conposit| 1 entj.on are used with
flame retarding sy%‘gf‘lg}" Mwr; V:]reugi sts are those

[005Git Boleenep#3R3Ng Y(5U05 BRrs\Wi46.02 Qo) was elfiirgedl ®Cthé ke previously
hretarg %Leg and a(gf WFn” ,Fnow inthe art. Exenplary of
<friiodf Fisees o Be hpioeil ke, The iPHR cpiralies opgpting the cooling
cdilselvay adil for BPCT MABYhOXbARntS ¥ D kedbtor SWEhhdfed to the reaction
antinony trioxide, anti rmn%/Mpent oxi de, potassium
e

teBRETAEN; 394 0Byl splutiom k?Mein Tyrdohgxangn®0.166 mphwas charged
nelag; i I | ' :

BNy Y08 I8 GRRAE g oo

myggirght Thet feed dingll 8 hen ABShadawishl 7Somhwef anhwiousSphengi Next a

' f fal ithin the ra f fr
preffBS prolvel AR bR LB pdthb i PR P2 g S R mod
TMERSe©48%6 5 0B dmidlp lalﬁd MngmZILHsg, lal emah) lewae\iﬁfodde@lnfadning a

necessar.y. esjra nder the particul ar | .
oA RN Hiebh e 3Ploh AR a T Soomlexbfisel sabnarits saneamisent off
gdstifg HC GRENANATHEOSbAFRIca lin® WA f1idhbd withv£1béomR- 75 AP4dihuot of
r&gl s invention includes masterbatch conpositions in
anfdlrops foluspe, via Sreisr g PUMPo AP 3dditipnah 35Gml phanbydieyeiefucnn was fod
af QomdtANGAE i Bhfc! el i
atadql?t ives andgh&vlgttﬁ@ Elflﬁggkoérm%}BtSr In 26 &m}é@gﬁt‘a{?ﬂ?&ge? HI Bga ctor
agiptigemag Byisessdt tp ol 0 gpmt and 2533 enefi yrpnd (P%tPre 24@Ageoldfwere fed
" o] : | at i ons. nge
oREAs0 el ) THP oot cotHEkd MR ARE B MY PR R 0GRS o o
coggtaeirrgiestt $Che/mén.i Aohydosisdeyclopéxane 162 xe208, mi)rwas charged to the

referahly a nti.pony oxi fl.ane tardant synergi st
stﬁ'algcn g@?}és% i ﬁ)o ﬁl}l/sthttg%:) g%maléa’ Igje n%drfgwiegeeﬁlp &%r ’i%ecf e styrene
fepbtocths ireantoa Mab desmddeconphudd Wierdnd et héut off RAcidiiwas observed,
e to be "let down" in

f orped nmast er hat ches are suitapl . )
scpPly SeMRBAEY BBt o ARt ol YAt Ghihe [BgiaD cooling
coM@ri ous known procedures can be used to prepare the

bl ends or formul ations described herein. For exanple
(0033 Hihegeastommixture s ppenshed & 787¢ with 2 38 mpadinedt of desikygenated
& EF 1o .1 T | i r b turle O i | . i
e SoMEDE S WD B o A TE RABGh, B bR ERE witn
depyygentted Water 13 \wd 650 fd) phase dutsheubhbe eraderpifiche sorhey settling time.

' S| i.njecti,on | di ng. Li kewi se
WKLl e SAASSA e Bled FEED T S b
[0058] e rThe derBpeaizeredd thendikjacket svas tckeasdd tb,130°KWAAE e, coftfol valve
her .simlar mXxin [ce, and then fornmed into the
to b el sy e ol ee i Baisha Sab BRI Biebd Period of

IxtANEIS 1Y h6 RSN tAY bbtQABmbeFhiaredlidibel B mMs° o8,
apE ot he?j known et hgds. f60431]r Plreferrglégsflégér%%rgfg?gee‘gmr’

cyplobstape anBmaioienamicondisiiedc r b atklytinabsampde wahoseoved, GPC
R AV Ao 0 o T gy egy SRECHAT
o R T e 7 e B RBE RO R
(0830 s The dreksieadtios uktugel MY gsvas keippedined eontimloudistieration of
“extlsh lt(')lug]n%\ﬂ) r}]lgelci: gﬂieé st ﬁlxle concentrated product stream that had the following

GPC analysis: M;: 300, My,: 367, M,: 483, M,: 634, PD: 1.32. The continuous strip was

accomplished by means of wiped film evaporator (WFE, aka. Pope Still). WFE operating
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utility, are those H PS or ABS fornmnul ati ons having the
capability of form ng nol ded specinens 1.6 mllineter

W@ 2008/18:45hch) thick that obtain a UL 94 V2 ratPe@yUS2008/066218
ANALYTI CAL METHODS [ 0044] Known anal ytical methods can
be used or adapted for use in assaying the
characteristics of the conpositions and fornul ations

copflitiops: feqdptert il 33 L/hip pB iagseloismperausn 86 °C.[Ryesse =Sphan Hg
ar&i%n&&QQQ%Fér%& Ofedt, h'A% adﬁ?ﬁ%ﬂél'ﬂfﬁ )glkff‘{glug&o\gas le&gd in a dry
| east satistactory, sol ubi ol vent's su
ice drapamhile dheircald ﬁfrgdii) condmecbl étZ&Q rg phei oixtgt ctﬂmluteo@ ahd 1,3-
npositions of this invention

dlpﬁe%glf a§9§%:e§%}tr%+&[lﬁi E&B&%USI ng conventional X-Ray

Fl uorescence techni ques. The sanple analyzed is a

dilute sanple, say 0.1 Qmﬁgg?. 5 9 in 60 nmL THF. The

XRF spectroneter cga ﬁﬁ

Spectroneter. A stan |236 soluti on of bronobenzene
[0060] THFOluene 4D @56 Heers,aﬂ 6 eiol)owass tlmngtar d. tha heactoo padviously

Iues desgcr bed he ed in.th .
BTG B e SBELRPEERS TeERP oS b Pl e cooime
colils mtae ket $od 8!1‘103 nAsG!hb @cﬂvén’ﬁ Iwae hegst to thed@ddiion Tampbedtare)n 11655 g n-

T BT NI N A

sufface &fbthé kéntlyt 2itated SIVOMBmY RPSRic GEUFROS IittRRS The feed hne was then
ﬂgﬁg¥ fo-obtain solvents, such as chl or obenzene.

yith Zamlpd epasirepsdefupne. Oneesthe ppltepmeratisy m%hsd 80°C 49.46
g Wi g ]\5’ ]@-t?ﬁar@etﬂyl&hﬂgnéd%lﬁ@ FPOFDA, 0(5]4261%1)a)7w§9 cﬂg:r ed to the

centrifuge tube. he tube al so ad
reeqwroﬁm;@gztéﬁ éubsmf@@efeﬁﬁ dint Jbaniag dhe hmfr@ctcfrtstlc _brlgbmedocwlor of
kin
Tl@[E\HA 55 )g(%ér%ot%ﬁﬂgﬁéml éor‘{cg 5v1t¥1 anélo Iglg{s 0 %scfm§g?f laltane The
subSur&ch hn@wasﬂlpshaiswnh a smnd 75 fnlghqudu ef arhlydttousmhfene vihG@netering

I olution.i,s still no
pofte i Saiori O P B bty RBere e it Beeonsbtia driee the
alﬁ(ﬁiméhaﬂﬂtrdrsfmpﬂlyﬁﬁﬁzatloh pRIteds! ReheoH dkltbltﬁbtﬂw&qﬁétéﬁ% #5510 rpm
ur enen howe

and 37 il SO Facd Ve BT IRROYSFIG e e wel <albrated

Stetitg pORp veasQRb@hMBRd b teddSatSUIBSHstahFhtd 8F 18 8RO ARh
mHuﬁ%%?LaB Cgﬁg}gtpest S %er% Spegtrocolorlne§%r Frous

cyclohpane §3x A0 md) wasiehgigad tosthe styrens faed ixsien & ﬂwhltbm@]tlmuna bed.
éstﬁ%ﬁ‘éjfeec?r Rané féjag’tf)f %st @eremeé c&ﬁfale{e%he% tffi‘rtlﬁ:r #1@29 of Eq?lctlon was
report col or as and to give col or values for ,
observech gehetdity, m@nﬁmitlo’t the olosing io$ thtetugmmiteveebnirs! vabteadn the cooling
é@lor di fference(DE) using Hunter L, a, and b scal es
or the 10% by wei ght concentrations of the product in
[0061 Jor THeePIDeRMpUratusel somtioller whelkfain 80°CYehd Fueesas foddBough the

o SR 6 T Ph e dt! o8 SR a0 yase Ssrpsieicjaphpt. The

reAsiblYl Mlixhe SvabOquéAded Sat [$00d 8Lt A sahiediquer & eRkidnedd water
by .DSC with a TA Instruments DSC Model 2920.
resulting in a water white turbid mixture. The reaction mixture was washed with

deoxygenated water (3 x 650 ml). Phase cuts were rapid and required little settling time.
Water and any rag or emulsion was removed through the bottom drain valve.

[0062] The temperature of the oil jacket was increased to 130°C while the control valve
to the cooling coils was turned off. Cyclohexane, residual moisture and toluene were

distilled through a simple distillation head (1 atm.) until a pot temperature of 115°C was
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Sanpl es were heated to 400C. at a rate of 10 Cmn
under nitrogen. Tg is determ ned by noting the change

WO pooshetd4speci fi c heat of a polymer at the gl asBRCT/0S2008/066218
rubber transition. This is a second order endothermc
transition (requires heat to go through the

transition). In DSC, e transiti pears as a
otspRAE] o ghdugharan e B enalionvia o G 165 s andnteflg M
629 PDhi ngg)tran5|t| on. See, The El enents of Pol yner
Sci ence and Engineering, An introductory Text for
[0863])i nher eruds seactienimixtureABP4 @ql wae dirippedhvas epitinupyseepsration of
eréJsEfglqeneF flor 191881611 f%ggintegmff gfo? L £ﬁlcfhe1%‘rﬂl gh ¥ llowing
ysli 0

0049] erm)graw tr|c an use
GP6 analysis:tMe 10haVnad 14pbhadie Mo 615, RD:fll.40reTheatoatinlans strip was

N ST R e ST I —
coAdilopy were aEﬁﬂl’m“Safedel atd s 138 dvladoid acket Eﬁmﬁb@d’tuxfe 019026 Pressure
aboyt 6000C at 10 C7/min W I anltro fl ow
= 5888 He AR rondhess bRt Y- TAB iR s8I of nbyane was
coﬁiéétm fifa d95ée trap, ABEOthe TRIBHARS torldeRCE leﬁ% 868 fittth! df Yoluene
S SCI‘I ed in US Pat. No. 5,637,650 n conducti ng
”?Hr ‘PE@W PreRd8f sanple is run in duplicate. A 2.00 g
[Oﬂéﬂo Alednd paR |0?th'e%59|4%‘:& Ghe Jbtngen"f)ra{éqmoﬁ gy Vﬁlgﬁ vP?&iQéég 698 g

mm t est t ube. a neoprene stoppeér an
offan phigeapricsmayiie “tmhtshm@llowm lé%procﬁdﬁaé/lﬂ Q%Mmé%i adv: t486 M,:
71% Pbt { @9%Fg%§&'§tnléés&%d%\qohb¥v§ 'ag (%I%%vsf fe2 €4 3§SL/hrt 11? Jacket
el ng passed succ I'vel'y” t hrough subsur ace
teniperprirst 300K, Ptessure= ﬂﬂhen%&@dmbn@nmhemmeiathr‘eewoﬂ s kedxture

n I,n 00 M o
(3P eRor b RAT Ry PR 478 oReesne! mit POSGHIp iogra Cmgihated
dlﬁﬁlﬁylet}tah@) tvesetcolledoal ds digalaed at 300C in a nolten salt
bat h (51. 3% KNO3/ 48. 7% NaNG3) for 15 minutes foll owed
by 5 m nutes at anbient tenperature. The test tube
contai ning the sanpl e | EXAMPLEp| aced witha cl ean dry
test tube, and the&G‘ﬁS&Bangsme#geﬁ wi th nitrogen

addl nal th t test tube
[()ng] t ﬂgol ’C S 1§ (%éqﬁers ()e4tS gl\gb Vas, argegg r‘flée (rjﬁzf&tob agevmusly
hedteﬂ pevst®by ﬁ‘rlbbﬁgSofahe héd dil Jackes e ThwiPllh cetdIRE éﬁéi‘atﬂ%ttﬁé cooling
onbi ned quantitatively

dth
co, g|“@f .S%e}ﬁfgf ?‘ﬁ%t '?‘ﬁ pelyerg gyap Begtedte the gs'lmon tmeere%ﬂaéa g n-

B&qIsufutien (M im6ydbinkkad, Wi 89 mbi) Ivasiirgafihtduoh Meedlp Mot Rlow the
0.01 N AgNCB usngﬁ? an autonatic potentionetric

surfagg oft the g‘fﬂ%t%ﬁﬁ 6300 rpm) B luepg geacien @q@tinmaffémfe)ed line was then
ﬂd%ﬁédllvhﬁ 7808 o@%lz k&&‘%&iu&% H@E o8] nm%‘%}}‘ o H“\@%Ii: 32.72

to end point) ormality OF
g wl NN NReé- tctmmnaulgflepthylmtedtaougm I('i]MEDIAed) 282t mobi Wasoglmnged to the

re?c% {h?out eth 1)1(bsur&}‘{1]cae %:?cll Sine '%gm%m% 31% eghaéﬁ,céeqsﬁ% %gghtbniegrﬂggor of

ean
TMED&S schmlﬂeiek’ld‘reﬁzyl Sht]lilOmr adondwith chiydao@eNoM @hdsthg dfibutdde. The

TN Y T i ————

p\iﬁﬁf AR I3 Y mEECartydREs folfieals @BdeL céﬂs@anﬁ?&tgdurmg the

punp and, as detectors, a Waters Refractive I ndex
anm(é@{agytranﬁgﬁ gqﬂylgpg@zagﬁ@ pepcess. Reactor agitation was increased to 510 rpm

and 2933 g of styrene (99+%, 28.16 mol) were fed over 150 minutes. The well-calibrated

metering pump was programmed to feed at a constant rate of 19.5 g/min. Anhydrous

cyclohexane (2 x 200 ml) was charged to the styrene feed system to flush the alumina bed.
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Preci sion Detector Light Scattering Detector, Mdel
PD2000. The colums were Waters, [nu] Styragel, 500 A,

W@ 088488 and 100, 000 A. The aut o-sanpl er was BCT/US2008/066218
Shi madzu, Moddel 511 9A. A polystyrene standard (Mw
185 000) was routinely used to verify the accuracy of

t.scatterin a. . The sol vent used wa
e PP Fractoiies Sheaiad COBRIBROMIER noduiee Begt of reaction was
oﬂsel&@d E&lﬁmﬂymgﬁhﬂm%y@tﬂg clbsidg of tHel dﬂhﬁﬁh‘x’&p&)ﬂ&@p@almc fooling

and the node of separation is size exclusion, peaks
codse jdentified according to their order of elutlon as

[ 6(? ﬂle@‘lﬁ‘ﬁél‘@@ﬁgﬁ‘@ SontrbilSr %ast Selt %h §6"# %ﬁ]\cvgtgte&'as fed through the

/-tetraphenyl hept ane
cqoling awiﬁewbulm@nélw ofthe hoThid was diltwied da by psslkte mwhctorhjecket. The

re%{:;c{ HF:rtdrg v%t ehé’:ﬂe aaEtGSOt’é;\ w1t a3 Sé(g dahthI?S I Jiﬁogygenated water

ues Porafl
reswltiisg rimict edttanswhxgp mltrbsie nnktemr é[hleCﬁ:hctibal Heguenohag Reisked with

corres ndln reten Based on. thjs
ARG FEREE NI % RS UsoaD. MEE;cul et ok pal feguired litle settling
tila&| Witk Pdrddin fah dr%ﬁﬁ[si(ﬁldvas-;ﬁﬁmte@&ﬁroﬁé%g Abiidin Ue@fvalve,
0.015 g - .0.020 g of sanple in 10

ﬁﬁ}alled dISSO|VIn
09671 Theripmperaiueg ¢f el BeRatRvas inpastd 9 30 piblle dhecsaniaplcyalve
toHfe leod)lﬁlg' i Cvtfa%Ckuﬁl@dtoﬁe @%lHH@;ﬁne -l;ps‘?dlﬁ? R Rlrk Mad WBRene were

anal usi ng sof t war e pr ovi d y Preci si on
dlﬁé{eéé’ﬂf@#gh # @vnnlménswbtm(beaﬂlgqﬁm )3t & @ef fegpBretuec bH15°C was

ob%’rgc&‘/bAﬁ QHA]@)E w\({?#\%w\@d fogﬁnﬁﬁsﬁ\gé‘%%fl E?Ga;%%g gg)% é@, M;:

9IkPHglé3hDdular systemwith a Shi nadzu autosanpler

d Sl 119 a Shinmadz efractive i,ndex detect
10D BB o ey tencrfon “TRE 0625 "B sttt SRS pegation of
c)MédseblﬁeriEGM}ﬁeﬂﬂ G837 Qeﬁtlﬁrcona'dh&at@@ Ipkodinst REM tE&'h‘ﬁmﬁ{e following

GRG AT W 109 GMEE38, Mo Sk SPS A" The Bt coBifeuoys saip was
ac‘d&ﬁpﬁﬁ&d By idamf dfvped ﬁi%aﬁ&ﬁ@? (Wfﬁeal@aeﬁépemtﬂqeW@ogeratmg

used entail ed dissolving 0 anple in
copgitionsayergjas fliovsofeed Frtes= 43P Mhrowl jagket tgaperasere snkd5H0 Rrgssure

=78 rhrBJ ﬁg tafr‘cfj cS’rﬂicM&? t&ile = 0% 9! SddlRinkhO PT}2¥ BF Eoéu]cnc was

perforned by the Viscote Cnnlsec ver3|on
cofleeted i drailiesnirap, yéile thercotsifinigencandemwd 289 @phy mix@RE)of toluene
ta ' and processing system Analytica
aqqf g@g&ﬁgg&bgpding Articles : HDT was deternined by
ASTM D 648; Vicat, C by ASTM D 649; 1zod | npact by

ASTM D 256; Melt Flow I BYpASTM D 1238; and UL- 94,

1/8" (32 mm) rati n[QC’PyPW 8&%3] '5he fol |l owi ng
Exanples illustrate prlnC|BIes 0 th|s i nvention and

[086YH nlstludnat @Wd@i (6.9 litdrsyi 62.35hmohemer ¢harged apeheofeattof previously

. MRLE
R0 P8 TRl o Y SRS e 2y spaisaléiSpdsatingghe cooling
coils twas et lfor] 1&6?@1 AR sehramtpm thexted to Iﬁtaf ehlxrssa |’gd1ﬁB§Ef solution
| stil]ation d, .subnerge her coupl e,
Ol & yelrlS A o LAY Suldbisred T ofin 56 oelow) grece of the
gently |a§i&t&ﬁ@p@ gt Hofue@ Seab i@ nlxturBRITAE Fatheabasdh&Phiushed with
oL n
75p mll of anhydrous toluene. Once the pot temperature reached 110°C, 24.73 g of
N,N,N’,N’-tetramethylethylenediamine (TMEDA, 0.213 mol) was charged to the reactor

through the subsurface feed line forming the characteristic bright red color of TMEDA

complexed benzyl lithium anion with concomitant off gassing of butane. The subsurface
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via PID controller that regulates water flowto the

cooling coils. Vigorous agitation was acconplished by
WOore@asswf3 a overhead stirring assenbly conpri sSedr/v$2008066218

nm OD gl ass shaft with two sets of glass inpellers,

one set pitched and the other flat, fused to the

shaft, The reactor was essentjally free of all wetted
lins s fhishedswith a stned 73 8Y gt ef f 4npyiion iQlusae ¥ BetFTINESPUGHP. An
adAtRRRITTO 81 of aARRRIus! tBluddd wRBIB £sonbhR: hRaERS th¥BSionic chain

mai ntai ned under an inert dry N2 atnosphere during all
s EF RELYBIFEZatiPR erocssse t Rgacian sitatian gead ingreased wesl@hammnd 2543 g

oft dslﬁg(glﬁe: ?‘)ﬁ?{% gﬂ%ﬁ %ﬂAcilLQ 1%%9@ ﬁlé?ﬂzl@ nrél?lg e?y 'lgg g-e d lzx%heg rgnetermg

PumeW)iS plaedlnnmadrtalfeaslcdt V@nmanamte ph2l.2gmia. pﬁnmydntoas cyclohexane

( ubs tlrred i.n
(2t Fans |rw ag\é’gaﬁ ?At)o i sqrﬁ%? %Sé ?e"? ﬁ’rfg)‘ffgﬁ ﬂ‘émglﬁr]?ﬁggllll}ﬁ styrene
fehdag) thStryarcen mmemwmﬂbletameh e f(lﬂla@tlﬁlit dlgeamﬁa? sva®lobserved

indrica

geélsqa }znsllg?]{p #E?tl‘te £)0s q@%e ayf ated%@e}tr%l 2 vgronghg¢qoling coils.

[qu mmlﬁ(!eﬂ@eﬁﬁh@cﬁﬁ%ﬂbxcﬂﬁ§set £ BOACNAHA Qltbld@asgﬁad tHRAPh the
8 230, columm chromat ography grade) and delivered as

pg feilsswhileathe dlovs ok thy habh el Svag fpicreg g Reast fhet gactor jacket. The

t by
“”ﬁ“ﬁ?ﬁ B AL e RO C e 2 ) o ol P ated water
regutinge e, a 433 whifes hobid mérture. 4[616 Oactivin) rrmasreCWasr geshddo with

e 70C b ns of
deﬁgfg f?t?& i acelg g% %X{f%%%wﬂpcgh Se‘?'er% peY fl i fide settling
tirpe OV atagand any sagvam s muBionfveds ré’rﬁﬁ)\@d thsugththe bottdne ﬂtaxm#al‘teh e
ct was heated to the.reactio ure,
0B e BB ot S iRt dab T BRAB RS Ghyolnale o e
cooling lg(ﬁﬂs Mutrmtt@h o e(c)pul&l%kat@ lb@ldaw ﬁlbﬁtuf&aﬁ@@)ﬁle?é weR€distilled
y. agita I p ol.uene reaction m xture
thgﬂﬁ‘é}tl f‘é@a’ ¢ filﬁ iF‘Hjeﬂ iy SRELR Detitempasatie affl lérﬁnveﬁ ehserved.
Ah QlidlRD Qas N%ﬁve@f&raﬁéﬂ&ﬁbﬁiax}m gﬁ rgd, §101 4l R/f‘ g9ML- 388 pD:
of potassi um ”-but oxi de 0’ 163 ol ) . TNEDA
1424, 26 g, 0.811 nol), and toI uene (421.27 g, 4.7 nol)
i AL r e r e
[Og@ﬂorﬁ%f (Qg&@r%%%k%c’gm@‘é i‘%%tgz%a\%s srtll edcvup {)r&mﬁoﬁs gpcratlon of
exgem danertedntyiald B24as sf thg ooflcelntratath (prodiibtstlsalbshmﬂxad ¢hel foﬂewmg

R0 00 ARG Sa ol B B s
acaothplishediby mehnsert @vmﬁisﬁlfrﬁdlapérat@r (JWFEI &t PopRt RilYUWFRJoperating
Oﬁ&% ani oni ¢ oj?)al n ansfi g@g ation process.
LEHYEEGH f Fonfesh@ts 1 Lra bdwor i EPTRRSFAMR F 1/85G Ryessure
= 0b mihE£aRd cRiEhber Ldnpliative!s) our @\nf ﬁﬂltﬁ)‘ﬁ@lr 11]§Eiog of toluene was
mnutes. The well-calibrated neterin

collecied Wrnry l%eotr@eyaﬂ%the&o}siofﬁgpmndp@pg4 2 aef %Emglﬂlmcﬁ toluene
anﬁq@@@gﬁlﬁ%&hghexane (2 x 200 m) was charged to the
styrene feed systemto flush the alum na bed and
conplete the styrene feed. The styrene feed to the
reactor was deenmed conplggtgevivfigns no further heat of
reaction was obsenyefsp-§eNg/-41sp dﬁ q]nmfl ed by the

aut omat ed cl osi ng of the sol enoi ve on the
[00°B3] c t Tl uene.cHYBi g (.76 liters, 63.46 mol) was charged to the reactor previously

heated to 115°C by means of the hot oil jacket. The PID controller operating the cooling
coils was set for 115°C. As the solvent was heated to near reflux, 78. g n-BuLi solution

(2M in cyclohexane, 0.202 mol) was charged through the dip leg below the surface of the
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coils. [0057] The reaction m xture was quenched at
700C with a 50 m aliquot of deoxygenated water
WO e®alis4463 in a water white turbid m xture. ThRCT/US2008/066218
reaction m xture was washed with deoxygenated water (3
x 650 m ) phase cuts could be made after sone settling
r and_any rag qr enul siogn was renoved

gqnﬂy &@&H@C{ (00 5B s AraFiommpgure] gdsdpedrine Vanipen Hpthed with
79 mit &earﬂl'yhroh@%&ﬁ&newas OhBC rtlf‘eaﬁﬁdteﬁ@erjagx%) Qeé@héd QIG"I@? 24.0 g of

control valve to the cooling coils was turned

NpeX | Mugtramethylethy lenegiamine b 1’9\%19207amplé rwas ophelfged to the reactor
t

ofBRELTRBAES 48, 150 0l ST M T

comilexsd denayl Gthdling iioh exdth Oﬁmc(zmllmny vffgabsingaofiiutanea §he subsurface

G fnedn NG LS o ] Bl tol B P s . an
additiosie! Y50anxlt df(aﬂhy‘drmtsl.tblaenem%ﬁe@ at Aamsiaht’ I‘aﬁﬂﬁdnig fdhegiglomc chain
t i nuous eration of excess, tol uene to 1
oy PPN TR o d P BUAGITER PEARTHAEC o] GG a0 2548 g
off By rbNI9gYPE48 rﬂﬁﬁl)/ﬁ/bl% fedBver300, miMites. 3G he WAL caﬂ&%ted I\rﬁetermg

634, PD: 1.32. The continuous strip was acconplished
PYP FanProemmnygdde dead; at eyt rae of 25 Quegming lknhyfgye cyclohexane
(255 idd 1‘)1}) V‘)QE Eh&g&f t%tth@ﬁ(}lgﬂgfeteﬂ Qﬁ&m {oe@ttn R Surmind: bgg The styrene

, ol jac nper at ure 185C, Pressure =
feﬂb tcaﬂils r@e@megéleem@hmmetg éher: ng Gurtlin healdifireantiah \m@bg:rved
a
geglg ag§) %]#ﬁlgigcrl tche g(lnstsn C?tf?%gdﬂ)lﬁ)l&t%f %n{rﬁgli\{ahr 60%0 € %oo:lm;é cmFs
[0av 1THe-PlE phxpntylhm oparoderf W&’Sseofto 809CLatduwatkr waofadrthrough the

co%ﬁ@% C%IFS( \ghi@ orwS M’@{Léyg 0 a)s %ég &% 3060% t]ilégl!e?%%r jacket. The

reﬁ@@ﬁt aixtyre avs Oqtféhc}heh eAt8vaC twitlBA00 by dﬁﬁ%t%@ﬂcok?%nb@ﬂ water
acket. The PI D %ontroller operating.the coo

re&‘B‘iﬂP A Vel hite gerbid miusen, The pregetion w&stmﬁey%dwsged with

ddoR@ochSBE tw 8k (HEBD BikRE U6 m:l-)llPﬁéegcu% woketapROhAH kéﬁﬂlred little
% i.n cycl ohexane, 0.28 8 nol) was charged throug t he
seifling ting Watenapdiany raﬁﬁrfeaw@lmwasn@ngmthgpua@w@p@@n(dmvalve
PITT] T
ODPEL 8 AR AR oD Tk it e 3A0 R0 e 16 HtFoI AR o the
caoling epibst wascturmesd oifie dC&ﬂ@exmﬁ MIC@ablﬁioi‘sturq aﬁd fdluene were distilled

I
o RS B XSRS BTN RS TI MiPoer
Ah la}nqamk mmamg)vedhéorcalnahyaemrd}m (M b1r949h1;, 3820 M; 01505, Mif: 998, PD:

1 DA conpl exed benzyl Iithiun1anion W th concom t ant
f gassing of butane. The subsurface line was fl ushed

[0e7g]h 'ﬂles&ﬁw%a&ﬁ)nninv@ﬁll’e 08650 wa@niiﬁiﬂé'e@uﬁa {cOntHRBEs ¥pdRation of
net er An_addi tional 350 ni of anhydr ous

ewan%W@lev&as‘/l?lé&Zé? géf@angﬁeamdlat%\p@dwrstrﬁgntthaé haghithenfollowing

S ol i Zatal CESS e
L 2091, AT B0, ROSCRS%) sESBA! gpuns sy s

acgoypplished Py gregqs @msesi il §vapenator (WH Eosier PQI&OStl’d)n WIS operating
co}ﬁ%g}ﬂ\@%vkre %ggdr%fse)t(xgtr] F%et £ f3§ ?.él?;gﬁ) ;a%@% t@n}i&%ﬁ ! ammfj65t’8 Pressure
= @9 ahmhdg ané obﬁdmse?tﬁempér)ttums (Ifﬁar gﬁdidﬂmohd’leSlSt g/be duene was
cofllegted Ty r?rﬂ:et t?apf, l e the colda }i#grenr Qc%ldensed 4600 g of a mixture of toluene
and 1,3-diphenylpropane.

[0077] A second pass of the concentrate through the WFE produced 2453 g of an

oligomeric mixture with the following GPC profile: M: 400, My: 512, My,: 715, M,: 1084,

20



The styrene feed to the reactor was deened conpl ete
when no further heat of reaction was observed

w@emwensd4by signified by the closing of the autPeEUS08/066218
control valve on the cooling coils. [0061] The PID
tenperature controller was left at 80C and water was

]ﬁ- %lg%hthe cooling coils while the flow of the
PRot 4oi peraiing FNFIHASS pygads foliows derdr wie Taleidel /hrTaid jacket
tehipefatr®2 2059, Prlste s mmg%@éong%ﬁ%ﬁl raur= UdC A mixture
ali quot of deoxygenat ed water resulti n? |n a water

(6Rhe) @ 1.arbpkenipxangne andrife straefunal dvomersk trogtley lated dihsindethanes)
wibe clangt%a?gqq{@ﬁgg water (3 x 650 m). Phase cuts were
an

rapi d reqwred little settling tinme. Water and any
rag or emul sion was renoved through the bottom drain
val ve. [0062] The terrper@gqug‘ the oi I jacket was

i ncreased to 130C% d(,t]q?w_cp ve to the
f

cooling coils was turne C ohexane resi dual
[09381s t Tolaengn 7388 (Aditopsy &1.61 stol) We&IChdngaduththa I’Ga'thnIpeeviously

[ I [ nt P nper a
DA OMREDr e haP ML RS REBBEAR B i
cailsavaSRet I(OM80°CL 9Bs tﬂdﬂsol\&ﬁﬂwas!\/heateﬂ% thd\/k:actﬁ)ﬁékﬁmﬁﬁatuﬂe, 38.)2 g n-

SGH de .react ture, 804 fri d
BLBlasog%lr? Pi nuouu g%}éeﬁgqe g\igbfm x‘%éjaegsc anggd HEI’I@Y’\?E é‘ipé?gge?ow the
subfitd ofthe emily dgithed (I Ding telicdd wedctish Heatie! Mak féwdnfefvaas then

Mp: 191, : 314, Mw
ﬂ%S?*Sé R 18 R SRR 0 QB e g iPpt Iﬂa@eraelé%wheéﬁ@oc 3299
g b Ransy oktrivhdRAethl leReRMRRO (RAVD A, VW4 ?Afﬁ*} WEQ RRar gcd to the

Stl I I). WFE operating conditions were as
repgipre theoughathe sphgurfags feegl ding dfprmiagibe ahamcéenanmm red color of

TRIFEHS Wodip lexerllsbe'ﬁg}lﬂ?ch arﬁ&p%ﬂ%%ﬁcoltnﬁ{gﬁgf)gt#gsﬁlg df%tarfo‘n The

addi ti onal uene was coll ect
quﬂa'fﬁce Wihe was ﬂ‘lfﬁéled: with afseqmgé 75 od atiqund eﬂarﬂlgd@ugt(thenawa metering

pdﬂleﬁé f)[%({j gdcgtg%ntag ?ﬁf ﬁff g éghykrous 4?18% % n\x%so %g gg f rcg{lléal{(% H?JB d{_\ Fing the
artidrec Vkﬁﬁl parstin pelymeH Aatign (pf“ocm Rehgornaitatonvad idEreased td’IS 10 rpm

RIEROITENYE 0 O

mEl@hh@\pﬁmp fv%sdprbgﬁﬁlmed %o a&dLétrH corRtaht FAC KL 6.5 WRBY. alHARIrous
cyckéex Pressure = and condenser tenperature

ang, (i ¢Pmd) ‘(Jass%la@yd by the styrene fied AY§ign spRd thgglumina bed.

Thd & %‘éﬁ’e REd i the Raltdfivid @éenﬂeé Ot VIR Y rdk heat of reaction was
di phenyl et hanes) were collected as a disti

oAb eeneml xGimilicd hyythe SRSinPOS ﬂlelaummz{t@b%}rorrmlwmthe cooling

ohé58 g (5.5 liters, 51.64 nol) was charged to the

reactor previously heated to 90C by neans of the hot

[0V | HEkH’D tefﬁperaﬁ’lri)cmmlwllerowmele{’t@p 80Ul ambwhiee wao 64di th@ugh the
C., As..the was heat ed t

o FlERn i e PR et Sy s ATt 58 ybSS gl The

reamonymimhe xeasequefichd %t BOPC Wit aCATahy efiqhidtr UGy fadil Pvater

bel ow t he surface, of .the ntly agltated(SOOr
feflﬁﬁ% AR & &wls whtttwbisy @‘Xt?ﬁeglfhéeffaw%e%gret Weh Wasﬁer? with

deoxygenated water (3 times, 650 ml). Phase cuts were rapid and required little settling
time. Water and any rag or emulsion was removed through the bottom drain valve.

[0080] The temperature oil jacket was increased to 130°C while the control valve to the
cooling coils was turned off. Cyclohexane, residual moisture and toluene were distilled

through a simple distillation head (1 atm.) until a pot temperature of 115°C was observed.
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flushed with 75 m of anhydrous tol uene. Once the pot
tenperature reached 900C, 32.72 g of ,7V,N' N

woO 2q08t1548et hyl et hyl enedi am ne ( TMEDA, 0.282 noPQT/Wex08/066218
charged to the reactor through the subsurface feed
line formng the characteristic bright red col or of

A g e B pleanss v b E A b T n e b o

1vvl)th a second 75 n1 aI i quot of anhydrous tol uene via
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the ﬁ si ng
WEC‘%WPE?“"'{ 0066] The PID tenperature controller
was set at 800C and water was fed through the cooling

coils V\,hlletheflowof was altered to
bypass the reacto J{)P‘&flﬂ)i‘%r-gactl on m xture was
guenched at 800C vt Tl %%MWF"%? Tot-3%bf deoxygenat ed
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e Feap P AToHEndRE S Jesdaedd offpigp dhesghatacigrigifc pright red color

rcmgam ok ey et
0 Bt &g ;ﬂ&ea @&9 '\l/t#’]lﬁing glgm makgmqnﬁaﬂeoff giskrﬁgﬂor But#C The

SUPS%ﬁace *Fﬂ‘éwé%ﬂ‘t‘ﬁh?ﬂjm}é ageqong 75ay aliguos apanhyfreds tojuene siagnetering
pithp. VA REGhGi B56 VARG mg&ro&s%ﬁen ks fg@?geggﬁgteln} raty\?%gg the

operatlng condi tions re as rate =
anjigriie chag fratjstee pelymetiration atasess. Reaa&caglt@mmwlecrease@tmo rpm

amﬁag (19’% ge%@ 5%# ] at gwere_fec? 8ver IAQ mntn} I t I al lllca(cl;grated

&orredte
mbﬂeﬂng: oludp fwasgﬁbgramméé ne EfdedZ:&%ccgrsﬁflt AatdToK 1 @.B %/mfn. Anhydrous

lLuene an , 3- di phenyl pr opane. MPLE 4 SP-4 Mv
oxclpgsmee L 90 i) Yot B G Tens s o fofyshyias dumiia bed.
TRZstendRkd toVBE reabiof F8lddemel BEMPIBRGH RN nB TRYHed USdt ¥bf reaction was

observed generally signified by the closing of the automated control valve on the coiling

coils.
[0083] The set point of PID temperature controller was maintained at 75°C and water

was fed through the cooling coils as needed while the flow of the hot oil was altered to
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heated to 115C by neans of the hot oil jacket. The PID
controller operating the cooling coils was set for

WA 188154483 t he sol vent was heated to near refl uURCT/U8208%066218
g n-BuLi solution (2Min cycl ohexane, 0.202 nol) was
charged through the dip | eg below the surface of the
gent|y agitated (300 rpm .tol uene reaction m xture.

bypies the isactps AekehlerFSHON Mirdwecvankinpnchel 3752 withigydrraladiquot
oftdébkﬁﬁ‘gﬁlﬁate@%r fefiftti 19%3fn J@Mﬁﬁe%x%uf HAGhe dTgc]r?zQ:Gvon #ftxthrd was

ranmet hyl et hyl enedi am
W@hQ‘l Sflthrﬂeyxmasat@mm@e B tlmes, 1660 imd h c Plamse chits ovegh I’apitband requlred

LB, S0, T S0 R o e

Valvmcomtant off gaSS| ng of but ane. The subsurfacel i ne

[()p%ﬁ ue 'h'gsth 5 d l.g et wm 11&6%:5% 9(% Q%I}# %Ef?)ntrol valve

to&hh)éddilﬁig&dil@hﬁt@l’tﬁrrm?off ed,‘yélbhékaﬁ‘d? ﬁésﬁdlﬁl mio3dt@re Al i tBlene were

n transfer polynerjzation process.
d‘ﬁggét P“ ‘??‘ eoﬁifsw{fgov ﬁmaéag%SeéA@ aligypb was) rAmayed Sos sgalysis via
Gpcf:( y1f9§n161 (&9% il‘k f2: ') pwer §9)f ed over 120
I"“calibrated neteri ng punp was
[0 B?ﬂgr%@’ﬂdq tﬁaptg@dma«ttura, 82988 avas steipredofia 2entiugyspperation of
exﬁ\sgaxslm%sto%ah BR8N ah AntEre il broaB S EHR A halt o' Rowing

rene fe systemto f al um na
GB¢ yndwes MedIT, CMnt M&6.rMact38r Maakl 9d cidell 54 o @ménwdus strip was

acg(? géﬁ@?‘)&? gy B{(}%? fQVlP%(g fl%év%*oor?%? (%ﬁer Vegg%e%ﬁ )T é’}’l;{E operating

conditivas weretak follooa] feadrato 1 33 I[/lﬁQ(?leacH'd% €enhflcehttire FPER5 et WrEssure

ntr | er was,set to 80C and ter was fed through
hincH (G RS APPSO bw SASIREIBoE3518 Ohuene was
coiﬂhét@d Bth 89 By RaS SwHildehd &AL FiRger] BRkRbed ?:@'1% beART R of toluene

m Xt ure was quenched at 800Cwith a 50 al i quot of

anddekJighsnainsopaiat er resulting in a water Whl te turbid
[00864t %%ecoﬁhﬁpis@%@tth@@ormeff&éﬁ Shyr Y\? ﬁ@%a bolillced 2715 & of an

deoxygenated water (3 tines e cuts wer
oligapietic miuteayith theﬂollowmg ePg etotﬂlq MMp: B9 $réMln: VET, M. 800, Myl 186,

a r h ott.o ai
P]B 39 W?gu %Taqﬁﬁ%ﬁdlﬁger a uratét}él (Ils{947 & defapmasl :lggng};héa%’ééacm
temperm@ac \I\BﬁOCePteb.erfB’e ﬁtlrmﬂn H@Ande:ohdrnsdteemmdutun&g @°dl. | S mixture
gxan resid i.sture and
GP Y ohd it 3% P GghR <Ol RRLed brmyppthanes)
whreaolldctell aat dis}illatat i | a pot tenperature of 115C was
observed. An aliquot was renoved for analysis via GPC
(Mp: 185, Wnh: 322, Mwm 457, Mz: 648, PD. 1.42) [0072]
The crude reacti on m xt WAMPLE® g, was stripped via
conti nuous oper at i DOTSP-8MGess17tRD 4439 to yiel d 3253 ¢

mﬁ%ﬂl n 1con r atég) f)r od%bz str eam Eﬁ]agéf‘éh%%h; rr]%gtgr pryiously

he&&a ,to PB’C By &feansTétahe Bot dinJsoks. Sﬂlé IPPD \6BtrIRE Gﬁéihtﬁrfgl"'tﬂg cooling
ans of wi ped filmevaporator (WE, aka.

°°§§ |VI”}S) set\fpE7 gpgr at‘tngiecenntant iobrike weactor axast bﬁaF ! theesaption
temPérBture, ])4%311 Bﬁﬁf soh?ddn (Dﬁ'f:iﬁeé cloRERAE A B Pm3)) waggh%ré%i through

Pressure = mm Hg and condenser tenperature =
thMIPal@aubslomﬂap surfs of the gensly agifetedd300cpint) doluent renctevndniycture

Tﬂecfee& e \}Ié’é’hth%rg ﬂ'ﬁg}%dcxgltlg 7% rglg&{] grﬁl%eg %glgen%oggle% a pre%lously
m xture o uene an propane
prepared solution comprised of potassium t—butox1de (27.32 g, 0.243 mol), TMEDA

(35.95 g, 0.309 mol), THF (59.93 g, 0.831 mol) and toluene (433.36 g, 4.7 mol) was
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EXAMPLE 5 ACTSP-5 Mw= 715 PD = 1.40 [0073] Tol uene,
5848 g (6.76 liters, 63.46 nol) was charged to the

WO @8t dHsprevi ously heated to 115C by nmeans of PETIES1908/066218
oil jacket. The PID controller operating the cooling
coils was set for 115C As t he solvent was heated to

. ne%gfﬁ flux, 0 uﬁ M i.n cycl ohexane,
& S Crtiacthe S S e o JXEED B solplease betay ! anion
with cbmemitaht drNeLant bybwastet ahe dusddibe 1R Iwat PliRA ‘%wth a second 75
reaction mxture. The feed |[ine was then flushed wth

my gligyot gf anhyydiays ¢elseneoiiy asterinppumpt Aa additionad H58 malt afraghydrous

RIS E o Bl gl st e o
R@aﬁmrge@ttoo wak éncreasesk to 15 1 0 pro agh2 128 ofishysenef(82€sf 262y mol) were

[ stlc bright red col o
fe‘m%%A conpl ugeiezﬁ‘ﬁenzy f’ra eﬁl T %‘%an‘snpré’gWE’é‘?ﬁdttgrffed ata
culnﬁtfantgm&scbfn@ &if g hiinanenhydivas syx&:lshaxﬁ@c(e b B@(Enﬂ?aﬁasf ¢HasRedo the

a,second 75 .m. a toI uenpe_ via
O RS o Rt e Bl hed ansbtoies e dhipeeciyed. THe styrene
feb@ ka8 @eatBsy W WeathePcdhifI&k ben 'h@tfﬁrﬂﬂzk" 'hbzﬁg)f &éh%u&{l WafbBserved,
chain transfer polynerization process. Reactor

geagrafly siegHied by ﬂilw‘ga@@hd%ng othe priengidivalsen geggactor’s cooling

coifsyrene (99+% 24.46 nol) were fed over 110 minutes.

The wel |l -calibrated nmetering punp was programed to

[Wgﬂd "Bhe rgaction stixthre wastquershedd, 79°@ Mithra, SOdeﬂm deoxygenated
ne . ( h o the styrene

WRLERAOGHE Rk R et MR TR TpchiGh G e e wio

detouygdneted oeatdraB tivs, A5k nﬂ&)ﬂplmserphtsttboughemt Rasyf eouldbs made after

S oObser ve ener al
sl e *eRf i aREr EETSER o feraed LGhehy fgbottm arain
vateol i ng coi | s. [0074] The PID tenperature controller
to 80Ca was fed through the coolin
1088, <Fka b Recrene At bfacksien stercared (90 & Py dheygniol valve
tobHhP aB8lidg EoilseRsd ﬁii’ndda&ﬂfeRedeIQ?nfo%ﬁE WOR @IS tdd SvelBSperiod of
quenched at 800C wth a 50 ml aliquot of deoxygenated
apRErEnatelystya hewgs ian the wat éampebdtare dlimbisd dfram »@5utoe 1 15TRE; water,
C})é)tﬁ)%(ré%délgﬁ % éL&I E)El&‘ﬁ@%%km@%\ﬂlgl’geeﬂc t&n UPY%ssn %@%g%r analy51s via
GP@qpmvnckad thd foIlb'emgeihtat MpoAGst NR: 500AMRY 780 0, aNy80[ PIY: DFS.
Was removed t hr h the bott mdraln val ve.
“’Fg@?gﬁhﬁ‘ﬁ% S AT E o141 S pRed i & caiiuigig gperation of

ex]:@@&élu@zhﬂ lloeylélh 2899 tdfGh 1141@11%1&114‘(@ FJABCtCB@hrh Bt 4l life IBSwing
¢l ohexane, resid F nmoi sture and tol uene

rasaléﬁ%tM» |4§% N o8O’ 6 Mol 150384 RIp; 1.#t Temeontipepug strip was
ac@@)rﬂ'p])shb'dﬂ by L’ne@nsp&{mb&m?ﬁ{ éﬁaﬂBﬁto??W%Es&am@%e%ﬁﬁr ek Rﬁ?atmg

al i quot was removed for analysis via GPC ( 194,
copgdpiongfeedsos = 133 Idlyg oil g:@keqte@eyra[u@o?a]%emd)rmsmg 55 mm Hg
0 t cont i.nua
o SRR (e B8 Lo 1 A PEGEO LR, SEPERHB T o 0y
icg ritapy il athe cpldofingdr endemed B8 ghatfl at:hemfrel dforluesic GREC 1,3-
dlaﬁ1al §| S: eI\/p 297, ©Mh: 399, Mwx 613, Mz: 1003, PD:
RUEYIPIORRAC- cont i nuous st i p was acconplished by neans

[0091]wi paeednd| piseuBpRIERbdICt (R tta&agh the PEF%tpr&duLed Yt %of a
ows ee

olgPiERe e aishe RO ROTEA L Bromlar Qa0 PGS 647 M 517, M4,: 1009,

PD: 1.27. WFE operating conditions: feed rate = 1.33 L/hr, oil jacket temperature =
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= 90 nm Hg and condenser tenperature = 00C. An

additional 813 g of toluene was collected in a dry ice
W@ e@p/154483 | e the col d finger condensed 4600 g BET/HS2008/066218

m xture of toluene and 1, 3-di phenyl propane. [0077] A

second pass of the concentrate through the WE

ced 245 of oneric mxture wth t
] S Gt TPt (i and SRR PSS S, G157y of 15
dipRr | prépand frée ofWhinctafe (saineROvBRBIECtddR8 S dVElIgeaS
follows: feed rate = 1.33 L/hr, oil jacket tenperature
= 205C, Pressure = 0.6 nmm Hg and condenser tenperature
= 0C. A mxture (69 g) @EXAMPIE phenyl propane and its
struct ural isonersAmeBbwha&edsdﬁphenylethanes) mere

B EIe i 551 AL o N ARG B M vty

hede) tomﬂuz maa gﬁébtfo@ldanﬁ deie@@iver a mr ﬁélﬁr_(r)%bﬂo}d ReAt Bishdr Gnoisture
0C.b ns of the hot oil jacket e

af@ sy lfaé? Ypermpesifat HeO-c dbe fhﬁ%ji f@baep% wafagooé@ tof&97 C with the
oiBfabket A8d Pﬂﬁc&%ﬂﬁ’%er‘ﬁﬁﬁ%ﬁl@ %B(ﬁglg c911§ Hcﬁle Eﬁﬁffhhptgmperature Upon

terrperature . soluti on
cqolipg ésh e Aelepoi. tmnermyre) ThAa8 gohau@rewmti@ndalglhnntdyeloumne, 0.183

mtt)g Qv &haWed ﬁ@o rtfl@ﬁ %bélﬁ‘_ﬁ tg‘?e g&f gpih% gt%{ é%t%ped (85'3 rpm)

| uene eact | n m X
tofuens teactioni hikitu?&s Hie fgéd latrerwa*rthmsﬂushédmrnle 75 mhofarthgdropotoluene.

NBTRES B DY NERE el S a2 oty gas chareed

toctharegedr tlﬁodglhethdf a&ﬁﬁlﬁaﬁcetféﬁ’dd&gffofdglﬁg $lhhb<&idfafg&ﬁ§tllcf &eght red color
formn acteristi right red col or
ot hBER AR ke B NBUR% i rish &Aoo MARt of EONESAT Deife. The
subbifrfad@sind Wak ﬂ’lfsh&ll%ﬁﬁ‘ﬁ secbh@ 7§ Hh%ﬂcﬁdo@@f—‘aﬂh&%u%ﬁxem Yah&fering
Mﬁth a second 75 allﬂuot of anhydrousS tol uene via
Y

PYRR- &)} i“fbj tﬂﬁiﬁb?’SOAﬁll af anhyideg tolges \ms fsfl ahpepustany gate during the
it & ¥aRred Eglyﬁlten?atﬁﬁ ?%c@&t Reddér a%%ﬁd&gw&snﬁcr@ﬁ&? B $0 rpm

chai n transfer ymerization proce
anglg} 98 A giod styvwas (9911% @és?édn@la)wsmcfed pyer 480 n@288&. grhefwell-calibrated

m%tfﬁxﬁ%?\gﬁnﬁ . aeféo/roégméagne ef%edV\ﬁ raeccfn%t%ntox\'él e ?% g(? % %Wut. - ¢ %nhydrous

cyclhdxaat (2ix 20 si)awmds chartged taf thd. ﬁy&ng femi Byste‘hil foyfish bise alumina bed.

T SUTERLR b6 Hed Skt SRR B no frter prakE epeiog vs

oHs@rvEch gerleRAlY ts@inifidSHyctie BREing G Me Qi mRRIcoRRoll WilNe& the cooling
1eat of reaction was observed generally signified by

coile cI03|ng of the automated control valve on the

[0093)! |TH]: s%@?!nﬁt of ﬁl@y&*}n peburk |091t}cﬁﬁp€\ra§‘§ﬁéglﬁalﬁ§ﬂ£tr@ b%d Water

was | eft at 800C and mater was hr ough e coolin
waspled dhrghgh @ewﬁehrfg enils @b nededsd ydtile dhd ﬂmsofahet kotedl was altered to

USRS G ORELC RS SRR T o

Of\ﬂbwalgen%shwatﬁngsultmgm\mt'ﬁcr W\l!htetterbid,mbdtlde rﬁ’hetrela:oeon Tieure was

LN AR TRl e SRS P

settlitig fitae. SWhtkt Andginy Irafgaor eVl sédn mdeﬁﬂwbdrtﬂ@ugl{ the BYitsth @fhin valve.

ved thro e bottomdrain valv
[OY)\@AI?] ' rg)terggerature o e mr jacket was mcreased to 130 °C while the control valve

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

distilled through a simple distillation head (1 atm.) until a pot temperature of 115°C was
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[0080] The tenperature oil jacket was increased to
1300C while the control valve to the cooling coils was
wo eoosas4ed f . Cycl ohexane, residual npi sture anBCT/U5200816656218
were distilled through a sinple distillation head ( 1
atm) until a pot tenperature of 115C was observed. An
al i q(lilot was renoved for analysis via GPC grl\/p: 192, M
obporyed.\fAn ahgupt wp remoyge forppalysis vig\GRGHOES POGHMn: SPHMw: 824, M
1318aphi pe3ym xture, 7931 g, was stripped via continuous
operation of excess toluene to yield 3490 g of the
[0@8ﬂc ehher erudal rqgetieiumixtarer 8389 g.heias $teippadhda feontinamiin gpeBROn of
| H . . 2 ; : . , 9 .
O 8 10 e i B Gl i
GBEC analpsist N1j: 130D SMa P3P aMar 82VWE; 1RaPDPhf& Bhé tdnjinuddkstrip was

o RPRpRns Ty FRARLY PR FuoParolo? (BBE sy Bt SADE VE ppctarine

cdriditdnsiwernd €slfeys: feedpie atl 1336 /kr, 60 fackAnerastaditinteGNEY5°0 Ifressure

_q.of toluepe was collected in a dry ice trap, while

~BRdnRdiE 2R ARpeentel AT 730 6C A addtipned 1140 Bof toluene was

cdIRLIUE e &?'QCél-trgp' N hiB Yol RRRP Bonder RBP4 g ofeTrture dM6luene
800 PD = 1.39 [0082] Toluene 4758 g, (5.5 liters,

ansh]. Bdiphenyjpraeescchar ged to the reactor previously

[dggﬂt eql deBorl _ef)e{sy)%lf atfé? chlgcr%ﬂfrgtg Rhl%ﬁ%ﬂ ¥hedw & gﬂ)}ﬁﬁ%ﬁdﬁ%@g dg of an

hour period; " Kar nol sture analy
oligwmepimnrixtgieduigh thelfdowihgGBE ipeefile: Ny 802, Ma$48.0d4:c2281 M,: 1390,

5 ' h il jacket and P contrpll er ting.
P%hé’%w@n%peg%} scobgl%ﬁnss‘év et fltoﬁ%‘fvs'?%??g%ait%t_ ufgf E‘%B’oﬂﬁh“ket
teapedatung =t 203°Ge PERfurpei 06 mmnHe raat Woldent&StethpgratirdBeld °C. A

sol uti M | cl.ohexane, 0.282 nol s.char ged
it G e 0 pl-FLPBRTIBAPfe 200 fac BB dogey 1Grethylated
dipBenly BettRles) SR doBdted & A@RRlateeact i on m xture. The feed

line was then flushed with 75 m of anhydrous tol uene.

Next, 48.7 g of NN, N',N'-tetranethylethyl enedi am ne

(TMEDA, 0.419 nol) was BEXaAMPLE0 t he reactor through

t he subsurface feadTSPar ¥1Q/=111%g PIhe 1¢trar acteri stic

s r ed or TMVEDA co exed benzyl lithium |
[Ogﬁho nhPW?rﬁ’ 524%% M?TB alﬁfrs’oéf'&g gg)bl W Btfargféttﬁrfg? repior previously
héatdasu i eeeeby iRensvsEshd hatogacket. t theapeesdildSoptating the coiling

al i quot of anhydrous toluene via netering

: punp.
cosarvasiseiriar | 1o°S5ahshe selvent Rypa heated todhe enetianeismperatugs, 78:6 g n-
BGIONS[ABh (FMLE cHWSHRshe D90 MBI £ cﬁ?ﬁ?k&tﬁ&@ﬂ%ﬁ@&ip leg below the

pol yneri zation” process. Reactor agitation was
surfaes eftbe gently agitated (3i0zmuh) Kduede geastiors mytenee The Jeethline was then
. 1 L0 - Th o
DR 2i by A7 i s e BT B mpd e a1 1005 202
ofatV, /4 N dhisdtamntethyhttleylofedidmir® (TMEDA, AhPg&d mauls was charged to the

cycl ghexan 2 x 200,.m.),. charged to the styren
repeiS TR e CBbsr R P i T RG B aharstie oG JFhErEesalor of
Tlrx]/mu,«sh eorhﬁlaﬁddoﬂ_ien\ﬁﬂslitﬂiaﬁgadorcwgﬂ|cﬁh@>n¥i/|thlﬁﬂoﬂ%a§s§i’]{g_t J;fgnsugane. The
eal, o1, reaCll on_wasS observe enera signitiea | .
Sﬂbﬁlg%a& b s ShEh e Basevag dam 31*@06 pf iy Jrotippliene via metering
péEfp. | AdBisRily 350 mq%?%inh;musgﬁﬁueﬂg'gbg fgj ath ot GIHP $4t21HF iRy the

controller was nmai ntai hed at /50C and wat er
anionic chain transfer polymerization process. Reactor agitation was increased to 510 rpm
and 2544 g of styrene (99+%, 24.43 mol) were fed over 80 minutes. The well-calibrated
metering pump was programmed to feed at a constant rate of 31.8 g/min. Anhydrous

cyclohexane (2 x 200 ml) was charged to the styrene feed system to flush the alumina bed.
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was fed through the cooling coils as needed while the
flow of the hot oil was altered tobypass the reactor

WO 20R@54453The reaction m xture was quenched at FGIZUSZ0D$1066218
a 50 m aliquot of deoxygenated water resulting in a
water white turbid m xture. The reaction m xture was

was hed h eox enat d ter (3 tjines
THE e e o BF BV P Gener stimp bl Rl rurtas ppptfo geaction was
obbseed gWidkAly @g}ﬂﬁ@flb(y th8 @1 RingeTHhS LABMAIBS coHRHPVEJe on the coiling

t.hrough the bottomdrain valve. [0084] The tenperature
cdb- the oil jacket was increased to 130C while the

[0998)t I Phe M) MefhpbRulb oMt Rds 6Qiak %0‘”@3}1& Hhieda®da through the

cl ohexane, residual noisture and toluene were
casiliag icpilsswhil) the figtw af ierhot @il dvastaliereditp dnpasp e waeter jacket. The

regétlf‘ﬁu%ﬂi‘gs\%e{se%}{&%fgagrS@Ba\Lqr? ;(Y [nﬁdagp ? t_ré\]fgdeoxz%ena{vﬁ water

resualang lipra rwaxd:ruwbl,te 8aHBI gnixtwees Eer rqaptioh whigtueomas Nushed with

era xcess ol ye ield 3380 of . an.. .
RRTEPHsd b XGRS ee nl e Ehnteral® Vgl somid pOrauiien tlesseiting
tide. WSt &nd dMp rag28 emuMion WaBrembVéd thidagh e boidd llran?@alve
strip was acco

["i)%’% H&Q‘g@i%?fnﬁﬁtugégﬁi%ﬁt dyas megasedyiog] 38%%53?13% qortrolwaizve to the

c&iﬁﬁg alol1 9 Gurped Qi)lﬂt | QRR10NE Be, aﬁasi‘d%ll AW¥Rturd GRE RLR wexje- didtilled
/hr, oil jacket t e;ger ature = 185C, Pressure =

thF@‘ghﬁdeIé}ﬁ déﬁﬁ@wnﬂ@ (elr%ttndr@tlka poiGempgraure eridﬁfcy wnggl?served
A agauat%ger&ﬁomsfopg Jh}es%t \g.q o gwdrzw RE: 552R1,,: 7k Ev,: 1853,

d finger condense Bf a’ m'xture of
PDOI &@ne and 1, 3-di phenyl pr opane. [0086] A second pass

[U(iilﬂlt h’ﬁhecgrﬂgee Et‘% mtlerur%u?%) he W:f%rl %d l'ig %%e%&r%g? gpeéatlon of
eWbss tBH)&ne tkdl’ywl& '2846 o tl&:Ochchateiﬂbﬁi&iucP&ea&l tB&. halfthe following

PP PE g oy A0k ol BRE MY T F 3o IY 5D pEC g Eoningor s was

adzbm@l’l:ﬁﬁe@ [5)7 @%ﬁﬁﬁf WiBEPE IR EvipBrator QWFEAalE. Pope Sil()3&BFI9 bperating
3-Di phenrl propane and its structural isoners

C%ﬂﬁwﬁwa%eé'a fRlloppsetepd ettad &id)L/hie pidJackst|ieppestiurgs™ B0°C, Pressure

= @joSthinl HAtgd cgﬁ%%érﬁexﬁp&gul%w Qodv chﬁtﬂlaﬁg 11‘)2?1 3Qr toluene was
(%0087 ol uene, 4332 g .0 liters
Ieeied e dry igthian. sdde dhe cmkbﬁnm sdndehssd 5600 ¢ of zwwy: of toluene
JER t oil Jacket. The PID controller
aopégr]gll ?gdﬁé}ﬁ%ﬁgool ing coils was set for 70 OC. As the
content of the reactor was heated to the reaction

t enper atureE}@ﬁI%. LANBAL W ORTT %anﬁglL.ohexane
0. 242 nol) was ar g?a{ Alﬁr ou:;tg E gi eg bel ow t he
surface of the gently agitated (300 rpn) t ol uene

reaction mxture. The feggANMPDE (das then flushed with

75 i of anhydr oug ciglpuaingry, Negss i LRy ousl y prepared
soI ution conﬁ)‘rl sed of ot assi um - but oxi de (27.32 g,

Oé 43 }rpoqp))a R/E’BN‘@ rgL og Jg(@cgteﬁtbptjﬂed THmd¢isal reaptay with an

tpHR'e)}ulﬁﬂéji Weh lé%@oéeﬁ%ﬁle@ QvErhedlt &mﬂ%gs) steel stirri g shaft with
V\ﬁSII’] roduced f ormng a C haracteristic rlg% él

pitchpd blad¢ tugbimarmzellen apd e tletimblesvzple. émnp @eRCtir tWas also outfitted with

A oeJslX I I{ 9a§s, 7% £ syrface

O St usﬁe%ﬁd\?l\} es: Q?éesgagrﬁlgis o 3 (32 r%) % Hid g% 1ntr0(f?1cmg a
mixture of styrene and toluene; and (2) a stainless steel 1/16” (16 mm) O.D. line for
feeding a mixture formed from butyl lithium TMEDA and toluene. The 1/16” (16 mm)

line was threaded through a '4” (6.4 mm) line to prevent entanglement with the
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m aliquot of anhydrous toluene via nmetering punp. An

addi tional 350 m of anhydrous toluene was fed at a
W@stsat3 rat e during the anionic chai n transfRCT/US2008/066218

pol yneri zati on process. Reactor agitation was

increased to 510 rpm and 2528 g of styrene (99+%

oS e SIS Bt st

fead line wasnél’rardd justbeloafthd ﬁn;ﬁ:]leg Tl dverfRwhy@t wasdirected downward

o SRRt B 2 G P L BLIABR BB lop. Eppection

toSd 94-aieR lif)r%e?ycoﬂjﬁ:kéfe& nenemf@ed glads tube. MPBGHRE eMBST the 15 mm
deened co ete when no further heat of reaction was

elatsube wes COQ‘é?féfida‘PIayz Lteg ghrepbigksyed ered tragivn b neansoafj anggeond
19tnt A@e SREGA®TANYH YRinlMioh NReillEAFLASN®S -co Bﬂés qgeég gﬁ}ehﬁd garts)

0088] The reaction m xture was quenche
overtlow irepgior Wab egeippedgeitaee dllﬂ\g@seeovqrmdlsmrmg apparatus, bottom

dﬁéﬁlt ﬁarlv hﬁlgd W{ep 'cgncml%gi de[ r}lt-rrgg%{lé)?lab%tobf%r og%%t l"trhja OVF]r%lgg line

deoxygena
amhtamnhﬁmghmuduoé&@&)wmmg@aﬁe made after some settllng

d L Qn renD
b gt o0 BRtP et S0 B oo et Theh Bl piapagplere
amlﬁleﬁthanperhtlureaak et‘gaﬂﬂ&hiuﬁﬁﬁlme Gvals Qox:’h?e@ ffz)n\f\lbﬂ e g¥¢96 mL, 1.09
B e SRt 3 BB e v
lith R OXbutAt BhiMmtiRy dISHEk SncBid 181K go(qtl 15 AR DAY R 1 '1*1\@@19}5! this

from65 to 115 C " water, cyclohexane, THF and tol uen

M{HRE Ve PEr e wih a/g«\asawpﬁ%(nowai@&) ennguelis fioringabeal yibiout one half
ofVﬂh@ sgﬁgorp(zvgy T trhﬂ)%ﬁfl Ql4, g%‘ (1? d%gg%a%s stéaghre%a qa%% Valve

1180, P crude reac
mm a0 cmee drlé’ct 1® gl ngsysngq ppeded o asycinpe pwropud fter mfusmn of the

SPRBL LA PnCHGER ! 8 NERT R AR SR PRy e o

man ahlyssifsce fiofad llrﬂﬁ()ﬁ thMEactBBGzas bpen and The Mh toltB8 Shaghitically stirred

o s T BB SPa RS S Bainesh B Poappvin e

seOPRy r;unr ¢Tghe mduﬂelm&chléﬁe‘adoyrlaﬁ@g the 3-wa/ ﬂ)dllm'alve%'ul:h that the path
g % tenperature = 185C, Pressure = 55 mmHg a

toég“n Rsk vas operandithg patiatotheregetor was clergrlt i onal 1435 g of

[0*1@3]3 ez?@th@@tﬁrt SP1He 86k, Bk ﬂgﬁbt@r WHs¥hi lggdmévftﬁ‘ Reo WP (Jf%nlﬁ ous toluene

xture of toluene

col er condensed
angrhgated 30 THI°6h vsanphip e 2 (pgbglL} 5R5 mimfcmpmndﬂ 78he (2000
mPf 96‘@%01? bf § dhl?fs qylg%\'h ?gre\%abﬁggd&%%%gé& ]tg)e c}}ar eﬁl\}B a N,-

ollgoner ture Swi ng pro
bl4i@ted OO0 ﬁxlg;‘admd Slinderveservio®0 A he Biduent- sﬁy]‘ene\ﬁﬁﬁture was pumped

0 ratln on ons: feed rate 1.33 L/ hr il
o BBl Oy B 4 abosRO Bty BB Mo i oF bk basi
altueh‘iaelhﬁl the frsedfdpGr two/ We sedn chie?ing dha¥ogstott e FgANsTstoPPed and

of, sIr ctural isone col .l ect as a dlstlllate
s SoAErrags R o3 )= Detg o hiyry oy Flohetage was charged

drpgwie thto (1R readkdriti eand &f 84.0RL syMB. R 88 Hoh Val YBpped when
reactor previously
the characteristic red color of the polystyryllithium anion appeared (indicating anhydrous

conditions). Next, about 4.8 g (0.012 mol) of 16.5 wt% n-butyl lithium and 1.3 g (0.011
mol) of TMEDA were charged to the reactor. The feed rates of both feeds (toluene-
styrene mixture and organolithium mixture) were preset (toluene-styrene mixture: 6.28

mL/min; organolithium mixture: 0.386 mL/min) and the pumps were calibrated such that
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heated to reflux and azeotropically dried over a 4

hour period; Karl Fisher noisture analysis indicated
wagoopps4sesi dual H20O. The dried tol uene was coRCEUS1008/066218

80 Cwth the oil jacket and PID controller operating

the coollng coils both set at that tenperature. Upon

OP gom%)%?r Foed Bt é)ass % thx i ttﬁger a@g rpﬁ%bs:ur\kgg g‘fﬁg% gl(é'lumes per

hdsdn)r ﬁun gi‘BOt—rhmutél rps1die€hge beleoVWht [peocsss waCndictddfor giesuk 195 minutes
qqh%eted (300 rpm toluene reaction mxture. The feed
H 'was then flushed wwth 75 m of anhydrous tol uene.

Sa%i})lé’s Wer® kolctdd MpproRimatdl bVedyBd Mth@éd et R A r&Ms0Rinute
TNEDA 0,286 nol) was charged to the reactor through

quwé %h‘ﬁ%ﬁfPP%@a‘f‘é’é*dn FVEcactor welges Hie syriamdied svached seeady state
cdHdiths. 'Tﬁéj ape! ﬁBle&IlarT\b@Qﬁ e ﬂ?ae UV fradtioh ;&b“ggted was as

anion with concom tant off gassing o t ane.
follgws: UM acl®9Ri Me=R389. Murs é@DNtQIh, M seSdhdnd/Bolgdlispersity = 2.78.

a n
A QDR Uk ALSPON CATEL B0 2T A 165, v,
=08 Dalionsr antl & odiwdisprgity |=Fe2 #hi GRCcanalysis Pf brcaﬁ@)f)ﬁfe of steady state
rocess. Reactor itation
R oL RS o g - Brhect g ossofpllows: M, =
4083, B2 =38D), Mg+ 8790 01,63v6897 LRRoKE dhdPOS/dispéiSity = 2.15
wel | - cal i brat ed net eri ng punp was progranmed to feed
at a constant rate of 16.3 g/ m n. Anhydrous
cycl ohexane (2 x 200 nml EXwMPLRdeged to the styrene
feed systemto fl AGITSPHE Miwn2288 Hpd.1.9The styrene feed

{ t t furth
el "B BRah i HRte Gifeels GREBLEirEnnly ] et febgripgs herein
Thd’l&)llliblné)-slyf@le Qhixtuie “%]sm%ﬁtatfﬁﬂ; smgr(?bz }mlp}sgzs?ﬁol)hﬁ' sttyrene and
Qol 1 e se oln 0 e erature
@ r(g]%loe"ﬂ}“véjs %éliwil af Arttydequs é%eeleanah%a{gémlmmf wiKture was
fotnhwﬁem the7cogl, 11nxgop 905 &L@%f'ﬁﬁl%‘?&;s"t@lh&{% 5586 HLOx\f ﬂi 5 wt%

the hot oil was altered bypass the reactor ja
(T8 g OdBine cantringd elkwahthqw@rrch@ml latbluaom@mobhxaae aad Af.81 g

1@'1'0%Et 0 QE éﬁﬁlg Xyﬁ&e{he &P UJ)IE} 8? tﬂre;bo\?\yasﬁlgi@}jl%rg anion

te tur ture he reactron m X
amearhd obéaoxtylﬁegl a@ @214 mat)euf 163 wt% Hicbung!)lithiinaid 206150622 eol) of

d and red S ttI ter and gn
SRR L 5 A 8 R s B e
stymhev mlxtbbeQQ]S ﬂihﬂmhﬁﬁitgeﬁ(ﬁithmm ®fxtir8:20.064 njla@ke! MRScombined

i ncreased to 130 ntrol valye to the
TepEHLT R (A TRt i, (705 i per AR LSk aTbE Prasess g conducted
fdfrab&ﬁurgemmeésta@lmaeuwe distilled through a sinple
distillation head 1 atm) until a pot tenperature of

[019¢)C Saxmapbesswsry é@lecr&ﬁl agprogimstelyaeery dPmaes affer thedfirgtsiSsminute
péf o@ gj\/@as(fMPnd ﬁg@wtﬂ\m twoRkactoMb1ufiéd the stergl%g éeae}%d steady state

[0095] T crude reaction nrxtu
ccslﬂrtmppeahw G&Cctmlwuia.romgmr;mtabutmn ocﬁﬁheefhxseﬁsctmnlculémedt was as

LB P AR R PR R - 1
A8fiical Mcadyls'BdtéZfraRBh ahal$Bd af e lomanM, 2RSS, M&,&IZ@IW = 1026 M,
-SSRl e B eens, o wpedcLimergtotaten (VR L

frﬁc@ioh@ﬁ&lyz%@ﬁﬂerr Sl tl;lu%ﬁe baﬂchI-B dpHeny Boptic WEITREHLALWE: A,
= 185C,_ Pressure = condenser tenperature

22889 Mg~ 2804, MiclT 1 700 v -131% D@“@‘TS and Palydispersity = 1.91.
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collected in a dry ice trap, while the cold finger

condensed 2634 g of a mxture of toluene and
wa@sdsgbenyl propane. [0096] A second pass of PEEUS2008/066218

concentrate through the WFE produced 3012 g of an

oligonmeric mxture with the follow ng GPC profile: M:

409, M. 648, Mw 928, Mez: 1390, PD: 1.43. WFE

operating conditions were as follows: feed rate = 1. 33

L/ hr, oil jacket tenpeBPROMENATIQX0OC, Pressure = 0.6
Ggﬂ&hlg)eg& tig@ndenser tenperature = 0 0C. A m xture (455

) of 1,3-Di phenyl propane and its structural isoners
IOg%t Htomoeld ongimsthany (BENA ness) azpetrapicady |deicd €6 18sppm moisture by

K%ggl}%rsa Seéeﬁg%g@ k;egg }aglkEAga?glflss gr'r\égye]flgrf%g(%@ c}rie\?l\i;ag 130°C min

2 hémrvge:cb dpprdpniate) em:plﬂgecpdsmmighs pytoriteaketh the biohilhatioy reaction.

acket. The. PLD controller
AR, it and e K B Bty Uhds? 2P pcpemosmbereuring the
ccﬁlﬁﬂe\beﬂfe sv@g dhdakeshetioh BEthe BafhihabntredFRR! at ur e, 79 69
n- 'J(Lg}? solution (2Min cycl ohexane, 0.205 nol
[0498]; oths ampuntigh AllBre catelyst sgmpsraaiiv tailahle) neededyio mhlee a 0.25

mgl%% ¢c¥lc@9ﬂe€1 atiag tﬁ&@%ﬁlQE%oEQ AYBA nﬁcﬁ@cﬁﬂnfn ?@%Lué 5% mole%

eed |ine was | ushed wth rous
Akﬁsx)wehléon chadive lsatajyst wasevigighesit and dhaneteanhfetied 0D dzntd Peagent

b(ﬂtlefzgf 1181% mln%%wé%r%%dt {ééalU?v[oh :&c?%% %?tgs'k r@ 1@% JF@% amount of

catalyss @btﬁ\acazlyf @ddlmaln:ancﬁtmt that gvauhe be bﬂxeamsce deastwated) by g:lxrnsture

e 0 xed benz i thi ani
el{hce)nco%let f';clrr? wS%g%%aA iy ?T]Y)P g}e kgﬁﬁcﬁ??eg/tm?’ emé’ﬁiég élgee bfqnh‘%at‘on
rega®onf | Bohdok \(\5-1101 ppns ﬁﬁ)@ﬁde 7c5nlléht) abasqpmﬁpeaf 1nﬁﬂhﬁédfe@gb$1t bottle

t ol. uen nmet er n tionally 350
€0 qu%ﬁ gﬁs‘&&& a@ﬁ ' Epr?@gmat g{'TEI'% ﬁgeta%ﬂna.ga%t@ %ﬂ!ﬁl% jar for 30

mindies 36 a8tk héhddaRols” dissdhiRion R t}ié@ﬁthlg@tt | PRt PROGRSIE % AlBr; in
Reactor agitation was increased 10 rpm and 2544 g

brgming; spiusiop waygthon trausformednig) 3 srpdpated 8?9(1’@86‘%65%!) plicerlipe g, large
ca Qzﬂtyvlﬁlolrat lhaRh@t ed netering punp was progranmmed to
at a const ant rate of 31.8 g/ m n. Anhydrous
[0é96H| obeeainaiq( chajn-te@6ienisyrena potymzer §AGTSB) tded vetsydisolged in dry
f t I e reng feed
(5} RO LE NS N3 AR R I UGB 8] fgh Eieed 1o
a gmduatecolffeccbm:wsmh ths Oﬂﬁ)srmie%eklgfgmebrahﬁr)e aidghd 23 @6 YCTSP in
he -aut gmat ed contr ol g, on the
B@Qﬁe’f"?‘fﬂj’“ca&‘? g Fe YOS QBN BrpRt ﬁ’t‘ FoltZ B &}.D. feed
lindg o £@tl1-8firrdd0Rish dR eyl Béel WBEnHyBfbus BCRUa thel (°0ThBg:lative
feB(ijlls whi | e tgd{lfl ow of the hot oil was altered to

1S arepqqpstpntlypepitored ek thatmgtio picthe twayrsaganis igd eempdrs constant

or@NoRasht AhrifPRE c¥irbd b BholedBophilic BHRlinRfondERKYPENat ed

water resulting in a water white turbid mxture. The

reaction m xt ure was washed with deoxygenated water (3
Biohi&gion EalinHedt Seﬂlﬁ-se cuts were rapid and required

fTttre sectring trnme. Water and any rag or enul sion
[O\I\HH rAe iy ed jadketed dlask Et&orbmmumedctan) rwasadquipped GRB%h oVkehead
gl’t\s*l%e r%%rﬁs%-u%,%ﬁg 55 gr%%%&aﬁdﬁgaa Wattr-cooled gor}d(e)ns]éts }Qe(fjm\(l)\'tlwlel‘le, nitrogen
inlet, and bottom drain valve. The reactor was vented through a calcium sulfate moisture

-

trap to a well-stirred caustic scrubber to absorb co-product HBr and entrained Br,.
Additionally the reactor was outfitted with three inlet lines: 1) %4” (6.4) O.D. PTFE BCM
feed for initial feed of BCM to the reactor (the BCM can be either fresh or a BCM recycle
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cooling coils turned off. Cycl ohexane, residua
noi sture and toluene were distilled through a sinple
wele@Bil54481 i on head ( 1 atm) until a pot tenpePEl/URW0%666218
115C was observed. An aliquot was renoved for analysis
via GPC (Mp: 397, M 652, Mm 1174, Mez: 1853, PD
1 0) [01Q0] The reaction n1xture 8967
g?fﬁﬁéﬂe‘(}?%? rEflé}m Mq wi.oa% e BEM RSy ied Ting; and
3).\/ u/el (?2 2840.0. BF/AIM, GRRGERE Taldekhed" emu QahBamrf; aﬂa m;qtspxscm
had the foll ow ng GPC anal ysis: :
feqd Buaes appsecyrgd yuchpimt bethyiplet ngs dissharnge ﬂwussomenﬁs P mlese proximity
crBf R el e AR RO hd bR MARRR Bl ol Fompleely
covetletl guith: aldreigdmrfail & excludg 3ight/ amd theoichctjoaokas tcondwied imb darkened
Vém%%' Pressure = 90 mm Hg and condenser tenperature
= tlonaIIy 1024 g of toluene was collected in
[oa1yr yTheCt&oﬂhfrﬁﬁon m&:tbfﬂwhshﬁlaé‘ddl dbolé ﬂ@aftelc\@ﬂéledi\&ﬁdl P&IGHitlga %~

A T AT L -

rebdlorto 41%65’@1 potZo dHov EbkQirkct TRAsRPHRRA bréfiNdn ReadloR'S %ontents
200 ol | -jacketed baffled cylindrical reactor with

Tlé?nq‘%ﬂ?@% PRlovRpRl fackeied p9ed cipRedavit en eyRrhepdptéring mechanism,
thgméﬁa%(ﬁﬁlﬁ' Bibaae ?fd@c%n ﬁ{l}hélr gwﬁ@%&fﬂew 1]{,{3 nm][{l]ﬁp%qug of

bl ade turbi ne I mp erna cou
OTgYHE ar@dr a«msusapl@@eso uTliq queeelh wott ndt avpitrogérs uxldt aod Wa@ gurged to a

calukt[} b@)gl) The (ﬁ;lgﬁcrﬂl SO ﬁacf ! g?t]ton\ll gralr{ §aﬁ rqpen(%le transfe o(féé)e pot’s

u0|n que ne;
comtemtsao ah eﬂ;emmdheels liltér]ﬁéragel\&sm OD line for feedl ng
ur e fo d fron1but i t.hi um TMEPA .and t ol uene.
OF A PG R R i el ik RIALR TP R Somispis (oG qwash
ketth). Theevatiokdrlewans cehiteadlRREBd, baffldd redvesiRutai Gath an over-
irrin ratus during the course of a run.. The tip

hf‘a%' StTRgS %Y%%p Iiﬂﬁ‘é% DeangStarkyiraptaermocpipleand bottpmcdrain valye

[0RE31OVA fkcRativBPfIEdeSTof ddSprherard QAN troVBRoflrngCthe Shrominated
downward at a 22.5 angle, and was attached by neans of

praduct aph wbid apd resseatially fred P BGM. dbadust recorery sam be effected by
dlgt‘khﬁé1 Iﬁ tllleoﬁél\/ginyé}loﬁl ja?lgéfe%t x%grl JRe I R a g(')tﬁ%f?trattéj b%lae l{%ttle is

er end of tube was connect
loaatai t0| dnable 1tglcywhtr§1ta¢>kceiueidtosn |turn€bd drepped os a meltnip@nsbudket of

SECo Thre conngecti,on
SRR ch Sy CF vl P g reSfsEd o GPRRE Loy SPreg product
(afte'reas‘fehahwmg)anhhtols S\AM)kEfunlcpmgdumﬂlﬁghmﬁﬁda &irhm@ﬂtllaﬁs The alternative

verhead stirring apparatus, .bottom drain val ve
S | ekt vt RaEEs Vesal il VOB prgpeHie Brodut is fed
acobkhpatied bEhﬁe @Mﬁbfnﬁtﬁw a&édﬁ@f,@r}@lmf)@eatef BCMeTR Aeal&drd® the first
n a stirred, oven-dried

100C WI th
@ge %@m Fhe quc @ B#ssech threpsht a NacuE¥Eh doredrying
M%Ienélgt%lﬁp lalsCHREL K L{%ﬁaerétﬂreo(’[%)"‘gauvt TU)Ob@a{g ﬁhéége\m%ﬁlethanol

fornmed from91. 75 r ous
bafere disrieg in4be @@n m_a tsrmpt@tlrie W% l@o»sz geg, T,0. 0824 nol

hi - b hi
RO e A e TR B o i, o

cdniposmons contained for each of the Bromination Examples is found in Table I.

Bromination Example 1
[0115] To the 5 L bromination reactor described above was charged 867 g of dry BCM
(azeotropically dried to 5 — 10 ppm moisture, Karl Fisher). The BCM was cooled in the
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m xture was stirred with a glass coated (no PTFE)
magnetic stirring bar. About one half of the solution
woresdsasn t hrough a 1/16" (16 mm stainl ess SPEEIUS2008/066218
three-way ball valve into an oven dried 100 m gl ass
syringe nounted on a syringe punp. After infusion of

i A e G RrEr e 1t Trsolstion semiiogd ShsEs $LACTSP-
(Fi&ﬁe A JTISPERafpldIEM, eB30PD a3 D RAA 1@6%, bihdy MM “Ia§> cmdaged to a
magneti cal |y stlrred fiask was clo Durin

. th
0 anldY2 blanketsd eraghated pdinderrqusfittsd vith & K (%%/mm E@ Flifead line
plﬁcﬁt@ t§ %ﬁ&gr ﬁﬁ] Jntlﬁaf cdritéhe T Eﬁm\ﬂ@xsbya%'al%vgﬂa %Xrlétélﬁé 'Btering
way ball val ve such that the path to t
pmtodb@hroan@trph ecagigr-h Thoprewieusly arepaned vidiBrs ¢0.8% 191%) in bromine
t e t
1378 R sl b pBsetE ol i) S G o0y R linger.  This
fedd OcSsel Meanudinthiaed belder g N.GRosphere5nd Svasohiifitiod withyar B €32 mm)

1734 00 ni .6 1o of .a dr.ous .t ol
PR o dfte PrbaD e ishiter v ool oy SERRER RS Stson 65 eans of a
pddisRiticehaeingGRthpth tigrrebech &y&wmder reservoir. The
t ol uene-styrene m xture was punped to the reactor with

(041615 pbteator sragmatset s 1vg-T ﬁbprteﬂ?taaw EIALYP GRS gfch that the entire

coRitRY 8f Bk $wd &S ard] dhBigE@ awglhluum%uéw E%pIGfeQF?n @80 IM¥futes. The
were seen entering the reactor; ed was stopped

cogised wes ntqrpygptedrpng e W@@R:@Qwem\aéthﬁ m@alctoattr@nsfqrxedzltg @he gejch pot

o Hidd B A OO B RCIER A B Ol
nanabeeétv@ppmatedha rthet bnerrmtvapadladf pE867T g LEdrc BLY ewh tirthe prior to

ol vstyr, I|t n1an ear ed catin nh
BRFpfhd LR MRS S Oy AR DB
that- thel trydctibn tdmmmtlma deﬂlalas gloéé) thil°GIDU)301®ﬁ:oﬁ%dEfﬁéh mﬁthg feed the

charged to e rea ctor rates._of bot ee
RGP e LRy P e S T MO Al Bpmine o be
conBirfed? Bifebbadtiol InMie: &Esytl’raﬁﬁﬁ:n@li Xgravig)) 16 the% Iﬁq’uéﬂcﬁ ;pot through
organol i t hi um m xt ur nL/ mn) and the punps

the P oI SR f%mz@@ Ri PBYE banehr bget f eed
[Oﬁ?ﬁ]s Ephel &feﬁ&g Bof Wﬁs RSl 8 BfafeclOWith (DY nfl R3S WRker (2 (_|_5°C) and
vol unes per OUT for a m nut e resi dence tine.
stisred o 0 ipm @ofﬁeluetu@tun#t@ mixisg Ll the Hrgenisuandsagueous1R&:. Upon
I 0 t [ eyer
({rxﬁ%ut n t?a%fs%\'g ﬁ)ﬁrg\tlkl S@ %&Hﬁﬁp W% aﬁﬁ%ie h%{t%l e r¥? %glor was
elhillaate&\mtda lmeat water whitt mmxtmelwambsertdde Tshy qtusmh fnasl exothermlc and

r ed steady state, conditions. The no
a B TR gt B, Bt S MRLSEPRR B Hecstagpic phase
aldzda® fettld OVIhe IMWver= odedRié, pHube vad ABMsfelybd Fo A4lS6L storage vessel
Dalton 512 and Pouydls ersity = 2.78. A

‘Eéio@tr@]a‘g)}og‘t NeQFranddiq NaBHal yzed as fol I ows: Mw
[011[§I]14ﬁus Mo-phaie sttenllvklras t&ﬁﬁ@nsfﬁﬂed:m?tﬂlg% 1DRh{HoRS A refluxed

Polydls ersity = ana§¥5|s of a conposite of
(63t ehkiey 3 tnatnéea‘ réél@qt@nswén@nem arid e better ppganiy layer cut from

OR3P SRy, PRSP BAPRG: Viggasy BRIl v
twiey] ‘ytdln éw ] oftap-watet & EXANPLE TR salUTiGPwae thehaz28gicly dried
eats that of

bweans of LloiVCI’% )nge tﬁ%g %aé% irlaP bggg%(g?%ﬁ? ﬂf FREStor Was pumped to a

1 liter resin kettle while stripping BCM at atmospheric pressure. Upon completion of the

transfer, the BCM strip was continued at atmospheric pressure until the pot temperature
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The tol uene-styrene m xture was made from 547 g (602

m., 5.25 nol) of styrene and 1816 g (2100 nlL, 21.58
woreiop/19f45anhydr ous tol uene. The organol i t hi um PERUS2088/066218

was formed from177.27 g (2.1 1 nol, 205 nL) of

anhydrous tol uene, 90.26 nL of 16.5 vvt%(ll 08 g,

0.1 alne al.k lithi - but [ithiumin.
repyb Al SRR B ane st enieyefih +Gecigl o ieeion of
158PC afd &Benmerg. col or of the poI ystyr yl i thi um ani on

appeared, about 10 g of 16.5 wt % n-butyl
l0|1f20 mﬂmcaﬁfamzoféhegefle kB‘ﬂQ“ﬁ‘ﬁfh)alrtﬁfi inty/eBR-gdlos plastis paikplirepidly
stiriR@ (RiERSHRF bladd)@1 6@%)%@1&%@ to ké?ﬁaﬁ tﬁee[ﬁ'g&ld\ﬁﬁ@a 952@&%0wder

(tol uénestyrené mxture; 6. /mn; anol i t hi um
The produet: wap. p@lected/ i m)3000rhel em&svu fré@dﬂé nera fuanela ginsade with

0 e .
586 3 P 08 B S A0 155 T Rl S
prp@ic®6] Sanpl es were col |l ected approxi mately every 30

m nutes after the first 45 mnute period. It was found

that wwthin two reactor volunes, the system had

reached steady st at eBrooridatiorobxamiile@ GPC nol ecul ar

R .5, S B o 5

W@S!Qluﬂi}ai ofCS TSI (PohyACTBR Esampled MIwe548% PDy»il34) in dry BCM

w?épco eé Xvi%%ﬁ/ﬁf % &e%&f@%%ﬁlg%%g{eq% !ﬁl@'legnoé M%SO g g’fg]?CM ata

constaytdelapher foed ptesodhal dhe obfagaraidysdeSingd inahcCRBNGSVAsS0Qhinutes.

stea state. fract]ons anal yzed after strippin
Pfﬁg%é ripd 4t é%%‘ﬁélwﬁfwﬁeﬁma@eagow bfeghieucrgy 1688 ¢ of
pr8&’1&;8. Mp= 2094, WMh = 1200, M2 = 3767 Daltons and
Pol ydi spersity = 1.91. BROM NATI ON General Description:
[0107] Bronochl oronet hane (BCM was azeotropically
dried (5-10 ppm noi S]kwhﬁnbtyod@idmlﬁbsher) Al feed

i ne feed tan and svvare vvere ried ve rie
0415 S s o BHRGh N Seoyedsacept mgecdd e of'a 25
wme&umlgdsﬁA@rsm (F&nﬂAeTSP Bxh@plerion, R4830PD A1) @dry BCM

| asswar e, and feed tanks are
Wﬁseﬁonftgé“ﬁ%& fhﬁa@f 0é5 m@k‘a@ rﬁi%ne PrOHRg forigheehel’ 38 0rgef BEM at a

ccﬁqg‘tﬁntsr@lﬁfi\'ﬁbqe&ﬁqtet $38hA @l?ereﬁfgfag@ re“:s’fdeltléé%nkﬁzr i %&%&dt&fbvas 30 minutes.

reactor. [0108] The anount ~of Br cat al yst

Thecpriedheat cmldry‘dzﬁ;éﬁf(ém e)van'eemmat o'heakecedu®. ;redused 4883 g of
p%&%}lt_cul ated using the fornmula [noles AIBr3 / noles
* 100% = 0. 25% nol e% Al Br3) solution of active
catal yst was wei ghed and then transferred to oven

dr| ed reagent bottl eﬁrdnnngt“mt{mﬁg“purged gl ove box.
active catalyst, 1t Is neant that anount of

[0é lal Thstprogsdyis cRroménation Sxamplafowat use gxcepbthiati 15 g of a 25
Wg% "s’@lm%r?@f ﬁ@??lt‘ Q\(?lto?lgA@fﬁptﬁxﬁﬁlgfeeZ ﬁ/l t‘hf% 'Pﬁ 1 h%|22/1n ddr?/ BCM
er pr ofved 7n

romne itself or an cess 'stream’i nv
washe-fed G\mhr?&f)ﬁ gof K)éléanolc% AlBryainibnemig tal hepb of 360t ofi BCM at a

cont.en tg th agent bott] e cont ai
copRan i e ERERE cofl s o Ty RS e Rotec e Gh e oeor
WSGI 90 miruges D Blic frade POt MikREe Wi RIGUEDeORMAGLENISd the addition
iﬁ?lm on ofﬁsp cas[uﬁféés The 0.25 nole % AlBr3 in
ofpP § gpdivmosdied for g1 WP Weshatog Prraldbe desulting
erh@§i0AMhd \4BRISR! thP ld8GRE pRise@ul. 8Tk product was precipitated from water at
95°C with concomitant stripping of BCM. The product was dried at 130°C in a vacuum

oven. The procedure produced 1645 g of product.
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capacity | aboratory bal ance. [0109] The anionic

chai n-transfer styrene polynmer (ACTSP) used was
waelt@sos4483l in dry (5-10 ppm noisture) BCMto neKEUS2008/066218

25-wt % sol ution. The solution was then charged to a

graduat ed feeding vessel. The 0.25 nole% AIBr3 in

brom ne and the 25 % ACTSP olution are

co-fed via separate W@?ﬂ?'ltﬁalﬂﬂ s through Ve" (32
[012)] CIrHe. prb&idrel oM mniimation WRhinplet i WaeOsctireRsdpt Hat rlessyg |o<13 a 25

a s _BCM at C. The relative fe
wi¥gseluten 8 RUASPATFIm horhsPdremhis o e nage- ot Td-¥ in e BOM
whi\-fe@ 3330 i@ 0B8R AIBRShAEmE 1818 8bel 6P BSPEE BCM at a

during the course of the electrophilic brom nation

cqngtapt yrarferrngrestelive dredmalaisp e theseeragp reqidpngfima i the reactor
|
o5 bk o s TOORER 5 4 B0 B on
6%@@@*@ aftgr ompdetiop @b thedbocfoert dhe erude prrdnetomixtued was heterogeneous
| t
ard I%&Lﬁl%gq}éé dﬁ{dﬁ on o%r&dl 2? ngsI %f?%os u aot%gcyﬁrselga{teﬁ,oeea?]ﬁ g%uef)lés wash
tocbrewkl the sdsulting dmuh;umk Iaﬁd adfieielihe désired phase lrut oTiY Wwekhedl product

r and ntra| ditionally the.reactor. was
G NP S AP b 1 yokf Sesnyv Oy g a vacuum
ovehRE1 2CM th 9%&1 §37rg bfd Whidd solige TheFiltReMddavdsh BN %}é)&ombmed
ané“ge BCM can. be elther fresh or a BCM rece/cl eheel from

¢ &lPbig Portipn)of therprodyet presinjigjed drom waiep st 93 ey Blorpncomitant

Spsgof Bess.faRd BIOMLe 1uBIe broduct/frhcdion WRsQirldd 2B [
) s%%lzgjurf ace feed Ii nec)u q)r cr 3r/ Br12l ar?girACTQSP/%BQgMﬁfgga Hum
oyep e xicld a93 gk g vdite solich that both inlet |ines discharge

their contents in close proximty creating a locally

hi gh reagent concentration. The broni nation reactor

was conpl et el y coverBepmipationExample® foi | to excl ude
[o2ght TiRNStoédaBre! SFaSbIRIVR ExERPUCH 8 yudel cRcdhRiHaEDESH ¥ ¢ of a 25

ventilation hood. [0111] The brom nation reactor
Wb selatiorplode TAP-§-(Frome ACLSP dixagutent Mwo30iPDh= 4.47) {rodis BCM
wMo—Qd Qmthng F%@@'Z@ nlldl@% Alﬁ% in %Pd?xﬂﬁf {5 Iﬁég? tﬁgbé({)gof %CM ata
drain valve o he brom nation reac £
copetenttrolative fged fater sodhat ¢lnet average sfslenaef tlmehm the mmtma\tzascﬁﬁ) minutes.
e C ent 3.~ The uench ot..was oil |acket
Tlgen@%%t Vs Cg{% th6§a(% et c?]ué%éwg i e ﬁcer% ﬂﬁlﬁﬂ?& 4730 g of
pt'ohle:ltrmvvel I sodiumbisulfite addition funnel and was
baffl ed for intimate m xi ng of organi c and aqueous
phases. The quench pot had a nitrogen inlet and was
purged to a causti c Bomibiion EXeplgdench pot had a

nable tr nsf er t
[0?% i gﬁl gﬁ ?%eﬁgrﬁqgf l‘g%l%% o1 xargplf ¢ Wps Use eg&e&?d@ﬁé%@ g of a 25
w{%) fsd]ﬁﬂlonThéACﬂTSEBr(EdmafAE’Iﬂ’CEﬂg@le/ 2386+ SBASPIP fszW)thdry BCM

tranfer | t kettle.
ey 501 Dol AT ERCR Bresiine tg hocber HG0A BFBCM at a
comkthitl rEIhﬁﬁ’e fébd f&tead& tRM @e HveAde Adsldeh&@time BMRS &Sctm%o minutes.
Dean Stark trap, thernocouple and bottom drain val ve.

Theoprpdyet Ayasedriseiat e (piie dexgewim egjen- prigrtrogadaresprpdusad d 751 g of
prb@ict.r ecovering the brom nated product as a solid and
essentially free of BCM Product recovery can be
effected by distilling off the BCMin an oil jacketed

resin kettle to for BanfiahGalksfhple The kettle is
[0126] The procedure of Bromination Example 1 was used except that 2000 g of a 25

wt% solution of ACTSP-3 (From ACTSP Example 3 M, = 530, PD = 1.47)in dry BCM
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| ocated to enable its concentrate product to in turn
be dropped as a nelt into a bucket of well-stirred

W@ bioghsebear) cold water. The stirring produceBCEHUS2008/066218
granul ar (chopped) product (after oven drying) that is
suitable for conmpounding into a formulation. The

al ternative set-up praovides a water-containing vessel
WP%%OOFeaM 86%@cﬂﬁ@@étf’f‘(&?‘%’&lﬁfﬁw&mm@q wheehet dAYhaPERCM at a

cdtahthBlaB @ 'fé@dT}aft@Jbtthﬁ%ﬁ@ﬁ\fer%b CesidRNVidthe fifth tor W QhO minutes.
Ec!)geeanules fromthe first and the precipitate Tromt
Theproduct wasedrisdsas dd € tin Gugeuem varemiFheopreredinar pradyded g 853 g of
p&@ﬁc@.ﬂ als with glass transition tenperature (Tg) bel ow
100C are rinsed with nethanol before drying in the
oven at a tenperature 15C below their Tg. [0114] A
recapi tul ati on of prﬁﬁﬁﬁﬁaﬁ&[ﬁ%ﬁﬁe% and anal yti cal

data on the final conpositions cohtained for each of
0478 BFhsriraesdiisrofBrampnation iEgamplaridwasnusdsikeept that 1336 g of a 25

BRI ORIl A Wi D5 s 14) By v

wisaeoelod m@xl 1886 kyof @125 euble% AdBr; ift (qumpne tond Isdeliofe 26008¢ bf BCM at a

cool ed in. rk.to - 1 C and a
oy G B0 RR RO Re GidRORR it reader it Rgminutes.
Tlg: pﬂodm drle(dFitW@GﬂiSPsz)ﬁﬁﬂipb@nlm $oredird dhc&{z))% g of

and 1002 g of dry BCM was charged to a dry, %O
pB?‘é?ﬁket ed graduated cylinder outfitted with a 1A" (32
mm) PTFE feed |ine placed to transfer the entire

content of the cyli peristaltic
metering punp to th rB?‘b‘?ﬂyt'r?gﬁ?a ﬂ?"eh‘gt The
[0p28)v i Thegirycedme parBrdmMaBo:3 Ekfinple 1MehNAsed I&xwpﬁmaﬂ eodol8eba 25

with pdffop SERGT SR rom B P Reb M S PLlid ) §ry BCM
wﬁ@donfeamdssmg@r 025 Neo 1@ MIBANE bAoA Lo hddot geglf BCM at a
PTFE feed |ine placed to transfer

)
COPﬁéntdg%‘i“feefaeda%Lﬁetth%f w&#%gmesgiémqﬁmr@nmﬁlse [9RGIPISWas30gninutes.
THREproicRIvéas GriE ta€ 35 i 4 Mchn to'a&
[0%16] Thag trvvo ar eagerl1ts a?e co-f glrhgrBr ?%?‘?‘nﬁga 1540 g of
predicht i ve rates such that the entire content of the two
feeds are charged and sinultaneously conpleted in 180
m nutes. The co-feed was interrupted and the entire
content of the reacBspminatignffxample tlo t he quench pot
[0€29] 6OFHgi ;IﬂweauﬂeTHforyﬁhﬁuB@EHénf)l@91 WA &e@@x&é'p{‘thta{eﬁooo g of a 25

aver age resi dence tine for the reagents new
%goletﬁc&raqfe@CTWﬂ l{Eropy ARITSE tHxemple| 48k =05848 8P g 159) tirdry BCM

WQQM i@@mhtZ'SK@ %H)g% é}tnoq% Aals hlb?(ﬂrtl ﬁé to Jl Eee?fc))l & %&L%ﬁ ata

cool i ng was pFrovi roug e opera
constaitt relateverfectomatesn that thpavertage esidemeiting: in tieseadt@ wa3G0 minutes.

IEEPARE Wl Pl Bl P aRCr PRk G0 s ke TP e of

prbdwetri ne to be consuned. The reaction m xture was
transferred (gravity) to the 6 L quench pot through
the bottomdrain valve and the 3/s" (9.5 nm) O D. PTFE
transfer line. [OllB}mﬁhﬂtnqumﬁhnplmlz was previously

er d stirre
058" A58 oDt 37 Befnink i KRSl (et 6 Do grof o 25
widGsuaiis (THeCESP-UibontACPKE Hxam 1@f4 te $g4appf-Len 50)1910/&ry BCM
Na2§C53 SRI lllft)J/, on }S\%g added until the red col or
was co-Ted with 3167 g of 0.25 mole% AlBr; in bromine to a heel of 3850 g of BCM ata

constant relative feed rate so that the average residence time in the reactor was 30 minutes.
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elimnated and a near water white m xture was

observed. The quench was exotherm c and a 10C
W@ 209pasatiire ri se was observed. Agitation was BCDPRA8/066218

and the organi c phase allowed to settle. The | ower

organi c phase was transferred to a 5L storage vessel

containing 1000 ml_ of 10% NaOH and 1.0 NaBH4. [0118
Thenprodychavasiiisd apSitedd waecrure over- a%fmwéaret Iaoqhwsd @640 g of
p¥@ghp kettle and refluxed (62C) for 30 minutes.

Agitation was interrupted and the bottom organic | ayer

cut fromthe reactor. The organic |ayer was returned

to the conpletely dl’]ﬁ-bﬁmt{@ﬁtﬁﬂaﬁ?ﬂ@fh washed twice with
1000 i of tap water .to a_pH of The sol ution was

(REATM H&eelﬁf’?eébﬁedéfl Brominafigp EBVnﬂlé a!ngf%vses exesph thab 20{hg of a 25
wi%6 3R RS KAETR5 (FRfn Q@ﬁtsﬁrﬁxa&fplet 81,2005 PD Céﬁﬂ@%os)mmsthCM

toalliter resin kettle wh strlpplng

wag ¢eofsg athi 24 2 geod é)@rSenolcjﬁoﬁanmr@nmetp ohed RE3300ef REM at a
. : . iy ; '
coE e febPraf 1D e Rffle BB FIRCA EIRUTERD minutcs
Thieuptodest wasndyied it i60°V ac @actwn amere diengocdnai produredfl462 g of
rg QC and < 5 mm Hg. [0119] The content of the resin
PRI%1 e was drained into a 2.5- gallon plastic pail of
rapidly stirred (high sheer blade, 2100 rpn) cold
water to grind the coarse powder. The
product was coll ect 2%89'%&"0%%%"%1 g‘gar se fritted
. [0B32n eThefmnmdhre ofi Bromdnatipn Examplednwehs ased exteph thokt 2D g of a 25

wf’% 59 u ?n O@{ETS% §?(|90C()nm &T%beéxaglpfeoa%\]()f %_Lg] %g))b g%gﬂ (?rngCM

w& @nfed a\tnhmﬂE)gamolzs ﬁolmlmﬂd bexa@pto i hedl o2 00D QOKBCM at a
coilgtgr\{\{t r SO| %%t As%?e q%];{heg SP_ %gla'%fgggepw q,]lgg@?r xéa  minutes.
R gl%d{m|v@é)4>cﬁ\ie5ra3 70PC gk qmae@mﬁ Qvén. BRI proéedd®SFoduel 186Mg of

at a constant relative feed rate so that the average
piedustdence time in the reactor was 30 ninutes. The

product was dried at 4500 | n a vacuum oven. The

procedure produced 1688 lgxr oduct. Brom nation

Exanpl e 3 [0121] Th@"ﬁf“&*’éﬂ’é}r agtplelHni nat i on Exanpl e
[0133}aSTheslﬁdceﬂmecﬂtBlbhﬁﬁaua@@Qanﬁplefl ﬁa@@seﬂﬁe%eiﬁ ltnat Ilsm) Qfof a 25

P-1 (From PD =

WOl S CABE et (o TBB A 5 DS PB4 B d BCM
wh Qe Svith0226 a0, ﬂfmag‘%oAl@r Oih BRSMn@to An&QRBES g of BCM at a

relative feed raté so that the aver age resi dence time
cqngtantyelatiesteedratepsh@ohadvisrage sesidehee thneinthe reagter was Waninutes.
T peBals bl Bl PEHATY B Sl 0 85 REOAE P S A S BB BN, he
pmﬂucﬁmasrﬂnai at @A° Eineenyzicaurii owas Ths piocaucepbdiced i 420506 goduct.

of a 25 wt % sol ution of ACTSP-2 (From ACTSP Exanple 2

Mv = 496, PD = 1.32) in dry BCM

Bromination Example 16

[0134] The procedure of Bromination Example 1 was used except that 2000 g of a 25
© Wt% solution of ACTSP-6 (From ACTSP Example 6 M,, = 740, PD = 1.66) in dry BCM
was co-fed with 2846 g of 0.25 mole% AIBr; in bromine to a heel of 4200 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was precipitated from water at 92°C with concomitant stripping of BCM. The

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

36



was co-fed with 2895 g of 0.25 nole% AlBr3 in brom ne
to a heel of 3500 g of BCM at a constant uninterrupted
WO 20081154483 f eed rate so that the average resi dePCEUS1008066218
in the reactor was 90 m nutes. The crude product
m xture was heterogeneous and required the addition of
0.125 g of sodi um dqodecyl ,sulfate tg each aqueous wash
to break the resul ti%g'ﬁ"%'fﬂﬂogi%‘ﬁ?pé‘h& achi eve the
[0d3S]i rE grbaserecoftBrohitutips Gslaraple iawaisea icRédpatifad 15(|5q(Dgnof a 25
ter  at i.th_concom tant stripping of BCM_ The
w5 HRACHET IqEm ASOSE RIS hRbumFR &R ) in dry BCM
wily @cRdWifh 1336 3UE 8D 51RNAIBE; RRsiHinE 8% AE BRBHI: of ]|3CM ata
anpl e

Exanpl e 5 [0123] The procedure of Brom nation EX )
copsigpisands wHntesruripd relafive feads mie) s fthay thes aygragestspiderice fingg in the

AGTSRi2 FRRLACT Fi498 18R Fatkr 32) 048 wi
redry BCM was co-e e?ﬁﬁ/\ﬁ%ﬁdnzegg%a%gy}égf P btéigg ﬁngrpe%%j %39% E with
capeeitang strippimghd BCMf TBE podyctowasB@iddadt %°Comstaatum oven. The

Inie el ative feed rate so that the average
pr?éggg% ﬁédejlﬁfg(??rzesroi%(ﬁi 0eurc‘[éactor during the feed was 90
m nutes. The reaction m xture was allowed to stir for

an additional 60 m w{)gﬁ,na?{oh%‘taﬁl?fpibeti on of the
ct m xture

co-feed. The crude produ was het er ogeneous
[033@ rErsuprpesdureind Brdupinatiom Esémple 1I26aguedexeept ot 300 g of a 25

wf%) g(?lfi%( n gyA&??ﬁ-ﬁ(?roﬂ?ﬁ?T@ﬁlﬁ%ﬁ%le}"ﬁﬁ/ﬁv d QOOb Ii’g)a% 1?3'32 incciljrty.BCM

resulting enulsions and achiev e'desire has
withe-fed st 135 gabdi 025 mode%rAdBwgia brérhine teglhaehdf 3608 g of BCM at a

resulting.filter, cake shed wwth BCM and dried in . a .-
cdySath oD unrerrbrioe G rL e i g PR temdgise g in the
reddier fwakt 9@tginatesl WAS NprEfWt Wedse pfeoipithto@ dir@l dwhide at 95°C with
sol upl e portion of the praoduct preci PI tated from water

cogporgERst sirPRING S At Kt Proht ppsitkieart BEC Miovacuum oven. The

proCduEProdriced m@wprgdu@@ti on was dried at 1300Cin a
vacuum oven to yield 693 g of a white solid.

Brom nati on Exanple 6 [0124] The procedure of
Brom nati on Exanpl e Bkoi@fatieh kampteps that 2000 g of a
wt,% sol uti on ACTSP- 3 (From ACTSP Exanple 3_Mwv =
l"i%d, p-r"?.dﬂr?)"f?éf"’&i‘%‘?“@t%mﬁ%le dovaersedicreerd that 13000g of a 25
wi% 2Slufitd 69 &TEP-3 (Fﬂ)_nbA@mSPQEXTa&Fﬁ Neel= 8do, $800 1399 BFMcM

at a constant relative feed rate so that the average

Waseer igd M@ 313 %8 of R 25 eolp e otBeyr invhaemise tand herl e5300ptmof BCM at a
coRSRAUET Ware aﬂt&fjtg:@{tiv d ﬁ]teasovﬁlgyﬂ{p &\éﬁgd W-DQ %oleeted in 180
uced 1730 g o r 0

procedure pro product. om nat |
mBwtesp Upoff cpronletign dfithe fred thedeaction iniBuenvasavarord Ex2570] @ver a 1

. t that 2000 g.of.a 25 9 Luti f
hrké}.{l}@_t@% r\ﬁ&é}ﬁg ra%c(i ar%% eélc%tlrcﬁl)ﬁvmiexg%\f(\ﬁ’ @ rgnn%ftelﬁ%q?lg product
miktyre B@EM trasferred e thewquehch2g@idang maf s\dfi@Swasoadeivd Ab Bed undeacted

br om to heel of 4000 of BCM. at a constant
 brpippng | Unreqdied Proiing “eas ORVATHE R DERGHTS uredbt guiike NePHy wash

The'prodiRt WeaseEpitMaBirSl wikdut 89 C Witecdiooeliisd s%ﬁing lolf 8¢M. The
at 450C i n a_vacuum oven. The procedure produced 1751
pradtg:f Wit drigdat 110°C in a vacuum oven. The procedure produced 1401 g of product.

Bromination Example 20
[0138] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-7 (From ACTSP Example 7 M,, = 800, PD = 1.39) in dry BCM
was co-fed with 2375 g of 0.25 mole% AIBr; in bromine to a heel of 3000 g of BCM at a
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Brom nati on Exanple 8 [0126] The procedure of

Brom nati on Exanple 1 was used except that 2000 g of a
WQ@2008113448D| ut i on of ACTSP-3 (From ACTSP Exanpl BCBUSM08/066218

530, PD = 1.47)in dry BCMvas co-fed with 2846 g of

0.25 nole% AlBr3 in bromne to a heel of 4200 g of BCI\/I

at a constant relative feed rate so that the avera

conglantcraq cininteiptsch ralative feede ety saudhst 8t oa-ised as comple ed in 180

mRfuRgY oﬂ\@&nﬂl(ﬂ:ﬁ&{joﬁhe fe'é@tﬁe"ke?ct%ﬁ?rﬁﬂt'ﬁ’ré)%@snwarggﬁ t0 25°C over a 1
pr ocedur e produced 1853 g of product. Brom nation

hripegiag| thusoprpyidng jan piverage tesidenedingf inRrxoess 94120 mIIEbteSrrpThe crude

SR B B, AT i S PPLLRD o

dcdir:wl BUhtevds cad- queousi wish 18 Ifealy thé rGulRing reniudslordl d8d Jichiave the

h 2600 f
P e A e
washaddeé to amat Ofirexdcl BdniihdlUUnseactEd dr@hing Ueds Mﬁﬁet{ﬁdi t@d)romlde

at Cin.,a v oven. The procedure produced
d%rlgag%a%}rfrc NePiwash Bt R s PEeCiRitpisg) fropp vater at P95 with

coRbSRRAY kipping BT BUM: aTh@}?roEiféi s Qiribd WR 310488 £%8Bh oven. The
that 2000 g of a 25 wt % sol ution of ACTSP-4 (From

prageriam nroduged 460 aviiprodigly, PD = 1.50) in dry BCM was
co-fed with 2333 g of 0.25 nole% AIBr3 in bromne to a

heel of 4000 g of BCM at a constant _relative feed rate
so that the average Brewinptiondixample 21, { he reactor was

[0389] i THet B6cediReoBroMiatioNERarfple S 0wat us%é Qxbéé‘)t that R80HEOf a 25
oven. ' The procedure produced 1540 gy{ uct.

wisp solptien pfohC EXEntFrom AGTSR Fxpmplecs rP@ ©fl.26) in dry BCM

wﬁr QD8 HithOB3E5 B8 nJrolmSAlB%qq b?d?ﬁlﬁpg 5 R og?&% AéJRﬁ?CI@I ata
5 wt % sol uti on of ACTSP-4 (From Al

005\84nt gog) wnitesapted n‘ilairvy fB@Maﬁmso dlnt ftlag awr@g’q: 128!4&(:9 tofie in the
5 | 4200 f

reg%tgra“ggngqﬁlﬁ%a%gl gF 3{ r&mé P I%Jsmgtte% {rmPhe tgg ea? ags'Bglvlwlth

conesnithmn seipping®f iIBCM hEhe pradba l’waalable& @t h907Ct idsa vatbem oven. The

0C in a vacuum oven. The
P%%B‘e"d’ﬁ?‘ﬁ%‘i %chge(g%i%d?‘?t g of product. Bronination
Exanpl e 12 [0130] The procedure of Brom nati on Exanpl e
1 was used except that 20 % p?e wt % sol uti on of

ACTSP- 4 ( Fr om ACTSP EXaNE ‘é’“ 4, PD = 1.50) in
[0840] B wasdoE- cffeBiomrrItahoB E8@mple df wik &ed rml:@%lﬁt BS® g of a 25

B85, 2188 Rl % bR A BT g

wascotfad WithaX1BO g of@253fblefeUBESin bdnie esluibiée]l WRSOMY d SABEM at a
650C in a,vacuum oven. The procedure produced 1640 g

co&staxﬁr UEnte s Qt}VS rfeg(%p% theg the average residence time in the

reactor was 90 minutes. The product was precipitated from water at 95°C with

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

procedure produced 1320 g of product.

Bromination Example 23
[0141] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-8 (From ACTSP Example 8 My, = 817, PD = 1.26) in dry BCM
was co-fed with 2659 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a

constant and uninterrupted relative feed rate so that the average residence time in the
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[0131] The procedure of Brom nation Exanple 1 was used
except that 2000 g of a 25 w % sol uti on of ACTSP-5
W@ Fodis4A8TSP Exanpl e 5 Mv 715, PD = 1.40) in degI/BEN08/066218
was co-fed with 2125 g of 0.25 nole% AlBr3 in brom ne
to a heel of 3800 g of BCM at a constant relative feed
PR a0 S bl s 35050 e
addittomuofl 025 grahizeofsadivmal ldlb&ecprsﬁkfaté @6l eddbaq @0t whstoUBeak the

Br.om natj on Ex le 14 1013 The pr.ocedure of .
reby G RU S EEiIene e dearmsat s e AT Bboregipisted: from
water ¥ 95°6 0kt b(ﬂﬁoxﬁftatﬂ\@ﬁ@gmé dffsovn ed pR3dE(R| Bie@ aMMGC in a

715, PD = 1.40) in CM was co-fed with 2571 g of
VESUBE o). éfd)@mos?duze Pwdﬁﬁeédﬂﬁ%g pbpradersel of 4000 g of

BCM at a constant relative feed rate so that the

average residence tipme i.n the reactor was 30 m nutes.

The product was dri difeminatiggExample #4cuum oven. The

[0941’]0 eThy ﬁoﬁHdQMQB’roﬁﬁ}%oﬂ BREmPReOdWES useBreRBIpR @lak 2500 g of a 25
npl.e 15 [0133] The procedure of Brom nation Exanple

Wﬁ% \ﬁ%‘é‘tl%%A xek t(Ff%(\CjT@@dE)@mpﬂe AM&= W 8oPELT dt4i3@|m &y BCM
wm d Svith 183 mgm IE&(IQWJAI%QSHIMP?HIIHZ%&& hge]q) 03'/3 %Oé‘é) ?SEEGM at a

dry BCM was co-fed with 2276
C%‘ﬁ‘@ﬁﬁ ansl wgntgrrppted relativgsiged gatc)fso BE the ageregenssidenice time in the

reE&lnatvéfag 696 elﬁﬂu{eﬁt q’h%%ﬂ%&lﬁi Jvatge p%\éZ)rltgl%g frgl?ll S\E{ér att bﬁn% with

I'n the reactor was
cquremitypit tsalpeuhgqu deMalbe pl&)ﬂu@@@svdrieh aCOO(L"(minteaﬂicuum oven. The

£ I The oduct was dried at 900C in a
pr%%egﬁgeo OVER. 1% p5% re produced 1427 g of product.

Brom nati on Exanple 16 [0134] The procedure of
Brom nati on Exanpl e that 2000 g of a
25 Wt % sol uti on of Waém(’é&am i‘t?%P Exanple 6 Mv =
[0143], BB prodede) of Broquptlmﬂxmpledowﬁseubemekbbpﬁﬂﬂiﬁ 18000 of a 25
kn br, | 00 f
vl S0l GACTSE D G BRI SRl LBR S8 HE kel iy Bom

wiase-fdd ndth 2136 df 0. 25heoleBaciBey m\wé‘mﬁg tdTh Red] @5 3000NEof BCM at a

roduct, was precjpitate rom er at 92C with
"dg’atﬁ’& ToFAd: Yptelrppte Sﬁlﬁtj{eoﬁg ({3 tﬁhf‘oatré%gevﬁglda}cp dingn the

rchQ&CWaB 90 A@ULEN THE prodilee Ms%&@!hb'it@te@ff?%c%gtml%%%ﬁc with
product . Br om nati on Exanple 17 [0135] The procedure

CO&S‘FOW%SW&P}HM BEMpTee profie weseliied ok &H1°Ct inaa vargwo ogen. The

pr@fsed@reﬁﬁodﬁce/& 133:@8%61890&1& ACTSP-7 (From ACTSP Exanpl e 7
Mv = 800, PD = 1.3 |ndry BCM was co-fed with 1836 ¢

of 0.25 nol e% Al Br 3 in bromne to a heel of 3000 g of

BCM at a constant almommggfogrgﬁmﬁgzg elative feed rate
so that the aver%qe residence tine in the reactor was

[0d41 i Tt Reecedygeof Hrgpninationgxampledi it ved ¢x¢apb thahd®r g af a 25
e P A oy Guanr Ry Sl SR P Tl A oM
quzc@fj‘e@ with 2609 619£ 0.25 mole% AlBr; in bromine to a heel of 3000 gof BCM at a
constant and uninterrupted relative feed rate so that the average residence time in the
reactor was 90 minutes. The crude product mixture was heterogeneous and required the
addition of 0.125 grams of sodium dodecylsulfate to each aqueous wash to break the
resulting emulsions and achieve the desired phase cut. The product was precipitated from

water at 95°C with concomitant stripping of BCM. The product was dried at 130°C in a

vacuum oven. The procedure produced 150 g of product.
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Brom nati on Exanple 18 [0136] The procedure of

Brom nati on Exanple 1 was used except that 1500 g of a
WQ@2008113448D| ut i on of ACTSP-7 (From ACTSP Exanpl BCTIUSM087066218

800, PD =1.39) in dry BCMwas co-fed with 2135 g of

0.25 nole% AlBr 3 in bromne to a heel of 3000 g of

BCM at a constant and uninterrupted relative feed rate

so that the average Bresjinptipndixample 2 t he reactor was
0Q9sm % [aTETo (o]
o P h” el d ] e a 29
wita soldtioreef AECTIP-OO Erpm PSC"DSE&EJWI@Q/% My =Th4pPlo (?elj’m)en dry BCM

1 f 0 a 1
LU0 Rk SR ARLLOD BT o
ccmxtaatp‘claUmeeedBﬁmsogharfthaaVZEagMékﬁchﬂ&wim@m thé reA€tdiSKas/30 minutes.

1.39
TS0 FR P RBA Garn Vi 36955 Wil omeiiant g os UM The
produdd wae éieddt 1889WWinG vatudBCdeat Tie HrocsILA Hroded 89 g of product.
uninterrupted relative feed rate so that the co-feed
was conpleted in 180 m nutes. Upon conpletion of the
feed the reaction rriBtbuﬁihtimszwlﬂemto 25C over a 1

[0'15 c‘es Sleggrbie%igl%iﬁﬂgfgf?\gqggannﬁ g,a %pg]\éﬁlr S[ﬂl%? f?%geen et t14(§§ g o? a5

Wt% adsiaﬁ@f SfAICTSP-1 O\ From @CTBOBandlelo v, =S Lidh] P ~es7)ag g Bcm
to t gact ﬁl,dlébr om ne. Unreacted bron ne was

Wbt Iﬁ‘%é‘ B8 Pt demeleitoi MBr indreming 9 & hegh pFA000 g efBCM at a

cohB@nteRAUCfeed\Rie JoF tﬁ&'tlﬁé a{v%Fa%Mré‘schmeVmﬁ@ﬁl tRd red5r \%Stﬁ) minutes.
conconmi tant stri g‘s) he product was dried at

The mpduct wanpipgipiiated Bomrvateriae 9P Cowiseansopitard steipging 4 BGM. The
prgfiud? WRGHGEd ot BEGE lﬁﬁt\)a%n%@eqp'k‘ % e&gcédglje?b%d g@&e 1245 fﬁ of product.

procedure of Brom nation Exa was ‘used exce
that 1500 g of a 25 wt % sol utlon of ACTSP-7 (From

ACTSP Exanple 7 MV B:8haZR Fxahplflo I dry BOM was
co-fed with 2375 25 nmole% AlBr 3 in bronmne to

1014 e eThegprogngprs of I%PmB@NPmEX@mblﬁ St Wik useA gxeant theed 3%pe efla 25
I t1e t oppl.e
o APt ACFr Pl 17 PR PR £239 in dy
Bebhwes eorfad Wtﬂmrlé79NaS)f\A)a?r5nmdlef/«oAEEr€:1mbm1m fo ahegarfi 3@60 g of
B?%’i r%p{?ﬁ%ltgrgtl. Q%’]\Zenfg?&/ f Eea%ethatetﬁl? 9\%@2)1(:&% rtPSéd%g% Bmeis ?he reactor was
3(hmﬂrm|t€(sg@h’ﬁepmdu(mmils Ipﬁi;lpﬁﬂtéd fiohewagdtlatt 9500 with Eontarbit@it 3fpping
j um e.to each aqueqys wash to
ors e e PoHBR ¥ Y B i ki 20 S PRk radged 980
g ph@sduccut . The product m xture was transferred to the
guench pot and no sulfite was added to treat unreacted

brom ne. Unreacted brom ne was converted to brom de

during the caustic IErBiduﬂatibﬁSEXam‘Bl@Mpr oduct was
concomi t

cilpltate nt
OB Bl oGt B R B Gt Pt 64 “4eept B9E1369 gof a 25
witacolutivo ¥ ACTERE 2p(Fasie WO ESIPERGMIE 2 MEO mef P]D r-049¢§ in dry
é&gm nati on @a | e 2}%[&01391 The procedure
BEMoWheR-fednw A%ﬁ g of Ogasmole@yAlBre i bronHeg t%@eﬁlg)f 320Q g of
B@RMI at a constant relative feed rate so that the average residence time in the reactor was
30 minutes. The product was precipitated from water at 95°C with concomitant stripping

of BCM. The product was dried at 115°C in a vacuum oven. The procedure produced 1002
g of product.
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wt % sol ution of ACTSP-8 (From ACTSP Exanple 8 Mv =
817, PD = 1.26) in dry BCMwas co-fed with 1836 g of

W@2®8/151352% Al Br 3 in bromine to a heel of 300BCTU8F008/066218

TABLE 1

BCM at a constant and uninterrupted relative feed rate
so that the average residence tine in the reactor was
90 m nutes. The product was presipitated fromwater at
950C with concomigt ant strhppl ng!of B T; oduct
WeEs [a¢i 6l & E00& in a‘%va@u%n Qﬁgen.g'(l;t‘l\?é pgc%uﬁe
progiuced’ 12307y mf produdk. Browi nati on Exanpt e=22

[ 0140] The procedure of Bromi ndlion Exanple 1 was used
except that 1500 g of a 25 wt %ol ution of, ACTSP-8

(&7 Ore AGTSR Exanpl eq8 Mves &7, PDs 1,26% i & diy BCM
was | co- #2d—wi th 2135 g=o0f20.25 Il €% Al Bri3 ~ B oni ne
to @ heel of 3000 g of BOM at d?constant and '
uni pterrupted rel ativeofegdoratqé so that ghe average
resigene HnB ig thhe Feast @ wgs ¥ rdnugesy THe
progluct “Was" pfleci pi t ated romwater at 958 wrt ho
con¢oni tant stripping of BCM The product was dried at
H O)C in a vacuum oven. The prdtedure proguced 1320 ¢
of. Prod@&t S BRonbnahi @ kxa®l 4234 0141] =Th& 2
pro¢edute of Brohi nati-adn I'e 1"has us€d &cept
thay 1500 g of a 25 wt% solution of ACTSP-8 (From
ACTSP Exanple 8 Mv = 817, PD =@&.26) in dry BCM was
co-1ed with 2659 g of £. %5 @l €% A Br 3 in beonige to
achedt ¢ F0OK gSof SBGRI & & capst @t gndE = &

uni nterrupted rel ative f&&d rat¥e so that the avérage
residence time in thereactor was 90 minutes. The crude
progduct m xture was heterogeneous and req:u(i“red t he
additi on of 0.125 grans of sodidm dodeceyl'gsgl Eate to
each aqueous wash tgo bredk the Tesd tingRenubsigns and
athi &VeS hg& dfési‘f‘ed‘rgpr@segc . jhexproduct was o
pre¢ipitated Fromwater & Cwith concgtnﬂlta-nt
stripping of BOM The product W&s dried &R1$H0C in a
vacuum oven. The procedure produced 1440°§; of product.
Br ofri nati on Exanple 24 [9,,142] e procedure of

Br o natd o Exanpl g,,1 Wwas; used except thag 18500y of a
28 W% Sol ut i en of e&c@%@ %r@n A%‘?rsp?Exagane T My =
928/ PD = 1.43) in dry BEM was wo-fed with 1836 g of
0.2> mole% Al Br 3 in bronine toza heel of 3000 g of
BCM at & censtant and anintesrupted rel atnve«f e rate
sB {mat & he aﬁer%ge{’lr e%i denee t{rrea n ¢ hedr egctgrd was
90 m nutes. The product was pragipitated rom wat er at
95C{wi th concom tant strippingof BCM The product was
drj ed atn 160Cai noa yMagur ogen. ; The, procedur 8 pgoduced
19507y of g’?oﬁuc‘t’. ‘Br% r{r,atgn j:,xasr:pl & 2568 O%S?The
progcedure of Brom nation®Exanpleg 1 was used except
that 1500 g of a 25 wt % spl uti dp of ACTSP-9 (Frq:m

5 = 3! = i )
A_C:,Tba E%an}} e§9 ngwg g&% P§ él__ 4%% Idgﬁl d%y BCMX
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was co-fed with 2135 g of 0.25 nole% AIBr 3 in brom ne
to a heel of 3000 g of BCM at a constant and
waeiostieausiipt ed rel ative feed rate so that the BUBDSZPE8/066218
residence tinme in the reactor was 90 m nutes. The
product was precipitated fromwater at 95C with
concomtant stripping of BCM The product was dried at
110C in a vacuum oven. The procedure produced 1388 g
of product. Brom nation Exanple 26 [0144] The
preocedar €2 of: 8 omi Hatd onExagpl & 1 wad Fisd—excepfl 2 &
t hat | 1800~¢ o0& a 25 W % ol ufi oM of ACFSER9™(Fronm T
ACTSP Exanple 9 Mv = 928, PD = 1.43) in dry BCM was
co-fed with 2659 g of 0.25 nole% Al Br 3 '
a cheel20fs 3908 g o8 BEM 3t aXcoRst antz a®
uni nt &Pr UPt eder el ati vé f8ed Tat€ so that

8.97

5.7
6.61

SN
ag&
resi glence tinme in the reactor was 90 m nutes. The
crude @rqduct +m xture was het erogeneqys. and requi ge
t e acéiﬁgda gf 0.%2% grgnms 3f Sodi u@@%cﬁlsulf@{% 2
to each aqueofis wash to break the reulTitg enul sPorfs ™
and achi eve the desired phase cut. The product was
precipitated eromyater at 959C with @ngagitant o
stri ppi n@iaok BCM %ﬁe; pr%ducg V\gs driedE & £300C (ha2
vaculim oven. Ythe procedure produced f58'g of S
prodyuct. Brom nati on Exanpl e 27 [0145] The procedure of
Brom nat i-on Exanpl & 1, was, usgd gxcept—=that 4400 gxofs
25° wf %’Ssc}i’ki Qn of SAGTSPL0 SFr§m ACISIR EXafipl e 9oV %
1194 PD = 1.77) in dry BCMwas co-fed with 1800 & of
0.25{nmol e% AI@r3 in bromine to a heeltg]of 3200 g of aw
ate a| econg} ant =r el ati fged matg so thak e aver ggd
r &3 je%c%t?nﬁ inaflg’hggr egw‘rr V\gs 30 FriddEes. The> — o
product was precipitated fromwater at 95C with
concomtant stripping of BCM The product s dried at
168C| iR <’:vacﬁ‘um oﬁegLl Tie p@oc§dure§r§%§d 89 %g%
product. “Bromination anple 28 [ 014 roced

of Brom nation Exanple 1 was used except that 1400 g
of a|25 wt % sol ution of ACTSP-10 (From ACTSP Exanple 9
M =| 18945 POR= 1. A7)3 | nRdr y2BCHI was T @& fed=wi t h 20459 =
g of | 25 bl €% Al Br S i n™brohi n€ to & leeb of 4008 § ¥
of BCM at a constant relative feed rate so that the
aver age resi\(lj\%nce tinme in the reactor was 30 m nutes.
The predutt~was precipit gt edof rem watrg ds 958C Wit b o
cgﬁc Jr;a;t ARt STT | ppqltlngg'?of “BCMD Tﬁe pr @&tgmﬁdri BdTatn o
120Cjin a vacuum oven. The procedure produced 1245 ¢
of product. Brom nation Exanple 29 [0147] The
procedar €l oh Broni pa ongExagpl @ 1 wad IPdoeficepd S &
that | T892~ g of a 25 Wt % Sol UPi ot of ACESRE 1= ci( Fr & o
ACTSP Exanple 11 Mv = 4051, PD = 2.15) in dry BCM was
co-fed with 1479 g of 0.25 nmole% Al Br3 in_ bronmnegto a
heel | 8 3009 g of BCH at"a d®nsgpant relRtve feedy & & &
so that the aVerag® fésiTenc? time im thelreact orSwasS ©

8.36

19
6.07
6.58 6.64

10.41

N/A

63

2.67

2 M th copcom t gat&stri pping 5
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of BCM The product was dried at 130C in a vacuum

oven. The procedure produced 980 g of product.
wBBe@aisEss on Exanpl e 30 [ 0148] The procedur e oPCT/US2008/066218

Brom nati on Exanple 1 was used except that 1360 g of a

25 W % sol ution of ACTSP-12 (From ACTSP Exanple 12 Mwv

= 2288, PD = 1.91) in dry BCMv@s co-fed with 1445 g
of. 0. 25gmbe%Al Br 3 i nabroemane o heel of 3200 g of
B%M at & cS’nsFang ral %i e f%edor af% so t%at'pft%
average residence tine in the rgactor was 30 ni nutes.
The|product was precipitated framwater at 95C with
con¢omi tang stripping of BCM THe pyoductowas dried at
135CH NS vacGunfovgn. OiTHE B ocgdur® psoduicegl §002 g
of prodict "TABLE | Bromiration 3t 2/8 4 53 789 10
exafrpl e ACTSP Exanple 1 1 1 2 2Y3 3 3 4 4 ACTSP Mv 483
483|483 496 496 530 530 530 5843584 ACTSP PD 1.32 1.32
132, 1. 82 § 32 104701.47 4. & 1150J. 50 ACTSP (9) 334
500|500%375 291.3 500 BOE 560 384 500 Wist &% e{ ppm)
58 66 66 5 5 26 26 26 14 1llppmW % in BCM 25 25 25 25
25 25 25 25 25 25 BCMin Feed (g) 1002 1500 1500 1125
873/9 15001500 1500 180Z112D0 PBrom ne ( 1356 24
257[."43%8{6.%5 2898. £23303 2546&5 7 ﬁzQ 6. 15
1356. 24 2333.3 BCM i n React or (3) 2600 385074200 3500
3200 4000 4000 4200 2600 4000 Rkn Tenp -3 (-4 ~ -2)-2
(-41 -1)-2 (-4- -1) -5 (6 -2) 93 (-6 -1.4) -5 (-6-
-8 54 -8 38 -3)¢ E6c-F-U(-L-s2548 B - -1
(range OC) —Avérage resfd%cer 3023030 901 %0 30 30
30 BO time(min) Solids fromM Yg) 103 0 0 0 557 O
50.8 0 0 0 180.5 part a part b Avbass of Product 954.9
1688.1 1, 182353 1550 4730. 2 1751. 9 1853.22 3.H05
1234).'“75[:552- 683 Thesr e%i % i ej?d ?01201%6_@9@8 1645
(a + b) 1306 1819 1880 1976 1044 1678 % Yreld 105% 93%
95% 94% 96% 98% 93% 94% 89% 103%TABLE 1 - conti nued
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Bronmati on exanpl e Product Analyses 1 2 3 4 5a 5b 6 7

8 9 10 Residual BCM 270 430 220 960 2830 90 240 17600
WQRI®8/13W83 (ppn) XRF wt % Br 68.3 73.2 74.3 78. 4PQ¥/BS2088/166218

75.1 72.5 74.7 68.5 71.1 bromne per ring 2.7 3.5 3.7

4.6 4.7 3.8 3.4 3.7 2.8 3.1 Tg (0C) (DsSC) 37.7 57.4

74.66 139 222 140.86 72.3 60.76 52.44 38.06 43.23 TGA

(N2) 1% W . Loss (0C) 230 259 273 322 320 331 268 258

1541169 212 5% W . Loss (0C) 290 308 327 365 362 367
3183 J1 300 283 292 10% W . Joss_(QC) 31Z 334 354 380
35| 38EG U 33K 1%@-2 4823 EREVE. Abss 20D t380 391
395|418 415 412" 395398 394 3087384 Ther n&l “HEr “73 349
248|314 208 363 463 333 315 131 < 50 3000C (ppm) GPC
Mv 1552 20%? 2180 3041 N A 3066 1561 2359 2410 2014
28503 M} 958 181p QERC226R5 NA B58651391 20832170
1560 2040 K& 20802849 2787 3718 W A 379291820 2045
4250 2677 2585 PD 1.6 1.15 1.16 1.17 N'A 1.18 1.12
1.17 1.4 1&29 1.1 Color (Yl Powder) 2.82 é.ee 6. 88
Gl 0L tsel {iio $09. 36 98.98398. 55208. $IN-AD7. 4
59, 0 §7767 9698598, 70 86, 2 3 B. 8106 068 § & 0. 65
NAl-1.52 -0.47 -0.19 -0.32 -0.96 -0.9 b 0.74 2.47
3.38 4.9 NA9.97 6.5 6.07 7.79 5.7 8.08 DE 0.82 2.67
368 5l 1N A1Q, 4L & 58 6. 64 8.3626. 61 8 97TABLE 1 - .
cont Pngledh By omTAR iBNB11%12 18 B4818 16 12 DAY 20
exanmpl e ACTSP Exanple 4 4 5 55 6 7 7 7 77ACTSP Mv 584
584|715 715 715 740 800 800 800 800
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ACTSP PD 1.50 1.50 1.40 1.40 1.40 1.66 1.39 1.39 1.39
1.39 ACTSP (g) 500 500 500 500 400 500 375 375 375 375
woRiostisss (ppm) 11 11 9 9 9 1 1 19 19 19 19 WPRET/HSBEW66218
25 25 25 25 25 25 25 25 25 25 BCMin Feed (g) 1500
1500 1500 1500 1200 1500 1125 1%25 1125 1125 U >
Brofi neof g} 2846. 15 3166.67 3125 2571. 43 76, 2846. 15
18362 H3% 632134. 68 B7IBCH i T Re&tor (@) 2260 3850
3800 4000 3500 4200 3000 3000 3G90 3000 R Ténp -4
(-6|~ -1)-2 (-4~ -1) -5.5 (-7 -3} -5 (-6 - -3) -3 (-4~
-1)|-4 (-6- -2) -4 (-5 -2) -4 (5 -2) -4 (-5-2) -4
(5]-2) Lrangg 05 Avega r@si dence 30 3@, 3Q: 3¢ 30 30
of {iwe&ni gy 9o 3128 gzgsﬁi d$fr&n @ &) %3%37
113/04 0 0 0 0 0 0 O Nass of Preduct 1677°7 I64T. 0
1462.9 1601.5 1426.8 1820.0 125070 1400.1 1401.0 1460
Theoretical Yield 1880 1986 158Z&'1736 1556 2000 1307
1448 1465 1563 % Yi el d>91%6 88% 92% 92% 929 91% 6% 97%
OB F3YFPABLE % -Zcofit iduedl Beomithat Fon cex@‘pé’b’é i 12
13 14 15 16 17 18 19 70 PFlodlct shnal yses Resitudl BCM
(ppm 270 190 250 220 7520 120029 0 84 < 30 XRF wt %
Br 74.1 75.5 68.4 71.7 74.2 76.K72.3 74.7 75.2 76.5
brom negper. ring 3.6 9. 83.23.7 4.1 3.33.8 3.9
42| Fy B (Es@:' 78. 181 23.81 T5:38 8295 1§.$
10202 104.6 131.7 136.9 715871 B&A (N2) 1% W~ [oss
(0C] 236 265 316 314 210 273 2732339 341 347 5%\ .
Los$ (0C) 306 334 351 348 351 sg 320 366 370 375 10%
We. | Loss (§C)»n335 357 ‘363362 365 360 339378/ 380 386
50% {W SLogg 0Cy 388 §o::3 3% 393 4%1 2&)6%8% 4§(1) 410
416| Thermal HBr 357 199 251 <50 254 160 347 163 158 <
50 BOOC (ppn) GPC Mv 2100 2990 2530 2840 3109 4000
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Mz 3713 3963 3460 3918 3815 5460 3720 4020 4815 4871
PD 1.75 1.23 1.21 1.30 1.17 1.30 1.20 1.21 1.32 1.29
w@00ens544¥y3 Powder) 3.98 Col or (solution) L 98.Bar/882048066218
95.02 95.18 100.3 99.58 100.05 100.95 99.5 98.61 a
-1.95 -1.94 -1.79 -1.49 -2.59 -0.18 0.05 -0.11 -0.36
-0.76 b 8.77 11.48 14.58 15.67 7.56 1.45 0.46 0.51
2.18 4.76 DE 9.14 11.74 15.51 16.46 8.00 1.52 0. 47
1.08 2.27 5.021ABLE 1 - continued Brom nation 21 22 23
24 25 26 2R 28 29 30 gxaaple AJSP £xample & § § 9 9 9
18 10 ¥l 427 ACTSRE NIy 170817 RE 28 928 £78 2194 1194
4054 2288 ACTSP PD 1.27 1.27 '1.27°1.43 1.93'1. 4% 1.77
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204% 1479 1445 BCM in Reactor 3000 3000 3000 3000 3000
350033206 4D00 IFA2 IO (g) G Fegp -4 4-8 8235)-4
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1500 891 1244.53 980.5 1002.25 Theoretical Yield 1339
1442 1563 1339 1500 1563 1296 1346 1094 1063 % Yiel d
9294 928 92% 93% 93% 96%.59% 2% X% 949 ABL, -
oot q%nueg'h?@ ot (el &2 gN23 246525 §6§27 28

b
29 380
w
ig O en O oI L o o I — o
Qo 2d N O~ — N 2o o~ oo o
~ O < cheonen stV I & A~ NS AN

)

~ N 0 DN n
ﬁomq“\' Qa8 & %{:QQF\-‘ AN &I

~ T Mmmnonom A NN — N R

o
o

M Te 28z2 g &=5848 ° 33 B
I~ 0 ¢ ¢ -] T >~ O

~ No) o o o < a5 — go,mm

—

X o ©~
NnjloIns 2Oy S8 952
N | F a = O~ = R

~T0 o oon s — N RS o
S " oo o0 o O O O\OO
= ":N IS <+ O —~ N N(\]ml\
« N s O NN o O N2 = Py 00 00
ViE®=Z ®omaen o nen < S P~ —
p—
—
2 |E 5500
= | = OO
Ew& =) LA R ™ —
s8S £ S5 338% B
@%E ‘-6‘ mmoomn‘ -~
584852 SS29-23F8 5 5
o = [ N’ [T
u<~ggeqd¢§§ao ~ &
8 o S E~Z 2R Sl L B E =g
=Q=§._Uv °°_==;_‘22§Q><m =
_ =S E° e & o~ o~ S Al 829
EQ-EEOV<Q\Q\QQHMU P
o o @ E ooV ™ h = & S 92
[ %
L -l ©
== J-W OO

TABLE 1 - continued



Product Anal yses Residual BCM (ppnm) < 50 30 70 0 0 90

<50 160 1550 320 XRF wt% Br 72.5 74.4 76.4 72.7 73.5
wW(Q7008/17853 74.6 68.6 68.6 brom ne per ring 3.4rPGr/USW08066218

3.4 3.6 4.4 3.5 3.7 2.8 2.8 Tg (0C) (DSC) 112.3 137.2

163.02 112.6 142.5 163.1 117.44 140.35 150. 34 133.79

106 W . Loss (0C) 328 340 359 321 336 350 295
i&%@@wm% (0C) 358 370 383 353 367 373
3 \
49 268358 S0y, (D308 4908 s o

AﬁﬁimeQaWé@mhdgﬂ%ﬁiN%@@amhernal HBr 309 127 82 226 <50

256 265 269 72 <50 300C (ppn) GPC Mv 3740 3700 3400

3689 4093 4232 4080 4070 14ooo 7900 Mh 3100 2990 2710
HPS78 3104 3107 1970 1800 8100 3800 Mz 4810 4780 4030

5 06.683 49 20642 12131 PD 1.2 1. 24 1. ;
[@g@ ’E“ g‘“?gé%%“ 3 fhf‘z 3pe-{etardant Fgaddyiog, to aptimegyfexide were
mﬁ;eahnaolpwstu( $ag Wikingny tdmblOniz& 89. a%ﬁro%ﬁnﬁ@%gﬁ) ?rﬁmﬁ@s 9[‘101‘ to
5 99.34 98.58 98 1 a -0.28

CX“B‘S‘S’H Nﬁ?\c"@’% ding wys condugted on agiergeri& é’@eléC@VZ@KéQtwm -SCrew

e)&ruaér a% 1841 ATIR £8dd ﬁte%as»“&k /hf. PR @Egémﬁ d&oﬁf% was895-175-190-
89 N'A 6.87 6.44 5.50 8.14H PS an

215021|§u13at1m enTBe 1_32@9@4@]6 {Estrrone tenfecatied was IdveredoniB6HISE@ ) order
o B ERDg VL RGBT B O LR RO s e
WAy ”ﬁhademﬂmded steand -wastfastd&atedld@wadﬂzl passiflg b 1@BIWalf62ﬂ3Ath and

S PR i R bl b oS picctlon mpli B SgnreidrhaSSo o
1nfdéﬁ&9ﬁﬁ!ﬂ1@mﬂ@§nec Yyl S @aﬁpe %o%\ﬂfsr 198 F¥sLRysele l'f&"’ most of the

ZSK30 tw n-screw extruder 75 rpm The feed rate
Samiessﬁgyomer fepdezone m:epeaatumeeofpmfc Iveaswasd 117 Serk¢/ SaséQ0Fhe mold
tv\é soms cases, the first zone tenperature
© eraur%y?se 0 125-1 50C in order to avoid sticking

i ssues at feed throat. A trap was used to capture any
ABSl atiles if there was any. The extruded strand was

OBt TIROOBS eesH0 BmBYetRAds! AfinfRy b&RE M@ hRloxRBATWEB thixed in a
plastic bag using a tumble mixer for approximately 10 minutes prior to extrusion. The
compounding was conducted on a Werner & Pfleiderer ZSK30 twin-screw extruder at 175
- rpm. The feed rate was 8kg/hr. The temperature profile was 190-210-210-220-220°C. In
some cases, the first zone temperature was lowered to 125-150°C in order to avoid
sticking issues at feed throat. A trap was used to capture any volatiles if there was any.
The extruded strand was first cooled down by passing an iced-water bath and then
pelletized on-line. All formulations were injection molded at a Battenfeld BA350 CD
injection-molding machine. The temperature profile was 204-216-221°C. The mold
temperature was 40°C.
[0152] Testing was performed on HIPS and ABS samples according to the following
ASTM test standards: VICAT (ASTM D649); Heat Deflection Temperature under Load
(ASTM D648) 1/8” (32 mm) at 264 psi; Notched-Izod Impact Strength (ASTM D256
method A); and Melt Flow Index (ASTM D1238 procedure A), 200°C/5 kg. The UL-94

flammability test was performed on 1/8” (32 mm) bars. The results are reported in Table
I.
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then pelletized on-line. Al fornulations were
injection nolded at a Battenfeld BA350 CD

WO po8as446n- nol di ng machi ne. The tenperature prPET/US2008(666218

195- 195- 205C for nost of the sanples. A |ower feed
zone tenperature of 1900C was used in sone cases. The
nmol d tenperature was 40C. ABS [0151] The ABS resin,

f| amgy retardant, angi nopy Qxidg and antioxidant were
mxegg i nYa ptastic pag Qisi g asturdl e m xer for
approximately 10 m nutes prior to ‘extrusion. The

| conpeunding vas conguct ed anh a_ V\érdaer & Pfleiderer

K3Q t win- strew exgr uddr & 1;15 rcpm The feed rate
was 8kg/ hr. The tenperature profil® was 190-2 10-21
O 22Q-220C. & n sonencasses, & hefi rst zone tenperature
WALS Foweked X o 125- $500L i orger %o avoid sticki ng
i ssues at feed throat. A trap was Used to capture any
vol atd | es i fsthere was @nyN The exgr uded strand was
H rsg cosl edt down by passiig ag i cgd-wat er bath and
then pelletized on-line. Al formiTations were
|nJ eeti o nmahded atna BattgnfeJDd BA350 CD
I"I"lj egt i o#i- mat di ng n@achigie. STheltenperature profile was
204-216-221 0C. The nold tenperature was 400C. [0152]
Lestbng Aas —perforned @ HIPS and ABS sanpl es
accogdi g t &Lt he f ol owf ng AST test standards: VI CAT
(ASTM D649); Heat Defl ection Tenperature under Load

ASTM D648) 1/ 8" (32 my ato 264 psi; Notched-1zod
F’?‘rpa@t Sremyth (ARM 256 retHod #A); and Melt Fl ow

I ndex (ASTM D1238 procedure A), 200C 5 kg. The UL-94
flammabi | ity test was merferneg ory1/8" (32 nm bars.
The gesuftshre repdrtefl iR Tabledwl.u Oy | UlZ | J
Bromnation 1 2 3 45 7 8 10 11 12 13 14 15 Exanple
Dow 801 wt.% 81.1 83.2082.5.83:2 &3.3 82.3 82.5 81.9
8. 5% 82‘6 8t 4 82. (1823 (M PSE Brdghtsun HB wt. % 4.0
4.0 4 44 4440404040404 (ATO Br-FR
Loadisng Wt . % 14.9 13.843. 5 128 1.7 13.7 13.5 14.1
T3.5813.% 14816 14. @133 PBOPERTI ES ASTM HDT, 264 psi
0C 68.4 70.8 69.3 73.0 73.0 68.4 69.3 70.6 73.2 73.4
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D648 ASTM Vicat OC 96.1 100 99.9 94.7 95.8 93.9 96.4

97.4 96.6 98 99.4 D649 OO ASTM | zod I npact ft-Ib/in
W@2004/1344331 1.36 1.48 1.51 1.34 1.36 1.36 1.42 BCHESS066218

1.33 1.33 D256 fail UL-94, 1/8" UL-94 rating V-O V-O

V-OV-0V-OV-O0V-0V-O0V-OV-O0V-0V-0O (time) ASTM

g/ 10 MFI, 200C/5kg 17.1 18.2 14.3 11.3 10.9 15.2 14.5

| 15.53 13.5 12.61 14,53 13.28 11.6 D1238 minx x / x U
N | zBroti nation Exanple 18 17518 A9 21 22 23 24 25 26
27 28 29 30 Dow 801 Wt.% 82.5 82.0 82.5 82.6 82.1 82.5
o | CHPS) 82.882.0 825 82.8c82.3 82,6 81.4 81.4
V| Brigmtsut %4 4@ 4 HB BATOE 408 4 4 4 4 4 4 4 4
Br-FR wt.% 13.5 14.0 13.5 13.4 Loading 13.9 13.5 13.2
, | 34.0913.5 132 13.7,13.4 14 6 +14. 6~PROPERTI ES HDT,
V| 964 ASTMC 3.1 72.2 72.4 22.9572.8 73.5 74.1 72.9
73.4 74.5 73.2 74 74.8 73.5 psi D648 ASTM
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Vicat 0C 99.4 100.7 D649 100.8 99.9 101 101.2 99.8

100.9 101.2 ASTM I zod Inpact ft-Ib/in 1.37 1.42 D256
WQA2®6/13448P 1.44 1.46 1.51 1.31 1.39 1.46 1.27 BCBBSDNYR6218

0.86 UL-94, 1/8" UL-94 rating V-OV-OV-OV-OV-I V-O

V-0 V-0 V-OV-OV-0 Fail * V-OV-O MFI, ASTM g/ 10

200C/ 5kg D1238 min 12.7 12.1 10.3 10.1 11.5 10.4 9.1

11.9 10.1 9.0 11.3 10.1 8.8 11 fail due to after

glowBrom nation 3 4 5 6 7 10 11 12 13 14 15 Exanple

Dow 342 EZ w.% 79.2 80.0 80.1 79.4 78.8 78.3 79.1

79.4 77.9 78.5 79.2 Brightsun HB wt.% 4.5 4.5 4.5 4.5

4.5 4.5 4.5 4.5 4.5 4.5 4.5 (ATO AT-181vvt.%O.10.1
0.10.10.10.10.10.10.10.10.1 Br-FR Loading wt.
162N15411315016@17\11@6%16&175169162
BROPERTI®S ASTMSHDT, 2@;4 pg 0C 7254 #3.9 74.2 72.6
71.2 71.7 73.5 74.4 73.9 7% 4 73.4 D648 o ASTM Vi cat
. | QC 99.8 ,103.2 183 100. 4¢98911Q2 2.D649 ASTM | zod
2| Frpagt f¥-1kdinSl. 76 1.80 1.8601.87 148 1.77 1.88
1.88 1.64 1.77 1.76 D256 UL-94, 1/8" UL-94 rating V-O
;goa-oyo_yow-ov-ev-ov—@v&v&wm ASTM g/ 10
L 6210.4 1652 T1.0 230W 3. 8kg2D1238 mn 11.8 11.9
112100117119100x/1ULy
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Brom nation 16 17 18 19 2 1 22 23 24 25 26 27 28
Exanpl e Dow 342 EZ wt.% 79.4 78.6 79.2 79.3 78.7 79.2
wWa 0817855 79.2 79.6 79.0 79.3 Brightsun HB w PO/USH08/066218

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 (ATO 4.5 4.5 4.5 AT-1
81 w.%0.10.10.1210.10.10.1210.120.120.1210.10.12

0.1 Br-FR Loading wt.% 16.0 16.8 16.2 16.1 16.7 16.2

15.8 16.8 16.2 15.8 16.4 16.1 PROPERTI ES ASTM HDT, 264

psi C 73.9 74 74.8 75.8 73.9 75.4 76.8 74.4 76 76.1

74.8 75.2 U D648 ASTM Vi cat 0C D649 101.9 102.3 103.6

L | 103.4 1Q2.2 1034 103. 410281 9 303.8 1@¢.1 102.7 103.2
v | ABTMRI zod | mpack ft-1bien §.75‘ZD25;6 173 1.71 1.78
1.67 1.71 1.70 1.58 1.63 1.68 1.66 1.76 UL-94, 1/8"
WL- 94 ra};,in@V—QV—OV@vaVgO\éOWOV-OV-OV-O
WO & O¥Fl S ASEM g/ioELO.@ll_:S .7<10.0 11.5 10.3
- 230C/ 3. 8kg D1238 mn 10.3 10.6 10.1 9.1 10.5
L | 1. 26LAING: 1. hflane—fetgrdaggt eeNMpQasi tion
V| €brmpRi sing & br Bni nat e anFoni &, c¢hal @ transfer, vinyl
| aromatic polynmer (ACTVAP), wherein the conposition:
5 | (4) Tontai ns, aty east abhoufd 72aw % brefi ne; and (ii)
V| €bnt&instl ess tHan abolft 1S000=ppra (W& ght / wei ght)
thermally labile Br, the wt% and ppm val ues bei ng
» | base@ upen the ot al vvgfr.ghﬁ of®t hescomposition. 2. The
“ | Ebnposi tfon<of & .ai m 1 Shhelei n—t h?co%ositi on has a
TGA 5 wt% | oss at a temergture of from about 2800C to
7 i ; o e}
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3. The conposition of claim1l wherein the brom nated
ACTVAP conprises at | east about 97 wt % of the total
W@ 09p0si4t3 on wei ght. 4. The conposition of cl aP@T/1S2008/066218
wherein the conposition contains |ess than 25 w %
brom nat ed nonoadduct, based on the total weight of
t he conposition. 5. The conposition of claim1l wherein
CLAMMSsnposi ti on has a Yel | owness | ndex (ASTM D1925)
within the range of fromabout 1 to about 8. 6. The
conposition of claim1 wherein the conposition
l.obt aA famevietarddRCcoraposiivnofoniprising ab btsinid@&Dadkioniabehdin transfer,

g TR TN TR T -

TT ot dsdrhinenaralf (iig lcanthis lesyitRheboutt m@)(ﬁ)ﬁmﬂﬁgﬁﬂv@y&mally
chain transfer, styrene pol yne

m ed ani oni c,
la%ieg%g; wigh LRI BHAAS SPIRE GRS PeE B Al Weidtt el FretcRgposition.

2.CONPLfel dohfpdsifias ocITi | \WhkediP iR <8 és%i&l{ hf 4 BORE
of from g%gﬁlt ZSOcto about 380 cOCp . ea con‘pgg?t‘t%lr%%sata

tegpergtuzg of fromakque 280°Crie abow ABOPAY lmdemtﬁifﬁénc onpri ses at

oL Sestyp il 1 L R R BTRRY AGET SR g o

anas97aw%bfthwtmd3:oinpdﬂuor(v05@M D1925) of from about 1 to
abo 8. 11. f claim7 wherein t

4.2 oo e GonBRsIGE 57 BRI whdspi. (G, STpBron OB B wi%e

brbmawauﬁonbéd&@@bmabﬁ%m@me ?m d¥ihd dofpogibent 1, 070 to
abou](FkgS 200 Daltons .and a PD less than about 2.2. 12.
A HIPS. paogition b laimy §vhegsin dhe,porgpasitiqnabas ¢ dellpwagss Index

(AT D] 9 JWlf}ﬁ)nﬁl@@%%'o}‘fr@ﬁ\a@f)utcllt@'ag(ﬁlt:k or 7. 13. An
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11. The composition of claim 7 wherein the composition obtains, via GPC, an M,, of
from about 1250 to about 14,000 Daltons, and an M, from about 1,070 to about 8,200
Daltons and a PD less than about 2.2.

12. A HIPS-based formulation containing a flame retardant amount of the composition
of claims 1 or 7.

13.  An ABS-based formulation containing a flame retardant amount of the

composition of claims 1 or 7.
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23.  The composition of claims 16 wherein the brominated ACTVAP is brominated
anionic, chain transfer, styrene polymer (ACTSP).

24.  The composition of claim 23 wherein the composition has a glass transition
temperature within the range of from about 70°C to about 160 °C.

25.  The composition of claim 23 wherein the composition has a TGA wt% loss of 5%
at a temperature of from about 290°C to about 380 °C,.

26.  The composition of claim 23 wherein the brominated ACTSP comprises at least
about 97 wt% of the total composition weight.

27.  The composition of claim 23 wherein the composition has a Yellowness Index
(ASTM D1925) of from about 1 to about 8.
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28.  The composition of claim 23 wherein the composition obtains, via GPC, an My, of
from about 1,000 to about 21,000 Daltons, and an M,, from about 850 to about 18,500 and
a PD that is less than about 2.2.

29. A HIPS-based formulation containing a flame retardant amount of the composition
of claims 16 or 23.

30. An ABS-based formulation containing a flame retardant amount of the
composition of claims 16 or 23.

31. A thermoplastic article containing any one or more of the compositions of claims
1,7, 16 or 23.
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