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LOW MOLECULAR WEI GHT BROM NATED POLYMERS, PROCESSES
FOR THEI R MANUFACTURE AND THEm USE I N THERMOPLASTI C

relates to flanme retardant conpositions containing
brom nat ed ani oni c, chai n transfer, vinyl aromatic
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SUMMARY OF THE INVENTION
[0004] This invention relates to flame retardant compositions and processes for their
production, the compositions comprising a brominated anionic, chain transfer, vinyl
aromatic polymer (ACTVAP), wherein the compositions: (i) contain at least about 72 wt%
bromine; and (ii) contain less than about 1,000 ppm (weight/weight) thermally labile Br,
the wt% and ppm values being based upon the total weight of the composition. Within the
invention scope are compositions in which the brominated ACTVAP is brominated

anionic, chain transfer styrene polymer (ACTSP).
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ani onic, chain transfer styrene pol yner (ACTSP).[0005]
Further, this invention relates to fl ane retardant

conpositions conprising a brom nated ani onic, chain
transfer, vinyl aromatic polymer (ACTVAP), wherein the
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[0010] The higher bromine content means that the flame retardant compositions of this
invention can deliver more bromine, and hence more flame retardancy, to a HIPS or ABS
formulation than the same weight of a composition having a lower bromine content. That
quality offers cost savings opportunities for the manufacturer of the final thermoplastic

article.
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i nvention can deliver nore brom ne, and hence nore
flame retardancy, to a H PS or ABS fornul ati on than

brom ne content. That quality offers cost savings
opportunities for the manufacturer of the final
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vitseociated wiith theygRmposition pvinga vhite cngeas whise pador Whow aalpr tastad as a

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

faster bromine consumption is believed to distort the extent and homogeneity of the
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ACTSP can be altered, prior to bromnation, to have a
| ower nonoadduct content. Alteration is usually

content fromthe base ACTVAP or ACTSP. Such alteration
IS believed to be desirable as it is theorized, though
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[0020] Preferred processes of this invention can be additionally characterized by the
ACTVAP or ACTSP being fed as a solute in proximity to and contemporaneously with
joint or separate feed(s) of the brominating agent and the AlBr3, such feeds being made to
a reactor pre-charged with solvent, and such feeds, along with pré-charged solvent, at least
partially forming a reaction mass comprising: (i) the reaction products obtained by the

feed of ACTVAP or ACTSP and their respective impurities, brominating agent and AlBrs;
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(iv) having at least a 97 wt % brom nated ACTVAP or
ACTSP content produced from ACTVAP or ACTSP havi ng a

about 300 to about 1900 Dal tons, the wt % and ppm
val ues bei ng based upon the total weight of the
024
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G[(M finofhetft}%veﬁginétﬁremﬁ arfspngl} Q-HH]%Q \‘?‘enﬁmsﬁnhe? scggt.lon is
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[GR2Dr propesess enf nblsi 1ri\eattomr eTlef prodess featore 3s ediichfthe kiéSSrlptlon

i nvent.ion i s nt,to th uenchi n

R i ey Be1E R R g ot O Bl g SETRRLAR oL
derived therefromwi th a basic, aqueous NaBH4 sol ution
to reduce the content of am ne derived col or bodies

and t her nal PETAZLEDP DESCRIPHON QE THRINGENH N ent , such

v@rﬂogg&ﬁ)ofmngemigﬁg at a tenperature within the range
0 rom abou 0 about 650C. [0023] In the
f[@024b@bmg>si”®es: af |tsl itDesttrmi pt i ppedominaotha browamted oRCTVAP or
flyé"f‘gi’e Generasl [ It et }F‘o%lgpé)lglg rg ﬁn(i,ofgtglrntgr ocesﬁ fﬁsztg/a l)rommated

i‘nvention.

deSTV AP bi A(ITS!HQ pﬂmhem@ rémaindér Bein@ byt prodobxOiimPurities. € SWeH iiipBrities
the scope of the inventions disclosed herein. DETAI LED

pEssER e\ pest by peoduntyeiherhenthoprtyBeization s beymingsipy processes

|J§é’a‘3{6t mfmat&l%@éin {0 BRASatek S p BthéTSI‘“V%Bét% af p flame
predom nant brom nat ed ACTVAP or ACTSP ,

t‘h'@rd@’ﬁrppmwsﬂtloohgf Wil invmym apmaim fromezbott H9ontabair Wg)/ wi%
ﬁﬂer Sg(f' Aﬁrl—t\o/ﬁf)*veléht ohmposJ h the remainder being

pr o I mpuri Yities
[0025] Base ACTVAP can be represented by the formula:
Ar-CRH[-CH;CH(AD)]; average-CH>CHj -Arr,
wherein Ar is an aryl group, R is a C; — C4 alkyl group and nayemge is the average number
of repeating units and is based on the number average molecular weight, M,, of the

ACTVARP distribution. nuyer is calculated:

Naverage=(Mp - formula wt ArCRH - formula wt ArCH,CH,)/(formula wt ArCH,CH,)
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are, for the nost part, by-products of either the
pol yneri zati on or brom nati on processes used to

preferred flame retardant conpositions of this
I nvention contain fromabout 99 to about 99. 95+ wt %

F%g’?{sgggzgg&,%@b\oéggadn%@ qieight of the conposition.

an-be represented by the fornmula:
Ar- CRH[ - CH2CH(Ar) ] n average-CH2CH2 - Ar, wherein Ar is
dhHsCHA-CYCHIG sH IR nkvsape HACH-CEs" - al kyl group and
naverage i s the average nunber of repeating units and

[ - I i ght, M,
PR e e MRE PR BB ot et
formula wt ArCRH - formula vt ArCH2CH2)/ (fornula w

Ar CH2CH2) [ 0026] Basg.pASTBR-dP@2%) ht®lielShavi ng t he
structure: CBH5CH2[-CH 2CH(C 6H5)] n average

' e I al hSq:
] e ARl B kol e 1P A0 AR TP oo pe
T'@4alitical MEDRIET seCtin lebfiod of determ ning the Mh for
ACTSP i d ibed in the " | yti
AR P uncigions e 7 oo Pre AT ORER! AGTEr can be
kel dRFibdaradthe @hibklic PAFBerDEtonAPviIAY afmhlstGaRk iRehe presence

general |y described as the anionic polynerization of
Wi ipenasadient (Which mlse asrticipatestap the frarsées pgant) @nd @ edtaldigeamount of

' . Gl I A
LTS R L S
HxemplteAICTER K12 herein.

LV> [ v*' -t et. hyl et hyl epedi ar ni ne ( TMEDA) .. See
At oot g TR iy 186 Rt pies e e
HePWwEs ot AUBP P&y i Grerdprad ade us xeen bt 261 GPO Qurea%.
base ACTVAP or ACTSP invention is preferred not to

enneriduairetstl . 32tiphemdprapase dar ARTNBa dtra GIPC asalysis in the “Analytical
. f . Si i .

e EROYASEP Rl AR o RBLFSPILS) B i
ACTaNHdN 00 MACETIBR abbutt 19i GPG areadh trioovadduce whils iothers clret designed to
contain no re th out .10 GPC ar ea% nonoadduct.,
AR B o0 Ao S BT mengE ATBORGRBo g e buse
HOMALGRCTSE @al dontRNARAMSGhan BbTOSGPCRRBARLNGIdlEtEeThe
base ACTVAP or ACTSP will contain no npore than about 1

CPEPSHeBDAitl dergrtisntwill Telsctdbmapenynt of srpnogsidugt jpresent in the base
i ' ' £ e ShwnthGi i '
SRS SN B e A b RAARREH b cc

pewentn alf ce d@xampiro a douprsition ptodured from ah IAKE VAPOr 2y(JSP containing

OEL SRR’ Sl GBEARE it 16 SR 28 s RASTHRE S 12 3
brominated monadduct, based on the total weight of the composition.

[0030] Since the flame retardant compositions of this invention contain at least about 97
wt% 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
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| ess than about 25 GPC area% w Il in turn contain | ess
t han about 25 GPC area% brom nat ed nonadduct, based on

flame retardant conpositions of this invention contain
at | east about 97 wt % brom nated ACTVAP or ACTSP 1 and
ggzﬁ g%rl\vl e\%lu%% Be within A& r;ﬂg{{? Mn(ygbgﬁt%gb P)aa‘)g I@ga—\éﬁﬁmns

t ecu ar wel nmeasur e
qoefpradiit itherrsngefof tfions alionty HXT itoabaut 8, 26@) Daitaher étlie lpolyﬂlspersnty

at. for the_br mnat CTVAP
SR %@H‘lﬁ evera h{?a B AR ERRe o8 PO A ‘{‘éd and
AGJWAR. fmdlel‘cl vi It we

sbé%wn%s?fi Pfémrrﬁpd sHeh ey wiartively e r¢fafﬂget<>dﬂ thwr mwra%oaatﬁ as
]"hg‘?’q ,;{ 0 about 21,000 Daltons will be neasured,

erred is the range of from about 1,250 to about
][ﬂI)ZﬂDQn Dmpertns featiifvesfaftge f@rdatth@mipbsitionk e thid Inlverition is their

* Sapahuty Bib Y P neth sty Sl o PRl A abSi6mmatns

atvaiphtithlitg Rvidahde® B the TORivEI skl 8dwdirSdideYof (NWolMPasitioRs of this
below 2.2 and is generally found to be within the

riBY§gono fWithing ey astiles 1 farmgh dfremmothe  hosy thsa@nlaﬁ@: yorswlagon.
mi@%&@%&“@k%ﬁ@ @}Vtrléjg@‘r;e%aoﬁ Orlﬁsuclh&\()? 4 osﬂ%n?%u{hémost

m nat e rnati ve
Bhermeyflastic esdbstrate.i anhaen paksy ok frosr MmuaSO 61tb gabowr % microns are

031]. An i.nportant feature of. r et ant
BiRist o cBpofing | bl frtion o hated Aot ABS: prigie
Wiisdibilityeis Resstideted ab we pl Rddtos oS@b@ﬁlExailib afd- e chthfoRtiond T,.
ABS formul ations. Conpatibility is evidenced by the -

rGngrelly, @parpalyrasric fgweptardatszeontgfingighcleyaiosfi 4yl dramies, e.g. >
tﬂ' #to iRl ARy mgg r}?ge}c})mﬁr walght eﬂoﬁﬁlafeerpragyﬁersfm&%oy this

host 't her nopl ast | at ibon Conpat’i Ity I's
fCQinttlbdm’ of the degree of miscibility of the

R I R T e SR R T L AT TRV

Qiﬂabmb@n B850 16 alfut DE3PQD,Qad pﬂeféfh@]y@fxthtnhhérahgb\& fromQBouit ms°c to
H PS or ABS articl es. M scibility is considere

%Otgi%\cf cueh Teorluss P(}S‘GP%P@F mo} léhtar\ivaert foemelgipbiadiPy ehA§S
T84 tg&ﬁr}ﬁﬁ'ﬁlf I¥es f&%dﬂ L yidREd ﬁorfn gc'ﬂg ﬁlﬁfaﬁ&ga'ﬂttﬁe Tg7va:1|_ue s 100

contai ni ng high l'eve s of ar m ne,
bighatha g1oldangaulitish ofthe ﬁmrunlllatronwell gmbltbpro)lwnmawltpbeWM@s

o 4 Ty B4t i E0T AREERY 18 e ol Rt ot Bhécllony o
Tthe \Wabstransitibreteimpet@ere @halfsisasiaaiiball inkhO QA dabytiad) Mbithod §S€etion

and preferably within the range of from about 750C to
d¥Bi 135C. Such Tg val ues portend good nol dibility

VoeR) T m&teﬁgiahtrbo{ﬂbgsﬁlogg oﬁﬁng 1%ﬁitlcﬂqgﬁjtal|ﬁ@3—le¥s@|ab{ﬁ§ 63 Q%

pr oduct s nmol ded from such formul ati ons.
voadngiae jas detsomined by analysis of the flame retardant composmon by X-Ray

Fluorescence analysis (See the “Analytical Methods” section herein).  Since the
brominated ACTVAP or ACTSP components of the compositions of this invention are
produced from very robust and well designed base ACTVAP or ACTSP it is possible to
apply bromination process conditions that will push the bromine content of these polymers
to very high levels without attendant excessive thermally labile bromine production, and
excessive chain degradation. Flame retardant compositions of this invention contain from

about 65 wt% to about 80 wt% bromine. It is believed that a particularly commercially
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hi gh, the nolding qualities of the fornmulation wl|
exhibit too low of a nelt flow, whereas if the Tg is

be unacceptably low. The glass transition tenperature
analysis is described in the "Anal ytical Methods"

Saﬁpagtii\%r} rﬁ@ (v% fé}?fr(%rﬁ Iglg)% 700 \U@/ t$ e Tk @ Q‘Sll? LT grotmmebconttents

conrp05| IFons | nvention cont ai
6 fratngrénten nhian &2 st %cke tabouti7B ed%lbyomina hrg dekeved tot eemdst favered

et ardant conposition Fl uor escenc al ysi s
7R o, e RO ERer Bt Dot Beevsicing e Nareg esdant
tbRpRItRAY H1athi8 GhvAGHOHARL UM crA6IE Rives ABRO ReRda5t BEdikdi®n a weight

conpositions of this invention are produced fromvery

rhgyy withowh gacriage] of dhesflamergtatyingebroname/pmtent of ATEEPS er ABS end-
blg .t ess [

JRRBD B BRI AL 0 AT LS, 0 Fone

wetardartt cgyhposieorel s wi t hout attendant excessive thernally

brom ne roduct on d .excessi ye chai
B B B B ST B o AR s S fiap gbout 2 1o
|aBMRm8|b9cﬂmﬁ@§|lb§itJémfs'b BRMp inGhe PI/Ack Bis@B@ISh. PRIULIP, they
bromne. It is believed that a Eartlcul arly

ctiHhaearage Aomphedt r e @b 4.6 Rrrguna i pstituses peraml aiguiitn tropahtmey
t
PRl 73 BRSBTS IRLETSY S A0 o

belabay édbrdlmndmlbstmehtsfmlvarylegtodpr(omam mdomﬂmlrmt aizerage aryl group

i nt. h. brom ne cont for

ot A8 i g RGRaog ey SR GBSt Coairt st
IWePC fdnalyBs opttRd diamt rbiareht "@Speditich WRI BiBludddagiySbrominated
W t hout sacrifice of the flame retarding brom ne
ceHoadductp presenbasp PYyHer gopstiteeat p Bel distributitie |t dpgfonas gnclude

r rg t i :

ChAlr G VanlfR 4ER, FErAEIRAOAL i Bschl) A AL pliousy
rsgtcathed aorhposiingsad ktis ioneatiaf aré érg highnindmémioaigd ACTV ARveAEDP,
f om abo 2 .t o about 4.$lbrom ne su ﬁwt ituents r.

A PP v seas sy i he ATrORGS RBRsa RS inpPafTLs Apialy the
tsaﬁy aWiférl tha\bednagkted’ ACTVAP Q#t AGTSPO em@u\tera(ge GuRb&NdfMBomine
substituents per aryl group in the polynme

cuRtirEnstis galculidi by agOmbmatan gf i P'i‘?mﬂri?eVIBoKB‘Freqﬂd GPC
drhe%EJréIPéﬁE fogﬂh e GRILNs ﬁl{:&{neﬁ'?%ho\% to about 5

brom ne substituents per aryl group (on an individual
rior 1 sokerogetensl withghedomuirasi s) . The term” poI ymer

measur od by BecbanarreRe-BHCHOR N IR E KRy

CWEHEROSH the @VerdpB duhbet bitemina Bymb & Fhengt @supronoadduct s
present as a polymer constituent of the distribution.
It @8es not include residual chain transfer agent or
st yeng, o i f present. As nentioned previously,
since the CO@%SIEI ons of this invention are very high
i Totdb moles pidiredinA(ANWAR iogiveh®@FSP, t he nunber of broni ne

constit ts in itions of this inventioni s
oo BT aWWf"H'@“) ) b AP
The average number of phenyl rings in one mole (Phenyl ayerage) is given by
Phenyl average = 2+n average
where:
navemge (Mn (unbrominated) — -196. 29)/ 104.15
and:

Mn (unbrominated) = Ivln (brominated) ° (1 - wt% BI'/IOO),
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same as for the brom nated ACTVAP or ACTSP. The
aver age nunber of brom ne substituents is cal cul ated

measurenent for Mh. The calculation is illustrated as

follows: For 1 nole of material with the formula, C

I;Kééfér)cﬁlg SHRCC H X) Br xCHCHr ) CH CH2- C H( 5- x>Br x where
8Ver ge nunber of bronmi ne atons per phenyl

of BE Bhea e e o) rmgpy Ry S e

Wh( brommat ed) wt % Br/ 80) The average nunber of
oMy g ST S HR P rsempter 20B2R 100158 g1 ven by

. rnenyl average = + n average where: n average =

un’bFoanaxtuezdl) (Wtg6 Bpa30)(2 £ dfM:n dbminadad: (IMWVt% Br/100§ 196.29) /
(h%bﬁ]d)m paied) = Mn (bronminated) ' (I wt
Br/100),therefore x i s given by X=Brno ies /
Fﬂemwhluesvaeer@'vegéoxfeamdﬁtl(etﬁrmmnimiamampleé W1y / 80) / 2

b d (W%Br / 80) / (2
TPl feRoromnnar el hoglestn pl His procesy pargdeny iy e
q;r&ﬁﬂlatloﬁvéff%ea)aﬁe A&QVM’%r"Ad'I(SM Pakdr-RR8 R@th £MBromfnkionVinié,
Br/100)-196.29) / 104.15]) The x values are given for

eca@lystofsed;, igetal Byt @monnit ertipx aetynk seactipnTiaipasatire apd @G5 MmoPHeof
I th
Vgro{?um ?%e@?, fc%{? m?&%rﬁ%‘ih%ddm%x 50 b%}l{uh{?'ﬁe% tame(? A@F@%Epsn%natlon

par ane rom nation o ase
ﬁE’iIﬁEles Pa@)aneters, such as, brom nadon tine, catalyst

cat aI r eact ion so reaction R
L@ﬁ‘%b Psspifs @e (V11 1k hesyTRee captenis %fﬁ#%fiaﬂﬁrr@ysmt corppggitions of
| thik libNRRER, GhE ATQHRE oPfsudhr éU?ﬂd;Gs?lﬁdrﬁrth%éy @fh%lt (eR®ely low
Brom nati on Exanpl es 1-30) 036] Despite the

rtqrmeliylehile brimite d9peME-ne contents of the flane
05 P ARSI Bof! bl hPECAR e b D o
rlew abd fald yithiovietrimge owhirdry tHealbiettablblimig sfahcentt@stiost 1000 ppm
(weight/weight and based on the total weight of the composition) as measured at 300°C
for 15 minutes in accordance with the method described in the “Analytical Methods”
section hereof. Thermally labile bromine contents may also fall within the narrower
ranges of from the detectable limits of the test to about 750 ppm and from the detectable
limits of the test to about 500 ppm. See Bromination Examples 1 - 30. The detectable
limits of the test are evidenced by unacceptable loss of precision, usually occurring when
attempting to measure thermally labile bromine in amounts less than 50 ppm. It is to be
understood that flame retardant compositions of this invention can contain thermally labile
bromine amounts lower than about 50 ppm when determined by tests that are capable of
precision and accuracy at these low concentrations.

[0038] Besides having low thermally labile bromine contents, compositions of this
invention must be otherwise thermally stable. They must be thermally stable so they do
not degrade during the molding or compounding processes. They also must be stable
under expected conditions of use, transport and storage. But the composition cannot be
overly stable since to function as a flame retardant in the host HIPS or ABS substrate, the
brominated ACTVAP or ACTSP constituent needs to thermally degrade only in the face

of a fire threat. It is a feature of aryl bromine that, when in admixture with a flame
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[0037] The amount of thermally labile bromne in the
conpositions of this inventionis lowand falls wthin

about 1000 ppm (wei ght/wei ght and based on the total

wei ght of the conposition) as neasured at 3000C for 15
e S GPr, t b4t e ‘ﬁy t he
i R R L SR SR R et e TR

beroparatae cwlithers tchosetp yligned eith el tem\petdmres thkte;vdnar tseoaomcted at a

es of, m.t he detectable |i.nts tes t.0
LRRTE Rl SIS alols T B mEs loubkttre Sih e Tahg gy and
tm@ébytfgmab,mgtafﬁﬂ,@raamm See Brom nation Exarrpl es 1 -

30. The detectable limts of the test are evidenced by

UL dhe Basmeactarslany ingustpr eonsideroFhermad Gaqvugﬁtr@cféw)rsts@%h@rbe
t:

il 3EhchPs FRARAE Rahb Rt inloSirnhn A BTLRE Cohppsons

fdf sneinvetian chariaveoTHAS wioloss, wfdet hitregen, v e reriperatuecawiithin the

£ e e R R T

Qﬁlllmiaal STGA 5and; ﬂﬁ@wdacmr@%n bh@ﬁﬁ.ptramec\mﬁemt: gt ONfem
OOBQQPBey des havi ng@l ow thermal ly | abile brom ne

RTINS oo BiplodT0EE-orRetento thei“AnplificehMetbadshsegtiopderein for a
Beb¥SE TGRS y stable. They nust be thermally

st ab e sot nglg%) not degrade during the nolding or

deedod Gnnjpcnglopsr ofchs Seentionh asybefirs smdthaszb gbmi si@abhAe nmsdxed by

e t ed ond| 0 se . st

e Fab e SOPRmCOBERABE Y kb EPas B ik MefS setton
fHereot, ieRo@posioh loBams Deltack ehifdt within tHéQa Ot frdth Foul 4 ARBout
substrate t he brom nated ACTVAP or ACTSP constituent
nided¥herpthe isalorris) mgasered; fsdke soHd yomppsitine i agserdayice avithj ASIM
th]f9§§tYI vlafueé \§1It]lﬁn El'?%n#‘s 6f ﬁ)(fm gtf t 1 R)ra%mt%garé m?ed%?e@enleg YI
adm xture wth a flarferetardant synergi st does
dalpeadewiad theeingasffrin sbofil lanebaueé.ar di ng bromi ne at a

RIS, e e Sa pbEo h B i o

feQRéd in dBehdiiure &liaGRr Mah Waard e, ty@ Mldgenhted nbd-GhyiSk&atic
with the flame chem stry -and t her function as a

filagge feBfdapGant-s- [ deragpmadighenyleihane.r e@eailtd@mtdmmm@tqry and
GOPlARbRp htnawwmvﬁea\m dchid f\ﬂ%mﬁda&g% df o Aifbufil do

i ndi cat or of a can ate ame retardant wl
p@tfrwmmthw oatammhtqﬁﬁe de@odrpmmommmhamcftertshcss i nventi on
und nitro n .a :
BT RE 1o e RioRt ok SR i F ey pip SRl oBBispiaveption are
aﬂ@mpﬂseB&erask 7 iva%espatiatd ACENAR BﬁACTS‘FTE whél qiad@Bdve or
industry will prefer a TGA 5 wt % | oss under nitrogen

a‘t“alé{a‘tvérfﬁ’é‘teat‘tﬁ? dedjied Hom comeositignigal dis fAiRvsptioRp sugh 3@pyCare
L @naRRAL 10 30 Apl ¥ Refhe 'BrJnQnaﬁéaeACT‘\n@ ?F AGPp M%ffhﬂgﬁ applicable,

section herein Tor a description of TGA ana
[0 40)] bQovimeo 9% i @nntoftherhilly iabliﬂeb(tomon wids cbntém,r &Ggaicolor,

Y& APR8RELRr - As measured by

Thermoplastic Formulations of this Invention

[0043] The flame retardant compositions of this invention can be used in thermoplastic
formulations based on HIPS or ABS. HIPS and ABS are well known to the art and are
commercially available from several sources.

10
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the Hunter Sol ution Color Value Test described in the
"Anal yti cal Methods" section hereof, the conposition

0.4 to about 17. When the color is neasured for the
solid conposition in accordance with ASTM D1925, Vi

AR Rt s Bl Bis JALRDARE b A EP AU Bl

fand myedboudatell with thb GRS 6r ABD04#d fdrihulatonvin tahiamoth gufficiemeao

of this invention that the conposifjaons of this
RO ¥ S PSS Gt SopeBRTREL LU LDE FRUGE PEY-CRF Yridor U8
rigdha® daivh Stest Qurigs ploddced oa uRFomRMnivh.NYhe RHAIRIoh Cad dotiFRise,
retardants, e.g. decabronodi phenyl et hane,

cha¢ atbahhbvillshmpriceathes conyprtionad edditves nSanversioral edditives, such as
- i h h | t ar dant i
8" oS HBD oS SR S PR Schpeny

oo siotlifien, filleay, acd ecavaigée shloWifd dgehts| 4nditke like, b be included
under st ood that. sjnce nost of the conpositiaons of thi
S g sedin Sitghlg amowtp ’cﬁ‘fth"a{””?‘%%{‘é’f‘s Y75 JRPIBPHRIE A Fphtexsithe

AGIMOP tf e halilive\Ran paMamt | §Rhisectdh 2 @nbdid k¥ Svithin the
values are recited for con;aposn tions of this invention,

Jouie gkl gEthe artisanc dneferepd HHBS ansl A Sbasedoiormyulations ¢fethis invention
Wo%%%ﬁgrdﬁ%}{ﬁ@a%}g}sﬁdsp itsel f when applicable,
e.g. 1g,

rom ne ocontent, thermally |abile brom ne
viD845¢ Bhatne métardddFAIPScaidoABS basked armalatiousi oghthia , widdirc the range of

Ther | astic F tions of this lnvention [0043

TG FERBE A% bl 2L b B Aardan e pitions L thi bRiOG: fhe, 417
biRind $&@d batht Bl WRRhESY e FortrlalbH. atrdferd aRRERar® Withih e rftge
ABS. H PS and ABS are well known to the art and are

c% Frrmrabou P g abayialis Wi e from several sources. [ 0044]
Fﬁ)ﬁkg g‘ﬂ@hé’met {éﬁrcﬁfﬁr@%ﬂr gstit'icf)‘ﬁ?ﬁf &ls ihJihon e?é’ &4k R efgﬁl\%ir%{%ﬁﬂg

as additive ane retardants and are tformula

tdyecrgitPThese syhB@israsetiofealiatade @bmmonly nsed wvith oyl btominated flame

sufficient to. .aobtai.n the [Level of, fl.ane r.etardancy, .

SBEHE Serreraf iy e 5 BRSBTS g on ghide i

| oedte, (0B pﬁef&ﬂﬁl}l*ﬁ Aoy bkiBS syeRRLGEh st ARG trioxide, antimony

formul ation. The fornulation can conprise, and

PIEBIRIBE, \POiIiYm @BiMIte.esodigmhantimepitsy e Ab¢ emaunt Hf diamp vetardant
i T ;

SN LA Usch IeHelAY G by e or T BERAIZFE basea on the

stopbwegls afithe HIPS gmaBE dased dipaolation dS yinergissgmduinis | veill smost often

i d.scavengers, . bl om ng agents, and_the |like, cap be.
i PR BN Be St D A S Bor P pehtet, b i rqhgine
f i gel bdrbgbon Srel pSrnBRIOPHdndle £ ddeMed BEUe QM ok Q&sirhBIO GidePihe
that each additive is tob(ﬁerform Such sel ecti on and

AMBIHIES CHPESENERi ¥ band, eaithiie denarties gre ptidinathej segpe and
PJoﬁtfeﬁPlﬁﬁ& ofittRSn Ao ABS based fornul ations of this

invention contain a flanme retardant synergist.
.[0047] This invention includes masterbatch compositions in which flame retardant

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

antimony pentoxide, potassium antimonite, sodium antimonite. The thus formed
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[ 0045] Flanme retarded H PS and ABS based fornul ati ons
contain within the range of from about 3 to about 25

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

forrrul ation. Preferred armunts are within the range of
l?éétaré sﬁn&bf@bﬁuﬁe J1§t MY% m[lgl)@gq% A—ﬁ§ tE'f@J{{P t ﬁm hﬁ
ant conpositions of invention are used

ffbxamhtlmet ardi ng synergi st. These synergi sts are those

recrmonl used w har brom nated fl a )
R} §irthoS VTR et o b wteo st e ik, of Hrgulgons
MeHbEYHRRND Fﬂr%xeﬂfp‘ﬂ: thé HIPSOofi ABS, theiffie Wréﬁn@eonﬁosmon of this
preferably, antinony oxide s%nergl st, such as,

APMentiarapd BBy oShar ¢empoasnts AiRgredients 6o weed i e inishegnformulation
{ t

224 b Prog e W 0] R e R ox Bsj, @Wfrssion,

toin enjecang enotdingui p Likewiad that coliponen@ochia be dmxml tbguehet i alBanbury

t.he HIPS r .AB aedf r mul tlon ner t
oot RSB st 2 i) T BeRR o AT T FORiRORRe i en
abyaiell ihtol healoiddd Gorit 3 cOXERAEHM Qfhf 4508y teheusfdar RANVAD by
ranges of proportions are perm ssible whenever deened
FeBBMMIEP, e gimagley ob|pellat e rbyt eiber penown cngtads. Preferred flame
r
AL RAS ApShornfiiliin: BRGRSEHTE RO LR D T e PopfLe o
Tiwingng moidett spenmnem@f 8 e rhicktess Hlz8-mbh thiokpeogithat pass at lkast the

Sy LA ARy Rl B utori 2e6: SelinrS of ABS

afd@hulduma]aﬂngim%sdabl fy%ﬁf&ﬁun@%ldem spRciRhONg minf 116-idch ook
or ABS xonposition of the invention) in the range of,

oy obtain 9 &/L1%4 VAyatoes: BromutipraAG AR ACTSRul ati ons need
N6649) P uctﬁ 1(2%& Qﬁécﬂbéﬂeﬁtof tr?eat%m QA f«b?VEPraﬁﬁ AEGRPlof

syner gl St S I ron oOxXi Zl nc ora

_ phneirebraioh yn HPSaand iArBSnysinrs)dcadetofthaabmaefrtbztahedabrbmsmeé pojlymers

S B R DE R S A B RS B Bon oppiing Hres

fRABSdIBasH HIHSHacddeslorifclsdd] budBle@iol Bmid to,| FPO-HIPSN SutABS
H PS or ABS to formthe finished formnul ati on.

. he 1.0048]
\pared glioys i Byt ee aefimigd toa RCHB S sldws. ths F}Bfaé?aaHLDSt%é ABS

I
CRENY I R e i AR A RS R by TR
this invention and any other conmponents or ingredients
ﬂed formul ati on can be bl ended
et e 2 - gr-and t hereafter nol ded by
e[nosow @8, bré‘a@é@rfﬁﬁﬁ,l o8, pré¥essedjof GRib QfiveAldnd cdtprisé ibt@iihaRg

conponents can be ni xed t{g]%et her in a Banbury
rA%YAP o Ay Bl evitherbromipging agent a9id)in the presenge gf g &afaltic amgunt of

OAIB%ranﬁ ' chx)'!:rﬁ‘r THY B?blﬂﬁatgﬁvﬂr&:%ssesa@fdthﬁ hR {) N TR be! BhdickdEs a

desired rmor confl gur ation suc Yy extrusi on
fioich,cemdbatgh or as a continuous process.

[0051] As noted previously, preferred processes of this invention can be additionally
characterized as having the ACTVAP or ACTSP fed to a reactor as a solute in proximity
to and contemporaneously with joint or separate feed(s) to the reactor of the brominating
agent and the AlBr3, such feeds being subsurface the liquid contents of the reactor (usually
a liquid solvent heel at feed initiation and the crude reaction mass after feeding has been
initiated) and such feeds forming, with the initial reactor contents, a crude reaction mass at

least comprising brominated ACTVAP or ACTSP, AlBr;, and solvent. The crude reaction
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comm nution into granules or pellets, or by other
known nethods. Preferred flane retarded H PS or ABS

capability of form ng nol ded specinens of 3.2 mm
thi ckness ( 1/8-inch thickness) that pass at |east the

S - ! - ti havi .
U S 3R] A o, e
ramposifion he t€ dpabd héry yhighf wi%o bronig ¢ontedie days pese abous 72 .vd%.

gnr}gﬁp.%rié:?s;s bﬂl%{%m&%&ﬁ} @%y&%—%%%%nrt] Er%%l%ie% %H}Z%ro%%grinﬂngs} which
GeRagettbd fol e RO WMtdsartié it B8Eesthd tHaBndNy MKIOSLRhe. These

ACTVAP and ACTSP of this invention in H PS and ABS
ragdierrompensals agegmpytich unein AGEYXAR preACTHY awdiareadeived from the

LR WO A SOTRIL L 5

30e52] FheRSIvostsbabem Fdr thesA G TVA RicteA C TSRt feedrieprefatablyithis samel as the

to, PPO-H PS. Such ABS b d al l.oys include, but are
et b gt PR ERCOT g FEdIEE eice. - H PS. and
ABE33] TRS kd)een® luseld O Nl AGTVAP biS ACESPtand Qeatdf pkbttBarst Ren be
and ABS containing alloys and bl ends. Brom nation of
Actrsigde BpmAaansp of 00i50] follpwing s exgmphate s solfetsn dichleromethane,
. ¢ LY Con " ot

RAGRERGRnG Sl E T oE TR nR AR, " ThloRtom, 1.2
plitesraoettangf 1, adibimEtidnec 1 dmmoa-chddroethaBe,31,2+d@dhlsmkthart 1,1,2-

The brom nati ocesses of this_.ipvention can

et as Ial SRR e o ISP nubhEmo-
RhREPEspane] 00BBbmOButdNe! €Q-tbRMuaHS | yz-bmnﬁ)ﬁﬁmétﬁfipropane, 1-
processes of this invention can be additionally
crURepeRtane; z &d-disomepsntang: t AdroamT/methyputeT Spbbfamphexgng  1-
r S -

(SRS bEmEclbhekatd) bl bl sdnler B, pr analogs thereof and
triigturee &€ amyr twofor tnimee bf theriferegoingg Pacferredl salvehtt fre dishBromethane,

such feeds bei subsurface the liqujid contents of the
eperpetiie 45 [o-HPREhnG” Botreneroiblbinct - pifiind preehes
isgivedtat i on and the crude reaction mass after feeding
has been initiated) and such feeds formng, with the

i (A9 Rihatewes dhesplvens hasrt is, 1t is ImPQrRt tp @uere ihshit iperglativety free of
I t Co : .

A SSER S oR AT EEL DAThIER Al aftel ety by of e
uNiBeas tivdelbreorgnized imte amye Generadly pie osi tabt that \ihreesolvehtecontain less

_ pined imi aeiie o rgonti
e 56 B85 b sk oo Fu ol O TR 6,

| THe WEdniiating agentMelgl broike) hokle neir B6@IAtmdrée1thah hbouBSEEpnk Water.
N- br omoani nes, whj ch are suspected to gi ve riseto
U A TVA) o ACTISB shaydstalsocbe spificiently drngol a5 19 ngsintradyse deleterious
ThRSfs A ifOMPBR&MaGor € I npurities found in ACTVAP
or ACTSP and are derived fromthe chain transfer
d605phEhd armaunoef sotverton dre, AGTNCAP as ACTSP feed is that amount which at
M\ [ thyl et hyl enedi am ne. [0052] The sol vent
Ristnfbishe BB CAR T AT Py 1oy JF B VG me
SRRV AB ot AETSP is liquid, consideration for using a solvent-free ACTVAP or ACTSP

feed can be given. However, if has been found that the use of a solvent is preferred as it
helps dilute the ACTVAP or ACTSP feed so that efficient bromination can occur in the
reaction mass. Generally, when the solvent is bromochloromethane, from about 60 to
about 80 wt% of the ACTVAP or ACTSP feed will be solvent. Preferred amounts of

solvent are from about to about 65 to about 75 wt%.
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solvent that is pre-charged to the reactor before
feedi ng begins. [0053] The sol vent used in the ACTVAP

any of the foll ow ng exenplary solvents;
di chl or onet hane, di brononet hane, bronpchl or onet hane,

i | for 2- . di 0 ,
ToarE] SELARRTTAIRREy SELSOS RO o Rl MIREADRRR
Itha? -achiowrh | viriahew ftlaprevidel a Sufficieitrmdss anpetidane adequate heat sink to

E'd’_iséi:rgq’.@é ge%}: @F{ﬁ?‘%ﬁ%&iﬁ&ctié’_oﬁﬁg% g{{gﬁg?&?&e solution of the by-
ZrHuQNPIRULL AR a “Reab kikOor eIttt BRI Afnimized in the proximity of

br onopent ane, 1, 5-di bronopent ane,
|thep Ay N ienethyfeadt dlivethisiendr dnis rspameferrerl- that the crude reactor

Ecrofﬁgﬁga'%eat@%tionp Eﬁ@%&gh@&%ﬁ?&ﬁote are]t(?nai Erﬂyﬁlgs Ifuﬁl%}%{t? therein.
onol ogs, or anal ogs éredfr and m xtures of any {wo
dise b @eed fromreeprévisus gmi aigadyRamfasdrvath BBy reduttssthainitial demand
di chl or gret hane,. di br ononget hane, and _ )
1On30% GO0 RPN 194 HE TeAI0R AISLIAT BRSO S MEefyried fn some commercial
RBhfiductbl | y preferred solvent. [0054] Whatever the
solvent chosen is, it is inportant to insure that it
i[8057k g AlHsh parf beofedofs anedlwse in, \igit examply brpreing,esgparitofrom the

. | r QI i i f . C | yt.ic
L
ArdcessGameicay, Idyctatds tthat the thesiindiinghgehite tBarhivie irid tBaniieaAlBr; and
I th bout 50 m i ght/wejght) water. In
rtEf;@fP'am? ge 033 @ Sl%leffg%%ﬁé?f@lé Hl’é?ﬂlﬁ)s Hebrgmipe. Thgeamount of

bAIBFY fB@ L HieheR SRHatelyCordin BMBIRhRA, wiltN@E bFonkiRd fee@ME Al dAtalytic
nmore than about 30 ppmwater. The ACTVAP or ACTSP

FHeuntguificien toprovids from jakat 0.y tagbputd gnede %t ABraper nple pbbfomiae
dfg(joeteri ous anounts of water into the brom nation.

[ 0055] The amount of solvent in the ACTVAP or ACTSP

f eed Mslet% AtBraspusight whAlBR/2486.7 -@aiglt of Bedaliss15013€) x 100.
formation of a free-flowng, |low viscosity solutions.

I n cases where the ACTVAP or ACTSP is liquid,

qOe53) TRy @b of Hrorkink Ted & 82l YRR fréfRBed ol YAever thédlsiRd
feed can be given. However, if has been found that the

(psemiggtiog leyel| spught assumipg eqrae ymad] less of hromiap guerigiad with by-peoduct
V, f eed. .Gl - ] 1.on

AR RS BERRR, LA o W B i SR i

smdlesestt bromink raented hjeo moteesfhghery! grouprprabalin a6givénoAGTYAP or

80 % of the ACTVAP or ACISP feed will be sol vent.
p‘?%%’r Mok Ahay Agsiringto §@Pwn7§ 1% DFOR <alstib abayt A giRles of
GRorhife ARt pef ol 8P fHefR Gloup Peesiik.© WARA LBEInRE vel! HI?ﬁﬁroﬁlﬁle

the reactor prior to the reactant and catalysts Teeds
icontemgtsayn ARUh T8 WP dtoming, | abpirt hi melegolsbrpmingjagnfed rpas moke f
| equat e heat sink to disperse the heat of
%g%?%ﬂgt&ﬁbn reacti on conbined with the heat of
400591 Farexafiple,fer thy/bgse ACTSP CelCHs[eCHACH(Célls)haal CKLCH; CsHs

ot[le }ngle g p%‘é:rlljyrl Eroﬁ;?si plg:(r;" miofcé orpa QlilergageeEC'i‘ﬁ’ écl;]i%edo {I'(?II)I( itOT;CElé/ isogfiven
by the following: Mole phenyl/mole ACTSP =2 + Ngyerage = 2 + [(Mn — 196.29) / 104.15].
[0060] Alternatively and more conveniently one can simply charge bromine based on the
equations below (this ignores the small mass of the ACTVAPunbmmm;, lost due to
substitution of the protons By bromine and thus results in a slight over charge of bromine,

enough to compensate for bromine lost overhead with HBr).
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the above nentioned feeds. To this end, it is also
preferred that the crude reactor contents/crude

uniformty therein. Use of a heel froma previous run
al ready saturated with HBr reduces the initial demand

on the cooling sw%re w25 B:N§: ARERGALr and for that

reason is preferred in some conmer cr&%onfi gurati ons.
[ 0057] ThewPAABIVABRmhes ¥ ®0AGEYV AP sl (1-Wt% Bey exanpl e
om ne, separate fromthe brom nati ng agent feed,
ver, such a separated feedi ng scheme is not

preferred. Rt B¢ £$3%3r Tphd A VWAP, J1.S o QV(@-S»A%'B%] t he
brom nati ng agent be brom ne an hat t he Br 3 and

t#h& bromine be fed as a single feed AlBr 3 readily
di ssolves in br OMI%sbeEkﬁ]ea lmt rgflsgA}ngr 3 fed,

whet her separately or 1n cog imati ol W th the brom ne

f eed, Mblss Bromaik al 2y tvit® BarfrqwnACEVIAP jumhieRi /(- @t%BOM 1de.8f r om
about 0.3 to about 1 mole % Al Br 3 per nole of brom ne
fed. Mole % AIBr 3 = (weight of AIB ~266.7 wei ght of

BO6YT) N9 pkefePeddd Yeed, al B@se ds ibld (Bt AERHN & bréthiREhde8ed to

fed I's that anount required to ach| eve the desired

bt et Grbroreipe desited g i exesssUhidmige ssolieds thenadt| leastospmegif that
r r

be&géﬂ pﬁl &V @ttﬂee agdeMeﬁé?lgg%v\F% ﬁ@% rln hElg tg(;%:}grﬁweﬁ U down-stream

cfmrqug |stepso ri;Iov&beruhothSg mz:lessbrmﬁmdafewbdnemarpeommhnp @then the

nol e .of resent in a given ACTVAP o

esegoner R robine aiver et TP RRE conhs Ghrshoriian. 55 famatapioHh ia 29
CRBE §iBhine 2108 Wbtad- sAcHTnfBsiBdns ah @Xdei€or afofh {86k 95% tdfmo@t 2%
of phenyl group present. Wen obtaining very high

qu@twmé ugedrie pravide the arystéay@mblemcw%mhms Heracitsbut 4.5

ateF&% %é%?(ﬁlgfroﬁhg gl‘gseﬁger of PP ?stbggmlﬁeb?lqye )&&?lggéﬂgnon mass,

Gﬁhlﬁﬁdﬂ]bl- t@ﬂna@d(r%ghnﬁe)j]mthaue tcarg@oeHAHZ ¢€36 biomire @arisd 8&d,

of phen r.oups per ] e of  a the base ACTSP deri ved
fato b crdly Bacnf G oyt SHUAE it FORIETHEpE BRRSRIRE to watr Soluble
PAehME 40! BoNHEDR Iras Bech dBRYRE ABE T usde stcll fehding agdiRSed®)to
/ 104. 15 [0060] Alternatively and nore conveniently

CAREOUEagh f?pw'oe redragectisinn #nd/op aaedurg some Oéqthatiq\wn%ream
b(ﬁL s{e ab«fﬂggﬂtﬁﬁgla{le %f ra% eg {:%T?%stssle Jrat} F%tltﬁg[ S atn process
byefﬁnammelt anadfentoresof tes mlvtrmon thatthesk |egphl§nomwzmd rag‘llayegEcaofoe
R T T S A LN A
vumu&%vmbﬁgmyd@ﬁm@k heteindfedr\déReHpdar ormat ed / (I -wt % Br)
[0063] The ACTVAP or ACTSP, brominating-agent and AlBr; feeds should be made
beneath the surface of the reactor contents/reaction mass and in close proximity to each
other. It is a principle of this invention that the bromination of the ACTVAP or ACTSP
should occur quickly. The rates of reaction for the brominations of this invention are very
fast due to reaction kinetics. Thus, in the processés of this invention, the rate- determining
factor is the rate of mass transfer. Hence, the use of proximate feeds is designed so that
the reactants and catalyst are close, one to the other. Another factor in assuring fast
bromination is the feed of the AlBr; in solution with bromine. It is believed that the
bromine preconditions the AlBr; to the active catalyst state so that the catalyst is active

when first fed. One technique to insure close proximity of the feeds is to provide that the
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w Br ~ w%Br [w ACTVAPunbrom nated /(l-wt%Br)] and
Mbles bromne =2 w Br / 159.81 Moles Bromne ~ 2 w%

[0061] It is preferred to feed, as close as is
possi bl e, just the anount of brom ne needed to obtain
ti@&i t%c%rFJ tﬂ@?e@&o&gﬁt%@fé?‘ctl“ mas% )f)g Eéa" to?{t&g]s@%af tF fd?sghar
then at least sonme o excess W ein e Cru
r&ﬁw@mnmﬂh@menanmtmmmbgMQMmabmsbe renoved in

trea n However ot , usi ng exc
3%%1 Havipgp ity 5%‘3‘ %‘%&E 1tk fmf?%tomﬁ?n?%deme?n Bps figyid
| 18veRaie kénaBicial ay RleMsults kit BeRM NGt HQTHaEH avia) HRASthS felling area.
say fromabout 74 to 79 wt % brom ne. To obtain such
cArpesa thobripotaat Bir dessingodreaf is donbalsveided. ©Fbs Ftielab?@mm@%ly
€.l S U r [ t.
TSRS A St & BE S0P chliFuTRGR, Bl ARy Sish GRS o R
f dspetsioe. presence of excess brom ne in the crude
r L.on nass,. conventjonal techni ques recogni zed in
S TR rPan i s B BBk Ll PR AMN b ek Aol ggeccsary to
€acfomplist e heat [IREPAIoR FurRE& WithoSe lgrrdeﬁfﬁg Itwrwésfwmmgﬁep than
convert the bromne to water sol ubl e brom de sal
H@W@Oéﬂwﬂmﬂmﬁﬂ@gbﬁ@ﬁwbbserved that the use such
f ' .
'Tg%fe%(%’k of tﬂeeiﬂﬁ'lgﬁipﬁ f&ﬁ‘&&‘dﬁlﬁ%ﬁ % Elgh ag\fls\&_%gssib?é;%)gngld%g
fthﬂ rea¢tomyzesing pis&grﬁtﬂtd‘lheatemml BisObe bandledgnd i ebolagUsaitable to
se aration difficult s and proce ficiencies. |
08 kD Bpredsnen.Hiettsiing GBS oy atle ALY Fafalshandl
amnlr By@Sodu@)8J. SThe ﬁfgh&%eq:@%iﬂlé/feaﬂﬂtéi ﬁfé nhye dthi@erd &R pRfcess.
surfactants, e.g. sodlun1dode%y fate, to attenuate
1[4067¢ Puriag Hpso éfwét they ragteryeopignts/puge esctlhe masnskpeld be kept at a

SR B IR, (BT P

smmg‘eaxﬁ éromfabblhe7Cataabart 0D NTierfesls tethe tdactbr ms«snvaﬁml'y ified at
nci pl e

| h h
PR RGOS i, S oBB o atepstr” Gl oGSO, mass

ACTh§IransrBO We ki EE Whovel U ihe kkattor TH §rovite® Svithf adeQifel b&,ngg OFThe
the brominations of this invention are very fast due

ttempesere phodldibe mepsured as gipsgdo the feed trea gsiorrestistls of this

i i e
QOB ThE res o i A oddfSh Sl ol bichidaibn 8 LGl osifk
Chéeosphegid peessutds dbing the noeacliawever, emmylhighp@bsyst aramet ;:réfe:se:el in
ope to the other. Anather fa totr in assuring fast

PG 6P TG B BT e ORUIESTIERSS 4P SSURBISSUER, AUAERHAS sy are
byeafikst@e. 1t is believed that the brom ne preconditions

the AIBr to the active catalyst state so that the
dAP6RI yuhsequantae the yeactop @pd ¢atabyst fegds it is epranissibletip plipyethe tsaction

t,ﬁa;sgee d@kme PHEXiM Loyengljre {eorb AR Son! s EQsAN qvisﬂsprﬁdggoﬁe,

tubes Into the reactor contents/reactio
beheh dirainih@ige taheve HowtZh biomineetp aliowcthategperiarare to warm to about

25°C to help facilitate consumption and react out as much of the fed bromine as is

practical. This is particularly desirable when brominating above 73% and where the
practitioner decides to forgo the use of a bromine reducing agent during the initial aqueous
quench so as to avoid any emulsion and rag layer difficulties. When producing highly
brominated ACTVAP or ACTSP, the ride times will be longer than if lower brominated

products are sought. Generally, ride times of 15 minutes to 60 minutes are suitable.
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adj acent parallel or in direct, inpinging directions.
[ 0064] Having the feeds di scharge beneath the reactor

beneficial as it ensures that there is heat
di ssipation away fromthe feeding area. Having a "hot

1 to.b v e
J0070) (ks hideci ) ORI nh T e i BT s ool groce
rremtéromassds repmtved Gomabe reactort quamchadmswatbxs ole glenghnwfi@adan

R et Bk Mo, ORI S e, gty e, T

a6 iRt | 16 NiehdtiQatd @Rt AfHrs Sk, i WHilef HE AbdcoPsuifale MRYWS break any
burdeni ng the process with hi gher than needed nateri al

traveirian g ragdpven dasis forped s Emmlsiens eraag layarearg prey#lent when sulfite
'tﬂgedv 5“&91' g@rﬁgséresps%{f tg rQﬁceaﬁner g lf’?gmlll@ ?%%er]tﬂ f l{r mine
consi deri & e ‘reactor sl ze and esi g he hedt That
mostbntbere heugm AC TP dn’rmC’l‘.&Poﬂhatmge m;ahlgmhi romine aeméns,tteridro
t}eat ?errent Qe feedin tui ai |.abl e and
(I S P £45E6 4 LsopRlFpme ARAIES SlRine 5)idS {356 eqmipation Exfaple 5
maﬁhgr el BOBS NS, f eeser @Jnaés,mt e zm@énee &ffd Ghrdetant Neg.
process. [0067] During the co-feed, the reactor
clodecalseliteomigens to @nd are Svspendedinghroaguepup iy wresgrating ansemulsion or

: ag%ﬂ?éﬁ%%rtﬁe utegus hgsjge rdﬂHLgF of){he sﬁr?ﬂaﬁtbx%wlts ]gnzﬁl%%tlgﬁ) of the

pr ef er abl
asolidst to +heQitganiz Iﬂxbswmd meorannen ﬁfezetlm ¢harryt inether e@mtxcorayar dt is

veniently fed at  gbout. anpi ent erat ur
GRRELER v irthetatis dRiabBRe G o e i (PGB ah S, Mrge (Zeta
t AR PSTURLH i IME lrpfena@l th3R QY Begatidiant @@%Qrcohl?le@ leQMind@h of
wi th adequate cooling. The tenperature shou
reasla¥eEd as close to the feed area as i s practi cal
[ | ;
[OAPhS FORARLERRISS, Lk SR Ol ey oo
rhes ghat és tréaednipwhiseeanoofinthe biowinagon, cureaiys inrgibted bessne; agh

t f d { t of ] t
i tonBte® b et af o miGTHLS HeuforsatbliEp gy payer e
HremiRE{oWass kdlige bibMALOBuDghiE ARHARBbS duéh Jeﬂi@ufg@%&&saﬁéméﬁlhﬂy
catale/st feeds, it is permssible to allowt

rtb 84lfitsh C%Pa%’@cﬂﬁt%ifﬁélﬁl%ﬁe‘é g layeghandling effgrien dhereforen it is
T e
tle nqziepraatlcmt életl ax W\m:fmttbtoalb@mﬂy o 04B Umnlmebxpuffm:nebdeﬁm Bd the

SRR ) o of AR Bloie ip e Pl ing e Tnsea Shledmerric

hrtﬁfrb;natﬂm ahnmed. 73% and where the practitioner
decides to forgo the use of a brom ne reducing g{({:}ent
d@972h ghe I‘ilée“iC‘hl”t icenvenigftl oRpSTOFRFA nds Hanalienh derprsTatid japd geRerally

| %%ﬁ;% B neftflg 'ofhr Ih3Y Bk et of Ltitoh of Sesial¥i G- RY ARULH B Yfect a

phase separation. Since bromine and other active brominating species can be present it is
preferred to minimize heating of the mixture and to limit exposure to visible light. This
assists, to some extent, in helping to ensure a low thermally labile bromine content.

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

contains solvent and the brominated ACTVAP or ACTVSP, and will require further
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brom nated ACTVAP or ACTSP, the ride times will be
| onger than if | ower brom nated products are sought.

suitabl e.[0070] After the feeds are conpleted and the
ride tinme, if any, has passed, the crude reaction nass

ST T 885 s ) iy

pdpfter the datermybochead [phask ﬁaphmuon( s agdéfhnned feduiry of thisénwestioarthat

st eactiv t he Al Br iile th )

EReytuitareat et YR B esiscodigr torkh &ids 0 oy ape bayarid
tahatits ibSrafcObyIReduct Bl & @MertQinrdad@ell braMffating2dg8ntPE. ?Vﬁbxﬁm (if
when sul fite based reducing agents are used to reduce

WY ehweldstl] be prieAB aestk Nrarpamingh inse waterrelublsrsalisrorsin gegase of
Ssgxlﬂ Px()(%ﬁgvﬁg aRfines Whih l’ib?ts i fvatde E(Mutpl 9h Td. RE 3Fsbfum
, tendd to Eite a0 c}

con en orm sna ['arge and’troubl esone
chomhpdrle 06 rddceebremint Gs the zmﬁlu&ommf baﬁmmd&wgmyfeeesﬁs known.
vin nearL‘}ISOO/som 2 solids, in
ENTed Bevehleatyrerof preferte P&"’Efsesd’ HB%WQUP'F éft‘&e Pﬁegqf Arcaustic

tsBluB offéoBiufi BREIVEREE {oNted R HRUHRRAHS RWRImoam AR deRtbdaddlor
emul sion or rag layer with the aqueous phase. Addition

dPdieh@atageompenathe bwe@weﬂs‘\qTﬁ/Arﬂs §F ACTER Blust floeths pracesses of
gtfﬁuw&u‘aﬁ gl?ﬁ&ﬁurﬁ) Bﬁ'ﬁﬁydﬁ ab Qﬁn{\:ﬁg’ Iﬂ@E i nl eo{'ed%e tﬂa’ dfount of N-

I'n the organic layer I'eve
shmsrﬁcaammmt grewestaadb ial sccmdany funatiar . ertbe \mdtltnohhaé aap ;amloumtof '

ur f.ace char (Zet a Potenti of, the I|d

B ooty s, G Tatebn e oL Mot o0 ABFABP R Loed is tha
Qilnioﬁhtrﬂlééeksﬁfyt@fxarﬂlerb@ﬂl fh¥eds. [0071] As nenti oned

pr evi OUS@%&BIf the crude reaction mass or, for that

r{aﬂ‘tbﬁmc Fomyaiostl yshanseitherbthe pulfite rog hiselfitedesuping pgeata i is
%suénpﬁpr&%ﬁéﬁ' RAbdORe rg&@{ng V@éméﬂ&r %f-? Lefl & gg dﬁ?§n1n§ #grl:l]oval,

content can red or elimnate
us@guiting thae checusa gpf agkﬁm ort h)swfua\mintmg Iaganbrlmmgnsnm dt its own

t I ubl b
fanrine et rd IR, LU PR R tte G priDe S oaRhAY select the

@ﬁﬂﬁﬁ%r&%r&nﬁw&IS hgthsMe bEcktind A8 Tof MRNEDMpogti G §cabAtSso as to
Therefore, it is preferred to keeg the initial brom ne

dBRtTRzR the, ameuns ol priensted brpminedhat ld Bavgdgvhe handled i dowrmgream

I 68 ctical, then it is preferred to use only
encl)éli}gl% @sgulﬂte or sulfite needed to rid the

C[ﬂ@ﬂShab alrei @bstic aqmdux: snldwm drolfydride solugon isensedntot tieat the organic

laﬁlélt zlm(r) %}8%)0%%53 618 ﬁ%{- ngilljgxﬁg)ﬁroﬁgln%e tsél{:ltgo%tlls (s)urclzh
QR4 iR fofidl ajuddes bmm adfH BdtiéeqRbodt @0RRA aout & ffdghout the
gener al | peaki ng no heating other than the heat of

sRSF‘Pﬂ ﬁhar&%/ecfﬁmreééwew phpgeyis ip sonfaskwighithe ereami¢ Rate a phase
SBORT ¥hé Pieferred Wfund Emmd@mt&t {Me %eidng QoREGMs "Rk Ghe

species can be present 1t 1Is erred to mnimze
hraegeioh gorofabctum@ Obrioxabauted). sawido tOdluml borchydndodmeadenttlee total weight
Al Qlelll G This assists, to sone extent, in

éﬂﬁ; ﬁ&tr\gg %é‘ure a |l ow therrml ly labile brom ne

007§ Al .important feature of the caustic sodium borohydride step is that a temperature
above about 45°C and preferably within the range of from about 54°C to about 62°C at
one atmosphere is maintained during the treatment period. Experimentation has shown
that room temperature does not obtain the high attenuation of N-bromoamine derived

color bodies and thermally labile bromine that higher temperatures obtain.
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[0073] The water quench does not have a ride tine as
t he deactivation of the Al Br and the reduction of

mass is fed to the quench water or quench water
reduci ng agent solution. Once the quench is conplete,
orsfleTh\RnRAeRABerRlR i AbiRfled AP AGHERISARIRSS iihead
or gahi ¢ phase. organlc phase contalns sol vent }
tth eobbaino thienbemnefats /Q@'Rh%ﬁteajmem.dgm&ally andeagi hour 8Quminges. The

fur ertrea nment To initiate treatne r n
LB AR et ot 1 Sl SO et S AY DG eds
V@dn&ﬁll)q depRaMeitidn ARAHEW S ARARSSrE@RL phide ah® agheds &fi e @lring
feature of this invention that the organic phase is
viesatset. wilxing i§ peyided) wildiotiepably rbeswm'ihmeat 9b¢l1umv@we atr#fé’C to
ﬁﬁg g)étglégﬁlegmzegqhat the H%rrc?rrﬂgetsbz%g %rréyo o f‘% %éntd{ofrgl oxl s spec1es
Shesent dresqualenatyeanp hessce mhérgamﬂeoNs lo¢ ammearhighls polan§pacivdt Sich

soluble salts or, in the case of sone N-bromdes, to
SRFCIRS areimpligated i the hugkeningof dhe I%tmﬁiar Ijxeq orgamigand dasig,aqueous
SghakeU Thid & gLl nq 6n fnBredsEHMES of 'Elfe%lﬁi@or'dﬂvé f\ed Fﬁrtﬂéjfrlﬁ(ﬁdgo At
of brom nated pol ystyrenes i s known. However, a novel
faetamnnﬂéurefabqyﬂ é3 & pltlgsergo 64 §@swbthlttkhmsg is alipinated dithe draw
t he u solutl sQadi u boroh dH
eI BTt PR Bt "GP RS S s
hh@fmp&&cmrﬁbaﬁyarhﬂi’kﬁ iorobstrveat ehcAGiRWA&RSmpdratdyesl &E. acHlibwed, the
fg& t he ﬁﬂocesses of this invention the sodlum

Joickipar pharoneaen & ghimingted, and Rhpseossparption isp nsatly: anstapianeous,

aemaﬁny wﬁenl\hﬁ&mur@ﬂh%sssM%@;m udffd a secondary
function, i.e. the reduction of any amount of bromn ne

o[22 nThe ush akthe aoan déseribel aquequs caustc mmuhborwdmdreetment or
h cessar

BRI 8 SR L PR SRR Ao

atdovatd @panidythaselih the dewdstrelrh Sinishing eequadeici ng agents, it

[ ually preferred to use the reducing ts to
PR0F ;e frefimed e aoid spbsianiid g of e B@ﬁ?‘g .Pﬂage {PFgE to the
tsB@iuM%@roﬁ%drﬁH trfdihént OFerRk &ipEradufes Baaku 85 AQarRPRMRd Pﬁdrrﬂ&ﬁne
with it its own enulsion and rage |ayer problens. In
ttoeohgdrifle tiegtmens. t he best practice to carefully sel ect |
t . kr e t. Y
(BESIE M o8 ol SRR D SeRARHRR S herfoll TR MhE e
uand éaicd @at vioen, sy from h’ibliut 98°[Cl to hisvue100eC,he fllsh el tidsol viant present

down- st i shing steps 0075] As the caystig
.faaé%wfdggﬁasum FABRYHPhA EeaF %‘Jnmwgtew@fdcap eaFfueyed by

tiREpiRY MaWaer ANARK terfRrafid) CRHSNRITAS 6If keShdiqe ri@%ieu ﬂ_d?o@nﬁ’rﬂhe
of the sodi um borohydride solution is such that the

fagty efertodyeing bromingked olypiaEsnigs. pﬁwmtmw@t may bmuﬁeful for

h Qh % e
nSibing Con s SR i ARERRE, 1 9 SER! b GRS e
pthe fleshrelebn sied¢ampokideroprydirced BascoloveTy |, :my lovee thanesbbutni@s°C.
§9Lutl Is wthin. the

therwise, for such composmons a soft mass will be formed that will be hard to handle.
[0082] Once the solvent has been flashed off, the solids are separated from the water by
conventional means, e.g. filtration and the like. The separated solids are then dried by
conventional drying techniques, again keeping in mind the T, of the solids. The dried

solids are the finished compositions of this invention.
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range of from about 0.05 to about 0.5 wt % sodi um
bor ohydri de, based on the total weight of the treating

sodi um borohydride step is that a tenperature above
about 450C and preferably wthin the range of from

I a noqlg g&th%ﬁ’ Wk nﬁ?%@ uSdfulWHen %Emggnhﬁrlgwiﬁ polymers, is to

uring the’treat nent
Empleha wﬂaﬂlammaﬂtaszesmuﬂrylmgm pmmncdsrmme isades) te a chiped film
not obt ai h attenuation of N ami.ne .
(Rt 101 b i oo e QOB e et e
RitghesolVefiBAr B HipRISy flfoéd aldOME GhsultiAg VidcOAL RBINtan be easily
tenmperature is maintained for at |east that anmount of
tmapulated gedthengeramwiagador plstissdnef i t s of the treatnent,
generally at | east about 30 m nutes. The practitioner
can choose a | esser anopunt or a greater anmount of tine
ANASLYTECA]L METHODB® eds. Ceneral |y, experi nent ati on has

hatth anj c, phase angd aqueoys, m xtu
TOERAT s b S AT 08 B of SRR i b Frswing e
Qﬁﬂhcﬂ‘@r{sﬁcstohthe c&ﬁ o@mhktanm&wa@nabftﬂé%eﬁﬂanSOOC It is
t heori zed t hat t%e N-brom des and any N-sul fides
and/ or N-oxides species present are quaternary and
Rt Broai @ffknspeci es or at |east highly polar
§p‘6‘¢‘|—€s_SD'C‘%;s ecies are inplicated in the thickening
de08SheSineet thoebmbagsitivnk efl this drevmition diaek pasi or agleew Lsstlsfactory,

RRDEioP wirenl Sebgt rreuEorhng] REPS A deigur of de o
Hagvife AéntdACror MMt EonpSQfionk f Hfs Mlenfibie i} Jahly%@cﬁhﬂl‘x@heﬁﬂ:y using

elimnated and the draw on the drive is reduced

tcéh‘t?é'iﬂ%@w -84y Bapisireuss tf@@lqltehﬂibk éawnlrgar@bféqsirlsa élh!ﬂc %ﬂtﬂple say
S+/'0‘U% H%T? 8bSnP R e %g{ﬂor{. %Vae ‘ﬁmué??cﬁvmso
er tenperatures are achiev |cken|n

pﬂpemometeo A standaidized svhitied pf lamdolmhuseméﬁ[ﬂans atddas thegalibration

near | nst nt aneous sp when te ures in
St TP Tl BB Whips SEE R Bt oM Ebael B e g o o
dﬁ&@bhhﬁd{]&mﬂﬂgﬁ&l @al&d i ¢ sodi um bor ohydri de treat nent
or wash can be used at any tine after the water quench
step and phase separation and on any recovered organic
ARARS shikidate 18 cgtieam fini shi ng sequence. [0080]
I‘t_Lm‘eélﬂe‘r‘r‘e‘?M[ho_EVl S oi d substantial heating of the
dﬂ@ﬁéhi To ;dbtaméncpﬂlb aplot @ttritiuees 6 dheuflanioregAndadt cahgpositions of this

eragtures hel ow 35 0C are. .
P BT B 8RB Y AR 1o RRPERT: Ptgaphiain
Ablverits, tshiéh sl thidrobeRgehé. Mhe ahi1Gticar @afbd ufkbas QuiteSstraight-forward.
separated from the agueous phase and fed to hot water,

Weigh p 6ri-BA G thecompessioane e 59 obcrentrifuge fubgJlip th ubg 3w add
Sﬁl V-@ i Eh?(ﬁﬁﬁhzeﬁ@ ‘tl&s@ tﬁé'ttﬁJe qn@ﬁllakecﬁ 1 Rouk Bt?a %g[%bﬁ’o?l shaker.

hdse. nper at ure nal ntenance can be achi eve
kétaf@p ithed hduesmﬂang perad, exaiing thetseluper @t uwdissol Vg wlidd Ifsahlamgls
off tec

present, cerqmi‘u%g the isciclut\nl\c’)gf‘ll tJor 1%)nrr%mesi at 4(506%m. If the solution is still not clear,
centrifuge an additional 10 minutes. Should the solution remain hazy, then it should be
discarded as being incapable of accurate measurement. If, however, and this is the case
most of the time, a clear solution is obtained, it is submitted for testing in a HunterLab
Color Quest Sphere Spectrocolorimeter. A transmission cell 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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adj ustnment that nay be useful for producing
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at nospheric pressure during the flash when the
conposi tion produced has a low Tg , say lower than

%gg'ss\‘m‘éﬁ?‘ggé qud ?ﬁd{; Mct%ﬁa{ ﬂfe 1%%%h vzeg% g(frllc:én:;]rgt?oﬁf O.Pthg 81foﬁuct

ﬁ@ﬂﬂ@bmﬁnmevhhscBka@thhas been flashed off, the
solids are separated fromthe water by conventiona
nmeans, e.g. filtration and the |ike. The separated
Sllbffesinfext INBRr EblofMleddy conventional drying
tecﬁnlgues again keeping in nmnd the Tg of the

J0087¢ s Comppsitignsi of thissioyantien wgresubjeeted forthestnelgisicdaspibed inj ASHM
q§1$g|s i nvention.[0083] Another nethod that may be
usetul when dealing with low Tg polyners, is to send
the organic phase (after azeotropic drying to prevent
gngaslon issues) to a wiped filmevaporator, a
falAU8y fil mevaporator, a continuous strip kettle or
6[0658]/ 04rl Gdldds Z»@Jré %&alﬁ&i by PR WAL G erS Msh&Rinee BRC Bodel 2920.

rapi dl y* renoved and the resulting viscous nelt can be
exaipley wara heqtad ta QU Cant d ratdefrl 0 §°aminy ulaherdtrqgen pEg is determéngd by
@@W}’g@l&%ﬁ?gg/g‘}ﬁl’%‘?g geSaﬁléfear%%? mer gtgﬁe %lass chrubber rgr(x)s ionC s
dhanreohd bridat andsthaiict thasitan@@airdsi et So g6 thréughnhd @dnkiioy. In
s invention. Total Brom ne Content [0085] Since
toér%é gﬁﬁ‘ﬁ&%‘f"t“ﬁ"lﬁ?@’ S3faven @“F‘H‘U‘e@ﬁa nehid Pﬁ%l‘vsédb%ﬁé‘agh‘g? Segh with a
| fasly &alsitidh actQy Yine SBeMBit lof Yol yhed HclBR SndS BEAn@Sn
tetrahydrof%ran ( , the determnation o e tofta

emish ddfiradi Radin, deadernic Prishslandodit,
?ghby acconpllshed by using conventional X-Ray

scence techniques. The sanple analyzed is a

dllute sanple, say 0.1 g +/-0.05 g in 60 nL THF. The

F spectronete[ can be a Phillips PW480

Geppamelric Analysis. nqar di zed sol ution of bronobenzene

| (008DHFThesméke Rem@sc hidgss g’mm AtdlBnis&t BRERLH- thelN8 BeRivRr of

brom ne val ues descri’bed herein and reported in the

Ehafigmetstagient camposiipgeef this inveaetionREhe REAvaluesdre pltainesicby use
r [ t ]

Fﬁgtﬁ\ %l‘r?llng{l Fﬁbl’lg?%‘%m ﬂ% ﬁﬁalg %12 rs:f%chr er%@g %—:?eddo% Byt r}pal{]t?om

AP esabbut 60’ Caf 10 GF/mini withanitrogen flavse S0H0ad#nia. nade of

the ability to dissolve these conpositions in

easy-to-obtain solvents, such as chl orobenzene. The

A HR YAl 'Bﬁﬁllty"[ﬁ@mnﬂﬁ?d,ain& Bibihin€ T&H)! @i ght - f or war d.

g the conposition into a 50 nL
JO0N uibdest pisedumo ctseriabuBe dEaksd oL 56 Pg. Mo 6,616%9. In
Céahé%ﬁ: &etﬂﬁ e eacﬁI gﬁﬁe fsNEn Fn%ﬁhcq{gdAszn)@lé /fOQ)rl g]samsllé ﬁ!l]ced

wr i st” action
mto 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 éas 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 mtrogen purge at 0.5 SCFH, the test tube is heated at
300°C in a molten salt bath (51.3% KNO,/48.7% NaNOs) for 15 minutes followed by 5

minutes at ambient temperature. The test tube containing the sample is then replaced with
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After the 1 hour shaking period, exam ne the sol ution
for undi ssolved solids. If a haze is present,

the solution is still not clear, centrifuge an
additional 10 m nutes. Should the solution renain

hrlfaglngn &r? %{lt ltutbe SJ}:‘&%Q Ep%raml 5§ ap%rge&j wilh nk%rolgg‘g {(hncaa%élpli)lﬁil 10

accu neasur ene

aningtes R thefeniphyetetti tabe, in ahecHoeec saaobdat ITHB tds6 tubOttabineehd gas
it i1s submtted for testing in a HunterlLab Col or Quest
Spsmerpian dpkest e Spserevih deianigydanater. syidomecBrse Kasambiped

h
?qsglgfédtﬁ%l r\x@tﬂ%{? s%ﬁ]tlgfk %qgeglthp:e c§lleg§(§1dﬂe1sﬂ_s. Fré aﬁgl)ltﬁgon is

to report color as

gicMdied owithr vl HN@; fapd tittated Wwali (aiid N' bAgNQRr oginge tan coit@watic

B B Pl 0 RS Re i Mt

PPRAEBY ppat HBRFMOIA NI tdéna o) - (ndrnedlityost SN@OYR)/Rufple
chl orobenzene. Yell owness | ndex Hunter lorineter
['go87Ah @Mﬁo@.thqrmlyo@eé Wi mitagembefens thiopext gughysisc Eecl day
t S

bgfog]tflc ﬂﬁta h:etg%ggﬁlgfyk&get % fc% et@@%%e %élé@%%ﬁngsgto \(%k}é%?ere is no
Irﬂmualhydm’genl@mlwdeyst@gzo San'pl es were heated to 400
cC. at arate of 10 C/min under nitrogen. Tg is
deternmined by noting the change in the specific heat
CGP@M@EE;MW&Q‘RS ﬁ')hErOtha%& ACTVARI{EISPt r ansi tion. This

Is a second order endothermc transition (requires

HROR) ¢ ThegutMs Maghho PHED eyt effgined by (RECysing|geWaters model
tmrm@ pgﬁ 8%9@ S lcedons, @ V@ﬁ&PREfF B Thi DR, rmdeﬁg@%ﬂ& a

such as be seen’wit ting transition
Theisiinddatevtos Light SattgrimgrDeBeios Mwlel2R0BM gﬁhn eelninngwerdiWaters,

I LA ko PR 20 S s e

THETATOOScMStyERE Ktadal(@ Y-S 185,000)0048 HbutisBrusgins v rac@uracy
analysis (TGA) is also used to test the therm

i M}%&Sca}fmméat? Therolyeat wsedipy tegabgyelyran GRLC grdg. Basgd on
| e u

RO | BRphIrobls R4 ST B RengRL B A U B Tholl o

rreperatian &rsiza eRiuspanpeksoare @&0iGed ecardivg to BEO0deradf eluGon as 1,3-

hanltroenfl Ther mal
Sy tbhne os P RERRMPIORL: 125 dreima b [Bagd-
Tﬂ&htﬁpﬁeﬁ?ﬂﬁon@ﬁe{)é}ed’m’eencﬁﬁ&&nﬁdaﬁd df yhea$igaheesic makeaial alrd’théd aSsigned
Pat. No. 650. In conducting this test, each
oheoptigal Igolﬁthlr iWeight) yrlngsat 8. cahbeatigycyyvey is. epngiiucted Susing| these
'\/t\'ﬁeopéu@ﬁ Qlubsdnd (i @WeHoiRTy 2RnGoRN tm/es 130ed R RSalibbi; the

a neoprene stopper and Vi ton
overall distribution data is calculated and reported The test procedure used entailed

dissolving 0.015 g - 0.020 g of sample in 10 mL of THF. An aliquot of this solution is
filtered and 50 L is injected on the columns. The separation was analyzed using software

provided by Precision Detectors for the PD 2000 Light Scattering Detector.

GPC Molecular Weights for Base ACTVAP and ACTSP
[0092] The M., M,, M, M, and PD values were obtained by GPC using a modular

system with a Shimadzu autosampler (model SIL-9), a Shimadzu refractive index detector
(model RID-6A), a Waters HPLC pump (model 510) and a Waters TCM column heater.

The columns were Polymer Labs (Varian) Oligopore columns, 300 mm by 7.5 mm, part
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fl uoroel astomer tubing, the test tube is connected to
a nitrogen purge line with exit gas fromthe test tube

di spersion frits in three 250-nL sidearmfilter flasks
each containing 200 nL of 0.1 N NaOH and 5 drops of

SRR L OPIOChF et T ARh P Job (ARGl Bt

Skhk testpodedyrd ilsed %thﬁMﬁIﬂlsdtﬂvﬂfxﬁ Ned\6Bpmplein EmbDbHTHE SAn aliquot

IIo ut e t.anbi e erat e The test
tog ‘Htoa.lan W‘@CCF Datpisanpest e F8 emwons were
caeﬁame@ by the FiscélPOmnABY veRiRn ADNRI At adfs emvarem) g paMnbdtion
nitrogen for an additional 10 minutes with the enpty
tcdromatogigph) (FPChdats@iientos andiprasassing systea. t est  t ube,
tubi ng and gas di spersion tubes are all rinsed with
dei oni zed water, and the rinse is conbi ned
CArahtitdl Methvdd fgr MioldimgtArtclgol ut | ons in the three

ct.iron flasks h onbi ne ol, i fied

AT T e Siies by AsTELD 1 it o bIAREHE BB Hepdifpac

tA(SW DQSG’%&(‘FM IR b)CASTM rbatzgs aclmrgahm 689 mmj Hing b
736, or equivalent). Results are calculated as ppm Hé
g4 HBr =(mL AgNO3 to end point) (normality of AgNOB )
( 23 T
V&ﬁ@%i" i"lé r?@lgﬁlng f#\%gx)glets nl?s}]rét)%?ﬂrﬂgige? of r}fﬁg ég%ﬁil%nagﬁd &4 not
b&lﬁm&&tdlhﬁtfﬁleg@bn@ﬂﬁn@(ﬁthlilh\mﬁﬁbrﬁn‘pty cI ean test tubes
are run as bl anks to assure there is no residual
hydrogen halide in the system GPC Ml ecul ar Wi ghts
for Brom nated ACTVAP/ AGDS®MPODBS1] The My, Mh, M2, M

G EXAMIEESEIR °and. "as detoctore, 4 vaters |
Reégsac GEN@all nok@xcriaatgemi 07 liteda€ledd rdacbbr it oft jHk&GH a8 ie@uiipped

Det ect or get Scattering Detector, Mbdel PDZOOO The
cHithisBuxseandeness dstdlatiqnhigpdseyhmepesd ‘hCB’Gﬁb prleib‘"@e‘djf?l\“ Afve,
laqg stgqgsﬁteel-rﬁt%mgwogﬁr%%m qfemmﬁmg ngh g%démtal}ﬂ%q %J s'étlﬂomt
A pol ystyrene standard

r\oaJPlDrwlnsroll;s thdt tegulstes witgr ﬁOIweto alt:omplatgwom‘ Yigerols agfitation was
scatter.i data. .The oIv Nt used s tetra rof ura
PRy b Ror et Sing SRR RuhGlH R G
Ishakt with twdXR8 Y glﬁﬁﬁﬁ]pd]ﬁrs?dﬁ ld@ttpﬁchedlﬁ}di thd\&thdrPlde fudéd to the shaft.

separation is size exclusion eaks are identified
atk dragion ¥t gssgntially. freg of catl vﬁteds}’ﬁf}:} PAALS & oq]er3polymenc fluorinated

drhgg}g,qydr%gmg 1, 3, 5-tri phenyl pent aned,

5 7-tetr aphenyl hept aned, 1,3,5,7,9-
d@?ﬁ&hpheﬂy braombes dje weator WRAsandimalnedi ldldeﬂ anpmakslryoNz atm@sphere
?fjou:ngggif o} re?a\}\lgnll?st el:hea tgrg \S'ast c&grg qa %%hr tgnl C)ahn tcr:aﬁ? er a%cntag through a
cdip $dgr byciesls ub b rghphiags uinp.e ovliet ilictidm, vindtalekoaides (when hised),
correspondi ng retention tines, Based on

caélfiﬁt‘B‘i‘aéts?liﬂ‘Wts 11dethe PG| Rrorqter; (rTmR‘Af)o‘ﬁer?jét grlqsg'bsurface to the
Cﬁhﬁd‘élﬁfﬂﬁﬁnﬁé}qFérﬁ(@ﬂﬁttl?agordé;hﬁoﬁg‘ﬁstﬁe d%@@i%dégf %t)‘i‘&\%‘ivas pum ed

entail ed dissolving O. sanple in
nitoghe rEaqgror bameays of a gietephg pmpsth@@glm P o(ﬂ6 ﬂsnm) cylindrical column

(1.75” (44.45 mm) dia. =100 g ) of Basic Aluminum Oxide (EMD Chemicals, Aluminum

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

nozzles.
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filtered and 50 L is injected on the columms. The
separati on was anal yzed usi ng software provi ded by

Det ector. GPC Mol ecul ar Wi ghts for Base ACTVAP and
ACTSP [0092] The Mwv, Mh, Mo, Mz and PD val ues were

obt ai ned by GPC usi ng a 1system W th a Shinmadzu
aut osanpl er (nodel % refractive index
det ect.or (nodel ﬁ%}) MwV\a ? éc punp (rodel
0] aficluee, W82 1gs (Mcrsoh@%mbl& ata@ chargeld @o del reaons pravioasly

Ao REmet ot BRibesol AR e b ke erarerlieh Bk aoine

oyl wap Sett RF 17047y drf the adnteddPI Gharad®r whb heht&S to the reaction
procedure used entail ed dissolving 0.10 géof sanple in

Temperatyse, 634 g AnBuylijsgluien @M timjcyclehskanei 8463 gop)i W{lseF‘Eitged
t
SRR, g UF AL MEes 6 5] MRS A288n

AiRtufd, 23176 feed liagwiay dee rftuphed edithp®r mi @f iaghydrous toluene Next a

chro t oIIectlo es
SRERY TRy S b iRt St ongds Pleies Bt mon,
(109934 (SHQ'E V081 OgbB il Mnbmzﬂﬁ gMD/ R4 waMnﬁadu,cec%rmg a
ASTM D 649; 1zod | npact ASTM D 256; Melt Fl ow | ndex
tharagteriviebrighmd colpipt @LTJV@?!IB/A qgneplexedsbengytyanio with gorsgmigant off
0] h u

i U land DL SLEQMALEXATRIERG il EWBE 75 il piguot of

| anhydrous nduegevie meeriscppe. Ah additionali3sQ mhbf anhydrcED&AMR:InE@as fed

0 [0095] .General: heri cal
fg q ‘i"{‘gmd?t% E‘g‘é‘bﬁ ?"8 ogic Shpinragsfer i’%\ a‘%ﬁﬁspf%‘iiﬁﬁ pgga&tor
WigitdtioR walfirctéXscl @ I ENHBT andhi533 k lok adyiefd (9960024 SURBE M@Rfed
thermal couple, bottomdrain valve, and stainless
Sverel 50; mingtes aITh% Si6ilicaltraiedi meferimpenner whsupregramEed foyfeed gt a
t v, t4nal
e L Ris2ifi ABldthys Aol ReTON 208 hiFbad Hlleed to the
atyirana tided ryysars toaftusb tip alwiisdbed yndreameto the atyove fdaeéﬂxe styrene

t d, of | a haf t
S0 It RE S5 pek S B oo beab e o afotiec
té@ﬁbrﬂlyh%hlffeﬂ By the htsAsted Qodingef &la ablenoidlVivelod At rédctod@ Sooling

essentl ally free of all wetted PTFE parts or other
F8neric fluorinated materials or el astoners. [0096]

![009%! | TW%rﬁﬁlxhﬂﬁwﬁs% Rdd aWC'mﬂhr&tSQ'nﬂ‘ifg%dd%j@%o@genated

inert dry N atnosphere during all operati
rvesdee rosnltmgsn € watey evdltwwﬁnd tiirgure Hehie meaciemmix@re agewashed with

td?a{»ﬁlg altea1 wafegl(g @wagg)gast: \ﬁ,ﬁtgﬁoﬂg é)a)nrx]e{dggﬁ]exp so% sefﬁlmg time.

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

[0099] The temperature of the oil jacket was increased to 130°C while the control valve
to the cooling coils was turned off. Residual moisture was removed over a period of
approximately two hours as the pot temperature climbed from 65°C to 115°C; while water,
cyclohexane and some toluene were distilled. An analytical sample was removed, GPC -
analysis provided the following data: My: 197, My: 331, M,,: 368, M,: 406, PD: 1.11.
[0100] The crude reaction mixture, 7027 g, was stripped in a continuous operation of
excess toluene to yield 3231 g of the concentrated product stream that had the following
GPC analysis: My 300, M,.: 367, My: 483, M,: 634, PD: 1.32. The continuous strip was
accomplished by means of wiped film evaporator (WFE, aka. Pope Still). WFE operating
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addi ti onal solvents and the am ne pronoter (TMEDA)
were all fed subsurface to the stirred chain transfer

Styrene was punped into the reactor by neans of a
netering punp through .a 3" (76.2 nmm cylindrica

RN W D -
7dﬁd Eﬁﬂ':nselahmpmatmb =a)fat (Agraadlhg‘nagtéﬁxga)f teloghe Ghak bdkectaﬂmaﬁdry

a fine st.ream o above_t he surface of the
ega e o 5 ol fieey @Hﬂwwzﬁpm of @iy opfshieagand 13-

g hyEtopattéIMRLIE sthuchfeal ROmbrsMv = 483 PD = 1.32 [0097]
Toluéﬁg, 4323 g (5.0 Ii?é?s, 46.92 nol) was charged to

the reactor previously heated to 700C by neans of the
hot oil jacket. The Pl DpoNippEber operating the

cooling coils was agirshorm| %% pAS: f£32e content of the
reactor was heated to the reaction tenperature, 63.94

g[ﬂmlisu[@lue@e,l 4768 @n(SG2Mwers n51c,(390m@h axnpkarged ta 8% 1aastor prgyipusly
BP0 Vo) S LRS! Ryl Wi

Tdoes Vaack foi 30€Cnas thehelvert washvadd wi thdeachiomtempéra@rehyld 66 g-
Iuene t a evi o ar.ed lution ¢ i se

Sion Uit in SRS 28 w0 §RE el Burieh iR b IRERgiow e

(s@ﬁac@ &f the g%t@lﬂgllaté'ﬂqti(m rpA EbldeRd #&HBn e, Z’Thegfced“hnz wiR khkn

was i ntroduced formng a characteristic bright red
dbskpd vath 7:;'1 nﬂwtmyér@wbﬁ@d Broq 2hel pokigmperatufetreached 80°C 49.46

[
B2 PN AOE el SRE e BloD NS, T8 RUSUE BfEed L6
tredcwemhrou,ghahmdbeunfaog fqpdrijne féumirggdidie tcham:ﬁrlsti}Smg’nt redlf color of
ous tol ene s fed at. a constant_rate in
PR P arher i Pt Feer T orEn AL o6 e CLALA. The
Rapaifade 1180 WhsXusiid WikS skddhd P& ELiqh& oPABydrBiy 10she 2R3ketding
of stérene (99+% 24.22 nol) were fed over 150

rRuARt A8 addrenal, 30| micof| anbydeaue iplyeae &g fed apa pnstapisrate during the
%Rﬁﬂg%mgan‘sf% é)(ﬁ)ergerﬂguo? 590‘8953 g&% og ?%‘;\gtéo%f a%@nc?égseg tJTpr rpm

yar ous CyC exane ar e
sinyt 285ieg cffea'd:ns VWSs-&n28. 38 rhblm whre fddeoved 180miautdse fl’ h@awell-calibrated

| ete the styrene fe The styrene
BB PR e 5 et rsaneath S ot FEF el Afvdrous
r gaekdx i (MRS0MRB Say @rﬁlr%:,& BNBE Ayrkie f&ddgfﬂdtefrﬂl @d1ublytht M8mina bed.
aut omat ed cl osi ng of the solenoid valve on the

r EsetyEsne feed todhg rﬁgct%owaﬁ deemed crygleterenng duthepheaiqf xgagtica was
V@ﬁer&‘d el eﬁ %ﬂ@@ h\é"cfolgmgog’lge %torﬁitéwﬂfmqglve on the . ccéolmg

deoxyg ter Tesu g in a water ite tur
mods.ure. The reaction m xture was washed with

S@%¥ ?F é dt xﬁgetr%grf Pr?twélgrsvcl) ef? at%a(.sg vlvjzgtg’r “c/:as Liledd through the
cooling coils while the flow of the hot oil was altered to bypass the reactor jacket. The
reaction mixture was quenched at 80°C with a 50 ml aliquot of deoxygenated water
resulting in a water white turbid mixture. The reaction mixture was washed with
deoxygenated water (3 x 650 ml). Phase cuts were rapid and required little settling time.
Water and any rag or emulsion was removed through the bottom drain valve.

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

distilled through a simple distillation head (1 atm.) until a pot temperature of 115°C was
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Water and any rag or enul sion was renoved through the
bottom drain valve. [0099] The tenperature of the oil

to the cooling coils was turned of f. Residual noisture
was renoved over a period of approximately two hours

33??‘1*%8' Rﬂtalirﬁu%W%rrglﬁWeg f&'ahag;gg%féﬁ&@% M. b Ga16, M,

wat er, cycl ohexane and sone Herié " Were
di24tA0:188) An anal ytical sanple was renoved, GPC

TR 5% SR8 oY 08 SR b ionfes imion o
reeessd ioRRndNoXtidM 801170 TandnteRiate {piddRBR&Hednh thd KANKd fOUOViRg
operation of excess toluene to yield 3231 g of the

ictmbypiatMe 181 o g4, dwi A2mMetD, Had 40n e 6pitiovdus glrigpas
S i O Sl 0085 B S P
abndaiiqne evefeiab follews faed adtor 1 GV\ERy, ofl jaket Royperairé + 190°C WiFrEssure

0 atingconditjons; feed ra = 1.33 L/hr,, oil jacket
D! B, 00 Sords g iempiatis £ D°C. ™ A SAiinkal Sh o6 IBRE dtas
toNREAd HHS ice thap GrhiRIhe e firgeNdhdeftd@ 29420f ofta0hiNRRETWSFene
collected in a dry ice trap, while the cold finger

@ﬁﬁééﬁﬁ}@ﬂ‘@l@@“@ of a ;n'xture of toluene and 1, 3-
ORBE"S RERPAREorufs B sYe T etsiphiAle (ROMRRE wrERicel s o
|f tippligomBiic Bturowith the Sollovig GPE frafile: My PEAM,ONTS, M, 496, M,
S af 13w P Bhs o Eonditons Ve B Al rrg ephBtecobd P el
HEN AR AR

vi@fipesdbire £Q00°BOPRSsureASI Otoe H%qhd/&menwsenhp%ﬁt&a: beC.t D hixture
reaction tenperature, 1 1 .6502 n- BuLi solution (2M
§;

i (Pt | Sh&xBRhenyipromge nasd) tragass of hithr glausturdlr isergeis t (methajiatsd
el RereSUId- A6 & Llischiie. 9ent!y agitated (300 rpm

I
t ol uene reacti on m xture. e feed line was then
flushed with 75 m of anhydrous tol uene. Once the pot

tenperature reached 800 ,xﬁ\q g of L
N .iV -tetranethyl ﬁ'ﬁ’ﬁéﬁ’%ﬁ i%%fgﬁ _(];.r DA, 0.426 nol)
g

was charged to the reactor "t hrough the subsurface feed
[ [DHS] f Bolmdnp, ot 15Reg Glfaliters;t BrG4smoly whay clgiged e chectodctur pofviously

SR SRITNY b o BRG! i o R eonk s s sl

Woflw#s sSEfPIUIC7 As ke s3lveiithat heted an thy habiith tbpesdite, 78133 g n-
nmetering punp. An additional 350 ml of anhydrous

ti etetondaM ey clehexgne B8} mpW wastharsed thravgh the dipdes baivethe
GORAR of Rt agiRddY(TTY ﬂgﬁl?&)'llféﬂe RAKBGE mivx urgegﬁet fatd l%'ne was then
o 510 951 g o

agitation was rncrease rpm an
dtuglred rveith (79 Ial of arth§dr@@s taivkne. wdnce teepdt Emperatii® Geachad YOS, .32.72

Th -Gall brat Hl.y teri.ng progr.amed ¢t
BV Sl B . o B B o e
ayacto higseghethd Zubsurf08 feel linvdsrmidyathe) ehricteribdrebidhy kdn®lor of
feed systemto flush the al um na bed. o

-TMEDA "complexed benzyl lithium anion with concomitant off gassing of butane. The
subsurface line was flushed with a second 75 ml aliquot of anhydrous toluene via metering
pump. An additional 350 ml of anhydrous toluene was fed at a constant rate during the
anionic chain transfer polymerization process. Reactor agitation was increased to 510 rpm
and 2933 g of styrene (99+%, 28.16 mol) were fed over 150 minutes. The well-calibrated
metering pump was programmed to feed at a constant rate of 19.5 g/min. Anhydrous

cyclohexane (2 x 200 ml) was charged to the styrene feed system to flush the alumina bed.
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The styrene feed to the reactor was deened conplete
when no further heat of reaction was observed

control valve on the cooling coils. [0102] The PID
tenperature controller was |left at 800C and water was
f t | ' ' I 0
e SO BT o R WDl el e e Wt bl s
rabserveid ganerdlly tsignifiedvbis thg wsiof elthabut@A¢d contrdi valvs6n thk cooling
al ilquot of deoxygenated water resulting in a water

I'te turbid nmixture. The reaction mxture was washed
VI0107] demxpipesapesture@briollérSwas &R 8090 andRiAS Sy aS WaSthMBEIE the
rapid and required little settling time. Water and an
reagfingreodyyiyhids the iy of therhet eidy wan fd@sﬁgno bhrasHibe respiodiaghen The
\Vi A . e .
I@ACM&I ml;)gl;lrg%\]ai%éh%]megﬂ anﬁ fp g? ‘;f@l ah@fg{t Vdé %?éé&’%%ﬂé@ﬁ water

i ncreased to ile the con

- cewltinggincoiwasr wetste t rbive chixafirt.. They cdactivax mixgyre rvess i washéd with

i st . istilled th h i.mpl e .
et Sl FELRS S5 Ehr Phasinn 1S et el b oS
1ib5e0 W 2w SAG £ Fay @emMioth dsGetidvedAfoul IR Y& nf @hin M. YSi S

via GPC (Mp: 195, M1 300, Mw 416, Mz: 624, PD: 1. SSZY
[[8108] ] Therfemperatere of ba et jasket waingressed BOZ0Y whitetheseanirplpatye
Vi @ COAL: L tleon SS.: i el

A8 QRS UAN SOREA! M CRIORERES R HMfied Prdrofifh were
fdidtillednihrog gtGPSmplealispidlation hivdsl (1 26d.) uitth a p8dédmpdviture 42 615°0 was

o e R TR A ST Y v,

S77)HD: .1.58fE operating conditions were as follows: feed
rate = 1.33 L/hr, oil jacket tenperature = 19Q0C,
HPURL | The crudssrepstippignixtiig, 8064 e o piripRedpds santinwous: opsgation of
LY ' g . _
PRALBERA DI Gl SUSDE B SPLLET AP e
reBQ amabysigfMj: 00& e 35 M1 5B, W, p868NBD:plr4Tp ahe corftinldds Jstrip was

secon s of the.8 4 of t concentrat e ough,
SRR PE Bt BiRsT B et (Bt EorsSal Pk Stdieting
tddadifishl werdlal eblIGWE: ferd @4té Lk €33 Mhr, )d9RketMipeditupe = M8°C 4% 6ssure
Mez: 715, PD. 1.32. WFE operating conditions were as

ol e He ead gondanser temperagure 1=/ 07C; 4% pdditiaprlet182 @rasdelugna s
= . = t e
<fR0% B 805 e 0 b ARl AU e

tand ¢.8gliphényilprepase.r uct ur al i soners (et hyl at ed

di phenyl et hanes) were collected as a distillate.
EXAMPLE 3 ACTSP-3 Mwv = 530 PD = 1.47 [0106] Tol uene,
4758 g (5.5 liters, 51. ®XKAMPILEdas charged to the
react or previousl yACTSP-4 My=584 PD =1.50

[0110] Toluene, 5801 g (6.7 liters, 62.95 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, 78.31 g n-BuLi solution
(2M in cyclohexane, 0.202 mol) was charged through the dip leg below the surface of the
gently agitated (300 rpm) toluene reaction mixture. The feed line was then flushed with
75 ml of anhydrous toluene. 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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heated to 9Q0C by neans of the hot oil jacket. The PID
controller operating the cooling coils was set for

tenperature, 73.37 g n- BuLi solution (2Min

cycl ohexane, 0.189 nol) was charged through the dip

| . C f. i .

P AL O SRS ot sty FRChEHE et b hn
faddig breati 3301 lhof Ahydioupoluamehwad f@ies a taistastrete d@ingahd dnénjzahain
temperature reached 900C. 32.72 of N

NN RO AT R TS Hy RSB P eV HREtsped 19 SKhmmyad)2543 &
VEAStyeRa (D%, R4l hel) WRACES bvedr NP HEHtes NThe WaIBEIbARE ncteidg
line formng the characteristic bright red col or of

TRVEPAY 26 Brograavasd (hepd ot a qonstant taa il 3re/mint KinBysiseus ydlehexane
f i ipe . f
P 2000 clerg s 8 SyreBC e PUREH BOR e g TSRS

nfeddap ithegreqetomas Acenad dothpletn siherBifurther dibataufi naackionUigas observed

t ol uene. e t .a constant rate during . the aniapic
gD iehTes b e Bop e R Ferirab Bl e ot R oS
JOIHRL TROPIASmperRGi8 AERFAIEOWR LS th BO@R W3 Ivad (&Qf through the
styrene (99+% 28.16 nol) were fed over 150 m nutes.

Toeelingeqojls whilg the Apwdf thethot pihgyapalfepedvia dypsotie sentediagkst. The

f : t Q. 1 Y,
SR E oS SO I8 € 0T B DS s e
fresmtfing yist & wateo Whitastarbich eniethreniTha rdaetibn Thiextigt ywas neashezle éhith

tp the reactor, was emed _conpl ete when no further .
bR S0 (3 e S B PSR S e P8 i TR B ging
tithee. WS hrdtin Pfaglohem@UbONRtr&fove@ihtdugh th¥ Bbkoth @hin LAGe.

cool i n?hcm I's. [0107] The PtD teniper ature controller

WK1 2 eThesempremsire i dacgh thap ingrsased bl 301 whidmthe pratrelots]ve figythe
bk c\éﬁ%lvgs &Beq fo%fp\@g&&he’xﬁ‘&.rﬁgihua‘? idojs S arid! (biGER A distilled
b cket . t was

ypass the reactor j e reaction mxture
gbmnghhesimplt dB@hGomhdath (laati() until aglot gmpdratede ofl € HRG ganaiseded.

RSl RrranRL  a R RGP e b Barbectt e 1E e

ti4mps, 650 nl). Phase cuts were rapid and required
little settling tinme. Water and any rag or enul sion
vIAL13) o fep, ertider 16AGsian ikt $IBteoat stEpped\ a1 gentingqus OBJratiph f
¢ L s )
(EREARA 8, 315 2 SR ORI 1 4O
tGRC galyois fM,: G00, I Nh 85R Ve, 5340 31,0885 PIproi. ¥X (ifhe camtiiudus st rveas

were distilled throu a Si le.distillatio 1.
e by st of MR BlsF e b IROCEE, B G SO, AGFE afrting
Apnd@tiong wete 248310tveTedeste £33 Ml oylSacket\éndpefaiiee £ MU°C 1% 6ssure
Mh: 363, Mwx 555, M: 977, PD. 1.53) [0109] The crude

redfim He rind condensergigmperaure\ @ Cs An pistiepngh BS54 @rafitolurag svas
ORREAR! PR d&f'cegﬁr‘age§ﬁilettﬂé &mg&oco}fdeﬁgeg 4t§ﬁlzg ?% rﬁlfxtu}m tolyene

concentrate duct streamt hat oW Nng
aand |l padiphenylsopah®6, Mh: 359, Mv 530, Mz: 868, PD:
1.47. The continuous strip was

EXAMPLE 5
ACTSP-5 Mw=715PD =140

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

(2M in cyclohexane, 0.202 mol) was charged through the dip leg below the surface of the
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acconpl i shed by neans of w ped film evaporator (WFE,
aka. Pope Still). WFE operating conditions were as

= 175 0C, Pressure = 70 mm Hg and condenser
tenperature = QC. An additional 1182 g of toluene was

chg}rl]t %ﬁstg%i gg% g)rﬂchIPé&$?%E§@ﬂpléngf lﬁoltf%gr%@g l\&QS th'eﬁ] Afidhed with

ﬂSBmUbbhmyglﬂom mlm:ne EX¢dVik Bpotd toMb‘Eﬁt%reﬂrdWh:d 5180,°CP[24;6 g of
, 0] .Tal 80 62. 9
RN e G0t trED8, Falimeh fas Sieta o Belepetor

hb{roﬁ@i&ﬁé subkurfabé fea@ lin® fdrmjng @leCdharadibr@stiPbE: 1 Q&Y £dddrl 0B TMEDA
operating the cooling coils was set for 115C. As the

Somplerrd bapay! bimeaiangvitecgpeomitant off sass@igpf bytans. Bhe jsubsurface

3R AL RO epE S R R R . o
aagdltlataéBJSO(r@Gm amlpdl)ous mlums rfﬁaich r:amstam raxtt duréng thehaioheetiain

e BB Rol HSEOG, Rt sl ingaseldh Sy s B o

\OF iWrené €206 @YR4. 4G/ 6l Rytecto@ Bvea M BinueVEDRe well- 23113raf§ﬁ|rﬁetenn
was charged to the reactor through t he subsurface feed

|NUAE ¥ad ProBTIgIMeR &0 @Ffb?ta?@péﬁtqnstarecof PR grminy dghydus cycighexane
%/E%o DTS % del?@ﬂ\% ¥t'yreh¢1 ggxﬁf&% fikh e a'ihnﬁﬁd%‘egﬁjrge Q tene

gassi ng but ane urfacel 1 ne was
viegdito ahesreamm dva§ Beemrled abmmaotwhcn‘ naafuthet rheat of raatticarvess whbarved

t ddi t ] |
e kol Prtye o e Bt eloniive S e RRTMR ot
qOEISD THAPIDf efpdidthc Britionat wRRetRb 0TS tnd WiRAGHOFed through the
agitation was Increased to 510 rpm and 2543 g of

§1°91|“6rF@115( yhileothe flaw 05 thedioy OM@%alfegé tphunass) o 1qirtaagkst. The
rgﬁg&ﬁ bdixcedr@lwaB', @Lrﬁﬁiednﬁt@r’ Wgthpap <[ /\'lwaa?lqpfft Q¢ dgﬂ%ggla{eg water
mn r S

at a const ant rate o
oywltop eir anevafe? whi® Olrbid )mxmas &hﬁarr@etobnt mlxltlhe wg{sywash@i with
f eed temto,flush t unm,na bed. The .styrene.
SRR SR s s D, Bk, S ek e ol FfbaiseL R
healingGiimel Walt dnd Any\@g oo ths mmécﬂhioygkﬁhglsm&)meﬁhlbyalve
the closing of the automated control valve on

dgtiel nEh“c‘B‘F‘P%m“T o1 jacket g inprepseqd 3 rfawmleeth%mﬁ%wal@ to the
V@élu%%l@ 9as8tgpl€d afrd YRl Pﬁerxaﬁ@’aﬁsﬁ@aqj Infomu?é"% tBllﬂ@neC\&‘Pé HiSlled

coil's while the flow’of the hot o was al tered
btnpaghsﬂ surhele dig@listion hgad Ckatm,) uiitl@ pottgwpdérgnre of X135€ @/amlzserved

% (relquur et m%%&oﬁa"aPySlstvgr }{gh Peh%u% %fzm %t%%gﬁn%gqm

rleSﬂ)tl on m xture was washed with deoxygenated water (3
Phase cuts were rapid and required

|IP%1t7ﬂ T%fefrt“h W@C“PP XU, 300 &5 @S awypqdavga ERNtiavAYF Spegption of
V@@es§ RIRYER )Iuhéi gyg 5 iReifeaiflePrHubt HBdnY that i;éaltﬂ@}ou&bﬁg

erature oil jacket was increased to 1300C wh
t arnalysis:a¥l,: ¢ 2, Whi: §Q9 Miebd13, M,: 1003, PD: 1.54. The contmuous str1p was

accomplished by means of wiped film evaporator (WFE, aka. Pope Still). WFE operating
conditions were as follows: f'eed rate = 1.33 L/hr, oil jacket temperature = 165°C, Pressure
= 90 mm Hg and condenser temperature = 0°C. An additional 813 g of toluene was
collected in a dry ice trap, while the cold finger condensed 4600 g of a mixture of toluene
and 1,3-diphenylpropane.

[0118] A second pass of the concentrate through the WFE produced 2453 g of an
oligomeric mixture with the following GPC profile: M,;: 400, M,;: 512, M,.: 715, M,: 1084,
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cooling coils was turned off. Cycl ohexane, residua
noi sture and toluene were distilled through a sinple

115 0C was observed. An aliquot was renoved for

anal ysi s via GPC (Mp: 185, wnh: 322, Mwm 457, M: 648,
%%E L)ge]r ﬁ% cmﬁn&m% %?e ESGQﬁB\lJSO r}eeI(Tl rxt%, ur ?83 %%80193acket

mas s ri pped vid continuous operati 0
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Shdrd 1¥AG 86 ARMRkd. Shed by nmeans of wi ped film
evaporator (WFE, aka. Pope Still). WE operating

conditions were as follows: feed rate = 1.33 L/hr, oil
jacket tenperature = 17@AMPLEgSUre = 95 nm Hg and

condenser tenper at WTCQ‘SP-()CMQ—7MPBd-de onal 1154 g of
t ol uene was collected in dry ice trap, while the

dB1d1 £ Teluese, %7éﬁ¢eﬁ§el@e%0§264gm@f was phaxged rie thef reactr (pegyéously
Hoted s 6 BT R SRARE L e B st Conifng 42 e
vais whmegbd 8@°C. tAvethe aﬂaho\tvasmeavd oubd readiemteatpeiamre] IBOE n-
ns t he t oil cket D controlle
Sirin M SRt DablEORies dateed bRugh Do hbeiqpyne
SQH¥e Rt thi?&lti?@@ﬁa@éﬂi BO0 DG foldehd febbfion Axturd. 'Fh@(‘ééd line was then

solution (2Min cycl ohexane, 0.202 nol) was char

tfsksdgtitht Renl@f pnhydigupielugs. t%eéhfrproa@@pmtuwﬁeagm&%;ﬂ 32.99
T d
la%gbf ﬂ'tl\?ﬁ 1(1 qgtgani F’ﬂ%hhé%hw 1111169@%?#]5& Ny, ggﬁl)ﬁ@g{) Gvas (}Hﬁ[g&P fthe

ne Was 't hen ous toluene.
Gaxtor tthreughothe swhsyréacatfesd ine feranirigetic leh4DErist@A biighg regif color of

t et rameth ened ni ne A, 0.207 nol
e b BERTFeratl Binb S VT GaasitnOL &S0 PabutR e Rhe
| subsrfhc@nift Wes ARRdGHIRradedod 15kl AiqhstioBithydresh t610éme ViaGhetering
TNVEDA con;gl exed belgq%nhl i thium anion with concom t ant

dfumpg A8 $fl¢itionak 339 ra yiFpus &olusae wvpnted af p gensigaisrate| dygpgthe
V‘An‘o'ﬁw%ha?h? ﬁ‘fﬂﬁfér g(i){]rﬂéarg%‘oln%%%ss %@%ﬁﬂ?ﬁ%@ﬁ}h 5 %g%ﬁ&ﬁ tov5 19 pm

met eri Itional rous
tapd 093‘3@ oyf/asrrefne@%% 28. bﬁomslt wat fadatver 180 miimgest fee well-catibcited

I s T

SdyYloRAgne((99 460 m@4va§r@haf§éh Yo thedtRrededtbdRYRdm bifhsK1ihD Wi Rfra bed.
The wel |l -calibrated netering punp was programed to

f Eegtygame fed torihe mantor gt deegied oanpieteywhanmo fuxthey pataf seaction was
C&B@%%%f?ééﬁl}yt(s% ﬁeﬁggth@c osiftE of t‘ﬁ@ Qtft%ggedt (%Httra%al% ¥h ?oohé;g

fee the a um na e styrene
twils.he reactor was deened conpl ete when no further

i B S SRR BB A G e
Cdo6linigN@ils @hiléSthe flow of the hot oil was altered to bypass the reactor jacket. The
reaction mixture was quenched at 80°C with a 50 ml aliquot of deoxygenated water
resulting in a water white turbid mixture. The reaction mixture was washed with
deoxygenated water (3 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.
[0121] 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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[0115] The PID tenperature controller was set to 8C0C
and water was fed through the cooling coils while the

w0 b@wiefs64 he hot oil was altered to bypass thePCEHS1008/067935
jacket. The reaction m xture was quenched at 800C with
a 50 ml aliquot of deoxygenated water resulting in a

8 A oS eI el L G e

Phalde cuts were rapid and required little settling

ti t d . ) | si ed )
LTB, o RS FhoDte B, ML e el fBOpiot, apestigp of
Qdxbesh hleRd toWaid BAVOIEstIRAoh@nda?éd0frodtdt Jtr€arh Bt KaAthd Rllowing

valve to the cooling coils was turned off.

3 YRT yrbiniaiy: 202 Mot Mypl49t My d 33m BDt bty ekhe cosinous strip was
. . (o) .

iRl of REA AR bl KL Ep 8 QU baO ol 30, e Bl
adondjtiots wegss fadlowv.debdirae = 433 1Lihs,iofl jacket teGREa(ukd 1859@, Prédkure
382, Mwv,, 595, : 998, PD. 1 0117] The crud
e 2o Her ot Ensep AR mR7e) AnJpBhow 3% 8 foiran.ars
ORREdI iR B dGTicendpeHRileltRd doRIhgboideiet 33/1a/ofG ik bS toluene
i nt ernedi ate product streamthat had the follow ng GPC

10 amdlydighenylpopapg7,  Mh: 399, Mw 613, Mz: 1003, PD:
1.54. The continuous strip was acconplished by neans
of wi ped filmevaporator (WE, aka. Pope Still). WE
operating conditions werEXAMPEE[| ows: feed rate = 1.33

L/ hr, oil jacket tA&GFEPAt Mwe 800 PBS039 Pressure = 90 mMm
d at U465 ' .t | 8:
137 TG S ; .
g[g of 't of; géhgeﬁ\'?\gg’ gol g{é’t %136 4i Iﬁaéggsﬁc/haﬁggw?{aep%& ipfegl]ogﬂy
t heated ¢d cefluk rage nzepoogiaty aded! 630 ag4 hburapenivdt KiarleFislier moisture

t ol uene ,and 3-di enyl praopane. [[0118] A co ass
15 e maERSL TR bt 00T Bl TR D et Btn DaBE 8BS e
adil jedkeigAEeID Eonftbliek bigeativk thb cdifig Eoilk batkban ak tharfenpe@futd. @pon
400, M1: 512, Mmx 715, M2: 1084, PD:

Mp: : 084, PD: 1. 4. WFE
of9eling: 1P it SEORRNt tsrensERtusie L89. 35 nfBULE spligion (M dn pysloexane 0982

; - . gl
i o R oL il 17 2HRGERERS el Gigom
ofpluefe rdac@enDhiptuen yilhp feep hreevaa tietn flnshed withu?d mi eflantiyd moetobiene.

( lat e L phenyl et hanes) wer.e C as. a

20 (8% W SPGB R PP By o
[ 016 acto tHieudR thedsibsarface(feedTink ifdrMing, thedchaféeribait brigh@ged color
chah&ed to the reactor previously heated to 800C b

nd HYSELY¥ cqmplexgdpengyllithiugp prion wittheonesimiapt it gagsinect Butare. The
OREuAthdeNBe WROERR ik EQhd $5 WPFiq8& b £n§%dr&@&uenésiam?eﬁng
sol vent was heated to the reaction tenperature, 70.2 ¢
npunBu Additierially Bath m{ 2fvenhydroysctolubrexwasefed @. @ gshstans| rite \dagng the
25 Cel?l%m & ai% rarm%{‘églﬂolglrgeeriza 50[1)1 .plro%gss.bﬁéagtvé’r zggti}gtion was increased to 510 rpm
and 2940 g of styrene (99+%, 28.23 mol) were fed over 180 minutes. The well-calibrated
metering pump was programmed to feed at a constant rate of 16.3 g/min. Anhydrous
cyclohexane (2 x 200 ml) was charged to the styrene feed system to flush the alumina bed.
The styrene feed to the reactor was deemed complete when no further heat of reaction was
30 observed generally signified by the closing of the automated control valve on the coiling
coils.

[0124] The set point of PID temperature controller was maintained at 75°C and water

was fed through the cooling coils as needed while the flow of the hot oil was altered to
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surface of the gently agitated (300 rpm tol uene
reaction mxture. The feed line was then flushed with

reached 80Q0C, 32.99 g of
N, N, N\ N -tetranet hyl et hyl enedi am ne (TMEDA, 0.284 nol)
r ] ' e ugh th ur f f ee
| B RS R e TR SRR by e Rl P £yt
TovHEW ygamapd @xterdredniting yil a Watertwhitealbid ik vk tThe esacubamiikatwas
of f as.gibng of butane._ The % bsgrf ce |line was, flushed
whtshedavidedeBherrrdny 2t 3 gk Ot man e Gtk vesi T and fegpired
NRHEetiith RTWatePanPHGirkd @RahIsPR VallenfledRAYSH @4 8ottom drain
toluene was fed at a constant rate during the anionic
ctaden transfer pol ynerization process. Reactor

S0, U GNP B R v
]:I'tb ahanedoling edilis bﬁa&ttﬁdemﬁf.elc:cyﬂ@epanﬂpl}eviﬂl&l ﬂfo&@h;ﬁegﬁmf(dluhl& were

[ L { . 16.3 g/.mn. An .
JEMhibRRAES P Srobion poRES AT P RO st vi

f@P’@'FMQ.’?@Z?M,,.I@ﬁMMSIﬁB,tWZ?I@B,Lpﬁ:ﬁ§9ped- The styrene feed
to the reactor was deened conplete when no further

hi8336] ofhe erada feegtionaryxtoigs 8366 el wge si@ppad| Wa songnidup @pergipn of
; . ; _
LG LARAER a0, 24 TREBRAERR AL S B B o

WARC hreykis:a¥l,: 00 G1,a41h, Mt 233, Mad 191e @Dt hsH U coitmuanatriprgs

coils while the fl ow the hot oil was altere 0 .
bAFpoTRlished By means of, W‘Hegg[{%fv.ap@f‘ﬂ%f (r"g@c?‘faoﬁo%sﬁﬁh r&ﬂ%vﬁ%“a‘mg
CRORMEER Wertlas ESHB s MEddRatd =283 Whhr il |l Qtte riferH80X Y 820 b rEGure

water resulting in a water white tu.r_biﬂg;em xture. The
reaé i fgnind tcordensca semparahiesd= W E-h AdditienallaQBed ofidelagne (v@s

ti : . : ' d Ui
e 300 o DARPE U8 S0 Kb GRS plocn
vad | Batighemdpropanaugh t he bottom drain val ve. [0121] The

t rature oil | ket was increased 1300C ile
LRTPEL A, htndcaaps, b Conseniat Mroveh dt P, oot A0 G an
QUbRERXARRre Withh&HBbwiPGBE ProBlea Ry 308! MEBET, WRF 800, M,,: 1186,

distilled through a sinple distil fation head ( 1 atm
ulR:i 1.3% Widi opesatipe cenditioas were by Salowasieeshrter vd 3 Adhr, oil jacket

' de f [ ' :_ 2 ;
AR hec 35 PRUEE o BT mB 8ol el g1 p e
r@ét ) ofnl, iDiphenyéprop®Sandgits stvagturslt isonpgpe (et ydatadodiphiemylahemes)
oger at]ifon of dexgess toluene to yield 3490 g of the
cBAe eflested a3@ d5PliGct stream that had the fol | owi ng GPC
anal ysis: ©M: 295, M 446, Mwv 740, M. 1357, PD:

1.66. The continuous st rﬁ)g EE%CCOm)l i shed by neans

of w ped fil m evapaor r a. Pope Still). WE
operating conditio rEMys 87 b(fv\’s;;)feed rate = 1.33

Ljoh28] Toluerepsisety (SOMEAUTDE mol) WS Charf¥das SKY Ractor FRevidikly

Hg and condenser tenperature = OOC. An additional 917

gheéqed too] 36 e mgars of the hot oil Jacket. The PID controller operating the cooling
coils was set for 70 °C. As the content of the reactor was heated to the reaction
temperature, 94 g n-BuLi solution (2M in cyclohexane, 0.242 mol) was charged through
the dip leg below the surface of the gently agitated (300 rpm) toluene reaction mixture.
The feed line was then flushed with 75 ml of anhydrous toluene. Next a previously

prepared solution comprised of potassium t-butoxide (27.32 g, 0.243 mol), TMEDA
(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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collected in a dry ice trap, while the cold finger
condensed 3340 g of a m xture of toluene and

1.39 [0123] Toluene 4758 g, (5.5 liters, 51.64 nol)
was charged to the reactor previously heated to reflux

antg%iﬁgeﬁ ek iaccff’l!lljaéferﬁﬁé I@%hpx\é Lol ot 3%&«? ?(;nllpqgt’ed ﬁ;l anion

er nolIsture ana |Cate m resid
HAD, coﬂ'dmmltdlrtloﬁcgastsoig loéblﬁamaﬂ;‘h&:&ubduefdcetlme W5s ﬂllsm:dt witht d‘SEcand 75

ceta PLD control.l er gperati 0 cojls
il BF it S tesis SR Poino AT abO om0 el anaidfous
ﬂ&héﬁe waefER af Adodstit ratOfiridg the Bm&ﬁé—éhaﬁ%aﬁﬂfér%l fn@fakibn process.

cl ohexane, 0.282 m)IS) was char ged through the dip

cleregisakion Was iweredsede 560 mmhand @838 4 of sevegne EA9e®H, 2BU0Mol pyrgre

P?&ué*ﬁeg o ity O Vel e AR Bl 1 RGNy fepa ot o
afonstanNratet @ft 16 Biirgt /. eAiﬂ;yHmnemcmmxraﬁae (2T)d\/ElD/ml) Wagdifirged |t<) the
was c? ed to the reactor, thr subsur.face feed
| SHEeefigsd Sﬁf‘gn{ ﬁ g hediapd © %?H‘?j‘h{ ersafame&ﬂ@ ﬁafstyrene

Tfééateé\tmea@loe mﬁd&ﬁ@a )z‘émﬂlétc‘i ahmoafnhm hWt bhrefQidf %& B@&tved
assi ng but ane. The subsurface line was flushed

vﬁcmgb( sgetf@fh ély ths aptpmafpd @:}Qﬁ@tg of thegplenaid valvs omallmew@r\suceplmg
rgg]tlserl ng punp. Additionally 350 m of anhydrous
toluene was fed at a constant rate during the anionic
diE9h Theansfiar m;mirg/mrqumhedom TPContS0 nRaBqio0st deoxygenated
agitati gon was incr ﬁ% 0.510 rpm and 2940 g of
ST drsulting g, agvaisp w e é%we T dessien b e tpsbed wit
Tda@x ated Gasker 3 alned 6H@fnﬁﬂf>lﬁ£b &%rmom%opsaqg LRI rae after
feed at a constant rate o dr ous
CYBE satdingvae. (Watgr and@nyag owlwavag eanoyed tthm;glsmy patiom drain
ferd systemto flush the alum na bed. The styrene feed
to the reactor was deened conpl ete when no further
HexW] oTherterapx:tr:itma ofnhs oib pasler weingenal tall By G whild thé entrbiywalve
t he cl 0Si N .of the a f%lfn@t ed control valve gn t he
cBitH FrgIR IS Wa[sditz‘ﬁ esidugl MYitHE oF reneyed enget Btriod of
[ =V e

el e o8 goF Snlraa N IR WS oG e
tdyeloleyaneoTHF apdstobikneetaked ovarhoppads atiquet wmcmovedjfacﬂneuysxs via

Bt el bt MR et o e B f e ™
VIDIAIE The dridd by iexturd [T215 @aehs sripped Xd &l eéhtiisas WBGRRA of
wi th deoxygenated water (3 tinmes, 650 m ). Phase cuts

VREPSES IS GIard P& pletd lpqeweﬂ@tesmdm sgam thaphad\ipg foflowing
PG AU 00 U 5 O U TR PO YRR ol B
veasoniplished &g edans of ¥HED Glmbrapaatdh@V K akar Bope\3&ll)y VFE operating
conditions: feed rate = 1.33 Lt/hr, oil jacket temperature = 185°C, Pressure = 55 mm Hg
and condenser temperature = 0 °C. An additional 1435 g of toluene was collected in a dry
ice trap, while thé cold finger condensed 2884 g of a mixture of toluene and 1,3-
diphenylpropane.
[0132] A second pass of the product stream through the WFE produced 2415 g of a
oligomeric mixture with the following GPC profile: Mp: 409, M,: 645, M,.: 817, M,: 1009,

PD: 1.27. WFE operating conditions: feed rate = 1.33 L/hr, oil jacket temperature =
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to the cooling coils was turned off. Cycl ohexane,
resi dual noisture and toluene were distilled through a

for analysis via GPC (Mp: 192, M 447, Mv 713, M:

1196, PD: 1.59) [0126] The crude reaction m xture,
Shkippe | ntln Qus _oper L,nf

A& FrohfiE anlt RV S SRR SRR ARTE 3 G B e of 19

[liphdritiropgihe Baenaf fsﬂﬁ&turzh Mmt*rb @ad @Jlllbdmﬁl g dishGranal ysi s:

Mp: 297, Mh: 476, Mw 733, M2: 1191, PD: 1.54. The

continuous strip was acconplished by neans of w ped

fil mevaporator (WE, aklEXANPPREIStill). WFE operati-ng

condi ti ons were asAthP.g\M;w PP eaus: = 1.33 L/ hr, oil

UBFRETUR R e loes. SoE moligars Faread 19 egsisig pgvioul

tt@htb@&ﬁre\m afk® laie%ﬁ&p%ill% Rriéd ey al £ Bodr! RRod; vymri Bishel noisture
cold finger condensed 261 of a m xture of toluene

aleSlS md@at%@rgphpﬁesjﬁmhﬁzo [%lrzin}ed mltgewmoplaés) HF G wih the
t
q‘?f}%c%l chﬂ’ﬁ) con &H%})\ﬁ%ﬂ?ﬁg tx\ggm %Ulggcqh geéé aQte cr%{l}re I%J

oneric mx ure OW n pro
%&;ngwbl theSétpoinviempBfatare, .00 § 2 SuLi Rﬂlltloii (B9.in WEEhexane 0.183
e as follows; feed rate =

LRt 358&% rg?@@%'atsh e ger pelpvi the syrfase ef thegendly ggitated <é301rpm

NPlhuéi3 réREbnGRRMRNIRE feb@ AT tHeh BushedWith 79 mIBPshiRuE BRBne.
of 1, 3-Di phenyl propane and its structural i'somers

9)
(Maxt, 3y Pgtob o NN N etapdmethiyletheienedigatiee (@MBDAs 0286 meol) avas charged

qgil%'g%elc?)tr Fhu e@ﬁ%ﬁb@% ?érx:%dm? fi m§ t§e <*_7}1 ggensn%})g%é red color

CHfAMREDA tampldred bepay tichiunp argioti wittsdoyicdnaantadf gassing®Gutye. The
means. of  the hot oil Jacket. The PID controller .
oykugrGedige wrelushid ithg S&@m? & mhaliquetof ?r@w dreys tefpene Xia meiezing

HpeRh a@tflt16ngle3§0erﬁ‘105fqlﬁh)\ﬁﬁﬁs 'ﬂﬁﬁh@ dad Rdtahe casn%@stt fafMuring the
tenperature, 94 ¢ BuLi solution (2Min cycl ohexane,

(anR4R chaih frangigs p@hmrg@twntpmcmgheameagumpmlv@g igesasgdytr HE rpm
sur. e qf .t 3 t okue .

U695 S e AR R A e D B PG s
Tibetéfing Glum@ nbuy qmgmmﬁenl tofeed. at hleoshstaat pateevfl DG BAnipr ankydeds

oo TR Dot SurS8 e wyrgisgeshygem s 6o g bed
Orr3 3drdiP Fekd ﬁ‘)rlge &Qt&%?d&ﬂ@@e%l&e when fio TRthbr heat of reaction was

wasi ntroduced form ng a characteristic bright red
copsasyedaenesallyvignmificd byrple slosiag blethe gytoragi¢dorentgltvalve on the cooling
c%ﬂgomtant of f gassing of butane. The subsurface line
was flushed with a second 75 m aliquot of anhydrous

t [0134¢ n&hev sea point e rRID gerppergure Aontraltkd ivias araditai@8 it 80°Codnd water

O Rk SR, Lotk Ry IShant A e Ol s
bypass the reactor jacket. The reaction mixture was quenched at 80°C with a 50 ml aliquot
of deoxygenated water resulting in a water white turbid mixture. The reaction mixture was
washed with deoxygenated water (3 x 650 ml). Phase cuts were rapid and required little
settling time. Water and any rag or emulsion was removed through the bottom drain valve.
[0135] The temperature of the oil jacket was increased to 130 °C while the control valve
to the cooling coils was turned off, Cyclohexane, residual moisture and toluene were

distilled through a simple distillation head (1 atm.) until a pot temperature of 115°C was
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Reactor agitation was increased to 510 rpm and 2528 g
of styrene (99+% 24.27 nol) were fed over 150

programmed to feed at a constant rate of 16.81 g /mn.
Anhydr ous cycl ohexane (2 x 200 m) was charged to the

e t ' . X
SRUEAE An B0 S B i B YISO (U S8, DB 05  g2.
néatPDerBs deened conpl ete mhen no further heat of
reaction observed, ¢ rally signified.b
1Pl CgEicHg Fitithe B0 gt afﬂ%;ﬁ\yéa Gipus Gperation of
reRass Rluefe @ ld @33 ﬂa% mth%aﬁﬂe pro¥8ct/sBent th@hadltid faliSwing
was quenche O m aliquot of

deRarglsisiti 3Q§aMar 53|9eMu1 &SQ;MZ il3A2aPRat-2%: Thaiconsinuaps sirig was
cShlifhied BBl BEMrpS il ShblifiontBFer B Elpe Wbl W pperatipe
roohdisms y/exemu fablobe fevd dege afl 32 Uh&@ﬂ’@ackatdrﬂ[ieﬂglrd + ll85°C,\Mtsarre '
an emul sion was re hr ou ottom
ff(yﬂas 9 °°[“6‘T§?5] tewewr%w&eéo év ad tronfﬂh@g%.a of jtolpqng was
%ﬁectew e@@%& thaf, Wi tlQ:Qomdfggr &ﬁ‘cﬁzn&:@ amog of\é%ls(ﬁret& td1ktRe

cooling coils was turned of Resi dual noisture was
r@%@@ﬂ)heﬂb’é}wmnf}aerl od of approximately two hours as

2[9137@01\ EEHBGHALYY fe CdRAS AT G HiEloa i 30B! £lof an

hexane F and 1
adligepnipic migsrevathmlveeldlidwing @P@bipfilesMy:i489, BRO648; Bivi a8AME: 1890,

follo dat a; : 405, WMh: 9, . 790, 1180,
i (P B oriine g tOR, u s T /oo sie &.3F HAsoipjacke
WerfipeBdirt RPEE C, nPr@ss@x@n-I 0.8 URHHO PR Fhllddter ¥mRXHHES 0 °C. A
tol uene to g/l el d 2894 g of an internedi ate product

shixegm4Rate) heid 1{3@Pheﬁylp@ﬁﬁnﬂga|@3@s aﬁﬁ‘FW@i S‘sorllkﬁ!is (methylated
'\ét'lpheféﬁ'? we,z@g ecgﬁasdalﬁﬁl?latept) 1.45. The conti nuous

cconp y neans of wiped film
evapor at or (WFE, aka. Pope Stl [ ) WFE operati ng
conditions: feed rate =gk.34p , oil jacket

tenperature = 185 Hg and condenser
tenperature = %%’Qkﬁ;ﬁf@ Flcl)%za\séij?g g of toluene
Warst onalecmt eﬁ798 g @.7dlitgrs, 6292t melp wawbhakged ttdr ¢hecrodctbr fpravipesly
ond 384 of .a, m xture uene and 1, 3- .
dRARERR: o Raretts Pondait ol itkionde bLEHBRIF RRering i epiine

Sdoll€a48 seMfoPUBPC t Re tdiBiveti QddRaEd 2AthS redctiRh témpe}ahﬁ@ s igG-
mxture with the follow ng GPC profile: M: 409, M

el sqlation €M in gyelohexgupg 0.2fpmol) wasychasgpgtheyeh the |d|pdeg below the
fsgﬁ%{g trogthg %entl&%ggat%%?ﬁ)#?)mi goﬁ&r%gé‘{_ep%mﬂ_ ml)!turhg‘f’hse%ed line was then

dhmhhdmtbr?SMnbahadrmseolaene Ofze tiRAibt gmpératm;ciieached 110°C, 242 g
C(g| ZJQ\%’é\p Eglg t%&lffté{erl J]é{nznter %{‘ EO% mo ) was charged to the
reactor through the subsurface feed line forming the characteristic bright red color of
TMEDA complexed benzyl lithium anion with concomitant off gassing of butane. The
subsurface line was flushed with a second 75 ml aliquot of anhydrous toluene via metering
pump. Additionally 350 ml of anhydrous toluene was fed at a constant rate during the
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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ACTSP-9 Mn= 928 PD = 1.43: [0133] Toluene 4758 g, (5.5
liters, 51.64 nol) was charged to the reactor

over a 4 hour period; Karl Fisher noisture analysis
i ndi cated 16 ppmresidual H O The dried toluene was

I ket a P
glglg rStg%Ith g:e(?g) et&cllfé)%‘]{dl? r\;{gp(geg?l Jl (t@?%e whe{n I’ﬂg tfur{hg l{%gtrgf e%!:tto% was
tobrped generaly signified by dieictoging of thé @utsieitedoentidl valve on the coiling
tenperature, 71.00 g n-BuLi solution (2Min
&YEY ohexane, 0.183 nol) was char ged through the dip
| @E39P eTRVPIDNEMSeHihird COniRdiled VIR s BHAC AR vaddr Qhs (féﬁotﬂroﬁélﬂ%e
tol uene reaction m xture. The feed |line was then
faoplggecgilsavhile Mg flaw of theghon gid wasialtered| to byrass the xqactoncket. ghe

t Y% . ene

g it i GERRCH B0 WSS Mol P er e
fresatfing i inea fwatem widtet dasbidc Indxtere t @he sdactionbmixplie was dwashddowith

TMEDA .co exed nzyl |th|un1an|o
e PBELCA S (5 e BT o Phist, Pl ere o andyecired e setlige
Vi Matés BYRahn YMag Rr @n@a&PRA rzrl%vea thﬁ]u?lﬂﬂi@ﬁotﬁ)ﬁn @ahysvous
toluene via netering punp i onal 350 of

AR r Bagstemprratum @ﬂmkstf\@am@tﬁas&d tool38tGnhilerthe @naalr\iawg to the

DBATAR Sl LLARELEL SRTREIL L LRSS s
ahrosghya sﬂmpie (i@@ﬂa%)n B8d 22aum luptilwepoetehpatatore &f 11580 was observed.

tes. The wel | -cal.ibrat eri.ng p
o i e B T VS b G ATe 1t B RMAS g M 1653
Arhygopus cycl ohexane (2 x 200 m) was charged to the
st ene feed systemto flush the alum na bed. The
¥41én@hef erudp méﬁtlphémxter&ci%ﬂ ghaves glaipped Vit engneque opgiatipn of

eI 10 0 49 AR A PR o

VG snalysis:tNhe 2250 M, 674, Ma@i 11184, M, 01834, ]PDT h87 s Btie continubuscafrip was

CaSastPoRed bf o B e (P o D61 o8l B oBthting

Védhdi€ors Werefas @MoGE: fédagatd 01 39 Lkhr \WAGacREttteHiREAIrO= DHIPBSEressure
the reactor jacket. The reaction m xture was quenched

at 9B apCHgj ang candsmrerdemasratyisot 0%t Additigngln éQ?édg vidttelpene was
rc%ﬁwtetd'lﬁ]g d}yrIceatra file ddd ?{Ief d{g\%{ ét%h&:g@d)sbw of al ﬁture of tol eé\e

reaction m'xture was was eoxygenat e

xan@ 30-dphenylpebmee cuts were rapid and required I|ttIe
settling time. Water and any rag or enul sion was
renmoved t hrough the bottomdrain valve. [0135] The

t enper at ur e EXAMBLES 11 ANDH2ICOMNBNUOISMOPE t 0 130 0C
while the control valve to the cooling coils was
turned off. Cycl ohexane, residual noisture and tol uene
were distilled through EXaMBEIMistillation head ( 1
atm) until a pot A(é’FS:IEHaer—-eIO&PDJ;BCl@ wasobserved. An

a[{?g&l]l Otl‘hé"%%gfat%{;gg ag%%g 500%%@ %?aége)te\élb%fﬂ%) 81&154?@1 I%QCQOI' wl\(m an

overflow port equipped with a nitrogen inlet, overhead stainless steel stirring shaft with
pitched blade turbine impeller, and a thermal couple. The reactor was also outfitted with
two subsurface feed lines: (1) a stainless steel 4" (32 mm) O.D. line for introducing 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 %” (6.4 mm) line to prevent entanglement with the
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[0136] The crude reaction m xture, 7589 g, was
stripped via continuous operation of excess toluene to

had the follow ng GPC anal ysis: M 305, M: 539, Mw
852, Mez: 1342, PD. 1.58. The continuous strip was

V r.at
T R e
ffeddl Imessvas dieeedd juat telow the BidpelldrhThe oietflowgokeatas Hﬂemﬂrdatvmwad
OC,  Pressure = ndens .
ﬁggﬁ aAnglee? “ﬁ “@ge‘&whe Yé‘&?@?stl_qéﬁg g%d—ﬁﬁ f’gé Tgflgn; ggyection

vm poTel N CTo yc'oﬂjaéke%ylshﬁﬁ O.10 Bftass Wbk €hd bBRerCel f fhe N9 Sm
condensed 763 a m xture of toluene and

1glas abpwwnwwg g2 lifeo 2BPQl-igkesed wivgd prager hyfmaangof a second
n )| e

FIREUENR SN AT IARE SB0] M o

41h8 ,ovérfiow Geh8or Why eqlipBed With anladOfass B{Z&rheid &&nng/\ﬂﬁaratus bottom

operating, .conditions were as foll.po eed rate =
Ld/?*HP valyg, %h‘ﬁ%@%‘?‘ ‘ioéi?Fﬂéﬁf A, r"&f"&e“z‘f}‘s‘\tﬂt‘ﬁ’ %@hr@‘mvefﬂBWﬁ-\ﬁ‘F
lﬂd&@aow&@wo foprmeitRbiweg = 0 0C. A mixture (455 g)
of 1, 3-Di phenyl propane and its structural isoners

([ﬂié&i*h Ingat stired opinediigtl pearralrperd) SORwt dlagkoinfes @n éngrtdl agmosphere at

[ e ST
aha) ofechhydvous helugne 24298 mproé 6.6 wsdy(5 08 gt @084 andl Lakitindalyalkyl
ot | jack The PI.D [ .
TR £ gy BRUTE iy RGP 8 T Mo O14EEReS TALED s
s&&mwas\@aﬁem@{ £eladsQoathP (b PRFE) rﬁign&tﬁ;raﬁﬁ—rngtbuxr €AbotOer helf
n- BuLi solution (2Min cycl ohexane nol ) was

cthdhegetntion vaudiawe Heough s 1y (e maWy stalniess sieel gheee- wry hafjevalve

IR BB U R 2B ERE mO ISR fRBEDA ARekflson of e

ts@h‘mmbe bﬂhmkvctm lined up awh anathe peth feacthe syrihd dCGhe P/46°2(16
t hyl et hyl enedi

o) supenthca BTG ot U rorcioy wEpeh SiH PR el siced

fregid whi 818sel. omhﬂg tHe RBurS 8" Afeh@foh Sthé ﬁlﬁmdngﬂ‘tther SHngOV R the

of TMEDA conpl exed benzyl 1ithium anion wth

cssepad half afrfhe wixture wasichigvadibyining the. 3-mayebal yplye pich ¢hat the path
V\@?] damgpéMa%lﬁ]tr% Eﬁ?@tﬂgreZio gaa fbleguot of anhydrous
tolu 'RG punp- - Addit

ene via nme ronally 350 m of
dA0AIr Atthe stark ufeheruwahe feautbr atas ehacgedh ¢ithh@0 mhbfantlydrousgoluene

he ani,oni n tran zation proc .

it e 00 G Pt o @ eBiouty 55 e iahi At S g qpoo
QhL,SIOW BB of &&Jyafﬁou%mé’e Btk oMBIh&, fifttkd QUE ihel QhiFkdalb &SN,-
The well-calibrated netering punp was programmed to

fRdzndietet 3080 b aaduntd cylinder refervair. Bhafokipne:stysgme yixtergsvas pumped
to the reactor with a laboratory-metering pump through a column of anhydrous basic
alumina until the first drop or two were seen entering the reactor; the feed was stopped and
stirring in the reactor was initiated (~ 400 rpm). Butyl lithium in cyclohexane was charged
dropwise into the reactor by means of a 1.0 mL syringe. The addition was stopped when
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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cycl ohexane (2 x 200 m) was charged to the styrene
feed systemto flush the alum na bed. The styrene feed

heat of reaction was observed generally signified by
the closing of the autonated control val ve on the

I enperat ure con
0 S AL PO T SO P FOBLE g
tour) SorwB0tginith eesiderewtiak. Thepiocdss @hs condisted fdrabad 19Hminutes

b Eﬁﬁﬁ the reactor jacket. The reaction m xture was
dﬁ ched at 8Q0C with a 50 ml aliquot of deoxygenated

WO148] SHips tWeRCollétied a\aﬁbﬁﬁlawew&y B i uehs At tehl st 43%?%}(:

reacti on m xture was washed w th” deoxygenat ed wat er
tpenieds | It @& foyrid)that Pithio éwe teaeorvweluges, dlysi solstem uadre@phw weddy state

lCIOB(}l iohs. S%Bg b%’g gnotlecﬁg %\{\gb%{s I’u]t(ijo APhe’ &% 4 rctloen[n%il%ﬁ was as

was renoved rain valv
tfelhgear Mt, 199D M, 5 mk,eu AR IDdll@ﬁse&ﬁeCBSIDanBa@Q@sMsliye: 2.78.

BG5S Ther ¢ 0 M A3 o = 1656, M,
d-' Pi3is I0aR6hstald PHYMsRrsitl TR @), Ayt !n{aly@lfs Pl c&ﬁﬁlﬂlté oflstéia)mﬁte

until a pot tenperature of 115 0C'was observed
dractepne anahyzed afmmemnz totuennanidyisi- élphnn&lp@@e(wp as waws Wh: =

08 sk i o abirtyy Bilont e opiBiob o 2B mious

operation of excess toluene to yleld 2846 ¢ of t he
concentrated product st g Rh;qfi had the follow ng GPC
anal ysis: M: 295&}%\{% 5‘% gﬁ-p()ll . 1877, PD.
1.77. The continu gi i shed by neans
q0146f peit run inth’\Bxpraplatepeatd MEtof E&krﬂple P eecept as|de§cnbéﬂHEre1n
,ﬁﬁratln%tcondltlons were as follows: feed rate =

rolugneStyfege pixture tas dhade ffpw 47 ﬁs@@%:mlpééééreﬂ%of—stwerﬁw
H@l@@cb RIO”:QE NB1es8 ﬁl@lFrB? E\ﬂ{yﬂ{oﬁs rolugi)é: TR gx'gﬁdoﬁfl‘)ﬁhﬁv\‘)th)&@g%vas

g tol uene was collectéd in a dry ice trap,
tfhl@eé diogn ¥77 3¢ ar(2.4 bmeb38% oL 00mhydrexfs t@lUfmCxQQﬁﬁembbf 16.5 wt%

5 0, A S0 B R A et
[(GH.HIZ]nLTD %@pmde)aTMEDsAlasAﬂergh@ﬁ:ﬁ ¢810p ofrthe q:lolystb'@ﬂiﬂﬁﬁr& Ginion
LI O i
Sltl\@EIbA Seker Jh%rg&i @hﬁé kaert hel fJe@ bed opbad GectitiivBre rﬂ)?eset (toluene-

npel | er, hermal couple. The reactor was al so
dmrefnretmlé@remmﬁ mlv(mms ersounlithiere nfixter: .7¢femi/nfin) Fhe combined

%e%l r[i}l %? o%frgag:kor Vglumg @8 m o}feQZpll rrllﬁutg zrg pljo&ts wgs &ugted
Sfbl%butﬂ/lg_ﬁmu(ei& 1rm")c D3, line for

[0147] Samples were collected approximately every 30 minutes after the first 45 minute
period. It was found that within two reactor volumes, the system had reached steady state
conditions. The GPC ‘molecular weight distribution of the first fraction collected was as
follows: My, = 2154, My = 2293, M,, = 953, M, = 3510 Daltons and Polydispersity = 1.65.
A typical steady state fraction analyzed as follows: M,, = 2395, M= 2410, M, = 1026, M,
= 4246 Daltons and Polydispersity = 2.34. GPC analysis of a composite of steady state

fractions analyzed after stripping toluene and 1-3-diphenylpropane was as follows: M,, =
2288, M, = 2094, M,, = 1200, M, = 3767 Daltons and Polydispersity = 1.91.
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feeding a m xture formed from butyl |ithium TMEDA and
toluene. The 1/16" (16 nmm) |ine was threaded through a

t hemechani cal stirring apparatus during the course of
a run.- The tip of the 1/16 inch (16 nm feed |ine was

directed just below th bﬁh@hl The overfl ow port
was directed downward gp a nggngle, and was

dieneraRadcripfiomeans of a 13 nmm Ace Thread (r) Teflon(r)

ciion to a 24-i | on | ycol jac d 15 mn
VPTG ol e (BE By ofe” drcisicaiy PG T 5 ot g by
V] FGShBI AT @dd lifesFeedl thik Bid glBbwkOWerk a&é@@q dfitd 4t SC min
reactor by neans of a second 13 nm Ace Thread(r)

Tequprhere 3ppeaprinfel-and prreethever-pight prief fogsq in)thekyominptigggeaction.
T ' .
V\Avﬁt[ ﬁa:s‘é@gr[i,lq?e_dgﬁgst §1)d feeﬂﬁnkgér%gr{a!m%%erd%ﬁ&& QINF g@ﬁogﬁl%%g{ﬁﬁg%he

an a ass overhe Irring appa
choariserofitlel seeyp anth iHelopetativa tofthe bomitmtieneeactaand ni t r ogen

il ~buhbl er out . The overflow lin nd reactor we
R e iosBi0ee SiBi gy CPmmp e rerdel s gake S D5
HRED WalcartePaahg G 3qRdlaTROleTAIHr] AfKleBIEr 160% £ 025% e
at nosphere at anbient tenperature, an organolithium

i By podutipn oF acivereatlyst was waighed agd (harpwansferredito@gemdsieyl reggent

. .16 %. ‘
RSP AR AR s Moty bl i o i ot o
opelysthabrenanyaadditi8nab 2mgun( thal woeld e, otldrwised @eactdaey by MiiAyre

this mxt . tirred with | . coat ed PTFE
rRRBFTl e Bromine; T ik any RIS, progste Sy implvqch® &8 PeRmigaTon
Waeti6H. 2 Brontiie @11 gh ppm Iholfiire (cdfedivas bhpel ass &S ?&Fent bottle

three-way ball valve into an oven dried 100 m gl ass

SSpRiRe theodretnddhenastisipd with e BifiFpcoatad magnatia fstiging parofor 30
t ' L5 ' t
rﬁﬁhtés%/ {o' {8fe nd emg dlsy(ﬁllti‘()ﬁ eo\f‘?% 1%1@&%?_ 6’1"1& %S: %Feh‘% Alhp &n

pat romthe syringe to t surfac
fleeniné iselgtionrwas Hienr wamsfemed e graguared deeding hvessplagléced on tahlerge

magnetjcally stirred flask was closed. During the
é@%?géh%F“gxP@%%?ion, the infusion of the syringe with

t 06503 eTRNhidaR! dhaidfrabhdi@ styront Esls»mmcashj B¥E W ad¥isdoived Rdry
the 3-way ball_ valve such that the path to the flask
viad 0 gpre moistie) B pumpketa St solutien. okhewplytion wasdkgn charged to

[ﬂg"ré%liteﬁe,e&iﬂgevl%steﬁr'f‘he‘b&ﬁnﬂﬁe% WiBr, Balifamh ?He(?ﬁ@ﬁ% ACTSP in

charged w't 0 nmL of "anhydrous tol uene and heated to
HB @4 Golutiraarevid-Fed, vidbgkpargte (pGiisgaltivl puntps ABougbl'3” G2 nsb)y® Endeed

nd 1734.q..(2000 ni, 20.6 I f r Qus ne . .
AP 83T e R BRa Rlhap FE HOE b i Fetive
becintlied @elcoa@Bilymongisradiinak ek reid df Rdawo feageRts\@l emaild\@nstant
tol uene-styrene m xture was punped to the reactor with
0T e SNSRIy IR R FAUFSG Ofatﬁ]ﬁﬂe%“ﬁ?‘gﬁfgtﬁoﬁmétlﬂ“&%ﬁ‘“@f |
anhydrous basic alumna until the first -drop or two

were seen entering the reactor; the feed was stopped
' Qi :reactor was initiated (- 400 rpm.

abrdmigtionrFgpigmient Setep:

i) i3 SRR R S B B e

viiss sirepgiad, RERENtiring paddle, a water-cooled condenser, thermo- well, nitrogen
inlet, and bottom drain valve. The reactor was vented through a calcium sulfate moisture
trap to a well-stirred caustic scrubber to absorb co-product HBr and entrained Br,.
Additionally the reactor was outfitted with three inlet lines: 1) %” (64 mm) O.D. PTFE
BCM feed for initial feed of BCM to the reactor (the BCM can be either fresh or a BCM

recycle heel from a previous run) ; 2) %4” (32 mm) O.D. substrate/BCM subsurface feed
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the characteristic red color of the polystyryllithium
ani on appeared (i ndicating anhydrous conditions).

woeoob/148bput 4.8 g (0.012 nol) of 16.5 w % n- bRETUS2008/067935

lithiumand 1.3 g (0.011 nol) of TMEDA were charged to
the reactor. The feed rates of both feeds
I st W u I I: It
e MO &Y CRapTIctD: BR/ARE EAANR. el WD, T Aliler: and
oﬁCﬁSﬁmGM fised rhmm a¢ secwed QucB8fat bt mlem)mardlhchdmge theirmpantents in
\ﬂi e cal i brated ﬁ F q?tZOO m of coq&eg d.feed
SERIK Y SEgiTe el eeh recpisonesBiratiop L bromunafigy reactor was
\é@ﬂnplBiEE chRked VAN Auntitim fil30 e ¥ludk!light hRSihe RAGRN WalTBondUdRA in
process was conducted for about 195 m nutes at H QOC
P@@*@FdSQWﬁWé%h%Ere col l ected approximately every 30
r[?]ﬁﬁf eﬁ]eaufrén%ﬁa&on ?eacfof whs 41? eEnalﬂ)%?i 6&3&' »Qaq r Lé c“@& 191”:{]9”
wthin two reac Q/ﬁurres the s ?eqrh
r(%amhe @.B1 BErdydrsin dine thao cubndcisaths bott'BhedrﬁE’@am lof che Ibaomination
€| SI{CIE)({;\ILS).%E oo o_\g %_(gtglggct ];glbtlrsiset ?ét&%g %k}?{)gugn?rlf!%c?o% secgntents
mle tq@éhsh pdliwas ofSdckedd CanfOLQHpSP RIS ak Mver.haaﬂs%mr@ mechal\r}‘l,\slm

pical steady state fraction analyzed as follows

i camapgell, wpdivm pixpifite pedition1fga®! ang, was pafflad (fer] inbmate apiging of
A [

CPBHERESELIEef, T SR OB St B OIPEY ekl

tcaxlsuesmxbhcrd The Quaiclppe hyd pbapanizainadveas eflz(hlld tmnsfer dfishepot’s

4051 =. 3822.. Ngr: 1879, Né = 6897 Dal tons and

EOREriES © an rlgrmcdiate 3 libeSigrageessd 12 ACTSP- 12 M= 2288 PD

:EOIBSPlTﬂtel@ﬁﬂed-&bestélﬂﬁb {d3sel Ria$ pip&P Pirhsfef RE dbritents@ta Ofash

Exanpl e 11, except as described herein. The

tké‘lﬂaerTé'fs‘taW@ﬁl@ it fitsr oiscipied cbafledisastor owfittelogithyen over-
a%l@uﬁPr' devéile p?‘ngl ITRRES qraﬂ‘%ﬂe@m&oﬁ@%%ﬁ tmrom a[]amS\ﬁlngl )

drous to uene. he or gano um m xt ure was
f[@]SIﬂE dAi’temmlwd Piec@7 ofg eupmientl am’oiu,ltalﬂtﬂ Fomteyovefing ey brominsted
t ol uene, 26, nL of 16.5 w9%(11.08 g, 0.173 nol
SO R a0 9 St A R Profitn awerndan B etfeted by
ahsalliap efameB@dn At o JackbtddkSsinl Retteleo fOmlOdhcdrthe) TR is
After the red color of the polystyryllithium anion

d??ﬁ@ﬁl“é@‘abla% e@nca@ra@ prestueite inyyim begropped &5 aungl Hugyy bycket of

A A o 840y TS TSP g I

((af@lr omekwyg)ehm 1muxthbzlc &r camlzﬁndmg mtma fopmgjativml i Theialtemative
d feed
Thelioy Bvigs £ sobiitths viun B8 whish dnbdecntRl Srhe Beted

" \Weconpemets tRElcdnOdmiRRCi2EotrdBi0 rdMoVloE BCM. The @Rnnlds R Ge first

[0147] Sanples were collected approximately every 30
r% lsliee&re%w ager from the jsgegnd, 48reppapsgdl dhrpeghi daacupm Quss ferodriiag

Nt itH %lasgvipagglg(?g{eﬂ'berytgrle iFS5\117£:lo‘§)~'|']ﬁ)OSQ/ $eSRstRRith methanol

reached st
before drying in the oven at a temperature 15°C below their T,.

[0155] A recapitulation of process parameters and analytical data on the final

compositions contained for each of the Bromination Examples is found in Table L

Bromination Example 1
[0156] To the 5 L bromination reactor described above was charged 867 g of dry BCM
(azeotropically dried to 5 — 10 ppm moisture, Karl Fisher). The BCM was cooled in the
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conditions. The GPC nol ecul ar wei ght distribution of
the first fraction collected was as foll ows: Mn= 2154,

Pol ydi spersity = 1.65. A typical steady state fraction
anal yzed as fol |l ows: MN = 2395, M = 2410, M = 1026,

I}fgrk't'o 412‘4.’,6an?§ eQH)ﬁsl?Erg;[) %t%for foﬁ%f r{npr%?osé}'?:t}?gg%sACTSP-l

anal YSI'S O conpo St ea ractli
dfrany (S Paixemple § M =p1ﬂ3n§p tdl3aeand lﬁmﬂg of dry BCM was charged to a

f . 7,.2288, =
0l 3000 e B e S aos B C o P P SR e e
PladedOth. RRERA DA ThED o 0R khe RYBRdet BY nfRfkis c[leﬁ’c%]staltlc metering
Br onochl or onet hane (BCM) was azeot r opi Cal()le% dri ed

@BmR P e hropsiatien feectasy Theapreviquskypagppred AllBrs {025 melfop nsbromine
_{ﬁ%@ é Q’Qé(tcl‘ gecgb,gsd \éﬁ{tﬁn ng)r ﬂfo‘ ae§15 (R %Hidﬁji{téd d&llﬁ(}er. This

our re app I'ate) and~purg
decd rvesmclgm rrpmtamedttmdansaé\lzl atmdspleerdoand v as attfioed wittag t4” @32 mm)

R dec Tt ey S aRupABPob Al Plog e tib b merpy o

) tp%tﬁtﬁiméﬂ&n%@dmﬁ RahORehRbiidReaefor.t he broni natl on

react or 0149] The ampunt of Al Br cataly
(MSihethei typ |r9aga% aleBtfed atsedgeming rekine raaescﬁugsthﬁ'oqh@ optire

G811 045, PR T L e B Ty

caffert yat inersptegd aghtbe erinciconteetof ttheaasios tramsteried toothe quench pot

dri d.reagent, bottles i nitro ur ged

§ SRR Rbl PRubing o Daminile e et e Fhe TealSls. A
(h@\b akd Skas RAE il IRY baﬂdﬁatub@ Aask oL B tof URABCMQUEHRE prior to
ot herw se deacti vated noi sture either in the

BrsBmPRE qf ttheepofeedy Aqpple M@& way ewded thropghnont ithe eperatien sush
ttllpa? tﬂ%rl@ %Eﬁ%@ra{uﬁeaﬁhﬁﬂp t:lo%r tngE@ QJ? % &ioﬁ%?ﬂe%@d the

cont ent urrpe Into t reagen e cont al ni ng
trénetioN Bis illewnadl to hMos &n additidnalvd mhmaesFtErElEE)vc maeaetéd trecgyriet th be
stirri .or mnutesto geno
GPRBRE TR el mi i e G5 B 1B R SR gos trgpen
tichBtione dfadl valve @i the % (d8aiim} 0 BNBTEE kmefef imea graduat ed
feedin _glvessel pl aced on a | arge capaci }“ﬁ | abor atoras
H81S§hcBhe qugnahogot mas PEsYIQYHY chareed with 1890smE fapsy4fere(@e’C) and

REdERI 400 ’%@I K )as§d&e tu‘ﬁ’?@ él% V\g 55 8f Mg Q)réaﬂlcdd’n)f aﬁéow FlpaQé“U on

m)lsture % sol ut1 on e solutio
mmpbh@nofchart@e&iert ®0% Nm$u atllemn fV@@ohddrgi ungid slml red Tdo@r was

0,.25 ol % AI B b 5 w %
el Al b AP G erh O 782 alfnek s findhi pna
tahroeo ghnﬂeﬂaturé 312e wip oBbeBiedf agichtibn RAS stopped avdlthe stgmms ase

sh or recycle heel of anhydrous BCM at OQ0C -100C.
'PH%W“rdePaieFtl?e Thee dpveer opganig rF@a%o‘ﬁas‘t tﬁl"i‘ﬁﬁe?e%@n At3br Beragy ¥esel

Bkt 81600 ot 10% N {RADYNSBH,ed remai ns constant or

near constant during the course of the electrophilic -

W9 nBiis two-phesgcsysterm was then transferred to the 6 L wash kettle and refluxed
(62°C) for 30 minutes. Agitation was interrupted and the bottom organic layer cut from
the reactor. The organic layer was returned to the completely drained kettle and washed
twice with 1000 ml of tap water to a pH of 10. The solution was then azeotropically dried
by means of a reverse phase Dean-Stark trap. The content of the reactor was pumped to a

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

transfer, the BCM strip was continued at atmospheric pressure until the pot temperature
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Brom nati on Equi pnrent Set-up: [0151] A5 L oil
jacketed flask (brom nation reactor) was equi pped with

paddl e, a water-cool ed condenser, therno- well,
nitrogen inlet, and bottomdrain valve. The reactor
e ] fat e I St
B TSOR, BCP WA o BUEL IR e Bhitaint o o
HBOCoand <Smhm &igned Br 2. Addi ti onal | y the react or vvas
ed wth_three nIet lines: A"

3*#13@ AR ORISR Of B i e vy %f@aeddrtoeér\a raé)lor Pr'éS“F @a&?fdrpldly
(stihes BgMskRPbIRR, Ql(f()l?ﬁﬁ) cfol'de@:ﬂer% %daﬁ}%ﬂ)(ﬁﬁyﬁ 0% 3§84 powder.

froma previous run) ;
siho spreducte WBCRMLIsetbd l!ﬂ' faafiﬁéo freledﬂarsm drittednBiichier ( fmznehmrrsrdawnh

Ay gy pACHRH, AR Gy PO 831 BB €5 e

| gredast. di scharge their contents in close proximty
creating a locally high reagent concentration. The
brom nati on reactor was conpletely covered with

al um num foil to excBussinhtiExamplt 2 he reaction was

P o i s BP0l Pl LB R s il 2B g 2

qmmmnaobf ACTIP-B(F¥sim ACTSP BRImpR PMwPT E@ @D&l N33)iingry BCM
t hat connects the bottomdrain val ve of

Y38 §P-FEstWithr? 57 @26 P &P moks% h@r}qmémﬂnwta heg) oér 388G PHBCM at a
dc'oﬁs%t retatléé‘r%éoe[fate% thmﬁ J acg@ dénQé‘t Jlaeemﬁe%acg, Gv%%rﬂ%ﬁtes

he quench pot was ol equi p
oﬁlerpfftdeadwa;tdnrerl iandp °Geic havacem oteheThmwnedeHure aduced 1688 g of
bi sulfite addition funnel and was baffled for intinmate

Pﬂg of organi c and aqueous phases. The quench pot
had a nitrogen inlet and was purged to a caustic
scrubber. The quenchgpot. had &tom drain valve to
enabl e transfer of tﬁg '15'8?“'0? s to an

i[A162] n‘élcbi @beddre lof B&ﬂmﬁah@rﬁ Egmpress 9a$ usefl @ldep] thﬂfﬁ?OO g of a 25

i nter sto v iped to transfer its
SO toE SAGTIEL A ACTSP Ertebin by 28 CPA o) g 4oy BCM

I wds @6-feivhith BEKEbES2S AALS A28k, rmgme el Ift 38@0 Wiof BCRINt a

over head stirfer, reverse phase Dean Stark trap,
teestavbetstips feccimig sb et thirveragd sideaby/éme inOeSadctor was 30 minutes.

[ j f. LR for
P SRR 8 TG B 2 SR a0 SR okl 102 o
esaimort | aIIy free of BCM Product recovery can be
effected by distilling off the BCMin an oil jacketed
resin kettle to forma concentrate. The kettle is

| ocated to enabl e itBrmnmﬁmtEmh@leptoduct toin turn

(R RS0t of BraminaPor Rt s frse SFosnn G5 of a 25
gmerrmhmbn 6CROTSTET JFréth QTSP Brathplen my£m96d Pw:ngisz)tuha;ty BCM

suita for compoundi ng into a fornul
S TR BQEE oL e AIBran amEe 1 bAteh oG ¢ PEEGH) a a

ic@ﬁ@an%ﬁn&@n%‘%@lﬁmtfﬁﬁtr@tg sPHROME bverade r&flence time in the reactor -
was 90 minutes. The crude product mixture was heterogeneous and required the addition
of 0.125 g of sodium dodecyl sulfate to each aqueous wash to break the resulting
emulsions and achieve the desired phase cut. The product was precipitated from water at
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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acconpani ed by the concom tant azeotropic renoval of
BCM The granules fromthe first and the precipitate

drying Materials with glass transition tenperature

(Tg) bel ow 1000C are rinsed vvith nmet hanol before
drying in the oven ah&{u}l [es 15C bel ow t heir

Tg. [0155] A recapltulr I on o Pocess par anet ers and
dAHi4Y t Tieaproctdire o6 Branhmatibn Eadmptbfohms udeil excepictbattlabhedf a 25

RepRfbn 8 AR R A P gbe R PB D B

NeReb-add wigssBo Bet0. 2D AYRHWABLGRBloBRR tS8 Heelofo200/k f BCM at a
(azeotropically dried to 5 - 10 ppm noi sture, Karl

FeoBYSt ynintyReptad Rt fead ate ael thahthe Resdge kesidgnce timegiT thgrfgacpr
I%ﬁ%{g e %e%wpsr%)g?lglﬁgs/&@?%\ga 16121 ?rrng(tgrre fghﬂl:lfo%g td %E{%r adﬁ?f%nal
eﬁﬁ)dnmﬂe)Qaftgr @plttipn &Eh ewefsede Miber gnedt prapluet noixtyre \@@@@emgenb@s

S AR P T BT Dol

a6 Bl the @sultiRg emibibMaRl abieveBRNEsiRY phash QU smaal“tagtféd product
net eri ngf@{unp to the brom nation reactor.
I

pRigtreovas | fijtersd anithegsulingfitey @kowashed wigh B%Mt@ﬂ@uﬁﬁmﬁen f YZggn
|

%I)v?eg@% agcbggz dsrs? glo}’h hﬁ’e J&ﬁgﬁ i;ﬁegléﬁéé Ve&ﬂgf BEMow&e dombined

raail titesolubld portide iof the mﬁ;dactt rms;phacdefran avatea gt QSO@ Mlmtcenbomntam

tha ne placdto ransfter
Pli‘és" E&X g‘ﬁ’ﬁnﬁ% “Elﬁ ‘ﬁ%‘ *Jéasﬁ‘ﬁﬂv?fn g 2 He@ ot vEum
pﬁéﬂ@tﬁﬂld@%g@b%h@@h@um to the brom nation reactor.
[0157] The two reagents are co-fed at predetermn ne
relative rates such that the entire content of the two

feeds are charged an@rﬁi\mld@)@ﬁwy conpleted in 180

j e The .co-feed was interrupted and the entire
dFaL nRcoprogenae s Biamiriion Brmms | s prod teh‘é’Ph‘S%tr?@hb of a2
ARTEQidfon BE KCTSE-S(M8h ACTRPWLAE 3IM, 253D PBI UL in dry BCM
average residence tine for the reagents A new heel

vieas cededanithd?8ie g oh@2hmelaforfdBis dmbromine ko pliceBE740§0 gfof BEY at a
%%ta%??eﬂltl% ﬁ?d B{e sg 'Eha t?% E\gﬁhgg}% 1&1&%@? ﬁ&e I‘nhffe e Eo? g,qs 3(ﬁﬂﬂbt%s

era fon's
t’]’iﬂtprdiduet Waa‘dﬁed ah 65°Enjper adcuimne ch@fTﬁhd’]&oCdde@rddnced BOCg of
ngo(glfcorrpl etion of the feed the reaction was all owed
oLk v for an additional 5 minutes to allow unreacted
brom ne to be consuned. The reaction m xture was

transferred (gravity) to, the nch pot through
the bottomdrain val @e‘“ﬁﬂﬁm{“ré‘aﬂp u7e(96 m) O D. PTFE

t 02663 T The f;rb&eure [o@ Bﬁﬁﬂmm@e ERMENE 1 waoused@Scept @it 006 h)bf a 25
charged wth 10 m&water (2500 and stirred

4% yotiop of é§§§|‘? é (Ffﬁl“l ¥ Fremplsd Ms -t5ﬁ% R} garfi7n QWcBCM
AGHCOYH \QHP?IGA UPG’Q‘S 19181'3% dﬁkhw?r%h% i EJeﬁ&Sidéb {%,é’;ﬁ%M ata

Na2S03 sol utlo was ad unt i e red col or
constant relative feed rate so that the average residence time in the reactor was 30 minutes.

The product was dried at 45°C in a vacuum oven. The procedure produced 1751 g of

product.

Bromination Example 8
[0167] The procedure of Bromination Example 1 was used except that 2000 g of a 25
wt% solution of ACTSP-3 (From ACTSP Example 3 M,, = 530, PD = 1.47)in dry BCM
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elimnated and a near water white m xture was
observed. The quench was exotherm c and a 100C

WO eovpassabare ri se was observed. Agitati on was BCDPREAS/067935
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and the organi c phase allowed to settle. The | ower
organi ¢ phase was transferred to a 5L storage vesse
[ %
%ﬁa@%@{fé\%@ﬂ%ﬁﬁ?@?g@%sﬁwl%s 1%\% ansfafe}'re?le Ela{% bﬁlg ﬂ£ Q(éﬁ%l a
wasdanketativefealrdte Isefhlauked/e(aﬁeﬁ@ﬁdenﬁmmél@ thii redgtoe &as 30 minutes.
itation was. interrupted and the botto organi ¢ | ayer
FOdHch YA A6 FHT 1h PPy N TeaRresedyia oroiied SR E of
dubte conpletely drained kettle and washed twice with
000 m of tap water to a pH of 10. The sol uti on was
t hen azeotropically dried by neans of a reverse phase

Dean Stark trap. Thepgeamhsin BampR® reactor mas punped
toalliter resin kettle while stripping

dPH8E pheer precegire o5 Braminatipn Fxampip| aes bhed ssrcet)mattlﬁéﬁwspéa 25
e, s%ﬁ%%tf ABTIRS ( ﬁ&ﬂ%d’ﬁéﬁ%%ﬁ 1%& %%850@ E%:A:Df ﬁé‘?ﬂ"?}rz BCM

until the pot tenperaturerea

fwas coréad withnid $tegl of h25vmaeta \IB o irdmoreinel toracheelanf 1600 g of BEM at a
1500C a 5 mm Hg. [0160] The content, 0 he resin
v A et B b O ke RUGeaFe GReilneiaclr Ba fi s,
'Engi piddyictSWasr drRd af BOWNinsheuuk|oaete ,The bReduRiproiRbd 933 g of
water to grind the product into a coarse powder. The
ﬂ¥%@@ct was collected in a 3000 mM coarse fritted
Bchner funnel, rinsed with nmethanol and then dried in

a vacuum oven (250C)_to yield 955 of the brom nated
product. Bromi nati onBieRtasiop E EmPﬂig 4] The procedure of

§5nm nﬂte &e@@@pbﬁonﬁnmﬁ Ew&g}% ﬁmge@sted ue&fn @Q%o%%f ads

% s utlon of :
48%, SOP!DOftoflA@mP -4 (Fr@ny\CE"@R/IEmpleéMedSM PH -25570)gn éfy BCM
I 38
B TR ATLE LD RO0F A8 Iy BnlERl o b FoTPRgPhof
reesdtaiereizdvd feetbraieso thaeth¢ Samporesidase thfle imdmxb@&)r wIshH) minutes.
oduct was dried_at 450C in a vacuum oven.
S‘E"Gd’é?ﬂ‘ff‘ Wiﬁr"é’dﬁé&é@f@‘%‘ fewm pread ket Pr°‘§FHFr1PFf%Qt‘?°6r1154O g of
Exefupl e 3 [0162] The procedure of Bronination Exanple
1 was used except that 2000 g of a 25 wt % sol uti on of
ACTSP-1 (From ACTSP Exanple 1Mv = 483, PD = 1.32) in
dry BCM was co-fed WB&Bnﬁﬁﬂﬁﬁkgn 1P- 25 nol e% AIBr3 in
brom ne to a heel of 3850 g at a const ant

(8179 i Ve nracsdure of ér%naﬂh%\ﬁxwéﬂ hyay By exeent e 2080 giof 25
i Db P BEACTSMA T Amptﬁm 9S4 9PIPD VBSGE hESBem
vacuum oven. Pocedur @ pr oduce 39
oﬁas co fed w1th 2846 g of 0.25 mole% AlBr3 in bromme to a heel of 4200 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was dried at 60°C in a vacuum oven. The procedure produced 1677 g of

product.

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

constant relative feed rate so that the average residence time in the reactor was 30 minutes.
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product. Brom nation Exanple 4 [0163] The procedure of
Brom nati on Exanple 1 was used except that 1500 g of a

wWQ2000t198460| uti on of ACTSP-2 (From ACTSP Exanpl BCRUBM087067935
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496, PD = 1.32) in dry BCMwas co-fed with 2895 g of
0.25 nole% AlBr3 in bromne to a heel of 3500 g of BCM

he apr&dgas@'e@ Hriel! lat E4oBTih lﬁp\taglgm{ 8\leﬁt TS rB %glg'e ?otdg 8016116] @tof

average residence tine i Feact or ¢

rprcmut:tes The crude product mxture was heterogeneous
and required the addition of 0.125 g of sodi um dodecyl
sul fate to each aqueous wash to break the resulting
ermul si ons and achi evBrohtiimtldﬂEksmplemtase cut The

RRRAL el itoeeB i Bt Breliiagon BRstiPior i pih i 2 aaf a2s

Lamlmlan of N@TSRISN YR ACTSRERHSIE M £713, PDUCE4D) 1645 FCM
product. Brom nati on Exanple 5 [0164 Th rocedure

d’FaS BP SRR A13he B Apmale® Mﬁ@ llhbf@@"’é%be 03 96BCY ata

Cﬁon@an?t%lam %ﬂé%gg?t tﬂé \Agéestg ﬁn&i@rﬁ%ﬁﬂ%@mﬁﬁ?@ﬁg&es

oTheCp.r@EctnwﬂseMﬁd\IaBﬁ(B’Q in abwraounnnevehoTla: preedure fpr@IBGD 16D E of
Bc(ggtua[t a constant uninterrupted relative feed rate so
tH he average residence tine in the reactor during
the feed was 90 m nutes. The reacti on m xture was
allowed to stir for &1 ad onal S%rrinutes after
conpl etion of the co 'tog’é'ba “"f’ éa'BPﬁ product ni xture
Viar73heTier moeedere b Baoadnation) Bxangle 1 Ras awdd ire]:ideptﬂhﬂfmm §25a 25
ns.of s odecyl ulfate tQ each aqueous wash

RePorlen hECTIE TR A aRHIFsFBRe > dhet At POVe han o BCM
deRich- e Aase) %Hf 0.25" B@le%@b%dn BroRshdqs a AleX bioB0 %?BCM ata
filtered and the resulting filter cake washed wth BCM

chaustant felabivd faedratg se thahthovengaresid@Codne v the redcepr BB73Qmiphtes.

al“hg’mt t%d%cts\?:* %ed -H] 7o°C! | 1L1t r&%ﬁiﬂﬁggnv@% rE i e o%u e(anf%gp%dof

e so e portion o e pro ate
fprafictwat er at 950C with concom tant stri ppi ng of BCM
The BCM sol ubl e product fraction was dried at 1300C in
a vacuumoven to yield 693 g of a white solid.

Bromi nati on Exanpl e Brohﬁﬂzﬁﬁhﬁhaplpﬂscedure of

TP oA el ob P ouin 5 e, R s eriri Bt o0 pitt 35

5905 soltifor ofLAGTIP-5 (Fréh YACAICH BaaiSipIE O M@Qm b 2846 i8d§TBCM
0.25 nole% AlBr3 in bromine to a heel of 4000 g of BCM

atas£odedndthel3i6 g of Q23 elefechIBrrimproming t phgel 9ﬁn’é0% of BgM ata
f&ﬁ%ﬁ.‘?%‘ﬁvé feéﬂarateg tﬂﬁg%%@&%@ﬁ:mm& @fle mtﬁ%&% r w80 minutes.

product was a vacuum oven
pPhe peduat evappredpicated fbAB@ater ab$5°C with concomitant stripping of BCM. The

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

Bromination Example 16
[0175] 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% AlBr; in bromine to a heel of 4200 g of BCM at a
constant relative feed rate so that the average residence time in the reactor was 30 minutes.
The product was 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.
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wWQ2000t198460| uti on of ACTSP-3 (From ACTSP Exanpl BCBUBM087067935
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product. Brom nation Exanple 7 [0166] The procedure of
Brom nati on Exanple 1 was used except that 2000 g of a

530, PD = 1.47)in dry BCMwas co-fed with 2704 g of
0.25 nole% AlBr3 in bromne to a heel of 4000 g of BCM

at a constant rel atllyl%n[“%qan%rgglg%t hat the average
wa

residence tinme in the reac m nutes. The
r{ﬂlﬂ@cil'ha/\mgcedure ©f BeotmidSOCEkampde ¥ avasiused exeept. thathis00 g of a 25

R pogof NSRS T e AR RueBb 7 Hor Al AP DR e

mesfddaﬁm 1836 g of 0.2 mble%MB8r;Gn Bomhe 2a me‘i’/@fsmb@lg bPBCMfat a
ACTSP-3 (From ACTSP Exanple 3 Mv = 530, PD = 1.47)in

deystatRthynipteTyRied fRlative @sch@tegwo@latoth%vwe%d&ner tgng fp the
t}E P st ?_Oegngn@t@ Bl %ﬂ‘gt v &Maéﬁ i"i’on‘;(w Lant 95°C w1th

ative rate so t er age reS| ence
|qon¢0hetarrteampmg of\BEM O hmpmdtl@swas Thed gr WG drt awmxunirqverd The

450C | Th d duced 1853
Froseosrathefs MBPERTRENE, Exanpl o o [0168] The

procedure of Brom nation Exanple 1 was used except

that 1336 g of a 25 %.sql] ution of ACTSP-4 (From
ACTSP Exanple 4 Mv = 1\4\1 ?%IE 13§ in dry BCM was
do17F72dThd prbcedd of Br(mfmdﬁoxi Exemqilee Yowid Bed ekdepith@iso® g oba S5

I X SN TR

30hs b Gith 213518 oP6. 05 HBle % WRBr, 48 bt%ﬁimf%tto g’%@ot‘ 500@ g bABEM B a
oven. The procédure prod duced 9 3 g of product

Boasidnhaed wrntelxentidl relati G feed 661 s0Tthet the oeszagerresidshce time in the

SR 0 5 AT Py, S AR 008, S48 o

%ﬂqonﬂ&t%tﬁbpﬁx@)of BOMIMyie Bioicnaas diedf 28 d 10/Ctik a33Q&dmGved. The
0. 25 nol e% Q{F‘{Og in bromne to a heel of 4000 g of BCM
arocgdyre pradug BREP9dcteed rate so that the average
residence tine in the reactor was 30 m nutes. The
product was dried at 3500 in m oven. The
procedure produced 1BUpEIRAt 'BPEES?'BS]GE Broni nat i on

EEn8p| €helprode@iré OF BidMandtib® ERGMPIE] «»fas Bieo Rkd2pit thn SBX 2Pk @5
1wt% SOlUlEIl?)I? gf Eé%éa % (lgrlgmtACZI‘%g%xgmpl]; 7M, 2-5 800, PD = 1.39) in dry BCM
was co-fed with 2135 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a
constant and uninterrupted relative feed rate so that the co-feed was completed in 180
minutes. Upon completion of the feed the reaction mixture was warmed to 25°C overa l
hr period, thus providing an average residence time in excess of 120 minutes. The product
mixture was transferred to the quench pot and no sulfite was added to treat unreacted
bromine. Unreacted bromine was converted to bromide during the caustic NaBH, wash.

The product was precipitated from water at 95°C with concomitant stripping of BCM. The

product was dried at 110°C in a vacuum oven. The procedure produced 1401 g of product.

Bromination Example 20
[0179] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-7 (From ACTSP Example 7 M,, = 800, PD = 1.39) in dry BCM
was co-fed with 2375 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a
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WO 205/18836£% Al Br3 in brom ne to a heel
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wt % sol ution of ACTSP-4 (From ACTSP Exanple 4 Mv =
584, PD = 1.50) in dry BCM was co-fed with 2846 g of

at a constant relative feed rate so that the average
resi dence tinme in the reactor vvas 30 m'nutes The

RS%%FEnmnt%élp?cq J@l&té\gggc% Ja s% uet’l 0-2% & owas C(}mplcted in 180

procedire prodice m na

. Eiawps. dUpba cprfdliatioh oT the fgad meedmﬁcfn ik tuby W4E wasrhédoo 2E>camf el

vvasuede t hat ZOOOgof a 25 %solutlorL
3 4t QA R® RE):*P‘S@’CE%%\FF&I ghe “stm m‘“‘itessos ejcppde
CB'rUdu&QMx%ﬁ?eSwé‘s%efe%éeWoﬁshana]réqzurgd @F aBifon JTY. 1©%0gRARr? sbd?um
brom ne to a heel of 3850 gb( BCM at a constant
rdstleey} sfate dedach agesoyp washde break tlwesuagae emglsioge mdea}chnevmthe
Ibdga%la %H£s§ Cl\l/ttagl{?ﬁ I%ro%ué mix rcl,u»\tlas ?ranslf]earﬁ? éo the Lel lﬁ‘\é@S ‘f&‘ilg‘(’j &u%te

QfJas pﬂ@aﬂumttreatBﬁmmcfeatblr@ﬂmEX Hﬁiahcﬁedllﬁro:ilﬂ&%&]s cdiverted to bromide
oce ure of Br m natjion Exanple 1 was used exce :
atlg g@deusac B‘FB + yshy, Thg graﬂ'm W%PYB?IP‘R@?@"SW@F%%?P C with
W@%ltgﬁi%ﬁﬁbﬁi%f M?M‘ Tzé-grodfcpwas dridiO} 11PCcdh ¥ vEGYmVRSn. The
co-fed with 2 0.25 mol e% AIBr3 in bromne to a
Hsesedus¢ pradoed b’«ﬁangandla‘t a constant relative feed rate
so that the average residence tine in the reactor was
30 mi nutes. The product was dried at 600C in a vacuum
oven. The procedur e Bromination Exargple @1 of product .

ghﬁﬂl n@ﬁé ﬁgcegﬂ;gg:Bgmﬂﬁau[)p %Zﬁll e ' GaP [ R6 %gééFtetE%fISOO g o{ a?2s

roni nati on was us d except t
26 %odition bUACTIP-8 Fra@ PSHFSB ExEnpler8 AGTESPI TERBvp! %)Sn MMRCM

S0t gy e ot 05 s AR iR ds' Btel 500 5 oBpClacy

adongtan€ @S it mipeddarelati®e fe€f thtd & MatSBe tamagetr&edea&eﬁlﬁg% the
resi dence tInE in the reactor was 30 m nutes.

peSEGCYasnad eipgted Hie progict iwas aprecaRitaigrh %%nwatcrhét 95°C with
RioR& eﬁt%ﬁﬁ%%ﬁ?@%%; Ipﬁ)d@ét l‘,’ldrgge ngéfﬂca%lmﬁtqma%édu MNoven. The

Exanp e proced rom nation anpl e
Iprovadureipreducedk 301 of patduck 600 g of a 25 wt % sol uti on of

ACTSP-5 (From ACTSP Exanple 5 Mv = 715, PD = 1.40) in

dry BCM was co-fed with 2276 g of 0.25 nole% Al Br3 in

brom ne to a heel of BGhOaGatyndkaBak23dt a const ant

r[ﬁi@ieﬁl‘?eeér (iegurre ak %rqugngtmﬁ%%(gngp?e Val 88§ e)r(ceegti tﬂaetnl%SO %ioling 25
wt% solution of ACTSP-8 (From ACTSP Example 8 M,, = 817, PD = 1.26) in dry BCM
was co-fed with 2135 g of 0.25 mole% AlBr; in bromine to a heel of 3000 g of BCM at a
constant and uninterrupted relative feed rate. so that the average residence time in the
reactor was 90 minutes. The product was precipitated from water at 95°C with

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

procedure produced 1320 g of product.

47

SUBSTITUTE SHEET (RULE 26)

of 4200PQr/U$20B€D47935



wWOONP1483644 vacuum oven.

10

15

20

25

30

The product was precipitated fromwater at 95C with
concomtant stripping of BCM The product was dried at

of product. Brom nation Exanple 16 [0175] The
procedure of Brom nation Exanple 1 was used except

that 2000 g of a 25 0 | uti on 0f , ACTSP-6 (From
ACTSP Exanple 6 My = ﬁ',%%ﬁ’bh’éa PIE&} in dry BOM was
C[O}SQB dTwi préce@84 6f Broafinallo Bxaifpleclovd Bed exdeptahams0leg bHa as

h f I f eed
01 HoAGINF A6 ACITSE GRS RO 75T nRD Fobt o A

&Ods 0b-fdtRfh- 263918 o0 OFIMGIL LIRS B Bi6inRk {4 RA1 57000 Yot BEM3k a
920C with concom tant stripping of BCM The product

warstait pldunanteropeed relative fpedeatensoothatrihe Tyeeagp residstiagr téme in the

AEEALFAERI A0 B, L SO0 B BBy Mo e

eddie@t of OA25 5RO og s@fiuni dB(Ech%atﬁ ab whdhodguedus AGIHSE- break the

F ACTSP Ex 00, PD = 9 dr B
i eigons av Aty s dBfired PO 5 Lo BBi v eBlp e iom

t\:p‘alteﬁl aleRL \afh C%Q&Qmﬁnt(%tn oPBCRI. T8O lodt wad\@hied at 130°C in a
uninterr u%t ed relative Teed rate so that the average

rvegiugieryee The preceidure produged 4¢40arof wepdu®0 i nut es. The
product was precipitated fromwater at 950C with
conconitant stripping of BCM The product was dried at
9Q0C i n a vacuum ovebroniasiop Exarepled® produced 1250 g

C[fnd@f of‘ﬁécﬁroce ot ﬁ?otrﬂl%oﬁmﬁel 1&? LSQ&ZZ(Jegt Jnﬁ 1500 % of a 25

pr ocedur e of rom nati on was us
twié solbﬁelﬁ)o@AGTSPa9 E‘jomﬁA%T§BlEuammn9Mw ARBSPD = (H) ormiry BCM

~ ptry i s3q o2 SpoBR bR s tinic by & Pvef o aobR HEBEY e

hem¥tand bnd30itetp@dd BialefeecPratORSth@nthe aitiagd tbsidefter fithd @lthe
relative feed rate so that the average residence tine

i TPACEOR V45 B tRIPUIGRasThO OPTRYUSH (V8 . Progimitatsdl ofgre ¢ walggsat 95°C "ith
%ﬁ&hﬂh&t%ﬁr@?mé opﬁbwtﬁé @Huc?@gg:dxwﬁdtal? 16@@%’ g]vta%l% qven. The

stripping oduct was dried In a
viEesedure produged MQgpfpromw_e pr oduced 1400 g of product.
Brom nati on Exanple 19 [0178] The procedure of

Brom nati on Exanple 1 was used except that 1500 g of a
25 wt % sol ution of AKTﬁSﬁHaIIO(lEKUnPlA@S'SP Exanple 7 Mv =

P
e
attZesohuning bEACTSME (Frorh MCIISP aheple BM‘,&E D38 PDe-ed43)aﬁ éryBTCM
t hat (o8 cO ted in, 180 U

R SRS BRI RS mER IR, S Put o el e DB e
L @nstan endPMBhterdupled relative feed rate so that the average residence time in the
reactor was 90 minutes. The product was precipitated from water at 95°C with
concomitant stripping of BCM. The product was dried at 110°C in a vacuum oven. The

procedure produced 1388 g of product.

Bromination Example 26
[0185] The procedure of Bromination Example 1 was used except that 1500 g of a 25
wt% solution of ACTSP-9 (From ACTSP Example 9 M,, = 928, PD = 1.43) in dry BCM
was co-fed with 2659 g of 0.25 mole% AIlBr; 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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W e@nsisass ed to the quench pot and no sul fite PeEFUSNISET7935

10

15

20

25

30

hr period, thus providing an average residence tine in
excess of 120 m nutes. The product m xture was

to treat unreacted brom ne. Unreacted brom ne was
converted to brom de during the caustic NaBH wash. The
C ed fr.om water 950C wi t.h .

RS o Mo D e o PR Bl ol e e

Lali@86x bhH0.425 grans B Gotium dEFdraEymnmad ehch yueitiGach joAbBdakgthe
roduct. Bram nation Exanple 20 [0179] The

ﬁFSBE’é&l Gmulsigns 338 3rhieys theglesited Fé"tlT*%ﬁd%"@%‘é'&Ps Puecippted from

thdr 2 690 \ﬂthocfonﬁ)ngéntuﬁrggﬁ@loyhtﬁf‘ TRE maa; dI(e’araQ IT@O°C in a

ACTSP Exanpl e f BCM

cacfuachven. fThe prageguxy pmdU®d25)mQﬂpe®dﬂN Br3 i n br om ne to a

heel of 3000 g of BCM at aconstant and uni nterrupted

relative feed rate so that the co-feed was conpl eted

in 180 mi nutes. UponBroongition Example 27 he feed t he

‘r[ﬁfk%g) d‘?ﬂk ;EH)%BME Sf B dM‘?iBﬁTEQan‘i % £3A5uRY g)(ce tﬁ?ti'lﬁgo g of a 25

rovi di an average resi
em@esskntlmf ofmsn WL(FIBS]. ACITS? Rx;am;ile IM. o LidY, RD x1.07)en daBCM

o TR daae BT 0 EplabcAlet TEnBinns gt € rnCot dud e B BEA R o

ko sttt Iehaﬁvd @&Haklsa thatht @ Ha8d WS siddnde @hdlineheGedche wiET hifiGles.
phase cut. The product m xture was transferred to the

ofthe REUGh s BrACPiesdSiom wates ah@asC adth sencomitant eteppingof B4M dde
g{r&ﬂﬂ:t%s d ?@5“’8% ﬁaa%ﬁ]npgve %R)Qé’dﬁfe ?(Qiulie(a 89 rg%@})r%&uct
uri ng the caustic uct was

precipitated fromwater at 95C wit h conconi t ant

stripping of BCM Thg, Rﬂﬁﬁkx%ﬁ@legﬁ' ed at 1100Cin a

vacuum oven. The procedure produ 1460 g of product.
Elﬂbﬁﬂ n&he proceBwawp Beonallatnpmﬁsaor}plérh evapnssd esigpiethyf1400 g 0f a 25

TR AR Rl P AR SRS AR R 7 P

&Jal coJRa with12026} of 0125imyle%Oﬂvaaﬁ> bromire@da Nel bf 41)86@ oGBOM at al
0.25 mol e% AIBr3 in bromne tao a heel of 3000 of BCM
FONAE bt Glsed @it that the eergpiedtenrelag invke sk W.a%\%oem%tes

1R DrddB& waY Fre@pitudd gt RG A §3°0%ith Qoﬂc@ﬁltin? &fpsihg ml\? Grpe

m nutes. The product was precipitated fromwater at
Bt as driedat ¢YRCtimmracsdm pyspi Thg prokedB@rodiired 134 glofroduct.
was dried at 1000C in a vacuum oven. The procedure
produced 1230 g of product. Brom nation Exanple 22
[0181] The pr ocedur eBromimtioniExample 29 Exanpl e. 1 was used

CRFRR, Rierpeefeite Prstinfips Bl ¥ 3a7bgtaRhe B3 B gfs
m;% otutioe df WCﬂ'BP21$Erog ATTSP. Rampte| HOMA=BI031,iRD br20iF) imedry
tl?Cl\% v!'qa%%l) fed wf'f)ho?lpmgg (())tI 0. %CMola& ﬂBn in bromine to a heel of 3000 g of
BCM at a constant relative feed rate so that the average residence time in the reactor was

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

of BCM. The product was dried at 130°C in a vacuum oven. The procedure produced 980
g of product.

Bromination Example 30

[0189] The procedure of Bromination Example 1 was used except that 1360 g of a 25
wt% solution of ACTSP-12 (From ACTSP Example 12 M,, = 2288, PD = 1.91) in dry
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constant and uninterrupted relative feed rate so that
the average residence tine in the reactor was 90
wOorRevatesod The product was precipitated from waP@r/Us1008/067935
950C with concom tant stripping of BCM The product
was dried at H Q)C in a vacuum oven. The procedure
%@g%%%k%%thgl Jf‘bdi& oleE%‘% nat | O%n%xa”ptf% 3200 g9t
e proce Bron’ nat ron was “us
BGMpt a didnatmt 1aa0e geedfrataso&ﬁatwlﬁeoxévv&@gdfes1Mc@ﬁmd\ﬁ'ﬁ%&:t0r was
(Eram A 817, PD = 1.
vé&gmelaesf b W?%{'gmecgv“aﬁed fomsvaRs LY <A|vs sconwnwﬁ'zymwamg
top BaM)¢8¢ producBVRQried &1 18O bacBurk 8R! Afktpr@Bdhire produced 1002
uninterrupted relative feed rate so that the average
reexipepduide tinme in the reactor was 90 minutes. The
crude product m xture was het erogeneous and required
the addition of 0.125 granms of sodi um dodecyl sul fate
to each aqueous wash to break the resulting enul sions
and achi eve the desired phase cut. The product was
precipitated fromwater at 950C with concom t ant
stripping of BCM The product was dried at 130Cin a
vacuum oven. The procedure produced 1440 g of product.
Brom nati on Exanple 24 [0183] The procedure of
Brom nati on Exanple 1 was used except that 1500 g of a
25 wt % sol ution of ACTSP-9 (From ACTSP Exanple 9 Mv =
928, PD = 1.43) in dry BCM was co-fed with 1836 g of
0.25 nole% AlBr3 in bromne to a heel of 3000 g of BCM
at a constant and uninterrupted relative feed rate so
that the average residence time in the reactor was 90
m nutes. The product was precipitated fromwater at
950C with concom tant stripping of BCM The product
was dried at 1000C in a vacuum oven. The procedure
produced 1250 g of product. Brom nation Exanple 25
[0184] The procedure of Brom nation Exanple 1 was used
except that 1500 g of a 25 wt % sol ution of ACTSP-9
(From ACTSP Exanple 9 Mv = 928, PD = 1.43) in dry BCM
was co-fed with 2135 g of 0.25 nole% Al Br3 in brom ne
to a heel of 3000 g of BCM at a constant and
uninterrupted relative feed rate so that the average
residence tinme in the reactor was 90 m nutes. The
product was precipitated fromhwater at 950C with
concom tant stripping of BCM The product was dried at
1100C i n a vacuum oven. The procedure produced 1388 ¢
of product. Brom nation Exanple 26

50

SUBSTITUTE SHEET (RULE 26)



[0185] The procedure of Brom nation Exanple 1 was used
except that 1500 g of a 25 w % sol uti on of ACTSP-9
W@ Boom¥saeTSP Exanpl e 9 Mv = 928, PD = 1.43) i npdr/ysSBa@We67935
was co-fed with 2659 g of 0.25 nole% AlBr3 in brom ne
to a heel of 3000 g of BCM at a constant and
uni ntierrupted rel ative feed rate so that the average
resi dence time irEthergact o wgs 90 N es, The crude
pr @yct B xBur® wasSheg efdggneeus N r edjuigeg t he
addi tli onof ~0. 125 grams & Fodium dodec%lsm‘fate to
each [aqueous wash to break theYresulting enul sions and
achi gve the desired phaser cut.SThe produst was
pregijpét 3 e 3 om wat 62 a3 850¢ wig h gorfgorg t ght
strigpi n§ of BCM™ The Pr&iuct das dried gt A3&C in a
vacudm oven. The procedure protuced 150 g of product.
Bronmnati on Exanple 27_[ @186] Fhe procedure of
Br qui|nat EpnSE@MY enl Sass uSed exeepts t hat g of a
25 Wwt|% s#1 uti 0 Of ACTSPILOS( FEom ACTSP Exarple 9 M=
1194, PD = 1.77) in dry @tMvvai co-fed with 1800 g of
0.25 [nole% Al Br3 in br o.rrit\ne to%a heel of0\3200 g of BCM
at a |const ant selatveef eedSr afle t hat—=t g &verage
resi dencé tErre%i ﬁ\'th’e%eaﬁ:tgr v;ias%%o i it 8. Srhe
prodyct was precipitat ed ¥ rom Jater at 950C with
concqgnmi tant stripping of BCM Fhe product was dried at

1050C¢ in _a vacuum oven. TFhe_precedure_predyced 89 g of

pr asltcs . BrenmiBatg o anpl © 28 [®87F The Jprdredure
of Brl|oni ffat fon” Ei(garrgl §1§\a§ u@ed@exd’éptit rf:g\t 1400 g
of a {25 wt % sol uti on of ACTSP-%10 (From ACTSP Exanpl e
9 Mvg 1194, PD = 1.77) in dry BCMwas cg-fed with 2045
g of |0.25 nole% AlBr3 in brompe to a hegep wf 4000 g
of BGM at a copstant rgl atiye f—l‘eeg%rat e8so §ha§ t he
-aves doq teshdercen t | iRt neaclor was g nut es.
Krhe prodUtct —weS preci pot 4% ed f 1fom Mat er wat P5FC wi t h
oncgmitant stripping of BCM #he prd@ugtavas dried at
§L200C: in a vacuum oven. The procedurempno'?juced 1245 ¢
of prjoduct. Brom nation Exanple 29 [0188] The
procedure of Broninatign«Exampfe 1 was u ed,_except
that |39 g™ofla 25 db Pl @i gn @@ ACTSR-1Z! § From
ACTSR Exahpfe ® 1 Mv =—4@%51® PB = 2. 15) Tn dry BCM was
co-fegd with 1479 g of 0.25 nol 8% AIBr3 in bronine to a
heel |of 3000 g of BCMegtg cggnﬁ, ant rel aﬁ%i vgg feed rate
so } hat efaver agewy esi dgn i masingt rdact or was
30 Jr)n nﬂtg;. —T% ?o&hdﬁ s Sor €ci ri?t;btedzfr%mavater at
950C [wi t h concomi tant st r ppi ng of BCM The product
was dried at 1300C in a vacuunmoven. The=procedure

- ! N
Proguced el @gofgprodiet= & 4 g o g & 3§
o O O
o (\'1 —
< §
n N < a N 9 -, n & O R
Hagﬁgmwgagimgggg
- Q
P o0 —~
S’ M _—~
B d 8 &9 8 g 5 g 3
E = & s A & B Z 5 3 g
g |8 & & & g £ ~ 4 7 B
(<] " —~ M e e mf O — El-l-
S IR CCT B "’MQ‘U*—"‘gn.s
S o N EQ & 2 £ o
=—=.oun.=~o=.su°w'g-“5§_
2 H® 7N ‘s =g E o o 2
EEE < < & mESLPETE g § =
£glo &) £ 0O Xx=2>E3 & &£
g 3| < < MR AKE<E B 2 = B
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Brom nati on Exanple 30 [0189] The procedure of
Brom nati on Exanple 1 was used except that 1360 g of a
wWQ@2000t198460] ut i on of ACTSP- 12 (From ACTSP ExanpdEBEUSD0G7935
= 2288, PD = 1.91) in dryBCMwas co-fed with 1445 g of
0.25 nole% AlBr3 in bromne to a heel of 3200 g of BCM
at a constant relative feed rate so that the average
residence tinme in the reactor was 30 m nutes. The
produgt was pregcipitated fromwater at 950C with
congorfi £ark StRi ppﬁhﬁofNBC& Fhe ppd@igd was dij BdZak
1150C|ifi & vacaum 6V The “pr dcedure roduced F002%g*
of praoduct. TABLE | Bromination 1 2 exanple 3 456 7 8
9 10 ACISP Exagple 1 1 1 2 2 3 3 3 4 4 ACISP Mv,4833
48304432445 % 9@ 538 330 3303584 584 ALTSPPB 1. 5251738
1.32 1. ‘32‘&%2*11 A7 £14771. &7 I 50 B 50°ACTSP (§'3§’4‘°
500 500 375 291.3 500 500 500 334 500 Mvisture (ppm
58 66 (66 5 . 5426 26 26 14 11 m BCM 25,25, 25
25 @5 |28 25%5*25 2 DOMEI n Sreds (\évo/ﬁ)%gﬂsoo gs%ofl‘_ -
1125 g~ 1500 1500 ‘1500 16?)2"1500°Br-om ne (g)e 7 &
1356. 4 0571. 43 2846.15 2895.3 2330. 4 2846.15 2703.7
2846. 6.24 2333.3 BCM i n React 2600 3850
4208 500% (54006 400084260 500 %&é)gﬁm %3'5 3
(-4-:)27-4@0-?(4- 1.5 (6N N3 (- TS
-1.1) (--35)4(53--3)4(6--2)3(-4-
-2)-4 ( -6 - ) (range 00 Average_resl(\pl ® ~
tima(mﬁ S 3%9 30 (f—9>1 20 £ 30%(3;30—80I|d§ grﬁng
M. (g) 103“0 g 0 5570 50.3°0 0' 0 1805 Mass of & ©
Produdt 954.9 1688.1 1 1823.53 1550 part a part b
173Q. 4 35% 69321751 9 1853. 2,933. 05 d5AQ &b < 83
Thewr dtecagf i@l d D12 1806 9B 16 %gf b) 1806 3 S
1819 1880 1976=1044 1678 % Yi el d 105% 93% 95% 94% '96%
98% 93% 94% 89% 103%TABLE 1 - continued Brom nation

6

\rnl_\r\\m

exampl|eRProduct Anﬁ))%eswl 3 SablXEE8 9 WL L
ReslidUal BOM 240 430 2207066F 2880 9F Z@ B/600 278072 Z,
310 (ppm
o T o NN O ® < 380 %80\:
TI&8 LSS S8 & F - QLG = €S g
N | o O~ A
=T~ B I R QR - RS 8E V=63
T8 ¥4y K& & & & SR T em
o N5 N W T = & XAQng gg;;
o QQMS VN‘)g 2 % (?'1 828.—.(\1 gOINN
~lg 35 85 S s e #gge Sses
a a5 A& & & & VMaoag— ESos
vg 7~~~ -~
5 = ) 88 5
£y £ 2 3% & 1%
T 8812 0 228385 3 & 28
g e2 R fga =A% 5 BE g €
. 28| RNoBxs s 2 T8 ol
- s d | “:AZBB 8 < cZ
g ES Bl El e o080 ELP uEENAE .
. 1 = - -]
2 B3 32..;2wggmib%bgégzzzm'ssqanq
% S |REXEFF =T 00
= g
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XRF Wt % Br 68.3 73.2 74.3 78.4 NA 78.7 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
W@200924868. 1 Tg (0C) (DSC) 37.7 57.4 74.66 139PQRES2008/067935
140.86 72.3 60.76 52.44 38.06 43.23 TGA (N2) 1% W.
Loss (0C) 230 259 273 322 320 331 268 258 154 169 212
5% W|. Loss (0C) 290 308 327 365 362 367 318 3 11 300
283,292 % Ww lpsg () B18 334 3B4 38@ 3F5 880 342
33N 33 @438 O R 50%W S Liss FC) 390 B9IN395 418
415 412 395 398 394 398 384 Thermal HBr 73 349 248 314
208 363 463 333 315 131 < 50 3000C (ppm) GPC Mv 1552
2092 [2180 3@41 N A 306§ 1561 2359 2410 2014 2250 M n
958 1849 2880 26@5 Y AN2596813d1 2013 1ZD0L1EH0 2040
Mz 2060 2549 7787 3713 NmA 3792 1992 29F5 4250 2677
2585 |PD 1.6 1.15 1.16 1.17 NNAY1.18 1.12 1.17 1.4 1.29
1.1 Qolor (Yl Powder) 2.82 3. 68 6. 88 Col or (sol ution)
L 190.,36 08298098, 55 9§. 60 B A:97.4 99. @3 97.:82 96.98
96.79 962 & On0T" -0. 06 . & -8 6 NA S 1354 - 0. 47
-0.19 -0.32 -0.96 -0.9 bD.74 & 47 3.3374.9 N A 9.97
6.5 6.07 7.79 5.7 8.08 DE 0.822.67 3.63 5.1 1 NA
10.41 6.58 §.64 8.36 6,61 8.97TABLE 1 - <conti gued
Br dxri |mat ign«zexgﬁmﬂ 1191818 14, 1R 16018 18 B 20
ACTSR Exanmple 4 4 5 58 & 77 ¥ 7 ACTSPSMw 582 584 715
715 715 740 800 800 800 800 ACHSP PD 1.50 1.50 1.40
1.40|1.40 1.66 1.39 1.39,].39 & 39 ACTSR (g) 500 500
\O Q9 )
500 509 4.‘?0350;8 355237% 35553375 ° o

28
1820
200
91%

15
5
715
1.40
400
9
25
1200
2276
3500

3 (-4~-1) -4(-6
30
0
1426.8
1556
92%

14
5
715
1.40
500
9
25
1500
2571.43
4000
30
0
1601.5
1736
92%

13
5
715
1.40
500
9
25
1500
2125
3800

30
0
1462.9
1582
92%

12
4
584
1.50
500
11
25
1500
3166.67
3850
30
113.04
1641.0
1986
88%

11
4
584
1.50
500
11
25
1500
2846.15
4200
30
33.37
1677.7

L4 (-6 ~ -1)-2 (-4~ -1) -5.5(-T ~-3) -5(-6 ~-3)
1880
91%

ACTSP PD
Moisture (ppm)
Wt% in BCM
BCM in Feed (g)

ACTSP M,,
ACTSP (g)

Solids from ML (g)

BCM in Reactor (g)
Mass of Product

Rxn Temp

TABLE 1 - continued
(range °C)

Average residence

time(min)
Theoretical Yield

Bromination
example

ACTSP Example
Bromine (g)

% Yield

h
w
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Moi sture (ppm 11 11 9 9 9 11 19 19 19 19 W% in BCM
25 25 25 25 25 25 25 25 25 25 BCMin Feed (g) 1500
WA 300/14860 1500 1200 1500 1125 1125 1125 1125 BErDIBI008/067935
(g) 2846.15 3166.67 2125 2571.43 2276 2846.15 1836.2
2134.6 2134.6 2375 U BCMin Reactor (g) 4200 3850
3800 4000 3500 4200 3000 3000 3000 3000 Rxn Tenp -4
(-6 -0-2 (-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 (1% w =2 (range 09 Average reg gence 30,39 30 90
9oé>lszo'> B ti %,e%ngﬁng 30 3073& 50N §s fEANME ()
33.37 113.07 000 0 0 0'0 Mi5§' Of Produdt 1677. 7
1641.[0 1462.9 1601.5 1426.8 1820.0 1250.0 1400. 1
1401.|0 é§6007hegaggggglggiel ;ggggégge)%s %@é£36 1556
20 307 1448 R18632% Yice 8895 9298 F% 92%
91%9%%‘9%/&1’96%"935*)@@&*1 - %?ﬁ&“ muld BR ot on
exanple 11 12 13 14 15 16 17 18 19 20 Product Anal yses
Resi dual BClélr(ppn) 270 190 250 220 7520 %200 29 0 84 <
30 XRE Wt % Br 74 & #5-5 68.4F %2 78.2 3 74.7
75.72 |76 5 broni fedper ST iAg 326§3§9§24?;8 £b§%4 13.3
3.8 3.9 4.2 Tg (0C) (DSC) 73.11 93.1 1 75.33 87.94
111.1 102.02 104.6 131.7 136.9 158.1 TGA (N2) 1% W .
LoSS|(0Q) 286 265.316.314 21 273 273 339 341 347 5%
w S 18sgi () 3&6&3%4%35]3 348 &1 3% 328 %@ 70 375
10% W . LosE (C) 335 357 3633617365 360~339 378 380
386 0% W . Loss (C) 388 401 393 393 401 406 382 411
410 416 Theeyral HBr 357 199 Sé <50 254 016§ 347 163
158,3<§5)@ 30fC (%@) SGEC B 2%)_ §9§b 2630 284073109
4000 |3050 73280 35703599 M F260v2a40 21X072180 2665
3160 [2530 2720 2663 2780 Mz 3713 3963 3460 3918 3815
5460 |3720 4020 4815 4871

m |S9n=s S2g8s 3 3825 g@R®s
B Ao o A NN SO
¢+ |25 ad Tooo o Y22 AN
- |8 ~ : —~ <3 OV 0 = ;o S
meg ooV PRS- 8“.‘2~
[an] o (o]
M [(EIem ©ogo =~ SRIF SR AN
,_‘lnoo-- - N N N O —~ < . .
N@Np neNnonon N RN e — ?\722
a2 wynz o 828X SR
- vyl e VW o wn O O A <+ & . .
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SUBSTITUTE SHEET (RULE 26)



PD 1.75 1.23 1.21 1.30 1.17 1.30 1.20 1.21 1.32 1.29
Color (Yl Powder) 6.80 3.98 5.70 8.98 Col or (solution)

W0 208184608. 48 95. 02 95. 18 100. 3 99. 58 100. 05 RODUSH08/067935
99.5 98.61 a -1.95 -1.94 -1.79 ~1.49 -2.59 -0.18 0.05
-0.11]1 -0.36 -0.76 b 8.77 11.48V14.58 15,67 7.56 1.45
0.46 Q5% 2=184..76,,DER9914S11. ¥4 15.51 46.46:8. 00
1. 52 %4@ 1Z08% 2.%7”5.92%8!% 131;- gnﬁ ngegsgom

natiqn 25 26 27 28 29 30 exanpl® 2 1 22 23 24 ACTSP

Exanfle 8 8 8 9 9 9 10 10 11 12'ACTSP Mv 817 817 817

928 928 928 1194 1194 4054 2288°ACTSP PD 1.27 1.27

1. 4% 1043 1:43,1. 3721 & 2115_1.91 P g) 375

375%“73!/'% %75N-37$ @7533% 550?34833481%% séﬁ% Eopm) 89

89 89 12 12 12 12 12 145 94 W%in BCM 25 25 25 25 25

25 24 25 25 25 BCMin Feed (g) 1125 1125 1125 1125

1125 |1125 1050 1050 1044 1020 Bgoni ne (g) 1836 2135

2659 |1836r 2135,2659 18002045 1479 1445 9 &I BCMin

Redtt|cR 200D 3906 380053@0 S008 35003280 J080 3200

3000 |(g) Rxn Tenp -4 (76~ 2.5%-4 (-6 ~S-7'5Y-4 (-6

-2.5)| -5 (-6 - -2) -5 (-6 - -2)%-4.7 (-6 - 2) -3. 8

(-4 -| -2) -3.8 (-4 ~-2) -3.8 (a5 - -3) -3.8 (-4 ~ -2)

( range O LAy, rge resi genge 90 90 90 90 99 %O 30 30

30 RQ =i k(™ | KdsSf omAL Fg) & © 020D &0 0 0 0

Mass |of Product 1230 1320° 14%0 250 1388 1500 891

1244.\53 980.5 1002.25 Theoretic@l Yield 1339 1442 1563

1339 |1500 1563 1296 1346 1094 1863 % Yiel d 92% 92% 92%

939% 93% 6%69%6 92% 9086 SUUEABLE 1 _- congi nue
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Resi dual BCM (ppm) < 50 30 70 0 0 90 <50 160 1550 320

XRF Wt % Br 72.5 74.4 76.4 72.7 73.5 77.5 73.1 74.6
wW®3008/18866 brom ne per ring 3.4 3.7 4.1 3.4 3.BCHUL2088/667935

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 TGA (N2) 1%

W . LoSS (0C) 328 340 359 321 336 350 295 320 320 332

50 . Loss (C) 358 370 383 353 367 373 343 359 359 360

10% . Loss (0C) 370 380 391 366 378 383 361 373 371

370 5Q%JN . 2L os 00) 403 412 418 399 413,413,400 408

40@4%[2@639@&@ réeﬁg%oocg(%g%glﬂ &222%35‘%50 256

265 26972 <50 U GPC Mv 3740 3760 3400°3688 %093 4232

4080 (4070 14000 7900 Mh 3100 2990 2710 2778 3104 3107

1970 |1800 8400 3800 Mz 4810 4780Q.,4030 5135 5737 6206

68 026423121315 PR 1. 221828 ¥ 25 B SBuR2 1.362

2.07 |2 FB1G74 2.08°CBl or (YE Pduder) 637 6. 84 8. 48

5.71 |Col or (solution) L 100.29 99.27 98.82 99.29 99.6

N A 99. 15 9%. 34 98.58 98.1 a -0.28 -0.42 -0.65 -0.23

- 0.04 NAR- 2 15-R. 88%- 1n 07 211 1.8% 743. 64

2. 9"% £ S1NBA 6047 6.6 . 2 §.1§§[§ 1. 8% % %9:‘53 88
3.04(2.89 N'A 6.87 6.44 5.50 8.14H PS and ABS
Formjl ati ons [0190] General Procedure for Conpoundi ng,
I nj eqtd an M3 di ng..and_Testi ng &f -HLPS ard~ABS
Foﬁngrgapea? W t h%c&pgpél\/?éerialaa%lvs [@1@11% %he HI PS
resin and tke flame-retardant Tn°additi-8n 'tc antimony
oxi dgd were m xed in a plastic bag using a tunble m xer
for appgﬂoxi mat elcy{aléusgi %t eszlLi or,to e%u%i %. The
conpqg g vasic@an t onnac\erer &J rer
ZS Clgtnw - scr e BxTrider at $1F rﬁm TheZf €ed rate
was 8kg/ hr. The tenperature profile was
175- 175-190- 215- 215 OC. In sone cases, the first zone
t enpar atue ' asel ewered ¢ o 1958 C invorder et o avoi d
st ir@kion(g‘? rFsSuesma®d heed ¢ hr o%tgl‘r})ﬁ%\%)r ap \%gd&g}j to
captyre any volatiles if there was any.
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WO o0oaksasd ons were i njection nol ded at a Batt ePdEUS2008/067935

10

15

20

25

30

The extruded strand was first cool ed down by passing
an i ced-water bath and then pelletized on-line. AU

BA350 CD injection-nolding machi ne. The tenperature

profile was 195-195-205 OC for nost of the sanples. A
R, erature of 190C was used in sone
anh 885 7% A ature vas 400C  ABS [0192] The

AB0} e@en&:al Ploexdererfet GongantdingalnjectionMolding ahd Testahg of HIPS and

d |n a plastic bag using a tunble
%ﬂgel? @Pteéﬁmﬁgﬁf‘ﬁgp@ 4%0 m nutes prior to extrusion.
The conpoundi ng was conduct ed on a Werner & Pfleiderer
ZSK30 twi n-screw extruder at 175 rpm The. feed rate
MHBS 8kg/ hr. The tenperature profile was

1 . '

TR L thetls fand e Mime Do B0 4 EFRET ol bR v ORR e
dha pllastia@ag &igesumnble inixedfot kppmatmate@y 10 mjputesysrion mewltrusinn The

ca tur vol atil es S . The extru

5P Patiaind % sopeitiedaBm e et P RRe SR S T 8175

%ﬁm hrR"ded AR P @k%/l?rt 'TE@ng&athferb?oﬁleA\lvis 179 rl‘?@J ifﬁ)t 2191%5°C. In

were injection nol ded Bat tenf el d BA350

isnme chien rthertikstizoge  teapbrate. wahleweedpe r2i-us0eCpn cnfrdelreo wasd

216- 221 The tenperature was 4 0193

Bé&“?&f@s%ﬁ f‘i?gr“?rf}‘i“né*d“@nwa}in ‘8r‘f6P“)l(B§‘>§‘éﬂ%$f‘ééf thre was ]a“Y

AHe WxHhded sirtnd Bes gt Icmmgo\ﬁswphs@ﬁg At ROORLEShathVhfd \hen

(ASTM D649); Heat Defl ection erature under Load

(pAlgl;pmqjgugr)e 118 formglations) wesg 1n]7_e§t40rpx§pldqd132aoB¢mgf)e}d BA350 CD

Db el P AT BB T st SR Ao S0ty B e

Kaapled--2Otbwkt ﬁeeara&iel teihperdt@S tof WO CP@4sHRETRGs0fR chée§' Tt{eiﬁold
bars. The results are reported in Table Il. TABLE

|t¢mperayreBas40FS FORMULATION 1 2 3 456 7 8 9 10 1 1 12

13 Bromination Exanple 1 2 3 45 7 8 10 11 12 13 14 15

%Ol(HIPS) W.%81.182.2 82.5 83.2 83.3 82.3 82.5
b

0,
Sﬁhed\gsz @sm%ﬂ}nﬁ rgtgrggnt Sa%tlr?lon%rolxgc}gta Qnu‘c;lygdm we/fe Lrlnn?edéln 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 cooléd down by passing an iced-water bath and then
pelletized on-line. All formulations were injection molded at a Battenfeld BA350 CD
injection-molding machine. The temperature profile was 204-216-221°C. The mold
temperature was 40°C.

[0193] Testing was performed on HIPS and ABS samples according to the following
ASTM test standards: VICAT (ASTM D649); Heat Deflection Temperature under Load
(ASTM D648) 1/8” (32 mm) at 264 psi (1820 kPa); Notched-Izod Impact Strength
(ASTM D256 method A); and Melt Flow Index (ASTM D1238 procedure A), 200°C/5 kg.
The UL-94 flammability test was performed on 1/8” (32 mm) bars. The results are
reported in Table II.

57
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(ATO) 4.0 4.0 4 Br-FR Loading wt.% 14.9 13.8 13.5 12.8
12.7 13.7 13.5 14.1 13.5 13.4 14.6 14.0 13.5

WOEROPERISES ASTM HDT, 264 psi D648 OC 68.4 70.BUBESB08/067935
73.0 73.0 68.4 69.3 70.6 73.2 73.4 72.3 73.4 71.9 ASTM
Vicat D649 OC 96.1 100 99.9 94.7 95.8 93.9 96.4 97.4

96.6 98 99.4 U ASTM O |zod Inpact D256 ft-Ib/in 1.44

TABLE II - HIPS

mt 34 36 1.48 1.51al. 34 1n36o1.36 1.42 1.42 1.30 1.33
—1.93 g-9%, ¥8" U4 Zatlingsfait V-O V-0 V-0 V-0 V-0
-OV-0V-0V-OV-0O (tinme) V-0 V-O MFI, 200C/ 5kg ASTM
NQ/LO Q‘123§n@17.1¢18.2 14.3011§ 10.9 15.2 14.5
—~ 15=53¢13.% 12 61 14;253&3.28 £1.64ABLE Il - HIPS -
gonti nued H PS FORMJLATION 14 15 716 17 18 19 20 2 1 22
23 24 25 26 &7 Bromanat4 onoExanple 16 17 18 19 2 1 22
:2.3324§5 6 27 28 ZQ SCg'Doﬁ/ 8g1 \/@.%82.5 82.0 82.5
§2.6 82.1 82.5 82.8 82.0 82.5 82.8 82.3 82.6 81.4 81.4
HI PS), Bright,sun W% 4,4 4 4.4 44 4 4 4 4 4 4 4 HB
S (A0 PBr-FR « ¢ 5 o3 &
c\. - O o v o @A
*1% 5§ & gg I3 4
Ta) Ta} on 00 O o "a}
S Y S T S a wu N ! <
[¢’e) — \Vs] (=, y— > y—
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Loading W.% 13.5 14.0 13.5 13.4 13.9 13.5 13.2 14.0

13.5 13.2 13.7 13.4 14.6 14.6 PROPERTI ES HDT, 264
WOBDMII62. 9 72.5 73.5 74.1 72.9 73.4 74.5 73PQr/¥42008/067935

74.8 73.5 psi D648 73.1 72.2 72.4 Vicat ASTM D649 0C

99.4 100.7 100.8 99.9 101 101.2 99.8 100.9 101.2 ASTM

TABLE II — HIPS - continued

zod | npact 1.42 D256 ft-l1b/in 1.36 1.37 1.42 1.44
~ 1.46 & 51 1.81 1.39n1.46 1927c1.38 0.92 0.86 UL-94,
N 1/®" G-9% r&ting VEO V-OF-O3V-GV-1 V-0 V-0 V-0 V-0
/O V-0 Fail * V-O'V-O MFl, ASTM g/io 10.1 200C/ 5kg
o 12,7 2.1 1003 11.5%10.4 %1 &1.9,10.1.9.0 11.3 10.1
N 8.8 131 Di238 nin f3il duestoafter gl owlrABLE || - ABS
ABS FORMULATION'1 2 3 456 7 8 9 10 1 1 Bromi nati on
w Examplee 3 4 § 6 7 1Q 11 12213:=14 45 Dow 342 EZ wt. %
~ 72 8. 0" 80T1 79.478.8 78.3:9.2 79.4 77.9 78.5 79.2
Bri ghtsun HB (ATO) Wwt.% 4.5 4.5 4.5 4.5 4.5 4.5 4.5
+ 4.5 475 4,5 %. 5 AT-381 wt. %051 021 0.1 0.1 0.1 0.1
0.9 o%1 0.1 8 1 0.19Br-FR +o0adi ng=wt . % 16. 2 15.4 15.3
16.0 16.6 17.1 16.3 16.0 17.5 16.9 16. 2 PROPERTI ES
1 N
g4§,§64<p3|ﬁASTM 73.4;5364? S <
o -
Nlg g ve pg®Tos
<lag-% 2gagoe
S|/ & v o £ 3523 a
2|8 g+ 4 48 F 33
o0 —
|2 g v gl
N O o )
2l2 g v+ 2 g8 33
Tle q v e o R 3 S
o0 — -~ — —
E
Ro® W S £ o¢
i, 5 5 3 ¥ ¥ £ E RE
O <t 00
S Zogafe & 283
< NONOLAQN = ==
3 <a<n<n 5 <0™®
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> |5 ~ B 5 b w8
Olf23 58 =& ¥ E L g
LlEe®pn 2w En . . £ < O3
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TABLE II - ABS

wo 2d/13sIpact ASTM ft-1b/in D256 1.76 1.80 1. 386PAT/BF2008/067935

0C 73.9 74.2 72.6 71.2 71.7 73.5 74.4 73.9 74.4 73. 4
ASTM o Vicat D649 0C 99.8 103.2 103 100.4 98.9 102.2

1.78 1.77 1.88 1.88 1.64 1.77 1.76 UL-94, 1/8" UL-94
rating V-OV-OV-O0V-OV-OV-O0V-OV-OV-O0V-0V-0

MFI, ASTM g/io 230C/3.8kg 11.6 10.1 10.2 D1238 min

11.0 11.8 11.9 11.2 10.0 11.7 11.9 10.0TABLE Il -ABS
>- continued ABS FORMULATION 12 13 14 15 16 17 18 19
20 2 1 22 23 Bromination 16 17 18 19 2 1 22 23 24 25
26 27 28 Exanple Dow 342 EZ W.% 79.4 78.6 79.2 79.3
78.7 79.2 79.6 78.6 79.2 79.6 79.0 79.3 Brightsun HB

W.% (ATO 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5
4.5 A% 181 W, %9.1 0.%0.9¢ 0l Q51 &1 0.1 0.1 0.1
~0.% 0@1 01 Br-PFR Loadithg 8¢. % 1620 £.8 16.2 16.1
16.7 16.2 15.8 16.8 16.2 15.8 16.4 16.1 PROPERTIES
o O], 264 psi _ASEM D648 9C 73. 9 7457408 75.8 73.9 75.4
= 16-8 ®4. 44765769 74.8 5.2 Vicat>ASTEM D649 0C 101. 9
102.3 103.6 103.7 102.2 103.4 103.9 102.9 103.8 104.1
102.76103,2 — = o ¥+ o ©~
T8 5 & 2 - > =
< ~ © < ® o 9o
=% g ¢3¢ T 243¢s
~15% g ¢ 3 ¢ < s =
o - o o o O
°l2 & ¢ S © S RO
o0 — 0 Q] o ® o 0
AT L S = = g2 5 3% -
<
vle g 938 §g=® 32
olw g9 58 F8% 3
N —
“lv g 338 ggE 38
™ - N <t e e
T g ¥ e 9 8 8 = > =
£ w
SIS SIS 5 £ oc
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TABLE II — ABS - continued
ABS FORMULATION

ASTM | zod Inpact ft-Ib/in 1.73 1.78 1.67 1.71 1.70
1.58 1.63 1.68 1.66 1.76 D256 1.71 1.75 UL-94, 1/8"

wQRe09448464 i Ng V-O V-0 V-0 V-0 V-0 V-0 V- O V- O RETIUN2008/067935

16 17 18 19 20 21 22 23
——-f—'-—|m Q) rTH-n Q mnmﬁ—'—‘nr— ﬁ-—t—'f—rmn<—-

15

V-0 V-0 MFI, ASTM g/io 230C 3.8kg D1238 mn 10.3 11.3

10.7 10.0 11.5 10.3 10.3 10.6 10.1 9.1 10.5 10.2[0194]

Conponents referred to by chem cal nane or fornula

anywhere in the specification or clainms hereof,

whet her referred to in the singular or plural, are

dentified as they exist prior to comng into contact

M Lh another substance oﬁeferr&d te bw chem cal nane or

ha&ni al ¥ype (eSg., anot her Conpdnel, a solvent, or

itc.). It matters not what chemical changes,

ranstor ngt i ons @nd/ or o eatt | Q:nS,OI f wany, take place

nat h& resul & ngS mi xt ure og sdl ut3on<as such changes,

ransformations, and/or reactions are the natural

EEUI to of ,bringiong the speci f id gonponents toget her

er & hescondi tfons cat | ed & parseant to this

i scl osure. Also, even though the clains hereinafter
ref er,,t o_subst ances, cGrrpenenés and/or ingredients

nat h@ presem’c tense ('t*congrl fes"y "B", etc.), the

eference is to the substance, conponent or ingredient

1S, It «existed atethe tise gustw beJ;orep it was first

ot a&t edy bkended or rﬁxe wid h ®neSr nore ot her

ubst ances, conponents and/or ingredients in

icgor @ancg with the presen® disclgsure. The fact that

1 Qubﬂ ante, c:cortbonent or ongr‘_\edl;ent Smay have lost its

riginal identity through a chem cal reaction or

r gnskor rmtl on during tse Gour—se of epntacting,

| &ndigng or i xiBg operat i ons,_ i f>collucted in

iccordance with this disclosure and with ordi nary

kil l cof @ chemest, is dhuS! ofn\ noopr actical concern.

O<:l!95]°2 Exeept asSmay bgl exgr ess| y>ot ierwi se i ndi cat ed,

he article "a" or "an" if and as used herein is not

ntended fo L m+, andgholl dOtﬂOtheCCOﬂSt rued as

imtidng, <a o ai¥n to a Bi ngl eel esen€ to which the

article refers. Rather, the article "a" or "an" if and

< aSused hgrein is mterwzled‘otomover ene or nore such

vl

o

i

[

—

(—:Iemerits <“unkessSt he t gkt expr,ess:by Shdi cat es

qt herwi se. [0196] The invention may conprise, consi st
ar .Conrsi s}, essential 'y of ghemterl al s and/ or
pruce@ijres reci t8d herern. g Of97]>Eac:h and every
patent or publication referred to in any portion of
tihi s emﬂcatgnisi&coapor@te i toto into this
diScl esur§ bi reference; ag i ffull ysset forth

c

2 8 8 8 5 £ og
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NONOVNA = VN~
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wo eveges4ny description is not

10

15

20

25

herein. [0198] This invention is susceptible to
considerable variation in its practice. Therefore the

shoul d not be construed as |limting, the invention to
the particular exenplifications presented

ftsfﬁ nake o%er%%f%@d b dtfs&atﬂeml n%gaqaﬁ} fif g@g&h&é AR fhe

| SI rom nate nioni c
apﬂlﬁ?:’amun q olajmsehreroAGReAL) rf:femb‘dem én the tshgulmmrmﬂsall aro talentlﬁed

contains at | east about % Qr om ne
g‘é RS UL ORYIS BB GaRact WGBG“OFS ‘?Wél‘fﬁﬁf%%u 9 r‘f§ )Cl"?m‘ca‘
trame GREHehidaPbd @.Branothétombifemng sdmt, \bAkK§S [tRRdtBY not what
based upon the total weight of the conp05|t|on 2. The

cheredi changes, dRngorayationt err@awonShef sompbs bl hageslting
T 0 2
a@?{lj}t& %S&ul(t}gr? 3s %chach%r%gg %aﬂstf and%?‘réaQ (H'& a?e ﬁ}g Cﬁa?upal

under e conposi |on 0
aesaltnof Ibrinpieg ehen spiebified rcmnpcmattsa obgﬁﬁaf\mdaen: mamondamns adalled for
| east abqut 97 wt % of the t I Qsi tion wei

THEULS A U (619518 Al v offR, aias B ¢ aanrefer to
GabkkaRAEA scdn@%ﬁentshﬁsa/oz c’mb EPiE rp&fs&,@ téﬁwg&ﬁgﬂ%s" ‘Rasqd),
on the total ht o t he conposition
dbmisésines Brio dlve Hinee. ICoppencet o1 ingredieno pp i skisedat heagimg just
%%oh'@w&sﬁﬂslgg&ﬁcgﬁsé%d%%?mlxé@ Wr} %né g? {1{ gﬁngt?urerr] %bgtgn%gg,

out 1 to € CO ion o
whmpeaients hinkord ngraiisitstin taccomllamcmmm& tha/praseﬁ%ﬁcloam Mihecfhict that a
from about 1250 to about 14, 000.Dal tons
FSPRANES) GRIEPORERY G t"ére smayil ‘288“ S PRI ldgw&y ﬂ“%h o &gical

trBRtorPR Atdhsfermation/durifg) Bie COUMRQS cdrtRfn dgoialeﬁdl@g mmimgveserrﬁions
the brom nated ACTVAP is brom nated anionic, chain

tif endyctsel in accqraanse Wl injrsiscloguscandmyith oglinarnekilbefipsbesist is thus

Y1 Lelai% m%r ein the conposition has a TGA w % | oss
off gb/éat acoterrperature of from about 290 to about 380

(10195_] 9ExcEpiers ompbo sxpiréselm othrkrmdeandma%dy&e ardicla "4"hee "an" if and as

br omi nat ed ACTSP .coppri ses st aboyt 97 wt %
ARt & ol bt 5 B, B Sibla nof B Son@Ret s eIt i o a
Ginglenslemenh@r@iich thberticeFes Ra@er, R arleYal bowieFand agdesd
(ASTM Dlgz?f;‘@of fromabout 1 to about 8. 11. The

TS inengee §1cover anener marhdick Flamenis uelestkesieatiegpressly indicates
oog; %s via GPC, an Mwv of from about 1250 to about

) Dal tons, and an Wh from about 1,070 to about
qoP6D Tl inengonamay campiise, emsistiohemsistiessghtiaPly 2f the materials and/or

procedures recited herein.

[0197] Each and every patent or publication referred to in any portion of this
specification is incorpofated in toto into this disclosure by reference, as if fully set forth
herein.

[0198] This invention is susceptible to considerable variation in its practice. Therefore
the foregoing description is not intended to limit, and should not be construed as limiting,

the invention to the particular exemplifications presented hereinabove.
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retardant anount of the conposition of clainms 1 or
7.14. The formulation of claim 12 wherein the

@Kw?tl on additionally contains a synergistic anount
0 ame retardant synergist. 15. The fornul ati on of

claim13 wherein the formul ation additionally contains
synergi sti c_anount 0 aflarrertarda ner.gj st .
al6 ﬁ f?aa}?ereﬁa@e'&rcaalﬂ?m@arﬁwgmgo% ‘E’HWPCB@W 1 Ch%‘“ transfer,

by; xfdﬂahﬁcd iﬂ]f& ACTV PR iWRerkih ARSdofipositidn i) cRiA¥E leBst about
p(l)lﬁ‘rrti rq’ Whei:)gl netlhe co pgssl,l tnl gl%c (1) haesS ; o

g12a§t§o ltrplams,u anil érm) qoataie dess thae al(onrgl 00spph(weighiweighththermatly
l bg%??gl%%t% }%@?g&galﬁg%%\ %?(Pu on t{et tal%@%?&f'?ﬁe c%hrg!)s?tﬁ)%t

m ne; 1Y) contains [ ess
aﬂbout THe, @@@omnm of whring h twhereinghd Jontphetionetak y TIGAD 5| va%Bboss at a

t he vvt%a val ues bei ng based upon the total
VETRFFAMTSP f%gbeb‘r?ﬁeﬁ ojabgyt 3 8%7‘:“'\4%“15%03|t| on of

o] ai Mrdbewesicdn bt G WHRRH hi %mna?e A @A o

g mfpn]ges at least
transition tenperature (Tg) wthin the range o rom
abow 97 W%OfmotoabMpomﬁmlglﬁS The con‘posn tion of

6_wher.e n 05|
R I R R e S e
IHomikhel BevRdact baodt daftheabtall weighbothedoipBsifidhe br om nat ed
ACTVAP conprises at | east about 97 wt % of the total
conpodhe FERPOSiEPY AL claimp ] WhsEIn: ipSE@PRsition has acYedopmness Index

i s than about 25 wt
B TR B o B L P3P, Lo el ght of

tfhe c Shgpewippsitom, of 2Iaim Thrdlemmrqwg:mlxoanorotﬁbtamsamm@@ .an M, of

RS S04, SRR 1 DB B A7 e S, PG 5T Yoo
Adaltorlsuad & ODPS ihk shduck2.Cl ai m 16 vvher ein the

con‘posn tions gobtains, via GPC, an Mw of from about
17-000 Theycompstitional ¢ajms Bavhesti the hemiased ACTV 4R, i bbygminated

%anochgilﬂ Qs fek %tﬁglg gégﬁeﬂAElPSi’)es s than about 2.2. 23.

he composi ti on “of nms 16 wherein the brom nated
At:T VAPhd epnippatdndickadn A iheminghe @mpbntianrtans T6A, ws% yosenle5%

24, The compqsition of claim23
V%gi@g‘pga& 38%8%*??0 A am&@ gl ass transition
tenpersd tdnoditiébNclhiRe7 wWaaeia B blomMAled ANSP TGREride? at least
about 160 0C.
about 97 wt% of the total composition weight.
10.  The composition of claim 7 wherein the composition has a Yellowness Index
(ASTM D1925) of from about 1 to about 8.
11.  The composition of cla1m 7 wherein the composition obtains, via GPC, an My, 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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25. The conposition of claim23 wherein the
conposition has a TGA wt % | oss of 5% at a tenperature

conposition of claim 23 wherein the brom nated ACTSP
conprises at |east about 97 wt % of the total

nmp 7 0 iti .cl ai .
ARor ors (REuAERS ciyine 12 MAE QR TRkt Haifudh Gy -
m&%s)lcModmoﬁnfmmuétarﬂlamwnadgmut 8.28. The conpositi on

C 23 wher tion obtai a
35 M/\ﬁt‘?f OHb%Ju‘ga‘ Sbov%np o fermy tl%@d&qnef&hgont%%a
3fhedistit Eﬁ&ln@@@ﬂauﬁ5&axﬁ9ﬁ@ﬁ@ﬂéﬂst 18,500 and a PD that is

| ess than about 2.2. 29. 'A H PS-based fornul ation
dént af nflime Etardapneompesitenceomprising e morrmatqdra@wwnﬁ@gu trangfer,
Q'tnl){[: !ér?frlllgﬁcg};ogyn?ﬁr é&éTVé?)arv@grepqa ?&?R%gmfn? r(ﬂl'hag tal ?ass tr?nsmon

®mpetalird T, J @ithih théJang df froin h00ET IFEO Lo bkt A 652CE (G E(ﬁltams at least
containing any one.or nore of the conpositions of

@baiit 8 Wit broming; apd G cogtains Aesp thineabautt LR00RRIY (Meaighy Waight)
d
AN ] O R e e 51

ebmpGiivAP or ACTSP with a brom nating agent in the

esepnce of nt .of. Al Br and
lher e otipoffien oL Hefiy 18 Silibteir e Sorioaflin fuso e lpnsion
R tafiRe @W:&ﬂm@taﬂge éf@l%& Mﬁﬂs% 9 Q6buP PIFPC.
(\NEIght/WEIght t her mal | e brom ne, the wt % and
gpm vHiewempwiqng)f plaisie ¢6 wé@nn thasompasigion hesi yhPA §fwifdhless at a

iti f claim32 wherein the
iﬁ%‘ fﬁ“eo ti%&?:etg gé'?gg%s lute in proxinmity to and
gont enmfoa@mwﬁloy cMint 16 fvRdrdi the broafit@ddA CT V A¥e linsphis@fat least
the brom nating agent and the A Br , such feeds being
rRErE 91 Waofrtb%@tab?mmoeﬂ%hng'éd with solvent, and such
f2gedSTlreaJ091?951thto@ R 16 BRGIR the $0h Y& MHon c@t{talksel@s%z\h n about 25
part ormng a reaction mass conpri sing 3 the
rvegclnrpmmaqod mdumtiduch bised mihel tdta} weight df tedtomposAGEVAP or

AT, SEBS VG g iy 1y e

QQSTMrmbtso,wmmrtﬁea@ﬁ@d)f Bem@bdral towor@ent , and such
f eeds bei ng made subsurface of the reaction nmass |evel

2Ad t Fee compesitionof paigs] hereithecampetidons obtias.via GFG an Mo of
"R d‘ot’) %b&ﬁmtooo BRrs, 10d APAUFrom Qbout 840 to kBt 18 500 and

process of rein the ACTVAP or ACTSP feed and’t
jadiniessdran gbquia2.at e

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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feeds are inpinging feeds. 35. The process of claim 33
wherein the ACTVAP or ACSTP is fed in solution with

wherein at | east a portion of the brom nating agent
and AlBr are fed jointly as a solution conprising
nme. r f.clajm 3 '
oo T on AR P PSS S 16 gpc, o o
Sfﬂinuibloﬁml ,00 ngpatiost 2100 I‘Deltdnmm$8n M[ frém fabaut 8505to @bouB 78,500 and
3%I n the CTVAE> or ACSTP feed and the joint f eed
il ﬁi’l‘rﬁlﬁijltlﬁ’ﬁa"%’é 2. 39. The process of claim 33

viger ehrHIP8.8asbd mm&idmmgﬁ%ﬁ fafd refrdafIRRLALY HE cwhlsdainen
t he range of from about C to about Q0C. 40

prelé@sl @f23cl ai m 33 wherein the broninating agent | s
OOm Ng f\ s-ggefo?r;)&gt?o%s. S z&é:m% pf?aﬁne Ie :an a%% of the
P on

process er conpri ses e r'eact
rmmposntrmn\oﬁﬂamsmoxdnactivate the Al Br3 cat al yst, such

enchi m ng. an aqueous phase and an organic
Sﬂase E%ﬁﬁ@ﬂc ?ngclsmtgwag PRy %a&éawte the GopgeRdioyof claims

agents ot @3.1 ower the content of any brom nating agent
present and/or (b) a surfactant as needed to break any
e¥ul sihamoaessaior prducingr mbromindies Zamecretaslan rampositiandith¢ pyocess

g%ﬁ.ﬁ{g HiShib é‘%f(%%#:or Bkj?? bg{ %'Féa&'ib% ofALTOAP gPR%%?P with

proces
qauemhiumg agdnhia tiegpaeat eficaciyga Imﬁunphfaaslﬁrﬂhd amlrveﬁt Wietein the

organi.c phase deriv fromis shed wi
Ewesmoaqﬁa&te'a% ngé‘BT—I(?’@’b%Et"ft% brorging @ad; & @“Q‘We‘e&*o‘ﬁ% P0G ppm.
m/mghgrthé?ﬁ@llﬁﬁblkhﬁsmlnmebmmn@§,§mtva1u§§1&lihg based upon the
talfw tggj occurring at a tenperature within the range
0}

bagompssitian. about 650C. 43. A process for

odu a
ocoatd otk DO P R LR CRTACTSERT R, oD g splhd o
rppadmitoro afd MM@meuMBP jointt ¢ sapdodte fded@) bithe dgemihating
in the presence of catal amount of Al Br
eyt HorrRBEr Sk HeeSCbifpaliides 8 hatior 2rfhineed BB Sy ne
tSRERE® Wiofy With)prattHakded sbibgt,r RNGS ;safmailgq Mleabfdn mass
350C to about 1650C, contains greater than 65 w %

romRTINRE: (i the TERSHP™ PIogduqtscabsained by the fyed) o ARTVAP or ACTSP and
O L el A 0

cptpaly, tunmactcdau:omeenangmleamd gich déeds heidd3 nmlires@sunfatdﬂef the

ACTVAP or st? solutelnF ﬁ'g )é {’;\tn
ch"’r?{‘%‘}r%SPé%oalﬁ‘Ql éf’ K An [“8%3 vipg 4 lemperatre within, the Z3nge, pT from
t4B6ut IRk AbhEC;

34.  The process of 33 wherein the ACTVAP or ACTSP feed and the joint or separate
feeds are impinging feeds.

35.  The process of claim 33 wherein the ACTVAP or ACSTP is fed in solution with
bromochloromethane.

36.  The process of claim 33 wherein at least a portion of the brdminating agent and
AlBr; are fed jointly as a solution comprising same.

37.  The process of claim 33 wherein the brominating agent and the AlBr; are jointly -

fed as a solution comprising the two.
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agent and the Al Br , such feeds being nade to a
reactor pre-charged with solvent, and such feeds,

form ng a reaction nass conprising: (i) the reaction
pr oducts obtained by the feed of ACTVAP or ACTSP and

e| r ! The efrgsee? S%f?/%leiﬁg@éi{ bfe! /f‘cc’w@f ngﬁ# Fegsl i p%ij(gﬁtgfle?dyffre

umpmglng&ddsbr om nat| ng agent and such feeds being nade
?Pgbswih,f ace of rﬁa i on ss . |l evel and the reaction
5s 'Mfﬂ@ssao Cémé Arhgred e Prominafipnoogeui gba fmpesapyg within

aROwdh ge o fbfrabdd ADATHo aBElED° 5. The process of 44
vvhere| n the ACTVAP or ACTSP feed and the joint or

Mpar Bhecprocsescs claime33 whsranyihe bromimetng agent istisemipe.ocess of

041a| ml‘ﬁle nprmgﬁ' cihich |3§ v{hgg\é'%ﬁ) oce’%%&lieyicgnﬂﬂl%gs .12 8uenéhir(1)% the

sol ut Bronvehl or OBt
crbatmm fdsswinew gitmntoadeattivas ttha Aang tca«alystpfsuch hﬁxeﬁtjhb@ fofing1gn

ent agnd AlLBr are f oi ht

S i afva s Phore b WGk SRR DA S eHnEsteRn ©

tib@er RO RAL My %ﬂﬁrﬁﬁanﬁ% slgehhﬁegelnarna/oa(b@ al s@irftkdny asf l?egdeﬂsto

a solution conprising t process of

viisRak @nyn em g omdrE/mpy fwmmpweewpmm amh@) jepanting @e Qrgamc
le N 50. The process of claim44

%tllgsregsﬁl t{ll%leq{}%)ru %I% at ion occurs at a t enper ature wthin

t42e r Amgeowets df chim dboulisequerit @ibe Qandbmg,lthe@tﬁ:ateﬁbrgaiﬁh @hase

process of claim 44 wherein the bro at| n ent i

B SR R G L Seort DS g et fangous NeBH,
ROREES® réddtd hE EoneRIBN dniRcolod boditd SHE maylge %r@s%ntr QRA Waihg(s)
mass in water to deactivate the Al Br3 catal yst, such
CPoeUTEE aﬁgtemprmumgmaw raquegmé fromabeut AfTdo abvumiéénl c .
phase,t o whi naI a redyc

ent AuBoot e B pioRu Pl S Bt e o, proces
ompeving Rsmihaing (AOT VaAPSa IAGTSP 87 the 2dctivaed aCTVA PR AETSPR)th
enul sion that, may formin the aqueous phase; and

(2)
Sppigating geanhia t*afrpg%fﬁrrce ohfpbc F'PP.HW B e e@veah\a@éem the
»%%msznﬁm mﬁsoacgﬁ trtfsitioh ?e'r@bét%re @YREBAUR YandeDf FHR about to 35°C

qgquenchi n e separated organfc phase or any other
dp glant E65)Bersetaide geaterdhantdrvefortoming, and singinsiipss thaa 1,000 ppm

j u sol.uti.on 5o reduce the.c
g(ra%&:%@tlwce?ﬁqlgﬁgebm%ﬁ\blab € br ml% theb“ét z},ng ggwtvalugslr]%eﬂ\gonase% upon the
vraalhive‘l@(sf)thmipbfmm at a tenper ature within the range
of from about t o, _about 650 54, A Er ocess

o TP SFosk s P DN e ACTVAR ahA LTS 5ol oh solitsan

Fr&&BR#yp to and contemporaneously with joint or separate feed(s) of the brominating

agent and the AlBrs, such feeds being made to a reactor pre-charged with solvent, and
such feeds, along with pre-charged solvent, at least partially forming a reaction mass
comprising: (i) the reaction products obtained by the feed of ACTVAP or ACTSP and
their respective impurities, brominating agent and AlBr3; (ii) solvent; (iii) AlBr; and; (iv),
optionally, unreacted brominating agent, and such feeds being made subsurface of the
reaction mass level and the reaction mass having a temperature within the range of from
about -20°C to about 5°C;

45.  The process of 44 wherein the ACTVAP or ACTSP feed and the joint or separate

feeds are impinging feeds.
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conprising brom nating ACTVAP or ACTSP by the reaction
of ACTVAP or ACTSP with a brom nating agent in the

wherein the conposition has a nunber average nol ecul ar
wei ght by GPC between from about 300 to about 1900

i .
B oAU A4 Sl hEAETRe Mt KSTOT 81 By i
Ilmbndchlobmmﬂmmee the wt % and ppm val ues bei ng based

e total i ght ,of th 0sSiti0 55. The
Poce Tt wpsiy e srm e # i 0 1 brARiRaETE agepiagd
%Bﬁa&%&bﬁtly%@{oﬁmbm&ﬁbnﬁnﬁiﬁﬁﬂ, cont enpor aneously w th
joint or separate feed the brom nati ng agent and

t48e Alllsy procegsm,fwla‘lreééymelnﬁge hraenating agenteaad therAlBr; are jointly
%c?as%r&fi‘l'{] wag{,gegztgé Nent, and such feeds, along with

pre-charge at least partially f or i ng a

rddact Thmpmwssofc4fphdran tg: ACTYAR heACSER fded mndothe deintt feed are
abt ai .nefi the feed of ACTVAP or ACTSP andtheir
rBBBERE {9E i npurities, brom nating agent and Al Br

(501 ) PR MBks of(dleln'n)44'%Hgifems'!ﬂ@I broﬁhﬂé)lon Qcmu'scaf‘ ﬁ‘lténiberature within

unreacted brom nating agent, and such feeds being nade
dharaugerof fram gout HEG WAabeUt 87C. mass | evel and the reaction

SS Vi from
Hout Tebs P! AtiPoilhlo Rl el WL ¢
viller eThe prbe@ssAE IR 40 whaEmSk: proeds furtblertchmpiises (’10 qmemohmg the
separate feeds are eeds., 57. The process of
CPRRT B Rer araio; fretRehp AUBS aays hieh{ Gandhips forming an
Saq{ukbhé gra sdMnld An RF AR GRdse EPWRENB RBtonalBy adﬁaﬁ(apﬁ REB&S &kt to

claim wherein at |east a portion of the brom nating
deuatthaenatenl dragy dramipasing pesphpreseniaandiar Golajuifastant as needed to
Fah r | :
CPERahELARSHR TR mdd ot I ARAEETT sy TR DE ghane
phgwlftotn thragamwpphase.ng t he-two. 60. The process of 59

ere t he ACTVAP rACSTPfedadte oi nt A
T G a2 supeauopt o0 F Guiind IS shrlo obSiid phase
vmeaﬁys bthert dtanky’ SHAbd\@riv@NthereLoth $s Rishéd WRNR DA, Ulidhcois INUBIHL,
the range of from about -100C to about Q0C. 62. The

PPl r%fhlcecqhamtesofmweqowr beriesishas man be Praynia gich tvashing(s)
Ry Qi a‘t Hﬁ?e WtHAF§E fan gef of o am)lﬁ 55% §§(ﬁk &k ! he

proce Rer conpri ses e réaction
s s lAnprmtseﬁOr prodakerep tai btahﬁattm ﬂan@é B[ardhat admpsitionSthe Process

e e PRI RS R At 9 hrse v
HR6thinktfhg agent in the presence of catalytic amount of AlBr; and a solvent wherein the
composition has a number average molecular weight by GPC between from about 300 to
about 1900 Daltons, contains greater than 65 wt% bromine, and contains less than 1,000
ppm (weight/weight) thermally labile bromine, the wt% and ppm values being based upon
the total weight of the composition.

55.  The process of claim 54 wherein the ACTVAP or ACTSP is fed as a solute in

proximity to and contemporaneously with joint or separate feed(s) of the brominating

~agent and the AlBr3, such feeds being made to a reactor pre-charged with solvent, and

such feeds, along with pre-charged solvent, at least partially forming a reaction mass

comprising: (i) the reaction products obtained by the feed of ACTVAP or ACTSP and
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| oner the content of any brom nating agent present
and/or (b) a surfactant as needed to break any

separating the organi c phase fromthe aqueous phase.
64. The process of claim 63, subsequent to the

qh‘e?ﬂ%ﬂ) &Qﬁ laJSl A g,se&% g'faﬁr% a%[:l?%m R]B%, if s lved]t u%f H\%Q and (iv),

organrc p er|ve romis
hmaormlly,anpmanedsbxmmalumg)hgehu amnl $udh mdubeng hﬁd&mtlﬁfate off the
m ne col resent, suc

vca%ﬂ?waf% )?e et *fesfﬁ?j“aﬁ méSS%ﬁé et Vilim e pass ghigem
Qbodt LRRT PRl 5420C t o about 650C

56.  The process of 55 wherein the ACTVAP or ACTSP feed and the joint or separate
feeds are impinging feeds.

57.  The process of claim 55 wherein the ACTVAP or ACSTP is fed in soiution with
bromochloromethane. '

58.  The process of claim 55 wherein at least a portion of the brominating agent and
'AlBI':; are fed jointly as a solution comprising same.

59.  The process of claim 58 wherein the brominating agent and the AlBr; are jointly
fed as a solution comprising the two.

60.  The process of 59 wherein the ACTVAP or ACSTP feed and the joint feed are
impinging feeds.

61.  The process of claim 55 wherein the bromination occurs at a temperature within
the range of from about -10°C to about 0°C.

62.  The process of claim 55 wherein the brominating agenf is bromine.

63.  The process of claim 55 wherein the process further comprises (1) quenching the
reaction mass in water to deactivate the AlBr; catalyst, such quenching forming an
aqueous phase and an organic phase to which is optionally added (a) a reducing égent to
lower the content of any brominating agent present and/or (b) a surfactant as needed to
break any emulsion that may form in the aqueous phase; and (2) separating the organic
phasé from the aqueous phase.

64.  The process of claim 63, subsequent to the quenching, the separated organic phase
or any other organic phase derived therefrom is washed with a basic, aqueous NaBH,4
solution to reduce the content of amine color bodies that may be present, such washing(s)

occurring at a temperature within the range of from about 45°C to about 65°C.
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