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DI STRI BUTI ONS AND BROM NATED FLAVE RETARDANTS PRODUCED THEREFROM TECHNI CAL
FI ELD [ OOW0]20ibiss462nvent i on rel ates to novel and usef ul pCcolusess/oes1dl st yr ene
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substrates fo i i ardants. |l n_addition,
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aromatics are known flame retardants for thernoplastics. For exanple,

brom nat ed pol ystyrenes are acc rncially significant flane
retardants for use in a vari etywlﬁg‘ﬁ%ﬁfej@#cs. These brom nated fl ane

r et ar dant[80¢MgVEni& imiegho@relaRE it6 Ok OINhME usdiilt &Mienanthd $torehb@lefixdéE®dlomer

possible, a lowthermally |abile brom ne content. However, a high aromatic
br onilRe cbitibyfonsarrupe disEbrpani &gingy dasikbiherubptiies for dbsi peaater nefi | y

| abi | e brom t her pal: | omj
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gener at edetatdantstprediickd firent eichtdamer distribetidresd at an el evated tenperature for
a period of time. The thermally | abile bromne content is dependent on (a)
the content of HBr by-product still entrapped in the flane retardant (even
after finishing steps to reduce tRAsKEGROIND and (b) 25 the amount of

nol ecul ar, non-aromati c brom ne present. Exanples of non-aromatic brom ne
are dbi pHA002] Yarows desninated reomitess akd lotmawn fame oetprdasts éort thermepastickyFeme or

al kyl i dene _gropup _serving a bridgin roup between aromatic. groyps or is
an &l kyl SOBEET { RS 0 PaT BRI B OUBIeING® et VEreiig Sigarisant e

of f-gas fre@rahh&of hRNE arvatislydAMermdSpstidd. tihesd RSmMitERihe rdk2a44 Bieqns can
result in damage to nol ding 30 equi pnent used to fabricate thernoplastic

f or nul at iloghs argmatic dyemiag cortepleanst o & cxipnbpessible ladgw thergnally Tybiterypmdisr es

and the |jke.  Thus, the [ ne t 1 nat ed. flamne.retardant
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anmour?) ofdesindd” app@dllyiBibikabrddgin@ndnicst. STigNkHer@any [13bileeBropdtde Rpnisat ef a
quenching the crude flane retardant reaction mass, followed, as needed, by

further 3I5ominafedhilape fotedpnfeindeterained byymedwraneeat of thealewil-gas srpeiader
washi ng. (Lisii r ' f ' h its
contri buti onatjth%&aﬁt&f%haé@nﬂgﬁaiﬁeal?%dbﬁ% %?gd?néhngﬁ{éjgfnat%g%tf&gﬁ% ﬁgd ? ?ﬂfl{sehg% ©
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whil gnastill. i di .0, a 0 i I QM i he
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coul d be diadled] eQf, TV endlckiuig ahd theMkd)i DHilsytharedrathieed tortelvatibv@hinatedilame

nol ecul ar wej ght hydrocarbon raw materials that can be effectively

br omi nat &8Nt vt oy thatred!y lpbitgebroptng ¢ t hat exhibit a very high
aromatic i i > 0 om : e W sane
tinme, ha\;gégpcﬁ(g)m%g%}gmeygdé%%et[?tfaeéﬁ%lyﬁegvlﬁ% %ggrnng% F%a fsaﬁﬁlgg\%{r@%eﬁ%cego tent.
[ 0006] Thiaer queactiingithd sude 8mmd rétardanoreacteonsmeds, olloowrtly adudeded) Hyofutther art .
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35  finishing treatment, be it by chemical treatment or by water washing. Usually, the
removal of entrapped HBr is effective and thus, its contribution to the thermally labile

bromine content of the finished brominated flame retardant product is not significant.



BRI EF SUMVARY OF THE | NVENTI ON [ 0007] This invention relates, anong other
things, to a teloner distribution derived by the anionic, chain transfer
addi ti on wbD 29tyeesse nononers to tol uene and previously PoTMESA09/066121
t ol uene-styrene teloners. The tel omer distributions are conprised of

nol ecul e t 25 for a Ph- CH2 Ph CH2CH2- wherein e h Ph
is a §heﬁ9&‘lj %‘iﬁlﬁcu‘?lbr"f hothsl &8 ngﬁﬂﬁf %)‘Jgsaﬁr it § C enjeallyg bgn
hunber | r}n&le&mnﬂleareﬁla@c Bﬂmﬁde ,iDedRE ﬁlfo%re&ﬁ@lct %@fgearre @é&%msm&d@ %u@ﬁse

enriched in nol ecul es having an "n" value wthin the range of fiom about O
t o about a’a’/alla}ﬂff 00asinude Iammlwrtedlnrsqqu bwed émrsenofappedi EBir m@ntwm pref dvmrmmal

nol ecul ar tions in whi the "n" val ue, range i.s | ow as

o1 comer s GRE S BB ROt FRO mgBraes TG PR G L 0F SHo vt PR, 7 e

in the raggeniefpoflyh@M if haObed RRULRS b AR R[]V BoMeyidFBlel Krofirkkibh PHice@ns in
whi ch the "n" value range is from26 to 80. There are benefits realized by

usi nd Ot elrarsneters end rreactang fogdscte dimninish the drnatipn of nopiargrpaticobioaling Atyisa very
hi gh Br 9 int.at f i ns. O
i nvention V@—E(I)l(?eéééamdlo %delgll? (:)))I’Bni(l)’la &8 ?aﬁﬂ%{ ngg%’téggg‘ egrflar &OIIPIO%’Ia\%Ilgnt i on

can have MRy cbmgiarcaaﬂqwaﬂms bxIgibit nethemdlBNlabile ®xaeiRdicogtekofdks liaanioie.
Such brom nated flane retardants can be readily blended with a variety of

t her mop! &90 whide silhioyidingyp orboro@swER PETONBYIe burnins 12 thegsedushdl v t he
tel omer ﬂb@?g] Ip%hﬂ% aoglesﬁr 1% cbﬁ‘tYfBﬂEbr? e %ﬁ‘?f‘& lea %ﬁldsﬂetfgﬁn({ &f }glrobﬁl

formatio non-aromati c brom ne, ermal 'y |'e species, than 1% the
case Ibor mmshighlyutromatsce, irelatikdl g bow rﬂolecsllafr vaeght hydro2arbon ré&ﬁ niaverétbothit S0
| ndeed, in t utions of is |nve tio amount, i f any

I distri
of nol ecite er‘f&v?el }ralﬁunar?d Paloya ‘&P@é‘faé‘? ARA rBtaF i ?trf%ﬁ ibif, &, vory ?lghess

t han abo%or%at%oﬁﬁﬁ@-coﬁtetﬁ QL OO0 WAl tRbAMies Qs RbhidheShd Eﬁfﬁéﬂgﬂn‘é nhaﬁ/'é‘%
bromi nated tel omer distributions characterized by one or nore of

f ol | owi ngrobmaarFinly ectepeblsrtew thigrstatly habile dmemingapntgndi st ri buti on of nDIecuIes
f the f CH " - CH2CH h Ph i
br o nat BUOH a5 B Th AT Beratn 4 gritppgEE tar ome, and f or

eachygol ecule in the distribution, "n" is a whole nunber in the range of O
to 6, and wherein, (i) at |east about 46 GPC area % of the nol ecul es have

an "n" val ue equaling 0BRIGESUNBMARY QloTBROINVENTEON ar ea% of t he
mol ecul e erillin VQntlonalle}jﬁ?e,se%ﬁ%Q@lellth]n?%gdtogao&z [égar dgsltltl ut?QElo({éi‘lVg'él b?toh% ar ea%

of the ec |'es’ Have an equali ion o
mol ecul eS‘anm‘mct, hbainoti-#Askea addition of styrene monomers to toluene and previously formed

toluene-styrene telomers. The telomer distributions are comprised of molecules of the

25 formula

Ph-CH,[-CH,CH(Ph)],-CH,CH,-Ph

[199e2)

wherein each Ph is a phenyl group, for each molecule in the distribution, “n” is a whole

number in the range of 0 to 6. The preferred telomer distributions are enriched in

6‘ 2

molecules having an value within the range of from about 0 to about 2.

30  [0008] Telomer distributions of this invention favor molecular populations in which the

[199e2)

n” value range is low as compared to oligomeric distributions, which oligomeric

6‘ 2

distributions have an value in the range of from 7 to 25 and as compared to polymeric

6‘ 2

distributions in which the value range is from 26 to 80. There are benefits realized by
using telomer mixtures in which “n” is from O to 6. First, obtaining a very high Br wt% is
35  facilitated for the telomer distributions of this invention. For example, the brominated
flame retardants of this invention can have very high aromatic bromine contents,
exceeding 72 wt% bromine. Such brominated flame retardants can be readily blended

with a variety of thermoplastic polymers.



Ph- CH2[ - CH2CH( Ph) ] " - CH2CH2- Ph; wherein each Ph is a brom nated phenyl group
havi ng between 1 and 5 brom ne atons, and for each nolecule in the

di st ri butworgio/ass4e2s a whol e nunber in the 25 range of @crasseosanci2nwher ein
the distribution is characterized by a majority of the nolecules in the

di stri_butjon having an "n" value of 0 .and a mnority, not exceedi ng.49 GPC
area% of 5?%@&%?@?@? digtrioHEOR) %t{tP}Sp‘BY‘?%lﬁntPé?ﬁeﬂbfeg’ﬁr Sifps f%ﬁ@efgmlgtiqn 2, 3,
4, 5 or QRALELLMati@BrdnllfRe, VAIHEM ATy MblIOSPRASEthahli@Mhelcds® Br dishpuaiRUR Of

t he correspondi ng brom nated tel orfer progressively decreases; 30 (c)a

non- pol yrelitle “alhd fmem-7oto oeeré ¢ diat BDbUhdwd, of thawdlewmat distrdfutipireof dusul a

Ph- CH2[ - CH2CH( Ph) ] " - CH2CH2- Ph, erein each Ph,is, a phen r.oup_.havi ng
ot vean TEHOB s BROHE hAmmdr e oS Bk oG BT b SRt o,
"n" is a uhalelenumiesbdu2tdreC kaRge of 0 to 6 and wherein the distribution
i ncludes nol ecul es having "n" values from1l to 6. 35[0010] The above and

ot herlOas 809N Alse prayided bydhisdenortnm sre buprinatpddelomge distfoutinnschappeeasizeédn wi | |
become still fur r ept from i de i ption and appended

cl ai ns. W“ﬁ@f@i%ggﬁégE@%“ﬁ%%%b‘ﬁ?ﬁ%‘ggﬁg%g‘bﬁ%ﬂgﬁe&%&TAl LED DESCRI PTI ON OF
THE | NVENTI ON (e haigtibidlostof inbléduliysof eie folnslal nvention [0011] The tel oner
distributions included in this invention are characterized by one or nore

of the following: (a)a distri B’@t@%ﬂ‘%ﬁg%@é‘éﬁ%%ﬂf}he formul a
10Ph- CH2[ - CH2 %é?ah]é:ag' PHACHZ B ier ﬁ&e}ﬁgﬁ%‘{)\% g{agn ERAREENY bin @588 midfeC!

each nolecule int istribution, "n unber 1 n the range of
to 6,15and wherazoms, and for each moldchleain theadittribinart, “46 iGRGviavleautmbef it e

nol ecul es have an "n" valu ual i ng O, (ii) about 1 to about 26
GPC ar ea% of trﬂ%g%{bé8@?§%fwggrélnan "n" val ue equaling 1, 15and _
(iii) 0 to abquyty Mstqg@u@iqa@%fhfrezﬁ%?f?% Iﬁf@ékﬁé? Raxenan vAlue ¥ ﬂﬁﬁj@?ual I'ng

e

2; (b)a distribution of nolecules o ornmul a Ph- CH2[ - CH2CH( P

" - CH2CH2- Ph; wfigatsivh 1 ¢aabouPR6 iGP(Qansh®rnf itheymolgpyles bavesach” velue eghadingr, t he

di stribution, H is a 20 whol e nunber in the range of 0 to 6, and wherein
the distributi®fi is characterized by a majority of the nolecules in the

di st ppbut i on hawioe aBBut 1 GP@hHAZOH e aitfecaledTha@ it $h” Valle pgiaad;ng 49 GPC
area% of the nmolecules in the distribution having an "n" value of 1, 2, 3,
4, 5 or BbwheradisfribpigoraHanaleades ofdhe faymulqual s 1 > "n" equals 2> "n" equal s

3 > "n" equals 4> "n" equal s pp 3N cR4RpR)EcH,CcH,-Ph:

wherein each Ph is a brominated phenyl group having between 1 and 5 bromine
atoms, and for each molecule in the distribution, “n” is a whole number in the
25 range of O to 6, and wherein the distribution is characterized by a majority of the
molecules in the distribution having an “n” value of 0 and a minority, not
exceeding 49 GPC area%, of the molecules in the distribution having an “n” value
of 1, 2, 3, 4, 5 or 6 wherein, as the value of n increases from 1 to 6, the amount of
the corresponding brominated telomer progressively decreases;
30 (o) a non-polymeric and non-oligomeric distribution of molecules of the formula
Ph-CH,[-CH>CH(Ph)],-CH,CH>-Ph,
wherein each Ph is a phenyl group having between 1 and 5 bromine atoms, and, for each

[199e2)

molecule in the distribution, “n” is a whole number in the range of 0 to 6 and wherein the
distribution includes molecules having “n” values from 1 to 6.

35 [0010] The above and other aspects, features, embodiments, and advantages of this
invention will become still further apparent from the ensuing description and appended

claims.



25(c)a non-pol yneric and non-oligoneric distribution of nolecules of the
formul a Ph-CH2[ - CH2CH(Ph)] "-CH2CH2- Ph, wherein each Ph is a phenyl group,
and, for wachivmebsseul e in the distribution, "n" is a wheCe/usameseizn t he
range of O to 6 and wherein the distribution includes nolecul es having "n"

i st Sbut i ons asPhRIGIRIERsNL EDERCRIPLRIN QP Sl i cr

di strPbutions asF
distri butTe@J}ﬁe,%lgtr%ﬁ5ﬁsC5@ﬁlis4%,,198” having a content of from about 46 to
about 76 GPC area% for nolecules having "n" = 0; fromabout 16 to about 26
GPC ar ea%)ﬂblr] Thel telomeeélstrmmngs thatuded i, thisnoventiomareodhatacterized bjpout or14 GPC
area% f or & havi ng " = 2. 35[0013] Further preferred tel oner

m xt ures rﬂ?f\?é) ﬁ?l 8@% & stri butl ons as presented above with reference to

the formyhp, whiisHbeiist 61 AoktaesoarefGhalact eri zed by having a content of
(i) fromabout 76 to about 95 GPC area% of the nol ecul es having an "n"

val udOequaling 0, (ii) from abbutHI7TCHLBEb k- Q‘Hz@’b Bt ea% of the nol ecul es
h "n" 010/ 0654 1. d
(2 om abot a3 PRuil? phend 5 1Y BT ERTFGL WP AT iR TR0

equal ing 2. [ GoHol nShbédin thw tahes of 0 ©f € anedheeimner m xtures have tel oner
di stributions as presented above with reference to the fornmula, which

di stributions @ h%bge%ﬁrGE@&%%h)é\vlilen@ol&%léhh@fmandm”(Vﬁl}leﬁﬁvﬂhna%ut 95 to
about 99 GPC [ | e e i and
(ii) from aboa(th?gt/qugflatt%out 1 gg%ﬁ%%a%\fé ﬁ%c?rlg? }ééé% (lla{s hg\%ﬁkga%r%glgl
10vallge equaliang 1. [0015] While, the GPC area%for nol ecul es having an "n”
val ue of 0, 1, eeagtgove that is not to nean that

0 d1a
no ot her ol ediif rebstoﬁ'élﬁ? tn]g“éﬁa aFPa%(/%qetB% WA § o/egaupling2:1 can be

present. (Rat hec'{dlStElBgtl&h@frIﬁGIEt@lﬂéSZ&tthQFbrﬁlfulat he feeds by only reciting the GPC
area%for nol ecul es of the popul ati on, =0to 2, or Oto 1 highlights

the 15 inportance of this Ii nPhééHzﬁtCﬁtIdCaH(leHn -GRHCHh i gher GPC area%
nunber s assom ted ther Se Exanpl es. 1- ere cts..produced
Pl T it b et HETOP ST R A aPSDY eriarhoneh Bie e b B S e T o o
mol eggl es, t hougile AGinbédInGRe rdha¥ioR @ o1, ai«(@kw%@ﬁangf}@&ilﬁﬁbﬁthﬁﬂs 2h&factérized

[ 0016] As used above, the term™non- poI yneric" is to be taken in the
context of t hé)yzzt)n@@y @éthenmplegulenin thsglistpbwtion hayingaty @avalgwépaméea
consi st ng of RbARESCOAALFLRECHLDY. 1 RRAENCS Bl QAo BG YPos
of nononer uni dc risihg a sinple we maj ority o ecual es

cont ai ni ng at dneaﬁtvald@rcefel ,BOHES ou it Whertini tﬁh @@a&a%aﬂoer‘fh’l’ ¥qiound o at
| east one other nopnomer. unit or other reactant and whi ch consists of |ess

(Y32 (I3 [T 2) [T 2)

than a 25 si nplEaREiyiHt SHEfS At Y GAUAS et () edudls Sthe! S4HRIS fbl ecul ar wei ght .
Such »Rol i34 i es ﬁUﬁZ[SSol?rﬁ %gﬁdﬁ Uk &Yﬁrdlﬁ%ﬁﬁﬂﬁeof%flol%ll&(‘dfltﬁéon’ﬁBﬁht S
I Tferenc n the nol ec g

wherein ar weight are primarily attributable to
differences in the nurrber of iﬁhﬁﬁﬁ{CIﬂuﬂH@h) KIH}GJHZ -Phhe tel oner

di stributions of t is i tion can talne“i by t g %lonl‘p,, chain 30
transfer YRTFN AT CPY o apd 18“5?6 oleculs \rthe dISULIEN' & 1%t uene

usi ng catghofd h&mg&qﬁftnet HafSe &0 ol ¢ AU ERARNE S BANBA ﬁf&ﬁfaemokbcmals y(tertiary
am nes). The tel onmerization process features the use of toluene as both

[I99e2)

react ant Naghigi‘m” velapsfrem lagent ) and as reaction solvent. More,

ot e IR PARERY pBfiy o infay PRt ILAT P BaleBRH V1

al kyl |'i t heference ieihe falhia, 3Phibh Higtr butibhd ik cBitblcterized by having a content of from
N, N, N, N -tetranet hyl et hél enedi am ne (TMEDA). The reaction nass terrper ature

shoul d’ bebgii 4 @ atbﬁét TRABE 7% fgrmelsees BHOa G zb@urom PBentdlr o rafoRté

P o O e P SRS B b e

[199e2)

molecules having “n” =
35  [0013] Further preferred telomer mixtures have telomer distributions as presented above
with reference to the formula, which distributions are characterized by having a content of

[199e2)

(1) from about 76 to about 95 GPC area% of the molecules having an “n” value equaling 0,

[199e2)

(i1) from about 17 to about 5 GPC area% of the molecules having an “n” value equaling 1,

4



5details on the anionic, chain transfer addition reaction that can be used
to make the teloneric distribution feeds used in the processes of this

i nvent i orwoanidnssdeeund i n commonly owned PCT Appli cati orCRust@/066121

PCT/ US08/ 66219, filed June 6, 2008, and which clains the benefit of U S

Pro onal | c 9 599, filed.June, 7 007, and.which
V'A3:o| .8&1&{{\5 ' g%ﬁﬁéﬁreﬁ@ 0321?16 wfef:@%%?%%%a%sn .\fa%felﬁqauefh%% flort h.
10Exarml 98014) 7sdﬂ ﬂu%&ﬁﬁ&ﬁn@ﬂé?&q& ﬁlﬁ&u@?ﬁ?ﬁk%l@ﬁle} eisem%ﬁbﬁs éjs' pitdehfRyt i ons of

this invention. E 1 [0018] A dry 500-nL 4-necked, | -] acket ed gl ass
fl ask wasabeqfuwpbedemntmtoaht ﬁammtrcaﬂnpihedlstgba@@smdtmmdbyéavmgtah gl ass

ddl 2 | et with ,15
1350, &' o <ORRESE) o ahunBug bt S8 PR f S BBERRR A IpE oo o e
(0.0054 Ahﬂg(b)tahal(lh)l fidth UBdUZNbiaBo@YICEPORXANEf @B GhdlechiesHavin@-aR6nY, 0. 0048
nol e) TMEDA at anbi ent tenperature. The tenperature of the reaction m xture

was |lﬁcré@§@¢qulmg1bc Styrene (50 i, 45 g 0.43 nol) was punped into the
react or a f € whi t C t ant
ind- st gnP0 BAnds ILRE G R e ApfRORR APV A TRLE B0 03803 5 e

feed, 20 am reibydb®l¢sthiitah woNe Wesh mufmdthbﬂmldchbs hediag iaan‘niviludoatside cl ear
t he feed line of styrene. The reaction m xture was then cooled to 80 C and

t hen querffRdg Q\Mrt(Hod ainhe ArEEpt éﬁﬁh@ra‘ihe éh%ﬂactewztt@rl of 81 ferdy RyoeH B xfiting

t enper at A t oprop or was
sanpl ed 1%{ fd? Gg%a%ﬁz {/dsrlqug&ﬁ&hsf é)g%/lobgna ys??sqoggc?raglttﬁgl %1 Ir?lé h?tégﬁ

t ol udde moasnc:é%fotﬁm\lmue@lﬁobu]lahﬁn6a¢1d3ﬂ*i;e lﬁgﬁdﬂZGPQ3aréﬁ/% mﬁlﬂeriaﬁso&aféﬂ)
C39H40 2. 9% 8 0.9% 6 0.3% 3H64 0% OfV C/9H80 0%
C871188 éﬁ%remtghe C%IE%%?% A)W}g@wgwom f%fé& F BB e
1 was useflaf¥efPitidnaN®ut 4Ro%hatl- p%%ul@'ﬁl)@s) ophlo%cﬁfe@nﬁlo@ n%p lzfrgéj RN&lg 7
mnute period to a reaction mass fornmed from 1 . Aol e) anhydrous
t ol uene, \@1®S@tea(6®t1@®%onﬂol e) 2 Mn-butyl I|th| um and 0 42 g (0.0036 nole)

of TMEDA. % ana excl udi ng unreacted t ene was

O e 1o AT G T BRSHSR St Toay féztoe'aﬁ%%f GBS REntR0 of ey 7114
3. 8% 0C5ThBGD Wefifitiow>d ymegr, hi gher ol i gomers 2%

2010/ 065462PCT/ US2009/ 066121 SEXAMPLE 3 [0020] The procedure of Exanple 1

was used except ehpipicgosubstgnqeoc@sistipg €f nitlecsasregencioaiged byl thy 89quer® off nut e

ol uone, 2.4 REC (B ORRER Al eo D At o0 SpRpifing R RS B BB of

mol e) of TI\/EDAmolIhﬂesGRﬁtamag avdanadhyesi mosoiaérudiin grvhiéﬂ eﬁcdo@dleh@y bemgl was as

foll ows: 10C15t 116 64. 8% C23H24 22.3% C311-132 C39H40 3.0% C47H48
1.9% EXAMPLE 3 qqétaqg{ed}t egyg.@wer unit or other reactant and Wth consists of Iess than a
25 simple weight majority of molecules of the same molecular weight. Such

molecules must be distributed over a range of molecular weights wherein
differences in the molecular weight are primarily attributable to differences in the

number of monomer units.”
[0017] The telomer distributions of this invention can be obtained by the anionic, chain
30 transfer terminated, addition of 1 to about 7 styrene units to toluene using catalytic
quantities of lithium reagents complexed with poly(tertiary amines). The telomerization
process features the use of toluene as both reactant (chain transfer agent) and as reaction
solvent. More, specifically, the process is effected by adding styrene to a reaction mixture
initially formed from toluene, catalytic quantities of an alkyllithium (preferably
35  butyllithium) and N,N,N’,N’-tetramethylethylenediamine (TMEDA). The reaction mass
temperature should be within the range of from about 85°C to about 115°C during the

addition. This addition reaction is an anionic, chain transfer addition reaction. Further



[ 0021] A spherical glass 12-liter creased reactor with oil jacket was

equi pped with a reflux 15 condenser, distillation head, subnerged

t her nocowpbepiones4i6om drai n val ve, and stainl ess steel i mrCeusadoImesiki ng
coils. Tenperature was tightly maintained at a set point via PID controller

t hat regu] ates ter flowto the coolipg coils. Vigorous agitatio S
acconpl i S Sdﬂﬁmﬁ@aﬂgo%ﬂ %Eﬁﬂb&rélrl#sadaifﬁ&% r%@tl%é@%tﬂapt%oﬂﬁfii Skt 1% 10 mm
QD gl ass safelic Witdibhiéh $&1d8 REd gha®s AriR&Ldsess thi@NBvedfibn Riah Che doiadidt he

ot her fl at, feused to the shaft. 20The reactor is essentially free of all
wet t ed PTeEmenly 9waed dtdie Appbtatimar NombeuBCTAZI8d0G2AP efiled| Binor6, €088t awer s.

Feedi ng Techni gues 02 react.or s .mai nt ai ned n.inert dry N2
i mospheraiFRiG: F Pesgk LS50 s Bha S R RS SRRl leTubnd: Lhai n
transfer mOedndSyhith POTALAictliidh is @goByorB@RsreR bydreftraRidrad #npuRY I&-forth K |
l'ithium additional solvents and the am ne pronoter TMEDA were all fed
subsuPf adexampleshle dlystrpiednethedsifor ebipigingrtelagene disprihusiops ghthisHaveydion. di p | eg.
Styrene was punped into the reactor by means of a metering punp through a
3" cylindrical colum (1.75" dia. z100 g) of Basic Al um num Oxi de (EMD
Chem cal s, 30 Al um num oxi de 90, MEXAM®IA3P, col um chr omat ogr aphy grade)
and delivered as a fine streamor spray above the surface of the reaction

m xture tIAOHIgh dio H01et cdonackedl Rdzatksted mdassi flatk Pvec efyirpedsMOM2 3]

Tol uene . i 31 ) S r t r

previ ousIthér é%?lé‘gg’t gl aéglégrﬁqﬂ?egt%rg%u‘gﬁié %%ﬁr%agpﬁck ggg(gzﬁllgera%gdow gi%%egm }ile dried
over 18 4 rbausr pas icbdigelawlth H59Cchér (1.5 teuriesamadly sinkydrooh eslte@wt 2dd piwm of
residual H20, this toluene was dried with 1iu?1}§@8f‘ n- BuLi sol ution., The

dri ed t ol BHEUGHY WP 0RDES mal hn PHillghiury B e Cygighexanc) and 0.72 mL
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coils both set at that tenperature. Upon cooling to the set point

t enper at unxturé3vay inerBuskd ts dllQAC. oRtyt@M (50 noly.c4opekdadheol Dwas pumped intashe

charged through the bel ow t he surface aof the gentl agitated (300
P apd

1p.le
oy Col VMG BAUET 48 FReh 80 SHRPEAIE e MERiTIEh WEPHIHS L of
anhy @pous,gti@lidtesethe Nedture. 4 Gpéin goﬁfﬂeﬁ&ﬁ@ﬁtﬁe@tﬁ%ﬁe FRb) 208, &iREERY tdlBedde
reactor through the subsurface feed line 10 Torm ng the characteristic
bri ght r egascpiropedofnta NEDachopnexiase bealegt thei fehd dincasfi spreng.t AThgorgedtinnt ant

ff- i f b T f | i f d wt 75 niL
o 1 avor R yds S e nd0 o 4he RER auEBRelS b M rcalbie SuBhoRi as
i ncr eased:obBn® &ProbRMeAPeralufd 3and sé@fling lof HRMBh {9 i"s%ro%l@lciﬂg iR Ihedb&sQl wad in

3070 g of toluene were fed over 360 mnutes. The well-calibrated nmetering
punp was spmptpddemed’G anatysisd Tte @QPQ Braadhsmalysis eatleding unB:agted/tofuene wahasdr ous

ol umi-na ROV SnE Sty PatEl B e O e o G b LBl Pre b o

further hesd,; of;H.L0%t COM,Y0%; ChER) ¥ed Cyeneil ﬁiFhé&ioﬁEbﬁlbﬁd)%ly the closing of
t he automated control valve on the cooling coils. The set point of PID
tenperature controller was mai ntained at 82C and water was fed through the
cooling coils as needed 20 while t WEO the hot oil was altered to
bypass the reactor jacket. The reaction mxTure was quenched at 75C with a
50 nL al i[Q0m] Tife pteaxiygestatathplat evasesdiétdepothhtd Ag @ L R irold)i df 8tylreitebi ok

m xture. The reaction m xture was washed w th_ deoxygenated water (3 x 650
mL) . 3Pnaded evars! AeriBuie5riad &ha rsasten M formed Erogleﬁér fgl-27 mele) wakdboung any
rag or enyhshoOn RE. OIBY bt SHEB L FiRehL AL b YRVRolePdf TRED RS
course of the 6-hour 25 teed, an aliduot was renoved after 3 hours for

anal ysi s.ThEhePGRCea e andly an akglsdisg (vaxakiedi tnipenm maacs ddlidwed: u€hd) s wisl %as

20. 105 cH1illz %340 Chils b el B Qomers B et bk Seithe 51 MERE o |

j acket wagisbheremsed to 130C while the control valve to the cooling coils
turned of f.” Cycl ohexane, residual noisture and toluene are distilled
through a sinple distillation 30 head (1 atm) until a pot tenperature of
114C was observed. An aliquot was renoved for analysis via GPC, the
conposition of the reaction product m xture (a telomer distribution of this
i nvention) was as follows: Cl151-116 75.7% C23H24 17.4% C31H32 4.7% and
hi gher teloners 2.2% [0024] It will thus be seen that the isolated tel oner
distribution of this invention forned in 35 this Exanple 4 was conposed of
1, 3-di phenyl propane (75.7 GPC area %, 1,3, 5-

6



triphenyl pentane (17.4 GPC area %, 1,3,5,7-tetraphenyl heptane (4.7 GPC
area percent), and 2.2 GPC area % of higher teloner(s), which presumably
was nai nlyoaniogesieeel y WO 2010/ 065462PCT/ US2009/ 066121 PCT/US2009/066121

51, 3,5, 7, 9- pent aphenyl nonane. Its GPC profile was as follows: M| = 219, Mwv
= 238 M = 269, PD = 1.087. EXAWMPLE_5 L%POZS% A dry 500-nL 4-necked,
oi |l -] acket ed gl ass flask was equi p 10 t hernocoupl e, gl ass

over head r e bt
Conct or b ML, BEBLRAHE e GRACHREH ARCORDY IR oM S sl
and t hen wasb&douentll7g mantute geriodl gp éGezﬁiﬁSﬁ mmis)focrhemfﬂom yiI5.Dig ki.2nnfdd). 5 wt

{erper ot GRS THE W Bper it DSy e P LBt PR Rt andde | i L dD esc
Styrene (S4THIEDA. 8fhégGP@ 83a "Rl dnaBRA LRINERE ullﬂ%a&t&? Qolbnel Yhs 4sFolldws4 ol )

were m xed and punped into the reactor at over 359 m nutes at a constant

r at e Wehi 1w 6t & nCncBnd% ati Hand 6 %i; §nith 3 &¥t; Cé@ﬁiztsdtﬁ?%n of the mixture at
a tenperature of 85C. Upon conpletion of the styrene feed, 20 nL anhydrous
tol uene was punped into the reaction mxture to clear the feed |ine of
styrene. The reaction m xture was Ex\MPIH £d to 80C and then quenched with
0.5 nL 0fRéa§z%PS9{?é% al cohol . After 20 cooling to roomtenperature and
settling of th I'thiumisopropoxide salts, the reactor was sanpled for GPC
anal ysi s.[002H @plmucelagl%sdﬁditylsarsaS(aéxecabMMn@l aihjaelet tvasl eqmpp@mﬂ)th ofreftihi s

reacti.on product mxture 2 Mz = 220, PD =
| 20585 cngersin KR heSS dimeed einatius oo dAH ATgnendor g8 er <
0% [ 00L] itbrnW tdoltnBUsilbe Wra&b@twmﬁgmm Falnadifel heh BEpoifll ik rprbut i on
of this invention formed 25in this Exanple 5 was conposed of

1, 3- di pheseyptrplieaypthae regdags Grecardioa %, the, @@ngwmbhen\;ﬂ@p@m argtatian  WasGPC

ar ea % et raphen Ihe t area VP 0027]
LR RS oLy PP SR MR T oA, BANTER §eb2027)
30 coupl &hafy vagstwovetsheadass ﬁmpélﬁﬁs Wint Retgi@bed packik ethee dadense o &i&dshb&

inlet. The reactor was chariged w th 150 m_E{()130 5 g, 1.55 nol) of ﬁtdﬁdrous
tol uele ab® teRdAr supwserfiritiise af el veetted i THE et 2 wey nefymrrisuflyerinatadhi um
(2 Min %&Eﬁ#ﬁé@&g&orﬁ&q 2.42 nL (1.88 g, 0.0162 nole) of TMEDA at anbi ent
t enper at ur e. e tenperature of the reaction mxture was increased to 110C.
Styrene (50 nm., 45 g, 0.43 nol) dissolved in 150 nL of toluene was 35
punped | 0 theT actor over a period of 56 mnutes at a constant rate

whi | e msu Hedrsilgg @St ant and significant agitation of the mixture with
the tenpqpgix rﬁleh@ﬁﬁola&/as]rﬂﬂnt]aﬁ{%@ un¥BOR RATRAEN] A RPhdrOBuslyy illa&%ritﬁﬁg 20
mL anhydrous 't ol uene was punped into the reaction mxture to clear the feed
| i ne 26f skherremaor Whechasgest wish the otair eavsbs aghet(s) cloobghl atdip 1egby means of a

2l conol - RVBET GBIMPg Ny QB SEPER P i BEl e g drorRe T ERR

| sopr opoxiéte afiadeti Ssubbilthck RAGhOktiMES cBARNRIaAkef Qg xﬁ?ﬁtﬁﬂﬁ%ﬁ:’ %Hessam-Eh@ip@ , area
% anal ysi s excl udi ng unreacted tol uene was as =225

Mz = 243, StPDH& vaso gumpsds tintpathg4regofpr dnfsmanswf 1w/qme¢sa‘mg32ump3%0ug139ﬂ435 0.2%
and h' gher yli dr1 ?%{uénnoﬁ 75{0%)02‘81]00 é a51c ﬁlmlg idb h%\fllt)hghum gl(gl at ed
t el omer s tlon 0 i S 9 nvent orne

conpgged fDIﬁmﬁmﬁn @i jele S0y IO PAN B0, (o&ﬂnﬁn Eﬂﬁnﬁtogaap‘}@/ gréﬂe$ ald délmeﬁidemal faent ane
(13.1 GPC area %9, 1, 3,5, 7-tetraphenyl hept ane ( GPC area_ %

1,3,5,7, @Irs@ﬁt%rpwé%w phRysathe spdace eio@eaﬁeé‘al% ml&mmmiz tyo[ b/éégpllx feed
glass |IQ§9ﬂc 00-gal l on jacketed reactor equi pped with an overhead
condenser, subnerged thernmal well/ thernmal couple and a bottom drain val ve.
Tenperature was naintained at a set point by controlling the tenperature of
t he water flgxgﬁ ﬁ%1ough the jacket using a steamcontrol val ve. Vi gorous
agi t ati o & C6t)ff shed by neans of a

35  [0023] Toluene 2913 g, (3.4 liters, 31.61 mol) was charged to the reactor previously
heated to 115°C. The toluene is refluxed and azeotropically dried over a 4 hour period;
Karl Fischer moisture analysis indicated 21 ppm of residual H,O, this toluene was dried

with 1.5 g of n-BuLi solution. The dried toluene was cooled to 82°C with the oil jacket



20 three-blade, retreat-curve agitator on a variable speed drive. The
reactor is essentially free of all wetted PTFE parts or other polyneric

fl uori natwo 20meesdical s or el astonmers. [0030] The react or paagiscwvt@2ned
under an inert dry N2 atnosphere during all operations. The reactor was
charg he chain transfer agent rough . a dip | eg by neans. of
press re arlrlg’rt@f@ntrf) enqpsraﬁe.gttﬁwe%&ﬁ 1 E&PtE;ﬁFt [t iPerati-« LSRALONEIR ent s
and the agigpe s& PR ;;@Fatu(rer '\@;Dgf‘)n B\@I&eso@&t onf &‘M %‘Qg&éﬁé&ﬁﬁe tP16N BBt WES ed
chain transfer agent s) through“the sanme dip |eg t yrene was pressure

t r ansf er rahdrged dhnoagip dlret dipl leg betoes ther girfaes ©€ Ithd)gembamtatcﬁ @0¢re e |t<pigennal ve

th h a 24" cyljndri | 3" dia z.6lb
(zeoshenedian s L& teed By Fs ip e il g5 25 e S A WufrS s (e
reaction 484 ¢f EMHEDQUGRIA i) Wad &fafhedq8 ZhetreactO @AfbLh (lOSubGMEck4EPRMENS,

(689 nol) was charged to the reactor; Karl Fischer noisture analysis
i ndi d&t ecfommpgrfhr sBaragtaristiqbrighagrd gpiosof HAYERA- qtrreplgmd/@nzywﬁmrreannm to

78C by ap te t set
oot YT ST ST o R A, MR LRSI 50t
(49. 24 mhi. aﬁ@ﬁot@ﬁ&h@ﬁﬂot@totd@ﬁe Raht aietdrigopihp. tReucobrmgite@orbeh@chtdaaed
surface of the agitated taol uene reaction_m xture. 35 The feed |ine was then

f1 ushed WPPRO mmﬁedﬂaﬁ eﬂﬁatyrrare)(98r%arl.ﬁ;4§rret}§dtswlr@he 30NiEe; of tglugng pyers: BuL i
sol ution i y ugh

t he subsufétggcv:é;r %MO Pdﬁ |t%eo#}%r‘?nélﬁga%%et@g%%t@ge J?)‘Ht]”v‘)a)S r| g rtﬁﬁlr%gggg?éainh%% col or
of TNEDA wostphtevacd o:béﬁzyg/rﬂmt hAnhpdamisoryclahekaneo2e200 hdnt wed thaygss ko theof

but ane. The fe d | i ne %0%0/ 546 PchfrUSZOOQI 26612 5was t hen fl ushed
with 21 ﬁ&ﬁﬁ%& 4 ooty Tys ﬁl‘tﬁ’d@ Bieffareng GRSt YR Aermao+oq
1629 ol oAl %@n 2b Yheitr &St dﬁézﬁ:tlt)ﬁ‘iiva@‘oﬁger';&izgéﬂe &%?gnlﬂaﬁb ¥ ERhgNas
added by neans of pressure transfer froma nitrogen fegul ated portable tank
t hr ough efrtht enfongtada¢ongrohtvalye gonthe zmt)hm&edﬂsr aflge oft pigtlofl BIDritempeTitere

reactor was owed t.o r| f.or~5 m nut es kecrtarnthe react on was
Compl o o CoRtHes GBS Rt SPac A it S IRErEh o iy SaRig

gal I ons afhifd the ot I6faReTRGR il &Y 1 RFd e b@ﬁtggtth@féa&ref jatakéiactheea@udeﬁﬁmﬁﬁat ed
overnight. The reaction m xture was ed with a second 10 gal | ons of

deoxygenar'edqunatleﬁ at Pags avidug 0wl éhﬁ%rorﬂ dgpygeagiad mager rpsting Wet watery
t Wt h f
valve. 15T B b xR TRE ERHLR hERIAT | STREE S RO AL ST S8R 1

t enper ed MBJ. ePhase tite wes sepidj ackekuir&t ¢iato memgh@rne apWatee chntlcariyhgagr @act or
j acket to |ncrease the tenperature of the reactor jacket to 140C

Cycl ohex £AaIsiPR 2 femoYRs) Biquel thaBotn deie vBOEI ddingothe sAwisg of the graour
over head n a tadr 135C
vec cgoc, SERURRRS L 200 SHAREALLP Mt PO LRODERRCH Byt
vessel 2Q0exdddihpenrceaed crluanas wheat &dlowe: Mhi+ g NdoEAE7 Mst:e%ﬂ WA =t 1hen

Poeker 1 & indt Ecbahbudt . catbe b eadielen e RURE R ord br dbe [P EPHOES

Hg. Cycl Qliexasie; ack&%éiqﬁéreﬂgéﬂ% mwcarmﬂé e UBRGOIPRINEE thCMIRPR s iutnddhe
over head condenser and drained to a drumuntil a pot tenperature of 135C

was obseerédCymhfaclanquotldwésnmenm@d tpluoms akalivtidlad thyoughon samdé distiBatidna GPC
5 .30 5).. The eacti on ss (443
| bs) Has ot 1eabbot &b BomEts Pyl Sbrebisda ek S Lafel S {he
crude pl ambhysis ViPOPd, HBRAGIN IRt WHErdeSornS ﬂbuﬁmeﬁtxuﬁé (WteorMérRBdribitidn
evaporator (WFE) via continuous operation of residual toluene and 1, 3-

di pheny| pfdpianeveption)wes cpllaweaCodinaro-sfebntle Y it6e) CaldayA- ?a%d agh highgr of a
pr oduct ttg%}neﬁ%z%%d the followi ng GPC anal ysis: M: 409, M,: 543, Mwv 698,
At: 907, WFE operating conditions were as follows: feed rate =
1.33 L/ hr[()Ole]IIt it kek bbeeamethatthé sohtdablomePdaashution of €s ihveiddn fanded in
condenser terrperature = 0 C Additionally the cold_finger condensed 784 g
of a3 xtthiseERaIPIRgH t WS Fcompsadngt dped tpﬁarxlgroeanwﬁl %BE Ry %)

1.04 wit %1115{5’ % 7 % 35
[ 0035] Ithl ﬂp@ﬁ&ge g?%ecg@’{'% Zhr%gggg%%pnhsjegﬁhépt orrer %ééibrgfc%ﬂt%r on of
t hi s i nvemtli 8, G saren fp @f ddglofr téloBredis phemyh grroqmmably( &@.S G6baiECoaceachy) ,
1,3,5-tri phenyl pentane (17.7 GPC area %, 1,3,5,7-tetraphenyl heptane (1.5
GPC area %, and 1, 3,5,7,9- pentaphenyl nonane (0.2 GPC area %9. WO

2010/ 065462PCT/ US2009/ 066121 5 [0036] The GPC area% val ues set forth in
Exanples 1 through 7 were obtai ned by8GPC (described in nore detail bel ow)
using an ol igopore colum which provided baseline to baseline resolution of
the individual teloners as well as partially resolved any acconpanyi ng
short char n oI i goners. It |s therefore possr bI e to di scuss. these product

o Y b1 . oy e 4= .



[0037] Table 1 summarizes the conditions and results for Exanples 1-7. 15
TABLE 1 Exanple 1 2 3 45 6 7 Styrene/ Toluene (vol/vol) 0.33 0.33 0.5 0. 26
0. 27 0. 1ewol2ai0fivEda/ Butyl lithium (nol/nol) 1 1 1 2.46 PCT/US2009/066121

5 1,3,5,7,9-pentaphenylnonane. Its GPC profile was as follows: M, = 219, M, =238 M, =
269, PD = 1.087.

EXAMPLE 5
[0025] A dry 500-mL 4-necked, oil-jacketed glass flask was equipped with a
10 thermocouple, glass overhead stirrer with glass paddle, condenser and nitrogen inlet. The
reactor was charged with 175 mL (151.4 g, 1.64 mol) of anhydrous toluene and then
subsequently with 2.24 g (0.0082 mol) of n-butyl lithium (23.5 wt % in cyclohexane) and
2.97 mL (2.29 g, 0.0197 mol) of TMEDA at ambient temperature. The temperature of the
reaction mixture was increased to 85°C. Styrene (94.6 mL, 86 g, 0.83 mol) and toluene
15 (175 mL 151.4 g, 1.64 mol) were mixed and pumped into the reactor at over 359 minutes
at a constant rate while maintaining constant and significant agitation of the mixture at a
temperature of 85°C. Upon completion of the styrene feed, 20 mL anhydrous toluene was
pumped into the reaction mixture to clear the feed line of styrene. The reaction mixture
was then cooled to 80°C and then quenched with 0.5 mL of isopropyl alcohol. After
20  cooling to room temperature and settling of the lithium isopropoxide salts, the reactor was
sampled for GPC analysis. The GPC area % analysis (excluding unreacted toluene) of this
reaction product mixture was as follows: M, = 203, My, =210 M, = 220, PD = 1.033 with
CisHi6 86.3%; Ca3Hzs 11.9%; C31H32 1.8%; and higher oligomers 0%.
[0026] It will thus be seen that the unisolated telomer distribution of this invention formed
25 in this Example 5 was composed of 1,3-diphenylpropane (86.3 GPC area %), 1,3,5-
triphenylpentane (11.9 GPC area %), and 1,3,5,7-tetraphenylheptane (1.8 GPC area %).

EXAMPLE 6
[0027] A dry 500-mL 4-necked, oil-jacketed glass flask was equipped with a thermal
30  couple, glass overhead stirrer with glass paddle, condenser and N, inlet. The reactor was
charged with 150 mL (130.5 g, 1.55 mol) of anhydrous toluene and then subsequently with
2.7 mL (0.0054 mol) of n-butyl lithium (2 M in cyclohexane) and 2.42 mL (1.88 g, 0.0162
mole) of TMEDA at ambient temperature. The temperature of the reaction mixture was
increased to 110°C. Styrene (50 mL, 45 g, 0.43 mol) dissolved in 150 mL of toluene was
35  pumped into the reactor over a period of 56 minutes at a constant rate while maintaining
constant and significant agitation of the mixture with the temperature held at 110-115°C.
Upon completion of the styrene feed, 20 mL anhydrous toluene was pumped into the

reaction mixture to clear the feed line of styrene. The reaction mixture was then cooled to



2.4 3.0 nfa Styrene/butyllithium (nol/nol) 80 120 120 101 101 80 n/a Tine
of Styrene Feed (mn) 137 127 173 360 360 56 n/a Tenperature (C) 110- 115
110- 115 WO 2010/065462 PCT/US2009/066121

5 80°C and then quenched with 0.5 mL isopropyl alcohol. After cooling to room
temperature and settling of the lithium isopropoxide salts, the reactor was sampled for
GPC analysis. The GPC area % analysis excluding unreacted toluene was as follows: M,
=214, M,, =225 M, = 243, PD = 1.054 Cy5Hi6 84.5%; C23Ha4 13.1%; C31Hz32 2.3%; C39Hao
0.2% and higher oligomers 0%.

10  [0028] It will thus be seen that the unisolated telomer distribution of this invention formed
in this Example 6 was composed of 1,3-diphenylpropane (84.5 GPC area %), 1,3,5-
triphenylpentane (13.1 GPC area %), 1,3,5,7-tetraphenylheptane (2.3 GPC area %), and
1,3,5,7,9-pentaphenylnonane (0.2 GPC area %).

15 EXAMPLE 7
[0029] A glass-lined, 100-gallon jacketed reactor equipped with an overhead condenser,
submerged thermal well/ thermal couple and a bottom drain valve. Temperature was
maintained at a set point by controlling the temperature of the water flowing through the
jacket using a steam control valve. Vigorous agitation was accomplished by means of a

20  three-blade, retreat-curve agitator on a variable speed drive. The reactor is essentially free
of all wetted PTFE parts or other polymeric fluorinated materials or elastomers.

[0030] The reactor was maintained under an inert dry N, atmosphere during all operations.
The reactor was charged with the chain transfer agent(s) through a dip leg by means of
pressure transfer from a portable tank. Alkyl lithium, additional solvents and the amine

25  promoter (TMEDA) were all fed subsurface to the stirred chain transfer agent(s) through
the same dip leg. Styrene was pressure transferred from a portable, pressure vessel by
means of a metering valve through a 24” cylindrical column (3” dia. = 6 1bs.) of 3A mol
sieves (Zeochem) and delivered as a fine stream or spray above the surface of the reaction
mixture through a slit feed nozzle.

30 [0031] Toluene 140 pounds, (689 mol) was charged to the reactor; Karl Fischer moisture
analysis indicated 7 ppm residual H>O. Agitation began. The solvent was heated to 78°C
by applying tempered water to the vessel jacket. Upon reaching the set point temperature,
4.07 pounds of TMEDA (15.9 mol) in 10 pounds of toluene (49.24 mol) was charged to
the reactor through the dip leg below the surface of the agitated toluene reaction mixture.

35  The feed line was then flushed with 21 pounds (103 mol) of anhydrous toluene. Next, 3.9
b n-BulLi solution (23.5 wt% in cyclohexane) (6.53 mol n-BuLi) was charged through the
subsurface feed line forming the characteristic bright red-orange color of TMEDA

complexed benzyl lithium anion with concomitant off gassing of butane. The feed line

10



110- 115 82 85 110 - 115 Product GPC area % GPC area % GPC area % GPC ar ea
% GPC area % GPC area % GPC area % n = MN Fornul a
WO 2010/065462 PCT/US2009/066121

5  was then flushed with 21 pounds (103 mol) of anhydrous toluene. 374.4 1b of styrene
(994+%, 1629 mol, American Styrenics) were fed over 162 minutes. The styrene was
added by means of pressure transfer from a nitrogen regulated portable tank through a
metering valve at a constant feed rate of 2.31 Ib/min. The reactor was allowed to ride for
5 minutes to make certain the reaction was complete.

10 [0032] The reaction mixture was quenched at 70°C with 10 gallons of 0.75 wt%
ammonium chloride solution which had been deoxygenated overnight. The reaction
mixture was washed with a second 10 gallons of deoxygenated water. Phase cuts were
rapid and required little settling time. Water and any rag or emulsion was removed through
the bottom drain valve.

15  [0033] The reactor was heated to atmospheric boiling point using tempered water on the
vessel jacket. Steam was then applied to the reactor jacket to increase the temperature of
the reactor jacket to 140°C. Cyclohexane, residual moisture and toluene boiled,
condensed in the overhead condenser, and drained to a drum until a pot temperature of
135°C was observed. The reactor was cooled to 50°C. Vacuum was applied to the vessel

20  and the reactor was heated to boiling point. Steam was then applied to the reactor jacket
to increase the temperature of the reactor jacket to 140°C. Vacuum was used to decrease
the reactor pressure to 35 mm Hg. Cyclohexane, residual moisture and toluene boiled,
condensed in the overhead condenser, and drained to a drum until a pot temperature of
135°C was observed. An aliquot was removed from the reactor for analysis via GPC (M,:

25 301, M,: 433, M,,: 626, M,: 883, PD: 1.45). The reaction mass (443 1bs) was collected in
a 350-gallon tote bin.

[0034] A 3893 g sample of the crude plant-stripped reaction mixture was stripped using a
wiped film evaporator (WFE) via continuous operation of residual toluene and 1,3-
diphenylpropane (to 1.0 GPC area % max specification) to yield 3111 g of a product that

30  had the following GPC analysis: M;: 409, M,: 543, My: 698, M,: 907, PD: 1.29. WFE
operating conditions were as follows: feed rate = 1.33 L/hr, oil jacket temperature =
155°C, Pressure = <0.1 mmHg and condenser temperature = 0 °C. Additionally the cold
finger condensed 784 g of a mixture having the following GPC analysis: M, = 204, M,
=212, PD = 1.04 with C;sH;6 80.65%; C23Hz4 17.7%; C31H32 1.5%; and CsgHap 0.2%.

35 [0035] It will thus be seen that this condensate, a telomer distribution of this invention,
was composed of 1,3-diphenylpropane (80.65 GPC area %), 1,3,5-triphenylpentane (17.7
GPC area %), 1,3,5,7-tetraphenylheptane (1.5 GPC area %), and 1,3,5,7,9-
pentaphenylnonane (0.2 GPC area %).
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0 196.29 C151-116 64.3 46.1 64.8 75.7 86.3 84.5 80.7 1 300.44 C23H24 23.4
25.5 22.3 17.4 11.9 13.1 17.7 2 404.59 C31H32
WO 2010/065462 PCT/US2009/066121

5  [0036] The GPC area% values set forth in Examples 1 through 7 were obtained by GPC
(described in more detail below) using an oligopore column which provided baseline to
baseline resolution of the individual telomers as well as partially resolved any
accompanying short chain oligomers. It is therefore possible to discuss these product
mixtures in terms of the relative formation of discrete molecules. The resulting data

10 demonstrates that a variety of mixtures of telomers can be prepared under different process
conditions. The product distributions demonstrate a dependence on the ratio of monomer
to chain transfer agent, on the ratio of monomer to the tertiary polyamine complex
organolithium initiator, and on the feed rate of the monomer.

[0037] Table 1 summarizes the conditions and results for Examples 1-7.

15
TABLE 1
Example 1 2 3 4 5 6 7
Styrene/Toluene (vol/vol) | 0.33 0.33 0.5 0.26 0.27 0.16 n/a
TMEDA/Butyllithium 1 1 1 2.46 2.4 3.0 n/a
(mol/mol)
Styrene/butyllithium 80 120 120 101 101 80 n/a
(mol/mol)
Time of Styrene Feed 137 127 173 360 360 56 n/a
(min)
Temperature (°C) 110- 110- 110- 82 85 110 -
115 115 115 115
Product GPC GPC GPC GPC GPC GPC GPC

area % | area % area% |area% |area% |area% | area %
n= | MW Formula

0 | 19629 | CpH, | 643 [461  [648 [757 [863 [845 [80.7
1 300.44 CpH,, |234 25.5 22.3 17.4 11.9 13.1 17.7
2 | 40459 | CyHy, |82 136 |76 4.7 1.8 2.3 1.5
3 508.74 CsoH.o 2.9 7.2 3 2.2 0.2 0.2
4 | 61289 | CyHy |09 |38 1.9

5 | 717.04 | CssHge |03 1.7

6+ | 821.19 | CeHes 2
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8.2 13.6 7.6 4.7 1.8 2.3 1.5 3 508.74 C391440 2.9 7.2 3 2.2 0.2 0.2 4
612.89 C47H48 0.9 3.8 1.9
WO 2010/065462 PCT/US2009/066121

S5 Brominated Telomer Distributions of this Invention
[0038] The brominated telomer distributions of this invention are characterized by having

useful physical properties rendering them suitable for use as flame retardants in various
flammable polymeric or resinous substrates. For example, the brominated telomers of this
invention case have extremely high bromine contents, e.g., in the range of about 77 wt% to
10 about 81 wt% of bromine. When a material providing a greater melt flow index (MF]I) is
desired, brominated distributions of this invention having a bromine content in the range
of about 72 wt% to about 77 wt% of bromine are highly suitable for this purpose. For use
in certain resins for foam applications, such as polyurethanes and expanded polystyrene,
where a more highly soluble brominated flame retardant is desired, use can be made of
15  brominated telomers of this invention having a bromine content in the range of about 45
wt% to about 72 wt% of bromine.
[0039] Another feature of the brominated telomers of this invention is their thermal
stabilities. For example, brominated telomer distributions of this invention can have a
thermal HBr content of less than 1000 ppm at 300°C and less than 300 ppm at 280°C
20  when measured under a stream of nitrogen. In addition, brominated telomer distributions
of this invention can have a TGA weight loss of 5 wt%, which does not occur until a
temperature of at least 320°C is reached.
[0040] Still another feature of the brominated telomers of this invention is desirable color
characteristics. Brominated telomer distributions of this invention have been prepared
25 having a Hunter Colorimeter Yellowness Index (YI) in accordance with the ASTM D
1925 procedure of less than 10, which is adequate for many applications.
[0041] To offset the plasticizing effect of relatively low molecular weight brominated
species, it is desirable in some flame retardant applications to provide a flame retardant
having a glass transition temperature (T,) in a suitably high range. Experiments have
30  shown that it is possible, pursuant to this invention, to produce brominated telomers in
which the T, is in the range of about 135°C to about 215°C. Similarly, in such
applications, it is desirable to provide a flame retardant having a melting point, as
measured by differential scanning calorimetry (DSC), where the melting point minimum
occurs at a temperature in the range of about 160°C to about 310°C. This broad
35  distribution of minimum melting point temperatures, and the foregoing broad range of
glass transition temperatures, enable the flame retardant users to have at their disposal,
flame retardants tailored to suit the needs of the particular flame retarded polymer

composition under consideration.
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[0042] Particularly preferred brominated styrenic telomer distributions of this invention
are those characterized by having greater than about 77 wt% to about 81 wt% bromine
content, a thermal HBr value at 300°C of less than 1000 ppm, a 5 wt% TGA weight loss
occurring at not less than 320°C, a Hunter color YI of less than 10, and having T, in the
range of 170°C to 215°C and/or having a melting point minimum (DSC) occurring in the
range of about 225°C to about 310°C.

[0043] In order to produce a brominated telomer distribution of this invention, any known
method for bromination of aromatic hydrocarbons may be employed. In general, the
brominations are conducted in the absence of light and preferably use elemental bromine
as the brominating agent. The bromination is carried out under anhydrous conditions,
using a suitable Lewis acid catalyst such as an aluminum halide or ferric halide catalyst.
To minimize bromination on aliphatic carbon atoms, the reaction is preferably conducted
at temperatures below about 25°C. A bromination solvent such as, for example,
dibromomethane, ethylene dibromide, bromochloromethane, dichloromethane, ethylene
dichloride is typically used in the process.

[0044] A general description of a preferred bromination procedure used in the practice of

this invention is as follows:

Preparation for Bromination

[0045] Dichloromethane (DCM) or other suitable bromination solvent was dried (5-40
ppm moisture by Karl Fisher) with activated alumina of Acidic Aluminum Oxide (EMD
Chemicals, Aluminum oxide, mesh 70-230, column chromatography grade). All feed
lines, feed tanks and glassware were dried (oven dried at 130°C min 2 hour where
appropriate) and purged over-night prior to use in the bromination reaction. All glassware,
feed lines, and feed tanks are maintained under a N, atmosphere during the course of the
set-up and the operation of the bromination reactor.

[0046] The amount of AlBr; catalyst (commercially available) needed to make a 0.25
mole% (calculated using the formula [moles AlBrs / moles Br;] * 100% = 0.25 mole%
AlBr3) solution of active catalyst was weighed and then transferred to oven dried reagent
bottles in a nitrogen-purged glove box. By active catalyst, it is meant that amount of
catalyst above any additional amount that would be otherwise deactivated by moisture
either in the bromine itself or any other process stream involved in the bromination
reaction. Bromine (5-10 ppm moisture content) was pumped into the reagent bottle

containing the AlBr; and then stirred with a PTFE coated magnetic stirring bar for 30
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in the ProG&dsn drain valve to enable transfer of the pot’s contents to an intermediate 5 liter

storage vessel.

[0050] The intermediate storage vessel was piped to transfer its contents to a wash kettle.
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20[ 0044] A general description of a preferred brom nation procedure used in
the practice of this invention is as follows: Preparation for Brom nation
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dried (5-40 25 ppm noisture by Karl Fisher) with activated al um na of
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(oven driggepihd3BColfidar Hitiom WA @@PPropriate) and purged over-ni ght
prior to use in the brom nation reaction. Al glassware, feed |lines, and
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30set-up and t.h peration of the brom nation reactor. 046] unt of
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AlBr3) solution of active catal yst was wei ghed and then transferred to oven
dri edOr ecigémirenssseddBrough an aven fegérviptur ged gl ove box. By active catal yst,
it is meant that anount of 35 catal yst above any additional anount that
woul d be ot herw se deactivated by noisture either in the bromne itself or

any other process stream i nvoEXAMPDE!§@ronaiati@i)i on reaction. Brom ne
(5-10 ppm noisture content) was punped into the reagent bottle containin

the ALBr JOUF FaidR Sk PRareigasign Kadtorimeribaskabone i RBtEed 347043 B4*BatTPor 30
WD 2010/ / i i ti
QSRR V50 00 AT 8510 LRIFUR ARTRARNROUS 4 Sgolcut on

of the cat no AlBr romne solution was then
t randber rand 4 preaiqusbdpepadd 28ewt g svletselcoplpasaldoDAOR gl aff the aadacshteyof

| abor at ory bal . _[0047] The anioni i p-t ranst
(Aot *Haimied Girerorgsaomposiybtc aisf g SRt I P a5 hee Bs. wt o6
sol ut i on.c Jhe, Golthanons stdrellySheroads ated Qo of aduabed fieedi Ranwesse!

The 0.25 nol e% Al ‘r3 in brom ne and the 25 wt % ACTS "I n DCM sol uti on are
co-fed vigadetar atliedpeputsitted with pukps.2 mouATE/ #ed (iBe Dlapnyl tOtRnsfeed | i nes

to awell-stirred fresh or recycle heel of anhydrous DCMat.O0C ta -10C. The
ot ve PRl dring ot Bt R BAE T Frgr i PO e R AL THHE PEPTTBThe (o
reagent s tador EIMRi giévie@p b&?ﬁre@%lﬁ@?—@.%@l%ﬁiﬁ WMy 1608 g F FH¢ G8nsPérrddne

el ectrophilic brom nation 15reaction. Brom nati on Equi prent Set-up: [0048]

A 5 L oi |Vij agriéstaléic Prapkniopr bailitetgrediaredaotindgr. waks fegdiivpyseldwan mpingpined
over head 191|dgls§ N, atmosphere and was outfitted with a '5” (3.2 mm) PTFE feed line placed to
transfer the desired amount of bromine solution by means of a peristaltic metering pump
to the bromination reactor.
25 [0053] The two reagents are co-fed at predetermine relative rates such that the entire
content of the two feeds are charged and simultaneously completed in 120 minutes.
Ample cooling was provided through out the operation such that the reaction temperature
remains close to —2°C. Upon completion of the feed the reaction was allowed to stir for an
additional 60 minutes and gradually warmed to 15°C to allow unreacted bromine to be
30  consumed. The reaction mixture was transferred (gravity) to the 6 L quench pot through
the bottom drain valve and the 34” (9.5 mm) O.D. PTFE transfer line.
[0054] The quench pot was previously charged with 1000 mL tap water (25°C) and stirred
at 400 rpm to assure intimate mixing of the organic and aqueous phase. The quench was
exothermic and a 10°C temperature rise was observed. Agitation was slowed to 20
35 revolutions per minute and the organic slurry phase allowed to settle. The red
bromine/HBr aqueous phase gradually separated forming the top layer. The lower organic
slurry phase was transferred to a SL storage vessel containing 1000 mL of 10% NaOH.
[0055] This two-phase system was then transferred to the 6 L wash kettle and refluxed
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Use of the Flame Retardants of this Invention

[0057] As noted above, the brominated telomer distributions of this invention (often

referred to hereinafter as “flame retardants of this invention”) can be used as flame
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20 35revolutions per mnute and the organic slurry phase allowed to settle.
The red bwornrelckH8e aqueous phase gradual | y separated f@cmusgoowlesizbp
| ayer. The | ower organic slurry phase was transferred to a 5L storage

vessel_ cont aj n| n 1000 niL of 10% NaOH. 0055] This two ase stem S
then trarf§® Siscifly 1s Hta%eﬂ%g@trt t“é’ QRCESrWFR &%étfw@ tic poljimers an
2010/ 0654@&%&%%9&0%9@11 29 3R s %eﬁr& @ME@&erﬁ%él@&hQﬁw%@ lastic

i nterrupted and the bottom organic Iayer cut fromthé reactor. The organic
| ayer wasgohwetetharedlaseormére, atonpl et el y dr ai ned kettle and washed twice with

1000 mL ter until a pH.0of 10 was observ he .col.or

sator vadhos@BubG e pabis = ulhp B R R IR A O S AT Rl s
wt % sodi OB beethvRne, MaOn@b de R €w8 lo¥ e WS

sep(;r ated an \i\ggr}s/he ah%onflprﬁ\dbﬁ%ltl me w Fﬁlﬁ%ooﬁﬁt{ﬁgtﬁ@t apwwgterdfe[oo%cél] The

sl ur rf) wedkape gpeaprays an@wppw@eea@fkormr groas of yughegikens trweowlecaqﬂt ¢thel on

concon t spoybBeRs ARrteR ol Bt Ml AR ROl B Pretendeq (e

pot t enpeicatlate ecopalyniene raﬁdissﬂ@&ltre/lﬁ8pﬁemdo;btﬂy1de1et ethyadnefaeee abpslgneay 20
m nut es. The resulting off white product was 15 collected by vacuum

filtratioidrgthders/vinylhacesyse wardymesst prlveises pf aledinically gltlé%@teé @P@nﬂ?’he
duct t 850
e prBiear IS PALIRER LSRR, Rl e gaberione)

g. The product e ahal yse own In T ABLE 2
Br onilhat i polyuExhaese [BRyafidW¥ YpBlyindaEs;7 $obRaiboeatanl pbBeth2B0 Cadrplier) reRd2;

Ther mal HBIiye:gt%(r)sC ( pgerplaIPyAf0p(Q?gf::thyleneterephthalate) and poly(butyleneterephthalate);
polyvinyl chloride; thermosets, for example, epoxy resins; elastomers, for example,
butadiene/styrene copolymers and butadiene/acrylonitrile copolymers; terpolymers of
acrylonitrile, butadiene and styrene; natural rubber; butyl rubber and polysiloxanes. The

20  polymer may be, where appropriate, cross-linked by chemical means or by irradiation.
The flame retardants of this invention can also be used in textile applications, such as in
latex-based back coatings.

[0059] The amount of a flame retardant of this invention used in a formulation will be that
quantity needed to obtain the flame retardancy sought. In general, the formulation and

25  resultant product may contain from about 1 to about 50 wt% of bromine, introduced
therein in the form of at least one flame retardant of this invention. Preferably, this
amount is in the range of from about 5 to about 30 wt% of bromine, introduced into the
substrate polymer in the form of at least one flame retardant of this invention.
Masterbatches of polymer are formed from one or more flame retardants of this invention

30  blended with additional amounts of substrate polymer. The amount of flame retardant of
this invention used in a masterbatch ordinarily is in the range of 50 to 99 wt%.

[0060] It is advantageous to use the flame retardants of this invention in combination with
one or more suitable flame retardant synergists, such as antimony-based synergists, e.g.
Sb,0;. Generally, the flame retardants of this invention will be used with the antimony

35  based synergists in a weight ratio ranging from about 1:1 to 7:1, and preferably of from
about 2:1 to about 4:1.

[0061] Any of a number of conventional additives used in thermoplastic formulations may

be used, in their respective conventional amounts, with the flame retardants of this
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invention. Examples of such conventional additives include plasticizers, antioxidants,
fillers, pigments, UV stabilizers, lubricants, impact modifiers, and the like.

[0062] Various procedures for blending the flame retardants of this invention with
substrate polymers can be used. Non-limiting examples of such procedures include melt
blending, powder blending, and the like.

[0063] Thermoplastic articles formed from formulations containing a thermoplastic
polymer and a flame retardant of this invention can be produced conventionally, e.g., by
injection molding, extrusion molding, compression molding, and the like. Blow molding
may also be appropriate in certain cases.

[0064] In one of the more particular embodiments of this invention, the flame retardants
of this invention can be used in various styrenic polymers, including homopolymers and/or
copolymers of various styrenic monomers which typically contain in the range of 6 to 10
aromatic carbon atoms. Examples of such monomers are styrene, alpha-methylstyrene,
ortho-methylstyrene,  meta-methylstyrene,  para-methylstyrene, para-ethylstyrene,
isopropenyltoluene, vinylnaphthalene, isopropenylnaphthalene, vinylbiphenyl, the
dimethylstyrenes, tert-butylstyrene, and analogous monomers. The flame retardants of
this invention with a bromine content in the range of about 72 to about 81 wt%, are
especially well suited for use in flame retarding impact modified polystyrenes (e.g.,
HIPS), styrene-acrylonitrile copolymers (SAN), and impact modified styrene-acrylonitrile
copolymers (e.g., ABS).

[0065] In another of the more particular embodiments of this invention, the flame
retardants of this invention that are comprised of brominated styrene telomers having
bromine contents in the range of about 45 to about 72 are suited for use in forming
polyurethane foams, such as flexible polyurethane foams. Typically, such telomers and
adducts of this invention are introduced into the polyurethane formulation prior to
initiation of polymerization. Typically, the telomers and adducts of this invention are
predissolved in a liquid phosphate flame retardant such as isopropylated triphenyl
phosphates. As is well known in the art, formulations used for preparing flexible
polyurethane foams comprise as components or ingredients at least isocyanate, polyol,
surfactant, catalyst, and blowing agent. The brominated telomers and adducts of this
invention are deemed suitable for use as flame retardant components to be included with
such formulations used for preparing polyurethanes. The catalyst is usually added to the
formulation as the final ingredient so that polymerization occurs. When the brominated

telomers or brominated adducts of this invention are introduced into the polyurethane
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b 4.86 Yl 9.92 20 Use of the Flane Retardants of this Invention [0057]
As noted above, the brom nated teloner distributions of this invention
(often reVennmdesswm2herei nafter as "flane retardants of twPhirascemwesdizon”) can
be used as flame WO 2010/ 065462PCT/ US2009/ 066121 5retardants, especially

T e T e
t her nopl a5k shaRothy %S%Itmrfrex%1@§é19fn§tlfane i i BA58lesbbd yysfhmﬁg gsodo@oydﬁer s

are: olefin polyners, cross-linkéd and ot herw se, for exanple honopol yners
of et hyl engstapreopykglatd tapltbniyLiphdsplmes, @bw@llyﬂsrethsr biowmmatriabkorekofwstoch 10
al kene mononers. and copol rs of one or nore of such al kene nononers and

ot her copoi® Hﬂ‘ftfoilaaﬁlf@[rf’?‘orﬁéé%?gsynlefﬁls &xanpl e, et hyl ene/ propyl ene copol yners,

et hyl ene/[0066]! A6k batieulap Pahy Tefasdeandnfolitiba §/mmoginl BNEreed ®yYie e ,a
et hyl ene/ acryl ate copol yners and et hyl ene/ vinyl acetate copol yners;

pol yrers fbﬁﬁn%ﬂe@ﬁl%ﬁlit@ Qi pvemivatae diedellayonger s, for exanpl e, pol ystyrene,
€. g. high,jnpagty c}?é?éc?’ fd latl%ﬁ%oﬁ{a}ll{lggl% a%) S qT8iAt am ul%t Rely ybl%o&tiﬁ?éhes

pol yam des pol y| m ona ers; acrylic res
pol yest erf&.mee&nﬁ@amlof y}uDin)é(l@(ﬁIhySﬁheﬁoﬁhﬁ]ﬁhblﬁBaéaatlﬁ) co&rﬁpﬂ)sed of prlmarlly HIPS
pol y(butyl enetere hthalateggggolyV|nyl chloride; thernosets, for exanple

epoxy redirriBey eangks apallay o %»x%ﬂ%wé a prlyphenxisas sthgr-ERS bisnd) yHiese atend
but adi eng{a¢r ylgakd Ic b&ggﬁa&%' bryt Elgﬁ&’ih rﬁebﬁmﬁflaé{iff}ﬁh{é“f&eﬁh%]ﬁ’ ﬂﬁsad' ene
; ut y

and styrene; natural nd pol ysi | oxanes 0 pol yner
may H6, ‘ihemeioappthape HiP®or gigsheleofiked by chem cal neans or

irradiatigon. The f retardants of this nventlon can als e use n
textile | i c/gfﬂ i‘%ﬁéﬂ"%%?ﬁm&gati% FUMARING A, S RrdarRfANHY © ["1368@‘}“319?153
amount  offgnd }e?d}Earﬁ%ff@ng%Nen%nt Bh& fd?ﬁﬁ%[hhbﬁ@céiﬁﬁ‘éjcérﬁp@seﬁ OF %hﬁhﬂﬁ!&ﬂ@ Il be
that quantity needed to obtain the flane retardancy sought. 'In general, the

f or mul at iawrthgndarpbe nesliby aaﬁtAlb‘B oﬁmhtas reagol gomberiae- -ABSmhlabufThaset ge gbonet 50
wt % of brom ne, intr. duc th i.n the f.orm qf e flanme

et ar dant S BreRisobRoRORNT Romed B diEielth § BapnRe SauftreleEh o i biyhifror
from2@boublt}5thtgqx@g)@y;;uo§,qh%% of brom ne, introduced into the substrate
polymer in the formof at |east one flanme retardant of this invention.

Mast er bat@hes Af p@iwlyfr@wa%ade foranetepnf contabwee o flasne elagdaat rapandadt ¢ of
this i ”Ved?ﬁnﬁﬂte%%e{?% ﬁan"é‘fo?fttlh QJehél&{‘aéuc%%‘f%ééﬁ%as%H? l{d %t?onig%c%% The

anount of ane re i'nvention ‘use

or di nar i Ipolyeshyilénet Ipely@ajw&ne;f aiiDeth§le8O onmtpropyl€6E&Jpolimdrs vech ameagrini t o
use the flame retardants of this_ invention in conbination with one or nore
sui t abl e PPRATRETT SPRY WESHZaBIEBpIgIVID s Thepfe prefianenietardns casprasHiogy damyddys |

€.g. 2§b2%en(ﬁ%§fn%lrﬂlﬂate& AgmE kAR A& A NN R0 Wil aspdlwglnﬁ h&ﬂof%l&rllnmb& used

wi th the ant
copolymer.

D) An engineering thermoplastic-based formulation containing a flame retardant

amount of a brominated flame retardant of this invention. These are flame retarded

compositions formed by blending a brominated flame retardant of this invention with an
30  engineering thermoplastic polymer or blend thereof.

E) A formulation as in D) wherein the engineering thermoplastic is a thermoplastic

polyester. These are flame retarded compositions formed by blending a brominated flame

retardant of this invention with a thermoplastic polyester or blend thereof.

F) A formulation as in D) wherein the engineering thermoplastic is a thermoplastic
35 polyamide. These are flame retarded compositions formed by blending a brominated

flame retardant of this invention with a polyamide thermoplastic or blend thereof.

G) A formulation as in any of A)-F) wherein the flame retardant amount is in the

range of about 1 to about 95 wt% based on the total weight of the formulation.
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35based synergists in a weight ratio ranging fromabout 1:1 to 7:1, and
preferably of fromabout 2:1 to about 4:1. [0061] Any of a nunber of
convent i onel20adds4s2ves used in thernopl astic fornul ati oreTrsgod@eaized, in
their respective conventional anmounts, with the flanme retardants of this

WD 2010/ 065462PCT/ US2009/ 066121 5] nventi on. anpl es of such conventi onal
addi t ye(s)l% ncl gsfﬁlm?%rm ¥ 12%,0%(#&-%‘)0}??1@5% ¢e Ty e aqeipnaty sonfgps a
stabi | i Zeferg| HPLINGAA SFa AldRAGIardBEL{rletgis, and the like. [0062] Various
procedure$ for blending the flanme retardants of this invention with

subst r at d) pol yhehmecrtardssl themahseNennl ¢omiftasign exlznip kempofes suhhrmprset edur es
i ncl ud | t. .bl i ng,. bl endi d the Ijke. 10/0063
Ther mopl ABCTHCLBE CeR4n BHE AP FORR FACIUAS BRCA AT OB HRFABER st i

pol ymer apd igvdhtige retardant of this invention can be produced
conventionally, e.g., by injection nolding, extrusion nolding, conpression
mol dilfg, Jand theompestiomBsgw Ihshelichigpairaiiemaset igeinapppoyikatesini n cert ai n
cases. [0064] In one of the nore particular enbodi ments of this invention,
t he fl ameAnedlranbBricsdids of this invention can be used in various styrenic
pol yrer s,[006W| Kigbvwig ahelyeapdl mnetiods asad/ b wwep alryidipedoforvadd ausissilyitoe feC
nmononmers which typically contain in the range of 6 to 10 aromatic carbon
at ons. BAAAPrEEsEP of thacomnpsitions aug oraplatigneof hisgrwentigbnhy| st yr ene,
orthqﬁnethylstyrene, nmet a- met hyl styrene, para-nethyl styrene, pa

ra-et

ra- ethyl Styren8 1iisaR AREAY)LOL uene, vinyl napht hal ene,
. .net t .
" eGP e ST RAE e 5 R SAERDH SRS B v«

i nventi o Whinthdau Riuei¥hiMglet Qioaal SiINoY, he ShandRu akfraditlet indéx tdetecalPUinoddl Wt %
are especi al |6%Q3WE| | suited for use in flane retardi n&ﬂ\l@rrpact nmodi fi ed

pol yst yr enés04b. gy Watess BELC pugnefieoded S Db and pi WatceopbiM eetusnn( Bangr, “Hied
oot 10 "GP Rl OB LB, bl ERRSTERRLE; B0 oiRY 7 FRERR ' "

r et ar dantrntfer t hii1$-6510e rMthieoBolifrat uade wao netralseilofofanhridPi.0apede S tTHE ewet

tel omers having brom ne contents in the ra%e of about 45 to about 72 are
sui ted fdiogeeere yred spidleddisenlyine appigrendtely k10 8 of pamrlesin dQiml- of J6IE dvet hane
foans. Typi . . .Sl av.entd

i ntroduce qlﬁﬁtjtdg}{{lﬁgyglglo%ggr%t %‘?1%‘?‘??3 %ﬁgﬁ%ﬁ%ﬁ %re %to lc])ﬁgf%' iBna?ﬁglglﬁglﬁtegf

pol yner i zZiad-dghenylpwipead hyd 1i3re tripheoylpergamnaddudduand tiof ntode ofi sepanatiorons ar e
predi.ssolved in a |liquid phosphate flanme retardant such as j sopropyl ated
bri pReny IS En63pHErRs PR 36 Br TR R AnEnG dPE! PEFmAtatiBRE B0k T or
prepari ngyibleaxippdanO! Y Wr3ed-hafhen f1paTEnC ONPr, 3 $& - @& SRAPARSRLS Or 1 BRgredi ent's
at | east isocyanate, polyol, sur}f’act ant, catalyst, and bl owi ng agent. The
br om nat gentaghenydranaan dcaddeondivifual priaks gbthe eligememnmatesaldae thed assiptabl e

for use fla retardant . nents to,be included with such forpul ati ons
used for BRI MOEEIY NSRRI iR calPrtipR, Sree s sohrehcl deng oo

for nul at itBeoréscat Reukd Al tHeNOFoREk BdHdiOrekdheibn RIPhesMBhtetiadd eHis edbiditfon, Ween the
brom nated tel omers or brom nated adducts of this invention are introduced

i nt 0 30he Perajlistihanen dy is galoplbEy sedperyiysh Jbhe/ b RYoNS fsFnDeErmsd Byl ong
wi th an . | n 0 I: ré

phosphat ot Rt oy, R Rer NecRiP 3215 B HeRl SRR L EE, [OPCE M,

havi ng gaotlesiarant piesksigncem. Al Kyl ated tri phenyl phosphates, as well as
ot her known materials are known to also function as flanme retardant

synergi sts. [ 0066] Among particular flanme retarded conpositions which
can be fop, DWinS€oMbndcdObl g, retardant of this invention are the

fol |l ow ng%ﬂl‘gs%_w - base ormuf ati on containing a flanme retardant anount
of a 3br orfle6] Brofimnmeomerttarfdhatbrafinated producenpiodncedSinain the rtetumatsi ohiscan be
conposed .of primarily H PS or they can be an all oy of PS, such a

o1y pheny REsHBoB BRI BEeBTaHEC CHsE & drmisiien PEtaracthe BREOLT S
formed bymhhsndiRgodm:om nated fl ame retardant of this

[0070] A 0.04-0.08 g of sample of the Brominated Telomer is weighed on a 0.00001 g

accuracy, onto 1/4 sheet of creased black filter paper on a 5 place analytical balance.
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15invention with the HIPS or alloy thereof. B) An ABS-based fornul ation
containing a flanme retardant anount of a bromnated flane retardant of this
i nventi orwwoSomebasemul ati ons can be conposed of pri nmari lPgTABS00M0641REY Ccan
be an alloy of ABS, such as a pol ycarbonate- ABS bl end. These are flane
retar nposi tion or me bendln a brom nated flane retardant of
this gnve ?éﬁmﬁfﬁ fqlﬁqdhgwﬂs&srﬂ m&cs fin a @atlﬂulﬁ‘of’aﬁ%ﬂléf}]"w@ﬁaéed
fornul at | Qe AHNE p’i‘eﬂak h&diAg QQ%L %@‘Q’dﬁ'sttlcoires%nf?é %Ihﬂéﬁ &sl B'&Bﬁ‘s
retardant of this invention. Such polyol efin-based formul ations include

pol yet hylenesntipidyNHall edde fasl 1etth9ﬂoegldycﬂuspc<b;£yﬂ en&astopol ymeutss wiithh
other olefinic n rs co rlzaleth rew t Theearef a ret arded
conpost ¢ INET ATRaAP By SoBe R 4 H5E i MRl of I T ue AP Ui aret i <

i nventi onha tiksiad pel makat bhe h@?@aﬁwaerrh@ﬂag@ﬁoétmfed an@)seé\ne&@@mae@{d ng

t her nopl asti c-based formul ation containing a flanme retardant anount of a

br onilfat dtpsk lisngas tight avhgannvesteds pilisonangrensei 1o Hsedriodorm r @nfinegns Sﬁ@taé@‘éi@d
conposi ti b |l e a

vent ort e preaiES s b R MR Red EOMBAREE ek ATRoEDE B Bl M

E) A for nudoat Tl(ib’in@sogglo@genhﬁrslemfratrétﬂgﬁﬂgi NERS dafighld 1|§Qgrﬁmdlaa8ttlh£relsﬁluals
t hernopl astic yester. These are flanme retarded con£05| tions fornmed by

bl endi ng dassel«%ﬁﬂ% éf”@HlZF‘Ii AT meadarbasiq tvigt salih BOHhnehiurgar digetiechby boiling.
ther rrppl aﬁ‘fg &lﬁ%ny %S&ﬁlrcerﬁ atQJ %glehhaq{deé)éldlfled v!/: }h AJ]FIR{CnyAla‘t BPdh]aé 15 Qh

wherein engi neering therroplastic is a thernoplastic 35 polyam
Thesd5ar aitfatainwithed @rldmommpﬁgmogmmnﬂmﬁmd doylthhemmhgﬁg sdvar ntmcmeabech flame

retardant of this ntion with a polyam de thernoplastic or end

her eof  autglivattro i Bie st et dnlpaist AP Tey AATaRH G FBSHPAREI et ar dant
amount is in the range of about 1 to about 95 wt % based on the total weight
of the formulation. WD 2010/ 065462PCT/ US2009/ 066121 5H) A formulation as in
any of A)wt® Bwher ei_n (5 Ny h9%8%) on additionally contains a synergistic
anount of a flanme rengiddiglsymergnst. |)A flanme retarded thernposet resin
conp@si t ivatersvhi ch conpri ses a thernoset resin in which has been included a

flanme retardant amount of a brom nated flanme retardant of this invention.
10J) A conposi & on Bidlilitgrsof AgNQ-apgpiedite titREthosEPl8 esin i s a novol ak resin.

Anal yti cal s acedyy gL QRNINENQUR ANBlYLIGAL biFKhods can be used or

adapted for use in assaying ract eristics of the conpositions and
formul ati onNof t hnemahtyesftAg¥O; 15 GPC wt % Tel oner Di stri butions [0068]
The GPC area % val ues were obtained by GPC using using a nodul ar system

wi th a Shimadzu autosanpl er (nmodel SIL-9), a Shinmadzu refractive index

det egkor X mARLss il niePCYBLiglirHPLC punp (rmodel 510) and a Waters TCM
col um hqﬁbﬁ]'lnw&‘er to assess the color properties of the brominated products formed from the

telomers of this invention, the analytical procedure described in ASTM D 1925 was

employed.

30  Thermogravimetric Analysis
[0072] Thermogravimetric analysis (TGA) is also used to test the thermal behavior of the

flame retardant compositions formed from the telomers of this invention. The TGA values

are obtained by use of a TA Instruments Thermogravimetric Analyzer. Each sample is

heated on a Pt pan from 25°C to about 600°C at 10 C°/min with a nitrogen flow of 50-60
35 mL/min.

Thermal Stability Test (Thermally Labile Bromine Test
[0073] This test procedure for determining the thermal stability of the brominated flame

retardants produced by bromination of the telomers of this invention is a procedure

40  essentially as described in U.S. Pat. No. 5,637,650. In conducting this test, each sample is

22



20 col umms used were Pol yner Labs (Varian) digopore colums, 300 nmby 7.5
mm part nunber 1113-6520. The sol vent used was tetrahydrofuran, HPLC
grade. Theotzemtospreocedur e used entail ed di ssol vi ng appr exirnast@oped210 g of
sanple in 10 nL of THF. An aliquot of this solutionis filtered and 50 i _IL
is injected.on the cql S. ed on isolated 1, 3-di phenyl propane and
1,3,5%r irﬁﬂ@hgv%ﬁieaz\gfﬁ@aﬁéj[%@ HiURIA HBtR! B %8%‘&#‘3&?? 3 m@%s{sﬁozlam

excl usi OnegstRGBK SWahea h@&‘ﬂ?&ﬂef gtsgﬁ;@%grdu&g@ FRoloBRLtonRS ‘ﬁllﬁfiné),fthgltéktt'tﬁlgb gs 1,3-
di phenyl propane, 1, 3,5-triphenyl pentane, 1, 3,5, 7-tetraphenyl hept ane,

1, 3, 5, 7, Sonpatedaphenyitrageangyrgetioe Fhd exidigas dueh heatest afbet heingl payeader i ¢

materi al are t.hen assigned theoretj.cal .nolecul ar i ght val ue A

Tal | br at ighcstrgs AR RS Ry T BTE Rl B i e ¢
correspo r&dklﬂ@oﬂtﬁhﬁfgti()anidifEﬁl- NBeseH 20 3 Nbps 68 liléﬁbﬁihit}fa![bin._tWﬂh?aOcdﬂmﬁﬁ@ |
distribution data is cal cul ated and reported. e cal cul ati ons were

per f dOnmedityggentirgs stdbd Sk FOmtlhcstest, tubeissieated4it 200°QBi7a gwiteperlrbathi(dh3%
chromat o h a ||l ecti and, processi ng, system Tot al om ne
oot © SRR o F L R Sl SR AR B, ERERlst & SR erme Bt 8ot o

produced b4t oiibé REndafli S s&thplk s She e hde@nwith 4 ¥Rk alr Viedetug Mmethedby use
of a conbustion nethod. The procedure of this method is as follows: [0070]

A 0. 04- 0.apgaigtusfis paigpd evihfnitrpgendpoa pddibenald D apigptel svitiethg hagtyoisstdulde 0001 g

accuracy,, ont.Q, 1/ heet,., of creased black filter paper on a | ace .
analyii e B et UGO8 o7 0RES dopis S0 Tseioh eorhar S el St e
i nsi dg t hRidnidedakatBaRad trd ARRisi donbiRldaganHmisayRlien iRl Gaktiond if HEDESE on
flask is prepared by adding 15 nL of caustic aresenite solution and 3 drops
concent r aodectigadtasks. e comietedisolutinn ioagdifipd Withsh & dINQr ansk titraseds with ()1

m nutes w;t en, The _pl ati.num | e.hal der i l.aced 1 n e p.of the
combusti o ~eSOk e i afefelCr SRR T LR e BRE R 7 K nAE o e

flask is &gupapRaneleand akealfuededs pphain ddierdifcd Wil heiegugam: t i ght when
inverted. Silicone grease is used to forma continuous seal around the

entire joint suUiBagéNLPRNOnPadRPIEONGERRIHN of PENO¢ oML AY samplkeVDanpl e

i's phaced into a Thomas-(Qgg oxygen flask infrared igniter. The sanple is

ignited resi due is di.ssolved .i.n _dei gnized ter. .made .hasi ith
sot o koD ot ERR1S bbby R it a3 voBGy I S5 RS uReENR bk,
cool ed angf@sitsh fitsechniplé,thiedlehipty Cleae tede tuBEDME Gen hSblahientokStire frated noi th a
0.1 to 0.01 N AgN®B standardi zed solution using a silver titrode on a

aut ot i t r devfual Wdrogehglisle ipthetsyster oni nat ed tel oner is given by the

equati on bel ow wt% Br = 20 where: (S-B)(N) (7.9904) Sanple Wight in
Gans S =mlliliters of AgNG3required to titrate the sanple B =mlliliters
of A@GNCBreduineed to titrate the blank N =normality of AgNG3 25 Yel | owness

| ndex Huugre Gl ord neter, LROTHL L LAk A SRtublini B! NP b ©f

Samples were heated to 400°C. at a rate of 10 C°/min under nitrogen. T, is determined by
noting the change in the specific heat of a polymer at the glass to rubber transition. This is
a second order endothermic transition (requires heat to go through the transition). In DSC,

30  the transition appears as a step transition and not a peak such as might be seen with a
melting transition. See, The FElements of Polymer Science and Engineering, An
introductory Text for Engineers and Chemist, Alfred Rudin, Academic Press, Orlando FL,
1982, pg 403.
[0076] Components referred to by chemical name or formula anywhere in the

35  specification or claims hereof, whether referred to in the singular or plural, are identified
as they exist prior to coming into contact with another substance referred to by chemical

name or chemical type (e.g., another component, a solvent, or etc.). It matters not what

chemical changes, transformations and/or reactions, if any, take place in the resulting
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teloners of this invention, the analytical procedure described in ASTM D

1925 was enpl oyed. 30 Thernograyinetric Analysis [0072] Thernogravinetric

anal ysi s WOGAo/d6s46al so used to test the thermal behavi orcofustéve/obdiane

retardant conpositions formed fromthe telonmers of this invention. The TGA

val uez ar e, obt ai ned by usecg a TA Instfr?urrents Ther nogr avi rretrl c Anal yzer.
a

Each sSanpgl&ts R WP & lﬁ'ﬁﬁesﬁ (R ioERAHQNS 4 BRAIPT EBGEORY Arfothey Wi th a
ni trogen rf:éu%’vof)fbrégm Oth%5sﬂéle{f1@11 nconTﬂ?ﬁEﬁ@' togtﬁéil Lhdey thesdonbiiliags n&lidy fhabil e
Brom ne Test This test procedure determ ning the thermnal

st abili typuofuantheo brie miisvkaset. f [Thne tln@t:amQamftnss pIrBOIﬂﬁII@ded)yS bmgmdlnlasitorbeof t he

tel oners of rtns g}?ventlon is a edure Oes§ g X descrldb

U.S. Pat.P 5%’6 %‘5‘&?““?‘?%1080 %“%? CRUES PP rs%ﬁﬁ’i“ém% N/ 8]

2010/ 065%81?36?1&1%20%@66&&1 tRougHN tHeN cHiRk | KeddiBafted Aa§Oredert 1o 05u@§taﬁ]ce§ arrpl e
is placed into a new clean 20 nm by 150 mm test tube. Wth a neoprene

" e

st opp€r aneaponensh prg/of m.gmd@éuwa@ttbmresmmwg( eameprisest subwc.). she sererseed t o
a nitroge r [

successi vgfcptl111 %P%Sﬁél}%gs\t%%sp% ? e 1%%&18%&581%# é;xﬁsot%c? tt’;n% %Rler']u%% b@ﬁ;@% esdf st

si dearm fdohtaefedf |b&3$1l§éd @aCIhlx@@n\fvﬂlh rdnd gor2 Qdréviotied s&bétaINeNaEb'ﬂnﬁﬂd:nﬁ giidsps of
phenol phthal ein. Wth a constant 10 nitrogen purge_ at 5 SCFH, the test
tube is Hegedigntt imoewErdancy wisht b Rigrant phisdlogues 3%%@@91@ /S NENR8Y- f or
15 m nut

cont ai ni %S)HI %lé&g\a@rg?é? &lhgnt%é;pﬁr ep acegﬁ \%ﬁﬁ{%l&eﬁ ?3‘ Cth g@% a% ﬁ%%tl&gﬁg he
apparlat ugransfopmatj@d darihp thiet cagsn o‘focomm:tmgdltﬂemlm@ ot OmitingIt @srationk, tithe
enpty test tube jn the 300 t st tube, and |

di spersi (fr‘?n%h&%‘“é’smaarcéorél??cer?vﬁgz‘%} af?s‘irs e |V¥} %%P%Fléli Ot%ﬁrfg““ff%sé gaﬁ% is
conbi ned gydmrdi@hl dbatenW th the solutions in the three collection flasks.
The conbi ned solution is acidified with 1:1 HNO3 and titrated with 0.01 N
AgNO3 usilA@7drEash taodrawr& ppEneoit pubﬂneatrqndefqnteda@ or aryMetrtiohof @R0speqifi6ation3s, or

equi vaI ent Res Is are calcu ) in ac an th t he equati on:
B = (i RReE e &@afir RSPt B e nen ) EeGe A Rt ampl e wt
20 [ Q074][0078] H:A¢BhtD mby bRk PN WitbiRE iMditdtedithé @8RIe hefar ant ieadiext

anal ysis. Each day before the first sanmple, t hree e&ty cl ean test tubes

are run asephegiosistnet gyenged te harie and Sh@ﬂqi @91 Bugenshy @igblﬁutml Rdimfotahe
t | t d_by. DSC
Thet r et SlReHER whiB Rt adiy REUES RIBIE B e qnot T Mahdafuldd |

C/ m n undereimiid (m@eRd td govs @iet@fﬂﬂ[bfbeﬁlch}élﬂﬁéﬂtﬂgmﬂé%@ tlﬁ‘dﬂwﬁg&lkbﬂ ifh hentﬁﬂeCI fic

heat of a polynmer at the glass to rubber transition. This is a second order

endot her rﬁl?,aﬂtyrlﬁﬁliﬁ?tﬁ HReIMiEqui res heat to go thr ough the transition). In

DSC, 230 46791 B4R IR AR, ForsheB: EOANE LLLARIANG MEmAeBERMnIYC as
htﬁbe [ggéﬂ@m{é hL e %g t?ans?t%nl%osn rSee g Ezil ment s oa?e Pofyn%r

SCI ence apndceEIm}smmuedhgr;emAn i ntroductory Text for Engi neers and Chenmni st

Al fred cadem ¢ Press, | ando FL, . 1982, . 403. [007 nents
referred ﬂ@ﬁﬂf@%@:’f?‘&%ﬂn i SHRSCRIFDIS (5} qpides Hévﬁ&ﬁ%g‘?w 1fsrl?¥a‘£‘§e %Eli%?‘?ng Son or
cl ai ms hepr@bins WM& hftion (€& ihRHdddrol 1inf 1dSihBeld! ik bQE:or%'tﬁié@hs hﬁ‘ﬁtﬁlg, the
|dent|f|ed as fghey exi st prior to comng into contact wth anot her

subst ancenyestien tethetportivplas heerpléicatiameprosentdddwiradmdbovg.pe (e.g., anot her
corrp§pent, a solvent, or etc.). It matters not what chem cal changes,
transtormations and/or reactions, if any, take place in the resulting WO
2010/ 065462PCT/ US2009/ 066121
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5m xture or solution as such changes, transformations, and/or reactions are
the natural result of bringing the specified conponents together under the
condi t i onsocaldmessskor pursuant to this disclosure. ThusPChaSeaapesients are
identified as ingredients to be brought together in connection with
perforﬁgﬂ i[ﬁllsgesired operation or in formng a desired conposition. Also,
even tH 8 he clains hereinafter may refer to substances, 10 conponents
and/ or j ngr edigthsr diftribigoRéctsstbd bedsCom&Rpr | ses”, "is", etc.), the
reference is to the substance, conponent or ingredient as it existed at the
time just bdhprdistibwes df innd¢cubssnf doti@dnulbl ended or mi xed with one or nore
ot her substances, conponents F L€ i ccordance with the
present disclosure. The_factF%Hg@ﬂacgagé§§%kgﬁi%i pohent or ingredient may
have | ost i twhe@ihHaBRIPhi enphdnyl LAPUER echhemtaad if @RCHis@buBbN, 1T is a
transformation during the course of contacting, blending or m xing
oper at i ons, Wholg awabertia ¢hd iangeefd} @Lhead whersin.hi s di scl osure and with
ordinary skill of. 1.SL . 1) p ihcal concern, . [ 007 Each
and overy pat ent GrUS! 1M P TRCHE Phal s P AELIE A EAICH Gpsildlnd
specification is g,ncorporated in toto into this disclosure by reference, as
if fully set forth herein. 20 EOO?S Except as may be expressly otherw se

i ndi cated, the aril) ghpoutdge abgut2§GPG preafept dae melegilighavierini g™ ¥8e| nt ended t o
limt, and shoul d not ggnstrued as limting, a claimto a single elenent
to which the artigpelﬁgggrs. Rat her, the article "a" or "an" if and as used
herei n i s i ntendddi)ttoabuarl406RC areafivofethes umiecales e & “rinlabesequhléng 2xt
taken in context .clearly indicates otherw se. 25[0079] The invention may
conpri se, cdh%@é?“%@“&@ﬁgm§ﬁ“§@ éﬁ'h%ﬁﬁvm the materials and/or procedures
recited herein. [0080] This pRvenicandiprayiseentiplm,to considerabl e
variation in its practice. Therefore the foregoing description is not

i nt ended t o whartinh eaginth shophatyhgtoubewkaaigtioueathagolb¢ule i thg disthleutionyent i on
to the parti.cul ar ,exenpli.fi,cations esented herei nabaye. 30 WO .

20101 065462PCH MISKOBON DAL JE Tebh A o6 AR Srsha TSP PiRn B HH e o
one or nore wfa mMgdrig ¢f Hé rmhledil@Ninofhe rmbtEBMIRShAfing AR “horvalledof 0 and a

Ph- CH2[ - CH2CH( Ph) ] "-CH2CH2- Ph wherein each Ph is a phenyl group, for each
mol ecul e i n mierit 8ot exserding 49 GRC qrea%, qfttbe emolgsmissn the diftebytigigavere @ to 6,
and wherei n,« »(l I t t . 9 he | &s; n"n"
val ue equal i r?g(\%l?ue%%ili ?a%t%él?)?%i V’E]}g&%lggll% éi;gaaggg%’g?%a /oegﬁidgﬁel£ n%l%@éﬁgg have
an "n" val ue- equahleG 1\ n ada@als @i 1) Quhie SabauteqldlsGC ar ea% of t he

nol ecul es have an "n" value equaling 2; (b) a distribution of nolecul es of
the fornul a (PhacppPobmpatiqand)en-cligppierip disfibutign of Biolecalss BT tg fpanya pheny |
group, wherein for each nol eg kﬁiiﬁjﬁQQI i Lti g @3 "Nn" is a whole nunmber
in the range of 0 to 6, and mﬁere%n t e(grgfrfgugkon’is characterized by a
maj ority of whteeinehdchbh esa phenyhgrodp,sindi foutthdnmhieulagn e distiibwmadnyén’dfs 280 and
a mnority, not exceeding 49 GPC area%,. of the | ecul es .i he

di stribution’ ?/PH@E%rnm"tﬂ@ rapge 9 Odp O1andyy lfl%f?mzf,hggls&?b“éloﬁﬁ‘é‘ﬂ‘ééeﬁ polEcgsC
area% for "nmayRQUab athesfroM'1 ®@als 2 > "n" equals 3 > "n" equals 4> "n’

equals 5 > "n" €equals 6; (c) a non-polyneric and non-oligoneric
di stri Buti om dflomst elestilewionf ast e Glaymmli| wahaPein G [ di CHP @R(PI) $haracGHzeHbyPh,

[199e2)

having: a content of from about 46 to about 76 GPC area% for molecules having “n” = 0O;

[199e2)

from about 16 to about 26 GPC area% for molecules having “n” = 1; and from about 1 to
about 14 GPC area% for molecules having “n” = 2.
3. A telomer distribution as in Claim 1 wherein the distribution is characterized by
having:
(1) from about 76 to about 95 GPC area% of the molecules having an “n” value
equaling O,
(i1) from about 17 to about 5 GPC area% of the molecules having an “n” value

equaling 1, and
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wherein each Ph is a phenyl group, and, for each nolecule in the
distribution, "n" is a whole nunber in the range of 0 to 6 and wherein the
di st ri butworroiomsbasdes nol ecul es having "n" val ues from PCrajs@009@cA2t el oner
distribution as in daim1l wherein the distribution is characterized by

havi ng: a content of from abo t 76, GPC area% for no | es
havi ng "n’ A11p-frgm am%édaf)ﬁ%é’ﬁ@a% he D leeples hrung At of ?%vee%qﬂa{é% Ravi ng
“n" L, an%ftél%ﬁ?e@b@éﬂflbtgtloﬁloasaﬁpﬁqal%l %rﬁﬁ%@&ﬁﬁbﬁfﬁlneﬁuﬂﬁﬁaéﬂéiﬂe@% ‘nto=

2 3. A tel omer distribution as in Caim1 wherein the distribution |s
char acthavinged by haV|ng (1) fromabout 76 to about 95 GPC area% of the

nol ecul es havi i from about.17 to about 5
GPC ar eave of AN A SSI S B 0P i Ra RS i retestiGRR AR 1 hrd gy

2010/ 06546 2RghAIHR20QQ4 066121 (iii) fron1about 5to 0 GPC area% of the

nmol ecul es having an "n" value equalin . 4. Atelomer distribution as in

C ai m 1 wher(@ fomybods Sta dhout | GG e a?if thetraelegwdes yingsan mg:valueiefudlingm
about 95 to about 99 GPC area% of the nol ecul es having an "n" val ue
equaling 0, and (ii) fromabout 5 to about 1 GPC area% of the nol ecul es
havi ng ;an " M bihidgte Gléhemnd stlibuthor’cHararizad 8¢ ohebotiBre «ithd followtingn
characterized by one or nore of the follomﬁng (a)a distribution of

nol ecul es of(at he ¥Ypttirucrpplaplosules piche Fiypla - cHoCH2- Ph wherein each Ph s
a brom nated phenyl group ha Mween r ne atons, wherein for
each nolecule in the dlStFIbE?lOﬂHQﬁ ggnﬁ&%%%gpéﬁg%er in the range of O
to 6, and whelieetin,eack iPh &t a Ibe«aﬁhla&bophenﬁﬁg@ﬁ laaveey Betokei Heambbdauméie have
an "n" val ue equaljn bout. 1 t out 26,GPC area% of the

nol ecul es h %ﬁ”‘ﬁ%nJQYﬁ%mééagFWﬁdnfhegﬁHQWéPP1ylowbe BSUMAT Ebear eavs
of the ”D|EQHﬁ$§bﬂbﬂ%% ad whereMal ue equaling 2; (b)a distribution of

nol ecul es of t formul a Ph- CH2[ - CH2CH(Ph)] "- CH2CH2- Ph; wherein each Ph is
a broninatedehhﬁﬂk$gubﬂbGH€vmﬁg%béﬂwe@ﬂbimamuh§abfmﬁwdeeaqmﬂs@(xor each

nol ecul e in ft. tributi “n" o whol e .nu f 0Oto 6,
ond viher ef n Gingdi 2 P PB PG Mens RPN IRE o or s “BrTHed:

nol ecul es 1 mpghe di stribution having an "n" value of 0 and a mnority, not
exceeding 49 GPC area% of the nolecules in the dlstrlbutlon having an "n"

val ue of 1, (@) 03to ahoutsl4fpP@ ayads efi the pipdecashayeynirt ofluerpqualiigads 1 > "n”
equals 2 > "(B) echu(ﬂgtﬁbgtlonofqnol%&ﬂgg éftﬁe Formrl]ﬂa equals 5 > "n" equals 6;

Ph-CH,[-CH>CH(Ph)],-CH>CH>-Ph;

wherein each Ph is a brominated phenyl group having between 1 and 5 bromine

[199e2)

atoms, for each molecule in the distribution, “n” is a whole number in the range of 0

to 6, and wherein the distribution is characterized by a majority of the molecules in

6‘ 2

the distribution having an value of 0 and a minority, not exceeding 49 GPC

area%, of the molecules in the distribution having an “n” value of 1, 2, 3,4, 5 or 6

6‘ 2 6‘ 2 6‘ 2

wherein the GPC area% for “n” equals 1 > “n” equals 2 > “n” equals 3 > “n” equals 4

6‘ 2 6‘ 2

> “n” equals 5 > “n” equals 6;

(c) a non-polymeric and non-oligomeric distribution of molecules of the formula
Ph-CH,[-CH>CH(Ph)],-CH,CH>-Ph,
wherein each Ph is a brominated phenyl group having between 2 and 5 bromine

[199e2)

atoms, wherein for each molecule in the distribution, “n” is a whole number in the

range of 0 to 6, and wherein the distribution includes molecules having “n” values
from 1 to 6.
6. A brominated telomer distribution as in Claim 5 having a bromine content in the

range of about 77 wt% to about 81 wt% of bromine
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(c)a non-polymeric and non-oligoneric distribution of nolecules of the
formul a Ph-CH2[ - CH2CH(Ph)] "-CH2CH2- Ph, wherein each Ph is a brom nated
phenyl grwopotizssssg bet ween 2 and 5 brom ne atons, wher ecm/uUSesoseasnl

nol ecule in the distribution, "n" is a whole nunber in the range of 0 to 6,

and wherein e distribution i.ncludes | ecul es having "n" values from1l to
6. 6.A byomfgngfoéﬁni‘té@&ﬁ%?efo‘iﬂ%tﬁp%‘m?sdﬁ 4 %L@P% 13X 8%‘?1‘561& 1B %ni ne
cont enty i i IrhiBohidN98Rto ARRYY7 W%V&f%}érﬁi_n@bou'f 81 wt % of bromine WO

2010/ 065462PCT/ US2009/ 066121 7. A bromnated tel omer distribution as in

d ai m 5. havihgranibatediatementistehttiomastih € laiang bavofig abouning 2omedoin theabout 77
wt % of bromn 8 rom n d telonmer. distribution as in Caimb5 having a
br oni nera%gfn%félﬁ’i)utiﬁ ﬁ?gtor %&gegwt%bog&mrﬂ@evw %to about 72 wt % of bromi ne.

9. A brem naf egbrbinhedelomlbisdibtiBliid 04y iA%Sny Bf @RYMOE-SRRirFEa HeSndlABNg a
thermal HBr content of |ess than 1000 ppm at 300C and |ess than 300 ppm at
280C. cpotenpofesstharnt &9 pran arddl0°diagd tash than 3RO aBmi 34 2863.of O ai ns 5-9 havi ng
a TGA wei ght . Of 9 rr .at _a tur.e. not SS..: n 320C.
11 oA o iRk RhE) ERFRLGATS R an o ETRGY S ufd reR By °2
Hunt er of6lwi% Jtcudfind sisstetnpamtutOnot 18R.thah 320001 nat ed tel omer distribution as
in any of Clainms 5-11 having a _Tg in the range of 135C to 215C. 13. A

br oni nakled t/émsﬂ@rna&ﬁdstfﬂfom@ag}sgwu 8N A iy OéaWi%O Baving p Hyptegcglor YI
differ edf?tlésglthﬁlcl‘i‘)””i ng calorinetry nmelting point mninmmoccurring in the
range of about 160C to about 310C. 14. A broninated telomer distribution
as 1 n d2ai mAs bhawinagd telambr distribationnt éntny of Chaéms anldehavingab®uin theé madd t o

about 8 % Eermal HBr content of |ess than 1000 ppmat 300C, a 5
M%T@%ﬁ%d‘%}f"f@g ~occurring at not |ess than 320C, a Hunter color Yl of

l'ess than 10A gRthinded ®lbMetl Hﬁtﬂtﬁ?gﬁ_a@finlazlgfcbﬁ Qla?rﬁ@@-ﬁnﬁé\ﬁﬁg a @irffenignt i al

scanning calorinetry nelting point mninmumoccurring in the range of about
225C t ccabong cBad@etry 1Elting fdismminimuzragedridg PSthrasege pbibowt 1 6@ 6ntoadoti on
cont ai nj'ﬂ@gca flame retardant anount of the conposition as in any of C ains
5-14. ."A flanme retarded ABS-based pol yner conposition containing a
flame riet ar dapfon@iiBed tel@theit NQri6AIROS ihiQMnAS haivingny of Caims 5-14. 17. A
flame retarded thernoset resin conposition which conprises a thernoset
resin it whidchomite gatnt inde el o abqua g Wit terabavi8lawfent of a conposi tion
as 1 n gy C)fat I%llarﬁﬂﬁ.’coﬁtenp(gf lg?safﬁgh?le()sqﬁr}ﬁ)mt%ﬁogépn as in daiml7 wherein

said thernpset resin is a novo

° a 5 wt% TGA weight loss occurring at not less than 320°C,
° a Hunter color YI of less than 10, and
° a T, in the range of 170°C to 215°C and/or a differential scanning calorimetry melting

point minimum occurring in the range of about 225°C to about 310°C.
15. A flame retarded HIPS-based polymer composition containing a flame retardant
amount of the composition as in any of Claims 5-14.
16. A flame retarded ABS-based polymer composition containing a flame retardant
amount of the composition as in any of Claims 5-14.
17. A flame retarded thermoset resin composition which comprises a thermoset resin in

which has been included a flame retardant amount of a composition as in any of Claims 35, 8,

or 9.
18. A composition as in Claim 17 wherein said thermoset resin is a novolak resin.
19. A composition as in any of Claims 15-17 wherein said flame retardant amount is in

the range of about 1 to about 95 wt% based on the total weight of the composition.
20. A composition as in any of Claims 15-16 wherein the composition additionally

contains a synergistic amount of a flame retardant synergist.
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19. A conposition as in any of Clains 15-17 wherein said flanme retardant
anmount is in the range of about 1 to about 95 wt % based on the total weight
of the compasindéss2 20. A conposition as in any of C aiPas/uk3e02@6abETr €i N
the conposition additionally contains a synergistic amount of a flame

retardant sypergist. WO 2010/ 065462PCT/ US2009/ 066121 21. A conposition as
in daiqfr20 &ﬁ@%@i’ﬁ“‘?‘hég 1 gﬁ”émrzglt‘é(?‘?ﬁlﬁtth% EﬁedF?fdGain% SHKTEHt S ABAPUESAYai ni ng
syner giSheainiddsyrRr&@Posi tion as in any of Cainms 20-21 wherein the anount
of the synergist 1's in the range of about 1 to about 12 wt % based on the

t ot al i ghtA obmpbetigomposing obflaim? 20-2A Wigremtizt aroountt of thehgngespariatheon of

pol yur et hane, ,which for ation i.s cha teri.zed by containing, as a flane
et ar datee & O O BPUT o A RGgonapaihd et of GPgRPOBROMA 1 or mul at | on as
in Caixp 23 A‘ﬂéﬁﬂi@itio%%})ﬂie?rﬂﬁlraﬁfon!&%lyu%iﬁanfe! ARRN MBI SRH is DURQE@HSdd  25.
A formulation as in Claim23 wherein said synergist is an al kyl ated

t ri pheriy qohtsphgtas a flame retardant, a composition of any of Claims 5, 8, or 9.

24. A formulation as in Claim 23 further comprising at least one flame retardant
synergist.

25. A formulation as in Claim 23 wherein said synergist is an alkylated
triphenylphosphate.
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