BROM NATI ON OF TELOVER M XTURES DERI VED FROM TOLUENE AND STYRENE TECHNI CAL
FI ELD [ 0001] This invention relates to a novel process for the production
of brom mapediondczicar es of tol uene and styrene derived t ecomseay/oedieTh

t her mppl astic sulstrates. ields a flane retardant product
havi ng a hi gh ard¥eogtls, - : RIED HROM br oni ne
content and good col or. BA ST} [ 0002] Hi gh aronmatic

brom ne content is a beneficial quality as it portends enhanced fl ane
retardancy per unit weight of flame retardant. However, a high aromatic
brom ne content can be acconpani ed by a higher than desired thermally

| abi | e brom ne content. The thempHXICAR FEELID ONM ne content of a

brom nated flane retardant is determ ned by nmeasurenent of the HBr off-gas
generlft ed00EnThin mventigrerelagasdp gamyeli ogesafas dhe progueipaafremippated apiggres

t enper at : Lfig. i I ek I abile
brom ne (L:H(gﬁ?lg%e\/? S Sggrplel%ggﬂrilvteﬂotgﬁﬁﬁg’f éﬁlglgllro g‘ﬁ%aﬁ aﬁlm%esggén%%ﬁﬁfeﬁ fhé}el

by- pr oduattasdantsl foeideriappeshophstidwabitrace Tretmodantyie(d \ndiunaf teearddnit pilncing
steps to reduce this content) and the anmount of no] ecul ar, non-aromatijc
bromi ne pPrREEEHhigharamaishrangie o98fsng adawithemstly ditils bipwing qeptenpprshgenss
wherein theal kyl group is either a bridging group between aromatic groups
or is an al kyl substituent on an aromatic group. No matter the source, HBr
off-das fromthe flame retardant used in the thernmoplastic fornulations can

result in danage to nol di i ysed t el evat ed
tenperatures) the ther nod{}ggﬁ%@mp&tﬁ l{fﬁﬁg‘h{)ﬁ cles, e.g. TV
encl osur gaoogt}%gh%&lﬂ@ﬁ@ BroBibAdncaKish BRRAEBNMVAING KBF JoVeRdOdtahced
entrapped in the flane retardant, the chem cally bonded, nol ecul ar

nonar omatflagneoretarilansy fes upibrvecight oif | famest jetardanite dtoveaver, fagglo pranesiis ypewmet o t he

practiti oiglent Bl ésaccl:oar‘li[l};[a%{ed gysg.h";‘é}etr Bag! ecsﬂgc'l WFa ??%%fe%ro%%er aoped Her
reductionare oOf m nrmalr use agai t'he nuch nore stubborn non-aronatilc

brom2ge. THOMBSImADET Iabild) blyneint Rahest EOh Wedniing e SfldndPrefdfhtan detdbndRA by | ame
retardants; Al bemarl|le Corporation) are accepted as commercially significant

flanme retBraRisment of the Sdnalf-gasganpiategl when the Flaggiraiatdapssis herad iea srecifitei r
high ar O%Ja&db{eﬁ{ﬂe&%rg,oggye%()od,%{r a specific period of time. The thermally labile

bromine content is dependent on the flame retardant’s content of HBr by-product still

entrapped in the flame retardant (even after finishing steps to reduce this content) and the

25 amount of molecular, non-aromatic bromine present. = An example of non-aromatic
bromine are alkyl bromides, wherein the alkyl group is either a bridging group between
aromatic groups or is an alkyl substituent on an aromatic group. No matter the source,
HBr off-gas from the flame retardant used in the thermoplastic formulations can result in
damage to molding equipment used to mold (at elevated temperatures) the thermoplastic

30  formulations into articles, e.g. TV enclosures, etc. Although methods exist for removing
HBr by-product entrapped in the flame retardant, the chemically bonded, molecular non-
aromatic bromide, is more problematic. There are few options open to the practitioner in
this latter case as the techniques used for entrapped HBr reduction are of minimal use
against the much more stubborn non-aromatic bromine.

35  [0003] Certain brominated polystyrenes (HP 7010 and HP 3010 flame retardants;
Albemarle Corporation) are accepted as commercially significant flame retardants for use
in a variety of thermoplastics because of their high aromatic bromine content, low

thermally labile bromine content and effectiveness. These commercial products exhibit a



thermally | abile brom ne content and effectiveness. These commerci al
products exhibit athermally | abile brom ne content of |ess than about 500
ppm whi | evetznidiospreavi di ng up to about 68 wt % aromati ¢ biPomiuseoN6d1RE
product. [0004] It would be advantageous if a way could be found of

providing, relatively | ow nol ecul ar, wejght, non-pol ric Rhrom nated

oromat o e yrlé'fllfr braptiee ﬁ%?mgo?éeséﬁh gheit PG s el rrevid e 7010
and HP 3038yf daWer hdniltdanbfinehh kR ;%dﬂc'&e sane tine exhibiting thermally

| abi | e brom ne contents conparable to those achieved in the case of

per br omi 80@H Idivwshuéh Pt aldkantegsofib afme wat eswdibesfousdiolf mgviding relatively low

decabr onodi phenyl et hane, a al.so _desirable UV.characteristics when
conpounadtRr iR OF SEaBrPIORFEIE  bOFRME BEoTi< TR ar Yy A MBebt i
these resiittics eaHing DeAGHhEY &P 20 NSMHPIBOLDFlaOMkFiAHIs Ghild ab el Paleymeri ¢
flame retardant having desirable color properties. [0005] This invention is

bel i dPed tirae erabpitiag theemalbhiabile boming foeyipcomparghle tgthpse grhiqvhe gethe case
advant ages. . SU . TH [ Thi g i i.on_r. t

cchent a0cs. AR T B O0RBh,TOL3 ATYEOR STt L
process cadpidoSieBigatde UV etalradigisticd @@eh canpsinged gvitrUdntabilizers. dbabounldtbeansf er
derived toluene and styrene teloner distribution in the presence of a

cat al yt i Pagiratin fvantaggops af diger wowb caukt be paueyzf afong yith eesrraision afiy s

i nvent i 0%?1%)1(&99&&1‘1%@1& d&ﬁmﬁﬁgdw&bieeéogé}egmgéréésr! bution being fed as a

solute in proximty to and contenporaneous wth joint or separate feed(s)

of tHé& br[6005]akHinhvagdmnt isaedietdietoAdrBbR. thd helsievdmed ©f aomenddet b, of thesct or
pre-charged with solvent or a heel froma previous run, and such feeds,

al ong wi t9VPH&eEhar ged sol vent, at least partially forming a crude reaction
mass conprising: (i) the bromnated teloner distribution; (ii)
by-products/inpurities; (iii) solvent; (iv) AIBr3 and; (v), optionally,

unr eact ed brom nati ng agenSUMMEARYE&HS TAHE INNENHON ur f ace of the reaction

| : t. h t t i thin t f f
About - 20000 i v eskS RS 0 hiodelcS oF aed el oHp et R Sufepar,
crudeppr dupositibate! HIdcdBSOMPrSingERRMEthtng OMfédiecdRRedifY ah Wnich@Nhineam

finishing. [0008] N-bronmpamnes are |likely to be present in the crude
product . URHelse dgrvefetolugne andr styisde ftelermer Hstighdgion inrtha Presengeephbadatabyic on

pr onot er, P\ N - ramet hyl et hyl enedi am ne (TMEDA) t hat
accorrpani%lgnt?tﬁé)f?lég%%élggcfpls\{efﬁ{ bution feed

[0007] The processes of this invention can additionally feature the telomer distribution
being fed as a solute in proximity to and contemporaneously with joint or separate feed(s)
25  of the brominating agent and the AlBr;. These feeds are made to a reactor pre-charged
with solvent or a heel from a previous run, and such feeds, along with pre-charged solvent,
at least partially forming a crude reaction mass comprising: (i) the brominated telomer
distribution; (ii) by-products/impurities; (iii) solvent; (iv) AlBrs; and; (v), optionally, un-
reacted brominating agent. The feeds are made subsurface of the reaction mass level.
30  The reaction mass has a temperature within the range of from about -20°C to about 5°C.
The bromination reaction is fast. The resultant crude product (reaction mass) is removed
from the reactor for downstream finishing.
[0008] N-bromoamines are likely to be present in the crude product. These amines are
derived from the chain transfer telomerization promoter, e.g., NNN’ N’-
35  tetramethylethylenediamine (TMEDA) that accompanies the telomer distribution feed
from the production of the telomer. The N-bromoamines can lead to color bodies that, if

not removed or reduced, can give the final brominated flame retardant a poor color.



fromthe production of the teloner. The N bronoam nes can |ead to col or
bodies that, if not renoved or reduced, can give the final bromnated fl ane
r et ar dantwae 2pmarss4sal or . [ 0009] After the brom nation, thectrusd@oneaet i on
mass is preferably quenched in water to deactivate the Al Br3 catal yst, such

et Ren 100 e e ARt Graey o Bt 1 B Gl AEHN G B
conduct edje,Qfvaly @ f?l%tr SatfliySt 'sﬁéheéihefnf:ﬁﬂ% teheniRE AaNgGessYHaYe al P Oloabic

preferred feature o e processes of this invention conprises, subsequent
to t he sepanaphae dhe phrsepirasks sepastrdrgd theosdlyaceitdtee dddfigea ivaitqyhvessbes or

any ot her organhi c.phase der.iyed.therefro wth a basic, aqueous NaBH
20 ut on Fo e TS ROR LRI FHE B Beaibalirde col o bodies and_ e
that may [8010] ADrerteseMaturs WEMhIBEREASY 8) RS Silichiiftd céthpscs SSPRERIEHT &

wi thin the range of from about 36 to about 65C. Wen using a brom nation

sol vdft tthasedaprtion frthephatesopashing Hewgpaiategi arpamdc pbisei Ay amoPHer Pegagiy about
5Q0C, it js.desir e conduct . the treat nder. super at s i
oo ur s ARSI A Sal AR ORL. MIER RURGIBLIRSBIEN

achi eved thér N-beontsunt ea setbrphake. atDHBr tHat has, belerbefl prgkehet hah wasHifgs)
presence of significant quantities of active brom ne species, a violent
react i on 9EYITIBE QLR tSARRATALICSV itig Al Kang¢ oF FrgmiabosloHT de nbentiSth. Mkenbinec
aqueous NAREK,; S QIO Rt tﬁﬁl%ﬁﬁsoéneazeﬁ{}g SORH N EURH] Eg&pﬁ% H&i{ﬁ?b&r §3806e of
brom ne species Be "3t A ‘M nr i sUCh 38 By Use of additioRa wat' er

ext rast i FsCoit idistmableab iconducbteseguasit undert dipetNaibiphetapieediire sé fat pogani ¢
slurry has a relatively high pH because of the tendency of the slurry to
retai n rdemaeraturgsdpthoings of HehieticCagnbe ashiqesshin thhednderied phagtdiNetenal

fresh wat r H. : ry,, as
evi dencec}? E@S@%g?p otﬁ atﬁ Egﬂé;%%gerntggggﬁ%ﬁ%ﬁﬁt@gﬁ%éﬁ803%31&%%%&%}%4 uglte g/’sa'l urry
i s best ivdokatedction megdcag wiwn gk unrganid sluaryweldonatied veich thestsslc aprbda ni ng
fresh water_ at te rature in_the range of about 6Q0C to about 980C
dependi ng Vit Wi“t_%f?e G- 9t PR S0 REnab e FE-CBr R aE T PEGIEL BREL i ¢ n
vat eng | NneHARtMGLERSs B?!us% SPLIIA dnA walePEx BRABASGEH sl GBR! %uﬁéeﬂﬁéﬁf plase is
fed to a vessel containing the aqueous nediumwhile concurrently renoving

t he br omMNMaililotreamentetite drgandc sturtyl ltsi orelasrvebzlogh pblpbasadiesafi the &gndengy of
includinq rities that ma use
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to introduge RasheBhike cAPROYRY t6 Cediice tHeGH 1evBIRdT tHe Huihy Yasafvideneed 1} @k pROsfeOUS

phase) of NaBH4 into the aqueous precipitation nediumto destroy any active
broni ne dpesdpamtedisaterrggshbe rel eased

25 [0011] The product slurry is best isolated by feeding the slurry to a well-stirred vessel
containing fresh water at a temperature in the range of about 60°C to about 98°C,
depending on the azeotropic boiling point of the bromination solvent with water. In
conducting this operation, the separated organic slurry phase is fed to a vessel containing
the aqueous medium while concurrently removing the bromination solvent by distillation

30  or azeotropic distillation, including any distillable impurities that may be present. Because
the solids or the solid material can contain occluded bromine, it is desirable to introduce a
small amount (e.g., less than 0.1 wt% of the total aqueous phase) of NaBH, into the
aqueous precipitation medium to destroy any active bromine species that may be released
during isolation process. Irrespective of the temperature at which the precipitation is

35  conducted, it is best to finish the procedure by heating to about 98°C to help remove any
bromine occluded in the solids. The solids are removed by any conventional solid-liquid

separation procedure such as filtration, centrifugation, decantation, or the like. The



during isolation process. Irrespective of the tenperature at which the
precipitation is conducted, it is best to finish the procedure by heating

t o about WBQ@Wws4sel p renove any brom ne occl uded i n thecsalsean/o6sine sol i ds
are renmoved by any conventional solid-liquid separation procedure such as

filtration, centrifugation, decantation, or .the |ike. gres wet cake
s dr Ped NG Vel Thaned gk ke bea st AF 1080 TEC 1890 G R o
ni trogen RO LS pibdEam( 0012] In the follow ng "Detailed Description of t he

I nvention” further description is given for processes of this invention.
The pr oce[QQIE]eaInLthescolﬂcmmgr“cDetatlhé Ressopligt pbmmbrvlentecm” i‘unthpladtscuptwm isnhol e,

are within t sco e OfERﬁ'nﬁ\ll nverrtl o] di scl osed her UFTH% TAI LED
DESCRI PT|géi¢r‘ ?SRR? HYFEUR o er PESCEYS eﬂﬂ’f? @é‘: SRR

t el omer Cﬂp§hé§ hﬂ}ﬁdrp&’intv&l‘}ﬁ)lle afeewﬁMhtt@éJslc@pé 8LMS 1ﬁ&htlbﬁm&@deﬂ%rehﬂ accor dance
with the processes of this invention are characterized by one or nore of:

(a) d0distribution of nolecules of the formula

Ar - CH2[ - CH2CH( Ar r p, for each

nol ecul e in the %pgjﬁ%g{ﬁ%ﬁ&%ﬁ ﬁtggﬁ#ﬁﬁéﬁn%ﬁb@rﬁﬁ ﬁlwlhl\e r%ge of 0 to 6,

and wher erheTe(lcbr)leraDlsirﬂ)aﬁbnEb@ut 46 GPC area % of the nol ecul es have an "n"

vaI ue equalin ii) about 1 to about 26 GPC area% of the nol ecul es have
e{PGQ]g‘HWérlromgr distrihygions thay arg syigablgsfseds o brgpanafindomgeorddse pathecul es

have an " | ecul es of the

formul a Atrfr?e E:I—Ig%slg%:sl-l%ﬂl% 1h%tlg&2m§ﬁcgh§%%}?géén%%og\? is a phenyl group,

for dach (apl ecadistribntidrhef olstuledbefithoformutd’ i s a whol e nunber in the range

Che ol ecul es i n the di stri but i ShC ek g BRI CUTbeRe 0 and & i nori by,
not exceedi ng Vé}%rgﬁgaéﬁ @@-0{9 a%ﬁeﬁﬁ%r(?ﬂ'ﬂ eGUaeR nﬁd]e&ﬁkemdﬂhgd'ﬁt@ﬁﬁtioﬂn“rha‘é'ang an

"n" value of 1, 2, whereéin the GPC area% f 'n" equal s >
"n" equals 2 >Wl'1qi€netqb%tlls tlﬁmngmﬁf(emfalasdwhﬁre'lm" equal s 5 > "n" equal s 6;

]S gl), rrﬁ | go?b? Okr(@@gl%s anda_i?én ??iﬂﬁgﬁrj‘% egrlpgltecul ltlalw%naan 7 rmllug%éfllla mg%f the

20 (i1) about 1 to about 26 GPC area% of the molecules have an “n” value equaling 1,

and
(1i1) O to about 14 GPC area% of the molecules have an “n” value equaling 2;
(b) a distribution of molecules of the formula

Ar-CH,[-CH,CH(Ar)],-CH,CH,-Ar;

[199e2)

25 wherein each Ar is a phenyl group, for each molecule in the distribution, “n” is a

whole number in the range of 0 to 6, and wherein the distribution is characterized

6‘ 2

by a majority of the molecules in 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 wherein the GPC area% for “n” equals 1 > “n”

6‘ 2 6‘ 2 6‘ 2 6‘ 2

30 equals 2 > “n” equals 3 > “n” equals 4 > “n” equals 5 > “n” equals 6;

(©) a non-polymeric and non-oligomeric distribution of molecules of the formula
(b) Ar-CH;[-CH>CH(Ar)],-CH,CH»-Arr,

wherein each Ar is a phenyl group, and, for each molecule in the distribution, “n” is a

whole number in the range of 0 to 6 and wherein the distribution includes molecules

6‘ 2

35  having “n” values from 1 to 6.
[0014] Preferred telomer mixtures have telomer distributions as presented above with
reference to the formula, which distributions are characterized by having a content of from

about 46 to about 76 GPC area% for molecules having “n” = 0; from about 16 to about 26



wherein each Ar 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 butworroiosb4edes nol ecul es having "n" val ues from PCTase009jo627]
Preferred tel orrer m xtures have teloner distributions as presented above
with refe the formul a, which drs r.i bution r eri b
naving a CnEGHTE B TOIGHISDBING e (o fromgagsl 4 @ %tf@ g 2

havi ng r}nolgagesﬁarvg{g gpaw 16 to about 26(;‘PC area% for nol ecul es having "n"
= 1; and fromabout 1 to about 14 GPC area% for nol ecul es having "n" = 2.

[ 00 15] FUPOHE rFysthef prefercedt telomm miptyceuhas thiawer tdedtobmiondias tprasbated @h@veas

present ed .abo evmth re ere formul a, which ributions
har act ort DL 5 e S EmEBne i oy fong stnalbiseiéed bF gt i oBRnEH
area% of {)FeoabaRTLaS abai| I9Bg3m areA% ofah&eloequreh hisdn®an (il Yalhd QaBRODL 17
to about 5 GPC area% of the nol ecul es havin "n" value equaling 1, and

(iii)L0f r din EpELARDOS { btaprbep &iPbassah of e melcee le$ bayingui 1y wahue euabeg lie
cqual 19 2o (UG blo fUROSE ISR REoiel BITRE, [ XFULRR BRXEyd £1 omer

di stri but’i o SV as pf esent e rence t

di stri but[oorg SaﬂEﬁ(rﬂer aedferred eclodyr RaXiuRg 1oave oBlogidr cﬁitnbut)orrsr;csnplemwd 95 to
about 99 GPC area% of the nol ecul es having .an . "n" value equaling 0, and
(ii) frorAbapoitithsrefgsengsoigtthe Wlézr%fh%ld*mflh‘éﬂ%l%%GP%Ctﬁlémdnby Aving-a va| ye

gqua' ing &mgh@Qﬁ%}r fr%ma But $9Q 0k & G?%’{)QJ% L}%%H&l‘ééul&aﬂd Al Nvanydl ue

0, 1, an 1 are recited ove I's not to an that no
ot herl5s rmlequalﬁmo haamlr (niy fizmm Abdut vatoudboowut SiR(E amh%Ooﬂ the 2na@eculest lavingcan‘“iie
present. t her, 1e characterization of the feeds by only reciting the GPC
area% f or¥d ICQB@FI& of the population, "n" =0 to 2, or 0 to 1 highlights

the i nporfpergewhiie, ttﬂé &P dﬁé@@%ﬂﬁ@l‘é&ﬁéé H’a[bn?g”&h ‘trh’evamm 1Ghnfd @roe@%naqnber S
associ at ed therewith. See, Exanples 1-7 wherein products produced fall

within tee feto;rte@) ebcnq thias aot e ingat thohno bier alokwulsaievipgpol at ivelus oet81de

e con! boor B D A% oa Beirah ki s et Spion 3 Bl CR duforth reigte”™ )

br ompat itae crm)ﬁ@e%ﬁ)rqﬁol%&ur@s bNeNdpamtibav e a1 e & 0 ROAUhighli NS then
which the "n" value range is |ow as conpared to oligoneric distributions,

in which 1trr@ertarwe fathie hrrawgepqpsﬂaﬂroanarrrl the higheindPasaregfpairebrrs @sipsiajader i
di stributg hé’r@]%mh” s UEQ 2"7 VA SEn X@%&?cté %r&[ %Q& 2f§11t\§31t1§19 Ihr%k% ?{ e two

benefits realized by usi | oner ures rom
characterization, but also have populations of molecules, though not large having “n”
values greater than 2 or 1.
25 [0018] As can be seen from the above, the telomer distributions used in the bromination

6‘ 2

processes of this invention favor molecular populations in which the value range is

6‘ 2

low as compared to oligomeric distributions, in which the value range is from 7 to 25

6‘ 2

and as compared to polymeric distributions in which the value range is from 26 to 80.
There are two benefits realized by using telomer mixtures in which “n” is from 0 to 6.
30  First, obtaining a very high Br wt% is facilitated for the above described telomer
distributions as the proportion of penta-brominatable aromatic end groups to tetra-
brominatable interior aromatic groups is inherently larger for the telomer distributions of
this invention than it is for oligomeric or polymeric distributions. Thus, the brominated
flame retardants of this invention can have very high aromatic bromine contents,
35  exceeding 72 wt% of bromine, and easily reaching over 78 wt% of bromine.

[0019] Secondly, the telomer distributions of this invention present fewer sites for the

formation of non-aromatic bromine, a thermally labile species, than is the case for higher



First, obtaining a very high Br w% is facilitated for the above descri bed
tel omer distributions as the proportion of penta-brom natable aromatic end
groups t owbebrelsswai nat abl e interi or aromati c groups i sPCcmhise@anbe12t ar ger
for the tel orrer di stributions of this invention than it is for oligoneric
l_ymeri C,I striputions. Thus, ﬁ\Ilae brom nated fl ane retargmnts of this
nvent! ormelasHIFayee EPSYHYERePEHEESI DL BREREORD RPISEE 224 e S798wt % of
bron ne, mRd.8Rsl h¥iohieaghi ng over 78 wt % of brom ne. [0019] Secondl y, the
tel omer distributions of this invention present fewer sites for the
f or mat i 0r0820]nn usadoatetviec tlbtr enin@ongpalyreendd| isytol bebtdken Spebé esntekhah thes t he

case for highe | ecul.ar ht pol ystyrenes produced by conventi onal
pol yner i z(glll‘:éﬁrfffogll‘?ﬁloa Ig free-radical, anionic, etc. [0020] As used

above, the ter m ‘)SlQiheﬁ(idaY Biﬂfstaﬁhce k:§nsﬁ§1n@%ftrﬁdﬂ@éhlésﬂcﬁab@t&ﬁe& @?tthé)fsecfugﬁceOECD
definition of "polymer". "A chem cal substance consisting of nolecules
chardéterized byof i98e SoIETFC &YPSF A6 n@ORYMEFDHRILY YRk COMPIiRBE chemRIAi e ghind
O 1 2 et Ao RLRL Bl ok et Sl QML THALN AR Sl T e
mononmer units which afe cova o at least one o MONOITET uni t

or other reactantoanhtiwhbaindconsgiisis @k dtR&Smbhemeusit ool @heveiegdihntn@jdori ty
of nol ecul es of the sane nol ecul ar wei ght. Such nol ecul es nust be
di stributed over “Aighdegassf e dean aa?mwéfi YRteht pRisy Af giolecales 9é e same he

nmol ecul ar wei ghtrﬁ) Pt; hﬂ y Sa[;chr st rlllg%)em{lg Gl T eLEnce VleIn o Eagl pupber of

nononer units." The teI oner utron feeds use Int processes
of tHi5s inventi omodmnlabevmghtaalwrmertnbyhffdnmcamuro[hecmawdullar oright ale pomabut 7

styrene units to tol ugﬂ I%H]gatal t| C ua tities of Ijthiumreagents
conpl exed with pBiERY "?Foa ffn T8 yhe of BIBPMET WiilSss features the use

of tol uengosy BR! Ridkactidbuadd f@&isr&‘%ﬁtlhoﬂﬂe SRbYRNs. ofvﬁﬁ?,m\%ﬁﬁGh fdagald v,
the process i's effected by adding styrene to toluene in the presence of

cat al yt i cobtpieast by tI@sam<bnlaIald9rlltllontdﬁ|1um {homef/ extyrbhey ubig VJI foluehe wsing aqathl TVEDA.
The reaction.mas in the ra of from about 77C

1
To aboat dae i G eR e daRe Fard Bt ok FhBDP o eloRT pFREH

chai rpot r ashRE tﬁeeths@r&rtcblﬁé’dela@rboﬂﬁ%ﬁéthﬁrhndlibl rdAd@6n S@v&t! M8, dpBEfiadliyQMeC,
chain transfer tel omerization reaction that can be used to make the tel omer

di st ri butiresess setféectpsidhy fdtling etypane de salaencoi theipeespipgerftGatityticagiaptitiesodind i n

commonl y - s BloRt49 ey Bth s Ah OMRRET MR LALGSY BRY: (RS huRUTeT

should be within the range of from about 77°C to about 115°C during the addition. This
addition reaction is an anionic, chain transfer telomerization reaction. Further details on
25  the anionic, chain transfer telomerization reaction that can be used to make the telomer
distribution feeds used in the processes of this invention can be found in commonly-owned

International Publication Number WO [Attorney docket number FI-

7807*-PCT, claiming the benefit of a U.S. Provisional Application entitled ‘“Toluene and

Styrene Derived Telomer Distributions, filed December 2, 2008, all disclosure of which
30  Provisional Application is enclosed herein], which International Publication is

incorporated herein by reference as if fully set forth.

[0022] Examples 1-7 illustrate methods for obtaining telomer distributions that are

suitable for feeds to the processes of this invention.

35 EXAMPLE 1
[0023] A dry 500-mL 4-necked, oil-jacketed glass flask was equipped with a

thermocouple, glass overhead stirrer with glass paddle, condenser and N, inlet. The



7807*-PCT, claimng the benefit of a U S. Provisional Application entitled
"Tol uene and Styrene Derived Teloner Distributions, filed Decenber 2, 2008,
al | di sclweunw/wh4owhi ch Provi sional Application is encl esedsh@omsé1p7 whi ch
I nternational Publication is i ncorporated herein by reference as if fully

set fqrth 0022 Ie517|II ho obt ai_ni ng tel oner
distri _butrrv%ﬁla STl St ailemiof ks b ‘Wj Brdsupdotne; pd then
i nvent i onypEEAMRLE L DOOZB] (O/boéﬂ h&?&b%ﬂﬁhﬁ% kad in eyélolhe%fahéta%q ass. flask

was equi pped wth a thernocouple ass ‘overhead stirrer with glass paddl e,
condenser(0aAdz, N.G04B encleTAMERA &tramfoa@ltctd:rapgemrw The mﬁqaeramue(OI:ﬂ@B Eagfjonl. 55

nol ) anhydrous tol.uene bse y 0.00 4 I
bt o1 TR SR ed s S, SRR L 4 (ot Vay b P B TveDA
at anbi entadi@mesat Use mlﬂ_ﬁ't@s heArB&dsednt e Q\fhlltehﬁalh@ﬁﬁﬁg @(5hs|ﬂﬂn¥taﬁd1 QigheRcant
increased to H QC. Styrene (50 m, 45 gfho 43 mol ) was punped into the

reactlfr agitaties ofidy mikiwie.c5par cemplstion & erSéyrenwfﬁerle2Qrmhwrmyﬁrq¢g telsenst ant
and si gnl ];T{Cg%glg nttéaR eagtloﬁ[ I1lnelxtr171]r3q by Hf%;ﬁ%@'&t tol%né) f 'ltl‘[eure% rene

feed, 20 r ous [Gend’ was e reac on ‘'m Xture o cl ear

the feed hixage ofas &iewcealed td be °cea@the@rquemohteuwhwa§ niIhigBpop@l Lebhbd &fe0C and
then quenched with 0.5 nlL isopropyl alcohol. After cooling to room

t enper at oeliggitp weny uem@graefre ehé sdtilingiof thd lstbpm@) p?@moa?emela s, theheagteragasor was

| ed f T %
R ot e e P R O
2. 9%15C4A THlSw & QO{QHI%ZH@E), @Hﬁ;zmr@ﬁm/@ 2@7|@ZH4OM%C@&QQOM; C8MALHB8 and

hi gher ol orrers 0% EXAMPLE 2 [kg024 The procedure of Exanple 1 was used
except t Hat%uGaflo 8%187:hbr @%; 61oHse 06 herHsaand igheswdigomors G% nut e period to a

reaction mass fornmed from 130.5 g (1.55 nole) anhydrous toluene, 1.8 nL
(0.0036 nole) 2 Mn-butyl lithiumand 0.42 g (0.0036 nole) of TMEDA. The
GPC area % anal ysi s excl udi ng unr eEXAMPI# 2iene was as follows: C 5Hi 6

o 1% OB b Bl S ol ST B SR
was uyged By 66a1127MahueGeiod Qre'_a@tl&{)hﬁés t%fmé& %1%”1%0% (1f %jm%l/é}‘ lanflyd@oid nut e
period to a reaction mass forned from1l g (1
toluene, 1.8 mL (0.0036 mole) 2 M n-butyl hthlum and 0. 42 g (0 0036 mole) of TMEDA.
The GPC area % analysis excluding unreacted toluene was as follows: C;sH;¢ 46.1%;
Co3Hoy 25.5%; C31Ha, 13.6%; CyoHag 7.2%; Ca7Hag 3.8%; CssHse 1.7%; Ce3Hes and higher
oligomers 2%.
25
EXAMPLE 3
[0025] The procedure of Example 1 was used except that 60.9 g (0.58 mole) of styrene
was fed over 173 minute period to a reaction mass formed from 115.0 g (1.25 mole)
anhydrous toluene, 2.4 mL (0.00487 mole) 2 M n-butyl lithium and 0.57 g (0.00487 mole)
30 of TMEDA. The GPC area % analysis excluding unreacted toluene was as follows:

C15H16 648%, C23H24 223%, C31H32 7.6%; C39H4() 3.0%; C47H48 1.9%.

EXAMPLE 4
Reactor System

35 [0026] A spherical glass 12-liter creased reactor with oil jacket was equipped with a
reflux condenser, distillation head, submerged thermocouple, bottom drain valve, and
stainless steel internal cooling coils. Temperature was tightly maintained at a set point via

PID controller that regulates water flow to the cooling coils. Vigorous agitation was



anhydrous toluene, 2.4 nL (0.00487 nole) 2 Mn-butyl lithiumand 0.57 g
(0.00487 nole) of TMEDA. The GPC area % anal ysi s excl udi ng unreacted
t ol uene e 20B)/068d6hows: Ci S5Hi 6 64. 8% C23H24 22. 3% Q HP82/UR2@8A906613DHA0
3.0% CA7H48 1.9% EXAMPLE 4 Reactor System [0026] A spherical glass

12-liter creased reactor with oi] jacket was equi pped with refl ux
condenserdc glﬂ%?lrﬂ@ﬁvgnefﬁnhe ) 0¥ rsgga?&%é?lﬂ@@&a él,sedo%f{%ﬁmghg%ﬁ ve,
and st ai nheR it G sets¥rINREmPARIY, Ree SA JiRhedT HTHHGE BIHLF Bat@Ssell it el Naft.

mai ntai ned at a set point via PID controller that regulates water flow to

t he cool i'fg eaitbs is ¥sgurablysireegdt all i voeitedalSHJE par$ ios loddr pplymeares flodriseed
over head st r.rli n astsenbly conprised of a 19 mm OD gl ass shaft with two
sets of dP%{SgaFﬂ%élFﬁ &PE'S: one set pitched and the other flat, fused to the
shaft. The reactor is essentially free of all wetted PTFE parts or other
polyneric fluorinated materials or elastoners. Feeding Techni ques [0027]
The rl®actltredigd enmiiigesi ned under an inert dry N atmosphere during all

actliedig nert dry N : .
P ongn 4o s RGN oFARRE T el Bt o ey 0 e

sol vent s cpeehtihe @he ractor AP tRirgddVFA the tlgnid trhndf&@thgshitds Uhfoagk atddp tdacby
stirred chain transfer agent(s) through the sane dip |leg. Styrene was
punped i rfBgns 196 Ardaphragm Hyme Ak yblithipmetdditiong! privgitt prbihgHking promoter
cylindri I i ' ' ' :

Chem cal gﬁM% m%g%rﬁ(l léfflaggbsg%f,gcen@s ﬁg%@%@‘&aﬁﬁélﬁﬁagﬁtgsﬁr%}g@ﬁ%gg(?gﬂje) and
del i Mér edeg@s Sayrenaevas tpusgnd dntosthe agacadrdyentches sfus nateingf pirhp theagh iaay

m xture thr.ough_t 1/16" _OD feed nozz]es.. ailed Proceduyr 0028

Tol uene 29 ggrgeal (°\§f“rim} i](fé?s,dwsf@ﬁ? P% %Dgi’ﬂé‘?l@‘é@ 561%&%{1@&[5}8 1‘3!‘13’

previ ousl yuRggiedxide 9blrAth 70:080 LRl EhrbaloRfdpiy §thdh dnPdQRETRARs Gafidey
dried over a 4 hour period; Karl Fischer noisturé analysis indicated 2 1
ppm of retsiagnadr s, abdviesthe ghufegreoivtle adtah mixthrelthBoughgfvonl/BGTIOL deagt i on.
The dried t%ll uene was cooled to 820C with the oil jacket and PID controller
oper at i nd"®¢fi& coiling coils both set at that tenperature. Upon cooling to
the 9ot point tenperature, 63 g n-BuLi solution (2Min cycl ohexane, 0.162
mol ) was charged through the dip | eg below the surface of the gently

agi t at ed Raoied Pigyedust uene

[0028] 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
25  with 1.5 g of n-BuLi solution. The dried toluene was cooled to 82°C with the oil jacket
and PID controller operating the coiling coils both set at that temperature. Upon cooling
to the set point temperature, 63 g n-BuLi solution (2ZM in cyclohexane, 0.162 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,
30 46.4 g of TMEDA (0.399 mol) was charged to the reactor through the subsurface feed line
forming the characteristic bright red color of TMEDA-complexed benzyl lithium anion
with concomitant off-gassing of butane. The subsurface line was flushed with a second 75
mL aliquot of anhydrous toluene via the metering pump. Reactor agitation was increased
to 510 rpm and 1713 g of styrene (99+%, 16.45 mol) dissolved in 3070 g of toluene were
35  fed over 360 minutes. The well-calibrated metering pump was programmed to feed at a
constant rate of 13.3 g/min. Anhydrous cyclohexane (2x200 mL) was charged to the
styrene feed system to flush the alumina bed. The styrene feed to the reactor was deemed

complete when no further heat of reaction was observed generally signified by the closing



reaction mxture. The feed |line was then flushed with 75 nL of anhydrous
tol uene. Next, 46.4 g of TMEDA (0.399 nol) was charged to the reactor

t hrough twe 28ubssusiace feed |ine form ng the characteri ®rirasbhoooghdi2T ed

col or of TMEDA- conpl exed benzyl i thi um ani on wi th concomi tant off-gassing
of butane.. The subsurface ne wa hed secand al i uot of
anhydPousft!Bf quiRAafidacqngel ﬁéltvsrqnné Hﬁ tghe Atfi PR PR TR BRsed 1 o

510 rpm aRfudid3va Mhinidden®2¢OAiday kB véalé f@@ltﬂrogghséhglc\ﬁgﬁlng DoiRE GheBa
toluene were fed over 360 mnutes. The well-calibrated netering punp was

pr ogr amreghiteathé e (étth@h@cmlswmlter@jtte bypask 3heBregéton jackedn Ahd rowgor yaktoleexane
(2x200 nL e. al um na bed.

The st yr cs TERGREGT e PEHLE 3D i d it R eSS arS Nhrar e h B P eRaar ot

reaction wag @Rs€MiLErOaRei@lctiyn siigiid wadwRihel %tlﬁde@&llé%‘lﬁ fedtWieraatxopsat ed
control valve on the cooling coils. The set point of D tenperature

cont rl@l | erbhnadhass petaiwrse rapidgpdaegnideddittée smmgf t&@et hetsgndhayc gl 9ing

coils as e%:'\el\%?lg V\% r<l:ne10\tf Qi[th;ou%}’lv tﬁ% b(t)tlaom Qi%ln Va Vehe rﬂlgt @gggultsg t E}/}geati—%o?ﬁh_e

reactor jac ure was quenc

al i quot d%edj&@lxy]g@mtveﬁ watoeed raget |3t hovgs Ifﬂr anMgdier Viftiet GPUJa&hd%nimaﬂysm. The
reaction m xture was washed w th deoxygenated water Phase

cuts wer e(e’F%\b(ing YREgasted tnlrg) Mt e E‘)”é)é‘tst Murig 226, i :@é{? M -a%i1 eP =l lor
emul si on wa e@!ﬂﬂ;‘ 9494, 6‘3139@4@9;9&;@%1{&@%&/&&5 Buid, NGt Ry f@&tﬁﬁe of
l'ys

t he 6-hour ee an a quot was renpve ours for ana The GPC
ar ea 1% andltlysoid Ja(cbami/asdnngaaed te a0 €twhitd thereptrolasiastoftind taimy chis arido, Mv

=247 Me 8 1. 5H| 6 70.3% C23H24 % i H32 6..4% and

hi gher oqué &rié‘flgh%‘aé%ref’f%@ rsreAng talugpe uRgl %F’d]ﬂ?;fS a\?dé’épl? ABrlaady ¢ o
1300C whitegq ?PQtrrPPﬁﬁtﬂ%' poY ?énY;%réthetdi‘ 9 1@@@ WaE‘ gb§é9\l'e,|d5 Aﬂlélftﬁ]@t Q/fa§ renfoiel ehiexane,
resi dual noisture and toluene are distilled through a sinple distillation

head ( 1 aatlysip vimGPC, wepz.mnn@mer@ttm wagion frpI@ twais tuyd e telaer dmtrlhllltlcquot

was renov for analysis v r 0 oduct
st ur o (3 b e S peteous Gt MR Oai et s £ RnRERSY 6
75. 7%y Ca38l3rsly24% C3 H32 4.7% and higher teloners 2.2% [0029] It wll
t hus be seen that the isolated teloner distribution of this invention

formed i H00M]s IEwalkBius be speisthebis dedeedtelama: distphetisy of Gisdnecntips form@EC ar ea
%, 1,3,5- | 9 3 - henyl;hept
Orr 7" opc i L' GRS BP 38 Gptoled oF T ufeubroofg’ el (B "GN UPER o

was nai n|tyiph)d’nyﬁﬁhtahe|(y7 1,3p6 a?ca%),pﬁ&tﬁ@\?phﬁﬁp!ﬁdﬁ@ﬂﬁpﬁne 4.3 @RC aptaofd)| snawas as
foll ows: M 219, Mv = 238 Mz 269, PD =

2.2 GPC area % of hlgher telomer(s) which presumably was mainly or entirely 1,3,5,7,9-
25  pentaphenylnonane. Its GPC profile was as follows: M, =219, My, = 238 M, = 269, PD =

1.087.

EXAMPLE 5
[0030] A dry 500-mL 4-necked, oil-jacketed glass flask was equipped with a
30  thermocouple, glass overhead stirrer with glass paddle, condenser and nitrogen inlet. The
reactor was charged with 175 mL (1514 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
35 (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



1.087. EXAMPLE 5 [0030] A dry 500-nL 4-necked, oil-jacketed glass flask was
equi pped with a thernocouple, glass overhead stirrer with gl ass paddl e,
condenserweandiwics4sdgen i nl et. The reactor was charged wpCh/URZ&9me610151. 4 ¢,
1.64 nol) of anhydrous t ol uene and t hen subsequently with 2.24 g (0.0082

I f but yl t 3.5 % h nd 2.97 2. ,
0. 0)19 nQW'c)SU@IX M rgO(fncf'rnéln cp éIHIf‘)‘gihg 131 O ?t %ﬁﬁ@?@ﬂoﬁlr @"Efro(lt héf(%er
reaction d%ﬁﬁ%’foero%ﬁtehl?efaﬁﬁ§ afld Eé?th%é%@thesltltﬁﬁﬁﬁ‘%oﬁ%o@d@”‘salt@@e@ea&m&gasm| )
and toluene (17 . nol ) were m xed and punped into the

react or asarrmiﬁdrfoBGQCmnnlyslss Tat: CePCcmns t%azmalysast (exglhding unmam@miuwg) obthsst ant
and significant ag| ation of t mxt t t Upon
conpl et i dF* g 1 PRETS E PEHE ‘I’%Se%f AN anh@%r% em _gz&ﬂg i@gé o the
reaction @nsmét%%%ocgw@n sdpect eedl Binan®highéydiRbaersiive. reactl on m xt ur ewas
then cool ed to 80C0C and then quenched with 0.5 niL of |soprut£1 al cohol .

Af t erlOc odpﬂﬂd tlo willothis bapermttintethantmispdated telgmer disibukipn Hfumsi Boprtepoxi de

salts, re | e o.anal,ysi s
(excl ud| ng und?gnag{ eg%a? m%%gge éjs %OI?%olgsDé:roggg‘%M% %Ifﬁlg%%a?e ﬁ%éa% (t:(?aped\/va%‘és%l Jg

fol | ows: IMN5Frigldylp¥itar 101 MGPE 220 % Plnd 1.8, 303 Eetitiphéhylidpkihe (38. GPE ate3H24
11.9% C3iH32 1.8% and higher oligomers 0% [0031] It will thus be seen
that the %hisol ated telomer distribution of this invention formed in this
Exanpl e 5 was conposed of 1, 3-di phenyl propane (86.3 GPC area %,

1, 3,5-triphenyl pentane (11.9 GPC area %, and 1, 3,5, 7-tetraphenyl hept ane
(1.816PC area % . EXAMPLE 6 [0032] EXAVIPLIOO- nL 4- necked, oil-jacketed

I fl [ ith th I l e, gl t th
Gl ass padiid)” G B ot bkt ERBn S in S EarGSda 80 L
(130.5 g:coﬁ 1%5%1'3@ aveﬁ{eaé@ﬂﬁrglr WHR Id@lg\/?%tﬁe %Qdéﬂ@&narﬁﬂb§ﬁﬂé{enﬁﬂe%eél@t$mgs 7 L
(0.0054 nol butyl [ithium in cycl ohexane) . 8 g,

0.0162 nuhelgedfwithvBOANR(( | 3hbeehss mmpvéraahmreus hene emcbélpasuhseq@ﬁlﬂv nath

i <sol ved | A1BP0RE i LF RRRE e e REin Sk Rt b e st sy 00 ob of

56 mgut afold} oATMEISA &R himbain€ tatfperfufFai THedeRipafhtGe S i icaditsh Si-Giiel waant
agitation of the mxture with the tenperature held at 110-1150C. Upon

conpl et i dicregsed fie 1 Q¢ r ebarene 62f) mbo 4xig. Brfyaeld disselssdisnOwak g tetpens Wit o t he

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
25  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 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 C,sH;6 84.5%; C13Ha4 13.1%; C31H32 2.3%; C30Hao
30  0.2% and higher oligomers 0%.
[0033] 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 %).
35
EXAMPLE 7
[0034] A glass-lined, 100-gallon jacketed reactor equipped with an overhead condenser,

submerged thermal well/ thermal couple and a bottom drain valve. Temperature was

10



reaction mxture to clear the feed Iine of styrene. The reaction m xture
was then cooled to 8Q0C and then quenched with 0.5 nL isopropyl al cohol.
Af t er coowDnglows46@eom t enperature and settling of the | ipChiuseoo9meqeDpPOXI de
salts, the reactor was sanpled for GPC anal ysis. The GPC area % anal ysi s

| ted tol 14, Mwn, =225 3 PD
2 084 drpiage 41 8o pint by o]y %ﬁ#ﬁ@@e@w@/&f éﬁsﬂ%@ 0503 4R G
ol i gorer §,0% u{if %%leah{ cMddi VEJWS \h%m%%@ @glrtehﬁ)rn \%f:hseadé EH&H&HQHI hedR r@ra

distribution of this invention forned in Exanpl e 6 was conposed of
1, 3- di phehseklagloareere{ Bt GRGtarman Yriable, Pedd tnveHdnytpentianseltiadlylfrePC

11508 Y ek BT ERRS B o BEP S Rse e pilatape ARiab e SR omeny

gl ass- i Meg351108regddacen waskediedinegaghidr ﬁﬂlihd}DQﬁiy VW1 hiBspheRr igass all
condenser, subrrer%ed thermal well/ thermal couple and a bottom drain val ve.

TerpdPat wperafigasnal bt tapter was charged wisithe cn gamferoizentty thieagh érdae}eathw e of
the water f]ow El%ssu@% RH%Q%ftfg @éﬁgﬁ ?Enkng%lﬁ%ﬁﬁtgﬁ% %8@&0@!11 st‘veMt% anéf lgfor ous

agltatlon was a rea

agi t at or m@fin& pvcaﬁcbtaxb{mED@gdw@h‘:ia\ﬂefedenesdr&aett@rthd stiresiSelin abhsfer aigeﬁt(@)f al |
wetted PTFE parts or other polyneric fluorinated materials or el astoners.
[ 0035] Tﬁhrw%éh%ﬁa%shmgn SHERE WAt resaie tstergel yiram 2 peEie rRFCHUr ng

al | oper A dsmee Eyéﬁ@ﬁfe% g@%lv%hl%ﬂgﬁj al iyt Q?{ﬂ&lﬁ]fcgp&hﬁhlh (BNgheL 6%9@{261(

t hrough means o ressur ans roma porta e tan Al kyl
lithildm yddmﬂ smn@sl (Zsotheantand aelvdrbe aaniine sppeammot giray ABdsBAhe swafae aif thef ed
subsurface to the stirred chain transfer agent(s) through the sanme dip |eg.

Styrene WeRCHGR SUX{Rthrouehar slif fecd 1078f a portabl e, pressure vessel by neans
of a et qpp V%lﬂ&etlab%gm@((%@"mﬁy Wa@gﬁérg@d to8L WIBtol- K arf FRcher Roibie ) Of

3A nol sieves (Zeochem) and delivered as a fine stream or spray above the
surface ohalkybie indieased dmpmi igsidnal HAAY. o:ﬁlglltat@nshegan f Bedsahont s hEgoB8) 7876) uene
140 poun char ed t e reactor;, .Karl che ture
anal yoi o BraaPblre e Pute g Ry OR% Shewbile Se#ﬂ%mg%rlwsw?uf&as
heat eg t ol FBRGurkly cRAMEDAY(15SMRET)af IWoﬁhde@f{dMén&Q&@% ndArkat ch

reachi ng the set point tenperature, 4.07 pounds of TMEDA (15.9 no |n 10

pounds ofthe gfagiendrough the dipice hedew drvarugiage pf)ther?@ltw@éé@l@@net Wa@wﬁnmﬁl@edu p
o9, 2oL ISP REEE (kAL 2 . RSP AR e TRE e
3.9 Ib 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
25  complexed benzyl lithium anion with concomitant off gassing of butane. The feed line
was then flushed with 21 pounds (103 mol) of anhydrous toluene. 374.4 1b of styrene
(99+%, 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
30 5 minutes to make certain the reaction was complete.
[0037] 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
35  the bottom drain valve.
[0038] 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,

11



b n-BuLi solution (23.5 W% in cycl ohexane) (6.53 nol n-BuLi) was charged
t hrough the subsurface feed line formng the characteristic bright

r ed- or angwocoloaws4ash TMEDA conpl exed benzyl 1ithi um ani orCEiUSkoooosEemM t ant
of f gassing of but ane. The feed |line was then fI ushed with 2 1 pounds (103
nol ) qf anhyd s t.ol ue 374.4 1 b of st +% 1629 nol, Anmeri an
Styreni c<Pn & i hecoparicnd ZopiEa and fhaited fﬁ%ﬂ%@ﬂ RO BYPSRAFTSO

pressure 1t3r5@@%Ja‘§rob§érOéH aT fehQ8ERad &gﬂé@{oeﬂ)ogor\tﬁﬁhﬁ vfya%na B@H Rugb vé‘ssel
nmetering valve at a constant feed rate of 2.31 | b/ mn. e react or was

al | oned tandrthdesatior Was ieated &5 boibingpkint. cétetam wag then rapplmd torthevessicoo pgsket e.

[ 0037] The.reaction m xt nched th 10 gal lons, of 0.75
Wt % atmrorl? (PTERE O GEPEHIGE b TR an Rt beddd deolglmpat TP egies The
reaction (g ¥dadtoR pressueesBdmm Hy. aC?@@ﬁ’é?ﬁnéQeﬁ@hilQﬂ&s@fre deoigerRaBEkdat er .
Phase cuts were rapid and required [ittle settling tinme. Water and any rag

or erfl sicondsiged ﬁreﬁm/@\@rhqaﬁlcﬂ@gﬁeqsﬁre ap drangd toad Wruma|upsl a[@@%}lpermrer ctor
was heat ‘;‘%55@ w%ts%B D& 1 £y Pﬂéé' Y s?&%hgved%(% Qhe r% 8{ t%? hf&’bl’é{?ﬁl\e/l‘g.%%'

j acket . eam was en ap e reac CI’ ease

t enper at 808, bf,: 43k M@B&%QMZJ %3(@!1) t104514®ﬁ€rea6ﬁ@1|1 ﬁfa@(@m@ lbs’)e;mscwﬂéctéwhﬁt ur e
and toluene boi | ed, condensed in the overhead condenser, and drained to a
drum unt id 5é)$)9éltontt‘étlgrﬁkﬂfature of 1350C was observed. The reactor was cool ed

to SQ0C. rygsgu r%‘é@§%g@§ﬁ1bl%dofttﬁe %Iﬁle éﬁﬁﬁ S rltp?&g rdaPBod ﬁﬁ?&hf}rwgﬁsﬁnﬁﬁgﬁglgs g t he

boiling poirnt. Stea then ap e reactor jacket to
t enpdbat ur evipgid filne eveaciator (WadK etia toonidODE. op¥ertion mfwasidud edhitcoe dadridse t he

reactor pres e Cycl ohexane, r.esjdual isturge an uene
boi | ed, c,‘{%‘%?é‘ é%Pan“ﬁ%‘tOth](ﬁ% AEAG Wahdesrifisationhy ﬂ?l&%i ‘bfe %P@%H?ﬁ Atil a
pot tenpafati IRfwits e ¥ag s@@?@r Vzﬁﬁ wnsaimqw@mm ToRTOped 1f2rgonwt1:|Ee
reactor for analysis via GPC (M Mhi 433, 626, M 883, PD:

1. 45). Tmerwagtqoodltms swe(reﬂfzaas fbb«s\)/s v@sd cotel vedtIchL/hr allaﬁdietgetbmpwatum e bin.

[ 0039] A 389 Iant stripped 4 n ure, was

eri pped ot s et Fimas S PR A e b e B n b Eoalr e B o

resi dgal fiflet e@ﬁiemd 8435 oflh l?ﬂil@fﬂlyé RAIRA R f()ll@wﬂng%@@m@llyﬁﬁ%m?é 204, M,,

speci fication i el dfﬁ:ﬁééllﬁ%r of a product that had the foll ow ng GPC
16

anal ysi s:=2VB: ]ZG91 Eg‘l*\/Wlth 65@92?23% 1796, Cpi> 115 PoandFpHed2 %t i ng
condi ti Or[ﬁO &t aﬁllglmflb%\]i%g h%g%lg @8 densa}e 3a eHngr’dlsQﬁll)utio C(g%}ns Aﬁ%‘? ﬁlt ure =

1550C, Pr es re = con enser terrper ature = I'ohal |y
the col d 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-
25  pentaphenylnonane (0.2 GPC area %).
[0041] 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
30  mixtures in terms of the relative formation of discrete molecules. The resulting data
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.

35  [0042] Table 1 summarizes the conditions and results for Examples 1-7.
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finger condensed 784 g of a m xture having the follow ng GPC anal ysi s:
C3iH32 1.5% and

204, Mwv =212, PD = 1.04 with G 5H 6 80.65%
C39H40 O.\@20{o0@84k [t will
distribution of this invention,
1, 3,5-tri phenyl pent ane
1,3,5?7-tetrapheny|heptane (1.5 G°C

GPC are

a9,

kop

C23H24 17. 7%
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hydrocarbons may be employed.

absence of light and preferably use elemental bromine as the brominating agent.

BROMINATION
[0043] In the practice of this invention, any known method for bromination of aromatic

In general, the brominations are conducted in the

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 bromination procedure used in the practice of this

invention is as follows:
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Chem cal s, Al um num oxi de, nmesh 70-230, columm chromatography grade). All
feed lines, feed tanks and gl assware were dried (oven dried at 1300C mn 2
hour wherwoapprwpssitat e) and purged over-night prior to ®BEE/iS0MWes127

brom nation reaction. Al glassware, feed |ines, and feed tanks are

mai nt inegl under Z 2 at r_msghere during the course of the set-up and the
oper ati or-L&RL liGR reactor. [0046] The ampunt of Al Br3 catal yst
(comer cifghds qyl@hlb?&h&ﬁaﬂ%e(ﬁ@qyo? otk §uRatfle 2RnTRAGHP (AREWARtELIUSiAY the

forrrula[rmles Br3 / noles Br * 100% = 0. 25 nol e% Al Br3) sol ution of
active catpai mstwasbywéarg I’E@dﬁeandlth h@rvatadaaisrhmarcacdwlducoé\dammirm @md@é@iﬁm

bottles i anltr gl ov actlvec I |t i

t hat am)tfﬂi HBfal%’ %88% g@%pl Sﬁ]élpmaﬁlbrﬁ woatie- lge erwi se
deacti Vatlﬁfés bfée&&hﬁltsuﬁlﬂi %latsbk%rel \ﬂe&h@aé@lr (Hﬂeﬂedﬂédsﬁd 113(9'9’(? any ohber wWlERCESS
streaminvolved in the brom nation reaction. Bronine (5-10 ppm noi sture

cont dRt) apatrpaiepaed pyeged pyrs-nighi et topesetn Bedwemiiaipm gaat:mn BeBsgres hen
stirred P r| t Ssure
mormgeneait itss HIESTES PRAE G bider e BRloshRl; 0L, SRS o

sol uti on seesp hittthe oarmtde of &d bt@nma@asra&uabﬁd f eedi ng vessel pl aced on a
| ar ge capaC| Iy Iaboratory bal ance. [0047] The anionic chai n-transfer

styrene t@0¥HerThemmrant dfsBrnaialyptscampsacially arajlabls) noedsdntonpple e.rOe%S DCI\/I
to nmake t t _a

f eedi ng \a/[g(glggjl g?'(l':ﬁfeéltéa %%mﬁggl%ﬁ)nﬁ Bﬁ%‘ r om/ Elgélgsﬁ%‘? heg%dﬁ vvt ;ﬁ%@ in DCM
sol utlisSon AlBe;)cohftied of |aat1\see¢mzrlmtevepamlgmm andcthpm trpn;sfm’mfcbmgiwh/siheds?ea%em"r)

O D. feeq I:nes to.a well-s %lrredfre reci/aiwf heel of &Jghydrous at
QC to - S M N{EORERPYEC é’é‘aVer'é%s r%““é’SrFs"‘ 1Y g a0 2OgEH ¢hat
ratio of éa&?ysE %o&eeﬁi%ﬁﬂ&ﬁtlf)@ﬂ dnfdtRt Ak GRASA %Btotﬁ’érwﬁ‘s%a&ea(%@m&ﬁﬂ% fdEdiRg the
course of the electrophilic brom nation reaction. Brom nation Equi pnent

Set - up: [cdba8]n hesbronying ifsalf ket @y Pthas lprgdesonireran iinyplyeshot ore) bugesinaiepn pped
wi th an over.head ass t| rer shaft E.stirrin addl r-cool ed
CondenserSREs nBITTE (it B3 TeRPE OBRIObES BRSSOy e et dorBoct of
was ent edntaitife el Al]@@a‘ﬁﬂttﬁérﬁ bifref QithDA PTFEEcdatedPmbghedic Weikiling bhl f@ B0
causti c scrubber to absorb co-product HBr and entrai ned Br2. Additionally

t he reactmnuigado aatue hpeggencrhs dispelutipmpethe ¢atdyst. 17he1A25 (ngolg FmjlBo M. PTFE
o 1 0 b, LGERpBEUELS LT LanSh L BN G-y o e
substrat ejaﬁ@i,ﬂysamﬁrubﬁammceed
[0047] The anionic chain-transfer styrene telomer (ACTST) used was dissolved in dry
25  (5-10 ppm moisture) DCM to make a 25-wt% solution. The solution was then charged to
a graduated feeding vessel. The 0.25 mole% AlBr; in bromine and the 25 wt% ACTST in
DCM solution are co-fed via separate peristaltic pumps through '5” (3.2 mm) O.D. feed
lines to a well-stirred fresh or recycle heel of anhydrous DCM at 0°C to —10°C. The

relative feed rates are constantly monitored such that ratio of the two reagents fed remains

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

Bromination Equipment Set-up:

[0048] A 5 L oil jacketed flask (bromination reactor) was equipped with an overhead
glass stirrer shaft, PTFE stirring paddle, a water-cooled condenser, thermowell, nitrogen
35 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 Bro.
Additionally the reactor was outfitted with three inlet lines: 1) %4” (6.4 mm) O.D. PTFE
BCM feed for initial feed of BCM to the reactor (the BCM can be either fresh or a BCM

14



line; and 3) V8" (3.2 mm O D. Br2/ A Br3 subsurface feed line. The

Al Br3/Br2 and ACTST/BCM feed |lines are secured such that both inlet |ines

di schar gewbheiwossmat ents in cl ose proximty creating a lpozalskgoohsgh7 r eagent
concentration. The brom nation reactor was conpletely covered with al um num

foil to exclude light and.the reactj g S nduct ed | dar kened

vent i Pat 118 <Hos! f‘%@bﬁ@f‘“f‘*’f‘?ﬂ@ TBRGnPhA: (o AL b _S\wégréﬁs{q%@&owé% cde®1iter
wat er quapeh .pEB)WILEN (B0 'mkh PDMBL,/MBY, SbGEHE akdy Lihoe tRAtAIBIPBECARI the
bottom drain valve of the brom nation reactor to the quench pot to all ow

for direcACTSafiiMrfeat lindseard seavirerhsucbrihatdmth oretdincodiseharge thewecaptetcm pot
was oil jacketed and equi pped.Wi.th an over-head. stiyring.nechani

{her noviel FoAe AL AR e A ST fih ARt RCeRGsr: GPG hRPUPHR iR Boue
phases. Thgpiienebvaed widhli@nuhl RAGD ckalL@d ligidnase RECBRACyAsordEdesin C
scrubber. The quench pot had a bottomdrain valve to enable transfer of the

pot ' d0coritdakkened gerfationkqodedi ate 5 liter storage vessel. [0050] The
i nt er nedi st essel S. .pi t.o.transfer its _conten t. Mash
ﬁg@dﬂs eﬁl%? atios reé@?bg_\%s{)gqgced abloyci:?1 élé{zlgttere 3/121?66 &Pf“ﬁ% dﬁo% w18} g %Na

kettl e. 'I[ € Was a er ol I eact or

out fitted9ow db)aDDoPaFEh@ath kitd thaetonnkbe T boidh @rdndaletdfane droainatical ve.
[ 0051] Product isolation set-up fprovi des a water-containing vessel into
2

whi ch™ t heeitydacdhe qyeneh pot to Alloy 198 dupgidrnelar plthe heoraipathicRelnt s §OU6Rt opi c

renoval o] f ' d ough gad; dryi ng.
EXANPLE glfh(e B omd?\-%? ' %&?%ﬂ%%{g%t@%gh?%h@p g@%@glma%*a&:v i

abovdSwashahmmgddaRi3R@s dAfflpd(#r Antimatermixigy ofl oygacVhrd3 3quepns phast.urthe Kar |
Fisher). The DCM was cooled in the dark to - 1 OC and a previously prepared
25 wt % s%lrsmhm&h@@ﬁm%a Blet %QW@S BrE@ Eonadnuttbeb TR Ei3E PP BEh o
was conpospstidh dinHaf 80 &nlle GZRMR4r1e P s BntddR b aVint@ildfad9540e0. 299
and 399.3 g of dry DCM was charged to a dry, 2000 nL N2 bl anketed graduated

cylinder stutgd vesed with a Vs" (3.2 nm PTFE feed |ine pl aced to transfer
the entir ntent. of the cylinder means of a.peristaltic meteri punp
to the brlghla S infimtde ol Fhaal Rl st epRrdalaupab g a SEMEhr . I
bromone (ARORa) kMBS vidsans! itdrafl-jititetéd, RRFfIHE Aabtof oRHIIRAI WP ag cvePhédd er
graduated cylinder. This feed vessel was nmaintai ned under a N2 atnobsphere

and was OfitEl thagogpuphe gndhottopBdRimyglvePTFE feed |ine placed to

[0051] Product isolation set-up provides a water-containing vessel into which the
product slurry is fed accompanied by the concomitant azeotropic removal of DCM. The
precipitate from is passed through an oven for drying.
25
EXAMPLE 8 (Bromination)
[0052] To the 5 L bromination reactor described above was charged 3320.23 g (4.4
liters) of dry DCM (33 ppm moisture, Karl Fisher). The DCM was cooled in the dark to —
1 °C and a previously prepared 25 wt % solution comprised of 200 g of the condensate of
30 Example 7 (which was composed of C;sHj¢ 80.65%; Ca3Hys 17.7%; C31H3 1.5%; and
C30Hio 0.2%) and 399.3 g of dry DCM was charged to a dry, 2000 mL N, blanketed
graduated cylinder outfitted with a 5" (3.2 mm) PTFE feed line placed to transfer the
entire content of the cylinder by means of a peristaltic metering pump to the bromination
reactor. The previously prepared AlBr; (0.25 mol%) in bromine (1600 g) was transferred
35  via a peristaltic pump into a 1.5 liter graduated cylinder. This feed vessel was maintained
under a N> atmosphere and was outfitted with a 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.

15



transfer the desired anount of brom ne solution by neans of a peristaltic
netering punp to the brom nation reactor.[0053] The two reagents are co-fed
at predetwormnraesashati ve rates such that the entire contemusedoba21 wo

f eeds are charged and sinul taneously conpleted in 120 m nutes. Anple

cool i |dedthrou h out .the operati.on such that the re ction
t enperat ﬁ'ﬁ@ﬂﬁe% n@vocre&wt g'e. cofre atugfp SICEIHAT LELROHF BHest weﬂft%@ oihe fsatire

reacti on Jpagnalok AWedwhOresdd href MHarsdd Q&ij'shhﬂ%lso&@y %ﬁﬁfe?e%i andog rrﬁﬁ‘l‘dé&'s' y
warned to 150C to allow unreacted brom ne to be consuned. The reaction

m xt ur e waspkranbigmae grqviteavthtopgh ot theepération wedicthapie redetion gdmpdrgutzot t om

drain valve and. t EE sfer line. [.005 h uench
ot e gPBoMS Gleb o ATl Plefisy e i e Eferiob S5l ANEL ta o Fatior 400
rpmto asslit®nhind MBh&edThxd BG4I RarBEDani s°@RA aRGIV e cRBaFeminth® Kuench
was exothermc and a 100C tenperature rise was observed. Agitation was

sl owd@ t Fopegsim Biirepeteonomgdwiccvas| ansipsh Agiaviay)l 9vibel otloquasich pet threwghy ed
brom ne/ HBl , AQYE A4S, 9!& égncpt'h%‘d/“ 9'5\’m§1§|%§‘ba ngtr%Eﬁ Pl?%t he top |ayer. The

| ower organlc slurry phase was transterred rage vessel

cont ai ni ngSﬂOOTHﬂ_qﬁnCHQ% Na©Hpre {10099 chdifgesd witkD1 0O@SEL $)15 harer viased)hafd
transferred to the 6 L wash kettle and refluxed (390C) for 30 m nutes.
Agi t at i orptifigd 3t ({08 iPIH i @SHF IRtHAte GRiIKBIR of HienPraaniay e aaieoys piase-helhe

reactor, E%QECIP&Q@E%&}% r%cg%nd"@%“@l Fﬁ%?ﬂuﬁe%s%h?as%@@v@& e/#‘g’ltlagl ﬁ'v&h%%[l)&@édt le

and wash twce wt of tap water until was observed
and tlhe aol20rrpmf artdhthe wagamic waskh phas zﬂmvmi tyebitlow. Thehed brgamed1Bd aqueyusias

t hen wash 0.5 Mt% s |umboro |de % NaCOH at 360C. The
organic éﬁ'ﬂ?er Pr %11Ysé€'d)é¥gé‘1? gOIEHHg \R%f‘s 3:9(61? flﬁl};ﬂ F%W%egrﬁﬂlﬁ sEyYo PhAse oy as ap

vater. [ QOp6lertft §5Ersonag@3s§s§%h 8&Rsiningd @oS LI bbb atkoand gravity fed to
t he preC| pitation reactor liters tap water containing 2 grans NaHBH4,

6Q0C) wi tIA0%Fdnclons t\@mphawastﬁmpwaﬁ dew tiahifatrédto b OCWashyketilecandpieBtiasn of
t he feed t .Le erat re was i ncreas 8 nd heI at t
oo ot U Rt 3 e SefaliT wal HERRICL p R fioB Siatie Tkt bbbt e
by vaguurhé idaktfodt TRNofglaRis EflyaM WY reindtedotthe Wbkipletd P @IrdihdibRettl€ @hs vRkRA 2
pH<9 The product dried in a nitrogen purlged oven at 185 0OC to a constant

wei ght, 88tregyitrh@pmbaider whies ol P od LHamstohecraethingstas cgloophthervatebl e
2. TABLE 2, [ROR4] ¢l éﬁéﬁ%.r t%ﬁ}é"bder %@S’Lﬁﬁhﬂ'w%% &g PLREE N&kl Y5 RIOL§5&ER Of

this i nvenz%l on are s
borohydride in 2 wt% NaOH at 36°C. The organic slurry was separated and washed a

final time with 1000 mL of tap water.

25 [0056] The slurry was placed in a stirred tank and gravity fed to the precipitation reactor
(10 liters tap water containing 2 grams NaHBH,, 60°C) with concomitant azeotropic
distillation of DCM. Upon completion of the feed the pot temperature was increased to 98
°C and held at that temperature for 20 minutes. The resulting off white product was
collected by vacuum filtration rinsed with tap water until the rinse registered a pH<9. The

30  product dried in a nitrogen purged oven at 185 °C to a constant weight, 850 g. The
product thus obtained had the analyses shown in Table 2.
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The Brom nation Solvent [0058] The solvent used in formng the tel onmer

di stribution solution and the reactor precharge can be selected from any of
t he fol | owmorgloesesspl ary sol vents; di chl oronet hane, di br econstévanes127

br onochl or onet hane, bronotrichl oronet hane, chloroform 1,2- dibronoethane,

1, 1- di_br onpet hane, I-bronD-2-chIoroEéE§EE 1, 2- dlchloroethane 1,1, 2-
tribrénnethane 1,12 2-1 2_dLbLgnDpﬁﬁg§ner_L_bLgmD 3-
chIoropropéﬁ@nn%ﬂﬁﬁéﬁ%ﬁmkane 2- br onobut ane, | 2- br ono- 2 hylpropane 1-

br onopent &g 'Wt%‘B :XI&IJ bromopentane, t=bronmo-2-1rethytbut ang.ng t=bronmohexane, 1-
br onohept ane, bronDcycIohexane and |iquid isgsoners, honDIogs or anal ogs

t her eof andrheindilHBS280°Capymj wo or nore of the fore90|ngQ2Preferred
solvents are dichloronethane, dibronmonethane! and 1 2-dichlorgoethane
Di chIoroneﬂﬂ@ﬁeﬂﬂiBbaﬁhgﬂpmearIy preferred sol vent. [0@@9] What ever | t he
sol vent chosenmis,— it is pportant to insurejthat Tt s 8(r| attvetyfree of
wat er . vatqyyt@xjhe reactfi on system during brom nation W af f ect

catal ytic |activi ty of the WIBmiageds well recogni zed im3qe art. Generally,
it is bestl that the solvent contain lessthanlabout 50 ppm (weight/wej ght)
water. In|regard to water| 1%@MWtLhosact ants shoul d be dry25%ﬁe br omi nat | ng
agent, e.g. brom ne, shoutzLmgt—contarnmnorerthan—abou ppmwateri The
t el oner d| (?A qﬁlon f eed 54I%”)l%llﬁ)also be sufficiently §Z§M%o as to npt

i nt roduce |d eterlous anmourgss weflowat er into the broningalgm [ 0060] [The
amount of [solvent in the teloner distribution solution feed is that anpunt
whi ch at lleast enabl es t heSG%mtdobon of a free- flomﬁng390%&/V|sc05|ty
sol uti on. frA—cases—wherethetetomer—dirstributton—+—s a|8|8t:3)

| ow-viscosity liquid, consideration for using a solvent- fsee t el omer
di stributijon feed can be [¢g ven. However, 1f has been foyngd that the use of
a sol vent |iASTvidD ¢92%d as| it helps dilute the telomer distribution feed so
that effigient bromnatignbcan occur in the feaction nas86 Generally, when
t he solvent is dichl or ometgane—F+romabout—4b—to-about— 8 w%of the
solution wll be solvent. eferred anmounts of sol vent a?% 65 to about 75
wt % [0061] The pre-charge of solvent to the reactor prior to the reactant
and catal ysts feeds is that anmount which will provide a sufficient mass to
provide an adequate heat sink to disperse the heat of the brom nation

reacti On EEB ri%rther (EeQ%ﬂshc%ncerg%lg(%fle rolmlilﬁalltl%?l é) ocets o?ﬁﬁg 1?1%!5'1?&%11'1?5 ]sfﬁo that a

"heat m

The Bromination Solvent

[0058] The solvent used in forming the telomer distribution solution and the reactor pre-
charge can be selected from any of the following exemplary solvents; dichloromethane,
15  dibromomethane, bromochloromethane, bromotrichloromethane, chloroform, 1,2-
dibromoethane, 1,1-dibromoethane, 1-bromo-2-chloroethane, 1,2-dichloroethane, 1,1,2-
tribromoethane, 1,1,2,2-tetrabromoethane, 1,2-dibromopropane, 1-bromo-3-
chloropropane,  1-bromobutane, 2-bromobutane, 2-bromo-2-methylpropane, 1-
bromopentane, 1,5-dibromopentane, 1-bromo-2-methylbutane, 1-bromohexane, 1-
20  bromoheptane, bromocyclohexane, and liquid isomers, homologs, or analogs thereof and
mixtures of any two or more of the foregoing. Preferred solvents are dichloromethane,
dibromomethane, and 1,2-dichloroethane. Dichloromethane is a particularly preferred
solvent.
[0059] Whatever the solvent chosen is, it is important to insure that it is relatively free of
25  water. Water in the reaction system during bromination will affect catalytic activity of the

AlBrs as is well recognized in the art. Generally, it is best that the solvent contain less
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t he above nentioned feeds. To this end, it is also preferred that the crude
reactor contents/crude reaction nmass be stirred to pronote thernmal and nass
uni f or m twotzhsvmss4s4 | n addi tion, the pre-charge of sol vent/useomhesieeact or
shoul d be sufficient to keep the reaction m xture, which is predom nately

inthe formof a_slurry, in a.sufficiently fluid condition s S to

m ni nPze B éﬁfpfldwlw‘%%ﬁ ale5 RO P é?af:@fltssﬁpf?@é&d%f the
reactor afl §8mideihkiagatCel!t BrohfiadShetidlf: 2pRhiehoNaRSEhbdRAD FHRMRIL] on of
the brom nation reaction. ,il Brl Catal yst [0062] The Al Br can be fed as a

sol ute orThe slamerydistribatibn dréchabodd adssl be muffarierdlyl dento septar atteinfrodnget he
brom natiﬁé agent feed uch.a separated feeding schene is not

. -Ho ,
preferre &léélgloBB‘ﬁ\?émageﬁ\é@r’&?% "SPERPRat the bronminating agent be

brom ne g_ﬂ%(ﬁ]hathet ot Bif JoRREt IheheRMicnlidebdtRA @%utRnSieB i€ tHae@thou Br 3
readily dissolves in bromne. The anmount of Al Br3 fed, whether separately

or i d0cornighat tpastinahles ee frowtipe of adice-flewiagc lomavipeosityaobuiion. shifdases ent

to provide f t 0.3 to | e 9% Al Br,3 per rom ne fed.
10063] - Mot S5 R Epgd d?s\}\%?ugtw{l%ggﬂ%dér%%%gs S ERE MR 1 98 g8y x
100. Br om sablehnfedghsther] AQGBLtidMzcaran bt gdfenbrido ever.fietlad Bednhfduind i fe
required to achieve the desjred brom nation | evel sought assu?%quggsone

smal | | os¥¢ 6f 2pPlyARtHaPIag et hepedivdathadetomas issren teqdsio. cieplor
exanpl e, &%@gﬂbﬂgcﬁl 6%&3% ‘V?a.ﬁftﬂén RECGANT ALY, “@}eﬁ&ﬁﬁ@ﬁs'&ﬂeﬂnwh@bg%en% & ol es

of Br+ are per nol enyl group present 1na given a teloner
di st rlisbutdidniorontetiaae, frdre nbalesiOrto nboitt G0ctttasfitha salidtiov #ilbbosminent.c Breffandd,

about 3.3 noles of Br+ are fed | e of phenyl group present. Wen
obt ai ni ng"™EMN? insﬁlr‘(e‘&traéﬁpﬁéo Mz%f"g%say about ~ 78 wt % br oni ne, about 4.5

ol es of [Boer]f eﬁe&ﬁé-cﬁﬁ € 0P {0l PHRRY the FELRYR ﬁ?fo@%@ﬂlre-reéé%@ aPPERLPLGEMELY high
brom ne contents, say about 80 wt % brom ne, about 4.9 noles of Br+ fed per

mol e of phanymhount ovlpclpval empyidf GOBBTiciThiemassefe provdicham pilerpiaieneaggerkt to s Br

whi ch proyi des one no f Br+.per nole of Br. ..Oxher bromnati agent s
o pr o LG et B PP e RS et reubings i el BT R RER
formeg i nrédicd HETMWEME! a “iat kKRR of Serpcitard §flkd R hit@hizbden &leUfFoRimTty of
tribrom de does not remamin as a solute when added to brom ne chloride.
| nst ead, the abeyrisnanyorehireds.e by thikctiwhde it alset pieferied that thei aidide uBigsor

al um numctoue(ﬁgl/c%dedl%action mass be stirred to promote thermal and mass uniformity therein.

In addition, the pre-charge of solvent to the reactor should be sufficient to keep the
reaction mixture, which is predominately in the form of a slurry, in a sufficiently fluid
25  condition so as to minimize the extent to which solids adhere to the interior surfaces of the
reactor and to facilitate its transfer to another vessel upon completion of the bromination

reaction.

AlBr; Catalyst

30 [0062] The AlBr; can be fed as a solute or a slurry in a bromination solvent or diluent
separate from the brominating agent feed. However, such a separated feeding scheme is
not preferred. Process convenience dictates that the brominating agent be bromine and
that the AlBr; and the bromine be fed as a single feed. AlBr; readily dissolves in bromine.
The amount of AlBr; fed, whether separately or in combination with the bromine feed, is a

35  catalytic amount sufficient to provide from about 0.3 to about 1 mole % AlBr3 per mole of

bromine fed.

[0063] Mole % AlBr; = (weight of AlBr3/266.7 +weight of Bromine/159.81) x 100.
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[ 0066] For the preferred brom nating agent, brom ne, conveniently, one can
sinply charge brom ne based on the equations below (this ignores the snall
mass of twe 2ombsessitnat ed tel omer distribution |ost due toTAsb@viosa? on of
the protons by brom ne and thus results in a slight over charge of brom ne,
enoug to corrpensate for brom ne | ost over head with HBr). In the foll ow ng,
"tel omer RREHHAIMEAREHR — "telomer.” a) W Br = w%Br wt tel omer brOm nat ed
b)) wt Qoesa)i neeedmouly bf BFAn@iﬁ@rfe&'qprtﬁﬁF 5'1%5@1@ feq(uréd to WchfeBE )ndNQfeGired N 0)
t he appr oxi rratlon is the result of ignoring the small anobunt of mass not
account edrémmatihe lwebts@@t stHosting siree simgll b@ssmfrisomimusg aggntwivedread- with% Br

wt tel b /(1 wt % nd d 2 w.Br /
150, 81 obSimpRec o Fhuis) tof o iR ) Suinfiec e ¥R syttt e poulynd gy

[ 159.81 cloirnp|o§1t19ﬁ eib@ﬁf ,@Q nhdled 6ERE" dSfedl RS thodkSof IsheB?lséﬂobﬂ) Brestrish ato@namount
of brom ne needed to obtain the w% bronine desired. |f, excess bromne is

fed, 1Ohericlamer disgibusionewbiie.twhen degigiagdo wbtalm nd2iwi% henipggenteiiaghduen.-dmss
and wi il haye otquIb ré TR % dle do?"‘ﬁhe%t gr% ér“é S R&% B 11??\’\%}[&111 pOt
usi ng excess bromn feed bécones when prac iomer s

seeki ng arymine &Ungmd)rs@maneutcmwe%t b@ﬁﬂm&bbutoms 186lys fof(BTT ahbpér médlet ebout
80 W % brom ne. To obtain_such caonpositi ons an excess of from about 0.05%

to about PP9AYrHRIHEGSEN sBACh POEHBNE dETY RghnkyemineagIrteils: esay dhet &fh et i cs
as is praghi 'ab&@@@ﬁolﬂ‘@fﬁ#%dééﬁn&@%? enfa/?gliohpga ﬁ%ﬁ—ﬁence of excess
brom ne in the crude reaction nmas conve tion chni ques recogni zed in
the dst t[606dnoie meiched boesinatngageneisdan whéchusedideeoge: moki ofgB1A peediotd ng
agent, e. sqdiumsulfite, to convert the bhromne to er, sol ubl e

bromi de élg By, 8&18&@ BHNAGIS JPEULS GEchyeiRed ) QEPTRd Rrpming: E%rt?&ho A% g
agent s t%ﬂﬂ?ndeothﬁﬂ%owrﬁﬁé thgnf orHigRtdven Rfithan 1seB}éIf§Hr&ﬁ iR gl Qhe raﬁ&nﬂuﬁf ng
sone of the down stream finishing steps. Such, enulsion or rag |ayer causes
separ at i dgribainfifl¢ dodstrict seramd aproObES whﬂefaﬂdm tertwpmine dhioride. dnfteat ifrtendst t hi s
inventio t hat ese .enul sions and ra ers can be ily handl ed by the
uee of o dpraranPE BREEe ol P aoab BFrh BT S BRAERRR Ye the emul 51 ons

and ngg d[emﬂs For! the G}ﬁeﬁéﬁé@lﬁia&hﬁlﬁng efpeht, RP6mind0\WBNRhiendly! ofiélCan PigBlyens

are avoided if sulfite and/or bisulfite and |i kely thiosul fate reducing

agent s arcdaigst biggdpe basesl on the equations below (this ignores the small mass of the
unbrominated telomer distribution 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). In the following, “telomer distribution” = “telomer.”
25 a) wt Br = wt% Br - wt telomeryominated
b) Wt brominated ~ Wt telOn’lerunbrominated / (1 - wt% BI')

Note: In b), the approximation is the result of ignoring the small amount of mass not
accounted for the protons substituted by bromine.
Thus,
30 ¢ wt Br = wt% Br - [wt telomerynbrominated /(1 - Wt% Br)]
and
d) Moles bromine =2 - wt Br/ 159.81
e) Moles bromine ~ 2 - wt% Br - [wt telomery,prominated /(1 - Wt% Br)] / 159.81
It is preferred to feed, as close as is possible, just the amount of bromine needed to
35  obtain the wt% bromine desired. If, excess bromine is fed, then at least some of that
excess will be in the crude reaction mass and will have to be removed in down-stream
finishing steps. However, not using excess bromine feed becomes problematic when the

practitioner is seeking a very high bromine content composition; say from about 74 to
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of multiple water extraction or distillation by conventional means of
excess bromne in lieu of use of such sulfur-containing reducing agents is
t he recomvendedéeproacedure for use pursuant to this i nveRCrars200Qobar?
reduci ng agents such as hydrazine can be enployed but are not recomrended

due t re uIa or oxi city _issues. [0068] The tel oner stributi
sol ut Pon, Brto ﬁi Ygmiffento aﬁﬁlwe F @aleogrr%%ceswﬂ& Q?ﬁ%t fPe

surface Oafboﬁtk@% b8 s &s@ﬁ&@ﬁfo%de%&ﬁio?ﬁa@@ﬁ@le 04 ibA kﬁﬂeﬁ&eas% B?&bﬁ'&atl y to
each other. It is a principle of this invention that the brom nation of the

t el omer dD86Ti B\Nhat@nerstlhoubdomcfoutheqpnesﬂnlcy of ‘Eheess diremingf 1nrtea®trm®nrehctrort he
brom nations of t on _are. due to r](Eeacti OPer' net

Thus, in THe P¥Y ‘é’éléfstefj]tmil‘f-?s §e‘i°ﬁt}’éﬁt?i%ﬁ]i‘e aftrt% TFaE- et &F 1P anrf‘a%%n

t he rate @td,n@s Sudid@RSE@Icingd RRGE, e. £ NE0dIeR QAfil!r AXESBER the®dsming tutwdtazed SO
that the reactants and catal yst are close, to each other. Another factor in

assur 10ng sphbie biostitin salisonHewevenelt hae beasf Obtsﬁlé’emﬂﬁft they useosuchi rednoing hEeBEOM ne.
| s Dbel ' ci’s &d etnlgglfrﬁg{]?l} bté)?@él 16 8f %ﬁoe i Qgﬁd/\tla\g?ar%A%lBﬂnsg( E? %%?8?%8% WThni que

cat al yst ate SO i'S ac ive

to insur auehmsremslmgrsmptsy Dfcht Bﬁlufsﬁﬁldsr r&g lagepeasksdgepaf@iont digfidudeed dndoes
into the reactor contents/reaction mass be held together so that they

di schar gePiFsablicHedtRcIgarlhisiefeare phthy ingention; i thee ﬁgﬂttﬁl?lec%qddﬁe layefroe9]
Havi ng ”t%nfb‘éf‘e%t ?@Wh@%@%t@uﬁﬁt‘%a&?% . Qbdif &&d&t{étc eat ﬂﬁﬁlhl% mass

liquid |levels Is bene cra as it ensures t at t ere [ ssrpatron
away I6r orth¢ baufseadiand) ray legers, tﬂvasrt@reanaftwﬁesptbt:d waetmr fleadihngoldema ates t 0

be avoided to xt e posSsSi arn strrrrn of the
react or cadﬁtdéﬂtlg?“& H}Péibﬂ%ﬁ aﬂszlL‘glé{I“%lBS%F reidPt A& 3ReTH} %rﬁé‘roé [@%5’70]
The anmounys rﬁﬁluﬁ%‘ M@t@% e;Pth{%:nGHerQﬁstflﬁtléllﬂ%yﬂ%ﬁ%r@fonﬁhﬂ&hﬂ Sreexdcbat b@ﬁ%&“fn
necessary to acconplish heat di ssipation function w thout burdening the

process Mieutpfhisg rvérsuclhamifwe@d@dlln&tr@iurcmlg dgand| ikt expaneeded pEOFdire Thre f eed

rate of the individuyal .feeds e. as hi S IS ossrbl on ering
the react'5F PESSRIAR lélé‘é“eaﬁ {}Bwﬁé “Ctnﬁa't‘tge?t‘gétlg‘o %ﬁl%ed“‘élnc? er“i@r"%&ol i ng
avai 2abl &k Brea®s kebminteniedliud @88 eBAL toxiche idse@di ng apparatus avai | abl e and
t he abrlrtg6to safely handl e HBr byproduct gas. The hrg er the ssrble

feed rat d9068]1helhegelomer distiiluitont sedutipne beosinatirgoaent migk At heis t he
e SO Sy 285 0 e Ao, i R
of from adachtothefOCIt & abmiuicifldGf e ifveadsn tihatt the Breathaionask teomianeent |y
fed at distribution should occur quickly. The rates of reaction for the brominations of this
25 invention are very fast due to reaction kinetics. Thus, in the processes of this invention,
the rate-determining factor is the rate of mass transfer. Hence, the use of proximate feeds
is utilized so that the reactants and catalyst are close, to each 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
30 active when first fed. One technique to insure close proximity of the feeds is to provide
that the feed tubes into the reactor contents/reaction mass be held together so that they
discharge in adjacent parallel or in direct, impinging directions.
[0069] Having the feeds discharge beneath the reactor content/crude reaction mass liquid
levels is beneficial as it ensures that there is heat dissipation away from the feeding area.
35 Having a “hot spot” at the feeding area is to be avoided to the extent commercially

possible. Again, stirring of the reactor contents/crude reaction mass also aids in heat

dispersion.
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about anbi ent tenperature, say 250C. To obtain the reactor contents/crude
reacti on nass tenperatures nentioned above, the reactor is provided with
adequat e woabiogs4e¥he t enperature shoul d be nmeasured asPchraseomosdipe f eed
area as is practical. [0073] The pressure in the reactor during the

brom nati .S . pnot critical, superatnospheric pressyres being the norm
Howeygr, Gy %ﬁ%ﬂ@ggﬁmenépgﬁﬁwgepﬁoe%mamriSﬁO@ﬁ@e&ﬁﬁ@ NfeCEadpent
requir e”EtBTaécd’i‘IMisﬁ afheheht HRSiP&Ton MHHEQSERRM BLRRSHME SR FloBeR iR ﬁgﬁé?'t@an
[ 0074] Subsequent to the reactant and catal yst feeds, it is permssible to

al | ow t heeedsalcmitonaliasdlingegepesi ence a ride tine to ensure that

brom nati as..ceased. | is perm.ssible, en hr.om natin bove . 7.1 wt %
br om o, DO HR B e ppe ST ER R bl S i DA0R RS TRERG RATTE {at e
consunpt Ith& r@dad)rfs@z’é_czlndo&ésigaﬁ tlﬁEJﬁéthflattrﬁ_ﬁstf&dhabﬁM ARl &8 dodlikg aGkila®® to Thi s
is particularly desirable when brom nating above 73% and where the

pr actlOt i ovept igdieptdaanagemeef; gis feeing sepapttunaviileble nad thegahilitygo agfeht handlg ng
Phe initi ' o avOi e
i 11 cul (i EEOHRRNE SR e hDRA AR OBk A AT SHANC MRS (he

ride ti nge07d]l IDithg theagerfeédialie idactod vitedts/onide atftiop mad chculdbe kepught .
Cenerally, ride tinmes of 15 mnutes to 60 mnutes are suitable. [0075]
After thdemaaasrapithiohsratesei{rm ehant 2L tq shout PC apd prefeiably yyiguy the; he

crude reagflOfr MBASbbS 7207y eng%r(p@ URR: F88C TP Mhe 30 SURE gmnieﬂtlyg%cfét The

guench is conveniently perfornmed at anbient tenperature and gene
speakisng abouthealviemgempérature,lvan 26t Meaibtaid theakadtoioeconodnty/@sdd teattiddBmasss
needed to effect a phase selg)?r ation. Since brom ne and other activ

br oni nat i AYPSPRE e CRUN G IPEs it TFACI9r SIS pprav et eWiith (R GiCo l%aﬁlﬁg of

the m xt _Ll&%ﬁé’tﬂéﬂlré houlddd m@é‘sﬂf&%l%lrs%ldst@ rt]d/ih%ifigéldear%aai %rll% prabhltd, assists, to sone
ow

extent, in helping to ensure a ermally |l abile bromne content. Use of

mul ti pl e [MBT3Hr Bt peessureninothedirgactdr| duringn thyy bremingfion amahotmediel.i supgsed t o
renove excess . br.om ne. Agrren i oned ggevi ouslﬁ%/ hjL t he crude reaegti ocg. mass

or, for tWAPSRRRHY 1SR ODPE L IO Pn AV P A T E MR PATSHEH BRI PIESHT DI ¢ he

br ompat ithd,cof@RE BF GuipiicARGEQGrcReall MRl sSUENisBRM PRiItERAb@N breidited @re

| onered or elimnated by the use of the reducing agent, NaBH , in a |later

wash st ePerppePB} The water quench does not have a ride time as the purpose
o e, SR R NP B TR MEEI, g
sl urry phasgion TlgssOfogénpetiesdeus e piras o caBiirai that B@migationahdd ceased. It is
permissible, when brominating above 71 wt% bromine, to allow the temperature to warm
25  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 telomer distributions, the ride times will be longer than if lower brominated
30  products are sought. Generally, ride times of 15 minutes to 60 minutes are suitable.
[0075] After the feeds are completed and the ride time, if any, has passed, the crude
reaction mass is removed from the reactor and quenched in water. The quench is
conveniently performed at ambient temperature and generally speaking no heating other
than the heat of solution of residual HBr is needed to effect a phase separation. Since
35  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. Use of multiple water

extraction or distillation by conventional means is used to remove excess bromine. As
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the brom nated teloner distribution, and will require further treatnment. To
initiate treatnent, the organic phase is separated fromthe aqueous phase.
[ 0077] Afwenotomssieat er quench and phase separation and aoy/isdawisanal

brom ne renoval steps (water extraction or distillation) are corrpl ete, it
is a preferred feature of this_ invention to sh the organic sl r%taghase

with a baBFECSEUPIRAMSY oyt FHES KAFHRT BASS OFnioT BEY B B O%RaICi

by- produGt $reafeli ddvitQRE! bf QN@'bhﬁ%ﬁh@ué}Ptdoﬁﬁauﬁr LRSS BRTHIAS, sch%rHHﬁﬂ&J
avai | abl e unreacted brom nating agent, e.g. bromne (if any should still be

pr esent ) ,coatedt amybfahvavequbbleeldmmawdthy\ﬁbs ufoohthd réduwmg dpenuifaddtt eda later
brom nati n% geﬂnt (e.g., hypobromtes, and/or hypobronmous acid) and al so
any avai I'& Ihé bronpam nes, so that the brom ne and active brom ne species

are reduqeg7é)o ”erqmﬁequeaaddbé% o0 Ba @b AdOfimt RE toF @;f%s@% thet WatSr qadn6k i@l 1S
reduced to sodi um brom de and free am ne. The use sodi um bor ohydride to

redud® brteictsivals the é%fsod?}@mtmmq@ﬁmb ﬁ%mrn@f:@dtmdgfywmin@@ ayes fogmeman
However , ousja a{e ALY gimé EH%FQ é)gése % GE IR By pﬁﬁse C%I%falﬂsrg\éﬁ hi QM TS

the use o iC solu ion o ydri ce the anpunt of

N- br onmoarth@ ébré@imaweld tetch@r d3aibugisnt had vaitic fmjnﬁayfutther beaenat eto tigltianer
distribution. Thus, for the processes of this invention the sodium
bor ohydr itif@tRe. the Brgapigmpase s seraged frog the pgreoayphaset he ampunt of

Nor omoamy ﬂgﬁgpr&ﬁé’r%e WAl ﬁerﬁﬁ%ﬁ AL o 5}8&619 d dnyBaaditldA&l BEAY vaf - any

t
amount of m ne present. uantitatively, the amunt o sodi um
bor ohiydr i stips uswenteri exttaotdn amodisillatiecp ssacympltdiands e pm:tfdfrra‘dufuaturanff .thAs used
inthis pararaph the term "gvail abl e" used.i n_conn wi th_active
br oni ne slﬁ‘éf‘d]i 184 to Wﬁ?lbg‘étoé%ﬁnb“r Hha ?%?g}”%%ﬁ%m 6‘?5’1“1‘4};5’9{%3“ of tboanQTﬁ t he
unreact ecbo%lﬂz@[hﬁé‘tahﬁlgtsa&%ﬁe byRPE dﬁ%t@ra@m?ﬁéﬂﬂ%ﬁ,avgﬁeﬂ% ﬁélkh%nﬁﬁhesﬁegfegt ified
materials aré not occluded within solids to such an extent that they cannot

be renoveadclsding|avaligble mmtr@ctedvxbnomlmdﬁmgs@gstnu na-pobomyite i(dearyobhavildntill [1§078]

As the caustl ueous dri ution | used to tre

or gani o piiead: S G RaR It HL At & WhrE ot one bR bR HeBbkchy ar i de
sol utipon Hypobregtitet rtalu/drh@ berorRds @Glﬂﬁ@h@al@h&ﬁ? aR@fab® Rbbrb@b¥@aRsadomht 10
and about 14 throughout t e period that the forned aqueous phase isin

cont act whe hrontise andjagtive hiprages. speo7odre Thducpd & biondde, $od il thebiapd Al deiNre
;05
cont ent g;fr%%g]% th&ahke ﬁalsgkegiﬁl:c%’d;to SE)dYMIﬁ Bfo@mh%gn(g %Qﬁm‘?&e gﬁ%’% ?%?%d to

about 0. |um oro sed on t ota the treating
sol ut i on.bor&386He An rd:dmerbtr@;ﬁineflﬁahu peoduktidhef daisihhed Fotistiieteoriomicwhde

step is that a tenperature

However, a novel feature of the preferred processes of this invention is the use of a caustic

25  solution of sodium borohydride to reduce the amount of N-bromoamine derived color
bodies that accompany the brominated telomer distribution. Thus, for the processes of this
invention the sodium borohydride has a primary function, i.e., to reduce the amount of N-
bromoamines present, and a secondary function, i.e., the reduction of any amount of
bromine present. Thus, quantitatively, the amount of sodium borohydride used is that

30 amount necessary to handle both functions. As used in this paragraph, the term
“available”, as used in connection with active bromine species, unreacted brominating
agent, derivatives formed from the unreacted brominating agent, and N-bromoamines,
denotes that the identified materials are not occluded within solids to such an extent that
they cannot be removed simply by contact with the sodium borohydride solution.

35 [0078] As the caustic aqueous sodium borohydride solution is used to treat the organic
phase, an aqueous phase is formed. The pH of the sodium borohydride solution is such

that the formed aqueous phase has a pH between about 10 and about 14 throughout the

period that the formed aqueous phase is in contact with the organic phase.
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above about 360C and preferably within the range of from about 500C to
about 650C at one atnosphere is maintained during the treatnent period.
Agai n, swenratwmws{sheri c pressures can be used for brom matriuseowobeient s t hat
form azeotropi c m xtures mﬁth mater havi ng boiling points bel ow 500C, such

t hat erred t te ange can he attaj ned 081 The sodi um
boroh§7dr.[§éﬁl ekt eried 3pg iy oehy didasant ﬁgaher tpatigg ol i fiont of
time nequgget(q fbfh absutld& Qec{'b%{lt 0. § v&f% Echﬁfurh S AMYBRde, b%‘é&ecﬁf"tlhle Yot&] &&QH@“' ent

time of 30 mMnute period is deened be sufficient, and shorter periods
may i ndeed thetretinhgisciugn., espeC|aIIy mhen conductlng this step and/or al

of the st prior to ste |nvoIV|n brom natio ont i nUous

o ocess. THRRID AR Tmidtisnblcted SEins oGS sPRuBL TR tHE s ta Ty St iBune o
time as siols allsmﬁlsfae(r: an@ §fleferabBO0R2hinTine rivsR & fréhebaRoNP CdRSouPesP@aUEeOUS
causti c sodi um borohydride treatnment or wash can be used at any tine after

t he W&t erongu¥nebrhereps arpdntpingd clusiap athe ttrestmeit dpawiedan y\ 2p sl GYBPTBEN PRI C
phase in tgs%ugg\égn %E u &?dl]%orr)})r(g%isngll&g sgle&ﬁgrﬁ:? T OXID‘? gze%lr ﬁlf trﬁfxt trQse wflthnaz!ter

I{I’
washi ng, e organic S ase’i s sep arat eous hase and

fed to hQian@tlﬁﬁl,mgSpMnfsl’lﬁHI@\alﬁ@E@ ﬁﬁﬁ@hﬁt&halp@dférr&ﬁﬁ& ted@Bﬁtﬂdb riglgmmﬁ Behe
identity(ies) of the organic brom nation solvent(s) used, to flash off the
sol vent ﬁ?@gﬁﬁt and to yield solids in the aqueous phase. As nentioned

above, | t dlrﬁﬁ(g}léfdﬁﬂe REQGE &aéﬁ%rpse ﬁﬁﬁrﬂﬁlﬁe@ffopgtoléﬁstgtﬁgtc to
hel p reane romne that may esent In the sol
Addlﬂﬁon&hkymtsﬂnmemeﬂnﬁnabhmﬁsmmmemﬁﬁedédwnnmemmmqgnmhﬁyeammbaﬁaun@mﬂval
of hi gher bgjling hal pgenated soIv onents. resul tj from gen
exchange qfeg(ttni“&%@ PEte Endeamesr % ‘Fe%lff o8t 158 %eroPeﬂor&g may hdia

chl or obr oy O&PEAQINS wieh Qoﬁmlngdhlkﬁtep m;& diher &l g{@ﬂ@tprtmo heg r?stéﬂ as hed

off, the solids are separated fromthe water by conventional neans,
filtrati gnvalmidgtbreminakien dhe corfaoat guocss.i dheapractitimner drn ediobse eﬂ@@@ur e to

el evat ed te rature§ %mrﬂﬁ %3500 t 1850C agder an inert atnosphere

pur ge (eeTPO 0%&%?85% BUH gEFImESS g1 %Wg Snt*W&i ght to ensure renoval of
bromope qog82]derhei uie o eheStbol €l Gesclibed Aguepad tduklie s&did@ bakshyaHad utditfent ey are
too coarse to be used in flame retardant conpositions, it may be necessary

to grind w28 capbr asedutiagy tims afteyithrgvatphaudneh Sisp andPhasesERwaten Al @ iMdi ng
or ot her E%%%Eﬁof%%ﬁyﬁkﬁgﬁi&Bﬂo%ﬁﬁﬁg%é1%}§ﬁﬁé9§¥@ﬁ% t he finished brom nated

tel omeri ¢ fl'ame 1 conposi nventi on. Anal yti ca
Procedur g8083] After the final washing, the organic slurry phase is separated from the aqueous

phase and fed to hot water, say from about 60°C to about 98°C, depending upon the
25  identity(ies) of the organic bromination solvent(s) used, to flash off the solvent present and
to yield solids in the aqueous phase. As mentioned above, it is best to finish the process at
a temperature of about 98°C to help remove occluded bromine that may be present in the
solids. Additionally, such temperatures are needed to ensure the complete removal of
higher boiling halogenated solvent components resulting from halogen exchange reactions
30  between chlorinated hydrocarbons or chlorobromohydrocarbons with evolved HBr. 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 exposure to
elevated temperatures (e.g., 135°C to 185°C) under an inert atmosphere purge (e.g., a
nitrogen purge) to a constant weight to ensure removal of bromine occluded in the solids.
35 If the particle size are such that they are too coarse to be used in flame retardant
compositions, it may be necessary to grind the solids prior to drying. Whether or not
subjected to grinding or other forms of comminution, the dried solids are the finished

brominated telomeric flame retardant compositions of this invention.
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[ 0084] Known anal ytical nethods can be used or adapted for use in assaying
the characteristics of the conpositions and fornul ations of this invention.
GPC W % TwbanmvosBiegt ri buti ons [0085] The GPC area % val mres/usesos/oadieai ned by
GPC using a nodul ar systemw th a Shimadzu aut osanpl er (nmodel SIL-9), a

Shi madzu efrac}'ve index detector (nodel RID 6A), a Waters HPLC punp
(node 5¥%§§§ﬁﬂ—gﬂﬁﬁ@€ﬁ%‘TcwlcoIunn heater. The col unms used were Pol ymer
Labs (VarlP888] dfiqyapspralybet unpodssan e B3ed705 adgnted dpi upg, b essayines s 20.

The sol Vecgnﬁraldt%ﬁgtié’é@o? ihedd Rfo‘ﬂlt; gﬁ%ﬂy{@h‘lgﬁhg?%fatﬂﬁ-invgﬂﬁo est procedure used

entail ed dissolving approxi nate sanple in 10 nL of THF. An
aliquot of this solutionis filtered and 50 nL is injected on the col ums.
Based on @(;BOatietridnd-DRirfiheioys propane and 1, 3, 5-tri phenyl pent ane adduct s,
and tjpe moOss|0fTHREGRCAlé L% VA& weretbEited B GREEakag alBodl@ndyklehedith a
according to their order of elution as 1, 3-di phenyl propane,

1, 3, 5- t r i priaadaupBtiesapwler (medel HL+ Pt p dpHerzuHeptciye index detector (model RID-
1,3,5, 7,9 pe h ane,  et.c. i NGy, Vi pe ol i goneric
mater| al PetPRARS AR RER® e B Rt RSy Rl LR RRRR

cal i br at ivgad euere/Boliyfet DAY (igta@¥ Qligbpgre lcbRSEnst BOOMaHi al .5 wampst ansibéhei r
correspondhgg@retention tinmes. Based on this calibration, the overal

di stri buth! aP-alhessalyang yped was hahydpbrindiPnerads) g st pioseduss ased
f oon AR 3 er €7
per f qzmed by, %1/%?3&}5? dﬁgo;%ﬁe 6.10% gﬁ%ﬂgﬂe P10 nd36f YEIF. B,%fe[rﬂgt%g{ Ofthis

chr omat ogr ap ctio rocessi ng system Brom ne
Cont ent (sChrtibusisi filgred G650 Brions nejecedt @ntthofecotunensbr Baded adre dsqiatodi uic3-s

produced fromthe teloners_of this invention is typically determ ned by use
of a conﬁﬂ@mn&fm%ﬁ&aﬁ%%-t%e& a?téneoﬁéfi%fss oo g_Oﬁéel?aawr%\A}g:SH[eoos7]
A 0. 04-0.481@ioff pe%ﬁEfH}eeldQJtiﬁé&eac@tSﬁ{Hg%ttﬁélr SRIePBEEuliSn %H,Q%Ehéﬁ@l;ﬁ‘o&n@,oom g
accuracy, onto 1/4 sheet of creased black filter paper on a 5 place

anal yt i cal.3.bdtipleglpemane.slahpl/eeiraphenylieptanan didde 7 Openfaphersingrapareiql Beed i n
a platinum.sanpl e hol der. A conbustion flask is ared by addi ng .15 nlL of
cans ol APEI B Galop(iFF oh2aRans Muplais Rt Pl HRRITER MaRei g <

t hor oughlyanfek Usheghlb@itiont cdre@sit dongridtel tiemgWiebe aKd@EIal MaRiep! id Hem
sanpl e holder is placed in the top of the conmbustion flask which is then

fl ushed faofregronfdimgsictestan kivrcs. Baspdt @ thin ealiiratiqu, ithe gyasplp sliseidbution dastifr ed so
t hat the

calculated and reported. The calculations were performed by the Viscotek Omnisec,
version 4.2.0.237 gel permeation chromatography (GPC) data collection and processing

25  system.

Total Bromine Content (Combustion)

[0086] Bromine content of the brominated products produced from the telomers of this
invention is typically determined by use of a combustion method. The procedure of this
30  method is as follows:
[0087] 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.
The sample is folded inside the filter paper placed in a platinum sample holder. A
combustion flask is prepared by adding 15 mL of caustic aresenite solution and 3 drops
35  concentrated NH,OH. The flask is thoroughly flushed for at least two minutes with
oxygen. The platinum sample holder is placed in the top of the combustion flask which is
then flushed for at least one more minute. The flask is stoppered and secured so that the
flask is gas tight when inverted. Silicone grease is used to form a continuous seal around

the entire joint surface. The inverted combustion flask containing the sample is placed
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flask is gas tight when inverted. Silicone grease is used to forma
continuous seal around the entire joint surface. The inverted conbustion
fl ask cornweizniogs4che sanple is placedinto a Thomas- Ogg @XYasnoodloeak?
infrared igniter. The sanple is igni ted and the residue is dissolved in

dei oni_.zed wat basic wth. soli d fur her. di gested by. boiling.
The sdl ut'POf f%ore ghPr¥acadiask Jue ’&HHC ieHicd e g ©des i
Brom de igqsbien it 'dEﬂbﬁfz@&' Wik Qna@ie%aélctvatlps&h Kbﬁ)h‘@ ﬁhﬁ@ﬂéﬁ?é’ét&?@y ﬁ&hlﬁ%l on
using a silver titrode on a autotitrator. W% Brom ne of the brom nated

t el omer |Bleg$0~]!@mnbys ¢dneemcﬁnfat|oonlebedndv\ac1dwf1@6 Brith=sl8+ri®) 4du. Bﬁbn@@@liy tl&ln’pl e

Wei ght of.. AQNQO, re wredt e

sarle B R RS Dl P OAgNcne Mg dlef BT o Bl e i R b e ¢
of AgNG3 a\ﬁaidtﬁvmew% BesinElon tRIbré&@l MtddTelofier [sOg%é%]] by the @f@RiontRIAESESS the
color properties of the brom nated products forned fromthe tel omers of

t hi s 10nventk Bh,= t he_afdBUNLEI998 bcedur e described in ASTM D 1925 was

enpl oyed. Ther rmgraSﬂiHn?é‘tW@glmhlaGy@ilss [ 0089] Thernogravimetric anal ysis
(TG is wilesa used to test the thermal behavior of the flanme retardant

conpositions, fornmed_from the oners of this invention. The TGA val ues are
obt ai ned by *uSe ofm]éhhltﬂsloﬁggﬂﬁﬁéﬁ‘ﬂlgre‘#ﬁ‘éFl%ﬁjrt ARzt el?l ¢ Analyzer. Each sanple

is heated orga Pt pamikiQP2a86: ouitkaditQRMC oAk 10 C7/mn with a nitrogen
flow of 50- 60 niL/mn. Thernal Stabl lity Test (Thermally Labile Brom ne
Test 150090] Nhi s tewmaptyodfegN@: f or determining the thermal stability of
the brom nated flanme retardants produced by brom nation of the tel oners of
this invention is a procedure essentially as described in U S. Pat. No.

5, 637, 650¢e/loneQ@IANMGIHNGeA OblsribhRBY, each sanple is run in duplicate. A 2.00

g +/-0. 0Fo08832MR!o8ddr %o RsaGare ES1b LB e &t 8 BroAin iRy Bi/od%é_’@ OIS m e
Wth a neoprene stopper and Viton(r) fluoroel astoner tubing, the test tube

is connedt:ledlersooa tins tinogéion p theganalytivel wirachdwxi desgrabedf morkSTe I €925 twie
bei n passe ccessively through subsurface gas dispersion frits in three
250- su%)?}f'ﬁ ilter flasks

Thermogravimetric Analysis
[0089] 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

25  values are obtained by use of a TA Instruments Thermogravimetric Analyzer. Each sample
is heated on a Pt pan from 25°C to about 600°C at 10 C°/min with a nitrogen flow of 50-
60 mL/min.

Thermal Stability Test (Thermally Labile Bromine Test
30 [0090] 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
essentially as described in U.S. Pat. No. 5,637,650. In conducting this test, each sample is
run in duplicate. A 2.00 g +/-0.01 g sample is placed into a new clean 20 mm by 150 mm
test tube. With a neoprene stopper and Viton® fluoroelastomer tubing, the test tube is
35 connected to a nitrogen purge line with exit gas from the test tube being passed
successively through subsurface gas dispersion frits in three 250-mL sidearm filter flasks
each containing 200 mL of 0.1 N NaOH and 5 drops of phenolphthalein. With a constant
nitrogen purge at 0.5 SCFH, the test tube is heated at 300°C in a molten salt bath (51.3%
KNO3/48.7% NaNOs3) for 15 minutes followed by 5 minutes at ambient temperature. The

40  test tube containing the sample is then replaced with a clean dry test tube, and the
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each containing 200 nL of 0.1 N NaOH and 5 drops of phenol phthalein. Wth a
constant nitrogen purge at 0.5 SCFH, the test tube is heated at 3000C in a
nol ten saWo 2bsdoes4681. 3% KNCO3/ 48. 7% NaNO3) for 15 m nut epclraisb@vmdsiby 5

m nutes at anbient tenperature. The test tube containing the sanple is then

replaced with a.clean dry test tube, d theapparatus. is purged with.
i tr ogen PBHSH ISBMERY B IR fﬁaﬁ%ﬁfﬁﬂwlﬁﬁ BHist itngBe Big eeitrubh 300C
sal t bat hy. Bhgoct &5t baaaggp e:tﬁg'tﬁge,q{igmgaazlg?%ﬁ RA{REGh ms@@%r@aﬁ rfskd wigigd

wi th dei oni zed water, e rinse | Ined quantitatively wth
sol ut i onsleignizedewithr, @ed clad lHeet isaonfHi@skguaniitacvelgbikinéaet obltising om thesthree

acidified with 1:1 HNO and titrated with Q.01 N AgNO using.an aut tic
potenti o F?t@ntfiatSk%tNTgP COMDATICHHRTUEPD 1S ﬂ@?leg%t,h ﬁ?%\&ﬁa %‘itétﬁt“}@a VRO s are

cal cul at a¢ %%yg@vm\}tls‘ﬂ;?g“ ‘anHEhGhfTkic AR dotheiid Rk kMég&ErHalrs]‘rd,Wf& PN )

(80912)/ (sa The tubing is thoroughly dried with nitrogen before

t he néxt canadalesi)s ReFalth adayaloelatdeat ippnf iHBxt KHBmind, AgN@e termptlypaghean t est
tubes are run.as bl o] there i resi dual ,hydrogen_.hali.de in
Lhe syat dRPTREE AT AREObr ot R el Bt ar The Fiira BngrebivepRy Syt on
may be usf@o@s Yef@eRhd AEALAANS Bdahiday Wefodd tHRMErsiMahipld/ithled @ipYy @B test
flammabl e material. The material may be macronol ecular, for exanple, a

cel | ul ositebayererungls bianka tpasisyighere I nagssidaalihydrogen atidesingheesystsinet i n
pol ymer s goﬁéﬁssgﬂe' DG 08 te?&Png ﬁ{s&ﬁmp‘é ! B XRURLE RONTRS) $Es3 ot ! ene,
propyl ene, and butyl'ene; copolyners of two or mnmore o stcR® al’kend 'fonomer s

and dagpolryriastsoin fPRauatiomDwEh ofirtsdlighard] Keneablenaneris. anke afakgial may be
copol yneri zabl e nononers, for exanple, ethylene/propyl ene copol yners,

et hyl ene/Biggmolgelpt. {0 CxBpRIeyhreelilome mtaial Of &/ RRIBHT- e HESEBG PoR¥MSTS

et hyl ene/ acr I E t : ' i

pol yner s ag‘% CXO%%# F %I?fglg r%ﬁ%?ﬁ?ﬁ%ﬁeﬁﬂﬁgﬁ%@% &h?g%e%%%p? e, &%)épgg‘? %/ern 8’ne,
e. g. highpropgact apdl yaylgne nesypohymabrs tof rtewoe oc apot yafesueh dkdneumehbramesand
pol yam des; pol yi m.des; pol ycarbhonates; polyethers; cr}\{I i C resins;

pol yest er??oﬁgﬁéci 219% I%)‘%@t IRES taji‘f‘é‘ﬁh HPREE) agghpther copolymerizable

pol yoput wh&nehes enbt hatahst, RRI¥NG/P6byh othsitymbRer BRsRhSetiPr «&¥RIP! €,
epoxy resins; elastomers, for exanple, butadiene/styrene copolyners and
but adi enepaclyyleoni andi leghybameiprgpriers; copelyoieysreethylehe/aoyiakeo niapplyineers bartdadi ene

o T eI PRk BULY b RO SHBRE RO

i rradi at iamplehe pbryeiyidhat ed ot ehRRerihfpaghi sl%]dl'yd@%h@,nsmaf _sft;hieﬁe | BYRINh@s, can

al so be used in textile applications, such as in | atex-based back coatings.
polyurethanes; polyamides; polyimides; polycarbonates; polyethers; acrylic resins;

25 polyesters, especially poly(ethyleneterephthalate) and poly(butyleneterephthalate);
polyvinyl chloride; thermosets, for example, epoxy resins; elastomers, for example,
butadiene/styrene copolymers and butadiene/acrylonitrile copolymers; terpolymers of
acrylonitrile, butadiene and styrene; natural rubber; butyl rubber and polysiloxanes. The
polymer may be, where appropriate, cross-linked by chemical means or by irradiation.

30  The brominated telomeric distributions of this invention can also be used in textile

applications, such as in latex-based back coatings.
[0092] The amount of brominated telomeric distributions of this invention used in a
formulation will be that quantity needed to obtain the flame retardancy sought. In general,
the formulation and resultant product may contain from about 1 to about 30 wt%,

35  preferably from about 5 to about 25 wt% of a brominated telomeric distribution of this

invention. Master batches of polymer containing a brominated telomeric distribution,

which are blended with additional amounts of substrate polymer or binding agent,
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[ 0092] The anount of brom nated teloneric distributions of this invention
used in a fornulation will be that quantity needed to obtain the flane

r et ar dancwoougles4641 n general, the formul ati on and resulPCaruS2@wO6dICT Mmay
contain fromabout 1 to about 30 wt% preferably fromabout 5 to about 25

w % of_ a bro?rﬂnated tel OFEH c di stri_butigg1 fL’chl S i nvention. stgr

bat chés J¥PIFHIY FRIAIR SHEm NS HGC I EORS PEBe lansntsfardant &g FBK PonVt i ch
are bl endggew th additional anounts of substrate polyner or binding
agent,typically contain even higher concentrations of the flanme retardant,
e.g., up [08935 nisdadyrntageroas t¢ 0GOBE blr«nminsteddvlameagdmbmiwnmsétlﬁhmvmtmﬂ nat ed

telonmeric _dis utians of thi venti.on in t,on wt

ant | nony IBaeat GRS pdimgmyRaed (R 1 B, SBER "Bk SRR e i ced
in nmost, drictieed idhbst, ffl REBILN Bikd M&a@ﬁﬁﬁlﬁ&ﬁbhﬁ@&vhﬁh Whinteltic @Rk iffanfyy o ne
flame ret ardants are used. General ame retardant products of this

i nverOi orTeraFltStﬁée usasd Qﬁlﬁmlbhﬁleé}ﬂfﬁ/wtﬂ}dM§élﬂu§?rﬁﬂ@ﬁ srventien wilhbe gbrd rati o
rangi ng fr re ahou ut
11 oo ndichat ) SRt BN rflaild BIRRRY 42 bl 2R

f or mul at i pefsratByoftfeortiabsut 2 Nt dbdur 4:1 especti ve conventi onal armunt S, With
the bromnated telomeric distributions of this invention,
pl asti ci 280941 Ay oficaaiat conventiqnat addifiyestsed i thepmeplashr |f?rz@+1%tlonétn@ay be0095]

Ther mopl 48t Gn el 6L %u d&{dﬁ‘%@ntﬂn‘&f@xﬁ@ﬁ&}” tH AR B t@h 'EEl &Q&fbﬁﬁ@ﬁsaSt I C

pol ymer and ’a bromi el oneric |str| ution produ |s I nvention
can Wdé prccﬁd]meﬁd/emmergt | phastikcizyss, antgpxjdabtg, ﬁ]k;re,qﬁgmmtsrdﬂﬂmm@;hzevst erasi on

nol di ng, ressi on ol din apd the ik ow nol di n y .al so be
appropri a{ﬁ% Q@QF@%H“{%?&&CS gﬁ@‘éﬁl f&tﬁpgﬁ@ﬁl@o%f%{?‘ﬁag}%“& & HFreaRAitcal
name or fﬁ%‘lﬂﬂéﬁanﬁ@%@&hﬁtédﬂelbﬁﬁn@ B%hﬁdtfbﬁtﬁréﬂhc%f tﬁlsﬂh%ﬁ@ﬁ&:@@ﬁe pW&ﬁ&&ﬁr
referred to in the singular or plural, are identif as they exist prior

to com nqonmn@oc@im afcg i tlhe@;lnotrmddmgu@gmrmempbﬁ@ rcemlpre@'ﬂbly mpHéingcaid nanme
or chem ¢ a solvent, or etc.). It matters

t
not what ﬁ?\gfﬁ%’g}g ar?l%f?g‘%gﬁgo Oﬁeagﬁgl%f’m}no?as?eactlons if any, take

pl aceoi n [bogs]r @dﬂlﬁdﬂéﬁtsﬁkéféﬂﬂédﬂ tor b§ OLMEMiBAl ABmEUEH folAMECEnywhere in the
transformations, and/or reactions are the natural result of bringin the

speci f i edspecifipivarrslaiogderref. whelesr refearcd dman the g uda ar vl repigeai
this di SC'SQE 8(15&&%? t(t) ngfn%mﬁp ngcghnfct i An%ﬁﬂ‘& sLl') Saqlcg% ] ?odbf Qflémlcgl b e

br ought toge her connecti®on w ormng a desi red operation or
form ng alade%rrcﬂﬂnﬁ@mmﬁl (telgorhnoﬂdeS@ompUﬁlmtilﬁcﬂgéhttdjleetcballmad’ﬂﬁﬁ e,ﬁbnazﬂqhter may

refer to substance
chemical changes transformations and/or reactions, if any, take place in the resulting
25 mixture or solution as such changes, transformations, and/or reactions are the natural
result of bringing the specified components together under the conditions called for
pursuant to this disclosure. Thus the components are identified as ingredients to be
brought together in connection with performing a desired operation or in forming a desired
composition.  Also, even though the claims hereinafter may refer to substances,

" H H

30  components and/or ingredients in the present tense ("comprises”, , etc.), the reference
is to the substance, component or ingredient as it existed at the time just before it was first
contacted, blended or mixed with one or more other substances, components and/or
ingredients in accordance with the present disclosure. The fact that a substance,
component or ingredient may have lost its original identity through a chemical reaction or

35  transformation during the course of contacting, blending or mixing operations, if
conducted in accordance with this disclosure and with ordinary skill of a chemist, is thus

of no practical concern.

[0097] Each and every patent or publication referred to in any portion of this
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conponents and/or ingredients in the present tense ("conprises", "is",
etc.), the reference is to the substance, conponent or ingredient as it

exi sted avothm/ich4ee j ust before it was first contacted, polrarsded/oesizm xed

wi th one or nore other substances, conponents and/or ingredients in
accordance wi.th the present dlsclosur fact t at a sub nce
corrpo%entSPB‘f' HiEgigndgil Eﬁ@@%@d HAYdo ”E)tQttﬁistdé @981151 hsar PRS2 {uﬂaoﬁﬁbﬁprﬁl

chem cal yegagtion or transformation during the course of contacting,

bl endi ng or m xi ng operations, if conducted in accordance with this

di scl osur[80281d Esicept ordinbe yxgkisly oderveise hdivagd, thesartitlasa'obr fro” pf aist ascal
concern. [0 Each and ry. patent i cati n referred to.in any
bor 1 on dFet Rrsispaaet uende o fiohF BdinaRaPtes P Frligiing: ' Tibdeden o
by ref er aigfe cReehi tof Which thelrtlc®! fdfere raitibr, (HBQAI&Ie EXCEPLarASt BRY ab@sed
expressly otherwi se indicated, the article "a" or "an" if and as used

her eilf i herrdn i§ itendge do o ver orietor mate Sisbualemenss. ndess dhestoxt &xkendn cppfex ng, a
Slgln1t9c§w%5qg&gﬁg§§ﬂgg%%§o which the article refers. Rat her, the article
a" or "an" rf an used herein is intended to cover one or nore such

el enent s,[0099]esEhetiheenitie) mdyadodiprist, asitextcoabisasskantiangbf leesataidenvd/se.

[ 0099] The invention nmay conprise, consist or consist essentially of the
mat er i al PrAFIrES 1§5i6€ 8Gies recited herein. [0100] ThIS invention is
suscepti o] or

For eqoi nd g, B S R o Bt PR B PRt B 08 r e
as lilmt |th<gforegteng de/senpummstm)t ihendednd lioud, and eﬂ:m]ﬂxphmfbecmnstmm priasieinged

her ei naboye, CLA rocess L' rodu0|ng ﬂ brom nated fl ane retardant
conposi tl%anF‘FFéonptPcS f‘e%%m lﬁﬁ&ﬁlﬁegﬁp §C‘H FPFRAETHGPETEIBARYE: di stri buti ons t hat
are characterized by one or nore of: (a) a distribution of nolecules of the

formula Ar-CH2[ - CH2CH( Ar) | n- CH2CH2- Ar wherein each Ar is a phenyl group,

for each nolecule in the distribution, "n" is a whole nunber in the range
of 0 to 6, and wherein, (i) at |east about 46 GPC area % of the nol ecul es
have an "n" value equaling O, (ii) about 1 to about 26 GPC area% of the

nol ecul es have an "n" value equaling 1, and (iii) O to about 14 GPC area%
of the nol ecul es have an "n" val ue equaling 2;
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(b) a distribution of nolecules of the fornula

Ar- CH2[ - CH2CH( Ar) ] n- CH2CH2- Ar; wherein each Ar is a phenyl group, for each
nol ecul e wo 20tuesliégt ri bution, "n" is a whol e nunber in trhe/usang®cck70 to 6,
and wherein the distribution is characterized by a majority of the

nDIec Ies t e di stribution having an "n" value of 0 and a mnority, not
excee |nd: area% of the nolecules in the distribution having an "n"
val ue of 1, 2, 3, 4, 5 or 6 wherein the G°C area% for "n" equals 1 > "n"
equals 2 > "n" equals 3 > "n" equals 4 > "n" equals 5 > "n" equals 6; (c) a
non- pol ynler i ¢ Ampdoseenial pgdueng @ Wominatdsutlama refardant ecmpestiaf, thderdcossmul a

en oL S e et g % iyl b Sehs TR B ihat R RaRORT ¥he S fRioft0s of %

to 6 and wher el distiBetich St hbleelbPsY thO€drit@s nol ecul es having "n" val ues from
1to 6. 2. Aprocess as in Caiml wherein said distribution of nmol ecul es

i s cHéracterized by having a é’drﬁ:}éz{tCHinfI@emeMHm@rto about 76 GPC area%
for mol ecul es 0 t Qu a%.f or
ot e TR, R A RAREH 38 e S P

nol ecul es haviwiglé Alimberdn tid rafgPsE @SS aﬁ@wihareﬁi al m 1 wherein said
distribution of nplecules is characterized by havi ng a_content of (i) from

about 76 to ad®ut legst abput 4 RO Forrd thiomelegileshagan “g”aﬁluerqquallag&e

equal ing O, (| lett h I havi ng
an "n" val ue e(ﬁ:]lualﬁu(rqg]“iI an |||§I%$% ﬁ%rc%%c%%tggﬁgod&% S?Igg%aﬁ 51

nol eddl es haviang an "n" val ue equal ing 2.4. A process as in Cdaiml V\/nerel n

said distri butl of m)l e rac havi a content of (i)
from about 95 P (85heutdy é@ %“aef qtlFé l‘?ﬁ&‘é}% pdl hVéxﬁ}igerF@“él%Pgﬁ val ue
equal i ng 9) a”hddléthbﬁtuﬁr{%éﬂé&%s c'ffth@fcﬁﬁﬁ’l}g 1 G°C area% of the nol ecul es

havi ng an val ue equaling 1. A process as in any of Clains 1-4
wherein the teI oner distribut M*fCHﬁ GRATHAH£b:0He-Am proximity to and

ooy et e Rhateitie AR s o TR R o e i B ot is

reactor prechagigae nwinbér Hahy efhlge oo FUaRd Tvdefsn thal BREbidnis Qh@@.&@ﬁg@d
solvent, at least partially formng a reaction mass conp r|S| ng: f%l t he

reaction prodvtsmeisriy védheppolereles drthegiisttihetion having an Un” 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 the GPC area% for “n” equals 1 > “n”

6‘ 2 6‘ 2 6‘ 2 6‘ 2

equals 2 > “n” equals 3 > “n” equals 4 > “n” equals 5 > “n” equals 6;

25 (o) a non-polymeric and non-oligomeric distribution of molecules of the formula
AI'-CHQ[-CHQCH(AI')]H-CHQCHQ-AI',

wherein each Ar is a phenyl group, and, 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.
30 2. A process as in Claim 1 wherein said distribution of molecules is characterized by
having a content of from about 46 to about 76 GPC area% for molecules having “n” = 0;

6‘ 2

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 process as in Claim 1 wherein said distribution of molecules is characterized by

35  having a content of (i) from about 76 to about 95 GPC area% of the molecules having an

6‘ 2

value equaling 0, (ii) from about 17 to about 5 GPC area% of the molecules having an

6‘ 2

value equaling 1, and (iii) from about 5 to 0 GPC area% of the molecules having an

6‘ 2

value equaling 2.
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di stribution of nolecules and its inpurities, brom nating agent and Al Br3;
(ii) solvent; (iii) AIBr3 and; (iv), optionally, unreacted brom nating
agent, amdoxooinefsseds bei ng made subsurface of the reactconscewsedievel and
the reaction mass having a tenperature within the range of from about -200C

to abqut 50C. 6. The process of daim5b wherein the teloner. distribytion
feed and the j%iPFﬂceBSrfsslB pigy & whetsdy sai distiibytion; f gnaleiles 1s gharggferized fya s of

Caimb5 "Hﬁ@fn%i DednldGat BFki@'ﬁ%ﬁl ghotk b RYILHAR JdoGPEdrdaty §pthtrli1c95bu‘I\éstﬂ31Ving an
di chl oronethane . 8. The process of Claim5 wherein at | east a portion of

t he br omi‘mdtvilg eqgaimig (raod AlBr@n abeutfsetd apontnk GYCaseade 9bthetmalpcwdenipving ng
sane. 9. Th‘e,,gralocess 1of 1CI aim5 wherein the brom nating agent and the Al Br3
are joi ntYy f SAUGSIE" Y81 'ut i on conprising the two. 10. The process of Oaim

9 wherei 5.t he A g)r6u¥ey a§|ﬁ1§hfg Riatd1gimst eadwhadint e tkhiet di®EBhtdmheisi faRiaRa NY
feeds. 11. The process of aim5 wherein the brom nation occurs at a

t enpdfat webltein proxintifetorad gensmporagaeeho with-jeigd or tepaksoiged ©DCf bremineTife
process i er ej br om nat. ng € IS, i o T

or ocess ofe ERENRECHERELRY Wi 3 MR DAL 0P, R0 L BONPTS o Beheries ¢ e
reaction diagediwithwabdi@ent! andigact faesds ealbhe wiNhBpBcltagal yslentsickRagusmedliyng
form ng an aqueous phase and an, organi c slurry phase and 2)t separating the

organi ¢ SPURNY KASONIAYSIREPESHIE0US thsHsaRon kiUt pbtainpd Py thefeed obthscess
Surry pramibef ARl oaEUSRipelRel R HERRN A adRIRERES SehipRn ©

wat erl5 orAlBri andti €v), | dpeidnildy, nemexedasromichingsageas sinkdl sachr feed being neadeand

thereafter is_treated with basic, aqueous NaBH4 sol uti.on to reduce avail abl e
active brighithics Bgél?ee’”se?“i%%ﬁi %bﬂ%g\?(éitﬁ%@aétlﬂ‘il BRSO & LCMRRNIG Wétg’c“rre nt

Wi th bagdﬁera"f‘@é‘@f’%m‘ﬂ%@ﬁ@&é%%H{ili?)ﬂt5"“(?‘”” ng at a tenperature within the

range of frontabout 36 to about 65C. 15. A process as in Caim 14 wherein
subsequert. t o ThHeepioresatofe@laimi 3 lwhoesn che adoreaudistiiBios dbad hidh thet jréntosigani ¢
slurry phase is se ter washed until the separated washed water

par at ed .angl \ﬁ;a
exhi bits SEREAtG s WeEPIHAR G equal to 10. 16. A process as in Caim15
wher epn the sepgpr dbeds JrIaRInt SSWHEEY PRasBnles di@bdtP®nas fed in solution with

dichloromethane.
8. The process of Claim 5 wherein at least a portion of the brominating agent and
AlBrs; are fed jointly as a solution comprising same.
9. The process of Claim 5 wherein the brominating agent and the AlBrs3 are jointly
25  fed as a solution comprising the two.
10. The process of Claim 9 wherein the telomer distribution feed and the joint feed are
impinging feeds.
11. The process of Claim 5 wherein the bromination occurs at a temperature within the
range of from about -10°C to about 0°C.
30 12. The process of Claim 5 wherein the brominating agent is bromine.
13. The process of Claim 5 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 slurry phase and (2) separating the organic slurry phase and
the aqueous phase from each other.
35 14 A process as in Claim 13 wherein subsequent to the quenching, the separated
organic slurry phase is optionally (i) washed with multiple portions of fresh water, or (ii)

distilled to remove as much as possible free bromine, and thereafter is treated with basic,
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vessel containing an aqueous medi um optionally containing sodi um
borohydride in an anount of up to about 0.1 w% based on the total weight
of the agueaum/msegium while concurrently renoving the pconsa@vioesi2sol vent
by distillation or azeotropic distillation, including any distillable

i mpuri_ties tha pr esent roces as.in Cla|n1%6 wher e

t e
subseauerﬂqu?‘?}lsd}“g[%”plst’]élp%ﬁo é?fhwt—‘;aﬁ%e@rb %&tlvs Lems piPECieh dqlpqing .azs%H

sol vent, Nhgom@niteR" QEHClediBenS Rhddt Sé%lchaq%eéﬂ NdsH, | GulednS Q%Eﬁﬁg %E‘ a
procedure and optionally ground or cominuted to obtain a desired particle

si ze di sttempahivonwéthih thhemgs obfrentdbogt 3dteo sbdutd5HCoduct to drying to a

const ant melght under an ner atnnsph e and a a tenpera e in the range
of about P350C* PEaHRIN %ﬂF@%?%ﬁEﬁ%@t e GTRgt P i USRS | y

faci |'itatNfgy) egmﬂeén t‘ﬂHr(')rQQm«t: heu sy Yhag iOteRerbddad Dremwignddahimye be
present in the sol

10 separated washed water exhibits the pH of less than or equal to 10.
16. A process as in Claim 15 wherein the separated organic slurry phase is fed to a
vessel containing an aqueous medium optionally containing sodium borohydride in an
amount of up to about 0.1 wt%, based on the total weight of the aqueous medium, while
concurrently removing the bromination solvent by distillation or azeotropic distillation,
15  including any distillable impurities that may be present.
17. A process as in Claim 16 wherein subsequent to precipitation and concurrent
azeotropic distillation of solvent, the solid product is isolated by a solids-liquid separation
procedure, and optionally ground or comminuted to obtain a desired particle size
distribution and then subjecting the solid product to drying to a constant weight under an
20  inert atmosphere and at a temperature in the range of about 135°C to about 185°C, said
grinding or comminution additionally facilitating removal, during the drying, of occluded

bromine that may be present in the solids.

31



