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[0002] The process technology described in the foregoing Provisional Patent
Application yields products having a combination of desirable properties. Nevertheless, it
would be of advantage if still further improvements in the process technology could be
20  found whereby the process would be even more efficient in terms of utilization of articles
of commerce and reduced product quality sensitivity to recycle streams, in particular
recycled bromination solvents. Additionally, it would be of advantage if these process
improvements could be achieved without sacrifice of key flame retardant characteristics
such as initial solution color, Hunter Color Yellowness Index, thermal color stability, and
25  minimal thermal HBr content. Indeed, it would be of considerable advantage if one or
more of these properties could be enhanced while achieving the foregoing further
improvements in process technology.
[0003] This invention is deemed to have achieved most, if not all, of these objectives in
a highly efficient and effective manner.
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BRIEF NON-LIMITING SUMMARY OF THE INVENTION
[0004] This invention provides, among other things, a process which comprises

brominating an aromatic polymer composition of the formula:



a highly efficient and effective manner. BRI EF NON-LI M TI NG SUMVARY OF THE
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formul a: wherein for each nmolecule of formula (1), n is an average nunber in
t he range of about 2.5 to about 8 with the proyxiso that
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molar ratio of total amount of bromine fed:total amount of catalyst fed is in the range of

200:1 to about 500:1, which process is further characterized in that:
a) the total amount of said catalyst is charged into a reactor which is at a temperature
in the range of about -25°C to about 0°C, said reactor containing an inert
20 atmosphere and a portion of bromination solvent such that the initial weight
percentage of said catalyst expressed as aluminum is in the range of about 0.02
wt% to about 0.04 wt%;
b) within about 2 hours after completing the charge of the catalyst, separate
concurrent feeds of (i) bromine, and (ii) a solution of said aromatic polymer
25 composition in the bromination solvent are initiated, said feeds being conducted
such that said solution and the liquid bromine are fed to maintain a substantially
constant molar ratio of aromatic polymer composition to bromine entering the
reactor; and
c) wherein on completion of the feeds and an optional ride time of no greater than
30 about 60 minutes, the weight percentage of aluminum relative to the total of the
mass of the bromination solvent and the brominated aromatic polymer composition
in the reactor is greater than about 0.015 wt%.
[0005] Desirably, 1,3-diphenylpropane is present in the above aromatic polymer

composition in an amount in the range of not more than about 1 GPC area %, or toluene is
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wherein n is an average number in the range of about 2.5 to about 8 (desirably in

the range of about 2.9 to about 3.9, and which when rounded off to whole numbers,

25 becomes an average number in the range of about 3 to about 4), wherein each x is

the same or different and is a whole number in the range of 3 to 5, the average

number of all of the x’s in the composition being in the range of about 3.0 to about

3.8 (desirably in the range of about 3.5 to about 3.8) and the weight percent of

bromine as determined by X-Ray Fluorescence Spectroscopy (XRF) in the

30 polymer being in the range of about 70 to about 76 (desirably in the range of about
73.4 to about 74.5).

[0009] Available experimental results indicate that these brominated aromatic polymer

compositions provide especially desirable results when produced by bromination, pursuant

to this invention, of aromatic polymer compositions of formula (I) as described above, in

3



conpositions provide especially desirable results when produced by

brom nation, pursuant to this invention, of aromatic pol ynmer conpositions
of formulwo@2bjo/azosdescri bed above, inwhich n is an aver age/useomoms293n t he
range of about 2.9 to about 3.9, and whi ch when rounded off to mhole

nunbers, becones an average nunber in th an of bou 3to
in whi ch 48R 01574 arVﬁfagFHg’H&’FBh%ﬁ?e “’BSW %%éﬁi r#?’saﬁdu}”{qﬁ When

char act erpgetayr RAWHIE RimbMs, i BcbRgs raﬁ‘rhgﬁra%ét naﬁpaelt 1116§1Q hRe@BPHbouf F0io an M
in the range of about 500 to about 600, an in the range of about 830 to
about 1120outardd @dpdl ydhisheadsiitignally, tlhre aremgés golaautompdsition dbolutthdr 35,
particularly when in the bromnation process of this invention, the

sol uti on baracisazed byrhavieg poMuriy the srage I @b 65A t@ Weous 78k anali o theghngent i s
passed through a solid absorbent to renove polar amne inpurities prior to
bei ng 5f edfi attoot 5@ tpedout A0 mas M), nn aheramper ofd ebauti §3ddtchebaitnl 12D0@dAdD]a For
conveni ence, the substrates used in the brom nation processes of this

i nvent i orpolyshspelsyty in H@ rangﬂﬁta'boutpbk ycnéqouc d)dﬁomrti@@m@ whemeinghe bromiafteny ed t o
in the sin ular and.in APCs". Simlar th

br o nat 0GB i HOEPHET BhnisbORe? shaft oPimad wobimsT bbby by T o

I nvent i ororamafbh eslveRiiepased tPoidh 4 mldsammb@trto&emowgar afthelifpuigep! ur al
as "BAPCs". [0011] As re%ards brom nation of polyneric aromatic conpounds
derived fRromabsingfrd inforthe eagieremass iy aumanaesdasedbadtherein. key process

par angt erpg gﬁdt hg, MR Iﬁfenfegéé Ol o s ﬁ&%g‘{f;‘%&‘% g GahahMRh bl%cé{%gs tetal
amount of brom ne charged during t rom nati on process. as now been
found, quhtentioneapety, el yronfaliapolyher eorapesitbiiesire éyn pefogas® ipahasingieas

whi ch can exerL,a(Profound |nfluence”upon t he gﬁallty of the BAPCS f or med
in the pricttide 8fd ihithe PiEMsi ghPConl i Xeikrlynte brapaaiid faromﬁﬂgrﬁo ymer

Styr ene- defipbeloROLHRY fn w@}:‘:&é}s& 6 il BRCNAGCRS ok Rt tolihThd sih
concentrations in IC can ed to a reaction nass, the A used
as substnafBeIKﬁzmhenﬁmqﬂmmhmsdmAR@ otesses of this invention do not suffer

from j . SCOSi t imtati.ons uent | inth evel nent of this
oo eB0 1 SR8 ety e R O P oo i OBTPa e AR VP F o
exi st that ispgéh\ém@ BRgo s th%ﬂ@%e?%roﬁs@?@fa?ﬂe@é is [tﬁ&ﬂr%]larl\{taﬁe oRalldrhadhar 'y,

it has been found'that initial or of the BAPC as well as its
halide catalyst to the total amount of bromine charged during the bromination process. It

and

has now been found, quite unexpectedly, that there are other key process parameters which
can exert a profound influence upon the quality of the BAPC’s formed in the practice of
20  this invention. Unlike higher molecular weight styrene-derived polymers, which have
high viscosities that limit the concentrations in which they can be fed to a reaction mass,
the APC’s used as substrates in the bromination processes of this invention do not suffer
from these viscosity limitations. Consequently, in the development of this invention, it
was surprisingly found that additional modes of operations exist that provide BAPC’s of
25  superior properties.
[0012] More particularly, it has been found that initial color of the BAPC as well as its
thermal color performance and other thermal properties, including thermal HBr evolution,
are greatly influenced by the catalyst concentration in the reaction mass throughout the
course of the bromination reaction. An important trend that was unexpectedly discovered
30 was that at higher catalyst concentrations significant improvements in these color
properties were obtained.
[0013] Thus, a key feature of the bromination processes of this invention is the manner

in which the three reagents involved in the bromination reaction (the APC, the bromine,
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experienced during the bromination, i.e., variance during the bromination from high to low
catalyst concentrations during the bromination, a particularly deleterious impact on

20  product purity, quality, and performance is experienced. An example of such would be a
very dilute APC feed with a consequent very high initial catalyst concentration -- a
condition commonly utilized in bromination reactions involving high molecular weight
substrates -- whereby during the course of the bromination, the catalyst concentration is
decreased significantly.

25 [0016] Additionally, if concentrations of the APC and the initial concentration of the
bromination catalyst in the bromination solvent are both too high such that a relatively
constant, high catalyst concentration exists throughout the course of most, if not all, of the
bromination, then the result is undesired cleavage of the APC leading to undesirable
impurity content. Conversely, if concentrations of the APC and the initial concentration of

30  the bromination catalyst in the bromination solvent are both too low such that a relatively
constant, low catalyst concentration exists throughout the course of most, if not all, of the
bromination, then the result is formation of a BAPC having undesired initial color, thermal

color, and thermal properties.
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stabi [ typrggehgd in FIG. 1, it can be seen that to achieve superior color and superior thermal

stability properties, it is best to operate the bromination process such that on average the

20  catalyst weight percentage should be maintained above a threshold level. As one of skill

in this art will now appreciate, one should not operate with a catalyst weight percentage

that is high enough to cause undesirable degradation of the APC used and/or the BAPC

formed. Such degradations have been experienced at aluminum halide catalyst levels in

runs in which the initial catalyst loading was as low as 0.2 wt% aluminum chloride in

25  bromochloromethane (BCM) which corresponds to initial 0.04 wt% charge of aluminum

halide catalyst, expressed as aluminum. Therefore, pursuant to this invention, the initial

weight percentage of the aluminum halide catalyst expressed as aluminum is in the range

of about 0.02 wt% to about 0.04 wt%, and on completion of the feeds and an optional ride

time of no greater than about 60 minutes, the weight percentage of aluminum relative to

30  the total of the mass of the bromination solvent and the brominated aromatic polymer
composition in the reactor is greater than about 0.015 wt%.

[0018] In conducting the bromination processes of this invention, the separate

concurrent feeds of bromine and a solution of APC are initiated within about 2 hours after

completing the charge of the catalyst. Typically, this time period can be one hour or less.
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one hour tmomiresaatolm vath aptioatohyutsdddrere dthins. tlseeofper alochimen thbroasdsort  as
30 minute is inportapnt that the slurry of

S cat a
br oni nat i ﬁmg%ls\‘}gﬁile HIS’é theoBrasgss 8t thie udiiPed FAVETH) a‘Sb’rtolrsn ‘?%tarnoﬁe‘?le%fctl on

t enper at WognddrkO'it ik @ 18sQidbdidblnGidiie feeds. Extended periods of contact of
the catalyst in the bromnation reaction, i.e., greater than 2 hours prior

to initi d00YA oh arieri efabioonnatieassobestsl are dvaitabBARC use ol thet probesvésnef thiet er i or

DT P! ERrertoR: e Rl ARG et TRLEE el oty it O

nost desidigihedd, orneugeﬂen chid@idpl esigNénePIRERSSRS PRBFLSBoMide, t snd ngngast and
ready avail abilit e skilled in the art woul d understand that upon

ent er i ng halhydwsgaiionh RBeysochiaiemathans BunhpaHFPWailydesifaple sohrat & usalid fen
exchange rﬁr&&%e'so&f eadivagis? CRIPRLAY, HeXbinffath AlME: ulald 8% Apc

cont ai ni
concentrations as low as 10 wt% and as high as 50 wt%, but it is desirable to utilize

20  concentrations in the range of about 20 wt% to about 40 wt%.
[0021] A feature of the invention is to limit contact between BAPC product and
aluminum halide catalyst in the absence of bromine. Thus, the reaction is typically
conducted and quenched as soon as practical, hence, ride times of less than 1 hour,
preferably less than 10 minutes, are desirable. Longer ride times provide little benefit in

25 terms of increasing bromine content of the BAPC product and are detrimental to the
properties of the BAPC product.
[0022] In conducting the bromination, it is highly desirable to ensure that the feeds of
bromine and the solution of APC in bromination solvent enter the catalyst-containing
reaction mixture in close proximity to each other. This is done to create locally high and

30  balanced concentrations of APC, bromine, and the bromination catalyst. Such feeds can
be impinging or non-impinging subsurface feeds. Alternatively, such feeds can be feeds
that are introduced above the surface of the reaction mixture, provided that these feeds
remain spaced apart until they come in contact with the surface of the reaction mass. The

trajectory should be such that the loci of reaction mass surface contact are in close
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brom ne atons with and/or w thout chlorine atons. Use of an al um num
tribromde is deened suitable for the process of this invention. However as
it is notwarroioviemsef comrerce, it is a | ess desirabl e catCalugsa/opnBde20] A
vari ety of brom nati on solvents are avail able for use in the processes of

this inventi.on. | i g] ‘H]gﬁ; exanpl es of suc| vents i.ncl ?ﬁggl e
bromi de, REPHpIEHR eﬂﬁho‘?t i o Uk BEIRANYR SORAFTOY %ac S étn}éua f‘éﬁP%

propyl brc‘éﬂhﬂerea@&dco%ﬁghﬂa%nsh@lleQgeﬂjéa‘ﬂ%rlﬁﬁﬁﬁ aﬁsmeuheamhhﬁﬁeh b8lo®
particularly desirabl e solvent for use in the processes of this invention.

Typi cal | ythe suréachyrowichert theriertgelm dfeh@diphhgs,tleﬁcwsn hr &g lecon@&@timgtm@ms as | ow

as 10 wt % as hi ha Oq but i.t esirable to util

concent r 4BHls RHOAE LT B8 St s 3b uaballf SoRBEIR HnboneT daoyyex
featuse afsetof@queniiol@ont Sf h9dhaziflethydedié € ndae ivaRBleBARGuRr BOART AN

al um num hal i de catalyst in the absence of brom ne. Thus, the reaction is

typi cal | ﬂuemﬂedalamwuqubﬂ&mwéssts@emYé@zmede@r%ereduﬁeﬁb@mm@ teHBrnes of
| ess tharsujch@glgﬁc %§} ﬁeﬁ‘?%élnt&?%?n : W o\ gt &Ft%m?ﬂe an% Heﬁ? RFOVlée%’Lger

ride tines p ene erns o I ncreasin e content of
t he BAPC modiduetithadu@eidsrecal@t andniediiced th@ntalnelmramnelht [ afsplosﬁu;t ligluBARGepusoduct .
[ 0022] In conducting the brom natjon, is highly desirabl e to ensure that
f he- f cedsOBRIOBE GhiMErad e Gh §hs wgefof/:abeut IbfootRavhtli Wive B¢ F&iREtent er

the ggt al ¥shafiQNhRLA! ']Qrocaf%t@ 1§tréf{§% chfl bELOSE iPIQLAN Yo &ﬁgf&&gcher-

This is ne to creat bal anced concentrat i
brom ne, tandntohet tednshoaltdi lmansufﬁtlahtymt ensfecthaf el ctéenosuml heomingi is giongnoed

non- i npi ngi n ubsur face feeds ternatjvel uch feeds can be feeds that
ore | ntr CRRLTEIOVECIRG B Ee Bt 5% HalcheRotioR O The gy P
these feeqgsicfI8MBltratRaGE HBAVRANS decdREM FRMBcyk, GPR a&lrablet B fohg surface
of the reaction mass. The trajectory should be such that the |oci of

reaction mwss}yﬁm@dmmunﬁlaeng an & Brreontansiepemiitwicery 2@ @nda%ﬁcwt%t Héerefgrehout
pre ure, co each oth i s,understaqod th n _certain reactor
Cont 1gur at Fansie bl ey Fhin ¢ 4pr tHBTER R et hubnit SRt

bel ow thq)ys\uélngBAp@eﬁqt@mea hemht engtibsmats.t he di pl egs, injectors, or other
liquid feedi ng rreans [ 0023] (%Jenchl ng of the reaction mass is typically
conduct ed0024] ng Upeit epmpleoie 9k ¢he quenching, and after agitation of the reaction mass has

been discontinued, the quenched reaction mass is isolated from the aqueous mixture by
means of a phase separation. Suitable methods for effecting this phase separation include
20  use of a simple phase cut, decantation, liquid/liquid centrifugation, or the like. After the
phase separation, it is desirable to wash the resultant reaction mass one or more times with
fresh water. Such operations can be conducted in a batch or continuous mode.
[0025] After the quenching and ensuing washing steps, it is beneficial to agitate the
quenched bromination reaction mass with an alkaline borohydride solution to decompose
25  polar bromoamine-derived impurities. This treatment is typically conducted at a
temperature in the range of about 25°C to about 80°C and for a time period sufficient for
the decomposition to be complete, as evidenced by decolorization of the reaction mass and
breaking of any emulsion that may exist. Ordinarily, this alkaline borohydride treatment is
conducted at a temperature in the range of 25°C to about 64°C using a 0.3 to about 1.0
30  wt% solution of NaBH4 in 5% aqueous NaOH solution. If desired, other alkaline
borohydrides may be employed in this operation. However, NaBH, is particularly
desirable because of its ready availability and proven effectiveness, which results in low
treatment cost. Upon completion of the treatment, agitation is interrupted and the phases

are separated, being careful to remove any rag or emulsion remnants that have migrated to



use of aqueous solutions of hydrazine hydrate is nore desirable because in
addition to quenching the alum num halide catal yst, the hydrazine hydrate
reduces bwormren2t@1HBr. Such quenchi ng shortens cont act PCiIrsS2ab/081987 BAPC

wi th brom ne and thereby provi des a product with superior color and reduced
t her mal Hﬁr content. cally, .dilut ueous l.utions of hydrazi.ne
hydrate i efl%OP%lH@émel b‘a iljirg f ‘goo asfewl@gél? HCRFROEHIANVE THRBRER ng

medi a. ATRWH BAPEt B GEVE Blch shaRd o al [PFodtiRImal Eol8ERifordande any given
case, the anpunt used should be sufficient to ensure that all el enental

br omi ne |[902151nsl]lmadolbhwmggExdm@lcﬂJelhtsthQﬂmpplreaanaDﬂn df nthasARQchsedsint ithe
brom nation,r actlon n1¥tu IS tyg g c% g}%ﬁated w th HBr which if
recover ed P%? P AR RInafipn procgidmagEaancs Wil AR G4 9Bo i g S@ AR e
havi ng an)HBin£ eRGENbILaAd aid DENIEON - 2R bd yRthyMnKliatiied eTOIBDA)Y tnd Sn a
desirable to use a charge of about 0.4 part by melght of quench sol ution

per each sgeand qg§e (fsiagiple DfuspRPANEdHESE histh tql'uqnﬁ@nd é/él’e%rsogﬁéls@g withowmg]  Upon
conpl eti qf r}%iedttgglege?%? '&)%t dr%cé"\fe& & an%gﬂeE;thléami‘NfﬁDAh el£ ?h%‘-\x}n ({]‘:’ﬁ(%%fe has

been di scontinue uench reaction IS ISsola rom gqueous
m xture (B iseansdafg @epdnamansemam &Illbsﬂlnfllnﬁﬂvdp@fﬂt@nrfﬁhbﬁm&r franowhg @oclatirg t hi s
phase separation include use of hase cut, decantation,

| i qui d/ | i9OPaneEhiteiveng YIERA. gpd tlﬁedlphw? rﬂ?%r@? fropeths HeLe §€~§%ﬂpawrb?if it
is degirapl %pgo %@?a'ﬂt hh&le Sk ?ce{lj ndi& %ﬂ 109r1§119;rs gaaa% vt h
nduct e

fresh water erati s can atc uous
node. [ 00kEspe Ekaraples e presmodd fiog 1lars¢taevrspmnpgsas/asdlar@nstt mp«mded to lnsnt nor
benefi ci a ate the que ched brom natign reacti.on mass th a

o Kal | ne Be1GHDEY PBdRietmtier dn 15 e Bifo8° Soru SBYHOArD e AN seeihc

i mpuri ti eRillReSolth @Rbcdignt 1s typically conducted at a tenperature in the
range of about 250C to about 800C and for a tinme period sufficient for the

deconposition to be conplete, as evidenced by decol orization of the

reactlon mass and breaking of any e t my exist. Odinarily, this
alkaléne bor ohydride treatnent is cgﬁ%géﬁggﬁg a tenperature in the range

of 250C to about 640C u5|mp@m@wﬁOy@ngp@ﬂub@r&ey@ﬁ/@@%hﬁﬁdhn of NaBH4 in 5%
aqueous NaOH solution. If desired, other alkaline borohydrides may be

enpl oyed [DRTIhi B Gisepparatinm, Tashaeluene aaBFd assotherr frgsbuleagtanys were used. A

glass-lined, 100-gallon jacketed reactor equipped with an overhead condenser, submerged
thermal well/thermal couple and a bottom drain valve. Temperature was maintained at a
20  set point by controlling the temperature of the water flowing through the jacket using a
steam control valve. Vigorous agitation was accomplished by means of a three-blade,
retreat-curve agitator on a variable speed drive. The reactor is essentially free of all wetted
PTFE parts or other polymeric fluorinated materials or elastomers.
[0028] The reactor was maintained under an inert dry N, atmosphere during all
25  operations. The reactor was charged with the chain transfer agent(s) through a dip leg by
means of pressure transfer from a portable tank. Alkyl lithium, additional solvents and the
amine promoter (TMEDA) were all fed subsurface to the stirred chain transfer agent(s)
through the same dip leg. Styrene was pressure transferred from a portable, pressure
vessel by means of a metering valve through a 24” cylindrical column (3” dia. = 6 1bs.) of
30  3A mol sieves (Zeochem) and delivered as a fine stream or spray above the surface of the
reaction mixture through a slit feed nozzle.
[0029] Toluene 140 pounds, (689 mol) was charged to the reactor; Karl Fischer moisture
analysis indicated 7 ppm residual H,O. Agitation began. The solvent was heated to 78°C

by applying tempered water to the vessel jacket. Upon reaching the set point temperature,



desirabl e because of its ready availability and proven effectiveness, which
results in low treatnment cost. Upon conpletion of the treatnent, agitation
i s internrnuptetyandit he phases are separated, being carefdli/useowmsse any
rag or enul sion remants that have mgrated tothe aqueous organic

terf Fai | ha | t ed ] f t
the Bapc 4 fasondrE THBRRR FERATY it J0a0TEs S0 G TRAT AR med) i Freed puitce.
[0026] Theadit! thﬁamgﬂ%eﬁn A1 RS0 ihdhdi-fadd 6f &Begi@z{t&paﬂ@éne%c%n thgwAPCGised in

t he conducting rom nation process in accordance with this invention, in
one case fé@(hmm‘i’ves thien dlsishegl Witle 26 powidseA@ nanbdoflanhydrous toluene Next, 4.4 1b n-

LNV -tet | et i am n nd | n econd, cas Ex le 2)
using a 21}{ &%ée W?% Oh% #@52 tlﬁe‘r% Wit ﬁhirgﬁ‘g ﬂﬁf%@@éd

t ol uese vmbﬁﬂfa@@rfeed Nfner ﬁﬁrﬁl\ﬁ@g eﬁie Rsrat @A Yed eaeh eHiVEERorafb s @osdtovn TMERPAP! e 3)
is a blendin pgqoperatl on in which wped filmevaporation is used for

r emovi ng SeBIPACH deaardpgihiant anipr ofitheerncomymmpott 2atsing of Bytprrenyhpfesddi®) from
the APC. \@{sot!ﬂ'e Hds &1 %c}% %f ég%quq%g%&%_ otfoanhg}ogg OGESR. L 85hM0lP AN 581 this

invention i1s | Ius rate es are resent
i1l ustrat®9enpugpdaes, Ambrﬁale Smyatenmt Q&deﬁdt(ﬁ/ekllﬁBtmlnmCHs shmls@retnhesyasbe
|nterpreted as limting, the scoeof this invention to onléﬁlbhe speC|f|c

detai | s s@fed BVtrﬂeatnﬂeqf dirgssuiexiamsiar flomprehifeasn seubtediporkbte Buksthroyebior
Br ompat 'IR&eILIQgO%Le hiy E&Hs&n&)%ms&%a SWISEIhlnt @ﬂh%% tSwAClIlowRS (91180 r esh

reactants were used ass-11ned, 100-gallon jac et ed reactor equi pped
with an cﬁ/mrﬂmdoumﬂ{demaanthanm compiatal vveII/therrraI couple and a

bottom drgajn.valve. Tenperature was najntained a et point

cont rol | 1A aTEE ARG PBUF FHio uEitars o ol gt rf)%g%ﬁﬁ‘e%of Wit Gsi ng a
st eam CONfRbniMAl MBoridd GRERHS wRht 1Bl R WRSx RERHER | JveRgsht B Hitrd
three-bl ade, retreat-curve agitator on a variabl e spee dr| ve he react or

i s essentri@pgen EaseeTh@f rﬂ@tﬂiom\/@tixm RFEWpied stwor morth éimesovvithel( galldnsoefi nat ed
mat er.i.al s, or el sto The react nt und an_inert
Gry 45 s SvEPERaTRHG BIRe Rk e oted Shf e R TBh SR PG oS u i e
chain transfias @ganilkioh Wiy fgvea Bidugh @be DytoRaAMEiIOTalpE.eSA Uampld ansieer
froma portable tank. Al kyl lithium additional solvents and tﬁ

washed crude reaction mixture was analyzed by GPC (Mp. 312, Mp: 466, My,: 673, M,:
934, polydispersity (PD): 1.44).
[0031] The reactor was heated to atmospheric boiling point using tempered water on the
20  vessel jacket. Steam was then applied to the reactor jacket to increase the temperature of
the reactor jacket to 140°C. Cyclohexane, residual moisture and toluene boiled,
condensed in the overhead condenser, and drained to a drum until a pot temperature of
135°C was observed. The reactor was cooled to 50°C. Vacuum was applied to the vessel
and the reactor was heated to boiling point. Steam was then applied to the reactor jacket
25  to increase the temperature of the reactor jacket to 140°C. Vacuum was used to decrease
the reactor pressure to 35 mm Hg. Cyclohexane, residual moisture and toluene boiled,

condensed in the overhead condenser, and drained to a drum until a pot temperature of

135°C was observed. An aliquot was removed from the reactor for analysis via GPC (Mp:

314, M;;: 468, My,: 676, M,: 940, polydispersity (PD): 1.44). The reaction mass (557 1bs)

30  was collected in a 350-gallon tote bin.
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am ne pronoter (TMEDA) were all fed subsurface to the stirred chain
transfer agent(s) through the sane dip leg. Styrene was pressure

transf er rw0 2broonv@iport abl e, pressure vessel by neans ofPCa/used18/081937 val ve
t hrough a 24" cylindrical colum (3" dia. ~ 6 Ibs.) of 3A nol sieves
(Zeochem) and delivered as a fine Eé{mﬂzspr ay above the surface of the
reaction mxture through a slit fe [0029] Tol uene 140 pounds,

(689 nol) was mhanged 4/Ret-Nged %’lﬁ&ri%rto P*S%'Crﬁkl@ﬁb@f a@k&lrﬂﬁ%@t@ﬁhb’ si's
i ndi cated 7 ppmresidual H2O Agig The solvent was heated to

780C by 4 he set
poi nt 1 erati s (PG BERSHC btk fe sk @%ﬁg kol pd N EASLARLhe o
(49. 24 nUINVEDES @baurhg@dlet and hie3-diphety@prophicougbvérbe fdirp ;irﬁ;g ad ewist lved.
surface of the agitated toluene reaction m xture. The feed line was th
flushed wihus o W@Le gersonpgRtes gse A hipayders thB‘Fflﬁ‘eﬁ%PaII\Ié%ftthe@@l tpughe BuLl
sol ution g %gm wt% i n cycl ohexane) (7.32 nol n-BuLi) was charged through
the subsurfdce feed line fornmng the characteristic bright red-orange col or
of TMEDA [60373]| ekesh bdwmengl 40 pounidun(1&7i rool) wnd P 7clbnafort yaded tadddnegasshingngof

anhydr oud Tt ha 1025 5! bidey | de (o8> abBMPR: At CRu ) s cs)
ver e jhed OYaiphdR3p itk 89% THe 1814/9 &lve cy@§h&q1@@dvgychq€g%a o e REASS W8l

transfer from a nitrogen regul ated portable tank through a netering val ve
at a condtisaher froesdure anelysit i2digated G/ prinm residvel He@ctlésgltamm @lgamm@dietsolmn&je for

5 mnutes t rtain t actio rrpet 00 Thereatlon
it ur e s heTBHaR S K0T otk TRt B0 RS A T ' dnckioe Ao CHTEor 1 de
sol uti on gshpésiht Rabeheans, 316 Poue@NeH RebhanaleniOTMMHIYA S P28 gmcng iM10pohdy egen
gas. The reaction m xture was washed two nore tines with 10 gall ons of

deoxygendebanaeert. melh age chaeed Wetherqagior dhraveh the din legdelom the surkacetof theg
tine. e15V‘at g{tat%ﬁ ‘i’olé@’ tlJ:ﬁQCQloﬁgnﬁ&g}f% ki fe\é@ﬁn% GroueRd )ﬁnﬂﬁé%ﬂgﬂh bh ?aFIQ&S g@h{% ain

val v Crude reaction mxture was a

(Mp: 312 ofl‘dhhydrélﬁﬁpldwe Né, 4MEb n-Bd4i, sopsiboy d2 B p evt s 1h)CyélBﬁl)xané‘.) a4 moI ﬁ1031]

The reactor was heated to atnospheric boil. n% pQi nt. usi ng npered water on
?

the vessdpuljihdreeharggbtioughdthe RehsuLpen fead ling Terung élé?c,‘théFaC}eéJéR“ePﬂSl& écr ease
the t em%r%gérc%lﬁfof TMEDA complexed benzyl lithium anion with concomitant off gassing of

butane. The feed line was then flushed with 22 pounds (108 mol) of anhydrous toluene.
20 432 1b of styrene (99+%, 1881 mol, American Styrenics) were fed over 150 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 2.88 Ib/min. The reactor was allowed
to ride for 5 minutes to make certain the reaction was complete.
[0034] The reaction mixture was quenched at 70°C with 10 gallons of 0.75 wt%
25 ammonium chloride solution which had been deoxygenated overnight. The reaction
mixture was washed with a second 10 gallons of deoxygenated water. Phase cuts were
rapid and required little settling time. Water and any rag or emulsion was removed through

the bottom drain valve. A sample of the washed crude reaction mixture was analyzed by
GPC (Mp: 303, My: 462, My: 677, My: 959, PD: 1.47).

30  [0035] The reactor was heated to atmospheric boiling point using tempered water on the
vessel jacket. Steam was then applied to the reactor jacket to increase the temperature of
the reactor jacket to 140°C. Cyclohexane, residual moisture and toluene boiled,
condensed in the overhead condenser, and drained to a drum until a pot temperature of

135°C was observed. The reactor was cooled to 50°C. Vacuum was applied to the vessel
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the reactor jacket to 14Q0C. Cycl ohexane, residual noisture and tol uene
boi |l ed, condensed in the overhead condenser, and drained to a drumuntil a
pot tenpewat2oroe206911350C was observed. The reactor was ®0DIUESAHO3IBEDC.
Vacuum was applied to the vessel and the reactor was heated to boiling

point. Stegmwas then applied tao the reactor jacket to increase the

enper at A (B RS MEaBPHRd fabgpe phintSfe i:@laﬁ]amée_ddeéée {GeEdtksse the
react or RpesGeHse thlteRpeMMrtds Y ChQPEHAIRG to 18§IEUhc IR Fhll&dABdcERhdene

boi |l ed, condensed in the overhead condenser, and drained to a drumuntil a

pot t enpehateactrghest@8OC Hammobiger Cgdohexanal iegjdetl meisture pad, edudnedmilehe
reactor for ,ana

bolya IsPeCPEFwe% KRy %@e%%%?ﬁﬁ%rﬁ%?? SRR €8 g vige] Z?%% ettt na
- Lo 2 Parti :
oc. °3 prioaus o Shr S T Fih e o Rdnh pROYTO R ARG gy e

APC, a Preécursor eat nmen B

portion of 0 i te _coppo edom natel y .of tol TMED, .

cycl ohexaxr%?]\/l;hgpﬁszoq%h%?g&(;ﬁ%r}ef )e%@é‘? HoR PH1 @lﬂgf’s)rvfﬂﬁsco e ¥,
Thus, thi sesl}:?xarrplﬁ denonstrates use of recycled toluene as part of the
total tolUeNestRAFYEd M [0033] Fresh tol uene 40 pounds, (197 nol) and 97 Ib
of recycled toluene (containing 97.1% 94.2 |b, 464 nol toluene; 1.7% 1.6

b, 6.2 nol TMEDA; 0.3% 0.3 Ib, 0.7 nol, 1,3-diphenlypropane; 0.9% 0.9
b, 4.9 nol cycl ohexane) was charged E¥XAMBLESactor; Karl Fi scher noisture

anal ygi s indic . 7 es} H ! I - h ven S
neat 48 to 79 Col b P eTHAEREC R hy 898 bR e B AR
reachi ng [0036]seA foail ndf tZ2njlefradhurds Bei@ madadsllofing rias hperalab pugreddeDs (12. 8
nol), in 10 pounds of toluene (49.24 nol) was charged to the reactor
t hr ough tHengilpl labgvebeltibvhet Mg astar fhacmcafm stip mggihatiedch 4@ teedS anelaot Mgn
m xture. The feed |line was then flushed with 20 pounds (99 nol) of
anhydr ousanghgiéiee Shexa 724, A idtalrpfBiliecydéditdlame(128s &ewt otdan fdiostinhdxane)
(7.4 mol n- BuLi) was charged through the subsurface feed |ine formng the
char act erges¢riak plocedjie of Egamalege aboyicovith theTMEDAtes dgpyacuser HEp zgnging frAMum
anion with concomtant off gassing of

15 404 to 463 and an My, ranging from 568 to 688. Possible causes of these ranges are small

variations in the temperature, stirring speed or feed rate. The 12 all fresh runs were

combined with the 13 recycle runs and run through an industrial size wiped film
evaporator (WFE), a sample was analyzed by GPC: (Mp: 413, Mp: 552, My 693, M,: 878,
PD: 1.26). A five-gallon sample of the composite was stripped in the laboratory giving a

20  very similar result: (Mp: 418, Mp: 569, My,: 729, M,: 946, PD: 1.28).

EXAMPLE 4
Preparation of BAPC Solutions
[0037] Fourteen batches of APC’s formed as in Example 3 in the form of solutions in
25 BCM were individually brominated in a 50-gallon glass-lined, jacketed vessel capable of
using ethylene glycol for heat exchange (heating or cooling) or steam for heating. The
reactor was equipped with a pitched-blade glass-lined agitator with a nitrogen seal. Both
batch reactions had a target reaction feed time of about 3 hours, a target reaction
temperature between -2 to 2°C with a targeted final bromine concentration of 74 + 0.5
30  wt%. The bromination reaction involved separately and concurrently feeding bromine and

the APC over a three hour period. The ratio of the APC to bromine was held constant and
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but ane. The feed line was then flushed with 22 pounds (108 nol) of
anhydrous toluene. 432 Ib of styrene (99+% 1881 nol, Anerican Styrenics)
wer e fed woent012@9m nut es. The styrene was added by neam€TAS2@0O3DAT e
transfer froma ni trogen regul ated portable tank through a nmetering val ve
at aconst1 feed r | b/ m.n. The reacf.or waa allowed to.ride for

2.8
5 m nut e %6 Yrrﬁ’f?é‘lte@ t@i“ﬂlgthﬂ‘ét MEateri (RSabngl B8ad. PipBe 4y 1t e SPedisd on

m xture %&ngﬁ%b&ﬂra%ﬂ%r%wng%@%h%e Ofhe Qea?cﬁoﬂ'tn’{ﬁs@rmm&ﬂnn? lcor i de
sol uti on whi ch had been deoxygenated overni ght. The reaction m xture was

washed vmrt::h:t(af fecénanin@egartilntheofempeaiyrgenat brughit vp .to PHaSe cdutysexvesse

rapi d an uire e settlin Mat er and.any . or nuIS|on was
o ed it hrife rstiof ot sk Pt v kRlsre " s it SR B
react ison wask! adeth¥@snAR& wza sy (RestdMnd: soaﬁl%l bMahydI«P&%,ohMefn a626o Mo :
959, PD: 1. 47) [0035] The reactor was heated to atnospheric boiling point

usi ng t erseidizevismeiniom Hbie H@s@éqsenjca@fié@dlulst egphychisletindhe digph sedtienis he
reactor jackey Qr hlgﬁéﬁﬁ‘%gqgﬁﬁc‘%oﬁlﬁ% %Eé’s&% 1§ Itegct{o%% %rtha{tg&ﬁé%ée)olér‘mc

Cycl ohexane, resi ure a I"'uene ense

over head mdideéin sies finadivdlaedprogact! dha reliction uiss is fnalgtwdskepegai with vodterl 350C
was observed. The reactor was cooled to 500C. Vacuum was applied to the
vessel ando@REUd M or was heated to boi ling point. Steamwas then applied

to the ragedd)r BAGKAL J&a‘g b8 GhE &%s&r@‘%rah?ﬂépﬁroﬁi WY i Dbl é‘c@elrfgﬁlo% miIREHEL 10

1400C." Vacuum was used decr ase the reactor pressure t

Cycl ohexafird witlsiTéeiah” e /6 trewie (aqﬁrﬂwrmmwmﬂoeﬁnem&@ﬁermﬂ%nt)nt}teh&sm
overhead condenser, and drained to a drumuntil a pot tenperature of 1350C
was obserbet heaginafier geforredwosasrnov Ebe fplépan ysed pelckorl 47 el witbdu sheslindgra GPC

(Mp: 301, 5} The eactl 544
b0} vas el 7 OcRadnich Myinseouh ins, e intehal S st EREh iy TBRE e
APC Bat chasnangt Wkl Fur {élugatdfare ofn shel Bbanshst ThEamiARipf¥A36kh A ¥t al  of
12 all fresh runs were nmade foll ow ng the general procedure of Example 1

abovddwi thFA Hivleg aad Seadditimal, o (apits Shati ywere aved Ay mieganamsssues. 48PIamdthan My
rangi ng fij ?@5&% I &utifg Howht. LRIA cfler bdit GEUG! & K3l HBPR SIHDS MR LwITRYIE

fol |l owi ng
Nltromc 60 nut.

[0039] There were two feed diplegs used in these reactions. The first dipleg is a solid
pipe of Teflon® fluoropolymer, with 2 x ¥4” holes drilled through the entire length of the
20  pipe. There is ¥4” PFA tubing run from top to bottom of each of the void spaces, which
are spread 3/4” apart. The tubing is secured in place at each end with drilled-through pipe-
to-tubing male connectors and PFA nuts/ferrules. The other dipleg is similar in shape, but

has 3/8” drilled through fittings on the top flange, with 2 x 3/8” tubing runs extending

through the void space of a hollow pipe of Teflon® fluoropolymer. The tubing connects
25  ~20 inches down via PFA fittings to the top of a solid mixing nozzle made of Teflon”

fluoropolymer. This nozzle is screwed into threads on the inside of the pipe of Teflon®

fluoropolymer, and impinges the two feeds before they enter the reactor through a 1/8”

hole at the bottom of the nozzle. Both diplegs are ~24” in length from the bottom flange

of the dipleg, and extend into the reactor approximately 2” above the tip of the agitator
30  blades.

[0040] Catalyst was introduced to the reactor through a charge bomb composed of a 1”

stainless steel (SS) block valve, a 1x1%2” SS reducer, and a 1% full port SS-lined brass

block valve. The catalyst charge to the bomb was performed in a N, purged glove box,
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general procedure of Exanple 2 above with the Mh after the vacuum strip
ranging from 404 to 463 and an Mv ranging from 568 to 688. Possi bl e causes
of these wangesi2a9¢ snal |l variations in the tenperaturepPC3tuiseeiongspeed or
feed rate. The 12 all fresh runs were conbined with the 13 recycle runs and

run throu ndus r|aI Si.ze ed fil eva or.at or e

inal yzed fpuapee iphil SprsTai oIBSAne g chage s Ky SO wynas pred 1 BEfop R

five-gal |tHé‘1%aWﬁ1v% tatthd}a 9&4&&9@' bRl t@tchm%@@% fonhd Bsmbame%hﬁfeysew ving a
(Mp W 569, My 729, Nz ;9 28) .

very simlar result: ' 946, PD:
EXAMPLE zscm@papmmamdu@hgm 8041 mai:t@nsoz[zmﬁom]thdzbwlbréemlbat ches of APCs

formed a Ex le 3,in the f tions vveeind'vi ual ly
br o nat d90FH S R88RGs Prit Hove® M notiPd e A SR Eanret el P

et hyl gne gt pealtubids theatasexaibaraed ohgahd BebdRed aOdleiend)o BOISSPEAMRFEES in

heati ng. The reactor was equi pped with a pi t ched- bl ade gl ass-lined agitator

with a antlfFC@g diiedaizyles é&ﬁ"ﬁ?dbf@f g1¢ thleiae t9 baguthad dawnang &awered st die eeder ti ne

of about t ct, t a
Car got od 1 Arnine heBUESH ALERE Hh B GRREGR WS B RN el By ARl
reacti on Hepyml medirﬂleﬁah@hglh PFanittiagnadicag tiat Yeldede itdnpiropiace  Eheldipigy APC

over a three hour period. The ratio of the APC to brogm ne was hel d constant
andcl osel oI Bradhs FrasiogHgateht e P%@P%ﬁo@oplé’ﬁél&ﬁ ereginFthavaswssedest wi t h
a spggifi er t action
VS i e R e R b R e

br ought upe tipleg B@Le aAthy resct@smd bitie Kampeleipoirtt heloweadte rovk afagsecovasxppsereched
with water. Thi s s foll %fdfyglir a water sh and t hen anot her wash using
a caust i ¢4 Q3¢ ﬂ’i‘aA(BPB]ﬁ%/ P eé’B?Sﬁ‘EHIB n€. 600C to neutralize remaining

HBr. The [pogrenes1Of SRl dRyeBvsf BifcH Brohhﬁat%sﬂaacft%bltllMn(tEéﬁP@'Qelﬂﬁd to
break down aminic conpounds present in the reaction mass that can form

col or bodhesoinponenés. thenahoinge Heresd useddbe catalphieweight péroentrieadingss and tlzl | y

| pH. 003 f.ed,v
or eodr o et il el APELLR B ora R ! AT lRSaR a1 rHerret 1 on
PFA 1 esi nafpled®idhetiof @By s1arol ymer resin; DuPont), the resin

TABLE 1
BAPC Example 1 [ 2 ] 3 | 4 |5 | 6 | 7
Charges
BCM 1bs 295 289.4 290 290 290 290 290.2
AICI; 1bs 0.245 | 0.245 0.245 0.260 | 0.282 | 0.298 | 0.298
APC in BCM 1bs 75.1 70.1 66.8 72.6 68.8 72.7 75.6
wt% APC 26 26 26 26 26 26 26
APC fed lbs 19.5 18.2 17.4 18.9 17.9 18.9 19.7
Bromine 104.0 99.7 95.9 103.8 | 104.1 | 103.9 | 1054
BAPC (Ibs est.) 71.5 68.1 65.3 70.8 69.9 70.9 72.4
Total Mass
(100% HBr evolved) 366 357 355 360 359 360 362
Initial AICl; wt% 0.083% [ 0.085% | 0.084% |0.090% |0.097% |0.103% |0.103%
Final AlCl; wt% (est.) 0.067% | 0.069% | 0.069% |0.072% |0.079% | 0.083% | 0.082%
Avg. AICL; wt% (est.) 0.075% [ 0.077% | 0.077% |0.081% |0.088% |0.093% | 0.092%
Hunter Color YI 4.78 4.58 4.44 13.62 4.24 5.39 4.27
Results
Solution Color
(Delta E) 1.82 1.60 1.57 3.44 1.27 1.79 1.64
Thermal color 250 °C 11.83 | 12.94 13.69 13.75 | 1040 | 10.15 | 11.35
Thermal color 300 °C 2245 | 22.73 22.72 19.52 | 19.15 | 19.93 | 20.48
Thermal HBr (ppm) 167 106 110 171 118 198 139
T, (°C) 117.34 | 122.42 | 132.77 | 107.05 | 120.88 | 115.93 | 125.48
'Wt% Br 73.6 74.2 75.1 72.5 73.9 73.6 74.4
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[0043]

Example 5 illustrates desirable precipitation procedures.

The procedure used in

forming Blend 4 also illustrates a novel treatment procedure of this invention that can be

utilized during BAPC recovery to further improve its initial and thermal color properties.

[0044]

EXAMPLE 5

Precipitation Procedure

A 30-liter oil-jacketed glass reactor was fitted with for distillation, and was

equipped for mechanical stirring using a Teflon® fluoropolymer pitched-blade impeller

(reversed pitch to pump against vortex) and a 1/8” subsurface feed line made of Teflon®

fluoropolymer. The reactor is charged with 24 liters of water and heated to 98°C. A 10

liter stainless milk can was charged with 17 kg of an 18 wt% BAPC solution. The content

of the milk can pressure transferred to precipitation medium through the 1/8 inch feed line
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for decanting the aqueous phase, but prevented the tubing fromcom ng out
of the reactor beyond the drilled through PFA fitting and cap that held the
t ubi ng i rwpl2ameé270pme di pl eg tubing ran fromthe react or PCItUS2019/08298D a box
made from Pl exiglas(r) resin that was used for sanpling the agueous

mat erial durin ere re deI|berateI o fittings t
di pl eg nd?2f %ngtl "r ﬁ’zzﬁ afﬁd‘ RO REAHHICE" dg? fnee of Pﬂ%%‘?‘f%‘gg @E@“of
aqueous &xpR¥IR Jreheteed tﬁeqe@éﬂal E'aH&%d RO S tofootaini WeRi R1188 8tpdrituthe

line. [0042] Table 1 summarizes for each of batch brom nation reactl ons
1- 14 ( BAROr 1-misptest Hdegonponehths, readier iareme®ledher dohit 68¥dand He datralsy st

wei ght peycen oadi and. th 0, cteri tlcs t.hermal properties,
andbr om AT bparEn g i uTy SRl utT SRR G AReatiBines of Lhe BARC
sol i ds. Toe4sF 1TiBlblid BART RuLdishRR4S]lusimxanPREubBelet IRIHateRt EBindBSbaskB €
precipitation procedures. The procedure used in formng Blend 4 also

i | | ust r ateestridugroipgiallyr epgratingiat ﬁﬁ@ee@er dpem qompdetiapveinthp anitisheantigfgatim

utilized r e 0 it e I

col or pr ogéejr i eSI%%E%&R%@E% HIQ {lﬁ%ﬁ)lugm{) ke ¥ eéf]f%’)gé.gd %% ggql I eéfma

oi | -j ackel&ehkg) assolleeRata@ll piRed filll P&ﬁ@t%&&lﬁ&&e Blla§d dlyhrdt irQR, andnHicdas a

eqw pped for nechani cal stl rring using a Teflon fl uoropol ymer pi t ched- bl ade

i mpel | er nitregcarmegtdpives tiort3H punpatd§at@shenvnthexdriend 1857 Biides filds vaduame f eed
i ne de Tef | f1 uor opol r..The.reactqr is char with 24 liters of
vt ol 0andorbaey The bissestR iy vians s EPER Bouieh o bE R Poiar god v th
17 kg of [Bo4eh8 Mire %B&n%eize@ 't}férbom-liﬁ&e %ﬁﬁl&ﬁéﬁl ré’sfultE ke f(ﬂn’ KﬂG EL%I%%S(% e

transferred to precipitation mediumthrough the 1/8 inch | i neover a
peri od oflitgr, Beahpnr presvipitatipnsy OﬁdBAP@rrblenm tﬁ@relednfrphne serlecngds b@fchasocmﬂdwm 960C.
Upon co etion of he f.eed ﬁhe rea tg E Jﬁ) totgggf Cg;}d hel d
at that tﬂdﬁﬂg) Gitur &OPBAIERTPh TR Ve HRermsh el 18 18? Ps™Hh

cool ed t leaf@kiiatéOe Bendfitshef BhMAE YpurSuaGl Q(b nigid 1¥1Wn@1@ﬁhscﬁné)(l)évfepla$fd{aﬂ3m val ve
into five 2-gallon polyethyl ene car% [ 0045] The solid BAPC was i sol ated

usi ndda RuersBeiretheRypEpEItion2salyrak (watgraecéur@entﬂm iifQlgfton; priogedane.y Ipgddisionng at
950 rpns. 1 Hpon sl?o%mhg Eerﬁf)]on%];ltstlﬁgd 1nnrhlllhﬂ£ th%es@fecfeti %Qf’%hé S

TABLE 2

Large Scale Precipitation 1 2 3 4
BAPC Blend land 2 3and 5 3,5and 9 3,5and 9
Approx. Blend Ratio 50:50 50:50 25:25:50 25:25:50
Residual BCM (ppm) 52 32 <1 <1
Sodlum‘borohyd‘rlde 0 0 0 250

resent in precipitator (ppm)
Residual DBM (ppm) 0 0 <1 <1
Residual H20 (ppm) 141 83 49 62
XRF wt% Br 74.2 74.8 74 74.4
Tg (°C) (DSC) 120.13 128.47 124.46 124.5
TGA

1% Wt. Loss (°C) 321.15 322.73 321.98 328.25
5% Wt. Loss (°C) 356.99 355.56 357.82 360.21
10% Wt. Loss (°C) 370.21 369.48 370.35 372.27
50% Wt. Loss (°C) 406.66 406.78 406.23 406.72
Thermal HBr 300°C (ppm) 152 116 126 10
GPC
M, 2637 2640 2569 2569
Mp, 1951 1958 1907 1907
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the speed is increased to 1700 rpns to ring out the cake.
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consi st q&@lﬁdﬂtwsad)ﬂ XPofs ieBAWCeY bl &t forth in International Publication Number WO
2008/154453 A1l having an International Publication Date of 18 December 2008. The

procedure for thermal color analysis is as follows: A custom made metal heating block

from J-Kem Scientific (St. Louis, MO) featuring 12 heating ports with diameters to

snuggly fit 20 ml flat bottom scintillation vials is used. The heating block is placed in a in

a nitrogen-purged glove box and heated to the test temperature (either 250 or 300°C).

Duplicate 5-gram samples of the BAPC powder are placed in 20 ml scintillation vials to be

heat treated in the heating block. The material in the vials are heated for the specified time

(15 minutes at 250°C or 20 minutes at 300°C). Upon completion of the heat treatment or

thermal aging period, the samples are immediately removed from the block and cooled

under nitrogen. The samples are dissolved to make a 10 wt% solution in chlorobenzene.

The solution color is of the dissolved sample in terms of L, a, b and Delta E is measured

and compared to a chlorobenzene blank standard (L=100, a=0, b=0) using a Hunter Lab

10

15
ColorQuest XE Colorimeter (Reston, VA).
[0048]

20  and/or procedures recited herein.

[0049]

Except as may be expressly otherwise indicated, the article

The invention may comprise, consist, or consist essentially of the materials

or "an" if and as

used herein is not intended to limit, and should not be construed as limiting, a claim to a
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and/ or procedures recited herein. [0049] Except as may be expressly
otherwi se indicated, the article "a" or "an" if and as used herein is not
i nt ended WO 2biomi2zq91and shoul d not be construed as |i m tiPaE/US2010103393T t O
asingle elenent to which the article refers. Rather, the article "a" or

"an" if and as used herein is | ded t o coyer e.or npre. el enent s,
unl ess ttfé“&lféﬁltﬂmé%@e‘é’} t}l‘ﬁaftlfgft éegefét At s é %‘8‘50 Bhcit d an \9%P§deatent
or publi qRdiRRs mefmakd RAcdWRr b alnbﬁowﬁch%nbneémst Qh&ss@'&%%{t' &ﬁﬁesgg ihdicates

incorporated in toto into this disclosure by reference, as if ly set
forth heraharwif0051] This invention is susceptible to con5|derable

variati onghth, t ractice. fore the foregoing descriptiogn is.n

Bt ended 100 s 35 Sfon RatRE . Bobisfued LR AR T G ot BEVBH i on
to the p\?\sﬁéélﬁw@ﬁq i@XRBPpdrhte€ 3t A It BE IHBSLURED R rdTalAsS aCkNUMS: sel forth
process |ch conprises brom nating an aromatic polyner conposition of the
fornul a: h&féRein for each nolecule of formula (1), n is an average nunber
inther of t

1 3-di phgny r O%lglggﬁ{;ega%% 18 &sgeg)?lg) C\Mlgl erta?l%vghgt\f% %shﬁlactlce Thereffloroenal ly
I S presenhe toteddih S dacapidd B rmoﬁmﬂﬁfeda@ﬁn@slahd @Mbuldlnarbeadmsmﬁedods limitingpr e
than about 1 GPC area % .and with the further proviso that this aromatic
pol yner dBRPUENHNR tgpdrBedp gremphifipions BrRSeRtAE hersgRME- i n an amount of not
nore than about 0.1 GPC area % to forma brom nated aromati c pol yner
conposition having a brom ne content as determned by XRF in the range of
about 70 to about 76, which process conprises bromnating said aromatic

pol ymer conposition with liquid bromne in the presence of an al um num
hal i de brom nation catalyst and in the absence of light, at a brom nation
tenperature in the range of about -100C to about +50C, and in which the
nolar ratio of total anmpbunt of bromne fed:total anmount of catalyst fed is
in the range of 200: 1 to about 500: 1, which process is further
characterized in that: a) the total amount of said catalyst is charged into
a reactor which is at a tenperature in the range of about -250C to about
0C, said reactor containing an inert
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at nosphere and a portion of brom nation solvent such that the initial

wei ght percentage of said catal yst expressed as alumnumis in the range of
about 0. O0xowntwm2@9about 0.04 w % b) within about 2 hoursTafSe@w/08APl eti ng
the charge of the catal yst, separate concurrent feeds of (i) brom ne, and
(i) a sgﬁl:]gxﬁéfof said aromati c polymer conposition in the brom nation

sol vent iated, said feeds being conducted such that said solution
and the lj qui QAt@[f&@ssn%hﬁhecoh%s&sobﬁﬁhﬁﬁtﬁfgnanaar%ﬂﬁﬁ& %6fy‘nﬁs|rlc)ém%9§1§5§-6? ol ar
ratio of aromatic polynmer conposition to bromne entéring the reactor; and
c) wher eifarmwdaconpl eti on of the feeds and an optional ride tine of no
greater than about 60 m nutes, the weight per cRNOt age of alum numrelative
to the total of themass of theg”brxom nation st and t he brom nat ed
aromatic polymer conposition @ or is_greater than about 0.015
W% 2. A process as in Cai m¥»fturghernytharacterized in that said solution
of said aromatic polynmer conposition in the bromination solvent is &D

sol ution contai ning about 20 to about % of said aromatic pol yner
conposition. 3. A process as in d ai rther characterized in that said
brom nation solvent is at | east predo ately bronochl oronet hane. 4. A
process as in any of Clains 1-3 further characterized in that upon

conpl et W%@lntf?ffeear:%@tplwleo@f foraula s bivaan yerrge dumbgieingtherange ﬁéa% Rinat i on
reactjipon B whﬁ rs 156 9 3d mgﬁé}warg_ga \éeéésaln t&lf@ﬁﬂ@a%% Wi

solution o a2|n ateln t he re tant mxture is
agi t at ed 86 Ot hlaiornahy: 1m’ewh1ymttharadorbatmpqiﬁnatr®nqwemmhe1dan bmovntpf @aoemsreas i n

Claim4 ere s ilu soI tion.is.a. 0.1 tq % sol ut.i on . of
ydr i ey abattel IGP e T pendh iffodies STET e Bk i SDBITHE LS Hfount
of said QopoGitibn Qp%l/&lﬁf%ﬁhéloé'bnﬁ’imshﬁbﬂfeﬂé inen RYALAL & At HGE]Rar SHooaboUt 0.4
parts by weight of said’sol ution per each pound by weight of brom nated

aromat i ¢ @T yaner % otaplesint & dropimetednaroinatie ipelyraynéamepasionr kaying enbroests,
15  content as determined by XRF in the range of about 70 to about 76, which process

comprises brominating said aromatic polymer composition with liquid bromine in the

presence of an aluminum halide bromination catalyst and in the absence of light, at a

bromination temperature in the range of about -10°C to about +5°C, and in which the

molar ratio of total amount of bromine fed:total amount of catalyst fed is in the range of
20 200:1 to about 500:1, which process is further characterized in that:

a) the total amount of said catalyst is charged into a reactor which is at a temperature
in the range of about -25°C to about 0°C, said reactor containing an inert
atmosphere and a portion of bromination solvent such that the initial weight
percentage of said catalyst expressed as aluminum is in the range of about 0.02

25 wt% to about 0.04 wt%;

b) within about 2 hours after completing the charge of the catalyst, separate
concurrent feeds of (i) bromine, and (ii) a solution of said aromatic polymer
composition in the bromination solvent are initiated, said feeds being conducted
such that said solution and the liquid bromine are fed to maintain a substantially

30 constant molar ratio of aromatic polymer composition to bromine entering the
reactor; and

c) wherein on completion of the feeds and an optional ride time of no greater than

about 60 minutes, the weight percentage of aluminum relative to the total of the
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7. A process as in any of Clains 4-6 further characterized in that upon
conpl etion of the quenching, the agitation is discontinued, the quenched
reacti on wae10/r27G93o0l at ed from t he aqueous m xture by mpamaSedioasihase
separation, and optionally, the resultant reaction nmass is washed with

fresh water. 8. A process.as in any of Clains 4-7 further, characterized in
t hat the quench¥®d© SR AR agARN F%lé{%‘{tiaBﬂ thrgygminatgd gropatic P‘P%ﬁ‘%&OIBBPS&&F‘t ating

the quenched RpeHd &b OR FRAGHhAMDIBSSOY ian al kal i ne borohydri de
solution to deconpose polar bronmpam nederived inpurities, said treatnent

bei ng at Za tenmperaesr® inflaihel fathge chiractbozed 12 50C stid sabtioh o8 C0E agerdatfcor a

time period sufficient for the deco sition to.be ¢ | et evi denced
by decol dFZETISGHESPOPRAY fhs PomERTRR L Vad® B PP o lr My Pam AL OOt hat
may exi st40 W% Of Hi®EesftidpolymerBYympPbsifid@i ms 4-8 further characterized in
that the brom nated aromatic pol yner conposition is recovered fromthe
reacti on Jrass dProseescisph deinoa fpihsichaagtenesid ip dpt spidgpminggom selvoritiept i n

t he presgnce 1%f ﬁhﬁ?él. Pl%n?o%ﬁf%%’lgéthgf and wherein optionally, prior to said
precipita "o gﬂe reaction nass I's dried azeotropically and passed through
a solid absor bepiocks dsanaue op QllAins i1rPLurihet esardd@eriz&d i GRessoraSormpleddiyofof
Clains 1-9 wherein the alum num halide brom nation catal yst. as charged into
the reactt®s foed ogplilienptireHlYotsed side fime. fedyppiation seaction sy tgngfpred - 10
uher gon sAdcfiaedeln Snbifildar aiffalBfkish! #CMdikhihddyalle of G2 Bla hom ne
and said solution of aromatic polyner conposition aré in close proximty to
each ot hersulth@t mitypre ocesmtedsoitimt Gheacatal $st bndvhemene asajuendhedds are i npi ngi ng

or non-i npi ngi subsur.face feeds.. 13. A process as | i m wher gi n
ohi 0 T eedb ok BRER D M TLEA T HUhANGE Narie Peetd € bOoHee sndeeof
the reactyy@m RIS dratéin Watby 0Cess as in Caim1 wherein n is an average

number in“the range of about 2.9 to about 3.9 and wherein said brom ne
content d&s detd&mpmeasedapin KRMEN| S wihareith gher amgant off saldo t73. U wt% sohetian qt4. 5.

15 hydrazine hydrate in water is about 0.4 parts by weight of said solution per each pound by
weight of brominated aromatic polymer composition present in the bromination reaction
mass.

7. A process as in any of Claims 4-6 further characterized in that upon completion of
the quenching, the agitation is discontinued, the quenched reaction mass is isolated from

20  the aqueous mixture by means of a phase separation, and optionally, the resultant reaction
mass is washed with fresh water.

8. A process as in any of Claims 4-7 further characterized in that the quenched
bromination reaction mass is further treated by agitating the quenched bromination
reaction mass with an alkaline borohydride solution to decompose polar bromoamine-

25  derived impurities, said treatment being at a temperature in the range of about 25°C to
about 80°C and for a time period sufficient for the decomposition to be complete, as
evidenced by decolorization of the reaction mass and breaking of any emulsion that may
exist.

9. A process as in any of Claims 4-8 further characterized in that the brominated

30  aromatic polymer composition is recovered from the reaction mass by precipitation from
near boiling or boiling hot water in the presence of alkaline borohydride, and wherein
optionally, prior to said precipitation the reaction mass is dried azeotropically and passed

through a solid absorbent to remove polar impurities.

20



15. A process as in Claim 14 wherein said aromatic pol yner conposition has
an Mv in the range of about 650 to about 750, an M1 in the range of about
500 to abwotoB@Q709an Mz in the range of about 830 to abeai/us2@0/03®3T a

pol ydi spersity in the range of about 1.2 to about 1.35. 16. A process as in

any of Clainms 1-15 wherein the lLution of the aromatic pol r conposition
in the bridhin ipéﬁceé%la\%e‘ﬂ_taniys‘)fpﬁaé@é_]t'ﬁr‘?ﬁlﬁfdﬁnathgcﬂ?‘i“&méiﬁ’sg?]b%enngr%n?t ve
pol ar am ey RUEHatd@Sn RN thOfeab@r {sC8hRYm dnforidt. Process as in Caim1

wherein (i) 1, 3-di phenyl propane is present in said aromatic polyner
conposi tildn i mM arpcasssrin anynof Gkumanhgéd wheraotsaiddeedinp srfughouthadic@Padaimea %

or (ii) tpluene is esent in said aromatic pol r conposition in.an
amount ” of THAPC fi6Fs °f RERTAB AN B8 20kBel of aiptudie g GorpEpiopte in St
1, 3- dispheiytipfigRarBgchastlert Ol uene are present in said aromatic pol ynmer
conposition in the anpbunts specified. . S o
12. A process as in Claim 11 wherein said feeds are impinging or non-impinging
subsurface feeds.
13. A process as in Claim 11 wherein said feeds are spaced apart and are non-
impinging feeds to the surface of the reaction mass.
10 14 A process as in Claim 1 wherein n is an average number in the range of about 2.9

to about 3.9 and wherein said bromine content as determined by XRF is in the range of

about 73.4 to about 74.5.

15. A process as in Claim 14 wherein said aromatic polymer composition has an My
in the range of about 650 to about 750, an M;, in the range of about 500 to about 600, an

15 My in the range of about 830 to about 1120, and a polydispersity in the range of about 1.2

to about 1.35.

16. A process as in any of Claims 1-15 wherein the solution of the aromatic polymer
composition in the bromination solvent is passed through a solid absorbent to remove
polar amine impurities prior to feeding.

20 17. A process as in Claim 1 wherein (i) 1,3-diphenylpropane is present in said
aromatic polymer composition in an amount in the range of not more than about 1 GPC
area %, or (i1) toluene is present in said aromatic polymer composition in an amount of not
more than about 0.1 GPC area %, or (iii) both of 1,3-diphenylpropane and toluene are

present in said aromatic polymer composition in the amounts specified.
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