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of enbodi nents of this invention brom nated styrenic
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sol vent, and especially from solution in the solvent
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preferably a broni nated anidnic styrenic polynmer, in a
devol atilization extruder, As used herein including
the clains, the terns "polynmer nelt", "polynmer flow
"melt", or "flow' refer to the fact that the
brom nated styrenic polynmer within the
devol atilization extruder becones a nelted mass and/ or
a sufficiently softened mass that will thenceforth
proceed (Le., flow) through the remai nder ofthe
devol atilization extruder (including any extension



[0012] Anong anot her group of enbodinents of this

i nvention there are provided processes for preparing
pelletized brom nated styrenic polyner, typically
having a brom ne content of at |east about 50 wt %
fromthe extrudate froma devol atilization extruder
functioning as described in the i medi ately preceding
par agr aph. The various enbodi nents of this group of
enbodi nents utilize any of the enbodi nents descri bed
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i nvol vi ng preparation of granules or pastilles from
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pol ynmeri zation ("free-radical styrenic polynmers").




pursuant to the processes of this invention,
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ani onic styrenic polyners, of this invention. [0021]
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continuously introducing into the inlet portion of an
operating devolatilization extruder, an adm xture of
extrudabl e viscosity, said adm xture conpri sing

brom nated styrenic polyner typically having a brom ne
content of at |east about 50 wt% preferably at | east
about 60 wt% and nore preferably at | east about 67

wt % and a vaporizabl e organic solvent, said extruder
having an inlet portion and a polyner nelt or polymer
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pell ets of unadul terated brom nated styrenic polyners,
such as unadul terated brom nated ani onic styrenic

pol ynmers whi ch have desirable properties such as

i mproved hardness and reduced fi nes-producing

t endenci es during manufacture, handling, storage, and
use. [0032] 4) A process for the preparation of a

brom nated styrenic polyner in pelletized form which
process conpri ses:




brom nating a styrenic polyner under superatnospheric
pressure in a vaporizable organic solvent and in the
presence of a Lewis acid brom nation catalyst, and in

a closed reaction systemin which substantially all of

t he hydrogen halide coproduct is retained in the
reaction m xture; quenching the catalyst to thereby
form (i) an organic phase containing dissol ved

brom nated styrenic polynmer and (ii) an aqueous phase
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novel continuous processes for the production of

hi ghly pure pellets of brotninated anionic styrenic

pol ynmer (especially brom nated ani oni c pol ystyrene),
using as raw materials (1) anionic styrenic pol ynmer
(especially anionic polystyrene), (2) bromnating
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[ 00381Anot her enbodi nent of this invention is an

overall process for producing brom nated anionic
styrenic polymer in the formof granules or pastilles
of unadul terated brom nated anionic styrenic polymer.
Such process conprises: bromnating an anionic
styreni c pol ymer under superatnospheric pressure in a

~ vaporizabl e solvent and in the presence of a Lew s

acid brom nation catalyst, and in a closed reaction
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by a m st or spray of cooling liquid contacting the

| ower surface of said planaP nmenber. 100391lln this
enbodi nent, the traveling planar nenber is preferably
an endl ess belt inpervious to cooling liquid, and nore
preferably is an endl ess steel belt. In addition, the
m st or spray of cooling liquid is preferably a m st
or spray of cooling water. The mi st or spray is
preferably applied to the | ower surface of said planar
menber bel ow the region in which the separate
individual granule or pastllle 'S forned on the upper
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H2C---CR-Ar wherein Ris a hydrogen atomor an al kyl
group having from1l to 4 carbon atons and Ar is an
aromatic group (including alkyl-ring substituted
aromatic groups) of from6 to 10 carbon atons.

Exanpl es of such nononers are styrene,

al pha- net hyl styrene, ortho-nethyl styrene,

net a- net hyl styrene, para-net hyl styrene,

par a- et hyl styrene, isopropenyltol uene,

vprefetabiypinlcaslaboue 67 wsXopand penydriashnérgaliesodvent, in a devolatilization
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const I uent reni c brom na
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sHpat fr&d%ﬂf%@evoTa\ﬁthéﬁ@h E¥mdé %&[ﬁg% d%ttﬂerr&g} 'gfbd@&ﬁg\’e‘?ﬂ%fg%gléﬁﬁﬂis
lj)?bxgnuna%g Is]tgren 8(9 er meg f?%w, Ql wn\n&or? gsalqC FQI}%S %nghd%’é:g&d

ice
VisPdifiting e Pt@?@és ifftgl selidifiedpeliqsy ﬁmonm&)d SEFETiGROLMShge of
40307 200\ pmcab dott pr2d0ing Qﬁlletaﬁ@b&aﬂmﬂﬂteﬁ stynemdwlynw@iaom a
QbrARoHL v%ggabqe%oﬁrbrﬁ %hlc"h%r&gg’ coﬁ’l Emr e pr eferably in

he range.of . a
Sy GRREH 1e Spou e SRR cr Bt OB e ey
t ypi cedlyngerprrefersbly e admprgee of bromingied gniqnie pigrepls obymar, and a
and nmpem;abiefoegaﬁialsylvem ithe metngelonf ofedbmiaatnd dymd polymer,
about rgﬁeraﬂ— R rﬁé} J»ryﬂov%f}‘t{r&ﬁh&ecp&lu}{{@gtﬁexﬂé Bgﬁﬁada&ya sfefya‘%ﬁe
r adi cal s)é I:I on that are used to produce th
br oni Y?B? tm§3 °c"“Pol ymers using a process of th| s
Pnv e nextredingibe meh aviohanechgy Wemdghs desidlatilizefonpisiruder fhigpgh a die
wei ght pfodhe"thaviling Etﬁ’dﬁd(rsﬂff@ﬁm@ifed ?&lﬁﬂér nl 00 pdlyth@ flakhput
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guch sybjycrt@e the ppldﬁtymzsclmlﬁehmgew ropoverapdrepydt fom suc product
pol yr(ey bRikiZe@partitibd, it dp mal (byfikee, if Boyl, Bext fiap@e pefent in such
bet N and about 10. Al of the for egoing M and
é%sper Si t val ues are based on per ngatl on
G@P&eﬁwp(oéﬁ@ erOd Y J@éofvwmﬁmgraew pepingpripied
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| east one bromi nat ed copol ynmer of styrenic nonomer(s).
Desirably, the brom ne contiént of all such polyners is
at | east about 50 percent by weight, although styrenic
polymers with | ower brom ne contents can readily be
produced by this invention. Preferably polynmers of

t hese types have a brom ne content of at |east about
60 W% nore preferably of at |east about 64 w%
still nore preferably at |east about 67 wt% and even
nore preferably at |east about 68 wt% Usually the
maxi mum brom ne content is about 71 wt% w th polyners




TGA (TA instrunments nodel 2950, 10 C/mn. under N2):

1% wei ght | oss, C -346 5% wei ght |oss, C -375 10%

wei ght | oss, C -383 50% wei ght | oss, C -399 90% wei ght

| oss, C -435 Such brom nated pol ystyrene is presently
avai |l abl e from Al bemarl e Corporation under the

desi gnation SAYTEX(r) HP-7010P flane retardant. A
powder - conpact ed granul ar form of such brom nated

pol ystyrene is presently avail able from Al benarl e
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ol ynme
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st ageulpliyidnd, eretherdst qqqurtml mtcepeaevgﬂ the prpiningied gfprenic polymer.
extruder. The term"™ vapor| bl e" sinply neans that the
sol vent shoul d boil at a térperature bel ow that at
whi ch the particular brom nated styrenic pol ymer
di ssol ved therein would begin to undergo an
unaccept abl e anount of thermal degradation. This
tenperature will of course vary fromcase to case
dependi ng upon such factors as the type of brom nated
styreni c polynmer present in the solvent, the | ength of
rime the solution is at a threshold deconposition



di br onoet hane,

1- brono- 2- chl or oet hane, 1, 2- di chl or oet hane,

1, 2- di br onopr opane, 1-brono3-chl oropropane,

1- bronobut ane, 2- bronobut ane, 2-brono-2-net hyl propane,
1- bronopentane, | -brono-2-nethyl but ane,

1- br onohexane, 1-bronoheptane, bronocycl ohexane, and
liquid isomers, honol ogs, or anal ogs thereof.

Li qui dm xtures of two or nore such conpounds can be
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SOR e iR gt PR pp ey S DS B
pipeariigsvathjatiendanipdaced fapeforbing teadempigs h di stillation, to
renmove organic solvent as a coll ectabl e vapor phase
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| ntrated essentially anhydrous
‘&Eﬂ%@fﬁgﬁaﬁﬁgﬁfﬁ%ﬁﬁzéﬁung at | east about 50 wt % of
10938k ndhesd egbydimerite cqupripena rpreosssfaf prascingSgrahulprogrepastilles of
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1 he Ifdrtnﬁf %&H eid Iﬁaplor%w @a‘asmmfdlysee%@ﬁmg HoWaioRat fecb@Ghe
organ ar.e. aval

c on,mgpge %Srai%f %/ds Qord noz§ Iﬂfagbsl i HI?Xlnfng' Io a apoYead travghng planar
ef fecting such separations include fiberglass,

ceram cs, and sand. The uséZ2of a bed of sand is a
preferred nmedium for use in enbodi nents of the present
i nvention in which coalescing filtration is to be

enpl oyed. RECOVERY OF BROM NA TED STYRENI C POLYMERS
FROM SOLVENT 10051]In the various processes of this

i nvention for recovering brom nated styrenic polyners
froma solution in an organi c solvent, sone of which
processes have been descri bed above, the product as
initially recovered fromthe devolatilization extruder



brom nating a styrenic polyner under superatnospheric
pressure in a vaporizable solvent and in the presence

of a Lewis acid broraination catalyst, and in a cl osed
reacti on systemin which substantially all of the

hydr ogen hal i de coproduct is retained in the reaction

m xture; quenching the catalyst to thereby form (i)

an organi ¢ phase contai ni ng di ssol ved brom nat ed
styrenic polynmer, and (ii) an agueous phase cont ai ni ng
hy dr ogesmbbbaiditinar et Birgigpgrtiassas cdolijg i agd haying poupper
each of iSler sth¥dcd gvkﬁ%ﬁgr fhek ksré af} Benhdefithe Qﬂver lﬁofmo‘{{%?ﬂhé &ffice and

and | FIBERE SpRysriece SRR Pogor kL PR RS el bl

vi sc osbrqnynatq;l@nveln styenicmolymersithérdl) pridasesafgap id fergspgensrate
and aghdividudl @ariife oBdsfilliha Blepper S8R df aid Hatatinember, or (i) freely

conce og?%rbﬁrt]hem)\?% g)r ﬁigé Bt ?9 Fﬁ@ce@ﬁ&: ﬁﬂph ont Qt?eqxpg% s{l’r?a%e Qf said

di stil I on_or ont 1 nd
i nt r o@3EA Y BFTGRHOENSIR individpp! g3p logkvastiiison e pRpeEstface of said
ext r ughhbdrenewiber; ed tryvelimg werhbee being) chotksl by al reist qp eprey ofrooling

an opﬁa@& b&ﬁacﬁl@/&é Rivkd s!uﬁ@de'o@ﬁm&ﬁ(lﬁr{aklﬁh@rhbd?aw ng a
F)% dI% 1§ eqroce SD {?J Eravel’1 rrl%PITaI)tar xrlgngbe%/ 18 Prefera jap%dl&?%%t%ﬁemous

5 ol
e cenbies hwljsuebas aaten‘il@ﬁsfﬁtévl delt rla dheromerptionaf egst 2 pyrien L dherplug
aff reiten @adul{ehjedbraenat@l aiaisrsgsenicdmtyndt bidees saidaap eaidbrms a
O.st:;;ll?e[t@ m@@ﬁué:lfgrahﬁ‘l@ o@Hasthf% or ¥he B%Rr %ﬁ&é dP83d ﬂﬁiaf‘ﬁerﬂ&e% Q)Q &%st

1 .t
i isg pdpish Bl obip iy G5 Rials? el S amo Sieh pelPiyey
aisprarfigmuse loakapeestion ¢ teeotrifise end, Bllgenopds ‘fpé?rr?élifacie Qf ths @gé

atienttensid forms seimtividns ; grantt orqpeiliatonne s@ied swfacd ddthe planar

qﬁe?rﬁ)gla rqgm qgw&gﬁﬁ m&hﬁ%aﬁ% hBRE: QE)ME@n @f@gld lpﬁ’l‘é’%f molten
R BogF el U A TealT RO OOt S P RIS £ gfete
(edividuat ErenadbiTeapitle grrie uprer suriee Pokig maparicHReH P vsla?reerl (b) at
p&ktydRdrtidnSoffsait R ofinfohbmudabiteet@addrahinbted atidnimnstgxtic pelemer
gly rd%lpg?rﬁﬁCth 1'697?1] oﬁﬁ)n%tf tﬂe%‘?@ﬁ:e %qalﬁq Y¥ATBE uﬂFelr Eurﬂ(:e of said

MR T I I L T M e —
imemibat; () and (bepsurripgyin aneadteinating of zandeye maensy pref er abl y
q06037] Cihbegitot@dr ylisdiqdidy e4p0E emiplbyed shidfgst apspal af doslingtliaaid
Qs(}lryf&%&y g‘?rllstt opgi)r&%k' é’dgﬁflg \fvéthWTﬁé mist or spray is preferably applied to the
lower surface of said planar member below the region in which the separate individual
granule or pastille is formed on the upper surface of said planar member.

[6038] Another embodiment of this invention is an overall process for producing

brominated anionic styrenic polymer in the form of granules or pastilles of unadulterated

brominated anionic styrenic polymer. Such process comprises:

> brominating an anionic styrenic polymer under superatmospheric pressure in a
vaporizable solvent and in the presence of a Lewis acid bromination catalyst, and in
a closed reaction system in which substantially all of the hydrogen halide coproduct

is retained in the reaction mixture;

> quenching the catalyst to thereby form (i) an organic phase containing dissolved
brominated styrenic polymer and (ii) an aqueous phase containing hydrogen halide;
> separating phases (i) and (ii) from each other, and if phase (i) has a viscosity less than

13



such brom nated styrenic polyner |eaving fromthe

outlet portion of the devolatilization extruder

cont ai ni ng an average of |ess than about 10,000 ppm
(wt/wt), and preferably | ess than about 5000 ppm
(wt/wt), and still nore preferably | ess than about

1000 ppm (wt/wt) of the organic solvent during

st eady-state operation. The quenching in the above
enbodi nent can be conducted in the reactor in which a
bat ch esfudebie visewity, ratw@uirating omganic phask phé) tohen jay sdmiytienof
preparegﬂld@glen;g({ogmpreferabl y in a separate vessel. Wen

:%: g: 9: i mutsly mtroducmg gmg h%ge &?@}o@a&rﬁ} e%y&%dégﬁ%tsédsnymto

t 1 ans el ik Fogion ﬁ‘éﬁ@ﬁpfm@g dereletilizptign %ﬁg‘@ﬁ%é liquids inlet
vesselportion Zidneondr it ar potynteafiéw butlespistionead stdtasidwo aatiens

Vgu: Ihn%% ﬁaglb@ %Héatng G etk ATREL WD difRl $loBY AR Hh&BdrR1(b) under
col | ediessips i %adf’é%tfg%igeonsﬁ%‘l%ﬁe e R Bbposca
the hyehrege ﬁfomathq efBeriog theaik &St ano Fevtetetbadesiaizfipneiruder

condu aivitpgrapdi €ol Rhiapapearadiptano dditseeintilés fprnrd th thdsé Jt least
in the, Al Gs; .embodi ment and before effecting the

i ntroductionjnto the |jquids inle orti n of
dovol HFHE stoamoaadé%%wnﬁearpét h&ﬁ*sfrp 1“81°§Vﬁ5}>f§%gt“e
t he oraditions thprhths genpferafurg andopressrk eouditings pf $aid seetiqurdispased

or der ufs@edn§ RO WAt @NE Figh i potAh@ mek A palyfbmibwlofsaidl psBeher is
sal t ( ﬁ))'mé a&%& tngdegglgtﬁ& tfon Qmﬁ@r aﬁ@&ie@éeﬁ !ﬁ'QxQ tﬁegﬁeast one polymer

bromn a e renic
melt or polymer flow outlet andrg% b) volatiles composed predominately of the solvent

released from the polymer in said at least two sections are collected by said vapor
collecting apparatus;

> forming from said flowable polymer melt or polymer flow of said polymer a
downwardly oriented plug flow from at least one orifice in a manifold or nozzle that
is in proximity to a cooled traveling planar member, said planar member being

—

impervious to cooling liquid and having an upper and lower surface, whereby there
is a gap between the lower portion of the orifice and said upper surface, so that at least
aportion ofa plug of molten unadulterated brominated anionic styrenic polymer either
(i) bridges said gap and forms a separate individual granule or pastille on the upper
surface of said planar member, or (ii) freely drops from the lower portion of the orifice
and falls upon the upper surface of said planar member and forms an individual
granule or pastille on the upper surface of said planar member, said traveling member
being cooled by a mist or spray of cooling liquid contacting the lower surface of said
planar member.
[0039] In this embodiment, the traveling planar member is preferably an endless belt
impervious to cooling liquid, and more preferably is an endless steel belt. In addition, the
mist or spray of cooling liquid is preferably a mist or spray of cooling water. The mist or
spray is preferably applied to the lower surface of said planar member below the region in
which the separate individual granule or pastille is formed on the upper surface of said planar

member.
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PRODUCTI ON OF PELLETS f0054] Anong the various

enbodi nents of this invention is a process for
produci ng pelletized brom nated styrenic polynmers from
an adm xture of brom nated styrenic polynmer and a
vapori zabl e sol vent, which process conpri ses:
optionally form ng an adm xture of extrudable
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(a) at tenperatures that differ fromeach other, and
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pressure conditions than the tenperature and pressure
conditions of said section disposed upstream so that



havi ng the polynmer nmelt or polymer flow fromthe
devol atilization extruder pass through a die to
produce traveling strand(s) of extruded pol yner nelt
or flow, enabling and/or causing such traveling
strand(s) to solidi & (e.g., by enabling and/or causing
a sufficient reduction in the tenperature of the
traveling strand(s)) and be broken, subdivided, or
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[0062] The contents of the belt and any former

contents of the conveyor belt that may be energing
fromthe end of the conveyor belt are caused to drop
into a classifier which separates the pellets and the
fines fromeach other. Such droppage onto the
classifier may al so cause sone breakage to occur. The
classifier can include, for exanple, an essentially
hori zontal | y di sposed nmesh which is caused to vibrate
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[0069] Fig. 4 of the drawings illustrates a preferred
sequence of steps utilizing an overall process of this
invention in which granules or pastilles of

unadul terated brorninated styrenic polyners are
produced. The above description relative to Fig. 1 as
regards formng pellets applies equally well to Fig.

4, except for the last step. In Fig. 4, the last step

i nvol ves form ng granul es or pastilles using
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Peak Load Applied, pounds Energy to Crush, |bs/in.
0.207 12.97 62.66 2 0.213 7.56 35.49 3 0.219 14.52

66. 30 4

phase of (i) to coalescing filtration in order to remove entrained water containing dissolved
salt(s) from the organic phase containing the brominated styrenic polymer.

PRODUCTION OF PELLETS

[0054]

Among the various embodiments of this invention is a process for producing

pelletized brominated styrenic polymers from an admixture of brominated styrenic polymer
and a vaporizable solvent, which process comprises:

>

optionally forming an admixture of extrudable viscosity comprising brominated
styrenic polymer and a vaporizable organic solvent, preferably a vaporizable
halogenated organic solvent, from a less concentrated admixture thereof having a
brominated styrenic polymer content of 40 wt% or less, the vaporizable organic
solvent preferably being a halogenated solvent in which the brominated styrenic
polymer was formed by bromination of a styrenic polymer in the presence of a Lewis
acid catalyst;

continuously introducing an admixture of extrudable viscosity comprising brominated
styrenic polymer and a vaporizable organic solvent, into the liquids inlet portion of
an operating devolatilization extruder having a liquids inlet portion and a polymer
melt or polymer flow outlet portion and at least two sections that can be operated (a)
at temperatures that differ from each other, and (b) under pressures that differ from
each other, one of the at least two sections being disposed upstream from the other of
the at least two sections, the devolatilization extruder having vapor collecting
apparatus adapted to collect volatiles formed in these at least two sections;
operating said section that is disposed downstream at higher temperature and lower
pressure conditions than the temperature and pressure conditions of said section that
is disposed upstream, so that (a) a flowable melt or flow of said polymer is formed
within the devolatilization extruder and forcibly released from the polymer melt or
polymer flow outlet, and (b) volatiles composed predominately of the solvent released
from the polymer in said at least two sections can be, and preferably are, collected by
said vapor collecting apparatus, the polymer melt or polymer flow of such brominated
styrenic polymer that exits from the outlet portion of the devolatilization extruder
containing an average of less than about 10,000 ppm (wt/wt), and preferably less than
about 5000 ppm (wt/wt), and still more preferably less than about 1000 ppm (wt/wt)
of the organic solvent in steady-state operation;

having the polymer melt or polymer flow from the devolatilization extruder pass
through a die to produce traveling strand(s) of extruded polymer melt or polymer
flow;

enabling and/or causing such traveling strand(s) to solidify (e.g., by enabling and/or
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0.208 10.23 49.18 5 0.213 9.26 43.47 6 0.199 8.00
40.20 7 0124 7.34 32.77

causing a sufficient reduction in the temperature of the traveling strand(s)) and be
broken, subdivided, or otherwise converted into pellets of the brominated styrenic
polymer (e.g., by providing a vacuum system under the conveyor belt or web to draw
air downwardly over and around the strands on the web, and by applying jets of water
downwardly onto the strands traveling on the conveyor belt or web of sufficient force
to cause at least some breakage of the strands, the porosity of the belt or web allowing
the water to pass downwardly through the web but of fine enough porosity to retain
the broken, subdivided, or pelletized polymer strands on the belt or web and enabling
and/or causing broken, subdivided, or pelletized polymer strands to fall from the belt
or web into a size classifier whereby the impact from the fall may cause some
additional breakage of strand pieces to occur);

> subjecting the pellets to size classification (e.g., by use of appropriate screening
techniques) to remove and recover from such product (a) oversized particles, if any,
and (b) fines, if any, that may be present in such product.

In the above process it is preferred to collect oversized particles and fines that may result from

the size classification and recycle them for example into the liquids inlet portion of the

devolatilization extruder, to any other suitable inlet in an upstream portion of such extruder,

or to the polymer melt or polymer flow passing into the die so that the particles and fines

become part of the polymer melt or polymer flow. When using the above optional first step,

it is preferable to subject the less concentrated solution to flash distillation to thereby form the

desired more concentrated solution, and also to recycle halogenated solvent collected by the

vapor collecting apparatus of the devolatilization extruder as at least part of the solvent used

in ensuing bromination of styrenic polymer.

[0055]  Still another embodiment of this invention is a process for producing pelletized

brominated styrenic polymers, which process comprises:

> feeding a solution containing at least about 50 wt% of brominated styrenic polymer
dissolved a vaporizable solvent into a devolatilization extruder that is adapted and
operated to separate vaporizable solvent from said polymer and form as extrudate a
polymer melt or polymer flow of said polymer;

> having the extrudate pass through a die to thereby form one or more traveling strands
of molten unadulterated brominated styrenic polymer, preferably unadulterated
anionic styrenic polymer; and

> pelletizing such strands by enabling and/or causing such traveling strand(s) to solidify
(e.g., by enabling and/or causing a sufficient reduction in the temperature of the
traveling strand(s)) and be broken, subdivided, or otherwise converted into pellets of
the brominated styrenic polymer (e.g., by providing a vacuum system under the
conveyor belt or web to draw air downwardly over and around the strands on the web,
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[0056]

and by applying jets of water downwardly onto the strands traveling on the conveyor
belt or web of sufficient force to cause at least some breakage of the strands, the
porosity of the belt or web allowing the water to pass downwardly through the web
but of fine enough porosity to retain the broken, subdivided, or pelletized polymer
strands on the belt or web and enabling and/or causing broken, subdivided, or
pelletized polymer strands to fall from the belt or web into a size classifier whereby
the impact from the fall may cause some additional breakage of strand pieces to
occur); and
subjecting the pellets to size classification (e.g., by use of appropriate screening
techniques) to remove and recover from such product (a) oversized particles, if any,
and (b) fines, if any, that may be present in such product.

Yet another embodiment of this invention is a process for the preparation of a

pelletized brominated styrenic polymer typically having a bromine content of at least about
50 wt%, and preferably at least about 60 wt%, and still more preferably at least about 67 wt%
in the form of a polymer melt or polymer flow, which process comprises:

>

brominating a styrenic polymer under superatmospheric pressure in a vaporizable
solvent and in the presence of a Lewis acid bromination catalyst, and in a closed
reaction system in which substantially all of the hydrogen halide coproduct is retained
in the reaction mixture;

quenching the catalyst to thereby form (i) an organic phase containing dissolved
brominated styrenic polymer having a bromine content as aforesaid and (ii) an
aqueous phase containing hydrogen halide;

separating such phases from each other, and preferably subjecting the organic phase
containing dissolved brominated styrenic polymer to a coalescing filtration;
concentrating the organic phase containing dissolved brominated styrenic polymer to
a viscosity suitable for use in a devolatilization extruder;

continuously introducing organic phase containing dissolved brominated styrenic
polymer into the liquids inlet portion of an operating devolatilization extruder having
a liquids inlet portion and a polymer melt or polymer flow outlet portion and at least
two sections that can be operated (a) at temperatures that differ from each other, and
(b) under pressures that differ from each other, one of the at least two sections being
disposed upstream from the other of the at least two sections, the devolatilization
extruder having vapor collecting apparatus adapted to collect volatiles formed in these
at least two sections;

operating said section disposed downstream at higher temperature and lower pressure
conditions than the temperature and pressure conditions of said section disposed
upstream, so that () a flowable polymer melt or polymer flow of said polymer is
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49.02 12 0.219 7.85 35.84 13 0.220 7.19 32.68 Average
0.211 9.99 47.44 Std. Dev.

formed within the devolatilization extruder and released from the polymer melt or
polymer flow outlet, and (b) volatiles composed predominately of the solvent released
from the polymer in said at least two sections can be, and preferably are, collected by
said vapor collecting apparatus, the polymer melt or polymer flow of such brominated
styrenic polymer that has exited from the outlet portion of the devolatilization extruder
containing an average of less than about 10,000 ppm (wt/wt), and preferably less than
about 5000 ppm (wt/wt), and still more preferably less than about 1000 ppm (wt/wt)
of the organic solvent in steady-state operation;

> having the polymer melt or polymer flow from the devolatilization extruder pass
through a die to produce traveling strand(s) of extruded polymer melt or flow;
> enabling and/or causing such traveling strand(s) to solidify (e.g., by enabling and/or

causing a sufficient reduction in the temperature of the traveling strand(s)) and be
broken, subdivided, or otherwise converted into pellets of the brominated styrenic
polymer (e.g., by providing a vacuum system under the conveyor belt or web to draw
air downwardly over and around the strands on the web, and by applying jets of water
downwardly onto the strands traveling on the conveyor belt or web of sufficient force
to cause at least some breakage of the strands, the porosity of the belt or web allowing
the water to pass downwardly through the web but of fine enough porosity to retain
the broken, subdivided, or pelletized polymer strands on the belt or web and enabling
and/or causing broken, subdivided, or pelletized polymer strands to fall from the belt
or web into a size classifier whereby the impact from the fall may cause some
additional breakage of strand pieces to occur); and

> subjecting the pellets to size classification (e.g., by use of appropriate screening
techniques) to remove and recover from such product () oversized particles, if any,
and (b) fines, if any, that may be present in such product.

DEVOLATILIZATION EXTRUDER

[0057] In conducting the various processes of this invention, commercially available
devolatilization extruders can be successfully adapted for use in practicing such processes.
The extruder can be of single screw configuration, co-rotating twin screw configuration, or
counter-rotating twin screw configuration. Twin screw non-intermeshing counter-rotating
devolatilization extruders are preferred. The machine should be equipped with a liquids inlet
portion at the feed portion of the extruder and a polymer melt or flow outlet portion at the
discharge portion of the extruder. It should also have along the length of the screw(s) at least
two housing sections, and preferably four or more housing sections, that can be independently
operated (a) at temperatures (preferably adjustable temperatures) that differ from each other
and (b) pressures (preferably adjustable pressures) that differ from each other. Atleast some
of the midstream or downstream sections must be able, and preferably all of the sections
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70.9 USE OF THE PELLETS OR THE GRANULES OR PASTI LLES
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processed.
[0061] The extrudatc from the machine is passed through a die plate and the resultant

continuous strands are allowed to drop onto a moving porous conveyor belt.
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[0083] A preferred group of substrate pol yners that

can be effectively flane retarded by use of the

pellets of this invention are pol yesters.

Ther nopl astic polyesters, often referred to as

pol yal kyl ene terephthal ates, are reaction products of

aromati c dicarboxylic acid or reactive derivatives

t hereof, such as nethyl esters or anhydrides, and
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[0095] This invention is also applicable to

t hernopl astic blends or alloys of one or nore

pol yam des such as, for exanple, polyam de-polyolefin

bl ends or alloys, polyam de-iononmer blends or all oys,
pol yam de- ABS bl ends or all oys, polyam de- EPDM bl ends

or alloys, polyam de-pol yphenyl ene oxi de bl ends or
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c) Conveyor belt 20 was a Scheer-Bay conveyor having a
|l ength of 14 feet (ca. 4.3 neters), a width of 15
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about 18 to about 36 inches above vibratory classifier 30. Spray system denoted generally

as 33 forms and dispenses a mist or spray of water onto the hot polymer strands on the upper
portion of belt 20 which is traveling in the direction shown by arrow 35. The cooled strands
are then carried by belt 20 under air knives 37,37 which cut or break at least a portion of the
strands into pellets. At the underside of belt 20 in proximity to the location of air knives
37,37 are vacuum inlets 39,39 of a conventional vacuum manifold system (not shown) which
draws off residual water and fines from the underside of belt 20. The resultant pellets are
discharged at the upper outer end of belt 20 and fall under the influence of gravity onto the
operative upper surface of classifier 30 which can be a vibratory classifier. The impact ofthe
fall can result in formation of addition pellets through breakage of larger pieces falling from
belt 20. Thus the pellets in the system depicted in Figs. 2 and 3 are mainly formed in the
region extending from the air knives 37, 37 to and including classifier 30. Fines are separated
by and collected within classifier 30 which continuously transfers the pellets remaining after
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Pell ets Not of This Invention Length, chin ch Peak
Load, | bs. Energy to Crush, Ibs/in. Sle P length, inch
inch Peak Load, | bs.

the separation onto transfer device 40 such as a segmented conveyor or bucket elevator
disposed to receive and convey the pellets forwardly and upwardly to an elevation suitable
for feeding the pellets to a suitable heavy duty packaging container 50, such as a Supersack
or Gaylord container. If any fines are formed in such packaging step due to pellet breakage,
it can be minimized or eliminated by reduction in the height of the fall from the transfer
device to the packaging container.

[0069] Fig. 4 of the drawings illustrates a preferred sequence of steps utilizing an overall
process of this invention in which granules or pastilles of unadulterated brominated styrenic
polymers are produced. The above description relative to Fig. 1 as regards forming pellets
applies equally well to Fig. 4, except for the last step. InFig. 4, the last step involves forming
granules or pastilles using appropriate procedures and apparatus.

[0070] The combination of devolatilization followed by forming granules or pastilles using
apparatus such as is available in the open market provides a number of important technical
and economic advantages. In the first place, use of this combination of operations eliminates
the need for a very large scale (e.g., 16,000 gallon) precipitation vessel in which the
brominated anionic styrenic polymer is precipitated from the reaction mass in hot water. Also
eliminated are other associated items such as a centrifuge for recovering the solids from the
liquid phase and a large scale dryer for drying the product. Elimination of such large scale
equipment also enables the overall process to be operated in a smaller space. In addition,
operating costs including heat energy requirements are significantly reduced, substantial
portions of the solvent used in the process (i.e., that coming from the devolatilization
extruder) can be recycled without drying, and the overall process has the additional capability
of purging volatile impurities or coproducts from the heavy ends formed in the process. For
example, during continuous or repetitive batch operations, a small portion of the solvent,
preferably bromochloromethane, becomes converted into dibromomethane and it is highly
advantageous to purge this material at least periodically from the solvent being recycled in
the process.

[0071) Tllustrative of commercially-available apparatus that can be adapted for use in
forming the granules or pastilles is the system available from Kaiser Steel Belt Systems
GmbH designated as Pastillation System Rollomat®. Equipment of this type and its operation
isnot only described in promotional material available from Kaiser Steel Belt Systems GmbH,
but also in U.S. Pat. Nos. 5,198,233 and 5,278,132.

ANALYTICAL PROCEDURES
[0072] If deemed necessary or desirable, any reliable analytical procedure such as reported

in the literature can be employed in determining such analysis or properties. In any doubtful

or disputed case, the following procedures are recommended:
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Energy to Crush, Ibs/in. 1 0.190 4.44 23.37 1 0.143
5.06 35.38 2 0.257 6.40 24.90 2

[0073] 1) Bromine Content - Since brominated styrenic polymers have good, or at least
satisfactory, solubility in solvents such as tetrahydrofuran (THF), the determination of the

total bromine content for a brominated styrenic polymer is easily accomplished by using

conventional X-Ray Fluorescence techniques. The sample analyzed is a dilute sample, say

0.1+ 0.05 g brominated polystyrene in 60 mL THF. The XRF spectrometer can be a Phillips

PW 1480 Spectrometer. A standardized solution of bromobenzene in THF is used as the

calibration standard.

[0074] 2)  Crush Strength - The Crush Strength Test utilizes a Sintech® 1/8S compression
apparatus (MTS Systems Corporation, Edenprairie, Minnesota) equipped with Testworks

software, which software is installed in the 1/S compression apparatus as supplied by MTS

Systems Corporation. The 1/S compression apparatus includes a horizontal load cell

interfaced with a computer, a digital micrometer also interfaced with the computer, and a

vertical screw-driven piston that is disposed above the load cell and adapted to apply a

downward force perpendicular to the load cell. The procedure for measuring crush strength

involves measuring the length of the pellet with the micrometer to provide a digitized input

to the computer. Next the pellet is placed on its end on the load cell with the piston in contact

with the upper edge of the pellet. Then the apparatus is activated whereby the piston

commences applying a progressively increasing downward force to the pellet. At the same

time, the load cell continuously measures the downward force being applied to the pellet, and

the input of such measurements is transmitted to the computer. When the force being applied

reaches the point where the amount of force suddenly decreases to 10% of the immediately

preceding force, the pellet has reached the breaking point, and the application of the force is

immediately terminated by the software program. From the inputs to the computer, two

values are provided, namely the pounds of force at the breaking point of the pellet, and the

pounds of force per inch of length of the pellet at the breaking point. Thus the greater the

force applied, the greater the crush strength. In the test 13 pellets are selected at random and

used in the test. The only qualification is that the selected pellets should have flat end
portions so as to rest flatly on, and stand vertically in, the load cell and with the flat upper end
fitting flatly against the lower surface of the piston.

[0075] 3) Molecular Weight and Polydispersity - Molecular weight values of styrenic
polymers are obtained by GPC using a Waters model 510 HPLC pump and, as detectors, a
Waters Refractive Index Detector, Model 410 and a Precision Detector Light Scattering
Detector, Model PD2000, or equivalent equipment. The columns are Waters, pStyragel,
5004, 10,0004 and 100,000 A. The autosampler is a Shimadzu, Model Sil 9A. A polystyrene
standard (M,, = 185,000) is routinely used to verify the accuracy of the light scattering data.
The solvent used is tetrahydrofuran, HPLC grade. The test procedure used entails dissolving
0.015-0.020 g of sample in 10 mL of THF. An aliquot of this solution is filtered and 50 pL
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0.206 5.44 26.41 3 0.182 7.79 42.80 3 0.194 2.63 13.56
4 0.304 8.68 28.55

is injected on the columns. The separation is analyzed using software provided by Precision
Detectors for the PD 2000 Light Scattering Detector. The instrument provides results in terms
of weight average molecular weight and also in terms of number average molecular weight.
Thus, to obtain a value for polydispersity, the value for weight average molecular weight is
divided by the value for number average molecular weight.

[0076] 4)  To determine the amount of organic solvent retained in a brominated styrenic
polymer sample, proton NMR spectra are acquired using a Bruker DPX 400 MHZ instrument
for solutions of about 20 wt% brominated styrenic polymer in 5/2 volume ratio carbon
disulfide/dichloromethane-d, (one 30 degree pulse experiment, 8 scans and 15 second pulse
delay). The integrals of the brominated styrenic polymer are obtained along with the
integral(s) for the organic solvent component. Using the appropriate molecular weight values
with such integral(s), the amount of the organic solvent in the polymer is calculated.

CONTINUQUS PROCESSES
[0077] While the processes of this invention can be conducted as batch processes wherein

a given quantity of feed materials are processed and then the operation is shut down, it is
preferred to conduct the processes of this invention on a continuous basis where only
periodically is the operation shut down e.g., for equipment repair or maintenance. Preferred
continuous processes of this invention produce either highly pure melts or flows of

_ brominated free radical styrenic polymer or highly pure pellets of brominated free radical
styrenic polymer. Especially preferred continuous processes of this invention produce either
highly pure melts or flows of brominated anionic styrenic polymer or highly pure pellets of
brominated anionic styrenic polymer. Common to these continuous processes are some or all
of the operations described in block diagram form in Fig. 1.

PELLETS OF THE INVENTION

[0078] Pursuant to this invention, pelletized brominated styrenic polymers are produced

having little, if any, fine particles or dusts.

[0079] Novel pellets of this invention are composed of unadulterated brominated anionic

styrenic polymer, preferably unadulterated brominated anionic polystyrene, having the

following characteristics:

A) a bromine content of at least about 50 wt%, preferably at least about 60 wt%, more
preferably at least about 64 wt%, and still more preferably in the range of about 67 to
about 71 wt%,;

B) an average crush strength in the Crush Strength Test of at least about 28 pounds per
square inch, and preferably of at least about 32 pounds per square inch;

8} a particle size range in which at least about 70 wt%, and preferably at least about 75
wt%, of the pellets are retained on a standard US No. 40 sieve and no more than about
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30 wt% and preferably no more than about 25 wt%, are retained ona standard US No.
5 sieve.
More preferably at least about 80 wi%, still more preferably at least about 85 wt%, and even
more preferably at least about 90 wi%, of the pellets are retained on a standard U.S. No. 40
sieve and, respectively, more preferably no more than about 20 wt%, still more preferably no
more than about 15 wt%, and even more preferably no more than about 10 wt%, are retained

on a standard U.S. No. 5 sieve.

GRANULES OR PASTILLES PRODUCIBLE BY USE OF THIS INVENTION

[0080] To simulate a process of this invention, pastilles were produced and subjected to
tests to determine their crush strength. Using a Rollormat® pastillation system, (Kaiser Steel
Belt Systems) brominated anionic polystyrene having a bromine content of approximately
68% and a melt flow index at 220°C and 2.16 kilogram load of 4 to 35 grams per 10 minutes
was subjected to pastillation. Substantially uniform pastilles were formed and solidified on
the water-cooled traveling steel belt. A sample of these pastilles was collected for
determination of physical properties. In particular, tests were conducted to measure both the
height of 13 randomly selected pastilles produced in the process just described and the crush
strength of the selected pastilles. The apparatus used in these tests was a Sintech 1/S

instrument. The procedure used involved the following:

D randomly selecting 13 pastilles from the sample undergoing the test and measuring the
height of each pastille from its flat base to the peak of its dome;
2) placing a pastille on the stationary unpadded steel plate of the instrument such that the

flat surface of the pastille rests on the steel plate with the peak of the dome of the
pastille directly below the moveable crosshead of the instrument upon which a 50
pound load cellis attached. Attached to the load cellis a cylindrical shaft which is flat
on its lower end that will come in direct contact with the peak of the dome of the

pastille;
3) lowering the crosshead to within 0.002 inch of the peak of the dome;
4) Jowering the crosshead by the motorized screw drive of the instrument at the rate of

0.2 inch per minute until the pastille is crushed at which point the maximum load is
recorded, and the crush strength in pounds per inch is calculated.
The above procedure is repeated individually with each of the 13 randomly selected pastilles
from the sample of pastilles undergoing the test. The crush strength is determined in each of
the respective 13 cases by dividing the maximum load (in pounds) by the height (in the
fraction of an inch) of the respective pastille subjected to the test.
[0081] Table 1 summarizes the results of the 13 individual tests, the average values
‘achieved, the standard deviations of the values achieved, and the minimum and maximum
values achieved in the test. In Table 1, the granules or pastilles are referred to simply as
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pastilles for economy of space. The abbreviations used and their full meaning are as follows:
in. stands for inch; lbs stands for pounds force; Avg. stands for average; Std. Dev. stands for
standard deviation; Min. stands for minimum; and Max. stands for maximum.

TABLE 1

Pastille No. Pastille Height, Peak Load Applied, Energy to Crush,

inches pounds Ibs/in.
1 0.207 12.97 62.66
2 0.213 7.56 35.49
3 0.219 14.52 66.30
4 0.208 10.23 49.18
5 0.213 9.26 43.47
6 0.199 8.00 40.20
7 0.224 7.34 32.77
8 0.207 14.67 70.87
9 0.200 10.08 , 50.40
10 0.214 10.23 47.80
11 0.204 10.00 49.02
12 0.219 7.85 35.84
13 0.220 7.19 32.68
Average 0.211 9.99 47.44
Std. Dev. 0.008 2.60 12.68
Min. 0.199 7.19 32.7
Max. 0.224 14.67 70.9

USE OF THE PELLETS OR THE GRANULES OR PASTILLES AS FLAME RETARDANTS
[0082] The pellets of this invention and the granules/pastilles produced pursuant to this
invention can be used as flame retardants in a wide variety of thermoplastic polymers.
Among such polymers are thermoplastic polyesters, such as polyethylene terephthalate,
polybutylene terephthalate, polytrimethylene terephthalate, polycyclohexylene terephthalate,
etc.; thermoplastic polyamides, such as nylon 6, nylon 6,6, nylon 6,12, efc.; polycarbonates;
polyphenylene oxides, such as poly(2,6-dimethylphenylene oxide); polysulphones;
polystyrene or other styrenic homopolymers; copolymers of two or more Styrenic monomers
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such as copolymers of styrene, vinyltoluene, ethylstyrene, tert-butylstyrene, a-methylstyrene,
vinylnaphthalene, etc.; rubber-modified vinylaromatic homopolymers or copolymers (e.g.,
high impact polystyrene); acrylate or methacrylate polymers such as ethylene-methylacrylate,
ethylene-ethylacrylate, ethylene-butylacrylate, poly(methylmethacrylate), etc.; ethylene-
vinylacetate copolymers; actylonitrile-based copolymers and terpolymers such as
acrylonitrile-butadiene-styrene (ABS) and styrene-acrylonitrile (SAN), ezc.; polyolefins, such
as polyethylene, polypropylene, poly-(1-butene), and copolymers of ethylene with one or
more higher vinyl olefins such as propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-
octene; and blends, alloys, or composites of different polymers such as for example a blend
of poly(2,6-dimethylphenylene oxide) and polystyrene, a blend of polycarbonate and
polystyrene, and similar blends. Additional polymers that can be flame retarded by use
therewith of pelletized flame retardant additives of this invention include rubbery block
copolymers such as styrene-ethylene-ethylene-styrene, styrene-ethylene-propylene-styrene,
styrene-ethylene-butylene-styrene, etc.; polyurethanes; epoxy resins; phenolic resins;
elastomers such as natural rubber, butyl rubber, GRS, GRN, EPDM, etc; polysiloxanes; and
the like. Further, the polymer may be, where appropriate, cross-linked by chemical means or
by radiation. A large number of flame retardant-free polymers suitable for use in the practice
of this invention can be obtained from a number of commercial sources.

[0083] A preferred group of substrate polymers that can be effectively flame retarded by use
of the pellets of this invention are polyesters. Thermoplastic polyesters, often referred to as
polyalkylene terephthalates, are reaction products of aromatic dicarboxylic acid or reactive
derivatives thereof, such as methyl esters or anhydrides, and aliphatic, cycloaliphatic, or
araliphatic diols, and mixtures of such reaction products. Examples of such thermoplastic
polyesters include polyethylene terephthalate, polypropylene terephthalate, polybutylene
terephthalate, polycyclohexylene dimethylene terephthalate, and related copolyesters and
blends, including blends of one or more thermoplastic polyesters with one or more other
thermoplastic polymers such as polycarbonates, and especially aromatic polycarbonates.
[0084] Preferred thermoplastic polyesters contain at least 80% by weight and preferably at
least 90% by weight, based on the dicarboxylic acid component, of terephthalic acid and at
least 80% by weight and preferably at least 90% by weight, based on the diol component, of
ethylene glycol and/or 1,4-butanediol units.

[0085] In addition to terephthalic acid units, the preferred thermoplastic polyesters may
contain up to 20 mole % and preferably up to 10 mole % of units of other aromatic or
cycloaliphatic Cy, dicarboxylic acids or aliphatic C,,, dicarboxylic acids, such as, for
example, units of phthalic acid, isophthalic acid, 2,6-naphthalene dicarboxylic acid, 4,4'-
diphenyl dicarboxylic acid, succinic acid, adipic acid, sebacic acid, azelaic acid, or

cyclohexane diacetic acid.
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[0086] In addition to ethylene glycol and 1,4-butanediol units, the preferred thermoplastic
polyesters may contain up to 20 mole % and preferably up to 10 mole % of other aliphatic C;.
., diols or cycloaliphatic Cs.,, diols, such as, for example, units of 1,3-propanediol, 2-
ethylpropane-1,3-diol, neopentyl glycol, 1,5-pentanediol, 1,6-hexanediol, 1,4-cyclohexane-
dimethanol, 3-ethylpentane-2,4-diol, 2-methylpentane-2,4-diol, 2,2,3-trimethylpentane-1,3-
diol, 2-ethylhexane-1,3-diol, 2,2-diethylpropane-1,3-diol, 2,5-hexanediol, 2,2-bis(4-hydroxy-
cyclohexyl)propane, 2,4-dihydroxy-1,1,3,3-tetramethylcyclobutane, 2,2-bis[4-(2-hydroxy-
ethoxy)phenyl]propane, or 2,2-bis-[4-hydroxypropoxy)phenyl]propane.

[0087] Polyalkylene terephthalates may be branched by incorporation of relatively small
quantities of trihydric or tetrahydric alcohols or tribasic or tetrabasic carboxylic acids. In this
connection see, for example, U.S. Pat. No. 3,692,744. Examples of preferred branching
agents are trimesic acid, trimellitic acid, trimethylol ethane and propane and pentaerythritol.
[0088]  Particularly preferred thermoplastic polyesters are those produced solely from
terephthalic acid or a reactive derivative thereof such as a dialkyl ester, and ethylene glycol
and/or 1,4-butane diol, and mixtures of these polyalkylene terephthalates. Preferred
polyalkylene terephthalate mixtures contain 1 to 50% by weight of polyethylene terephthalate
and 99 to 50 wt% of polybutylene terephthalate. Particularly preferred mixtures contain 1 to
30 wt% of polyethylene terephthalate and 99 to 70% by weight of polybutylene terephthalate.
[0089] The polyalkylene terephthalates preferably used generally have an intrinsic viscosity
of 0.4 to 1.5 dl/g, preferably 0.5 to 1.3 d/g and more preferably 0.55 to 1.2 dl/g, as measured
in phenol/o-dichlorobenzene (1:1 parts by weight) at 25 © C using an Ubbelohde viscosimeter.
Polyethylene terephthalate and polybutylene terephthalate of these intrinsic viscosity ranges,
and mixtures thereof, are most preferred. As is well known, polyethylene terephthalate
engineering resin producers compound their products from either virgin PET (typically 0.55-
0.70 IV) or reclaimed PET from industrial scrap, polyester film scrap, bottles and, rarely
polyester fiber scrap.

[0090] Additional thermoplastic polyesters which may be utilized in the practice of this
invention include, for example, polyetheresters, polyester-polycarbonate blends or alloys,
polyester-ABS blends or alloys, polyester-MBS blends or alloys, and impact-modified
thermoplastic polyesters.

[0091] Polyalkylene terephthalates may be produced by known methods. See, for example,
Encyclopedia of Polymer Science and Technology, Vol. 11, pages 62-128, John Wiley &
Sons, Inc., copyright 1969; and Kirk-Othmer, Encyclopedia of Chemical Techrology, 4th Ed.,
Vol. 19, pages 609-653, John Wiley & Sons, Inc., copyright 1996.

[0092] Another group of preferred thermoplastic polymers which can be effectively flame
retarded by use of the pellets of this invention are polyamides, which are sometimes referred
to as nylon polymers. Such polyamide substrate polymer can be any amorphous and/or partly
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crystalline, predominately aliphatic/cycloaliphatic or partially aromatic thermoplastic

polyamide.  Typically such materials are produced by polycondensation and/or

polymerization processes from diamines which are predominately or entirely aliphatic or

cycloaliphatic in structure, or which are partially or entirely aromatic in structure, and

carboxylic acids or lactams which are predominantly or entirely aliphatic or cycloaliphatic

in structure, or which are partially or entirely aromatic in structure. Typical amines used in

forming polyamides include such diamines as hexamethylenediamine, tetramethylenediamine,

2,2,4- and 2,4,4-trimethyl-hexamethylenediamine, diaminodicyclohexylmethane (isomers),

diaminodicyclohexylpropane (isomers) and isophoronediamine (isomers), and

xylylenediamine. Also used as source materials are aminocarboxylic acids such as &-

aminocaproic acid, or w-aminocarboxylic acids such as w-aminolauric acid and w-

aminoundecanoic acid. Typically, the carboxylic acid used are aliphatic or mixed aliphatic-

aromatic dicarboxylic acids having less than 50% by weight aromatic constituents such as

adipic acid, 2,2,4- and 244-trimethyladipic acid, azelaic acid, sebacic acid,

decanedicarboxylic acid, dodecanedicarboxylic acid, cyclohexanedicarboxylic acid,

hexahydroterephthalic acid, isophthalic acid and terephthalic acid.

[0093] Copolyamides from the majority of the known monomers can also be used.

[0094] Illustrative polyamides which may be used in the practice of this invention are such

polyamides as nylon 6, nylon 6,6, nylon 6,9, nylon 6,10, nylon 6,12, nylon 11, nylon 12,

nylon 12,12, nylon 6/6,6 copolymer, and high temperature nylons such as nylon 4,6, and

partially aromatic nylons (e.g., Ixef polyarylamide PA MXD6 from Solvay, Zytel HTN from

DuPont, and Amodel polyarylamide from Solvay). Other polyamides which may be used

include Arlen modified polyamide 6T from Mitsui Chemicals, Inc., Genestar PA9T polyamide
resin from Kuraray Company, Stanyl polyamide 46 from DSM, Vydyne polyamide 6/66

copolymers from Monsanto, polyamide 612 (Vestamid D from Creanova), and similar
polyamides. Of the various nylon polymers, nylon 6 and nylon 6,6 are the preferred substrate

polymers.

[0095] This invention is also applicable to thermoplastic blends or alloys of one or more
polyamides such as, for example, polyamide-polyolefin blends or alloys, polyamide-ionomer
blends or alloys, polyamide-ABS blends or alloys, polyamide-EPDM blends or alloys,

polyamide-polyphenylene oxide blends or alloys, or impact-modified polyamides.

[0096] Methods for producing polyamide polymers are known and described in the
literature. See, for example, Encyclopedia of Polymer Science and Technology, Vol. 10,
pages 460-482, John Wiley & Sons, Inc., copyright 1969; and Kirk-Othmer, Encyclopedia of
Chemical Technology, 4th Ed., Vol. 19, pages 559-584, John Wiley & Sons, Inc., copyright

1996.
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[0097] The following example illustrates the practice and advantages of one embodiment
this invention. This example is not intended to place limitations upon the generic scope of

this invention.

EXAMPLE
[0098] The devolatilization extruder used in this operation was a Werner & Pfleiderer ZSK-
30 30mm co-rotating twinscrew extruder. The machine had a nine-barrel configuration with
an L/D ratio of 27/1. A vent was located on barrel 4, and a vent for application of a 30-inch
vacuum on barrel 8 was provided. A vacuum knockdown trap was provided to condense
volatiles exiting from the vent in barrel 4. The machine was operated with the following

temperature profile: Feed throat with cooling water ON, Zone 1 at 140 °C, Zone 2 at 180 ° C,

Zone 3 at 220 °C, Zone 4 at 240 °C. The die at the outlet was held at 230°C. The screw
design provided a gentle kneading block section in barrels 5 and 6. Operating conditions were
125 rpm and 30% torque, with a melt temperature of 243 °C and a feed rate of an 83%

solution of brominated anionic polystyrene (formed from SAYTEX® HP 3010, Albemarle
Corporation) in bromochloromethane (BCM) of 8kg/hr. Two strands were extruded onto a
5-foot long takeoff belt conveyor, and gravity fed to a open drum at the end of the belt.
Samples were taken from the open drum. Because of a limited material quantity of
brominated anionic polystyrene available for this operation, the machine was operated for
about 8-10 minutes. The material ran smoothly during the operation. About 20-30 mL of
BCM solvent was condensed in the vacuum knockdown trap. Dry ice and isopropyl alcohol
were used to cool the vacuum trap, and this was adequate to condense the BCM even at the
30-inch Hg vacuum used. The devolatilized pellets of unadulterated brominated anionic
polystyrene produced had a nice appearance and had sufficient hardness to be placed into
several storage containers, two of which were transported without noticeable pellet breakage.
[0099] The overall system utilized in the Example is schematically depicted in Figs. 2 and

3. In such system, the following equipment was used:

a) The devolatilization extruder system 11 equipped and fitted, all as described
in the Example.

b) Die 18 was a 2-hole die with holes of 4 mm diameter.

) Conveyor belt 20 was a Scheer-Bay conveyor having a length of 14 feet (ca.

4.3 meters), a width of 15 inches (ca. 38.1 cm), and 3-inch (ca. 7.6-centimeter) diameter

rollers. The mesh belt was upwardly inclined at an angle of about 12°.

d) Classifier 30 was a Witte model no 200 Classifier.
The vertical distance between the drop from the end of belt 20 to the top of classifier 30 was
about 24 inches (ca. 61 cm), and the vertical distance between the end of transfer device 40
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17. A process as in any of Clainms 1-9 wherein said

brom nated styrenic polyner is a brom nated

pol ystyrene polyner. 18. A process as in any of

Cains 1-9 wherein said brom nated styrenic polyner is
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freely drops fromthe [ower portion of the orifice and
falls upon the upper surface of said planar nenber and
forms an individual granule or pastille on the upper
surface of said planar nmenber, said traveling nmenber
bei ng cooled by a m st or spray of cooling liquid
contacting the | ower surface of said planar nenber.

polymer that exits from the outlet portion of the devolatilization extruder being the extrudate
that passes through said die to thereby form said one or more traveling strands of molten
unadulterated brominated styrenic polymer.

10. A process as in any of Claims 6-7 wherein the styrenic polymer that is to be brominated in the
process is at least one anionic styrenic polymer having a GPC weight average molecular weight (Mw)
in the range of 2000 to 200,000 and a GPC polydispersity in the range of 1 to 2, wherein the
brominated anionic styrenic polymer formed in said process has a bromine content of at least 50 wt%.

11. A process as in Claim 10 wherein said GPC weight average molecular weight (Mw) is in the
range of 3000 to 10,000 and said bromine content is at least 60 wt%.

12. A process as in Claim 11 wherein said GPC weight average molecular weight (Mw) is in the
range of 3000 to 7000 and said bromine content is at least 67 wt%.

13. A process as in any of Claims 6-7 wherein the styrenic polymer that is brominated in the
process is at least one free-radically produced styrenic polymer having a GPC weight average
molecular weight (Mw) in the range of 30,000 to 500,000 and a GPC polydispersity in the range of 1
to 10, and wherein the brominated styrenic polymer formed in said process has a bromine content of at
least 50 wt%.

14. A process as in Claim 13 wherein said GPC weight average molecular weight (Mw) is in the
range of 50,000 to 300,000 and said bromine content is at least 60 wt%.

15. A process as in Claim 14 wherein said GPC weight average molecular weight (Mw) is in the
range of 150,000 to 250,000 and said bromine content is at least 67 wt%.

16. A process as in any of Claims 1-9 wherein said brominated styrenic polymer is a brominated
anionic styrenic polymer.

17. A process as in any of Claims 1-9 wherein said brominated styrenic polymer is a brominated
polystyrene polymer.

18. A process as in any of Claims 1-9 wherein said brominated styrenic polymer is a brominated

anionic polystyrene polymer.

19. A process of producing granules or pastilles of unadulterated brominated anionic styrenic
polymer, which process comprises:

converting in a devolatilization extruder, an admixture of brominated styrenic polymer and a
vaporizable organic solvent into a melt or flow of brominated anionic styrenic polymer and a
separate vapor phase of said solvent; and

forming from said melt or flow a downwardly oriented plug flow from at least one orifice in a
manifold or nozzle that is in proximity to a cooled traveling planar member, said planar
member being impervious to cooling liquid and having an upper and lower surface, whereby
there is a gap between the lower portion of the orifice and said upper surface, so that at least a
portion of a plug of molten unadulterated brominated anionic styrenic polymer either (i)
bridges said gap and forms a separate individual granule or pastille on the upper surface of
said planar member, or (ii) freely drops from the lower portion of the orifice and falls upon the
upper surface of said planar member and forms an individual granule or pastille on the upper
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surface of said planar member, said traveling member being cooled by a mist or spray of
cooling liquid contacting the lower surface of said planar member.

20. A process for the preparation of a brominated styrenic polymer in the form of granules or
pastilles of unadulterated brominated anionic styrenic polymer, which process comprises:

brominating an anionic styrenic polymer under superatmospheric pressure in a vaporizable
solvent and in the presence of a Lewis acid bromination catalyst, and in a closed reaction
system in which substantially all of the hydrogen halide coproduct is retained in the reaction
mixture;

quenching the catalyst to thereby form (i) an organic phase containing dissolved brominated
styrenic polymer and (ii) an aqueous phase containing hydrogen halide;

separating phases (i) and (ii) from each other, and if phase (i) has a viscosity less than
extrudable viscosity, concentrating organic phase of (i) to form an admixture of extrudable
viscosity;

continuously introducing organic phase of (i) or admixture of extrudable viscosity into the
liquids inlet portion of an operating devolatilization extruder having a liquids inlet portion and
a polymer melt or polymer flow outlet portion and at least two sections that can be operated
(a) at temperatures that differ from each other, and (b) under pressures that differ from each
other, one of the at least two sections being disposed upstream from the other of the at least
two sections, the devolatilization extruder having vapor collecting apparatus adapted to collect
volatiles formed in these at least two sections;

operating said section disposed downstream at higher temperature and lower pressure
conditions than the temperature and pressure conditions of said section disposed upstream, so
that (a) a flowable polymer melt or polymer flow of said polymer is formed within the
devolatilization extruder and released from the at least one polymer melt or polymer flow
outlet, and (b) volatiles composed predominately of the solvent released from the polymer in
said at least two sections are collected by said vapor collecting apparatus;

forming from said flowable polymer melt or polymer flow of said polymer a downwardly
oriented plug flow from at least one orifice in a manifold or nozzle that is in proximity to a
cooled traveling planar member, said planar member being impervious to cooling liquid and
having an upper and lower surface, whereby there is a gap between the lower portion of the
orifice and said upper surface, so that at least a portion of a plug of molten unadulterated
brominated anionic styrenic polymer either (i) bridges said gap and forms a separate
individual granule or pastille on the upper surface of said planar member, or (i)

freely drops from the lower portion of the orifice and falls upon the upper surface of said
planar member and forms an individual granule or pastille on the upper surface of said planar
member, said traveling member being cooled by a mist or spray of cooling liquid contacting
the lower surface of said planar member.
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