BROM NATED STYRENI C POLYMERS AND THEI R PREPARATI ON
TECHNI CAL FI ELD [0001] This invention relates to
brom nated styrenic polyners with inproved nelt flow
properties, such as inproved nelt flow and/or |ow
col or values, their preparation, and their use.
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0.18 to 1.32. Preferably, these brom nated anionic
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bromne is rapidly dispersed within such liquid
reaction mxture as it is being fornmed. Thus the
reacti on zone may be provided with a turbulent flow
zone into which the individual brom ne feed(s) or the
feed m xture(s)/solution(s) containing bromne is/are
injected into the body of a turbulent reaction mxture
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invention. Also presented for reference purposes are
lettered Exanples illustratdng the preparation and
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residence tinmes. Conparison of the results of these




wei ghts of feed solutions used for the 74 mn of
operation were: 1) 30.0 % APS in BCM 619.26 g (1.78
nol) 2) 72.1 % Br2 in BCM 1026.0 g, (4.63 nol),
2.60 equiv. 3)10.6 W% A1Br3 in DBM 84.9 g (0.0337
nol ), 1.89 nol % The white organic phase (934.7 g) in
the mai n quench pot was separated fromthe aqueous

Bid ke BORMALRE s Tt WHRRIg fvinted. Thus
msg gél%@% thh"-Kq £

the @@Q}@gb@nw e ptr@%%,e W!é]?tég Ejl‘gé@ A C v g(gﬁ’ete fntor v-ls;ﬁlcﬁ (am individual
brorhi@s fedd(a) oraled mechnmweas}/muﬁbn@) m@mmag b@mevw(mte dnj epftgiamo the
bodi{h DR RUARSEdnixREasTt ik bethg ‘férﬁﬁﬂ Ik Yeablidn ioﬁel hot

water. to obta n lurr te nel
[0013)| ,Acpaptﬁ;ub%lygfe eqqﬁlézlvaéq i g’ﬁ @% I op{nlfmto ragésyfngglges
pm\h«ﬂiﬁg e biothixa@ion lrdeenﬁmjzonawttlnm dpistreasy inlet Z@e\?ﬂi @OWHS&@E) outlet
zone: *b%d"&%{.d@g@xﬁ%ﬁ YRSty ShinBfls e RadtohRigeRe By E@@Buously

COﬂSt t wel

ety e e e Sl g1 sove o e
upsﬁﬁﬁﬁaa\xaﬁe X ANPIEY, Bhef @ORBImiEtvirsis berttiwhoustyampdvaed b thevastion

zone Jlr’?rgroeke‘f‘& a)@%ﬂchlfédcﬁg? Hix 'c@ﬁbﬁsa@ Ql H(%Qdy RESin @b BroMination of

ecu| ar WEI 00 an 8

smgvépd@éerrﬁﬁpéee}}faﬁhe FRAEHEUS FaV ftféhe TR 10%“’6@‘(62‘6\9% o, the
up s@&&ﬁ inREzoAE toxthelddvmstrearh builet zhae (adH dileashihe Magglgrg@mgo the
11q1.1g:{1 pha ei(of}hg re%Et&&l{ %g&'lit]: R R k6 tinuBidMrdvel B nianItiuned at one or

| ac |'ass” reaction fla élécoolgg P
motyeraperituresiineihe rapee 281t K2, Proferably it the sghee pRL fo 107

T n (]
mor&%eff%g%laub\ih?ﬁangggflmo A dlﬁgdcﬂﬁln)[ R exfict 2 @Be‘(c@éc‘ti@ Wadure in

n over alrr stirrer and Teflo
A) frahyireeadsianapae ﬂ:rlemlspa@@methe ﬁpwwnemwu&efc@ﬁ@@ﬁé the reaction

Dé&E YERLxiGHINE ML reaRfich 2JA8 i Paviel into AqieRE kérRtin fvhizitlefreaction
mixegh &2‘1\’%’&‘?‘%5 ithag ug;?c o %h%ggsﬁtgorhe%?ﬁ pnsecf‘éf vlréfté}?n {hte ‘?igh‘d%te
[0019]as kn ¢ondactingLastantinidBs pecessioh dis me@m g s genstaly deviragle to
pro@ldé‘r Ottt éfnﬁ)%i“ B hé bt RHicH tHAPSactidn khite &ils frodifthd tegstion

ani’oni ¢ _pQ rene was ¢
o gba ooy H o oty SRID A bR 6 sy e
volGiié bfitle travmag thgents ef thepattpnganprepiains Aplgt@@pl@t qogﬁfamr J h}lS,
it 1% &%al%éjr e tE %a@e J:cﬁ‘i‘ﬁh@&u@ %edg {oyiﬁ@ L-ea@t%ﬂ ﬁﬂe ghdsmtinots figws

act [ omi.n 0
from tho Eﬁaﬁ‘&ﬂne@ne’zas § {0 fa%§° cn a Lgl : (ﬁm % S%&tiagggoﬁimt
volgiha titht edction|zond éﬁoxmvdr #dxt passibledo pepplsedeedsyto fepeaction zone
or cgnté %r &%{%ﬁ%& bGnds %ﬁmﬁé ﬁBﬁ%ﬁ@&tﬁﬁ bl Vﬂﬂle aB@hE Barsd tire@Keeping

separ, at el he m xer omi ni ng

theafplum@f B@trﬁ%f#%fm’é% % é?a&tl%z‘ﬁﬁ&“ 56°g°n"'~t b the
[00R0 NTeérmidation b1 tAs krommemn &) afdine epntinenue Progess iy pieallyegrried

[P R i o O%bnk Wwitthil5 Rjudhin
I IRANAE L AR ot i

compefonts pUATE oo RO P Ber a8 obffgs
coBPHition hdbidally Borapigel etterinitie lig@idtate. Therquanchingfstep tan bp qgrried
out ers%n u’i’Be sco‘ﬂ@firoﬂ?lgdo{ cgﬁtmélggslﬁpﬁm%@ﬁtﬁhbﬁ‘qﬂeﬁ&ﬁngsi:ﬁ%l%ﬁ ddllecting

duringa® @hOGrperlPéngﬁ tiggirpastion m%fér?s\ﬂaé‘“ﬁl%eﬁg’& r?”r?E%’b gpe R then
rdﬂ[ Ay qiendbeed ey ghemitt i of wathaba njuehcing/ eompqrh]@ﬁerC@ftmuous
qu%c br ¥ veg Caq-;[g% éﬂeieﬁg%fgﬁ %ﬂ%ﬁfg}% i dMiiBuNBes éSEﬁé BbAithebaction

e .addition and
zowbbeqwnhedﬂsowh&f(ﬂ@e OMESAPRHEP i t r ogen purge of
[0020F The afaké&l fpo?’blféraﬁ&%dé qued¢héngdhpbsition s varyearsidevdtye dypipally

addition of 50 g of water. A 86.4 g portion of 10 wt %
agueous sodium sulfite was 4hen added to assure the
renmoval of any residual brom ne. The organi c phase was
separated, and then washed with water (4 x 1L) until
neutral. The product was recovered fromthe organic
phase by addition to vigorously stirred hot (98C)

wat er. The solvent distilled fromthe hot water

| eaving a slurry of the brom nated pol ystyrene product
in water. After suction filtering, the white solid was
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Ref A1 Ref B 2 Ref C 3 Brom nation Process Batch
Conti nuous Batch Conti nuous Batch Continuous Catal yst
Al C13 Al Br, Al1Cl13 A Br3 Al1C13 Al Br, ALX3, nmole .% 1.43
1.89 1.43 1.42 1.45 1.45

however, the quenching composition will comprise at least water in the liquid state. An
équeous solution of one or more suitable salts can also be used as a quenching composition.
" Non-limiting examples of salts which may be used in forming quenching compositions
include sodium sulfite, sodium bisulfite, and sodium borohydride. Temperatures for the
quenching composition can also vary, but typically will be in the range of 0 to 30°C. The
concentration of the quenching composition comprised of one or more suitable salts in water
is also susceptible to variation. In actual practice, 1% to 10% solutions of sodium sulfite in
water have been found convenient for use as quenching compositions. However, other
concentrations can be used. Use of water alone as the quenching composition is also possible.

Components Used as Feeds to the Reaction Zone
[0022] In both the batch/semi-batch mode of operation and the continuous mode of

operation, various materials can be used as components (i), (ii), and (iii). For example, in all
such modes of operation it is preferred to use elemental bromine as the brominating agent.
The bromine should be of high purity. Methods for purifying bromine when and if necessary
or desirable are described in many of the commonly-owned patents referred to at the outset
of this document. However, other brominating agents can be used in the practice of this
invention. Among known brominating agents that may be used are bromine chloride, N-
bromosuccinimde, 1,3-dibromohydantoin, and pyridinium tribromide.

[0023] Styrenic polymers which are brominated to form brominated styrenic polymers using
a process of this invention are homopolymers of styrene or copolymers of styrene with other
vinyl aromatic monomers. Among suitable vinyl aromatic monomers from which the styrenic
‘polymers can be formed are those having the formula:

H,C=CR-Ar

wherein R is a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms and Ar is
an aromatic group (including alkyl-ring substituted aromatic groups) of from 6 to 10 carbon
atoms. Polystyrene itselfis a preferred styrenic polymer, and anionic polystyrene is even more
preferred as the styrenic polymer to be brominated. Use can be made however of other
styrenic polymers such as those made from at least 50 weight percent, and more desirably at
least 80 weight percent of styrene and/or alpha-methylstyrene with the balance being derived
from ring substituted styrenic monomers. Thus, the “styrenic polymers” used in the practice
of this invention are polymers of one or more styrenic monomers in which at least 50%,
preferably at least 80%, and more preferably essentially 100% of the aromatic groups in the
polymer have a hydrogen atom on at least one ortho position, and when the ring system of
such aromatic groups is composed of a combination of phenyl groups and alkyl-substituted



Maxi mum reaction Tenmp (C) -1 +4 -3 +3 -4 +2 Total
reaction time or ave. residence tine (mn) 80 8 87 8
88 8 APS feed concentration (wt% 40.0 30.0 40.0 30.0
38.9 30.0 APS M' 2900 3200 2900 2900

phenyl groups, at least 50%, preferably at least 80%, and more preferably essentially 100%
of all such phenyl groups have a hydrogen atom on each ortho position.

[0024] Examples of suitable monomers for producing such styrenic polymers are styrene,
alpha-methylstyrene, ortho-methylstyrene, mefa-methylstyrene, para-methylstyrene, para-
ethylstyrene, isopropenyltoluene, vinylnaphthalene, isopropenylnaphthalene, vinylbiphenyl,
vinylanthracene, the dimethylstyrenes, and tert-butylstyrene.

[0025] The styrenic polymers used in the bromination processes of this invention are
typically polymers made by cationic, by free radical, or by anionic polymerization procedures.
An excellent process for producing anionic polystyrene is described in commonly-owned U.S.
Pat. No. 6,657,028. Styrenic polymers made by free radical initiation are available in the
marketplace. Among such styrenic polymers that are well sulted for use in forming
brominated styrenic polymers pursuant to this invention is Styron 612 which is marketed by
The Dow Chemical Company. However, additive-containing polystyrene such as Styron 668,
Styron 677, Styron 680 of The Dow Chemical Company, as well as EA 3300, MB 3200, MC
3100, or EA 3000 of Chevron Chemical Company, or equivalent materials from other
producers, can be used. Methods for producing cationic styrenic polymers are known and
reported in the literature. Asbetween styrenic polymers made by cationic polymerization and
styrenic polymers made by free radical polymerization, the latter styrenic polymers are
preferred. As between styrenic polymers made by free radical polymerization and styrenic
polymers made by anionic polymerization, the anionic styrenic polymers are preferred.
[0026] Blends or mixtures of two or more styrenic polymers can also be brominated using
a bromination process of this invention. Such blends or mixtures can be composed of two or
more different styrenic polymers made by cationic polymetization, by free radical
polymerization or by anionic polymerization. A blend or mixture of at least one styrenic
polymer made by free radical polymerization and at least one styrenic polymer made by
anionic polymerization can also be used as the polymer substrate to be brominated by a
process of this invention. '

[0027] Anionic styrenic polymers used as raw materials in making brominated styrenic
polymers of this invention will usually have GPC weight average molecular weights in the
range 0£2000 to 20,000 Daltons, preferably in the range of 3000 to 10,000 Daltons, and more
preferably in the range of 3000 to 7000 Daltons. Styrenic polymers formed by free radical
polymerization used as raw materials in bromination processes of this invention desirably
have GPC weight average molecular weights in the range of 30,000 to 500,000 Daltons,
preferably in the range of 50,000 to 300,000 Daltons, and more preferably in the range of
150,000 to 300,000. Styrenic polymers formed by cationic polymerization used as raw
material in bromination processes of this invention desitably have GPC weight average
molecular weights in the range of 2000 to 20,000 Daltons, preferably in the range of 3000 to



3600 3600 APS M' 3400 | 3300 5700 5700 7500 7500
Br APS Product Anal yses W% Br 2CRF) 68.9 67.4

10,000 Daltons, and more preferably in the range of 3000 to 7000 Daltons.

[0028] Any of a variety of suitable organic solvents can be used as the solvent for the
styrenic polymer. Thus use can be made of such substances as, for example, dichloromethane,
dibromomethane, bromochloromethane, bromotrichloromethane, chloroform, carbon
tetrachloride, 1,2-dibromoethane, 1,1-dibromoethane, 1-bromo-2-chloroethane, 1,2~
dichloroethane, 1,1,2-tribromoethane, 1,1,2,2-tetrabromoethane, 1,2-dibromopropane, 1-
bromo-3-chloropropane, 1-bromobutane, 2-bromobutane, 2-bromo-2-methylpropane, 1-
bromopentane, 1,5-dibromopentane, 1-bromo-2-methylbutane, 1-bromohexane, 1-
bromoheptane, bromocyclohexane, and liquid isomers, homologs, or analogs thereof. Liquid
mixtures of two or more such compounds can be used. Bromochloromethaneisa particularly
preferred solvent.

[0029] Styrenic polymer is predissolved in the solvent prior to use in forming the reaction
mixture. The reaction zone in a batch or semi-batch operation should contain a suitable
quantity of organic solvent prior to initiation of the feed of the components of the reaction
mixture in order to suspend or dissolve the catalyst. In a continuous mode of operation, a
separate stream of additional solvent can be fed into the reaction zone, if desired.

[0030] With anionic styrenic polymers having a GPC weight average molecular weight in
the range of 3000 to 10,000, preferably the styrenic polymer solution used will contain in the
range of 250 to 700 grams of styrenic polymer per kilogram of solvent. With anionic styrenic
polymers of higher molecular weights the solutions should be more dilute to compensate for
the increased viscosity of such polymer solutions. ‘

[0031] As noted above, the catalyst as used in forming the reaction mixture is at least one
aluminum halide catalyst in which the halogen atoms are bromine or chlorine atoms and in
which at least one such atom is a bromine atom. One such catalyst which is very useful in
forming the reaction mixture is aluminum tribromide because of its good solubility in bromine
and halohydrocarbon solvents, such as dibromomethane and bromochloromethane.
Aluminum halides containing both bromine atom(s) and chlorine atom(s) that may be used
in forming the reaction mixture include such substances-as aluminum bromide dichloride
(AIBCl,, Reg. No. 60284-44-8), aluminum dibromide chloride'(AlBrZCl, Reg.No. 60284-43-
7), aluminum bromide chloride (AlBr,Cl, Reg. No. 380907-74-4), and di-.mu.-
bromotetrachlorodialuminum (AlBr,Cl,, Reg. No. 162719-12-2). Inall of the embodiments
of this invention, a preferred catalyst as fed to the reaction mixture is aluminum tribromide.
[0032] A catalyst solution suitable for either baich or continuous bromination can be easily
prepared by combining solid AICl, (a substance which is not soluble in bromine) and gaseous
HBr in warm (40-50°C) liquid bromine. A rapid halogen exchange produces a soluble
bromoaluminum halide catalyst and HCL. Use of a catalyst of this type (with or without the
copresence of HC)) is particularly preferred.

10



68.8 68.4 69.1 69.0 Therrmal 1-0Br, 320"C 15 ni nH N,
(PPI'n) 187 59 115 112 77 99 1 hernial color, (320C 15
mn/N2), 10 wt% in chl orobenzene L 93.46 9519
95.41 95.34 95.04

Brominated Anionic Styrenic Polymers of the Invention

[0033] Novel brominated anionic styrenic polymers can be produced by use of the process
technology of this invention. New brominated anionic styrenic polymers of this invention
have (i) higher melt flow indices as compared to previously-known comparable brominated
anionic styrenic polymers and (i) high bromine contents. They also have low chlorine
contents (e.g., 500 ppm or less, and preferably 100 ppm or less) and thus are less corrosive
to equipment in which they are processed, such as blenders and extruders.

[0034] Preferred new brominated anionic styrenic polymers of this invention have high
bromine contents and also have lower percentages of aromatic rings with ortho-substituted
bromine atoms as compared to previously-known comparable brominated anionic styrenic
polymers. Typically the new brominated anionic styrenic polymers of this invention,
especially those having a bromine content in the range of 67 to 71 wt%, have at least 5% less
aromatic rings with ortho-substituted bromine atoms as compared to previously-known
comparable brominated anionic styrenic polymers. Indeed, experiments have shown that
brominated anionic polystyrenes of this invention having bromine contents in the range of 67
to 69 W% can have at least 10% less aromatic rings with ortho-substituted bromine atoms as
compared to previously-known compafable brominated anionic polystyrene.

[0035] More preferred new brominated anionic styrenic polymers of this invention also
either have (A) a thermal stability in the 320 °C Thermal Stability Test of 300 ppm or less of

HBr (still more preferably 200 ppm of HBr or less and even more preferably 125 ppm of HBr
or less) or (B) an initial AE color value of 5 or less (still more preferably 3 or less). Still more
preferred new brominated anionic styrenic polymers of this invention also have both of these
(A) and (B) properties. Novel brominated anionic styrenic polymers of this invention are
preferably brominated anionic polystyrene polymers.

[0036] As used herein, including the claims, the term "previously-known comparable
brominated anionic styrenic polymer(s)" denotes a brominated styrenic pdlymer that (1) is
made from the same anionic styrenic polymer lot or made from an anionic styrenic polymer
produced using the same kind of anionic polymerization initiator and the same kind of
styrenic monomer composition (i.e., both brominated styrenic polymers being compared are
formed by bromination of anionic styrenic polymer that was made using the same kind and
quantity of anionic polymerization system, and both such styrenic polymers prior to
bromination were made by polymerization of the same monomer such as styrene only, or if
a styrenic copolymer, from the same styrenic monomers in the same proportions); (2) has a
bromine content above 66 wi% that differs from the bromine content of the new brominated
anionic styrenic polymer of this invention (which also has a bromine content above 66 wt%o)
by no mote than 1.5 wt%; and (3) has a GPC weight average molecular weight that differs
from the average GPC weight average molecular weight of the two brominated anionic
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styrenic polymers being compared by no more than 7.5%.

[0037] Desirably, the GPC weight average molecular weight of the brominated anionic
styrenic polymers of this invention is in the range of 8000 to 50,000 Daltons, preferably in
the range of 10,000to 30,000 Daltons, and more preferably in the range of 10,000 to 20,000
Daltons.

[0038] These novel brominated anionic styrenic polymers possess new and useful
properties, especially improved melt flow properties and in many cases superior initial color
(typically measured as AE) and excellent thermal stability (typically measured by a standard
thermal staBility procedure described hereinafter). On comparing NMR spectra, brominated
anionic polystyrene produced in accordance with this invention has more hydrogen atoms in
the ortho ring positions than do products formed from the same components in processes
conducted under comparable reaction conditions, but involving longer feed times and use of
cook periods. Also, a 2 to 10°C decrease in glass transition temperature observed for a
brominated anionic polystyrene of this invention as compared to comparable products
produced with longer reaction residence times serves as additional evidence that the
brominated anionic styrenic polymers of this invention are in fact different from previously
known anionic styrenic polymers. Thus the improved properties and analytical results both
point to novel chemical structure in the brominated styrenic polymers of this invention, i.e.,
the bromine atoms in the brominated styrenic polymers of this invention tend to occupy
positions other than the ortho position(s).

[0039] Whatever the mechanism, this invention provides as another embodiment
brominated anionic styrenic polymer produced by a process of this invention whetein the
brominated anionic styrenic polymer when heated to a temperature and pressure at which a
measurable flow of liquid polymer occurs, has a higher melt flow than brominated anionic
styrenic polymer produced in a batch process in which (a) the same quantities and proportions
of (i), (ii) and (iii) are fed for 30 minutes to a reactor maintained at the same reaction
temperature and (b) the reaction mixture then is held at the same temperature for a cook
period of 5 minutes.

[0040] The new brominated anionic styrenic polymers of this invention are brominated
anionic styrenic polymers with brominated anionic polystyrene being particularly preferred.
Of the brominated styrenic polymers made using free radical polymerization or cationic
polymerization, brominated polystyrenes made using free radical polymerization are preferred.
[0041] Another desirable property of brominated styrenic polymers produced by a
bromination process of this invention -- especially of the brominated anionic styrenic
polymers of this invention such as brominated anionic polystyrene -- is their high thermal
stability in the 320°C Thermal Stability Test as described hereinafter. Preferred brominated
styrenic polymers, especially brominated anionic styrenic polymers such as brominated
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anionic polystyrene, have a thermal stability in that test of about 300 ppm of HBr or less and
more preferred such polymers have a thermal stability in that test of about 200 ppm of HBr
or less. Still more preferred brominated styrenic polymers of this invention, especially
brominated anionic styrenic polymers such as brominated anionic polystyrene, are those
having a thermal stability in the 320°C Thermal Stability Test of 125 ppm of HBr or less.
[0042] Still another feature of brominated styrenic polymers produced by a process of this
invention — especially brominated anionic styrenic polymers such as brominated anionic
polystyrene — is their low color values as illustrated by the Hunter Solution Color Value Test
described hereinafter. Preferred brominated styrenic polymers of this invention, especially
brominated anionic styrenic polymers such as brominated anionic polystyrene, are those which
have an initial AE color value by the Hunter test of 5 or less, and more preferably of 3 or less.
Especially preferred brominated styrenic polymers produced by a process of this invention —
especially brominated anionic styrenic polymers such as brominated anionic polystyrene —
possess not only the improved melt flow characteristics described above, but in addition have
either a thermal stability in the 320 °C Thermal Stability Test or an initial AE Color Value as
described in the immediately preceeding two paragraphs. More especially preferred
brominated styrenic polymers of this invention possess not only the improved melt flow
characteristics described above, but in addition have both a thermal stability in the 320°C
Thermal Stability Test and an initial AE Color Value as described in the immediately
preceeding two paragraphs.

[0043] The brominated styrenic polymers that can be produced by the processes of this
invention can contain any suitable amount of bromine. Typically they contain at least about
50 wi%, preferably at least about 60 wt%, and more preferably at least about 67 wt%.
Bromine contents in the range of 66 to 71 wt%., and in the range of 67 to 70 wt%. are also
desirable. Another desirable range is 68 to 72 wt% of bromine.

Uses of Brominated Styrenic Polymers
[0044] The brominated styrenic polymers produced in accordance with this invention can

be used as flame retardants for various polymeric materials such as thermoplastic and
thermosetting polymeric materials and resins. The improved melt flow characteristics of the
brominated anionic styrenic polymers of this invention enhances their usefulness for such
applications. For example, their improved melt flow enables them to be melt blended more
readily with thermoplastic polymers, and to be more readily applied to thermoset polymers
or resins as coatings or as flame retardant binders. The weight average molecular weights of
the substrate polymers that can be flame retarded pursuant to this invention can vary widely,
from low molecular weight polymers to very high molecular weight polymers. Methods for
producing the various thermoplastic or thermosetting polymers that can be flame retarded with
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the brominated styrenic polymers of this invention are known to those of ordinary skill in the
art. Other persons who may be unfamiliar with such matters, should refer to the extensive
literature that exists on such subjects.

[0045] Preferably the brominated styrenic polymers of this invention are used as additive
flame retardants for various thermoplastic polymers. Thus among the embodiments of this
invention are flame retardant compositions comprising at least one thermoplastic polymer and
a flame retardant quantity of at least one brominated anionic styrenic polymer of this
invention.

[0046] Particular thermoplastics with which the brominated anionic styrenic polymers of
this invention can be blended pursuant to further embodiments of this invention include
polyethylene terephthalate, polybutylene terephthalate, polycyclohexylene dimethylene
terephthalate, polytrimethylene terephthalate, blends or mixtures of two or more ofthese, and
analogous copolymeric thermoplastic polyesters, especially when filled or reinforced with a
reinforcing filler such as glass fiber. Preferred thermoplastic polyesters are polyethylene
terephthalate and polybutylene terephthalate. Polyamide thermoplastics, such as polyamide
6, polyamide 6,6, polyamide 12, and the like, again preferably when glass filled, can also be
effectively flame retarded in like manner. Other thermoplastic polymers that can be
effectively flame retarded by addition of a brominated styrenic polymer of this invention
include but are not limited to styrenic polymers, high impact polystyrenes, crystal
polystyrenes, polyolefins, ABS, MABS, SAN, aromatic polycarbonates, polyphenylene ethers,
and polymer blends such as aromatic polycarbonate-ABS blends, polyphenylene ether-
polystyrene blends, and similar substances. One group of thermoplastic polymers which can
be effectively flame retarded by use of at least one brominated anionic styrenic polymer of'this
invention is (1) a thermoplastic styrenic polymer, (2) a thermoplastic acrylonitrile-butadiene-
styrene polymer, (3) a thermoplastic polyester, or (4) a thermoplastic polyamide.
Conventional additives, such as flame retardant synergists, antioxidants, UV stabilizers,
pigments, impact modifiers, fillers, acid scavengers, blowing agents, and the like, can be
included with the formulations as is appropriate. Preferred polymer blends of this invention
do contain a flame retardant synergist or glass fiber filler or reinforcement, and most
preferably both a synergist, and a reinforcing fiber and/or filler.

[0047] The brominated styrenic polymer formed by a process of this invention — and
especially brominated anionic styrenic polymers such as brominated anionic polystyrene of
this invention — are used in flame retardant amounts, which typically are within the range of
from 5to 25 wi%, the wi% being based on the total weight of the thermoplastic polymer
formulation or blend. When used, the amount of reinforcing fillers such as glass fiber will
typically be in the range of up to about 50 wi% based on the total weight of the finished
composition. The amount of flame retardant synergist, when used, such as antimony trioxide,
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antimony pentoxide, sodium antimonate, potassium antimonate, iron oxide, zinc borate, or
analogous synergist generally will be in the range of up to about 12 wt% based on the total
weight of the finished composition. Departures from the foregoing ranges of proportions are
permissible whenever deemed necessary or desirable under the particular circumstances at
hand, and such departures are within the scope and contemplation of this invention.

[0048]  Masterbatch compositions wherein the components except for the substrate
thermoplastic polymer are in suitable relative proportions but are blended in a smaller amount
of the substrate polymer, are also within the scope of this invention. Thus this invention
includes compositions which comprise at least one thermoplastic polymer such as a
polyalkylene terephthalate or a nylon polymer or a high impact polystyrene with which has
been blended a brominated anionic styrenic polymer (preferably a brominated anionic
polystyrene) of this invention in a weight ratio (substrate polymer:brominated anionic styrenic
polymer or polystyrene) in the range of, say, 1:99 to 70:30. Such masterbatch blends need not,
but may also contain filler or reinforcing fiber and/or at least one flame retardant synergist
such as iron oxide, zinc borate, or preferably an antimony oxide synergist such as antimony
trioxide, antimony pentoxide, sodium antimonate, or potassium antimonate. Typical
examples of reinforcing agents or fillers that can be used include low-alkali E-glass, carbon
fibers, potassium titanate fibers, glass spheres or microballoons, whiskers, talc, wollastonite,
kaolin, chalk, calcined kaolin, and similar substances. Sizing agents can be used with such
reinforcing agents or fillers, if desired. A number of suitable glass-filled polyalkylene
terephthalates or nylon molding compositions are available on the open market, and these can
be used in preparing the compositions of this invention.

[0049] Also provided by this invention are additive blends composed of a brominated
anionic styrenic polymer of this invention and a synergist such as, for example, a blend of 75
parts by weight of a brominated anionic polystyrene and 25 parts by weight of a synergist such
as antimony trioxide, antimony pentoxide, sodium antimonate, potassium antimonate, iron
oxide, zinc borate, or analogous synergist. Typically such blends will contain in the range of
70 to 98 parts by weight of the brominated anionic polystyrene and 30to 2 parts by weight
of the synergist, with the total of the two components being 100 parts by weight. Suitable
amounts of other suitable additive components can also be included in such additive blends.
[0050] Various known procedures can be used to prepare the blends or formulations
constituting such additional compositions of this invention. For example the polyalkylene
terephthalate polymer or a nylon polymer and the brominated styrenic polymer such as
brominated polystyrene and any other components or ingredients to be incorporated into the
finished blend can be blended together in powder form and thereafter molded by extrusion,
compression, or injection molding. Likewise the components can be mixed together in a
Banbury mixer, a Brabender mixer, a roll mill, a kneader, or other similar mixing device, and
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sati@aanpl, eol@il.in solvents such as tetrahydrofuran (THF), the determination of the
total bromine content for the brominated styrenic polymers is easily accorhplished 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
PW1480 Spectrometer. A standardized solution of bromobenzene in THF is used as the
calibration standard. The total bromine values described herein and reported in the Examples
are all based on the XRF analytical method. ‘

[0054] Hunter Solution Color Value Test. To determine the color attributes of the
brominated polymers of this invention, use is again made of the ability to dissolve brominated
styrenic polymers in easy-to-obtain solvents, such as chlorobenzene. The analytical method
used is quite straight-forward. Weigh 5 g£0.1 g of the brominated polystyrene into a 50 mI.
centrifuge tube. To the tube also add 45 g+ 0.1 g chlorobenzene. Close the tube and shake
for 1 hour on a wrist action shaker. After the 1 hour shaking period, examine the solution for
undissolved solids. If a haze is present, centrifuge the solution for 10 minutes at 4000 rpm.
If the solution is still not clear, centrifuge an additional 10 minutes. Should the solution
remain hazy, then it should be discarded as being incapable of accurate measurement. If,
however, and this is the case most of the time, a clear solution is obtained, it is submitted for
testing in a HunterLab ColorQuest Sphere Spectrocolorimeter. A transmission cell having a
20-mm transmission length is used. The colorimeter is set to “Delta E-lab” to report color as
AE and to give color values for “L”, “a” and “b”. Product color is determined as total color
difference (AE) using Hunter L, a, and b scales for the 10% by weight concentrations of the
product in chlorobenzene versus chlorobenzene according to the formula:

AE = [(ALY + (Aa)* + (Aby’]"

[0055] DSC Values. DSC values were obtained with a TA Instruments DSC Model 2920.
Samples were heated from 25°C to 400°C at 10°C/min under nitrogen.
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EXAMPLE 4 [0076] This continuous brom nation used the
sane ani oni ¢ polystyrene used in Reference Exanples D,
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two feed streans to the reactor. The brom ne stream
containing the dissolved A Br3 catal yst, and the APS
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AlBr, X3, mole %0.75 1.43 1.41 0.69 axiinumreaction
Tenp (C) 0.00 +1 +3 +10 lotal reaction tune or ye.
residence time (mn) 75 76 35 13 S feed concentrati on
(Mt% 40.5 40.5 40.5 40.5 S M 3400 3400 3400 3400

REFERENCE EXAMPLE A

[0063] This batch bromination was carried out using an anionic polystyrene having a
number average molecular weight of 2900 and a weight average molecular weight of 3400.
A 2.46 g (18.5 mmol) portion of aluminum chloride (Aldrich) was suspended in 645.9 g of
dry (> 15 ppm water) BCM in a 1-L, 5-necked, jacketed, glass reaction flask cooled to -6°C
by a circulating glycol bath. The reaction flask having a flush-mount Teflon® polymer bottom
valve was equipped with an overhead air stirrer and Teflon polymer banana-blade paddle,

Friedrich’s condenser (glycol cooled), and thermowell. A constant flow of dry nitrogen was
maintained on the vent line from the condenser to assist in moving exit gases from the flask
to a caustic scrubber. A 335.37 g portion of a 40.0 wi% solution (134.2 g APS, 1.29/n mol)
of the anjonic polystyrene in dry BCM was charged to a 500-mL graduated cylinder in a dry
box. The graduated cylinder was then set up to pump the APS solution from the cylinder to
a jacketed, glycol-cooled glass mixing tee mounted on the reaction flask. Bromine (555.7 g,
3.48 moles, 2.70 equivalents) was charged to a250-mL graduated cyhnder and set up to pump
the bromine to the same mixing tee as the APS solution. Both streams were cooled separately
by the mixer before combining at the bottom of the apparatus and dropping into the
bromination flask. The reaction mixture was protected from photo-initiated aliphatic
bromination by turning off hood lights and wrapping the flask and mixing tee with Al foil.
Both feeds were started at the same time and were both completed in 80 min. A rinse of 102
g of dry BCM was used for the APS solution feed system to assure complete transfer of the
polymer to the reaction flask while nitrogen was flushed through the bromine feed system to

give quantitative transfer of the bromine. The reaction temperature was maintained at -2°C

to -4° C throughout the addition and subsequent 15 min cook period (with nitrogen purge of

the reactor overhead). The catalyst was deactivated by addition of 50 g of water. A 200 g
portion of 10 wt% aqueous sodium sulfite was then added to assure the removal of any
residual bromine. The organic phase was separated, and then washed with water (4 x 1 L)
until neutral. The product was recovered from the organic phase by addition to vigorously

stirred hot (98°C) water. The solvent distilled from the hot water leaving a slurry of the
brominated polystyrene product in water. After suction filtering, the white solid was rinsed
with water (3 x 2L) and dried to a constant weight of 399.2 g (97% yield) in an oven (123 °C)

under a constant nitrogen purge. Product analyses appear in Table 1.
EXAMPLE 1

[0064] This continuous bromination was carried out using an anionic polystyrene having
a number average molecular weight of 3200 and a weight average molecular weight of 3300
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S My, 3800 3800 3800 3800 rAPS Product Anal yses %
Br (XRF) 68.1 67.3 67.9 67.0 hermal 1-1Br, 320 C/ 15
mn/ N2 (ppm 119 90 180 104 hernmal color, (320 "C/i5
mn/N2), OMm % in chl orobenzene L 95.45

with three feed streams to the reactor. An 80-mL capacity glass CSTR was used for the run.
The reactor had an outer insulating vacuum jacket and an inner jacket for circulating glycol
coolant. The vessel had three inlet ports on the bottom for delivery of reagent solutions
directly under the bottom turbine blade of the dual Teflon polymer turbine agitator (operated
at 400 rpm). An overflow port located just above the top turbine biade allowed the reaction
mixture to flow by gravity to a splitter that could direct the flow to the main product quench
pot (5-L fully jacketed round bottom flask with paddle stirrer) or a secondary waste quench
pot (2-L. Erlenmeyer with magnetic stirrer). Exit gases from the CSTR passed overhead
through a Friedrich’s condenser and into an aqueous caustic scrubber with assistance from a
constant nitrogen purge at the top of the condenser. During the bromination, the room and
hood lights were turned off to minimize photobromination.

[0065] A single pump motor (Ismatec peristaltic pump, Cole-Parmer SY-78017-00) having
two pump heads was used to deliver equal volumes of bromine and PS solutions to the CSTR
using feed lines of Teflon polymer (1/8”) and Viton fluoroelastomer (0.10”, Cole-Parmer,
SY-07605-46). A separate peristaltic pump (Masterﬁex 7550-90) was used to feed the
AlBr,/CH,Br, solution using a feed line of Teflon polymer (1/8”) and Viton fluoroelastomer
#14). :

[0066] The concentrations of the BCM solutions of APS (30.0 wi%, d = 1.545 g/mL) and
bromine (72.1 wi%, d = 2.660 g/mL) were chosen so that equal volumes would provide 2.7
equivalents of bromine for each aromatic ring in the APS. By using a single pump to transfer
equal volumes of these two solutions to the reactor, pulsations of the two feed streams are
matched and essentially no instantaneous change in stoichiometry is expected to occur during
the operation of the CSTR. The standard insoluble AICl, bromination catalyst used in the
batch process was replaced by the soluble AlBr,. A commercially available (Aldrich) 1.0
molar 10.58 wt% AlBr, solution of AlBr, in dibromomethane (DBM) was used. BCM can not
be used in place of DBM for AlBr; dissolution due to halogen exchange that converts the
soluble bromide to the insoluble chloride in a matter of several minutes at room temperature.
[0067] The operation was started by charging the CSTR with dry BCM (150.5 g) and 8 mL
of the AlBr, solution. After cooling the contents of the CSTR to -9°C , the bromine and APS
feeds were started (4.8 mL/min rate for each stream), and the AIBr, feed rate was adjusted to

" a pump setting of 0.35 ml/min. The CSTR temperature quickly rose to +1°C and then slowly

increased to reach +3 °C by the end of the operation. For the first 26 min, the overflow stream
from the CSTR was directed to the waste quench pot (containing 850 g of 2 wt% aqueous
Na2803).. At this point, it was assumed a steady state condition (over 3 residence times) had
been reached, so the overflow stream was diverted to the main quench pot (containing 1590
g of 2 wi% aqueous Na,S0O;) to collect the steady state product until the PS solution was
completely used (48 min). A small amount (41.0 g) of bromine solution remained unused. The
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93.69 89.83 88.30 -2.31 -3.32 -3.32 -2.62 b 14.80
21.86 30.74 31.67 AE 15.70 22.99 32.58 33.88 itial
Color, 10 wt% i n chl orobenzene L 99.66 99.63 99.50

weights of feed solutions used for the 74 min of operation were:

1) 30.0 wt% APS in BCM, 619.26 g (1.78 mol)

2) 72.1 wt% Br, in BCM, 1026.0 g, (4.63 mol), 2.60 equiv.

3)10.6 wt% A1Br; in DBM, 84.9 g (0.0337 mol), 1.89 mol%
The white organic phase (934.7 g) in the main quench pot was separated from the aqueous
phase, and combined in a 2-L separatory funnel with a BCM rinse (143.7 g) of the quench
vessel. Three aqueous washes (900 g each) were used to remove residual acid and salts. The
neutralized white organic phase was pumped into 5-L of vigorously stirred hot (98 °C) water
to obtain a slurry of white finely divided solid in water. The slurry was suction filtered, and
the solid was rinsed on the filter with water (3x2L). The wet cake (588 g) was dried in a
nitrogen purged oven at 122°C to a constant weight of 389.8 g. Analytical results are

summarized in Table 1.

REFERENCE EXAMPLE B
[0068] This batch bromination was carried out using an anionic polystyrene having a
number average molecular weight of 2900 and a weight average molecular weight of 5700.
A 2.75 g (20.6 mmol) portion of aluminum chloride (Aldrich) was suspended in 550.3 g of
dry (>15 ppm water) BCM in a 1 -L, 5-necked, jacketed, glass reaction flask cooled to -8°C
by a circulating glycol bath. The reaction flask having a flush-mount Teflon polymer bottom
valve was equipped with an overhead air stirrer and Teflon polymer banana-blade paddle,
Friedrich’s condenser (glycol cooled), and thermowell. A constant flow of dry nitrogen was
maintained on the vent line from the condenser to assist in moving exit gases from the flask
to a caustic HBr scrubber. A 374.92 g portion of a 40.0 wt% solution (149.97 g APS, 1.44/n
mol) of the anionic polystyrene in dry BCM was charged to a 500-mL graduated cylinder in
a dry box. The graduated cylinder was then set up to pump the APS solution from the cylinder
to a jacketed, glycol-cooled glass mixing tee mounted on the reaction flask. Bromine (621.6
g, 3.890 moles, 2.70 equivalents) was charged to a 250-mL graduated cylinder and set up to
pump the bromine to the same mixing tee as the APS solution. Both streams were cooled
separately by the mixer before combining at the bottom of the apparatus and dropping into the
bromination flask. The reaction mixture was protected from photo-initiated aliphatic
bromination by turning off hood lights and wrapping the flask and mixing tee with Al foil.
Both feeds were started at the same time and were both completed in 72 min. A rinse of 112
g of dry BCM was used for the APS solution feed system to assure compléte transfer of the
polymer to the reaction flask while nitrogen was flushed through the bromine feed system to

give quantitative transfer of the bromine. The reaction temperature was maintained at -3°C

to -5°C throughout the addition and subsequent 15 min cook period (with nitrogen purge of
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99.22 -0,61 -0.71 -0.45 -0.64 b 2.47 2.75 2.64 3.61
AB '2.63 2.92 2.81 3,82

the reactor overhead). The catalyst was deactivated by addition of 50 g of water. A 86.4 g
portion of 10 wt% aqueous sodium sulfite was then added to assure the removal of any
residual bromine. The organic phase was separated, and then washed with water (4 x 1L) until
neutral. The product was recovered from the organic phase by addition to vigorously stirred
hot (98 °C) water. The solvent distilled from the hot water leaving a slurry of the brominated
polystyrene product in water. After suction filtering, the white solid was rinsed with water (3
x 2L) and dried to a constant weight of 443.8 g (96% yield) in an oven (118°C) under a
constant nitrogen purge. Product analyses appear in Table 1.

EXAMPLE 2

[0069] This continuous bromination was carried out as described.in Example 1 using an
anionic polystyrene having a number average molecular weight of 2900 and a weight average
molecular weight of 5700. The operation was started by charging the CSTR with dry BCM
(149.8 g) and 9 mL of the AlBr; solution. After cooling the contents of the CSTR to -12°C,
the bromine and APS feeds were started (4.8 mL/min rate for each stream), and the AlBr, feed
rate was adjusted to a pump setting of 0.21 ml/min. The CSTR temperature stayed between
+1°C and +3 °C during the reaction. For the first 25 min, the overflow stream from the CSTR
was directed to the waste quench pot (containing 1034 g of 2 wt% aqueous Na,S0,). At this
point, it was assumed a steady state condition (over 3 residence times) had been reached, so
the overflow stream was diverted to the main quench pot (containing 1757 g of 2 wi%
aqueous Na,S0O;) to collect the steady state product until the APS solution was depleted (70
min). A small amount (66.6 g) of bromine solution remained unused. The weights of feed
solutions used for the 95 min of operation were:

1) 30.0 wt% APS in BCM, 801.1 g (2.30 mol)

2) 72.3 wt% Br, in BCM, 1319.8 g, (5.97 mol), 2.60 equiv.

3) 10.6 wi% A1Br; in DBM, 82.6 g (0.0327 mol), 1.42 mol%
The white organic phase (1224.0 g) in the main quench pot was separated from the aqueous
phase, and combined in a 2-L separatory funnel with a BCM rinse (205 g) of the quench
vessel. Four aqueous washes were used to remove residual acid and salts. The neutralized
white organic phase was pumped into 5-L of vigorously stirred hot (98 °C) water to obtain a
slurry of white finely divided solid in water. The slurry was suction filtered, and the solid was
rinsed on the filter with water (3x2L). The wet cake (850 g) was dried in a nitrogen purged
ovenat 130°C to a constant weight of 521.3 g. Analytical results are summarized in Table 1.

REFERENCE EXAMPLE C
[0070] This batch bromination was carried out as described in Reference Example B using
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DSC, Tg (C) 166.0 167.4 168.6 162.6 TGA 1% wt
l oss tenp, N2 (,C) 352.8 355.4 354.1 349.2 Br APS G°C
MD 13,000 13,000 12,800 12,100 M,

an anionic polystyrene having a number average molecular weight of 3600 and a weight
average molecular weight of 7500. Analytical results for the product are summarized in Table
1.

EXAMPLE 3
[0071] This continuous bromination was carried out as described in Example 1 using an
anionic polystyrene having a number average molecular weight of 3600 and a weight average
molecular weight of 7500. Product analyses are summarized in Table 1.

TABLE 1
BATCH AND CONTINUOUS BROMINATION REACTIONS
Example Ref A 1 Ref B 2 RefC 3
Bromination Process Batch |Continuous || Batch {Continuous {{ Batch {Continuous
Catalyst AlC), AlBr; AlCl, AlBr; AlCH, AlBr,
AlX,, mole % 1.43 1.89 1.43 1.42 1.45 1.45
Maximum reaction Temp (°C) || -1 +4 3 +3 -4 +2
Lotal I:eactlon'tlme 01: 80 3 87 3 33 8
ave. residence time (min) -
APS feed concentration (wi%) | 40.0 30.0 40.0 30.0 38.9 30.0
APS M, 2900 3200 2900 2900 3600 3600
APS M, 3400 3300 5700 5700 7500 7500
BrAPS Product Analyses
Wit% Br (XRF) 68.9 67.4 68.8 68.4 69.1 69.0
Thermal HBr, 320" C/15 miw/N, 187 59 115 112 77 99
(ppm)
‘Thermal color,
(320 °C/15 min/N2), 10 wt% in
chlorobenzene
L 93.46 95.29 9541 95.34 95.04 94.36
a -2.31 -2.69 -3.59 <2.55 -5.12 -2.85
b 19.11 17.17 16.04 15.21 2291 16.81
AE 20.39 18.02 17.06 16.14 23.86 18.01
Initial Color, T0wi% n
chlorobenzene
L 99.34 99.84 99,92 99.50 99.72 99.73
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Catal yst A1Br3 Al Br3 Alel3 Al l3r3 ADC3, nole % 1.42
1.22 1.56 1.51 Ilvlaximumreaction Tenp ( © 05 -17 1
otal reaction:tine or ave. residence time (mn) 100 8
211 9 APS feed concentration (wt% 30.0 30.0 20.0 20.0
APS Ma 3200

dried to a constant weight of 382.5 g (98% yield) in an oven (130°C) under a constant

nitrogen purge. Product analyses are given in Table 2.

REFERENCE EXAMPLE F
[0075] This batch bromination was similar to Reference Example E using the same anionic
polystyrene, but AICl; was replaced with AIBr, catalyst and the reaction time was reduced
from a total time of 75 min to 35 min. A 2.53 g (9.49 mmol) portion of aluminum bromide
(Alfa) was suspended in 772.4 g of dry (> 15 ppm water) BCM in a 1 -L, 5-necked, jacketed,
glass reaction flask cooled to -3 °C by a circulating glycol bath. The reaction flask, having a
flush-mount Teflon polymer bottom valve, was equipped with an overhead air stirrer and
Teflon polymer banana-blade paddle, Friedrich’ s condenser (glycol cooled), and thermowell.
A constant flow of dry nitrogen was maintained on the vent line from the condenser to assist
in moving exit gases from the flask to a caustic scrubber. A 174.3 g portion of a 40.5 wt%
solution (70.6 g APS, 0.678/n mol) of anionic polystyrene in dry BCM was charged to a
250-mL graduated cylinder in a dry box. The graduated cylinder was then set up to pump the
APS solution from the cylinder to a jacketed, glycol-cooled glass mixing tee mounted on the
reaction flask. Bromine (289.9 g, 1.814 moles, 2.68 equivalents) was charged to a 200-mL
graduated cylinder and set up to pump the bromine to the same mixing tee as the APS
solution. Both streams were cooled separately by the mixer before combining at the bottom
of the apparatus and dropping into the bromination flasgk. The reaction mixture was protected
from photo-initiated aliphatic bromination by turning off hood lights and wrapping the flask
and mixing tee-with Al foil. Both feeds were started at the same time and were both completed
in 30 min. A rinse of 100 g of dry BCM was used for the APS solution feed system to assure
complete transfer of the polymer to the reaction flask while nitrogen was flushed through the
bromine feed system to give quantitative transfer of the bromine. The reaction temperature
was maintained at+1 °Cto +3 °C throughout the addition and subsequent 5 min cook period
(with nitrogen purge of the reactor overhead). The catalyst was deactivated by addition of 40
g of water. A 12.8 g portion of 10 wi% aqueous sodium sulfite was then added to assure the
removal of any residual bromine. The organic phase was separated, and then washed with
water, dilute sodium hydroxide, and finally water to neutralize acid and remove NaBr. The
product was recovered from the organic phaée by addition to vigorously stirred hot (98 °C)
water. The solvent distilled from the hot water leaving a slurry of the brominated polystyrene
product in water. After suction filtering the slurry, the white solid was rinsed with water (3
x 2L) and dried to a constant weight of 205.4 g (96% yield) in an oven (130°C) under a

constant nitrogen purge. Product analyses are given in Table 2.
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3200 6100 6100 APS M' 3300 3300 6800 6800 Br APS
Product Anal yses W% Br (XRF) 70.3 69.9 70.1 69.4
Thermal RBr, 320C/ 15 mirJN2 (ppm 180

EXAMPLE 4

[0076] This continuous bromination used the same anionic polystyrene used in Reference
Examples D, E, and F (number average molecular weight of 3400 and a weight average
molecular weight of 3800) with only two feed streams to the reactor. The bromine stream,
containing the dissolved AIBr, catalyst, and the APS solution in BCM were metered to the
reactor using two separate pumps. An 80-mL capacity glass CSTR was used for the reaction.
The reactor had an outer insulating vacuum jacket and an inner jacket for circulating glycol
coolant. The vessel had two inlet ports on the bottom for delivery of reagent solutions directly
under the bottom turbine blade of the dual Teflon polymer turbine agitator (operated at 400
rpm). An overflow port located just above the top turbine blade allowed the reaction mixture
to flow by gravity to a splitter that could direct the flow to the main product quench pot (5-L
fully jacketed round bottom flask with paddle stirrer) or a secondary waste quench pot (2-L
Erlenmeyer with magnetic stirrer). Exit gases from the CSTR passed overhead through a
Friedrich’s condenser and into an aqueous caustic scrubber with assistance from a constant
nitrogen purge at the top of the condenser. During the bromination, the room and hood lights
were turned off to minimize photobromination.

[0077] Two identical pumps (Ismatec peristaltic pump, Cole-Parmer SY-78017-00) were
used to deliver the bromine/AlBr; and APS/BCM solutions to the CSTR using feed lines of
Teflon polymer (1/8”) and Viton fluoroelastomer (0.10”, Cole-Parmer, SY-07605-46). The
operation was started by charging the CSTR with dry BCM (163.0 g) and cooling the contents
of the reactor to -7 °C. The bromine solution (2.29 g AIBr; in 525.0 g Br,) and APS solution
(127.5 g APS in 187.3 g BCM, 40.5 wt% APS) feeds to the reactor were started at the same
- time and both were held constant for the entire operation. The bromine feed rate was 2.87

ml/min and the APS feed rate was 3.62 ml/min. The CSTR temperature varied from 0°C to

+10°C during the operation, For the first 25 min, the overflow stream from the CSTR was
directed to the waste quench pot (containing 635 g of 4 wt% aqueous NazS0O;). After this
point, the overflow stream was diverted to the main quench pot (containing 520 g of 4 wt%
aqueous Na,;SO;) to collect the steady state product. A small amount (10 g) of bromine
solution remained unused when the APS solution was depleted after 60 min of operation. The
weights of feed solutions used were:

1) 40.5 wt% APS in BCM, 314.8 g (224/n mol APS)

2) Br,, 515 g (22 mol) 2.63 equiv.

3) 43 wt% AlBr; in Br, 2.25 g (0.0084 mol), 0.69 mol%
The average residence time for the reaction mass in the CSTR was 13 min. The organic phase
in the main quench pot was diluted with BCM (288 g), and the lower organic phase was
transferred to a 2-L separatory funnel. Two aqueous washes (900 g each) were used to remove
residual acid and salts.
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203 168 279 Thermal color, (320C/15 mn/N2), 10 wt% in
chl or obenzene 90.44 93.87 64.71 79.77 a -1.12
-2.17 9.20 2.27 b 20.15 16.98 24.56 19.75 AE 22. 49
18.26 44. 35

[0078] The neutralized organic phase was pumped into 4-L of vigorously stirred hot (98 °C)

water to obtain a slurry of white finely divided solid in water. The slurry was suction filtered,
and the solid was rinsed on the filter with water (3x2L). The wet cake (89 g) was dried in a

nitrogen purged oven at 130°C to a constant weight of 45.7 g. Analytical results are

summarized in Table 2.

TABLE 2
APS BROMINATION RESULTS
Example RefD Ref E Ref F 4
Bromination Process Batch Batch Batch | Continuous
Catalyst AlCL, AICL AlBr, AlBr;
A1X,, mole % ' 0.75 1.43 1.41 0.69
Maximum reaction Temp (°C) 0.00 +1 +3 +10
l'otal reaction time or
aje. residence time (min) & 76 33 13
APS feed concentration (wt%o) 40.5 - 40.5 40.5 40.5
APS M, 3400 3400 3400 3400
APS M, 3800 3800 3800 3800
BrAPS Product Analyses
Wt% Br (XRF) 68.1 67.3 67.9 67.0
Thermal HBr, 320°C/15 min/N, (ppm) 119 90 180 104
Thermal color, (3207 C/15 min/N,), ’
10wt% in chlorobenzene
L 95.45 93.69 89.83 88.30
a -2.31 -3.32 -3.32 -2.62
b 14.80 21.86 30.74 31.67
AE 15.70 22.99 32.58 33.88
[nitial Color, 10 wt% in chlorobenzene
L 99.66 99.63 | 99.50 99.22
a -0.61 -0.71 -0.45 -0.64
b 2.47 275 2.64 3.61
AE " 2.63 2.92 2.81 3.82
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28.76 Initial Color, 10 wt% i n chl orobenzene L
99.60 100.08 95.95 99.40 a -1.29 -0.47 -1.72 -0.84
4.19 1.69 11.29 3.64 AE 4.37 1.74 12.23 3.78

DSC, T, (°C) 166.0 167.4 168.6 162.6
TGA 1% wt loss temp, N, (°C) 352.8 355.4 354.1 349.2
BrAPS GPC
M, 13,000 13,000 | 12,800 | 12,100
M, 13,500 | 13,200 | 13,200 | 12,400
P4 Aromatic rings with ortho-Br (NMR) 72.9 77.0 76.1 66.8
MFI (g/10 min, 220°C/2.16 kg) 5.7 5.3 5.2 12.1
REFERENCE EXAMPLE G

[0079] This batch bromination was carried out using an anionic polystyrene having a
number average molecular weight of 3200 and a weight average molecular weight of 3300.
The bromine charge was increased from 2.70 to 3.00 equivalents of bromine per aromatic
ring. A 5.44 g (20.4 mmol) portion of aluminum bromide (Aldrich) was suspended in 199.8
g of dry (<15 ppm water) BCM in a 1-L, 5-necked, jacketed, glass reaction flask cooled to -
4°C by a circulating glycol bath. The reaction flask having a flush-mount Teflon polymer
bottom valve was equipped with an overhead air stirrer and Teflon polymer banana-blade
paddle, Friedrich’s condenser (glycol cooled), and thermowell. A constant flow of dry
nitrogen was maintained on the vent line from the condenser to assist in moving exit gases
from the flask to a caustic scrubber. A 500.0 g portion of a 30.0 wt% solution (150.0 g APS,
1.44/n mol) of the anionic polystyrene in dry BCM was charged to a 500-mL graduated
cylinder in a dry box. The graduated cylinder was then set up to pump the APS solution from
the cylinder to a jacketed, glycol-cooled glass mixing tee mounted on the reaction flask. A
solution of BCM (198.9 g) and bromine (690.4 g, 4.320 moles, 3.00 equivalents) was charged
to a second 500-mL graduated cylinder and set up to pump the bromine to the same mixing
tee as the APS solution. A single pump motot (Ismatec peristaltic pump, Cole-Parmer
SY-78017-00) having two pump heads was used to deliver equal volumes of the APS and
bromine solutions to the mixing tee. Both streams were cooled separately by the mixer before
combining at the bottom of the apparatus and dropping into the bromination flask. The
reaction mixture was protected from photo-initiated aliphatic bromination by turning offhood
lights and wrapping the flask and mixing tee with Al foil. Both feeds were started at the same
time and were both completed in 85 min. A rinse of 100 g of dry BCM was used for the APS
solution feed system to assure complete transfer of the polymer to the reaction flask while
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DSC, Tg (C) 174.2 170.8 184.1 178.7 TGA 1% wt
loss tenp, N2 ( C) 356.4 353.2 361.9 357.5 BrPS GPC

nitrogen was flushed through the bromine feed system to give quantitative transfer of the
bromine. The reaction temperature was maintained at -3 °C to 0°C throughout the addition
and subsequent 15 min cook period (with nitrogen purge of the reactor overhead). The catalyst
was deactivated by addition of 8.7 g of water. The organic phase was separated, and then
washed with water, dilute caustic, and finally water. The product was recovered from the
organic phase by addition to vigorously stirred hot (98 °C) water. The solvent distilled from
the hot water leaving a slurry of the brominated polystyrene product in water. After suction
filtering, the white solid was rinsed with water (3 x 2L) and dried to a constant weight of
471.9 g (95% yield) in an oven (120 °C) under a constant nitrogen purge. Product analyses
appear in Table 3.

EXAMPLE 5
[0080] This continuous bromination was carried out as described in Example 1 using 3.00
equivalents bromine. The APS used was the same as used in Reference Example G. Product
analyses are given in Table 3.

REFERENCE EXAMPLE H
[0081] This batch bromination was carried out using an anionic polystyrene having a
number average molecular weight of 6200 and a weight average molecular weight of 6800
following the batch procedure described in Reference Example A except for anincrease in the
bromine charge to 3.00 equivalents. A 8.36 g (62.7 mmol) portion of aluminum chloride
(Aldrich) was suspended in 799.1 g of dry (< 15 ppm water) BCM in a 5-L, 5-necked,
jacketed, glass reaction flask cooled to -3 °C by a circulating glycol bath. The reaction flask
having a flush-mount Teflon polymer bottom valve was equipped with an overhead air stirrer
and Teflon polymer banana-blade paddle, Friedrich’ s condenser (glycol cooled), and
thermowell. A constant flow of dry nitrogen was maintained on the vent line from the
condenser to assist in moving exit gases from the flask to a caustic scrubber. A 2093.7 g
portion of a 20.0 wt% solution (418.7 g APS, 4.02/n mol) of the anionic polystyrene in dry
BCM was charged to a 2-L flask in a dry box. The flask was then set up to pump the APS
solution from the flask to a jacketed, glycol-cooled glass mixing tee mounted on the reaction
flask. Bromine (1927.1 g, 12.06 moles, 3.00 equivalents) was charged to a second 2-L flask
and set up to pump the bromine to the same mixing tee as the APS solution. Both streams
were cooled separately by the mixer before combining at the bottom of the apparatus and
dropping into the bromination flask. The reaction mixture was protected from photo-initiated
aliphatic bromination by turning off hood lights and wrapping the flask and mixing tee with
Al foil. Both feeds were started at the same time and were both completed in 196 min. A rinse
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M 11,000 12,900 21,400 23,800 Mr 13,500 13,200 26, 100
24, 000 Yo Aromatic rings with ortho-Br (NMR)
90.7 84.3 85.3 78.8 MFl (g/10 mn, 235C/2.16 kg) 9-5
20.5 --- ---

0f 103 g of dry BCM was used for the APS solution feed system to assure complete transfer
of the polymer to the reaction flask while nitrogen was flushed through the bromine feed
system to give quantitative transfer of the bromine. The reaction temperature was maintained
at -3°C to -1 °C throughout the addition and subsequent 15 min cook period (with nitrogen
purge of the reactor overhead). The catalyst was deactivated by addition of 72 g of water. A
73.8 g portion of 10 wt% aqueous sodium sulfite was then added to assure the removal of any
residual bromine. The organic phase was separated, and then washed with water, dilute
caustic, and water. The product was recovered from the organic phase by addition to 6-L of
vigorously stirred hot (98 °C) water in a 12-L pot. The solvent distilled from the hot water
leaving a slurry of the brominated polystyrene product in water. After suction filtering, the
white solid was rinsed with water (3 x 2L) and dried to a constant weight of 1337.1 g (97%
yield) in an oven (150 °C) under a constant nitrogen purge. Product analyses appear in Table
3.

EXAMPLE 6
[0082] This continuous bromination used the same anionic polystyrene used in Reference
Example H (number average molecular weight of 6200 and a weight average molecular
weight of 6800) with only two feed streams to the reactor. The bromine stream, containing
the dissolved AlBr, catalyst, and the APS solution in BCM were metered to the reactor using
two separate pumps An 80-mL capacity glass CSTR was used for the reaction. The reactor
had an outer insulating vacuum jacket and an inner jacket for circulating glycol coolant. The
vessel had two inlet ports on the bottom for delivery of reagent solutions directly under the
- bottom turbine blade of the dual Teflon polymer turbine agitator (operated at 400 rpm). An
overflow port located just above the top turbine blade allowed the reaction mixture to flow
by gravity to a splitter that could direct the flow to the main product quench pot (5-L fully
jacketed round bottom flask with paddle stirrer) or a secondary waste quench pot (2-L
Erlenmeyer with magnetic stirrer). Exit gases from the CSTR passed overhead through a
Friedrich’s condenser and into an aqueous caustic scrubber with assistance from a constant
nitrogen purge at the top of the condenser. During the bromination, the room and hood lights
were turned off to minimize photobromination.
[0083] Two identical pumps (Ismatec peristaltic pump, Cole-Parmer SY-780 17-00) were
used to deliver the bromine/AlBr, and APS/BCM solutions to the CSTR using feed lines of
Teflon polymer (1/8”) and Viton fluoroelastomer (0.10”, Cole-Parmer, SY-07605-46). The
operation was started by charging the CSTR with dry BCM (170.2 g) and cooling the contents
of the reactor to -5 °C. The bromine solution (18.01 g AlBr, in 2070.9 g Br,) and APS solution

(450.58 g APS in 1802.3 g BCM, 20.0 wt% APS) feeds to the reactor were started at the same
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MFl (g/10 min, 270C/2.16 kg) --- 47.2 96.7 [0084]
Table 4 summari zes the results of evaluation of glass
filled nylon 6,6 polyner blends containing various
brom nated flane retardants. The flanme retardants used
were Saytex (r) HP-3010 pol yner (brom nated

pol ystyrene; Al bemarle Corporation), Geat Lakes
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point,Afle PrtIovestream was diverted to the main quench pot (containing 607 g of 7 wt%
aqueous Na,S0,) to collect the steady state product. A small amount (62.9 g) of bromine
solution remained unused when the APS solution was depleted after 221 min of operation.
The weights of feed solutions used were:

1) 20.0 wt% APS in BCM, 2252.9 g (4.326/n mol APS)

2) Br,, 2008.0 g (12.57 mol), 2.90 equiv.

3) 0.86 wt% AlBr; in Br,, 17.46 g (0.0655 mol), 1.51 mol%
The average residence time for the reaction mass in the CSTR was 9 min. The organic phase
in the main quench pot was transferred to a 2-L separatory funnel and then diluted with a
BCM rinse (538 g) of the quench pot.. The diluted organic phase was then washed with water,
dilute caustic, and finally water to remove residual acid and salts. The neutralized organic
phase was pumped into 6-L of vigorously stitred hot (98 °C) water to obtain a slurry of white
finely divided solid in water. The slurry was suction filtered, and the solid was rinsed on the
filter with water (3x2L). The wet cake (1702 g) was dried in a nitrogen purged oven at 130 °C

to a constant weight of 1219.3 g. Analytical results for the product are summarized in Table
3.

TABLE 3
BATCH AND CONTINUOUS BROMINATION REACTIONS
FOR HIGH BROMINE BrPS PRODUCTS
[Example Ref G 5 Ref H 6
Bromination Process Batch | Continuous || Batch | Continuous
Catalyst AlBr, AlBr, AlCl, AlBr;
AIX., mole % : 1.42 1.22 1.56 1.51
Maximum reaction Temp (°C) 0 5 -1 7
l'otal reaction time or
hve. residence time (min) 100 8 211 9
IAPS feed concentration (wt%) 30.0 30.0 20.0 20.0
APS M, 3200 3200 6100 © 6100
APS M, 3300 3300 6800 6300
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2.8 0.4 3.2 3.2 3.2 3.2 Parts Saytex (g) 3010, 68.0%

20.7 -- -- -- -- -- Parts PDBS8OTM Fire -- 23.1 -- --
-- -- Parts BrPS 3300 Mv APS, 59.9% Br (conti nuous Br)
s -2 20,2 -- .-
BrAPS Product Analyses "
W% Br (XRF) H 70.3 69.9 70.1 69.4
Thermal HBr, 320°C/15 min/N, (ppm) 180 203 168 279
Thermal color, (320" C/15 min/N,),
10 wt% in chlorobenzene
L 90.44 93.87 64.71 79.77
-1.12 -2.17 9.20 2.27
b ' 20.15 16.98 24.56 19.75
AE 22.49 18.26 44.35 28.76
[nitial Color, 10 wt% in chlorobenzene
L ’ 99.60 100.08 95.95 99.40
-1.29 -0.47 -1.72 -0.84
4.19 1.69 11.29 3.64
AE 4.37 1.74 12.23 3.78
DSC, T, (°0) 174.2 170.8 184.1 178.7
TGA 1% wt loss temp, N, (°C) 356.4 353.2 361.9 357.5
BrPS GPC
M, 11,000 12,900 21,400 23,800
M, 13,500 13,200 26,100 24,000
o Aromatic rings with ortho-Br (NMR) 90.7 84.3 85.3 78.8
MFI (g/10 min, 235°C/2.16 kg) 9.5 20.5
MFT (g/10 min, 270°C/2.16 kg) ' 472 96.7

[0084] Table 4 summarizes the results of evaluation of glass filled nylon 6,6 polymer blends

containing various brominated flame retardants. The flame retardants used were Saytex

HP-3010 polymer (brominated polystyrene; Albemarle Corporation), Great Lakes PDBS-
80™, and samples of brominated polystyrenes of this invention from Examples 5 and 6, and
samples qf brominated polystyrenes Reference Examples G and H.
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Pa- Tr ETERYST3WNFM'S, 70. 3% Br
Parts BrPS 6800 Mwv APS, 59.4% Br
Parts BrPS 6800 Mv APS, 70. 1% Br

20.2 --

(batch Br)
(conti nuous Br)

(batch

Br) -- -- -- -- --20.2 Parts Antinony Trioxide 6.2
6.2 6.2 6.2 6.2
TABLE 4
.1 | Commercial

BrPS Samﬂs Commercial PDES-80 Ex.5 | Ref. G |Ex.6 |Ref H
Parts Zytel ~ 70G43L
bolymer (43% glass) 69.9 69.9 70.0 | 70.0 | 70.0 | 70.0
Parts Zytel 101 polymer 2.8 0.4 3.2 3.2 3.2 32
Parts Saytex ~ 3010, 68.0% |  20.7 - - - - -
Parts PDBS-80™ Fire -- 23.1 -- -- - -
Parts BrPS 3300 Mw APS, _ B 202 _ B B
69.9% Br (continuous Br) '
Parts BrPS 3300 Mw APS, _ _ _ 20.2 _ _
70.3% Br (batch Br) )
Parts BrPS 6800 Mw APS, B _ _ _ 202 .
69.4% Br (continuous Br) ’
Parts BrPS 6800 Mw APS, _ _ B _ _ 20.2
70.1% Br (batch Br) )
Parts Antimony Trioxide 6.2 6.2 6.2 6.2 6.2 6.2
Parts PTFE Teflon 0.4 0.4 0.4 0.4 0.4 04
TESTING RESULTS
UL-94 @ 1/16" V-0 V-0 V-0 V-0 |{ V-0 | V-0
Burn Time T1 25.5 18.9 21.0 | 246 | 373 | 16.6
Burn Time T1 + T2 30.4 23.0 254 | 30.1 | 455 ] 248
Drip No No No No No No
Melt Viscosity @ 250°C, B _
7300 1/sec; Pa* sec 49 45 >? 61
Melt Viscosity @ 265°C, B _
7300 1/sec; Pa* sec 44 43 44 49
Notched Izod, fi-lb L5 1.3 1.8 1.8 1.7 1.6
Tensile @ Break, kpsi 19.0 17.7 208 | 209 | 193} 194
Elongation @ Break, % 2.9 2.7 3.3 3.6 3.2 3.3
[0085] From the foregoing it can be seen that this invention includes various additional

embodiments such as for example:

[0086] )

A process of preparing a brominated styrenic polymer having increased

melt flow properties measurable by use of ASTM Test Method D1238-00, which process

comprises:
A)

continuously forming reaction mixture from (i) a brominating agent, (ii) a solution of

styrenic polymer in a solvent, and (jii) aluminum halide catalyst in which the halogen
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6.2 Parts PTFE Teflon (r) 0.4 0.4 0.4 0.
0

0.
JESTI NG RESULTS UL-94 @ 1/16" V- 0

0.
0

4 4 4
V-0 V-0 V-0

atoms are bromine or chlorine with at least one such halogen atom being a bromine
atom; .

B) causing said reaction mixture to continuously travel through and exit from a reaction
zone maintained at one or more temperatures in the range of -20 to +20 ° C (preferably
in the range of 1 to 10°C and more preferably in the range of 1 to 5°C), so that
bromination of polymer occurs during at least a portion of such travel;

&)} terminating bromination of polymer in the reaction mixture as or after reaction
mixture exits from the reaction zone; and

D) continuously having the time between formation of reaction mixture in A) and
termination in C) in the range of 20 minutes or less (preferably 10 minutes or less and
more preferably 5 minutes or less).

[0087] II) A processofpreparing a brominated styrenic polymer product having increased
. melt flow properties at 235°C and 2.16 kg or at 270°C and 2.16 kg in the melt flow index
test, which process comprises:

A) continuously forming in, and continuously withdrawing from, a reaction zone
maintained at one or more temperatures in the range of -20°C to +20°C (preferably
in the range of 1 to 10 ° C and more preferably in the range of 1 to 5 °C), a bromination
reaction mixture formed from (i) a brominating agent, (ii) a solution of styrenic
polymer in a solvent, and (iii) aluminum halide catalyst in which the halogen atoms
are bromine or chlorine with at least one such halogen atom being a bromine atom;

B) providing reaction mixture in the reaction zone a residence time for bromination of
polymer to occur, such residence time being in the range of no more than about 20
minutes (preferably 10 minutes or less and more preferably S minutes or less) between
formation and withdrawal of reaction mixture; and

C) terminating bromination of polymer in withdrawn reaction mixture within 10 minutes
(preferably within 5 minutes) after withdrawal, the total time of B) and C) being no
more than about 20 minutes.

[0088] II) A process as in I) or IT) wherein bromination of polymer is terminated in C)

by quenching withdrawn reaction mixture with a quenching composition comprising water

in the liquid state.

[0089]  As used anywhere herein, including the claims, the terms “continuous” and

“continuously” denote that the operation referred to ordinarily proceeds without interruption

in time provided however that an interruption is permissible if of a duration that does not

disrupt steady-state conditions of that operation. If the interruption is of a duration that
disrupts steady-state operation, a steady state condition of operation should be achieved before

35



V-0 V-0 Burn Tine T1 25.5 18.9 21.0 24.6 37.3 16.6
Burn Tillie T1 + T2 30.4 23.0 25.4 30.1 45.5 24.8 Drip
No No No No No No Melt Viscosity @250C, 7300 1/sec;
Pa* sec 49 45 --

resuming collection of the product.

[0090] It is to be understood that the components referred to by chemical name or formula
anywhere in the specification or claims hereof, whether referred to in the singular or plural,
are identified as they exist prior to coming into contact with another substance referred to by
chemical name or chemical type (e.g., another component, or a solvent). It matters not what
preliminary chemical changes, transformations and/or reactions, if any, take place in the
resulting mixture or solution as such changes, transformations, and/or reactions are the natural
result of bringing the specified components together under the conditions called for pursuant
to this disclosure. Thus the components are identified as ingredients to be brought together
in connection with performing a desired operation or in forming a desired composition. Even
though the claims hereinafter may refer to substances, components and/or ingredients in the
present tense ("comprises”, "is"), the reference is to the substance, component or ingredient
as it existed at the time just before it was first contacted, blended or mixed with one or more
other substances, components and/or ingredients in accordance with the present disclosure.
The fact that a substance, component or ingredient may have lost its original identity through
a chemical reaction or transformation during the course of contacting, blending or mixing
operations, if conducted in accordance with this disclosure and with the application of
common sense and the ordinary skill of a chemist, is thus wholly immaterial for an accurate
understanding and appreciation of the true meaning and substance of this disclosure and the
claims thereof.

[0091] Each and every patent or publication referred to in any portion of this specification
is incorporated in foto into this disclosure by reference, as if fully set forth herein.

[0092] This invention is susceptible to considerable variation in its practice. Therefore the
foregoing description is not intended to limit, and should not be construed as limiting, the
invention to the particular exemplifications presented hereinabove. Rather, what is intended
to be covered is as set forth in the ensuing claims and the equivalents thereof permitted as a
matter of law. '
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-- 59 61 Melt Viscosity @265C, 7300 1/sec; Pa* sec 44
43 44 49 -- -- Notched lzod, ft-Ib 1.5 1.3 1.8 1.8 1.7
1.6 Tensile @Break, kpsi 19.0 17.7 20.8 20.9 19.3
19.4 Elongation @Break, %2.9 2.7

CLAIMS

1. Brominated styrenic polymer formed by anionic polymerization having
(i) a bromine content of at least about 66 wt%, (ii) a GPC weight average molecular
weight in the range of about 8000 to about 50,000, and (iii) a higher melt flow index as
measured using ASTM Test Method D1238-00 as compared to brominated styrenic

polymers formed from the same components with a feed time of 30 minutes or longer.

2. Brominated anionic styrenic polymer as in Claim 1 wherein said GPC

weight average molecular weight is in the range of 10,000 to 30,000.

3. Brominated anionic styrenic polymer as in Claim 1 wherein said GPC

weight average molecular weight is in the range of 10,000 to 20,000.

4, Brominated anionic styrenic polymer as in Claim 1 wherein said polymer

has a thermal stability in the 320°C Thermal Stability Test of 300 ppm of HBr or less.

5. Brominated anionic styrenic polymer as in Claim 1 wherein said polymer

has a thermal stability in the 320°C Thermal Stability Test of 125 ppm of HBr or less.

6. Brominated anionic styrenic polymer as in Claim 1 wherein said polymer

has an initial Hunter Solution AE Color Value of 5 or less.

7. Brominated anionic styrenic polymer as in Claim 1 wherein said polymer

has an initial Hunter Solution AE Color Value of 3 or less.

8. Brominated anionic styrenic polymer as in Claim 1 wherein said polymer
has a thermal stability in the 320°C Thermal Stability Test of 300 ppm of HBr or less,
wherein said polymer has a GPC weight average molecular weight in the range of
10,000 to 30,000, and wherein said polymer has an initial Hunter Solution AE Color

Value of 5 or less.
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3.3 3.6 3.2 3.3 [0085] Fromthe foregoing it can be
seen that this invention includes various additional
enbodi ments such as for exanple: [0086]1) Aprocess

of preparing abrom nated styrenic polynmer having
increased nelt flow properties neasurable by use of
ASTM Test Met hod D1238- 00, which process conpri ses:

A) continuously formng reaction mxture from (i) a
brom nating agent, (ii) a solution of styrenic polyner
in a solvent, and (iii) alum num halide catalyst in
whi ch the hal ogen atons are bromne or chlorine with
at |%®ast Bromisatrdaniliosgenis tpolynipeanip Glaipr dwheesimsaihpolymer

A AT STy i MR Ao o or e,

whatiat Qid pélydler BRE a GPOBY&glitedRRIzatmsledldrnwéibet mathgaange of
of -20 to +2000 (preferably in_the r_angle of 1 to.10C
10,009 $e020:0Q8; and: M%lﬁteyﬂ pad pﬁémearh@%%ﬂmﬁat% er gglutiqpAE Color

VElUé‘Bf?BHE{E.”a“ on of polynmer occurs during at |east a
portion of such travel; C term nating brom nation of

POl VIR IBohifdd®Rtié; 0 dyMlot! BEIGmRP aOln &Y 8f CIAAC 1L Yherein
m xture exits fromthe reactfon zone; arnd conti nuously
saitpadlyrgertiae a brameink eontere in fherangeiodn7 of 7¢ et6t i on mi xture
in A) and termnation in C) in the range of 20 m nutes
or lHss (Bromiratalbdnjonid styramitt pelymer he gsamgnof Ghaires 1-9 wherein
eferahly 5. m nutes .or less). [0087] II)A process of
SaB{@E&P?r@g@HﬂP Fﬁjﬂ‘é‘i"gﬂp%'@’? fc pol ymer product having
increased. nelt flow properties at 235C and 16 0 .
at 2PoC digminates Jonin SHFRRIGRPIYET 83y fieQl _f%?é‘%’? 14 Rein
salil pYiGRer is Bidthinafed :ani%hiccﬂl‘%ﬁﬁ&%'&{vhgf Hbintife tdhter M the range
continuously wthdrawing Trom a reaction zone
ofpdita’8wild at one or nore tenperatures in the range of
-20C to +2000 (preferably in the range of 1 to 10C and
nmor el 3pr efBrpmiaged; styretie polymge fayned by @n®nicQjolymerization wherein

oni nat.i on,reaction n e foarnmed i oo

soff VG 18  PaRe oo oF IGr BOITE VPR R bhoflinsgid potymer
is bfic ih WLl @iRtpercenfigé bf arpmaticithgstinvingl dritie beahiak wiinsi thereon as

whi ch _the hal ogen atons are brom ne gr chl ori ne %/‘vith
megsuted by Projpe NMR s Josn B the 2eESAMtBET oighe 219aHF Foebaiie ortho
brBthin?’ Mk 1BrdoR 2 bRIMiThEE WiskehiC HAIGmERAFICD FHACHR same

residence time for bromnation of polyner to occur,
coppohentewithl e iesd timaef Ianimgtes or langerr ange of no nore than

about 20 minutes (preferably 10 mnutes or less and

mor d4pr efBrombiateds ampmiat ggreoic pelysier st e &haiforlgawhengin the

and withdrawal of reactio i xture:; and C) term '
pe5aeh af Pl g5 HePine, ot o B Sherer IR 5P s
thad tHY Perdéhtaficnolt &Snlafié eingts dakingVertlyl Bromine awheStheRbh dn said

withdrawal , the total tinme of B) and C) being no nore
previeyshyakeaym eomparahls treminated anioniC styrenic polymers.

15.  Brominated anionic styrenic polymer as in Claim 13 wherein said

polymer has a bromine content in the range of 67 to 69 wt% and wherein the percentage

of aromatic rings having ortho bromine atoms thereon is at least 10% less than the
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[0088] lit) A process as inl) or Il) wherein

brom nation of polyner is termnated in C) by

guenchi ng wi thdrawn reaction m xture with a quenching

conposition conprising water in the liquid state.

[ 0089] As used anywhere herein, including the clains,

the ternms "continuous" and "continuously" denote that

the operation referred to ordinarily proceeds w thout

interruption in tinme provided however that an

interruption is permssible if of a duration that does

not di srupt steady-state conditions of that operation.
pekdentae of aforiidtio [ririge havihig airtha tdomaiei adomd Heteodiia rsaidt reviously-

st eady-stgt ﬁ%‘?}'ﬁer ation,. a stead | state condition of
kngacotpaRbleEmiatsd AAORICSHEFIHRIFMES: ¢ esuni ng

collectigon of the product. [0090] It is . be . .

unddifst odHomgted; AROME NWRRIAL QOIV‘%?F"e 2% &8 {:gnﬁyl % esreiny said
diSf}H& l%‘fﬁ? i . &edbilitg aLitdT 300 ppm of HBr
pc al rrlfsagﬁfér eo i,éamtﬁg%’\gg?{e?g‘ogtﬁﬂggnﬁ in tﬁe si ngul glr) or
orfésaral , are identified as they exist prior to comng

into contact with another substance referred to by )

cherii7cal Braminated atiemic ceyrenigppolymeny as ianGlaher13 wherein said

0 nen or sl vent L tter t
POEFBH% ﬁ;l?eg?m?:]h Ldtyjm a"hzgeé Tnh?%an?ss a@?ﬁ%ir :é%%’tsf 200 gprg, of HBr
orl@actions, if' any, take place in the resulting
m xture or solution as such changes, transformations,
and/1Qr 1 efehifARY akibnit Nyt Upalimee sy lih Ofaildr iNgihegein said
t he specified conponents together under the conditio
pokyingres f gherpak %@lﬁnﬁw in ghet 3202C Jihsrmal Stablity Freiot g ppm of HBr
or§ onents are identified as ingredients to be brought
together in connection with perform ng a desired
oper@atio 1.0 for.m. S] SidakAN : :
Choth ¢ RuSljafte; SN RS bR ATARSEIMAT Ry said
potyangrdiae i mitdédd dEColomgalecloehoslessn t he present tense
("conprises", "is"), the reference is to the
subsipanc Broganpdn &ibnior stitegicepolgmer as int Chih st dvigtein said
the tinme just before it s. first contacted, blended
pobymerihas.an itiah Bypter Splupign ﬁ&%@ﬁ@%@%ﬂﬁ%ﬁ; conponent s
and/ or ingredients in accordance with the_present .

di s@losufBommated; gripnic hgfyrenics ARYISHAS, M thﬁt whprein the
p&&gﬁgg 0B RforhRY: MiR%Ghab g ortHoShrBfir Rdns E@dnl fsYat 1EHsO I ess
a chém cal reaction or transformation during the ) .
tharo tires perodntagsnofaatomatjs riigeriuiving enthonbreitiee gfparsathiersas in said

i f. conducted in cordance . wi.th this.d u  eal
PR REb e e AR A A M s S haTRR & FRbein sad
pob¥ihérha®t tikerlestatsltity ih $het 320SCWhethal Stabitéty dlestadf 300 ppmrof HBr

accur ate understandi ng and appreci ation of the true
ordessni ng and substance of this disclosure and the

clains thereof. [0091] Each and every p Ient or ) .

publ22¢ at iBsaminated: prignie ostyienignpolymer jagrinoElam 3 wherein said
po IHfak G @ drfAE1 §t§’ofi1i GRHROSBP@ A hefindl %tté?)iﬁt?%sttdf'%o ppm of HBr

sclosure by reference, as if fully set forth héerein.
or[16898d whifesn said polymenhassansuitiebHuntit Solptdorc AR §Godisr\gdeeof 5 or
) variation in its practice. Therefore the foregoing
®¥escription is not intended to limt, and should not
be construed as limting, the invention to the
particul ar exenplifications,presented herei nabove.
Rat her, what is intended to3dge covered is as set forth
in the ensuing clains and the equival ents thereof
permtted as a matter of law. CLAIM 1.
Brom nated styrenic polyner fornmed by anionic
pol yneri zation having (i) a brom ne content of at
| east about 66 W% (ii) a GPC wei ght average
nmol ecul ar weight in the range of about 8000 to about
50,000, and (iii) a higher nelt flow index as neasured
usi ng ASTM Test Met hod D1238-00 as conpared to
brom nated styrenic polyners fornmed fromthe sane




percentage of aromatic rings having ortho brom ne
atons thereon in said previously-known conparable

brom nat ed ani oni c styrenic pol ymers. 16.

Bromi nated anionic styrenic polynmer as in Caim13
wherein said polyner has a thermal stability in the
320C Thermal Stability Test of 300 ppm of HBr or |ess.
17. Brom nated anionic styrenic polymer as in Claim 13
wherein said polyner has a thermal stability in the
320C Thermal Stability Test of 200 ppm of HBr or |ess.
18. Brom nated anionic styrenic polyner as in Claim13
wherdi. n Saothiyatddy amionibagy@nichpolymer @b albi Claim 13 vteecin said

20C Therymal Stahj.li.ty Test 12 m of . HBr. | ess.
pofinerges pharete Al in e e eriheril SPREY 76853 280 gpioFyee
or1BR8H Wheidl sA@ bylyRkr RaSandfitialHuhtet SAMiSOAR Colé| Viucddf 5 or
5 or |ess. 20. Brom nated anionic styrenic
legsol ymer as in O aim 13 wherein said polymer has an
initial Hunter Solution AE Color Value of 3 or less.
21. 2 oniBraménhtedn peipnie Syrgnisnpelypet wadn Glpimnlovdiersin Faid

N : ! o vi
po5TaR bR R LS a0P R SR o195 Rk Hr
orfless aad wageinfaid polymer hasrdnriaiiahHuntagSalntidroAB Coldriélue of 3 or
atons thereon in said previously-known conparable
1e$5 oni nat ed ani oni ¢ styrenic polynmers, and wherein said
pol ymer has a thermal, stability in the 320C Ther
St abAt i t Prowéfated anieic shiteni¢ PABMESas| gy of E_Palmggéz 14, or
1@2@%&@&%@3{&1&3&%@5 YFoRhE caftdnt ithe &gk Bf 61 &) 70 k36,

wherein sal pol ymer has a thermal stability in the

320GcTherdpln; Intdnt /st {ymid Qs RPEYPEf EIROr3- 2P Herei

andgv?lher ern s@i‘%bigo(%nﬂrseﬁﬁgs&an Initi aIyOHunt g} e
saBopaliyhaeris benQudted aniricipolysty®ner | ess. 23.

Brom nated anionic styrenic polynmer as in Caim1l3 _

wherddi n Sroohiqatddyamemidsigrenictjodymmaxias sit ayi off Chpinisnl 3-Pde wherein

320C Ther nmal bilLity Test of 200 af HBr or
salf oIy B GG sty e el i PR Sy e of 8600 to
503gouti on AE Col or Value of 5 or |ess. 24,
Bromi nated anionic styrenic polynmer as in Caim13
whergi N $HbehifRRdY BRbnib asct_l_y@nfchgélgﬂkr ek aRi Claind 27 wieeein said
320C Thermal Stability Test of 125 ppmof HBr or |ess
podyrdenkiae p SiPE weight gyetagemolaenlar yﬁlghhmttﬁ%ﬂangmfi 13000 to 30,000.
Sol ution AE Col or Value of 3 or |ess. - 25. ] i
Br ori%nat difomiriatadi anignig r eyvesicppdlymer agsinj GlaiAy2bfwherein said
al 1 4.. or - [N Sad
pepfiiie D06 dsipfayBp hollRBP L iy BR e 1 620,000
26. Brom nated anioni c styreni ¢ .nol vier i 0 any.
& 2 T Bt oftpt R i bRt phgdP P tast one
théfiophistic pellyet ydeNBame retardant foull et ekieshedirbminiated anionic
styrenic polymer as in any of Cains 13-24 wherein
styghig PRYMERAT InRR¥ obClapes wPght aver age nol ecul ar wei ght
in the range of 8,000 to 50,000. . . 28. Brom nated,
ani i ¢ < pempesitignoAsyiferlaing 30 wherein 5719 theymeplestic Rolyer is a

. h . GP, Lgh I el @hdiere!
nfiHobRe SR, plEES 3o YGERARsIP! Sl rone
podymana thesbgplastic polyestymrer a thermopl@tiaipolyamideher ei n sai d

pol ymer has a GPC wei ght average nol ecul ar weight in
the range of 10,000 to ZO,QRP. 30. A flane
retardant conposition which conprises a blend of at

| east one thernoplastic polynmer and a flanme retardant
anount of at | east one brom nated anionic styrenic
polynmer as in any of Cains 1-29. 31. A
conposition as in Claim30 wherein said thernoplastic
polymer is a thernoplastic styrenic polyner, a

t hernopl astic acrylonitrile-butadi ene-styrene pol yner,
a thernopl astic polyester, or a thernoplastic

pol yam de. 32. A nethod of flanme retarding a

t hernopl astic polynmer or a thernoset resin, which



36. Brom nated anionic styrenic polynmer as in any of
Cl ains 33-35 wherein said polyner additionally has (1)
a GPC wei ght average nol ecul ar wei ght in the range of
8,000 to 50,000, or (2) a thermal stability in the
320C Thermal Stability Test of 300 ppm of HBr or Iess,
or (3) a bromne content of at |east about 66 w % or
(4) a conmbination of any two, or all three, of (1),

(2), (3). 37. Brorninated anionic styrenic
pol ynmer as in Claim 36 wherein said polyner has a
conbi nation of any two of (1), (2), (3). 38.

Br ord2nat ex naau]imhbf: ﬂsﬂny rretatdingp al thererophistid pol@lmi‘ or 37thermoset

wher gj h nbi.nat f th f
refny which ynedpos) SompHses bleagnd HRGTTA: B TE B PRI Jrem of
1e&@bﬂ@%nﬁ§atédktﬁemc 9f)ly§le§h§‘iﬁ aﬁgogﬁlzﬁ\ﬁﬂﬁpn the GPC

wei ght average nol ecdl ar weight of (1) is in the range

of 13, 00G3hRim3tbdlRifbniddifre ﬁfc;botﬁ?ermﬁfé'@éalégélgh&f 1 anfnitial
t he 320C Thermal Stabilit est of m of

HiBer Sniutioss; valnelintherasgaof emtobl: iﬁndﬂ@rm,mﬂd am 1Qawt%» 39lutign in
n the range of about 67-70 wm % 40. Brom nat ed
ch, (ﬁf’%eﬁlz%n styr en| c polymer as in Claim39 wherein said

0 A s, ot g

Ambﬁﬁ@isnnﬁwrdngkqimjﬁrtohm a conbination of all three of
(1), (2), (3). 42. Brom nated anionic styrenic

pol y3%er  &romhatdyannidhtefR pdbyndét adtue CRiim 33aikbréin syiduiitial
i s brom nated ani oni c pol ystyrene. 43.

Alpveae isdn the rangeatiocl St @ni ¢ poI yrrer as in any of
Cainms 39-41 wherein said p I's brom nat ed
ani afi ¢ puppinajadeaneonic styremc po ymer as in any of Claims 33-35 wherein

said polymer additionally has (1) a GPC weight average molecular weight in the range
of 8,000 to 50,000, or (2) a thermal stability in the 320°C Thermal Stability Test of 300
ppm of HBr or less, or (3) a bromine content of at least about 66 wt%, or (4) a
combination of any two, or all three, of (1), (2), (3).

37. Brominated anionic styrenic polymer as in Claim 36 wherein said

polymer has a combination of any two of (1), (2), (3).

38.  Brominated anionic styrenic polymer as in Claim 37 wherein said

polymer has a combination of all three of (1), (2), (3).

39.  Brominated anionic styrenic polymer as in any of Claims 36-38 wherein
the GPC weight average molecular weight of (1) is in the range of 10,000 to 30,000,
wherein the thermal stability in the 320°C Thermal Stability Test of (2) is 200 ppm of

HBr or less, and wherein the bromine content of (3) is in the range of about 67-70 wt%.

40. Brominated anionic styrenic polymer as in Claim 39 wherein said

polymer has a combination of any two of (1), (2), (3).
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41.  Brominated anionic styrenic polymer as in Claim 39 wherein said

polymer has a combination of all three of (1), (2), (3).

42.  Brominated anionic styrenic polymer as in any of Claims 36-38 wherein

said polymer is brominated anionic polystyrene.

43.  Brominated anionic styrenic polymer as in any of Claims 39-41 wherein

said polymer is brominated anionic polystyrene.
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