FLAVE RETARDANT EXTRUDED POLYSTYRENE FOAM COVPOSI Tl ONS
FI ELD OF THE | NVENTI ON The present invention rel ates
W0 ooobloarze4 r et ar dant conpositions and extruded PCT/US2004/043352
pol ystyrene foans fornmed therefrom BACKGROUND OF THE
I NVENTI ON Styreni c pol ymer conpositions and foans,
such as extruded pol ystyrene foam are used widely in
the manufacture of extruded articles, paints, filnms
coatings, and m scel | aneous products. Extruded
pol ystyrene foamis characterized by fully cl osed
cells that provide superior insulative properties and
hi gh conpressive strength. Extruded pol ystyrene foam
typically is nmade by bl ending a styrenic polyner, a
fl ame retardant conpound, and a bl ow ng agent, and
extruding the resultant m xture through a die to form
the foam Wen used as an insulating nmaterial, it is
i mportant to avoid formng voids or air passages into
the cell structures.For sone product applications, it
may be desirable to decrease the flammability of such
conpositions and foans. Flane retardant conpounds for
use in extruded pol ystyrene foans have many
requirenents, including thermal stability, substantia
mscibility in polystyrene, and high flane retardancy.
ihe flame retardant conpound also nust not interfere
wth the foam ng process. For exanple, if a brom nated
flame retardant exhibits off-gassing of HBr due to
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fl ane retardant shoulng%QMg@?Nﬁqﬁgﬁhgmgal HBr

em ssi on under extrusion an oam ng conditi ons.
Furt hernore, significant

15 FIELD OF THE INVENTION

The present invention relates to flame retardant compositions and

extruded polystyrene foams formed therefrom.

BACKGROUND OF THE INVENTION

20 Styrenic polymer compositions and foams, such as extruded polystyrene
foam, are used widely in the manufacture of extruded articles, paints, films
coatings, and miscellaneous products.  Extruded polystyrene foam is
characterized by fully closed cells that provide superior insulative properties
and high compressive strength.

25 Extruded polystyrene foam typically is made by blending a styrenic
polymer, a flame retardant compound, and a blowing agent, and extruding the
resultant mixture through a die to form the foam. When used as an insulating
material, it is important to avoid forming voids or air passages into the cell

structures.



of f-gassing of HBr due to flanme retardant degradation
can cause the nol ecul ar wei ght of the polystyrene to
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theory, it is believed that the HBr fornms brom ne

radi cal s that cause scission of the polystyrene

chai ns. Hal ogenated fl ane retardant conpounds have

been proposed for use in various polyners. See, for
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reference in its entirety. Such compounds are typically aliphatic,

cycloaliphatic, or aromatic. Aliphatic halogenated compounds are known to be
more effective because they break down more readily. At the same time, such

20 compounds are less temperature resistant than aromatic halogenated flame
retardants. Thus, use of aliphatic halogenated flame retardants often is limited
to situations in which the processing temperature is very low. See Mack, A.G.,
Kirk Othmer Chemical Encyclopedia, Flame Retardants, Halogenated Section
4, Online Posting Date: September 17, 2004. However, whether a compound is

25 suitable for a given application depends on the polymer and the method of
incorporation. See Troitzsch, J. H., Overview of Flame Retardants: Fire and
Fire Safety, Markets and Applications, Mode of Action and Main Families,
Role in Fire Gases and Residues, Chimica Ogi/Chemistry Today, Vol. 16,
Jan/Feb 1998.



cannot withstand the high | oading required to achieve
the desired effect. Thus, there is a need for a flane

WO edoatogdemt conpound contai ni ng al i phatic and/ oPCT/US2004/043352

cycloaliphatic bromne that is suitable for use in
extruded pol ystyrene foam that achi eves the desired
ef ficacy at high processing tenperatures w thout
adversely affecting the polystyrene or the resulting

foam  SUMARYtOthel ik dMIENTASDE 18 RitRS Sihatib VAL gz%loaliphatic

is directed generally to a flane-retarded extrude
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In one aspect of the invention, the flame retardant compound is present in an

amount of from about 0.1 to about 10 wt % of the foam. In another aspect, the

flame retardant compound is present in an amount of from about 0.5 to about 7

20 wt % of the foam. In yet another aspect, the flame retardant compound is

present in an amount of from about 1 to about 5 wt % of the foam. In still

another aspect, the flame retardant compound is present in an amount of from
about 3 to about 4 wt % of the foam.

The foam may be formed from a composition having an initial shear

25  viscosity that decreases less than about 15% after about 32 minutes at 190°C .

In one aspect, the foam may be formed from a composition having an initial



has a nol ecul ar weight (My) of at |east about 95% of
the polystyrene in an identical conposition w thout

wo b@erame retardant conmpound. The foam nay haRE€T/aSiOB4/043352

of fromabout 1 to about 3 conpared with an identi cal
pol ystyrene foam not containing the flane retardant

conpound. In another aspect the foam nay have a DE of
about 1 conpared with an identical polystyrene foam
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According to another aspect of the invention, a flame-retarded extruded
polystyrene foam contains a flame retardant compound, where the foam has at
least one of the following characteristics:

(a)  the foam is formed from a composition having an initial shear

20  viscosity that decreases less than about 15% after about 32 minutes at 190°C;

(b)  the foam is formed from a composition having an initial shear
viscosity that decreases less than about 10% after about 32 minutes at 175°C;

(c)  the foam is formed from a composition in which the polystyrene
has a molecular weight (M) of at least about 90% of the polystyrene in an

25  identical composition without the flame retardant compound; or

(d)  the foam has a AE of from about 1 to about 3 when compared

with an identical polystyrene foam not containing the flame retardant

compound.



The present invention also contenplates an extruded

pol ystyrene foam containing a flane retardant conpound
whaweogi2the structure: wherein the foamis PCT/US2004/043352

substantially free of antinony trioxide. The present

invention further contenplates a nethod of producing

flame-retarded extruded pol ystyrene foam substantially

free of antinony trioxide, the nmethod conprising
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with the nolten pofystyrene romabout 0.1 w %to
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DESCRI PTI ON OF THE P p N 8 pres invention is
directed generally to ep styrene foam

conposi tions having flane retardant propert¥es, flane
retardant extruded polystyrene \\,ns, nmet hods of
maki ng such foans, and products conprising such
cgnposi t i TAs pagkdnf BEEBtior"\elee cdhiethplaeDMe erizpdLl palfstyleae foam
present invention, a flanme retardant extruded

pol yseyiatnies ¢ dlamegsieptist comBpowdisyingdhe sEnstateyr ene and
at |east one flane retardant cogpound. ,Optionally, the
conposition may include one or frore sy ergists,
stabilizers, or var Pous p addi tive The fl ane
retardant conpounds of r esert—rivent Non are
conmpounds having the s ure (N 2- 3-di br aropr opyl - 4,
5- di br onohexahydr opithal i “t nde SAS. No. 93202-89-2 its
tautoneric forms, stereoisoners, and pol ynorphs

(col Laghii¥ehe/fdaf £'si6GarltR1§Sree of antimony trioxide.

The present invention further contemplates a method of producing

10  flame-retarded extruded polystyrene foam substantially free of antimony
trioxide, the method comprising providing a molten polystyrene resin, melting
blending with the molten polystyrene from about 0.1 wt % to about 10 wt % of
a flame retardant compound having the structure:
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15 adding a blowing agent to the molten polystyrene to form a flame retardant
polystyrene composition, and extruding the flame retardant polystyrene

composition through a die.



"“conpound (1)"). It has been discovered that use of
conpound (I) to forma flane retardant conposition

wo emdlote14 n a thermal ly stabl e and ef fi caci ousPCT/US2004/043352

pol ystyrene foam Conpound (1) is readily nelt bl ended

into the nolten polystyrene resin to forma flanme

retardant conposition. Unlike other conpounds that

tend to degrade during processing and dimnish foam
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and does not adversely affect formation of the

poI yst yr edée fryegent Apceotidi rig discisd egeaspdlyt tooéxttuviable polystyrene
i nvent.i.on,.the f éardant conposi tion, has
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of from about 0 to abo
has a DE of from abou
aspect, the foam has a D

I n anot her aspect, the f oam has @ DE of frof.about 1

to about 3. }\7{1 2@81%7’07720}77’08)%94}, 5-dibromohexahydrophthalimde
CAS. No. 93202-89-2

15
its tautomeric forms, stereoisomers, and polymorphs (collectively referred to as

“compound (I)”).
It has been discovered that use of compound (I) to form a flame
retardant composition results in a thermally stable and efficacious polystyrene
20 foam. Compound (I) is readily melt blended into the molten polystyrene resin
to form a flame retardant composition. Unlike other compounds that tend to
degrade during processing and diminish foam quality, compound (I) remains
stable during processing and does not adversely affect formation of the
polystyrene foam.
25 According to one aspect of the present invention, the flame retardant
composition has an initial shear viscosity that decreases less than about 15%

after about 32 minutes at 190°C. In another aspect, the foam may be formed



the foam has a DE of about 1 conpared with an
i dentical polystyrene foam not containing the flane
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typically present in the conposition in an anount of
fromabout 0.1 to about 10 weight (wt) % of the
conposition. In one aspect, the flane retardant
compound is present in an anount of from about 0.3 to
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The flame retardant compound is typically present in the composition in

an amount of from about 0.1 to about 10 weight (wt) % of the composition. In

one aspect, the flame retardant compound is present in an amount of from

20 about 0.3 to about 8 wt % of the composition. In another aspect, the flame

retardant compound is present in an amount of from about 0.5 to about 7 wt %

of the polymeric. In yet another aspect, the flame retardant compound is

present in an amount of from about 1 to about 5 wt % of the composition. In

still another aspect, the flame retardant compound is present in an amount of

25  from about 3 to about 4 wt % of the composition. While various exemplary

ranges are provided herein, it should be understood that the exact amount of the

flame retardant compound used depends on the degree of flame retardancy

desired, the specific polymer used, and the end use of the resulting product.
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According to one aspect of the present invention, the monomer is

styrene. Polystyrene is prepared readily by bulk or mass, solution, suspension,

20  or emulsion polymerization techniques known in the art. Polymerization can
be effected in the presence of free radical, cationic or anionic initiators, such as
di-t-butyl peroxide, azo-bis(isobutyronitrile), di-benzoyl peroxide, t-butyl
perbenzoate, dicumyl peroxide, potassium persulfate, aluminum trichloride,
boron trifluoride, etherate complexes, titanium tetrachloride, n-butyllithium, t-

25  butyllithium, cumylpotassium, 1,3-trilithiocyclohexane, and the like.
Additional details of the polymerization of styrene, alone or in the presence of

one or more monomers copolymerizable with styrene, are well known and are

not described in detail herein.



fromabout 0.01 to about 5 wt % of the conposition. In
one aspect, the synergist is present in an anmount of
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oxi de, zinc borate, and o es o oup V elene

for e €syldrgidtit The aysegist gerpnaphay i, prasght in an amount of

antinmony. According to one aspect of the present

i nveiffonbabowin@.0dyieeplu > 7 ‘@i elufha compoEiR ?ﬁmrree aspect, the
e use of ' ' Il rei [ d

T

an ethinpagtions Ih lhasler &ipastd et sygorsads piesent ifmsamount of from
accordihg to one aspect of the present invention

th
f | amebowt & dignebasb nip®s i %ei enthiescosmesition i & %5t eRaienspect, the
synergi st.. . Accardin Q 0

ot osameibi, ot 1 b Yl Ehe SFEPHF ROGR U to ool G5t % of the

substambbatiby. fTheeillofotet lasfRy, HORPRPRESIs Pesait dh g dnount of
anot her "aspect of the present invention, the

donpeboutitoh wit e plithesompssitiengi st, but is substantially

1 b TREY o 0l o) bR 56 LBOREL e
retardant compound may be from about 1:1 to about 1:7. According to one
aspect of the present invention, the ratio of the total amount of synergist to the
total amount of flame retardant compound is from about 1:2 to about 1:4.

20 Examples of synergists that may be suitable for use with the present invention
include, but are not limited to, dicumyl peroxide, ferric oxide, zinc oxide, zinc
borate, and oxides of a Group V element, for example, bismuth, arsenic,
phosphorus, and antimony. According to one aspect of the present invention,
the synergist is dicumyl.

25 However, while the use of a synergist is described herein, it should be
understood that no synergist is required to achieve an efficacious flame
retardant composition. Thus, according to one aspect of the present invention,
the flame retardant composition is substantially free of a synergist. According

to yet another aspect of the present invention, the flame retardant composition



thermal stabilizer. Exanples of stabilizers include,
but are not limted to zeolites; hydrotalcite; talc;

wee@anoris stabilizers, for exanple, butyl tinPCDUB3004/043352

tin, and nethyl tin nercaptides, butyl tin

carboxyl ate, octyl tin maleate, dibutyl tin mal eate;
epoxy derivatives; polyneric acrylic binders; netal
oxi des, for exanple, ZnQO, CaO, and MO ni xed net al

st abi g%%aﬁiaﬁ? rﬁg:%m 1%011?’0'8&}?3&@!1&! Al %ﬂgp{é;; to n'?no_ther aspect of

magnesi unl Zi nc, barium zin ariu Zi nc

st abithd gresant imendibn cthe lwoxpbsities indhotes exsymplgist, mitris substantially
cal cium barium stearates or other |ong chain

car b&seg oA pBEMOoRR{gXidhosphat es, for exanpl e, sodium

cal ci um ' Inc: j [ :
Chereor TROTNEr 8 TR B AU IR0 Bfonaly inludes o
PG es @idrmiah sebilédep.unExafplks ofh sditliterd . i0dudg Blioae dd limited to
% of the flanme retardant conpound.. . ope aspe

€ [ LN t, the.
t her ABQLItes: dBidretalsite; talg; rarganpting siebjlizey R XBHD ey &Wq tin, octyl

about. 0 % e r .
ool PR et Caltacto b R A, oy
pr es et maltaty epoRy rderiohtifesppohmuic krplid dimleeyytmétalvoxBdes, for
of the flane retardant conpound. I n yet anothe .
aspeckamplge Z0khr GafP, ardhPlePzBxgds mﬁF%s‘é@hﬂl‘?eﬁsaa T fFatRLe, zinc,
fr 1 5 Wt %: . f .
B SEERPHE R TRO et IERRARE LA™ G HARhin

st abistab#flers; sndpsleseixyldiesa foregxatiple, @incabaletun?, batriudh stbarates or
the flame retardant conmpound. Ot her additives that my

be ustrilong shainenrpersileles medplPhosphniess farrsapples spdivm, calcium,

be ustierlepa eeny el g
R ey ST

conmpounds Tagahdéifial ¥abilizes gerkty £l nidly Peepresent fin ldnearBount of from
thermal stabilizers, antioxidants, antistatic agents,

rl&i nfabewi hg! syebew 10met % olsiha flamyeictardant geamoryét & gne aspect,
e R 0 RS TR o ial bR o gt 10
r et angantife flahd edtardant compound. In another aspect, the thermal stabilizer is
present in an amount of from about 0.5 to about 5 wt % of the flame retardant
compound. In yet another aspect, the thermal stabilizer is present in an amount
20 of from about 1 to about 5 wt % of the flame retardant compound. In still
another aspect, the thermal stabilizer is present in an amount of about 2 wt % of

the flame retardant compound.
Other additives that may be used in the composition and foam of the
present invention include, for example, extrusion aids (e.g., barium stearate or
25 calcium stearate), or dicumyl compounds and derivatives, dyes, pigments,
fillers, thermal stabilizers, antioxidants, antistatic agents, reinforcing agents,
metal scavengers or deactivators, impact modifiers, processing aids, mold
release agents, lubricants, anti-blocking agents, other flame retardants, other

thermal stabilizers, antioxidants, UV stabilizers, plasticizers, flow aids, and

10



thermal stabilizers, antioxidants, UV stabilizers,

pl asticizers, flow aids, andsimlar materials. If
waele®cnet14 nucl eati ng agents (e.g., talc, cal ciPoT/US2004/043352

silicate, or indigo) can be included in the

pol ystyrene conposition to control cell size. The

flame retardant conposition of the present invention

may be used to formflanme retardant pol ystyrene foans,

for exan® @etefils! UdRRsRE, YREMLERE af g Pk ®calcium silicate, or

retardant pol ystyrene foam can be prepared by any

sui t andigopeandwsisclkdedn tha pplystyaerte. coByokitivnaosoutael del size.

used for rous pu ses i ncl udj , but not limte
to, ther e Egt e C?ﬂ@%@%@hﬁﬁg‘?ﬁﬁ?’&%&?}}t@n Pty Be used to
| nvolfyes fmhd rdtardant BblSEYERNRANRS o tbgalgﬂe,eékw&ef%g polystyrene

The nmolten resin then istransferre m xer,
exanpdams.a Hlamarrgtandané olystirene fost wdudw prperedeby asg dsuitable

within a housin i th tudded internal surface that

ot oPrern SiarEn e e GuE A5 e gt tsedifar Rfei® purposes
resi fndiding BiRhdt linfed RAThAHaPnsBbQYh Ng agent are fed

into the inlet end of the m xer and di scharged from

t he out | eOnerakemphary firovedmed myyolvesamgkingr alpbiystyremd resin in an
directjon. Eromthe mxer, the | i.s passed t hroug

cool GRSty THRaRMherecbdht b St do BRE Cesfor bl 2 rotary
ggne ] [ .
dogcraedd B3GRl R bas R in FRAGRE R sEstudded internal
i ncospoact thdt byernekkesewdh the siutls oerthe retby. Thehmolten resin and a
procedures, such as.those described in U.S. Paj. Nos.

B OTOIHE THEMSE of DIBGE AeREhBroRARIE IS St b et fifer and
by r L oot | t Lot A S
oyst GraneRee OR Bighder ol BRLAGE ing 0% WPRerdRF aRlel dieotion.
subatfnus phemixsr, terpes phessad, theowgh soplers atdrisphie icoolers to a die

ressure conditions. O her exappl es of, suitable . )
ﬁsam’fh?é € %@f‘ésas%@leaadbfewang@ﬁr g&’ﬁ&ﬁpﬁé@h iarprpf@{urm described for
NOS. egarfl__l?llg’iﬂe@fs. %a@@@o.@séi1,@6674900%?‘%6%%1%@@6@ in its entirety.

3,072,584, and 3,215, 647, éach of

i ncoplerapredediyes, efieh e cthosendedesibed tin A&Sy Pad/aNo©0ux 704,083 and
f oam nts _or_bl ow agents can be used to

pr odég)gl{%%g, each of wh?ch Psgincgrporated %y reference herein in its entirety,

include use of systems in which the foam is extruded and foamed under sub-

20  atmospheric, atmospheric, and super-atmospheric pressure conditions. Other
examples of suitable foaming processes appear, for example, in U.S. Pat. Nos.
2,450,436; 2,669,751; 2,740,157; 2,769,804; 3,072,584; and 3,215,647, each of
which is incorporated by reference in its entirety.

Various foaming agents or blowing agents can be used to produce the

25  flame retardant extruded polystyrene foam of the present invention. Examples
of suitable materials are provided in U.S. Pat. No. 3,960,792, incorporated by
reference herein in its entirety. Volatile carbon-containing chemical substances
are used widely for this purpose including, for example, aliphatic hydrocarbons

including ethane, ethylene, propane, propylene, butane, butylene, isobutane,
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flame retardant extruded pol ystyrene foam of the

present invention. Exanples of suitable materials are
wee@siodedt in U.S. Pat. No. 3,960, 792, incor por BCBEUSIDY4/043352

reference herein inits entirety. Volatile

car bon-cont ai ni ng chem cal substances are used w dely

for this purpose including, for exanple, aliphatic

hydr ocar bons i ncl udi ng et hane, ethyl ene, propane,

pr opyeste, BedpRRtine Diopk@Rfs, hARY! BORARENSARSy mixture thereof:

neopent ane, | sopent ane, Ii exane, hept ane, or any

mi xt ekt chalegarbans| and/oe h@lphwﬂaombmsansuchr as methyl chloride,
hal o ar bon suc chl orj de

chl o%g Oltftrome %F b%‘qu?lﬁ}S%ﬂ%t hdple1-tflgorpethane,

-trifyl N@Q%ﬁ@@!&oetﬂanel 1 d?clil&‘bﬂﬁf)llo‘rﬁért%teQﬁ{lﬁorodlﬂuoromethane
dlchlorofluoronethane dlchlorodlfluoronethane

chl orblorettifiueramesharene, tri chl bichidrefnanesthane, sym-
synt et.ra | or.qdi f1 yor oet ha .2.2-trichl.aro-|
T R e has ey v A ittt o Siahane,  svm-
vol aldidnorb®adablo¥thhé;ansstile SHSahBAsil Rk, as'ﬁ%Brb)él tetrhy g@ﬁylsﬂane
ethyltri rretem%lt silane, isopropyltrimethyl'silane,

n- pr ¢yiltrivietstsilansi isaprepylanme’@msﬂane;taud a—prbpylﬁuhethgmdane and

i 1 RS st R deroRh oont ea  Dhlert s RuotPade A hleeing agent is
162a 1 (IFGRMBEdkhade, Frovided unitHRe Eragc?n&ﬁérgf@lW(P%RMACEL Z-

Wat er-cont ai ni ng vegetabl e nmatter suc

fi neRyEdi dilBed deaNemowb andrCa).s Wdter-cmexdniag vegblablsi matter such
agent . described in U. S Pat . 4,579, 367,

i ncoFi)gAg]t}"ecgv‘gﬁd FEREORTER al58 @élﬁeq&\% # P@Wéﬂg pEety Asglgsgribed in
vegerabl gaiio! 85 q9 ap72} n% é’cg b§$efrdrch lh‘éfem ﬁ?ftp %ﬂtlrety, such
di oxi de al so may be used as ['ow ng agent

corrptw@’mble hettentan dkd bayds aod filist. nGarban I@Imm@b ﬂxm dﬁy&& used as
E%bl 0 agent are described, for_exa

%lgc?@émg, 8638 § CQ@QO@e}lf egequ gMgg‘g)ds gﬁ asmg carbon dioxide
5, 380, %61;10 %éH‘t a‘i’@'(fégbrib%d' RGOLRAAL et J@% rlge[teN%n%eOO6 566;

herein inits entirety. O hetr exanpl'es of

agentd 8ay0d 1b|i)!/89;@72@gmd 5;[38(],16’7eSeachcbﬂdJehmhtfsogﬁﬂrporated by
argon,_. or wi.th ar wi thout carpon dioxide. |f

desi Fefreneg ‘He’é'i IB\MSr?@t%%npéheé eXpmBles 9§ bloyang ageats apdblowing

can Bgont mixtures include nitrogen, argon, or water with or without carbon

20  dioxide. If desired, such blowing agents or blowing agent mixtures can be

mixed with alcohols, hydrocarbons, or ethers of suitable volatility. See, for

example, U.S. Pat. No. 6,420,442, incorporated by reference herein in its
entirety.

The extruded polystyrene foam typically may include the various

25  components and additives in the relative amounts set forth above in connection

with the compositions used to form the foam. Thus, for example, an extruded

polystyrene foam of the present invention may contain a flame retardant

compound in an amount of from about 0.1 to about 10 wt % of the foam. In

one aspect, the flame retardant compound is present in an amount of from
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m xed with al cohols, hydrocarbons, or ethers of
suitable volatility. See, for exanple, U S. Pat. No.

wW® 20807242, incorporated by reference herein i PCT/US2004/043352
entirety. The extruded pol ystyrene foamtypically may
i ncl ude the various conponents and additives in the
relati ve amounts set forth above in connection with
the conpositions used to formthe foam Thus, for

exanabéut @B t6Xbowtde ot BObY Heyforhe OB dsP&tPthe IRBle retardant
invention may contain a flame retardant conpound in an

anmousPTIPPURG enPreBeitin @nianeung of from @bowt 04 ¢ abhet 7 oeirft6 of the
R SR R S A R LA

i n an anount l'OﬂH

f oamamodnB 8P HBAT atRRPeCih, abbhies MR I11BE FHANtn %ﬁm%lﬁHfPl@r aspect,
is present in an amount of fromabout 0.5 to about

we  oglest ﬂ@:rn@ retanant qompeand anprehent imepevtount h%auduaﬁem about 3 to

t 0 r an _anmount. of fro
;Eof}%g G014 SR B B CHEM: SeRafieRPR Bld Rinowya he deseribed
aspe@kreir, N shdiddBe Rl aERHBA thAVTRAURGHVE RIRIRNGS ﬂh@ c%ﬁqponents
anmount of about from about 3 to about 4 wt 9% of

f oamin thgifbemaee eatitemplateddy thedreaemunysitione descr | bed
shoul d be under tive

h [ at ot her

are}tr)(alntn s oih? ﬁéesg%trrlﬂ% ?ﬂnslssﬁfotg?fehﬁ‘été?ﬁe‘grbé( thg rTJP@?PﬁW&t gmples,
P(V : ?@u&f Fﬁeﬂ%t ’dotnNéé Bﬁﬂsﬁ?ﬁd T? %nlf?gv‘?%ﬁ % éﬂ)l(lgérf[%ﬁée gffﬁh vd‘%ﬁ)nﬁ upon the

urther illustrated by the followng

are mpettbelbef c@n gher eomtraiyn ltaayo htayleaﬂy unpersiond that resort may be
A e A5
t o v k&iﬁwlﬁ&l‘f'ea[ft AshAaTeSth %@&9 BR Hefoi f)é it f
and g§U|valents fhereg%faﬁlch ﬁi)gfter g%a Qﬁ%&g%& coneo
descoidmargnskilriei the aﬂywbhoﬂugqmsm@ ftom (Ihe sq»ﬁrlt of the present

di nar skill in th re w departing fromthe
g{‘)l r?ntVe ortﬂrethﬁrs‘é %Wlé?fﬁ%é’lmst he scope of the
appended cl ai nrs. EXAMPLE 1

EXAMPLE 1

N, 2-3-dibromopropyl-4,5-dibromohexahydrophthalimde (“compound

(I)”) was prepared according to the following exemplary procedure. Other
20  procedures are known in the art and are not discussed herein.

A 4-neck 5 L jacketed flask fitted with nitrogen flow and a water-cooled
reflux condenser was charged with 900 g xylenes and 1 kg (6.57 mol) of
tetrahydrophthalic anhydride (THPA, 95-96%). To the stirred (250 rpm)
slurry, allylamine (413 g, 7.23 mol) was added over 45 min via an addition

25  funnel. The reaction was exothermic and the temperature was maintained at 50
to 80°C by use of a circulating bath fluid set to 30°C. After the allylamine
addition was complete, the bath temperature was increased to 165°C, and held
for 2 hours (reaction complete by GC). The circulating bath fluid temperature

was reduced to 150 °C, and solvent was removed using a vacuum aspirator (~3”
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N, 2-3-di bronopropyl -4, 5-di br onohexahydr opht hal i nde
("conpound (1)") was prepared according to the

wo odobomizng exenpl ary procedure. O her procedur PGT/ERI04/043352
known in the art and are not discussed herein. A
4-neck 5 L jacketed flask fitted with nitrogen flow
and a water-cool ed refl ux condenser was charged wth
900 g xylenes and 1 kg (6.57 nol) of

o1 v P AEEET DL AT iy SR SR e e Bk, ghe bann
vas agfapst a@mfeerwafb5rdduﬁedllt@ 6Gn°@A@ixni TB56 LAT)eland THO® ¢ Of BCM

reacti on was exotherm c and the tenperature was
mai nibiomashipromothepe)gwatadsipd psior &9 vasking cviflne bage Watih A water

fluid i
comprafion (FeEEe 38 XBEE) 14 ARG AL IBdB3 by phase
and Repatie. ?h@@alﬂksreﬂﬁb@@ﬁﬁ bEankopke {90y gGC500 @BECM ~1,256

circulating bath fluid tenperature was reduced to 150
oc grigodetiyensd wtaé») r@ﬁﬂxge?@flwrshga%sqpa&ﬁ%fra@mhﬁ Qtapge aqueous

t he @PSGCR@;BJ% f%g aP%IX%C)% Sgl?\f(ytr ~ 1%60&‘3 a% %1‘({&1)10% gﬁcarccaustlc

was r 8diice
( RXNn wlotk&p.00) , and 500 g of BCM (bronochl or onet hane)
was added prior to washing with a base wash. A water
solution (1,260 g water, 50 g ) was added and

stirred foll ovved b—y phas sepamati on. The dark

red/ brown orgs -850 g BEMA ~1, 256 ¢
product (65. 8, ﬂ I es)—wv)vas @-. Et\__
fromthe orange ag eous phasey§1, 332 g). wal ysi s
showed ~ 100 area% product after caustic wor ku THPA
TRPAI N-al |yl -t ef dropht hal i mi de: A 4- nd&kPAI
jacketed flask fitted with nitrogen fl ow was charged

w th about 500 g BCM about 20 g aqueous HBr, about 20

g et NBH&L—te@f%yHb@gEﬂhhﬁﬂii@é:i ng bath tenperature was
cooled to about 2 to 30C (reaction T=5 0C

Reagent FW | Mass,g | Mol eq
Xylenes 900
THPA 152.15 | 1,000 6.57 1
Allylamine | 57.10 413 7.23 1.1
BCM 500
THPAI 191.23 | 1,200
15 A 4-neck 5 L jacketed flask fitted with nitrogen flow was charged with

about 500 g BCM, about 20 g aqueous HBr, about 20 g ethanol, and the
circulating bath temperature was cooled to about 2 to 3°C (reaction T=5 °C
initially). To the stirred (300 rpm) solvents were co-fed, above surface, from
opposite ends of the flask via addition funnels, for about 2.5 hours, a solution
20 of about 2,209 g (13.8 mol, 2.1-2.2 eq) of bromine, and the BCM/xylenes
solution of THPAI (1,907 g). The reaction temperature remained below 33°C.
The solution was stirred for another 30 min, and an aqueous solution of water

(1450 g), Na,SO; (20 g, 0.16 mol, FW=126), Na,CO; (90 g, 0.85 mol,
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initially). To the stirred (300 rpm) solvents were

co-fed, above surface, fromopposite ends of the flask
wo@eaddi4 i on funnels, for about 2.5 hours, a BOI/UB10041043352

of about 2,209 g (13.8 nol, 2.1-2.2 eq) of brom ne,

and the BCM xyl enes sol ution of THPAI (1,907 g). The

reacti on tenperature remai ned bel ow 330C. The sol ution

was stirred for another 30 min, and an aqueous

sol utiwa10d) wefeehddei4R) wakh thad ic( %ﬁa&’ (éélué@usnghage pH=8-9).

FW=126), Na2C33 (90 g, 0.85 nol, 06) were ad

wash Mﬁéamlgé]nV ckgihéi@é Qmemﬁh@h&s@op 4t8439C, and the reaction

ana rEbpbded P incBRef &t fiout 0% nlt T ab8l ko dpther 1 ke of
5Q0Cridirdnd] Tvaaheided @8 ke reabidRtcBBled ko koo te@%%ﬂ@l T'l?espowder

added as the reactor cooled to roomtenperature
péwd érasvigterdd, Irtné‘i?dawlthrmﬁb@d)l,vaﬂdfdﬂtdtd’u aholt, 6586dn dn Iaﬁ‘cblrculatlng

at a CI r en f or about >

hour s%%f %08{ %5 ‘%%t teé’ro&’diﬁﬁ?m@?‘ )éZ] 67 yield)
yi el d) M)4.1q)g°(§1180C THPAI TB- THPAI Br om nat ed

N-al | y]i) tetrahydrophthalinm de (62.6 w % Br): Reagent

FW Mass, g Mol eq l,enes :2%0 BCY, 1, 00(P Et OH 20 HBr

(aq) 20 THPAI sol kP . B2 159. 82
2209 13.8 2.1-2.2 ‘Q\FO(BCWB- TH 0. 2,625
EXAVPLE 2 O Br

THPAI TB-THPAI
10

Brominated N-allyl-tetrahydrophthalimide (62.6 wt % Br):

Reagent FW Mass, g Mol eq
xylenes ~200
BCM 1,000
EtOH 20
HBr (aq) 20
THPATI soln 191.23 ~1250 6.54 1.0
Br, 159.82 2209 13.8 2,122
MeOH 2,700
TB-THPAI 510.85 2,625
EXAMPLE 2
15 To illustrate flame retardant efficacy, various compositions containing

N, 2-3-dibromopropyl-4,5-dibromohexahydrophthalimde (“compound (I)™)
were prepared and subjected to ASTM Standard Test Method D 2863-87,
commonly referred to as the limiting oxygen index (LOI) test. In this test, the
higher the LOI value, the more flame resistant the composition.

20 Sample A was prepared by making a concentrate (10 wt % compound I),
and then letting the concentrate down into a neat resin at a ratio of about 35 wt

% concentrate to about 65 wt % PS-168 neat resin and extruding low density
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To illustrate flanme retardant efficacy, various
conposi tions containing N,

wWQ2@sa7t210mopr opyl - 4, 5- di br onohexahydr opht hal | PEIEUS2004/043352
("compound (1)") were prepared and subjected to ASTM
St andard Test Method D 2863-87, commonly referred to
as the limting oxygen index (LO) test. In this test,
the higher the LA value, the nore flame resistant the

conpashhi €A - cafyid Hﬁ)xﬁie"\ﬁﬁeo‘%ﬁp apedq 6§y s {%gél{%? urpose, pon-flame

concentrate (10 wt % conpound 1),
conc éﬁhﬂir‘@d@‘f@kiﬂ/wf umcmftucedecavstabpolmstmena coﬁ:lne@cmlﬁy a*milable from

35 wt 0/ te t ut 65.w % PS- 168 neat
resim é’oﬁ ?aﬁo(?c?@parn%wa]gg’% thg%rﬁ‘yﬁfa&eéﬁ?lﬁﬁﬂa’dWG%hE@f about
i Nj eqt/b @O0 BHond 68di $ Iﬁnﬂ)%fl%wéﬂag@%cﬂe aﬁ% S;{hlt ad}eabout 110,000

ret ar ded grade of unreinforced crystal poly
comelatiord (npecavzidl tybGRCY.r ine Dovle@ianiveight @mﬁmg y;verd: idetermined

| ht of about 172, 000
dar t SRV AR B el bl cBal PR Vo abBaiers 410
110, Q9@ereatid] ORFraCRRAILY G8d by Cr;(;gllon 1]2%6&8{‘ e%a%[ el PID-2000 light

wei ght anal yses were determ ne
Wt essatidEng istgssigniaeetbp it oolitnmsausédtte lperféﬁﬁ the separatlon were

di ff efr er d a_Precision Detecto

oder RO 08 ﬁiﬁlﬁ € Cats [Gigm1 Robswer dpbe Polisbrencrandards,
qol uans YRS PEIRGET 9B t REers eRA@LASON Hﬁ{gﬁ? F ngﬁ!ﬂs in the
M xed Bed B colums (frdm Pol ymer Labs f yrene

st andalledsinatibs of firobavulao menght vhlabs, wer e used as
i standards in . the determ nation

ol ecu ar T FYREGaF GaBtinFAGbEoLN: PasempddDnabout 0.5 wt %
about, é&ta‘i\&te er rraoﬁlﬂﬂqhé ) ab AU P 02 %\X%tré% \apgr Tale, about 1.5

hydro alcite st abi |zer abadl

M st Mr%‘«talmmm'ﬁa%acate azbm]uztboilt 83Wtw?/<9/& Blosi PR IHBEATIE Boncentrates
d about % Dow PS-168. The concentrates were
E odWEEY P Uéie‘iwhér o) &i Rleidere SKSBA G @OTr@taang ri@Vln screw

(Y DR AU BT b TS 5 B micin

usedsaewgirofite ®50 usquimteabdun2f@esinraudien GedalRust Shout 8 kg/hour.

kgl hi3§ 168 resin was fed via a single screw gravimetric feeder, and the powder
additives were pre-mixed and fed using a twin screw powder feeder.

20 The concentrate was then mixed into neat Dow polystyrene PS-168
using the same twin screw extruder at a ratio of about 35 wt % concentrate to
about 65 wt % polystyrene to produce foam using the following conditions:
temperatures of Zones 1 (about 175°C), 2 (about 160°C), 3 (about 130°C), and
4 (about 130°C), about 145°C die temperature, about 60 rpm screw speed,

25  about 3.2 kg/hour feed rate, 40/80/150 screen pack, from about 290 to about
310 psig carbon dioxide pressure, about 160°C melt temperature, from about 63
to about 70% torque, and from about 2 to about 3 ft/minute takeoff speed.

The foam contained about 3.5 wt % flame retardant (about 2.2 wt %

bromine), and about 1.5 wt % talc as a nucleating agent for the foaming

16



PS- 168 resin was fed via a single screw gravinetric
feeder, and the powder additives were pre-m xed and

wo e@o03i2ng a twi n screw powder feeder. The cOnNPENUSZNE043352
was then m xed into neat Dow pol ystyrene PS-168 using
the same twin screw extruder at a ratio of about 35 wt
% concentrate to about 65 wt % pol ystyrene to produce
foam using the followi ng conditions: tenperatures of
Zonegyrdees@b A TAAS Bdrotatoife@ROM, aRBERCHS aﬁo&tag’cbutt % of the flame
1300C), and 4 (about 1300C), about 1450C di
t errpe‘ﬁfatdﬁlﬂé compounnd 80s rapsm wsor dov seabeleat, thatﬂmne Betﬁ.’rdant during the

kg /hou f.eed . 40/ 80/ 150 screen pack fromab

290 5 E8Etan§ift8a‘?sﬁ°&nlf’§rmf8ﬁesau istredpideeqrhele S&l%qlmg die (1/8
16Q0 SBIFRY]

tor qﬁﬁédmgiﬁg{ fr omlgsggﬁi% ué‘e&q bout Egﬁ?ﬁ@nn%%fgﬁ toég 11? plugged.
speedheThenltiog M & imeh ailtrmdelaﬁxaut rdﬁls hadta 9érf |thinesurface skin (0.005

retard baut 2. % br , and about 1.5 w %
talc® 650'51??65@&1@1 arr'é“ea%lg?ﬁdcte rStrP % CedtP Al FroFidssgas was injected
DHT4 Anib Vgt A% %ﬂhE%SI@S@ris 3 19&@&% ItThe Y (sfzé%é 5 ed with
flame retardant conpound was al so use to st

the fchibop dietide temdersity ofigbduh @.(elob/Afid 60. 04 speiiic gravity).

foamf or roces st andar d .t wo- hol e strandi ng

di e (1/8mpﬁg‘ﬁ FamRlee K seRYePHRed o diy $%}nlplﬁoéuc@<0@wethat the
figa 0 r

e o 1 oy X PlPR0p5 gisbiized
| nchbsxabpromesgoduideanef (FIRCR). osed cel | struct ure

Car bon di gxi de gas s injected into barrel #8 (the

ZSK- 30 is%ge &Sy %P%‘i\flaé’%'tﬂfl%%}?)fe presented ik Takled - f oamed

wi th carbon dioxide to a density of about 9.0 | bs/ft3
(0.14 specific gravity). Control sanple K was prepared

as in SanpildeA, except that the concentrate contained

about 9 »«\MASMEX(-%-&:PQQOSG&N Lized
hexabr onocyclagiielecadesCEBEMm) . The results of LOR& O,

eval uati on a-foqm eseMB 68 withabipodnd lable 1. 258

K-foam PS-168 with HP-900SG 26.1
15
The results indicate that the N, 2-3-dibromopropyl-4,5-
dibromohexahydrophthalimde is a highly efficacious flame retardant,
comparable to commercially available HBCD.
20 EXAMPLE 3

The thermal stability of N, 2-3-dibromopropyl-4,5-
dibromohexahydrophthalimde (“compound (I)”) used in accordance with the
present invention was evaluated using the Thermal HBr Measurement Test.

First, a sample of from about 0.5 to about 1.0 g flame retardant was

25  weighed into a three neck 50 mL round bottom flask. Teflon tubing was then
attached to one of the openings in the flask. Nitrogen was fed into the flask

through the Teflon tubing at a flow rate of about 0.5 SCFH. A small reflux
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Sanpl e Description LO % Q2 A-foam PS-168 with
conpound | 25.8 K-foam PS- 168 with HP-900SG 26.1 The
wo e@alot14 ndi cate that the N, 2-3-di br onopr opyPEBUS2004/043352
di br onrohexahydr opht halinde is a highly efficacious
flame retardant, conparable to comercially avail able
HBCD. EXAMPLE 3 The thernmal stability of N,
2- 3-di br omopr opyl - 4, 5- di bronohexahydr opht hal i nde
(" conpadeied Whs attdéhdtd ol OpERANE Bnhd NadiNerRY BH8¥bening was
i nvention was eval uated using the Thermal HBr
Meas pluggedt AesboutFs¢ 3ol Yasdaingl ef giycbl omwatrout aOtefpemture of

bout , 1. fl t t | ghed _i.nt . three
ook “BE T CryTan BB Bk, B CReS R gAched o
at t agiegpt ot A @oﬁﬂelnﬁ&%ngﬁg Rl i S.;‘:CI:}]IBbf_%} eoottdlésJ'f“woNh&re%g@es were

was fed into the flask through the flon tubing at

f bowattathedah sethesto the firsCAH. threedril¢s hadf dboxt 9 adnsabout 0.1 N

was tached to apgt her openi on the flask. The

e BN o SR i rsnb o D et 6. i Dingeh grashlowed to

of g | r ] at f

P un LR thr gty B o MR 2wy PROMurBbott? flask was

at t atheadlacedtihe anopl bdth phabonb 2@ and thadampleawgselseated for about

scrubhi n ott]le.. Two re bottles were attached. in,

seri gg npigu eﬁetr#lF flagk Wﬁxﬁnﬁleflﬁ?@@"e@o&?mé e H%i?a%‘b%@tthgt)mfﬂgen was
a tl After i .

20 el pits Lot w9 b ilics S oSN BTk Bay scrubbing

t he byleemdrotrandiemed © ab0umésbealftre Theubudtléodridovitonl tabiag were

was then placed into an oil bath at about _2200C and

the S&#gst El%ﬁgedl?f@g% dlahf‘o?O%%wei%th@p RGtdsled wiB appyiski1 HNO;

was 7] at . t:

was gﬁ @\Aﬁrg t oﬁ% Sfr)%lgrqf%irqﬁa ]!Jto? 2 %@E%e%g%fﬂlé n[é gﬁ%?gcnatt% and an

of t beerhfe efthgasoancasbiehreytshwodd lepsrtadk r Bow erthsfresl HERr vQues are

600 beaker., The bottles and viton tubing were
a115 pre errede ﬁ)r a therma?ly stabtle ﬁame retardant in extrudable polystyrene foams

or extruded polystyrene foams.
SAYTEX® HP-900 was also evaluated as described above. SAYTEX®
HP-900 is HBCD, commercially available from Albemarle Corporation.

The results of the evaluation are presented in Table 2.

20
Table 2.
Description HBr (ppm)
Compound (I) 2,058
HP-900 HBCD 50,000

The results of this evaluation indicate that the flame retardant described
herein is thermally stable, not decomposing to release excessive amounts of
25  thermally cleaved HBr upon heating at typical operating temperatures for use

in extruded polystyrene foams.
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rinsed into the beaker. The contents were then
acidified with about 1:1 HNO3 and titrated wi th about

W@ 208/0N28gNC3. Sanpl es were run in duplicate aPdI/agf2004/043352

average of the two neasurenents was reported. Lower

thermal HBr values are preferred for a thermally

stable flame retardant in extrudabl e polystyrene foans

or extruded polystyrene foans. SAYTEX(r) HP-900 was

al so eval uated as descri bedgg&houpr ESAYTEX(r) HP-900 is
HBCD, commercially avail abl e from AI bemar| e

Cor por atl dhe Themelesul tS@bdﬁtyt he @Vval udti on 2aBelibromopropyl-4,5-

s R TN TR A O M I

t h' S e@éll@lat‘éét | 8BmbRYI wékepie ﬁ%dte@ﬁ §11b?é@ecf % A SR Standard Test

described herein is thermally stab not deconposi n
t 6 r dMethedDe3G36s¥), wenﬂammtlmteefermd uohas rt]maaMej(t thlﬁataeﬁesHBr

upon heat | t ypi,cal erati eratures for use
O T aVAtal G P BEak LAy 10 wigigp concentrate of
st abichiyl EMuﬁH (Nin ol st9fe% Q&@@Eé’a@é’d it éarfeil)apsl ef(trr]uded over time. A

di br onohexahydr opht hal i nde (" conpound
pol yStypiseneayesesl Polyenal Faste JystBawpLER G52 Rhepacted (Model

eI ZFF LS.  Sulal 5o PR R RBARY ipitgurmad fofivare’ packee
Yari Qs R80R GcaS@R AL gﬁggg iBPRuL f?ﬂg Lt GimPin ’ch(?1 he:%ted barrel.

concentrate of conpoun in polystyrene vere
in aEMalﬂla’ed)nsamreexbndmbwﬂ au/ershbameate/bﬂ:mﬂ se@ IKeingne9/1 1/d

Pol y Test stens | CR 6052 t er
D605 itfg ca@q die Qﬁgsm% r;q}v zp@qgr for dwell times of about
i nst gument /s 9f byar %n@aﬁ’i(.@gﬁmutes. For thermally stable materials, the

viscosity should not substantially change over time.

15 Samples A and K are described above in Example 2. Control sample
PS-168 is PS-168 polystyrene resin (without a flame retardant compound).
Comparative sample L was prepared by making a PS-168 resin
concentrate containing about 13 wt % compound (II), about 0.5 wt %
hydrotalcite thermal stabilizer, about 4.3 wt % Mistron Vapor Talc, about 1.5

20  wt % calcium stearate, and about 80.7 wt % Dow PS-168.
0

Br
N——CHj;

Br
o D
N- methyl-isoindole-1,3(2H)-dione, 5,6-dibromohexahydro-
Cas. No. 2021-21-8
25 The concentrate was produced on a Werner & Phleiderer ZSK-30 co-

rotating twin-screw extruder at a melt temperature of about 175°C. A standard
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was used to neasure the viscosity as a function of
time in the heated barrel. Eval uations were conduct ed

wa@eocaoshear rate of 500 sec 1 using a 20/1 L/ dPCT/OSRD€043352

carbide die and a 9.55 nm barrel dianeter, for dwell

times of about 6.5, 13, 9.5, 25.9, and 32.4 m nutes.

For thermally stable materials, the viscosity should

not substantially change over tinme. Sanples A and K

ar e (R§REdiRe thiring \erdvi pFofdéRla8 uded S058JuPL 56 3R SdFDfeed rate of
168 is PS- 168 pol ystyrene resin (wthout a flane

r et ardant 8 deatheundPS-168 ssinatonventsderphé fows additives eckre pre-
by making a P{S?- 168 resin concentrate .containing about

13 weBE R RO liaV e ¢ Fielin SUEY o8V iRReTol Hiecbt ol ks pencentrate ran
t her pRbrig! fbiin 29 1! ihl QB ARk ~
abou{m 1.2 wt %g cailtkc?%%g%sjéweﬁr@%éé\foﬁ%ési%%g? © 80. 7%\/1\}-53%%99 of resin
Déw P&t agrength. ne$tnanding diepatod eimposgbRHpftei abeut 10 minutes of
5, 6-di br anphexahydro- Cas. No. 2021-21-8 The

conc &AL FEPR was produced on a Werner & Phleiderer

ZSK- 30 corRhifatdibret W c t - :
tenperature of about %lgogvﬁ%étpg%%gérddg%ys%é@%ea PS-168 resin
m xi wgnesntiete pewhining whsutus2d wt %abcutp@md () abelitald.5 wt %
feed,rate .of about kg/ hour. PS-168 resin ncent r at

ana. o S RErgk datled’ BhaiAha dadrEgn oy apog. Tals about 1.5
3oNgh@ % ChRWIE SRYIAE LA Gbd BRI wi FNSocPICEEE rat e ran
poorly, turning dark orange over tine. - gassi ng
occurred, wth loss of resin nelt jgtrength. Strandi ng
becane i npossi bl e after_abaout_ 10 m nutes of extrusion.
Conparative sanple M was Yprepared Ry maki ng a PS-168

resin concentrate containjng about 278 w % conpound
(111), about 0.5 wt % hydrat akCitg t hermal stabili zer,

about 4.3 wt %M stroﬁrVapor Tal c,\\ about 1.5 w %

cal cium stearate, and about 81.2 w % DAw)PS- 168.

1H-isoindole-1,3(2H)-dione, 5,6-dibromohexahydro-
CAS No 59615-06-4
15

The concentrate was produced on a Werner & Phleiderer ZSK-30 co-
rotating twin screw extruder at a melt temperature of about 175°C. A standard
dispersive mixing screw profile was used at about 250 rpm and a feed rate of
about 8 kg/hour. PS-168 resin concentrates and powder additives were pre-

20 mixed and fed via a single screw gravimetric feeder. The concentrate ran
reasonably well in terms of maintaining melt strength and good stranding, but
the material turned dark red-orange from the outset. Initial off-gassing
stabilized after about 5-10 minutes.

The results of the evaluation are presented in Tables 3 and 4.

25
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| Hisoindole-1 ,3(2H)-dione, 5, 6-dibronpohexahydro-

CASNo 59615-06-4 The concentrate was produced on a
w\esoamer1284 Phl ei derer ZSK-30 corotating tw n SCPEWUS2004/043352

extruder at a nelt tenperature of about 1750C. A

standard di spersive m xing screw profile was used at

about 250 rpmand a feed rate of about 8 kg/hour.

PS-168 resin concentrates and powder additives were

pr empedle AndhéL0/NéRitR (Bd-Ra) 8t STFeewW gravi metric

feeder._The concentraie ran reasonably well in terns
of maPamrid ni ng mePesariptierengt h an@s goodlst randisng, A 324
the material turned dark red-orminge fmiam t heinout seln min

| ni ti&tcons f Copapryindign pelphirdne zed 288t er 24Bout B910 270 279
m nut BgoncThEPPAEY ingolpityree evalSBati dfiare {$fesentigdd 480
in TaP?é@® 3Pedpeyroeres®l e 3. Shedrl6Vi sA3ity {¥a- se6d7 at 612
175C. Lsgipl QOM&LEI%HOHﬁW% 13939, 5 188 9" 3B14 ni #5mi n 161
mi n aVeeonq nCompogpdlappalystysee | (336001 3P yr ed36083 B9 354
279 270 279 K-conc HP-900SG i n pol ystyrene 488 478 464

465 ﬁ%%gé—gg@ar%lf%?%yg%}qegﬁgﬂg%élG 587 587 617 612

L- conc npound I 192 190 181 165 161

M conganfpRpound  IDekcripfonPOl YSTYT €5 358 3359336 389 333 4 min
Tabl e 4. Shear Viscosity (Pa-segj at H;;IQOOC;,]_jnSaanLile
DescCrARédcON Qompodsd Libpodysirnd 32196 M NosN N _[@sn MRy M 1T 179
A- COME-c&RNMPOBPRDODSE i ppRbtyistey r eney1196 2895 185 1756470 266
K- cones-HR- 900S@dlRtypnd ysih yr ene 1 2655 26535368 266 359
PS- 168 Pol ystyrene resin 362 355 355 355 359

5 The shear viscosity of Sample A-conc remained stable (within 5% of its
initial value) at 175°C. Sample A-conc begins to show some minor instability
at 190°C, showing a decrease of about 13% in the shear viscosity.

The shear viscosity of Sample L-conc began to show instability by the

end of the evaluation at 175°C, as the shear viscosity dropped beyond 15% of

10 its initial value. The shear viscosity of Sample M-conc was stable in its flow
properties during the full 32-minute dwell time of the test, with its shear
viscosities remaining stable throughout the measurement (within 5% of its

initial value). The shear viscosity of Samples L-conc and M-conc at 190°C was

not measured.
15
EXAMPLE 5
The impact of extrusion on the molecular weight of various flame
retardant concentrates and foams was determined by evaluating the samples
using GPC before and after extrusion.
20 Samples A and K are described in Example 2. Samples L, M, N, and

PS-168 are described in Example 4. Sample N was prepared as in Example 2
except that 30 wt % compound (IV) was used instead of compound (I).
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The shear viscosity of Sanple A-conc remained stable
(wthin 5%of its initial value) at 1750C. Sanple
w@@enti2begi ns to show some m nor instability BCT/UISI004)43352
showi ng a decrease of about 13%in the shear

viscosity. The shear viscosity of Sanple L-conc began

to show instability by the end of the evaluation at

1750C, as the shear viscosity dropped beyond 15% of

its initial val ue. dhe shear viscosity ofq Sanpl e

M conc was stab R It OW pr OpETI\ es 'ﬁb t he
full 32-m nute dwel INTi A\ Wkt h|its shear
Vi scosities r I Nifhg st e throuvghout t

Br
measurement (within 5%of its initial value). The V)
shear Vi sc@sbinnaddd BIPN Shethy fABS- 2951 R
was not neasured. EXAI\/PLE 5 ‘?he inﬁa%t o)?gigéz?%g?%n on
t he nol ecul ar wei ght of various flane retardant

Che. s 688 RN eRERpl R PR T Aide (AT A Fampothd V) and
SaNPLBSutATRReki#htar;e 2085 &Ej P dsn Eﬁ@'&hfeé Etesg)agpn%)?édnhed on a

M N, and PS-168 are described in Exanp
was peispirdtioke Micrex ApdoanRrenpipg twhiat sc3®vwextbdder at a melt

co nd (.l S | nstead. of ¢co und
(1 ;‘rp %ﬁt%tg%@ea%%ﬁ' '2‘1978‘# Wrg ﬁigs(mgl?sgye mixing screw profile was
| - phased aingdek 908!8hihdea & i
about 30 wt % (1.11 ko) %Onpoﬁﬁ§5?%%§ﬂgﬁgﬁggﬁﬁtﬁ%g;mbqumw
wei ghesigonceBdategindPBeliGBvder helddtomes emdre gire-masd and fed using a

oduced on a Lei.stritz/ Haa Mcrop 18 o ) i
00t BEL Sal e Bay Gelobw! B EF i Stends sibiited slight foaming
t enpei@badeindlicafiPo Bt ththfHGeleAscSd@afgar d di spersive
m xi ng screw profile was used at about 100 rpm and a
feed rate of about 3 kg/hour. The polystyrene resin
conc&n@r St e and the powder additives were pre-m xed

abje

and sing a single-screw gravinetric feeder. The
ext rgd@flc STHEMhtoE X1 Or teu Sl MW initia? 4" MW, after extrusion  Difference
(Daltons) (Daltons)

A-conc  Polystyrene/Compound I 172,000 164,000 -5%
K-conc  Polystyrene/HP-900SG 166,000 161,400 -2.8%
L-conc  Polystyrene/compound I 177,400 154,338 -13%
M-conc  Polystyrene/compound III 176,700 162,564 -8%
N-conc  Polystyrene/compound IV 240,000 120,000 -50%
PS-168  Polystyrene 172,000 172,000 0

15 The results indicate that compound (I) is highly stable and causes

minimal, if any, degradation of the polystyrene. In contrast, compound (II) and
compound (IV) cause significant degradation of the polystyrene and are,

therefore, not suitable for producing a flame retardant extruded polystyrene

foam.
20
EXAMPLE 6
A Hunter Lab ColorQUEST Spectrocolorimeter (diffuse geometry) was

used to measure the Delta E (AE) value for various flame retardant
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and odor, indicative of thermal release of HBr. Table

5. Sanple Description MV initial MN after extrusion
woedberemnce (Dal tons) (Daltons) A-conc PCT/US2004/043352

Pol ystyrene/ Conpound | 172,000 164, 000 -5% K- conc

Pol ystyrene/ HP- 900SG 166, 000 161, 400 -2.8% L-conc

Pol ystyrene/ conmpound Il 177,400 154, 338 -13% M conc

Pol ystyrene/ conmpound 111 176,700 162,564 -8% N-conc

Pol v shiceanelsompoutk /AR 900420 Ahaar® ¥elRith8d for Cotor

Pol ystyrene 172,000 172, 000 O The results indicate

t hat Rederprinaiidn ofiPlagicieglkisy. st abl e and causes ni ni mal ,

i f any, degradat| f. the rene. |.n contrast,

conp oﬁ nd %“}’965 ﬁ%%g’oﬁr%uﬁ&“g&{%?é%%éieﬁrﬁ??ﬁfaib@‘é%t The results are
degr peabhRn iRTabRe. pol ystyrene and are, therefore, not
suitable for producing a flanme retardant extruded

pél ystyrene foam EXAMPLE 6 A Hunter Lab Col or QUEST

Spec £9 ori neter (diffuse geonetry) was used to

rreasfl[rﬁget e Delta E (DE) value for various flanme

reta T Conce : ccorarm W@ : Q‘%———

" St a?g{gugu' T%ot 'ﬁés?uﬁ@prfn Cotora ]tecr a0 .9v.

Pl as PeoBHTA et i‘?m@é’n‘gll/?sg A, kA-goney Ning Phghtystow

are descri bed BOSGRS r esul Kscamce pr 8sent Slightryellow

Tabl e 6. Tabl e @mpoppd IBScri pliewmcSanpl& AEBfovmwbrange

Concentrat e Corgsuoprnt/[RPSA- coMeedi® Sl i3t yPhikoned-orange
Polystyrene resin PS-168 0 Translucent white

Foam Compound I/PS A-foam | White
HP-900SG/PS K-foam 1 White
Compound II/PS L-foam 37 Orange
Compound III/PS M-foam 40 Dark orange
Polystyrene foam PS-168 0 Translucent white

The results indicated that compound (I) is highly suitable for use in
forming a polystyrene foam. The lack of color change is demonstrative of high
10 thermal stability with little or no polymer degradation. Samples L-foam and
M-foam have significant coloration that render the flame retardant compounds

(I) and (IIT) unsuitable for forming extruded polystyrene foams.
The foregoing description has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit the invention to
15  the precise examples or embodiments disclosed. Obvious modifications or
variations are possible in light of the above teachings. The embodiment or
embodiments discussed were chosen and described to provide the best
illustration of the principles of the invention and its practical application to
enable one of ordinary skill in the art to utilize the invention in various aspects
20 and with various modifications as are suited to the particular use contemplated.

All such modifications and variations are within the scope of the invention as
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HP- 900SGE PS K-conc 8 Slight yell ow Conpound [1/PS
L-conc 18 Brown-orange Conpound U3/ PS M conc 35 Dark

wo edsoramge Pol ystyrene resin PS-168 0 Transl| UBETUS2004/043352
whi t e Foam Conpound 1/ PS A-foam 1 Wite HP-900SEH PS
K-foam 1 White Conpound I1/PS L-foam 37 O ange
Conmpound 111/PS M foam 40 Dark orange Pol ystyrene foam
PS-168 0 Translucent white The results indicated that
conpQiénditad by the § Tﬁ;ﬁéﬁdgﬂg 'clefﬁ% Qvﬂéﬁr e'té&l {noéé%ﬂﬂm@e with the

pol ystyrene foam col or ch
denoriseaddh torehih thﬂgdlretfalelyrmﬂ lgaéibzlehhtlgd VVI th little or

no pol yner. degr iQ e am and M foam have
Si gﬁi f?/ca Egﬁ‘?%@i otH tﬁ%ﬂm? eﬁa@ﬁna?% 3y detest 49 d ppstances,
COMPURFRInEhs) aRNE f! rédlerfﬂ@ﬁ#hﬁeaﬁrlegerft%nsfeogesC?rlses” “is”, etc.),

extruded polystyrene & Gans or egoi ng ipti’o
has bke nefplrease i @dthe gnbgsancep scﬁnpmfent | druagiedieno bs armlusted at the

descri pti.on. not . i ntended, t exhaustive or to
i o o S o 6,49 oﬁrﬁhemﬁ%é%d ey @ Wit one or more
emb o ntBstdhs! g?l?pgmelqg\éh (g)#lfsh% a&ﬂa?g(?/m%d in solution, as it

variations are po le I'n

t eachwowdd. ex'i'sl’uelfemd:toﬁblrnmeahtmosolmi[dmchlhmntascﬁtdsmnﬂzssﬁlﬂ the present

were ch sen a d descri bed to provide the best

i1 udiselas fdoep got atey ﬁ%g s@pstangs, porpRMenb P dAgredient may

'lbs %@&%& ai'ts BRBINLLC Rich {hﬁ’oﬁi‘x Bl Seii&1 Qachiof]! &a{réfnsformatlon
inthe art"to utilrrze the rnvention 1 n vari

as pe(dUSlngrllhb votrbe vhsuchusntaoting,i Waidingmixsng o irs lsil!tlli ﬁﬁ“matlon, if

to the (iart cul ar use conterrgl ted. Al such

modi £PRAISIhE agherdanss With gRs d1splesWet hin t he scope of

the invention asdeterm ned by the appended cl ai ns when

interpreted in accordance with the breadth to which

they are fairly and legally entitled.
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Even though the clains hereinafter may refer to

subst ances, conponents, and/or ingredients in the
w@e@sont214 ense ("conprises”, "is", etc.), the PEf/EFMNC3352

is to the substance, conponent, or ingredient as it

existed at the tinme just before it was first

contacted, blended, or m xed with one or nore other

substances conmponents and/or ingredients, or if

f or megy, s%?u%%&%ﬁ as it would exist if not formed in

solutlon I'n accordance with the present

dlsclosure It does not matter that a substance,

conmponent, or ingredient may have |lost its origina

i dentli-ty thr SemeTeardedmesiandede polyshrors foransiopiamingop flame
aur ! D8ratdi EOMpSEPavitiifle SOALARE | N0, DY endi ng,

m xi ng, ofr I on, conducted in
accor dance WI th this disclosur e.O\/\hat igrclainmed is: 1.

A flane-retarded extyuded~pol ysfyrene floam contai ni ng
sii!g

a flame retardant conp g the cture: 2.
The extruded pol ystyreng alm 1, erein the
fl ame retardant conpouf pregent in an dount of

f som about 0.1 to about 10 wt the foam 3. The
extruded pol ystyrene foamof claim1, wherein the
flame retardant conpound is present in an anount of

ext 1 dand- SUE YRt B el o gh it A et A dfme retardant

fl angohfpoahd @@f)re%iﬂ'ﬁﬁ’ WA hnlchnP 6?%% albcﬂlt /N ?d%ﬁi& 19fwt % of the
fromabout 1 to about 5 wt % of the foam 5.

ext r dd@d. pol ystyrene foamof claim 1, wherein the
fI ame retardant conpound is present in an anount of
fi’om about 3 to about 4 wt %of the foam 6. The

extruded %E%%&Mdieﬁﬁﬁolﬁr&?ﬁheffoé}h%f@lém { ok REdinf of @ Mafhe retardant
composition having an"initial shear viscosity that
decr easpouhe $sprehent inpormdabdoodfftan abbaud.5 to about 7 wt % of the

foam.

15 4. The extruded polystyrene foam of claim 1, wherein the flame retardant

compound is present in an amount of from about 1 to about 5 wt % of the foam.

5. The extruded polystyrene foam of claim 1, wherein the flame retardant

compound is present in an amount of from about 3 to about 4 wt % of the foam.
20

6. The extruded polystyrene foam of claim 1, formed from a composition

having an initial shear viscosity that decreases less than about 15% after about

32 minutes at 190°C .

25



32 mnutes at 1900C .7. The extruded pol ystyrene foam
of claiml1, fornmed froma conposition having an

WO piobioal216hear vi scosity that decreases | ess tPeIUSIDOL043352

10% after about 32 m nutes at 1750C . 8. The extruded

pol ystyrene foamof claim1l, fornmed froma conposition

in which the polystyrene has a nol ecul ar wei ght (Mny)

of at |east about 90% of the polystyrene in an

i dent7 cal ThemRaadsd ?61 Méﬁ@%aﬁlrtﬁf didi fo%@?%% a co?qposmon
conpound. 9. The extrudéed polystyrene floam of claim

f or médvingoam iaited shes iviscosity thatvieabasth tesp Hapstbptie h@shefier about
a nol cula (Mv) of at |east about 95% of the

pol y$ W’é]ﬁlge Vgﬁlgﬁh dentical conposition without the

flame retardant conpound. 10. The extruded pol ystyrene
foamof claiml1l, having a DE of fromabout 1 to about
35cordpar e(fllwetctrud\erd pdgstyienalfognlofsiainehefolmadniioed a composition

cont ai ni | ane retardant conpo 11. The
ext r &G %’o eng as @Ppet?}l &g tg%vi) 94 2lepgt aput 90% of

aboutpel ﬁb@fﬂ?ﬁ’éﬁg W 58 @Bntidentd SltR)?ll 36?1&1363{3 ncg fﬁ%?ﬂa retardant
not containi'ng the flane retardant compound. % “Thé

ext r gdegopad.yst yrene foam of claim 1, provided as an
article of manufacture. 13. The extruded pol ystyrene

foam of claim 12, wherein the article of manufacture

1§ tler malpphi %ﬁﬂh@é&@i é'tﬁren@‘f&{ 0 clidin®] %gn&%(hroﬂfjg%omposiﬁon
pol ystyrene foam c i ng a l'ame ret’ar dan

conpaumdijctt the pohatyréreediasg mblelcelas tvetthe (ff,) bhet least about 95% of

foll char acteri sti.cs; the foam.is fornmed from
a coglffbé’i%ms SRSV g AAentis lc&m@qg&n without the flame retardant
compound.

15 10.  The extruded polystyrene foam of claim 1, having a AE of from about 1
to about 3 compared with an identical polystyrene foam not containing the

flame retardant compound.

11.  The extruded polystyrene foam of claim 1, having a AE of about 1
20  compared with an identical polystyrene foam not containing the flame retardant

compound.

12.  The extruded polystyrene foam of claim 1, provided as an article of
manufacture.

25
13.  The extruded polystyrene foam of claim 12, wherein the article of

manufacture is thermal insulation.
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viscosity that decreases |ess than about 15% after

about 32 mnutes at 1900C;, (b) the foamis forned from
w@2@e0pRsd ti on having an initial shear viscosiPgT/URBIN4/043352

decreases | ess than about 10% after about 32 m nutes

at 1750C, (c) the foamis fornmed froma conposition in

whi ch the pol ystyrene has a nol ecul ar wei ght (Mn) of

at | east about 90% of the polystyrene in an identical

conpagi ti 11 Do e I .
CoPER 20, Lo RS (EANAN SUPUNAL o tame
conpaciadiant t borapounde nthiec dbarpohyeingr enelchgamwnaobf the following

containing the flame retardant conpound. 15. The
ext r (i @@Cgﬁﬁyg%yrene f oam of claim 14, wherein the

flame retandan 0 I i .G i.nated. ...
compound, (3 oyCiGaTpha T S A S B Raf gl shea
t Ber addcositBthal Gecreasts ledethapabyst it e agerfabam 3 mimwaesat 190°C;

14, wherein the f]ame retardagnt conpound.is; 17. An .
ext r uded ﬂg\ ysﬁvr@ﬁ@ Fo}‘gﬁme OFf fi FRINRESIoMBaRE ApdAjtial shear

. . i : i 1 . | o,
SUber AR T T o e b Hh B B0 Eh ey by P iBeq o 475
of produci¢)g fihenfeamds drtied fexrmraucenpgationsinywkioR thopelystyrene

bstanti al | of i trioxide, th t hod ,
iﬂﬁa%&a%%pl%g V%ﬁfi& Gl aieps éilpt?@%eof@gfmlﬁsmene in an
lj ; : rom
TBoutaGuHER B ek e (AR PR L BREn BT)

conpound Kdvi nthetfbemdtas acAE o€ froaddbng latobdbowt Bgoagardd with an
to the nplten polystyrene to forma flane retardant

pol y3¥saticAPABTHEEs {qapmnotaontasning ey e Friardpnfgompound.
retardant pol ystyrene conposition through a die.
15.  The extruded polystyrene foam of claim 14, wherein the flame retardant

15  compound is an aliphatic brominated compound, a cycloaliphatic compound, or

a combination thereof.

16.  The extruded polystyrene foam of claim 14, wherein the flame retardant
compound is:
0 Br

Br
N

Br
Br

20 o]

17.  An extruded polystyrene foam containing a flame retardant compound

having the structure:
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o Br
Br
N
Br
Br
O .
H

wherein the foam is substantially free of antimony trioxide.

18. A method of producing flame-retarded extruded polystyrene foam
5  substantially free of antimony trioxide, the method comprising:
providing a molten polystyrene resin;
melting blending with the molten polystyrene from about 0.1 wt % to

about 10 wt % of a flame retardant compound having the structure:

9 Br
Br
N
Br
Br
o >
10 adding a blowing agent to the molten polystyrene to form a flame

retardant polystyrene composition; and

extruding the flame retardant polystyrene composition through a die.
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