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FLAVE RETARDANT ADDI TI VE COMPCSI TI ONS AND USE THERECF

TECHNI CAL FI ELD [0001] This invention relates to novel
W@oatisned m xt ures which are well-suited for UBET/ES2007/065879

flame retardants and to their use in various polyners

LARE RETARPAN R A DD PAVE CONIPPRITIGASKS HAPREOF

Ul US

flanme ret ardants have been described for use in

various specified polrfneri C substrates. See for
exanple, U S. Pat. ECHNIABEIELD 892 892;

[0@1}641“ Hslifived it éla?eg 8o A661 ikl € nBLfRGIVER aR® VAEEShited for use as

xists for new. f]ame. retardant additives which are n
o gogr S enT Guites T e Pit BY HRD BT RTIGH Sk e yurethanes.

ot her desirable propertles such as good storage

stability, as well as si stency and

viscosity. In the case d? ?ﬁﬁilgﬁﬂypolyurethane f oans,
[0003%i Hatstafors: eptart ingduras efdbromaiewd phophatyis flamg reterdants have been
ded4BYd £F usERVaoh sﬁ)‘ é]]h@&] Egltyﬁféﬂc ts@c%t R0 a§éé flok ¥xa91{}1ple U.S. Pat. Nos.

satil s ust st and ar s_such

4 7&4@8?6&92@89@15 15¢.417:ppé e dad’ 60- ¥ hdeetfecsiye. 3 need exists for new flame
reta_lﬁﬁlﬂrﬁd@iﬁivegl%ﬂlﬁf hie r]gollenglaéfﬁ@tlﬁ@ﬁg ﬂalt%@QQcal\Maﬁﬂ@ Mk wWhs® Rfve other
si ve .anounts o ame retardan

P P BPeTE R S PO od NRAES, SBEH KERT AR lsogesisspey and

v1soas&tyof1n ithescarerbb flexidlet ] yuirdthanel fiow@ntdesinaliye proipeeies aBwinclude the
effective f [ it i tians. .for

ablﬁl‘éye{%i by AP RLALEAN 8 dahdblntS o SIRAIM s8R et standards,

suchold Gdifarnid bl BeshPreceduae fsorehrsdthfin dashaicall BaBetint hig dated March

206(93Mtﬁ¥\ﬂltriﬂe 6PORANGU Snoudks AfldnfARtar@REiPihs Qéiylﬁ?e@@ine
acid ester) of a ring-bromnated aronmatic di"ester

diol; B) liquid alkylated triphenyl phosphate having
an appr oxi mat BRAEETSIOMM ARYLUOE THREANYEYEIDNI n whi ch

OGRS o TRERSROAL i B 50 B e

addisivacorapaitage forursb ér various belyrr&rﬁg@ refinabeh cOmpotitod; comprise a
hq%‘&qa&luré‘gorkﬁﬁf NGe it | h%ny 16\91 g ﬁﬁoﬁé}ﬂ e ester having

rus a ecul e, at | east
A)one ablieaamn@ hlS(aékq@arOt acgst eSéﬁdi) aﬁ 3 gygpraminitad rﬂmﬂé igiesten diol;
B)havij glda alRHRERIN @ﬁph%n?lo Bh@s‘ﬂhat@f h&find &@sS ﬁléﬁgﬁlfﬁaté- Aviade formula

[OOO hr oughou 1 s specification and claims, the
t er AREDGHFSRIR l%é‘th%ﬂs cprelei, gdverogs? atﬁmﬁrélp alkyl group
I s usdfg trothe @mgte ef 1 b cdrben sl badg & asiveiage furhBerlin the range of

the c formprior to being used as an
E%Hqg)%t klngallqwd additive mxture or in

C)rrak antpast drmrahsrbfdtq Phmsplionagect spe h‘aimgrﬂal& o193 pBegphorus atoms in the
apo'rlydf%c%iéqﬁp?east-r&?e 5@&%&9'{5&8%@% al 9J§c ﬂﬁ% ?sg&ﬁt Fnd having a

hat the conponent necessari 5&Wretaln its i nNa
cheﬁh@@howﬁﬁm@m@@ﬁiﬁé%a@w ©r so used, as the

(00039 rrmﬁ—a{ﬂghoufraﬁs Lﬁ&ﬁmhﬁ&q ofd S, teheith oaémll‘)&fem"aw@lé@er in the
singulnPgrSplhtlrlalo Ps usec‘i:3 to denote that the substance as named is in the named chemical form
prior to being used as an ingredient in making a liquid additive mixture or in making a
formulation or recipe for making, say, a polyurethane. The term "component" does not denote
that the component necessarily retains its original chemical form or composition when so
used, as the "component” may lose its original chemical form and/or composition when so
used.

[0005]  Preferably the additive composition also contains at least one hindered amine

antioxidant.
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used. [0005] Preferably the additive conposition also
contains at | east one hindered am ne

wa@ndo7oxsosant . [ 0006] Pol yur et hane conposi ti ons PET/URL087/065879
i nvention have been found capabl e of passing the

[O@il & nrle a%f::l' 7on-1r§q’]s§tlo?1rs QF ?Uﬁl\ge tlL)g?&?e] be-lfzﬁ Ifdc’unldnv aq)tle & passing the
a at es e use Oof SsucC ures as

Chhéﬂ@ﬁdéﬁﬂbﬁﬁhogmmymers or resins, espeC|aIIy

[0007 yurI‘ﬁishﬁW@lﬁlonaﬂgo A€ Pd"‘ﬁ{e' &Slél (S"}Jr 4u¥h 'n'ﬁxfdr@sxésbhgme retardants in
yur et hane foans, high resilient polyurethane foans,

pogﬂmen YepunasthesiafyPolrEtngse and snse patigulpdy in flexible polyurethane

fodd@, YHE1E tréainent C;Qil'ﬁﬂ@th&ﬂeoﬂﬁnisn oMVisddeRbEh paBaidthMR foams, and to

|nat|ons have bee r to ich's ch addi t
poBHiE £ PORG fisdn BOEA A ved nafna%ﬁa@&&%wéror to which
sudhemidittvessombthagiboktviedatsadafedt hi s i nvention will becone

[00‘?)%1" '!l“hefsg %A“cgth er TERALS Qﬁ%ﬁ@@%ﬁf@&%ﬁg&%@?@%m further

apprent |meth¢|e@pm1®d¢s@npmn @ gppe@BY clhins. subst ance is
conposed predonminately of a ring-brom nated aronatic
diester diol in which the d|oI ortions have

eyt nroaREpEs DL DR RN et eKERG Ton
Coagjsiriefit Aphydri de or acetyl hallde In ot her words,

e s S e R Gl e

in Whichale diel papiveskaveddeibycyidied by anmaﬂhlﬂla(i(: @)yl@ﬂ(gﬁ&@)snu’such as acetic
anlg%h@l Fchtyﬁ{aﬂég fer\(ogglé?)bwé}d %o@ giét(%) f\’%t Y}%gtr&le%s(blianmc acid
esteyp) @frfl rimgt ommateldear¢raﬁg?ed19$telldl Cmremneabtiwcazlbﬁ repiggented by the
folfmfie preferably 4), A and A are, independently, C2_4

al kyl eneoxy groups (preferably C2_3 al kyl eneoxy

groups, and still nore preferably C2 al kyl eneoxy

groups), mis j an ,1-4 (preferably 2), pis

in the range Skaikgg%?%é$§P§@|y 1), and each of Rl and

R2 is, %fe endently, an al kyl group of 1-8

(prefera \Q 4, and nore preferably both RL and R2

are the sane, b gR@qureferably both are

met hyl ). Various acy fe rom nated aromatic diester

di ol s, can he used. Ty glcally t hese conpounds are
whefeqyy 1 28i%6Y] gseithe PECTIRDIY PHERHORK 1§ FerrPRINE, AOrg; 1t rip dheyiange of 1-4
(préferdblPI- 436[1161)&%1"3 geefédbAa) add 1@ e iRRpaichas Cl; dik Eﬂ&)xy groups

(prggg{ﬁ%g Higare ol fegrg&rf‘ggﬁgfy% i) s, m i

in the range of 1-4 (preferably 2), p is in the range of 1-2 (preferably 1), and each of R and

R? is, independently, an alkyl group of 1-8 (preferably 1-4, and more preferably both R' and
R? are the same, and still more preferably both are methyl). Various acylated brominated
aromatic diester diols can be used. Typically these compounds are liquid diol esters of a
bromoaromatic 1,2-dicarboxylic acid or anhydride in which the compound has 1-4, and
preferably 2-4, bromine atoms per molecule, that have been acylated with an alkanoic acid
anhydride (acetic anhydride, propionic anhydride, efc. up to about nonanoic anhydride), or
alkanoyl halide (acetyl chloride, acetyl bromide, propionyl chloride, efc. up to about nonanoyl
chloride or nonanoyl bromide).

[0010] Non-limiting examples of liquid bromoaromatic diol esters that can be acylated to
form Component A) include the reaction product of 1,4-butane diol and propylene oxide with

tetrabromophthalic anhydride, the reaction product of diethylene glycol and ethylene oxide
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anhydri de (acetic anhydride, propionic anhydride, etc.
up to about nonanoi ¢ anhydride), or al kanoyl halide

w@ aoet1ydoschl ori de, acetyl bronmi de, propionyl cPCDUR2087/065879
etc. up to about nonanoyl chloride or nonanoyl

ngl tgﬂbqgﬁlﬂ%}itggﬂc dalnhll/\g)lnde {h@rg cﬁg }(0%8 o nglfolpg]te lglcolfand ethylene

ronoaro esf ers can

oxide Npdirighromyphthabi¢ ey dtide ﬂiifera@qtm@mrmmfdtﬁ bﬁtanedlol and propylene

oxﬁe%lﬁm&ﬂaﬁro%df%ﬂﬁﬁg aHﬁyQﬁ’ﬁﬂlseﬂl% X8 Pbddet of dlpI‘O ylene glycol and
t et rabr onppht hal i ¢ anhydr the reaction pro dp %

ethyleag Wﬁ@wétg &}ty%ps%ﬁlalc@phyirg?ethg raagief Rrpduct of two moles of ethylene

oxidetvilﬂbﬂ’r@mﬁblp}ﬂllﬁdlic%nﬂyﬁ%dﬂ drﬁ&ithérﬁ@mﬂﬁﬂfbtmpbﬁlnw otiCinoff preferred
P ycol. and,.e en

cop by BB RS HRrarT Crahngar 1 6b eRet B Pa hial apidgy: enhyaride

esp:bpﬁllp wthareettie atonautid nprietphe bramind etomst A more preferred compound is

Ieetagt%?{ fB‘aHJSF Ffalhe gyggi ﬁjleag%y}(gg?ﬁ%@%il ﬁvﬁﬁﬁ%%ro%ophthalic

pro ene
anlss@élélfs ﬁuyltfleﬁwﬁy des aétnufaﬁ@nné aﬁ@@h samprviic endpthesxpmples of such

coﬁFoﬁidlé‘ YeRRR8cribel 46 é&é‘aﬁﬂﬂletlh itDg ormR N 3 4G 9a e JA8agNd, 1986 to

Bug;pn? Iraﬁuzllqetrrnﬁia glg]%ggp %&E]gana&?ﬁgfolgglfés[tgr]fﬂutraflzatlon Agegtu’ngiYTEX
REQ’@SD ﬂlamrm@bddnal(Ameﬁﬁﬂd (Mrp(ﬁﬁlﬂik)id[ e PHEg 80l abiteyt IMies € hemical

mat | ¢ rm ne, at o
Co&pror t10n 1l esen (r)eufr:]raé/dcon%nrllermrag a al 8lr)]le rodly ﬁtéﬁlat(r:an%e acylated to form

cmdp@ﬁmyﬂene glycol and propyl ene oxi de mnth
[Odﬁﬂ]r aﬁfe% H&Icrh% 1a gg%g B%‘:’Sl:to g&@BQQﬁé lE)romllnated aJ];omatic diester

es o

ufactu
diod gethbed ﬁﬁb@ﬁgk@ agideanypdicda, REP PR ampredn gash R i anpdyl group of
1 thiabout 83 BAL&R0] |19c§ @B&lt\h@@%(ﬂ atbfhs, élgﬁﬁactypﬁzﬂ}deBHCUX‘ wherein R is

o S B S SR NP5 S, o
Lin(j % desxiamiple’ nﬁdudaabatd a@h?dncﬁﬂpioﬁ]ldﬁ&-aﬁ]lydndé CBUQ&ic ahl@kiﬁﬂe 1sobutync
anhdgi%ﬁ]‘a a%nta%%{cp é/%in&)ein L&RIE § rta[enfo c.a e}lydﬁg oc{a%o% ar}flydnde

can
mmmm@mlnd@) acefyd @hlp}rlda' higeta], h)rpmaiq, pr@@cyiyh@hlmgdeagmmonyl bromide,
bu%ﬁﬁ th%ﬂd@%ﬁlﬁl%r&ﬁﬁe )}Jeﬁ&nQ\lemoﬁlﬂE néﬁeﬁ%}érﬁldgl h%%‘a&ryl chloride,

can carboxylic acid anh
heWéY]ePWHB% rheRtain§ﬂa?hlalll‘ﬂ<%rl h@Ptélﬂm/l &’F Ofllldleo O‘ét%%tl 0@101“16 octanoyl
brdnﬁlﬂ@fn%h cHloh@e abasiiandyl KramkieN (At @FBcetio an@iride Ydcetyl chloride,
g reln R1s an al kyl group of 1 to
Or%ﬁ%ﬂ rémidg 8ns and X is a bronine or chlorine
[00d2p mAdydmionmf therugn@hmmrphﬁsd aroclatid eliecacediat iatypicdily denducted at a

|on| dr.i r R butyric
terBen iR fhe Tl B 120 of B E i G g Mty emptoyea
in h@i@hi@ﬁﬁﬂt@c Popytiohdglthodgh aRMiall eRERY 8f AdiEatin@ABENIRRE be used.
anhydri de, acetyl chloride, acetyl brom de, propionyl

chl oride, propionyl brom de, butyryl chloride, butyryl
CompmiedeB) pent anoyl chl oride, pentanoyl bromi de,

[ (ﬁ??(a'ﬁﬁ/ ﬁﬁ)loﬁ%ﬂt QSea (Iﬂﬁé g%‘?y Itedb[['lg ﬁﬁ PH&EF&M Ivmg an approximate

avmgeaﬁ@@vulati @)@P (hblﬁaﬁluyln e@qlm 1?9r1$ d epgmdeﬁﬁnaanbxdmgen atom or an

alkhl gmlﬁ Bavike @n afe @REL biC1 ANDYAHLAGionRC 8K ALR! Rabs@de@ly, an aryl
acet brom de is preferred. [0012] Acylatlon 0 he

RSN AADSY! BFBREATO AOB St BREGRENDGT 4 (hy s quslbout 0.2t03,
and prRVIEHI@ AN ee randecdoar Atdlieduk D, prioeided ftigembiuraboutiqlidQit ordinary
rootng) te%?p%lrjz}tur]ég,%ng'prf}gr%b{y at %6 gg tag W% © Nﬂgtrurrréisl 1|n )\/)vh?c the %ﬁg/l groups are

C, or C, alkyl groups are preferred, and those with C, alkyl groups (typically isopropyl
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in stoichionetric proportions although a small excess

of acyl ating agent can be used. Conponent B) [0013]
wapiog/1esosponent is a liquid alkylated triaryl PtibEpivat/esss79

ester having an approxi mate average formula
grq%?é(dféggégP cr.?zlrrlé/ reMHe(c‘ih @?ﬁé%%% thﬁ ggﬂ% BN qﬁ%%?ﬁ?%l%es can ]amounts
of llnatlléylarre@amg&malbﬂ@md ané@@ﬂtipirr alksﬂatt’rcrﬂmlriemﬁenbllyjphe groups. The

terf "Wk y Bty Boespr{(ﬁ ﬁﬁ&atﬁlltyrh@ &B@&Yﬁlx&&@ﬂlﬁst b%rfgrrffed' fPortd reactant (e.g.
aver at?‘e nunber 1 n the_ rah about

0. and
2 ppery bihabiay bpen %lhﬂaregn a@t%%dmduft% gawaa@l@ Coaraavrlgj gitable alkyl
subiskiieRisXih ta@pr Sia@ ﬂrbpbihdnsﬂ&anolﬁdjhsféaﬁﬁ paR@Nih VRS Bl prreEa?rmg such

{ ich t
Ry Pt Rt B byt PR el R Brosphat
estamaviidiose baiusdll i@3hegprigtice @f dupm véritiopiacatelgrred to, for example, in U.S.
f
Pa, ﬁl%tp [%gé%?/défﬁ%* B?é 9%, ‘?Lhﬂg@g&%cé)ifltdﬁ, ie 68’4 zglgﬁ l\g ng%ﬁﬁa@?ﬁ&ﬁlg'nﬂgtures of
alkylasadiyinad plapsphate gitgrs ardayhtatlelin themapetalags! f;/ona VijPugtserces. For
ex@hplk, ;(r@dl&ftsec{v%ﬁlﬂﬂe Bﬁm&ntgfa‘@@?eraﬁ-&?uﬁ&& e o J)sathﬁﬁmark such

N R L LT S N

VaI%dS)ﬁr&he:ﬁs adﬂﬂhblé dtonp B oplvah sind@. sgveralpdiefehs jradeomirid Nichgs Fyrol
I | t a i Qn
AT SBONERE prSAAE b TR PR DR B et 3RO 87718, ana
other gidulet pmimttsr sage ascapfidpeacatenads. iDesraP@ThSmixthgwiset! should have
res_of al kyl iar te esters which
o kL el T R b PR Vet on are
referred to, for exanple, in US. Pat. Nos. 2,960, 524,
57% E)ﬁ? 4,746, 682; and 5,164,417. Many suitable
H xtures of alkylated triaryl phosphate esters
[0091|4b évbad;t@bt eligynli¢ pleosploriagt qstease‘vésra@rrpm@pnw €) s'blgse egmpounds
ha\’f:eof 2%%%' Ephgﬁﬁdsga? %1§1 Y fHol atfléag%lg]ﬁfuf}ﬂﬂ?](s I’p)art (of an alicyclic

Cor'porati o e Reop os it ademark such
ring sy§i@iBp Horrefysred eooupanorues aquyaheph@pb@@érnf%ers arsgepresented by the
forapar ently Reophos NHP as wel |, and various products
avai |l abl e from Supresta under several different
trademar ks such as Fyrol A710, Syn-O Ad 9585 or 9578,
Syn- O- Ad 8484 or 84750 andRPhaSfilj@x 31L/41L or 7I1B,
and other sinmlar products ‘sefve as candi date
mat eri al s. Desi r abRy, tPHOGH Xt ure usiP)khoul d have a
noderate viscosity, e.g., about 4000 gps or less at 25
C. Conponent C) [0014R.At |eadtHéhe &’icyclic
phosphonat e ester serves as conponent C). These
compounds have 1, 2 or 3 phosphorus atorrs in the

nmol. ecul e, | east . on ich is a ,
WIS B 155 TS sk B Aol o 6 e G Bt B By R ae the same
or difffiecane hinccarphikgp htkoay ewr@sirglosy aflearyle pikersyh:x@eaiyhyylt fgloxyalkoxy,

. rel | . r ; : .
or %%[@&g?vh%@%t%g %(1}18%1 p?_rtgo‘n_kelf Cthr?sse gg(?u}% ﬂé%r dgq:l\;télﬂé rhg{hio%g &hd the aryl
poigrenayrcogiaif erceqrtmergdhlpriae afokysl onegdrioxy brq;miylle atoms, and/or one or
md¥ ¥ ARSY 3& RIHRT it 55 AR q{}bﬂk&?&ﬁl IyP oY @hyYdnd FETiY hIR¥YIBVERXY 4 carbon

or ‘aral’koxy, wherei i the al’kyl ‘portiion of these groups
atofy contai n hydroxyl and the aryl

[0015] Preferred compounds of the above formula are those in which R and R’ are the same
or different and are alkyl or alkoxy which may contain hydroxyl; R* is alkyl or hydroxyalkyl;

and R* is alkyl having 1-4 carbon atoms.
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portion may contain one or nore chlorine atons, one or
nore brom ne atons, and/or one or nore hydroxyl

WQe@apssosR2 i s al kyl, hydroxyal kyl, or aryl; apdI/B200%065879
al kyl having 1-4 carbon atons. [0015] Preferred

. of . N ich R .
ORISR BT AL g s
forgik kogrle, Wi .8 hPatalyo. Sor o thwddarxarl, Camachics ard kyineprNote especially

Exs'ﬁ/lgfeg’ xyahkyt io, ane (@pi&éd 8 Tohlle NAYRSG- 8 ift CORIRPM thereof, and Ijand
atons. [ 0016 %I ['ustrative conpounds of this t

! ! | pe an
Ik (depicérdsing table hdines pridpiarRIrea Sthercgbs cht pegd a%eve, preferably the

ali&¢cBEPhEsphbitatdlesters BAL fredNet. ar&nZt&qun%ﬁ- It 19 aRBGeErs0EY that the alicyclic

cho, ,and Kinney.. Note especi Ex I .. la

phipore ey S it & Riovphals Bt PE sy it 1T pigehy glfgproferably
of anle@dl abomt 20 w@r eftfe, fodlnerig ccamgbuhils ke piixthied theredfadeiee as non-
P P - ' t bove,
lirting &DERIcr hbah Byt ied ARAER Mosblo i SR BIOVP.
(S-pthyhP-areshyle-exiged .3.1-dioxaphsplynpr-afybinediy! trhethylt methylphosphonate
(a.Rhl 9H6§Iph§n19%§c9h&% E, eSb@LR2 havisy12-Phese T U xg¥ksfirinan-5-

of ai ggﬁt abe%#bl fﬁégggnq)gfreiprefeyably of ‘at
yDmethst meiitestzp ok o 6B &f g feeRgdunds” and

m xtures thereof serve as,qpnlimting exanpl es of

particularly preferred alicyglic phosphonate esters:

(5- et hyl - 2- net hyl - 2- oxi do-

1, 3, 2- di oxaphosphPnan- | ) methyl net hyl

met hyl phgegghonatge (a. k. a.\ ph phdh?gégfid, met hyl -,

(5-ethy|-f- t Wyl - 2- oxi do-\,,/3, 2- di oxaphgsphori nan- 5-
yl)met hyl nmetfR/ ester; CASKNo. 41203-91-0) of the

formul a; bis et hyl - 2- h¥! - 2- oxi dg-
1,3, 2-di ospXi nan- 5- yf ) me\hyl | t hyl\ghosphonat e
(a. k.a. phosphonigc—aci met hyN—— ¢ o— CHs

bis[(5-ethy|-2-nethy|-210xido-l,é,z-dioxaphosphorinan-

. Bz vl l.], ester; . 42595 45- f th
bi el By A 2 2 L Pase s M by Pl Bosppgnace wlca
ph@ph¢Rhodica) , nesitlai isi(h-ethyplu-nesh 296 0fo-l ¥e2-dioxaphosphorinan-5-
t = §1-0),.and about 19 wt % of
Y”?*%E%%%%ﬁ%%?@cﬁf@%?\‘? {p e Bhatdlac 9) or simlar
products fromother sources are illustrative of such
nixtures.Substraﬁé3Rgl rs or Resbgs ¢H¥018] Various
pol ynmers or resinsﬁ%aﬁ\gipflane r?;d%dgg using the
flame retardant coffbi natons of &), B),“cand C) whet her
added, bl ended, o
polymer or resin as a prdforned additivg or
i ndi vi dual Iy and/ o onbi nati ons.
Thus polynmers in gengkal can benefit/\by use therein of
flame retardanty,c rons of &)/ BM—ang C). Flane
retardant conbi nations of ﬁ%i,Bf, and C) are
particularly well suited for %Sf i n pol yur et hanes,
including rigid polyurethanés, \s{ gi d pol yurethane
foams, flexible polyurethénes, ﬁ#exible pol yur et hane
foans, resilient polyurethane foans, flexible
pol yet her pol yurethane foans, flexible polyester
yur nd. 1 . o s on ol
O B RO BRI AR5 COTRNBUEE PARIRIE BB 05 w1 of the
phesphemate ef 6AGalNe- 10981 i andbent 1) wiB)of thephasphaepate of CAS No.
428894 5-9Vb it §QilhOFrol&8s rB JHKLS s8RREYark 8RsAStive of such mixtures.
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unsat ur ated pol yester resins, and synthetic

el astoners. Proportions [0019] Typically conponents
wWOo2007B)808and C) are used in anobunts such that BPEI/EHS2007/065879

wei ght basis: (1) the proportions of A) to B) are in

eﬂ?ﬁ 0.25:1 to about 4:1; and preferably
Sué?tgatlren egl{sa()%qge%h}s about 0.5:1 to about 3:1; and (2)

[0018E pr\6pisus |R@ﬂ1ssn¢)‘ﬁ oB)regins Cyn e eflanme rettasrdﬁ@mlgl@gdhe dlangt retardant

coﬁ‘l@rna‘&&ﬂ% G0OUR)3ami é) wﬁ%epﬁcﬁfeﬁr@lghd’edaﬁﬁ oﬂh@r\%lg@lrﬁﬁﬁg&d into the
about 1071°to about 3: [0020] 1n use as flame

po]lyg{eér(gafﬁsgl as hd }gﬁf&glﬁg% qsiﬁhtpoe OB)lndlaﬁidl ](ly and/or in one or more
sulﬁibﬁfbﬁfa‘hb@@ e’dh@sSpcﬂﬁﬁ&’I@ in lgBﬁerCUéﬁ ednd ittty dseeh@einydEilan®d retardant

co iy s B R T Fomonf Wi et 5. B © are

papiolytly ewdlhneitedmfdrl utnae ira pblyanethanes,aimdhudingangidn polyiireghapes, rigid

po@ﬁrewn%oag%pl f 1!)1% Qlytupe‘ﬁﬁ; @pg?legblea%@%ggt%lsrge %erﬂg resilient

prefer ab e ’ran
pobpsthang Soamslenkeawlysther melwmﬂeane&ear@saﬂe@folq mlyq@tﬂr pabyprethane

foa‘fr?s”ﬁf?@ kdak@6h inR%iBn REQA&S ﬁ@v\}?yrethtaﬂ@s a0MeP bol9ineAd maBrials in which
and C). used i S an apgunt h conL‘ers S i ci ent

flape gefaldagt compaprtipnt 8" phe)r Yl HAdYe éﬁ%ﬂsfor Piinflgde epoxy resins,

un&nableé pbesteorpas iaht oynth&@icsaistghsts.nost i f not al |
gualification tests applicable to the particular
pol ymer being flame retarded. [0021] Flexible
Proporgiongt hane foans of this invention will typically be

[00;}93 %‘I’&ﬁngoaﬁ)ﬁg%ﬂtg’ A%?%ﬁ% ?& gy%ﬁé\%?ggﬁgl%gnﬁ)sg%}?&gygn a weight
bagisgi ght of C) per each 100 parts by wei ght of pol yol
(1) ]lc"lse%e' Oi)@lrtl%hpg)f :Al:lbetopE Yk Bi hl?nlt%ﬁﬁ@@fnab(ﬁftte(f es:ned about 4:1; and
e ane S | ention are
f or MidErEl Bt rengs T%Obr?élﬂ)g {9 ARBHGHL: BE A), about
(2)5-7 tm’c}fr(b@rﬁ)(yns\w Byt Cxfre M)the ange @ﬂm@uﬁt 40: S0 2b@antB1 ayid preferably

wei ght. a a by wei ght of polyol
used ' eol}a atbﬁeé:{p;boilgou?bg)tu éﬁe foam Preferably,

[0G209¢s dn @W@oﬂm’lﬂ stadamtyghelamnunthof Aori, ofid &) mrefatiomad as above,
inttddBd inkd aféepcnﬁrgar &afeg gld dtd ¥ F&pmgmh'rea{)@ﬁmédﬂglsformmg the

I nvention as this S|np les the

POYMST FHCAGS afenstipn dgabioN imajdastpobyuseiBansg Wl 8@3@ Qamf—m@@?t amount,
i.el fn Qﬁ&hﬂ’t 1ch1‘9’@ aeaige dthbol) to@bsitCp vﬂ% aR€prReSy in the range

of Itlll)rjpgllt tgta 9% 115 %@q@ggﬂoq %ftg{ahrvrv%r %ttﬁgt e po ;/mnfgjlrtco(r)llq)sosittlon More
prefahlylyy tat haen( ﬁOQ)ZB)mna(E)tuseé Ss ﬁm amotiteyfdblovenfensuffickent flame

ret%{dgncgrr gL }es@Path g@gﬂgs\ﬁ?(a lg the &%ﬁ]g t%/%n 0 sggﬁy rn‘?ot%k ff not all

erm Sssi e SCO
quilificerien tents appliableCo rﬂpmmmléal[mse}r bsutgsﬂaamﬂ:l@sardﬂdh er
[0627§N F@mbl@h@lyﬁ‘r@%a@ FSA il ﬂRJeHﬁi@djwilptygﬁgﬂy be formed using about

conposi ti ons his 1 nvention as
S-loparts hueigdhplohk APt 0 RigE by skeighs el B, am% ot Q %e? S parts by weight
of m)mraatleaoorpaaertfyowgﬁcsf pbly bhasdaolmipmﬂntﬂ he ﬁﬂyﬂr&h&ne foam.

Preger et Hand ey e ﬁ*ﬁlﬁﬁ'ﬁ gt ﬁ%&a@?%ﬁ 10 parts by
welghn deA g dbeutiSAeparts by weight of B), and about 0. 5 2 parts by weight of C) per each
100 parts by weight of polyol used in forming the polyurethane foam. Preferably, these
components are used in the form of a preformed liquid flame retardant additive composition
of this invention as this simplifies the blending step and minimizes the possibility of blending
errors. However, if desired, components A), B), and C) can be added individually and/or in

one or more subcombinations to the mixture to be used in forming the polyurethane.
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anti oxi dant which preferably is a liquid. One type of
l'iquid hindered amne antioxidant is a |liquid

wabdoyghstoed di phenyl amine in which the al kyl riPQI/Uus2007/065879
substituent or substituents each contain (r) about 4-9

ban n 7
082 B AT IS USO8 s g
de%rahi@@mp@rrmssmie ayd Wethmeth@ampn ef his mventdinphenyl am ne)
reaction products with 2,4,4-trimethyl pentene. A

sim/lar product is avail abl e from Great Lakes (r)
OtherGPBRPNeE nor at i on under the trade designation Durad

[00%] 5 BubMafcdsiofhdrithgh &% BYPARBCPEantiiatiuged tnadak eoﬂnp@ml@hs of this
dere? am ne nt|OX|dant con¥§nen

imGhOTA ToRReoneh @PY Ly BB DAY O "ah ATy PeRGrgdne Properties o
pedonoiaany biathe nehpoddusachf AXs bbeftianiyl aaty exht{rial way.

[Odééjlg h %pﬁ{e%gle{]c?%) ﬁi]mﬁh&{gl:g aasﬁl’%{%\rf ¥R oélgoﬁegt %saat ﬁe%@&%n%l htu){dered amine

m Xt
ang@xidhang ivv@echdhaﬁemblm atlhlélcb I'QIWB’P@’ @ﬁiglmhmﬁq ed I@mme ?361119X1dant 1s a
hq&%ﬁ&[ht&i cﬁﬁﬁ%n?fégnﬁ’é 15%{1&{%@51&{]1911}% s%sttll'the%l%lesﬁb sstitﬁj&lts each contain

chai ns havi ng” about 8- carbon at o@s
aboyit &-AFHGER apinsg rﬁ)%s%htgrgq&ca Fhganey c w034 ant10x1dant (Clba Specialty

Chémixanz md, )OWMCH i2a ﬁuﬁtufeﬁNﬁﬂﬁEjﬂbMiz@h@ﬁ’ﬁhéj (i, diphenylamine) reaction

oSt Tt A by RSN ENG o BB et o B rore s Lakes

Chatngzal ©bgpokation under the trade designation Durad =~ AX 57. Non-limiting examples

of dtier Quftatien nl%]ﬁ]?efuﬁé%reé a[ﬂluﬁﬁ P?J}fﬂ&&tsc%%%ﬂ&?ts L08R Bikad AX 55

succl nat e-

(mixfee pbytentiapy @cwlatt@t ﬁ%éb’rﬁﬂaﬁﬁdp@r)h@iy}?éma@d Rustdiéns&d (nonylated
dlp‘%gih’fﬁfn% tahe [t%@sftab@%Pgjo' y$peBialt Chemlcals Inc.) which is a mixture
e

Samiohah Sﬁ?@éﬁﬁ%qﬁwﬁwbﬂ% hiGrasty g farpt Ems and

hlrﬂeféﬁlphaﬁdlg)ﬁ&th\%ﬁeh sidaclnind llimfling aouni 110 catboa ratdmnsﬂ delkeduitable are
hln%er :a amme an a@tt 3 th(af% be 1%zﬁ)él%xx g o8 ﬁttg{ame%afc%lperlcﬁne bis(2,2,6,6-

prererred.
tetiggethyl-fi- pﬁmmrryljsqb@wm bEtlhaqtﬁomB)Zrﬁe@ fetramiethiyl-4-piperidinyl)sebacate,

blsE 05 Ay @Pérﬁﬁﬁetﬁ?l i gﬁkﬂ&ﬁlyﬁge%a%é/ Cgﬁlg F dcﬁlaFJ]F (2 hydroxyethyl)4-

onpasi tions o I's . I1.nventlon e po yure

Y‘ilréé}‘rg 2@ t%tﬁm%@rlplyer@@% and deagensed nﬁré‘éII‘Ctsr dhgseqfoqnd 8-acetyl-3-

do&&Pwe@ 9- V&@rahﬂeﬂiﬂ ;ﬂhs 8- t@@@%@%[&gdmﬂeam ¥iehs. THe& may be used
S are e er. or ester

in el 5 EalB PPt E sk e o USSR pigg antoxidanss
mebékgmmﬂ)oPUbehepnﬁgnﬁ@ent such as water, a volatile
[Od%gftr t}ﬁgggtgftr J\A}Igﬂ)oglﬁéﬁ{sm r ch a ugrﬁ u%«l:c? Hly %rﬁgfn%r}%g*’]urftﬂgl%e polgmgnzatlon
forimylagfone ot irgegpes pae Maadiei wiad iim cheudmmparsitroas A tthils ym@twn Flexible

lg{r:f%ﬂgﬁé 6daGathl X?l&ﬂlyb{n%%@ bas @ﬁjerﬁl@ﬁ:fe)ééﬁo% BEwRER& o liquids,

anonetal lic ¢ . Surfactants
150§¥?élﬁteé§n%%§‘flﬁ tIllieélPI%q1$ g B%e@m@@}w@e@mmf t B rgacdign readily
ocdus @m)@fn tempémtmtsah Rhd pfw@ﬁe Qifta}’blﬁfmﬂgh@geﬁﬁ ket dsnwitB€ a volatile

hy%o&z}/r on éla c g{l, %lrsﬁag(g]][yg A Srge(grr nrgl%hﬁt\gongrl r%)ére SUC£ nmaterials.
Catalysts used in effecting the reaction include amine catalysts, tin-based catalysts, bismuth-
based catalysts or other organometallic catalysts, and the like. Surfactants such as substituted
silicone compounds are often used in order to maintain homogeneity of the cells in the
polymerization system. Hindered phenolic antioxidants, e.g., 2,6-di-tert-butyl-para-cresol and
methylenebis(2,6-di-tert-butylphenol), can be used to further assist in stabilization against

oxidative degradation. These and other ingredients that can be used, and the proportions and
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nmet hyl enebi s(2, 6-di -tert-butyl phenol), can be used to

further assist in stabilization against oxidative
Waelegradwss on. These and ot her ingredients thatPCHIS1967/065879

used, and the proportions andmanner in which they are

o RS SR ARG A . SEE L TR fon

HopglowF lewvék B@llvmwmarﬁpanwg@me D@wzghgmgml epmReryy| 1OP 1, WRS5-9.27 or

Ro&?llslamtﬁﬁgstg&Wms iR PB MY&ﬁﬁemﬂbbﬁp dRACKG. BRI iBhser Munich,
nser Miunich, 1985, 176-177 or \Whods, G

1982, 600178 Polpadsehatieribisaielyureriert Soasah st hmr dgyhnology:
ﬁéﬂ saendceanensierubhisha9s2, Asgmséon, 1982, 257- 260.
[0

BB 05 et e ST v,

1nc‘liuieal‘mhn03 1@) polyol, (THeThew Dhemidab@omphnyChiipany, MI) and Pluracol

17 %OSAI%g{BA%)CO%F a%ty Mﬂt"ékﬁe} Y\I]Ji lprgge\#r%g ds()@ﬁé%ates 1nct1ude Mondur TD-

804M@ndlué’Fr(/BnmComratg@1 th@ngh AR BEACEUTK? pbk ¥t AGREPTABLE)

an&ﬁﬁlﬁﬁ 980 gé? GALLY- ACCEPTABLE) and
rinate T80 (BAS Cor por ation), 0037 Pr eferr

[0 @Jﬁ)f abtelrred sustachisylor ephardREhé axx 1669060 §o§pec1alues
Gr&h@ﬁd:}ﬁm) EEEGOREABVB 8129 (CbldscHin{doEhARidal Sa@gratlon Hopewell, VA)

or 315 Aot dbe RER Yo GRIDBE sb s ol P RER bcdoth i dfexibte

polyseethann shapgodafoaimlsexi bl e pol yur et hane sl abst ock foans.

2 .
[0d2%£ lg%fe?lregfbiaorﬁ% ﬁg a%n%%ﬂ@)lﬁ%?t@%ﬁeafﬁg& n&%Lﬁ?égéﬁgﬁ?u&?@Water and
meptyygeng chloridgr Frgeetl e acetang ipeivwghght pafiq ip thfnram@ of ahege 1: 2 to 2:1,

res@éct@@ﬁlu tvith watdrand rdeth YIGRREFSAMVelng tHE hRIFMRIIOnMthtion.
[an‘iga)qurene hl ori de being the pref erred conbi nati.on.

elsfied eptAkyst %ya&egasﬁelf P@Wﬁ@ﬁ%esf%? uflof GAMBIAERRSS a blend of
amiinkC batalgsta swoibisnatlad of (i dinemglealyl aming erRtBlanst $Siamine, and

o R BB o TREHL B, Dkt e e
of gtdue 0 —-Ad, (¢spyctDABCIpEndBigaippmeir fiow adwebghiting atdds. i n

[OGSBE T#HE ﬂ?e{zﬁflreqp gieté)w?th Qeditdd in (9‘3;&%8{1 8%@]63(/aq_ﬂfsp§ﬂglaﬂg forms of

ow and processing nee
pollyuteéhaaﬁfu ragd jcompepenss, edropariondeangli oagitions @sfréam Repaig them. For

exéfﬁf)’lboHl% trﬁ/dfﬂ/efefé%n% g@h”ﬁf&én&@'aﬁ“ﬁ?&yb@ﬁ%a ?ﬁﬂolymer Science and
ro ondl tl use
Tedelpgr: &umé.ln Oﬁam%ﬁ%w BHE%W e PFeS B0 SGEnEncyclopedia

of PSIme €Sti@se asd Enbysibon&¥dhanofs, m{nwﬂéy&Sbﬁ@pegeands 479; Flexible
Tec e Son

F Oi’[’&%’g'?oﬁage@r%@%“eécs?c"r—fﬁf;@%ﬁope .%Hc&)f‘“%go e %t}%eﬁc?‘ék Editors,

Coapriightd 8 hby bl PVl Ciremni¢ 8 CQilqnnyvmdég/S&BanNQs gagéd 33; 5,104,910;

Sﬁé}% 194 (Hg@]?(m%' e Foans, Dow Pol yuret hanes, Second
?on Ron Herrington and Kat hy Hock, Edltors

[O(kéébyr Thhfollbggre Byamples BrwpreHesvsccbor pesmsengt ilp@atignsand are not
int&Rfed tONAMmit tHe §4fRritISopef Hdinddddion.

[0032] Examples 1 and 2 illustrate the methods for preparing component A).

EXAMPLE 1
Reaction of brominated diester diol with acetic anhydride
[0033] SAYTEX® RB-79 diol flame retardant (1900 g; a mixed ester of tetrabromophthalic
anhydride with diethylene glycol and propylene glycol; Albemarle Corporation) was charged
to a 2L reactor and heated to 120°C. Acetic anhydride (701 g, 6.87 mol) was then added with
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5,677,361; and 6, 784,218. [0031] The follow ng

Exanpl es are presented for purposes of illustration,
ware7arssnot intended to limt the generic scOPEr/vs20011@65879

invention. [0032] Exanples 1 and 2 il ust rate the

s[5 oTofolSREE, M-GRIRADETY s BNl LIHGHOT. e
MIkQYOIBRS GAVTENS URpPeAit ¢ ohmfilgmed 189 &F wahta S(hEQOUz gureg for about 1

hotl. ¥eChr@SE Qs Qafkeﬁ %rraﬁ QElﬁ%Hﬂ%F@étéﬁnﬁﬁMdarnﬁ% Whtlchwas estimated to
dj et hy Iene ene Al bemar |

be @;%%o”r at Pr@ﬁyglewaeméﬁ é%Sg&d) f%mabzzawé&%fi iy iy i P lich was then

stlrl@"cﬁfoﬁ?)O ﬂﬁlﬁités(; aﬂdfthﬂdSh e (h%%c%lglunﬁ)eS%amgiuhdr ‘r]bﬁl‘je 40€10.6. A further
l' a our ro e m.xt e

730 gER T PP o5 ute 3 B gt e LGS 1 hour a

1304 ullm eiaturp pas dained5ntglasg bettds H8Bnalysii. tTheaisbsightf thdmixture

wal H%T%%Jlgp{ to%lg 9 %0 JP zﬂ@g be alﬁng gﬁ?& %B}gﬁ\%é\tn%%tér? rth@&l@%ﬂber was

term nation an estl nat ed
detgpaiged 80 be Ofrdo pydl dhroapriieof(tremgne ip, thg miistuye was 48ddwetfe (X-ray
flubRsddAge)m Xt ure, which was then stirred for 30 m nutes,
after V\,hl ch time the acid number was found to be about
0.6. A further 27 g (0.46 nol) of propyl ene oxide were
added and the m xture \AEXAMPLE@DI for 1 hour at 130

The,m xtu asbottlesfor
Reaﬁﬁn 2‘ bmm”ilﬁ{é?l@mg?ergr C? acf {éc U {lﬁfe was det erm ned
[003d] be‘\ 19003-oktkatl oS @ag@r ncgplg]b@is\slth apidchanrigal stirrer, a thermometer

wi%i aégrnq{)rgr%te re? li?é‘ﬂgﬁ%ﬁc 3gco cgtle%q:;ts)lre | eceorr?crﬁ@rgsdr an acchF t10n funnel and
a nfttbgkn % ﬁsXemalyf Whyafae@dezndeSAY B-® dielaﬂ:ztm@fet@ﬁant (556 g,

S%rSonrln ln gft:a%ed ge'/gshe aréog t? %% 1{){? to:ﬁﬁ W %oo(ﬁinftfcy d)L tiLr%g %%1'175 d% under
nitragehditiecdtition |furrr®i waacltamﬂdnmlmlea@tlc wilyrlrige ( b%p%g alt. it mol), which

wals g%ﬁ lagée%rc%rgﬁ \xg%eytg a?glociu%% g (%brn%)nu[e%fz& ls%ﬁﬁ gﬁ?ﬂ% nét?erm Was noticed

fron ogen flus

duﬁl'ﬂg’ﬂ‘ﬂﬁ%@dﬂoh R A0 i ddBthé e Atioh téﬂl@i’ﬁufeetb afsdanB3l @5 thg ;reaction
0.885 nol; heated to 75 C prior to addition to allow

migoolightensy! imerlosatithis peinafTheSoenn dere ataddg8A” C Thé stirred at that

ten?\%%%ﬁ%%ﬂd&%@%en%%he l%%l[ fc%ﬁgh\/\%lsr,g ?" Qgﬁlg%e%r\]vga% %[){)vqgt for c%lstlllatlon
by iseallihigod Baluett tngp 201 the reattdsn tedpsirmalre W(aSra)seel)t@ﬂ Bﬁﬁ(h‘td/\ﬁstﬂl acetic
acif ghppdtlr 8 deteion T3 'is s THE holisct Hgh b epgtom Task and

conde@frited eckthé Pot&Qle@hpdhtof i 55 04N torr) e 450mirRifds S0 \g@%29 g (0.883
heated to 95 C andpstlrred at that tenperature under

malg. 9P Sy%n of e nrpdichakt Plsyrllew diagid: The a@a GUpPenet fhigsproduct was
det8AMinS&to Heall 5. 0iTHE pfdda&tlvﬁd% r®Yiedtebindl thinb@rrad Badkft€the rédcai? and then

30@ Pﬂ‘t %ﬁ}glurgﬁezgr%dcﬁb mE P Ha etr Were X@d%:drﬁlesn%gte}lgl cilig’sc())lv%dtir? toluene and
formed the bottom, organic layer. The phases were heated and stirred at 45 °C for 15 minutes,
then the phases were allowed to separate. The pH of aqueous layer was measured to be equal
to 4. While stirring at 45 °C, aqueous caustic (50 %) was added until the pH of the aqueous
layer was about 8. The phases were allowed to separate and then the lower, organic phase was
removed and concentrated under reduced pressure (rotary evaporator, 3-4 torr) at 90 °C for

one hourto give 579.6 g (0.814 mole, 92.5 %) of the product as a pale yellow liquid. The acid
number was determined to be 0.14 and FT-IR spectra were recorded which confirmed the

ester formation and total absence of the hydroxyl groups of the starting material. The TGA
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acid by-product. The reaction m xture was then poured
into a round-bottom flask and concentrated at the
WO oaoanysoevaporator at 95 C (4-5 torr) for 45 nmPEUSHOT/A65879
give 629 g (0.883 nole, 99.8 % of the product as a
pal e yellow I'iquid. The acid nunber of this product
was determ ned to be 4.5. 1. The product was re-heated
and transferred back to the reactor and then 300 nL of
indi@ateme feldvid®Welpht s protfies: Ieriessaddezlo °Theo malosy atalo4.4°C, 50
di ssol ved in toluene and forned the bottom organic
% losy@lr339Thd-phases were heated and stirred at 45 C for
15 m nutes, then the phases were allowed to separate.
The pH of aqueous | ayer was neasured to be equal to 4.
Wiile stirring at 45 CEXAYHYESSAstic (50 % was
[0(%51j el obilpidf tésﬁ@ve@é‘b&lﬁuétg@uﬁﬂg@ﬁél%ﬂeﬁﬁﬁé forRglagbRWedPor screening

ses.were allqwe ) t.e an en t

ﬂa’fn&){%tf‘rd%%fregfgeﬁ%enﬁﬁsas e\/&?@ﬂ‘)éﬁ%g@%? dH&heéBFFébﬂFnaéF‘glﬂ’Ws

Coutpdeentrieduc ed Mik ed SMéIeOf(té@itﬁOMOﬁ\thﬂﬁ:f zﬁﬂlgdmdeﬁwﬁh tdiﬁ‘th9lene glycol
?/; g? tChfeo;)r ggﬁc ?r%%&le%g 6§,F01 ac ?ed Wi éclﬁh an};].{?%ld% énocfe E?(amples
nunber was detlendi2iied to be O 14 and FT-1R spectra

ar ded £
Viﬁ{ogfﬂtg%sence I%fﬁ)ﬁla@%@ﬂeﬁl?ﬁh&s %ﬁcg 215@5 ﬁﬁ@ﬁg%&l %‘ﬂ%nt of 8.3
material . The WHEAANEPEZe eé ﬂémf:é?%\m@ bsnagleC crreg@tlom
CoRfpohédt®) -5 % haakt@t of I@mclgcla/olln@tﬁ §1- ab5-cHA 24m@,hy5@ oxido-

%1 oss at 339.7 03 0

Ceste wore coduelismages %ﬂ%aa%-bﬁp%@%awsgvﬁﬁﬁaﬁ 39 ghosphonic

used for scr eecdngethylabi[(6ethyi-damntth2f @ddd-vSrPedisxaphhephorinan-

conponent s USQC A f S): s

Conponent  A) %%’anet%}hgést%é ﬁ%#tmt%e? F%%r%r%r%grﬁgfl JEAS42595-45-9)

anhydride wit IﬁAmgéltdf@UeW@Obeh)ycol and propyl ene gl ycol
Co?rﬁ%h@ﬂt@; Wi t hh%?ﬁ% P@R@SQCMA@ QﬂglttﬁCEéiﬁ‘lwl qﬁc $whIf is a mixture

Conponent | soprop ate hat e
haV| ng a phos ﬁﬁ@pb@ym%w%fldgdmw tlm p)aemfﬂlila&}aa% about 6-
519 flame ret arcdayvh; atdthbendhindecaphends b&@tﬂi)es@@@ﬁl@l’tﬂiaﬁls having

C - a mxture, of ,phos honlc ac:ld net hyl -
(5- et hyl - 2- mefRSH Sfbo‘ié’?%o

Th8 r&utts o ﬂmlﬁfﬂ}ﬁbﬂmra h&nk &t mo)cmmrhy |Cairé § 7Y lareestn@nardaed in the Table.

TP oA L ol T i ompogen A0 g R Gy Comp
ExgAy) \yw@tuwi/ alnde%,lb@ﬁteelm she seme dgsCADCad o ate@isomhawa iCAs Table.
42595-45-9) (Amgard CU; Rhodia); (r) Conponent D) -
Irgastab PUR 55 (Ci ba Speﬁi,ggiﬁlmdwem cals, Inc.) which
is a mxture of diphenyla th side chains on the

PIENgbmpbRGav! NG| abOEE. P~ 9] Oal GO BLOTS] 06 | Comp. Ex. A
A)III rnact cu [JIICIIUI S W l II 5577. cl S b%7bllcl II5>7 Il 1 l&i 5688 Wt%
B) 37 35 33 33 42.22 wt%
) 5 7 9 5 none
D) 1 1 1 1 0.9 wt%
Total Br% 25 25 25 27.2 25
Total P% 4.1 4.4 4.7 4.1 3.5
Viscosity @25~ C, cPs 2125 2900 3425 3100 ca. 900
Results Pass Pass Pass Pass Fail

Cal 117, unaged, in. 32 3.7 3.1 2.9 12
Cal 117, unaged, sec. 0 3.5 2.7 0.8 N/A
Cal 117, aged, in. 3.3 3.3 3.1 3.0 ---
Cal 117, aged, sec. 1.8 3.1 2.0 0.8 ---
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about 8-10 carbon atons. The results of the California
117 Test Procedure ("Cal 117") are sunmmarized in the
waawia1808he Cal 117 results on a conposition i PCIIB27/065879
conmponents A) and B) without C ("Conp. Ex. A") were
used and subjected to the sanme test procedure are al so
shown in the Table. TABLE[0036] Conponents referred to
by chem cal nanme or forrmula anywhere in the
[0036¢ c COmpané¢ndswretmred|tabyehedndcd ohme whstrmeta angfvbene édthiespéaification
or Elgl?nssﬁe%l[’ ! vletr re%ff&?ﬁo n ﬂlre§1ﬂggﬁlp &11 Igﬂneag a?es‘id&ﬁg %edGE lch%gr exist prior
prior to comng i cont act her substance
to ¢0é1fn@g HEQ CQrﬁa%WI@W@ﬁﬁhééfFUbﬁ@h@ r@ferr@ﬁ éhlpxc@lerm% gaipe ogchemical type

(e. §n thtﬁér 6&Hp&i%ﬁﬂtw sAVER) (Vleé}E ). at nﬁtt@rs) not I Wha Bk d18hi®aROhemical
F i mnary chem cal a}z % nsf.or pat i or
Ch%a? drang g@flﬁl%ﬁsand(qr ISRRILONE ok 1Y) %%P %5¢ iR dhe Eshiting fgixture or
solirtiait &N @ichEha@e ttﬂamfoﬁﬁatﬁms fandloa r@eﬁonst aﬁaﬂﬁfrﬁfm&emﬁsﬁ bringing
the emPled cgoeacotnI r(f n%o e heru cﬁ:r ‘rjletcl(%r 1t10rr1secsa ed faor of urbs{ﬂm @1% disclosure.
t e SRR ngponen? URJET 'T REESh
Thuathle e:dmponemwrs identifiedag lhg@dnhan bs brawghfTiogeshehie connectlon with
eﬁ&%ﬁ%g%ﬁrea% eﬂaﬁl@t{]&l if T&ﬂliﬁfa 4&y &E‘érﬁ 65?!:1&&10 ERI%n g{oﬁgg fe claims

t oget I n_connection wt ormn esire
hergiaftat man refer it spacAy Canwegff% and/erprasediensh in theepresent tense

("coh@ughy"t e, GkeE mn?e f&@é’r@tﬁd&aﬁstt@rthdrmbsfaﬁf:@rcohﬁ)oﬁéihsdrﬁﬁgl@&cnt as it

exl(stegghfgg [clltgléél?sq / oge. it Qvgf ggslj (?Onl{t?sf:éécﬂ Bkgﬁgﬁ%ggggé YVHEPH%Or more other

sulstdnsésacmaponenmamdrenm gedieintsgin ﬁ:ﬁtbﬂhhceaslth the prasattdddclature. The fact
e ti ' t I

o TR A5 SRLRLE R, 9 909 e DB e

cheigaloteagtingy erdiramfamaion duong &rﬁ:c@umet of Qqn@cpngsldmdmg Or mixing

op&h 8GO SUESdudRE ihagtotiiRE it YRS [ERRER ureC AP B Nhe Abplication of
| ngredi ent may have | ost its original. identity through

CoRMORSRiEANd ﬁlga%rfimaw i of Ayttt e HEPHY t he
[003091 r E@clﬂﬁncﬁ@i@fﬂﬁtéﬂﬁ or pubdlﬁ:ﬁdd)rﬂ@f&fedﬁb i 0y pw@cslﬁ@ﬂ B %pemﬁcatlon

1f conduct ed nce.w
s ipFo ORI e rRadn fgPo s msroars & il Rty Pisiny
[0038i | Thisfinendbeivissscepiilsle themsidermhteevariation {(63rcticaciherefore the
for@gqug? M&Qﬁp&@t%rﬁot ?I{terpc#éﬁlt!) ?ﬁ{ﬂ Qfa s]?({‘]u?cg Bgtd?ea oe a@uead’]z%/ l%mltmg, the
mwentl@n torthe p@ntlsellab@imhiﬁhyatmfsex‘@n@téd hargmabo‘fml ly set

forth herein. [0038] This invention is susceptible to

consi derable variation in its practice. Therefore the

foregoing description is not intended to limt, and

shoul d not be construed as limting, the invention to

the particular exenplifications presented

her ei nabove. THAT VHHCH IS CLAIMED IS: 1. A flane

retardant additive conposition conprising a liquid

m xture formed fromat |east the foll ow ng conponents:

A) at | east one bis(al kanoic acid ester) of a

ring-brom nated aromatic diester diol; B) alkylated

tri phenyl phosphate having an approxi mate average

formula (RxPhO)3P=0) in which each R is,

i ndependently, a hydrogen atom or an al kyl group

having in the range of 1 to 4 carbon atons and x is an

average nunber in the range of about 0.2 to
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3; and C) at |east one alicyclic phosphonate ester
having 1, 2 or 3 phosphorus atons in the nol ecul e, at
wo e@stiisoee of which is part of an alicyclic ripgr/us2007/065879
system and having a phosphorus content of at |east
about 15 wt% 2. A conposition as in Caim1l wherein
A) is a bis(alkanoic acid ester) of a m xed ester of
at | east one bronophthalic anhydri de having at | east
THA® WHICHNES GhAINERASatic ring with di et hyl ene
glycol and propylene glycol. 3. A conposition as in
Caim1l wherein A) is a bis(alkanoic acid ester) of a
m xéd esteHame retadansdditpsemarsiEomenyRyisigka iyl mixture formed

froeh Aténst BRI WiRe o Qnemtsopyl ene glycol. 4. A
nposi ti on. a relnthe bi s(a

| k
A)aC| at @%%@P? b aﬂéf‘nﬁi%@ébfp %%"tr?e? HHNg-BIYBYG aﬂﬁldﬂeéter diol;
B) anhyikylattel tviplidnytiprests plydtehe g agnca@broandatp nofpydednengh YR #h0),P=0)
i's the, bis(gthanai
conpoi SRR s lerB s aR3h S o T iyine in he
B) r¥ge 9bptopyirbosatomscodpds in pwmagguinbeCingtherange of about 0.2 to
V\/nelgeér{a X in said formul a is an average nunber betvveen
0.8 and about 1.2. 7. A conposjition as in aim

u
C>1 mbleéwrpqerﬁélcrzsﬂb?smplwa@oweémavw ley 9153 ahoqpéa%lﬁ atoms in the
abomol&me/wa%ea& ot 6OWRRSEI L ipaR sanl dlicGtiad Ahd syh@hehdtl having a

Hg?s%h{)nru)étcgrrlt%nt (%np{east art])gut 5) WW osphoni ¢ acid,
( 5- et hyl| A2eorepdwition2asoixi Cainh ,13yRerelinoXpishobiptatitann@recht giter) of a

ml)(é[f%;e%/lj fn%tlg% h‘uﬁg %)E({niuﬂ%ﬁlaﬁll #ﬂ}lﬁﬁ*ﬂ%ﬁﬁ&ﬂig zicqgésg two bromine on the
aromaélféamgo’@ﬁh@pt kne g prmtmypﬂlewlwl 9. A conposition

as in C @l 8 }t)d/m%neésnmﬁlaiﬁ 1awlbér&ﬁ@k*ﬁn@bl@(aﬁ&hglce&I@és}er) of a
of a m xed er of | east qne_ bronop

mixHhsATiod éetwamm@)hal%ahr: é-g@tdrkdw%%ﬁhﬁlen%&lym@ng PERPYiGng glycol.
ring. wti &Bn@}d@}ﬂoﬁl’a@ i Cyeal3 whdepriapyis@iendicyel ester) of a mixed

estingt Ehoeraniafs SRR st e leoe FHRERRI prbdfene slycol is the
bis(&Ghartoly lof 2aidptikgd eskeroxi dol

3, 25di oxapmgf;m%%% él%ll%@ﬁé}xm NG e lfo@-ﬁ.{)z?fn B isdpropy.

conp03|t|on
at ofts on A ¢REnpesiieatas & Elafy, | witkeeie Mn sai@ forprda is gp ﬁwrage number

beﬂv@;eﬁ)ibéu?t Oaghr@va%atgpznunber bet ween about 0.8 and about
2, and erein furé er conprl ses phoh phoni ¢

rret Ryl qogrgqoglt@p@pn er%n orus content o% 8) is at least
abduta()zvt% oxaphosphorl nan 5- yI ) met hyI ] est er. 11. A

COmgosi ti 0o @R0 I1 forft Y a1m erem 0;ber eItur Sgolmprlsmg (1)
composi t { o FRPTHAT conp i'des a' 19 quid & Ryrared

phelipbbein pridminathyl-n(Setthd R -triethyaRioxlida- 1,4 ¢ -diakaphos phennam f-yl)methyl
mettPSEdd VB i A s I @1 aRid@ Ak iG A RBN-ARRIBA-2-oxido-1,3,2-
dioxaphosphorinan-5-yl)methyl] ester.

9, A composition as in Claim 1 wherein A) is a bis(alkanoic acid ester) of a
mixed ester of at least one bromophthalic anhydride having at least two bromine on the
aromatic ring with diethylene glycol and propylene glycol; wherein R of the formula in B) is
isopropyl; and wherein C) comprises phosphonic acid, methyl-, (5-ethyl-2-methyl-2-oxido-
1,3,2-dioxaphosphorinan-5-yl)methyl methyl ester.

10. A composition as in Claim 9 wherein A) has 4 bromine atoms on the aromatic

ring, wherein x of the formula in B) is an average number between about 0.8 and about 1.2,
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12. A conposition as in any of Clains 9 or 10 wherein

sai d conposition further conprises a m xture of
walephampBanm nes with side chains on the phenyl PCT/n§2007/065879

havi ng about 6-9 carbon atons and hi ndered phenol s

wi th ester side chains having about 8-10 carbon atons.

13. A conposition as in any of Clains 9 or 10 wherein

A) is the bis(ethanoic acid ester) of a m xed ester of
and wherzbr Gnfoptherhainprisenphodplhiaiec adid, mathg, bys ©peh gt 3rmethyl-2-oxido-
1@ngl&wg}%}ﬁlaglyﬁ%ﬁhﬁieméﬂ ame retardant conposition

forme m conponent s

rirsin (golyner or resin
sel dé&t ed A ¢mRQBIONSS ét sCla@rpSo‘lgyrlr wheysin sgigksepmpositieg further

cmﬁﬁhé’& %‘h@ﬁldra‘ﬁ@laﬁéd diphéh Mh@ﬁivblﬁcl@ih@%lk@’ﬂﬁﬁ SsubAMtudit or substituents
a kan0|c acid ester) of
ea‘ihl‘i‘?é‘tabrf gt?ﬂ“ﬁét A AU ¢ di ester diol B) al kyl at ed
t ri phenyIA mmm@hmhas v ynef (éilm&apmom Whérem&‘dﬁfc&)gi.posmon further
[.n. whi.ch

cotn sesa g(BX OQI nOP iles WHIF Qd E& ams ont enyl ring having about 6-9
RS AR gk

epénd 0gén atom or an a
caﬂbanf at@gnm andthltmiereair@@nrdﬁ Mthtasten sidarchons bavomgatmnti8-H Oicgrban atoms.

avenage @P{!Mositi%ntag‘ fn ngrbg 10fns 3RPYH wherdir R) i3 ’theaﬁig(eﬁ;}mmc acid

at | east one honate ester havi n?
esterr> o8a pREsRiSH a%teté@faﬁ%lopbfhelweanﬁﬁﬁ@@w@ digthylegag ycglrﬁ@d@fopylene

yebl.ch is part of an allcycllc ring system and having

h f at t .about 15 wt
ﬁﬁ%ﬁ P fuRy SRR Mo gaf e e M aBRRE T Cpmaisingagoymer
or mﬁmaaleetddi frbinpelyviratharres, epoxy mwsiny,udsabated pobester iesingned synthetic
ela?t[1 nﬁp ﬁHQ&s?B';?é lﬂ% kg{n] Cc 5518 Qg8 of'ja Hl?% WBngQ[E? £r%§daﬂc Qfester diol;

ursor Ion or r
B) gﬁqy&t%btmpb@iyﬂ ipbesphats haying @n@psfomrmie Averige f@:rraulm(lidi’ 0);P=0) in

whm%a@h R ik, hﬁdeﬁﬁh&é}ﬂ;’ £h cfrggénrht&{l o?ah glk?f-’g%ﬁﬁ hﬁ\hﬁ@ il t\ﬁe ?ange of 1
ur et hane “and are introduced

to 5 SHRPBALORN 2Rd i it Ay éVfFf?SFt W% i thedrrgeph abeyy Oa%q@/% nanﬁi @ at least

on@ E]l@cy@ﬁc pMs@hSmHﬁ@@dﬁéll haainlgqns dr Btphotﬂlﬁrlrsr&@rﬂf #0the molecule, at least
e used

ong 8 BHief s Gt S FRIRIEDrish 181 P SPeorgpupy of st
abeaild w6l sammirkand )i B). sel @it ihodcedihpbinguaf et idige: mixture

o U 18 B AR b R AL QAR g i on e
precagastormp klpn)péresmeylé@ch@rfogmng@alétqqmemﬂ@ans fl exi bI e
pol ygst ers RemybsigbhaRein CRIH, mn\dhér@ﬁcmeoiaowﬂme%l@an of said

co R e oL SRR A1 9 R S BhEh ey EXh N e

mlgmmmhl&hwgualmylmﬁ at éne opaloyeiubcatibihatdraito tierpllecursor formulation

Orge%t %I n Ong{nelsgldtcrge qgmponents for form ng said
po pyure ane co PRPSH 8P e furt her conprised of: A

at Iléast Ammmmsgl@a Iakmrﬂjalm Howhereigtseid polyfureghane is selected fromrigid
po{yﬁﬂa@hal%é) Qﬂ)to%%ﬁ&flmgdrﬁs ﬁéﬁﬁfeiﬁl}a/qfe%anegheﬁlbg%ﬂ €hane foams,

ate havin oXl mate av
res]tlg:lnmmogfu( og)gmsoﬁemﬁle\mp]gﬁth@raeﬁlquﬂgane foams, ex1ble polyester

pol f&ﬁ%e @@aﬂﬁd ¥nd fbab‘t&’cﬁﬁ@j}a@ﬁo@h@[ﬂe@r oBirethdsieh. g roup
haV| her arz}gc? ﬁfi llg t%ﬁbon at ons XS an )
averl TR A ReeRt ﬁ@%ly‘th B%“LﬂmR?SElOP O%”e af‘i?&‘l components
compnsmg 1socyanate polyol, surfactant, and catalyst, wherein the components for forming
said polyurethane composition are further comprised of:
A) at least one bis(alkanoic acid ester) of a ring-brominated aromatic diester diol;
B) alkylated triphenyl phosphate having an approximate average formula (R ,PhO),P=0)

in which each R is, independently, a hydrogen atom or an alkyl group having in the
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C) at least one alicyclic phosphonate ester having 1,

2 or 3 phosphorus atons in the nolecule, at |east one
wo@toorhisoky i s part of an alicyclic ring systemPeEnds2007/065879

havi ng a phosphorus content of at |east about 15 wt %

18. A conposition as in Caim1l7 wherein A) is a

bi s(al kanoic acid ester) of a m xed ester of at | east

one bronopht hal i ¢ anhydri de having at |east two

br ominge obh t¢ 4 earhpw a@inisand ixngamitenagti neinibel entbe gdnge of about 0.2 to

and3p51prI ene glycol; wherein x in said fornmula is an

average nunber betvveen about 0.8 and about 1.2; and
Owhepklea stcsaneuaélcwlérs@msphqm%rswrd@msh £2j @3 ahesphorus atoms in the

Conﬂ{dléﬁﬁe at hdagtud)& @ﬂ %Micﬁﬁ@%aﬂ'df%néﬂc%‘ﬁd]ﬁng Rydéth Chhd having a
stituents each

t he rin 9 Lﬂﬁ t or_s

confd? 816‘889 tﬁ- Sritbatos™t 9. A conposition as

in OBai mAlaomﬂstBrtmnmsA)l Jlsinal bivde@ik Andd £ bacdlkhnest &1id ester) of a
mi)gf]%%?séf?r} %ggl%g%& ﬁ Bfonlgoé)ht}}a%? anf cﬁlcf%rh r%:jl tngast %wo br?mme on the
aromatig rwigt viith d]@th'yjﬂng redycgl yrgbprogyidnq)gl(yg}lt wheregl )S/UD$a‘1d formula is an

avé’i@&r GlAbE blwedl dnb@r 08! shd Sbdus ORE0RM whiRth @391% eﬂr&eﬁ}) in said

present in said conposition and conprises
CO@PW‘F%& aB8d FopERSA Aniidied jaykHpd Hhﬁh*?éylamk%ﬂ iry .whgch e alkyl ring
sulsvbght &L@BEtltﬁénzt%éd%%tcbht@ﬁfﬁb‘buﬁﬁQh:aﬂ)@_ﬂtaﬁirﬂs about7 ;bn 9
car n at.ons CO Qsl er
S8, he S Etiogfisia ot L8Re A it RoAnalt Ei€ e of a
mlkf&t esadr dnodbdshahe drandphdhialid emhydrtdedhasfiﬂgyhtelaat gy dodbmine on the

aro%%c%r%yo?(/ t 1460 %lxcm%rdeﬂrgmg{e# glﬁldwﬁlgfem‘]kain sdid formula is

I SOpro ere I N 'Sa I'S an average
isopiapkrang éthmm Cabopres@ut 8n a3id campotitian 2nd egraprees pdiquid alkylated

dlp‘%§%§rﬁfne' iR iRkl HeolTRASHAd QibstifieR & Hb\iBedt each contain about 4-9
| am nes with side chains on the phenyl ring

Ca‘ﬁa@???ﬁlsabout 6-9 carbon atons and hi ndered phenol s
Wi t Roest ey cahgigitivnals i Chavi lﬁgvlaiB@HtA)Ss i iaetaaiviahdd®ster) of a

21, A it 17-20.wh '
e TR T P B ik PR oot
whieseiri R it hadffommlofs isofromhan® ¥heircomposd {drmuplaas an mverage number

be @ %gutIO m%[ieibgutt b% %&ﬁ@%qgﬁ egéﬁsin sgﬁ C%J\LHOSR{OHIIQ fjrééture of

. rocedure as set echni cal
leﬁlﬁmé@FnW&ﬁ ctithegde chaigs opvtes RaknybFingheyingi abguiadb+l exhyds @oms and

hnﬂ@fewh@ﬁch@%h%@ﬂap 98é bhaARs ﬁarvﬁ{g HRIPRNE RhBok WL Si Ng

I SO%S n]? t&e‘{%&}ol %lgﬁﬁﬁ f@%&a?ﬁglml ﬁ%‘a ae%q%lé eﬂamvgquetapdant flexible
polyateytiaae campbgtiod Brimteabirmof @lfoarnem pe A) at |east one

bi s(,al kanoi ¢_aci.d _est e .of r mnated 0
di eé er (r{ikloqmpoé tlonIakn? Q 2tlrl pr%In F osp ath Ealkormal”

TestrPreqrdnmxsvet ferth\ne Ea@mlcfab Brli¢tan (mm@ M@m®)20i0ﬁ whi c h
eachsR i A métﬂQ@@@?g@&ﬁﬂ aeﬂ %lﬁé/ %lgﬂ%ﬂlaﬁé ﬁﬂﬂ sitfn fﬁ)’nlf%quponents

group havi ng car atons an

comprighg éSPéV%I@Ee mbwérswﬁactt% apg raelyst. veljelumethadpfurther comprises

including in the polymerization formulation or recipe:

A) at least one bis(alkanoic acid ester) of a ring-brominated aromatic diester diol;

B) alkylated triphenyl phosphate having an approximate average formula (R,PhO),P=0)
in which each R is, independently, a hydrogen atom or an alkyl group having in the
range of 1 to 4 carbon atoms and x is an average number in the range of about 1 to
about 2; and

O at least one alicyclic phosphonate ester having 1, 2 or 3 phosphorus atoms in the
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about 2; and C) at |least one alicyclic phosphonate
ester having 1, 2 or 3 phosphorus atons in
wo b@molsesul e, at | east one of which is part of P@nUS2007/065879
alicyclic ring system and having a phosphorus content
of at |east about 15 wt% so that a flanme retardant
flexi ble polyurethane is produced. 24. A nethod as in
A aim 23 wherein A) is a bis(al kanoic acid ester) of a

M X &h1&ML ot Rlast S @fb%ﬁﬁﬁﬁptplaﬁldfcanaﬂmrfrgﬁd A8e Wdtdn, and having a
di et hyl ené gl ycol and propylene co mhereln X 1n

t he PROWRATUS CPWCG)Oflaéle&ﬁ a@Q‘étrlég‘ét urrber bet ween about
50 Eha8a ﬂaﬂleaa@wtantmezmblagdly\afe@{a@b s &bdmcseda m xture

S Byl AT o5 i

gg el]flr d1’1 é) 1S a ‘Xls(alkanmc acid ester) of a mixed
estdn c@fxapibmsrphpﬂﬁhala:mnﬁy@dhc)ermﬂtmglllethyhinh ylycekdrdrprapyder(ei glycol; wherein

X i) H}%%QM& J%&gg%g\mgggﬁ é%otrop% (21 % a%d a‘ti%ut 1. t2 aqd]wherem 0]
is ésftﬂéilture Zi@mpmsmt hb@ha@hpmc G%Céﬁ rﬁ@hﬂnh(aﬁ*@hﬂ Lalethyl- % oxido-1 3,2

dld%@ﬁ%%[iﬁéﬁrfanfi"§1§rﬂ ¥1|e§t%r ghd (hwﬂog’p@g{l%gtﬁlt %Stg%lt b(l)sr[(S ethyl-2-

meé}D‘ng (?n’%{iliém gzegllﬁg?‘P}@éPﬁ%nﬁn é@d?ﬂle%ﬁ Ibgsg%{r bon atons. 26.

A meshod Aasethod &b & Olaidd 2R gdim sa&c&t&np@iﬁi&rf&ﬂhc& compnse a liquid

h hn
alkéxﬁart rlg:%g rnezlﬁ gﬁv{ﬂ tﬁ? %gﬁﬁg\%sﬁ %Lgeglu?r SHC g%‘&%{‘:%oe&ﬁh conctiam about
4-Stagben owshi nder ed phenols with ester side chains

h : i .
e, B Tl L o
of 6@h9®ﬂ@flﬁﬁﬁ@l@éfﬁ§d@iams &f therphany rnag hadag abash &-Drashgmegoms and

h1r1@91|%ﬁtph§1@ol§ Radh eﬁﬂégsﬁé gl‘i@nsr 1etvad it §- |1@>é;!cnlbbﬁ’ atoms.
PO yr et IAarTlgth crigs Pncz?ny olf%lzlnrr]nst2 g W{lﬁrt?elcr)l thg comp(gplents of the flexible
polyurethane composition include at least one blowing agent so that the flame retardant

flexible polyurethane produced is in the form of a foam.
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