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agent with non-ODP and low global-warming potential (GWP). Alternative blowing
agents are HFC's and hydrocarbons. .

[0007] In practice, systemhouses prepare ready-to-use blends of all mgredlents but the
isocyanate(s). Typical ingredients involved are polyols, chain extenders and/or
crosslinkers, water as auxiliary blowing agent, flame-retardants, catalysts and surfactants.
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IT) a flame retardant formulatlon comprised of (1) at least one bromine-containing
polyol reactive flame retardant formed from the reaction of (a) tetrabromophthalic
anhydride, (b) an aliphatic polyol, and (¢) an epoxide, and (2) at least one aliphatic diester
of an alkane dicarboxylic acid, wherein the bromine content of said formulation is above
40 wt% and wherein said formulation further comprises (X) at least one liquid mono- or
polyhalohydrocarbon in which the halogen content is one or more chlorine and/or bromine
atoms per molecule; (Y) at least one polyhalocarbon in which the halogen content is made

up of chlorine and/or bromine atoms; or (Z) both of (X) and (Y), with the proviso that
each of (X), (Y), and (Z) has a viscosity of less than about 100 cps at 25°C, in an amount

such that the viscosity of the resultant formulation is below 20,000 cps at 25°C and is
lower than the viscosity of the same formulation devoid of (X), (Y), and (Z), and such that
the bromine content, exclusive of (X), (Y), and (Z), is at least 40 wt%, and preferably
above about 43 wt%.
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briogure ¢qpsgnt agaﬂ?%i e*epﬁs fe gx% 6 az%@re ﬁ}b Hovb abet dacn
Detlfmy, thechydrasdaurheraff thehformelatibh &rif teorangd aff dbont 6 sbout 220. In
ad(ptl g”%(?a’lly(%]? foﬁrguﬂlﬁe W?lgh%&daé‘ta}cb‘ln el\l;/eorto a8 frrtlo?e (a%)ut 0.5 mg
KC&HQ 0( Z)nnumvnsaumlrprcﬂqmb_bt trembredhitnabasid Aang K Qi¥/glofi $orwailation.
[0098] ( 2?1% gllggpatlg g%}gr éarg%l)%s dt}gﬂmﬁogﬁg%‘zag)fv%%lcﬁ% be the srftme or
@re@m aeConAtiBhaticrgoyns Whish saadetstrpight-rhate o Bieashedrihaigs Also,
the@ﬁﬁihh@@ Io'u S &ah)beflsﬁtlﬁzﬁédlox(ﬁlﬁ\, éﬁfn Be) ur@ﬂﬁilrdtéd eéﬁét@iéﬂy with one or
Cla val oratl on as
m°§A ‘hi% ‘? P"di‘gﬁ ra "?1 glép%)aﬂg CHEN§TRLpS 1S
preﬁdrredcﬁndmomfprefemd(tmé eetstsdravmfg stmtgh&bhamakklyt éstdrigroups. While
d
theIHE Hlcidty St il b B0 Po Bk Paro BT BRI RO R0 .
satyrgted digaroxzlie é%’léft prg@rafersere ret ar dant. [0023] The | ow
[00‘2'7}5CQ%Mcxﬁir%efe%@fgﬂﬁl@toffﬁﬂlmhﬁhtb@ @ﬁa@ﬁt é})m@aiearbbﬁyhc acid

above are escrl bed in U S. Patent l'ic
esteys, 1s opiRPsad (gtlzegg/ ingle ester %@g‘iﬁ’g} nzaémn?é@gers repre? ntedal)y tge
formula:R*>-OOC-R'-COO-R*wherein R' is -(CH,),,~; R is -(CH,),-CHj,; and R’ is -(CH,),-
CH,;; and in which w is a number from 2 to 4, and each of x and y is, independently, a
number from 0 to 5. More preferred is a single ester or a combination of esters of this
formula where R? and R? are methyl, ethyl, n-propyl, n-butyl, or isobutyl and especially
where such C,, alkyl groups are the same. Even more preferred are the dimethyl esters of
succinic acid or glutaric acid or adipic acid, or any mixture of any two or all three of these.
[0028] The polyol flame retardants of (1) can be made from a variety of aliphatic
polyols and epoxides. Among suitable aliphatic polyols are included, for example,
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[0024] There are four groups of previously publicly
unknown organi ¢ brom necontaining reactive flane

wo goantkant s for use in this invention which wp¢T/OS20045€16814
descri bed. G oup 1 [0025] One group of these new fl ane

cthylgRs Y Gh RIBDIGHR By OMFOr Brb e el st iapg aeol, 1.5
pentdnediol, he6| heaatdiol t1ﬁ1=|fth)(161)e dledal, agjy@rmpiﬂﬁﬁmhylcleaﬁh%dz |2 ;je

. n_ali Q a
winlgy b 14 et 1 pe BBt Ry R RE B8
dipefitecrythoitol) socbitod; mprom,tahdtahvélaﬁnqjhylgkycmstm Mixgures of two or more
sucfl %[1 tﬁtﬂog’blg‘@aﬁ R u‘éé@@%éﬂéﬂ %&gﬁ:y gf)e | hc BQI%QR)% s&P will

referably a
Coqﬁ%l'éflért%bll’%mé%é@tboqetoﬂﬁo’%ﬁ@ eshlet ess, and stl Il nore

[ooR9Ef Nbabimﬁna@ @xam;ﬁ@s%r éppgides thaE&s, beaRed  thE 9mdmeuon of the

polgl i tiapts LT ingfile ehyliRe R b RO i e sbic gy rn,
epibrofrahlyddin, drR- |tmtyl¢fnetdxeder aﬁgmtxdénemodﬁ 1¢2-pdaoyien@@Qde, 1208~

penﬁagrﬁbt (’})85‘? a}lé{ Qﬁ 5’11 th %J%&A%Q{Jﬂ%ac{gé@e@ lgéwle&ac%&?de% Mo @Gk sk
oxifles; Zrepoxp dod@nme, p?yeffr@roasmeyamthﬁbke mer@bxﬁ Givo o1 mopgsuch
epdﬁgé/s QaiPbe hRUMEhBichi®NthelcBOGAE (s 3hh BERAih ©pQS hBSut 12 carbon

groups of conponent” (2) above, which can be the sane
atogs pgF IPlFUSt . are CMD al i phatic groups which can be
[0030) aligfrepaatig the polydirfiantd e chrddndd of. (14 800 step&€tion is typically

ey B e B HBE J B BeGroRPRHEEHE TR ot Braf Y Wity the aliphatic
polpalnd's suitdble ctafalmtsentsodmvd imjo gterredagion nuikbirgr Amiopd avitable
catﬁé&t?ﬁreg of ¥Ran gf)létr?lﬁg ﬁrufﬂeﬁud@@g iR deefdfe P@lﬁgs‘ﬁﬂn%eﬁw ﬁodium

ters aV|n ina este gr oups
carboqate; pRA RetasAHire b @%me cbrgl 5ylﬁmms=5ta€¢ & saiablscatilystes If desired,

an ﬂl'eﬁ'sb%ﬂltsiu@h S§§1€Tn§rt@iﬁu a)c%oﬁ@wb@bﬁglo@wa{m@mﬂs&p In
cid ar e preferred.

the cstng sB 1RO S Sy cCepiifns b ol B Ffign product
muetnnecfpﬂﬁé@msm firscstaposed of a single ester or a
[00$g£mi$ﬁﬂn%ﬁép&%%uﬁg%r%ﬁlﬁp peyrlo%%?ﬁ Wf tl‘ﬁzreactants can be
used( @picadl e se ratids |8 ekpressediplerms MUI%@W nAMqlgﬁalﬁm weight
of @trmm%bhtﬁélmrﬁlyﬁﬁd&s oﬂ@-qinaﬁ%? Hs ﬁfolé&uﬁaﬁ’ QVngh't SAn equlvalent weight

zg p?}en dent | P&’g‘f % erre
i @til%pqég?léf 1t6f“° Ce@ﬁﬁie fiyi eébeélz.\ﬁ %‘ngb%fo fefcdve hydroxyl
groﬁps’ nmhlaqumﬁem vFag}ﬁrm‘ aﬁi@orﬁbépoﬂ@é RYne-halfhitgmoleculdira@ight. A

n- put obut Cla
typlfabifndtgnn i s3PE e RE ns RNt R R o 510 e
equihzaiatthyf aliphier polpdl te Oce2hequivadénds of epgikidearA moexcprefeomed

r

fd&% BtypRM oo Rk Wi o154 0Bty Blents of
polrzs@l tadd twfreip% eoMast piskrarer aating| ajopre walent of
tetr@PYONiopBthali ABRHIArigd wlitﬂm 213l elqﬁfa@tehes dl‘@lliﬂl@itii p@l}%l and 1-5

caufeny O SmRiies JBPRETISER YL BTGy aleeS oAy Byl tpically

fall%Mﬁﬁ'the thnge of®BLEITOb @bout1.56°0exanedi ol , tri et hyl ene
cerol, trinethylol et hane,

gl
[00%2]y Further dgtalls concernlngmie preparation of polyol flame retardants of (1) can
be found, for example, in U.S. Pat. Nos. 3,455,886; 4,144,395; 4,564,697; and 5,332,859.
[0033] The other component used in the formulations of this first group of new flame

retardants is at least one liquid straight-chain aliphatic diester of a straight-chain alkane
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trimet hyl ol propane, 1, 2, 6-hexanetri ol ,

pentaerythritol, tetraethyl ene glycol,
walzqoemtsasr yt hritol, sorbitol, sucrose, and PCT/US2004/016814

al pha- net hyl gl yCOSI de. M xtures of two or nore such
. aliphatic I scanbeus i f .desir.e Typi cal, |
dicfthuiit i e Sty 68 Puste s b AreSe B ot BT nbtae
dietb@loxakatzo di- &mmmllqomtatendﬁ-aebnhtyloxﬁl@tézaﬂlsoni_mpqumiata ng

0

i SO ATRER LigEROh AR, Wl ARNoRAu Akl Bub Moot 1y
dlmeﬂmlm@ﬂ@n@m@wtbhl@lwa@e di-privenplmalonaizi dien-butylmalonate,
d11s%9f(ﬁ>21n‘i’dflé’ﬁb)(éj rdhsbblﬁﬁhﬁrdﬁa&ha?kmsnmalm?m %&%haﬁﬁn%ﬁfe

ene | éne . oxi d
Ll'@ﬁl'@natfa @@eﬂyﬂﬁwgﬁ?ﬁe lethplsuccinAle &f- nr%sug»ﬂ%w‘émate di-n-
but?bsudﬁ&xe Iaﬁ@dpfb@amlcemaﬁesusobﬁﬁywuaﬁﬁatﬁmlp@ﬁyls&c&a&poxy
1.KE

e R AR RD AL BB By e A R %
Proeyieiutdet@sdl-mbwm@amrawo dnmpmpyﬁglut@raa@dusoblwlglatamm

dipAORuRS: ﬁag{hgfe%ﬁ%lu%é%etﬂylbe{yggmwam airgnRliyat,

reta reaction s
diethyladipgte, gi-epprnyladipaty, di-pHatyladipgte sc%léﬁpmpﬂédlpate
dustoﬁtllfyﬂid[paf@ ﬂfﬁeﬁ@ldd@pa@d‘ Mﬂyﬂ&ﬁylh&pm@ &ﬁ&tﬁ?lbﬂkﬂdﬂlﬁdﬁ@ and analogous

o BuE e BLR R hesiaat SoaghiyRul Mhansucdhpdhy 66

Prefireed ab compxamp b£(2) whgnesnbodimentiee nexiias of awdt aatees, especially
iRl BSFUHIRRA TR A RPN ARANIL Bles BF PR REN Hures
include &5 rvet% ofimeHuiglutgente d At25swdh Oﬁémmﬂlyilawbmte |lang &5@5% wt%
of chiﬂéﬂ@%f:@ﬁi’te C@"—Wﬁﬁft%'?ﬂ'dﬁﬁ&ﬂ lgﬁlteirgl% ahll PE28SHEPof dithetyBadipate;

e R R A e

dinidieyl§lutasdte sidpl-35 M%Idf dluﬂeﬂhg)lsmcfh@até 156 - 10006 Iof ﬁlhswﬁtylglutarate

: 10-2@ v&‘g/ eogncﬁ%lbut%léﬁ} iaat\e/:? %@%3 (; }N{% 3t g}lseobélgrgsurgg A5t 1§{u9 an n%f this
typehrestyailabdé mrgcles\nf egoumerst &om RePottConipany.
[003@# r fr‘f?{ M%%ﬁqﬁo%@ gﬁrdsgtfwﬁtﬁ ce{ﬁ? {l;@llt glf)qg %ﬁ Qrﬁ?urﬁ sufficient to

redyes tfag %rgé(ﬁ\gﬁswmsgﬁ af ﬁ\elilv%nltewt oawla@@atowswtn@;l ’ a L of
aboit 26 @@@iﬂ SV 1686l 95(‘3@ wlll® H%tafﬁfhgqu b%ﬁ{lﬁ@&hﬂfﬁit the%nﬁhlatlon

nonoepoxi de I's one-hal f nol ecul ar wei
at atlyml@ﬁ ht lp@sggb@mﬁmvg% oPne&rahi)é t}@qgsu}tantethtm@lfatlon has a Brookfield

v1s<t,c%§t§ %Pé&ﬂi‘? @glbb@l:f)scoﬁgg%glﬁéjﬁrefe?a@){ Aok 1@@90 YR st Qfd most

ﬁ%tﬂatch 20 ‘equi va entéﬂ epoxi de. _
prefesally ghqut § Q%WSr%d%%sa%ﬂd 3 bremung conggng ok ?%ﬂéwf 4%w%and
prefe@ib’lﬁl blb@mpbﬁml Wt¥o anMbelly:j ehet haydeoxw ndmPBerafuhe/folr@0lation is in

the I5 ryag(alt:BQ to 8@9\5?282 tﬁﬁ% §fpé??@ g}fedf%i'mhﬁfci})n will have an

acid atmnhtrrocf mopiharh shancabanty.0 rngIEO\H/g bf r@wulatién.egdiprefbrblysio more
thaﬁfabaltlopj‘l,ﬂ 'Ié‘oﬁ)%'%%miﬂ . 5 equival ents of epoxi de.

enperatu es u e two steps of the reaction
[0035] | Te Jorne the formpudationgjsurigble mang sayament syplbag a stgredytank should
be @RAUPrESABI; the mixing is conducted with agitation under an inert atmosphere

such as nitrogen and with the application of thermal energy sufficient to raise the

temperature of the mixture being formed to about 50 to about 100°C. The order of

addition of the components is not critical and thus either component can be introduced

into the mixing equipment before the other, or both components can be introduced
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[0032] Further details concerning the preparation of

pol yol flane retardants of (1) can be found, for
wexmepisg20 in U.S. Pat. Nos. 3,455,886; 4, 144, 3®Br/US2004/016814

4,564, 697; and 5,332,859. [0033] The other conponent

used n for.mul at.i ons this first of new
cong TR Btod PV SE P oo b tihfRgep ¢t g Tl e ahckig ppte of
agitatiomp bladul € belsughtient topraiusé & Aogbgenzbas fd)rmulatlon
Gn?l netricarboxylic acid. Non- limting exanples of

di esters include dinethyl oxal ate, diethyl oxal ate,

[0036] nInghizytoog 3 the eewdlame-retagdapt ﬁman]ub{tlens are comprised of (1) at

leasg loh& BWI@HEI Icﬁﬁ@llnﬁ{g%lol%rﬁ&ﬁﬁ'f: oxgr@{r%r&nophthahc anhydride; (b)

oxa

i ent
dlemﬁngf ebigel (Qsebleastone g nhétoﬁgﬂgﬁalk@ﬂ%\fi@l of aklepsf opg piphaoamega
alk&ﬂe d?olFHn@Wleﬂﬁ'dﬂB @Ilﬁhatldlm&robuta&iﬂ (@) £ Medkone alkylene oxide; and (2)

at lgﬁst) Toa%t 5 %g Bﬁtal??élfzgiﬁ ge?ﬂgflﬁ,{ﬁug cg)ém alkane dicarboxylic acid,

withet bbx@& ﬁiaﬂﬂie(}ﬁﬁhﬂatl(ﬂi H’&hh&éc&bﬁﬁﬁ&%f’@ of about 20,000 cps or less,
g¥ethylsu00|nate - nN- pr opy cihnate

pre @tﬂbﬁll?‘iﬂt 42080 ARt &, es&, MBI L{’i)(@?ﬂuﬁ 49 800 cps or less, and still

mofl prsﬁbﬂil)y Atsue SG)OIEprS or ispant vitsoraitcRahent of at least about 40 wt%

andcﬁrpéi[ g%llygg %l{t Q@tvﬁl/ eﬁﬁ lé})@t g%gf? %c):(ly eber of the formulation is

in thi¢ ramge of)ybqylk 06 & atost 2241 In-akjduttlphglypmalﬂ)athe formulation will have an
acuﬁj hﬁrﬁgﬁ—r cfmﬁ\ﬁln%rg b Gut (ﬂS @q@é% o féhﬁ[ﬂ%{ﬁn and preferably no more

g ut ar at e, ut ar at

thapa gl@ﬂ'fgaquf?@ml%ﬂ%t hyl adi pat e, d| et hyl adi pat e,

[0097]’ nhpthmﬂoﬁﬁ'ZPﬂk %roc@du@ah@&ﬁékéiﬁﬂ%%@ are as described in connection
g Iad ate, . dii sobut dj pat

with t ce tpﬁt}ﬂogmqwédﬁjlgtoge ot a mixture of new compounds.

In addition] h'htly tl&dbﬁﬁilmomd tefadnegichisblending the components of this
OrSipr A LA oL R £ ERBLRRL o BEIRERRN P s an

Kane erred as
lne(tzylvom fohths pemamﬂnomﬁ theaie qpinxpoungd or Bfixt ngwt gompounds so

thathe ?{s’uﬁéﬂ%nff‘p?ﬂdﬁﬁ@ﬁorﬂﬁhéjﬁr%sg Xirea%?tc%flt%ms'%é @é’¥1red component (2).

non exa such erred m xtur
ThlﬂSnewe@a@uasof%@WIaf( hlﬂSﬁétaﬁwS@lwa@taﬁaatbe adjygted selwl%tafthe
rea&hﬂi@hﬁb& 1@%1?@2 thefﬁﬁdf &1'&11%5%1 v tﬁgt tﬂ% ﬁgigbatio?/lb of tarapdients (1)
| ut ar a,e an -28.. .

and 3 i ik Plo b b e sRResdyp bt o frpwgion.
Onwe&otbér hblndahbl yinghmttcxf mamppneﬁ‘iﬁ {DHused 8% ap:ﬁolvent in the p_reparation of the
nevg E&@B&)ﬂd%) g?ﬁ"g?legs 1?-1% P%?rg%@%fri%fl%[ @%ﬁlﬁﬁ&ﬁ Nl case,
an gfjditiesisl ayantisy ?fagogpogm ( ggldvhe%dgf:d to the product formed in the
pro@és‘s $@Bﬁﬁg/{h% yssel ??&lﬁﬁpo%l%ftt(gf ﬁﬁh@teshgarﬁ féﬁ{lDuﬂ%atﬁ{ to the desired

as articles of commerce on

propiren, @?ﬂéera%uﬂpre@ﬁn%%&ﬁ&rﬁmtp@yn%ggwlwthwan%gﬁ%%fs
am§unt off soraporsnD(R) cais b hdedias atsolventrferitheaedchion Broaukingehenew
confusfiREy ey MRThIEH! GGlor 2640t FUL R sy 8tk flpshent
relative e edmpongnt He tm@lmnm@i do this pase gfich ¢xsessorfrpamponenti (Y can be
renfove& ‘fr%hl l‘% r&hlt&rﬁ@&{ctxé@ E#Hduét% dacell rp?és@tﬁr@ka Sillhfisn 50 that the

resul t atlon ield vjscosi
ﬁmalaﬁ&ﬂrofi‘ ﬁgn% tougy2 qoggagnst %Slﬁﬁéé‘ff@ﬂla‘o? ogtpea?nti%) istsbive to
cmﬁmﬁwﬁfabess and nost preferably about 6000 cps or
S and e content ,of at east
10035 ° ThE e Bl aiba SRiriRha el in Foite BRRYY viERastty Hame
retangaht Goryulatiomb ef thisf Groue 2f @ rﬂmlea'ctaodantssare hromine-containing diols
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the range of about 90 to about 220. In addition,
typically the formulation will have an acid nunber of
wozororsg2t han about 0.5 ng KOH g of fornul ati orCT/E$2004/016814
preferably no nore than about 0.2 ng KOH g of
fo | ati on. [0035] To formthe fornul ations suitable
fo”ﬁ?i?gﬁﬁl:equi pment such as a stirred tank should be
a) usewdtrabtoriophthbliyantydedeyi xi ng i s conducted w th
agi t.atipn_upder an inert atnosphere such as nitrogen
b) and&l\jgt\nth?’%n? ﬁ@cglppl ication of thermal energy sufficient
¢) t o onxiafdhe fedlovengeer at ure of the mixture being forned

to pbout 530t Gn PP orhE8 Hkanl o105, der  of addi tion of

t he ‘conponents 1s not critical _and thus either .
conponenit leashonsaalpha-omegacdicane die) and at lepstiong akphatis manool;
d) bef z&l’la&ist Blgz Akylefe oﬁﬂ?;ﬁ)ﬁh Iﬂl@@ﬁ'ﬁl@@ eHat theGRMPAEnds have a_]l_BﬁOOkﬁeld
. introdugedconcurrently into the i Nng equi prent . e
visqasiigatse & PirbPHEO0H Y GRg 08 ieéia peferablcabp g 4D 10 epgit lesp.gppre
prefeply Sbdi 281006 bpd GNbsst hdd BdHER: GnRATBIRNERY bout 43 wt% and
or o"’ihl&l atio .gﬁsoup 2 10036] .In this Group 2, the new

¢ abqye WGPl ati ons are conprised of (1) at
[00Bgjas Theoney fameiréeterdanidoaipounds wedin fopmirgathé tavisegsity flame

tetrabro ht hal,i. c~anhydri de: (b). di ethyl.ene gl vcal:

retap gt TR RS P CORRE St B loafty Lorfie oiih ¥k fot, In the
firsbstep,d)péteaboora ghtidlicanbydtidel anain(@) diethyderstglmob (iil)iapleastione
alpfEROfGk 1R did) o 168PSHe AN Fhind) RS HIARY Pl o6 aliphatic
mogeql p3rg praughbiogethpidamEonareensips ahoutd- toi apoutal 4 maleseof (i) per
moQL&\(it),Szgldt%)ggt ¢.ngo ﬁwuw.hahd’)l@@ot]t(ﬁ) ;%lr hio‘-’réé@ﬁdi)t éﬁgﬂghoag fferdis a

, cpSs r ess,..pr era CpsS.
tote 3¢ osaf 01518 ARS8 ole o8 ik R gep e et escorokciipn.
what a tdémbinatgorpefedt drastodng afjhatimdpa@lkanpdicdand etdsast andlalgphatic

i | b 0% .

o D258 s O B85k AR SR HCHAC mompleypan e
used (bt proportions recb&twnltgcf_wbmthes- in the range of about 90
[005\”0]I la’?Hi‘étﬁrﬁ%er feBcrRddd fy('g%@ll}' by el aY ab IR afnRIsPHéRL Iﬁsre%re and

have an“acid nunber of no nore than about O0.*
at agemperabire inotheAnge jobabous h 10 Wr efabobl 40~ e antbprefaratdyin the range

bo 0.2 of forrmulation. [0037] In this
Of%QBﬂEJZOZt,O apﬁ% légg%gdur e and materi al [s use!j are as
[oodﬁ]s CValiegh dlphas@ﬁ?@cznk@e dvdlé bart hreusald @v&)@aﬁﬂg thisekseidp
t hat -component i S.0one _Or a.m xtur n .
reag i IRBG o A et 85 R Rafbend o o FePand Lasprapanediol
1,4fbatamediobyl , 3/ pentinedjol, hé-leaamdimdnt,g-heptantdisl, G8eagtanzdiol, and their
oL RO e D e e

of hiocabapbl Fashon ptopi Pehmpleswlgpadriaorsdrefesablyria thy rapggwf 2 to about
4 c5BP ARt tholdeale. t he resul tant end product fromthe

b e P R
mofia] che badfraightethainedratranched-chdimend thag tanbessatiga@dd onunsaturated,
and o B BRASS TRAMRGNF YRR, PSR IPRIHLR ol of the

e
monools can contain one or more ether oxygen atoms. Non-limiting examples of such

aliphatic monools include methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2- . .
butanol, 2-methyl-1-propanol, 2-methyl-2-propanol, 2-methyoxyethanol, 2-ethoxyethanol,
diethylene glycol monomethylether, allyl alcohol, 3-butenol, 1-hexanol, 2-ethylhexanol,
isodecyl alcohol, and the like. Typically, the aliphatic monool will contain in the range of
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and (2) in the finished product correspond to the

desired proportions of the formulation. On the other
whand1s7ie anmount of conponent (2) used as a SEINESR004/016814

the preparation of the new conmpound(s) can be |ess

1 1q ghogt L&?% SR et Poleah! eq E’a%J?IiaS[}ttB? ab@%ﬁgwol@md will
consdif il the balgadﬂe do taboit Becaponditieihs p@rm@dcilel t he process

0048, 1 B8 53555 o R RIBE kBl P SRR s ome
alkylengpoxagear Forght perpnsss of thip owentior, andimslessrexpressly npecﬁ\ed
oth@fﬁq?es ?neatgf?ﬁ‘ n&lhﬁgnecmé’ rlﬁahdés?alo%ﬁg'lgﬁ HERY 3fud use %a(n l:se made

e reactl on produ e new Co
of syrle plkiylene peidesassthypne 9xds Pronylepe odise: eriFhlprod ra. n

eplﬁ%hﬁ)h?cﬂru‘i anB{ﬂt?Iéhe oRidef ?,B-%htﬂ@let(ﬁldéo m%b%ﬁypefnﬂahe, JHian

desired ébn t hi.,s case ,such exces

onent
PSSy LA PPEHAE PR o o PR pRgd e Geir Righer
homeldge ediyines sfitveo ol rmbiel sueli alkples®okided cantte dmpioyededfidesired.

TOfRAEL oBhols IS TGS BhALNA tfl;g(lggsf BB LBl

atopie werf malesulee Peaferment alkyemoemides widleapniam fnothmramge phi2 t9 ahout 4
carHérﬁ&tQﬁb p¥r x‘hb&@@lef §he bﬁﬁ‘»ﬁhld‘ne "uEE-H &b 5QISth& thillaf {HR RAnge of

[ ame retar anf?g are brom ne-contal ni ng di o] sforne
abOqu b%to ahoytd: G mples pbpnt pANPE quxa@s ey mglechfhy | ene
tetrgbraRphthalic aitgdeifie it ih td 16l 9P redgtici, ahdagh tedéhe acid number

| pha- i ql: t | t )
(os FrBRABHES Ao Shop S RGifin B troRieThrofon 268 3 e 8issehiaytprms of
potmhml_nhydrdyldal isllesashandhéamd prgfeeatdy tess than Wi milligwms of KOH per
B Yo CATROVASS et Al liagas
temperad@e i he ramgel cfsboutrid P do phaatt 4AHT,\and lpmfcraﬁE( 1@@& rapg of about

or | ess brom ne.cqontent aof  at | eas :
12Qjorbanal 300 EeRam e te & Patate ofebaniolo D shad 0¥ st Aty
preférmlﬂﬁewwasmwmﬁowse s1| n formng the |ow

OO B a8 Pl SRR

mofdcﬁ]&f wsighpgf {uch compoata(Qnme ltﬁel]ﬁbp@‘tlaﬂ ihesksofaieed ianhk feactjon
teng 't(kﬁy %kg&glpf%r((yy%QQnaﬁ eg@% examp %& ﬁﬁﬁg %hg Qﬁalﬁlgllﬁg%]er Imolecula,r
_ weghtjalaha—pmggq albm@ dipls I@hmp jag rqagtragb(jm) aiqoge ﬁmqugpqrtmn thereof

sho‘hﬁgl% l&%rt rélaﬁw@[yolgw \Mtlﬁﬂ%hé)afboap Qﬁgclﬂéd]raﬁ&sq}i’ Qﬂfer fb chsure that the

er nol , an t o .about
ﬁn@ PIOCH\SF g@ @Pet(tf")@ Pljons@? C‘?ﬁi? 'p)élran{qtsr §ueﬁartcwa§1 dergtions 4%§1y when

usifg b & mérk tinolechlak We@h@ Hlﬁph'htlS mBNoeB abdng(With o st more
connection, when a

| higé‘%)rlr‘}%%lﬁg‘ﬁfr“o‘?rzggﬁt ai}]éhal('(lé%i%al % gl“ﬂﬁa omega al kane di ol

[004dH at | ARtboughrtgpishliyplmaietassary, either or both of the foregoing two step
reactions can be conducted in the presence of an inert solvent such as an inert liquid
hydrocarbon. However, if such a hydrocarbon solvent is used, it is desirable to remove
the solvent such as by flashing or distillation upon completion of the reaction.

Groups 3 and 4

[0046] Particularly preferred flame retardants are formulations as above described in
connection with Group 1 or Grbup 2 with which are blended (X) at least one liquid mono-
or polyhalohydrocarbon in which the halogen content is one or more chlorine and/or
bromine atoms per molecule; (Y) at least one polyhalocarbon in which the halogen
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nonool is used as (iii), the al pha-onega al kane

diol (s) and the aliphatic nonool (s) can be used in any
weropors72ons rel ative to each other. [0040] ThPGI/US2004/016814

first-step reaction is typlcally performed at about

confit SIBHE el ST 22000 PTOTHODEOTAG (20 BP LK) arch (Dt the
prowr@,s%t @échahm;(? (¥3unldqz Héstuwaé’o@%ofie%)ﬂxaﬁ 103Epsit 25°C. These

ha- onega al kane d|o s can be used in conducting
formh atiofig ¢ﬁfrrogp9eb amdsféa@tpl@ﬂy haveis viscesity ebdS Weofrabduet 20,000 cps or
lessi B%I%%rg? %gguthOQJ ? r I’es ol?glsl%?ér%y gé%u% 6000 gﬁs rcies%l and still

AR ol ¥ aned exane
mote, frefeebl yoateadt #000 c_p,ssn &ﬁ@s anédibsomingdntehicdfat lnagwé)put 40 wt%

anmgﬁkéﬁ%sabo% gf)(ﬁ[t ag |VVt% rﬁe@a@@afhg 'H?&%x?f Ilﬁﬁ"ﬁ'@e @f fﬂe(iﬁl)mulatwn is

contaln in bout 8. carbon
in 3¢ Gihge BEFDONGP EARI! 2H TGRSOl e lormuigionagdiave an
aci®humbér®f Abwdre thaaAbBAID. RERPTEOPE oNfokacktién, an@Pfeftrably no more

tic nool s are used in the
ﬂm??ﬁ§30§5§§%¥gé@f&3 ﬂgﬁbllphatlc nonool can be
[0047) aNghilintting ﬂxanmpléﬁr et zjustimohehatohgdrbeatbeys armh be

pol ﬂl?ﬁgﬁl‘c@%b%ﬁ | m Cea{ F&i mu%gﬁa{%d rtlé%‘gg-%rhrtﬁh edr ?vroulgl)s 3and 4

P pHaemd cbl@rldﬁ,dhpr@pylthf@mrﬁ@n BOPOPElahlarisie: épnroenlebremlde butyl
chlGili’dee b h@ﬂbnﬁéfé/ GRBus emsndé\%bhtyrrbidnnae ISP hESoREs SEithbse

alkyj_alI rg)glﬁ S, mg?—:gl;eaﬁ 5 IBFIHQ %“E}B?‘gﬁ noLnetzklea}lgg{l]%h%lpne bromide,
' ethﬂeﬁ@dlblylbﬂﬂe mﬂ@ﬂx&n%broﬂndﬁaﬂ Nyl-aizhprepkane| 1,1,1 trlchloroethane

. t th |
iR 5 90 LB Gbe e DAL R
cycmhet(ﬁwomdamcd analggrdsdxylohadrooaxbbns iarvehicthie lhalogen content is
eithbY %l@ﬁhé dr erHl?neabf mﬁt N‘E)anHﬁ‘ﬁH% e¥irh leé: ﬁ&ﬁhl?éﬂrﬂoﬂ? that can

range of 1 to about carbon a ['ecu
be Wéﬂ@rl%tﬂ %ﬂtqﬂéetaaqhbﬁaiﬁ ‘E,aﬂi’ﬁi’nté%?}{fgl)m E%rcwiomethyéervpam the like.
Thé Kiquiill érohdhdl 6hydlrochriichs ahd® pblyHal 6y de6yartiing fiat BRI devoid of
nﬁ%%CU|e ]%804 ] hi the second step, the product of
UNSPHEANOR NEPFESEi on is contacted with at | east one
[0048 Kk y Tha@amowitaé liqgEdrmarve op polpba elsydodcartuings)iand/entiquid,

polgﬂﬁ?(ééfﬂ ugéﬁo rn%éﬁlll%g ﬁgaglgﬁ'rﬁﬁ]? J}‘?ﬁl\é‘(ﬁSu d’shﬁldt %&ﬁq be varied

OXI I nc yl ene
so lgag as:daﬁ V!ﬁéoﬁﬁ/déc th resuléamt &Wlaélﬁe 13)@@0@@%0 Q@O ensoyilessend the

broﬁﬁh@&ntéi’x’t 8Pk QE’s%thP&' fAnulSR R PR BbhN0 Wi%. Generally speaking,
onohydr but |l e

[ X 3- but
the 5%%%& a&zﬂozlnb%fg%m‘)aﬂe f ppivpa Oélasgwﬁﬁﬂ%%h@dmlqwd
polfhalecapnyd) exH mﬁglcall,yﬁfal@ patkithihe aage oB abowt DQX&%KMG wilb based
on 5L ORET R Gun AL 52 80, P 0060
permlssyhl@wbermvm@f(egyed usegdsary of ad\ywblmhlayhlcwng ahlendqsnrect figcosity

I

and Bconnt uRBols, ¥R BeRSRcRRladiR Rl ldbe of i
inventiqd. ahout 4 car bon ‘atons per nol ecul e. The

[00R9]0PTLé blending! @ﬁﬁe@ares Srumgteaatpntehe afd ablifichstfbethe %ﬂgﬁlg or
I nore

ble‘é‘;‘{l Fgﬁgd%l% %camé%er%&:esiﬂﬂc éheoﬁame as descri%eg' above.

[0050] Several commercially available proprietary bromine-containing reactive flame

retardant compositions which are well-suited for use in the practice of this invention are
SAYTEX® RB-8000 flame retardant (a stable highly reactive bromine-containing
aromatic diol having all primary hydroxyls and made from tetrabromophthalic anhydride;
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t et rabronopht hal i ¢ anhydride used in the first step
reaction, and such that the acid nunber (as determ ned
whpwoaaqisgzus sodi um hydroxi de titration and as MUSE%M@M

in ternms of potassium hydroxide) is less than 0.4 and

AloRiar GRgesr '%éf&é?%ﬁﬁq@sﬁ@&éhéﬂé%éstafcf@aem%;r%%@170

flarhgy fﬁtﬁadtﬂt)(reﬁamwiéle foraigid pblgtieeiant uﬁ@pdﬂylsb&}%nm&&gtémﬁ having a

g ARt e B iR S B Bl 5, 2086
Typica g»eapeftleamﬁthesqmoducta boidentifdal hysthe rramdfaptueér@m@ syt farth in
Taﬂl@ﬁ.range of about 20 to about 50 psi. [0044] In
el ecting the al pha-onega al kane diol and, if used the
al i phati c nonool, the nolecul ar wei ght of such-
conmpound(s) and the proporABDE Ahereof used in the

reaction tend to bhe | nversel VAN Yz r*nnrfl anal Eor

TEXEAPlGeridhen usi nd gangoosr mor e Highgrsgrol ecul ai o170

WeT gt ar pire= omegaldal Kane dr oS g omme as_ T eact ant

Appda'raﬁc%‘dee t he pr opaperlignidt her eqfamblsvliduid be |k ember/liquid

(

IS

VEERR ittt ™ | DD obde love agBbOEE, | aniudfooo
LA ™2 T TTCAT PI \WAV MV Ay 8 |I UL L9 B A Y2
Hblogen (W&o ont ent pafdseter. Siml dr43const der at ams

SaPR Y V\{iglen using o Sﬁgr rm[E ELgl’elr./gerI ecul ar %lsght
1 1 vilhe \v A} nmuir o LA} 3II.4I

BomiTeasiyal/pakkght) al pha2 orseaa al kdnet.alilos®. | 0D4E} (1750)

SO R RO 7 DR NG [ 3 Dol L BT

|PAVIEEA VAV N AV AU AV RL A & Iy |

Api‘de&e(m@(oﬂ/gan i nef 0.59ahaxent such @S0 @ax.i nert | 10i5Quiag.

drocar bon. Howeveér.,..1f such a H car bon sol nt 1s
“E@¥e£u %irna?(b rh:cw r thlogof o—-arp\-e 'l- ydjEOo ng 8

c-r\l vent—s ac hyv
~J ~J N

s{,]haﬁgl({;}g/o’@rs ¢y stillfation upon conpl etion of the

reaction. G oups 3[and 4 [0046] Harticurarty prererred
PP 1 ot ardants ald-Xormil ati ond 8% above de&ldi hed

cyao&gﬁﬁkectlon wWith|{Ggpup 1 or GdqupPs2 with whighy are

prended (X at teast one tirquid noor
HEECafohydr ocar boh i n_whi ch t he |nt®gen cont edfdis

one or m)re chI ori ne and/ or brom' ne atoms per
| ecul e; at | east one yhal gcarbon i n whi ch the

(0085} oé@ﬁacb&f‘nbr@mmq coniaBmERe LY re@ﬁWFrﬂWée stardays frmed frem the
rea@idH oY, (a)XetrdbFdmO Xfﬁthalitf affh}iri@ith ), anVMlinaﬁd'}ﬁ)IyU]QNfcﬁﬁl an acid-

S.a,Visco
estiry o Frectiph o&td agidSiter th ) SRt SR e Dugiyieg® Hide,
or tantl, idcltgepsonad dfithérevemarcidllyeayailabhle ptodA&E dederibbd higrein.
20 000 cps or less, preferably about 10,000 cps or
ess, hore preferabl about 6000 cps or |ess, and
COé\fIPQNEhbT 8)pr A IHATIC R.YEROIIDESSAND ABIBHAZIE o
pDIRroXiIpEscont ent of at | east about 40 wt % and

0B B RO B G2t PR 2 BT O er

"dlépbx&im@ Ut TE4)iphhtic p(ﬂyld:;iolxﬁi&s ute,dpiscbafdp}bnéﬂt B)ﬁ@tmdoﬁtpbsmons of
have an acC

thlskagﬁnélogfca? gﬁﬂen}q be %ieplcteccl1 %5 II fo%rllg ﬁ(ﬁg? wqqerem R 152 s{Tglght

I on
chain or branched chain aliphatic moiety which consists of carbon, hydrogen and

optionally, ether and/or epoxy oxygen atoms; Ep is a terminal epoxy group:
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than about 0.2 ng KOH g of fornulation. [0047]

Non-limting exanples of |iquid nonohal ohydrocarbons
wazspo7uhal ohydr ocar bons that can be used i n FOF/U$2004/016814

the formulati ons of G oups 3 and 4 include n-propyl

chloride, n-propyl bromde, isopropyl chloride,

i sopropyl brom de, butyl chloride, butyl brom de,

i sobutyl chloride, i jyl=bro@ge, higher honol ogs

of these al kyl nonohal i , mephyl &ne chlori de,

br onochl or onet hane, nethsﬁbga brom de, ethylene

di chl ori de, ethylene dibrom-de, 1,1, 2-trichl oroethane,

1,1,1- trichloroethane, trichloroethyl ene, chloroform

chl orobenzene, bronobenzene, cycl ohexyl chl ori de,

cycl ohexyl brom de, and anal ogous hal ohydrocarbons in

whi ch the hal ogen content is either chlorine or

brom ne, or both. Non-limting exanpl es of

pol yhal ocar bons that can be used include carbon
andt retsraaeini]e of fiastiooalrivorber et tha bargriatieyt 2oerabhiiod, aed b;dfeably in the

The
ran%%%‘??t# ﬁlaéa%b%nést%# SRRSO SpB R titge Mithaic
polggnexjsles irerusedias gapmeeentihdn shgpemmpasitions gfithds mﬁ@mnorWhenn isa
whéle lnvihdkP&MF Q§ﬁgfé%ﬁﬁ-})oﬁﬁgésodseh bfl xR amonﬁ%&@n( s)

used.j n. fornln% ge fornmul ati 1§E thlS%E’ and
polyenoxidlep is ysgd inyhich thegygrags e pihn i £Pq egroups
num&$dally andragesnora dioleotunitserabout 20, 000 cps or | ess and

[00#@2 ?fl %11 &)Q‘)[%tlggﬁ%{?)é}& varl]%c?le % g%%g%%% %]rm% ?ﬁélﬁ)th'aﬁp P&l?rcte}?otxmes
are dasymbed by tHei apavelfompnla- wlhgre pag ol Qmw@rmwmbdn(dsghatlc
dlea(l?gﬂ&rca}l ibgubdl iR %ﬁﬁhﬂ% Mm%déﬂt t:&m{)é(s?ﬂl&ﬁl de¥hik ﬂ{\{gntlon

he range .1 to abou % based on
[0054k NepAmitipg ﬁ’FﬁmRJFS @ﬁr?élph%ﬂcmﬂ ¥aposides phiskan, be used include 1,4-

butﬁ&@d@@dltdhglﬁ@dilreﬂm,t 1. s, 6L ae@x é@fc%déﬁingl B3/718- &eWMé

e ERE eheo das A thera b Bne ehlelfiet e St S o

diglyicidyl ethetyé,2c060 4 ﬁflflapoxguycdxudbdsmwmeofrlmdlhydo]pmnt triglycidyl
d
ol AR B8 AL AT A A BEREE: =
[0055}110Bre&rtﬂd@élph@trceaqlmosrdn%araéh@@mtlgél@p@ndese O{g thespinore
pre@%‘éﬁraﬁbhacifé'm@ﬂo%lcﬁk b @¥Rlobi@BhesRhaR Ed'eeivﬁflyble as articles of

brom n on ing.r actlve flame retardan
COTRRYERS B & q%otaig ¥h inthe Topm L e§ing e Anpane Suéémiorfz prferred aliphatic
diepéddds ae€ DX . RL VBZSepoIStyeEHin il BIER (736 ¢pdXy ER$imREFM8 IOy Chemical

fla t.ar,dant reactive
ComplindTeBfirhsrie o iBe Fialiadpaty SOy HEhers pass py polveiveol
diepgrddesy ylessetfodthria the foHewmngeiabkbr.onopht hal i ¢ anhydri de;

Al bemar| e Corporation); SAYTEX RB-9130 fl ane retardant

and SAYTEX RB-9170 flane retardant (reactive diols for

rigid pol yurethane and pdTéB@@byanurate foanms having a

Resin Epoxide Viscosity Color Max. | Flash Specific Weight
Equiv. Wt. | Range (cps @ (APHA) Point, °F* | Gravity, (Ibs/gal)
25°C) 25/25°C @25°C
D.E.R. | 305-335 | 55-100 125 310 1.06 8.9
732
D.ER. [175-205 |30-60 125 320 1.14 9.5
736

*Pensky-Martens Closed Cup
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hi gh aromatic brom ne content, high reactivity, scorch
resi stance, and |ow viscosity). Typical properties of

wa bese1ggzooduct s as identified by the nmanuf act upEr/USR0R4/016814
as set forth |n Table A. TABLE A [0051] Suitable

[Oﬂggom ggﬁt oo llgggg:?l%}zfzp8¥1%?§§rl gp{:%%f%%a[ d 1F}3:ox1des to the
preankmdbmdéommg c(nln))oanorainmh@dsltlme Ipotiyest dewveldpaiont afithe foam.

Th@‘f'%aﬁ% j {Hefehglrph%%e golg%pox?c?eg tah&’ Ql eaﬁlé% % gl‘(‘ileéj Was {) %%1?11 by
surpmiseland dwmwify bdlnmdctbmpénpmramoyl lau@lmoa\m te tipy mdcmols 'Hardness

devg%?ﬁ{ehpﬁ% ek LAY i 2ENERT cBtin 'Ei'ﬁ@_édgandwwh panels as this
POLYEPOXI DES AND AL PHATl C D EPOXl S [005 The term

Propesy ipkaesdp dlassecopamiss Of PEAdMEan. | Furheraer cthe Hauiddlape stardant

addithed dd)dq:s)sitnlaﬁs bﬁtlhm invdntion xwak@Ber. thel &tﬁnpdneﬁi%ahdrsof are used
conpone nt

ind B SR By P B e ar i bR e SRR S ton
("pdakngell),andkeEppossibhetosansiiR thesnead $arrsandpwich phadlnthat meet national or

el R el BURSEA Sy et B SR an
invertingeanable élnesfonepthrsofan&lg fWIPOéﬁWWOgWQQEOM thlsmsvyeatlon

that’mlllﬁt ﬁﬁprf){féﬂ{dr&}[@i d\eIopgdent. nrﬁdiethﬁﬁﬁg&ltﬁﬁ%eg pb@lble the
r ef erabla/rgl n.the ran

achiEs SRy oS A ATHEFORT DR YT LRy Y gpDinEons of this
inventiqehaliitk, vplcdn)piﬂbmdﬁ &re&h@heuﬁﬁd (ﬂ& sirpipeometsitidh domptibead of or

pr08 %%S' r}ux?r%etogéthér a'stnc\() to.hgrﬁs W&] Br)1 lﬁrg’fax%bw;tﬁthe inclusion

e polfyepoxi
themn(oinoalmmemv@ étSrWEﬂbre pol yepoxi des is used in which
t he average nunber of the term nal epoxy groups

C nuneri cal I(§ averages to a whol e nunberéMIOOSS,} The
OMPONENT Gi-dHQp EEORUET%QNJMNJN& EL ABPANTS
[00517] phﬁddd@ndmbyﬁ@mad%&;al@wcdﬁaﬁﬁﬂgomayetarhm@p Q@ the

el B R s At et Heh ey framie PASSRh i

commnmgﬂatnecmmdmht tadni b= usad enthie oompd LGt of Mas irvientidri. Ryeferably

corﬁﬁxﬂgg d@)S irPef org%ﬂ ?gﬁéég 88&62%%@@%&8& 30 1§ at 1888 one
organip pBogpheieasisx 9rG2) %té@qsaw orgamc Fh(B?PhOIa%S@}QSC Tapigally, the
or Qmetphuép%af% Qleycab oﬂﬂﬁlfu&my R@? Pso aIQi ﬂﬁé ef@éhi% ogﬂhvbﬁ% esters

e el T B B G e
hydrédaniyl 'gydu_pla ) hmtaﬁﬁotohy@bwbﬂ)dmm heolychdydroctiblyt gﬂoup,

| e er
mo?ﬁberpeokyé:rf)ﬁ%lgg]gr@pép dgx%lrrlx %%gliocgrgg%é}g%% Rqs\g Jon-lig -limiting
exanipdesaifispelaconspalindp uwitmlesrlmahytplhesélatemrreéhmlwsphat@d
trnﬁJ\yﬁ‘Mﬁo@ e Mtﬁ?ﬁo@ﬁﬁe Ct?i%?h&épﬁgé &Wnﬁ?(tcﬁ?l?/phosphate

Ie as artic typi cal

tris(Jrchlppethybrhesphatestrise-chigrgisgroprhiphaspiater ef er r ed
trisfd-bivdetty 1) phosphate, tris(2-bromoisopropyl)phosphate,

dimethylmethanephosphonate, diethylethanephosphonate, tris(dichloropropyl)phosphate,

and similar organic phosphorus flame-retardants. Apart from these phosphorus-containing
flame-retardants, other organic or inorganic flame-retardants such as red phosphorus,
ammonium polyphosphate, and melamine can be used.

[0058] A number of suitable organic phosphorus-containing flame retardants are

available as articles of commerce. Two such preferred flame retardants are
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di epoxi des are D.E.R 732 epoxy resin and D.E.R 736

epoxy resin (The Dow Chem cal Conpany). Typi cal
wpropers72ees of these |iquid epoxy resins (whi CFRCEUS2004/016814

based on pol ygl ycol diepoxides) are set forth in the

NI s TR T

Co@br:zafnen} adl (ﬂbﬂhpre&tahq)lﬂ)bﬁpmmeC(AN TIBLAXE wmﬂmﬁe fetardant

Ao OBy R 5 SREL SR BB BTN imvention i
whighiapleastione pcgayxeqqﬂwsmﬁsusmtamng Iihmecretar@pb»sumnm;pmtsd into a

orﬁp@éﬁﬂ)n%f thiy Erp\fehﬁfrll’] an Qoﬁ%rﬁ@l%@aﬁl’éﬂle kfﬁn‘lerl‘g%}d?ih?whlch contains a

enonenon 1S un e Il nvent or

reagfigdirominerfonfainipg dﬁatﬁf/ﬁ@aq dipl offpirtramephthelic anbydiide, dessribed
as zpﬁmu@@fér §ﬁt@&mb@hmpamahcsaraﬁdﬁh& witRIdRABY1Ede g19dorhRS ploPylene

eivhilaine RERLy RAT B U s CERSBEE® oy 1 s,

available ftono Albentuelenpdragorc onponent s t hereof are used
i ndi vidually and/or in subconbinations, or in a single

prefornmed additive conmposition ( ackage ), meke it
PROIRBIGNS DE HOMRONER TReb Brotndk@hndw ch panel o t hat

[OOB'EBA@ Abled %bv@ Ehe@dﬂﬁ%%ﬁnfpbﬁﬁﬁﬁ@éﬂ thIs){m%énﬁBﬁ* 3hd fhe flathe

dition, suc ive conpositi this |nvent|8

retaiglag cniepeot P@W&fﬁ?ﬂ%@f CqPRRIPHIOMS BiTHES %F@ﬂ?élrare comprised of or

forﬁledr’gﬁﬁi itllgaQSc@ﬁpdrhnﬁ A)nivié rB)lvﬂﬁcH fret Apxiiledst bnd mgmved
ardness _.deve invention

nal QRN KSR Tt e P il TG R BLEREE br bromine or

bothy ande ) at dmstoyned sidddditing velatuté theveddisivahs apolyeprscidsf andipireferably

a die YEAL éptlg\ﬁm&hbu’t\rﬂ?&gmﬂl{f{& cf'&ﬁﬁ)osfrﬁﬁﬁs bf‘th‘shg ({)%E)H]al%t) cBntain or

conprise

ngl e conpositio roduced by m Xi ng
aretf@@r@drféqm sempeneat Co yhirdrie At lgashpne ﬁtﬂasyc phepRiyo @ikSa%ﬂnyammg flame
retadtld. PREerrdicior ﬁée% cb ﬁérﬁ! faré:grl\rlpwmﬁ is &) ledst o€ bigan

FL/—\I\/E
ph‘{g%?f“?rrf’r |“fhi“3HS f‘B é’rgaé‘lacd?}}‘\ﬂ%h‘}?ﬁ - éﬁrﬂﬁ%ﬁﬁe@wmg
corhp Rk @fpicalighale ) BrédMielddscdsitp et 3°C mbﬁﬁtpm%(ﬂ)&entlpmses

and/ or aliphatic diepoxide, at |east one organic
(cpphIdessoprgiseabhy 8900 i of lessranere pzsferahly 1098 CB%O'U]%%I an¢,most
prefdigblg @tﬁﬁh&%&)bl@}ﬂﬁ an)uttiﬁlOFCehtﬁb(ﬁs’e% 0@ fess. PTRiisethé Btoportions of

corigeaant P15 )y~ SbAREE R 13 BLRARné SprBlsnturetEr or
C2pat l@) ot orgards phosphomatg estéror phoixplre nfibethestie some other orgamc
BB LRI POSSRI 1) 13, 0 8 ity
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selected components shoul readlly enable the selection of proportions of the components

that will achieve the desired Brookfield viscosity.

[0060] As noted above, this invention makes it possible to provide polymeric
compositions that pass the N FP 92-501 M-1 flammability test. This can be accomplished
for example by utilizing components A), B), C1), and C2) in proportions corresponding
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[005?] apeAtile 8¥anic PolyiRRyARkes For Use $Bthe Prattict BEHN @R tionIRSude

anyoof those known in the art for the preparation of rigid polyurethane, and in particular
the aromatic polyisocyanates such as diphenylmethane diisocyanate in the form of its 2,4-,
2,2- or 4,4-isomers and mixtures thereof, the mixtures of diphenylmethane diisocyanates
(MDI) and oligomers thereof known in the art as "crude" or polymeric MDI
(polymethylene polyphenylene polyisocyanates) having an isocyanate functionality of
greater than 2, toluene diisocyanate in the form of its 2,4- and 2,6-isomers and mixtures
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useé@S gb)ws@g pgsnt m@F@r%Wgn R%@@% oam aa% fully ﬁalogenated
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Xy
Hog/eyiq{dlyl E glfs&l%poh%ye Spme ggone-depletion potentla herefore mounting
pressure to find substitutes for the HCFC's as well as the CFC's. Nevertheless, such

blowing agents can be used in the practice of this invention to the extent their use is not
prohibited by law.

[0068] Alternative blowing agents which are currently considered promising because
they contain no ozone-depleting chlorine are partially fluorinated hydrocarbons (HFC's)
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polymer foam-forming compositions. Similarly, it is preferred that any other optional
component of the additive compositions of this invention has, or any other optional
components of the additive compositions of this invention have, already been included in
the preformed additive composition when such composition is used in forming a polymer-

forming or polymer foam-forming composition. However, such optional component(s)
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(D‘%‘@@é’%éé%% %%6‘?“6"?%@“9&?’5{“‘%%3‘?&2) of the additive
Catalystp dlintetlghcyofohtkylamime ROLYICATNO8; AimBrbdungs enda@ipdn@sals, Inc.)

i ncl ude bronochl or oet hane, net hyl ene chl ori de,

et hyl ene di chl oride, ethyl ene di brom de, isopropyl
chl oride, n-butyl br on‘Eéé?Mé’é@S)hﬁyl brom de, n-butyl

[0097) OFlaffe retafied BYlyitetidble RbMPSsitiGhY GrtRk hvBntion were formed from
per chl or oet hyl ené, net hg/l. CJ”IJ or ] 05 m, . and carBon

the compaonantsAndja the proportions listed in Table 2. Also presented in the Table are

the results on foam hardness of the polyurethane foams produced from the respective

flame retarded compositions of this invention. Hardness development on the surface of

the prepared foams was measured by reporting the force when a rod with a diameter of 25

millimeters was pushed into the foam at a speed of 100 millimeters/minute until a depth of
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PROPORTI ONS OF FLAME RETARDANT COVPOSI TI ONS USED
[0073] The rigid pol yurethane and pol yi socyanurate
wd massiscant ain a flame retardant anmount of thePCT/US2004/016814

additives of this invention. Typically, the additive
conpositions of this vention are used. i n_ anount
10 millimetara raaOélP%nIDﬁ%ra@ therferesretired ﬁﬁ?lﬂé bg BI%I’ﬁ’éIhaI‘ A hardness

of 30 at 213gfinafes aheithe dothporkRBUire Blxadt fdlpasettrioatidhs thus

mltaﬁ ention,
Ian1nat|on

Preferably such total

—C-r-aﬁge—oﬁmm—s—t—o—ar

PIPPIENE he range of abloE¥ammedo about

wei ght of the polynmer and the additives of this
but excluding the weight of any cl adding,
or coatings on the polyner or foam

br omBiEchcent ration i s in the

faWal .y

U VW /U ClIIU

IIUI C &)%ac

r-abty

dxagiple 3

total weight of
Pél&ﬁc invention_ but

T

grol ymer and t
ucl ng the wej

quaddltl\

of am

900"

SAY@GM RB79 Flasme matmdam

.6 coat | ngs on

Bhe poI ALl

r23er

foamm _Wst—preferabty

TRNP A flpipe wtddanthis i n

T amourt—of

V%Sn ion used is

U

II I I alle
| east

0.00

re{ag(qwlltrenents of the N

Qﬂ !\I Aln’) D’) fAb‘f

ARt IEICTRIC ffndreet t hespg

pg esent flame
FP 92-501 M Te

|r'\r

nr .o

ocaods ar
Foceatr \.,

RYtar dant

St Proced|
+h—suech

53
re or

ApiitlezsdVid s flantansrdmtEMPB OY NG A) and

JT

B2 WTH (¢

DR.4

O, TN FORM N
D\ﬁaﬁ ing the flane

LAVE RETARDAN
refardant rigid

N
ol yuret h'

FPOLYVERD

@;&U (4]

Wategl d poI yurethane fo

el asl ooy on e

a3TB, r|g|d poI yi

s,oz:yanur at

&9 and

II |u

UI Y-S OCyatrt atie

I U(J.IID UI LIII D

C@ilﬂb’ﬁ‘for med free-fl owin

ot-Bon- vi scous |

t IIV—UIILI ot

qui d f 1 ame

6.9

ant additive cQ
Strqglilgér hed herein is

ni)_ssnl on of thi

er abhl y prrpl 0\

nventi d
?{‘I4 Use of

S
Such

n—Péﬁtﬁiﬂé’ ned add| tive co

npmsition i s adv

an{gageous

i? that

ts [JI bd.l T UW DI UUI\

L L - e
TSI U VI SULUST LY

PW Xand easier for

I on of a nord

18Ri f orm &

£ et
Fraci 11 tdadl g5

11ddd

fromwhich the pol yne

prndlmnd Al so use of

r or polyneric f
such prnf orned

oamis to

hlend m ni

be

m zes

DiNié102 Rel(éthpod of bl e

Niié) %lfﬁ ﬁE PHBE scope |F

ntl.hig errors ang

128 genere

11,0

I or III Ilg Uper dl
nqtgsted; nyent i or

T OTT,

ObIESKE r od

j\rééi at

f"\lc f"I\ f'")\

nnr*l/ fa¥d

| east conponents A) and B),

and i f ufg

ed, O, W

r

et her

ngldosqsI(bIr) lEiapst:hmmuMm g

oL
oT

flane retardant

LS conp nth
T J ~T T T A A BLELA" AJ

araoant o
T sulll A~

as separ

ate or

3Sirri|ar|y, |t

Sartl arty conbi ned colrr,
2. | - m <

fesged that any d

?nent§ into th
ner_foamform

respecti
%rId conpoqi

MR WP N W% - V.V_Sik ] =

t4ger optl q

o—of

P
i"ti ons
3l

\JUII’JU‘I‘[CIIL UI

4invention has, or any

I ve CUTMTPUOI ll UI

6t her opti onal

< Ul LIIIO

6 the

additive conposli tions
heen included in the

this 1 nventi
reforned additi

&8nponent g
have, @

I%eady

t'ian

6when such conposition

ist used in fort

/e r‘nrrlnnm

[1109 a

91

pot
such optiona

IJUI ylll:'l fUI III Ilg Ul
However,

£ £ .
el oarir 1 Orirmi

g—conpostt

I UTT.

conponent (s)can be used in

form ng a poI yner - f or m ngx aMMokwrer foam form ng

[0098 %n add1t1ve composition is formed from the following components in the

proportions specified:
A)

A mixed ester of tetrabromophthalic anhydride with diethylene glycol and

propylene glycol (SAYTEX RB-79 flame retardant; Albemarle
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separately or as one or nore subconbi nations such as
Wi th either conponent A) or conponent B) or conponent
waoogifs7eased) and/ or as a subconbi nati on of tvECTUS2004/@6814
such optional additives with or wi thout one of
Conponent,s A) or. B (if used) when formng the
respecti{;grpﬁgaaftVH%'r%?ﬁ# Pﬁgﬁ’g and pol yner foam formi ng
B) conposi t Adigsid piipglyn] eligporigle ¢DripBN e, ThaDcenGh@hicalndompany)
optional | yu 90 .separately in formng a polymerform ng
or pol yner oam f or mi n conposition thg anmounts
O)ther eof B2 whiqroaPPEpraSPhofRL AT IbyaFe T NG RiMperople
poI yner @@@mg@h BgwgopPosi tion can be converted into
|tabl Cg\l,/l gaw ng the physical propert| es
Othfé)s spRgPYLLd Wf a 1 ow viscosity additive
product is probably not of a primary concern to the
operator in such a case. R{ﬁl he fol |l ow ng Exanpl es
further illustrate the invention.” These Exanples are
[0078F Arrogpasisbrt was ingile as batweantrollane rﬂbardtrérlgldnmtyruuﬁhlanaioam
co I\gdﬂtidnrlgtlug gﬂﬁ&?&%rﬁpﬁ&@%? c&h 61{1911& X foﬁ %00 Zﬁﬂndmg

teri al use arrp es i ncl u Wlng
congpspimeempnped of ¢yppangat A bt ayiHoHHUSE; Oégp@ppmnéﬁ ofthe

corﬁlﬁ%rfeﬂidé ru@é’ﬂ)ihrfbhﬁingcthﬁe W el ﬁ;aﬁrﬁ&%ﬁlﬁ%&t_ﬁﬁs 4fd tHead®ults oln hardness
ar at | ; Il or ne n
deveferitenf Borsmatipad & derGingd R BaiionRe b b BB AT TESIE 5

[iquid poI yal ycol di epoxide (D.E. R 736P; The Dow
Chem cal Con'pany) (r) Comﬁagmrﬁ 30):

LAE 2 o] TAND
II I DXL bIII Ot-Ot DUIJI UIJ I ) Mo pditat © (AL T Ul RZ€ [A'A N g

Caripenaats e Cor por at i onFoém)Cadapyssioant C2) | Foam Compsition
Di et hyl et hanephosphomatat of Ahisiliveatien V490, oAtthehmehteon

rporati,on ol yol - grner polyol ba$ n
Pé@? ‘matoil ﬂ%\%’/’( g an -Lg ©r of 490 ny K 58/°and a
Pmyﬁpoﬁidtmiam% 000 Basyi$, at 25C Pol ymel 30 wi%

PN P-W.W-t I\

ool [ | N :
éieta:ré%mt i vity40wit¥h an NCO cont eIﬁzdﬁ‘VGl. 2%
((éf?mp%tlemé}:o& ty of 200 nmPas.s at 250C Foam stabili zer:

Q” (?L@ HX}?‘%I% £p] ?I\ \ ﬁb}lgxane- pol yet her copqlyirer

C( 580 __Air Praoducis and
Sﬁfm@Géld 3814313) (r) \a{%st D met hyl cyelOkesyl am ne

Catlyst (Pmcieta, P- IS_\IPr97r2)UUW()l4b A a—denTeats, 0.4 \gvt%
Catalyst (TMR-2 P-9715) 2.6 wt% 2.6 wt%
Water 1.1 wi% 1.1 wt%
Cyclopentane 23.5 wt% 23.5 wt%
Compression, psi

3.5 minutes 9.4 13.7

4 minutes 9.4 13.4

5 minutes 9.9 13.2

6 minutes 11.8 18.5

7 minutes 1121 19.4
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EXAMPLES 1-3 [0077] Fl ane retarded pol yurethane
conpositions of this invention were fornmed fromthe
wazoporsezt s and in the proportions listed in T¥/eS204/016814

Al so presented in the Table are the results on foam
hardness_of the nol\/ wethane foans pr oduced fromthe

Pé&$wﬁﬁd ive flane ret a7 ded conpositions of7this

rmventTomHardness evetopnent—om the—sprface—of—tte

pared foams was nehslired by reporting| %8 force

Ag@ssp rod with a dipgpger of 25 millinefgfg was

edinto-the fogamat aAnnnr‘l of- 100
F8eters is

t han a hardne f 30 Nat 2.5 m

Ceil Walhet er s/ ni nute uh694 a depth of 10 m
ed—Desiranty, force requiTed—soud e
CF:‘E%H slg&b wﬁis after

the conponents are m xed and polynerization Is thus
initiated. TABLE 2 EXAMPLE 4 [0078] An additive
conposition is forned f g/ | owi ng conponents in
t he Eroportl ons speci fi e m xed ester of

[008¢ thel E&wmﬂﬁ%was aepepied g atneyiusptbany fpamade from

ad@faﬁén@ 5Q ray k&ﬁﬁo&h},@c Athe oM Eéﬁt%eﬁ%nak of')&h@ﬁéjﬁ@feof and the
emar as;Joratl on %i iquid

reSlﬂacgf ey%qlpr S%&J{F% @t@%ﬁ}@mﬁgé n h‘életbow Cheni cal
Conmpany) - 10 wt% (r) C) TABLE 4

CTr| S(2- chlfar ol sopr )8 phospNgte (ANt )IFaaze TMCP Foam
RRBETEr | e i sitiofror Qﬁs%lb&r C%r‘:%%ﬂirofppfy | Compsition of
chlori de { Nt &That Qh@&\MR E pisURléftion A| e@Tp@ftios ON thidfivention
made as be¢tlwemina fl ane retalded rigid|pol yurethane
PR COTDOSpNRAr CLio BER [TV EBh LR COMPLL AR OF 10 s
(mampmm g 353 and Jrrespondl ng conposi fion
L,Ullpllbl:u of comnp Temt—A)—bu VWIUU‘[ rse—of L,uupuucl!)t

dTR_&?) ccﬁﬂd‘ﬁénts Be¥H n f oPRYHE t hesdl polymer | PBAMP
nrmnclfl dns and - the resultslon hardnes

R@é?@mm ned l1&svtdescl l®8at¥%n Exanpme® 1- BlavevtBet 1 d6.LIwt%
C?em QA? 3. TABLE BEXAMPLE 6|[0080] Th¢ proceduré¢ of

( ygor%r]gfp Slwas repeated usingla -polyurethane fo made
DfEfRoMi6a di flneicent seté of%conppizm’s. The8ca¥ponent 4 wt%
(ComersemBY tlhe propottions thefeof, and fhe results$ of
THRARrHEITPT €354 St I engivp.are| ssummdi zed 179 wiabl €| 49 8 wt
propylphosphate

(Component C)

Catalyst 7 wt% 7 wt% 7 wt% 7 wt% 7 wt%
(PCat Mix)

Cyclopentane 23.5 wt% 23.5 wt% 23.5 wt% 23.5 wt% 23.5 wt%
Compression, psi

3.5 minutes 12.7 13.6 13.4 13.6 11.6

4 minutes 11.8 13.6 11.9 11.6 11.3

5 minutes 12.8 16.2 11.7 12.4 11.3

6 minutes 16.4 16.5 15.9 16.6 15.9

7 minutes 16.8 15.4 16.2 17.0 17.0
Peak, Time 7 6 7 7 7
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TABLE 4EXAMPLE 7 [0081] An additive conposition of

this invention is forned fromthe foll ow ng conponents
WO zosmss7pr oporti ons specified: A A mxed est erCDS2004/016814

tetrabronopht hali ¢ anhydride with diethyl ene glycol

and propyl ene alycol (SAYTEX RB-79 flane retardant:

LAhbemar| e Cp@rgporatl (pgl); 39.b180% B) A I117qU| d 17

et | Z 0D Tl
Py rycuu e ePoxt ¢l B—FER 1736 —FherBow—Chenitad
Agséﬁ%l:ny) 41116.0 wt 3‘) o |19 13.8 13.5

cdirws( 2- chljosgi sopropﬂ)phospnate (Anti bl aze TMCP|%|anme

et-af Hahf . /\| hawnrl a f"r\r por at+ Cn) 44_ 5 WA Q/c D)
Cfms/élchyl et rdrﬁéphosphéﬁﬂat e (Anti-bl aze V496 fl ane 130
retardant; Arbemarte Corporatifon) - 9 W% This {tame

retardant additive conpqQsiti S a viscosity of

about 160 cP at 25C. EXMIJ?%OSZ] An additive
[OOSDITDAﬁIaHdmNe obmpdbdition oftaistinmtios isf formedifrbmahe fdiRwing
Cljhe proportions specified: A)

nt s |
Conﬁporﬁemé&ngjs PEY 05? E?ormpht hal i ¢ anhydride with
A) di et hyl eAenlgboj/ csher cﬁndrqbr@pwléhaélcgmmm{de(v@ﬁvd‘@hyme gbcol and

flame re ' el % B)
A Tiqui dﬁﬁéﬂgﬁ“f élzé‘%‘ §5§E§% RBridh: fidgan At |
Cheni cal € W% (r) O
Tris(2- cAllRfufi 1 Id) baige (BIER (7A6P: tha b wldkdmithiame
5) ret ardan Qr,ibl\l bl%lfag e}r%poratbllaon) - 16.5 w V\:)/o [ 00183]
D Det h{;f’ nghgs‘ﬂ%nat e (AntiblazeyV490 flane
Cretard anTns(@&chhmsbmoﬁd)gdnos;ﬁiated@ntiblaﬁe WIPMCH hiamefretardant;
retardan [ as a viscosity of
about 26&8%9%}&@6 Ig (A@ (2 flanme retardant
D) addi t | veDietnisBanepbosphemate (hnsiblare S0 e tasdantssliemarle

any of acgﬁlk)fa@‘fo}{) o]} W@%I yur et hanes (i ncludi ng nodified
yur et hane ymers), and in foans thereof,

Thlé élgg@uraqardfn? 3 tavefC@mp@smh@ haw# VisegsHy of abaut 460 eR 8T €S
of polyners and rigid
EXAMPLE 8

[0082] An additive composition of this invention is formed from the following

components in the proportions specified:

A) A mixed ester of tetrabromophthalic anhydride with diethylene glycol and
propylene glycol (SAYTEX RB-79 flame retardant; Albemarle
Corporation) - 74.5 wt%

B) A liquid polyglycol diepoxide (D.E.R. 736P; The Dow Chemical
Company) - 6.0 wt%

C) Tris(2-chloroisopropyl)phosphate (Antiblaze® TMCP flame retardant;
Albemarle Corporation) - 16.5 wt %

[0083] D) Diethylethanephosphonate (Antiblaze V490 flame retardant;

Albemarle Corporation) - 6 wt%.
This flame retardant additive composition has a viscosity of about 2640 cP at 25°C.

[0084] The flame retardant additive compositions of this invention can be used in any of
a variety of polyurethanes (including modified polyurethane polymers), and in foams
thereof, especially rigid foams thereof. Non-limiting examples of polymers and rigid

foams in which the flame retardant additive compositions of this invention can be used
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foanms in which the flanme retardant additive
conpositions of this invention can be usedi ncl ude
w@uioymex7s) and foans described in U S. Pat. NOSPCT/US2004/016814
3, 954, 684; 4,209, 609; 5, 350, 780; 5, 356,943; 5, 367, OOO
5,563, 180; 6,121, 338;_ 6,140,383 and references cit
include pelymessemdifprymswlesrribescin %Sbi’%cNOﬁ&s%éﬁSw ?0%9% 5, 350 780;

5,3 PR0EN I 6DOY 5%5@3 m: essuara@ 8t 5.390,883 anErfdrenRk Bitdytherein

.ef er, th h in. [0085 .
dealify FifiRtich it piaten AL IO el nghs 376 Hlpgragrated herein
by refeyeriveae ififolly bétdordloheraiant , whet her referred to in the
[Oﬂ?ﬂng&)rﬂhoﬁ{ds %f{éﬁ'@& l@{&l\f\:ﬂhﬁﬁﬂhhlg\ gfo@ﬁluL éxlesil’l 15 48dument,

g I'nto con ano er Su nce re erred
whetherggfernd t incthe piagelaner plwehiassidentyfird asdhey. exish pophi@rcoming

intPQOMBRIRth anSthePsudStaN@Yeferdell t(')TB§ Eﬁén%cﬁlq{axﬂ@f@tchemlcal type (e.g.,
rel 1 mnary cheni cal changes, any, take

anofheg corapepent: 9 2 pplvetr dt laﬁtt% P&W pr%lgnlgarafwhemﬁ% %lgang?se if
anyl faRe pREé inothe FSltinkg noiktudé bNGlngbri, hﬁs&h ebaridee dre the natural result

of RRIEIRE SkshRA Okt SEEbr Sl I b @iiBen g forgiisuant o
thisali sulcvmrema&lso efven though thestaims esayi mfer hesybsesenstin thergesent tense
(e.d, e‘ch risés@BPRL ?ecﬁe réi’érenéesls }%thte hebdt&lEs ﬁ%ﬁ%s'tssatttﬁ’e ﬁlgg just

su St nce as | exl| sts at t1 ne jUS ore
beforeitis figs sonigsted, blended @e mixsd with epe o mﬂrecﬂﬁlaerépbWés in

acc@xﬂﬁﬁée&iﬂlb&le%ﬁ@s@ﬁtdl&l@éhﬁ@r dance with the present

1008}l o 5eEbS mor Poies Brdnemyardonge, BPRBERL or anyicand as
used heihiemet imtandedtat limni} eddhduldmol bertcdnstraedlasslivoiting, thot
des?rgpti:o%n§ (i"l'aGi% tﬁ% 51ﬂr%r% %l%&\%%t th I@ﬁ} %16&8 ra{’t&tl% I%?erg r Rgthgll ?Hergmcle

"a" patdnenf antdhaé used hergia is attendpd taepver Pneerdners susfedememe; ynless

thelteg(tb%@@gegld;cgteggm@fw@@e or nore such el enents, unI ess
Xt ‘expressly 1 ndicates otherw s 0087

t .
100§'Gc uﬁﬁﬁpgum@f%qu@aedtte heEsiRAnT IBGAPTALE flﬁ@frh%@ fﬁ%‘?“@l’ﬁ toto as if
fullp¥etrfoftRiethieddoimedt. 0 as if fully set forth in this

088] Th| |nventL S . su .' ble ta..
10088} TR st BsniepBeIY Eafii P uTaEoE Safhip B sfict gpd scope
of thtrepppehdeithsc| ai ns. CLAIMS: 1. A free-fl owi ng,
non-vi scous liquid flanme retardant additive
conmposition conprised of or fornmed by m xi ng together
conponents conprised of: A) at |east one organic
hal ogen-cont ai ning reactive flane retardant in which
the halogen is bromne, chlorine or both; and B) a
" liquid additive that is conprised of at |east one
al i phatic pol yepoxi de of the fornula: R(Ep)n; wherein
Ris a straight chain or branched cha| n ali phat| c
noi ety. whi ch consi sts of
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carbon, hydrogen, and optionally, one or nore ether

oxygen atonms and/or one or nore epoxy oxygen atons; Ep
WO 00&11892am nal epoxy group: and n is a whol e OPCT/US2004/016814

fractional nunber in the range 2 to about 6. 2. An

addi tive conposition as in Claim1 wherein the hal ogen
CLXIMS:i d at | east one or gani ¢ hal ogen- cont ai ni ng

reactive flanme retardant of A) is bromne only. 3. An

additive sition as in wher ei n i.d at ..
foalt ! e R b et St e reredaet pdlifs Smposition
comprised déiot farmed bypriking dogethea compmbnesdoarprmbd bf:a nom nal

St r ?tﬁlg#g Snc%rg%lj? 19 %@ngﬁ?&ﬁélﬁﬁg nrga Nt gfnquta}’&&hpin avahlcf‘lll t\;lg
C onb%iggtm léhrcaslnﬁ,rphmrmemr bOthh endin said at |east one

B) or gﬁ'ﬁhﬁld%lﬂﬁ% Rhaft Ao P sBd of 8AEst ¥ike f1lATBC {)&S/é}:fo‘ii’d%tof e
ng{ of | east one brom necontai ni ng pol yol
rea

flams retardant fornmed fromthe reaction of
(a) tetrabrormpht hal i ¢ anhgdip)de with (b) an ali phat| c

Cai HsishiR 45t S Ehetf BiebRpod hariilral oo phRE B sists of

OXI dabomhydwigkn, abd opnorsdisti oneve no@rpetst bxygen amnsand!aione or
r i ?e\e/éeﬂbf(?% ngg ! dAlatdB &y 19 Q?ex%ﬂei”}%PS%Qggﬁzgiﬁ{i%%ta%ﬂ&é‘&

eardat I's co ormul at1 on
confasticngl grmbper yn the <k toheUlt-oni ne- cont ai ni ng

pol ygl r %]gatdame ICbl?ﬁBStl)ﬁ&t aarﬂﬁmlln{ O rREbih ﬂ@matdgen of Sald at least
react.l on, O etrapr.o allCc a
Onea?ﬁgawa?lﬁlegM sintrig e O8 Hame B Ea BT R b G aint Bhiy 20

one3al i pAatadditite estpositidén aninallkian e whieosn keod y least ane drganic

hal érpcc}n@ HniRb P& h étcji} £ §eﬁ%f '& 1x9d ?g’té} Eﬂ ﬂlgmnal
b bodbiRE fos e DAL pidn Aiid

strlmtwmolﬁ t,etr@bmmphﬂ@hc aghydside mﬁlbbqhylme g\lwal aed pmpylene glycol.

addit i VeA%%HRFvbfcbﬁBoﬁﬁoﬁ 5 i @bim 5“»43{%&&% a@leskt one organic
formul ation furth ﬁr conprises (X) | east one_l|i qui

halpgeiconiinigs reacty o Hyue B Fwnnwﬁeé Rfehleasi ong a@mme-
cort@iRingHolyo$ reabgveOflarh®reardirlt Goinied fesifl fiy reldtioniof€a)at ons

oA B, So e i R A E PR AP AL AR e Fifowed
by bractivmef saidoarid- esjer with) (D ethylent okide captbpyléne owidehortbogh.
pr 0%i SO %ﬁa«fddﬁ ﬂ%g%&n ad %)Cl%i%g? vitrei &id % l%bs? bR hltgl’mic

ess than a out cps at I N an anmunt suc
ha pa@rcqrmn@g seetive flamg r%régmtlg‘/c@ﬁpwé of adermugiion comprised of

(l)fa@ Teabt! onk ibedin#ng- cbﬁ‘daﬁﬁ\hg? 9&Qe£c@i$e ﬂhm%&aﬁlﬁﬂt ﬂo&né&ﬂ@ﬁq the
evi scosi t Iatlo

evo
reae’g@n ot[((% etrali)famc)g%/lthal;g daag?[) gﬁt&) ﬁ()j] dag) %epomde :
ancIIQa iatrieBstwine akphatic ldeestar oHkif alkht dicabasiliciacilf W$th|thie proviso that
lation i.s a 4000, cps.® |tiv
the iptlafin B asboPRie aipitvahes & af it 2pod gl lehetia o
brmlgaed)mexh@lf@g]em aB@nmal\,{r’tP/J]g reactive flame retardant
'S gonpri Se?idl%ve composn}ilor‘;jl gs IS rwhse’:ree(iin SE]lcld formulation further

comprises (X) at least one liquid mono- or polyhalohydrocarbon in which the halogen

content is one or more chlorine and/or bromine atoms per molecule; (Y) at'least one
polyhalocarbon in which the halogen content is made up of chlorine and/or bromine
atoms; or (Z) both of (X) and (Y), with the proviso that each of (X), (Y), and (Z) has a

viscosity of less than about 100 cps at 25°C, in an amount such that the Brookfield

viscosity of the resultant formulation is below 20,000 cps at 25°C and is lower than the
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14. A flame retardant composition which comprises a rigid polyurethane

polymer, a rigid polyisocyanurate polymer, a rigid polyurethane polymer foam, or a rigid
polyisocyanurate polymer foam, said polymer or polymer foam formed from components
comprised of:

a) at least one organic polyisocyanate;
b) at least one isocyanate-reactive compound;
c) a flame retardant quantity of at least one organic halogen-containing reactive flame

retardant in which the halogen is bromine, chlorine or both; and

d) a liquid additive that is comprised of at least one aliphatic polyepoxide of the
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proviso that the formulation has a Brookfield viscosity at 25°C of about 20,000 cps or
less, and a bromine content of at least about 40 wt%.

20. A flame retardant composition as in Claim 19 wherein said formulation
further comprises (X) at least one liquid mono- or polyhalohydrocarbon in which the
halogen content is one or more chlorine and/or bromine atoms per molecule; (Y) at least
one polyhalocarbon in which the halogen content is made up of chlorine and/or bromine
atoms; or (Z) both of (X) and (Y), with the proviso that each of (X), (Y), and (Z) has a
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rigid polyisocyanurate polymer, a rigid polyurethane polymer foam, or a rigid
polyisocyanurate polymer foam with which presursor composition has been blended
individually, as one or more subcombinations, or as a preformed additive composition:
A) at least one organic halogen-containing reactive flame retardant in which the

halogen is bromine, chlorine or both; and
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