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1) new flane retardant conpounds
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retardant polyisocyanurate polymers and foams produced therefrom.




provi ded. These new fl ane retardant conmpounds of this

i nvention are brom ne-containing diols forned from

A) tetrabronophthalic anhydride; B) diethylene

glycol; C) one of the following: 1) at |east one
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pol yhal ocarbon in which the hal ogen content is nade up

of chlorine and/or bromne atons; or (2) both of (X)

and (Y), with the proviso that each of (X), and

(Z2) has a viscosity of less than about 100 cps

25C. These formul ations of the fourth enbodlgﬁthembeFZOOS
typically have a viscosity at 25C of about 20,000 cps
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the viscosity of (v) being |l ess than about 100 cps at

25C and the hal ogen content of (v) being one or nore

chl orine and/ or brom ne atons per nolecule; the

amounts of (i), (ii), (iii), (iv), and (v) used bei ntb;
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2) at least one liquid straight chain aliphatic

di ester of a straight-chain al kane dicarboxylic acid;
such that the m xture formed from1l) and 2) has a

brom ne content of at least 40 wt%and a viScosi trx

at 25C of about 20, 000 cps or less. [0014] St#]November2006
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in the r ar&a&egsf( Eﬁlrﬁoﬂ- o%ﬁ%@@ 1% 1%@{%;%&11 E\%érqﬁolpgf(l)

nol e of tetra al.ic angl use

t he anount™ish 2 tsal of Pario d Somries ohiy éaldi(hll)@frmwet G ped in
reaction nfoxhing éheuntterre tafoph @sestien pododieand angeatly (iOan inert
to 100 psigntg:-£Qfma brom ne-containing polyol

product mxturé aving, after optional renoval of said

i ner tBlsol veontacting atugemdperaiuisrio Hierrengsoritl &hiC of1 481C. e thstoptional
about 40 re@cgtgkdljofﬂﬂ\fﬁé?gso?\%ma%agtmmm& fcﬁ)ﬁe&jﬁf@f 'vmtﬁ]ﬁqeast one

by aqueou ydroxide titration an

in terns GAKPAELIHTRIINISE Fke ndhe fapeeP tlr%‘ﬁ 109 I&Oles of
milligr arrsallgﬁene}ﬁ@denaer mgteaintfabromttiphthbhbclary didtieatsed arfdrming
2) at | east, Qxﬂgurlt 09 (ﬁn &{r P\& eghi?B? vmh' J]l%lc;i(;tﬁ)n rmxture under
di ester of a strai ane_ di car I C acl

such that amessHieR é@&?ﬂ%atq Fehpstto Esep 2ty Ofﬁlé]§ Caﬂtalmng
brom ne cagnh@hprodiictahixhealbdvind)afdr Ypandl retnovhis esit inertadolvent

2ok of aDqukeef: (08 EPORE diP ast[ag%%vf{ anarﬂlg{qngé% acid

enbodi ment process o pro ame re
fonnul ati dwmbgb@fip:}q’(eg@g]egfby gguqogﬁqulqﬁh Bydroxide titration and

brom ne- cafpkfRdMgtcpak yp}botasmhﬂtydwxaﬁesslemmro $slligAins of
heati ng atI?@H rrErer aotfurg uted[p hgurange of 110C to 140C

a mxture fom Cbr onopht hal i c
Anhy ditileget, on(e|luq)ndc$itrenghy¢f@meahghaytedheste(r iof f ytraaght{chais alkapre
al ph%gb@'&g@hc@&lgane diol, or at |east one al pha-onega

S e el bR oD B0 BB P ol AR oo
L iatoRitbt Qp;ﬁe‘.tdfabcdn e8/080 cifordesst r ai ght -

[0015] Yet another embodiment is a process of producing a flame retardant formulation
comprised of at least one bromine-containing polyol, which process comprises:

A) heating at a temperature in the range of 110°C to 140°C a mixture formed from (i)

tetrabromophthalic anhydride, (i1) diethylene glycol, (iii) at least one alpha-omega
alkane diol, or at least one alpha-omega alkane diol and at least one aliphatic




chai n al kane di carboxylic acid, in proportions of 0.1

to 1.1 noles of (ii) per nole of (i), and 0.1 to 1.1
noles of (iii) per nole of (i) with a total of 0.5 to

1.8 nmoles of (ii) and (iii) per nole of (i) used in
forming the mxture, to thereby form a reactiéhNovember 2008
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anount ction product use
react | E’é‘ﬁh%ﬁcﬂl?ﬁeé ofiy 8&*%1& cb@l@@&@?%dlpﬁbwéw PER gath @) atgepst one
to 10Quipsdne oﬁﬂﬁ@rdpbﬁionteﬁl er & inshef rafigast 12 to 1.9 moles of alkylene

bron1ne onta| . ke
br omi ne- ¢ ol OI%?E n%? C?ﬁ?o ngrﬁ'i&dﬂ%@ 1\Jletehl fgg\g/lllngc osa%ilount of
at 25@6%%1011 amdu@t up@l ipdP): Wfih therregeti g MIHHE Uaﬁer &girgpsure in the range

nunberofas 6l edepsiistetkhythadg lﬂﬂ@btﬁecﬁ@&bﬂﬁhe domehirxg ftyol product
titration and.expressed in '

of . pot ss um. o
hydr oxPire bavinesshrompig fonisp b bras d?g’rrﬁ Viposigpg 25°C of
per graamntcn‘o 000 @pd sttled, pidoaluetd rfuﬁﬂﬁﬂiisaidtdﬂﬂﬂmeﬂ 80 2@]eous sodium
Anot h on% e%trnfor amclS expregseg 1361189 '?sgﬂﬁ'll hgfgro%cie g‘ﬁ‘éss than

retar
br oni r@émet&rft mﬂhmﬁ@ls 961&@1 per\&rﬁ%ﬁf W@@é@TQ@B#ﬁW@é@UOH

r[muﬁ]g Aﬁdﬂ&%ﬁ%dlm&m 1@3@1‘&8@5%])%[1&1@ AifAge POt fEMdEation
ht hal i anh dri de and.

bronopl
(PR Rl e BT RE RO Bl gp M6 s Wi
dogdthaal ents of (b) per eqU|vaIent of (a) to forman
it er nadbaie- cﬁﬁﬁfﬁﬁfgtpohfcﬂ) Ha@&vﬁgmt}h‘ach@fﬂﬁf (a?ﬁtr@lﬁromophthahc

TR EE o Ty Gl et
equi v akeaielen af)(ateddmi an intarmicdigtetphedughrblliotved by reaction of
i nt er ERELAIBie W%th?@'aﬁ]%agt%e E{f&h& iﬁllin((p@)'tlong))f @5 to 70

| east one at.ic .di ester

gt AR @ Rarau leeCitpayr] oS Ao qreedine

at IeqsnMonEumpnnnatwnmaﬁyhaIohydrocarbon in which the
I'Q?l 096NM.54BhLeN uidl Strf chfiﬁ aﬂ?{%ﬁc ﬁnzkt@f bﬁiestﬂféﬂf Main alkane

om ne atons per nofecu |'east one nono- or
pol yharseerpérid aghi ch t he halogen content is nmade up
@h chl(By atneasand/msno- br pslvidolgthommbowin WKEgh ﬁheihhlogén doXjent is one

(a;;j gg%mom c.Ihlor nlg%gflol}(ﬂoﬁa%et eﬂ% ﬁ&%?)étgcfule( é?) at fe E%o't 8ne MO- or

t hat pﬁ@hﬁmarwnﬂ Ghethe halpganppntentis H@%ums qlﬂ ing an 01
br om memngiaehemk, @ Zaboth eAST) A (W, %ith the Mo Gi€®tHat sacAbf (X), (Y),

25C of t 20,000 c or, Ie and aci d nunber as

deterﬁ?ﬁ@§¥%§avﬁﬁﬁgﬁﬂgi ﬁ@?@%ﬁﬁg titration and

ﬁgﬂf %bstﬁﬁdmirguk 6 d Gfonp OY a% %hdm)l Hay dfbﬂliﬁludecorﬂkfnt 6f a?cleast 40 wt%,
venher ss. than about O.

o egnar of o 0&@ FAE O A PRe B dSersined by

aqueous sodium hydroxide titration and expressed in terms of potassium hydroxide, of



[0017] A still further enbodinent is a process of
producing a flanme retardant fornul ation conprised of

at | east one broni ne-containing polyol, which process
conprises mxing together: 1) at |east one

br oni ne- cont ai ni ng pol yol nade from A) react i onNgfergey 2006
t et rabronopht hal i ¢ anhydride (ii) diethyl ene gI ycol ,

?ngthgﬂll 51')()& O qt I I?g%ﬁrtxs oqri&'l)ﬁl QL eg%ang m?ﬁx Sifd &lﬁ aPlrociuc lgé{m%lﬁtéon

H%Iph aﬁu SE“ ﬁﬁﬂ@é?mquﬁnwommopm sf mﬂd@nng g Bane itapdsine s

efrmulatibn @0 beat Wast(dnk brodide-Borkaihid
PO e fat(la)St vvlt{} a %o?a?l g%%éto fﬁtoess

gélilpgseg?nx(m%t)oggﬁ‘a (iii) per nole of (i) used in
flor ni #ideastrae bndnuinercentsioing pelypbmadedot on  pr oduct, and
opt i 0Rpl | Yreddti¥h o tb@aﬁ&maahhéﬁetm @ng@d%‘&ﬂﬁ&%tgl}‘agl ahd (iif)

a tenperatuyre in ran 1

oot onal - BiGsee e ghsr Bl %igogweéhlfast PR Rigsesa alkane
product f chgtedd ainlca) owi dliphatc themst, iropreporabksydfdnietodxi aieles of
proporti oriﬁjjpér%@@of(ﬂ Mﬁ) fﬁanlg? Qfes 1f @i }]% ?no?e ml)%thof{ total

al kyl ene o e of tetr r onp
anhydri de 039&&0'?& POFeHY) adHED RDTAL 96f1) peeddi faspping the
product usedtureitoByrm wtdabttidnheoduvegahd qmdfm]x)t @V)emljﬁHiETolveat and

Pressyf e icn ttaulgtmg i aq\emoefra 11"% 1xt1 19[%3%'1 tohl Bf?ﬁgn gle optional

brom ne-contai ni"-ng = pofyo pro
brom ne comtsemte ofbn aertlselasit, misoiot pﬁﬁluuﬁi@ﬁm@iﬂd A aiihreg Jeast one

af ter opt i;09fhe LEAD YA 1Q]f0nécn§rb% i@k YAk or 2Q§E@310X|

acid nurrbe as eter?‘uO % aqueous sod] um
titration@ &F“éﬁb'ﬁ%g‘éfé’&dF ﬂf tefrah prRomithal taﬁ’:%’i“GFrPse In forming
hydr oxi de th&‘)éfmcthSf redugion Prodluctiubed 1gtB§ﬂW1tkthe K&adti premixg @ iinder

f undi |
ol ) | PECA S oflobant o DU i
di car boxy PPEOLEPACt BYus e iRs 2 Sobastnieng! Mot gt 40 wi%

pol yhal ohydd baaig) @ﬁlerlo@tlmml aimdvhbEofligdrog@rncid nfe«din 4céd number
one  or ma% Ystglprh&{d' bgeaq%q/ chdugﬁ %%rggldghﬁﬁﬁonlpa%ﬁ expressed in

nmol ecul e one nono- (g car on in
whi ch t he {475 GhRHasHR BIfEoNde. pilge thp GF vilkemsmé KOH per
and/ or brgﬁamaiematlme@proﬁﬁct(Z) bot h of (X) and (Y),

3\9’: tsh 611&5 l:-l:?st BB? Y{Zﬂﬁg st&zﬂ%& u?ﬁﬁ 8 at;é é()egeng)é stra%ﬂﬂ l{a %lkat%ée

m xt @F@@é)’hﬁe@@%‘i‘n 1), 2), and 3) has a bronine
Bont Qm atQkasBbnd iB@HL oﬂﬁblyﬁa%hy@tﬂaar&)ﬂflhﬁﬂﬁ&l thy halbged@on@ht is one

abo Ut %ret cg‘ﬁ)or%f% ndhr brgﬁﬁc’ne aLoOn?%pS ﬁccuie ﬁﬂ o4 Pea?t etardant™

proces
f or mH’P]é(Nﬂ@‘FﬁJ b%mﬂﬁ@éﬂe hﬁlogw cpleta@tls m@ up of chlorine and/or

br ombmlﬁ@abaismrraz) mh ypdxa AN LN with ‘i’dé%ﬁ&zé‘@ﬂﬁﬂlréa&%t" X), (),
m Xin get her: br om ne-cont apning pol yol

pro icC conpri ses:
G0 CAP ey hERs T ou 108 SEeRg o ch

si9h theahd RS tak fant-e MReT @t ggr gnd 1) Hab 8 bFoaliBecdterd d0€1dadt 40 wi%

140C a m Xtéll‘e for ms% 21 Novenber 2006
and a viscosity at Z5°C of about 20,000 cps or less.
[0018] Still another embodiment is a process of producing a flame retardant formulation
comprised of at least one bromine-containing polyol, which process comprises mixing
together:
1) a bromine-containing polyol product mixture formed by a process which
comprises:

A) heating at a {emperature in the range of 110°C to 140°C a mixture formed
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from (i) tetrabronophthalic anhydride, (ii) diethylene
glycol, (iii) at |east one al pha-onega al kane di ol

or at |east one al pha-onega al kane diol and at |east

one aliphatic nonool, and (iv) at |east one liquid

strai ght chain ali phatl c diester of a strai gHtNQeFIbgr 2006

o L A Dy P RS L 5 Rt 1)t s
mol es of (cpnma)phpe)megmllkeneodml( pi at\astong alpheainegt apas: dipl and

1.8 nol es ek dnk aﬂﬂgatl@rﬁdn))olpﬁr[d l@1eaft o(thqmﬁ%ﬁﬁghtrbham
form ng the m xture

product i rRliPHyifi @l‘?sﬁﬁr 8} Q\Ftlrfﬂglgi?%‘ éﬁ(ap%glé;?f Bh%lclalc](ﬂluindm)pomons
strai ght cdfdinodl i phizt bE(idipesihele 06{i),and Stirtailghhelehal (mi) per

al kane di %51@%}&?# {Nﬁh Q%tgl 9. 5@0%%1\‘181%& of gﬂ q?(ﬁgn%%r mole of (i)
contactlng at mperature I n

140C, (i) usediy fpawng gregarriire fio fsedy .f?rnm regpifn Hr%quhm

adm xture a&rﬂdm@amﬁl @id dteast oreriguld salght clsdin aliphhtic diester of a

chain al | RglehEoilhf d?émfo $he REORL 5 Gl aghkane

di car boxyl |tr€1 east one al kyl ene
oxi deBpr opr@ntapmm attcmlbmamw in He ramgegd 166° C1t0214t90C, (1).rgaction

ol es of al.kyl RG,OK1A0) Revi TPk 0ed Shi BRE FTRRNLRAlGSy

anhydride ‘u c? react

product use@ighhclsin alighets digréerodastrpgh-chaindliging dlfﬁr&@wl%f acid

pLeSS ure i \ﬂltﬁ {iﬂ al R Gn@fﬂk}]l@nd ﬁldﬂﬁopﬁ‘tmmﬂuﬁ e irhiait range of 1.2 to

there. is o ne- QHI‘E} -

mi xture h aVI eg gal le%ee oxid O[?{:trtn%] a?u?{:u)égél%tﬁ)ag%out dfge used
W% a vise cf@mgg the amgmitef regsbin przd}m@ oeeddp $).grith {hggeaction .

ﬁng an gmrgmﬁi:i@tiﬁferﬂ%re@ﬁir@fd’fh@ﬁﬂg@&fHﬂt@el@l%sﬁmﬂ:hlwmtthere is
ydr oxi de

titration an r i
pot assi um %ﬁ" o%falé’meogon agglgg ?‘ﬁ)éo {nm{%ﬁrg Biving a bromine
mlligr arTBccﬂfenKﬁHt mem agolamﬂow/mohsmm@dat pF Belefatbout 20,000 cps or

formul at i at |

pol yhal Ohaagﬁb%{l 1d( >|)11<2-n e?éhrjgllq% qu&%us :QJdlmltl h¥d1 oxide

one or mteanehm@xmeessnddp@rmﬁpﬁmtw@w ByAoxds, of less than about
nol ecul e, d%:!ﬂbahﬁ%k(ﬁﬂﬁer@ﬁﬂnf @{dﬂumlpydsmdcommaum And
gﬂh Q}E)gg]reaﬁ.lOHg%gf“g ?Pgtp%grﬁxale%)c{g%cgftﬁ}n In igﬂhé’ féfll content is one
Wi t h erheorp cllviisoantdfratbraeio alofns Ex) moleyyle, (Y3 UleQSZ)mfh@@n%r or

Vi sc Oﬁdﬁﬁélo%:bbl@ ﬁﬁw&@l@ﬂw@ﬁ%én 3{%)6[1@ RSmade wafEchBHEbhaidait

the m xture forne m an
ot ohemH A BEG bt i) Sa0G) el tprové%onbé,l@achf of (), (V).
about ardQZ PR GRS osty dfeesgs ﬂﬁzﬂdban 188icps zttlIﬁ’E)@;r as

determ.ned b aguepus roxi de titrat.i,0 o
S B LB R Btk Ryanok aenc g ot PRLE s, o
Vibagita AICCQf abatit 26,000 qmibr (s KidHnpeid gurairer of dajerdiiedtted

roduct  fornul at 001 In the. various process ..
BERIPOS BAa it i GrrrSeras (R PR PSR R Roxide, of
lﬁsstdlaxsalioyt @6 milgQnisi @ prodyhm oéb@d}tutq;!sprg@@t fpeulstion.
L HQﬁeeva'?foﬁg ﬁ[ro@é%ls Yecﬁﬁ%%y chihod e PR R ed |t@§t§we ARlviscosity at

nore prefer abo 6000 cps or | ess,

In the
mrpéﬁmi@y Akt &9, HO%@psmééegt;, e p@fferalflh éb%ég,g(){) cps or less, and
{tﬁf ﬁBfe%@efEt@?l%@&t 6060 BRloY @L ORMAS QRB OB Wl’agt/eﬁxr at $dast one of

east One o ab ove rre
LRI TGP bEOICS OLE DR TBRGELI pha0! e above
NI %h In¥n@tor poChAIScaBbhE iNQUEBDRI th? PRBess/whS Wiscosity at 25°C is
preferably about 4000 cps or less. In each of the

above referred to enbodi nents, the
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brom ne content is preferably above about 43 wt %

[ 0020] As noted above, the flane retardant

conposi tions produced by the above processes of this

i nvention are thensel ves new conpositions of matter.

Also, it is possible to prepare certain new €b HﬁBﬁWﬁ§2006
by use of a suitable process of this invention. [0021]

ese.a nbodi nents _and f.eat ur es. of
RO eGP Y o o A SRRy b giments, e
benuine nepted de piefsrabhnabenel aboph&he€d. cl ai ns. BRI EF
[MFRW) Tty a%veT i, ﬂgﬁﬁ\%ﬂéﬁﬁrﬂ[ QaLitibhGproduckSbRth LRRR

t f | t
roesigr PR B RlF 16 B B LT Lo T G Rarl jegossibe
tapcpmpositdin oew obmpdingds bnvemtf aenitabledygoashelthis imaofion.
[WIRI 9 ReleyRiuGRler Qﬁlb&flméﬁtg Mﬂ?&sbf i m@t‘lﬁgﬁlﬁﬁl be still %mher

LED DESCRI PT ‘EEEHT L Conpounds
APPRICINAINTESE FOTUARG %”P“B% SHUBF t he Superiority
of the Formul ations of this Invent| on [0023] In order

to illustrat te%ﬁﬁ@pﬁﬁgeﬁmfﬂoﬁw Irific BRANPHEGL € by the

practlce Of I nventi1on, fornulations were
[¥2ap arF@I liina whpl o e sedthgde poale (ffvissputyducasuseraents @lPAr 6 @f

tI‘&Ee fl'lff lgdsﬂio 9 f‘@m@ﬁ’ ﬁtaaéo%gagin@ﬁ’l)yﬂls Jnleﬁﬂ@n the others

retar ant ecifica di ester/ether diol of
e?‘@t%%‘ﬁﬁﬁﬁkﬂﬁ‘ﬂ?’@%ﬁﬁ?ﬁ&@de) In a first series of

such bl ends, the other material of the blends was

Ui S(c g pRSPHEKRRREB, Rﬁfﬁiﬁﬁ@tﬂmrhﬁdﬁed |

commercially as a neans re ucin e viscosity of
t he foregoing éoﬁﬁ’é’@"&””ﬁ‘f‘dﬁi%‘"ﬁ AtEHATY pol yol
ekt ratiot todl (g aRiperidrity af the Bomelisteins e8thdfInswabn bl ends

[64&%& }hbg]rdep%tﬁﬁén% e tgg %%Pl?egg}eg@%sacmﬁtﬁ%q% %I ﬁé’b e of this
mwemy@t fermailatives pemarrered di whishghreg sryighesf lziﬁnds t‘wee lEff’IP?é?d ofa
comiREdidlbrahint RenthinBiR¢s]yepSarae fotatddnt @paﬁﬁammt diyster/ether diol of

te%‘%%%%?op%{hag? X [Xan%lcﬂain P Hl%{ 4 %139 0Ps%§h gleggs ?x% othep m%%%gl ocf the

e respec
biends wag ﬁr@(stbl%mwmh@mbatmdn@th@al p’ﬂw ig swed p}%ﬁf@f%lbsﬁs @fmeans

of RASENP hﬁﬂ@&oéﬁ@r oF tl@ﬁfb%gﬂih@ e6mmleRtial PAnkih€ tdiddining PElyol flame

%E%tﬁgl%g ?e sécg%? lf)e\é%ﬁpﬁs S cl’&.:gl:;‘:ﬁéﬂg% f%‘eYr-rg%%nz}l oﬁ%e%?ends %%15
dietigilrne dlyspk de thecthird sarisaol/mich blendy Wleqhtlllvmlﬂ@ﬁh%mmtﬁﬁ @fthis
xﬁdaﬁu&f AftUfiker nfRerfalbSthl SRhAt Wk abfhﬁtﬁlr@ ef mrath@l é!,telﬁgofseveral

oBiE ity R RGOt GO BSEBHA e COTRERA R A ied n

varidus @raperteorseh thephy ach poptrtics <btfehqzﬂe dlendy wery dtzttetr@nedarﬂd
phif€uiaeale oéya&teh@vo@veacsssjeét tgmm @IB ﬂbﬂ&ﬁe @@ar&%c

‘%/\Egrhgconte softhe%gtlewere ?’g g |
akemOtOPHOSFHPPBER FRRCHRESSEE i @HF%@ arsplvaph pajega
framcthe protdectt S owvkis esotdtddchmdmteaom@mhng ®lyod ora presspertattleress
a8 2B lq?anﬁ’f?ﬁf lrnggfﬂo?o EJH(FQOB&H@ }Pﬁgéab%n@vﬁvé)\lwé‘éqgen

In a s mai ntained in a
a%@hccmth@ﬂreﬁ@rm@f&q anethase ?O&M@Cedtm grgyen At about 60-80°C.

V&g{eﬁ(f%séotn}’ felendm AR WP _IF e RN \%@ﬁakeH% B8 m@tely mix the

oo Vlsconeter e cont ent gggressure
cospenits- el gehaitle ndrpontgris pisre Qloped Rb?i@iﬁ’e‘fm% eraiive Agh sample
wak feltn@e&\/&bghﬁd borlanid plycedfin b kmall sample adapter cup mamtamed ina
ct ! I % | e o ure E\}/bﬁ%gﬁ‘gg pg%ﬁ %ISE(QSIE Snm{]ﬁ{o%%as & made

uﬂﬁg eBm«:ﬂtﬁE]d&ﬂscﬁﬁletehl Fherm»hemﬁlolf tﬂteq)ressule bottle were then further
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blend. In addition, a viscosity determ nati on was nade

on the isolated brom ne-containing polyol in the

absence of any other material. This entire procedure

was repeated except that in this case the ma (ﬂ 5006
used with the isolated brom ne-containing polas V\?Eger

(? Lb?éc{j qlélae:ggue%ilzg d%l%agtl%ln eqr chﬁ)rc&?gpﬁggghésghzﬁ% ﬁl‘ﬁ{)tlh
ripfefdaresmas rkprated upmglpmotqb@am;a ViSO PetpAnipHEONIOR; t}u@ more dllute

BI&d. &8 a0ditib, %rlﬁls%ohﬁfﬂfeﬁﬁﬁﬁ{aﬁbxh Wwas fhdd Hethp isdtddagomine- contammg
tion,.the | ends, t for viscosit

t hi nve ste

Byt B T GIaE BB ot ReS e aR R BerraE siepet
taat irritbis case thefmad bnimd ke witlutha i sl aed latpmetem@mamngaml@l wand
dg%tggllteg@/ %%tfsdlf gefl:f]lh RS &@Etﬂ%@%f%lﬁI(ﬁz{lsﬁ??m’\gg?egrgfhgtm%s g\_}f:é% made
Wb d%?fr?étifﬁﬂté‘f‘ﬂ‘t‘”ép&’cpénmnﬁnd 15-25 W t % of
@02t hiyilthanbird naiee jof Blempre_sdmtativh o§the psaeticeofitois aivention, the
ﬁl?ﬁdg?? }’éd%%??&{(&é%&@k%%éa%n?% %{}@d Gi%ﬁ&nev\éohthuﬁhgt?ﬁt%ot and a

ortions

re
s of depsdistalverae R MO PpES: Hgh B ek s e S fibasic st
\fvﬂﬂl h @wcﬁg:aﬁ@bcbtel,o-zsa\nd/ of diphilgahdipate,|ISuEt witd efimathiFligtutarate,

nd 1 ér% ’p)f’ ?f iﬁa’lewf ggpma?esﬁ]dl’%nbh% téﬂ'é.’%'agé1 aiRAof ttﬁee \.’ILSCOFAE’

I Ng ar agrap
d@t%mmaugns germr@sie seddvrndsef @lﬁ@renhkqwsgﬁm%%onsmd. tive
iizs S (THY FR60P O MK @&ﬁa@wﬁés tﬁf@bﬁfl dvy Hemigedgh thecfollgwing table,

R P kL L s s e

P6660ally defined ingB7Predetig@araemapp? 120 4250 - 25 - - 375
40 - 500 83 55 875 - - [0026] It can be seen from
Fig. | that the practice o%é#ﬁl |nvention resulted in
substantially greater visc reductions as_conpared

t9 t he ct;h tSePl ends, at |eas qone §’enes whi ch i 5,54 Series

rﬁcﬁ?f et #Ei 60k REHSE b SiovEdly St Pont DBE)
En‘ocl)l ny (1slcz(>s:@Qém0ﬁ8nds of fh %Iﬁxéammc%;% [)r 27%54&%?@(@5)

not ed above, The new Cor‘r'pounj this 1 nvent| re
_n%%ee__f_r_( 423000 hr nrmphf h ?3’&0916 h\lr‘ll’l do- g49‘900%

")

o1 OCy JJ
& et hyl ene glycol; C) at Ieabvﬁfmne aI pha- onega al kane
d ol, of at Teast one al pha-¢ al kane di al at
Lwﬁcf one—al-phati-ec—roneol —ant—br—at—310-27% ]1"@9(2.”“:.

2006 Ie;rsuzoone al kyl ene oxi gd250mi th the prgwvi so that
:]’%e com ounds have a viscosity at 25C of abo3u)t5 60, 000

hi Alhn V. NalNaYatal
cps—or—Hess—preferably—aboui—40-000—cps—or—fess—nore

proef er aljl-y about 25,000 cps|éb0 ] ess, and a [b¥om ne
cant ent q}f at | east about 43{w % and preferably above

aRnnLt A
aroout J V\ll /U

[0026] 1t can be seen from Fig. 1 that the practice of this invention resulted in
substantially greater viscosity reductions as compared to the other blends, at least one of

which is representative of comumercial practice.

First Embodiment - Compounds of the Invention

[0027] As noted above, the new compounds of this invention are made from A)
tetrabromophthalic anhydride; B) diethylene glycol; C) at least one alpha-omega alkane
diol, or at least one alpha-omega alkane diol and at least one aliphatic monool; and D} at
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[ 00281 The new conpounds are typically forned by a
two-step reaction. In the first step, (i)

tetrabronopht hal i ¢ anhydride, and (ii) diethylene

glycol, (iii) at |least one al pha- onega al kane di ol

or at least one al pha-omega al kane diol and af! Ng4&hber 2006

one aliphatic nonool; are brought together in
puopot dlkyas: cﬁﬁde@wi:htlﬁ: piko'élxsdmhhﬁﬁe &fm}ﬂdu!n)]s REE aWc@m@'fat 25°C of

i er nole o
ol o P e heleispineipeane Ghody apsbeRE: pmmaterasty dons
%SnQpU(qps P legse endrbremate content dffat kehit abao A eatd md prothably above
MHetingkion of at | east one al pha- onega al kane di ol

@ﬂgs at..l east one @PI phat| m)nool is used as (iii),
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in the range of to about car per
1A8f&cul e. [0031] If one or m)re aI i phat| c monool s are
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teapmcb Ve ivh@sely pripogionsie For exmipée, ihgh esingoheauhar higbtrghelecular

wﬁt%hp Qﬁl{l I gm%rh%%g dﬁ)ll%ﬁgnev\rﬂstr&c%ﬁﬁgﬂf?f ab'g% ﬁm pthgﬂf%'h thereof

shepldhlesUes Rt W;ﬁwelallw WiHRE §‘%03’P§Pe°éf?@ldﬁé‘n‘geé in ‘Hf[:‘?"ﬁo S%S‘Jf%%‘at the
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pol yol flame retardant made fromthe reaction of (a)
tet rabr om)pht hal i ¢ anhydr| de, (b) an ali phat| c polyol,
epoKrdrilationnof the Invantidneast one al i phatic

(ﬂb‘?}gft ﬁxra Qf:on%&@ﬁﬁ&ﬁ dF & iREeRYibh Shedfeindflantd fefardah€formulations
provi so that &Fe fornul.ation has a

l Tk E%d & a%g%omthe
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axg{]% Stikbdst ool hﬁﬁce 1%1&%@4%618 Qﬂ%ucﬁcé (9%119 Q@ld Qﬁltﬂ 88 provasddhat

om ne con about % and
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ne Bippohemtbop. SO H sl ormilapotband fegahhpiynore than about 0.2
n%lﬁ@gygqu@mﬁﬂﬁmgl 10 aliphatic groups which can be

strai ght-chain or branched-chain. Al so, these

al i phatic groups can be satupated or they can be
unsaturated, especially with one or




nore ol efinic bonds. Use of esters having

straight-chain aliphatic ester groups is preferred,

and nore preferred are esters having straight-chain

al kyl ester groups. Wiile the al kane noiety can

contain up to 10 carbon atons, dialiphatic esfENgveber 2006
C2 to C6 saturated di carboxyllc acids are preferred.
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thep rBstet gebupy cinie shkared @:theyR3a mmmmcmWBh Qne or
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[apEd e %WC@]WW?FC‘Q gr@up@f fully satyraicdaAght- g israhd ic acid
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d t h |
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ala& ﬁca%t By&ﬁﬂ GRS Q@an Wbpmﬁﬁu&fofttw&e or nore such

atl ¢ ols ca ed red. T
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sosth @le@aumrcglﬁ eaﬁ@eds‘é%ééeﬂ@ét JYFly, ity polyolgp gsgr will
BRCERCANS ab&twsea@o@uode peﬂ;ﬂdletlﬁe like. Mxtures of two
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[0041] In form ng the polyol flame retardants of (1)
various ratios of the reactants can be used.

Typically these ratios are expressed in terns of

equi val ents. An equival ent weight of

t et rabr onopht hal i ¢ anhydride is one-hal f of i4%sNovember 2006
nodrbcnttq mndveotgdstum Ambegtel alaytamiveds gletalsooduitaide catalysts. If desired,
hré Hféﬂtsbﬁen‘?@ ¥0hs drSindit Rt hﬁﬁb{%aﬂ{on\é@ﬂ g@émﬁbvedqﬁ%eq?ést step. In

number of reactive ¥ r'ox gr.oups ui val ent
mféaegSﬁfméfstea» the AR dRuge RIFEOHARHS IR i fhgrreaction product
waii-ghte. foAned inphechrst stgact ant ratio i s one equival ent of

L o BIRRY g%{xg;g ﬁé%és%gsd%ngsv & G oy ¢ Aty 8 G01 g it can be

n*eseél drefcally gse fﬁ@%@@@%ﬁﬁ)mﬁ&‘ldllétqﬂéis eﬁ@Ué@Lﬁlﬁﬁaw@rﬁquwlm weight
t @h@&@tﬁr@ﬂiaplhhml dAnBy@1HB Yred Rl flod thmBEeanapwe@hu v @itvalent weight

qrgeﬁl,p)éatlcr %Q?YO és 12 rrggis%u & evgenLﬁ}t\/ g \Y ch:ﬁ% ?he number oft reactive hydroxyl
t enonua:b r dwophvderlt meighheleonprehepoiidhis onghdlf Bs mglervial weight. A
fla) RRGRAGaRPk ¥Rt cindicht éfteﬁmm@h&ml@ aﬂ(ydﬁ@@‘?@' ®@e10
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aﬂalaﬁ%@leﬂ)lfedﬁ%cSS(yl ic acid. Non-liniting exanples of
B3 ' ?ﬁxrtlﬁﬁ ﬁethlrkcéoﬂge@mqg %tﬂﬁéﬂa%ﬁh Qf lyol ﬂame retaxdants of (1} can

hona ate, di 0] oxal u al at e
d‘i"i ft&&m cfawwieatneU & g?t Tg%é g&%ﬁ&t & 335 450 GV 332,859,
diopeit yThB(ahatdBmpnmnlnyieéhﬂnmedMLthns of the second embodiment of this
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O nat n at e,
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bRy R e T R UG AL G popsuccinate,ain
diveylsydclaiet disspwpyldiccmatepdigiophtglsuacinatet élpent}f]su00111ate
Qhetﬁy@ﬂﬂiﬂéhleﬁgt@hﬁeﬁl@lbn@jlé&@iﬂﬁt@ﬂﬂn@ﬂh%ﬁﬁ@&t@; diethylglutarate, di-n-

nba e Pt ft BRD R e,

d:hptattﬁgluadatp,anﬁhyletdyightuydtadnqmlastllagtylglmamtp rdopsthadipait.e,
ddletﬂylg&'igﬂtle agl rpﬁt%ﬁylacﬁbété QARh ?I%a@@ﬁi@sopropyladlpate

ey eau P il m et st oy i, s nlogons
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gweﬁﬂ@%@feia@eth&sﬁ@@& a foy na-hepiting sxamplen ahspdharefsgpdmigtures
Andlade 565 hit%idf ing:tieAanaies 1 0025 suthf diredtkyl adichteliand UF-25% wi%
i ncl ude 55-65 wt % of dinethyl glutarate, 10-25 wt % of

di met hyl adi pate, and 15-25% m% 14 21 Novenber 2006

of di net hyl succinate; 72-77 % of di met hyl gl utarate

and 20-28 wt % of di et hyl adi pate; 85-95 w % of

di met hyl adi pate and 5-15 wt % of di net hyl gl ut ar at e;

65- 69 W % of di nmet hyl glutarate and 31-35 wt % of

di met hyl succi nate; 55-70 wt % of diisobutyl gl utarate,




10-20 Wt % of diisobutyl adi pate, and 20-30 wt % of

di i sobutyl succinate. M xtures of this type are

avai l abl e as articles of conmerce from DuPont Conpany.
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[ 0054] Although descri bed above, it appears desirable

to sunmari ze in detail the process technol ogy

enbodi ments set forth above. [0055] It will be

recall ed that one of the processes of this invention

for produ0|ng a flame retardant fornulatlonZEdWﬁﬁpggﬂzoos

Bé emgloge V&S{,En otv%elc 3 ymrz]a? Conttu%ll c%ltllﬁ]lgiogs I¥lS a%sosrgﬁ?al that tc.}le flame
fﬁﬂ%ﬁ@ré anpeiienwsl i n@ﬂﬁgwe @f 1¢g 30 w%f' pﬁ@fmbﬁmﬁ af this invention
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effectively utilized in conducting step A) above. A

few non-limting exanples of such aliphatic polyols

i ncl ude et hylene glycol, propylene glycol, the

i soneric butylene glycols, diethylene glyco

1, 5-pent anedi ol , 1, 6- hexanedi ol , triethyl ene 2JINRugMmber 2006
gl ycerol, trinethyl ol et hane, trlnethylolpropane
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[ 00611 The contacting in step B) can be effected by

addi ng the al kyl ene oxide to the internediate

conmposition or by adding the internedi ate conmposition

to the al kyl ene oxide. Alternatively, the al kyle

oxi de and the intermedi ate conposition may p&1 November 2006
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Adehetintinabl 8kP¥nEaH@OMS! (BOThdnitdiyid combokitidn ihebd @ncwafhtly

nﬁrhogllgjlggcg B%ta siut%l]ﬁ v esse(::l]c T@lg# %%8"_#@6: I?ﬂy \gﬁlgﬁ( lc}gsec%on%ﬁtlﬂf Séurs will

meﬂﬂmlbaun &a rargh g§9 t0n1 G@oﬁdwéplieﬁfga@x @ﬁhvxyangmf Y@ tad#QL. This

IQﬁ’&{ beinWRoRRRE af hthyospHekik presRelof dt ishijabtedite 2 @rey afdve @r
ralll:}f]Tl eakin ng, when (ii) is a diol, the

bfo)w"’(t?]f’ﬁ Vel ratio will typlcallyfall wi t hin
[0043] r aengetedfabclvel(ll (i), Siih, and (iY) §¢ praporivdeiodpar afrgulation

W ih P b Brdnhife ch@é}lg 8f a’cflea]st dbodi 40 @t% Ch xﬂisclasﬁ‘y at 26°C $P20,000 eps or

t ratl e [ ang
5 g oo Destlpinnb bl sl PaipbripSul iR and
ewpr¥sedinclenmoy & potasfiemdiytspxide, efHess tamgbowft maliwan of KCG per
otanb Pohe RERGHGLRITHRQABRYRE Step lAr) %éareian{r@prﬁfi&nons among (1),

(B Bk Evowwée]ap%%e?i%@ggwﬂp\éf e B Al e P A Saote

rqaamnllctmb:aally falhestbinctbapagnds!:hi d . Jiodphd:é @ drd praf@pbly within the
?E’fl PR gl o m&gﬁ&%ﬂo @ﬁ(ng't@ rwlﬁﬁan%é’ﬁ&ée of 3 to

é I'east one al pha- orre ofr E] eh ¢
28m§f6 an b LeEPEya L AR G113 a1 gy lpEy in B Fange o

abditghatll etyonool ; and D) at |east one al kyl ene oxide;
with the proviso that the conpounds have a viscosity
at 25C of about 60, 000 ¢ or | ess, preferably about
Prg 36C¢ ads Puspaniqghe iventign, ' ahout 25, 000 cps

[GH63] ess:‘s noﬂ:ﬂ dbma: b0 Hbr’ﬁ@odﬁdﬂtzﬁrﬁe mépaaatl Hyelaspraaiire of this3

mven \}(?nn dl.n \%5% cilaf kﬂl ﬁé %{1@9 u gfeég bon e%p%é%o&%thahc

aniaaetﬂﬁ,cﬁ) digthy l@mlyqoi r@tat @@@@ne glp aﬁ@?&%’ﬁ@ﬁﬂb’h%ﬁ leest one
aRRRYHTel zﬂﬂkarﬁrtﬁio](ahﬂ ht Qhﬁbﬂ:}’ alilﬁili@h%yﬁ‘dﬂ] ,and D)ia) leadt chealk{lene

Oﬁﬁﬁh‘X%%ﬁ éov‘%ﬁoagﬁghe co(gxﬂpogn% }igtve P érg,é?sﬁg apds %:1% ab?ut 60,000 cps
onteso ﬂnref@raldy b §A009 eppetrBiess, maete predehly a‘amlé 2680@0135 of dess, and
abroknife 'c@rfterﬁ%f §t| 1kdst Psut APLe%@hd ﬁﬂe)’era‘tﬁ*ﬁﬂaov@ aﬂou& a5 ht%.
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LT oLk o gy S i e
fiodt sieb,) (i) tetmbrdmephtiohin eclidors, anth&n daeticdertsigheol, Gm) aff least one
aigﬁﬁﬂ‘%}neg{]ﬁl\ﬁlew grOat ZhsNR¥ %ﬂgfom?eg Qkar@"&?(g %n@btkl@ﬁ@oﬁg &phatic

t phat
g0l s GG DGR BREOIBE (05 nb! PN £f [t Pl of 0, and

ormanadl hslks efiiiyer neichfi(in sachythgnopeista totabofi f &t 1.§ eotes of (ii)

ar?(iiﬁp) SESL of (D19 1 {ohs bR PARA: fhaliin bYRIGR dok alpha-
of ¥ bou ]herl C pressure and

tenperature in the range of 110C to 140C, and

preferably in the range of 120 to 130C




[ 0065] Various al pha-onega al kane diols can be used in
conducting this first step reaction. Thus, use can be
made of such al kane diols as 1, 2-ethanediol,

1, 3-propanediol, 1,4-butanediol, 1,5- pentanedlo

1, 6-hexanedi ol , 1, 7-heptanediol, 1, 8- octanediol Nogfper 2006
their higher honol ogs. Preferably t he al pha- onega

orarlllgga {]Eaégld‘i)cl)l gm& at Fasgone alll'pheﬁ%%&l 18 Gsed%@ r(ml?rtl.lge al]:Je er aﬁ%

carbon a
afkpoe @@(&)an@gle@ﬂlplgatqc@lcal@@l(ﬁ) cambéttgp@, mnaﬁ)mpgrt*@@p relative to each
ot} ers Brst-bBORAGItIdnfis BPRay pdf%ﬁecﬁéﬂaﬂb\ﬁtatrﬁos Pr&ssi@e @nd at

5F ey e éﬁ{g%teﬁifiﬁ’% TR e Rl ?a%%egﬂgiﬁ"'
IB€Gaturated or unsaturated, and if unsaturated,

[(gllﬁslg]‘ exaRbs alfHaSinlddh %@(hx']eydMB §ﬁ¥ W&%E&H’l cohfucBgltid BB step

Ortl on O cont ne o
A S oY e AT RS g S IP b SgroResiol
1 thupdmadicl; 1 fepemoingdibhné J6tmt&amét0h dveheptaatdialn dJ8:octanediol, and their
h.%hﬂr L%E%F‘(%s P?ef&ﬁlﬂ? anal ha%n&%& aRRe didirs) Qégdaﬂﬁ loontain in the range

pr opanol a
2 we%bﬁyb&sﬁé@%‘avs PS 1! waﬁsy@ma?fs Pfe?ergiﬁé%@? EARge g %/@&bout
4 padbonreibhiy lpet daekeculal | yl  al cohol , 3-butenol, 1-hexano

[@68{ hM‘lOF{Q 5%&1‘& ahphﬁﬁqﬁ&%hls%}&gF n' t}q?ﬂgt Etgl?rea&th)% the ahphatlc

ati ¢ nongo contain
moaP@é%Pe Stpighi-chgin O bravehed, F%ﬁ%t&%caaé‘»@ SHBRIEAG énsamrated
allY i€hesaabityd, pheferably pdlafinicalifoneniritsd. nseditivh hliphadopdréomof the

moﬂ?glpa}n C%H%g'b(%]ﬁo:l’ ln&og? %H&%txg gi%;“%g rp}\kﬁlt lﬁrﬂﬁ E@%an Cp(les off such
AietaBe0el; BEREF B15180lcrhoRb L GUORTEh 2BroneBels b-DBHE 2

bl&hlk(}l Bﬂl%ﬂt@%l-@@’)paﬁﬁl[ 2-nitehyPDIpRGRRS, Dinetlybsyettauen? £toxyethanol,
ex r e S
dl¢ﬁi|)’l<€nf é 2ol XI e eY}r ﬁgf 1&(1%9 EFE%EI\MI %@xa&%h% e%lﬁ'ﬁl@xanol

ispdesy wheb apdthe hkéf Tm%ﬂﬂYa‘lhR?'lllé}ﬁéc BRNeRS §vikh gordaip ) bR gange of
1 exaidat l(péa@i&ih' £6ifs ﬁ@i’lnﬁiﬂecuEp IPedTbiap1o yecHlipRatic monool(s) used will

b hydr t vl d but yl
codﬁela%éotﬂg A og %(to abo \g % ebeogln on(l)s)élljer?nole%u an(l; yl ene

[0D67) ebldh@%&%h%ep,ﬂl@@b@kgfﬁb&@mée reactmﬂeﬁa@c’ww&@aﬂéﬂ at Jggt one
Bhd 010 R the{RAINRIsOOSE-thiMttdicRSarlf urll 88 exresBIR fsBecsiiedh

OtgF‘Q‘ij/l ehe t% %@%&e)%%gé S .e fles%{-g?g)a é\'fg{ rqee g)ll%%?ghlg] Tse (iaﬁ be made
of sunly elkpleneoxtidesaily @tlwlem@oreém lporpyleat cmde prexchlﬁmhéérm,
eﬁl%ir%h%&% abkatlepas d%dede§—b‘ﬁ4ylléne QQIGE a Ile]bdkﬁéiﬁné ange of

to a rbon
AP EE oS DL ORI RerGoRTEA T PHOT g
h@fiologs. Mixeurds & twoloesi0of sucnakplenampdides atikid awmdoyediititesired.
Tﬁ’@él '){r[B'leecx?cfeG)%EJda\bﬂl%Qﬂny@hh& lﬁﬁﬁxgﬁge%@z DR 1%&15&1

first step reaction, and tgat he Cld nu %% 4
2MEp BRI SIE) %yPrafﬂzrsé e e R ST gt
calsorex@hess atbleduld EPhepr@brtpot asdiatmubly thaotherd @je 1n$hd resx: of
1 %?ﬁﬁ] 9 rlg)olé% c&%ﬁe 1%%?@511%8 oS fiRs déjetf' %IQ% et@bkdrﬁ@hﬁﬁﬁ% Qghydnde

used it I G B8P tr%ﬁv%ra@p%sbﬁwu&wé@dépméﬂt (éh%%erg\]?{]ﬁdémaﬂgeous
sddfgn hﬁﬁ@:ﬁd@ﬁtrﬂtﬂcﬁ and aiéb@ﬁ;ssedﬂxl tozrhs Dbpembiam 1RA06idensdess than
0. Q ! e{l prete] era v ess s%hligﬁ%ﬁ 18 ojf%&)lil Ser:%gq:of'p}gﬁﬁlg,ﬁ g?(rcd'?lw eﬁus

S@P@Evﬁg%%fea%ntlbtys@albswduc{t@o% 8}enm¢rﬂ§@1ﬁ ot Fgige Rel10 to 140°C,

al pha-onega al kane diol and, if used the aliphatic
nonool , the nol ecul ar meight of such conpound(s) and
the proportion thereof used in the reaction tend to
be inversely proportional. Ebr exanple, when using one
or nore higher nolecul ar




wei ght al pha-onega al kane diols al one as reactant
(ii1) above the proportion thereof should be kept
relatively low within the above specified ranges in
order to ensure that the final product wll
bron1ne content parameter. Simlar consi der atdq'
y when using one or nore higher nolecul ar melg
aﬂnﬂp)ﬁ%fm%lm%%éweaf SHYOAE - BHsT Bessygsan thsirgeerof 10 to 100 psig,
rdeesftablyWeighingabpp@toouggi. al kane diol s. [0069]

Afhb uqlﬁ] élg&incg:%el alphal onﬁ:‘e%??iﬁgné/ dloleI ! h?r se% Othe %ﬂt élap ic mtoP]oo! the

fl'or egoi'ng
pRelsarks avapght shsich é@lpp@@ri@b@ﬁd tb@elr@pa@oarﬁhqrwé ged ih i rgaction

helt @Q}@ﬁxﬂ‘éfbel M\ﬁ)\f&fnal |1’f0r S&tﬁxﬁbl@ whed ﬁl@l@lgbﬁ@&“t lﬁ@xle\h@gHer m3lecular
nt su

Sy el alsheogreg St AP T LRt Hbroro e ehorcol
rsbagtlibe kept rédnieyzdy lawi vathimthe abdSierspecifBrdmapgesfin Mahar to ensure that the
Fﬁr‘o@ﬁdt A8 PO ObroBYndt9GeRf pAdin ARP rﬁ‘ﬁﬁﬂé&%ﬁm@&% 2pply when
IS inventi.on, first, of ne g@
rug{n&w&s\m MPEy eamogiﬁglafc‘aﬂg'%@ﬁ?%lwwﬁé £3yih one or more
mmﬁprmskduhfwéQMtﬁﬂhdummgaaﬁm@uhﬂ@n1ne cont ai ni ng

e tégib Al h%ﬁ% ﬁgfcglﬁ dlﬁ{?ltece efﬂrlé? ?LB&E of%(“f&'eg&ngﬁw& ﬁ%p

évetm &r 2006
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i S S D R S P G

15,000 cps or less, nore preferably about 10, OOO cps
G’freﬂa%ﬁnoﬂmmrgt(ﬁrb{mﬂﬂﬂ@ﬁMr&flﬁft@héy about 6000 cps or
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ﬁ?ﬁaﬁdé%)fP"W}#b@ﬁ iyt b@t fqangdg ﬂ“ﬁe%eaarff @mnmssed ﬁf tlhat legghgee ypmine-
Q@nﬂh@ur&%ﬁlyoﬂ faad @Htirﬂ:ﬁﬂ maﬁé’ ﬁbx@&hé béad‘tfdﬁ of () tdkabainhPhthalic

@dﬂla (8) ali%%lfmct po gc) arqg ox1 Fmp Qg atalgas'tlg?%alwhg@c diester

aﬁermtllk@lezilwgbq@w @m@)ﬂwlfhdhmpwp @ﬁﬂ th[e(f@rmnijlatrpﬁélas a viscosity at
akPEBadtoet 8 bE cp@ P RS pRferATRIAE N8 OQ(Q&ps%bQéé? modd pfferably

'y
P ohi e T8 g o bt hol] Ao Tk BB, i promne
A"@‘@“‘ of phlesss abxhit phat Teendgprsbepslcatovb ebaattd Mé‘t’oe Pesratihdle

obﬁ n‘ciﬂfgéxt sread %%ul@ﬁ&ﬁ§ irfdhk Yangt | bhw{a)ezz@r In &0ion, typically the
nli c

t h
g‘rrrl R S A A R R R S,
porefudatior.chndipecfersblg ms nivawihag alstuk Bi2ghg K@ﬁﬁg of mkyhti@st er
%(P}‘]!PS Thé/\?a‘lhﬂlﬁtlc the g%%??ﬁco@oﬁ&r}f (ﬁ%o@@ MLt al Be HR sifie or

rbon at di ali ters
ngeu%taé% die e‘anﬂﬁaszﬂoues %F@Wétrﬁwé%w%ﬁ%?whed chain. Also,
pest dlgphbtée frpupy @b b radagd oumexaﬁanfbbl Ungatumetiespt@dly with one or
ﬁ{o"r@bl ic %Hﬂf\s” ik 8%5*9@93(19{ v ﬂt- r?&l hhtSe &;&?}g 91s°f

aSI e ester or ers re nt ed
BYF artie. gmarF are medwwel?a\ msalg RocaealFy) seiersmraps. While
wl&emema nidiety Sarr dokidz) u;rto 18%arbsn athfikl Jial(pH3tic afds R3Cj16 C,

n

%@b%hc%k%?c 593 dcls%re %refgzl'r%%v eA z)a%cu]ta.{fggl%lfenfeﬁ %g]el% ;f%llﬁ
z@umted Nispight- cﬁnp@fdeqarwyhicsacgi @itqq@S@o@@p@d opp simgle ester or a
eaBhRAInl STRstefs rg§FéLASd Bf theMignulor mul a where R2 and R3
are nethyl, ethyl, n-propyl, n-butyl, or isobutyl and
especial ly mhere such Cl-4 aIkyI groups are the sane.
Even nore preferred are the dinmethyl esters of
succinic acid or glutaric aci,d or adipic acid, or any
m xture of any two or all thrée of these.




[00721 The polyol flanme retardants of (1) can be nade
froma variety of aliphatic polyols and epoxi des.

Anong suitabl e aliphatic polyols are included, for
exanpl e, ethylene glycol, propylene glycol, th

i soneric butyl ene glycols, diethylene egcoI:”]NQYemberZOOG
pent anedi ol , 1, 6-hexanediol, triethylene glycol,

gl ycerol, trinethylolqvha@@4y4yy®n€thylolpropane,

1, 2,6-hexanetriol, pentaerythritol, tetraethylene

gl ycol, dlpentaerythrltol sorbitol, sucrose, and
“abphdin@twwtgky%osﬂﬂHﬂxNﬁkﬁmdéélb{CHWQCHﬁanémewh@b®wsa

néthbRH@f %t({)@laﬁ@ b2hGaR ahey E’ssf%@ieﬂefndgﬁl%' 4 ﬁﬁnbewremq%w More
at.l C

tain y
PR b & %éf@%ﬁ?ﬂé&&%ﬂ & ety ui R 1R 0 R e
mestahplhel ngfroppoxbudsort ibeitutyt aml dspedidlydvliere subleC,, alkyl groups

argrtﬁ)e%é.g'le' e ol'fnﬁefefl) %Oknef cilrﬂ&ﬁy] SR Fat i Ofcid A'I)glutarlc acid
cl.u

in et hyl ene oxi de, propyl ene OXId
oreHRIR PRI MR MiKTure O ant it gl e ofthesehut yi ene oxi de,
(@73 bUhyp@ang flaxiedearddnt? ef@ héaylbemeade Xiodey va2ie-of aliphatic
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dippry tohrsgeiiels SEFOSE; 1a)ndg eéhy ygosise+ Marywies of wo or more
suchplipiadtic yolye ROy Ehed HetiRg. fﬂyﬁﬁ&ll}s tlﬁ@tllp]ﬁdﬂie polyol(s) used will
C0§t£ab qup{$allc nh drid g reacted with the

I'JI H% G abo on a LPE{III'S)FCU

€ Catalyst is introduced
[0i0ﬁ%]o Nh’éhﬁé@ftﬁ ¢xemp1m= szf enosidesiptrgn be weeébm the progugligpsefghe
péyé, ﬂaﬁ&rretﬁfiﬁﬂ@ log1) HRUide s,ﬂmwéh@ebga@ prépPRnd BRiaE %pahlarohydnn,

1 as (9] rpon
SR ASRAHE. 220 B R, Aoy RRORARL G0 BB BT
pantylenegixidsgand au of thérsr»vesaé Ih@e#ﬁne ouighs. asptalﬂnq Pradas. thtld@rm
oINEH QQ%Q%”C](Q@&HQ %@éﬂ%l &Yc@daddﬁhé m foxﬁIresSde@o o fhoret Sa€h
SecC e Qfr epo

Rt DR Mg R TR S RRih 860 12 ggpbon
atpms pereméleeude. step. [0075] In formng the pol yol flame
[ow]arﬁta}ﬁép%nﬁg tl{e:b))lyﬁfiﬂdnw&taf&his%? (Ofa thh @teb @e%@ﬁ(ﬁﬂ'ts Sypialy

ey BF gl APt LRy R R rE i e apnatie

paledlr dbwitalnlp bathladtiicinaodured intlethi seaoten thidre. ofimions suitable
ca@li s@sﬁé}% br é’@@hﬂm rmaéﬁs@%x\{&l %}iwﬂ\@é% po@bsi@h acetate sodium
I pha i C LS ITS cul ar we
cop b s 3&?* PeALOTYE F{@ FYines gy aﬂagéuﬂagifr Céfaﬁﬁféa?(fe%ﬁmd
anneerg bslvaf sachrmao spatiqdiE hydroombeinadnfbeietrplayed mabé &rst step. In

th@@écgni steééh{]éiﬁlxﬁig ﬁ)ﬁ&rﬁ eo&tﬁitgk % 1%1?‘({%@@1 éﬁg)li{hé@\?gmn I:QBduct

mhEe m@&dﬁ%ﬁﬁéﬁ¥§mﬁf allphatlc pol yol to 0.5-20
[00T4)i Vialfemiisg i p@]@@b(ﬁledl&: refrdan e f pin ebesusedios o detredttants can be

t r
w8 P 05 L YRG0 0 f L GUALL RoA S i
of, é@fm{wv arvthalis pniydodg igene-fugsef ifrag @c‘rwlaédvef@f i £8 egilgalepfaveight
of%ﬂtahyladnerpbn@f is ik ﬁtone@m@pwe;@httdwahupb}&nhmﬁw@fwat:ﬁwe hydroxy!
grg%ﬁﬂ 3/%51 eeqH? alen? welglbt )?If gfé‘m%lf’lffg”/‘@f rf%%§1¥fg {s lljl}oel%cui]'ar %v&lgiht A
typind reastrnstadip gs ofe enm@alpléaﬁétqtr@bromophthalmnb%169 t¢ P10
within the range of 100 to 150C.
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[00771 Further details concerning the preparation of

pol yol flane retardants of (1) can be found, for

exanple, in U S. Pat. Nos. 3,455,886; 4,144, 395;

4,564, 697; and 5, 332,859. [0078] The other onent

used in preparing this first group of HEMIfO%EU YEMBRE2006

b@u@&lemt& Sﬁﬁf hﬂﬂﬁmh}}dﬂﬂi @5&0 r&:@m&hém%ﬁd Bxidb] ARk referred

tr | box
R g Sﬁ%@%&%}?ﬁ%@gf AERN R %2%3 Patents of
tokyel thyl Bxajuatkpisdif epdwydeo s preferdil 1atios preopy eguiadlenterf
@HtraBrol%b Winan@hd ﬁﬂde%ﬂﬂ?@@fl%bﬁ%ﬁh@to?ahphatlc polyol and 1-5

diis %bfxa a di pent yl oxal at e,
AETK F‘Ei p8§‘él?at e, methyl butyl oxal at e,

{0Gav61 h{Empéronats @seddh etchtyb reponithereadionnwill typically fall within the
g&@@%kﬂﬁi@ﬁ@bﬁj di - n- but yhnal onat e,

isopr.opyl nal onat e, dii sobutyl nal gnate

H1%5¢ht § wﬂwéﬁa&lwnﬁ%ﬁlﬁg fhetmsnaripD AbRyl flame retardants of (1) can
befdupll ot ydarmple) all S, Patl Ned. B;ALSS 8&@401&1:4695 4,564,697; and 5,332,859.
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succl |'succi
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grlogﬁltogéi tgltf r1 10}&5{1&9'6 edtdhé/prggalf { %it S}ilsobutiyloxalate dipentyloxalate,

metl@tﬂﬁwbwlagq meﬁ]ygztugfloxgiaics émﬂ{w&g{ilgpﬁg aitx@hylmalonate di-n-
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BERapiie Jiseprandr RS ddtoDuGirctpals ey BAPHF P eRYgthyladipate,
ey bdey]lEipacSs ad drtdogbusdiguet dtml ghyi-chiaar diphatid des®Ss vk Hvagght-chain

katmlﬁ%ﬂ@&&ds e&éra%%c{ p&ﬁ%f d@} mhﬁxknw&meﬂ%@mmes
wt % Of di et {ng\ﬁar a
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h % O%Eﬁéé OFITU atlons i nventi on

Wi Teeh G 1o S0 dheriu, Onefbapetiadsolved th |
neexammgamrabwnmﬂmiceﬁh}tdhﬂs wanRRE hRhthe &nxﬂ@f&ﬁh@@ﬁt 130 °@ for 1
o COR 0 LEAYEIAL IHRAE b aflog A0 KPR ALESLEN 00

kane | car
38 aol\ 1deighe aqgg gtuﬁpqré]ﬁ@n‘gqn?w and Ih]mva@)e w@gﬁtlmated to be
abobib3. CARSdicbflor(aDﬂJ’Pg ot propllSe eKide vierd allHIANEG QieQJuxture( Qt?r?eh for

Mmhﬁg%&@t@ agﬂldnutnﬁat éﬁé£ RURY ot bheaablgﬁt 0(? E{;g’? é%cuflgn of about

ép kgg wer e react or
Temit e waggten %H’Pﬂlé tothe mi¥utee d he pivtureesastsiioed widet those

cohditivedoastdut BemiretBhd tRG ab @i #hY &I@&Ht Pedotat of 65 g of liquid
124 Iﬂé{éiilrdoﬂ gctécpléqllé;r)ea&@lst{veg]d e bEE Zt?ﬁe %?p oLt gedatf) ﬂg&@& pPyaguct with

m xt ure
SHFIRE ¢ Hiplage Bierliiitlatgrand Bﬁwlatmmoun&‘zﬂl@h@f matpriadp ¥ he figished

poodudewasaberadidiaed DveFotfesland QBsly RA! T reshSATRLE aMhes are

Eﬁﬁ%ﬂé aci d nunber determ nation and the ‘val ue
vaas eétd%f%i&gzto be about 0.15. A vacuum of about 125

mm Hg was then applied to the hot m xture for 10

mnutes. A total of 25 g qfagrgyid had been collected
n the reactor overhead. DBEJ(25~g) was addedto the
AER WY oduct with stirring t Wt ace the distillate

ayﬁgéoﬁﬁ_,t(blgpattggc’@nount of fl ash%cbf,qaterl al. The fini ihed

Ll | nad..anal \/2

roduct was them drarned—+ro—bot-+t-es—ant—anad YZ €6
Hniee vi&imari zes the resul {9268 t hese anal yses.

mgy]:}mmber 171

Acid number (mg KOH/g) 0.04

[0094] Examples 3 and 4 each illustrate the formation of formulations of this invention
in which, pursuant to this invention, a new flame retardant compound of this invention is
produced in a viscosity-reducing quantity of an aliphatic diester of an alkane dicarboxylic
acid.
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Property Result Viscosity (cps at 25C) 14, 600

Bromine (Wwt% 45% Hydroxyl nunber 149 Acid nunber

(mg KOWg) 0.26 EXAMPLE 4 [00961 Di et hyl ene glycol (206
g), DBE dibasic ester (DuPont) (300 g), 1,4-butanedi ol
(87 g), 2-methoxyethanol (74 g), Nazcoe (3. 6 24)NovaRyper 2006
tetrabronopht hal i ¢ anhydgxdevipPg® g) were charged to

By abigfiser 01%”%4?42%55&9%%%@&“3% G PTIOP EdgHQirediol
(1 Z)raad Neyphe Hed) incd mn’al;rdmloﬂlﬁhadﬂ:smhﬁtﬁeld (685 @ wesé cighged toa2 L
ré’éi%rtah@ Heﬁte}@"{% lgb Xt WO@ %?tlé ﬂpﬂﬁfgte% thﬁﬁﬁ%féﬂuﬁb@%d and the

was a
f%wgé?ﬁﬂﬁfwh&ﬁbc @mya%d%% ahdspdgedin ope poriigyy The mixture
et J Oelinuss t6 deplaad was all@dedno fiirifot e haed 4 1 pePTh &ext, 320 g of

pgtﬁéf?erngin Q%%j éf%ts a%%gl& %ga I\éﬁt%u? %er pypfe St I %vgzg taIcen E)r ﬂl&%@l untumber
dgtemingeorgngthe galug e lmatsd toslw abﬁﬁ“rﬂjl SesA aacmm @fwbpmtriés mm
th\easaﬁeldaﬁwe@emlm gisurdRE @0 ndiutdre Aatmﬂ bf@s é of H\qmd had been

cXﬁeoye% %}e Ted Utorvnerglg ﬁg\(%’%ﬁ v«%alg e?deagg bhegﬁpt Pranﬁt ’lﬁ]lh'sglﬂ'lng
tcbtf@hace memwe@ ang estwtmqwemf fiaglestdi rowteridl. T hefinishestroeduct
@Bﬁxeﬁa@alﬁﬁd WRodMd afd hidlizBE T4WM 3 REMELEIes MelrBsuBih bf thkfd

q repl ace the distillate and estimated anount of
P4Ehed material.  The finished product was then
drai ned into bottles and anal yzed. The results of
these analyses are summanigfden Table 4. 30 21
Novemnber 2006 TABCE 4 Prope 5&3 Resutt——ViIrsTosTty (TPS

| Broppdy) 5,483 Bronine (w% |£es8% Hydroxyl number
%’}éomé‘:('cﬁjsd?ligb@)r (rrg KOH g) ( 1%%0@0097] Exanpl es 5-8

edallr 1 | | ustrate—t IIC Mt C[Jdl atton—ot valrTOousS

Bormut avi%ons of this inventidA% n which a
-cq]ntal ning diol is f()rgyl ated with a mxture

BxiaNRIntbeb(1h HHOBY 2)Hexane di ol | 0460 g) and KOAc (3.0 g)
were charged to a 2 L reactor and heated to 120 to
130C. Tetrabronopht halic anhydride (1400 g) was added
in 4 portions at 15 mnute intervals. The m xture was
allowed to stir for 0.5 REAMEEE 430C. Next, 300 g of

[Q096pYy Déntiey1 @i glieoa 6 gy BEBE divaic atet (Ihﬂltfnt)ﬂ&(ho 9%l 1, 4Autanediol

P RS A o0 € ISR ISh g oo
gBgerg befrgism@ya leFractopsiiddisaiig tel AdBOdCaddient § winge the reaction

mit thitdlcRBiredlaN@ addiii 6hal OOE b 4RGSR EPHAR R Ankydiae wab&dded as a
Siplgl% addition. The mixture took about 20 minutes to clear and was allowed to stir for
0.5 hour at 130°C. Next 350 g of prapylene oxide was added over a 1 hour period. A
sample was taken for the acid number determination and the value was estimated to be
about 0.9. An additional 25 g of propylene oxide was added and the mixture stirred for 30
minutes at which time the acid number was estimated to be about 0.5. A vacuum of about
50 mm Hg was then applied to the hot mixture for 20 minutes. A total of 98 g of liquid
had been collected in the overhead section of the reactor. DBE (80 g) was added to the
hot product with stirring to replace the distillate and estimated amount of flashed material.
The finished product was then drained into bottles and analyzed. The results of these

analyses are summarized in Table 4.
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The m xture was purged with nitrogen for 1.5 hours.

The I'ight brown/tan finished product was then drained
into bottles and anal yzed. Table 5 summari zes the

results of these analyses of this unfornul ated

product. TABLE 5 Property Result Viscosity {cgvespber 2006
25C) 47,300 Bromne (W% 40.5% Hydroxyl nunber 197

Acid nurnber (nmg KOH g) O.PABE}YVPLE 6 [0099] Butane
nd-Na2CO3 (3.6 g) were charged to a 2 L

reapér and heated to 120 to ﬁégg Tetrabronnphthallc

anhydr 1 de (1800 g) wWas added T 4-portions—at—i5
Y BERssY i @t 371 The mixturel $48 all owed to stir for

QBQHHQyﬁWg$ 130C Next , 361 g 5g6ypropylene oxi de was

MAC talian 'Fr\r 'l‘ e

added—over—a—thott 'pCI oth oan’.u E—WaS

adydioximpmber 31 21 Novenber 2008 deterni nation and

e A G T ot o addbtl and-aftar 30 mnutas,

ene de—were-a

the aC|d nunber was estimated to be less than 0. 2.
The I'ight brown/tan finished product was then drai ned

$@§ﬁ ttIF 3£ aﬂgg zed. Table 6 summarizes the
| B Res el @%@e@rw@wp@n pinfagipwioameations of this
ipyaydiog in wHiABR BrGnindcanpaiiny dicBUbimul MG S infxt1&RT aBfhatic

t% 47.2% Hydroxyl nunber 198
Ey %%Mag@dm@bgmﬁeﬂcﬁsw 12 EXAVPLE 7 [0100] But ane

di ol (455 g) and Na2CO3 (3.6 g) were charged to a 2 L
reactor and heated to 1R&ANPLBBC. Tetrabronophthalic

dn d i-n 4 porti
Labih e“e?%%eéd’@%%fﬁ@%@%ﬁ e BRFEHRET2 B rageler apg peated
19 &0 dkdp Gt Tetspesmoushalic a!éxydrgdqﬁlfm%mws efdedoR tdertias at 15
neidute dhtervels. @hdmhaue wae tammbd t&sﬁ?gp(b @h&li\ﬂsat 1 3dcen gk, 3*06%
I | on_an e v ue S

T B S Lo A R e

s rRingtaend Aoy adier veas e@@ﬂ«'ﬁ?dﬁmt@@bwtﬁé’ aécﬁmthmﬁﬁo@of mwasylene
oeiglt ivepd ided endofiek @(Sﬁm%dri]@ NthO ad nm?jib& v Gmntu{?fdwﬂeta%ht 0.1.

I S, e r ne Nnt.o (0] es n
T T M RIS
an éhey Segnegfiniphiogles prrdammlyred dipdlsriouimoariza®ABE £sTlts of these
afel ppe ot ttisRafdtnllatedipsssi ty (cps at 25C) 22, 360

TABLE 5
Property Result
Viscosity (cps at 25°C) 47,300
Bromine (wt%) 40.5%
Hydroxyl number 197
Acid number (mg KOH/g) 0.01
EXAMPLE ¢

[0099] Butane diol (455 g) and Na,CO, (3.6 g) were charged to a 2 L reactor and heated
to 120 to 130°C. Tetrabromophthalic anhydride (1800 g) was added in 4 portions at 15
minute intervals. The mixture was allowed to stir for 0.5 hour at 130°C. Next, 361 g of
propylene oxide was added over a 1 hour period. A sample was taken for the acid number
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Brom ne (wt% 45.9% Hydroxyl nunber 194 Acid nunber

(my KOH g) 0.11 EXAMPLES (0101] In these preparations

di et hyl ene gl ycol (DEG and sodi um carbonate were

charged to a reactor under a nitrogen atnosphere. The

m xture was purged subsurface with nitrogen 2fiovember 2006
Hét%gélﬁaﬁﬁﬂggd [B&My a@ed't@ bd RfuE PNIE fl@tftlll_eé %52 E%f propylene

etraErom) thal I ¢, anhydri de (
%é‘é&’e‘@\?éiiedaaﬂﬂéﬁ?r&@ e AbG SBIRET §a5 Y bnaed tfdgcss ban 0.2
Thelighe dtovini1ag ﬁﬂils:b!ddt]fr@:lulcﬁwﬁd’tﬁfn driined @b botlesIhdrnalytals Table 6

e B bR e G T e

was then added at a rate sufficient to maintain the
reacti on tenperature betwepaBL& and 140C. When the

eThyI ene oxl de addl tlr on was conp et e, t he resultl‘ng
sebtife was allowed to stir fnRS’E mnutes.and the

aQ}sHoY TBRM 39yt he product wass gigt ermned. |f the

actrortmber—was greater tham (0. 4, more et nyl EnNe OXi g€

wWarEdded?)t he resul ting m xtjufe2%as held for 30
] val ue was remecked Th| S oper atl on

rAagelmbexe(mgKQHEg)than O 2. p@n’nZ attaining the deS| red

aci d nunber, the resultant hot m xture was vacuum

stripped for 20-30 rri nutes. After stripping the

resultant m xture, |l e aken for anal ysis.

In the respective four pm s the nolar ratios

P 00]heRuthgadiblans Sg)wad &lasS0-JAov) were chalyed t8a 2 TABhdto1and heated
r d1n 4 pbrtibndat 15

SRR MoylHERUED St g LBk et

VI iDteRtlo rTES AT oM Hpeed e SR AT 6 9text, 460 g of

ARkl &idy epalddtd ®rr ¥Vil $60etiyd. CpSample 2m€ ke dorlthe agig number

R0 350 wER R R Sl p 8 g 0 g vellenc
@gdoysre4ddet apd ol Panipptes. A, apth nynED RS qspgnated to be less than 0.2.
’n@erl altomnsn ﬂﬁ&lﬁzd@ﬁcﬁﬁaﬁ\eﬁ hieii drgine@iny eati@fandankiyzed. Table 7

P o~ {]‘[L%é%fgits of t%is mﬁl s%@?fftgjrs n tnjntﬁq egg)f&%gt four

for rrul ations. The formul ati on procedure involved the
pl acenment of the respecti VEABBRD €

Property Result
Viscosity (cps at 25°C) 22,360
Bromine (wt%) 45.9%
Hydroxyl number 194
Acid number (mg KOH/g) 0.11
EXAMPLE 8

[0101] In these preparations diethylene glycol (DEG) and sodium carbonate were
charged to a reactor under a nitrogen atmosphere. The mixture was purged subsurface
with nitrogen for 15 minutes and then heated to in the range of 125 to 130°C. Then
tetrabromophthalic anhydride (TBPA) was added over a period in the range of 0.5 to 1
hour. The resulting mixture is then stirred for 30 minutes after the tetrabromophthalic
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in a pressure bottle and the addition thereto of 5wm %
DBE di basic ester (DuPont). The cap and val ve were
then attached to the pressure bottle, and the seal ed
bottle placed in an oven at about 60-80C. Wen the
contents of the bottle were hot, the bottle wA$IWREWER2006
to intimately mx the contents. The bottle and
p@ﬁ&t d rature

aadi\ﬂ%g & Vﬁéﬂli?ég? ; IIE%) legtp gld%ﬁ%%%ngeﬁi%HRe% ga r?te 'sufgment to
R o retrlpsrenclap i 'S ke e sihy lene ovide
agddition o¥ak edmpe iy Bie at bt g\waik Rife acRetvedto 29 for 30 minutes and the

a\élcﬁﬁﬁﬁ?def YOI:%I"IJ’G: %&ddﬂ? %5?%5&96%6 If HE g.éai(t[i rgnuzg tr'g%ﬁ g{vei\%% éwi(@ 2,

UE r ook VI scone
E efhr} Pﬁﬂbl&? Mghadded cloe resylting ixterstae hield faf30tihimutes, and the

pheseddrechbetetl] ThisRiperatiieRad tdpdabt@nmtl] thbh&M nWhbd} vaas in the

E d
SISl Mo 2 O b APRBHE RS 4 BREb b B enypant ot
U wpevacEEm sHippediEr 2030t ekn Afterissippsigthe resultant mixture, a
seh@p R rvits Rikich @5t 2@R1y§iBI B (H®FeSpecBid fdhepBhLRns Eﬂa%ch&qgh@seof the

rga%%gq%erg or Sliggéqn tbro%1 myl ation was cal cul at ed by

fofi'ne content of the sanple (as
determ ned in the respective exanple) by the
percent age of the sarrpl e |m1t1§3for mul ati on (| e., by
0.95 I.n bWi% DBE _formulattonyg and— by 05— 1Owt-$DBBE
EPAHMiaR Nens) | TRBAvi scosity |4 br oni ne_cohEnt of

gach such sarrpie formul ati ons are summari zedqi n Tabl e

10 betow —TABOE t0—Ex— 5wt HBE5v Prt-%%DPBE—1——
| &at % DBE__For nul ati on For nul gtlin Br oni ne Fot ful ati on
Formul ati on Brom ne Viscosi tyl,:s( cps) Content &
Viscostty—{eps)—Content w945 7750385 250836 4%

6 5375 44.8 1876 42.5% 7 525%Q0.43.6 1750 41} B% 8(1)
9250 44.5 3125 42.2% 8(2) 6875 43.3 2000 4TI 0% 8(3)

AP has honm ot iintholshofs 50 im0 riE

when incorporated into polyurethane or
pol yi socyanur at e foans at TlABIdi mgs substantial ly
al eint to convention  formulatipns, have T ame

Fr%%aratl At Vshlaﬁ)a@t erassti g SQW% H'ear e| BYdrb-eB84. Bromine Wt%

buualanllally egtH-val-eHt previ-ously—known

f or mul atfi @H380whi | e al so |Er2ivi di ng thgossi gni fi calk .99

dvant age the reduced viscosity| and relrativel
%i gh brgrr?’};ag_ggo ont ent chj‘rOAHr eristi quﬂt aught h =f151'%191/°
Furthernogge20 t has beer mh;ser ved thaiy the fl apgg oo,

etardarft” fornufr ations this—TnventTon taverhrgher
hydr ol ytliH.0ahi 1ity, ar @quart i nptdved procedéillig
characteristics to high-water containing (e.g.,
[0geXat Bro fdimnlatibairkert Me%u@ﬂ u§1ﬁ§seﬁxﬁ§é3®f eﬁdheﬁ%duct made in

B I nar

ot R B TR s b P, Esafotag 1
fomﬂlﬁw na chmpaletion pecgkiamplevedihe plaeeindnhof he papatiee sample
in prpeRadrabb @ sn@fhedddition thereto of 5wit% DBE dibasic ester (DuPont). The
cap and valve were then attached to the pressure bottle, and the sealed bottle placed in an

oven at about 60-80°C. When the contents of the bottle were hot, the bottle was shaken to
intimately mix the contents. The bottle and contents were allowed to cool to room

temperature, and a sample was retrieved from the bottle and placed in a small sample
adapter cup maintained in a controlled temperature water jacket at 25°C. A viscosity
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known di ester/ether diol of tetrabronophthalic

anhydri de having the | owest viscosity that could be

made usi ng conventional known technol ogy optim zed for
producing a low viscosity product. The two

preparations were combined and subjected to ahalNgyraber 2006

3B RIS L BRR LS o B SRR PRI e P
fomobiion yiscoris e The eqries @féh%préﬁsetqﬁm&@r@ headprtigpgidyted with a
aRLHeO q]mmmnm dibesivedi@ (DaP@itpRdbian 8 10986 DBE foffeition and

nitro at nns m xt.ure was
gbebsa{?r e PEOCE edure A pe e%tf?% 1éleorr]<?efr 100 t v1sc 5/ c\’egeam%nre]mon on this more

Hiate dtentl.o Thmbltonenﬂr camga@t oF eaczgomla_tsm@amhbnlated by multiplying the
bRINGADERNDRR Bmé lsdrfpla @al!:)(ﬂfehﬂﬁxe& -Eﬁﬁé\}esjﬂ@e'iwéléﬂ%lé)\fﬁfth@

d
Rricritie of & R o i B PIgon o il e dn SrePEF ot Btions and
beOdah i dwop M iaforroulagersy.dhd deccaitidirtd nmirs: cootepl dteach such
SE%Q@X kRIS (RhatBR ib Tekle 20adwat a rate

Icient to maintain the reaction tenperature
bet ween 120 and 140C. \Wen the propyl ene oxi de

addi ti on was conpl ete, theTABBH 10 ng m Xt ure was

IoWe for % nut es E} acid, hu
% %
? t rrf atlon Bromnu? u]a EaCI d b%%%{n g’mme
¢

gr eat|e cé%) 4 ’Con{gg &Ry Opy ang S| é§ wide}1€

1
cSul LI Y III AUUIE WdasS IICI u IUI OU III riort Bb alta vT1Ic

Val ug e rechedki® This oper dtixd®i was repe%ﬁ-éé unti |

 he dc nunber in the deS| range, |i | ess
Ean §33'5 Ypoh —??‘ZS. rrg—the—d o{@gu m,.gu qﬁﬁg&——i—hei

[ @sul [t#0 hot middtdre was vacyulidset ri pped if ©r.3%0- 30
ngait egcz.QAfter qt |50p| ng the resﬂzgant m Xt u~§2e2'y

|l S..t al/nr‘ OF anal \ICI S hao rgon et Wo
JM"'P' A>3 VAT CT ATV O ]

pg@pareszsons t he 4‘5(11 ar ratios df20ohe  eact] k. owner e
a ho In Tabl . TABLE 11 |P aration . BPA
jﬁ%q 143#1 21161 8{5%\9107] Tt 25)1-600
ps@pegrdoises of tkm3rsesultant pr gpsnat i ons arfeq1.5%
summart zed Th Tabte 12, TABLE 1Z ViscoSity cpS at AcCid

No. ng Hydroxyl Bromine Preparation No. 25C KOH g No.
W% 1 and 2 conbi ned 48,750 0.09 226 44.6 [0108] In

Ldlﬁat]f Of; %Q&Béég f@lﬁ-ﬁ‘%ﬁi |t RS RitBhis Sthd lﬁmﬁaﬁ Ivman E&Bﬁ;"o%ﬁto

ave been nm rom ne- contalgég% ﬁ
PRYVERDRRPTIPADIIGY R AIS RFR flloagingsseogipniy zsafau"zaéﬁnémfon"enﬂon
fopmuladons, Bse,flapteatardabl chambotittict @mmre pdesst substastjalland

\%lé?ﬁ E)f ﬁE\QEI]JsX ﬁrg)%} foégxblgﬁ)&qs %Htcl‘le 91 so ?&\;}dm%f'h@ Qgﬁfﬂchﬁt

e prefera rom ne
rbRRiass Oéﬁheaff?d‘lcé%’tsc%% ged www %%Ofﬁ‘ff@fcé?t%l charggightics
abgitherdd. Wkhelnibré, HEha¥D8én qiaied thadhe flamd rm@ais fédimlations of

] és:”meQ%O fweam r}ler ggﬂwolo*ls stg}fn 1%?@ hﬁ)\éﬁg%ﬂb%gﬁc?@\égessmg
¢}@sae;tel lpm@fter}gabf\ymtwoo@m%@ gorerqages ghanpbpe Iw%rffé thegpsyn) foam
APmORReEPS @mpaRI3e pANEusly known phosphorus-containing formulations.
[0105] The following Comparative Example involved two separate preparations of a
known diester/ether diol of tetrabromophthalic anhydride having the lowest viscosity that

could be made using conventional known technology optimized for producing a low

viscosity product. The two preparations were combined and subjected to analysis and
physical properties of the combined product were determined.
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35 21 Novenber 2006 still nore preferably 6000 cps or

| ess, and a brom ne content of at |east 40 wt % and
preferably above 43 wt% [0109] In addition, reference
has been nade herei nabove to formnulations further
conprising (A) at |east one |iquid mono- or 21November2006
pol yhal ohydrocarbon in which the hal ogen content is

one or nore chlori I s per
nol ecul e; (B) at Iggé géééTﬁﬁﬁﬁﬁﬁgmgiggbon i n which
(94081 h & Bgeerprersmtions dlp@th@ym&( EG) tridovoidive: canleifvate were

charged 0@ reat @ Bider@mitdgbn BOISIpie. (e @REré Bhs pWbidsubiface

8 R %S A Bl Olieala OPE pbber B8 13t
f%bm%bﬂ@h@ aithy giidee([TBY Ah aveaddled bsaagietiyd ingthe 2m@: of 0.5 to 1

haiao lT(he 280000 nﬁféﬁr&ﬁ tHeﬁ §§ne(pf6?_fi ChaRhss AROME te:{-rgblg%pﬁ@%hc
?800 cps ar |ess

@ e R B sPariag Jroablsnt o Dpesaiesiadded gk qutiien
tomainiainethe cemtiemtempératate betash 1aband 140 CWWhaante propylene oxide
a&ﬁ%rﬁﬁz@s@oﬁﬁ&@‘fﬁe RO ARME %as Aibed8o BRSh: J(fJIl;’lﬁ{U?erS 64 the

f | at t
SGROSATE! g bigRs Lol e PR Rl Lo PEct L R

mhee, m@wlcmzijoie wasigdedmbe eesphtiaf eriatale w0 P30 Aint&S Sad the
vﬁﬁgwa%blﬁéckém rﬁn@&p%ﬁaﬁﬁ?@aé’ref‘)@ag& V\k%ﬁ? iffac d%ﬁlﬁ%b&laafgs[ in the

ne con ent

deéb%@]éaﬂ&% It /%SS h@ﬂ@él Upsnpinas fhfék@fqd@al%mwyr élliféfﬁﬁld‘@m hot
mirdme VeI Vﬁ@mmJitap}&d)ij?@FH) thiRuteRi Aﬁdm:mmﬁg the réMfiEidﬂ ﬁ{ixmre a

saﬁlﬁﬁ@&gse@\érpfok Eha'i)gﬁ ﬁl g %sﬁl&ztlgg tv% %‘%8 ati ns ¢ m nt rIaIlos of the

exl st prior con

, mﬂﬁ@@ﬁ@%“ﬁﬁﬁ@ﬂﬁh@éhP@férred to by chenlcal nane or

chem cal type (e.g., another conponent, a solvent, or
etc.). It natters not “h%ﬁuﬁﬂ§91°a| changes, if any,
take [JI ace—tmthe—resttti o xture—ofr seluti-6has

Ropdiatshidiges arfBPthe natural| PEBSult of bringing the

gpecified subgtances together. under the condifions
caH-ed—f-or n..rJ.unnf to this ]rl‘cr‘l osure_[01311 Al sq,

CAaAT T CUO T 'uJ T T

Z2ven though thea clainms may rlefgr to substanqq$ in the

present Tense (e g., CONMprises  “T5*),the
erenc is to.the.su st ce as it exists at th | NE
‘“Ji R ST Rghpsieratpns Bl shtrsrd i Table T2
with one or npore other substances in accordance with
the present disclosure. PAggpigAs may be expressly

otherw se T‘Thgated, The 2&‘&3}8 ato éan f—and
Fa&patisBd Ner el it egsIyePs Rintledediot ol i mi | Hydmuyls hpBFainine
not _he constidéd®as lip tliRE8H/8 t he deskNeption pWidp

1ghgbthgu@d5|ngg?elenent d mhlch thel ayticle rgigrs

Ratner,—thne t+€C€+re€ aR-—-f—an as—used-heretn

is intended to cover one or nmore such el enents, unless
the text expressly indicates otherwi se. [01121 This

[0108Y eiiit the I’foﬂegmﬁgl 8&8@1&0@0@ tﬂiﬁnﬁﬁﬁ‘@h ﬁ’ﬁ'él%me@ hé{@r‘de@ﬁ ifaBe to

and Sco
brdﬁ%ﬁnp Fﬂ’[gl %ftrtléw 6x?xﬁ:6t1%ﬂéagmg&w%ﬂmfa)p J%?g‘dce P%EEIJ@HH@OQO CpS
or fepgyipreferabiy ab@ﬁ éﬁm@p eRstor kres, eohstoragdiesbly dboitt IO cpher less,
and EtMElﬁlbteQﬁ‘ef%ﬁnyQﬁo@%O@G &l R les@%RIMbidnlicALdnae of at least ebbout 40

n h what _is in
Wt%oa\?e Eeéeld'%l DV§@$°‘183? Vﬁﬁaﬁ" ﬁﬁénoséﬁ@ﬁﬁnﬁ‘ﬂ € ?’%‘ihﬁ’é:méﬁ}EF t he
brosgjn¢-eetaining dudﬁ‘ewfeknﬁ inv8@ion have, respectively, a viscosity at 25°C of
20,000 cps or less, preferably 15,000 cps or less, more preferably 10,000 cps or less, and
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21 Novenmber 2006 CLAIMS: 1. A flane retardant

formul ati on conprised of (1) at | east one brom ne-

cont ai ni ng polyol flanme retardant formed fromthe

reaction of (a) tetrabronmophthalic anhydride &b% an

al i phatic polyol, and (c) an epoxide, and (2) 21, Noyeraigr 2006

Oé%@l Rk PRAGARy @n@ﬁép% lor 1685, afda BlosaREcHiEAb DAXYsE 0 F0k dnd
that the forrmulation has a vi scosity

aHre e?%’g B&P‘%\%iomﬁzo 000 cps or less, and a bronine
clone%ntinafldidon, refashceine beerdtadettireiiboys todpmmlatiane further

' &nﬂrﬁn?(gl\)smggsf&{é lﬁ;l"flicfjmgﬁcﬁ %Pﬁblsfbfe%iﬁlﬁ!dﬁ)@%ﬁn vl ﬂ%ﬁﬁilogen

ation as_in Caim r&i sai

\iosEegkisope pmgisshitoring apsber 125?)‘?“’6@’[0“?5&5%, mo}?"“& ) at eaSt one

Iﬁﬂynaloahﬂb@ﬂ inshitinthelhalofed cosfegt Binmads apa! vhlsdosaridjoritomine
RAL LAODPSE @ and g@swbté tie/rd AT ALLPDE @9, {H). A(CPhas 2

ne content 1s
a‘b@l@ﬁmﬂ@f Ip#sbangibow, 108 PR T GriviSh f%naﬁy%‘sfwaiw"i ayiscosity
wheser bf zﬁmﬁt 20,000 dpe of IREY, gfﬁferéﬁly sledud 10,000 opsl catidsemés preferably

ag) ??Oﬁ)@ é:pi %lesgt %ﬁlislf e ﬁraehelrab qﬁ!ﬂ%ﬂ %d()oc!%s oP[eTsJ] Ghd a bromine
pcmn;emmm JadstabartdOrviPnangiirefbrablyabpivg f@@é‘rﬁ%@hﬁ’ eHtthg giost
%@fc%d BRb&ImERL Hebd R rameh&is hew Eﬂsﬁ&h&él@ NS vip@sity at 25°C of

h
Fgﬂ (g@e%’s 85\%? eﬁrte%qr%b?%z(gg&(ﬂ%s %m%i(e: ﬁ éPeéaﬂ)é}l (Y&;ﬁp% or egse and
adtilmeore preféraly BORhepsfor X3, aaqha broytjine capjtangy of zﬁéeq@? lgi,wg/e and

t eferBRCHOL 41 Ko, (V). and (2) has a vi scosnty of | ess
than ab(gut 10

(BT g Red e clierion P et M o o g ocument
awbetsuctferr¢catin thesingnnpn@unb ategdentifiest ef they welsiafriar ) coming

IX)O o G andifer &lbstaBaSlerch@d ¥ B9 ch%mle%l hahewt @Iehﬁ(ﬂil a%e (e.g.,

Claim 6 wherein the viscosit alcggres Ih iake
BRSSP SHTIOR UTRILAR ey Aottt S| el eniBes it ga t
rgiharid antrefubimgrhiatiro or obitjonj sedchofhades azet the eatutal gaselt of bringing

|
e e T

af'scl9WEFst one al pha- onega al kane diol, or at |east one
dlophyg- Qmeg,a:vai thangh e olainandayatefdr easibsones imibe preaemtdense (e.g.,

rr%nl%?rléesan%”) hﬁ %fe}eg%slts 1PRE s@ls F&ﬁgﬁ&q Xktcl8e th@ﬂﬁileggs\ béftore it is

one | ester a ane di car OXX
afétistonigicter, blﬁ@eé o e R BRIt e o gprance with
Vih GRS Yisdlbsido Eidéf:)i Aeitbe20p ROy ctherwise thdisated, aindaracle "a" or

br lapi a0 s CONLE c'érem 1%:"'%‘& Jlt@%?eﬁ t@ﬁ%ﬁ’tt anﬂioshgﬁhf"noﬁgbe é%nstrued as limiting,

1on as
atb@ descipliQog a@b@mé@ a singlslengp! toigh Wi ﬁfeé%; “Ragher, the artcle

Gaaippr S whan el iked ﬂél@m\dis sa8led Yo doverdeWr mbs 920 epsEnBy unless
on.as in Caim8 wherein said

\fﬁ%i%g?’t%l}%@é”%c{ﬁ%auetsa 00'€ps or less. 37

[0112] This invention is susceptible to considerable variation within the spirit and scope
of the appended claims. Therefore the foregoing description is not intended to limit, and
should not be construed as limiting, the invention to the particutar exemplifications
presented hereinabove. Rather, what is intended to be covered is as set forth in the

ensuing claims and the equivalents thereof.
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21 Novenmber 2006 12. A fornulation as in any of

Clains 8-11 wherein said brom ne content is above

about 43 wt% 13. A fornulation as in any of Cains

8-11 wherein the bronm ne content of said fornul ation

i s above 40 wt % and wherein said formul ati on UNe¥egpber 2006

conprises (X) at least one |iquid nono- or
Q@bAIMAL ohydr ocarbon in which the hal ogen content is

one Qqr and/ or brom

ol edul o oAl Pt B et S R Snpremine-
ORI i&@@; flapa reprdant dommged é‘mapthe feactdrorfi (Aee@atddoophthalic
abhﬁﬂdﬁ,%%mﬂﬁa ha@d pcﬁﬁl Eerel)) aﬁfepm(l afd) ;j’) (¥east Whe D éﬁlgﬁc diester

09#? 3R $0380STE R bt o BB e o haons o
20h@et ahwat 39,8ebeistoy losf, ahthe broasivd ¢t 6Dt daakaibio w0 &%,

reduged apdo t r [
of (9, (V) ﬁgﬁg‘tld(r%%’m Fgﬂ‘ﬁg? v%@g?x?szﬁ%@%% })HS%S!HUI% 008 cps or
ffsts.)rrrul ation as in Caim13 wherein the viscosity of

sai d3r esultfamulatfoprasun Gtairon vWisrdie it eidcdsity 4$086utCRS00 leps or
1dsgss. 15. A flane retar dant compound fornmed from A)
tetrabro %ht hal i c anhydride; B) diethylene glycol;

O af' | ealtlOBpHAtISH N GRERA vdiekeihwidivistositpis aqputi68a&eps or

lsme al pha onega al kane diol and at | east one

al ' phat | CA TORARL0n 206 %' 2ridigash Wne?ellal lsaklx Ibreoglgejl %oci(;fte is

t he_proviso that e conpound
a’?ﬁseae?u 4B3Gte 60, 000 cps or | ess, and a br om ne
conté@nt oA fadmul@matas aboittor ¢Pimt Y04 HRreiA eI BRAMRAo@entiof said

f&nﬂlaﬂbﬂ'é Wﬁ\% &j th"/s %ﬁwﬁér@%%%dggn&l@%lon%%4%618&1?533 at Eeast

| ess.

oRf 1&]&%@990 g Palggﬁlph@@qadmn émyhish the hafpgen ¢@rientiscaepo mod:
cldsrinermnafoy beniGh AoHS péﬁn@l@cuw\ﬁ'ﬂﬂ ai 1&s§@1eqao®her6bﬁson in which the

t 45 wt
hﬁ@%%@ﬁtaﬁﬁs m?ﬁ@ ﬁé dﬂ?n? He: and/Pr %rlcnéni;]rte ato(%%,ﬁf Y@%ﬁ& (if 6‘30 and (Y),
Wb fiigaroase the spek e (ﬁﬁr{éf)oanda{zbhﬂswwggz@mfﬂm thapabbout BPO eps at
25°Ca ireanr Bichd anh tmmnﬁsc@&ty&)f&wr@wnaﬁﬂ f@ﬁnul@tf&)% fHlaBGdt8d such

, mp in
o e Brop et bk oINS RG (EORR Tt 56T ahour

43 vk % 2aformulssby aein @ompoyhtieiorithawsdonitChiiai i Giltant
fowigﬁﬁ@id’is tdRcal OMDe cia@at 8f . said for mJ'f ati gn i's

aboy, % and r.ei n, sai or urt her

c onpr i s es\l\% “ 5 a’?ﬁ\%}g&mu@ﬂ@ F‘?Ialiﬁ‘sgy ﬂg‘ﬁé {]]8?31 one bromine-
coB@FWM@h@'dﬂ@fbﬁmbd@ t¢imbwhiarhttahe attgtiods i) didtybme glysol; C) at
le@.ﬂ@neod] Hmfrﬁe\ilQiMaﬁé i€ oRRALRE or%r zﬁlg‘] A ABndib] and At FﬁSt one

1 ng ; %[’ east ci on In
oG RO O ARY o1 Rt e Bt B RbATdrie) D1 WpBHeeter
ofat ebkene dirarb@ylibetid, with (Xpraia thal)he fonntlhtidotes priwbsse at

Spb%‘f abif BO g(f){) £ or lt(sg()and gggm(lﬁé e}t Qféltll pﬁ)‘ Et”t(ﬁirtt/l €ss

abo t an am)un suc
VI s osi t ; fBFm‘t1 ﬁ‘éonr @é‘ﬁl (latine Wsrsipat verosty 1Sr9é’éll]fc]éd)0§rm8 or
lessuch that the brom ne content, exclusive of (X), (VY),

and 1§2) , Al §nfliati&aRGn é?aiﬁq'tfi%z/herein satd viscosity is about 10,000 cps or

less.
H. A formulation as in Claim 8 wherein said viscosity is about 6000 cps or

less.
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38 21 Novenber 2006 22. A polynmer conposition as in
Claim21 wherein the viscosity of said resultant
formulation is reduced to 4000 cps or less. 23. A

pol ymer conposition formed fromingredients conpri si n<r:1
(a) either a polyurethane or a pol yi socyanuratNovgRger 2006

(b) & f | a%fJn%Eﬂ[lgr%g maaHE)Hf](ti‘la% s @11 Wh%lnastalmommc content is

accor g Carmb ! ynmer conposition fornmed
PP Oh'b %—,‘Z'Y‘énts conpri si ng (a) either a polyurethane
or a Igol yisasyantisabeinangof Ohinas §-1 Brberett the tantinadmtent of

S%Id t%nnlﬁ)l{[itr%ﬂ 1%1 B&% 48%%670% \{}%ré sagi ?drmup:mog ﬁmﬁ &?Agﬁg@:{ (X)at

I en
1@@81! Py liqrid pﬂ@nwwhhﬁehxﬂme@r@mwé@éy@mme@ Cfarﬁ%nt igyynepr
hb@¥RIokiak aﬁcﬂ@rﬁrmam@ lémesQfer a]oie@mymtat RBst oﬂ@ pawhmgrﬁoa in

\%gl? @ﬁ%&ﬁggn %0&1%? ue:) aﬂ?@l%o?ﬂ I’&/or %bocgniu)x)e atgfnﬁ or éZ)oboth of
PO land £k yathuhcaprev lacnﬂha( &ich af @Ua@@ m@t(éb biasrit vispepismf less than
Jb@ﬁtnilﬂo%bé A 5°aCHANGhideint QcRivt Gb v@b@sﬁtﬁﬂéf e ddsult A forfvulation is

BT R SERRER e 3 ool Sl obh B e 40
W:té/nposwl on as in Claim26 wherein the brom ne content

of saisd fﬁpf&?ﬁﬂhﬁﬁbrpﬁb ih1akoMe i QeiWiHe % @04 pMrasigirtufaid
[ at.ion urt ﬁr corrprl ses (X) at least one liquid

ffﬁ’aﬁ atighy s s FRECAMEN i n which the hal ogen
contdlt i sA ﬂamae mtardmm eompdund formed fiod! 4) tebatominnghthedlions

agﬁ{ drrq’%aﬁfﬁ'ileﬁlylegﬁlg@t;l t?ﬁ%asp&ﬁ aﬁ@lld)élfh}kg El@ﬁx_@:}ﬁol' 5} MMUaGfbne

en’cont or |
rﬁrﬁ@aéﬂ&% bgnday} eaplgif a’é?h"‘? I00RpRY: I taﬁaftwnfb pliylene
q&ﬁ@vm&h thd‘qa’bwe(aﬂ]ht mé c:ﬁﬁ(ﬂ)qun(i‘ﬁ)ls a aiRchs{tZ )it 253@ o abdws 660 yps or

19:{] A Stgmﬁ{% C%Qt‘éh'ttofjafféaﬁﬁﬁmﬂ‘%:’, wnC 10 an amunt such

VI Scosl X resul tant, formyl ation is
r educléd arfecosionnd enigtCleimel hvbrrinsaid gicesy is aeat HsQfeeps or
leds. (X), (YY), and (2), is at least 40 % 29. A
pol ymgr c J: ) 5
D soad ty ToRIBhPE BT hiERaBaRERLD 1 0y 25,000, opsor
4500 cps or less. 30. A process of producing a flame
ret arigant A @nichad bR 269 IPCIaged] D17, dthetetasiid broféne content is

rom,ne (2l ning polyol, which process conprises: A)
aﬁg‘éet?bﬁatégﬂo‘ﬁ#{'xture fornmed from conponents conprised of
(i) tl8t r abr prtoptrchaippetionfomped freme ingrpdigntgeompising (prather a

;ﬁl)}umﬂn'e ©r RRblYRbeyafitdte(anll (D) aflanteq8GidaEnduntl6ll Lformulation
n al |Lphat| c diester of a straight-chain

a&?q{gﬂgt%?lya o¥PFile*acid to forman internediate
conp@8i t i dnpolemet cBnpostitaastin Gdrial 19 wlrerein payd bfogHnofontdnéis

abg&eegggggmﬁwﬁconpo& tion one or m)re times with (iv)
st qne al kyl ene .oxi de t ults in the :
for ng? i on ofolyngs; Ca{yllpas%?rb%fdg allfnol|9 Crgin HW?”%[W&G content of said

fopiilaivalis yhove drontoregd avheredx s Srablaiidrefugthendothgrises (X) at least

oRE ﬂgﬁﬁtmon‘bhgr mlémhgdr%fzargér) Hidn the ﬁélbé&n’coﬁﬁgt i€ b¥a or more
used bel n roporti orma f or nul ?

chlorine and/or romme atoms per molecule; (Y) at least one po yha ocarbon 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 reduced and such

that the bromine content, exclusive of (X), (Y), and (Z), is at least 40 wt%.
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having a brom ne content of at |east about 40 wt% a
viscosity at 25C of about 20,000 39 21 Novenber 2006

cps or less, and an acid nunber as determ nabl e by
aqueous sodi um hydroxide titration and expressed in

terns of potassium hydroxide, of |ess than akdutovgmber 2006
mlligramof KOH per gramof the fornmulation. 31. A

process ag pofiufer BbioafiondenetBink B1 BheRULES $istdy bEOK
0X %g_ls ‘[i]i(lanoved 2.406 process as in Claim3l
r?ﬁﬁfé fomuiatign Giredused QAL SR8 UES15, 000 cps or | ess.

33. 23.pr osesknes cimpolt@an forBitd Woer igredsaisdompaging (d) yithes a
pERRabon SRR A £ o) S S RLREERTOR o ] pfldon
aeperding 19 (JaiBvS as in O aim 31 wherein said acid nunber

is | 2&s thanlyakouimidshion fornkd Goanngfed €0l cp@priging ) efther a

, roce : rein
pbip QRN et ey e S GRET Sud R gy b BEf OGB4
agordipele J#iEm-of the formulati on. 37. A process as in

d ai mi% M@Slgfﬁieﬂgﬁﬁ}ioditibﬁ fiFinBe foaTiheRtichs cgmpﬁﬁa§(a) either a

.38, SS-as | i m rein..

pealtEor alfolisafimybl-ATERP0 B Kty dinf it o e fhion
agggidangiei(daimuhber is less than about 0.2 nilligram of

KOH per o blyRier ¢di@ositiof M#nad iohs ingiedienl @6ApHsiBA either a
an%@h&% c%%nto?ri]t A e!ng\lﬁ@ta t?aboeurt tagganw %unz%gf aA npiat
POrocedy A8 PR &A™ PSS SRR Py famasyae
acpgrddoiogps olgrlaimessBll. wherein said acid nunber is |ess

t hamabow pOiydedmgositiamoh & RewhaeAB@bdhi e content is

fornul ation;,, and wherein said brom ne content is at
alfoégg%‘(’@é%m%% W% 40. A process as in C aim 31

wher&.n A) peimteB)ompositipmeeip éldantd yhaemdichrethinegtonenieof said

f&mumwistéa@memw ﬁﬁt\blgbréh? :id ANE818Hn ABfhet ﬁ?lp%@‘s @)% %east
erejn I S .conqugted. at. Jressure I n e. range o

o e Brb st BoS R e b ioa Bl i Heloge fonte s Pe P mRse
chdertheBndar bropumchiatepkr anclank; OF) ariaet onegriybalatarb@siniwhich the
a0 OO oA
Wﬁb BEakerisgaht cac %ﬁ@&éﬁm@ (Zyihias A)Vlsa%fyg? les fbam ghRHhAP%ps at
26C, on@ arounpsueh titaetip eisatsity e6themesuhientifamgdatioh id 20@ctiand such
thiARGR ne\i%)%{eg{, %@Jsix}e%f‘%%@'ﬂ‘&%%&ﬂ&ﬂ ist RLESBWE, I n  the

rangf?so 30 prig. 3 ) Céss as in an_)F/y of
d aidfs 36 a@wapﬁﬁgm 95 1p §lagm Bgalagreip the viicpphatlisaid
regtil@ht foddulatfonpe eclessl tad0dincpChalem. 43 wherei n sai d at
| easky 0%, Bob RN bBa il Adthe MlafdaiY FBABIGbY ShprisdPor 421
process %@8{ oducl;)rng a 1'ane ret ar dé%?ﬁlfao!f Ul &t on cast
oTESgRingEantginingpolyeh Sthichgyreetiy GMNNESE ont ai ni ng pol yol ,
Ahi deatigaceisure Gped Fe/ coMpoi@dl doftpridedibii)uéteabr@nspdchalic
Fr O R QITRONEN e S PR3 R i Bb1ybl, hnd Bl ARLLIRRNNR & Gight
chain aliphatic diester of a straight-chain alkane dicarboxylic acid to form an
intermediate composition; and
B) contacting all or a portion of the intermediate composition one or more times with
(iv) at least one alkylene oxide that results in the formation of a liquid product
formulation, and optionally, removing any excess alkylene oxide present;
the amounts of (i), (ii), (iii), and (iv) used being proportioned to form a formulation

having a bromine content of at least about 40 wt%, a viscosity at 25°C of about 20,000
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anhydride, (ii) at |east one aliphatic polyol, and

(iii) at least one liquid straight chain aliphatic

di ester of a straight-chain al kane di carboxylic acid

to forman 40 21 Novenber 2006 internediate

conposition; B) contacting all or a portion &f Nqygmber2006
|nterned|ate conposition one or nore tinmes with V)

s OF &s and preacd Ryhlesias dstemringtiaby pasonstsedium Ipdeoxide titration

etrfareriﬁteg&a iRferds S{HANAGur HURXIRILALS (BAMM0O6H T inANgradtd KOH per
?’@ gﬂ{alfjﬁﬁ [EnVing any excess al kyl ene oxi de
PrEs e

'mxing with all or a portion of said
secont. | ntfbpwectss at m Cloimpd@ ivherom i(1\B) eatess dlgene @nde is removed.

rmno 320[]&' oléﬁé@é%'s Qmﬁd@gﬁﬁémﬂe@ndganrv@t)mtﬁ@%o@n? 0D®BRor less.

ar bon, OSJ
Chan Shout® FEe pSnd! a@s@ HHeEF ldhvaﬂf%@@rfs &‘a%?é{)rﬁsg gis or less.
(v) i ng Apeces anior@aichB bwhereinasadl/ vdscokityarhireit £000rsps or less.

per r&l ec l:!f{ Erogésg fs ﬁr@lgﬂ 31 folel(:%l)s’aid(ac d)nun{Hef fs)l%gs QﬁaYl)about 0.5

and (v) use el ng gr oportione forma produ
piligramad WHQ\EF% thetoimuatioBont ent of at | east about
40 vvt:% a A/peas hd W Clhin? SCwbércinabpiuicidGn(eDis ¢os thein about 0.2

%@?8 CI d n ?mlqﬁatggterm nabl e by aqueous
ra

ion and expressed in terns of
pot as3s7+ umﬁhpr@pw w:@ Cleltm P bwherelmgaiddenine rontppt|is ptdeaghybout 43
wit; KOH per gram of the formul at i on 46 A process as

in d ﬁl m Afgl}r\lc\ﬁc?%g %sl 12\ eaun %1 wﬁergl sa1 ? &ﬁs ugg Ob(§ J gps or less;

renoved. Ss asin
wheseio siid peidumberis lessthapebap 8. ZGFHHII@@Q .Of Kggl pf;d& gﬁ%ﬂ@) @%%19

i@ﬁntzlﬁtug ﬁﬁdﬁvﬂ@e%@iﬁ@r&nﬁt@'b&lt&’ﬂt$§£13éatst/aﬂoﬁt4 agcb@mm. 10, 000
cps S, as. i . ali .
S scarrpy e MTRRT £ B ey R BdC I G cps ortess
wheselesgd asid |nnmt>3tras FessiBanhlequé P A msidligian jo§ K641 pey gram abibat

ARt SR §nc9‘5vhér§i§§ald b%rmn@\c@t{té}ﬁ eSS l@a‘ét deuQSa\kft% 46
wherein said acid #sles

mill '4& am I?fo?é‘ﬁ;ﬁsplgr \g]aerflﬂéﬂfag? % LS ipée en%ftly ﬁ\onducted
3 poc esoEdenperings in thé range pe30T Cstaild0 He el whentie B) iisconducted at

Af;ﬁéémlteft@the% fof@ t@]OdT};d] gigramof KCH per gramof the
b ? g rr:]U ﬁ :t IC g%.q]frgi;ﬁss ?ssu&»flalf‘bils'f"ﬁ%B‘IBnlﬁ)gﬂg 'B?\ﬂe(yog\@ﬂ:te AEIQ 01%6? ordmore
tpnperesss ds the man@k af HOFE ot dddl andsahaeiniB) ¢osntyctédatalguessure in

s; wherein said acid nunber is | ess
(e e G0 hfen)

i gram of KOCH per am of
for mﬂzat i Ww%ﬁawé‘ﬂ@w ]s‘ﬁl’HEIBr"t?r?Pﬁ %5 &Y?r?f’%(ilﬂ“‘id?t gipe or more

tbrgpa hiuged duthe 40gab P4 268 1o AdPHOaebshasin i) iGloailmtetbat a pressure in
%} é&ﬁﬂbgoég] cosity is about 10,000 cps or Iess

|n sal d nunber is |less than about
b 4§r amParoresHrsga any paFoRs 1hé2 whepimihis |ablﬁastaﬁﬁahpha“°
ddlerein said brom ne content is at | east about 43 w %

o6. % pr O e;fsrgcegsahs dﬁ Cctg 1{5] 4]?er¥“ﬂ%£tr§ aple’a@t ?%’91 %Zuca&l%l 18

|ndepende at one tures
Cﬁlfﬁhxlﬁ@gﬂmge of 80C to 150C and vvher e| n B) is

condugt ed Agtroceds HRSEINE d flnidRtak @BRO®rahlatord @ndded of at least
e Iblgo'mine.'~n:ontaining polyol, which process comprises:
A) heating a mixture formed from components comprised of (i} tetrabromophthalic
anhydride, (ii) at least one aliphatic polyol, and (iii) at least one liquid straight
chain aliphatic diester of a straight-chain alkane dicarboxylic acid to form an
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57. A process as in Claim46 wherein A) and B) are
conducted at one or nore tenperatures in the range of
100C to 140C and wherein B) is conducted at a pressure

in the range of 5 to 50 prig. 41 21 Novenber, 2006

58. A process as in Caim46 wherein A) and B p¥mber 2006
conducted at one or nore tenperatures in the range of
120C15tgnqeﬂggmqm\g\ﬂﬁgﬁel n B) is conducted at a pressure

the ran S 59. A process as in
1 EPSed GRS 7k pamonmE TGRS Ttin: coroNan one g sore hmes with
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per g4 am “prrdé@@ ds it efhirhi49 Wﬁreﬂfm%%&&es@@l‘éﬁ@oﬂge is removed.

bet and 220. rocess. as |
oher Ern APIErGarhChRE A e oSty & bt 00y Fps or less
nunb@’r deﬁ eraviessab ireChym 46 wdote sotivisaosiy drabxitde,000 cps or less.
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éld 8u E‘{)% uct mxtur
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wher &l n sapobckisqu irdClhim da etherginxdaidr aidasntar ishHysd tiexybout 0.5

mRNBRELordRYIE 0 8! 2 aRuAfERYS sodi um hydroxi de

tion and expressed terns. of mlligrans of
ber B

KCH
am b POSFRIT (1t G ﬁl‘j”hareﬁ]r%lﬂ*lﬁ?t BRI e han about 0.2
miegramert KIFS peogrdm bP the foifmuldlioar ocess as in Cai m 45

V\herﬁ' n (A )oc!ss% ag 116(‘11% &6 afh?AJeMlCSg d brm.ﬁ{e%bﬂﬁrﬁt\{g at } aﬁta arl])é)ut 43

onsists e sent| a east one nono or oa
fd/ or at | east one nonobronoal kane; and wherein said
f | an@. r etfapdacss af or Clinaté ohelddssar \iyedsigxXy hbdua0es cps or less;

whELELT, gglngn . 1@%?&%& F@Rblﬁ%w"%ﬁ)&ﬁ%@ﬁ L I at | {zaﬁqgand
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w]gerg b hé‘ EI &08 ngn%grolls lesmer ebout 6\é)m1ll1gram of KOH per gram of the
formulation; and wherein said bromine content is at least about 43 wt%.

56. A process as in Claim 46 wherein A) and B) are independently conducted
at one or more temperatures in the range of 80°C to 150°C and wherein B) is conducted at
a pressure in the range of 0 to 100 psig.

57. A process as in Claim 46 wherein A} and B) are conducted at one or more
temperatures in the range of 100°C to 140°C and wherein B) is conducted at a pressure in

the range of 5 to 50 psig.
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consi sts essentially of isopropyl chloride and/or

i sopropyl brom de; and wherein said flane retardant
formul ati on has a hydroxyl nunber determ nabl e by
aqueous sodium hydroxide titration and expressed i

ternms of milligrams of KOH per grain of undi |%1tlggvemrber2006
l'iquid product m xture of between 90 and 220. 42 21
Novenb&r 206Q8oceasdn CRIMAGMRGTN 49 andABhirg cexlicigd af ¢pe or more
ednt et ilGhatdiBe 617120PCES 1 ydver fldRviadit BisdbadistednurBREsure in
1S betsq\ﬁgn }@O.and 190. 70. A process for producing
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.viscosity at 25C of about 20,000 cps or less. 73. A
process as in Caim?72 wherein said viscosity is about
6000 cps or less. 74. A process of producing a flame
retardant formnulation conprised of at |east aqne

br omi ne- cont ai n| ng pol yol, which process conﬁﬂl'\é‘é@mberzoo‘a

M e i ?%%DF: 1) at | east one broni ne-cont ai ni ng
pol yo rom 43 - Replacenment Page ANMENDED SHEET

21 |\|0V€SnberA Q6 asGRSheFB 8@1%{‘57 Erqg& é%ﬁ&? ?%Je h)%Poxglfl}ugnlbgr is
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Of (11 i i )A process as in Claim 72 wherein said viscosity is about 6000 cps o Jess.
74. A process of producing a flame retardant formulation comprised of at least one
bromine-containing polyol, which process comprises mixing together:

1) at least one bromine-containing polyol made from
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per mole of (i) with a total of 0.5 to 1.8 noles of
(ii) and (iii) per nmole of (1) used in formng the
m xture, to thereby forma reaction product in

adm xture with said at least one liquid strajght
chain aliphatic diester of a straight-chain A &é‘ﬁ’@mberzom
di carboxylic acid as a solvent; and B) contacting at
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79. A process as in Claim78 wherein said viscosity is
about 4000 cps or less. 80. A process of producing a.
flame retardant fornulation conprised of at |east one

br om ne-cont ai ni ng pol yol, which process conprises

m xi ng together: 1) at |east one bromi ne- contdiNguggber 2006
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. t .cps_por less.. 81. rocess as | ‘
oy BR e i SRt RE in Etign SR o0 At of
lepsetbayn abog).5 milbigrowsd K&PH pergtemiofigndiiddgmeivcefoandatiin.
LOY myl. at lﬁpﬁioﬁ@ﬁ]aﬁ 1n5(§€i|n9f75|5 @fhsdqeﬁlasﬁtd vi&B8&ity is about 4000 cps or less.
rorg,ne- cont ai ni ol.yo i C rqcess .conpri se
i xi gt GYRPHEP ot R HIEiRg & e e i o Jairieed of atleast
ongrboeuige-comtriningeolyot, mddctbyroecspeaupsss mhiightogalenpr i ses:
DA heahitge Blonfind BIRELAL PbKol Aadd ok ange of 110C to
140%a m Xt ure r msqj . e s
) reaction o ((1)) tetrabromephithalic anhydride (ii) diethylene glycol, and (iii)
at Jeast one alpha-omega alkane diol, or at least one alpha-omega alkane
diol and at least one aliphatic monool, in proportions of 0.1 to 1.1 moles of
(it) per mole of (i), and 0.1 to 1.1 moles of (iii) per mole of (i) with a total
0f 0.5 to 1.8 moles of (i) and (iii) per mole of (i) used in forming the

mixture to form a reaction product, and optionally (iv) an inert solvent; and
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from (i) tetrabronophthalic anhydride, (ii) diethylene
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t.hat
i) hAroipe %@Wr&f@}{mﬁ' g@éﬂfﬁatﬁaﬁmaﬁofam’e%)od%f S%f’“hf@c
Sumbnkehat the m xture forned from1l) and 2) has a

> ° 1Wture forme
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ps .or |ess n_acid ny
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expressed bhe ﬁlpharerega qbl@tnaﬂﬁ)ﬂ wimathtyaht oxd :dpha—@ﬁegal afigge diol and
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product fornulati @g as | n
wher ei n sabkiphatig é’é’ﬁ'ie]t of 4 sgra bﬁhalfu‘éb@e ﬂ?ﬁ’l’*yll‘ , in prpportions

0f 0.1 to 1.1 moles of (ii) per mole of (§), and 0.1to1.1 moles of (iii) per
mole of (i) with a total of 0.5 to 1.8 moles of (ii) and (iii) per mole of (i)
used in forming the mixture, to thereby form a reaction product in
admixture with said at least one liquid straight chain aliphatic diester of a
straight-chain alkane dicarboxylic acid as a solvent; and

B) contacting at a temperature in the range of 110°C to 140°C, (i) reaction
product formed in A) that is in admixture with said at least one liquid
straight chain aliphatic diester of a straight-chain alkane dicarboxylic acid
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with (i1} at least one alkylene oxide proportioned to be in the range of 1.2 to
1.9 moles of alkylene oxide per mole of tetrabromophthalic anhydride used
in forming the amount of reaction product used in B), with the reaction
mixture under a pressure in the range of 10 to 100 psi, such that there is
formed a bromine-containing polyol product mixture having a bromine
content of at least about 40 wt%, a viscosity at 25°C of about 20,000 Cps or
less, and an acid number as determined by aqueous sodium hydroxide
titration and expressed in terms of potassium hydroxide, of less than about
0.5 milligrams of KOH per gram of undiluted product formulation; and
2) (X) at least one mono- or polyhalohydrocarbon in which the halogen content is one
or more chlorine and/or bromine atoms per molecule, (Y) at least one mono- or
polyhalocarbon in which the halogen content is made up of chlorine and/or
bromine atoms, or (Z) both of (X) and (), with the provise that each of (X), (Y),
and (Z) has a viscosity of less than about 100 cps at 25°C;
such that the mixture formed from 1) and 2) has a bromine content of at least 40 wt%, a
viscosity at 25°C of about 20,000 cps or less and an acid number as determined by
aqueous sodium hydroxide titration and expressed in terms of potassium hydroxide, of
less than about 0.5 milligrams of KOH per gram of undiluted product formulation.
83. A process as in Claim 82 wherein said viscosity is about 4000 cps or less.
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