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RESI STANT PCOLYPHENYLENE ETHER- POLYAM DE RESI N BLENDS CROSS- *o
RELATED APPLI CATI ONS Not appli cabl e. FEDERALLY SPONSORED RESEARCH Not
appl i cabl e. WOAMROUND OF THE | NVENTION 1. Field of the inv@&IURy168e
invention relates to flame retardant coi’]rposi tions of conpatibilized

pol yphenyl ene et her-pol yam de resin bl éhds containing at | east one s
phosphor am de conpound. The invention also relates to the nethods to
prepare flane retardant conpositions of conpatibilized pol yphenyl ene

et her - pol yanm de FEAME RESISTANTIPOLYPHENYLENEETHER-POLYIMID&EPOSI ti ONs.
2. Brief Description of the Related Art_io Poly(phenylene ether) resins
(referred to hereafter as "PPE") Qisally attractive materials
because of their unique conbination of physical, chem cal, and el ectrical

properties. Furthernore, the conbination of these resins with polmﬂ{ummﬁ‘lmu"”m
resins i nt CRESPREFERENCETO FletatED ApsutABoNg addi tional overall

such as chemi cal resistance, high strength, and is high flow Exanpl-esisef
such conpatNotiapplieablgl ends can be found in U.S. Patents 4,315,086 (Ueno, et
al); 4,659,760 (van der Meer); and 4,732,938 (Gant, et al). The properties
of these blends can be further enhanced by the addition of various

addi tives FEHERABLY SPONEORED RESBARSH | | ght st abilizers, processing
stabilizers, heat stabilizers, antioxidants and fillers. 20 The physi cal

properti es Not applicaleyani de bl ends make them attractive for a variety of
end-use articles in the autonotive market) especially 28 FEBRUARY 2003
WO 001 12610 -2- PCT/US99/ 16815 for under hood and various exterior

“conponent s.BASKEROUNDIF THEOINVERTIORNS i N ot her markets have been sonewhat
limted by the tack of an effective flanme retardant systemfor these

bl ends. Sorfe Figldafidheilventibne applications) for exanple, electrical
connectors reguite a.fla at i in_th nderw L.ters s Laboratory UL-94
protocol of a?H? g&’;ﬁ"}'%!gfa‘%ﬁ go R%pe (etar ‘?ﬁ‘#@m"}"@éi"r@ ‘_Bg.t'lz?g have

out st andi ngaiHenyidng ethba) plﬁ%dé%ﬁﬁ%@%ﬁﬂﬁ@-at%% onal phosphate

ester flane retardant additives when utilized in PPF/ polyam de bl ends have
an i nadequphespbhoramide compayhek ti es to widely penetrate many potenti al

T ane. ret ar dafe BRI ATH ERatEiadae Meieds RRrepateiame Fetastail; ot tr act i ve
physi cal prc%ﬁ?’dsitﬁﬁ:s@ . Yﬁi&ﬁ!ﬁs@%ﬂamﬁgf,p@g@&% 5*&3;;{)&%@

provi des resin conpositions conprising a conpati enyl ene
et her - pol yanddarticlesiformedput ot thercompbsitionisecast i s one phosphor an de

conpound. The_prgsent.inventjo | s rovides articles made fromthe resin
conposi ti orfs Pﬁeﬁﬁaﬁﬁfm&m ‘h@t %t make flame retardant conpatibilized

DR NGS Not - ap e BRPhYIBHp ¥ihoaTedas BRRRRMAPAeaERRVERFIE) n ¢ he

P o ![ 'Cgi F{commi:"gm;‘mgiva ‘I'mehr;ﬁs ane et hethbirnggi‘ n an'ml:'aag?dg% de resin
‘éﬁ%it i | :pfuaicsl.@ﬁemﬁl. aﬁ‘ﬁdwwwues-h Hﬂhe@iiqr_ea&t? 'B'ai}/@%ﬂ de rﬁsi n
Feactive oSl Bolamiad RESGs NG OMAMIBIRHE bRds TelBE ' 21 D¢

agent to cuitional overallpropertiessuehlaspdirenyicalmesistanee, high strength,ind/am de 2s
resin. The corrﬁati biiizing agent is thought to result in reaction products

bet weth t highhligwn &xamples ef sueh cempatibilizediblends san e fouad in B8. t hat t hese
Patents 4,315,086 (Ueno, et al); 4,659,760 (van der Meer); and 4,732,938

(Grant, et al). The properties of these blends can be further enhanced by the
addition of various additives such as impact modifiers, light stabilizers,
processing stabilizers, heat stabilizers, antioxidants and fillers.

20 The physical properties of PPE/polyamide blends make them
attractive for a variety of end-use articles in the automotive market, especially
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28 FEBRUARY 2003 WO 00112610 ~ PCTNS99/ 16815 reaction pr oc&ngngArﬁprzgdée t he
conpatibility between the pol yphenyl ene ether resin and polyam de resin.
The inproved conpatibility results in ephanced physical properties such as
for exanpl Y0 9@fMased ductility. Illusfrative conpatibiliziPhGUS§YMSES f or
bl ends of pol yphenyl ene ether resin and polyam de resin include citric
acid) malefic anhydride, fumaric acid) malic acid as well as various

derivatives of the foregoin The ratio of po hgpyl ene ether resin to
ol yam de ReCundethodt 59 \Aflavs SKierdt cmPanBRts, PHNoTHl aeRlSaiodsi [ he
pol yami de réipbrmafEté Ravé bReRBmMdWeAIinRPSy tH ﬁcﬁr&larveﬁmvaﬂavﬁw de is
at | east about 40%y weight of the total to Tesin conposition. |ncreasing
the | evel abtardantsysiemifdethese iends. n"Sembafdbe désirable applications,for and i s
often preferred. The resin conpositions contain re than one type of
pol yam de rxample, RlAciealcoumnaciorairenyire  Tame aind iihe Undamterser , 1 he
amne (o agi | f I wal i varied as
el | bt nd PITEpH, Qrind Bloedlior atfodit VRIVCE BFYLZ, THY saivede I the
resi n conpaaigtiatso have optitanding duetilitycfiowe ane surface appearancet he present

AN AT A o e
o 210 9o bBRRRAbe Bhds fay 4f inkRicilaRy Baince LERERaAs 36 Uidely2T | 21| On°

of the 20 polyam’de an e polyphe er resirns do no act from

t he presentpgnatrats mamy pdtentialmarkets.| i zed bl end of pol yphenyl ene et her
resin and pol yanide resin n@/ additionally contain variqus_ property

modi f &rs such dkisdhecaferp-arpargnt hat aine iiesdaaxist foxllame el ast oners -
for thi - . . 0 el |
bl ock copollERECH (PN iR campoids Rl fesBiingl et AliefElET) <, °' " ©

copol yner s dhysital pfdpestied.t - nel efi ¢ anhydride). Especially preferred are the
so called elastorneric block copolyners, for exanple, A-B A triblock
copol yner s SHMMARYEORITHE BNVENTI0| yrer s. The A-B and A-B- A type bl ock

comor Sed of "ond B BiaSEHERYERGN prfdey rebh HaRBodRrs WBRIRT AL 1 | ot yr ene
bl ocks and o@rﬁgdgbﬂfzeb' my%hagmglkbne 8ther-polyaniBoNInZddipo¥RisIVhAd &t fbast-

PCT/ US99/ 16815 but adi ene bl which may be partially or tot alﬁlx
hydr odnat €ne phospheeamiste ¢anapeund. iThepmneseabipvention aé@cpf&vlﬁ% ielepol yrrer s

A5 A Lype Mool Shin ropsilipaE FAadoR S hghRids o aké fskie™og, S0 s
3,078, 254, rgiaf@ant Compaibitzed SolypRerfiéng therditlydmiddredi’catfisoditidng’at ent

1,264, 741. Exanples of typical Speci'es of A-B and A-B-A block copol yners
i ncl ude pol ystyrene- pol ybut adi ene (SBR),

pol ystyr enes pol I - .0 ne), polystyrene-polyisoprene,
- pol y(anet h@%@d@fﬁ'@%&ﬁﬁﬁﬁ'@%gﬁe, pol yst yr ene- pol ybut adi ene- pol ystyr ene
(SBR), io Fl%%ﬁpﬁ&ﬁﬂ%? pol y(et hyl ene- but yt ene) - pol ystyr ene, .
pol ystyrene- polyi soprene- polystyrene and
pol y(a- net hyl st yrena) - pol ybut adi ene- pol y(a-nmet hyl styrene)) as well as the

sel ectivel y_ hydr o§nat ed versi onﬁ t hereof . M xtures of the aforenentioned
bl ock copol%ﬁé"@n ESCRIBBONQETHE INENHOM. B and A-B- A bl ock copol yners are

avai | abl e conjiphel I ; i {eSa Phil |1 ps
Pet r ol eum under ?r@hl??%%gﬁgeﬁ"m@ rﬁglcpﬁ‘a?esglmﬁa ) ,éslsﬁlder t he
tradep@r k Kisfpatibili2edtiend dta polyphenylbnecethel/ fesi@ndeanpolyamideagegimder t he

trademar k SEPTON, Qt her property nodi fiers include nuc]eating, agents,
st abi | i zer LOPPRIlizad b@y@&,ofarnplymmy ng PmeéFQs'arﬂ!‘dr%PﬁW@%Wg@eﬂgents. 20

201 o5 oS SOPBPYE KT 5 . el S AR T lplBl T 0"
consi sti ng reactveoshpodnding dohnigueés Mvolving additiohtdieesdmpatibiiigingssent i al

structural units of the elastoneric polyolefin are derived from ethyl ene
and at | easRgephto campositions contairing poliphepytang ether resin andpelyamidecxene)

and 1-.poctane,. 2Smlh [ .1..ons of . et hyl nd.a -8 l-olefin
are ndf cr esioa T SuRaaasinng Bl i hateRLP B3fed rofdtn ks, °oor i on
of the pol ys8tween [hél?él’y%@ﬁilﬁﬁe VI resRdnd h%liﬂlﬂﬁfe‘ re8iM ardthat tifgseoner i C
polyolefin is a functidnalized ethyl ene-propyl ene rubber or a
functionalized ethyl ene propyl ene-di ene el astoner. The diene portion is at

| east one non-conjugated 30 di ene, such as ethylidene norbornene,

1, 4- hexadi ene, or dicycl opent adi ene.

' oh
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28 FEBRUARY 2003 WD 00/12610 'S' PCT/ US99/ 16815 These el as '
pol yol efins are known in the art as EPR and EPDM el astorrer%so':%ﬁkpfg%ﬁ?[?fm
amount of (g sienal el astoneric bl ock3copol yners is bet wpeq R8issl t
and about 15% by wei ght) preferably between about 1 k and about 10% by
wei ght) wherein the wei ght percentages are based on the entire weight of
the conposition. Mxtures of the previous described inpact nodifiers are

al so usef ulrgadtir Emdwzmmiprbue the cbmphabmtys betwaam®ei golypienyleridiéthenvent i on
is at | east one phosphoram de having a glass transition point of at |east

about 0C) resinzang e@lagm;d%resam Féagmpa%\tﬁﬁ campatibility resdits iy enangad, of at

an-an no.r duvaal Bioriseen Rocha8, tbr e¥amble.haredsa ey byt ) | °

aryl oxy r e%déﬁbhtlbﬂrﬂﬁg)agemesfbﬂbl%rﬁ@rﬁf%'ldtypmmdedeeaﬁbr YN éh&doly@mlaée
hal ogen substitution or m xture thereof, or am ne residue; and 'Q is oxygen

or sulfur. resipgoclude qiaataqﬂmaalp;c antydrides fumaric asidomaligiasid as wedl as

conposi tions rra ont a single phosphoram de or a m xture of
zo two or ﬁ’@f'@ '8? $€%§~F°5qag&6%%sphor anmi des. Conpositions containing
essentially aTﬁéraad.@opbéwaheﬁﬁshd%tﬁérerearrefoe;sdswamdé reditFcath 9uRAkidar) vy found

t hat phosphoram de conpounds as describ herein have significantly |ess
af fect on tdnmq)pte}enabﬂeadmﬁt&d smumt@m@pnlmnudeawnmemawlsdbelcmtmomt of
t he pol yam ared t.o an t,e est no, in the
art for en 35 feﬁﬁg'%'stg %ﬂ?%?%@%ﬁ‘%@ a%sbyp‘f”g E PEQ’Q%' t he
phosphpr amrdgn%&.mﬁsm&éaﬂ@ the rbvapbmheoéo@émims {anﬂﬁc

|'east about 10 nost preferably at [east about
20C. WWhen auctilitysnd iow aadriawfteg prefermd mmwmsmemaﬂmairﬁ-

PCT/ US99/ 16815 gl t I Ti t .of t 0C d
source of M@ﬁﬂﬁ&%lﬁ"@ t&ﬁg%éepfva@ﬁaﬁgew?'ﬁ%b as ?M&l@mgb&ﬂus ?Q)ﬁadat hat
a higher hegg Wé&ﬁ%ﬂbg{bal ﬁg?[@ébiﬂeedg rét‘?ﬁf‘atﬁpéﬂh%dmﬂs ﬁ%&ﬂe resin

conposition cou as cao a t 0o conpositi‘ons COﬂ alning an

or ganophos [dist be aaried asnwethas the rdahva vnsébsmoub’dtnetpmyamderdnmlned not
dependent up&m chani s It JS believed that selection of each of R, R2)

and RIS resiMd &\ ERSIN ERMPESItIONy st ricted rotati on of the bonds connect ed

to the phosphepy oWg‘rP\n\éng;en\;iinfktthFé‘s?ﬁ?Qs&fuﬁﬁﬁ hUﬁi'B§éﬁt' |Nbrﬂf3n§hcfu'?iecéﬂ”pa“ son

to simlar phospho 0 residues having a lesser degree of

restricti orknoﬂamdwmdmnmgtrtmﬂrbsmsulﬁ'eferablatrasmatclade pboly(2,6xanpl e,
aryl oxy resj dues cont%nl n t Iea t 0 e hal oy pr%ferably at | east
one al kyl _simethviRhanylena edher) as well as the copolymer resins of

dimethylphenol and 2,3,6-trimethylphenol. These and other variations of the
20 polyamide and the polyphenylene ether resins do not detract from the present
invention.

The compatibilized blend of polyphenyiene ether resin and polyamide
resin may additionally contain various property modifiers such as elastomers
for ductility enhancement. Useful elastomers for this purpose are known in

25 the art and include, for example, styrenic block copolymers and various acid
functionalized ethylene-propylene copolymers (e.g., EP-graft-maleic
anhydride). Especially preferred are the so called elastomeric block
copolymers, for exampie, A-B-A triblock copolymers and A-B diblock
copolymers. The A-B and A-B-A type block copolymer rubber additives which

30 may be used are thermoplastic rubbers comprised of one or two alkenyl
aromatic blocks which are typically styrene blocks and a rubber block, e.g., a



phosphoram des having a higher glass transition point than si_pgil
phosphoram des w thout the substitution on the aryl oxy res%a?&gkuﬁ\,lggw se)

is residues wherein at least two of thee R) R2, and R residues are

. nterconneww@a/126tch as a neopentyl restdtue for the conbi nathCIAISeY1488 RO
and R residues, can |lead to desired phosphoram des having a gl ass ’
transition point of at |east about OC. In a preferred enbodi nent, the
phosphor anm de conprises a 20 phosphoram de having a glass transition

t enper at ur putddiene btack whichumayie partidilyr eritiotallyfhydrogenateda Midura®ef and

S P el aselne st S et Aol ARt e aed
radi cal , Ogméé%sehﬁébﬁ@otsﬁwﬁs?‘i ning at | east one al kyl or hal ogen

substituti rm xtur ereof, or an am ne residue. 28 FEBRUARY 2003 s
i 0 is WD 00/ 1g6itdbld AABTantEAB-X6yPe blockcopsipmersbte/disclesedimdoenbodi nent  of

he i I on, h A3-8 ' ' , 6-di hyl '

b3 nexapen s e 5 e S T AP 3Bk e e
Losoh ; \ 2, . .

e il et gt 457 UK Peleh Y oA 74" Tirfpi 836 yBic PRCRIske a0

cor r espondighd ABeA [Blociacopelymersineludespsly styderidipolybltadienen(8BR),i s about

192C. Conversely) in the above fornula wherein each A'' noiety is phenyl,

the gl ass polystirenerpaly(etavienerpeoryiende pelystyrenenpalyisprsaoeprlyi@i de i s

ol ass ¢ rangiathgRuFEnbl:payBRizers: s irshR-Ag b aBNeURRPATEEE SR, "

phospfgor anbg@sq;reﬁerpm%:ﬁéﬁ{l?ﬁ-ggm-;Qilyé’@réhé, polysBrénéipdhjisopraneny |

noi ety as conpared to phosphor am de of fornula wherein

each of A3polystysepaand PW(OemptNylstyrer?agmlywyieesmai)?(ad-lmyttwilsimnahe
[ ti i nt th h h 1 d differ b | t 4C, . F
0 DO e ol 9% e 5o R Py Al Lo e, RARkked 1 bR o1 ot
di phosphat gedranfiptivhed¥ick Ldpdigmalsara?Asdidtbul! SuERKEBPARS AIEUANIbERS Wi th

i ntermedi ate glass transition tenperatures by using a m xture of various
subst i t ut edopolymers-area lavailabliecommeiciaily feormesnuinbér of sdurces)dsglidingni de. | n

SES:SBIELL ?Lﬁ&@ﬁééépﬁ??%ﬂ‘a{lﬁ@tef tﬁ%ﬁe&?&%&“%bﬁ?ﬁ?ﬂéﬁ%i &E‘Em?@i%o?ibogt oc
D0c, Cof 1 haipefine €adpmaRERRATIN, BakqHAler S iditaihe YECTAR iq 720
pp" OAS ~ Kiyraray urderdhe trademark SEPTONSOthed ppapeitymhbdifiers iclude r adi cal ,

aryl radical) or aryl radical containi ng t |east .one il k}/l Oé hal ogen
subst i t ut i BHC9AtIRG,agants. stabilizars, pigmantsdyes, apdinjoesal fHersand fromo to

about 5. Ip.. Km‘} rred 28 FEBRUARY 2003 WD 00/ 12610 ' 8'
PCT/ US99/ 12@@ e'#@o%é&nitgt, each A''" noiety is independently phenyl,

2, 6- dipret hyi phemyso useful efastorheisintiudefoactionalizdd elastomeriopdlyotefimsout 5.
such as elastomeric polyolefins containing at least one moiety of the group

consisting of anhydride, epoxy, oxazolirie, and orthoester. The essential

structural units of the slastomeric polyolefin are derived from ethylene and at

least one Cy.s 1-olefin, such as, propylene, 1-butene, 1-hexene, and 1-octene.
25 The proportions of ethylene and at least one Cs4 1-olefin are not critical

provided that they together constitute the major portion of the polymer.

In a preferred embodiment, the functionalized elastomeric polyolefin is

a functionalized ethylene-propylene rubber or a functionalized ethylene-

propylene-diene elastomer. The diene portion is at least one non-conjugated
30 diene, such as ethylidene norbornene, 1,4-hexadiene, or dicyclopentadiene.



I n anot her enbodi nent of the invention the phosphoram de COITPI’I ses
phosphoram de having a glass transition tenperature of at F%anBtRUé'%?ﬁ%OC)
preferably st about 10C, and nogl preferably of at |east about
20C, of theg\‘%M‘g"aw Il 0 A 20 -~ OAS 3 N (VII1) At 40- - ~~NERI/USPIA68IS0NS 5
OAS g to wherein each of Al12-17 is independently an al kyl oxy radical)
aryloxy radical) or aryloxy radical containing at |east one alkyl or

hal ogen su ' Ln anot her
enbodi nment b‘gbb%ﬁ %@é’{'%éw&'ﬁ%@mm&ﬁe 8@ Egésaﬂéj %ﬁwhor am de

havi ng a gl glastomerssi ti on tenperature of at Ieast about OC, is preferably
of at |east about 10C and nost preferably of at |east about 20C, of the
formula IX (I~ Amsefullamounto&tbaoptuenal@astomeruafelmwm herssigch of A18-20
an al kyl, | east one al kyl or hal ogen

substituti o Q&e ﬁwgn"{ﬁeﬁﬁpﬁaﬁgﬁﬁ; %ﬁé@ pretgrably)batwaea a9UR1% s an

al kyl sadic | adi cal .
6 LR e aooue| Bty Waiirt Mfioroh 4 N 4QAt RecoRlRet Wi bAtRI TR R o ne
i nvention, thuepvmgpmfrtammmmmn smdwepmmprmubadéwnbaﬂ ifp@chsS

transition |3.t of atI | east ,about OC, preferably of at | east about 10C,
and nost pr 8'&6?9'%?58t91° st about 20C, of the formula I: Il R~-

- wh | ~
Oz~ Az-"10 whor i iheE SOt Y e sofurogfiohe f IN’EVSJP\:&? E&Niifdl cal

. or aromati deaabbmmphosphmamndghatnnbeaaghsstranahbu|po€rrtdﬁat l&%ﬁaﬁéﬁﬁé"(} ution:
or mxture th am ne residue; each Z' is an al kyl I ca

aromatd c r:ﬂp&fﬁg&ﬁ %ﬂ?ﬁﬁéﬁb@UHO‘Gda%mogbme&rabtygofeat leasiEbonh208CKy| or
hal ogen SUQ:Stthb‘fér'rﬁlﬂ a§r mxture thereof; each X is an alkyl radical,
aromatic radical, or aromatic radical containi ng at |east one alkyl or

hal ogen substitution or m xture thereof, and nis fromO to about 5 and R2
and R are independentl|y arn al kyl oxy residue, aryloxy residue, aryl oxy

resi due containing at | eaQ’ one al kyl or hal ogen substitution 20 or mxture
thereof, or an amne residue. In another enbodi ment of the invention) the
phosphoram de c ri sgd—a phq@phor ani de having a glass transition point of
at |east about O0C, preferdbly of at |east about 10C, and nost preferably of
at |east about 20C, of th@®fornula 1: 25

15 wherein R' is an amine residue, and R? and R® are independently an
alkyloxy residue, aryloxy residue, aryloxy residue containing at least one alkyi
or one halogen substitution or mixture thereof, or amine residue; and Q' is
oxygen or sulfur. Oxygen is particularly preferred as the Q' moiety. The
compositions may contain essentially a single phosphoramide or a mixture of

20 two or more different types of phosphoramides. Compositions containing
essentially a single phosphoramide are preferred.

It was unexpectedly found that phosphoramide compounds as
described herein have significantly less affect on the polyamide amine
endgroup number and/or molecular weight of the polyamide resin as

25 compared to organophosphate esters known in the art for enhancing flame
retardancy properties. It is preferred that the phosphoramide have a glass
transition point of at Iea;t about 0°C, preferably of at least about 10°C, and
most preferably of at least about 20°C. When a phasphoramide having a



28 FEBRUARY 2003 WO 00117610 '~ ~' PCT/U599/16815 Q (I erein )
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R is of the formula XI: 2 2 /x\ 0/x\ 0-N," /Np Z2 R9
n wherein each X2 is al kyl, aryl, or alkaryl, each 22 S aI kyl) each of R
R and R iwoiondzspendent|y an al kyl oxy T€si due) aryl oxy resiBERUSHAGEISKY
resi due containing at |east one alkyl or halogen substitution or mxture to
thereof, or an amne residue, and nis fromO to about 5 and R2 and R are

|ndependently an al kyl oxy residue, on§g resi due, aryl oxy residue
cont ai ni ng glass %@sﬂm@omﬂoﬂat &ﬁaShab iods8d as AEPWER @l xt ure t her eof ,

phosphor aniRISsPROH 1 daSP GRRERYing HRias heedllio0B halafighers o v ).

is fn anot t%ﬁé&idrﬁbn%mmrwheststecwiwmaarﬂdiﬁ the¥@sihses a cyclic

phosphoram de having a glass transition point of at |east about O0C

preferably mmsnﬂmawuldmmamd ascbmparediiocsampasitions cantaining@nabout 20C
of the formula Xl| g% BRUARY 20%3 Irt- WO 00/ 12610 -~ ~ - PCT/ US99/ 16815
R- ~ B O @roanerhosphate.esiRe kRROWN AN H8AMNL: \herein each of R "4 is

| ndependently a Albr@haa%%véﬂ.ow i Yot d@Séridént upon edRadisky il gene radi cal,
Q@ is oxygen or sulfu

Au is a groyp derlved s froma primary or
secondary a:lallweﬂmatmledtl@n%frﬂamrofcﬂ rand R® zesidues thatresultin be

al |hphat ic, ngﬁﬁ% ll'r?gétl aro r‘iﬂe/lnlﬂégﬁgn@ 'E'&RS’EHR nﬁarou gsrl ved from
a heterocy Q is
oxygen. 1t lﬁﬁ‘é%gda s'%%é?’%nti&ﬁ:o*ﬁt‘%%&n&n fd"'ﬁ |ltaF?>hfo‘§@h3Fél'hld€ ar e

l'i nked together at I S absen single bond in
t he pmsiti oesidues baving, alesiser degreehm‘ restrictibor ﬁeswmhshamngebmywr preferred

Gl ass. 1 anUESEMEBE HOTLRS.Jor PEaSblenBotR LS StBInG At least 688: about
L e APl s A o, |
phosphoramides having a higher glass transition point than similar

phosphoramides without the substitution on the aryloxy residue. Likewise,
15 residues wherein at least two of the R', R?, and R’ residues are
interconnected, such as a neopenty! residue for the combination of the R?
and R® residues, can lead to desired phosphoramides havin§ a glass
transition point of at least about 0°C.
In a preferred embodiment, the phosphoramide comprises a
20 phosphoramide having a glass transition temperature of at least about 0°C,
preferably of at least about 10°C, and most preferably of at least about 20°C,

of the formula VI:
(o)
3 " " [
M A o—l'=-—N N—P — OA
OA* OAS

28
wherein each of A*® is an alkyl radical, aryl radical, or aryl radical
containing at least one alkyl or halogen substitution or mixture thereof, or an
amine residue.

L ]



()~ R ~/ ~=lI. Rya OOQ~Q~IIIIP-AZBPmOORZZP%‘;é%é@lSR%
(X~)~y Rts wherein Q is oxygen or sulfur; each of R15- 228 E5h dently
a hydrogen or an alkyl radical; X', whep present, is an al kylidene

radi cal ; m #@P0126l0e each i ndependently 0 or 1; and A= is _.PQI/USN9/68IS
wherein G is sulfur, an alkyl radical) aryl radical, or alkaryl radical
and each Z' is independently an al kyl radical or an aryl radical; or

wh in A2 is Gz \/_ wh in G i | kyl),. al kar vl d,3§2 i | kyl .
Preferred is phoSAnPaRraRly eretededemimiPlil bt fesfyadisn bafbec’s L7 osi tue
of pi perazi pgjet rsﬂatzrswnﬁeaﬁgia%aw ﬂaidiﬁarazeg,@.%fmie@y f dighy. As- Highly

preferred phosphoram des 1| ncClude” those wherein xygen) A=is a
resi due of Phese phosphorammidesharepiperazintetypasphosphoramidds. dptheabpvat A26

28 FEBRUARY. 2003 001 1261Q413 .PCT/ US99/ 16815 .and at | east one R
substit uent f%”@a‘xgeﬁ‘@/ eagh %b" @'ﬁwﬁﬂ%&éﬁ]@ﬂgeﬂ meigty, 179 glass
bet | ‘ . T . ; hvd
or an Sy ratsifcHSMBERUGE o oBfl8sdondiig PRgepkhRels BBduf €2 T T 0T

noted that ahdthecmelting pointistadboat 192tC. Convefsely iarthelabovedormigla rings are
| i nked together at thatgsite

) e (i.e. re X is absent) by a single bond in
the positi owBergin Rach A h6‘°'?tM('§ Rgeﬁmgﬁﬂﬁﬁ transition !qr%eﬁ%twa ofthenot ed t hat
in the desctintd : | ; ’ ' ' I | '

i nter change%doﬁ%p%@%ﬁgﬁ%okﬁﬁﬂﬁ%ﬁaﬁ gld%cﬁﬂdrtesi ngn re%?ﬁ%lﬁﬁ ended to
desi gnat e a188tCkyit wasi uriexpettedRhabtiecglass transitionuteaiperature awouldibe sbor uct ur e
are preferabl pondi ng am ne such as,

prepared he reaction of a rres
for exénpl ig i(b%r%%‘?%@zgé) fQ" the PAPsRRPrAMIdS &M'QWQWQWfdﬁ%r:yI
- chl or ophosp; : 2. 2 0) = | 4t e of atertiary
am ne. Thi s'g%tegﬁgénf o¥ %é@%@gﬁléﬁr#%c@é\ggﬁtggﬂ Pn‘t’%ﬁp{;&@?m& Ch3m Eng.
Data, 33) 25HosphdrdrbRSOf formulbavhisreimeach ebat? Is & phbaginhoieni¢e abeapounds
Wi t hout repeating units. AIternati,veI&,@tphos horam des may be prepared by

b
the reacti o Gf espReialy sigsp thaimelfingpoiatsfor thepbpsphoramides.diffeedynce of a

51 mul  ancouthy epEUL i Bl Bainplischih Was{PENGUBh MhBRI S1A5 T o o1 &
di ami ng or tetrapRémd resord{ridl Giphosphitelie abolit-389C:01tds alsoSpuitsle ed makédi ti on
of the hydroxyl containi ng‘i(i‘orrpour_ld is believed to lead to repeating units

of phos 8 horRhiaspboramides Wi tQﬂ%&tQ'@%ﬂi@@%ﬁﬁ@ﬁ demperaturgsyedsipg Iab ]
phosphory! R4BsacBs shoStufid dnd hAE<uBstiuned Al bSiekis FiRYBR" ) cr oxy
cont ai ni ng oPdhide. al so believed to lead 2s to repeating units of

phosphoram de. "The resinous conpositions of this invention typically
contai n a fl ane Inanatherrrefertedempoditaertathia phospharamidecomprises aof at

ot e UnacmePLaranceaying B 0ja<S Caeien terbefiafod Glale AR RCoroun: "1 s

a preferably of at least about 10°C, and most preferably of at least about 20°C,
of the formula VII:
? ? 7
M)  ATo—P—N N+—P—N N—+—P— oa™
I, | \ / |
OA® OA® oA
n
25

wherein each of A”"! is independently an alkyl radical, aryl radical, or
aryl radical containing at least one alkyl or halogen substitution or mixture
thereof, or an amine residue, and n is from O to about 5. in a more preferred



30 amount effective to render the conposition at |east a \; i
preferably at least a V-1 rating) and nost preferably a V%%F%@Arﬁgg 3ter
testing in the U--94 28 FEBRUARY 2003 WD 00l 12610 -14- PCfNS99116815
protocol awaownsi¥kness of about 0.125 Tnch (3.18 x 10-3 n) PCRAUSPYIEH v
about 0.06 inch (1.5 x 10'3m), and nost preferably at a thickness of about
0.03 inch (7.62 x 10'm . Enhanced processability can be determ ned) for
exanpl e, as a reduction ilg_@xtruder t orque duri n% conmpoundi ng, reduced

pressure | ampadinents RaRDIAII n§oietyds independeptly phenynd/Aodimetlylphsaw, cycl e

time. Fla t i U cording to the
Underwite %éitg'&@?gm'éﬁﬂwlgﬂ'%&g%%@%Aél?&éﬁ retarding anount is an
amount ef f ecti van ianotiead@mbbbimerntarass inventioh the phbsghoramidétbmprises
preferably at least a V 1 rating, and nost preferably a V-0 rating after

t esti ng i naphesphoramide having aglasstransitier tempemtuce of et least @bouh 08€, about

0.03 to about 0.125. i L -4t ut 3,18 x . 10- i L ckness
by absut -ooesreraely 8nabist 455at 15ty shdl Baft Brtlerdny or s loast Fhoufigb e,

pr ef er abl yoegaUbrAu?il| nch (3.18 x 10°'3m in thickness by about 0.5 inch
(1.27 x 10-Z m by about 5 inch (1.27 x 10-' m nore preferably about 0.06
inch (1.5 x 10-3n) in thickness by about 0.5 inch (1.27 x 10'Z m by about
5 inch (1.27 x 10-' m, and nosty preferably about 0.03 inch (7.62 x 10-4nm,
in thickness by about 0.5 ijgch @l.27.,x 10-Z m) by about 5 inch (1.27 x 10-'
m, dinmensions. is Enhancel E’F"CT 5&%i1ity can be determned, for exanple,
as a reduction in extruder torqgqye during conpoundi ng, reduced pressure in

i njection nolding, reduced vi Wy, and/or decreased cycle tinme. The
anount of at Ieﬁzﬁl one phospﬁfam’ or mxture of at |east one .
phosphoram de a At | east ohe phosphorus additive is typically in the io
range of about 0.1-3 par%, /N)Wabout 0.25-2.5 parts, of phosphorus
per 100 parts of reaA't mat envel's (PP=OAHI | percentages herein being by
wei ght. The total anpunt lof,sphosphor arrﬁl) g or of phosphoram de/ phosphor us
additive nixture is nost Yten in the nge of about 1-50 phr) preferably
5-35 phr 2s Conpositions of the present invention can al so include
effective anmounts of at |east one additive selected fromthe group
consieti ng of awhemsindmhsof A1 isdndepdndedsly ardaliylosy ratica), arglaxydant s,
dyes, pignen;s) colorants, stabilizers, glass fibers, carbon fibers and
carbon fi b"ﬁq“‘s%'- Anayioxyfadical coptajaing at one alkyher hajagen sylstitution)
antistatic IaCl ; ricants, and m xtures thereof. These
additives %‘?@%@mﬁgyﬁéﬁf Eg'agﬁrﬁmgé'ggirdggt heir effective | evels and net hods

of i ncor por ati oim andthec embndienhosthefinvdrition theé gHdsphiramidé edmpfses! 12610
-~ 5 PCTIUS991 16815 additives vary widely, but they are usually present in
an anount ¥PhEsPRYrGMiIdedIRviRg aglasiyangitigmtemparatiorenf at laashabgit 0@, t he

phendbs. tHeIetebALe! ABESH Abod RET SoTRAIeluréfl S BEleEaBpAAT: 11
preferred gihthefoamala iMese additives generally ranges up to about 2%t ot al
conbi ned wei ght based on the total weight of the composition. In a

preferred enbodi nent, at |east one polysiloxane is also present in the
conpositions of the inventign. Polysiloxaneg conpounds are known per se.

Their properties vary 1§§om COMI y hipw }Si gcous liquid to rubber io
| i ke pol yners. Pol ysi‘?o an\ejt usull ly c sist"))«f' A main chain of alternati ng
- silicon atofi)and oxyggfiarlins) submwm various groups at the

y

silicon atom The pol %366 xane g¢onmpoundg ma (21 different structures:
R 4

20 wherein each of A'®* an alkyl, aryl, or an aryl radical containing at
least one alkyl or halogen substitution or mixture thereof, or an amine
residue, and each R’ is an alkyl radical or both R’ radicals taken together are
an alkylene radical.



»

hormopol yrmer, bl ock copol ymer or random copol ymer. Suitable es
include liquids in which the substituents at the silicon gﬁ%\éx% %6%1

consist of is alk groups, for exanpl e)g-net hyl groups or S) or
aryl groupé’f’of)?ﬂ“é(arrpl e) phenyl groups, or a conbination OPE%)gg'ﬂ@}’s‘)

al so possible that a part of the silicon atons is bonded to a hydrogen
atom It is possible to use polysiloxanes which conprise one or nore groups
(moi eti es) whi clin dnathietRbuifent BPEHd idektin) the BRb Enﬁ’n‘ié)UB Rgegr an 20
am ne group. Exanples of su groups 1 nclude 'am roups, epox groups and
groups der iayshbsphonamidéohayihg @ giassizranbttlonsncmtmﬁat lmt abobE09g,ef erred t 0
use a pol ysi | oxane conpound of for X1-0 $i-0 $i-0 $i-

"R2 m ' Ra refreably ofat feaskabon 10°6 ¢ msi most Pfefera@mfabl@s!@bsut 0%, R | Rtt
~1R2 I RtéfM£f fgﬁ@ -EBRUARY 2003 WO 00112610 PGT/ US99/ 16815 nultiple feed
ports al on 9 ?h to accommdate the addition of the various

conponents. is often advantageous to apply a vacuumto the melt through
at toast one or nore vent qorts in the extruder to renove volatile
inpurities in the conposi Q'on. Those of ordinary skill in the art will be

abl e to adjust blending tiflres and tenperatures, as well as conponent

addi ti on, vm'thOL(p undgg—agei-igdonal experinentation. It should be clear that
nmet hods to nake ‘t'he corrposil tions and articles made fromthe conpositions as
di scl osed are within the ®RPope of the invention. to All patents cited are

i ncorporated herein by reference. The invention will be further illustrated
by the foll owi ng exanpl es. EXPERI MENTAL In the exanples the follow ng

materials have R 2, 6-di met hyl - 1, 4- phenyl ene et her)
‘with an intri ns%%\??@oslstg‘ﬁgf%mg%h/g as neasured in toluene at 25C

and a concentration of 0.6 gramper 100 nl; PA-6,6: a polyanmide-6,6 with a
viscosity of 54-62 m /g according to ASTM D789 in a solution of 8.4% by

wei ght of nylon in 90% Fermc Acid,/ zo CAH citkic acid nonohydrate; XPP:

N, N'- bi s-[ di - (2, xyl endxy) phosphi () ] pf per azi fe) Qa conpound according to
formmlag~q0O -~~ BAxGA- @ A-Gasiy A- g-ﬁod?het hyl phenyl residue
2s RDP resorcinol bis(diphenyl) p oslphate BPA- DP} bi sphenol A bi s(di phenyl)
phosphate Si oil an am ne function |as#dd pol ysi ljoxadt fluid comercially
avai Ileabl e n

wherein each of A%% s an alky! radical, aromatic radical, or aromatic
radical containing at ieast one alkyl or halogen substitution or mixture thereof,
or an amine residue; each Z' is an alkyl radical, aromatic radical, or aromatic
15 radical containing at least one alkyl or halogen substitution or mixture thereof;
each X' is an alkyl radical, aromatic radical, or aromatic radical containing at
least one alkyl or halogen substitution or mixture thereof, and n is from O to
about 5, and R? and R?® are independently an alkyloxy residue, aryloxy
residue, aryloxy residue containing at least one alkyl or halogen substitution
20 or mixture thereof, or an amine residue.
In another embodiment of the invention, the phosphoramide comprises
a phosphoramide having a glass transition point of at least about 0°C,
preferably of at least about 10°C, and most preferably of at least about 20°C,
of the formuia I:
25



fromGCE Silicones as grade SF1706 28 FEBRUARY 2003 WO O%]I_E%QR'YE &
PCTI US99/ 16815 gp boron phosphate commercially available from udenP‘nel m as
Budit 321 The ingredients were conpounded in the weight ratios as indicated
in the fol lwe¢isegadiabl e in a twi n-screw dftruder with tenper acr/es®aissisngs
over the s length of the extruder between about 280 and about 310C. The
screw speed was 300 rpm the throughput 10 kil ograns per hour. All
ingredients were fed at the throat of the extruder with the exception of
the pol yam de; the pol yanifde was fed downstream about hal fway the |ength of
the extruder. The strandsjconming fromthe extruder were palletized in a
| abor at ory equi pnent |'€_ari,d_ i ed for about 3 hours at about 110C. The
dried pellets welle | nject ijon | ded into standard ASTM test specinens for
measur enent of physical prgperties. The FOT (total flanmeout tines for first
and second ignitions for bars) and U -94 classification was determ ned
for each sanple and the results are given in Table I. 28 FEBRUARY 2003 WO
00112610 ' 19- PCTN599/ 16815 Table 1.
Sanpl e: 12345678 MhreircR3isxfdhe jormuda X- - 30. 833. 3CAHO. 780. 780. 780. 780. 78- - 0.
780. 78XPP5151510510100Si oi | 3, 403. 41. 70002. 2BP00000002. 8PA- 6) 656. 3 553. 0
551. 3 554. 758. 0 49055.55°58.0 }
5adds’' 0. 670. 670. 670. 670. 6700. 670/67Pr opert\es. . -
- . UL- 94VIVOVOVC ai | ~VOVOFQT 18. ¢2. 01. 02. 049, 2~2. 63. 3FCT
216. 24. 84. 05. 60\./@34. 25.5 'X“deno a coffoi nkt &n of 0.33 hindered phenol )
0.22 of 50% by I‘ght K./ Mwatlert 0.41 »dar ol bl a k, 0.01 Cul wherein all
wei ghts are by wei ghfTN2 depdt %‘hé‘ﬁo iRBTRY sanple 6. As can be
npo

seen fromthe properties (25 t he iLlo esented in Table I) .
conposi tions containing a“phosp ani dé (e.fn.," XPP) can achi eve very short
flame out tinmes and very desirab\e V1 and classification in the s
Underwriters Laboratory testing protocol. Mreover, the addition of
silicone oil used in conbination with the phosphoram de allows for simlar
results at |ower |evels of ,phothoram de. The above results contajning the

phospgor anmi de amerain@reh Xdisalkyhaehrrrtakanyl 9:§h(20rt$’rﬂmyy QfﬁQ&UOfaB .LI aﬂe
Compat  bi | FoRBhOR o1 oEBPbodbrry REN R TeaiBllb SRR eRlie. Shiigtinr s i
Tabl e || bed&ldubldontdiningesn |ddstoradalkyl dMhalogeh SUBEGHARBH GOMBtu¥e 00/ 12610

' 2~- PCT/US99/ 16815 conparing the.am ne endgroup anal ysi g and gDI ecul ar
wei ghtos of therephmrdan ammerestdue, andmn isifeonxOro abort Saand BoarcbR™ atel e |1 .

A Ne. endoy onDdraerily S Bksio) Pisidld, LHioky Fsite, RRVIER] YosiAgL et ed PA 6.6
containing at least one alkyl or halogen substitution or mixture thereof, or an
amine residue. In an especially preferred embodiment, the phosphoramide is
derived from piperazine (i.e. X* and 2* are each -CH;-CHa-).

15 in another preferred embodiment, the phosphoramide comprises a

cyclic phosphoramide having a glass transition point of at least about 0°C,
preferably of at least about 10°C, and most preferably of at least about 20°C
of the formula XII :



(control)43.970, 600PA 6, 6/ RDP28. 66C, 200PA 6, 61BDA- DP37. 17 : XP
P44. 070) 500 The above data denonstrates that both RDP a%ggggﬁﬁB%FO&{
illustrative phosphate esters of the prigf, art, affect both the am ne
endgr oup nUMBEPIIAY t he nol ecul ar wei gh of the pol yani de r BETSI%IS8IS 5
phosphoram de, unexpectedly did not significantly affect the am ne endgroup
nunber or the nol ecul ar wei ght of the polyam de. The am ne endgroup nunber
and nol ecul ar wei ght of thngglyanide are believed to be key factors in the
to conmpatibilization of the E and pol yam de and the ultinmate physical
properties of the co sitigns. It should be clear that the present
i nventi on enconpasses ositions as described herein, in addition
to nethods related to th jtiagns and articles made of the
conpositions and rel ated t hods. 28 FE6RUARY 2003 ~~- (I Ei -2U0
~ . J 95 ~~\, qQ° S <<

;.: Ce e e _Cﬂﬁiwé: Vhat i 9\ clai ] 1.,A-résin conpositioh ébnﬁkiéihé:
a) a conpatibilized polyphenyl?gg)etherpo4y§h1de resin conposition and b)
at | east one phosphoram de of theormila: . RL -P- Rs . . .1 ' R ' wherein

R is an am ne residue) an
aryl oxy residue contain
residue, and Q is an ox¥gen or

and R3/are independently an aryl oxy residue,
east pne al kyl substitution,. or an am ne
|Gur atom 2. The conposition of claiml

wherein R is of the faor X-N ~-N-X-N;-OA Z Z OA QA n wherein each
A is independently arR'dfo ]" or an aromatic radical containing at |east
one al kyl substitution, each Z is independently an al kyl - radical or an
aryl radical) each Xis inddﬂéndently an al kyl radical or an aryl radical,
“gnd nis fromO to about 5) and Qis an oxygen atom AMENDED SHEET Fi:, ~;e
::C-3-0-2~0 ~_rr .. G ~E7-2J..0 . . 1 . BT~

ST wherooBor 11 pdepondentya Rycropenran iy el -
of the forrklis:an :alkyl'ide'n'e r’édicél, Q' is oxygen or sulfur, and A% is a group derived
s from a primary or secondary amine having the same or different radicals that
can be aliphatic, alicyclic, aromatic, or alkaryl, or A% is a group derived from
a heterocyclic amine, or A% is a hydrazine compound. Preferably Q' is
oxygen. It shouid be noted that when n is 0, then the two ary\ rings are linked
together at that site (i.e. where X* is absent) by a single bond in the positions
10 ortho,ortho' to the phosphoryl bonds.

In another preferred embodiment, the phosphoramide comprises a
cyclic phosphoramide having a glass transition point of at least about 0°C,
preferably of at least about 10°C, and most preferably of at least a'bout 20°C
of the formula XIl:

15



0 0 X, -N~Z~N P-N, Z~N P-R Ra Rs n 28 FEBRUARY :'~n'' ~:L'I rej ch X
is independently al kyl) aryl, or alkaryl, each Z is i ndepeﬁcf%??@dgogl )
each of R4, R5, and R6 is independently gg aryl oxy residue, an aryl oxy
.resi due comw@bmizer at | east one al kyl sUMStitution) or an aPCTAISIPHisULIe,
and nis fromO to about 5 and Qis an oxygen atom 4. The conposition of
claim1 wherein the phosphoram de conpri ses a phosphoram de of the formula:
gq-. O~~~-0A OA~- QA ° ~ wherein each A noiety is independently a

2, 6- di et hyl phenyl noi et besr a 2,4,6-trirnethyl phenyl nﬁfzety, and Qis n
oxygen atom 5. The corrpozi tion of claim1 wherein the ghosphoram de

conprises a phosphﬂ’ m ge _-q_~_q_ . OR20A c, ~
wherein each A noiety™ 6- di et hyl phenyl noi et ) he conposition
of claim 1l wherein the\phosploraride is presentq
render the resin conposi\id afla fat i ng opf
Underwiters Lad¥HBtory UL- proto S when ypasur ed /AVMENDED SHEET
Friritt~~: ~;?2-C?-~t tp~~ ¢ ~ .- PempAls . L LS8~~~
- T e e L ATATER e T
.. 8 FEBRUARX 2003 r\. <~L~.ia. on a test
10-3 m by\about Noch (1,27 x 102
di mensi ons. : sition of claim
1 wherein phosphoram S gl ass transition point\of | est about OC.
8. The conpositionR c\-‘e{ 1 wherein the total anoun phegishor us per
100 parts of resinous materials is in the range of abouf 0.1-3 parts by
wei ght of phosphorus. 9. RMe conposition of claim1 furgifer conprising a
pol ysi | oxane. 10. An article nade fromthe conposition of Maim 1. AMENDED
SHEET" .. .A A A AYU?. A {.A{. AA A3. A Ah. A", AY. A{. A9U. A

UR A AURH. A?. A ALU Al , . AY@ MPa45 C ..
PaPa( aP#. #. ~???WM?&?@%}‘Q?HQI§HBHBWQI$;?¢§JDQWW®999999999999

effective to

?;’TZ?T;’(ZE?@%%%%?&?ER Aikyi’ratiical; X% Wheh’prasént, is an alilidend Tadical mf and=~""t;
TXTX( $T#. # ridre>qaehiRdepatderntly| PORP-arPAPA8 2272227~ 2~<<?22222222222222522777?

O O ( Of. #. <??2?2?2~-2?72~?727?0a | ?2<<g>?C???2~~>?7~~227?| ?>??| ?~?~>?~~?~?~2?7| ?<?<| ??
SZE?E’???~ 77770722322 ’@2:?,32_??????????????????????p?????????~~~~?~????4@ MQ

QIQI( dQ¥. #. 99999995&2?| ’?’?s’?liZ’?9’?’?’?0’?’?~~’?’?~~’?’?’?’?>’?’?’?’?~~’?’?~’7’7’7’7’7’7’78~’?~’7’7’7’7’7>’?p’?

| 2~2222222~2222222722222272222222222222227~~222222229. \ i MOf L. r ~yt 0j e’ [ U] ca]

ca] cPa] ca] ca] ca] ca] caU] ca] ca] 'c::é]' ca] ca] ca] ca] ca] ca] ca] ca] cPa] cal] ca] caU] caU
calj calj cal] Ca%%%l&%%cg]s%?fur,gén alkyﬁ"adical, aryl radical, or alkaryl radical and

10 each Z° is independently an alkyl radical or an aryl radical; or wherein A% is

/ N\

wherein G? is alkyl, aryl, or alkaryi, and Y is alkyl. Preferred
15 phosphoramides are those wherein Q is oxygen, A% is a residue of
piperazine, and the phosphoramide has a center of symmetry at A”. Highly
preferred phosphoramides include those wherein Q' is oxygen, A% is a
residue of piperazine, the phosphoramide has a center of symmaetry at A,
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Pysnga[ U~yt oj e [ UU] caU] cal] cal] cal] cal] cal] ca] caU] cal] cal] ggFﬁ ﬁ caU] ca
t3 8| d| # Vj

] cal] cal] Caﬁé?ca{ﬁ?‘] cal] ca] ca] caU] ca] caU]-¢34 cal] ca] ca- 8| d| (Q,WH g [Vie

[ UU] ca] ca ca] ca] cal] ca] calU] ca] ca] ca] ca] ca] cal] cal] ca cal ca] caU]
cal] ca] caU] caU] cal] cal] cal] ca] cal] cat \
QUITTIITE" " DE####+S=3 @B CESES~WRF&~xr | f~ ZTj e [ Vj e [ UU] cal] cal] cal] cal] cal] c
alU] c
aa cal] cay ac% ggll?]acs;&ng;lj%basltj]t%%nlj] %%&aggar%le{'mgcg acglethyl ]ag!ﬁce E:%]“}:eaU] cal ca]
cal] ca] caF&asygen sulistitugnt mamddo @reé a)a):bﬂxfand[)@ﬂs G#IR -wherpim Rfici$\al'] ca] ca] ca

et s kS| o a1
5{ uoi clx%cgﬁcalca U}jQﬁ?ﬂﬂ%ﬂsﬂ ﬁ&l&aﬁwf WWMM&%&&%&;CMW

]ca]l calca]c caV]c aU] ca] cal]
55! 50535{ SSQWMQGB&T!YMBRMBBSWHBK wamnma\ﬂm bahddhca] ca] ca]

fJ]a]cg?]cg?J} EZU] ca| Q@J&g&ga}{l\oa{gtﬁeﬂh&% aHLcaU] ca] cal] ca] ca] cal] cal] ca

o e WPt b hatld 6l dedciplipnl aleid hedhgakcal cal cal ¢

>0’)vx/???????m|@@m@|@ @@@geably e.g. alkyl radical and alkyl

éﬁf\(Q:SB]BE% \(/:\r/rggg_‘ﬂ Fﬁ’é@fﬁa&}t H ®a| CQJ&I] caggy?(l:J]a]chcaU] ca] cal] ca] cal]
. F(E)\ai:g ca] ca] ca caf@%?gg@ ﬁ%%‘ca@?cﬁ tﬂ(hﬂ:}@gﬁ:g @gi‘g ???@g'%?]c;?]cggg

G?GG}GGG}GGG}CWIN—H@ h&im@hMReesu@i as)|fonéxahpie) pwdt]anﬁb]criw] (l:J] ajc
a] ca] ca] ca] g ca cVa| cal caU] ca cal caU] ca] ca] caU] ca
]c\a] caldr WﬂM@%%@M&%ﬁ%@ pdaimnulay] ca] cay]

cal cal cal cold iebRBIIEY inthd bRl detlcadreiertd G amimd] TRisAbHRL G prabarkial ¢2 ¢l

cal ca]cal c
TTUSUnUUVVMY\WR$snBad Y Talley, [ IChem)] Eﬂ»@]aml wzzwzm] amktwddsatbcalﬂ cajc
aU] ca] ca] ca] ta] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca Ul caU] caU] cal] c

aU] caU]ScaU] $pecific phospharamide compounds without repeating units. Al tematlvely
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compounding, réduced pressure in injection molding, reduced viscaosity,
s and/or increased cycle time.
Flame retardancy is preferably measured according to the
Underwriters’ Laboratory UL-94 protocol. A flame retarding amount is an
. amount effective to render the composition at least a V-2 rating, preferably at
least a V-1 rating, and most preferably a V-0 rating after testing in the UL-94
10 protocol when measured on a test specimen of about 0.03 to about 0.125

inch (7.62 x 10 to about 3.18 x 10°m) in thickness by about 0.5 inch (1.27 x 10 m) by about 5 inch
(1.27 x 10™'m), preferably about 0.125 inch (3.18 x 10°m) in thickness by about 0.5 inch (1.27 x 10? m)
by about 5 inch (1.27 x 10™ m) more preferably about 0.06 inch (1.5 x 10°m) in thickness by about 0.5
inch (1.27 x 1072 m) by about 5 inch (1.27 x 10" m), and most preferably about 0.03 inch (7.62 x 10™* m),
in thickness by about 0.5 inch (1.27 x 10 m) by about 5§ inch (1.27 x 107 m), dimensions.

15 Enhanced processability can be determined, for example, as a reduction in

extruder torque during compounding, reduced pressure in injection molding,
reduced viscasity, and/or decreased cycle time.

The amount of at least one phosphoramide or mixture of at least
one phosphoramide and at least one phosphorus additive is typically in the

20 range of about 0.1-3 parts, preferably about 0.25-2.5 parts, of phasphorus
per 100 parts of resinous materials (phr), all percentages herein being by
weight. The total amount of phosphorarﬁide or of
phosphoramide/phosphorus additive mixture is most often in the range of
about 1-50 phr, preferably 5-35 phr.

25 Compoasitions of the present invention can also include effective
amounts of at least one additive selected from the group consisting of anti-
oxidants, silicone fluids and oils, drip retardants, dyes, pigments, colorants,
stabilizers, glass fibers, carbon fibers and carbon fibrils, small particle
mineral such as clay, mica, and talc, antistatic agents, plasticizers,

30 lubricants, and mixtures thereof. These additives are known in the art, as are
their effective levels and methods of incorporation. Effective amounts of the
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In a preferred embodiment, at least one polysiloxane is also present in
the compositions of the invention. Polysiloxanes compounds are known per
se. Their properties vary from a comparatively low viscous liquid to rubber-

10 like polymers. Polysiloxanes usually consist of a main chain of alternating
silicon atoms and oxygen atoms, substituted with various groups at the
silicon atom. The polysiloxane compounds may have different structures:
homopolymer, block copolymer or random copolymer. Suitable polysiloxanes
include liquids in which the substituents at the silicon atoms mainly consist of

15 alkyl groups, for example, methyl groups or phenyl groups, or aryl groups, for
example, phenyl groups, or a combination of the two. It is also possible that
a part of the silicon atoms is bonded to a hydrogen atom.

it is possible to use polysiloxanes which comprise one or more groups
(moieties) which are capable of reacting with a carboxyl group and/or an

20 amine group. Examples of such groups include amine groups, epoxy groups
and groups derived from carboxylic acids.

It is sometimes to be preferred to use a polysiloxane compound of

formulas:
Rl 1}3 RS
l—xl—0 ?1—0 ?.—o §n—-x2—z
R? R [, RS
m
25 or

RIO —Z3 Rl3
—-?1—0 1_0 §1-—o ?l—Rls
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represent one of the followmg groups: alkylene, cycloalkylene, aryiene,
aralkylene, alkylarylene; wherein Z', Z*, Z* each represent one of the
following groups: -NR"R", -NH-(CH;), -NR"™R" in which R and R, each
independently of each other, represant a hydrogen atom or an alkyl group

10 having 1-12 carbon atoms, k has a value from 1-10, an aliphatic or
cycloaliphatic epoxide, a carboxylic acid group, Z'orZ’isa hydrogen atom,
in which, however, the polysiloxane compound may not comprise
simultaneously an amine group and an epoxide group, or not simultaneously
an amine group and a carboxylic acid group, or not simultaneously an

15 epoxide group and a carboxylic acid group. Suitable carboxylic acid groups
include acid anhydride groups.

The preparation of the compositions of the present invention is
normally achieved by merely blending the ingredients under conditions for
the formation of an intimate blend. Such conditions often include mixing in

20 single or twin screw type extruders or similar mixing devices which can apply
a shear to the components.

All of the ingredients may be added initially to the processing system,
or else certain additives may be precompounded with one or more of the
primary components, preferably the PPE, the optional elastomers, and/or the

25 polyamide. It appears that certain properties, such as impact strength and
elongation, are sometimes enhanced by initially precompounding the PPE,
elastomeric copolymers, optionally with any other ingredients, prior to
compounding with the polyamide resin, however, these improvements are
done at the expense of increasing the viscosity of the compatibilized

30 composition. While separate extruders may be used in the processing, these
compositions are preferably prepared by using a single extruder having
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multiple feed ports along its length to accommodate the addition of the
various components. It is often advantageous to apply a vacuum to the meit
through at least one or more vent ports in the extruder to remove volatile
impurities in the composition. Those of ordinary skill in the art will be able to
5 adjust blending times and temperatures, as well as component addition,
without undue additional experimentation.
It should be clear that methods to make the compositions and articles
made from the compositions as disclosed are within the scope of the
invention.
10 All patents cited are incorporated herein by reference.
The invention will be further illustrated by the following examples.
EXPERIMENTAL
in the examples the following materials have been used:
PPE: a poly(2,6-dimethyl-1,4-phenylene ether) with an intrinsic viscosity
15 of 45 mi/g as measured in toluene at 25°C. and a concentration of
0.6 gram per 100 ml;
PA-6,6: a polyamide-6,6 with a viscosity of 54-62 mi/g according to ASTM
D789 in a solution of 8.4% by weight of nylon in 90% Formic Acid;

20 CAH: citric acid monohydrate;
XPP: N,N'-bis-{di-(2,6-xylenoxy)phosphinyl}piperazine, a compound
according to formula

oI eon
OA U OA
wherein each A is 2,6-dimethylphenyl residue
25 RDP resorcinol bis(diphenyl) phosphate
BPA-DP bisphenol A bis(diphenyl) phosphate

Si il an amine functionalized polysiloxane fluid commercially available
from GE Silicones as grade SF1706
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following table in a twin-screw extruder with temperature settings over the
5 length of the extruder between about 280° and about 310°C. The screw

speed was 300 rpm, the throughput 10 kilograms per hour. All ingredients
were fed at the throat of the extruder with the exception of the polyamide; the
polyamide was fed downstream about halfway the length of the extruder. The
strands coming from the extruder were pelietized in a laboratory equipment

10 and dried for about 3 hours at about 110°C. The dried pellets were injection
molded into standard ASTM test specimens for measurement of physical
properties. The FOT (total flameout times for first and second ignitions for 5
bars) and Ul-94 classification was determined for each sample and the
results are given in Table I.
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PA-6,6 56.3 |53.0 |51.3 | 547580 | 90 | 55.55°[58.0

5 5 5 4 5

adds’ 067 | 067 | 067 |067]| 067 | O | 0.67 | 0.67

Properties ‘ '

UL-94 vi | vo|Vvo|wvo| fai | - | Vo | Vo

FOT 1 80 | 20 10 | 20 | 492 | - 26 3.3

FOT 2 162 ] 48 | 40 | 56 | 00 | - | 42 | 55

' denotes a combination of 0.33 hindered phenol, 0.22 of
50% by weight Kl in water, 0.11 carbon black, 0.01 Cul
wherein all weights are by weight; 2 denotes the composition
of sample 6.

As can be seen from the properties of the compositions presented in
Table |, compositions containing a phosphoramide (e.g., XPP) can achieve
very short flame out times and very desirable V1 and VO classification in the

5 Underwriter's Laboratory testing protocol. Moreover, the addition of silicone

oil used in combination with the phosphoramide allows for similar resuits at
lower levels of phosphoramide.

The above resuilts containing the phosphoramide are unexpected as
phosphate esters commonly used as flame retardants typically react with the

10 polyamide and interfere with the compatibilization chemistry for PPE-

polyamide compositions. The data in Table Il below illustrates this point by
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Table il.
Amine endgroup molecular weight
(neq/g) (versus polystyrene)
Heated PA 6,6 43.9 70,600
(control)
PA 6,6/RDP 28.6 66,200
PA 6,6/BDA-DP 37.1 73,800
PA 6,6/XPP 44.0 70,500

10

15

The above data demonstrates that both RDP and BPA-DP, illustrative
phosphate esters of the prior art, affect both the amine endgroup number and

the molecular weight of the polyamide resin. XPP, a phosphoramide,

unexpectedly did not significantly affect the amine endgroup number or the

moiecular weight of the polyamide. The amine endgroup number and

molecular weight of the polyamide are believed to be key factors in the

compatibilization of the PPE and polyamide and the ultimate physical

properties of the compositions.

It should be clear that the present invention encompasses novel

compositions as described herein, in addition to methods related to the

compositions and articles made of the compositions and related to the

methods.
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MLO%mé: (\)\_/h\ét is claimed:

1. A resin composition comprising:
a) a compatibiliied polyphenylene etherpolyamide resin composition
and _
b) at least one phosphoramide of the formula:

Q1
R! —p— R?
l'{z
wherein R' is an amine residue, and R? and R? are independently

an aryloxy residue, aryloxy residue containing at least one alkyl
substitution, or an amine residue, and Q' is an oxygen or sulfur

atom.
2. The composition of claim 1 wherein R is of the formula:
—N—X—N —N —0A
R B S I
Z Z \ OA OA

n
wherein each A is independently an aromatic or an aromatic radical
containing at least one alkyl substitution, each Z is independently an alkyl
“ radical or an aryl radical, each X is indepen'dently an alkyl! radical or an
aryl radical, and n is from 0 to about 5, and Q is an oxygen atom.

AMENDED SHEET

A
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10968 () -] v} wwWKWWhXwYwZw [ NAG10$10$10$ *1086& ()- @ @O () - ' 1098& () -
%4096& ()- 9$1096& ()- Zwkwmwwi [ NA410 | 10% & ()- &310% & ()- 10% & () -
/ Bl *10% & () -wiBsreirpe@sizX(ip-in tly ko \arylx oh lKarpleeach 8809 & () -

Z%80%: ()- @3 f;/%é)%%rwy a@ﬁ 44&03F R4 R®, and R® is independently an aryloxy

\.f

residue, an aryloxy residue containing at least one alkyl substitution, or an

amine residue, and n is from 0 to about 5, and Q is an oxygen atom.

4. The composition of claim 1 wherein the phosphoramide comprises a

phosphoramide of the formula:

' O—? ;’f OA
OA-U OA
wherein each A moiety is independently a 2,6-dimethylphenyl moiety or a
2,4 6-trimethylphenyl moiety, and Q is n oxygen atom.

(\

5. The composition of claim 1 wherein the phosphoramide comprises a
phosphoramide of the formula:

- o
RO

< wherein each A moiety is a 2,6-dimethylphenyl moiety. -

6. The composition of claim 1 wherein the phosphoramide is present in an
amount effective to render the resin compsoition a flame rating of V-0, V-
1,0orV-2in the Underwriter's Laboratory UL-94 protocol when measured

4
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| 9. The composition of claim 1 further comprising a polysiloxane.

10.  An article made from the composition of claim 1.
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