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RETARDANT RESI N COVPOSI TI ONS CONTAI NI NG PHOSPHORAM DES, Al

MAKI NG Th| S ication is a continuation-in-part of copendl n ation
Seri al O'é(‘l’)%@ 6879, filed January 22, 1999, which is a P ARBY A AR

conti nuat lon-in-part of copending appli cat lon Serial No. 09/144,687, filed

August 31, 1998. T resent |nve t|on rel ates
to resin conposi tF@%%%%ﬁgﬁié%Wﬁ%ﬁ &@l ng a gl ass
transition tenper atUV%GE%PRWDE@MDQ@ETH@WWAM @t | east about

10C, and nost preferably of at |east about 20C. The invention also relates
to nmethods to nake the resin conpositions and articles made fromthe resin

conposi tions. Conpounds containing phosphorus have been used in resin 10
conposi tions for This, BApdesgtiar is e&s@?@lnu&ﬁ'ﬂnd&m eof @@pead@gpap@mnoes have

been utiliz n t t 0 resin
conposi ti on?erﬂl?l\@f :@g%ﬁﬁﬂ? f\@%&r Tj%lﬁjé rg n?/%ggﬁﬂ'(’@[ﬁﬂjg Eo ?l"lr)]@\/ﬁpgé
utilized in df@&b@ncﬁngmphd:atmmsserml |thr09/e44 B87f ful@mmtn@@stsmanee&pr operties
of the conpositions and/or to enhance the nmelt flow characteristics of the

15 conpositi . | hosphor am des have al so been used
In the text ﬁ@&fﬁg@i@@y@\%@#@?&é&m finishes for fabrics. As part
consol idati on and wei ght reduction continues to evolve in nmany industries,

the physical profget prémnidsenticic ediateonor eedin  BBMPoRRIoNsCESMP ﬁﬁn?
I ncreasing. Key industries increasing the demands include the el ecironics

20 and c8nprhesphoranyde |C@§"p%’|§‘e’é@\é‘ﬂg)ﬁ giasscleansitien tRawsrayss ot akeastr
h o f
o0 oL B AR PR Y

subst anti al I@bou6t2¢0°@L ngle heverktien arsps relatesprtopavetiheds tdnatdker thencesiasi ng
demand is for rlals tt’ﬂft are I he Underwiter's Laboratory

UL- 94 test &OBIQ?@ jongang. 0'951“3 rgrrg{hezrgsmcq@ppﬁ@pgﬁore appar ent t hat

new resin conpositions that neet these and ot her demands continue to be

sought. | ~1~1 * OyfdssindsUBSIrtdinig SpirbdpHdib E R “Bedd  usé8 MEBRMMRY 2003

The present invention provides a resin caonposition conprising a) a
t her mopl18st |Q9mF@§ithSe(ﬁﬂa yRrigty ¢fd83600%e F}S’lﬁ@é‘émﬂ'@m/%r@mhqﬁ@hde@ have -

transition t t I i) a
phosphor am ER_:J ﬁaeflanzgat LJ eg?ﬂanega@%Qlﬁ%ﬁe%t{@@gpé@ogze%re%ﬁb@Qeip?eséﬁc])xygen
or sul fur; Rbmpsdionshe AltermativalyX:variouZt organkt phosphhte lesters Giave been

utilized in resin compositions to improve the flame resistance propetrties of the

compositions and/or to enhance the melt flow characteristics of the
15 compositions. Certain water soluble phosphoramides have also been used in
the textile industry as flame retardant finishes for fabrics.

As part consolidation and weight reduction continues to evolve in many
industries, the physical property demands placed upon resin manufacturers
are increasing. Key industries increasing the demands include the electronics

20 and computer industries, especially for computer housings, computer monitor
housings, and printer housings. One increasing demand is for materials that
possess higher heat resistance while preferably substantially retaining other
key physical properties. Another increasing demand is for materials that are
rated in the Underwriter's Laboratory UL-94 test protocol as V-0, V-1, or V-2.

25 ltis therefore apparent that new resin compositions that meet these and other

demands continue to be sought. \\\\\\\\\\\“\\\\\\\\\\\\\“\\\\\\\\\\\
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-N Xt - NP -N x1 . P- A24 A22 A23 n wherein each of A22-24 is

i ndependently an al kyl oxy, al kylthio) aryloxy, or arylthi o 2P ESRRHABY 23 an
aryloxy or arylthio residue containing at | east one al kyl substitution; or
an am ne residue; each Z1 is an alkyl radical, aromatic radical, or
aromatic radical containing at |east one al kyl substitution; each X1 is an
al kyl i dene radical, aromatic radical, or aromatic radical containing at

| east one al kyl substitution; or RL is of the formula XlI: 2 28 FEBRUARY

2003 2 1 2 1 ( : A i1 ol ez - R0 Z2 Rs Z2 R9 n
wher ei n each Xﬁ'% g@%@l‘i (#grt\'é,n dé?({llpfasgrregi}t%drry??s'té%ﬁé%ﬁs@ggl kyl i dene;
each of RS, R931 g%rﬁgéreh%%id@gﬁ?%ggntly an al kyl oxy resi due, an aryl oxy

resi due, an aryl oxy e contalning at |east one al kyl substitution, or

an am ne residye,; ' [0 IR re.

independe&;ég sﬁagﬁgg?c?%g, 5?5(?3@1%{%@1 QEY/‘PQ%P%P a@?@ﬁ%’?@%@iﬁﬁe@aﬁ an
aryl oxy o GeCIRdLTPRtNE AoUR PASISING Okt | east one al kyl substitution: or
an am ne residye; (ii) a phosphoram de of the fornmula VI: C-1 ~ QL A3-i PAN
N ~P - As \Aher‘giarpm%'o@"gl@ i%‘ﬂé%giﬁjéﬁmuﬁoxygen or sul fur and each A
noiety is a 2,6-dinethyl phenoxy noiety or a 2,4, 6-trinethyl phenoxy noiety;
(iii) a phosphoranide ofQthe fornmula VII1 2a 28 FEBRUARY 2003 QL Al ~~~
A13 N (VII1) 1 QL QN NHKIP_A17 A15 Ais

h RTPTR
R
wherein:

Q1 is oxygen or sulfur;

R1 is of the formula X:

Z1 21 01 21 21 1
X | ] i | | ? 04
—N— X'—N T—N_‘X1“' P—A
n
wherein

each of A22-24 is independently an alkyloxy, alkylthio, aryloxy, or arylthio
residue, or an aryloxy or arylthio residue containing at least one alkyl substitution;
or an amine residue;

each Z1 is an alkyl radical, aromatic radical, or aromatic radical containing
at least one alkyl substitution;

each X1 is an alkylidene radical, aromatic radical, or aromatic radical
containing at least one alkyl substitution;

or

R1 is of the formula Xl:



wherein each QL is independently oxygen or sulfur and each - IS
i ndependently an al kyl oxy, al kylthio, aryloxy, or arylthi 02&%%5%299? an

aryloxy or arylthio residue containing at |east one al kyl substitution or
an am ne residue; (iv) a phosphoram de of the fornmula XIl R11 R12 / | (Xl

) RL 14 QL Il P-A25 Oln wherein QL is oxygen or sulfur; each of R11-14 is
i ndependently a hydrogen or an alkyl radical; X3 is a al kylidene radical; n
is 0 or 1; and 2b 28 FEBRUARY 2003 A25 is a group derived froma primary
or secondary am ne having the gane or dif\ferent radicals that can be

aliphatic, alicyclic, ar t| pr al karyl, of A25 is a group derived from
a heterocycli c ne »(J I ygK ZI n orrpound; (v) a bis(cyclic)
phosphor am de he f r’rﬁa I'fl 5R1s] ( I) t RL7/~~_ Rla 0 QL Q1

Il 1l P_ A2s P mG'U rei pNe cﬁ % hdependentTy is oxygen or
sul fur; each of R15-22 |Z¢a [ nd pﬁ@den %y a yéi{gogen or an al kyl radical;

wherein
each X2 is alkylidene, aryl, or alkaryl;
each Z2 is alkylidene;

each of R8, R9, and R10 is independently an alkyloxy residue, an aryloxy
residue, an aryloxy residue containing at least one alkyl substitution, or an amine
residue;

n is from 0 to about 5; and

R2 and R3 are each independently an alkyloxy, alkylthio, aryloxy, or
arylthio residue, or an aryloxy or arylthio residue containing at least one alkyl
substitution; or an amine residue;

(ii) a phosphoramide of the formula Vi:

Q' Q'

3 | / \ I 6

(V1) A°*—P—N N—P—A
b e

wherein each Q1 is independently oxygen or sulfur and each A moiety is a

2,6-dimethylphenoxy moiety or a 2,4,6-trimethylphenoxy moiety;

(iii) a phosphoramide of the formula VIl :

2a



X4 is an al kylidene radical; mand n are each independentl ' d A26
is -N Gl- NZ3 Z3 wherein GL is sulfur, an al kylidene radi%%?aﬂg¥%Y2&ﬂ
radical, or alkaryl radical; and each Z3 is independently an al kyl radical
or an aryl radical; or wherein A26 is @ N / N Y2 wherein & is

al kyli dene, aryl, or alkaryl, and Y2 is al kylidene. 2c 28 FEBRUARY 2003
The present invention further provides a nethod to increase the heat
tenperature of a flanme resistant conposition conprising the steps of
conbining at least _ a) a therygpoplastic resin, and b) at |east one
phosphoram de having a glass ffansition point of at least OC selected from
the group consisting of: iA'>aphosBhor am de having the formula: Q Il C)
Ri - P—R3 R2 wherein: QL is oxygen or sulfur; Rl is of the formula X2 Q Z1
Zi 1 (~ 1 11111 Q-N" Xt P-N X ~ p- A2a A22 A2a n wherein each
of A22-24 is independently ¢@n al Ryl oxy, alkylthio, aryloxy, or arylthio
resi due, or anﬂdﬂgloxy oq ryltikz i due containing at |east one alkyl
substitution; an am esi due h Z1 is an al kyl radical, aronmatic
radical) or aronathﬂ&a aP\Qpnfa*ﬂ at | east one al kyl substitution;
each X1 is an al kylideng¢ radical arqna c radical, or aromatic radical
contai ning at |east oneaaf kyl subst|VUP|on or 2d 28 FEBRUARY 2003 R1 is
of the formula XI: 2 1 2 1 (XI) /x\ Q/x\ Q

wherein
each Q1 is independently oxygen or sulfur and

each of A12-17 is independently an alkyloxy, alkylthio, aryloxy, or arylthio
residue, or an aryloxy or arylthio residue containing at least one alkyl substitution
or an amine residue;

(iv) a phosphoramide of the formula XI! :

R14

wherein Q1 is oxygen or sulfur;

each of R11-14 is independently a hydrogen or an alkyl radical;
X3 is a alkylidene radical;

nisOor1; and

2b



-N~ /N~ N ~Np-RioZ2 RB Z2 RO n wherein each X2 is al ky] Lden l, or
al karyl; each Z2 is al kylidene; each of R8, R9, and R10 is¥%h§§%§ﬁﬁgéﬁly an
akyl oxy residue, an aryloxy residue, an aryloxy residue containing at |east
one al kyl substitution, or an amine residue; nis fromO to about 5; and R2
and R3 are each independently an al kyl oxy, al kylthio, aryloxy, or arylthio
residue, or an aryloxy or arylthio residue containing at |east one al kyl
substitution; or an am ne residue; (ii) a phosphoram de of the formula VI:
Q Q ~P-As \.A25A4¢ avgesup defiesd fImis printarpeordeatdndapy ygmineohadingftihe and
each A moifhy drdifferénd radioss thhPE&m Geyaliphaticy adychic 2arbrfatid, igredikaryR henoxy
oI ety; (M98 )isBaPGRMRIRRARA TG BN RgieRschiia Mia 26r AZE IEEEMRAGOS QL
Al ~I ~ AI&i zﬁﬂd ) Q tP~N~N~~P_AI ~ Al5 Ais wherein each Ql" I's

i ndependen oxygen or sul fur and each of A12-17 is independently an

al kyl oxy, al ky, [ . ' ' .or an aryl oxy or
arylthio resi d(:yzgcﬂg%(tcg@ﬁ)%ﬁg?ﬁérgg@&%)Egt%afogﬂuf%ggls.ti tution or an am ne
residue; (iv) a phosphoramide of the formula XIl R11 R12 (XI 1) Rl 14 QL |
P-A25 ~n wherein QL is gtygen or sulfur; each of R11-g® is independently a
hydr ogen or an al kyl ra1ical; X3 is a al kylidene radi1al; nis 0 or 1; and

VAR 4%

o o
— 1 1 —_
(Xill) Q d /

wherein each Q1 independently is oxygen or sulfur;
each of R15-22 is independently a hydrogen or an alkyl radical;
X4 is an alkylidene radical; m and n are each independently 0 or 1; and
A26 is
_ 'I\l_. G1 P 'I" -—
z° z?

wherein G1 is sulfur, an alkylidene radical, aryl radical, or alkaryl radical;
and each Z3 is independently an alkyl radical or an aryl radical; or wherein A26 is

wherein G2 is alkylidene, aryl, or alkaryl, and Y2 is alkylidene.
2c



2f 28 FEBRUARY 2003 A25 is a group derived froma prinar ary
am ne having the sane or different radicals that can be al ?%E%[ﬁ”?s”m
alicyclic, aromatic, or alkaryl, or A25 is a group derived froma

het erocyclic am ne, or A25 is a hydrazine conpound; (v) a bis{cyclic)
phosphoram de of the formula Xll1l: R15 R22 R16 ~~ R21 O Q1L QL (X111) I1I 11
ImP - A26 P( X4 )n OORL -1~~R20 is R~s wherein each QL i ndependently is
oxygen or sul fur; each of R15-22 is independently a hydrogen or an al kyl
radical; X4 is an alkylidene radical; mand n are each independently 0 or
1, and A26 is -N- G- NZa Zs. wherein % IS sulfur an_ al kyl i dene radlcal
aryl radi cal, or al'rk‘ﬁri}'lesﬁﬁtﬂ'ﬁ’&nt'oﬁnfb‘ SE Proydes ‘? ﬁd ncjease fkyl

radi cal beabrempgratueiiafan: lamenrrsistant Aospasitign GOMPNSING theestaps 6 i s

al kyl i denembinigg at teaskl karyl, and Y2 is al kylidene. 2g 28 FEBRUARY 2003
Further, the present invention also provides articles made fromthe resin
conposi ti ons. afFarthérmoplastic tedsin, @ndsent i nventi on provi des net hods to nake
resin conpositions having inproved heat and/or processability over

conposi tions bhatweast drieephosphdaiiide BBVIDESCIYIFSE EaNSEo HIHIMINVMEAIT led@st The

nmaj or copsCiselsstéd frbnt the BOP@dhbisting off the invention is at |east one

t hernopl astic polyner. Both addition and condensation polyners are
included. |11 psd pRédpHramide havihg thdferumel es of thernopl astic polyners are
ol efin polynmers such as pol yet hyl ene and pol ypropyl ene; di ene polynmers such
as pol ybut adi ene and pokyi soprene; polynmers of ethylenically unsaturated
carboxylic acids and th%i r functional derivatives) including acrylic

pol ymers such as poI i_a kyl ,acryl ates)) poly(al kyl nethacrylates),

pol yacryl ani d€B) po yaclyl Bﬁl trile and polyacrylic acid; al kenylaromatic

pol ymers such as pol ystﬁgene pol y- al pha- met hyt st yrene) pol yvi nyl t ol uene,

wherein:
Q1 is oxygen or sulfur;

R1 is of the formula X:

Z! Z' [a' 7 2\ g
X | [ 1l 1 I\ 04
—N—X'—N IID—N——x‘—— ||°—A
n
wherein

each of A22-24 is independently an alkyloxy, alkylthio, aryloxy, or aryithio
residue, or an aryloxy or arylthio residue containing at least one alkyl substitution;
or an amine residue;

each Z1 is an alkyl radical, aromatic radical, or aromatic radical containing
at least one alkyl substitution;

each X1 is an alkylidene radical, aromatic radical, or aromatic radical
containing at least one alkyl substitution;

or

2d



2h 28 FEBRUARY 2003 WD 001 12611 PCT/ 11599111225 r ubber
pol ystyrenes, and the |ike; polyam des such as nylon-fi a%gh%ﬁ@gwééom

pol yesters; pol ycarbonates; and pol yaryl ene ethers. Both thernoplastic and
t hernopl astic el astoneric polyesters are suitable for use in the present
invention. Illustrative) non-limting exanples of 5 thernoplastic

pol yesters include poly(ethylene terephthalate), poly(i ,4butylene

terepht hal ate), poly(1, 3-propyl ene terephthal ate),

pol ycycl ohexarRtlisef tharfofmtlarXdpht hal at e)

pol ycycl ohexanedi nmet hanol - coet hyl ene terepht hal ate) pol yet hyl ene

napht hal at e, pol ybutyl ene naphthal ate) and pol yarylates. Illustrative,
non-limting exanples of thernpplastic 10\el astoneric polyesters (conmonly
known as TPE) include polyethgrgsters,suc ag! pol y(al kyl ene terephthal ate)s
(particularly @) yjet h)u et rﬁspht hf?(%e] and pol yj but yl ene

terephthal ate] ) contgjni ng I\? k s o pol y(al kyl ene oxi de),
particularly segnents xf p’o y tPlyI eng 0X| de) |an pol y(butyl ene oxi de); and
pol yest eram des such aszhose 108 syntﬁ%& drby the condensation of an
aromatic diisocyanate with di carboxylic agids and a carboxylic

acid-term nated pol yester or pol yet her prepol yner. Suitable polyaryl ates

i nclude, but are not limted to, the polyphthal ate esters of

2, 2- bi s(4- hydr olg%phenyl ) propane (commonly known as bi sphenol 20 A), and

polyesters con¥ g of structural units of the formula Il cu) -o
wherein R4 is 1-4 al k tonally in conbination with
structural um‘%%cqb’?g %'%Uff%ﬁﬂ anly %f %'ké&%sm TUTE SHEET (RULE 26J 28
FEBRUARY 2003 V\D bk]] CTI US99l 11225 OO (11!') ~~ Rs ~~ O O wherein
R5 is a dival eﬁ‘ﬁc al (l;rﬁﬁt’ allcyclic or mixed aliphatic-alicyclic

radical. The latter esters are prepar th reactlo of a
1, 3- di hydr ox %r'i‘z‘énéa napd R} ﬁ"’@ﬁgeaﬁs fQ Y& aRARYIBN or i de
5 under  derislienanasyigxy residue spptaining at |%ﬁﬁtt®eoﬂllkylo‘iuh§llﬂltlonl OF gntaminea 1, 3
di hydr oxyresitehe noi ety which may be substituted with hal ogen, usually
chlorine or bromne, or preferably with C1-4 alkyl; e.g., nmethyl, ethyl,

i sopropyl, propidfromd td ab®disd amidkyl groups are preferably primary or
secondary groups) with nethyl being nore preferred, and are nbst often

| ocated in t heR20amd tRD qreseachrindepamddntlyx pgealkytoxys adityithiy garylaxdyeror

posi t i onsargltkioatesiduxg rareamlarylery oFharyithist rawidde coathiningeat leastibaer alkgr ci nol
noi et i es, substiitionhoRédn iagnihg desigas; Sai d 1, 3- di hydr oxybenzene noieties are
linked to aromatic dicarboxylic acid noieties which may be nonocyclic

noi eties, e.g. (i) |§9mgﬂrajrgmme)@fm@rfgﬁhmbawat e) or polycyclic noieties)

e.g., 15 napht haI enedi car boxyl ate. Preferably, the aromatic dicarboxylic
acid noieties are isophthalate and/or terephthal ate: either or both of said
noi eti es may be present. Q or /r-h'e-\{rost Qért both are present in a nolar

rati o of |soth1)aI at eAﬁOP—N N——P AS
L L

wherein each Q1 is independently oxygen or sulfur and each A moiety is a
2,6-dimethylphenoxy moiety or a 2,4,6-trimethylphenoxy moiety;

(iii) a phosphoramide of the formula VIl :

2e



terephthalate in the range of about 0.25-4.0:1, preferably a‘l?é)

In the optional soft block units of formula Il, resorcinol 28 RUA 2003

al kyl resorcinol 20 noieties are again present in ester-forni ng conbi nati on
with RS which is a divalent C4-12 aliphatic, alicyclic or m xed
aliphatic-alicyclic radical. It is preferably aliphatic and especially
C8-12 straight chain aliphatic. A particularly preferred arylate pol yner
cont ai ning soft block units is one consisting of resorcinol isophthalate
and resorcinol sebacate unitsd1n a nolar 25 ratio between 8.5:1.5 and
9.5:0.5. Polycarbonates usefulI in the conpositions of the invention include
t hose conprising structur@'2uaptsp’@ the fornmula IV SUBSTI TUTE SHEET
(RULE 26) 28 FEBRUARY 2003 WO 00/12611 O 1V ( ) - o- R6-0 -C

PCT/ US99/ 17225 wherein at | eax_about 60 percent of the total nunber of R6
groups are aromati c organi gZradi tgls and the bal ance thereof are aliphatic,
alicyclic, or &fbpmatic r adifcal s.\?w bqbl e R6 radicals include m phenyl ene,
p- phenyl ene, 5 4,4'- bi p@en | ene) ” bi (3, 5-di net hyi ) - phenyl ene,

2, 2- bi s(4- phenyl ene) 473 -tetranmethyl-1,1"-spirobi ( 1

H i ndan]), 1,1'-bis 4 p enyl ene) 3 3 |5 rimethyl cycl ohexane) and simlar
radi cal s such as those wh¥ch correspoﬁﬁ to the di hydroxy-substituted
aromatic hydrocarbons disclosed by name or formula (generic or specific) in
U. S. Patent 4 2 7,438, 10 which is incorporated herein by reference. Mre
preferably, gregh aromatl C organl c radical and still nore preferably a
radi cal of theforrrula : , Wherein each Al and A2 is a
nmonocycl i c di veAEhR1 aﬁwdqp&a'ﬂ@atlyammor gulfuy a"da bri dgi ng radl cal in which
one or two atonms separate Al and A2. For exanp Al and A2 typically
represent unsu®aeh ng\éa Hh@ﬂ?ﬁ@ﬁ@n‘éﬁnt%%ﬁlﬂﬂ’@d aﬂ@ﬁh\ﬂaﬁ%’@&)’vt%&@@gh'o The
bri dgi ng fesitiusalor an aryloxyor asylthia residyacentaining ajreast enedalsulsubstifutiony a
sat ur at edomamaminel odsidige;net hyl ene; cycl ohexyl i dene)
3,3,5-trimethyl cyci ohexylidene; or isopropylidene. The nost 20 preferred
pol ycar bonat es(idrapbogpgioramideropihleyffoemblandd es, i n whi ch each of Al and A2
i's p-phenyfene and Y1 is isopropylidene. Preferably) the weight average

nol ecul ar wei ght of the ini t|| al pol ycarbonate ranges from about 5,000 to
about 100, 000; nore preferdbly from about 10,000 to about 65,000, still
nore preferably frorqzabout 16, 000 to about 40,000, and nost preferably

E

25
(X3 ) P A

/ \ O
i

R14

wherein Q1 is oxygen or sulfur;

each of R11-14 is independently a hydrogen or an alkyl radical;
X3 is a alkylidene radical;

nisOor1; and

2f



25 from about 20,000 to about 36,000. Suitable polycarbonates made
usi ng any process known in the art, including |nterfaC|al)zg%ﬁqﬁp%aﬁzmgolid
state) or nelt processes. 5 SUBSTI TUTE SHEET (RULE 26) 28 FEBRUARY 2003
WO 00/ 12611 PCT/ US99117225 I n one enbodi nent the present invention
conprises a conposition containing at | east one polycarbonate. in another
enbodi nent the invention conprises conpositions containing two different
pol ycar bonat es. Bot h honopol ycar bonates derived froma single di hydroxy

conpound nononk2s s angraupr delieed HaratL prifeary Verdsécariam ramineaRadng the
di hydr Okamrﬁﬁf‘%@éa@ﬁﬁaﬁm'ﬁﬁa& tic) BlicychE SARMAR, DFAKBATE Hr
conposi tlﬁ;& bfotB AeRlaPr a%@@m&w%wa&ﬁw i& &MRrdsiapbonat e

conpr|5| nononmer units and
rime hylcyclohexyl|dene)d|phenol nmononmer units. Preferably, the

10 copolycarb .erably 15-60 nole % and

nost prefer abR9?§®%§% Z’ﬁﬁ%s@?oerg"ﬁgé of tf?e fg?ﬁ-.ﬁlaof(ﬁf

4,4' (3,3,5-trimethyl cycl ohexylidene)di phenol with the remnai ni ng di hydroxy

mononer bei ng bi sphenol g The weight ratio of bispheg? A polycarbonate to

copolycarbonate conpri sijng bi sphenol A nononer units ]nd

-(3,3,5-tringilayl hexyl i dene) di phenol nono é&kuni $ in
Eyrﬁﬁ 5:5 and 70: 30

conp03|t|ons of the invention is preferabl

and nore preferably 5 and 75: 25. ene ethers are

nost often pol yphenyl ¥ne_et hers ng str ra its Of the fornmula: Q

V 20 wherein epgin Q is | epende t y haI primary or secondary | ower

al kyl , phenyl, hal oal kyl 'noalk arbono y, or hal ohydrocar bonoxy

mhereln at Ieast t wo carbth$mpns éPthe hdwﬁgen and oxygen at ons,

and each B is independentfy hydr gen, haldbﬁ: prigjary or secondary Iomer
28

al kyl , phenyl) hal oal : onoxy as defined
for 25 D2. 6 SUBSTI TYTE SHRET EBRVARY 2903 WD 00/ 12611
PCf 1 US99/ 17225 Bot h mer~ and copol yner poly henyL\\S ethers are

i ncl uded. The pr pol ymers are those cont {4 0

2, 6-di met hyl - enyl ene ether units. Suitable copol ners ncl ude random
copol yners contai ning sygb units in conbination with, 'for exanple,
2,3,6-trinethyl-1,4 5 phenyl ene ether units. Al so i ncRuded are

pol yphenyl ene ethers contai ning noieties prepared by grafting onto the

pol yphenyl ene vétehadr edch Qdriadepentantyds oxygahorsafwer i al s as vi nyl nononers or
pol ymers such as pol ystyrenes and el astoners) as well as coupl ed

poi yphenyl ene e@emeiri¥15:22 isnilependantips hydoaggenarsalistiericals | ow nol ecul ar wei ght
polycarbonatea; qui nones, heterocycles 10 and formats undergo reaction in
known nanner wi%ihat ﬂ'éy"HVI?r’B‘Jé?F'd’ﬂ@iﬁ’d&arﬁﬁa‘iweﬁﬁﬁ}*ﬂw&?ﬂ%ﬂ@ ether chains to
produce a hig@e&lgnlecular wei ght

—N— G1_ N—
|
pd z8

wherein G1 is sulfur, an alkylidene radical, aryl radical, or alkaryl radical; and each Z3 is
independently an alkyl radical or an aryl radical; or wherein A26 is

wherein G2 is alkylidene, aryl, or alkaryl, and Y2 is alkylidene.
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pol ymer. - The pol yphenyl ene ethers generally have an intr]jnsi | ity
greater than about 0.1, nost often in the range of about dkgihg%ﬁgﬁ@&f
especially about 15 0.35-0.6 deciliters per gram(dl./g.), as neasured in
chl orof orm at 25C. The pol yphenyl ene ethers are typically prepared by the
oxi dative coupling of at |east one nonohydroxyaromati c conpound such as
2,6-xylenol or 2,3,6-trimnmethyl phenol. Catalyst systens are generally

enpl oyed for such coupling; they typically contain at | east one heavy netal
conmpound such as a 20 copper, manganese or cobalt conpound, usually in

combi nati on W' t hFMﬁr'iérO‘H?e BFé%%ht iRbRlidrAhfo ;E’feo.aewrmésv méze’ fdmPebYiebmny! ene
et hers for purposes are those which conprise nol ecul es having at feast

one am nmmppﬁlil@@ﬁht fﬁhﬁﬁ'@"@ndhgr@fﬁﬁentm@@lﬁ‘nﬁ&vﬂﬁﬁ mgthods | toj make\igsBnt | v
bound to g BBVl ESHpdsitichs KMBWANY thar oup.
Product s cnﬁﬁéﬁglng&@g%ﬁﬁgnéﬂqrgﬂgéggggmeik%gwalnedbbyplncorporatlng an
appropri @t primary or secondary nonoam ne such as di-n-butyl ani ne or

di mret hyl am ne as one of the constituents of the oxidative coupling reaction
m xture. Also frequently present are 4-hydroxybi phenyl end groups and/ or

bi phenyl -structural units ically obtained fromreaction mxtures in
whi ch a @EMMQD%QH%B@N@%S'HESIWENJI@N especially in a
copper - hal i de-secondary or tertiary 7 SUBSTI TUTE SHEET ( RULE 26) 28

o opor (1 on_of URniip, RSt G SomBRalRg ot Frknioncaa' ARk,
about 90%nky thsrhplastic polymer. yBeth, adalion candi dordlenk&lisri polendts a d
am noal kyl - gntalnlagpand ydr.oxy- bi phenyl end groups. It will be

4-h
appar ent AQudegs lustrativey nog- lifn@narexame'ﬁﬁt pt th ashis palymarp cate
pol yphe”ﬂléfﬂ? ){!ﬁéu% SBBRR e i &h&@hg“ﬁﬁd'ﬂol&@@gy@f@mdu% Lfibydi g all

t hose present| Irres var i at In struct anits or
anci |l | ar 3suchera's:apofy®madleee &nm polymprqm&sr polymeas o lof methylérdcaltypl asti c

Copol yrotBsptratas SabosHie ASKEOY M enaroaplasBliEs. MetdhE A g ampi c.
sui t abl e pafnyedsyr eaeR | AS! ugalyl@@lmpobwwtés) Sugblyeak MOfeliRicTylaRsy St yr ene

and syndi ot'actic polystyrene, "and copol tter enbraces high

i npact p&ojecHlamides. FRlyacrylgsitle oand uﬂ@bﬂaonﬂm facid palkerylgrogatic

cubbory EagS R Pas" 4 Ao grl ool 0 eI, BRAMAGRNTE, ' A'so

i ncl uded are ABS copol yners) which are typically grafts of styrene and
acrylonitrile on a previously formed di ene pol yner backbone (e.g.,

pol ybut adi ene or pol yi soprene). Suitable ABS copol yners may be produced by
any nethods known in the art. Especially preferred ABS copol yners are
typically produced by mass pol ynerization 20 (often referred to as bul k
ABS) or emul sion polynerization (often referred to as high rubber graft
ABS). The preferred thernoplastic polynmers for many purposes are

pol yesters, polycarbonates, polyphenylene ethers, polystyrene resin, high
i npact polystyrene resin (H PS), and styrene-acrylonitriie copolyners
(SAN)) 25 including ABS copol yners. These may be enpl oyed individually or
as blends. Especially preferred blends include those of polyphenyl ene et her
with at | east one of H PS, anorphous pol ystyrene) and syndiotactic

pol ystyrene; and pol ycarbonate blends with at | east one of ABS, SAN, and
pol yester. In resinous conpositions there is often an inprovenent in nelt
flow

2h



30 and/ or other physical properties when one nol ecul ar wei ﬂﬂﬁﬂezoﬁé at
Least one resinous constituent is conbined with a relatively Tower ~— -

nol ecul ar wei ght 8 SUBSTI TUTE SHEET (RULE 26) 28 FEBRUARY 2003 WO

00/ 12611 PCWQQ0483@t1 25 grade of similar resinous constit uRGEUSINT225
illustrative, non-limting exanples include conmpositions containing

pol ycar bonat e, pol yphenyl ene ether, thernoplastic polyester) thernoplastic
el ast oneri dupbeysmtﬁﬂed pelystyrgned, @nd ther likapglyamides such as nylon-6 and

poi ycar bonat e- falal I LS Laprovenent in melt flow
when one nﬁﬁ’g‘&’ﬁﬁgr 89&?8%{&(;@;8:@%2&%8%%@ bgﬁﬂeﬁ%bﬁﬁ% ned with a
proportion of a relatively | ower nolecular weight grade of simlar

pol ycar _bonatel. Ier\eftmlmno;rIbetiqorqmﬁnﬂheimgplﬁs}tionelastmnp_ mlsspclyest_émoseiréi ons
conprising on one nol ecul ar wei ght grade, of a particular resinous

constit uentSU ‘ea{g’éd‘s@oﬁ?p'ﬁﬁ RIE3eRY 'B‘é‘ﬁ%ﬂ%ﬁ“‘gﬁf%gom’h’&%t'%?mm&ﬁ ofo

wei ght ¢ra hiih | ir§10 Shi r lgecul ar
hel ght o ada P | B e P AN ent . erepiafitely ST She
aver age noltudyleae wei gterephthatate).onest pely(d dsppyleseght cdetsphthatate),i s

about 10%'t 9 bl % t 9 re
preferably é%@%gwdgﬁ%hgﬁ@o%§%ﬂéﬁgl gRélgﬁ%@%%ﬁ%%gg&n%l ght of
the 15 hi ghsthyleno! tecapiathalats, gidlyethpisniet ngpiithalate opslybetplepeenagtithaate,
non-limting enbodi ment pol ycar bonat e- cont.ai ni ng bl ends | ncl ude t hose
conpri si ng %PdpoP9W§rFT\§6W§t e ustratiye gReniiiting e exaMmplas apt wiheymopiastiGeen

about 3§, O%IaétaﬁaeweoPgmaatbéwqcsﬁ.%mﬁqmwm A ngygﬁggtae;%&ﬁ%fg&%wht

aver age nol ecul ar we et ween out 76,000 an n two or
20 nore nolsuchl araswei goty(gikylase ofterephthalate)esi (particdariygt i pobfethylease

From about SSRGS oy BfviRe hteBRina] gl SRR nbout
99 to aboutsghndtits SobfpoN(aikgidher oRieledC Warticulgriyg Megiierte Sof PolfathitbRe Of two
t grades of a resinous constituent is often preferred, in

I I h
m”ﬁi gﬁucg;em@&)m%tp%(huaﬂm gxidelie anfo Rplyasteramides apueh favnthgsdut 99: 1
t b 1: : I agﬁgg- 0: a70metic 2%iSS
p?e?e?ggl y r(t)hnﬁ{%&l;[ 820¥g%r?§ha outuog‘o:%g.é@i nce ?llg% g‘rlg&r}{aaﬁg agﬁﬁﬁi ng

processes fdicarvakylicg agidsaand calcarboxydic nacid-teuninatad. polyeater orapalybtheof

maki ng al | ngl ﬁlgear wei ght grades of that constituent, the present

i nvention 8§1§ Les conpositions conprising 30 two or nore nol ecul ar

wei ght grades of simlar resinous constituent in which each of the simlar
resins i s nade [Quitabtie foolyatylateseinoludel but age movdiatiad tbn tenpolyphihalite ar
enbodi ment the in tan%_i nventi on_enconpasses cor;gosi tions conprisin

] a
pol ycar bondi¥teigank 2oy LiH4MYdErRBEAYRIPBRRE S(CPMMAMMY KRoWrb RS obisplesal TUTE
SHEET GBULEARGhd poRfboTERRANEKANOH SHERRANGARIOMAE 16mRRRIL7225 wi th a
pol ycar bonal% o?p I'Tferent vvei‘gﬁt gver agel‘ﬁgfsecu aréwel %f‘u made by a nelt
process. Another constituent of the resin conpositions of the invention is
at | east one phosphoramni de havi nga gl ass transition point of at |east
about OC, 5 preferably of at |east about 10Cgoand nost preferably of at

| east about 20C, of the formula I QL Ra- P-I;G] wherein i S oxygen or
sulfur; RL is an flm' ne residue,ZaRiNR2 and are_egeR 'g%pendently an
al kyt oxy, al kyl t(H o; aryloxy, [pr arwithi res?due aryl oxy or
arylthio residue containing af\ | east)lone al kyl or T Gsabstii t uti on, or
m xture thereof; or an am ne rgsidues It shoul d b gl that in the
descriptions herein, the words ™adical" and "resi dde* are used
i nterchangeably) and are both intended to designate

wherein R4 is hydrogen or C1-4 alkyl, optionally in combination with

‘structural units of the formula Ilf :
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an organic noiety. For exanple, alkyl radical and al kyl reg] th 15
i ntended to designate an alkyl noiety. The term "al kyl " as%'gsjééégugﬁﬁ(ﬁg

vari ous enbodi nents of the present invention is intended to designate both
- normal al kiNOo2eHched al kyl, aral kyl, and cycl oal kyl radi cRCEUSMyrTIed and
branched al kyl radicals are preferably those containing from1 to about 12
carbon atons) and include as illustrative non-limting exanples nethyl)

et hyl, propyl, 20 isopr®pyl, buil , tertiary-butyl, pentyl) neopentyl, and

hexyl . Cycl oal kyl radiqpls repre} ented are _pyeferably those containing from
3 to about 12 rjmg C QnE. ¢ SaIpe i FSTTRN ve non-liniting exanples of
t hese cycl oal kyl radicals include cycl ob \

cbogentyl ) cycl ohexyl,

met hyl cycl ohexyl, and cycl oheptyl. Prefe bl Kyl radicals are those

containing from7 to about 14 carbon 25 hese include, but are not
limted to, benzyl, phenyl butyl) phenyl prop and phenyl et hyl. Aryl
radi cal s used in the various enbodi nents of the present invention are

preferably thosgherii aiRE Ng fd odvaldr L4-12 NGliRARON élibgeﬁb o mikedt TUTE
SHEET (RULE_ 26~ 28 FEBRUARY 2003 WO 00/ 12611 PCTNS99/ 17225 Somne
i |1 ustrat i gliphadin-alicyelia riagicak e Bdteppolyrsises are prapaied Slystherreaatien pheny|

bi phenyl , 3 adi ed i > vari ous
erbodi mrent & ot ST S:berkenelyh &t st oo BB RS ol brind
conposig i ousderaalialineaiconditises)t iSttuciural sinitgl ef ploomplaoribngsidair 2 $3m xt ure
of two or nore different types of phosphoram des. Congpositions containing
essenti al | XS’QXMB?%Z%MQWa (r QTaéP Bf"e? 'Eﬁ.edega halgaeapskally de
having a g r irh} pe} I o] Cds U S our ce of
phosphor usé}?ﬁﬁ?ées?fr:q%rgh%i t8 f gélrg T)ériatB ‘yvvav@@ﬁtr?eﬁge?!k dl 3?' @buﬁﬁqpﬁ'atégﬁhi gher

heat def| eisopwmpytl, rppylabulyb Ssid alied graupspseipretesably rimanyron $acandainn

or ganophos RS BiBTeIf" bRES prs BFEIEHAE, & SPE RASH SR LSBT Wi o
f1ame 1®si sitiag Gsogition aot doits toxggenf atonss cithipaght otier  Absitionghathalsgvent i on
i s not dependent upan gggganls bel 1eved that sel|ection, of each

it is. 15 . ! .
of Rl, R2,cemamptatedsil °§trPo{g}eff%m°deths qreskesprqingl mgieltesom whighe bonds
connect ed : : iﬁéqd?@x ! € il i | L int in
comnpar i sonﬁ?o'ggﬁl% r 'E%ggh%gja i deﬁ\%lnttﬂ% e@i% uleeg avlljﬁnlge%‘;ﬁil étsds?ﬂ?ﬁgegr ee
of restri cdicarhoxiiGi daigs maietieg mdlidty maystbie umonecyclich swjeties; exgunpl e,
aryl oxy residues ntainin t least one 20 h , or_preferably at feast
one al kyl @885&4%% on?PreS?f%Phh?q%ﬁOSphodr aW@gggﬁ@vi n&‘@eﬁ%sgher egQ‘ass
t r ansit5 onngshthaleheditastharylare. Predeiznty, ahe desmadid Bivarbdidic aois hdietiéon on
the aryl oxg resi due. Likew se, residu erein at least two of the Rl, R2,

bne Bt oxesLisopalialatsanciy inianhinalale; haE of DAL GG RAI MRS @AY e | 1o
d B3 i |
combi nat | ?@%&n&%r%%ﬁ) Eﬁn%ofrﬁéﬂéjﬁ%éntqa’b H;oféjrarthﬂ?gggéépgghalateog A

phosphor a aving a glass transition polnt out
preferred ten¢pithaite n thegappe op aboahd 25-4£0rtp praferably phoepd&-25:i tle havi ng a
glass transition tenperature of at |east about 0C) preferably of at |east

SO et o ol B S Mok e AR AL feshBner o bt SBT3 30
Q- 20 moieties are again present in ester-forming combination with R5 which is a
divalent C4-12 aliphatic, alicyclic or mixed aliphatic-alicyclic radical. It is
preferably aliphatic and especially C8-12 straight chain aliphatic. A
particularly preferred arylate polymer containing soft block units is one
consisting of resorcinol isophthalate and resorcinol sebacate units in a molar
25 ratio between 8.5:1.5 and 9.5:0.5.

Polycarbonates useful in the compositions of the invention include
those comprising structural units of the formula IV:
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11 ~ 11 (Mj A3-P-N NP - A6 Aa wherein each Ql is indepenggF%W%J% % en or
sul fur; and each of AB 6 is independently an al kyl oxy, al k ARY §1oxy
or arylthlo resi due aryl oxy.or arylthio residue containing at | east
one al kyl or M:0840N 5 substltutlon or mixture thereof; or ?ﬁh 1225
residue. In an especially preferred enbodi nent of the |nvent|on) each QA is
oxygen, and each A3-6 noiety is a_2,6-di met hyl phenoxy noiety or a
2,4,6-trinethyl phenoxy noi ety. Thgse phosphoram des are pi perazi ne-type
phosphoram des. In the above fornlf a wherein each QL is oxygen, and each

A3-6 noiety is a @p 10 ﬂ_méghé pHenoxy noiety, the glass ,transition
tenperature of the phosp¥or@am te Vs about 62C and the rreltl ng point is

about 192C. Conversely) in the above fornmula wherein each QL i s oxygen, and

each A3-6 noiety \ferBifeAtqeyst éd&lt Sbﬁﬁ?céﬁt%"fslhé'téﬂal h@%r%ﬂﬁ@gﬂfu{p%me

phosphoram de is about OC and the lting point is a
unexpect ed tarematigeorganigl radicats an@mt\e cmlarmepMe@fr arevalipbatia: alicydlicg ror( i

wherei n-chortgmats. BORARLSARGF % cofEH BellaetiEpheRlRg psb e Y e
cor h es Foggl rm4phpaedr1}demn des, df-btwsmmethﬂtl)) phemqydeme each, ﬁlsi(tss-pwemgen?)hand
o1 ting ol MIGPRGR. t heS b BRcERHstamelRd- 0 reRrotl FEda Doov: “he Dietk
conpari son, g4 gﬂin@?@ 3.5 afwiethyRiycloERERE! Whe Simila?! f ﬁ%ﬁﬁyéudhe%@rﬁgggl Wi th

di phosphate I'S 38C. It Is also possible to nmake Ehor am
i nt er nedi at evlgichs sotrespend i ton @@rrpbhmfgst‘)ub?ﬂtutﬁdma@mam uhydrotamensous

' anot et (HENSRRLRY ERBISPHIGH foerBlscn Siegiicidndyis 8BTS 20

phosphorani dehibh s ingomogatadhersiangi reierente@nper ature of at | east about 0C,
preferably of at Ieast about 10C, and nost preferably of at |east about

20C, of the formyla V| SUBSTI TUTE SHEET (RULE 26) .28 FEBRUARY 2003
WD 00/ 12611 Q 11 fe f@&efﬁ%évABE% '51§"A§f°@a gﬁ‘fgafth lgqé&% g %35997%225

wher ei n eacgferhbl |ar}gg%ngqp,blmnﬁegmgpn or sulfur; and each of A7-11 is
|ndependently an ayky loxy, alkylthio, aryloxy) or arylthio residue, or an

aryloxy or arylthio residue containing at |east one al kyl or hal ogen 5-
substitution, or ¥ xtTreAtrerdbf—Adr—am anine residue; and nis fromoO to
about 5. In a nore preferred enbodi ment, each QL is oxygen) and each A7-11

{nr): ﬁé%’h;fpi}gﬁg%%iﬂéilnye#@e@f éﬁdoﬂé % %hﬁo@é&l@&@ﬁéﬂ a?yl r%d%apand Y1is
15 _ a bridging radical in which one or two atoms separate A1 and A2. For
example, A1 and A2 typically represent unsubstituted phenylene or
substituted derivatives thereof. The bridging radical Y1 is most often a
hydrocarbon group and particularly a saturated group such as methylene;
cyclohexylidene, 3,3,5-trimethyicyciohexylidene; or isopropylidene. The most
20 preferred polycarbonates are bisphenol A polycarbonates, in which each of
A1l and A2 is p-phenylene and Y1 is isopropylidene. Preferably, the weight
average molecular weight of the initial polycarbonate ranges from about
5,000 to about 100,000; more preferably from about 10,000 to about 65,000,
still more preferably from about 16,000 to about 40,000, and most preferably
25 from about 20,000 to about 36,000. Suitable polycarbonates may be made
using any process known in the art, including interfacial, solution, solid state,

or melt processes.
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I n anot her enbodi nent of the invention the phosphoram de c i a
phosphoram de having a glass transition tenperature of at ?%%Rﬁgg\é%({%soq

preferably of at |east about 10C, and nost preferably of at |east about ‘
20C, of th¥WOWAlla Vill Q At2 IP-At3 N (VII1) ~ Q@ D At4 PPTAISIAIMIA At 5
Ats wherein each, QL is independently oxygen or sulfur; and each of Al215
17 i s independently an al kyl oxy) al kylthio, aryloxy, or arylthio residue,

or an aryl oxy dn ene lambedimest dhe praseat rinvention compriseseaatampositiorhal ogen

Shoct nantSPhuBhoeY BHSEohE HsiernBhal 1A Hueinb  BhEGmER, felBlenBiT]
phenoxy, Zdmglisest legnwhssitions, contdindng- two Neifferenp hpolgearbohadteSUBSHhT UTE

SHEET ( RULE 26‘% 28 FEBRUARY, 2003 V\D,%é{ﬁGl PCTI L1S99/ 17225 | n anot her
enbodi menthsRoRQlEarhgRaies (FervRd 2’5’6@ Fht hyQroxy | CUBPQURG, FRMIPEK de
havi ng ga idd t |y of
ne | eagy SR Bobbfealoralls VD O Thof¥ thAfSng itidrdky iRy,
formul a | XnommE areA ancompassado (N -a Ppreferred | embodiment ~¢ompoditionss n each

Kyt oxy. SorgTeenid, BERAC" AS hoopeiRahdatd | ang 4 5 coRPGREROREle ¥
arylthio r@ﬁﬁﬂmgtontgigphmiat lieast memontdrky! wiitshal egen su@qs't(B:t;st on, or
m xture thereof; or an am ne residue; and bach,R7 is an_al kyl radical, or

bot h 10 RArimgihyieyclohexyideneidiphesol ar dnanomeky| iWse orPrafa@blysubthe t ut ed
al kyl iyden | : e ,‘E(gfgoi i en; th R7
r adi C<’31.|6$ ?ﬁ?@%ggdé’&ﬁlﬁgfaﬂééﬁ Slrjﬁgu st %Uﬁ?&é P@%)an?lgﬁlgyﬁ? %‘g /P,aa Ical)
wher ei n mrestpreferably 3085 sncle %16F £2.4'(8(3,Bitsimiethylcybipleagtideng)diphenoky, 2, 6
di net hyl phenoxy, or .2. 4, 6-trinethyl phenpxy. [l.n a r referred 15
erbod renELEHeRRInTa AR Sindine Badinpedal i ThENSErao o ety 1 s
i ndependergi§phama NAx polyéafbohagt by f ebsdlgearboRate?. coriplisingebiRpheanaxy -

monomer units and 4,4'~(3,3,5-trimethylcyclohexylidene)diphenol monomer

15  units in compositions of the present invention is preferably between 95:5 and
70:30 and more preferably between 85:15 and 75:25. |

The polyarylene ethers are most often polyphenylene ethers having
structural units of the formula:

20 wherein each Q2 is independently halogen, primary or secondary lower
alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy
wherein at least two carbon atoms separate the halogen and oxygen atoms,
and each Q3 is independently hydrogen, halogen, primary or secondary lower
alkyl, phenyl, haloalkyt, hydrocarbonoxy or halohydrocarbonoxy as defined for

25 Q2.
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I n anot her enbodi nent of the invention, the phosphoram de
phosphoram de having a glass transition point of at |east E@Fb%ﬂ)ﬁs
preferably of at |east about 10C, and nost preferably of at |east about
"20C, 20 of WA Ayl a 1: Q 1) (1) R - P- Rs R2 wherein QPGHUSRAIFA or
sulfur, and R1L is of the formula X 14 SUBSTI TUTE SHEET (RULE 26) WO

00/ 126t 1 Z Z~p' Z~Z p" I I al |l "-“NX-NP-N-X - p-qg2a | g22 23
n 28 FEBRUARY 2Mhthamonmgxermzscwmwaen pelypheqylens etherewadeeluﬂgdoxygen

or aryl Ui dRCoiRIstTed, “BambpoRiTYS: i HeRl, dbaiiy c%‘htk«ﬁhw%ﬂ t?rly'eé’éty’

one al kyl aih é?ﬂﬁfbtﬁéllbalmltsu'tSQitabIerc6pcﬂymbm entidee dridoni  Espolth
residue; each Z1 is an al kyl radical, aromatic radical) or arorratlc radl cal

cont ai ni ng GANtAIBING SYFR UARyIN SP"WHT%'QQnW%vbQH examels c?r3 Brifimethd- 1i4rer eof ;
each Xlgi s ﬁl{br@i éne 'etiidieu ﬁ&i N’éo iftIRIBY 'afe d%l*lﬂ?énylé?fe @frfé??tdd?ltélﬁﬁigcal

cont ai n| ng ‘at ast one a hal ogen su tutiron or mxture théreof; n
is fromp tmoﬂheatprépar@dcb)Rgr&fhdg RBtathe polgpbamviemeu@ﬁmnmdsnow maneerky| oxy,

Contai ni ng ot atdigh AL ' BehFHeBL Bk EnERre el e oot 3 cor

or an am nelas®htlis, asl well psetoupled polypHenyehe eehs @ wancnxsz ingeach
A22-24 noiety is i ndependent |y h'gnox UWP 6n§| met hyl phenoxy 9épling®

2, 4, 6-t ri neAdANtHBEADBP; lowé\ﬁ!%ylarswweﬁhm vq_%rb@na%ﬂwnoneachetﬂoqygle@n

aI kyI| ne e f (o) 5;
and’ R Sha A 16alg YNBIGY Bachcifef RAOWR aARE! Wil e 1REY, SR
2,4,6-tri nﬂwwlgmwmlylenlen edhet rmm:rmﬂodpmd\tceofa thigharnuwetequbar, wdight
phosphora tg)cﬁ corrprl ses a phosphoram de having a glass transition point of

at least a 20 preferably of at |east about 10C, and nost preferably
of at | east about 20C, of the formula I: Q Il R-_ P-~ R2 wherein D1 is

%ygen or sul f urThepdiyBhehglevle étherd gemeratly Nave ldn Fithsid Vistosi§HEeRtéRULE
) than about 0.1, most often in the range of about 0.2-0.6 and especially about

15  0.35-0.6 deciliters per gram (dl./g.), as measured in chloroform at 25°C.

The polyphenylene ethers are typically prepared by the oxidative
coupling of at least one monohydroxyaromatic compound such as 2,6-xytenol
or 2,3,6-trimethylphenol. Catalyst systems are generally employed for such
coupling; they typically contain at least one heavy metal compound such as a

20 copper, manganese or cobalt compound, usuaily in combination with various

other materials.

Particularly useful polyphenylene ethers for many purposes are those
which comprise molecules having at feast one aminoalkyl-containing end
group. The aminoalkyl radical is covalently bound to a carbon atom located in

25 an ortho position to a hydroxy group. Products containing such end groups
may be obtained by incorporating an appropriate primary or secondary
monoamine such as di-n-butylamine or dimethylamine as one of the
constituents of the oxidative coupling reaction mixture. Also frequently
present are 4-hydroxybiphenyl end groups and/or hiphenyi structural units,

30 typically obtained from reaction mixtures in which a by-product
diphenoquinone is present, especially in a copper-halide-secondary or tertiary

7
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-N~/NP- N /Np-RoZ2 Ra Z2 RO n wherein each D1 is indep nt1y-"oxygen
or sulfur; each X2 is an al kylidene or al kyl-substituted al kyli dene .
resi due, awoowgsildue, or al karyl residue; each Z2 is an al pgiriusesnerzes

al kyl -substituted al kylidene residue; each 5 of R3, R9, and R10 is

I ndependently an al kyl oxy, alkylthio, aryloxy, or arylthio residue, or an
aryl oxy oraming system: o%istibstantial proportiortof | thespolpmer ahdlgculds, hppiogign
substitution, or mxture thereof’ or an amne residue: nis fromO to about
5 and Ro eAnstidingras auich a5 aeaut-ade by walghi ok e RolVmianc JRaneentakt  oxy) or
arylthio rggi i NQ. ' i hA¢ lieast 10
one al kyl %rék a o(g);(e)fr)lalglrﬁ)rgi':niﬁtb &?l’égﬂﬁt&g@%&@ Erg@ﬂgg?ﬂ%ﬂg&gﬂ@oﬂ% Ifraesi due.
In a pref ewilletle capparentrto, thasenskilled snothggarnt freae Hhefaregaingathatl theene or

a1 1 - SunpoRTR R sl fonRitdf RR3i8e 10 hR VadioR ol e fhose, o ; ¢
i ndependenﬁde!eﬂ?ﬁmwh, Zin@speoijenyf phriatisis iar studufalt hitetdry apbagxy; and

nis from0Q to I5 about 5. In a nore preferred enbodi nent, each Ql'is
oxygen; eaehemigalfgatures; s i ndependently an unsubstituted al kyl i dene residue
of the form (CH2)m wherein mis 2 to 10; each of R2, R3, R8, R9, and R10

i s i ndependent | h e diet Epﬁﬁ.ﬁ y i6- t4d4 | 542henoxy;
and n is from OB/ct’tg agou?p%@"ﬁrl gﬁaegbg cila ‘?‘; %‘Fg?]gél}aggée:@éﬁﬁ%e&ynt?&?he
phosphor anindided R0 thier¢arapositions sif pthea presenti inventian. aGopaiymers awayh

- CH2- -). an r | h an.de conprises a
cyel 1 J0noplie ARG, ohick SLOBRGEE ThiEor shafigt, SUBRB PolSyrenio: “oc
pref er abl yinefudat hbmapbl I slek) asnamompstous polysHtdne cnditsynaisdctrpout 20C
of the fornmula XIl 16 SUBSTI TUTE SHEET (RULE 26) 28 FEBRUARY 2003 WO

00/ 12611 FaRlystyrepeqandxgopolymers.-The iatter embrasesighrgmpact polystyrene
(HIPS), a genus of rubber-modified polystyrenes comprising blends and grafts

wherein the rubber is a polybutadiene or a rubbery copolymer of about 70-

15 98% styrene and 2-30% diene monomer. Also included are ABS copolymers,

which are typically grafts of styrene and acrylonitrile on a previously formed

diene polymer backbone (e.g., polybutadiene or polyisoprene). Suitable ABS

copolymers may be produced by any methods known in the art. Eépecially

" preferred ABS copolymers are typically produced by mass polymerization

20 (often referred to as bulk ABS) or emulsion polymerization (often referred to
as high rubber graft ABS).

The preferred thermoplastic polymers for many purposes are
polyesters, polycarbonates, polyphenylene ethers, polystyrene resin, high
impact polystyrene resin (HIPS), and styrene-acrylonitrile copolymers (SAN),

25 including ABS copolymers. These may be employed individually or as blends.
Especially preferred blends include those of polyphenylene ether with at least
one of HIPS, amorphous polystyrene, and syndiotactic polystyrene; and
polycarbonate blends with at least one of ABS, SAN, and polyester.

In resinous compositions there is often an improvement in melt flow
30 and/or other physical properties when one molecular weight grade of at least
one resinous constituent is combined with a relatively lower molecular weight
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PCTNS99117225 wherein each of R11-14 is independently a hy

al kyl radical, X3 is an alkylidene radical, QL is oxygen og%gﬁpﬁ&”g%d A25
is a group derived froma primary or secondary am ne having the sane or
different 5WQ&8VESIL that can be aliphatic, alicyclic, aronaPC&US§¥17225

al karyl, or A25 is a group derived froma heterocyclic amne) or A25 is a
hydr azi ne conpound. Preferably QL is oxygen. it should be noted that when n
is 0, then gtadet vaf singilarr resinousr ¢onstituedt. t blystrative,athonHimitingt @xampies wher e

bhosphory!  GIHE. "g8mPRsTiafe nEohBibinG, HaR BBl e insts n 51 ae
conpri ses att@rﬁb@lﬂﬁtibcbolfbéﬂérphhéﬁmbﬁlastlmi\eiasmmedbqso‘lyéstansmt ipolyapaidet of at
| east about O0C, preferably of at |east about 10C  and nost preferably of at

| east about FROCBXAMPIge foranuPelysarppnateycantpigingr Hiendyikare dg) ofies) an 2g
FEBRUARY; 20 gpgg.% , ér?élﬂ"n adfe! ~ 00
Q QII 11 P‘ﬁ?r "ﬁ?@%‘f%‘f gF%n ~S Wré?aerc gaﬁwﬁgﬁéagxygﬁ]‘g@?ééﬁé}&each

of R15-22 iis ¢condbineddeith Bypraporiicn of enralatively wiwerl molediulax weight geadenof

al kyl i dene radj cal;  m_and n ar h i pendent !y 0 or 1; A26 is -N
& NS wne b BilaY CrptyBaRihalle " TheiBble, PEC RS YnPertion., pAEIMERRSS o

al kyl i dene é@ﬁb@%ion@rddmﬂirmhq?@hly @nheahttidaular adighl graded o af Ihaflicular

i ndependent |y an al kyl radica an aryl_radical, or an aryl radical

cont ai ni ng EasinQusseonsttuent rPM ato ¢RMBRSIHORY. SRMPLISINGIWe IrMmer&Mmaleculaer eof ;

o carer 0 808t g o il ool SiceBhe, Wik S ool
phosphor ani deightrgradessd simidarcresirgius soostitgent) adk? réeserd, then dioe weéight
pi per azi ne, a\?enr%gtehrﬁopegglsa'? r\}voeriga}\r}rio?l?ht? owést I?rluﬁa}gce:ular weight constituent is about
10% to about 95%, preferably about 40% to about 85%, and more preferably
about 60% to about 80% of the weight avéiage molecular weight of the
15 highest molecular weight constituent. In one representative, non-limiting
embodiment polycarbonate-containing blends include those éomprising a
polycarbonate with weight average molecular weight between about 28,000
and about 32,000 combined with a polycarbonate with weight average
molecular weight between about 16,000 and about 26,000. When two or
20 more molecular weight grades of similar resinous constituent are present, the
weight ratios of the various molecular weight grades may range from about 1
to about 99 parts of one molecular weight grade and from about 99 to about 1
parts of any other molecular weight grades. A mixture of two molecular weight
grades of a resinous constituent is often preferred, in which case the weight
25 ratios of the two grades may range from about 99:1 to about 1:99, preferably
from about 80:20 to about 20:80, and more preferably from about 70:30 to
about 50:50. Since not all manufacturing processes for making a particular
resinous constituent are capable of making all molecular weight grades of
that constituent, the present invention encompasses compositions comprising
30 two or more molecular weight grades of similar resinous constituent in which
each of the similar resins is made by a different manufacturing process. In
one particular embodiment the instant invention encompasses compositions
comprising a polycarbonate made by an interfacial process in combination
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of symmetry through A26. Highly preferred phosphoram des ing¢ g@ h 15
wherein Q1 is oxygen; A26 is a residue of piperazine; thezep'h'% ﬁ%¥g®$de

has a plane of symmetry through A26; at |east one R substituent on each
“aryl 18 SUB@NO"FE%'E SHEET (RU -E 26) 28 FEBRUARY 2003 WPCO®MSI¥7G125
PCTNS99117225 ring is a nethyl adjacent to the oxygen substituent; n and m
are each 7 ; and X4 is CHR23 wherein R23 is a hydrogen or an al kyl residue
of from awith@ polycaraonate of dtetant waightsavaerage hoalegulas weaightdmadatbywhen

ei ther or %@tp? ggssm or nis 0, then the two aryl rings are |inked together
at that st PCLS- where X4 is 5 absent) by a single bond in the positions
ortho,ortho’ to the phosphoryl bonds. Phosphoram des of useful nol ecular
structure are pnether zbhgtitmeap af dtebsesim eongeagitions of the davestigronsliang ami ne
such as, for exanple) piperazine or N, N -dinethylethyl enediamne with a

diary! chieasbombBhesahoramideBayipg ,0lass Afasitorpeint of &t Iepst shQdREe of a

tertiagry ' Thi fy nPRE j | i ' opey, J.
chem “EngPreLeiaRly of 2 IG5 By 1 0GERANTHON brofpraBly R IbRRCandu AL S
conpoundsoftheformuladpeat i ng units. Alternatively, phosphoram des may be
prepared by the reaction of the corresponding amne with P(OCI 3 in the
presence of a tertiary amine) with the desired hydroxyl- or

t hi ohydr oxy- cont ai ni ng &npound added si nul t aneously or 15 subsequently to
the addition of the amide. Addition of a dianine or triamne . to P(O) Cl3
W th sinultaneﬂrs oR'stiBermEnt addition of the hydroxyl or

t hi ohydr oxy- coht ai ni ng clonpound is believed to |l ead to repeating units of
phosphor am de, often of R to about 5 phosphor am de |inkages per conpound.
Simlarly, addition of a diamne or triamne to a nonosubstituted 20

i tion” of  hydheieyT SER Bidaryaf Sufur 35t & bR AN AsRHR L RRABET Gl
to | ead tRSra?é%ﬁchﬂﬁdérﬁéﬁdmemhaﬁ@h&m@&il@ﬂhid?&ﬁ%l@kﬁ drearyfiRiosreRfduet ut ed for

P(OCI3 in the above preparations to provide s abl e phosphoram des. The
resi ndus eb@poaviaxynar afylthip Jesiduenerdaining; alaleast eaet alkil orthalagerns

retarding p W e b M- ! SRidRt of at |east one
phosphora%%ﬁ{}ﬁ@rn' gpﬁﬁéﬁﬁéﬁ{eﬂé&%&( ??gg'{&r@%srt% one phosphoram de and (d) at
| east one non-polyneric or polyneric phosphorus additive selected fromthe

group consi st i lhghotidobg asited thatsiphthieedestriationsthareiph dse iveards ¢'sadical’
B T R T L T
conveni engg)organigomiditty S Foe ahengle 0l aadidal ary @lkyeresidabt &fe welierred to
é&?ﬁ%ﬁg} %%E@%'?E%Tesfg%g a%%lkyi rrzlgielt:yFT RhUeA{?a'\;mz'(')aql::’yl'w!a)s %géé Zxr? Ithe1 various
embodiments of the present invention is intended to designate both normal
alkyl, branched alkyl, araikyl, and cycloalkyl radicals. Normal and branched
alkyl radicals are preferably those containing from 1 to about 12 carbon
atoms, and include as illustrative non-limiting examples methyl, ethyl, propyt,

20 isopropyl, butyl, tertiary-butyl, pentyl, neopentyl, and hexyl. Cycloalky! radicals
represented are preferably those containing from 3 to about 12 ring carbon
atoms. Some illustrative non-limiting examples of these cycloalkyl radicals
include cyclobutyl, cyclopentyl, cyclohexyl, methylcyclohexyl, and cycloheptyi.
Preferred aralkyl radicals are those containing from 7 to about 14 carbon

25 atoms; these include, but are not limited to, benzyl, phenylbutyl, phenyipropyl,
and phenylethyl. Aryl radicals used in the various embodiments of the present

invention are preferably those containing from 6 to 12 ring carbon atoms.
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as "phosphorus additives”. Preferred phosphorus additives %!—EE BRR gdoxrreri o
organi ¢ phosphate esters |nclud|ng for exanple, alkyl phosph e esters
aryl phosphate esters, resorcinol --based phosphate esters, an

'bi sphenoi - b&’%’lﬁﬂ(‘)sphate esters known in the art. 5 The annﬂﬁT’%”"&Psl east
one phosphoram de or m xture of at |east one phosphor am de and at | east one
" phosphorus additive is typically in the range of about 1-5 parts)
preferably Sematilgstrive moslimiting exapplespelo &?\gger%yl @mcqiamu pheeylnous

materials ( a @ h 0 un

of phosphor@Hﬁ%‘ylbéhgﬁgﬁ@&hgﬁgnﬁﬁgﬁﬁom us %%%a%i fo/seedlgwegﬁe %%lf%"?%m nost
often i n t hembedigems$ ohtheupresehlinvientiopraed ehlabihg dnd3braniine. FI ane r et ar dancy
is preferably neasured accordi ng to the Undervvrlters Laboratory UL-94
protocol. ~ A fl.@g retar g anount. Ls_an unt ffec'}Pl to render the
conposition at feXSEORPYS °P {Haycontam gﬁﬁﬂ ‘éta giRgle; Phpsphoramide qr a ong

nust pref er aloredol o’ 8¢ Im&eaatffarehfemésg of pﬁd&@hkikar%e@ Curfp&sitdngihen

measured on a test specinmen of about O. to about 0.125 inch in thickness
by about 0. @ﬂtammgﬁsagﬁwaﬂyganmﬁpn@s@hemw ag@ preferret?s i nch in thickness
by about 0.5 inch by about 5 inch, nore preferably about 0.06 inch in

t hi ckness by ab J th Rk d r I t 0.03
inch in thickness y b%ﬁgbﬂa% *ba‘i"% tgl%@ trgﬂé'yPﬁeﬁé'ﬁ%%E o |%Q hhanced
processabi | aligut 2T [Beusked asn zedrcd of pemppdws iasresin edmplositions it ewds™ uder

torque during conpoundlng reduced pressure in injection nolding, reduced
vi scosity, uirxpertadhy foyddythaicia higher heatodefle i iegrnergture h@f pgeskent

| nvent i gy h?d#ﬂﬁé‘ﬁ%d@ fi‘bﬁ\gtlﬁ;é féﬁgn gg&@oﬁg@g\fctcﬁ{t)% g&feh?étaf}@do&e&rﬁﬁa%ﬂ ni ng

speci es may ‘al SO be present N many resi hous
conposi ti ont®, compasitidmsngontainioy arhadrggaophesphaitei hgoWharre thet artddot and

phosphor us. SN BrocassBbifly Srifidh BorReRIRAET Pt ia o H%, ol ass

transition gsthpdsibn.at | east about OC, provides both suitable flane
retardant properties and unexpectedly inproved high 30 tenperature
properties (such as neasured) fqor exanple, by HDT or Tg,of a resinous

phase). |11 ust r ZAlthaughdhe | inyentiag @xzﬂ%l égpﬁﬂdeﬁﬁl Hgen- méﬂ'ﬁﬂhg'tZ@
SUBSTI HHTE Siiieldd (tﬁgh'ée?e@lon o eBERMIARY @9339/8)@\? égﬁaés REJN%\%AtJ'BZZS

flame retardants or hal ogen-contal ning species Inc e brom nate
retardants msmcmd)srptwoanbﬁébe deonds nongeetado@eﬂm gehaspbotusi pravides @nt uent s.

conpos 1 onECHASaH Blast<cPaior Bairt T BbbEnshA o Sl @R0sigldrites with, 4 5
preferred erdgiiieB®hhvingeaplessentdedraenbt a@siridtibhdesResIHNEs i Kavings butkypr i si ng

a thernopl astic resin and at |east e phosphoram de havi ng a gl ass
transition $Hshtuests éycﬁﬁstfoél%ﬁf"& atylexny E,eéﬁﬁl%i PP'@ﬁH"%laﬁéega@éﬁth ally

free of (yhl ﬁ’élbg@%angr b P&fershly ! Natt h‘e%s@orgr@(t aﬁ@ggn@dggdgﬁoﬁre diRang, that

no chlorine- 0 rom ne-contaf ni ng speci es has to the 10

conposi t i onghasphorarhidesorhavirg i an. hlgheanghher trainsition epdioti thant simitar

pr esent inv nt| n_inc ude§ art cl es o i ned HoT S aid chlorine-free or
E‘B ithqut ”'é

brom ne-fr e HnGesnd t}feoFfBB PR L, e[ ﬁ@’ ?’ﬁ(/é '?‘6‘?1 §FVHP§'0

contain ot h@sxdﬁn@@VWHdr@mabt a(éi!s&' Wes oNchediAg RRabhhdZ @135 resifhedi 4er s,
pl asticizers, fillers, nold rel ease
interconnected, such as a neopentyl residue for the combination of the R2
25 and R3 residues, can lead to desired phosphoramides having a glass

transition point of at least about 0°C.

In a preferred embodiment, the phosphoramide comprises a
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,

30 of the formula VI:
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15 agents, and anti-drip agents. The latter are illustrated b

tetrafl uoroethyl ene . polyners or copol yners, including niﬁqﬂ%%yAﬁX?W3such
ot her polyners as pol ystyrene-co-acrylonitrile (sonmetines referred to

- herein as swpnenmacryl onitrile copolyner). A principal char agrassssains of
preferred conpositions of the invention is 20 their inproved high
tenperature properties. These are denonstrated by the fact that the
decrease in glass transitign tenperatures(Tg) exhibited as a result of the
i ncorporation of a phosphogam ¢ge in theqaonposition is substantially |ess
than the correspahdi ng AfeePeasdle exhifiteB—+APbl ends containing, for
exanpl e, phosphate esters bgch\as gfs(dihgyl phosphat es) of 25

di hydr oxyaronati c conmpoundd. This 1s eviflent when a phosphoranide is
conpared to the organi c phosphate ester in anounts suitable to provide

enhanced fl ane r\.ﬁ?é'r%hfa‘é‘%?\ m& m@ggﬁ%héwf@{ygﬁgggg;% f r.i and Ié%cH' df'@él-Gt est

procedure. In the case se- separ 'as pol ycar bonat eABS
bl ends, t hdsdadependently iy alkyloayedlkylthioharpoky.car zoyithie rEsidue, &0 an

Ex i h h that the.fl t ar di ti f
ohosphor | -SHE81 BbnBbRE | HEIHEeiRRGe ity JORTe Ao ARl o' ahglogen
SUSSTI THTE SHiERtORUE Afhture 2fhdrEBIRUARYN2GARNION SRR 6l | alPGoapisedll L' t 225

general ly proportional to the amount of phosphorus in the conpositidn

rat her t harpretertaseeamhodiment of the inveptiondeagh &% is oxygen, cafithieaghiApbs of

t ddi ti ves: havd i§ i Rt &b f

Fetarding (TGS 1§ B2 GmEiiondRyrioRly 67 P2 G Minel Vi 8y o
tEe two 5 arhbse pbes_pmirmhid_al:?aré bgpwazi?ﬁnwphpﬁptmawm.ﬂlnpheoiaﬂweh ust:1 0
t he resinoys conposition w roduce the s - esul ts.. g ot her
hand) ot he;Jfo Vgpﬂvj]e'?fpoﬁ@g?i 93 é%c%yggnhiadﬁrt%@ﬁbeaéf rBOfety 18t énéeﬁ'are
dependgpt of IFHBHXY OMdiélg, CARPOUGISsd t Sa]dsitisid 'i&hé%ifhdfﬁlle)’ igpdepgndent

of the phosphorus proportion tfherein.” For this reason, e dependence of

flame 10 rephosphatpmide I8 APQWNEE Gt and thesimeliinge point cismahoiuti $92°C.
cont ai ni ng éé\ﬁﬁﬁ&?%%&%%\/@f@ﬁﬁBWH%ﬁl dadh oy isf%bgﬁ’déﬁﬁ gggﬁgsg rrern.

It has been however, respect he pre : 1 des
enpl oyed aamnojety igphendxye thie giasy tramsition tempédataret dfethe phasphiosamideoiser ti es

Thus, Tor GURHIES prbfs TTAing BB e abovisTBT. “Hite i Gexpaded hatuhe
bi s(di 12, 6-gliby 1rSRRRA" BAbeRiliRe Wl (1 SN HRdh 3.6 aba BabaRr ate i e

on certain Teslnous conpositions are simlar to those produced by a typical

bi s( 2, 6- xy|ghosphntamidercffoasuta Vhwheeseach aXll is axygen.anshwheesisleagh of

feor base. 20 REal AepeaTReRNBBRAGH, oidy feoHiedEh, & e, SHEsbRdRG o or
50 af for da et e Lo per omse the heat et ot Lo onparar ar'a et 1 ame.
?esi stant cdRPBEPXY W%&’ﬁﬁ?ﬂ?'ﬁg&gﬁv S?Rﬁﬁié“)’o?i"ﬁeﬂ?ﬁ) i 9199%%?% t;?fang

conpou ef i 5 d bl on f i o] | east
V2 prd: cirRphSfarhides JARBRUBY LG BBOR e bl TS, e gl
prot ocol , virensition temperatuie ©f detraphenykrasordinol dighesphataist atyord -88% .nHpl asti ¢

resin and at l,east h hor am havi n |l ass transition Nt of at
east about SGS FoshBe Y R RO amiaet ieGiitheliolg tes eBRliBh, °or *a
| east aboutteaifferatufesibp rﬁu@q € thitdre® 6P Ve HoBS 'subBBtutetl 8nd | ioh-gliBstitatetior ds
met hods to increase the heat distortion tenperature of chlorine-free and

br oni ne- f r ¥yl Mpjgtieswathin the phosphoramide.

25 In another preferred embodiment, the phosphoramide comprises a
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 Vil:
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22 SUBSTI1TUTE SHEET ( RULE 26j 28 FEBRUARY 2003 WO 00/ 126

PGT/ US99/ 17225 conpositions as described in the previous sé%%%ﬁ%éf”%‘}?%

nmet hod may be used to increase the heat distortion tenperature of

conposi ti onsygedigini ng essentially a single phosphoram de, perashiridhed e of
two or nore different types of phosphoram de. Conpositions containing
essentially a single 5 phosphoram de are often preferred. Useful

thermopl astic resins have bgen descri bed pereln peC|aIIy preferred

t hernopl astic resins are p§yc t ¢, Qost Ci aIQy bi sphenol A- based
pol ycar bonat e, M bl eng {al |y
pol ycar bonat e- SA ABS bI ends, [ bljends, in which the
anount of ABS nay typicall yA&/ar f rom&bo tof abp'®t 45 wt. % An
especially preferred phosphoram de is
N, N -bi s-[di-(2,6-xylyi)-phosphoryljpiperazine. THe™ethod nmay further
conprise at | east one phosphorus additive selected fromthe group

consi sting of Orﬂﬁéféin %@ﬁ@ﬁkﬂn&éﬁ@ﬂentl&m g@ﬁ%ﬁ'sbﬁ&ﬁ e 84éh oPAPSPhONat e
esters, thiophosphonate esters, phosphinate esters) t hi ophosphi nate esters)
15 phosphl nis ndepesdeatiy arhalkwmypniky&h@(|mbxy.PpefawablOyyemd@e.pnosthor us

additive is ol c i d

cl ear that ?ﬁ’gﬂﬁre e néleﬁ '%@%%’ﬁ%@f%%ﬁ%@ tti ?TEQ L%)’ r%‘#ig%t hods
as wel | Bs substithtion, mhxfmemmarbef oo EpCeEineo@siduey andrrats iwnﬂmdnadauf or the
conposi tions ﬁ;a t he |nvent| are ty};gl cal 20 _qof, those en%%gyed for re5| nous

bl ends. They- @ MAEE RrETIRY, egibodimaat, #ach,Qdnhisi axygen.|
, | agat frRmex0! |
processing aist eindndkh@) drihe Q'Q_, ﬁ@ﬁirﬁ&rtgﬁ o ESSI ng, ‘%ﬁe

cont i nuous con tions as by extrusion. | owi ng
conposi t i onlimetbylpbedexy,iandmn lsdmmﬁpiecabmtw by conventional neans such as
injection nolding. 25 The addition of at |east one phosphoram de or m xture

of at | east one t d o0 the
conpositions of 't?‘h%? Bg Hib%?rﬁée}ﬁté}éﬂéﬁ@%% 3982% EQE’@T‘E‘% é‘%’héﬁ%% %nd
co%onem S ac%mesbhmamldﬁmalvmgrmbtasprtmnsiimnrtgmpﬂratem@f iav (ﬂast ammalt orCa

conbi nati on of a t he 0S nt ai ni n eci, es, icularly a
Phosphor am BETRAOl Soat/AashaRld Oe card Fage ey ohiat tedrtiabort 20°6 2 ast
one resi nougs PegBHMGAMNPPNENt as a concentrate in a prior processing step.
Such concentrates 23 SUBSTI TUTE SHEET ( RULE 26~ 28 FEBRUARY 2003 WO

00/ 12611 PCTNS99/ 17225 are often nmade by nelt processing. The concentrate
may then be conbined with the refai ni ng bl end conponents.

._P_. A13

w (Y,

Al “/ N \" AV
k15 IA‘IG

wherein each, Q1 is independently oxygen or sulfur; and each of A12-

16 17 is independently an alkyloxy, alkylthio, aryloxy, or arylthio residue, or an

aryloxy or aryithio residue containing at least one alkyl or halogen

substitution, or mixture thereof; or an amine residue. in a more preferred

embodiment, each Q1 is oxygen, and each A12-17 moiety is independently
phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethyl-phenoxy.
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The various enbodi mrents of the invention are inclusive of gj IR%A'Q\I(%BQS
conprising at |east one thernoplastic resin and at | east ofhe

phosphoram de, and al so of conpositions in which one or nore of said

mat eri al s hwe oumder gone chem cal reaction, either by itself mrT/0$w917225
conbi nati on with anot her blend conponent. Wen proportions are specified)
they apply to the originally incorporated materials rather than those

remai ni ng aft er |anofHee Rmbstiiepn of ik Irﬂ/eamehhﬁé p?fosbhéra@ﬁh@(ﬁdmﬁﬁssest he
present invention conprises articles of nmanufacture made fromthe |nstantly

di scl osed &@phRsPhoraAile haying arglass tergnﬁmnaerrmeaaw@pém least ahouti0Git , or
: de b
any convenPrateradte of BpfRath SpdufIt AP glost Blererdbiy of s

limted to)fihg omutan!Xrol di ng) 15 t hernof orm ng, bl ow nol di ng, and

cal endering. Especially preferred articles include indirect and direct
wound deflection yokes for gll cathode ray tube applications including

tel evi si on and conput e, norgtors, type tef | goctl on yokes, nold coil
defl ection yokes, tel evits] bacKpl at e do d“st ati ons, pedestals,

bezel s, palletsj gl ect roni -l prrent smh—&ﬁw tches, switch 20 housi ngs,
pl ugs, plug housings, glectrical connectlors) npecting devices, sockets;
housi ngg for el ectronic %qui prme such t el eA’si on cabinets) conputer
housi ngS) including desk-tap conputers, portable conputers, |aptop

conputers) pal mheld conputers; nonitor housings) printer housi ngs)
keyboards, FAX mdenéineedobu@i rigs%r)depmi@ntlymwgagsor smlue;manteohAUSLmes) - 25

nobi | e phone, housi n dio se and/ recei yer housi ngs, hts and
ot g iaetpRgeRfiE an itk AoTbic ity By, SF Shdifie, B 4 an AfRDnac
transt or meigs )arifie esidudr édritdmsg ANELHSY kné rﬁlﬁvrf of ﬁaﬁ@é‘ncﬁﬁbstﬁufd‘r\“ ér
breakers) neter housings, panels for wet and fgﬁa pl irances such

di shwasher dnixirre thareotinsmaraming sidue; anrbeéach Fi i aealiybradicaleat bﬂ@)’l and
entil o] and
sent i nd0t o RediBas J3REFloqa Bl ard dn. GRUAMERE T Al KHRef] ARG el

00l 12611 P@Edlc&%h lﬂgﬂéfeamd emtmuiungappeachg@bns saxfigens bptrbIFlT radlcals

transportat| train aut o v eectr|
conponent s} b@ﬁ ﬁ“l"g"si” PH@‘?‘%@%@? dﬁ(‘i‘@l@a}%ﬁb ‘@ﬁiﬁﬁ rggs

parts and per q@tw aa¢h bA 1P YNtmol ru@snﬁde{pérm Y e t enng. ed in
chloroform5 at 25C. HDT val ues were deternined at 264 psi 820 kPa

accor di ng ﬁ@i’mf}ﬂﬂ@mdupé [%A@-tmwmemmyend@ ofa va]ﬂ@qus meﬁ@or s of a

bi sphenael 1@}%@9' W Va4 | hi gh
r ubber qgr aé ghﬁ% mer an%’qg; hc%):fr?as @'oe(i P?H\ éA‘v% ?LB‘I@L@A
copol yner \igineiepergentyophendxy, 2- dntmthymabnomobnz érﬁstfiu)etbylphdnog,l in a
Henschel m xer followed by extrusion on a twin screw extruder and were

nol ded into tes:y’I e s. al so co tal ned, convent i onal
T tivee et oin ARCHeT 3R "B‘P“EBF (ecinPapforist stmsenefaav@semw'm i
styrene-acry rﬁ)ﬂgbéﬁér'aﬁuﬁé’%vﬁ( a§é‘ tAEHditSH | foiRO L at Y&Hs?gt?t\((?ﬁe "

consi dered | ermning pro ort ons, and vari ous anpunts
fol | owi ng pineferdatly of ableastialbdaint0C; tandmaist pdeferably of aNjeast about 20°C,

N - bi s, 6 |l ) phosphoryl | pi perazine (XPP), a conpound according to
for mul &) \ 02)%8 ‘%"Y‘"%F

01
I

(1) R"“f;’—Ra
R?

wherein Q1 is oxygen or sulfur, and R1 is of the formula X:
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(M) A30-P-N N P - OAs QA4 ~ OAS wherein each A noiety is

2, 6-di met hyl phenyl residue; N, N bis(neopentyl enedi oxy phosB%cFﬁBPf‘%Yﬁog?azi ne
(NPP), a conmpound of simlar 20 structure but wherein each pair of A

noi eti es onWOMAZ§hosphorus atom (e.g. the A3 and A4 pair) iRCTAUSHIEIS ng
neopentyl residue; N, N -bis(di phenyl phosphoryl)pi perazine (PPP)) a
conpound of simlar structure but wherein each A noiety is a phenyl

resi due; and resorci nol ?i s(di phen 1phqsphat e) \(RDP) and bi sphenol A

bi s(di phenyl phogphat e) 4 BPADP)¥ t cdhvent i 08a] Q25 phosphate esters. The
FOT (total flaneout ti rf " segond fitiiens for 5 bars of
0.125 inch thickness) and Tg of tHelpolycarbonat ¢ {phase of each test

speci men was determined and the resufts are giveha?h Table (. 25 SUBSTI TUTE
SHEET (RULE 26'i 28 FEBRUARY 2003 WD 00/ 1261 ) TABLEI PCTI US99117225
Sanpl eBasel2345Poi ycar bonat e) parts8l. 372. 276. 73 973. 671. 6FR)

i denti t ynoneXPPNPPPPPRDPS8PAO PFR, phr012. 46.910. 410. 713. 2FR) phr

P(ZJé égl %10. 921.\@2&8:3 in éﬁfhlg Q023 .ifddpehtentd bx9géibr Sﬁl&ﬂbwamléf. ABZ3-24 is f
-20. 327. 3T 147131, 14 1111 |t is apparent that fhe conpositions o
this iri veﬂ%‘ﬁ’?f?\eﬂéﬁ!‘ﬂé{r‘?n éﬁéﬂﬁ%i%@)ﬂwc& ar%'GgY:le 2gSIduey O 1B 2RI er ed

fromthat ARt i b, énqms' i {(Ng a
phosphoram’cg({e&g!tzﬁﬁf)sphat gorﬁetsﬁﬁrsé bd;r]gﬁstag@%pt abl e ?%lgrgg?rer%bﬁgﬁal@' ger had a

Tg esseht i anixurecthered; af aAi amineprasiduaiteacheZi ds an alkyhtradical, rromatic

ol ycar bon - e . C ft] ; the eci a l.gher
!to ha% t hat géﬁgﬁﬂeépwa@ﬁ%.qgg%%l %&ga'ﬁﬁq iéz}i r%%P\g%EaWIS% nF’Héggh? |y
| ower Tg tfmlbstihnm)nchr )fﬁ)Rul EHWhéﬁBBf;l %acW\ﬁLibManalﬁyﬁtbﬁdﬁaadiKElé:rmmb’ ni ng .
conpositions {e.g.) sanple 1 ). wou exhi bit. such superior FOT as conpare
to NPP- copt’ﬁﬁ%?hgoéoﬁﬁg&“ﬁ dﬁé‘cg@. gpntaings aﬂ*pﬁ%asé) ,°n§_n@_"§ﬁc I‘?rah?@_{g&_@
i ncrease | ’ﬁtﬁ%hg(ﬁi%hb&nﬁﬁﬁurzgth%?e&Wﬁp@rﬁ&nF@ tERABARTY, Al b BREPASIdrkons
(e.g., sanple 3). Sanples 4 and 5, enploying conventional flame retardants
(FR, A8d wanhcepepbngentiyvar@lkylaxy, aliefthioc @arylexy, af agyithia cesiduesor @he

vari ations J R con - of ,tptal ER.a f ph horus are
not consi de%rglgﬁgi éﬁl %ﬁ@g'ﬁt r}?%@gﬁgfﬁg)fn@@hgp&tnfea%f ?Eep%g%’zr,f)?e@g MPLE 2
i26 SEBSTI Tliﬂbﬁsfﬁﬁﬁﬂi, (&Ulnkixime thegS?EEBEXLﬁRYaW MEIdU. 1R614 PeatekseaO/ '57225
n the same base conpositiqQn used for np iy, .a.composition s, made
cont ai ni ng ngmﬁaﬁ% RERN 4 &5 Pxyes: ?ﬁé‘ rég%'lzf‘amo‘%{gg%é? PRANGASYa 1 ane
out time ofpH e e?fﬂﬂ'p Wﬁﬁje / gl ass
transition qﬂeer?éé?htg?rjgﬁ} S hi%@w?(k))y%?gﬂ@‘gg‘ppsi t@gyg'teﬁg?@v\})a gl-gtg@IIS
expect 48 bardienzybheachX1rie an alkylisiengi radigal eortaining2-24 earon. ateyosy/mLE 3

“from 0 to about 5; and R2 and R3 are each independently phenoxy, 2,6-

dimethylphenoxy, or 2,4,6-trimethylphenoxy.

in another embodiment of the invention, the phosphoramide comprises
a phosphoramide having a glass transition point of at least about 0°C,
20 preferably of at least about 10°C, and most preferably of at least about 20°C,
of the formﬁla I:
OI
I

(1) R‘~l|°—ﬂ3

R

wherein Q1 is oxygen or sulfur; and R1 is of the formula Xi:
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Bl ends of 62 parts of a commercially avail able

pol y(2, 6-di net hyl -1, 4phenyl ene ether) and 38 parts of a co AErara \T%POS

avai l abl e HI PS were prepared and nol ded under identical conditions simlar
to those afobuagnl e 1. The bl ends al so contai ned conventi orpgdrasdoliizhd/es
including 0.2i part of a 10 polytetrafl uoroethyl ene/styrene-acrylonitrile
copolyner as an anti-drip agent, which were not considered in determning
prpportions) and 20.5 phr of XBPP, RDP and, BPADP as phosphoryi-based fl ane
retardant additives. The FOT (fotal flanmequt t| mes for first and second
ignitions for bars ofx%. 06 [i@th t hixekne SQ and heat deflection

t enperat ure (I—&M of edch\{es H;pem/r?en\wa 15 deternined and the results
are given in Tabl e-+N_ TAB | e67 ; Pl-dah"cl t yXPPRDPBPADPFR, phr
P1.921. 851, 58FOT, sec2%2i,37HD )' 9177. 1}58 5 Again, it is apparent that
t he conposition of the |Z‘|vent| 0 San'g e 6 d accept abI e FR properties
and a significantly higher than the cgnpositions containing
conventional FR additives, indikating su efior hi gh tenperature properties.
27 SUBSTA1TUTE SHEET ( RULE 26~ 6 28 FEBRUARY 2003 WO 0011261 1 -

PCTI US99/ 17225«@?@%@%& A1biseidle Ebnﬂ@nwrd géh & §@|mreréacﬁl k2 igva | abl e
pol y(2, 6-di net hy henyf ene et nd 60 parts of acommrmaly

avai | abl eallﬂylmnﬁece g ﬁ@tb@&ttaed alisyl Qjﬂééldueorﬁw‘t resigue; @r| alkatyb t hose

the 1 anciesbiuet Baf 2 RarteRufiane ol el Sl AURRANIdRRBRRRR Bac T L
obtser\setilacmvx?s &ﬂdmmladnde@ﬁud?ut hénél mnyeamlymmbya%@ty aiblaeyllﬂid:’S

pol yst yr fRsigies %ﬂéﬁ%&ﬁﬁ | ol ek BRI & doget AN o ded
under Congélh?gﬁéu *:&"\ 6Pnﬁﬂ9?@ttﬂ$reéf’ S airind redRhu8g n s from 0 to

N, N - bi s[ yphospt i oryl | pi perazi ne ( XPP) he fl ane retardant
mat er i al ) atiout ﬁ,om)dsﬂl?i and R3d ar¢ agachyundepensentiycm elkylom alikylthibove for

par t s1006AlsRu PO AR eSgl, of st abyioXid priio FATUGERREIMGG afeedl ™

par t si@l 0384 afkidrPalogens BUbSHEHOA SoriRddd3therbdt; oCan dpdingTe8§idudoa 7173 As
seen by the above data) phosphoram des as descgl bhed here QSP are 15 effective

O el IeTRY SmbRETBER, GARE Q1 RHOMYOSR 240 KRITS an AIKVIdesELarARE: of © PPE
and for ”ﬁ%&‘? ute&talM@@eHE%Egg}ge%édﬁaZztlg%]ﬂ 'aﬂydé’t‘ﬂé dr! AIRgH- éMB'éh@té%P SO

dramati ca I Nprove eased, wt addi t 1 on of
phosphor aalqdleiene BT, TeEh SHEIRR, ( R3, ER85)R9, aed FE$RUQR\nd_E{mdently

phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethylphenoxy; and n is from 0 to

15 about 5. In a more preferred embodiment, each Q1 is oxygen; each X2 and
Z2 is independently an unsubstituted alkylidene residue of the form (CH2)m,
wherein m is 2 to 10; each of R2, R3, R8, R9, and R10 is independently
phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethyl-phenoxy; and n is from 0 to
about 5. In an especially preferred embodiment, the phosphoramide is

20 derived from piperazine (i.e. X2 and Z2 are each -CH2-CH2-).

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 :
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WO 00112611 PCTNS99117225 to render the material V-2 under =
classification. It was al so unexpected that the HDT would %stLa#Eg(%ﬁﬁiQﬁ?O? or

t he conpositions containing the phosphoran de. EXAMPLE 6 Bl ends of 90 parts
of a commer cwaloby2zévai | abl e bi sphenol A 5 pol ycarbonat e wer e RITARPATHR2S
containing 10 parts of either RDP or XPP. The bl ends al so contai ned
conventional additives, including a UV screener and an anti oxi dant, which
were not considered in determ'hing proportions. The conpositions were
extruded and nol ded into transparent specinmens. Optical properties
{according to ASTM 10%% ocl udi ng % transm ssion) 10 yel | owness

i ndex. and haze, and the e pol ycarbonate phase were determ ned for
test speci nens of each bl sQits are given in Table IV along with
results for a conparabl e cyoposytion ongai ning essentially 100% of the

f

sanme pofycar bonat nd no added\fl anme Nefardant. TABLE IV

Sanpl eBasel415Pol rbonat e1009090Fi DPO1Q0XPRO010Tg,
C149171131Tr ansmi ssi on, 90. 188. 38%35Haze( 73730. 7Yel | owness

i ndex2. 243. 184. 16 15 The above gdata sh that the conposition containing
XPP has the sane % transm ggi and hgze as a specinen of essentially pure
29 SUBSTiI TUTE SHEET ( RULE/25~ 8 FEBRUARY 2003 WO 00/1261 1 PCTI LI S99t
7225 pofycarbonate) and a able yel | owness i ndex. Conpared to the
base sanple, the decr NR- ycarbonate Tg is only 18C for the specinen
cont ai ni ng XPP conpar to 38C for the speci nen containing RDP. EXAVPLE 7 A
bl end of 26.5 parts of a firgtisbi sphenol A honopol ycarbonate, 61.8 5 parts
of a second bi sphenol A honopol ycarbonate with wei ght average nol ecul ar

wei ght about 71 % of that of the first bisphenol A honopoiycarbonate) 4
parts of a comerghereiry eacai batRe144dl is Afdpeadehilyrea , hafrdgén ar A Ak was
prepared by bIendingin a_Henschel m xer foll owed by extrusion on a twin

screw extr ucfépicéha_( I%@'Wh‘t’?ﬁq é%qi‘:@p i'ﬁi?ﬁ)ég.enl'ﬁ_és Wblaéﬁcﬁ%ﬁ I8 gOMPai ned
2. 75 parts cognent frPHﬁ'a AN Vc?rssédeéW WnihbtﬁéVng‘y?ﬂgoéérﬂg & different

pol ytetrafl uoroethyl ene di spersed w thin styrene-ac nitrile copolynmer as
an anti - dr i padigals thaticas irecatiphatisf, alieycliveatomatiouoe atcaryl, o2 é@8 iardg®up

cent et or o MR, MR Lot e BLards o o Mlging, ifbGundaoc o
? 2?engs citISbSkrsegrldbly(ems pxyder 165leuld betreoted tHAlQvisers n,is D2thenahs tab agylshear

For (ot al insasadnkerdaosber af indl sid:eculerd Xa i apeerd Poa sndlacond: o. 06
inch thi cknegspe PaSitiéhs drtheSHHE to thégdsproPten@sTest run on test
10 In another preferred embodiment, the phosphoramide comprises a
bis(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 XIil:
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speci nens at 125C according to test protocol |EC 695-10-2 %e}rgegeﬁu @,2 gve 20’
puncture diameter of 1.6 mllimeters (mm). Typically, a valfue o ess t han
2 Mmis desirable for nost applications. EXAMPLE 8 A blend of 64.3 parts

bi sphenoi AvOoomgeel ycar bonate, 16 parts of a copol ycar bonat eceaisps/i-grég 45
nol e % bi sphenoi A and 55 nole %

4,4' (3,3,5-trinethyl cycl ohexyfi dene)di phenol (APEC 9371 obtai ned from Bayer
25 Corp.); 4 parts of a rcially available high rubpgr graft ABS
copolynmer; 6 parts of a cpmrercially avail able SAN copo] yner, and 9 parts
XPP was prepared bﬁﬂbl ?.d in a Henschel m xer foll trusion on a
tw n screw extrude | §%d into test specinens. al so
contained 0.7 30 SUBS NLJT g (RULE 2fi) (28 2003 WO 00/ 125l

1 PCTIUS991172Z5 parts\of cohventi onal addltlv s i nc\ udi ng
pol ytetrafl uor ozk{ml ene ersed W\ €hin st ne-acryfFem4tril e copol yner as

an anti-drip ag The bl en¥ showedlla g tranS|t on tenperature of
139C. The observed FOT (tot glx¥y ; amaodi‘t—t‘\l rreE for f(ﬁs)t and second ignitions
for 5 bars of 0.06 inch thi ness) was 24 §§E2nds EXAMPLE 9 The same

conposition of Exanple prepayed except t\nat 16 of a
copol ycar bonate conpri and//35
-(3,3,5-trimethyl 9351 btainedfrom

Bayer Corp.) was us [he_Wl end showed a glass tranXitjo erature of
10 140C. The obserfled F r total flameout tinmes for fYT|ST ancﬂ2 econd
ignitions for 5 bars of 0LQ6 inch thickness) was 21 "seconds. 31 SUBSTI TUTE
SHEET ( RULE 26) 28 FEBRBARY 2003 CLAIMS: 1. A resin dfposition
conprising: a) a thernoplastic resin) and b) at |east one phosphoram de

Consi Sting of - WreES; QF hakienCbr BunE Pen ot lE2 TGndgddehny’ 2 P

hydrogen or an alkyl radical; X4 is an alkyltdene radical, m and n are each

nol € % bi sphenol

independently O or 1; and A26 is

—N— G'— N—
l |
5 z z
wherein G1 is sulfur, an alkylidene radical, alkyl-substituted alkylidene
" radical, aryl radical, or alkaryl radical, and each Z3 is independently an alkyl
radical, an aryl radical, or an aryl radical containing at least one alkyl or
halogen substitution, or mixture thereof; or wherein A26 is

10 Y2

wherein G2 is alkylidene, aryl, or alkaryl, and Y2 is alkylidene or alkyi-

substituted alkylidene. Preferred phosphoramides are those wherein Q1 is
oxygen, A26 is a residue of piperazine, and the phosphoramide has a plane

of symmetry through A26. Highly preferred phosphoramides include those

15 wherein Q1 is oxygen; A26 is a residue of piperazine; the phosphoramide has
a plane of symmetry through A26; at least one R substituent on each aryl

18
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R~-..P-Rs R2 wherein. QL is oxygen or sulfur; RL is of the_f
gl 22 Z 1 I al I -NX-N~NX- i -A24 A22 A23 n wher ei fi %@gﬁl‘%\?%ﬂiz

i s independently an al kyl oxy, al kylthiq) aryloxy, or arylthio residue,
an aryl oxy woonydithi o resi due containing at | east one al kylpcauin®bittazsi on;
or an am ne residue; each Z1 is an alkyl radical, aromatic radical, or
aromatic radical containing at |elast one al kyl substitution; each X1 is an

al kyl i dene rrigfis @anetiyl Gtiddent t@ the akygel s@bR@ritC nraad ﬁﬁér@@é&tﬁhnhhé at
| east one al Kyl substitution; or RL 1s of the formula Xl: 32 28 FEBRUARY

2003 2 ~ 2 X%S)CHW-SQJW\S'WQMS 2 Rygrogan onarpaliyd-resisugsof from alyest dita each
X2 is al ky'db%gli‘g cathdh : Fxt ‘1{ Jf‘r"f’dlﬂéi beer?diadﬁﬁat'ﬁhéﬂ 5:’&1\ A5 5ot R o o?fn 158 R,

and R10 is ependen resi an ary oxy resit due,
aryl oxy red,dhen dbettwcnaryjl rmgslamslhnkmdetogekbér atuthet i ditet (ien, wtmrea)Mam ne

residue, n is f mOtoa 5. and.R2 and R3_ar, ach. i nde ly an
Kyl ox, " AReTDRNGS SRy BR e BtRs PR o 6 BReSRRARHS.
arylthio residue containing at | east one al kyl substitution; or an am ne

residue; (ii) ammhbﬁammdebf@fsetdmélecmalr strivtturdlard Méfe:‘hbifp?éﬂ‘éré’d As As

wherei n each S |ndegendently oxygen or sulfur and each A noiety is a

2, 6- di net hﬁypﬁeﬁeﬁgtl%p 8£ofesponding amine fUCh\ASp FRIrRXaPIg; Bipprazineior a
phosphor ami g gp. QiméihidtRyiBhedatidd with a diaryl chlorophosphate of the formula
(aryl-0)2POCIt in the presence of a tertiary amine. This method of preparation
10 is described in Talley, J. Chem. Eng. Data, 33, 221-222 (1988) and leads to
specific phosphoramide compounds without repeating units. Alternatively,

24
or

phosphoramides may be prepared by the reaction of the corresponding
amine with P(O)CI3 in the presence of Ea tertiary amine, with the desired
hydroxyl- or thiohydroxy-containing compound added simultaneously or
15  subsequently to the addition of the amine. Addition of a diaminé or triamine
to P(O)CI3 with simultaneous or subsequent addition of the hydroxyl or
thiohydroxy-containing compound is believed to lead to repeating units of
phosphoramide, often of 1 to about 5 phosphoramide linkages per
compound. Similarly, addition of a diamine or triamine to a monosubstituted
20 phosphoryl- or thiophosphoryl dichloride with simultaneous or subsequent
addition of hydroxyl- or thiohydroxy-containing compound is also believed to
lead to repeating units of phosphoramide. P(S)CI3 may be substituted for
P{O)CI3 in the above preparations to provide suitable phosphoramides.

The resinous compositions of this invention typically contain a flame

25 retarding and/or processability enhancing amount of at least one
phosphoramide, or a mixture of (c) at least one phosphoramide and (d) at

least one non-polymeric or polymeric phosphorus additive selected from the
group consisting of organic phosphate esters, thiophosphate esters,
phosphonate esters, thiophosphonate esters, phosphinate esters,

30 thiophosphinate esters, phosphine oxides, and thiophosphine oxides. For
convenience, compounds selected from group (d) are hereinafter referred to

19
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QA A 2 ~P" A 3 N(VIII) IPEIN-N~b-A r A s wherein each

I ndependent|ly oxygen or sulfur and 32a
i ndependent|ly an al kyl oxy, al kyithio, aryloxy, or arylthio residue, or an
- aryl oxy or WQewme6iilo resi due containing at | east one al kyl seostissutizzn or
an am ne residue; (iv) a phosphoram de of the formula XIl R~ R~ O Q (~i)
1 ( x3 ) P-A25 n O R~ Rya wherein QL is oxygen or sulfur;

i Sdl ndlependﬁmﬂqsmmh;siadmmresﬁr Paéfeﬁbhi)dhdwﬂbn@é addifivés are abhsﬁdlﬂﬁéﬂc
radi ca

ni sOor1; and A25 is a gro rived froma pr or secondary
ani no hav.wanwep@%ﬁpé\a&ﬁ SHPrS ITUAING oo SHPERIR BN OhaSPTAe BSHRTSoan

alicycfic,p d ¥ ase
heterocycllc m ne, I s a hydrazi ne conpound d?{ %IS(CyC?IC)

phosphor anphispiiate aeters)krmw'amne artR-5 R22 R (X111 ) R R R~ 0 O ~Q-—

o~ \

il
5

10

15

20

25

30

1)

e @sté?& Fﬂs%?é:bﬂbb—bé’éed“%ﬁohéh&tegé%?s

~ ~)n OO R-9 32b
The amount of at least one phosphoramide or mixture of at least one

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

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
protocol when measured on a test specimen of about 0.03 to about 0.125
inch in thickness by about 0.5 inch by about 5 inch, preferably about 0.125
inch in thickness by about 0.5 inch by about 5 inch, more preferably about
0.06 inch in thickness by about 0.5 inch by about 5 inch, and most preferably
about 0.03 inch in thickness by about 0.5 inch by about 5 inch dimensions.
Enhanced processability can be determined, for example, as a reduction in
extruder torque during compounding, reduced pressure in injection molding,
reduced viscosity, and/or decreased cycle time.

In one embodiment of the present invention halogen-containing flame
retardants or other halogen-containing species may also be present in the
compositions. In many resinous compositions, the combination of a halogen-
containing flame retardant and at least one phosphoramide (or mixture of
phosphoramide with at least one phosphorus additive), particularly including a
phosphoramide having a glass transition point of at least about 0°C, provides
both suitable flame retardant properties and unexpectedly improved high
temperature properties (such as measured, for example, by HDT or Tg of a
resinous phase). lllustrative, non-limiting examples of halogen-containing
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28 FEBRUARY 2003 wherein each QL independently is oxygen of Elégfﬂr ch of
R15-22 is independently a hydrogen or an al kyl radical; x4 ' E H%T?&? | dene
radical; mand n are each independently 0 or 1; and A26 is -N G- N z3 23
wherein GL woaemtdiur, an al kylidene radical) aryl radical, opcrEU$oanyas

radi cal ; and each Z3 is independently an al kyl radical or an aryl radical;

or wherein A26 is G - N N Y2 wherein & is alkylidene, aryl, or alkaryl)

and Y2 is alinei deaciants oThtealoganmtameOEsped:nas ninéludee bedmirated eﬂaﬁte one
phosphorani de has a gl cf\; tran |on 0| nt of at |east about, 10C. 3. The

conposi t i onreiardants man éPQQSfP amig st hec‘?m%@mgoranﬁﬁge%tegonﬁmc b) has
a glass t rag&?&&ﬁh@%ﬁé tc%nﬁl or'xrﬁéﬁfal ﬁg@hlhn&&cchlérmghfeéﬁﬁa’%?dﬁuhg'?r%%f afl al m

1 wherein a east one phosphoram [ ass transition
| east about cmm)snﬁonsrhnaydn@qsnetferoed offorccerumnlapplmaélonsal'lrhmeformem a

bout 200 Batreds BRaNRiat ,078 TastsBiE LuAdENBbh) CReBREs SomBbsii
conposi t i onc@hpfsiad ra lhdvhﬁfpaamnct fesin ednapleast bﬁergﬁ‘iosgnho?aﬁﬁeeﬁéﬁ g fa om t he
group consi sti ng o} i/car bonate resins and bl ends containing at |east

one pol ycar plasat uan%twm pqnn )olp @Aty joasty abaut Q°Ger saigsiapmpesitionse being
containing gted Gy 88t BRIoHABHRA BEmIRE" i tHis Bbftext béddntiifl Yeb hédlt
that no chlorine- or bromine-containing species has been added to the
10 compositions in their formulation. In another of its embodiments the present
invention includes articles obtained from said chiorine-free or bromine-free

compositions.

The compositions of the invention ;nay also contain other conventional

additives including stabilizers, inhibitors, plasticizers, fillers, mold release

15 agents, and anti-drip agents. The latter are illustrated by tetrafluoroethylene

polymers or copolymers, including mixtures with such other polymers as

polystyrene-co-acrylonitrile  (sometimes referred to herein as styrene-
acrylonitrile copolymer).

A principal characteristic of preferred compositions of the invention is
20 their improved high temperature properties. These are demonstrated by the
fact that the decrease in glass transition temperature (Tg) exhibited as a
result of the incorporation of a phosphoramide in the composition is
substantially less than the corresponding decrease exhibited in blends
containing, for example, phosphate esters such as bis(diaryl phosphates) of
25 dihydroxyaromatic compounds. This is evident when a phosphoramide is
compared to the organic phosphate ester in amounts suitable to provide
enhanced flame resistance when measured, for example, in the UL-94 test
procedure. In the case of phase-separated blends such as polycarbonate-

ABS blends, the decrease in Tg is noted in the polycarbonate phase.

30 Experience has shown that the flame retarding properties of a
phosphoryl-based compound inciluded in a resinous composition are
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5 resin and bl ends containing polystyrene resin, (iv) styr -cont aj ni. ng
copol yner resin and bl ends contai ni ng styrene-containing cg%%%ééé‘?@éi n;
(v) styrene-containing graft copolynmer resin and bl ends contai ni ng

styrenecont\?@)%ém“graft copolymer resin; and (vi) high irrpa%.rgﬁlgal(lﬁ.;zﬂene
bl e . e

resin and nds contai ni ng hi gh inpact polystyrene resin.
conposition of claim1 wherein the thernoplastic resin is selected fromthe

Soryotyr oraenaral Bloodfbh FPRTE Aoy ol bhdEahGitlsTin (3% Mol rather, s

po: yphegyltaaa %tAmldmcﬁynobfo?wtdog\mmJnjﬁ%sﬁSIEnFmei eqthal\lewdiggts of tw§AN15 ABS
ol ycar bonat e- ends,. pol ycarbonat e- nds, pol ycarbonat e-

EI e%ds, _ arﬁé‘ﬁm‘%ﬁcﬁ%ﬁﬁa&g?&ﬂtg@g%‘“% Wﬁ@g?s %U? tg‘? %ﬁﬁ@egf @SRl Df ¢l ai m
1 wherein d3gekeRr s/ Eriﬁigdﬁker afftdteht (Al-94 ERSLIENBULTaRAIMS 260 W&

pol yphenyl'ene ethers, h i npact polystyrenes, syndiotactic polystyreries,
acryl ofi t radditivas whicbreendribute tee sape prapogionapldphesphengs trthe asinaud e

Fesi n’ comsaraestior ML BRSSP Sate 3t S deduil ack! the, Sther KRR BAESE § On o
cl ai m 9 whshysical toreperties eagh asdigiol tgmpehet registance sre ddpapdenelon?

pol ycarbonate and a copol ycarbonat e .of bis heriuol, A and

4, 4" - (3, 3,8t Wﬂypgyﬁgpogﬂmqr@er@f‘ﬂl ARd neglatively jindeppadentgbsthe on of

o 1, e o oS Fog i s, SRR OCRET, O °
(RULE ;26) reta!td}m aomlzigmltemelwm_amimhwmsoméﬁag rweach QL
T Y

conposition of claim9 wherein the at | east one phosphoram de conprises a

phosphor am de ot hhae fowemulshown,Q héWever~ Witl Virgspétt P10l th& préferledha ~ As
wherei n each 1 ~s, oxygen and each A noiety.ijs a 2, 6di met hé{aghenoxy
moi ety. 13Phogpko | Employed Ackording viRe e present: inuentin athat ctheirsi n

conpri ses QR PRIPEHiEs @ A8 Rétaldghee' ARPRIGhPRINSI4tFE Gebisfinde e 14 The

conposi tion of cllaim1 ?urt er conpri sing atiq eapt’ one nonpolyneric or
pol ymdbi ¢ gonsisient: Jhusdiirtexamplel pcoparttionsoat theeprenan additiiestesoiciod! or gani ¢

phosphat e . t 0 { . pho esters i ophosphonat e
aters. prisiiaulL BRARIRAE BIRRYEE o, EBACE: ARtebi Tablstont W 887 "and
t hi ophosphiertainxiedir®us 1eoriposilibns caapsiniilar a0 Wose! piddutddi by ahitgdicalhe
phosphorus ,additive is ap organi c phosphate ester. 16. The conposition of
claim15 Mﬁ%@ﬁywﬁ@%ﬁgwﬁﬁaﬁrﬁto% ﬁ?ﬁ%‘ﬁﬁ'&f aquivaleghlevel @iaﬂ'i“ls%’é_%hat e
ester s RASER pispnaSprivaitie Hls"a! suidliallf N8Rer tBfudy b GBERRRE! I ON &
flame rating of V-0, V-1, or V-2 in

20 heat defiection temperature (HDT) despite the slightly greater amount of the

bulk additive.

It should be clear that the present invention also affords methods to
increase the heat distortion temperature of flame resistant compositions
containing an amount of a phosphorus-containing compound effective to

25 render the composition a flame rating of at least V-2, preferably of at least V-
1, most preferably V-0, in the UL-94 protocol, wherein the method comprises
combining at least one thermoplastic resin and at least one 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. In a preferred

30 embodiment the invention also affords methods to increase the heat
distortion temperature of chlorine-free and bromine-free, flame resistant
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20 the Underwiter's Laboratory UL-94 protocol when neasur

speci nen of about 0.125 inch by about 0.5 inch by about 5 fachE%RHﬁ?mﬁ)g%ons.
17. The conposition of ciaim 14 wherein the at |east one phosphoran de
conpri ses a wbospisor ami de of the formula VI 34 SUBSTI TUTE SHeET/USBRR226)
28 FEBRUARY 2003 WD 00112611 PC flUS99117225 Q 4t (VI) As ~P- ~ ~P - 'As Aa
~ As wherein each D1 is independently oxygen or sulfur; and each A noiety

is a 2, 6-di cehipokitibasasy descriied m u@e :brévnﬁus rSentgrivel v enethodi may . be 8. The
conposition of claiml14 wherein f east one phosphor am de [of0) r| ses
a phosphor aksed teingraase dheheat ‘WStQ'F'OQXteWefatHSe OpCORpRgsitions gantaini

wherei n eac Iﬂﬁﬁ c S noxy
noi ety. 19. ¢ %e&“cdgip%ﬁ@%rf) of ngalnr]nﬁ% V'@\)kr]g eﬁ%ﬁg% c?fetg\g;[ %(gﬁ@b %obgm de
10 conpri setypesplobsphospharamidd. Gampaesitions cnntalqingCaesSentiaHy aa(!ﬂngleoe P- N

cach A rvi cPopRidiaBigE G IR piRlely’ (SFRFaaplasti Bins hab et noy
noi ety. 20. débéribsaPb@rdinon ofEspes lall‘¥1 m’@wrﬁem &hedn@@xﬂbsme rsb@sphafeam de
15 conprises a phosphoram de of the fornula t~ ~ ~P

As wherein QQUﬁa@P"??’OMneSWWaWWGM e@’y t}a§e81 PWWﬁprﬁJ}ﬂ)xy
PGr/ Usoo1 17 99803 OF Felyearsandic Idspétiply  rolycarbbhdle S AR ie s bitdas i

phosphor am ﬂelycarqmna&ABS blmsammcreiheaamomt tob Aaadnayttypucaﬂgs vary
conposi ter

Laboratf)(#;n{f%"{)lﬂgﬁlr't 3 Wga uré'a qﬁpeglaﬁggettgﬁrgg erdﬁdrﬂwﬁ '50 125

i nch by abownf NObis-[¢iA@6- h}'lyglpn&pﬁo?l]pmi’aﬁhémnsﬂ'ﬁés .méthodTh@agormAret i on of
claim1 wherein the total amunt o hor us er 100 parts of resinous

material s | SOMPrisnat jaasyenePhaseherys. qg V&a$€!‘§°t§9 mgm group consisting
of organic phosphate esters, thiophosphate esters, phosphonate esters,

thiophosphonate esters, phosphinate esters, thiophosphinate esters,

15 phosphine oxides, and thiophosphine oxides. Preferably, the phosphorus
additive is a non-polymeric organic phosphate ester. |t should élso_ be clear
that the present invention includes compositions made by the methods as
well as articles made from the compositions.

Preparation methods for the compositions of the invention are typical

20 of those employed for resinous blends. They may include such steps as dry

blending followed by melt processing, the latter operation frequently being

performed under continuous conditions as by extrusion. Following meit

processing, the compositions are molded into test specimens by conventional
means such as injection molding.

25 The addition of at least one phosphoramide or mixture of at least one
phosphoramide and at least one phosphorus additive to the compositions of
the present invention may be by mixing all of the blend components together
prior to melt processing. Alternatively, any or a combination of any of the
phosphorus-containing species, particularly a phosphoramide or a

30 phosphorus additive, may be combined with at least one resinous blend
component as a concentrate in a prior processing step. Such concentrates
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23. The conposition of claiml1l which is free of chlorine 1 l.ne.
24. The conposition of claim1 wherein RL is of the fornul gB%L%URéQ%SQ Z

Z " (X1 al 1-NX - NP-N X - P- A2a | A22 A23 n wherein each Q
1 is i ndepewolamt2bpt oxygen or sul fur; 15 each of A22-24 is i rdepsastenzedy an
al kyl oxy, al kylthio, aryioxy) or arylthio residue, or an aryloxy or
arylthio residue containing at | east one al kyl substitution; or an am ne
resi due, ezaq:él oRtén imaden bqldwlt prcmbs@ﬁig Teoootdentratei mal them barcombinedr adi cal

containing a Least one 8{ \g/ substltutlon 20 each X1 is an al kylidene
radi cal ) aNWé £ FeMaNYiRg,Plend,COMRAAANTS. r adi cal containing at | east one

al kyl substitution; nis fromO to about 5; and 36 k SUBSTI TUTE SHEET ( RULE
26) 28 FEBRUA'?MeZO&?odéOeQ{Hdd%ﬁéAtsPGT / tH@%%?%ﬁ Bre anclusive 36CsARB

i ndependent |y an al kyl oxy, alkylthio) aryloxy, or aryithio residue, or an
aryl oxy or bigndst somprisisiod A taastaonengwqmqpéa%ttc oiesim| ayd dulteastt oneon; or

ool o8, Ehopitarafrlge. Bl A 6, boiMPoBitipfs i 4 Py ol StosABe £, o
5I E \llvhgr el imateddls Ghsi mlxdlfvglmeaouemiidal reaatym)l e)tlhetatw us% eaﬁhcofabin‘atnon

| dene ar or a ar , eac 1S a | dene; e
m1o i & T wibranstnen pigad aptipbags” , whfan ropaitions Rix spedisd by aRPY9| oy

residue cophdiRpg!intSPatatedaldriss vatherthuh tHoseOferfdinkiy Aftef Ry due

and nis from )
such reaction.

and

10 In another of its embodiments the present invention comprises articles
of manufacture made from the instantly disclosed compositions. Such articles
may be transpareht, transiucent, or opaque depending upon the biend
composition. Said articles can be made by any convenient means known in
the art. Typical means include, but are not limited to, injection molding,

15 themmoforming, blow molding, and calendering. Especially preferred articles
include indirect and direct wound deflection yokes for all cathode ray tube
applications including television and computer monitors, slit type deflection
yokes, mold coil deflection yokes, television backplates, docking stations,
pedestals, bezels, pallets, electronic equipment such as switches, switch

20 housings, plugs, plug housings, electrical connectors, connecting devices,
sockets; housings for electronic equipment such as television cabinets,
computer housings, including desk-top computers, portable computers, {ap-
top computers, palm-held computers; monitor housings, printer housings,
keyboards, FAX machine housings, copier housings, telephone housings,

25 mobile phone housings, radio sender and/or receiver housings, lights and
lighting fixtures, battery chargers, battery housings, antenna housings,
transformers, modems, cartridges, network interface devices, circuit breakers,
meter housings, panels for wet and dry appliances such as dishwashers,
clothes washers, clothes dryers, refrigerators; heating and ventilation

30 enclosures, fans, air conditioner housings, cladding and seating for indoor
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R2 and R3 are each independently an al kyl oxy, al kylthio, 5
arylthio residue, or an aryloxy or arylthio residue cont a%%ﬁé@ﬁ%’%%t one
al kyl substitution; or an anmi ne residue. 26. A resin conposition conprising
the fol | oiH@O9%H8lhny reaction products thereof: a) a ther mSGTASPYEREsi n
20 b) at | east one phosphoram de having a glass transition point of at

| east about OC of the fornula VII| 37 SLLJE?TI TUTE SHEET (RULE 26) . 28
FEBRUARY 2609 autdegr apeicationaspchpag) pulliciranspestatign |ipcindiqg-prains, aA15

Als wher ei gyﬁ%p&%gggb‘gu mp&e&a%&gfzgg?{%ﬁegjﬁg?ﬁul fur; and PCT/1JS99/ 17225

each of Al s’ 1 ndependent ylthio) aryloxy, or 5
arylthio residue, or an aryioxy or arylthio residue containing at |east one
al kyl substi t ut iThe; invention igrillistratad By dhe2fpllowingexamplespoAlltparts aodpri si ng

and 10 - poletaadt b 674, P RAHH Yo s BhigPalfrL EE BB bl on "
poi nt 0§ atat'ﬁﬁ:t. HIPPWaidds Weré idtémiifbd aatX384 Rt (1880 kPalR ac@brdihg (to X3,

P A25 n Rl ~ RL
ASTM procedure D648.

EXAMPLE 1

Blends of various amounts of a bisphenol A homopolycarbonate, 6.5

parts of a commercially available high rubber graft ABS copolymer and 9

parts of a commercially available SAN copolymer were prepared under

10 identical conditions by blending in a Henschel mixer followed by extrusion on

a twin screw extruder and were molded inio test specimens. The blends also

contained conventional additives including 0.4 part of polytetrafluoroethylene

dispersed within styrene-acrylonitrile copolymer as an anti-drip agent, which

were not considered in determining proportions, and various amounts of the

15 following phosphoryl-based flame retardant additives: N,N’-bis-[di-(2,6-
xylyl)phosphoryl]piperazine (XPP), a compound according to formula VI :

VAR

(V1) A3o—:=—N N— P — OA®
|

/

oA* OAS

wherein each A moiety is a 2,6-dimethyiphenyl residue; N,N'-
bis(neopentylenedioxy phosphoryl)piperazine (NPP), a compound of similar
20 structure but wherein each pair of A moieties on each phosphorus atom (e.g.
the A3 and A4 pair) is a bridging neopentyl residue; N,N'-bis(diphenyl
phosphoryl)piperazine (PPP), a compound of similar structure but wherein
each A moiety is a phenyl residue; and resorcinol bis(diphenyl phosphate)
(RDP) and bisphenol A bis(diphenyl phosphate) (BPADP), two conventional
25 phosphate esters. The FOT (total flameout times for first and second ignitions
for 5 bars of 0.125 inch thickness) and Tg of the polycarhonate phase of each

test specimen was determined and the results are given in Table I.
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3F SUBSTI TUTE SHEET ( F~ULE 26) 28 FEBRUARY 2003 WO 00/ 126

PCTI US99/ 17Z2~ wherein QL is oxygen or sulfur; each of Rll-gﬁ'lAFB}quRYzooe'
i ndependently a hydrogen or an alkyl radical; X3 is a alkylidene radical; n
is O or 1;wandn2if25 is a group derived froma primary or sgpepgshiy2gni ne
having the sane or different radicals that can be aliphatic, alicyclic,
aromatic, or alkaryl) or A25 is a group derived froma heterocyclic am ne,
or A25 is a hydrazine conpound. 28. AABIE D conposition conprising the

foll owi ng and any reaction 10 products thereof: a) a thernoplastic resin b)

at least one his(cyclic) phosphaoranide having a glass transjtion point of
at |east aboutSamplg the formBase|ll Ri5| 222 RS ~~ MR21 B0 (X11) QL at
L1l (~ )mP—e—g6-RP L X4 3in OO Rt == Rts 15 whor ol hch G-1
i ndependent | y| PalyeafpgBater syi8LB: |[efRR (L)JW@?S- p93.9s | A3bpehtibht 1§ a
hydr ogen or arE%g(yl radi cal ;| 39 SUBSTI TUTE SHEET (RULE 26 L WD 00/ 126l
1 28 FEBRUARY 3 PCT/ US99/ 1§7225

FR, identity none | XPP |NPP [PPP | RDP |BPAD

P

FR, phr 0 124 |6.9 104 | 10.7 (13.2

FR, phr P 0 1.16 | 1.11 097 |1.02

FR, %P 0 1.02 [1.01 [1.04 [1.03 |1.04

FOT, sec burns | 19.4 |84 -- 203 {273

Tg, °C 147 131 149 121 111 112

It is apparent that the compositions of this irivention had an
significantly reduced FOT and a Tg that differed from that of polycarbonate
(147°C) in a base composition not containing a phosphoramide or phosphate
ester by an acceptable increment. Sample 2 had a Tg essentially equal

5 within experimental error to that of the polycarbonate in the base compasition
but the FOT was appreciably higher than that obtained with XPP. Sample 3
utilizing PPP had a significantly lower Tg that that of XPP and NPP. It was
unexpected that XPP-containing compositions (e.g., sample 1) would exhibit
such superior FOT as compared to NPP-containing compositions (e.g.,

10 sample 2), and such a large increase in polycarbonate Tg as compared to
PPP-containing compositions (e.g., sample 3). Samples 4 and 5, employing
conventional flame retardants (FR), had unacceptably low Tg's for many
commercial applications. The variations in FR content in terms of phr of total
FR and of phosphorus are not considered significant from the standpoint of
15 properties.

EXAMPLE 2
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X4 is an al kylidene radical; mand n are each independentl d A26
IS -N G- - Nz3 z3 5 wherein G1 is sulfur, an al kylidene %éaF%Pg%'Ll\gvzg%l
radical, or alkaryl radical; and each Z3 is independently an al kyl radical
or an aryl redoakéiior wherein A26 is G N / N Y2 wherei n Gpdrause9nias

al kyli dene) aryl, or alkaryl, and Y2 is alk'ylidene. 10 29. Aresin
conposi tion consisting of: a) a thernoplastic resin and b) at |east one

phosphor ani de havijfghd sameSsase eompbs#ion m@eatfonoExafhpleeﬁSé c@ﬁwsattdhewas
formula: Qv Il R-p-R3 R2 15 wherein QL is oxygen or sulfur; 'R 1 is an

ami ne resi dudhadggoni@ining4f parte RPRaNdRUXP 63' he regultaiRONDOSKITBhED
00112611 PCTI U 1 I I

al kyl t hi o, aryﬁ%)?((?, Z@fﬁg f?ﬂﬁg@?g@?ﬁg@ﬁﬁﬂ? %%? ox% |%ardagr ﬁl@%%l due
cont ai ni ng atTHeeglass mmsmbhwbnmm:atureua hrgher or tals aeompesities ithiatewodid. be\n
article de fromt ec ositﬁlion o& L mJal. 31. Th?égﬁ'cle of claim 30
which is 3 d&PEE q”o eJEeHLY 8 @Wdt'ﬂlf‘é‘mqiﬁﬂ n yoke for
television, slit type deflection yoke, nold coil deflection yoke,

tel evi si on bagkpL g 3docki ng station) pedestal, bezel, pallet, swtch)

swi tch housing, plug, plug housing, eI ectrical connector, connecting

devi ce, socket, television housi % nmput er housin desk- t op conputer

housi ng, port abl e BlendsPbB2rRRRS 0. a Fam%ﬁaﬁbﬁyéﬂ@bewﬁrﬁjd'Wh%héf d
comput erhousjjag e'ﬁgnb{ﬂgr)twhon s Of &4 m#r@alﬁ%ﬁ lg HPS mg&' ne

housi ng, copi‘er ou5|ng, ou5|ng) nob ousi ng,
sender housi nyeparedi and moddack untleusdergucall cartditidrisxsimilay td those of Example

e T
ci reuit lpoeagmxtbﬁammeemv@ﬁhwmmwoﬁmeIc Ry B a8 arf Biiti géé@at iy

di shwasher p ) clothes washer panel; clothes dryer panel, refri

panel ; heat i whieh wese ot §Pﬂ%lﬁeéﬁd: lmgﬁmlm%})mﬂﬂﬂlmcﬂﬂd 205 phroofsXR

a0 9 0 % 4 B U Sl e B Aol S ST

(total flameout tlmes for first and second ignitions for 5, bars of 0.06 inch

thickness) and heat deflection temperature (HDT) of each test specimen was
15 determined and the results are given in Table Il.

TABLE II
Sample 6 7 8
FR, identity XPP RDP BPADP
FR, phrP 1.92 1.85 1.58
FOT, sec 24 21 37
HDT, °C 223.9 177.9 190.5

Again, it is apparent that the composition of the invention (Sample 6)
had acceptable FR properties and a significantly higher HOT than the
compositions containing conventional FR additives, indicating superior high
temperature properties.
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28 FEBRUARY 2003 32. A nethod to increase the heat terrper%?_lEgR fry3odd aMe
resi stant conposition conprising the steps of conbining at [ éast a) a
thernoplastic resin, and b) at |east one phosphoram de having a gl ass
transi ti owqmeiigdll of at | east O0C selected fromthe group coPeTsMngsf: i) a
phosphoram de having the fornmula: QL (1) Rl- P-R3 R2 wherein: QL is oxygen
or sulfur; RLis of the formula XX Z1 21 Q z1 z1 11 I Il ~1 I~ -N X1 -
N P -N XnERAMRLE #22 A23 n wherein each of A22-24 is independently an

. al kyl oxy, al kylthio, aryloxy, or arylthio residue) or an aryl oxy or

Y < ry! > Es e ran arj .
Tei due. each 2 Il 40 e o F Eamraridly daibniE polvibrdinadhuria ha: cal
cont ai ni ngpRényiRS letREls Ak VS0 SpHiet idfUAT edmmearelalifl alsilatle aHinG | WeRe

radi cal, aromatic radical, or aromatic radical containing at |east one

al kyl subspliepatadoand gnoided junder conditipps mimilaiio thase of ExampRIARSINGO03 2 1
2 1 (X) Kl dn A - N = LN O L2 ein each
X2 is al kiﬁl\‘ %éﬁ%‘ C%.éyr?yhéh%%h&@ﬁ&p%%é#ezé%@)ai yltl eﬁéﬁa@ﬁ%?ﬁ%, R9,
and R1G i smataliapdandessdryialy thekyameyprairiiore, The abgérved FET duss 30

aryl oxy resi due containing at |east one al kyl substitution, or an am ne
resi due; nS¢¥M8om 0 to about 5; and R2 and R3 are each independently an

al kyl oxy, al kylthio, aryloxy, or arylthio residue, or an aryloxy or

arylthi o rgxagecont ai ning at | east one al kyl substitution; or an am ne
residue; {i1i) a phosphoram de of the fornmula VI:

A commercially available HIPS, optionally containing poly(2,6-dimethyl-
1,4-phenylene ether) and / or a polystyrene-polybutadiene-polystyrene
elastomer, were prepared and molded under conditions similar to those of

10 Example 1, using N,N'-bis[di-(2,6-xylyl)phosphoryi]piperazine (XPP) as the
flame retardant material. The compositions and flame out times (FOT, as
defined above for Table 1) are provided in Table Iil. '

TABLE i}

Sample Base |9 10 11 12 13
HIPS, parts 100 |90 70 65 72 785
PPE, parts 0 0 0 25 7 3.5
Rubber, parts |0 0 0 0 2 3.5
XPP, parts 0 10 30 10 19 14
FOT, sec bumns |320 [135 (400 |[215 |315
HDT, °C, 26486 74 68 79 71 73
psi

As seen by the above data, phosphoramides as described herein are

15  effective in reducing the flame out time of HIPS, optionally in the presence of
PPE and /or rubber. It was unexpected that the flame out times would be so
dramatically improved, i.e. decreased, with the addition of the phosphoramide
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QL QL ~P-As As wherein each QL is independently oxygen or r each A
noiety is a 2,6-di nethyl phenoxy noiety or a 2,4,6-trinet hf?%h%ﬁ@x@t}rﬂ%}l ety;
(rii) a phosoohoram' de of the forrmula Vi1l 41b 28 FEBRUARY 2003 41 Al12-~Ir
A13 N (VI MOW2 N N A14 I1PA ~ ~ IP_ AL7 AL5 A16 wherein EQUHSBR%.

I ndependent |y oxygen or sulfur and each of Al12-17 is independently an

al kyl oxy, al kyl thi ar.yl. or,arylthi g resi due r an_aryl oxy or

aryl thio rgg il réﬁﬁﬂ?téf'%éygt”q%s L'?Qeaﬁﬁé ?a%sﬁi“ﬁﬁ 54 %\exéﬁ‘:t&ﬁii ne
residue; (itMat ah@hPBANGIENH dBe Okot InfgH Oforutte %dmb&ikibnﬁléo:ﬁéﬁi@ Qhe! | 25 ~
X3 )n P-A ORL R14 wherein QL is oxygen or sulfur; each of R11-T4 is

i ndependentpghpsghoragmidgen or an al kyl radical; X3 is a alkylidene radical; n
is O or 1; and A25 is a group derived froma prinmary or secondary am ne
havi ng t he E%m EE#“ fferent radicals that can be aliphatic, alicyclic,
aromatic, or a Eary , or 4lc 28 FEBRUARY 2003

Blends of 90 parts of a commercially available bisphenol A

5 polycarbonate were prepared containing 10 parts of either RDP or XPP. The

blends also contained conventional additives, including a UV screener and an

antioxidant, which were not considered in determining proportions. The

compositions were extruded and molded into transparent specimens. Optical

properties (according to ASTM 1003-61), including % transmission,

10 yellowness index. and haze, and the Tg of the polycarbonate phase were

determined for test specimens of each blend. The results are given in Table

IV along with results for a comparable combosition containing essentially
100% of the same polycarbonate and no added flame retard_ant. ‘

TABLE IV

Sample Base 14 15
Polycarbonate | 100 90 90
RDP 0 10 0
XPP 0 0 10
Tg, °C 149 111 131
Transmission, | 90.1 88.3 89.5
%
Haze 0.7 3.3 0.7
Yellowness 2.24 3.18 416
index

15 The above data show that the composition containing XPP has the

same % transmission and haze as a specimen of essentially pure
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A25 is a group derived froma heterocyclic amne, or A25 is hydrazi ne
conpound; (v) a b| s(cyclic) phosphoram de of the formula X?elﬁEBR RY4R9% R16
~|~R1p Q@ Q (X1112) I 1l ( ~)YmP - 926 P( X~ )n OO RL~~I-
-1-/~R2o R46 oRissiwherei n each QL i ndependently is oxygen orpcmsawizgach of
R15-22 is independently a hydrogen or an alkyl radical; X4 is an al kylidene
radical; mand n are each independently 0 or 1; and A26 is -N- Gl- NZ3 Z3

wher ei n GlppRycatidnate, aid ankatdeirasier yalioddlessandbx. @8inpared ®6 tié basy!
radi cal ; and each Z3 is independently an al kyl radical or an aryl radical;

or wher ei nsamplé,sthexdegreass) mzpmy@a@qma@ T i:190fy 188G efor dhgl spemimankar yl |
and Y2 is alk lldegq% 41d RY, 2003 WO 00l 12611 = T/ US99/ 17225
33. The mePPERINIAG &FF FP%P °'|‘85§P98HE%H8§§HB'P%F?1 e has a gl ass

transition point of at |east about 10C. 5 34. The nethod of claim 32

wherei n theypMepegr am de has a glass transition point of at |east about
10C. 35. The nethod of claim 32 wherein at | east one phosphoram de has a
glass transition point of at |east about 20C 36. The nethod of claim 32

wher ei n the phodpblendRides.harars gf aslyst bispherel A Bamgppleadonate, @b8t about
20C. 3 T d de
copri Ses e 6 B 8o fid iEbEndf' A’ Refdriiyrobag) WiRLyRIRPA%ARL 17

As wher emulaaﬂar Qizveughtl ndbpend@ntd y afxythat cof stilef uflcstarhﬂsplaerlrolA m)l et y
15 [ 2, d t 2.4, 6-trinethyl ph t
TheI ?re? hod | neii’%ﬂ%!’%eﬁ" &%:,;tet @O%q@%ﬁiaggﬁrvémghﬂﬁ gggecl’%%@ﬂg? rom t he
group Conshﬁalfﬂﬁaﬁé XPP Wil P f‘e@fab@@@Fs]/etaléﬁamgana@mns@ﬁasm@rﬂt@ndwwb9t feast

one pol ycarbonate resin, (il) | ene et her resins and bl ends

cont ai ni ngeXNUSIeAseN ¢h&wiso 595% r@ﬁ@r andemalged rintq tast)spesimens.r Ehe

10 blend aiso contained 2.75 parts conventional additives including titanium

dioxide and polytetrafluoroethylene dispersed within styrene-acrylonitrile

copolymer as an anti-drip agent. Measurement of the Melt Volume Rate

(260°C and 5 kilograms applied weight) for the blend gave a vaiue of 24.9

cubic centimeters per 10 minutes. The blend showed a melt viscosity at

15  280°C of 390 Pascal-seconds (Pa-s) at a shear rate of 100 sec’, 220 Pa-s at

a shear rate of 1500 sec, and 72 Pa-s at a shear rate of 10000 sec”. The

observed FOT (total flameout times for first and second ignitions for 5 bars of

0.06 inch thickness) was 21.5 seconds. A Ball Pressure Test run on test

specimens at 125°C according to test protocol IEC 695-10-2 (1995-08) gave

20 puncture diameter of 1.6 millimeters (mm). Typically, a value of less than 2
mm is desirable for most applications.

EXAMPLE 8

A blend of 64.3 parts bisphenol A homopolycarbonate, 16 parts of a
copolycarbonate comprising 45 mole % bisphenol A and 55 mole % 4,4
(3,3,5-trimethylcyclohexylidene)diphenol (APEC 9371 obtained from Bayer

25 Corp.); 4 parts of a commercially availéble high rubber graft ABS copolymer;
6 parts of a commercially available SAN copolymer, and 9 parts XPP was
prepared by blending in a Henschel mixer followed by extrusion on a twin
screw extruder and molded into test specimens. The blend also contained 0.7
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20 resin and bl ends containing polystyrene resin, (iv) styr - CO |ng
copol ynmer resin and bl ends containing styrene-contai ning B 5555%‘}238

(v) styrene-containing graft copol.yner .resin and bl ends contai ni ng

‘st yrenecont\ gt gr aft copol ymer resin; and (vi) high i npacRCEa8941228 ene
resin and bl ends contai ni ng high inpact polystyrene resin. 42 SUBSTI TUTE
SHEET ( RULE 26) 28 FEBRUARY 2003 WD 00112611 PCTJUS99/ 17225 39 ( The

met hod of clpans 80 caheertional hadditiesronclading ploly:tétraﬂtmraetpqleﬁeadlspemed resin

bl end b . . h d of
Gai rti 5o wities SyerderRRfie orRRSn onan | abEaP Adgnt Tﬁ‘ﬁe"ﬁeng °
pol yoar bonalshoged 4fass! bandlienRrkisstatirelal 155°Go THCSdNATOF (dbgot one

pol ycar bot ~ata conprises bl sphenol "A pvtycat bonat e e nnet
cl ai m 32 whdlameout timesdon ficstfand sefonsbigmitianssfoats Haraxtt QO@ inobnthjpkhaés)i er| c
or polyngric additive seteGed fn~mthe group consistirsg of
organi o %#a?é%‘gqn@s t hi ophosphate esters. P~ishhonate 10 _ esters,

t hi ophosphonat e esters, phosphl nat~e este~,.tfi bphasphi nate esters.

phuspt dne o@xempPLErd thi ophosphi ne oxides. 43 , nme hod of daitn 42 in

VWi ch the phosphoms additive is an organic phasphats ester. 44 . The nethod
of claim 32 | n t he corrBOSJ tion is es enél ally free of chl OLI ne

andbr omi ne. fﬁesqmﬁnﬁo oFilipn ef V3% Paepdred axcepidhatri@ danme
resi stant Ccﬁﬁ?@%ftd&boﬁfca%@r'\éfb%%mﬁrsm /ésrmaléﬂ%cagmémﬁwaza@ermébn,g a) a

t hennOpf asbi'c resin sel’ected from tht gw consi sd (1) palycarbonabe
resins and W.4rds8 sHimaihylayglahexdigene Qhﬁﬂ‘@‘ydAP@G\aQ@S‘reQ tained i fyom

pQ yphenyl e n t henyl ene
ehory (1§ EayR) St d N s TG Bt S8BT i ERERtN g oY O
(iv) stypeneovgt athétobagn/@appcmu@tual ﬂamebmrmlnéé RIrdRSCANd abBbMp nmons

styreneoontai ni ng copolé resin; rene oos~aui ni cx~ graft vopol yner

resin and blfenddaesefibPaingh g‘t‘@“?ﬂ%&bﬂ@ﬁaﬁ nfisaft oapotyrvec resin; and

(vi) high inpact polystyrene resin and bl ends ‘cont ai ni ng hi gh i npact

pol ystyrene resin: and 43 SUBSTt| UTE SHEET ( RULE 26j 28 FEBRUARY 2003 w.
~1 ?t~iU ~Py~~3~~s52.0 ~: _ ,!la; 802T243" -53 b) a phosphoram de havi ng a
glass transition point of at |e2ist about 20C of the fornula VI:
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As wherein each Q is oxygen; and each A noiety is a 2,6 '

di cnet hyl phenoxy rrroiaty. . 4s. The conposition of clai mzﬁFEBv%Ugﬁglz?]%t he

t hernopl astic resin conp! ~ses at | east one pol ycarbonate and AeS. 15 ~9. An

arbi de made fromthe conposition of daim.4s. 50 . A nmethod to incxease the

heat distortion tertipecatur~a of a flanme resistant conposi~on contai ni ng

an anount of a phosphonrs-containing conpound effective to render the

conposi ti I¥Panme rating of at Least V-2 In 20 ~ the Underwriter's

| aboratory UL94 protocol when nmeasured on a test specinen of about 0_125

inch by about 0.5 inch by about 5 inch dimsions. wherein the nmethod

conpri ses q:ombteslmgompoaltionmmpﬂﬂﬂg thernopl astic resin selected fromthe

group consisting of (i~ polycarbonate resins and bl ends containing at |east

one 25 pol y4 grtmmmast&sremn @nd) pol yphenyl ene ether resins and bl ends

cont ai ni ng at | east’ one poEyphanyl ene ether resin: (iii poiystyr rosin
4 et 0t p

and bl e”dSeB{Q{‘iédsﬁ ong pidsphioyarmide hadnga glass ;ragswpe gtk 88 ol ymer

resin sty bENe- cont ai ni ng copol yner resin; (v)
styreﬁ@acvr alﬁpﬁ d@gP?ngopsyyrrter resin and bl ends cont ai ni ng

styrene- Cogtaaé éﬁ\-{)cfe RAviRGMeE Yarmiula:esi n; and (vi) high inpact

pol ystyrenée TEsi an ends cont ai ni ng hlgh i npact pol ystyrene resin; and
44 A~p~D SHEET n' 1r [f4 - ~ 28 FEBRUARY2003 ~0- ; b,?.0()0 RQZ?2~3 ~
'=p:"5~~~~2.0 ~ g 0) a phosphorarni de having a glass transition paint
of at |east about ~20& or .the formula VI: . C Q ML A~' _'p~" ~ -~P - Ae As

wherrein egph DRIS"@?’Xyﬁn and each A moiety is a 2,6 10 di met hyi phe~oxy
noi ety. The met hod of' ,daim 32 whereic the thernoplastic resin conprises at
feast one pvlycar bon e and ABS. 15 20 25 30 45 AMEI ~Df D SHf ET
~ritt~~"J h]e mll i

. A. AA. Ah, A Aﬁ A9{ Ah . Ah. As{. A9. A, U. Ah. A. AA. A AU. A. AF{. Ay. A, . A. . ASh. AS. .
A@YAA{ Ash. A, . AS{. ALn. A. Af, . Ah. A Al 9. Ay. Ah. A&{ AQ@A. AF.
AS. Ah. A{. A %ﬁﬁiﬁ/@!{“ﬁ@ A@R Ay?.A Y.As. AsAL. A(_5: s4W5 C

AWMW WA, # XXX X 77x7~ 7~~7777>7~~7x~xx7xxxx7x~x777xxx PXX??????~?~?~???7?~
p~’>\';\( 277~ 9ﬁ~’5§t§%'§‘)fﬂ~~

21 21 Q1 Z1 Z‘l Q1
04 | | i | [ WY 24
—N—Xx'—N P—N—x'— p—A
n
wherein

each of A22-24 is independently an alkyloxy, alkylthio, aryloxy, or aryithio
residue, or an aryloxy or arylthio residue containing at least one alky! substitution; or
an amine residue;

each Z1 is an alkyl radical, aromatic radical, or aromatic radical containing at
least one alkyl substitution;

each X1 is an alkylidene radical, aromatic radical, or aromatic radical
containing at least one alkyl substitution;

or

R1 is of the formula XI:
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wherein G2 is alkylidene, aryl, or alkaryl, and Y2 is alkylidene.

2. The composition of claim 1 wherein at least one phosphoramide

has a glass transition point of at least about 10°C.

3. The composition of claim 1 wherein all of the phosphoramide of

component b) has a glass transition point of at least about 10°C.

4. The composition of claim 1 wherein at least one phosphoramide
has a glass transition point of at least about 20°C.

5. The composition of claim 1 wherein all of the phosphoramide of

component bj has a glass transition point of at least about 20°C.
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‘(Vﬂ)&_ ( ?A; : f&%&été:hm&;"&%@%@oﬁb po% arﬁﬁﬁ@%ﬁfWy%dﬁpheﬁyléﬂ%ﬁethbr 'résih %8 X X&

$F$$CD! &f 1078 tplpnda_sma(r)mg 7t Leaﬂm pojyphengiagre(gthe esim (iii) polystyrene

10s10%&: () F ( % ()-L
109 (G)&5 é‘%‘ﬁ) Sl %EB%@ N é%&pg’& tg%rg#% g 8&*%9 8’"‘3%‘ ing

#109M M & (@p@}ﬁé}"/&sﬁ ahd 10ad6§ ) cdntdibifig( Styfene-Editaling kopolylier resitd%& () -

& 109%& ()-vy. O%&AQ "109% &a- !,#"10%/\\(/\&'%@!% .

10000e {) (kehredd-containgd (orif esnaianar tevny o Bs coptaimngcsivensve () -
S100& ()-!| ft Predit> phigadt) |

St 10% | cw\%ﬂlﬁgl%%l&p%iﬁne redih;>andRViP hih”#hhgadt) porrsiyr@¥é| &sin) and

blends containing hlg impact polystyrene resin.

10 7. The composition of claim 1 wherein the thermoplastic resin is
selected from the group cossisting of high impact polystyrene resin,
syndiotactic polystyrene, polyphé&nylene ether / high impact polystyrene resin
blends, polyphenylene ether / syndioiactie polystyrene resin blends,
polycarbonate-SAN biends, polycarbonate-ABS blends, polycarbonate-SAN-

15 ABS blends. and polycarbonate-polyester blends.

8. The composition of claim 1 wherein the thermoplastic resin is at
least one of polycarbonates, polyphenylene ethers, high impact polystyrenes,
syndiotactic polystyrenes, acrylonitrile-butadiene-styrene copolymers, and
styrene-acrylonitrile copolymers.

20 9. The composition of claim 1 wherein the thermoplastic resin
comprises at least one polycarbonate and ABS.

10. The composition of claim 9 wherein the at least one polycarbonate
comprises bisphenol A polycarbonate and a copolycarbonate of bisphenol A
and 4,4'-(3,3,5-trimethylcyclo-hexylidene)diphenol.

25 11. The composition of claim 9 wherein the at least one
phosphoramide comprises a phosphoramide of the formuia VI :

Q! Q!
3 il / \ il 6
(V1) AS—P—N N—P—A
VANVARRY
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15

20

wherein each Q1 s oxygen, and each A moiety is a 2,6-
dimethylphenoxy moiety. '

13. The composition of claim 1 wherein the thermoplastic resin
compnses polyphenylene ether and high impact polystyrene resin.

14, The composition of claim 1 further comprising at least one non-
polymeric or polymeric phosphorus additive selected from the group
consisting of organic phosphate esters, thiophosphate esters, phosphonate
esters, thiophosphonate esters, phosphinate esters, thiophosphinate esters,
phosphine oxides, and thiophosphine oxides.

15. The composition of claim 14 in which the phosphorus additive is
an organic phosphate ester.

16. The composition of claim 15 wherein the combination of
phosphoramide and organic phosphate ester is present in an amount
effective to render the resin composition a flame rating of V-0, V-1, or V-2 in
the Underwriter's Laboratory UL-94 protocol when measured on a test
specimen of about 0.125 inch by about 0.5 inch by about S inch dimensions.

17. The composition of ciaim 14 wherein the at least one
phosphoramide comprises a phosphoramide of the formula VI :
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"10% & ()-/1F "109%& ()-/ _N<f\gb! ~!1 &s-109%& ()--! Sni 109%&' ()-f!
10%&' ()-y109%& ()- 109%& ()-"‘#10%&' ()-/_2_ 73 " xaz[9f\=!T11\]|#"10%& ()-3F"f
109& ()- 109 ()-!al " 10%& ()-y! Yf

80% 8 - : ;Iés ig‘i&a%réh ea}ﬁ?ﬂ?(ﬁ;@}dﬁi@p&&ﬁbﬂly 8kygen or sulfur; and each A moiety

0, - +" == + =
109%& ()-I\ll%ﬂﬁﬁ/&'m 2“3(8?5‘980& %@Zér?e%élﬁ #i’ﬁ%:‘%@h%%m“z'?m '109& ()- 10
10 10?10%&' ()-; 10%& () - heAf f gghPi zX6bCl | y#10%&' ()-s! X "10%& () -
| X" 1098 () - ! 3"B0%P Pidiel )cothgoshiom: 6) - daind 0%& (Wherein the at least one
Pixjkl Omm[<bC19t10%& ()-!Y4@ 10%& () -
1910%; b) - PROSPROEYDIGE CPMDNISES @ PRosphwtamige 9t erdormmuRN it n| mb@ ! ! 3M 10%
& ()-Y3M 10%&' ()-YY"10%& ()- 10 10

Q' Q'

3 H / \ n 6

(V) A°—P—N N—P—A
e /L

wherein each Q1 is oxygen; and each A moiety is a 2,6-
dimethylphenoxy moiety.

19. The composition of claim 1 wherein at least one phosphoramide
10 comprises a phosphoramide of the formula VI:

Q' Q'
a N \ i 6
(V1) A —P—N N—P—A
A

wherein each Q1 is independently oxygen or sulfur; and each A moiety
is a 2.6-dimethylphenoxy moiety or a 2,4,6-trimethylphenoxy moiety.

20. The composition of claim 1 wherein at least one phosphoramide
15 comprises a phosphoramide of the formula V1:

Q' Q'
3 {l / \ i 6
(V1) AS—p—n N—P—A
VAV

wherein each Q1 is oxygen; and each A moiety is a 2,6-
dimethylphenoxy moiety.
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&y10% & ()pr Mxm@m @keﬁe,ctl\@ to repdigr (the resin compgsition 3 flame ratingog | & () -
10% P& () - $zLzi A2hCl 1OV

10% & () 1@ @ 1%3({4‘&% Ungkwwﬁ EaBoratdy UP¥4 protocol when

10% & () - 'r’aeésubéﬁco@)a Best'SpRYnEs 0j aBoutB D2EziGzhiby zholi BLS IMRRNMOSENE) - | " 10%&
'()- 10t ]Sgt 10t 10%.&' ()- F10% & ()-9?910% & () -fzvzU{h{~{{|}[9h! !

1098 (3 - 3123060 IMREPSONRB100xX& ()- 109%& ()-!F 10%& () -

SHYL109& ()-||}f}}}r~dBhittit: £ "100& ()- ! 109%& ()-1 109%& ()-z
109&: () - SF" 109%@2( ) - 7h&0%BntpositiorRahcldien p1 /Wﬁ&%u{)mesﬁoth@‘yimbhnr*fof
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10 10 phosphorus per 100 parts of resinous materials i in the range of_ about 0.1-3
parts by weight.
23. The composition of claim 1 which is free of chiorine

10 and bromine.

24. The composition of claim 1 wherein R1 is of the formula X :

(X) | | i | { IQl a4
—N— X'—N lr-—N-——x‘— P—A
n
wherein

each Q1 is independently oxygen or sulfur;

15 each of A22-24 is independently an alkyloxy, alkyithio, aryloxy, or
aryithio residue, or an aryloxy or arylthio residue containing at least one alkyl
substitution; or an amine residue;

each Z1 is an alkyl radical, aromatic radical, or aromatic radical
containing at least one alkyl substitution;

20 each X1 is an alkylidene radical, aromatic radical, or aromatic radical
containing at least one atkyl substitution;

nis from O to about 5; and
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109&' () 10%& % 9E@ 10!Y, " 109%&’
109& ( amyit m&s&rgqg 08 140 FYIOXyIRr qrylttymrreslﬂga Nng at lgastramea alky!

10|_'>100/& () ) (r 109 1f 109%& T @0%4.0% , & ()-j H@
10 10! @10(@‘]“&5]‘?5{%'( &%%é@e 5)9 @ Povse 8 S mlO%&(%) Y' 1096& (3 1(()) J
106x} [ <H@ 10 10&"109%%& ()-!9% 109%& ()-!"10%& ()-#

1096&' () - FGL0%&28) -Thebbi@osifiornkof dilnvi Yiaereih RO is of the formula XI :

Q
(X1) / N
\ 7 1

wherein

each Q1 1s independently oxygen or sulfﬁr;
each X2 is alkylidene, aryl, or alkaryi;
each Z2 is alkylidene;

10 each of R8, R9, and R10 is independently an alkyloxy residue, an
aryloxy residue, an aryloxy residue containing at least one alkyl substitution,
or an amine residue; and

n is from 0 to about 5; and

R2 and R3 are each independently an alkyloxy, alkylthio, aryloxy, or
15  arylthio residue, or an aryloxy or aryithio residue containing at least one alkyl
substitution; or an amine residue.

26. A resin composition comprising the following and any reaction
products thereof:

a) a thermoplastic resin

20 b) at least one phosphoramide having a glass transition point of at
least about 0°C of the formuia VIli :
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109%& ()- S
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wherein
each Q1 is independently oxygen or sulfur; and

each of A12-17 is independently an alkyloxy, alkylthio, aryloxy, or
S arylthio residue, or an aryloxy or arylthio residue containing at least one alkyl
substitution; or an amine residue. )

27. A resin composition comprising the following and any reaction
products thereof:

a) a thermoplastic resin and

10 - b) at least one cyclic phosphoramide having a glass transition point of
at least about 0°C of the formula Xil :
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104|1a"10% t & ()-S 10% & ()-4f#310% & ()- Y10% & ()-1"10% & ()- 104

104| | ?MrzX6K: PP imnal

10! al#l%) 10% t & () -SNAIdoR! (5 Indepspgently a fsraaen of analiggsadical o+ v 1o () -v
~z[ PE: 10! 10t 10t 10tf?10% & ()-;

10% & () -! p8" 109&3(i} al glkyitdepedadical;y” % 10%& ()- " @BPE: 10! 10t @

| "10%638 ()-3!' @1 "10%HH&' () - 33y 10%G&' () - #10%38 () - 10%G&' () -"10%:& () - @ ?PE:

nisOor1; and

5 A25 is a group derived from a primary or secondary amine having the
same or different radicals that can be aliphatic, alicyclic, aromatic, or alkaryl,
or A25 is a group derived from a heterocyclic amine, or A25 is a hydrazine
compound.

28. A resin composition comprising the following and any reaction
10  products thereof:

a) a thermoplastic resin

b) at least one bis(cyclic) phosphoramide having a glass transition
point of at least about 0°C of the formula XIH :

R15 R22

R16 //—-I |—\\ RZ!
X \ Q 0 / 5
—_— 1 1 _—
(Xt \(,? m /
(X ) /P‘A”‘P\ (X )

R' 7/\= = - —_-J\Rzo

R18 R19

15 wherein each Q1 independently is oxygen or sulfur;

each of R15-22 is independently a hydrogen or an alky! radical;
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23

5 wherein G1 is sulfur, an alkylidene radical, aryl radical, or alkaryl
radical; and each Z3 is independently an alkyl radical or an aryl radical; or
wherein A26 is

wherein G2 is alkylidene, aryl, or alkaryl, and Y2 is alkylidene.
10 29. A resin composition consisting of:
a) a thermoplastic resin and

b) at least one phosphoramide having a glass transition point of at

least 0°C of the formuia:
Ql
i
0 N—?—#
R2
15 wherein

Q1 is oxygen or sulfur;

R1 is an amine residue, and
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& ()-1y, 6" 10%BsBE () Ay, 10984 () -, Y+" 10988 ()- 3!y, Y+" 10%BSB& ()-3!
i/%g;’,ﬁfo%‘&(%) OCH> Mu*REEEE A in d%%é“;'%‘dé?myy EWQM%Q alkyitiao { Arylo) ot OF
10! +10%&' () ﬁ}llﬂﬁ@rééldﬁéogl&aﬁ )ar)ﬂé@?/@r é?f‘ﬁﬁd%lﬂé Céﬂﬁ?ﬁn%ht fdasfBhe alkyl
110%' () -S10%' ()-S10% () - 5100&" 10%& () - S#( -2

1109 () - s5

& ()-S$3{bC 1 10! ff 109B& ()-, #109B& () - MLOYB&' %%EEEile%?

st Ftitytmn(qr an eone ye !@/& ()- 510%& ()-s@El I\/QJZerC

&)

11094.09& () -s109& ()-S109%& ()-S109%& ()-s109%& ()-S10%& ()-sZ\]egl prS4bC

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

31. The article of claim 30 which is a deflection yoke for cathode ray
tube, deflection yoke for television, slit type deflection yoke, mold coil
deflection yoke, television backplate, docking station, pedestal, bezel, pallet,
switch, switch housing, plug, plug housing, electrical connector, connecting
device, socket, television housing, computer housing, desk-top computer
housing, portable computer housing, lap-top computer housing, paim-held
computer housing; monitor housing, printer housing, keyboard, FAX machine
housing, copier housing, telephone housing, mobile phone housing, radio
sender housing, radio receiver housing, light fixture, battery charger housing,
battery housing, automotive electrical component, antenna housing,
transformer housing, modem, cartridge, network interface device housing,
circuit breaker housing, meter housing, panel for wet or dry appliance,
dishwasher panel, clothes washer panel, clothes dryer panel, refrigerator
panel; heating or ventilation enclosure, fan, air conditioner housing, cladding
or seating for public transportation; or cladding or seating for trains, subways,
or buses.
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ﬂg% 00/«13/:lf (/ 0@[’8 5‘/as gﬁ%ﬁ’i C@%ﬁ?g}? @%% % '{/%0;% (t?nts oy

"10% %&' ( VU4 S #3.t" 940% Y& () -7 %10% o0& ()-~ Y%A0% %&
%w%cy&() Sf#%m{%& (astR/e, S 3" 940% v () -#3. t ° %w%cy&() A
%40% 9% ()-~ vBbIFRFMANAStHESIN@NE) - { 2vs S #10 940% %&' () -~

040% %&' () - #3. A fy fy %& A 9409% % A 94 0% Y&
04.0% %! 8 A g : (% Qm?%am L‘fé#ég‘lmgcﬂ@w %‘%S‘mf@/@@%% %t)'e%t :

+. A=vU4 sO%Cﬁglepmafpm)thelngOP/&&n@)s ngLQMiSlO(VG & ()- G %0% % ()-#3. 17
940% 9% ()-.|JKLN vU4 L4 :110% " 1& ()- L :!110% & ()- L3"10%"|& ()-
LI +MLO% ' | & () 1) alﬁmsp@mmd_eamw&ﬁto m|u!a vU4 L 9$10%&& () L
9$10%p&& ()-L LI, 10%" |&() L LYLIO% ' | & ()- LfZ"10%'|& ()-
REZ"10%'r& ()-3_?2v4 L Q'

#109% ' | & ()-#10%"'1& ()-§10% ' 1 & ()-#10%'1& ()-#10%'1& ()- LL&

10% ' 1 & () - rri\/LYl&Jd#log(L.iI&_(ha#lo% | & ()-#10%'1& ()-5W8

R?
wherein:

Q1 is oxygen or sulfur;

R1 is of the formula X:

21 21 01 Z1 Z1 1
) | | 1 ] ] (I? 04
—N—X'—N T—N——x‘— ||=—A
n
wherein

each of A22-24 is independently an alkyloxy, alkylthio, aryloxy, or arylthio
residue, or an aryloxy or arylthio residue containing at least one alkyl substitution;
or an amine residue;

each Z1 is an alkyl radical, aromatic radical, or aromatic radical containing
at least one alkyl substitution;

each X1 is an alkylidene radical, aromatic radical, or aromatic radical
containing at least one alkyl substitution;

aor

R1 is of the formula Xl:
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FA' 10%282& () - 0%2&z& ()-#3q" A" 10% 82& () - A" 10%8z& ()-"#$_>
b0t 4 1@, 10 % §¢ Sifhadnet

L R i B D s

@ O0%s#s& 16F 10%;#3& ()- fIz 10%s#s& ()- sPOz\|[:vW4 f fI g 10%s#s& ()-f
fl$z 10%s#s& ()-f_fl1"!110% f fMBL0%"s& ()-Y MBLOW & ()-Y
y" 10%¢#& () - \|[')'!RI&°'F'QF%§§%§%Q§'§ ()-f 90#10%t&' ()-f 90#100/#& ()-f

f-, 10%;#5&()- fI3 Os#s& %s ()-(v ff# & (
710% & () - fF 1@1’9# %J@ﬂ@@%@fﬂ 19%#@0 %ryloxy. or

109s#s& (it cl Gu{gAqr an ayioxy (or- aryithigogesiq qemf\@mm@t(bmt onealky () -
f@ 10% @qt)stlum@one%a&wlnwgsmue 2GvU4 £3 10% & ()- f"10% & ()-10"10"10"
fS&?10% & ()- ;10 & ()- f,10% & ()-G$*7|[:vU4 f FAOW' *& ()-f

F@LO% %&' () - leDl&)%@m)OrdeSﬁf_Ltb% armpla ¥Iv1096 & ()-Z f110% & () -
7@P|[:vUs f ' LI0% & ()-f 10% & ()-& 10U E#H & ()-& fSMLO% & () -
fLsS10% & ()- fF10% & ()-Kk@Rkno|[:-410"f,f710% & ()-f f9610% & () -
fI410%&'()- f1@#10% & (}+ f-ASHIOW & (§- 1) &10%' =& () - opgb@10' f

fl 1ocyoe0e&()(\,@§10%&3(_)p_f 098 (p~—IBLQIYX9& () - " 10%

& ()-10'10' ~|[: @10 f f-110%\& ()7 fY 10% & ()- f@10% & ()- fY ~-10%
& ()- f10% & ()- f10% &A" - \-rgj[/ @1AY 3 @s10% & ()- f&ML0% & ()- f3

wherein each Q1 is independently oxygen or sulfur and each A moiety is a
2,6-dimethylphenoxy moiety or a 2,4,6-trimethylphenoxy moiety;

(iii) a phosphoramide of the formula VIii :
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&#10% U8 ()-S ~10% $i & ()- f109@ U@ ()- f10%@ %@ ()- f10%@ @& ()-)
f10v@@& ()-{@[:qdCl0 f foHBUGUGY)- fl"10%@ %@ ()- f 10%D %@ ()-
fLOUDUGE ()- :&10% & ()-) f&IPUDP UG ()-:||[:- CLO@UD f3Z10%D % () -
S/ 10%@ %@ ()- f-10%@ %@ ()-N_f*10%@%@& ()- @ L0%@%@& ()-)

f &10%@ %@ () - | PACLO@ Y@ A3 @I0%RDHES' ()- @ LOYRDH&S' ()- f"

109&DH&&' () - f(wuk)%&D#&&( - f3 1 %DGES () - 10@%A0@ %@ | : ACLO@ %@

f @109 &&' ()- f- 10VERDBER $%&D#&& ()- f- 109RDH&& ()- I
3"10% D#, & ()- f- 10 a@%@ ff/1098DH&&' ()- T, , -
109RDH&&' () - f) 10YRDH&& () - f 10%& - foZ 1098DH&& ()- f -
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6GLOYRO! && ()-F f3109&"&& ()- f @L" 109R&DH&E ()-' bACLO&DH&S f ff 10% >$ & ()-
f"10% >$ & ()- fF 10%>$ & ()- fGLO% >$ & ()- f+MLO% >$ & ()- 10&DH&LO&DH&"
. M g|[: AClo&rsRere1oup & () -G fIS 10% >$ & ()- "9Y"10%$& ()- f9Y"10%

& ()- 9Y"10%& ()- ff 10%>$ & ()-g )|[:-ClO >$ f f&10% >$ & ()- fl;10% >$
& ()- fs3S 10963¢h &1 IHWHMMXWGWFSUWW ()-m|f& 10%$& ()- bACLO

>$ f f f3"1004#& ()- f f 10%#& ()- C :!10%& ()-4
each of A12 17 is independently an alkyloxy, alkylthio, aryloxy, or arylthio

residue, or an aryloxy or arylthio residue containing at least one alkyl substitution
or an amine residue;

(iv) a phosphoramide of the formula Xl :

LN

_ \01
(x1) i

wherein Q1 is oxygen or sulfur;

each of R11-14 is independently a hydrogen or an alkyl radical;
X3 is a alkylidene radical;

nis0or1; and

A25 is a group derived from a primary or secondary amine having the
same or different radicals that can be aliphatic, alicyclic, aromatic, or alkaryl, or
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f +g10% & ()- f ,) 10% & ()- f&N 10% & ()- f% 10% & ()-8Jc|[: NA41010 f;
10%°& ()- 1910%" & ()- fHE1006& ()- f 51006 & ()- f31086& ()- f

| 1910% & ()- ?vU410 fP 7 10%t& ()-| “10%t & ()-| mML0%t& () -
fF“low&'()-10"10"1150"%5{4‘ 0% & ()-?GvA| [:vU410 f f10%& ()- 2, "10%t& () - yf
L 1004& ()-f frBreo#k IO\ f109%4& ()- fFMLO%#S: () - vIkHO f

f S/ 10%& () - fY(Glof}\&'\()-f i g

109%+& () - 039GQTp| [: vOR10 f
109%€ ()~ P, Gofi§e ! &TT

i
100E#& ()-f f§" Ms"zlofy#&' ()- f
9?10%#&'?)- £ 10%& ()-X >, @ 10%& ()-:f .G

f +100 &QI )-prs€"1u X710

(X, PAP (X* )
- 0
R”/E_ —:_/\Rzo

wherein each Q1 independently is oxygen or sulfur;
each of R15-22 is independently a hydrogen or an alkyl radical;
X4 is an alkylidene radical; m and n are each independently 0 or 1; and
A26 is
—N—G'— N—
p

wherein G1 is sulfur, an alkylidene radical, aryl radical, or alkaryl radical;
and each Z3 is independently an alkyl radical or an aryl radical; or wherein A26 is

G2
/  \
N\/N—
Y2

wherein G2 is alkylidene, aryl, or alkaryl, and Y2 is alkylidene.
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fLotoowe ()- & 1: S0nmepied ot Mot At st B Rrfrobbrt i gg0,
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f,109%% (
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> 109%vk M& ()-1 f; 109Kk M ( E f &1 0% VK é
)-f 34 10%19( meﬂm aloolpimg 132 whetsip dhe phesphetaypide yas a glass

109% () - 9'1%%6%5%’@%‘1'%%}&{9 ‘é‘qf%é ()ff(Ml ??@4(12)_1031(%?%%‘ (12y9

mL09% & ()

f.110% & ()-35;). The Mett{oummaxose@ﬁémr&a( Jeabt bhe IgHdsphojamitfelRas t & () -
/5//0&0| [ NA41010 94.0%/ V& () - Ff

f 109R! 2&
f"109% & (
f F109% & (

fS/ 109! & () 3. f

f10% & (
10

15

20

- f7t10% & ()- f@10% & ()-1 flllo%&()

()-1 f f10%& ( 3?1
§glar8§|tnmt&3fwomffq>f d%%qbpui Q'L 109% & () -
) - &000000000| 0bU410 f3" @0% & ()- 10! 10! 10! fS; M0% & () -

)- ylo
transition point of at least about 20°C.

37. The method of claim 32 wherein the at least one phosphoramide
comprises a phosphoramide of the formula VI :

Q! Q'

g ! " 6

(V1) A"—P—N N—P—A
k4 1\5

wherein each Q1 is independently oxygen or sulfur; and each A moiety
is a 2,6-dimethylphenyl moiety or a 2,4,6-trimethylphenyl moiety.

38. The method of claim 32 wherein the thermoplastic resin is
selected from the group consisting of (i) polycarbonate resins and blends
containing at least one polycarbonate resin, (ii) polyphenylene ether resins
and blends containing at least one polyphenylene ether resin, (iii) polystyrene
resin and blends containing polystyrene resin, (iv) styrene-containing
copolymer resin and blends containing styrene-containing copolymer resin;
(v) styrene-containing graft copolymer resin and blends containing styrene-
containing graft copolymer resin; and (vi) high impact polystyrene resin and
blends containing high impact polystyrene resin.
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210%& ()-"%g’f%f:ﬁa"é%é% idin ol 3 Bledd £ Plhﬁgirg%gt 2@@%‘%‘?’?&’ e B0 fr
mo% & ()- T510% & ()- '/&10%<g& ()-667t777(8|[:vUAL0 f f&I0YB& ()- f

f 109%& () - 401096dhe) meﬁmdlobﬁlam@e)wherelqt.tméze(momarsnows&n(qompnses

(8T8888p0: | [ yUA10 \f E*" 10988 (dacf fE@L0%6E& ()- >10% . & ()- t10%
& ()- f16% SX?DGPQWG%%@@F‘;&Q%@mwmm f MLY%’ () -
£11000@ ()-10$310$10$ fY?s1096& ()- fY<L09B& ()- F*" 10968 ()-

- arowa (5 Vt‘?ﬂ‘é&g_%? Apf S ol 0 LB PIINIBRT™ 510000 )1 @

1090& () - €mp “1098@& ()- | 1098& ()-?@@ ABBBB] [ : - 410%
f210%& ()-f fS; 1000& ()- s, @10%%& ()-: s, @10%%& ()-: fl* 10%& ()-

e e i)
'one nian-polymeric ar palymeric phosphorus additive selected from the group
consisting of organic phosphate esters, thiophosphate esters, phosphonate
10 esters, thiophosphonate esters, phosphinate esters.‘miophosphhate esters,
' phasphine oxides, and thiophosptine oxides.

43. The method of daim 42 in which the phasphorus additive is an arganic
phosphate ester.

44 . The method of claim 32 in which the compasition is esseatially free of
15 chiorine and bromine.

45. The flame resistant composition of claim 43,
46. The flame resistant composition of claim 32.
47. Atasin compasition camptising

a} a thermopilastic resin selected from the group consisting of (i)
palycarbonate resins and blends containing at least ane polycarbanate resin:
{ii) polyphenylene ether resins and blends containing at least one
polyphenylene ether: (iil) polystyrene resin and blends corttaining polystyrene

cesin; (iv) styrene-containing copalymer resin and blands containing styrene-
cantaining copolymer resin; (v) styrene-containing graft copalymer resia and
blends cantaining styreae-containing graft copolymaer casin; and (vi) high
impact polystyrene resin and blends containing ﬁigh impact polystyrene resin:
and
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48. The composition of claim 47 wherein the thermoplastic resin comprises
at least one polycarbonate and ABS.

15 49. An articde made from the composition of claim 48.

50. A methad to increase the haat distortion temperature of a flame
resistant compasition containing an amount of a phasphorus-containing
compaound effective to render the compagition a flame rating of at least V-2 in

20 ' the Underwriter's Laboratory UL-94 protocol when measured on a test
‘specimen of about 0.125 inch by about 0.5 irch by about 5 inch dimansions.
wherein the method comprises combining

a) at least one thermaoplastic resin selected from the group
éonsisﬁng of (i} polycarbonate resins and blends containing at least one

25 polycarbonate resin; (ii) polyphenylene ether resins and blends containing at
least one polyphenylene ether resin; (iii) polystyrene resin and blends
containing polystyrene resin; (iv) styrene-containing copolymer resin and
blends containing styrene-cantaining copolymer resin; (v) styrene-containing
graft copolymer resin and blends containing styrene-containing graft

30  copolymer resin; and (vi) high impact polystyrene resin and blends containing
high impact polystyrens resin; and
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0) a phosphoramide having a glass transition point of at least about

20°C or the formula VI: .
o' a
W) Ad—p—N N—p - A®
e/ ks

wherein each Q' is oxygen and each A moiety is a 2,6-
10 dimethylphenoxy maiety.

51, The method of claim 32 wherein the thermoplastic resin comprises at
least one polycarbonate and ABS.
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