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BACKGROUND OF THE | NVENTI ON The present invention rel ates to resin
conposi tions coppAME REWAR@AW@EQN@@ @;\iéidﬁw @l ass
|g‘g’ggpre er y o

transition tenperature of at |east about Ieast about
10C, and nost pref &%SFF@RAMlDE&tAN@MEﬂ'FmFO‘IREMAKW@t|on al so rel ates
to nmethods to nake the resin conpositions and articles nade fromthe
resin. conposi ti ons. Cbnpounds cont ai ni ng phosphorus have been used in

‘resin 10 co exanpl e, . var.i ous
- .phosphat es ha\r/rgﬂﬁe #(b“?aq | zed gééer?\.thﬁ"r?g'gnt'ﬁ?q%gl?f ézt% Spﬁingyaﬁﬁlb‘?ag{fmcol or
st ?bl i L y &dﬂgf Woi ﬁg{taslﬁlﬁi&lfﬂed)danuaﬁdwm nmgglehmchrgra gmm,rag?ﬁu,@ | aRosphat e
esters hav een,. Uuti n ¢ o inprove the tlane
o5t st anc ¥ goRsling abpidtPncerta b GV TES Bl fieeh Adaualbiiadgets he melt f1 ow
characteristics of the 15 conpositions. Certain water sol uble

phosphor aBAGIKGROUNBIGP THEINVBRTION the textile industry as flame
retardant finishes for fabrics. As part consolidation and wei ght reduction

continues to eyplve in pan industries, the physical property demands
pl aced upon reiﬁﬁ H@ﬁ?ﬁf‘%\dﬂ%ﬁ’g@ relates rer %ﬂn@onmﬁlﬂqfiéu%mp@%ngnarea5| ng

the degangpoéghdrafifdd een@oaﬁarm. gna@eeduaﬁém&ﬁ%nwyp“ L lﬁ%ﬁsﬁ?ﬁégl Ly

for conputer "housi ngs, nput er housi ngs
One i ncr eabolﬂigomarﬁfﬁ&fablyfdratdaaﬁramw 1074, ambsmaﬁsprbfegﬂﬂy dhtaaﬂeasftSI stance

whi | blyosUD | h k h t
Aot her 1 REPEG2B:G AR iVRCn; S5 A<D 10 hetisds oYiale, Wl pasin | o
Under wr i t esinpositibes ahdiaytidlbs Rtadecbrmbthat/asml céifipdsifiony- 1. or V- 2.

Compounds containing phosphorus have been used in "resin

10 compositions for a variety of reasons. For example, various phbsphites have -
been utilized to enhance the melt stability and/or color stability of resin
compositions.  Alternatively, various organic phosphate esters have been
utilized in resin compositions to improve the flame resistance properties 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 fetaining 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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25 It is therefore apparent that new resin conpositions that nmeet these and

other demands continue to be sought. | 000002 SUBSTI TUTEggEEE R BHIE 26)
28 FEBRUARY 2003 The present invention provides a resin conposi tRI(/OI’l

conprising : a) a thernoplastic resin, and b) at |east one phosphoram de
having a glass transition point of at OC selected fromthe group
consisting of: i) a phosphoram de having the fornmula: (1) Q Il R-P-R3
R2 wherein: QL is oxygen or sulfur; Rl is of the formula X Z1 Z1 (X) i
I -NXI-N/QL Z1 Z1 QL u |l I it P-Nx1- P-A24 A23 wherein | east each of
A22-24 i s i ey pretamt inventiongrsyides w reslrkadrhpositiomicghprisingar aryl thio
residue, or an aryloxy or arylthio residue containing at |east one al kyl
substi t uti ong) a thermoplastic resin, and

b) at least one phosphoramide having a glass transition point of at least
0°C selected from the group consisting of:

i) a phosphoramide having the formula:

01
Il

0] Ft‘—IID—R3
R

wherein:
Q1 is oxygen or sulfur;

R1 is of the formula X:

7 Z! Q' 7' 71 1
X i i 1l [ | (l? 04
—N— X'—N P—N— x!'— p—A
n
wherein

each of A22-24 is independently an alkyloxy, alkylthio, aryloxy, or arylthio

residue, or an aryloxy or aryithio 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 XI:



or an am ne residue; each Z1 is an al kyl radical, aromatic radical, or
aromatic radical containing at |east one alkyl SubStltubpry“ﬁ@Qam%l 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 XI: 2 28 FEBRUARY
2003 X2QL X2QL (X1)/ \ 1f / NIl -NO\ /NP- N\ /NP-Wz 2Rs Z2If n wherein
each X2 is al kylidene, aryl, or alkaryl; each Z2 is alkylidene; each of
R8, R9, and R10 is independently an al kyl oxy residue, an aryl oxy residue,
an aryl oxy residue containing at |east one al kyl substitution, or an am ne
residue; nis fromO to abou 5 and and R3 are each independently an

al kyl oxy, al kylthi o, wl (0D i oqtesi due, or an aryl oxy or
arylthio res(ue con ‘Q ng I te/ag\ | kyl substitution; or an am ne
residue; (ii) a ph hora}\l PQf he a_e{{o Q Q4 A3-11/\ 11 (M)

A3-P-N N P - A6

n

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 0O 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:

g / \ il 6
Vi) A —llD—-N N—P—A

A* }\5

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 :

2a



A4 A5 wherein each QL is independently oxygen or sulfur and each A noiety
is a 2,6-dinmethyl phenoxy moiety or a 2,4, 6-trimethyl pheBgkssriRRebY03 (|||)
a phosphoranlde of the formula VIIl : 2a 28 FEBRUARY 2003 Q1 Al - - Al13
(VIT1) N QL QL Al4 I PAN NPAi Al5 Al6 wherein each QL is independently
oxygen or sulfur and each of Al12-17 is 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 amne residue; (iv) a
phosphoram de of the forrmula Al : wherein QL is oxygen or sul fur; each of

Rl 1-14 is independently a kyHrogen or an alkyl radical; X3 is a

al kyli dene radical; n |S,Q_gr 113and 2b 28 FEBRUARY 2003 A25 is a group

derived froma pri mary ary am ne having the sanme or different
radi cal s that can be ali phat c, alicyclic, aromatic, or alkaryl, or A25is
a group derived froma het clic am ne, or A25 is a hydrazine conpound;
(v) a bi S(Cyﬁhhf) phosphf?m (?élof the formula Xl I1:

Al ll/ N~ \" AT
}\15 'IO‘IG

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 XIl :

H14

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



RIS (XII1) QL Il X4 )mP - A26 P 0 (X4)n A22 R19 wherein each QL

I ndependently is oxygen or sulfur; each of R15-22 is i ndepaitt@aky Yood
hydrogen or an al kyl radical; X4 is an al kylidene radical; mand n are each
i ndependently O or 1; and A26 is -N G- N z3 z3 wherein GL is sulfur, an
al kyl i dene radical, aryl radical, or alkaryl radical; and each Z3 is

I ndependently an al kyl radical or an aryl radical; or wherein A26 is
wherein & is al kylidene, aryl, or alkaryl, and Y2 is al kylidene. 2c 28
FEBRUARY 2003 The present invention further provi des a nethod to |ncr ease
the heat t&%ﬂ%@ug@‘lﬁ’f dgriyed, fom & pEmaty of o$REOSdaN, RreBRphavngdhehe st eps
of corfigme B differeakeadiegls shateambe aliphaticr aliayslic, arematicator | alisaryl, sive
phosphdk2fviisiea lgroupgderivgd o r ankéteranyclioi aminef ot A28ads a dtydratiaet ed from
t he gr compeunkl;sting of: i) a phosphoram de having the fornmula: Q it

(v) a bis(cyclic) phosphoramide of the formula Xll:

R15 R22
R'6 ] =
Waa\ Y
oany \?1 ?1/ —
(X)) PAEP () |

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 O or 1; and
A26is

__T_ G1_ N-—
z3 I.z3

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

/\
\/

Y2

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



(') Rt I R3 A2 wherein: QL is oxygen or sulfur; Rl is of the fornula X
Z1 Z1 (X1 |1 -N-X1-N wherein each of A22-24 is independesktarunky2bdey! 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; each Z1
s an al kyl radical, aromatic radical, or aromatic radical containing at

| east one al kyl substitution; each X1 is an al kylidene radical, aromatic
radical, or aromatic radical containing at |east one al kyl substitution;

or 2d 28 FEBRUARY 2003 R1 is of the forrmula XI: X2 QL X2 QL / \ H/ \ Il
-N\ /Nr- NN /N P-R10 z2 Ra Z2 R9 n wherein each X2 is aIkyIidene aryl,

?Ldngaryl each-f k% @{hﬁhﬂ ASfur@f 'bralides. ?ﬁﬁet kf%@g?%z he s due
| ncep: %Efﬁ?,%f‘gpﬁ%éa o8 {:(rﬁ? s o cgfre(ga;&gi«on &thfli8ing the K5 Vot

a) a thermoplastic resin, and

or an

b) at least one phosphoramide having a glass transition point of at least
0°C selected from the group consisting of:

i) a phosphoramide having the formula:

01
il

(1) #—f—#
R2

wherein:
Q1 is oxygen or sulfur;

R1 is of the formula X:

X) | | 1 | { ?? 24
—N— x'"—N T-—N—x'— T—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

2d



residue; nis fromO to about 5; and R2 and R3 are each independently an
al kyl oxy, al kylthio, aryloxy, or arylthio residue, or aQB?EM&B@¥2&ﬁ
arylthio residue containing at | east one al kyl substitution; or an
residue; (ii) a phosphoram de of the formula VI: QL QL u ~~u (V) A3 P- N
NP- A6 A A5 wherein each QL is independently oxygen or sulfur and each A
noiety is a 2,6-dinmethyl phenoxy noiety or a 2,4,6-trinmethyl phenoxy
noiety; (iii) a phosphoram de of the formula VIIl : 2e 28 FEBRUARY 2003 QL
Al2-1P- A13 (MI1) N QL Q. 14 I1,-N N-Il A-P\/ P-Al7 Al5 Al6 wherein
each QL i s imbiseeftbedemulg(lgen or sul fur and each of A12-17 is
I ndependently an al kyl oxy, alkylthio, aryloxy, or arylthio residue, or an
aryloxy or arylthio residue gontainingsat | east one al kyl substitution or
an am ne residue; (|v) a ph phoran1de f the formula Al : Rl1
Q' X2 Q'
(X1) /\ l /\ I
- —pl0
TN NN NTTETR
i R z? R’

n

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;
nis from 0 to about 5; and
R2 and R3 are each independently an alkyloxy, alkyithio, 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 formuia VI:
Q' Q'
g N / \ I 6
(V1) A™—P—N N—P—A
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 VIII :

2e



I ,2'r wherein QL is oxygen or sul fur; each of Rl1-14 is independently a
hydrogen or an al kyl radical; X3 is a alkylidene radi calysresrsnr¥bosl; and
2f 28 FEBRUARY 2003 A25 is a group derived froma primary or secondary

am 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; (v) a bis(cyclic)
phosphoram de of the formula XIIl: R2 (XIIl) Q Q1 11/ ( X4 )n )mP -
A26 P 0 wherein each QL i ndependently is oxygen or sulfur; each of R 5-22
is independently a hydrogen @t an alkyl radical; X4 is an alkylidene
radical; mand n are eac |nmepe ently O or 1; and A26 is - N G- N - LI
Z3 wherein GL is sul fur A Erk dene radi cal, aryl radical, or alkaryl
radi cal; and each Z3 is |nd endently an aIkyI radi cal or an aryl radical;
or wherein A26 is wherein al kyli dene, aryl, or alkaryl, and Y2 is

al kyl i dene. 6ﬂ";8 FEBRUA 208%]

Q' Q'
14 ll/N\/N\" 17
A"—p P—A
}\15 1\16
wherein

each Q1 is independently oxygen or sulfur and

each of A12-17 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;

(iv) a phosphoramide of the formula XiI :

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



Further, the present invention also provides articles made fromthe resin
conpositions. Furthernore, the present invention provide%“qgknggﬁmhg make
resin conpositions having inproved heat and/or processability over
conpositions known in the art. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The.
maj or constituent of the conpositions of the invention is at |east one .

t hernopl astic polyner. Both addition and condensation polyners are
included. Illustrative, non-limting exanples of thernoplastic polynmers are
ol efin polyners such as polyethylene and pol ypropyl ene; diene polgners
such as pol Y¥2§ isliacawupnderivad fioopee pamasy ofnegeongane amyine haing he

unsat unsanmjocdrftamm iadicals dsatacah bhaliphatiocalioyotid, atematiat ovedkarylnorudi ng
acryl i A25pdd yaregreup udérivasl [frory (al steraoyclic admine, qrolARGalikyd hyelrdwiges vl at es)
pol yacicphipoughels, pol yacrylonitrile and polyacrylic acid; al kenylaromatic
polymers such as polystyrene, poly-alpha-nmethylstyrene, polyvinyltoluene,
2h 28 FEBRUNRYa %ﬂﬂ@’ﬁm@f BROSpMFANTEE 61 I IMdRREX ML bber - nodi f i ed

pol ystyrenes,” and 't I ke;” pol yam des such as nylon-6 and nyl on-66;

pol yesters; pol ycarbonates; and pol yaryl ene ethers. Both thernoplastic and
t her nopl astic el astomB!d ¢ pol yesters are suitable ®Gr use in the pr esent
invention. Illustratiye, non-limting exanples of 5]|thernoplastic

pol yesters i nclRl t hyl ene terephthal ate), 0I7§§, fbut yl ene
terepht hal ate), po} ropyl ene terephthal at &, -

pol ycycl ohexanedi t erdpht hal at e, pojycyc\ ohefagedi net hanol - co-

et hyl ene terepht hal pol yet hylghe napytt Aal at e, but yl ene napht hal at e,

and pol yaryl(XlBs. 111 ustxative, npn-1imifyng exappl es of thernoplastic 10
el astoneri c pol yesters ( o nIy nox#t_gs TPE) é&glude pol yet heresters
such as pol y(al kyl ene te hal te)s (p ticuf 'y pol yet hyl ene

t erepht hal ate] and pol utyle terephth ate]) ontaining soft-bl ock
segnents of poly(alKyle oxXi parti cul Iy S of pol y(ethyl ene

R17

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—
I I
z z

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

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

29



oxi de) and pol y(butyl ene oxide); and pol yesteram des such as those 15
synthesi zed by the condensation of an aromatic diisocyangsa-paukRy 2003

di carboxylic acids and a carboxylic acid-term nated polyester or polyether
prepol yner. Suitable polyarylates include, but are not limted to, the

pol ypht hal ate esters of 2, 2-bis(4-hydroxyphenyl)propane (comonly known as
bi sphenol 20 A), and polyesters consisting of structural units of the

formula Il : wherein R4 is hydrogen or Cl-4 alkyl, optionally-in
-conbination with structural units of the formula Il : SUBSTI TUTE SHEET
(RULE 26) 28 FEBRUARY 2003 WO 00/12611 PCT/US99/17225 0 0 | Il -IR5 O

wherein R5 is &ugheralthetpréxeat Inventiom alsoc proxides yarticles amade freoh the resin

al i phat i | ¢ T .S by. t he
oot osombsttiohS! Kihtird el Bloskl Iftbnfii BRRAGRES mtifods EPRIG Rin
di car bosoppasitioos nawm mrqeecsmmaed/oapmesmmm tompesitiGtsr knotari@theuni t s of

f or mul 1 contain a 1,3- di hydroxybenzene noiety which may be substituted
W th ha ogen, usually <chlorine or bromne, or preferably with Cl-4 al kyl;
e.g., nmethyl, ethyl, isopropyl, propyl, butyl. Said al kyl groups are

pr ef erably pri mary or secondary groups, with nethyl being nore preferred,

and ar osition to both oxygen atons
al t houg L%@%#ﬁgét@“l |L'h£§5 ﬁ@éﬁ&mr\gt ed. The nost preferred
noi eti es are resorcinol noieties, in which R4 is hydrogen. Said

1, 3-di hydr oxﬂt&ma;oeconstﬂheas ofittee bombeéubﬂsadifomatm%m%%@l%&é! ¢ acid
noi eti es i ch nocygclic nojeties, i sopht hal ate or
1 PONENSG

t er ephtINg agdition cangd Collgeﬁamm@DWﬂMSculeboxyl ate.
i ‘""E"‘*’e‘;‘%%%[‘ﬁ%%&?é‘%L?‘Pﬁt‘?ﬁi‘,‘?@ﬁ%ﬁ'ﬁ*’%@sﬁi Tihiia plyhis dra® <
. olefin polymers such as polyethylene and polypropylene; diene polymers
such as polybutadiene and polyisoprene; polymers of ethylenically.
unsaturated carboxylic acids and thelr functional derivatives, mcludlng acrylic
polymers such as poly(alkyl acrylates) poly(alkyl methacrylates)
- polyacrylamides, polyacrylonitrile and polyacrylic acid; alkenylaromatic

polymers such as polystyrene, poly-alpha methylstyrene, polyvinyitoluene,

2h



present. For the nost part, both are present in a nolar ratio of
I sophthal ate to terephthalate in the range of about O0.25%gésdkubhryR6®f er abl y
about 0.8-2.5:1. In the optional soft block units of formula Il, resorcinol

- or al kyl rgeQbdigpl 20 noieties are again present in ester-f ' _
combination with R5 which is a divalent C4-12 aliphatic, aIPF%’%lI’?gnﬁsr m xed

aliphatic-alicyclic radical. It is preferably aliphatic and especially
C8-12 strgj b [ ' articularly.preferred aryi ate pol yner
cont ai ni n@%}ﬁ%@dgiﬂgm%és %@d ﬂl%ﬁfg?spf%@wesr Bh @ﬁn‘?}f‘gﬁ"go%ﬂ?{) hal at e
and r esor aylonl66s pohestarsupdlycarbbnated had po?@nzlehé@tﬁ@%ween 8.5:1.5 and
9.5:0.5. Polycarbonates useful in the conpositions of the invention include

th ] t t | .unit f the formula |V: 4 SUBSTI TUTE SHEET

(RULE 26) 28 FESIUARTIMEBRSYD Bof 1 ermopiastioseiasiomedc opplygpters. ared. Re- O

- C wher ei auigibld RitsiscrPbie Gr8sBRL RoBhIGH. 0SraRIe2hoRtifAERg aalfpik gUPS ar e
cet phatirc;” al

aromatic organi c radi cals and the bal an erebdf are a i cyclic,

or aromathesmeplaistial polysstarablinclmde r palytathyldnec tadaphihalate)y| poig(l,4-
p- phenyl g , 4' - bi 4,4'&%; - di thI)-plllgnl ne,
2,_2-bis(48p 'éar’f;é?l ene) -'8%?’%@%?"6, 6 - (F ,'@3??5091 Y anet Horephthalate), robi[ 1
H-i ndan] ) polfcytlotmxanédimétaasbke ntereghthakate! | ﬁg[yby¢|§y@,{mg@€ngpgo_3| m | ar
radi cal s s CG as thosg whi ch correspond to the di hydroxy-substituted
aromati c ?@M 98 Jtereptinalate. seolyeibylene Aaphthglate opalbitylansh sephthalatepeci f i )
in US. Pggn 4te3 8 Hiukdrafite Chnba-ii p B@qi‘? erei ef erence. :
Mor e preferabP)(/),@_a%. S an-araona'tigbﬁrhggﬁﬁ (Iyi;.xgl ag]arqg gl{'?%gpi%ﬁ%g
pr ef di0ab| glagtomaticc aplyestars dcommanty knowr)asAlTPE) -inclade polyetheresters
such as poly(alkylene terephthalate)s (particularly  poly[ethylene
terephthalate] and poly[butylene terephthalate]) containing soft-block
segments of poly(alkylene oxide), particularly segments of poly(ethylene
oxide) and poly(butylene oxide); and polyesteramides such as those
15  synthesized by the condensation of an aromatic diisocyanate with
dicarboxylic acids and a carboxylic acid-terminated polyestér or polyether

prepolymer.

' Suitable polyarylates include, but are not limited to, the polyphthalate
esters of 2,2-bis(4-hydroxyphenyl)propane (commonly known as bisphenol
20 A), and polyesters consisting of structurai units of the formula Il :

A
0

wherein R4 is hydrogen or C1-4 alkyl, optionally in combination with
_structural units of the formula Il :

O==0
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wherein each Al and A2 is a nonocyclic divalent aryl radical and Y1 is 1§
_ a bridging radical in which one or two atons separate Ag2RRuAR 20697
exanple, Al and A2 typically represent unsubstituted phenylene or -
substituted derivatives thereof. The bridging radical Y1 is nost often a
hydr ocar B¥A%4HS8lb and particularly ‘a saturated group such PASIHENSHYRISNe;

cycl ohexyl i dene, 3, 3,5-trinethylcycl ohexylidene; or isopropylidene. The
nost 20 preferred polgcar bonat es are bi sphenol A. pol ycarbonates, in which
each of Al and A2 isgp-phenyligne and Y1 is isopropylidene. Preferably, the
wei-ght average nol ecffil ar V\Bldt of the i al polycarbonate ranges from
about 5,000 ) aboutC+OOR000-CHBFO gf/c i‘ from about 10,000 to about
65,000, still nore preferably from abg 6.0yt o about 40, 000, and nost
preferably 25 from about 20,000 to aboyk Q0. Suitabl € pol ycar bonat es
may be made wusing any process known i nJrezdrt, including interfacial,

- solution, solid state, or nelt processes. 5 SUBSTI TUTE SHEET (RULE 26) 28
FEBRUARY 2003 WD 00/ 12611 PCT/ US99/ 17225 I n one enbodi nent the present

i nvention conphessis RToispozi divatentc di4-dRni aliphatic eahdyohoe arol mixedbonat e.

I th t t It t t
't 1 o enBIRGRSCRIoNEIt, skl i el ol aRiArs 456 hudGARaEhy Uitiraacpnabtl gl e
di hydr oxy C8-aRaIOxy"BEALGHEe WitArd I68RUnCaronRRRt &éa&%ﬁyﬁ?éﬁciec{ reg?gm@e t han

one dlhydroxy conpound  nononer are enconpasse In a nbodi ment
conposi t Heder algHipe sonditignspREratusal Heisp &t y&(ﬂmaﬂeceﬁt&"a a 1,3-

| 4'
r et by PEgaRhGReREERS (AU Wi e oo SRR ity naligen. ‘sl >
copol ycaclldonaeeocdmpmuse,soﬁ peefexdbly dwithroC &-4pradiydy ahgy, ih'fetﬁﬂ nettgl,% and
nost preferabl

4, 4' (3, 3'S8Pf9R ‘ﬂ?Y'c?gB’Eﬁ%%!?ﬂ"&féﬂé?‘bqsp?f&r}b'lefefﬁpimméf% BRALERRLANI hydr oxy
MONONEr  BRIPE, WithMetiA blingTMRrépirsleiredabh@ 4tk most often located in the

- 10 ortho position to both oxygen atoms although other positions are also

contemplated. The most preferred moieties are resorcinol moieties, in which
R4 is hydrogen. Said"1,3-dih_ydroxyben'zene moieties are linked to aromatic
dicarboxylic acid moieties which may be monocyclic moieties, e.g.,
isophthalate  or  terephthalate, or polycyclic  moieties, eqg.,
15 naphthalenedicarboxylate. Preferably, the aromatic dicarboxylic acid moieties
are isophthalate and/or terephthalate: either or both of said moieties may be
present. For the most part, both are present in a molar ratio of isophthalate to
terephthalate in the range of about 0.25-4.0:1, preferably about 0.8-2.5:1. |

In the optional soft block units of formula 11, resorcinol or alkylresorcinol
20 moieties are again present in ester-forming combination with RS 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 resorcinof 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 1V:
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fheforresipoRg dp
dik%Y&e@rby ﬁérhbr&' t%rr‘rﬁh%cgjéhbﬁc er%’ﬁe%iﬁc) nﬁ@sabﬂéténm b7

nge of about O. 6 and especi al'l
which is mcorporated herein by reference.

More preferably, R6 is an aromatic organic radical and still more
preferably a radical of the formula V:

(v) —Al——y'—Aa2

wherein each At and A2 is a monocyclic divalent aryl radical and Y1 is

. 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-trimethyicyclohexylidene; or isopropylidene. The most

20

25

preferred polycarbonates are bisphenol A polycarbonates, in which each of
A1l and A2 is p-phenylene and Y1 is isopropylidene. Preferably, the weight
.averlag.e molecular weight of the initial polycarbonate ranges from about
5.0_00 to about 100,000; more preferably from about 10,000 to about 65,000,
stilt more preferably from about 16,000 to about 40,000, and most preferably
from about 20,000 to about 36,000. Suitable polycarbonates may be made
using any p'rocess known in the art, including interfacial, solution, solid state,

-or melt processes.
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15 0.35-0.6 deciliters per gram (dlJg.), as neasured in chloroformat 25C_

The pol yphenyl ene ethers are typically prepared by the 0%9?&&0’%\(2&&““ I ng
of at |l east one nonohydroxyaromati c conpound such as 2, 6-xy en(ﬁ

2,3,6-tr phenol . Catal yst systens' are generally enployed for such
coupl [ ngwﬁgey typically contain at | east one heavy netal 6%(’?‘53%@ 23uch as
a 20 copper, nmanganese or cobalt conpound, usually in conbination wth

i ther mat | ful pol yphenyl thers f
birposes ar o e fpdine e’ Bestart diiipaton FA SRS pogampesiion
ani noal kydntsiingeanicast 8Re pdl éaraonztae ARARALK mbGiifeat the ur%ﬁgér)ﬁ‘“t ly

bound to a-.carbon atomlocated in 25 an ortho position to a hydroxy group.
Pr oduct mwnumg@mm@wde@n@mgg 9 slifferenti petycasbanates. pBath i ng an

o et 1 S0 fiofSi Ebénaless SEAR tom: R A" GHFd Sofclnd “ibedMeng

r eactdi onand mpo&carﬁmtés etprived jronprreentthaneode haitydroryi pbrapylingnd groups
d/ bi t 30 t || f t

i xt ur eTBROTAT cfel Eebiantd. mpﬂenié%' FiRe GO ET ncomBastensl |y in a

copper - h@dmﬁhseseao nol _Aer hbriopolycadsndtd UdadSHEE Wekrbehate’ S

FEBRUARY 2003 W00/ 126111 PCT/ US99 225 am ne system subst ant 1 al
pr opor t i eMRsisiAge pbisphenolnpl deul e@oﬂﬂjmfcal Ilgnltsconsaﬂd ut i hg-@8,6uch as

about 9 "gf"m NG t ai e of said
am noal B ngrﬁ rﬁf'%én@g ydroxy- rEBX%ﬁn%P "?hﬂ gro r%?éqaﬁl?( F‘T be
appdle ntcdpolybhctmaﬁd; cbivpdises 5-88 mole %r ovore tmefewaslgmsuotd‘a@é %end 5
pol yphenyl ene the invention include all
t hose d%@?é?f ﬁfmﬁg.’?? sdg’eﬁf 46{30#] g\}ameé'eylewéolnml@teﬂe)émeapl units or
anci | | arwith méer@hfaahmbaﬂﬁwraﬁy nRoMAMBP BBRY tY ﬁeﬁé\GIA CPRE t rhfpbioPl astic
polyners are |ncluded in the conp03|t|ons he present nventlon
Copol ymedisphea@l A polycarbonate to copolycarbonate compnsmg bnsphenol A
monomer units and 4,4'-(3,3,5-trimethyicyclohexylidene)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, priméry or secondary lower
alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy
.wherein at least two carbon atoms separate the halogen and oxygen atoms,
and éach'_QS is independently hydrogen, halogen, primary or secondary lower
atkyl, phenyl, héloalkyl, hydrocarbonoxy or halohydrocarbonoxy as defined for
25 Q2
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10 include random block or graft type. Thus, for exanple, suitable

pol ystyrenes include honopol yners, such as anorphous pﬁ%ylsé%gﬁ@mﬁgd
syndi otactic polystyrene, and copolynmers. The | atter enbraces gh i npact

pol ystyre PS), a genus of Tubber-nodified polystyrenes ' conprising
bl ends an{g%goroéﬁlé wherein the rubber is a pol ybutadi ene O?CE(UW?HE%@
copol ynmer of about.70 15 98% styrene and 2-30% di ene nononer. Al so included

Serytoni 111 e BRtrEhomBRple Sad Ehadimal sbivhiianyfse elieraranpiudgd,
pol ybut adfgae pestepreldy | AeRopIHmerdUi 4@ hodBS c&ﬁﬁﬁnﬁd@"ﬁé,%-%t _pjoduced by

any nethods known in the art.” Especially preferred ™ABS c r's are

typi cal | ypharytenge ether rits. pSuijaklei .@apmlun}em inetuden rangdam Lempcgymess bu:c k
ABS - At ; : t
ans) . e SRR, 8oy TRt CBhotdoilWhh, Tor Balfi” 2 3 einetidd 4 9" @

pol yeft erplfhengiﬂne:zeﬂhmngnhs.i_"/\mg ymdledsd .:me mltlphmyilémi %eﬁellfseclftmtéilﬁﬁi@, hi gh
| )aC (0] yrene res|l.n - , n S| rene-acr onitrili e copo nmers

(o DR G SeA R GEihardd the bPRagERY s kaowAdRandela) Ty or
as bl endsgychEgiesia | o Rl e:lhlbﬁ@inwre rb#s%blvﬁiésgesdch@@ ﬁgiysg%%&é‘%' ene

ether with at |east one of H PS, anorphous polystyre : syndi otactic
pol yst yr ealastomeds. 3§ wedlr Bsngouplede palyphipiylene ethets ionehich e@MmIIGAN, and

Pl ow 50 290t Pa3h AS 16w BRIAA BB BB Ealtriies dubneflhebRaBblen " or ade

of atl0l eamtd tovenalesindergo ceastiort irekhowa manhenadthviht thyairegl atdupsl of | over
mol ecul ar vvel?gpt 8 SIUBSTI '[UTE HEET ﬁRULE 26) 28 FEBRUARY 2003 WO 00/ 12611
PCT/ Usgo/t¥oo PRlYphagylene sther ghainsithopwo @ thighar. malequlan vqight
non-1im tg gxanpl es include conpositions containing polycarbonate,

pol yphenyl ene ether, thernoplastic polyester, thernoplastic elastoneric

pol yester, or polyam de. For exanple, in a polycarbonate-containing blend
there is often ghpolyphenylene ethers generally have an intrinsic viscosity greater

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 chioroform at 25°C.

The polyphenylene ethers are typically prepared by the oxidative
coupling of at least one monohydroxyaromatic compound such as 2,6-xylenol
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 cobait compound, usually in combination with various
other materials.

Particularly useful polyphenylene ethers for many purposes are those

which comprise molecules having at least one aminoalkyl-containing end

| group. The aminoalkyl radical is covalently bound to a carbon atom Iocéted 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 biphenyl 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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5 inprovenent in nelt flow when one nol ecul ar wei ght grade of pol ycarbonate
is conbined with a proportion of a relatively |ower nolegyfaiz WRY Sk grade
of simlar polycarbonate. Therefore, the present invention enconpasses
conposi tions conprising only one nol ecul ar wei ght grade of a particular .
resi nous %Sﬂg’lzléﬁjent and al so conpositions conprising two PSTUIPATRH] ecul ar
10 wei ght grades of simlar resinous constituent. \Wen two or nore

nol ecul ar wei ght grades of simlar resinous constituent are present, then

t he wei gfineaS¥stage Avsubstantial \psopedtiopfoft the pelymer rnote@utﬁsartymeawt
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wi th weight' average nol ecul ar wei ght between abou out

26, 000. mqnﬂwr@wmowmpecm fuvariatipasgine sjueldedl units o laacillagsi nous
constit ugtlimRLfreBifiegnt . the weight ratios of the various nolecular weight
grades. nmay range romabout 1 to about 99 parts of one nol ecul ar wei ght
grade and from about 99 to about 1 parts of any other nol ecul ar wei ght

grades.. A mB@ttlr eharhopolynras| emd acopalyrgat  thermdplastt Ppotpaenduare
i.n, which cgse the weight 25 rati os of the

tit f
f\agsglradu@n uﬂﬁé m% %‘ﬁﬂﬁ%%f Bﬁ“‘t Aothe presgnly invention. agfisy May om about
80: 20 t cinglddirar@o) blétldongit Hpef ‘Fh@@'fbrfe&ﬁmp@%hamé ﬁ&y&&rer?é%o“t 50: 50.

Since not all manufacturing processes for nmakin particu resi nous
const i t uBeludgr Bomgpalyneers; sugki Ag @mprnhﬂt@coph/sg%i@mncyrmmwuc t hat

constit t |S|ng 30

fuo or  rEstyEne, B EdbolHers TRE 1SRG ERERRES FRRPRTAC B

whi ch  efiRSpfa ge«wsoﬁrutlhemmdlhed pelyswmdwcmnﬂmémgbmﬁdmwbmwrl ng
nent the instant I nventjon encorrpasses

|
Egﬁgngt‘f"bﬁ' in Mﬂﬁe‘rrﬁu ir &W@’%Qf@ H&!@%§°Bﬂ'ymﬁre9d‘ 3oyl 70 ocess in

contyignat 987 stftene and 2-30% diene monomer. Also included are ABS ¢opolymers,
which are typically grafts of styrene and acrylonitrile on a previousl'y' formed
diene polymer backbone (e. g., polybutadiene or polyisoprene). Su:table ABS
copolymers may be produced by any methods known ln the art. Especnally
" preferred ABS copolymers are typically produced by mass  polymerization
20 (often referred to as bulk ABS) or emulsion polyrﬁerization-(often referred to’

as high rubber graft ABS).

The preferred thermoplastic polymers for many purposes are
polyesters, polycarbonates, pdly’phenylene ethers, polystyrene resin, high
impact polystyrene resin (HIPS), and styreﬁe-acrylonitﬁle 'copolymers (SAN),

25 including ABS copolymers. These may be employed individually or as blends.

' Especially preferred blends include those of polyphenylene'eth-e_r 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

8
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a polycarbonate of different. weight average nol ecul ar wej gy qulgo(}gy a
melt process. Anot her constituent of the resin conpositions o F}

i nvention | Ieast one phosphorani de having a glass transiti onéfzm nt of
at least a ut 5 preferably of at |east about 10C, and HfdéYS érabl y
of at |east. about 20C, of the fornmula 1: (I) wherein 01 is oxygen or-

sul fur; R1 |c%a am ne residue, are ea h_| ndependently an

2 ky oy, O ot AP0, SESUS ctbliyiéns: useBiide ndrbfigitings SrameRs or
aryl thi o gRsids'e coRipoRitiongg c’dntélﬁﬁ‘@t 9&?ca%b6hhté>r myﬂvé‘f{yl% é’bséthéiut lon, or

- mXxture thereof; or an am ne resid shoul d 'be not ed.’t in th
- descri pti dwymasiastic, peuestﬁbr&h@mpamsameiastamnc pelyesies;’ oarnnlmuﬂe

h b b anlLc noiety. For
:agarGr{)lcean% P)( Fgaim gnd%&ﬁé}go?'esfgo'itga'ﬁi'i&bg%deghgﬁ g{?ge &b s ghat e
~an al kyl lmpmvpméﬁten mnﬂomwmeh omsmm@md Iarn?réiggt g&dd@dﬁp?mm?dmélhfaﬁihed

t t nat e nor ma
N i TR TR s Ry WAL elaty Tradacpf
radi cal s arrﬁlanr Gictycapbondt8 OSEheiBRIral Nirad ﬁrb@éhtl indeAtiot ei'a%oﬁw?i A3e8s atons,

and include as i|Jlustrative non-limting exanples nethy propyl, 20
i sopr opy| CORMPOFItions c¢aMARSiog ANy oq@mqleculwe@fmmtygradm@fh@mamcmau oal kyl

t bout 12
o < RS SO APt S BRELS! TR pbBAL”
cycl ot0 ky weigti grades af rsnhllaieresymhebcﬁnsltltuenycwwd) Or a¥i6te AeA¥tular

t hyl-cycl oh and .cycloheptyl. Preferred aral kyl radicals are those
Cont ai n neid 9 adEs ol RN Faibous, GonsieRare esant dodnidae walghtr o not

imted taveragRzinblechlaemeidhtial the RRSH! MEIRBular weﬁgm By anolt Y]

radi cals used in the vari ous enbodi nents of

pr ef er abl J0%nisabWRF peferablymbeut 40¥ota ahgu’caﬁ%oandtmma preferably .
- about 60% to about 80% of the weight average molecular weight of the

15 highest molecular weight constituent. In one representative, non-limiting
embodiment polycarbonate-containing blehds include those éomprisiﬂg a
polycarbonate with weight avérage molecular weight between about 28,000
and about 32,000 combined with a polycarbonaté 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 preferfed, 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 encompas'ses”c':ompositions
comprising a polycarbonate made by an interfacial process in combination

9
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Sonme illustrative non-limting. exanples of these aryl ragi ' ude
phenyl, biphenyl, and naphthyl. The preferred hal ogen rggfﬁﬁ@%g@é in the
vari ous jnents of the present invention are chlorine and brom ne. The
conposi tions MRy contain essentially a single phosphorani §ETBS¥Y17225 ni xt ure
of two or nore different types of phosphoram des. Conpositions containing
essentially a.single ph or ani de e preferred. Wien a phosphoram de

havi ng. Aty Baiip6a B AREIGHT ot S daGe masulareintt e Bicaa sour ce
of phosmyurptscégg_resi n conpositions, it was unexpectedly found that a

hi gher heat deflection tenperature of test 10 specinens nmade fromthe resin
conposition could be ohtained as conpared to conpositions containing an

or ganophosphabethep saastitvent of the fesin campesilions ohdheripveatiomiis iaty and/ or

flame regi . el st i tion., Alfhough the

 nvent | 55t 2 BfioFrAIdR halinG s sk dns 550l o3t ggs! abed bk

- sel &ct i preferfabBestatadadtlabdel . 1080¢aRa mest phetsrabliér atasast about BP0 ct ed
rotation of the bgnds connected to the phosphorus provide an 1 ncreased
gl ass t?%ﬁ@ﬁ?ﬂ@ﬂagbint I n conparison to simlar phosphoram des with

resi dues having a | esser degree of restriction. Residues having bul ky
substituents such as, fi1or exanple, aryloxy residues containing at |east one
20 hal ogen, or prefer%ély at | east one al kyl substitution, result in
phosphor ani des havi,ng higher . glass transition point than simlar
phosphor ani dé} mﬁfﬁBﬁﬁ’t substitution on the aryl oxy residue. Likew se,
resi dues wherein at | t tw of the Rl, R2, and R3 residues are

i nt erconnect ed, such a neopentyl residue for the conbination of the R2
25 and R3 residues, can |ead to desired phosphoran des having a gl ass

transition pghéreirPQidls &N PSP R1 is an amine residue, and R2 and
R3 are each independently an alkyloxy, alky;lthio;- aryloxy, or arylthio residue,
10 or an aryloxy or arylthio residue containing at least ohe alkyl or halogen

' substitution, or mixture thereof; or an amine residue.

It should be noted that in the descriptions herein, the words “radical"
and “residue” are used interchangeably, and are both intended to designate
an organic moiety. For example, alkyl radical and alkyl residue are both

15 intended to designate an alkyl moiety. The term “alkyl* as used in the various
embodiments of the present invention is intend'ed'to designate both normal
alkyl, branched alkyl, aralkyl, and cycloalkyl radicals. Norma! and branched
alkyl radicals are preferably those containing from 1 to about 12 carbon
atoms, and include as illustrative non-limiting examples methyl, ethyl, propyl,

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, methyicyclohexyl, and cycloheptyl.
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.

10
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In a preferred enbodi ment, the phosphoram de conprises a phosphoram de
having a glass transition tenperature of at |east about Q&resRiaRl8sab!I Yy of
at | east about 10C, and nost preferably of at |east about 20C, 30 Of the
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about OC and the nelting point is about 188C. It was unexpected that the 15

gl ass transi tiWheheapghasphoramide chawng @ lglags (ransitioAbpoiht @2 Qt feast t he
phosphor am de of formula VI where each I s oxygen, and wherein each of

' A3-6 i s aabout Q5Chis; usadhBE R BPUrRe Of phasp Wﬁaﬂﬂe@sﬂbcpﬁ@%@ﬂﬂe.s@m ng
phosphoram%eg{ecﬁ)prfgu},g What'f" fighe P Hidat ChehScRd Iehpdafirs 251 5t A3-6 1S

10  specimens made from the resin composmon could be obtained as compared
to compositions containing an organophosphate known in the art for
enhancing the procéssability and/or flame resistance characteristics of the
composition.

Although the invention is not dependent upon mmechanism, it is

15 Dbelieved that selection of each of R1, R2, and R3 residues that'result in
restricted rotation of the bonds connected to the phosphorus provide an
increased glass transition point in comparison to similar phosphoramides with
residues having a lesser degfee of restriction. Residues having bulky
substituents such as, for example, aryloxy residues containing at least one

20 halogen, or preferably at least one alkyl substitution, result in
phosphoramides having a highef _glass transition point than similar
phosphoramides without the substitution on the aryloxy residue. Likewise,
residues wherein at least two of the R1, R2, and R3 residues are
intérconnected, such as a neopentyl residue for the combination of the R2

25 and R3 fesidues, can lead to desired phosphoramides having a glass

transition point of at least about 0°C.

In a preferred embodiment,- the phosphoramide comprisés a
phosphoramide having a glass transition temperature of at least about 0°C,
preferab|y of at least about 10°C, and most preferably of at least about 20°C,

30 of the formula VI: |
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-a phenoxy noiety (i.e. about 0C), especially since the nelting points for
the 20 phosphoram des differ by only about 4C For corrpari'a%EQRUAm% | ass
transition tenperature of tetraphenyl resorcinol diphosphate s aboiit -38C.
It is also possible to nake phosphoramdes with internedi ate gl ass
transiti oWO®8a¢ldr at ures by using a mxture of various subBCTwSet2mBnd
non-substituted aryl noieties within the phosphoranide. 25 In another
preferred enbodi nent, the phosphoram de conprises a phosphoran de having a

glass transition tenperapire { | eagt about OC, preferably of at |east
about 10C, and nost prefdrabld of \at | east about 20C, of the formula VII:
12 SUBSTI TUTE EET (A 28 FEBRURRY A003 WO 00/ 12611 PCT/ US99/ 17225

O A A /--\ ( (V) AldP-NNAP-NNsP-- A 1 9\ _ / ALOAS A In
wherein each 01 is indepéhdently oxygen  or sul fur; and each of A7-11 is
i ndependently an al kyl oxy, al kylthio, aryloxy, or arylthio residue, or an

aryl oxy or ar yihbiein each Qe is tdependagtiypoxyqirbr s@nf; ahldydadl ohABgpen 5
substitutjon, m xture thereof; .or an amne residue; and nis fromO to .

n,. or . . !
about  5.is| indgpapdently; anealyloxynisiaithiontaryloxyn ananyhiexyesidueant amch A7- 11

noi ety i Syd pegpd p , ﬁﬂge | NEReY - 4,62

trimet hyl%wmx?? ?M“rf’ Is from 83?@)' a u%thgbg%‘ﬁ anot?‘!gi’l gor{borgll]?ﬁeerﬂ of the
i nven®i onsubistitytioss poromaintute thwerpof;see anl Gnaingh sesitioe.atn danhespegakly gl ass
transiti Oﬁ're?&@f eAdddimght 3F thé 6}3\}9"%‘38"1 badfr 'Qt is oxygen, and each A3-6

moiety is a 2,6-dimethylphenoxy moiety or a 2,4,6-trimethylphenoxy maiety.
These phosphoramides are piperazine-type phosphoramides. [n the above
formula wherein each Q1 is oxygen, and each A3-6 moiety is a 2,6-

10 dimethylphenoxy moiety, the glass transiton temperature of the
phosphoramide is about 62°C and the méiting point is about 192°C.
Conversely, in the above formula wherein each Q1 is oxygen, and each A3-6
moiety is phenoxy, the glass transition temperature of the p'hosbhoramide is
about 0°C and the melting point is about 188°C. It was unexpécted that the

15 glass transition temperature would be so high (i.e. about 62°C) for the
phosphoramide of formula VI where each Q1 is oxygen, and wherein each of
A3-6 is a 2,6-dimethylphenoxy moiety as compared to the corresporid_ing
phosphoramide of formula VI wherein each Q1 is oxygen, and each of A3-6 is
a phenoxy moiety (i.e. about 0°C), especially since the melting points for the

20 phosphoramides differ by only about 4°C. For comparison, the glass
transition tempefature'of tetraphenyl resorcinol diphosphate is about -38°C. It ’
is also possible to make phosphoramides with intermediate glass transition
temperatures by using a mixture of various substituted and non-substituted
aryl moieties within the phosphoramide.

25 In another preferred embodiment, the phosphoramide comprises a
phosphoramide having a glass transition t_émperature of at least about 0°C,
preferably of atleast about 10°C, and most preferably of at least about 20°C,
of the formula Vii: '
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preferably of at |east about 10C, and nost preferably of at |east about
20C, of the fornmula VIIl : QL A2 ~P-A13 (MII) N Q szagé,?ﬂ,\(ﬁy% 117 A
P-A Al5 Ai6 wherein each. QL is independently oxygen or sulfur; and each
of Al12-- 15 17. is independently an al kyl oxy, alkylthio, aryloxy, or

aryl thi o r'epPMast or an aryl oxy or arylthio residue contai moTgsavirsst one
al kyl or halogen substitution, or mxture thereof; or an am ne residue. In
a nore preferred enbodinment, each 01 is oxygen, and each Al2-17 noiety is
* independently phenoxy, 16- di net hyl poxy, or X, 4,§-trinmethyl-phenoxy. 13
. SUBSTI TUTE SHEET (RULE_26G) 2§/ FEBRUARY(2003 WD\OOY 15511 PCT/ US99/ 17225 I n
_anot her enbodi wnt ofAtha-i—rwention e—pROsphoippti-de—cahbri ses a
phosphoram de having a gllass \t rangi tii oh te\(gre_‘r;?{tu e.lofO at | east about O0C,
preferably of at |east abdtt - and Abst erpblA of at |east about
20C, of the formula I XX QfO1l 18A\ X1 IL_A20 P NP '"OA | 17 \A21 R R
wherei n each 01 is independently oxygen or sulfur; each of Al8-21 is

wherein each Q1 is independently oxygen or sulfur; and each of A7-11

is independently an alkyloxy, alkylthio, aryloxy, or aryithio residue, or an

aryloxy or arylthio residue containing at least  one alkyl or halogen

5 substitution, or mixture thereof; or an amine residue; and n is from 0 to about

5. In a more preferred embodiment, each Q1 is oXygen. and each A7-11

moiety 'is' independently phenoxy, 2,6-dimethylphenoxy, or 2.4,6-
trimethylphenoxy, and n is from O to about 5.

<

In another embodiment of the invention the phosphoramide comprises
10 a phosphoramide having a glass transition terhperature 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 : | ‘

(VIl) o l/ \l Q'

A b I ANNE_
k15 l\iﬁ

wherein éach, Q1 is independently oxygen or sulfur; and each of A12-.
15 17 is independently an alkyloxy, alkyithio, aryloxy, or arylthio residue, or an
aryloxy or arylthio 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.

13
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I ndependent|ly an al kyl oxy, al kylthio, aryloxy, or arylthio residue, or an,
aryloxy or arylthio residue containing at |east one alk n
substitution, or mxture thereof; or an am ne residue; ghggﬂggﬁFggﬁis an

al kyl radical, or both 10 R7 radicals taken together are an al kylidene or
al kyl - sub¥P09x6tt al kyl i dene radical. In a preferred enboeCstyi7ezsch 01

i s oxygen; both . R7 radicals taken together are an unsubstituted (CH2) m
al kyl i dene radical, wherein mis 2 to 10; and each Al18-21 noiety is

i ndependent | y lipasathey embalimgintet iyé jiamdion, ther pliosphérdmideetdmpsenoxy. | n

-a nore preferr . enbodi ment,, _each 01 i s o0x n, each R7 is nmethyl; and
each Alsj%ﬂh?ﬂﬂ?‘gf %"ﬁ“"i‘"@%&iéﬁ%?’P{/‘Sﬁmp‘&?‘ﬁg’gﬁﬁ?cﬂ?@éﬂ%@ﬁt@?&%!?y,c' or

2, 4, 6- t 1 ipisfehatiiplbe apleast AboaN PO arkdrivsht [PeBferablytdiatiIGWR IR 20b0e

phosphor an de COTTPI‘I ses a phosphoram de having a glass transition point of

at | east offuforala D5y ef erably of at |east about 10C, and nost preferably

- of at |east about 20C, 20 of the formula I: (I) wherein 01 is oxygen or
sul fur, and Rl is of thedornula X' 14 SUBRTI TUTE SHEET (RULE 26) 28

FEBRUARY. 2003 V\DOO/‘J,%Gl]l PCTMZZS Z' 8 22 Q (X)Ll
-N-X -N P-N-X - P-A24 \l\l \A22 A23 \ n \er/ei’h each QL is independently

oxygen or sul l§): each off-a22N24 s | ndent|y an al kyl oxy, al kylthio,
aryl oxy, or arylthiogsidue, Ior an a[kll oxy . arylthio residue containing
at | egst one al kyl or 'hal ogengsubstityion, or 5 mxture thereof; or an

am ne residue; each Z1 is an alkyl radical, aromatic
_ wherein each Q1 is independently oxygen or sulfur; each of A18-21 is
independently an alkyloxy, alkylthio, aryloxy, or aryithio residue, or an aryloxy
or arylthio residue containing at least one alkyl or halogen substitution, or
mixture thereof; or an amine residue; and &ach R7 is an alkyl radical, or both
10 R7 radicals taken together are an alkylidene or alkyl-substituted alkylidene
radical. In a preferred embodiment, each Q1 is oxygen; both.R7 radicals
taken together are an unsubstituted (CH2)m alkylidene radical, wherein m is 2
to 10; and each A18-21 moiety is independently phenoxy, 2,6-
dimethylphenoxy, or 2,46-trimethylphenoxy. In a more preferred
15 embodiment, each Q1 is oxygen; each R7 is methyl; and each A18-21 moiety |
is 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,

preferably of at least about 10°C, and most preferably of at least about 20°C,
20 of the formula I: |

Ql

I
@ R'-— f—ﬂ“

R2

wherein Q1 is oxygen or sulfur, and R1 is of the formula X:
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radi cal, or aromatic radical containing at |east one al kyI or hal ogen
substitution or,mxture thereof; each X1 is an al kyli den u&ﬂl( 0oz\;}romat e
radical, or aromatic radical containing at |east one al ky 0gén
substitution or mxture thereof;  nis fromO to about 5; and R2 and R3 are
10 each i W@MBEAUEnt 1y an al kyl oxy, "alkylthio, aryloxy, or BFYPEN(18%Fesi due,
or an aryloxy or arylthio residue containing at |east one al kyl or hal ogen
substitution, or mxture thereof; or an amne residue. In a preferred
enbodi ment, each QL is,oxygen,,egch AZ2-24 mpi\ety is independently

- zZ
phenoxy, 2, 6-djqgret hyl ghenoxy, {or %’4% tri rretizh pphenoxy, each Z1 is met hyI
15 or benzyl; each XtkpnN-s ah—ak ipdeng—+adi-c q:ontAa‘f ni ng 2-24 carbon
atons; nis fromO to about 5; rid R2 and R3 arle each independently
phenoxy, 2, 6- dinethyi phenoxy, o 24,6-trimet y’lbhenoxy I n anot her
enbodi mrent of the invention, the hosphoram d¢ conprises a phosphoram de .
having a glass transition point of at |east about O0C, 20 preferably of at
Ieast about 10C, and nost preferably of at |east about 20C, of the formula
I: (1) wher ei rwhareinseashy@dnisdndependantly oxygen or suftir;taaety of ARRL4GS: * 15

350 & Vdirert o i ok oty G AR, AR, i Bl o 2
I ndependeort anyithioy gesiduzr containing atalelast<@né alieyl orahkly)bedémﬁ)smutlon or

al kyl —substituted al kylidene,.residye, aryl _residue resi due;
Sneh 55 TR PRt B e oA TSt Saah, Za Rk AR SRR Agmaticonch 5 of

;%? |tRﬁ. O&aa.cailo or S atdMRENABRE! Y caitamity | X Meast! fore! IRyl ¥ halbgenOr
Y substitution or mixture thereof; each X1 is an alkylidene radical, aromatic

radical, or aromatic radical containing at least one alkyl or halogen
substitution or mixture thereof; n is from 0 to about 5; and R2 and R3 are

10 each independently an alkyloxy, al_k)}lthio, aryldxy, or arylthio residue, or an
aryloxy or arylthio residue containing at least one alkyl or halogen
‘substitution, or mixture thereof; or an amine residue. In a preferred
embodiment, each Q1 is oxygen; each A22-24 moiety is independently
phenoxy, 2,6-dimethylphenoxy, or 2,4,6-trimethylphenoxy; each Z1 is methyl

15  or benzyl; each X1 is an alkylidene radical containing 2-24 carbon atoms; n is
“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 tormnla : |
Ql
. I
0! R'—IID.—R“
RZ

wherein Q1 is oxygen or sulfur; and R1 is of the formula XI:

15
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residue, or an aryloxy or arylthio residue containing at |east one al kyl or
hal ogen substitution, or mxture thereof; or an am ne requgghuAkng:;ron10
to about 5; and R2 and R3 are each independently an al kyl oxy, alky?
aryloxy, or arylthio residue, or an aryloxy or arylthio residue contalnlng
at | eastWO®Uael al kyl or hal ogen substitution, or m xturePCiwssma722sor an
am pe residue. In a preferred enbodi nent, each QL is oxygen; each X2 is an
al kyl i dene or al kyl - substituted al kylidene residue; each Z2 is an

al kyl i dene or al kyl -substitutgd alkylidene residue; each of R2, R3, RS,
R9, and R10 is independgntly Cﬁhenoxx! 2\ 6- dj net hyl phenoxy, or
2,4,6-trinetz Qpheno X and s f 0 to(35 about 5. In a nore preferred
enbodi nment , s " OX g n“ 'fhf i ndependent|y an

unsubsti t ut ed alkyllggne/ € |4he {ft 2)m wherein m is 2 to

10; each of R2, R3, 2R9, \a R 2 S indﬁ)endently phenoxy,
2, 6-di met hyl phenoxy, or 2,4, ri methyl - phenoxy; and nis fromO to about
5. In an especially preferred enbodi nent/,, t he phosphoram de is 20 derived

from piperazine (i.e. X2 and Z2 are each -CH2-CH2-). In another preferred
enbodi nent, the phosphoram de conprises a cyclic phosphoram de having a
gl ass transi whereipo¢ath &1 i imtmndﬂmm oﬂ,tgen pr slufugbéactoXhis hﬂast about

10C, and ref e f at about .20C of the, fornul . 16
supsT) TeKdends %{GMES‘%%%% Bt aRTHRRS Sy, 8] eBtienca] gloayty 7228
wher ei nregidle; @‘aoR 24 isl4n atkylideas o aHsubstithysH alfhddtie ?ésuﬁlé%achr adi cal ,

X3 is an_al kylidene radical, 01 is oxy ?en or sulfur, and A25 is a group
A

der i%edof AR, apdftY 'Sdf‘dgﬁéﬁﬂ%tl')ﬂ/aﬁ WM@'%“W@MQ% oranyithiber ent 5
di cal b td | A25
radi oa fedidhid, GrABRDENRbYPBR!AGHNB) tSidld ConBlifiiG)af led @Ayééwn o ' s

a group cycl IC am ne conpound.
Pr ef er abhlpgea substifufigan or Inuxxtuneuhelrem ootradaminet residma m isfrdm 0hen the two

AV BB B % HELAPHS e BhehRlopbidedly S MSIcy Syl sen) Y 2
- aryloxy, or arylthio residue, or an aryloxy or arylthio residue containing at least
10 one alkyl or halogen substitution, or mixture thereof; or an amine residue. Ina’
preferred embodiment, each Qf is oxygen; each X2 is an alkylidene or alkyl-
substituted alkylidene residue; each Z2 is an alkylidene or alkyl-substituted
alkylidene residue; eaqh of R2, R3, R8, R9, and R10 is independently
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-timethyl-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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in the positions ortho,ortho’" to the phosphoryl bonds. 10 In another
preferred enbodi nent, the phosphoram de conprises a bi sGg¥EaRUARY 2003
phosphoranm de having a glass transition point of at |east about O0C
preferably“gi ﬁ% | east about 10C, and nost preferably of at |east about
20C of the™PdPHtA Xi11: 17 SUBSTI TUTE SHEET ( RULE 26) 28 FRERURMT21503 WO
00/12611 R15 R16 Q QL (X111) II Il )mP - A26 P ( 'Xl)n R19 :
PCT/ US99/ 17225 wherein 01 |s ,oxygen or sul fur; each of R15-22 is

i ndependently a hydrogen A 'an al kyl radical; X4 is an al kylidene radical;
m and n are each |ndepend ntly 0 or 1; and A26 Is 510 -N G- N z3
wherein GL i s sul furR'Zan KYW\I dene radlcal al kyl -substituted al kyli dene
radi cal, aryl radical, | radical, and each Z3 is i ndependent|y an
al kyl radical, an aryl : oF\i: aryl radi cal containing at |east one

al kyl or Q'
(X

R14

wherein each of R11-14 is independently a hydrogen or an alkyl
radical, X3 is an alkylidene radical, Q1 is‘oxygen or sulfur, and A25 is a group
derived from a primary or secondary amine having the same or different
- 5 radicals that can be aliphatic, alicyclic, aromatic, or alkaryl, or A25 is a'group
derived from a heterocyclic amine, or A25 is a hydrazine compouﬁd.
Preferably Q1 is oxygen. It should be noted'that when n is 0, then the two aryl
rings are linked together at that site (i.e. where X3 is absent) by a single bond

in the positions ortho,ortho' to the phosphoryl bonds.

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 ieast about
20°C of the formula XIit: |
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hal ogen substitution, or mxture thereof; or wherein A26 is wherein & is,
al kylidene, aryl, or alkaryl, and Y2 is al kyli dene or al kylepijAR§bLbdaut €d

al kyl i dene. Pr eferred phosphoram des are those wherein QL Is oxygen,

is a residue of piperazine, and the phosphoram de has a plane of symetry
t hr ough AP@O00/H6Hh| y preferred phosphoram des include thosecrfsssbarzsn 01 is
oxygen; A26 is a residue of piperazine;, the phosphoranide has a plane of
symmetry through A26; at | east one R substituent on each aryl 18 SUBSTI TUTE
SHEET (RULE 26) 28 FEBRYARY 2003 WO 00/ 12611 PCT/ US9%427225 ring is a _
met hyl adj acent to the pxygen substituent; n and mar[a each 1; and X4 is -

CHR23 wherein R2g16 s rogen or an al kyl residue —& rrbgbout l1to
SYoul d be noted that vvhen/ both of mor n
t site (i.e. where

about 6 carbon at o‘ms.\'\i/ \

is 0, then the two\aryl re linked toget
X4 is absent) by a 3jngle bond\n t,he poa,t ons o t_bo_ tho' to the
phosphor vyl bormm Phosphoham des usefu | ecul ructure are

preferably prepared by th reactl 2{2 orrespohdi ng am ne such as, for
nedl atkhg, with a diaryl
chl orophosphate of the for/mla ryl - O)2P in tRe presence of a tertiary

am ne. This nethod of aratl 10 is desc i bed
Data, 33, 221-222 ( ds to specify c p m de conpounds

Wi t hout repeating u ter atively, phos y be prepared by
t he reaction of Qgg-e ponding amne with P(C» 3L q%opresence of a
tertiary amne, Wth the desired hydroxyl- or thlohy roxy-¢ont ai ni ng
conpound added simul tanga@usly or 15 subsequently to g addition of the
am ne. Addition of a diamne or triamne to P(C»CIB'ﬁnth si mul t aneous or
subsequent addition of the hydroxyl or thiohydroxy-containing compound is
bel i eved to |%@ré|ﬁ> mengaéxymnum 66l eddfosp FPIR de, m&épeﬁméﬂtlgl to about

5 phosphoram e |linkages per conp ound. Simlarly, addition of %I am ne or
t ri am nehydrogepditodn adivl radieal; X4 iIs an alkylidene radical; m and n are each

- independently 0 or 1; and A26 is

| ey, J. Chem Eng.

exanpl e, piperazine or N, ;2 y'I'

—N—G'— N—
| [
5 z z°
wherein G1 is sulfur, an alkylidene radical, alkyl-substituted alkylidene
" radical, aryl radical, or alkaryi 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 v

wherein G2 is alkylidene, aryi, or alkaryl, and Y2 is alkylidene or alkyl-

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 phosphdramide has
a plane of symmetry through A26; at least one R substituent on each aryl

18
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20 phosphoryl - or thiophosphoryl dichloride with sinultaneous or subsequent
addi tion of hydroxyl- or thiohydroxy-containing conpound jg$eghii&y286d eved
to lead to repeating units of phosphoramde. P(S)Cl3 may be substituted
for P(OQ3 in the above preparations to provide suitable phosphoramn des.
The resi n&{&%438osi tions of this invention typically cont BERUS¥IERE 25
retardi ng and/ or processability enhanci ng anmount of at |east one
phosphoram de, or a m xture of (c) at |east one. phosphoram de and (d) at

| east oneingis-BHISHHE a@a@entﬁgltpmwgepm@pmeus mand th vage saichct;eahd r om t he

te_este
0 ou conth 8 G Wik ool aSAbGaf B Sh i) BARREBERBLTaRUCLE
t hi ophpsparbmmsecasboamomphmspoulum@nommaawden mlmeﬂosbblmﬁmﬂ@f& FO& ‘o
19" Sumsri e R, Rl S pEiageinet 8 el ok (o0 TP 17525 s
" phos horatsseagdiyt a\sﬁfgle bBﬁeireﬂfeeﬁbQMwbﬂﬁa 6rtﬁ6%tth¥ ?ﬁm@ ﬁoﬁﬁ BoRGsyMeri c

~organi ¢ phosphate esters including, for exanple, alkyl phosphate esters,
aryl phosphate esters, resorcinol-based phosphate esters, and
bi sphenol - bas dthosphesamides ofyiseful malegularstustira are mefenablymseparedt  at

I t sphor m de and at

| cast onpREIRARGToRS (indShBhdnG Shirkl sudtfsd. (BE EralifE R ARG 05 1. &

parts, prM.f\lé-ldabemyﬁbeIEnédtaFrdb Emﬂala{ diarglf %mb@nbggvﬁtepgf tﬁ@(]‘gﬁ?aragr ?‘ eof
ercent ages her

Lotal andam-CHPPORIRNS areench ot Gr iy pinan] Bie maBe A RisPatRlion ve 10

m xt 4oe iis dﬁ@@ﬁbéﬁ trerrauéy theHeMIENg! DAk Y3, Jzzﬁozmygq?ggeéﬁl %%Idé @ 35 phr.

Fl ame retar danc referably measured accordi ng t rwiters’
Labor at orSPegiic Qsagide Cﬂmoa'ﬁésr\!t@@'dl fepeatipanunitss sternatinety,

s o g By e o
UL- 94 amine with P(O)CI3 in the presence of a tertiary amine, with the desired
hydroxyl- or thiohydroxy-containing compound added simuitaneously or
15 subsequently to the addition of the amine. Addition of a diamine 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 thiophosphoryi 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 typiéally contain a flame

25 retarding and/or processability enhancing amount of at least one
p’hosphdramide, or a mixture of (¢) at least one phosphoramide and (d) at
least one non-polymeric or polymeric phosphorus additive selected from the

| grddp consisting of organic phosphate esters, thiophosphate esters,
phosphonate  esters, thiophosphonate esters, phosphinate est_ers,

30 thiophosphinate esters, phosphine oxides, and thiophosphine oxides. For
convenience, compounds selected from group (d) are hereinafter referred to
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15 protocol when neasured on a test specinmen of about 0.03 to about 0.125,"
inch in thickness by about 0.5 inch by about 5 inch, prefggBkya 8 0.125
inch in thickness by about 0.5 inch by about 5 inch, nore preferably about

0.06 inch in thickness by about 0.5. inch by about 5 inch, and nost .

pref er abMP %8t 0.03 inch in thickness by about 0.5 i ncPERUMETALS5 i nch

di mensi ons. .20 Enhanced processability can be determ ned, for exanple, as

a reduction in extruder torgye during conpoundi ng, reduced pressure in

|

i nj ect i oAS nefMeARhYrus additives]. Freteswd phosphigrds agiditives ase nopcpelymeris. | n one
enbodi ne e Wely) C WA rdants or
other  napisatic pGeHaRE Setert BNAANAT (O LRRRIET AE pRbShaie Stocd B

conposi t phosphate asterg, ressircioot-baseg @hiospbate esters candbibisphemoldfasadhal ogen-
cont ai ni nﬂ?fl- ane r{et a[(dant .and at | east one phosphoram de (or -m xture of

~ phosphor BI9IRNASE SRIELF KRQWQ N 1HR ally o phor us additi ve), particularly

I ncl uding a phosphoram de having a glass transition point of at |east

abouts 0C, pr oYhdesmoumiof at ueastobme phasphoeinsiddadrt mitwieest AEkashdne

xaml 6. PSSR At Ioast e DS ANPSE RIGRVELS HEAIDN WOrfangR: t ng
exanpl es | t o fi il BRUARY
2003 v SorI9n L LRGeSl RO O 2P Rty o PiEPRoRs pef 105 g
speci es pats otiresinaus matesials (phrk: alkpercedtages hardindheiag lbyrweighes The |

egutati e SmBaRr B HBpRERAte, Y 3. PhYSPhSianiiSirhBsRBoHs, SBEMR et er r e
for weert @iuriglmestidfendn tHd targ@bEabbit B-50 BHe bRiteRBIESIIHRENt the

present invention includes compositions conprising a thernoplastic resin

and at |east._one phosphoram de having a é%I ass transition point of at
| east about OTlame; geta i t fonPreferaRly JBeasnuies| | 9ceqrdingf tenithei ne and

broni ne. yniérdribs’ 1ABbRASNSEACIE | protdcdl! €A IEMRSretildflg RGO AR~ ©F
brom ne-cont ai ni ng speci es has been added to the
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
15 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 dimehsions.
.20 Enhanced processability can be determined, for example, as a reduction in
extruder torque during compounding, reduced pressure in injection moldihg, '

reduced viscosity, and/or decreased cycle time.

In one embodiment of the present invention halogen-containing flame

_ retardants or other_halo'gen-containing species may also be present in the
25 compositions. In many resinous compositions, the'combinatic}n of a halogeh-
containing flame retardanf and at least one phosphoramide (or mikture of
phosphoramide with_at_leéét 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

30 temperature properties_ (such as measured, for example, by HDT or Tg of a
resinous phase). lllustrative, non-limiting examples of halogen-containing

20
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10 conpositions in their fornmulatien. In another of its enbodi nents the
~present invention includes articles obtained from. said ghREgtispgobgE£e or
~brom ne-free conpositions. The conpositions of the invention may al so
contain o engaFvent ional additives including stabilizers, inhibitors,
plasticizers, fillers, nold release 15 agents, and anti - dr PETAGENYE2S The
|atter are illustrated by tetrafl uoroethylene polyners or copolyners;

i ncl udi | Xt i th t h . .
pol St yr CHEMEoTIRRIANSh o, (R RRRNAINAD [ SpesIaRo nalusih draminated skamenc-

acryl oni t rth@iap@PO! AT ) phdsphdrafiides _Cb_éﬁt%ﬁ{iﬁé i Shhﬁlgféha%oe‘c Hebfdtic
conpositions of the invention is 20 their inpfoved Nigh tenperature
proper t i eSubstituents sPue de eoMsen@mentrlregulationa chlarinetfreé anddromirsefrem gl ass

transitio I Rt T |t,.of t I ncor porati on of
a phospho?gwggﬁﬁsﬁé ﬁhgy(cg%eggﬁ%rgh chr @[@ﬁ ﬁlﬁf’ﬁétf%pﬁ' eiﬁeWﬁ' tl?’i’lea
‘cor r espongreigretd c reralbedimdnt bithed presentndavertiont 2irvlides f ebrpsitiBhe.
phosphat e esters suzh% as_ bi s(di ar,XI os&?at es) of 25 dihydroxyaromatic
C(r)]rrpoEn?s?OfFHT'%‘"_Qsa f&&?ﬁa%@% [ﬁitggéh i PBOS@WHH%WHGF%S?;%?QC
osphat e e : i t1a Y 1. |
\Rhenprreasgfrag%j, (r?gér]t'aé'ggﬂgif‘g, 3{1 nétt lrqée&‘ﬁL- h’? eg:t?’ Ergom;:%ﬁgqé'hﬁh@? se of
phase- sepassentidilypfreadd chlorinesang bromimeh dm this coAldxt bssentiallytife Meansase in

Tg is notgd,in th ol ycarbonat e phase. 30 Experience has shown that the
flame ret Q134 MY C&f%ﬁ@r’t?‘é&@ﬂ"'&& BH%B‘H& ?Pe‘Hg%e'&a%cpﬁ%hrﬁﬂ’dieﬁc‘%(ﬂ&l in a
resi npuIs eORPOSitibhLh BHeir f&huﬂ!ﬁyﬂlmt&rfotﬁéﬁifité% i 2003 WO
00/ 12611 PCT/ US99/ 17225 general |y proportional to 't %mfnﬁﬁﬁﬁggﬁg?ﬁgsphorus
in the colfiyestian #cludas afticles, shtaipednisoansaidt clerinerdraso op duomdinietfses f . Thus,
equal wei g&hé incgﬁé"n additives having different nolecul ar weights but the
sane flane I'BLar I ng - _

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 temperafure 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 resistan_ce when measured, for example, in the UL-94 test
procedure. In the case of phasé-separated blends such as polycarbonate-

ABS blends, the _dec'rease in Tg is noted in the polycarbonate phase.

30 Experience has shown that the flame retarding propérties of a
phosphoryl-based compound included in a resinous composition are
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properties may produce different UL-94 results, but anounts of the two 5

additives which contribute the sanme proportion of phosph%p&é%ﬁp%m
resinous conposition will produce the same UL-94 results e of her
hand, other physical properties such as high tenperature resistance are

dependentwomnishe amount of the conpound itself and rel atipeglnysdohgdgrendent
of the phosphorus proportion therein. For-this reason, the dependence of
flame 10 retarding and high tenperature resistance of conpositions

cont ai ni gighdrally pRipsGIl ‘!'ém’é‘%‘?ﬁomrmg}c@?hgﬁﬁeﬂﬂ%eféﬂﬁ %&M}Eosp pat tern.

It has been shown, however, with res referr or anm des
_enpl oyedthaBcter e @meuntref ﬁlﬁbmpﬁllmfbﬂs@lbn Thus, eﬂealr wetghte rofotwgr oper ti es

f fl resista e nsi st ent .
Thus, -1 oG aRgNfod Imoldial Vet T3 PN idmpoieinting |
b| s( di - mrﬁpegtlesal nEyo pptvhice) différeat |N|eguoresu|n§etbtua ?ﬁgggtsl reg ghgggwgyt atl me

r (0]
Dol Bl ey whEpeonf RS I satte AionoriafobRbeshoN jo B ameus | ovel of
phosphordimp oémtSn mer)hioﬁeb%eh%m@ ge- Qtlar%sﬁl@“l@ﬁﬂ% 'oﬁjie%{yhé {‘{9 gndency to

decr ease 20 heat deflection tenperature (HDT) despite t y greater
amount dIhysical peapeitigs suchvas high Jaapentuee &%@tanceaaretdepqndmerun i nvention

oot orifB 3Bt 6P the cHRPIRRE ifsBf BAA" retbile ‘infBobRaRTL o ol no

reS|stan conposi tions alnlng I Nl ng

corrpouncpmdspaotusxgmpnrﬁm ruaecmn tHoe thisntezsioh| ahe %éd@i@én&étémﬂaﬁfe at | east
| east V- npst preferably V-0, in the UL-94

or o 8Ll e EARgLARY  iah 1B RseR wﬁprqsgs&nfecerrmmn@mnq seRtainifg two
t her moplgdsphofuRsbaset ebrapoliRds ma o tnbwpféra yf‘p dé?e(' ng a glass

transition point of at |east about” 0OC, prefe | east about 10C,
and nost preferably of at |east about 20C. In a preferred 30 enbodi nent the
i nvention al db Ba% oPEENmshewds thowenercawidh t Hespesk: toditke opréferredenper at ur e

of chl OngH%pBBF'a‘?nﬁBQ EmpIByRe "HcLBrdifid atgetﬂee%régé}ﬂt irfentioh that Their> =C

(RULE 2
superior properties of flame retardance and high temperature resistance are

15  consistent. Thus, for exarnple, proportions of the prior art additive resorcinol
bis(di-2,6-xylyl phosphate) effective to confer a suitable flame-out time'on
certain resinous compositions are similar to those produced by a typical
bis(2,6-xylyl)-phosphoramide at an essentially equivalent level of phosphorus,
but the bisphosphoramide has a substantially lower tendency to decrease

20 heat deflection 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 proteco_l. wherein the method comprises
combining at least one thermoplastic resin and at least one phosphoramide

. having a glass trans:tron pomt of at Ieast 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 .aftords methods to increase the heat
distortion temperature of chlorine-free and bromine-free._ flame resistant
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28 FEBRUARY 2003 WO 00/ 12611 PCT/ US99/ 17225 conpositions as described in
the previous sentence. The nethod may be used.to |ncreaagpgmAhQQ903
distortion tenperature of conpositions containing essentially a sirgle
phosphor anj de r a mxture of two or-nore different types of
phosphoram@e@"%dhposi tions containing essentially a singl FCHUSINT2S
phosphoranmi de are often preferred. Useful thernoplastic resins have been

i bed herein. Especjally pref d th | ast | '
ool ycar bofosiiges & debribed s G5 iyl safledee. pne dReBeLmaY bag

bl ends of 83n1eA3L Sho IR idtohion RAEAIIE S QUAROLIASR: ing2nd
. pol ycar bor‘iigtgg}quS bl ends(,3 I n vcxdﬂlﬁch tnhe a%tﬁ%? of AB ma'y tylg'lb@a I{/‘gvary 10

f r om aboutesseptialliba fingls phosphoramides Nseai mixtyrepof two rerd mulre sifferenti de i s

N, N - bi s-{di - 6- | ) - Loerazine. .The method may further
conpri se M?sfagos!t pﬁ%@%’é@ﬂﬁ%?@%béﬁ'?@ g%rlr‘}gg\'% £? "q\aﬂ)é gr single

consi s§i nphospharagide arp heftarh prefesrat e Useful thehoplabes ¢esink Sidwe BBEgPNONat e
"esters, thiophosphonate estgrs, .phosphi nate esters, thiophosphinate
esters, 15%1%@%%& MR des, %Rﬁf'aﬁ'm oﬁ?ﬁfef nehgunaeastip; cfasing| yaret he

phosphor upolyedidniate ins%sa aeggaghw Bispiteril IAD ! BasteP FUNErbEALE

shoul d. al S0 'be clear that t resent invention includes co_rrpbé?t‘?ons nmade
by the meblgngs gt palygarberatg; tespesialitapelycarbonaleeSADLABS thlends, &netpar ation

it i f ' ' ical. 20.0f th
ol oyed PoleafharaiRARS billiisn Wiich B Bt A PGS vpicay way oni ng
foll oV@ddltmmmbbum doesBUI S aneixq. aAheespamb lyt@['referfécﬁphlézﬁ;?t:ldrahﬁﬂégsl t
. extrusi on. ol1.OWM N me
b ocese: nbtNCBE RS RIoBheniBReenn; o (b6t Detiadremabyfudbavent i onal
means  sucRogipris8iat fdds? %n@%tﬁgpﬁf)r@a&a?ﬁv@g&ﬁ&t‘eaqr&ﬁ thd Qr@?@ Eg{?&?t&qgt one

phosphoram de or m xture o east one phosphoram de€ : .
phosphor udf Lrgasicvehegphate esternsthiophaspbate tastersy qﬂmﬁphnln‘atmtesmrsm_ay be by
m xi ng al ks d on . t heg, = pri 0. pr ocessi ng.
Al ternati \k/rgﬁé@g;ﬁ?ﬁ%fé”ae%%ﬁ néﬁ%’%)nﬂ"g%gang&gﬁ t htgifopth%sp%atte gg?ers,
15 phosphine oxides, and thiophosphine oxides. Preferably, the phosphorus

m' U

additive is a non-polymeric organic phoSphate ester. It should .also 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 specirhens 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 phosphérus 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 pridr processing step. Such concentrates
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phosphor us-cont ai ni ng species, particularly a phosphoram de or a 30

phosphorus additive, may be conbined with at | east one r%iFggHéA@%%M ‘
conponent as a concentrate in a prior processing step. Such concentrates 23

SUBSTI TUTE SHEET (RULE 26) 28 FEBRUARY 2003 WD 00/ 12611 PCT/US"/ 17225 are
of ten nmadWOWY1Iekl t processing. The concentrate may then bePcDubdwas wit-h
the remai ni ng bl end conponents. The various enbodi nents of the invention
are inclusive of sinple blends conprising at |east one thernoplastic resin
and at | carstoftenamade ysprb niacersinginbhalcoocentratmpusi theorise combinedh one or

nor e of }@Wthe%m%ﬁ#%'%ﬁz?#ﬂgg@%%e chem cal reaction, either by itself

or in conblnation d conponent. \Wen proportions are
- specified, they apply to the originally incorporated materials rather than
those remai ni healadousembadimentsaft then invdhtion amret inelusile of sigmpkedi ment s

the present |[nvention conprises articles .of manufacture made fromthe
- i nst gnt I &’q@i‘isd%'%& g3 nonesiaermonipsticsresinyand et deaptrane |
trans UCEﬁHos ugndd & mipRRRtidnei e gp&s' QN '
Larti c:ses canpg%ra%rrégg' ggdaﬁssgghn\?gni enp'_dr'r]%a'nrg knO\rA]nsﬁn t Lﬁedrgr?f. §$§£. cal
means i ndnalggalsthas undergene chemieal reactiom; eitheroby itselfiiondn combimationf or ni ng,

bl ow nol qj. ' ' rred acticles inc]ude

ndi oot ififandifiér G808 SHRirgREnt TR Bldebutib: 26k Rbedfintclsy apaiiis:

appl i cat itherigindlly dnogrpoedted | matetiain datherpivaer thosd i’@h_&iniﬁ%'dﬂer}ﬂ/

defl ection . yokes, nold coil deflection yokes, television backpl at'es,

docki ng SUSPIEAAON. hedestal's, bezel's, pallets, electronic equi pment such as

switches, switch 20 housings, plugs, plug housings, electrical connectors,

conngot i ng deyy aAsther P RK @nsbodimenits e ﬁ@seﬂtwérﬁmncccgﬁyhﬁ%hic ch as

tel evision cabinets, conputer housings, Including des op conputers,
por t abl e of cranufagtare magde frasp the instarthsdisplosedenripositipns.<Such amticldsor

- housi NS, ma 1Y HandBHRint 9transiucent, 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 thermoforming, blow molding, and ‘calendering. Especially preferred articles
include indirect and direct wound deﬂectidn 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,
socketé; housings for electronic equipment such as television cabinets,
computer housings, including desk-top computers, portable computers, lap-
tbp computers, palm-held computers; monitor housings, printé_r 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, | antenda’ _housin_gs,

- transformers, modems, cartridges, network interface devices, circuit breakers,
meter housings, panels for wet and dry appliances such as dishwashefs. |
clothes washers, clothes dryers, refrigerators; heating and ventilation

30 enclosures, fans, air conditioner -housings, cladding and seating for indoor
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keyboards, FAX machi ne housi ngs, copier housings, telephone housings, 25
mobi | e phone housi ngs, radio. sender and/or receiver housjgigsryuddydgbs and
lighting fixtures, battery chargers, battery housings, antenna . housings,

. transfor mygeoBpdens, cartridges, network interface device
breakers, neter housings, panels for wet and dry appli ancggr@l?éﬁ%%s

di shwashers, clothes washers, clothes dryers, refri gerators heat i ng -and

vent 11 2t 8 30,A6H SHIEAIGH 2Wien 2L SO0 L A0SLorlH S yabbaleis,
00/ 12611 SbwaiE duses 2tamotive etboticalgompaidrms. such as publ ic

transportation including trains, subways, buses; autonotive el ectrical
tra ed thefollovvlng exanpl es. All

b
parts andper LEpIGRUORTS iy abdin I, (olonang orudlep: yATLiarbeand m ned i n

chl or of or perleentages Gre Y TwoRHEE IR UiBLBSIT) MRl S a)
accor di ngﬁ?o Tpralﬂcyeduirye D648. EXAI\/PLEW Bl e%gaﬁ?,e\gz;h%mug%g%ﬁgnts of a

-bi sphénol a%2§%ﬁmb@l y¥ealues vere, delepninest at 284 psictiB6r kPa) lagcardind &bl e hi gh
rubber gr and 9 parts of a commercially available SAN
copol yrrerﬂﬁp'ﬁg@égg&e%%d 10 identical conditions by blending in a
Henschel m xer foll owed by extrusi on on a twn screw extruder and were

nol ded i nEXAMPRUIE $peci mens. The bl ends al so contai ned conventi onal
additives including 0.4 part of polytetrafluoroethylene dispersed within

styrene-acryl ogi tri

| yner a} nti-drip ent, which were not
- considered in f‘g?r‘fl’ﬂaﬁ U3 apen Pcﬂa{sa%i %ﬁ%%mmmasb@matehé 55
fol | owl noparho sphoeuinietciatl fdveiBblee high Al bagldr 1o g'ptylgn?érsal[uf g(2.6

xyl yl )phosphoryl ] pi perazine (XPP), a“conpound accor ornul a Vi
0 Hp parts of a commercially available SAN copolymer were prepared under

10 |dent|cal conditions by blendmg ina Henschel mixer followed by extrusion on
a twin screw extruder and were molded mto 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 proportidns, 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 :

0] I\ O
(Vi) A’O—LN N— P OA®
bae v/ L
wherein each A moiety is a 2,6-dimethylphenyl 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 polycarbonate phase of each
test specimen was determined and the results are given in Table 1.
’ . 25
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(M) A30-P-N N P-- OA6 QA4 OA5 wherein each A noiety is a : .
2, 6-di net hyl phenyl residue; N, N - bis(neopentyl enedi OXY 2gFEBRUARY 2003
phosphoryl ) pi perazine (NPP),. a conpound of simlar 20 structure but

wherei n each Eai r of A noieties on each phosphorus atom (e.g. the A3 and
A4 pai r) WOl dgi ng neopentyl résidue; N N -bis(di phenPETUSIN17225
phosphoryl ) pi perazi ne (PPP), a conpound of simlar structure but wherein
each A noiety is a phenyl residue; and resorcinol bis(diphenyl phosphate)
(RDP) and bi sphenol A bi s(di phenyl T#¥dphat e) (BPADP), two conventional 25
phosphate esters. The FOT (total flanmeout tines for first and second

I gnitions per : et thrpgnessigantd Tg of—¢fre—pohycar bonat e
phase of e est speci nmgn t ern] fied a18 t he] resul arejgiven in
Table 1. 255k T e SHERTq{ RUOC VA REARY RS V500112611 TABLE |
PCT/ US99/ 172%@%H%Hé§dselZS%SgPoﬁ%gr bang{gé, &537 Zf?g:% g‘;g 973.671.6
parts FR, ijoearts t ynoneXPPNHPPPPROPBPAD P FR, bhr012| 46. 91p. 410. 113.2 FR
phr PO1.161. 110 971 02 FR 104201 021 0111041 _0R1.04 FOT,_sechuns]9. 484-
- 20. 327. 3 TFRpidentity31149121nanel 1pXPP | EN&fbal BRP t hBDR hpBPABpgsi ti ons of
this inventj on had an p

FR, phr 0 124 |69 |104 107 |13.2

FR, phr P 0 1.16 | 1.1 0.97 |1.02

FR, %P 0 102 [1.01 |1.04 |1.03 |1.04

FOT, sec bums | 194 |84 -- 203 |273

Tg.°C 147 [131 | 149 [121 111|112

It is apparent that the compositions of this iﬁvention had an
significantly reduced FOT and a Tg that differed from that of polycérbonate
(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 composition
but the FOT was appreciably higher than that obtained with XPP. Sample 3
utilizing PPP had a significantly fower 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 (eg.,

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

26

SUBSTITUTE SHEET (RULE 26)



significantly reduced FOT and a Tg that differed fromthat of polycarbonate
(147C) in a base conposition not containing a phosphoram,desgiuARogshat e
.ester by an acceptable increnent. Sanple 2 had a Tg essentially equal 5
~within experinmental error to that of the polycarbonate in the base

conposi ti oVOB26ihe FOT was appreci ably hi gher than that obcwusesiazs h
XPP. Sanple 3 wutilizing PPP had a significantly |ower Tg that that of. XPP
and NPP. It was unexpected that XPP-containing conpositions (e.g., sanple
1) woul d exhi bi t In ecsane hase sonmarsition usathtor dtkampldRP-acoohpositiog was

conposi tion . A0 S l.arge increase in..

po Irrsc ar bon a?‘eéﬁ g&géa'ég’ﬁpgrg?ﬁ%h%%% §;?thFE,r ngh‘géJ 5?775[5[}9[1&%@0(5@9@_ hassanpl e
3).  Sanpl esa4iamnel obit tiavepbbyl7ngpcaraisvand tenpblythdonate hadda Tigof TRrechad
uhaccept abl ommer.cial applications. Theé variations in

| Tg, s f. :
FR cont ent %He? %tr%su% {%T%?'@ﬁ'aﬁe Isepgharfop this ceainesitien thaé wasdd be

consi demed éj(gggy'tédggggdﬁ &mﬁ@ﬁeﬁ@%' i o QpeLti es. EXAMPLE 2 26
~ SUBSTI TUTE SHEET ( RULE 2%) 28 FEBRUA g%ﬁ%ﬁsné%/s%%ﬁltpﬁl US99117225 I n
t he sane base conposition used for Exanple 1, a conposition was nade

contai ni ng BXAMFES RDP and 5.7 XPP. The resultant conposition has a
flame out time of 17 seconds and the pol ycarbonate had a Tg of 127C. The

glass transitio Sl his. 0si j4 Qn..t hat woul d be
5 expected basegB f&‘égﬁ%{'ﬁéﬁ’ ggﬁl?Hs]h8%&'?%@!?"&névég%ﬁgpegglx&aa‘d’"ﬁ.e ¥PLE 3
Blhen'dls of Gm;]wem gﬂﬂh@r) cmﬁiaﬁmy afvai bahr?eraally(%agﬁdiﬂ?ggﬁ Weré-
phenyl ene et her nd.38 .parts .a comercially avail able were
pr epar ed arﬂeﬂﬁﬁga"%’&‘éaeﬁ’ d‘g}‘f%rdg?"% geRditiens sirpifarde these o fxasmplexanpl e
1. The bl enfisTid Blorkiardish RBAtSHAGY BBhi &t HitiveE ndiitihy Y art of
a 10 palytetrafl uoroethyl ene/ styrene- acﬁyﬁgﬁﬁ%‘?’?‘:ﬁ&dé%‘wéﬁpé’%"gﬁ' 4
anti - dilp depivietrafluoroethylene/styrene-acrylonitrile copolymer as an anti-drip agent,
- which were not considered in determining proportions, and 20.5 phr of XPP,

RDP and BPADP as phosphoryl-based flame retardant additives. The FOT

(total flameout times 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 I.

TABLE Il
Sample 6 7 8

FR, identity | XPP TROP BPADP
FR, phr P 1.92 1.85 1158
FOT, sec 54 21 137
HDT, °C 2239 1779 1905

Again, it is apparent that the composition of the invention (Sample 6)
had acceptable FR properties and a significantly higher HDT than the
compositions containing conventional FR additives, indicating superior high
temperature properties.
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whi ch were not considered in determ ning proportions, and 20.5 phr of XPR,

RDP and BPADP as phosphoryl -based fl ane retardant additi yesesrURRY ffd

(total flarreout times for first and second ignitions for 5. bars, of 0.06

inch tRj il) and heat deflection tenperature (HDT) of each test

. speci rren was 5 determined and the results are given inPEABISEY17225 TABLE | |
Sanpl e678 FR, |dent|tyXPPRDPBPADP FR, phr P1.921.851.58 FOT, sec242137 HDT,

. C223. 917iE E gal n, i s apparent that the conposition of the
i nventio had acceptable FR properties and a significantly

hi gher HOT t han the conposi tions containing conventional FR additives,

i ndi cati ng supehstead diiapaits BP QI GrifreBaMP 8vh HEET (RULE
26) 28 FEBRUARY 2003 WD 00/ 12611 parRrRaly 1725@%@@?&5@&3 of 40

parts of PRERYRARrethar) ;tmgvﬁOl parts @folw@gnanarmdtynpvaﬂame pHESy were et her)
and 60 p riC y ared_ and nol ded
‘under coﬁgliﬁrgé]saﬁglcmg‘&d 'h%@@“*’{%ﬁ}@' téé%%gloﬁgx mple 3, using

N, N - bi Is!\ﬂN blal;dﬁ(ac6+>?rrVJ)phOSvamlberam?zameT %ﬁ?)tg@s ﬂdaﬁed fF @%aﬁ?t irdant 5
mat erd a senti a sane proportion e observe was

secongds "Bq@\ Q%w*e&ﬁ apmg 9&&?9’381‘13 ﬂ@@bSQﬂ{Q%r@TyW@s)rﬁhl ning

pol y(2, GSdmmjshyl 1, 4- phenyl ene ether) and / or a
polystyrene- pol ybut adi ene- pol ystyrene .elastoner, were prepared and mol ded

under coggle’AtNi"g){lEsssi mlar to those of

A commercially available HIPS, optionally cohtaining poly(2,6-dimethyi-

1.4-phenylene ether) and / or a polystyrene-polybutadiene-polystyrene

_ elastomer, were prepared and molded unpér conditions similar to those of

10 Example 1, using N,N'-bis[di-(2 6-xylyl)phosphbryl]piperazine (XPP) as the

flame retardant material. The compasitions and flame out ttmes (FOT, as
defined above for Table 1) are provided in Table Ifi.

TABLE (i
Sample Base |9 10 11 12 13.
HIPS pans  [100 |90 |70 |65 |72 |78%
PPEpats [0 [0 [0 |25 |7 1335
Rubber, parts [0 |0 0 0o |2 |35
XPP,pans |0 |10 |30 |10 |19 |14
FOT, sec bums [320 | 135 400 |215 |315
HDT, °C, 264|86 |74 |68 |79 |71 |93
psi '

As seen by the above data, phosphoramides as de_scri,bed herein aré, |
15 effective in reducing the flame out time of HIPS, optibnally 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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10 Exanple 1, using N, N -bis[di-(2,6-xylyl)phosphoryljpiperazine (XPP) as

the flanme retardant material. The conpositions and fl a%&%ﬁ@*ﬁﬁ FOT,
: I

as defined above for Table 1) are provided in Table Ili

Sanpl eBas@@ylddhddg13 HI PS, partsl1009070657278.5 PPE, parts0002573. 5 Rubber,
part s000023. 5 XPP, parts. 01030101914 FOT, sechurns3201354002Y85Y¢" /ST, C
264. 867468797173 psi As seen by the above data, phosphoram des as :
descri bed ' | | 4" -ng. the, flame out tinme of H PS,
opt 1 onal 1401 o R Tar@iia et UG AR BRId | weiias inekaetied ¢ hat
the flane thatt the nE®Twovduld biee seo  Higinefor citid ycdrﬁFbﬁtl@ﬁis dorRainfiRf r@ased.
with the z;%c@lition aof. the phosphoram de 28 SUBSTI TUTE SHEET (RULE 26) 28
FEBRUARY H598PRIaB¥#8-2611 PCTI US99/ 17225 to render the material V-2 under
UL-94 classification. It was al so unexpected that the HDT would be so high
for the c@EXAMPLE®'S containing the phosphoram de. EXAMPLE 6 Bl ends of 90
parts of a commercially avail abl e bi sphenol A 5 pol ycarbonate were
prepared cont a'bnmj Q%nlo parts of either RDP or XPP. The bl ends al so

cont ai ned convBNdnA" AdiRaftesof | Aclcommgraiallyy svaitabler bispieanl A

Composyt | BOYCHRA Rt Pioerad Eoniifio fo BEHE of AR AU B X RiTe Trept s ca

- blends also contained conventional additives, including a UV screener and an
antioxidant, which were not considered in -determinihg proportions. The
compositions were exfruded 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 comE)osition containing essentially

100% of the same polycarbonate and no added flame retardant.

TABLE IV
Sample Base 14 15
Polycarbonate | 100 90 90
RDP To 10 0
XPP 0 0 ' 10
Tg, °C 149 111 131
Transmission, 90.1 88.3 89.5
%
| Haze 07 |33 07
'Yellown_ess 12.24 3.18 - | 4.16
| index | |
15. The above data show that the composition containing XPP has the

same % transmission and haze as a specimen of essentiélly pure
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properties (according to ASTM 1003-61), including % transm ssion,
yel | owness i ndex, and haze, and the Tg of the pol ycar bonad a&drage20mr €
determ ned for test specinens of each blend. The results are given in Table

IV al ongw@&ozl&msul ts for a conparabl e conposition containi nl%ﬁessent ially.
e

100% of

pol ycarbonate and no added flane retardaRfT

Sanpl eBasel415 Pol ycar bonat e1009090 RDP0100 XPP0010 Tg, C149111131 -
Transm ssi on, 90.188.389.5 % Haze0. 73, 30. 7 Yel | owness 2.243.184. 16 i ndex

10

AL 7225 v

“»

15. The ROYFERRR3ECSARY ac’héPcﬁméb@o)ﬁ?JWQQ%ni"@GrT Gomnagekte thadasee sane
. . i ) . 9 ST| TUTE.
srenT | roraig the SRR BRI Blie 150 38" A Bl 8 ShE e ponat e,

and an acoatiinibhXPRcbmpaess td B8R foldhensiedimbn cohaiflag®Deanpl e, the

decr ease
conpar ed
parts of
bi spheno

10

15

20

- 25

i n polycarbonate Tg is only 18C for the specinen containing XPP

Eé&ﬁ:/)’lﬁ’c for the speci men containing RDP. EXAMPLE 7 A blend of 26.5

LE Bi sphenol A honopol ycarbonate, 61.8 5 parts of a second

| A honopol ycarbonate with wei ght average
A blend of 26.5 parts of a first bisphenol A homopolycarbonate, 61.8

parts of a second bisphenol A homopolycarbonate with weight averagé
molecular weight about 71% of that of the first bisphenol A
homopolycarbonate, 4 parts of a commercially available bulk ABS copolymer,
and 5 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 2.75 parts conventional additives including titanium
dioxide and polytetrafiuoroethylene 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 gavé a value of 24.9
cubic centimeters per 10 minutes. The blend showed a melt viscosity at
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 protocot IEC 695-10-2 (1995-08) gave
puncture diameter of 1.6 millimeters (mm). Typically, a value of fess than 2
mm is desirable for most applications.

EXAMPLE 8

A blend of 64.3 p_arté bisphenol A homopolycarbonate, 16 parts of a
copolycarbonate comprising 45 mole % bisphenol ‘A and 55 mole % 4.4
(3,3,5-trimethyicyclohexylidene)diphenol (APEC 9371 obtained from Bayer
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 mdlde_d into test Specimens. The biend also contained 0.7
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nmol ecul ar wei ght about 71% of that of the first bisphenol A

honopol ycarbonate, 4 parts of a comercially available b | ymer,
and 5 parts XPP was prepared by blending in.a Henschel m%&%#%&@d by
extrusi ona‘p(gg(ﬁ tv¥i n screw extruder and nolded into test specinens. The 10
bl end al s P&lhed 2. 75 parts conventional additives inclP&dfUsd%titani um
di oxi de and pol ytetrafl uoroet hyl ene di spersed within styrene-acrylonitrile

copol ymer as_.an anti-dr.i ent. Measurenent of the Melt Volunme Rate (260C
and 5 ki |-08fi§§rs°faﬁ?ﬂweé@°ﬁé? tivegy inolding cpely\giraluaroethylenef diggersed cubi ¢
centi nmet erg; i it e h anelt . viscosgity at 15 280C of
390 Pascal -_Stg?(r)n se?%g?s érz‘a‘ttrig gﬁgglpﬂ‘r%t %\g]g%nl(?gﬁ's%@ 55;2@ Pghes %{?"da shear
rate of 156lowed'a glass tfandtiors tatnparatoearofr T8 THO QB8ehRsE Fo“fhgotapbserved
FOT (total Iflamsout tifrrefs Eor first and second ignitions for 5 bars of

0.06 i nch f@MERHEWRSs forfirst and seegnd dgnifions for Phatssof @.06dsch thickress) est
speci mes ahs Pdxecangsrding to test protocol | EC 695-10-2 (1995-08) gave 20
puncture diameter of 1.6 mllineters (m). Typically, a value of |ess than
2 mmis desirable for nost applications. EXAMPLE 8 A blend of 64.3 parts
bi sphenol xﬁMﬁ’fﬁ)?ycar bonate, 16 parts of a copol ycarbonate conprising 45
nol e % bi sphenol A and 55 nole % 4, 4" -

3,3,5-trimeth oY i 3 tained from Bayer 25
Cor p. ) 4 part a1y SaRRELORIRKE of IERRhple 8 ey ioptd sheret k16
copol ymer ; pares pfaacepdycl:arbgoataemrhﬁfi‘aiy\gaifﬁhilcﬂé)I"/eb@b]bleﬂ@pnIaéﬁ@]gﬁ maRFed parts
XPP was ndi.ng i n. sche ) xer_foll owe extrusi on on
a twin s54gg@iﬁ?‘ﬁﬁ‘&?"ﬁ%’“ﬁ&?‘g‘&ﬁeﬁa6’?‘989{ %e%q: SRS nbéai%edan&oml o)
cont ai ned BayerICorBYREd TEH. $hEDBleh R dHowdd alfad n 20 Mpeti Q042611
PCTI US99/ 17225 g_arts of conventional additives 1ncludlng

pol yt &0 af 14@5Fdhryabseevar ERYr Hotal flameout timgs éordiratand satond gnitsgo! yner
as an antigfgl@gfabe iddF thbfiss) was 21 ‘seconds.
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showed a gl ass transition tenperature of 139C. The observed FOT (total
flameout tines for first and second ignitions for 5 bars Lhch
t hi ckness) 5 was 24 seconds. EXAMPLE 9 The sane conposi??é%ﬂ%gﬁﬁggﬁple 8
was prepared except that 16 parts of a copol ycarbonate conprising 65 nole
% bi sphenol A and 35 nole % 4,4'-(3,3,5-trimethyl cycl o-hexylidene)di phenol
(APEC 9351 obtained from Bayer Corp.) was used. The bl end showed a gl ass
transiti Qi dygeerature of 10 140C. The observed FOT (total flaneout times
for first*a#gﬁgecond ignitions for 5 bars of 0.06 inch thickness) was 21

‘' seconds. 31 SUBSTI TUTE SHEET (RULE 26) 28 FEBRUARY 2003 CLAIMS: 1. Aresin
conposition, conprising:.,. a) a thernoplastic resin, and b) at |east one
phosphoréhTﬁéeﬂﬂﬁﬁﬁyé%%ﬂ%égnppgﬁgition point of at |east 0C selected from
the group consisting of: i) a,phosphoram de having the formula: QL Il (1)
Rl. P-R3 a%?(ﬂ%@ﬂ@?ﬁﬁ“c¢£9P53@4ygen or sulfur; Rl is of the formula X Z1

Z1 (X1 1 .NX1-N Z1 72 1 _ B .
b) at least one phosphoramide having a glass transition point of at least 0°C

selected from the group consisting of:
i) a phosphoramide having the formula:
Q‘
I
() w—¢—w
R2

wherein:
Q1 is oxygen or sulfur;
R1 is of the formula X:

2! z' [at 27

n Z 1
X | . { i | { (l?
TN XN PN X p—A*
|
A22 A23
n
wherein

. each of A22-24 is independently an alkyloxy, alkylthio, aryloxy, or aryithio
r¢5|du€a, 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
last one alkyl substitution;

| 'gach X1 is an alkylidene radical, aromatic radical, or aromatic radical
containing at least one alkyl substitution;

or

R1 is of the formula XI;



QIf I 1~ if I r-NX1- P- A24 | A23 wherein each of A22-24 is independently
an al kyl oxy, alkylthio, aryloxy, or arylthio residue, oOrgaasmiAro¥ds O
arylthio residue containing at | east one al kyl substitution; or an am ne
residue; each ZI is an alkyl radical, aromatic radical, or aromatic radical
containing at Fast one al kyl substitution; each X1 is an al kylidene

radi cal, aromatic radical, oy aromati g radical -containing at |east one

al kyl substitution; or Rl ig qf the foynula Xi: 32 28 FEBRUARY 2003 X 2 1Q
12Q (- XPG1\I\/NPXN~ P-R¥ ZA ®& e - RO wherein each X2 is -
al kyl i dene, atyl, o /al Rary ;I each 22 i “a_l_k%lidene; each of R8, R9, and

RIOis. independent Y aw 0 re,s‘?J ef Bn aryloxy residue, an aryl oxy
resi due containing at j%ast\q@e alkyl guigtitution, or an am ne residue; n
is fromO to about 5; and and R3 arg 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

wherein
each X2 is alkylidene, aryl, or alkaryl;
eachZ2is alkylidéne;
each of R8, R9, and R10 is. independently an alkyloxy residue, an arylo
'res!gue, an aryloxy residue containing at least one alky! substitution, or an gni:g
residue;

nis from 0 to about 5: and

R2 and R3 are each independently an alkyloxy, alkyithio, arylo i
. _ - ) ' ) Xy, or arylthio
restdug, 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 H fl 6
1) A ——r—N N—pP —A
At }\5

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 VIil :

Q!
A‘z——¥l||3— A

. |
N
Vit Q,.|/ \| o

N N
A.14__|}|3/ ~_— \{L—A”
/l\15 }\_16

wherein

each Q1 is independently oxygen or sulfur and
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an amne residue; (ii) a phosphoram de of the formula VI: NOQL QL If /--\
a A3-P-N NP - -As A4 A5 wherein each QL is |ndependent lngéBﬁ(ﬂﬁpzﬁHs sul fur
and each A noiety is a 2,6-dinethyl phenoxy noiety or

2,4,6-trinmethyl phenoxy noiety; (iii) a phosphoram de of the formula VITI :
Ql Al2-1P-- AlL.3 (VII1) V\,herei n A15 Al 6 each QL is independently oxygen or

sul fur and N Ql f {\% 14 . 7 32 8 FEBRUARY 2003 each of
A12-17 is |p n‘f&g T a{?R dk%‘ igy ardexya of | aryithip
resi due, t 91 BAVEFY P etaem&%t.'?ﬁﬁﬁgnatalﬂvb@tﬁxs ityfien af ky|

substltutloﬁ 8?" rﬁ’s ne resi due (|v) a phosphoram de of the fornula Al
R11 12 1 R (iv) a phosphoramide of the formula XII :

L
o =X \¢
</

,;13/\=|-
R

wherein Q1 is oxygen or sulfur;

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

nisOor1; 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 A25 is a
-group derived from a heterocyclic amine, or A25 is a hydrazine compound;

(v)a bls(cychc) phosphoramide of the formuta XIH:
R'S

SR\ %

5 :
L \ i / o
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.1/ 0 wherein Q is oxygen or sulfur; each of R11-14 is independently a
hydrogen or an alkyl radical; X3 is a alkylidene -radicghredghuarRy%oddr 1

and A25 is a group derived froma primary or secondary am ne having the
sane or different radicals that can be aliphatic, alicyclic, aromatic, or
al karyl, or A25 is a .group derived froma heterocyclic amne, or A25 is a
hydr azi ne conpound; (v) a bis(cyclic) phosphoram de of the formula Xl I1:

32b 28 FRERINBSAWPinepichuEndpolhehsianmmiient |y i's oxygen or sul fur,

each of R 5-22 is independently a hydrogen or an al kyI radical; X4 is an

aIkyI|d ééﬁe pr 1, and A26 is -N
G - éﬂ& 6ﬁ§‘1§§22vﬁg}r‘el n riHéi‘ftlg fﬁf&.’opaﬁan al kﬁ' ene radl cal, aryl

r adi caI | n al kyl radi cal
or an a’r‘ﬁ% 2R Hlnb ARl m ARG 5, SRESadrindRpRRACHTINERY, 0D

al kyli dgpgisaryl, or alkaryl, and Y2 is alkyli dene 2. The conposition of
claim1l erein at |east one phosphoram de has a glass transition point of
at | east %bou%, 109 3. The conposition of claim1 wherein all of the
phosphor arg de~of conponent b) has a glass transition point of at |east
about 10C.z¥4. The gonposition of claim1 wherein at |east one phosphoran de

' 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.

2. The ~composition of claim 1 wherein at least one phosphoramlde

has a glass transition pomt of at least about 10°C

3. The compasition of claim 1 wherein all of the phosphoramide of
component b) has a glass transition boint 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 b) has a glass transition point of at least about 20°C. -
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has a glass transition point of at |east about 20C." 5. The conposition of
claim1 wherein all of the phosphoram de of conponent b) ggﬁﬂ\)%R% ?‘%
transition point of at |east about 20C. 32c 28 FEBRUARY 28 672611 PC
| US99117225 6. The conposition of claim1l wherein the thernoplastic resin
is sel ectyo ‘V'rzf)'rh the group consisting of (i) polycarbonatRCwe$I8228nd

bl ends containing at | east one pol ycar bonate -resin, (ii) polyphenyl ene

ether resins and_blends containin | east one polyphenylene et her resin,
(iii) polystyrEne The E-@f“ﬁoﬁﬁ'@"bpé mcénwbefﬂmgthpothpsmppblshcrmum;s (iv)

t
Sty one. coopEleRl M, BRE TS cd o 0P BENEREAHE B5R. and biends opol yrrer
r esi nhanﬁcbn@nﬂeg (&bﬂemtmm@ mﬁw:aehxmateoeslal mncli)ngolgptaémyl@rw)@tﬂé?ﬁfesir%; L{l and
yrene n_ an n nt ai ni ng hi i
bol yst yr e ABSERIds EontSbing S lea80 i BPlpRn PN e esin iepolvetytene
t her mgpl agddis @AET bldrids Scﬁirﬂénh f[ﬁwgt{rr'éﬂegrr%ﬂ CG{?)S'sﬁgﬂe?n% &In[t{f | mpact

pol ystyrene resin, syndiotactic polystyrene, polyphenylene o / hi gh
| npact poP9B‘?|y'f"€ﬁée$'@s¢ﬂﬂ bierdsi sontaisiigg Isbrenecontainiog dowwdeotMI c

ol ystyre car b nat e- ABS
_BI e%dsy gsy %n@t@@@ﬁ Q%J ﬁg@é@ﬁgﬁt&%"ﬁ cfP %E}g%a?cﬁﬂﬂ ?ﬂ%‘“st er
bl ends. 8coﬂtbmumg)gpafscopmiynm‘r rekiaj and (wt)emgm rimphet pazstvmi@sésw an@sin is at
| east one, of ar.bonat e ene et hers. I mpact
pol f/st yreﬂfégfjg éfﬂﬂ E‘ € ‘b%?ﬁéfyﬁﬁfé resiy vl onitril e- butrrgdl ene- styrene

copolyners, and styrene-acrylonitrile copolyners. 20 9. The conposition of

clai 0L wher ei 7.t Mhet dwnpositiont ofCclaRRi N wiSEHBT 'tﬁ@&hé‘ﬁné)
pol ycar bonat e and ABS. 1g@ﬁThe conposition of claim?9 v@ﬁﬁeﬁ (r%g%ﬂe at | east

one pol yc%?ﬁﬁ'ﬁ té’o%o?ﬂ?rlgeb'pbl‘:@ﬁ%m of Y9 c mpactapelyatytene resin,
copol ycar @ gg o‘iw
, Koo cr:Te i B Cyg%ﬂé)kf) I!?é?tglerge de,pﬁr/ hfgh impact polystyrene resin
_ Iends poltyphenylene ether / syndiotactic 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 polystyrene’s,'
syndiotactic polystyrenes, acrylonitrile-butadiené-styrene copolymérs, 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 formula VI -

Q! Q'
3 fl Tl 6
(V1) A"—P—N N—P—A
e N/ s
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25 11. The conposition of claim9 wherein the at | east one . phosphoram de

conpri ses a phosphoram de of the formula VI : Q of (Vl)afeeridryBodd N tP -
A6 A4 ~~ AS 33 SUBSTI TUTE SHEET (RULE 26) 28 FEBRUARY 2003 WO 00/ 12611

PCTI US99%lYmAazsi\herei n each 01 is independently oxygen or sulfur: and each
A noiety 1s a 2,6-dinethyl phenoxy noiety or a 2,4, 6-tri nBtHYPPHERSxy
noi ety. 12. The conposition of claim9 wherein the at | east one :

hosph i d ' nh i.de of the f la VI : 01 of If (VI
LR T WA 58 A AR 'S AR S a o oo ot
a 2, 6- disres BydipedrydpheroxyehgietylSr a‘étmeqﬁmEﬁMFhéﬁoﬁV nﬁiétgm 1 wherein the

t hermopl astic resin conprises pol yphenyl ene ether and hi gh i npact

pol ystyrene rgsin._10 14. The conposition of claim 1l further conprising at
-pol]}'%% @8 :&

| east one nont r PEMpOS r idaiphogpniereimathe i ate leastecanad fr om

the. gr ogosph8RThisie ddthpitles BRGSShdt hi ophosphate esters,
: phosphonatepﬁesteirs, th‘?ophos%hor@e%@?@?&@%ﬁ%@p@? fe esters,

t hi ophosphi nate esters, phosphi ne oxi des, and thi ophosphi ne oxi des. 15 15.
The conposition of clai@l 14 A i ch @¢he phosphorus additive is an organic

phosphat e est(%. 16.A3T_h?_§ 0Si '_Cﬁ_t%f_(l:\leai m 15 wherein the conbination of
5 A4 \—./ AS
wherein each Q1 is oxygen; and each A moiety is a 2,6-
dimethylphenoxy moiety. '

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

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

15 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

20 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 5 inch dimensions.

17.  The composition of claim 14 wherein the at least one
phosphoramide comprises a phosphoramide of the formula VI :
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phosphoram de and organi ¢ phosphate ester is present in an anount

effective to render the resin conposition a flanme rati ng29feBkuUARrY Yood, Or
V-2 in 20 the Underwriter's Laboratory UL-94 protocol when neasured on a
test spe@ig®Az&fi about 0.125 inch.by about 0.5 inch by about ) |nch

di mensions. 17. The conposition of claim 14 wherein the at PGS
phosphoram de conpri ses a phosphoram de of the fornula VI : 34 SUBSTI TUTE
SHEET (RULE 26) 28 FEBRU IRY 2003 WO 00/ 12611 PCT/1JS99/17225 Q4 Q 11

(VI) A3- a PPN NP - A6 ein ®ach 01 is independently oxygen or
sul fur; and eagh A rmA%{—}v—Ns a 2,p=—di.get.hyd phenoxy nmoiety or a

2,4, 6-tri met hyl phenoxy mbi et¥. 18 The|corrp03| tion of claim 14 wherein the
at |east one 5 phosphoral‘”‘n' dZ\m‘rérl sed\’a phosphoranm de of the formula VI :
QA Q@ 3- 11116 (M) AP-N NP- A A4 A5 wherein each QL is oxygen; and
each A noiety is a.2 6- |rret noiety. 19. The conposition of
claimi1 \/\her'eivﬁﬁ?irte'q 8‘3\?{ a1 %%@%%93'1@"@9%‘? iagdLachpf gBpiRtr ani de of
the formika Yb-difdetiyiphdnéxy mMdietyddPa 2, b’-tPnfetﬁ\y'f“lPﬁén&? mbhpi n each Q1 is

|ndependently oxygen or suffur; ‘and each A

18.  The composition of claim 14 wherein the at feast one
5 phosphoramide comprises a phosphoramide of the formula V! :

Q' Q'

3 N i 6

(V) AT —P—N N—P—A
I s

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'
] / \
(V1) AS—p—nN N— P — A®

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

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

Q' Q'
g M t 6
(V1) A _F—N N—p—A
VAR

wherein each Q1 is oxygen; and each A moiety' -is a 2;6-
dimethylphenoxy moiety.
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Is a 2.6-di net hyl phenoxy noiety or a 2,4,6-trinethyl phenoxy noiety. 20. The
conposition of claim1 wherein at | east one phosphoram dezgptﬁR@WObcses a
phosphorami de of the formula VI: QL Q 311 (M) AP-N NP

wherein each 01 is oxygen; and each A noiety is a 2,6- dinet hyI phenoxy

noi ety. WO OGUEAY| TUTE SHEET (RULE 26) 28 FEBRUARY 2003 WOPODUSHNG 25

PCT/ US99/ 17225 21. The conposition of claim1 wherein at |east one
phosphorami de is_ present in an anount effective to render the resin
conposi tion a2t &he mmcwghomﬂf gfagn wherein ayleast ane iphosptieramide és ' s

Laborat o 4 (o) f .about 0.125
i nch by é%gg{“ @1 %r?aﬁ](i:cﬂ.ﬁ'g Mb&gg? tggai&i(rﬁ@ﬁ ’%ﬁ%e%@ﬁé%%ﬁgéf‘nﬁ#ﬂg ré@ osition
of clai nmledJl,ek/e’ll not &2t m ﬁlhe aHMmWr?Jéfs mamnmmumen ﬁx@iﬂoqzﬁrwls%mf 23 T
resinous materials is ntera of a a wei ght . . The
Conpos! MBRSGedpa ARt Bpramencolanodt of Po gt Biabad thdngh biaheut 4” The
corrpg,sﬂsq{bhcﬁm@r@;dﬁsl wherein Rl is of the formula X : Z° Z1Q ZI Z1 1 V)

I -N- X P- Alal | A22 A23 In wherein

22. The composition of claim 1 wherein the total amount of
phosphorus per 100 parts of resinous materials is in the range of about 0.1-3

parts by weight.

23. The composition of claim 1 which is " free of chlorine
10  and bromine.

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

ZI Z" Ql Zl ’ ZI Q‘
X [ , | T ;|
—N—X'—N—T P—N—Xx'—

wherein
each Q1 is independently oxygen or sulfur;

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

n is from O to about 5: and
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each 01 is independently oxygen or sulfur; 15 each of A22-24 is

I ndependently an al kyl oxy, alkylthio, aryloxy, or arylt %PEEEI%RW%M or an
~aryloxy-or arylthio residue containing at |east one alkyl titution; or
an am ne residue; each Z1 is an alkyl - radical, aromatic radical, or
aromatic MRP¥ESI containing at | east one al kyl substitutiBETUSBGash X1 is
an al kylidene radical, aromatic radical, or aromatic radical containing at
| east one al kyl substltutlon nis fromo0 to about 5; and 36 SUBSTI TUTE
SHEET ( RULE 26ﬂ239n¢@'hm\em(mdmeodmm@m mbx;sgsmmﬂ%aamm@rm are

o an ary PR redad dt At afkky Bt AR fasidlelpSiinibb ot Bl e '

substi t ut isubstntutnoa.mramamnrreemsttum 25. The corrposmon of claim1l wherein

Al is of the formula X : x2 Q@ _N /NP- N /Np-RLO z2 R8 Z2 RO 5 .
wherein each 0O nde ndentl xygen or sul fur; each X2 is alkylidene,
aryl, or alkar %Is '890?20'&9{9%'%9%\@’“9@‘ BidR Afthebormuda Xhad R10 i s
|ndependently an al kyl oxy resi due, aryl oxy residue, an aryl oxy residue
containing at |east one al kyl s bStItUtI , or an amne residue; and nis
fromO to about 5; and R2 and are each mdependently an al kyl oxy,
al kyl thio, aryl Rffy or
(
RIO
5
wherein
each Q1 is independently oxygen or sulfur;
each X2 is alkylidene, aryl, or alkaryl;
each 22 is alkylidene;
10 each of A8, RI, 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, alkyithio, aryloxy, or
15  aryithio residue, or an aryloxy or arylthio 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 formula VIl :
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15 arylthio residue, or an aryloxy or arylthio residue containing at |east

one al kyl substitution; or an am ne residue. 26. A resi %?g Noben
conprising the follow ng and any reaction products thereof: ag a -

thernoplastic resin 20 b) at |east.one phosphoram de having a gl ass
transiti Wﬁ%‘zﬁl' of at |east about OC of the fornula VIIIPCT/USIYTT225

SUBSTI TUTE SHEET (RULE 26) 28 FEBRUARY 2003 WD 00/12611-(VI1l) 01 N'N Al4
p-A 7 Al5 Al6 wherein each 01 is independently oxygen or sulfur; and

PCT/ US"/ 17225 each of Al12-17 @5 i ndependently. an al kyl oxy, alkylthi o,

aryloxy, or 5 arylthio raaﬂlrl& gr an aryloxy or arylthio residue
containing at |east one éﬁ Shbsti tut i on; or an am ne residue. 27. A

Kyl
resin composition conprising ,Lhe foll owi ng and any reaction products
thereof: _ a) a thernopl asi+t sin and 10 - b) at |east one cyclic _
phosphor am de(\myyi ng a gl a}s';s./t:\;zsi tion point of at |east about OC of the
formula X1 : 38" -SuUBSjl TUTE SHEET CRULE 26) 28 FEBRUARY 2003

: N N
AM__IL/ \/ \,f,)_A17
k15 klfs :

wherein
each Qt is independently oxygen or sulfur; and

each of A12-17 is independently an alkyloxy, alkyithio, aryloxy, or
5  arylthio residue, or an aryloxy or arylthio residue containing at least one aikyl
- substitution; or an amine residue. N

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

a) a thermoplastic resin and

i0 - 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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WO 00/ 12611 PCT/US99117225 wherein 01 is oxygen or sulfur; each of Rl11-14
i's independently a hydrogen or an alkyl radical; X3 is Qsﬁ&#dkhdgﬁg
radical; nis 0 or 1; and 5 A25 is a group derived from a primry or
secondary“gﬁp having the sanme or different radicals tha
al i phati c, P??C|IC aromatic, or alkaryl, or A25is a g %ﬁ@gﬁ@§FVed from
a heterocyclic amne, or A25 is a hydrazine conpound. 28. Aresin
conposition co I and any reaction 10 products thereof:
a) a thernopl as %%§¢gglﬁhﬁy5§$°?§kggrone bi s(cyclic) phosphoramde having a
glass transition point of at |east about OC of the formula XIIl : (XII1I) -
R18 R 9 .15 whacreohReadid :@mdepmmm?mhydro?enwmlwl radichlyr; each of R
15-22 is |ndependently a hydrogen or an al k radi cal ; 39 SUBSTI TUTE SHEET
(RULE 26) 28 Fg% UARYk%&@W o) 00/12611 PCT/U899/17225 X4 is an al kylidene

) yidane Rdic

radical; m.an S&4 ndentlyOor 1, and A26 is -N- G- N | |
z3 z3 :
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 XIHi :
R'S R22

N %

15 wherein each Q1 independently is oxygen or sulfur;

each of R15-22 is independently a hydrogen or an alkyl radical;
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5 wherein Gl is sulfur, an alkylidene radical, aryl radical, or alkaryl

~

radi cal ; and each Z3 is independently an al kyl radical o di cal ;
or wherein A26 is wherein & is al kylidene, aryl, or al E%Eéﬁ@%{r{lé&% is
ai kylidene. 10 29. A resin conposition consisting . -of: a) a

~ther nopW@8¥E26tesi n and b) at | east one phosphoran de haBGIEUWIYTAESS
transition point of at leastOC of the fornula: QL Il ~I) R _ P- 5whereinl

F? 01 is oxygen or sulfur; RL is an am ne residue, and 40 SUBSTI TUTE SHEET
(RULE 26) 28 XaciBRanRkytiehev@adiCa!l e and ACHIeSSh ineependentlydORE Hre each

i ndependeat |y an al kyl oxy, alkylthio, aryloxy, or arylthio residue, or an
aryl oxy@ arylthio residue containing at |east one alkyl substitution; or
an amne residue. .30. An article nade fromthe conposition of claim1. 31.
The article @fogcisai m 30 which is a deflection yoke. for cathode ray tube,

defl ection yoke for television, slit type deflection yoke, nold coil -

defl ection yoke, television backplate, docking station, pedestal, bezel,

pal let, sw tchN—svtThNAousi ng, plug, plug housing, electrical connector,
connecti ng devﬂge, socket, television housing, conputer housing, desk-top
conput er housi ﬁg, portébl e conputer housing, |ap-top conputer housing,

pal m hel d

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

-wherein G2 is alkylidene, aryi, or alkaryi, and Y2 is aliiylidene.
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 formula:
Q‘
il
0 R'— lID— R
2
15 wherein

Qt is oxygen or sulfur;

R1 is an amine residue, and
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conput er housi ng; nonitor housing, printer housing, keyboard, FAX nmachine
housi ng, copi er housing, telephone housing, nobile phone L 0a di o
sender housing, radio receiver housing, light fixture, b§??§?§ﬂ%ﬁ§p§%r
housi ng, vﬁ@&hﬁ?% housi ng, autonotive el ectrical conponent p~fiik&HIs
housi ng, transfornmer housing, nodem cartridge, network intertace device
housing, «circuit.breaker housing, neter housing, panel for wet or dry
appl i ance, di eRqPane S r panel ,
refrigerator %gﬁgﬁp ﬁé&%%n%m%fh@%ﬂ%@ﬁ?ﬁﬁ@ﬁ*&ﬁ@?@%&wg%gﬁﬁﬁza #%abéﬁditioner
housi ng, drylthio ngsidoe, eeahiangoky or pufithic résidos gontairting @t least onadkdkytg or
seating for t{agnsj sub%%ﬁs aor. buses. 41 SUBSTI TUTE SHEET (RULE 26) 28
FEBRUARY S¢Bstitygon, oran agiing fesidie.case the heat tenperature of a flane
resistant conposition conprising the steps of conbining at |east a) a

thermopl astic BesiAn aptisle Plady frb@apt compdsinsPbOsiaim de having a gl ass
transition point of at least OC selected fromthe group consisting of: i)

a phosphoram de hayving the formula; (1), R2 wherein: I S oxygen or
sulfur; R1 is3dt The aleiRatLiam 3¢ whichix dqj[&q(!P&'lo%\/(HéPéﬁhﬁgmyq 71 7
Q- 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, soéket, television housirig, computer housing, desk-top computer
housing, portable computer housing, lap-top computer housing, palm-held
_'computer h’ousihg; monitor housing, printer housing, keyboard, FAX machine
housing, copie.r housing, telephone housing, mobile phone housing, radio
sender housing, radio receiver_houéing, light fixture, battery charger housing,
battery housing, autom_oiiVe _.electrical component, antenna housing,
transformer housing, modém, 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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ul I u P-NX- p-A2a each of A22-24 is independently an al kyl oxy,
al kylthio, aryloxy, or arylthio residue, or an aryloxy or arylthio residue
containing at |east one alkyl substitution; or an am ne8FfEBRUARY;20&kch Z1
is an al kyl radical, aromatic radical, or aromatic radical containing at
| east one al kyl substitution; each X1 is an al kylidene radical, aromatic
radi cal, or aromatic radical containing at |east one al kyl substitution;
or Rl is of the fornmula Xl: 4la 28 FEBRUARY 2003 X2 QL X2 QL -N ~Nr- N
INP-RioZ2 RB Z2 RO n wherein each X2 is alkylidene, aryl, or alkaryl;
each Z2 is aBkyl i Aemethathtd inéreB8e R, head tdfhferaturende pefamet fasistangl Kyl oxy
resi duegorfposifivh 0eompfisiAg dhe. sRipsabl | Dmbinig dtfesint ai ning at | east one
al kyl substitution, or an anmine residue; nis fromO to about 5; and R2
and R3 are each independently an al kyl oxy, alkylthio, aryloxy, or arylthio
resi due, or L,Qg)y HO residue containing at |east one al kyl
substituti on?ﬁ%?{%fn n?sﬁfé: %éﬁgﬁg (i1) a phosphoram de of the fornula VI:
QA QL A3-11 B) at least one phosphoramide having a glass transition point of at least

0°C selected from the group consisting of:

i) a phosphoramide having the formula:

Q‘
Il

0] R'— l|=’—33
R2

wherein:
Q1 is oxygen or sulfur;

R1 is of the formula X:

X | ] T | ] (I? 24
—N— X'—N T"“N_X'— lr—A
A22 A23
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 alky! 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:

Ma



(M) A3-P-N NP - As A4 A5 wherein each QL is independently oxygen or
sul fur and each A noiety is a 2,6-dinethyl phenoxy noiety or a
2,4,6-trinethyl phenoxy nmoiety; (iii) a phosphoram de of 28 REBRUWARMZP VI I |
41b 28 FEBRUARY 2003 Q1 Al _ IP__ A13 (VIII) N QL QL 14 Il N N11 A P-A 17
Al5 A16 wherein each QL is independently oxygen or sulfur and each of
Al2-17 is 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; (iv) a phosphoram de of the formula XlI

R11 O wherein QL is oxygenyor sulfury) each of Rl 1-14 is independently a
hydr ogen or an alkyl radical/f , X3 is a qlkylidene radical; nis QGar 1; and
A25 is a gro derive rom{&pri maky or s@!:ondary am ne having the sane
or different di caNI that tah be Al Nghati B, a1loi cyclic, aromatic, or
al karyl, or N /N r N\ /N II3 R

22 R z2 R’

n

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 ViI:

Q' Q'
g / \ 1 6
V)  A*—P—N N—P—A
A AS
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 VIil :

41b



41c 28 FEBRUARY 2003 A25 is a group derived froma heterocyclic am ne, or
A25 is a hydrazine conpound; (v) a bis(cyclic) phosphoram de of the
formula Xill: (XI11) A22 1~ R21 0 Q Il Il X4) mP - ARBFEBRYARY 200 R19
wherein each Q independently is oxygen or sulfur; each of R15-22 is

I ndependently a hydrogen or an alkyl radical; X4 is an al kylidene radical;

m and n are each i ndependently 0 or 1; and A26 is -N G- N | | L z3
wherein G is sulfur, an al kylidene radical, aryl radical, or alkaryl
radical; and each Z3 is independently an alkyl radical or an aryl radical;

or wherein A26 is & -N / Y2 wherein & is al kylidene, aryl, or

al karyl, and Y2 is alkyl |1(3_@ 41d 28 FEBRUARY 2003 WO 00/12611
PCT/ US99/ 17225

. ( i

A14 “/ \/ \" A17
:5‘15 ,'m

wherein

each Q1 is independently oxygen or sulfur and

each of A12-17 is independently an alkyloxy, alkyithio, 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 XIl :

“wherein Q1 is oxygen or sulfur;
each of R11-14 is independently a hydrogen or an alkyl radical;
X3 is a alkylidene radical;

nisOor 1; 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

41c



33. The nethod of claim 32 wherein at | east one phosphoram de has a gl ass
transition point of at |east about 10C. 5 34. The nethod of claim 32
wherei n the phosphoram de has. a glass transition poi nt286EBRUARYE88E 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
wherei n the phosphoram de has a glass 10 transition point of at |east
about 20C. 37. The nethod of claim32 wherein the at |east one
phosphoram de conprises a phosphoram de of the fornmula VI Ol I 01 (V)
A3- ~P- M\Db isPa- t‘&lp RAerifed e lan hegsiBciidic! érﬂlr'?@'eB?”ﬂf@tlByaoﬁ%&%Qin%r
sul fur; cqf ng A'moiety 15 is a 2,6-di met hyl phenyi noiety a
2,4, 6- tri et phenyl noi ety. 38. The nethod of clai m32 wherein the
thernnplastl I .onsi sting of (i)
pol ycar bonatg) %@%@g&lﬁ:ﬁﬁ@ﬁ@ﬁé%uﬁé é’ﬁ%?or{g‘{tg#x"gast one pol ycarbonate
resin, (ii) polyphenylene ether resins and bl ends containing at |east one
pol yphenyl ene ether rggdfn, (iii) polystyrene 20 resg® and bl ends contai ni ng
pol ystyrene resin, (iV) styrene-containing copoly resin and bl ends
cont ai ni ng st yrphfe- ning copolyner resin; ( nst%re 1cont ai ni ng.

e- ai ning graft

graft copol ymer r

copol yner resin; and i I g\ i npact polyst re and bl ends
containing high inp | ysty 1reS| SUB LTUTE SHEET (RULE 261 28
FEBRUARY 200(Xi#) WO 00/ 12§11 PCT 99117
26 _
(X AP (X* )

RI 8

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

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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39. The nethod of claim 32 wherein the thernoplastic resinis a .
pol ycarbonate resin or a blend containing at | east one p resin
40. Th e nmethod of claim 32 wherein the thernoplastic re??ﬁggﬁﬁgﬁﬁégé at

| east one pol ycarbonate and ABS. 41. The nethod of claim40 wherein the at
| east o0 pUi2gtlar bonate conprises bi sphenol A pol ycar bantatesessAzirs The
nmethod: of claim32 wherein the nethod further conprises at |east "one
non- pol ynmeric or polyneric phosphorus additive selected fromthe group
consi sting-of organic phosphate esters. thiophosphate esters, phosphonate
10 esters. thiophosphonato esters. phosphinate esters. thiophosphinate
esters. phosphene oxi des, and thiophosphi ne oxides. 43. The nethod of
claim42 in which the phosphorus additive is an organic phosphate ester.

15 44. The 3t hoth®methed of SRihmVuheheih R 16256 bheSphsraptiagNids! |y free
of chlorine and brom ne. 45. The flanme resistant conposition of claim43.

'46. The afglagsetragsition point obapleast aboutof0°@.ai m 32. 47.- A. resin conposition
conprising a) a thernoplastic resin selected fromthe group consi sting of

(1) «Polycaybon resi ng..bl ends contai ning at | east one pol ycarbonate
resih:  (iiJ" po%@%é’ﬁ@@ié’?gﬂ&§$@%§'% Bﬁ'@fr&f’%@%i"ﬁ% ggflglq east one
‘pol yphegghsifienPdidtof dt Idast BBbYEio“ene resin and bl ends contai ning

pol ystyrene resin: (lIV) styrene-containing copolymer resin and bl ends

contai ni ng styrene- contai ni ng coPoI ymer resin; (v) styrene-containing

graft copoldprer TRemethediof pland? wherein @tieasitanaepbospimramidedayr af t
‘copol yner_.resjn. . Vi ' i Lol ystyrene resin and bl ends

cont ai H?r?éésrﬁ {éﬂ"‘?‘ﬁ%’gf?g""&f 52@3%%@@?& £ Yand 43 SUBSTI TUTE SHEET ( RULE
26) _
36. The methad of claim 32 wherein the phosphoramide has a glass

10 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'
(Vi) A“—'f‘D—N N—pP —AS

}\4 N/ ks

wherein each Q1 is independently oxygen or sulfur; and each A moiety
15 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 consistihg 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, (jii) polystyrene

20 resin and blends containing. polyétyrene resin, (iv) styrehe—contaihing

_ cop_blymer resin a_hd-blends containing styrene-containing -copolymer resin;’

(v) styrene-containing graft copolymer resin and blends containing styrene-

containing graft copolymer resin; and (vi) high ifnpact polystyrene resin and
blends containing high impact polystyrene resin.
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28 FEBRUARY 2003 b) a phosphoramni de havi ng a glass transition point of at
| east about 20C of the formula VI: ‘al Q (N') A3-'P--Nbg NprbhRyASA4 As
wherein each QL is oxygen; and each A noiety is a 2.6- 10 dinethylphenoxy

noi et y. wolélvizdtie conposition-of claim47 wherein the ther‘qﬂﬂl@? Lc resin
conprises at |east one polycarbonate and ABS. 15 49. An a 8" &de from

the conposition of claim.48. 50. A nethod to Increase the heat di st-ortion
t enperat ugg_ of aThéd aRBthdE o Nt ai an _ampunt of a
phosphor us-cont ai ni ng corrp(lr)ﬁé'%m P?(e)c |véf"t§{§i ‘5‘ dﬁﬁﬁ%ﬁ Ron a flame
rating mvearbbea@trewvzon mbmlddxmtbhdejmle‘aet ofie @ﬁa’te%s% pr ot ocol
when neasured an a test specinen of about 0.125 inch by about 0.5 inch by

about 5 ipch di er e ri ses conbining a) at

| east one herrrEﬁ gﬂé}ﬂéd 0431 %é]g’b%%fma‘hﬁﬁg?rﬁéo aslip resia eompriseg of (i)
pol ycaratdemtmﬂeqmlycaraodaw anglagsont ai ning at | east one 25 pol ycar bonat e
resin; (ii) -polyphenylene ether resins and blends containing at- |east one

pol phenylene ether resin; (iii) polystyrene resin and bl ends contalnlng
pol éstyreﬁe mmldﬂmyﬂmdmﬂteeatmgmmmyqama@ey n and bl ends

cont ai nigy ﬁp%é/sr Eg@tﬂglﬁﬁpol ymer resin; (v) styrene-containing
‘graft copolymer resin a ends cont ai ni ng styrene containing graft 30.
copol ymer  resin; and (vi) high inpact pol ystyrene resin and bl ends

" contai ni ng,_ mah,euﬁwaam&mm& hithdl (s s%é?f EGRUARY 2003 b) a
phosphoramd eﬁg a glass tran5|t'!| ondigoflunt o'#h 52st¥hbout  20C or the
f or mul a F or palymeric phosphorus additive selected from the group :
c’onslsung of organic phosphate esters, thiophosphate esters, phosphanate
10 esters, Uuophosphonateesters phosghinate esters, thlophosphmate estars,

phasphine oxid@s. and thiophosphme axides.

43. The methad of claim 42 in which the phosphorus additive isan arganic
phasphata ester :

_ 44. The method of claim 32 in whlch the compaesition is esseatially free of
15 ¢hlodine and brarwine.

. 45. The flame resistant composition of claim 43.
46. The flame resistant composition of claim 32.
47.. A tesin compasition camprising

a) a thermoplastic resin selected from the group consisting of (u)
| palycarbanate resins and blends containing at laast ane polycarbanate resin:
(i) polyphenylene ether resins and blends containing at least one
} palyphenylene ether; (i) polystyrene resm and blends containing palystyrene
cesiny; (iv) styrene-coataiuing copolymer rasin and blands conlaining styrene-
' oontalnmg copalyivier resin; (v) styrane-containing graft copalymer resin and
bleads caataining styrene-cantaining graft capolymar cesia; and (vi) high

impact polystyrene resin and ble.nds containing high impact polystyrene resin;
‘and
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Q/ " Q@ M A-P--"NN-- mP- As A ~ _..~ As wherein each Q is oxygen
and each A moiety is a 2,6- 10 di nethyl phenoxy moiety. 51, The nethod of
claim 32 wherein the thernopl astic resin conprises at 28 FEBRUARGE3

.pol ycarbonate and ASS. 15 20 25 30 45

b)  a phosphoramide having a glass fransition poird of at feast

about 20°C of the formula ViI:
q' Q!
T 4 \
™) Ad—Pep N—— g —~ A
‘A‘ \.___/ }AS

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

48. The compaosition of claim 47 wherein the thermoplastic resin comprises
at least one polycacbonats and ABS.

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

50. A method to increase the haat distortion temperature of a flame
resistant compasition containing an amount of a phasphorus-containing
compaund effective ta rendar the compasition a flame rating of at least V-2 in

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

a) at least one thermoplastic resin selected from the group
Eonsisﬁng of (i} polycarbonata resins and blends containing at least one

25  polycarbonate resin; (ii) polyphenylane ether resins and blends containing at
least ane polyphenylene ether resin; (fii) polystyrene resin and blends
containing polystyrene resin; (iv) styrene-containing copalymer resin and
blands containing styvene-containing 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 palystyrene resin; and
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0) a phosphoramide having a glass transition point of at least about

20°C or the formula VI: .
01
]
) Aa-'P""N
A¢

wherein each Q' is oxygen and each A moaiety is a 2,6-

dimethylphenoxy maiety.

Q‘

i
N—pP - A®

hs

51, The method of claim 32 wherein the thermoplastic resin comprises ar

least one polycarbonate and ABS.
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