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FLAVE RETARDANT RESI N COMPOSI TI Wmmgwws . PHOSPHORAM BEYARGIEIRETHD
, Ile

FOR MAKI NG wbiodnnzqapl i cation is n-in-part of coppafiR®d17371
application Serial No. 09/235,680, 1T1]le January 22,1999. BACKGROUND OF THE
| NVENTI ON The present invention relates to resin conpositions conprising a

phosphoram de c %@m? t bebvd at | east
about O0C, prefera%%?ﬁg - é&?@%@ﬁté@&gégggow%%%{@g@#y of at
| east about 20C. Th@HOSPHORAMIDES, aNE METHODERORMAIANGKe the resin
conpositions and articles made fromthe resin conpositions. Conpounds

cont ai ni ng phosphorus have been used in resin conpositions for a variety of
reasons. For exanple, various phosphites have been utilized to enhance the
melt stability didsapplisabionsisadi cantinwdtioreiri-partooheopending applicatioat i vel y,

vari ous organi h este have _he utilized in resin conpositions
to inprove ﬁéfﬁ%ﬁéPEiggq'MfWX yi§990f t he conpositions and/or to
enhance the nelt flow characteristics of the conpositions. Certain water

sol ubl e phm 0] ed in the textile industry as flame
| nlghes E@?D%?P?é Eﬁggﬁﬁ

r et ar dant rics. consol idati on and wei ght reduction
continues to evolve in many industries, the physical property denmands

pl aced upon resiThempredantt invensionr eelatas eastesion c@positibist comtprisig easi ng
the demands include the electronics and conputer industries, especially for
conput er hphospheramide cempoundi hasing cu glasg dransitiprp temperaturauef atyleastne

. ! e OHDAT RS e .
uni | & pr o7 8PAUF D' GuBERBRETEIOF 2t Tedskiahay B pornd B)fpeeraPlibpb AL Pes.
whi e pr . : g ot i !
Under w i 1 of PROT ARGt or o Urvggign oReg kifafes) B m@hBel S nalle 4E resin  pr
2003 VWD 00tbRAipokitRSHY A2+ hade Aord thYrdsin @bmpcsitiins. s ther ef or e

apparent that ‘'new resin conpositions that neet these and ot her denands
continue to be sought. SUMVARY OF THE I NVENTI ON This invention provides a
resin conpositi &oepepndsi kgntaining t pbesphwrust ihaveedieen awgedh)inatresiast one

e oun cOARBHAS Bt P AR Fo% S vehots RS | °F
wherein: Qbebf QUNLED 18" erttirich the Rhels s@bilityCak®) S1'kBlof 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
compositions. Certain water s:oluble 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 and computer industries, especially for computer housings,
computer monitor housings, and printer housings. One increasing demand is
for materials that possess higher heat resistance while preferably substantially
retaining other key physical properties. Another increasing demand is for

materials that are rated in the Underwriter’s Laboratory UL-94 test protocol
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ZZQz1z11(X) 11 al |l a~NXt-NP-N-.X1- P-A24< A22 A2s a/%%gin
each of A22-24 |s independently an al kyl oxy, al kylthi o, aryF%M&‘

aryl thi o reoewv2éidor an aryl oxy or arylthio residue containi porebowssi one
al kyl substitution; or an am ne residue; each Z1 is an al kyl radical,
caromatic radical, or aromatic radical containing at |east one alkyl

substituti lq,eﬂgp i

-aromatic r%t;l E@W?oé%a‘{%ﬁgsa &égglst nier@g?ﬁl‘?% s@‘gol{gﬁu‘t?o@%@ﬂtﬁl I's of
the for mJ'ﬁte&thééa@ad@efdeduhdkboﬁﬁnuétdbé'so&thfN ~- N /NP-Ro Z2 Re 72
Rs n 2 28 MARCH 2003 wherein each X2 is al kylidene, aryl, or alkaryl;

each Z2 is al kylidene; each of R8, R9, and R10 is |ndependently an al kyI oxy
resi due, aSUMMAKXKYQ EI‘I‘H'LWVEN'HQNoxy resi due containing at |east one

. al kyl substitution, or an amne residue; nis fromO to about 5; and R2 and
R3 are each independé‘f'ﬁh@“@ﬁﬂpmiﬂ%ﬁwwwmmmﬁs‘w yl oxy, or arylthio

resi due, an a %h Qe &L Ith| 0 residue containing at |east one alkyl
substi tutl on ﬂsécfeé 1%0%e; (ii) a phosphoram de of théeé fornmula VI:
QA Q Il ~ 1l (\&))at 65t gne%h%pﬁoramlﬁ@hﬁ%ga@ai ‘ﬁgﬁsﬁtﬁh mﬁlao?gtlgst b éeQQQﬂ)endently
oxygen ‘or Stdnf tHé gradpomREiyoh NOI ety 1S a di et phenoxy noiety or a
2,4,6-tri rrethyl phenoxy noiety; (iii) a phosphoram de of the formula VIIl QL
Al2-1'~ A13 N 1 @) ntyosaharamipe iguingthpfomidfa: A15 Ais wherein each QL is

i ndependent |y oxygen or sulfur and each of Al2-17 is independently an

al kyl oxy, al kyl thio, aryIQ)xy, or arylthio residue, or an aryl oxy or
arylthio residue contaij nil g at least one al kyl substitution or an am ne
residue; (iv) a (phospﬁ’cﬂ"‘di’rf‘dé’ of the fornmula XII 2a 28 MARCH 2003

R?
wherein:
Q1 is oxygen or suffur;

R1 is of the formula X:

09 | A A% L.
—N—X'—N !|>——N—-x'— l|°—A
n
wherein

each of A22-24 is independently an alkyloxy, alkylthio, aryloxy, or aryithio residue, or an
aryloxy or arylthio residue contalning 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 XIi:

Q1 2 1
(X1) / \ I / \ i »
N / PN ANTFTR
z? R 72 R
n



Rl11 R12 Q4 ( X3 ) P- A25 n OR13/ R 4 wherein QL is oxygen or sulfur;
each of R11-14 is independently a hydrogen or an al kyl radi c&lMAREH 3083 5

al kyl i dene radical; nisOorl;and A25 is a group derived froma prinmary or
secondary am ne having the same or different radicals that can be

al i phatic, alicyclic, aromatic, or alkaryl, or A25 is a group derived from
a heterocyclic amne, or A25 is a hydrazi ne conpound; and (v) a bis(cyclic)
phosphoram de of the formula XI1l: RI5 RR2 R16 /~~ ~~~1 OQL QL " mP
A26 F ( X4 )n fhdil 18 wherein each QL i ndependently is oxygen or sulfur;
each of R15-22 is independently a hydrogen or an alkyl radical; R s R2o 2b
28 MARCH 2003 e&éhiXQ issakyiididny) ardesralkapdli cal ; m and n are each independently O
or 1; and A26 is -N G- NZ3 ~3 wherein GL is sulfur, an al kylidene

radi cal , aryl eagbiZdd alkylidenal karyl radical; and each Z3 is independently an
al kyl radical or an aryl radical; or wherein A26 is G N / N Y2 wherein &
i s al kyl i dene, eaghyof R8oR9.aMdR1A is inglegendentysanyalkyloxyJesidue, an@rioxy desiqueadt one
adj unct IR refuE9aRINNg FEBRIABe altt Sebsityliatin P F1ANILS eRiEYe: pr ovi des a resin

conposi tion CO,?E'f%Fn'&gaggﬁg;néHdal ly of: a) a thernoplastic resin, 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;

(i) a phosphoramide of the formula VI:
Q' Q'
g M / \ I 6
) A" —P—N N—P—A
| I
A% A®

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

(iii) a phosphoramide of the formula VI :

(VI g r ﬁ Q'

N N
AN \IIL—A”
L15 ,IA16

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 X! ;

2a



b) at | east one phosphoram de having a glass transition point of at |east
OC selected fromthe group consisting of: i) a phosphoran de28¥ARGHF®he
formula: QL (I) RL-P-R3 R2 wherein: QL is.oxygen or sulfur; RL is of the
formula X2 zZi zZi AL zZi zi QL I I 11 I I Il -N-Xi-NP-NXi- P-A24 A22 A23 n
2C 28 MARCH 2003 wherein 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 al kyl substitution; or an am ne residue; each Z1 is
an al kyl radical, aromaticy4adical, or aromatic radical containing at |east
one al kyl substitution; eath X1 is an al kylidene radical, aromatic radical,
or aromatic radical_gontaijning at |east one al kyl substitution; or Rl is of
the formula XI: 2 1R 1 IONWX\ Q/x\ Q-N~/NP- N ~NP-Ro Z2 Ra Z2 R9
n wherein each X2 is akkylide yl, or alkaryl; each Z2 is al kylidene;
each of R8, R9, and R1O\is indepenyently an al kyl oxy residue, an aryl oxy
resi due, an aryl oxy resi ont ai nNn@'at | east one al kyl substitution, or
an anine resididl) nis fromO to abowll 5; and R2 and R3 are each

i ndependent |y an al kyl oxy) al bthio,PaﬁyF%xy, or arylthio residue, or an
aryloxy or arylthio residue ont%iﬁyﬂg at | east one al kyl substitution; or

an amne residue; (ii) phoranyde of the fornmula VI: QL QL A3-iP ~ ~P
, As \~ As wherein eac i ndependent|ly oxygen or sul fur and each A

noiety is a 2,6 dineth n@iety or a 2,4,6-trimethyl phenoxy noiety;
2d 28 MARCH 2003 /

R1 4

wherein Q1 is oxygen or sulfur;

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

X3 is a alkylidene radical;

nis 0 or 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 A25 is a group derived from a

heterocyclic amine, or A25 is a hydrazine compound; and

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

wherein each Q1 independently is oxygen or sulfur;

each of R15-22 is independently a hydrogen or an alkyl radical;

2b



(iii1) a phosphoram de of the fornmula VIIl QL AL ~I~ A13 N1 % (%

| P~N~N~~P_Ai ~ A15 A16 wherein each QL is independently oxygeff WiR&A¥4r 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 fornula
X'l Rl11 R12 (XI 1 ) RL 14 )n QL Il P - A25 Owherein QL is oxygen or

sul fur; each of R11-14 is independently a hydrogen or an al kyl radical; X3
is a al ky! ' den$4 fé%q'aﬁ(gldén&ahiﬁalprngﬁd tar aeggw %@epend nﬁgo ; 2003 A25 is a
group derived froma primry or secongary amme ha Ing the sane or
different radi ggig that can be aliphatic, alicyclic, aromatic, or alkaryl,
or A25 is a group derived froma heterocyclic am ne, or A25 is a hydrazine
conpound; and (A)y-a gis{gyclic) phosphoram de of the fornula XIIl: R15 R-s
(X111) R1 18 0\ QL 11|l P- 28 PmOOR22 ~ ~~,~, yya R s werein
each QL i ndependezftly isz®xygen or sul fur;

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; and

¢) at least one adjunct flame retardant compound.

This invention further provides a resin composition consisting essentially of:
a) 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:

Q1
Il

(1) R'— I|='—R3
R2

wherein:
Q1 is.oxygen or sulfur;

R1 is of the formula X:

X) I | il | | ? 24
—N—X'"—N T—N'—X1— P—A
A22 723

2c



each of R15-22 is independently a hydrogen or an alkyl radical; X4 is an

al kyl i dene radical; mand n are each independently 0 or 1; ar@MABRG 2083 N-
G- NZs Zs wherein GL is sulfur, an al kylidene radical, aryl radical, or

al karyl radical; and each Z3 is independently an al kyl radical or an aryl
radi cal; or wherein A26 is & Y2 wherein & is al kylidene, aryl, or

al karyl, and Y2 is al kylidene; and c) at |east one adjunct flane retardant -
conmpound. 2f 28 MARCH 2003 This invention also provides a nethod to

i ncrease the eifli stortion tenperature of a flame resistant conposition
cont ai ni ng an anount of at |east one phosphoranide and at | east one adjunct

flame retardand,ff &e%zb% i in Ega ntt e ﬁoem@o%a Itﬁnof'a?ﬁ xy, 3 BeyitRlo at

| east V- r on
oot spoctpaut, b al Byl bl gyitic By & .nch“%%‘*! Ll
dlnen5|ons mhere I'h the nmethod conprlses conblnlng a resin conposition

conpri si ng: a)ea%hti"?"s”ﬁﬁl 'réd.éaqsaaama[%eqamalabr lfSHRAticORRIdAN eSMARIRTACe
having a |gé§%§|e T@Pﬁib@h oint of at |east OC selected fromthe group
consi sting of: % a phosp%oram de having the formula: QL Cl) R1-P-R3 R2
wherein: Ql | SeRRWEER & alR dfeHé rad?@al'éroﬁfau&'ﬂ&jléé?ré’i‘-'éram%hc Zédl(%l cbhtafingZl QL

I~ 11 1 dt1ddst o SikyiNuBstia A2a n wherein each of A22-247s
i ndependently an al ﬁy | oxy, aIkyIthlo aryloxy, or arylthio residue, or an

aryloxy or arydthio residue containing at |east one al kyl substitution; or
an am ne residue; each Z1 is an alkyl radical, aromatic radical, or
aromati ¢ radi cpd iscsithefornal dat | east one al kyl substitution; each X1 is an
al kyl i dene radical, aromatic radical, or aromatic radical containing at

| east one al kyl substitution; of RL is of, the fornula Xl: 2g 28 MARCH
2003 2 1 2 1 /x\ Q/x\ Q-N~- /N P- N ~-NR-Ro Z2 |~ Z2 R~ n wherein each
X2 is alkylidene, aryl, g alkanyl; eaeh Qﬂ al kyl i dene; each of R8, R9,
and R10 is mdéﬁ)andent/y n alkyl oxy/ SI d e| an aryl oxy residue, an

aryl oxy residue contgjhi ng Rillpasy “one S bustl tution, or an am ne
residue; nis fromoO t\s abobut |\5| anka?/an I$3 are each |ndependently an
al kyl oxy, al kylthio, ar y290xy opBaryl tzRi o feg’due, or an aryl oxy or
arylthio residue contai ning at\l east one dl kyl substitution; or an am ne
resi due; n

Q

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 aryithio residue containing at least one alkyl substitution; or an
amine residue;

(i) a phosphoramide of the formula VI:

3 1l i 6
(V1) A°—P—N N—P—A
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;

2d



(i1) a phosphoram de of the formula VI: CG1 Q@ (VI) A3-iP- ~iP - As \~ As
wherein each QL is independently oxygen or sul fur and each AZGMARGHZ00E 7
2, 6di net hyl phenoxy noiety or a 2,4,6-trinethyl phenoxy nmoiety; (iii) a
phosphoram de of the formula VIII QL Al2~1~ A13 N1 (~ 1 Q Al4
~P~N~N~~P- Ai ~ A15 A18 wherein 2h 28 MARCH 2003 each QL is independently
oxygen or sul fur 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 J.eas e al kyl substitution or an amne residue; (iv) a
phosphor am de dﬂﬁgtpfﬁ‘é’gﬁr’]%‘?fﬁwf 0)@?9 Tu'ﬁlt\aﬁQl RL( ~)nP- p,25 ORl4
wherein QL is oxygen or sulfur; each of Rl1-14 is independently a hydrogen
or an alkyl radical; X3 is a ahkylidene radical; nisOorl;and A25 is a group
derived froma primary or sgcomdary amne having the same or different
radi cal s that can be alipHatTcP2hicyclic, aromatic, or alkaryl, or A25 is
a group derived froma heterocyclic amne, or A25 is a hydrazi ne conpound;
and (v) a bis(cyclic) phosph de of the formula XlIl1: 2i 28 MARCH 2003
Rl Rl R15 18 Ré\a g/nerei n egch QL 1jndependently is oxygen or sulfur; each of
R15-22 is inde ” entIyQa ydroger] oy'an al kyl radical; X4 is an al kylidene
radical; mand n ar eA&Eillh/w@ nt{!I)ZA%or 1; and A26 is
,IA15 'Io‘16

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 :

R11
N
(X . C\cli)1
() PAT

R1 4

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

nis 0or1; and

2e



-N G- NZ3 Z3 wherein Gl is sulfur, an al kylidene radical, aryl radical,
or alkaryl radical; and each Z3 is independently an al kyl rag%HaRCHH2003N
aryl radical; or wherein A26 is @ N / NY2 wherein & is al kylidene, aryl,
or alkaryl, and Y2 is al kylidene; and c) at |east one adjunct flane
retardant conpound. The present invention also provides articles made from
the resin conpositions. Furthernore, the present invention provides nethods
to make resin nctnpositions having i mproved heat and/ or processa~bility over
conposi tions kp . |nthe art fAILED DESCI ~' f1ON OF Tf-1E_ I N~f ENTi ON
The maj or gons ﬁ gﬂry[ﬁlg% R" @ SCEPRAAn, GRS %"'é“ﬁsa{%%f one
therm)pl ad! ?r(‘?n thaF B3R e YCo E;% BARa %aﬂr %@ PdS 3 QOEpy -
,~1 0 Pfe(OOXﬁ"%F“GecS’”} dragjne co 12614 28 MARCH
2003 PCTN89911 i m t| ng examnpi es of

t her mopl asti ¢ &gﬁgbﬂﬁf 'ér‘g’ofi?'%qr?ﬁ"c}ﬁo‘?%'ﬁ%ﬁ’é 'ﬁ?ﬂhas pol yet hyl ene and

pol ypropyl ene; di ene polyners such as pol ybut adi ene and pol yi sopr ene;
pol ymers of ethyl enicaligtsunsaturated carboxylic acidsgand their functional

derivatives, including 5 acrylic polymers such as poly{alkyl acrylates),
pol y(al kyl nethachyiat pol yacryl am des, polyacry i Egand

pol yacryiic acid; yl aNgmati ¢ pol yners such as e,
pon-aIpha-nethyIsty ene, Quyl t ol uene, rupb i #79d pol ystyrenes,
and the |ike; polyam des_sych as qun 6 ae}l yl on-686; pgl yesters;
polycarbonateS(xwwd pol'yar¥l ene et I Bot h tfernopl astic and

ar%sdltabl e fOr use in the present
amﬂ es of (Xhay nopl asti c pol yesters

, poly(1,¥¢butylene terephthal ate),
poi ycycl o hexan t hanol

t hernopl astic el astoneric pbdlyester
invention. Illustrative, nqnél)lmm ti

pol y(1, 3- propyl ene ter

t er epht hal at e, pol ycyfl ohe nedb t hanol - co- ethyl eng 15 t\&repht hal at e,
pol yet hyl ene napht hal ty

ppl yb | ene napht hal*at’e, yaryl at es.
[Ilustrative, nongi exanpl es of thernopl astic\g Md c polyesters
(commonly known as TPE) | ncl ude pol yetheresters such as$ pol y(al kyl ene

terephthafate)s (particupee|ly poly[ethyl ene terephthal gjeJ and

pol y[ but yl ene terephthal ate]) contai ning soft-block segnents of

pol y(al kyl ene 20 oxide), particularly segnents of poly(ethyiene oxide) and
pol y(butyl ene wkedd) ¢cachn@1 paepersdentinis adgges ocsulfug;, t hose synt hesi zed by the
condensation of an aromatic diisocyanate with di carboxylic acids and a

car boxyl i c aci dadar ofi Rre8-22lispndspestentlya hydvbgert dreen gikyd pardigaker . Sui t abl e

pol yaryl ates include, but are not limted to, the polyphthalate 25 esters
of 2, 2-bi s(4- h¥Xdinay plkgiideng padicaline andonarerdagh kndependentipOspieand A), and
pol yesters consisting of structural units of the fornula Il 3 SUBSTI TUTE
SHEET (RULE 26M26i28 MARCH 2003 WO 00/ 126l 4

_T.—_ G1_ rl\l_

yad YA

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; and

c) at least one adjunct flame retardant compound.

2f



PCTI US99/ 17371 a a_ii ii_. wherein R4 is hydrogen or Cl-4 alkyl, optionally
in conmbination with structural units of the formula Il O O #-MARCHZ083
wherein R5 is a divalent C4-12 aliphatic, alicyclic or m xed

al i phatic-alicyclic radical. The latter polyesters are prepared by~the
reaction of a 1, 3-di hydroxy-benzene with at | east one aromatic dicarboxylic
acid chloride under , alkaline conditions. Structural units of formula |
contain a 1, 3di hydr oxybenzene noi ety which nay be substituted w th hal ogen,
usually 10 chlorine or I pr

met hyl, ethyl, isopr opyIb{-r%nin%m'lOR % @F\%% )é" M@%q‘?’%ﬁgs‘%r" atp %f’%'?%bl y
primary or sec@maerawregpba me\/\ﬁeﬁlﬁtaﬁbﬁmoslﬁ@? rﬁ‘-gﬂtﬂ*ﬁhé aor aneynt @ff at depst ape nost

of t e{l | ocat ed pr}bsﬁﬂmmé hﬁfl PASiehétOtnd %dﬁﬂ?éthﬂé?ﬁﬁ%’g@targaﬁtoaﬁﬁcﬁ\}et ouahiePLhEr |
positions are also a rre ieties r esor ci no
o et i oo (19T RRRE P S ah et B2 n R4 SaSehGer Faratuey vt e oo
are linked to winemmeeasured oe atdsbspecimenat altbuh@®il 28 ingsbyvdbioatD. ringh beaboohdogle| i ¢
noi eties, e.J.dimbRflAarét @neﬂ{etﬁo@rcgrﬂbrﬁégék@ﬁlﬁnm&é rddf bmBELiton cH@bﬁsthges

e.g., naphthalenedlcarboxylate Preferably, the aromatic dlcar oxylmc acid

noi eties are |%%§g§ a“ate and/q; terephthal ate: either or both of said
noi et i es may "BPRaYiGresiN=aPd t he nost part, both are present in a nol ar

ratio of isop hthlat toter thalate in th n bout S-4.0:1,
prefer abl y abo QS"Q“%&%D ﬁg%lﬁ‘?“f”@r%g@k%m?‘ %L‘E'éé?a‘ 'e%%ﬁiﬁﬂﬁ%m VO
00/ 12614 PGT I'n e optional soft block units of formula I

resorcinol or -aghggﬁhgrg,ﬁggﬁéwthm,ﬁmées are again present in ester- f or i ng
conbi nati on vvlzh R5 which is a divalent C4-12 aliphatic, alicyclic or m xed

aliphatic-aliryclic radkﬁ al. It is preferably aliphatic and especially

C8-12 straight chain aliphatic. 5 A particularly preferred aryl ate pol yner
contai ning soft bl oc s one consisting of resorcinol isophthalate
and resorC|noI(kebad3te B% ina mlar ratio between 8.5:1.5 and 9.5:0.5.
Pol ycar bonat es usef ul t he conpositions of the invention include those
conprising structural uni'ts of the formula IV: ( OIV 10 ( ) -0-~_~-C
wherei n at Ieaﬁtrabout 60 percent of the total nunber of R6 groups are
aromatic organic T4di cal s and the bal ance thereof are aliphatic, alicyciic,
or aromatic r referably, R6 is an aromatic organic radica
and still nnrgg%%qkerag?aﬁgpradlcaI of the formula V: 15 (V) Al Y' -A2
wherei n each A1 gEthBfornGlad: monocyclic divalent aryl radical and Y1 is a
bridging radical in which one or two atons, separate Al from A2. The
preferred enbodinent is one in mhich one aton1separates Al from A2.
I'l'lustrative non-limting exaqpl 1ad|cal of;this type are -O, -S-,
-S(O- or 20 -8002)-, tC(O -, tﬁalene cyclph yl - net hyl ene,
2-[2.2.1] - blcycloheprymrdaﬂe— yirdane-m ﬁy+ﬁﬂbne neopent yl i dene,
cycl ohexyl i dene, 3, 3,5-trinethyl &phexylldene 'gyclopentadecylldene
cycl ododecyl i dene, and adamantyl i 8he. The bri gifng radical Yl is nost
often a hydrocarbon group and particularly a satwurated group such as
nmet hyl ene, cycl ohexylidene, 25 3, 3,5-trinethyl cycl ohexylidene, or
i sopropyl i dene,; 2.;SUBSTI ME SHEET (RULE 26j 28 MARCH 2003 WO 001 12614
PCT/ US991 17371

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

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

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

or

R1 is of the formula XI:
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Preferred pol ycarbonates are derived fromdi hydric phenols in which only
one atom separates Al and A2. Sone illustrative, non-limting8dRBAHPES of
di hydric phenols include the di hydroxy-substituted aromati c hydrocarbons
di scl osed by nanme or fornula (generic or specific) in US. 5 Patent
4,217,438, which is incorporated herein by reference. Some preferred
exanpl es of dihydric phenols include 2, 2-bis(4-hydroxyphenyl) propane
(commonly known as bi sphenol A);

, 4" -(3,3,5-trinmethyi cydohexyl i
2, 2- bi s(4- hydr oxy- 3, 5-di net hyi
bIS(2 hydroxyphenyl)nethgﬁe
bi s( 4- hydr oxy- ﬁxhltropaé N
bi s{4- hydr oxy- 2, 6di-+N yI 3N hoxm henyI
1, 1- bi s( 4- hydr oxyphenyN ethana: |1, 1 % -
2. 2-bi s( 3- phenyl - 4- hydr 0Z%pheny & pr opa
bis(4-hydroxypheny|)-cyc|ohexy nmet hane; 2,2-bis(4-hydroxypheny|)

- 1- phenyi propane; resorcinol; -3 al kyl -sllbstituted resorcinols, and 15

6, 6' -di hydroxy- 3,3,3 ,3 -tetranethyl -1, 1" -spirobiindane. The nost

preferred pol ygrdrbipnat es are bi sphenol A pol ycarbonates, in which each of

Al and A2 is p-phenylene and Yl is isopropylidene. Preferably, the weight

aver age nol ecukath Xaed gkilidéte, drigoriadabyi:al pol ycar bonat e ranges from about

5,000 to about 100, 000; nore preferably from about 10,000 to about 20

65, 000, still eash&2|y akyideel y from about 16,000 to about 40, 000, and nost

preferably from about 20,000 to about 36, 000. Suitable polycarbonates nmay

be made using aavrh %Nc@gsandnl&msumﬂepﬁ@eaﬂw an aligdexydesidpe Ap @nfaxg iregidue, an

sol ution, soli Efy§t‘3a'9§d”%‘i°"t?ﬂ"t9 ghlegrioag gyl spibstityHen, eFAAMMIARREIdMe present

i nvention conprlaes éﬁ %ﬁmﬁ on 25 containing at |east one pol ycarbonate.

I n anot her enbd&i It R °n nt|on conpri ses conp03|t|ons cont ai ni ng two

different pol ygaLhPRLASeadkQhddp EJ"’MQ’%’&%@@?@ Mt 4l Bt ﬁ%

di hydr oxy ConpaYaRidEy SR Hesiaad Rk eaﬁlly t i 4

di hydr oxy conpgdigge-nOnoner are enconpassed erre 05

conpositions 6 SUBSTNUTE SHEET (RULE 26) E MD 00112614 28 MARCH 2003

PCTI1 US99117371 (ity arphospderamidel o fhedsrmulaAy.nonopol ycar bonat e and a

copol ycarbonate conpri sing bi sphenol A nononer units and
-(3,3,5trinethyl cycl ohexyl i dene) di phenol nonomer units. Preferably, the

copol ycar bonat e conpri ses; 5-6Z no\e @bﬁﬁnre preferably 15-60 nole % and 5

most pref er abl yw$0- 55 pA%ole—Og of N— p—A®

4,4'(3,3,5-trine hyIcycIdhexytldene)dlphenol wi th the remaining di hydroxy

nononmer bei ng bi sphenol A4 The 1 ght rAtio of bi sphenol A pol ycarbonate to

copolycarbonate conpri sing bi sphenol A nononer units and

-(3, 3,5 ”hﬁé?&nhyéa%bf%fﬂ?se%le Qﬁ@ﬁt?ydb@%ﬂ% stmt?oemar 'AsmbnétyQQrEPQ Ltions

of the present invention IS era etween 95:5 and i /70730 and nore
preferably bet HRghyigeenpyy '&H‘S 7’53?3 6"N“§§9V'Brﬁﬁ"9¥9)ﬁp@eﬂor use | n the present

i nvention are pol yestercarbonates. The pol yestercarbonates nmay generally be
t ermed copol yeéit) apbospbotamideiofithe d@mblanvdit e gr oups, car boxyl ate groups, and
aromatic carbocyclic groups in the polyner chain, in which at |east sone of
the carboxylate groups and at beast 15 sone of the carbonate groups are
bonded directly to ring carbon atonB of the - aromatic carbocyclic groups.
These pol yest er car bonat es Aﬁ%}—phnAybneral prepared by reacting at | east

di hydric phenol, at | east one ¢|funct|onal carboxylic acid or reactive

Fhapey
dggxy 2- chl or ophenyl ) et hane;

derivative of the acid such he acid di halide, and a carbonate
precursor. Suitable dlhydrl | s include, but are not limted 20 to,
t hose naned or(V%merred ereln bov Some illustrative, non-linmting
exanpl es of suitable ar&m dIC yIic acids include phthalic acid,
i sophthalic acid, tef@, AT phthalic acid, o-, m, and

pphenylenedlacetlc aC|d and the poI pu ear aromatic acids such as

di phenic acid, 1, 4- naphuhélene di carba¥ylic acid, 2,6-naphthal ene

di car boxylic and 25 and the |like. These acids may be used either
individually, or as a mxture of two or nore different acids in the
preparation ofwéﬂ?mable pol yest er car bonat es. The pol yest er car bonat es whi ch
find use in the instant invention and the nethods for their preparation are
well known in the art as disclosed in, for exanple, U S. Pat. Nos.

3,030, 331; 3,169,121; 3,207,814; 4, 194 038; 4,156, 069; 7 SUBSTI TUTE SHEET
(RULE 26) 28 MARCH 2003 WD 00/ 12614 BT/ US99/ 17371 4,738, 596; 4,238, 597,
4,487, 896; 4,506,065, and in copending application Ser. No. 09 / 181,902,
filed pct 29 1998 and aSS|gned to the ‘sane aSS|gnee as the |nstant

T Y 1 Y o M



structural units of the fornula: 10 wherein each @ is independently

hal ogen, primary or secondary |ower alkyl, phenyl, hal oal kyl?28MARCH@EMXKYI ,
hydr ocar bonoxy, or | hal ohydrocarbonoxy wherein at |east two carbon atons
separate the hal ogen and oxygen atons, and each (B is independently

hydr ogen, hal ogen, primary or secondary |ower alkyl, phenyl, hal oal kyl,
hydr ocar bonoxy or 15 hal ohydrocarbonoxy as defined for 2. Both honopol yner
and copol yner pol yphenyl ene ethers are included. The preferred honopol yners
are those contg@bnol s ikddpesdenf dygenlorduiRfgiy | ene ether units. Suitable

copol ynmers include random copol yners contai ni ng such units in conbination
with, for exargakieof £123176s irdep@idntlyah,atkydRy, RGN, @RxEt dr@FyithiBirésidue Abrsem

i ncluded are poyiyyleayltdnesidtdentirtmg it fast ang alkglisabstiegioporegpande rbgidugy af t i ng
onto the pol yphenyl ene ether in known manner such materials as vinyl
mononer s or pdivyaehespharahidasf thefoymuly Xknes and el astoners, a~ ~~ell as
coupl ed pol yphenyl ene ethers in which coupling agents such as | ow nol ecul ar
wei ght pol ycar bonat es, qu%ﬁones, het er ocycl es 8 SUBSTI TUTE SHEET ( RULE 26)
28 MARCH 2003 WO 001 12614 '~ ~ PCT/ US991 17371 and formats undergo reaction

i n known manner mjtﬁmth27ﬂ roxy groups of two pol yphenyl ene ether chains
to produce a higher | Zcul aX\ wei ght pol yner. The pol yphenyl ene ethers
general ly have an intrgnsjc 0gity greater 5 than about 0.1, nobst often
in the range of about 0\2-0.§ and sggﬁially about 0.35-0.6 deciliters per
gram (dl. / g. as neas in chlyr'gformat 25C. The pol yphenyl ene et hers
are typically éggpared by t he\ oxi dat le ¢ pling of at |east one

nonohydr oxyar omati c conpound(gﬁqp as P 8Axyl enol or 2,3,6-trinethyl phenol.
Cat al yst systens are general iy enp}g&ed for such 10 coupling; they

typically contain at le e heavy netal conpound such as a copper,
manganese of cobalt confoun usuafly in conbination with various ot her
materials. Particularl sefu oPyphenyl ene ethers for many purposes are
t hose which conprisqapﬂﬁg%ul s having at |east one am noal kyl -cont ai ni ng
end .15 group. The Rninoallkyl radical is covalently bound to a carbon atom
| ocated in an ortho positilgn to a hydroxy group. Products containing such
end groups may be obtainedqby i ncorporating an appropriate primry or
secondary nonoam ne such as di-n-butylam ne or dinethylam ne as one of the
- consti t uent swhefeit Q¢ iscoxygkmtar eafugoupl i ng reaction m xture. Al so frequently
20 present are 4-hydroxybi phenyl end groups and / or bi phenyl structural
units, typi cal¢aghelitdrtidelintiensndenty athydrngan ok anelky radicalihi ch a by- pr oduct

di phenoqui none_i s present, especially in a copper-halide-secondary or
tertiary am neX3ipctdidenedadicdlianti al “proportion of the polyner nolecul es,
typically constit&tin £S much as about 90% by wei ght of the polynmer, may

contain at 25 P5%S?10%% of said am noal kyl - cont ai ni ng and

4- hydr oxy- bi phezyl a%p%gﬂ@/&sf om b phnbiy dPSeBRBAY GRinetaving BR%aRhk o ufreh the
art fromthe f@4ed0ihBitah @taliﬁhéﬁ‘c, alicyclic, aromatic, or alkaryl, or A25 is a group derived from
a heterocyclic amine, or A25 is a hydrazine compound; and

(v) a bis(cyclic) phosphoramide of the formula XIli:
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pol yphenyl ene ethers contenplated for use in the invention include al

t hose 9 SUBSTI TUTE SHEET (RULE 26) 28 MARCH 2003 WD 00/ 126128 MARCH 2003

PGT1US99/ 17371 presently known, irrespective of variations in structural

units or ancillary chem cal features. Both honopol yner and copol yner

t her nopl astic polymers are included in the conpositions of the present

i nvention. Copolyners may 5 include random block or graft type. Thus, for

exanpl e, suitable polystyrenes include honopol yners, such as anor phous

pol ystyrene and syndi ot ag{s ¢ pol ystyrene, and copol yne The latter

enbraces hi gh inpact pol ystyrene (H PS), a genus of

pol ystyrenes conp '§ia%_ nds and grafts wherein th
e

pol ybut adi ene or opol yner of about 7 0 7079
di ene nononer. AlsaﬁghsLude ABS ; copol ynmey i e typically
grafts of styrene and\acryl

nitriNe on a prqvi usiy formed di ene pol yner
backbone (e.g.xxﬁglybu Sui t ABS copol yners may
be produced by ‘any net hods

ne or Vi sopr é€h
nown i nlthe artll /Especi gl Iy preferred ABS

copol yners are typically 15 g duced’by*%aﬁ% polngﬁi%ation (often referred

to as bul k ABS) or enul siory polyneyi zation (Qftenr Rerred to as high

rubber graft ABS). The erred ernopl asti poly or many purposes

are pol yesters, polyc , ol yphenyl ene ‘et her pol\xstyrene resin

hi gh i npact pol ystyr {APS), and styrede=alrylqnirile copol yners

(SAN), 20 incIudinQVABé;Eg ol yners. These may be e 0 é%hkgd'vidually or
erred bl ends include those ol yphenyl ene et her

as blends. Especi BTy pr
with at |east one of HI P5,,anorphous polystyrene, and Yndiotactic

pol ystyrene; and pol ycar Fonate bl ends with at |east onB'Bf ABS, SAN, and
pol yester. In resinous conpositions there is often an inprovenent in nelt

fl ow 25 and/ or wablaRreab WS irfeidberBERRH dxy§sh oMi@R;one nol ecul ar wei ght grade of
at | east one resinous constituent is conbined with a relatively |ower

mol ecul ar wei gleachgf &18-201s isdepbhdently £15jidrogen oCan iyl tadiealf . |1l ustrati ve,
non-limting exanples include conpositions containing polycarbonate,

pol yphenyl ene X8 isSuB#kylidens FadRidimandRUdréeah)indep@rgleMAROH 12888 WO 00/ 1261d
PGTNS991 17371 et her, thernoplastic polyester, thernoplastic elastoneric

pol yester, or A288| yani de. For exanple, in a pol ycarbonate-containing bl end
there is often an inpqovenent in nmelt flow when one nol ecul ar wei ght grade
of pol ycarbonat & Ns—&ombithed with a proportion of a relatively |ower

nol ecul ar 5 wei gh 3grade|qf simlar polycarbonate. Therefore, the present

i nventi on enconpaSses coﬁ%ositions conprising only one nol ecul ar wei ght
grade of a par&%g%uﬁ£1égﬁﬁqq¥§lc$Q§%it£e?tr?nqmglso goqpo itions qﬂprising
tuo or ‘mor ol el BN ol o e, bRl B2 b
two or nore nolecular I'g grades of” simlar resinous constituent are
present, 10 then the.gwei ght average nol ecul ar wei ght of the | owest

nol ecul ar wei ght cq %{ituent is about 10%to about 95% preferably about
40% t o about 852§Nand re preferably about 60%to about 80% of the wei ght
aver age nol ecul ar M@Lgh of the highest nol ecul ar weight constituent. In
one representative,\ppn-liniting enbodi ment pol ycar bonat e- cont ai ni ng bl ends
i ncl ude those

wherein G2 is alkylidene, aryl, or alkaryl, and Y2 is alkylidene; and
¢) at least one adjunct flame retardant compound.
The present invention also provides articles made from the resin
compositions. Furthermore, the present invention provides methods to make
tesi‘n compositions having improved heat and/or proo&ssabilily over

éommqﬂﬁonsknowminthead; “
DETAILED DESCRIPTION OF THE INVENTION

The major constituent of the compositions of the invention is at least

one thermoplastic polymer. Both addition and condensation polymers are

2



{15 conprising a polycarbonate with wei ght average nol ecul ar _wei ght bhet ween
about 28,000 and about 32, 000 combined with a pol ycar bonat e ZWMMRCREA ht

aver age nol é%@{eﬂx\ei ght between about 16,000 and about 26,09&@%&5&\? or
r )

nore nol ecu Ight grades of simlar resinous constituent

" the weight ratios of the various nol ecul ar wei ght grades may range from 20
about 1 to about 99 parts of one nol ecul ar wei ght grade and from about 99
to about 1 ipshudedofllustyativeronrimiting axamplgn ol giheamoplastia pelymersfarewo
nmol ecul ar i

i ght _grades of,a resinous, constituent is often.preferred. in
whi oh case QIR RFASTETS ShichSas, POlYRINYIREe and, ROIYRYOPKne” Hidie BElETSo: 1 1o
about 1:99, ef o] 80,40+ ut 9,& ) erably
from ™ 25 asb"{oyli}t %{)ag%wtb%i%ggﬁ? éédS%&g}s%?é&%t %‘T}rl mﬁuﬁgtéﬁfﬁgﬁég cesses
for making @ndaitated! @irborplid ietdsC @ndl itheienfurdtiored pdetivativedyrifichaliag 1
nol ecul ar wei ght grades of” that constituent, the present invention

enconplissesaaylipqlyivens swhpas paly(alkyl acrytates), npplyfalkyl methgpierylatealies of
simlar resinous constituent in whi¢ch each of the,sim]ar resips is nmade by
a differ entP&O’aFFé' urPolyapydentiile andg polyacrylicy ;eﬁ{}‘(?ﬂyﬁ’éﬁ?‘apﬁe
instant inig I ]

00/ 12614 P@%g f?#g%Bég;%%g?ggg&}é{#?ysﬁ%@%b%%B‘Wﬁdw@

pol ycar bonagqgbesRodified pdlpsigiérs) ahd the Ja&S Iﬁd{y&ﬁi@ésﬁs\mpas Wyldh-8and

pol ycar bonat e of different”wei ght average nolecul ar weight made by a nelt

process. Amyloar6é; paljtestersspolpéarbbpatessand polyasylenestberst t he i nvention is
at 5 | east one phosphoram de having a glass transition point of at |east

about OC, preferably of at | east about 10C, and st preferaply of at |east
bout180C, of t heo¥loy °P1.aSEF Ay R&‘W@Pﬁ“@%t%%'éwgg’egtﬁﬁ AWe RL is

kot thi o, - viAtls (e T P Pt o PR R BNV afR RRAIE, o
containi Ny gerhPpistien poljdstbrs0lindalieg polpebefleas! kéfdphhalite)! Waty(1per eof

or an am ne residue oul d be note hat in the déscriptio erein,

t he words "batylersd " terephthadatedluepobn(k3ymepylene ertetepigbalalts), gudyaycio-bot h

i ntended to designate 15 an organic noiety. For example, alkyl radjcal and
al kyl resi diexanegimeianph; dpeepithalates si pRlycEcl e’éﬁ’l@;ﬁ%@ .‘COT‘?{EY m
"al kyls as i e Vall [ o] ent | [ oN_I4S

|t entat otéRERRleb RS Fork HaPTRALA R, ol iin haptiiEBle, “anl

cycl oal kyl F . hes. Hﬁfs?ﬁlﬁv%ﬂﬁoﬁﬂﬁﬁfﬁ?%exarﬁglﬂé'oﬁ @@rﬁ@g‘laﬁf@el%@ﬁ@ﬁ%m y
those contalnrng.from1 to about 12 carbon 20 atons, and include as

i Il ustrati vpolyestets ricomngorelyakpoem rast ITRE) éndlude podpstherdssarpr syl .asbut yl

tertiary-butyl, pentyl, neopentyl, and hexyl. cl oal kyl radicals
repr esent edP@eréang lene r@ﬁ@&ﬁ@@s dpattisary P?%@Yﬂ@%%@?hwl‘?mh gndar bon

O oA el D SRRt sl B iyt o

cydohegt yl . e %ﬂ,ﬂc k C, i T, he( RULE
26~ 29 - %)?H%/I&R%a 2003 kée&él}%{zt%lﬁé ?%ﬂggé%%%#ygﬁ%aﬁ?ng Eor% 7 to
dbout 14 caokide);andrpolyestersamidesisude as hbsecsynthedized iyt thet condensation of

Var i bus. enbin HOMAcofitadyamate GHh, sirerbaxylics bidr andr abFPORPAS acid
various e [ i r r =

cont ai ni ng Irom 6 t,0 :}2 ri n%acalrbﬁ_%ratorrs Some illustrative non-limting 5
exanpl es of ‘erpuRated RAlyester o palyefer pIEPOWAASK:  bi phenyl, and naphthyl. The

preferred hal ogen radicals used in the various enbodi nents of the present

i nvention are ch&ei ; otelyent 't;’@ﬂg j

essentially a si %gt%mglﬁg%@% gkgcl%c?@ga m Xt E}Fdet lo t&o%gpqﬁg?%%lgﬁeent

t ypes25f pheaedfsooﬁajzslﬁs(4-ﬁpdmﬁn'phhﬁyla idp L (@iririvghl ¢ Slemevvhadd Bisphenolgl e
phosphoram de are preferred. en a phosphoranm de having a glass transition
poi nt of at Alecast pelyester®nsisting-of ieuctural nits offthetformwdalls in resin
conpositions, it was unexpectedly found that a higher heat deflection
tenperature of test specinmens nade fromthe resin conposition could be
obt ai ned as conpared '

SUBSTITUTE SHEET (RULE 26)



15 to conpositions containing an organophosphate known in the art for
enhancing fine processability and / or flane resistance char 88MaR¢%2408s of
t he conposition. Although the invention is.not dependent upon nmechani sm it
i s believed WRHM2fection of each of R, R2, and R3 resi dues RGTAVSPAIH 1t
in' 20 restricted rotation of the bonds connected to the phosphorus
provide an increased glass transition point in conparison to simlar
phosphoram des with residues havi ngf*ta | esser degree of restriction.

Resi dues having bul ky substituents |such as, foigexanple, aryloxy residues
containing at |east one hal ogen, or} preferabl yr‘ t | east_ one al kyl
substitution, resa' t in 25 phosphsFaw des avisé a highe I%ss transition
poi nt than simlaY’ phosphoram d yout the bst (J t he aryl oxy
resi due. Likew se, residues whe | east two of ®R2—and R3
resi dues are interconnected, Ay neopentyl re '

conbi nation of the R2 and 13 SU6 E SHEET (RULE 2 28 MARCH 2003 WO
00/ 12614 PCf/US99/ 17371 R3 residues, can | ead to desired phosphoram des
havi ng a gl ass trapsit.i . poi,nt of at | t aboyt . .In a preferre
enbodi ment, the pROSEIBhishYErasn or s 14 Akl oppionsli im sombination w3
transition t o) out OC, 5 preferably of at |east about
10C, and nosﬁ(mgre elﬁ‘ggfsy&otgge{{) Sast about 20C, of the formula VI: Q- a ~
it (M) ASB-P-N NP - A6 A ~ As wherein each QL is independently oxygen or
sul fur; and each of A3-6 Qs indepe@dently an al kyl oxy, al kylthio, aryl oxy,
or arylthio residue, or 10 aryl gxy or arylthjo residue containing at

| east one al kyl 0(|||)halo i 'L_i_Q_@) 0 RIRE t hereof; or an am ne
residue. In an especially preferred enbodi ng i nvention, each QL is:
oxygen, and each A3-6 noiety is a 2, 6-di net nolety or a :
2,4,6-trimethyl -phenoxy noiety. These phosphQrauredes are pi perazi ne-type
phosphoran des. In the above 15 formula whereiweach. Q is oxygen, and
each A3-6 noiety is a 2,6di nethyl phenoxy noiety, the glass transition
tenperagure of t p am i t Al i nt..J

about 192C. Convgrgggf@',ﬁ ?gtﬁedib(ﬁ/%apgynglﬁégm%tgn&é%% EBPO%%%% and
each A3-fi nglipHafictalidyietio exdical. Thedlattes polytRdrs a8 prepaetdyie réactidifof
phosphoramde is 20 ad?ggt 0C and the rrePti}?S poi nt pi s about” 188C. It a/as
unexpect ed thds-dihydgoxgbenzensmitivat leaspenearomatio dickrbexylic vid)khidride
about .62C) for, the psphorgm de of fornula VI "whepe each_ Q@ is,6 oxygen, and
wher ei n eac h“%*e"ASB%H}I? &02,831% FVFMéLth efcif ac Hysanigin t%%ra'e

correspondin ' , \/ [ i g d
each of A3- 6&|h§ Bg%%hg@mr%?w‘%?%%y Qggﬁ%“ﬁ@?a&’ %‘c%’gllo%g’sﬁ%%%&qhe
nel tinggpoi ndtflofiRe bﬂ‘lebrbmahfdragféfé?aﬂzf With ig1ankkyAb g, Afkethiyd! ethyl,
conparison, the glass 14 SUBSTI TUTE SHEET ( RULE 26) i 1°fn WO'00/1 !614 28
MARCH 2003 Heaptapdd/ mepyl, butyl. Said alkyl groups are preferably primary or

secondary groups, with methyl being more preferred, and are most often

located in the ortho position to both oxygen atoms although other positions
are also contemplated. The most preferred moieties are resorcinol moieties, in
15 which R4 is hydrogen. Said 1,3-dihydroxybenzene moieties are linked to
aromatic dicarboxylic acid moieties which may be monocyclic moieties, e.g.,
isophthalate or terephthalate, or polycyclic moieties, e.g., naphthalenedi-
carboxylate. Preferably, the aromatic dicarboxylic acid moieties are
isophthalate and/or terephthalate: either or both of said moieties may be
20 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.

4
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*transition tenperature of tetraphenyl resorcinol diphosphate is about -38C
1t is also possible to make phosphoranides with internediate? 2003
transition f28i4lres by using a mxture of various substit RNH7

' non-substituted aryl noieties within the phosphoram de. 5 In ano r

“preferred enbodi ment, the phosphoram de conprises a phosphoram de having a

glass transition,tenperature of ast ahout OC preferably of, at | east
about 10C, and t ?ePBﬁQHPg Wafttak’acgas‘fm%oﬂg @6%,"&%& hégﬁ%‘ﬁnﬁﬂi a®M |
Q. Q (V1) =P = =P 55 are ASaiDn A0 L0, hef el kS wi

I ndependent F@‘Yg&éégg%mgfl%@? %sr ?rea%@géﬁs %ﬁ lk‘ﬁ!ﬁ@%ﬁé%@ﬂ&?ﬁ?*@‘ %ﬁh

al kyl oxy, alReyWihi¢lpis ar divatent @4—1@@41151{3&, el Elike or Fhixed ﬂfspﬂéﬁ@/alll?dic
arylthio residue containing at |east ‘'one al kyl or hal ogen substitufion, or
m xt ure t heradikcal. &t isgpreferably abphatieand edpecially G812 straighakbain &lipHatica nor e

preferred . enbodi nent, egch I s oxygen, and each A7-11 15 moiety is
indepeﬁdentI@Paf'iiﬂélﬁ&iVyPré}e’Hﬁa Wiﬁ?l geFycorgaingng, seft, blesk HMEHseRg, and

nis fromO to .about 5 . alo i t of the.inventi.on the
phosphor am GeRag iofdes Rl bt Hae Al rg Rindh e BiE By i Frolar
terrperaturergﬁoggtw@ﬁg.sgbg%d%:ag[eferably of at |east about 10C, and
nost preferably of at |east 20 about 20C, of the forrmula VIII 15 SUBSTI TUTE
SHEET ( RULE 26) 28 MARCH 2003 WD 00/12G1l4 QL AW~P" A 1 s N (V111) 11
t~ P- A Ats PCTI Dsdpdarbardteshesefihimabd d@mpesitiods pefnthen inyentiong enclude

sul fur; and each of Al12 17 is independently an_al kyl oxy, al kylthi o,

aryl oxy, or thesaqomprising sirctugal unitsafghe formeuladVi ¢ hi o resi due cont ai ni ng
at | east one al kyl or halogen 5 substitution, or m xture thereof; or an
z(‘rri ne residue. In a nore preferredgenbodi nent, each Q is oxygen, and each
Al2-17 noiety is independently ph roxy, 2, 6-di net hyl phenoxy, or

2,4,6-trimethyl -phenoxy. In anoth enbodi nent of the invention the

phosphar am de co ses. pesihoi@uide having a glass transition

terrpeB ture of at |east ?Egut 0C, C%O preferably, of at |east about 10C, and
nost preferably of at |east about 20C, of the fornmula IXX Q@ ' Q@ ~eAi~ ~
~~~AZo (I X) P N WiRkreirs At-ldast abaat-6(RperRent\bE the totebniumber bf Rérgreppadent | y

oxygen or sul fur: each of 18-21 | inge endently an al kyl oxy, . al kyl t hi o,

aryloxy, or aEeURHRiQFEARL; tadicalsa B Xpersof arg |aliphgtic.e ligredic, or

containing g 1383 radfiG1 Kbre ?)rre@ﬂb(?ﬂeﬂé is an aromatic organic radical and still

more preferably a radical of the formula V:

15 v) Al——yl——p2 :

wherein each A1 and A2 is a monocyclic divalent aryl radical and Y1 is
¢ a bridging radical in which one or two atoms, separate Al from A2. The
preferred embodiment is one in which one atom separates Al from A2.
Illustrative non-limiting examples of radicals of this type are -O-, -S-, -5(0)- or
20 -5(02)-, -C(O)-, methylene, cyclohexyl-methylene, 2-[2.2.1}-bicyclo-
heptylidene, ethylidene, isopropylidene, neopentylidene, cyclohexylidene,
3,3,5-trimethylcyclohexylidene, cyclopentadecylidene, cyclododecylidene,
and adamantylidene. The bridging radical Y1 is most often a hydrocarbon
group and particularly a saturated group such as methylene, cyclohexylidene,

25 3,3,5-trimethylcyclohexylidene, or isopropylidene.
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substitution, or mxture thereof; or an am ne residue; and each R7 is an
al kyl radical, or both R7 radicals taken together are an al ik} MrBeH&003r
al kyl substit | kyl i dene radical. .-In a-.preferred enbodi nent, each
oxygen; ‘Hﬁtﬁg’léb*

al kyl i dene 16 SUBSTI TUTE SHEET ( RULE 26) 28 MARCH 2003 WO 00/ 17614
pCTI US99/ 17371 radical, wherein mis 2 to 10; and each Al18-21 noiety is

i ndependent | y phdireferrec polytareonates aredeyived riromudibydricphenyols fim rwhi

nor e preferreq enbodi nent, each
A1821 noi et \PI}

tri met hyl ph
conprises a

20C, of the formula I: Q |

bot h

¥ ONR Lo} SRAArALES pAHeQ‘I"lFb‘i;( ?’3293}3 -eq?i%mvshaﬁaséw amples

is

cal s taken together are an unsubstituted FPELBSAY17371

In a

each R7 is rrettg%/gléxand each

. mbhodi f j i . i d
P L dHEN BREIGIETORMRL . B | M B il PROSRRRET O
0C, prefer atl{))ﬁraf:axﬁbnbeéﬁkloi@%r%y Hatme ddfdrasilaP{gdnetidbby Plecilic) liRagrsabout

R--P_'Rs 10 wherein QL i s oxygen or

sul f ur,5 and Mltents4, 217,488, Whichuisandorpdratéd Rereir b¥-reference. Soimd prefettedXt -

N~-N' X
sul fur;: eactexempled_ofy dihydsice Rhemels | ipcludey % gtbis(¢-hydnexypheny

arylthio re

one al kyl
each ZI|

cont ai ni ng

is

- p Azz Azs n wherein each I s i ndependently oxyglen or

)p¥Gpaney, or

bRyl CuokRePlY i ot or WERPEROL hoRbor . G HPTIRANA due,

AL e

or oge sti’tution or

each X is a@uadikyroxipdipheasimethanas tbis(rzi}féydr@d' hénylpmettianet bis(4-hgidesd

containing at |east one al kéils or hal ogen

t herecfQ n ixyphepjl)metbaneo

al kyl oxy,

SHEET ( RULE

O substitution or m xture

Sy ripthend B NEe s 14 Bk R e SR orl

er eof ;

(shydrexyro-nitmaphenyl)methane; ibis(édwidteny136-an

i Xt ure.t herbl ARG DL GbheARINARE 1 8 pi(s- phahPRE MBSy SAUIVIPY O
oxygen; eacprdenabishi-Rydrdyphedghasinitidy inkgnaey 2.22i8(EhgaI hien

or 2,4,6-tri'r

hyl phenoky; éach

| 5 or benzyl; each [ an1

al kyl i dene r-dephenlylpropameni mgsatcinol,caCheh alkylssubatifidedlr orasordinolaboands;

and R2, and R3 are each i ] oxy., 2,6 di met hyl phenoxy,
2,4, 6-19 rret%?t“ﬁz‘ﬁ‘é’ﬁé?&)" nggﬁdﬁﬁémeéhﬂohﬂﬁﬂﬁfowmqw-i nvention, the

ndent |y pheno or

phosphoram de conprises a phosphoram de having a glass transition point of

at | east about 10
| east about

of at

20

25

which each of Al and A2 is p-phenylene and Y1 is isopropylidene. Preferably,
the weight average molecular weight of the initial polycarbonate ranges from
about 5,000 to about 100,0(50; more preferably from about 10,000 to about
65,000, still 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 process known in the art, including interfacial, solution,

solid-state, or melt processes.

In one embodiment the present invention comprises a composition
containing at least one polycarbonate. In another embodiment the invention
comprises compositions containing two different polycarbonates. Both
homopolycarbonates derived from a single dihydroxy compound monomer
and copolycarbonates derived from more than one dihydroxy compound

monomer are encompassed. In a preferred embodiment compositions
6
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Q“ Il R2 wherein QL is oxygen or sulfur; and RL is of the formula XI: 2 ' 1

21 (X)) XQX4/ \ 11/ Vil -\ ~NP- N ~NP-R-ZZ Rs 728 WeRGH 2083
wherei n eac i ndependent |y oxygen or sul fur; each X2 is an al k I|dene

or al kyl - @‘ﬁl’d}?%d al kyl i dene” residue, aryl residue, or al kpmsqsgé

each Z2 |s an al kylidene or alkyl-substituted al kylidene residue; each of

R8, R9, and R10 is independently an alkyl oxy, alkylthio, aryloxy,

aryl thi o r esomnpgiseora ahlSBhWleonthInqulycarhOE@tejuendom ac«npob'catbdr@ea;t one

al kyl 20 or hal ogen substitution, or mxture thereof; ap am due
nis from 0CPBPIBIREBS *ﬂ?ﬁ?@@HEETA‘( RUNenogjer 2 UIRERCH %‘BSS V\b%é'i

PCT/ US991 17 ar I n dens.| | k xy
al kyl t hi o, ﬁz‘%\ a%i%%lrghgmﬁeﬁ%b&? @ rﬁgfm@%ﬂerar 31%% xg; o?{rggef??hﬁo ¥lléeg| due
cont ai ni ng bpbl§RaFbdrate Bbiprises 563 mawmsméxté ﬁtéféﬁibl Q5-60 itidlé %, t4iRT eof ;
or an amne residue. In a preferred enbod i ment,® each I S oxygen; each X2
is an 5 al kyhostgrefevablyl 30y35 mabe % b£|4At{3,315(§rimdd'qdcydehequ;dexm)dlplﬁnob an

al kyl i dene or alkyl - substlt t ed alkylldene resi due; each o
and RIOis Mﬁa’e Eﬁiﬁ?m}“&) PXY MeNQmMee ?W'Igpll‘lé hﬁ’yo TLe We‘SESfaUO

Crodi mont oL RUPHEIt YA SiSictbonald B's0pbfy SHState  colaflal PisbiEhS

unsubsti t ut | e . , ‘o
| 0; each of ﬁ%@%& 6 aﬂc?sﬂ@ %]i%trlﬁgel ?TC %Fé@eit y dl )%5161 'i'n&\drﬁexz

2 6- di met hyhphsrinmmpnsnﬂotmdfﬂheu sdntlinpdretion s pwfdrablybetween@StSmr&bout
In an es?em aI preferred enbodl ment, the Ehosphoram’ de is derived from

pi per d8i ne ¢0:38 any mr@pzr!er@béybgwencaézﬁ@ 256 | n another preferred

gn‘oodl ment, the phosphor am de conprises a cycl i ¢ phosphoram de having a

025 st o g0 b Tor S5 RO RO ST A Pollraflr Sy

\FXD (F;O/ |1‘216?4Qhe' polyestefatbbnates WTéeB\e’Fﬁlys'dﬁEEr&FédJ'cEpg@esters contaflrg! 2003

carbonate groups, carboxylate groups, and aromatic carbocyclic groups in the
polymer chain, in which at least some of the carboxylate groups and at least
15 some of the carbonate groups are bonded directly to ring carbon atoms of the
aromatic carbocyclic groups. These polyestercarbonates are, in general,
prepan'ed by reacting at least dihydric phenol, at least one difunctional
carboxylic acid or reactive derivative of the acid such as the acid dihalide, and
a carbonate precursor. Suitabie dihydric phenols include, but are not limited
20 to, those named or referred to hereinabove. Some illustrative, non-limiting
examples of suitable aromatic dicarboxylic acids include phthalic acid,
isophthalic acid, terephthalic acid, homophthalic acid, o-, m-, and p-
phenylenediacetic acid; and the polynuclear aromatic acids such as diphenic
acid, 1,4-naphthalene dicarboxylic acid, 2,6-naphthalene dicarboxylic acid,
25 and the like. These acids may be used either individually, or as a mixture of

two or more different acids in the preparation of suitable polyestercarbonates.

The polyestercarbonates which find use in the instant invention and
the methods for their preparation are well known in the art as disclosed in,

for example, U.S. Pat. Nos. 3,030,331; 3,169,121; 3,207,814; 4,194,038; 4,156,069;
7
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PGI/ 1 TS99/ 1737 i wherein each of R11-14 is independently a hg@r&gfamgr an
allcyl radical, X3 is an alkylidene radical, QL is oxygen of° ¥f and
A25 is a gr |ved froma primary or secondary am ne havi me or
di fferent rgg”caﬁé that can be aliphatic, alicyclic, aronatlcﬂggbggﬂig

or A25 is a group 5 derived froma heterocycllc amne, or A25 is a

hydrazi ne conpound. Preferabl é/ %6 en It shoul d _be noted that when n
is 0, then $R&50% 4l 5% f448% :I‘?‘ﬁQ ﬁo@%@ﬁérc‘%ﬁer@lﬁg applicationcSeryher e

Shosphory! Nenil/ TER Kied O, 8 1908, BBR et o PR Sme dsmiePanrathe
f
compr | se5_ clpiuphrvsken, ANGFRIREREI SReRBY RlLDALASED] ARIAORRG! ©

at | east about prefera ut "10C, and nost pre ly of
at | east abghe paqﬁerﬁés ichardcverizing ﬂ’delsé :pdlymndss i6 a-rélativély highditodtion A2s m
OOR R$ R2 R-9 R2~ R20 wherein I's oxygen or sulfur; each of R15-22
is i ndépendmpqramrgaumbgdr(wuhh aa|vk9hl as adtelalivelyshigh ampadtispengtine

radi cal ; mandnar each i entI Q or, 1; and A26 is -N G- N23 20
~~)n SUBSTI 3reagiie Wmeéﬁe?) testRralReRl 2003 WO 00/ 12614

PCTNS99I1 17371 wherein GL is sul fur, an al kylidene radical,

al kyl - subst it ut eghaldtld40% | asiéreaare flotk Jredl palypHnyMddetiers 3iva) -

each Z3 is
structural units of the formula:

10 wherein each Q2 is independently halogen, primary or secondary
lower alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or
halohydrocérbonoxy wherein at least two carbon atoms separate the halogen
and oxygen atoms, and each Q3 is independently hydrogen, halogen, primary
or secondary lower alkyl, phenyl, haloalkyl, hydrocarbonoxy or

15 halohydrocarbonoxy as defined for Q2.

Both homopolymer and copolymer polyphenylene ethers are included.

The preferred homopolymers are those containing 2,6-dimethyl-14-
phenylene ether units. Suitable copolymers include random copolymers
containing such units in combination with, for example, 2,3,6-trimethyl-1,4-

20 phenylene ether units. Also included are polyphenylene ethers containing
moieties prepared by grafting onto the polyphenylene ether in known
manner such materials as vinyl monomers or polymers such as polystyrenes

and elastomers, a> well as coupled polyphenylene ethers in which coupling

agents such as low molecular weight polycarbonates, quinones, heterocycles

8
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i ndependently an al kyl radical, an aryl radical, or an aryl radical

- containing at |east one al kyl or hal ogen substitution, or mzﬁNﬁBQH?Qﬁ’éreof;
or wherein oh8e1¥2 \/ 5 wherein &-is alkylidene, aryl, or nd
Y2 is al kylidene or al kyl substituted al kylidene. Preferred Eﬁgﬁg‘{%ég?nﬁdes
" are those wherein QL is oxygen, A26 is a residue of piperazine, and the

phosphor am de, has pl ape of symmet{ry through A26. Hi gh preferred
phosphor am 4 ??Walﬁ d’é“{]er’fgge" ei‘é“% 3 ENAVE “1%9“832 %’éﬁ;tﬁﬁgéd}'@‘)’amstﬂfe of

pi per azi ne; ' as, a.pl A26: . | east
ne R subsi T AREIBHEAIIAE, EelSnfind ) rBbudY "Tohigbeh FBlHiar*Breidh
substituentpoln@td m are each 1; and X4 is CHR23 wherein R23 is a hydrogen
or an al kyl résidue of fromabout 1 to about 6 carbon atoms. It should be

noted that when either or both of mor nis 15 0, then the two aryl rings
are |inked toget hhe palyphenylene etlers genetadlychavte as iatrireic yisbysity greagire bond

EQe}LPﬁnﬁgii arcabast brioet E?@nbﬁ&@%aﬁ%%’%%‘“@&w”' SEBP i eremRORoDH o
. . . : . > j

NN < ot R R Rt pBR o (LB s R bR ieRiaf a425%Gie £ or mui o
(aryl-O 2PCCL in the presence of a tertiary amne. This nethod of

preparation is d?ﬁéfﬁ&gﬁhbﬁf\]’i@ié 8bhers -ar@hﬁ?icﬁ\%)-pxgghéd 83 the? bxidativiel 988)
and |l eads to specific osphor am de conpounds thout repeéating units.

Al t er nat i vetouplivigpefdtdeasi ates mumphlyerpx graneatidgorhpeund auth an2 Gkxylerol
corresponding_amne 25 with P(O.Cl3 in the presence of a tertiary am ne,

with the deel 2b-Hyamethylpbenph Galplyshsysiems arggegediyperaplpyeddfar such

i mul f aneousl| vy ,or_ sub uent |y 21 .SUBSTI TUTE . SHEET (RULE 26~ . 28, MARCH
003 48 0o/ o e B B FoRtay ol st T S g e RLCSPRERd AT an of a
di ami ne or {gdu HRn Eé&ﬁéébmwmgio il B8EANE iR koRBATARMERIHOHRdsOn Of
t he hydroxyl ﬂﬁ hi ogggr oxycontai nin (E:E(k)knf)oun%q?é Ece) I eve ?dgitrea é{dg
repeati ng uothies nedterilssphor am de, often of 1 to about 5 phosphoram de

| i nkages per 5 conmpound. Simlarly, addition of a diamne or triamne to a
nonosubsti t ut ed ﬁhosphoryl - or thi oRhosphor | dichloride with sinultaneous

or subsequent addattictiardy usebitlapelyphenylene sdRY TOUM RIFPORGS @oeBoRRed i s
al so believed.t,0 lead.to rqeti uni t f phosphoramde. P(S)Cl 3 mgy be
subst i t ut ed"FiF SPEPESS PP gﬁ eﬁ%”é“%r%p%?ﬁf?&ﬁsa ?ﬂ]gﬁf@é‘ %‘bi“f%lﬂg‘g
phosplgr am gﬁﬁ, : i it8 aCareALol the
inven? igon i atp ' Elgig??ﬁ tglr?gn?gﬁﬁﬁicdtai ﬁe %ﬁn&%ﬂ?gﬁ? tggnpoundétbkﬁrbggf%ln%t

fl ame ret aramorthooppsitiod twey hyelrexy @grgapi Pradudts eogeaining suehyerel geoups
non-pol yneri c conpound. In certain preferred enbodi nents an adjunct flame
retardant iEa¥nbephtainedapypinearperating aroapREPPrate) PAMMAY,6f S6RENAHYI nous

constituent, 15 for exanple i [ r honat e en | ycar bonate i bl end

const | tuentmopfs?ag}’fgee%‘gﬁi%n l'lg%uﬁlﬁnﬁ?ﬁs@ﬁt %}Wgﬁ'ﬁ? G Q8Fuftt ™ ame
t ar dant . I ' . ) : ;

retardant CeHYHt3E s Z{)f tﬁé‘%x%ﬁv@og&g@’ﬁ actiBh Hﬁkeugg.r %S&rm&él& ors.

y)hosphorus speci es selected fromth consi st ng osp

thi opROsphapresent ef&hyﬂeéﬁjnbiﬁmﬁ Pehdgioupbianidfos (Viphetiyd sesichural uils,
phosphi nate esters, thiophosphinate esters, phosphines, 'including

t ri phenyl phiypieallye, obtadmedi rfeomxi thastionnanixtiunes t in pivehigh pleosbyripredugti de
and tri s(Z;T‘?. g‘noeth | ) phosphi ne oxi de,. t hi ophosphi ne, oxi deé, and .
phosphoni u g JS Pl gsehtgesnecally o, rl;hbgﬂ' Es3eCoREanyOF (EH3Ye i ¢

phosphat e eghels sl U 04 . . oAl ngt S 25
phosphat e est ere"ss,sy é}gé‘o?%?%gFI%agﬁ’a‘gﬁég%%‘gP E)ﬁélgﬁ%? : ar%ﬁo%?é%%’e éagiglsed
phosphat e egdrgtitutihg las Thidh ia¥ bot®90% By réighe vamiRe polydhers udy edaairay us
speci es include triphenyl phosphate, tritcresyl phosphatée, resorcinol

bi s( d2phenyleagthasgphbsaiyl, anoinqeaikybtontairing dinchéthyidrpkpdiplerg] endrgrompker

T RGN e A L i o b
e L e B R oSS A .

fromthe group consisting of
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phosphat es, thi ophosphates, phosphonates, thiophosphonates, ghos hi nates, 5
t hi ophosphi nat es, pyrophosphates, and netaphosphates. The c&8MBRe 7993t hese
i norgani ¢ plerdieéds salts conprise at | east one cation sel ecg&%%,gﬂggﬁhe
group consi sting of ammonium al kyl -substituted ammoni um aryl substituted
ammoni um and m xed al kyl -aryl -substituted amonium al kali metal, [ithium
sodi um pot assi u | kaline earth netal.. nesi cal,ciu 10_bafi um
transi tion REesnty ol ifteSRiaitelf YnriafBRE iR thlcrifaititih opopadliay”

| ant hanum  pR&MAfal flawiiedum and tin. Preferred inorgani ¢ phosphorus species
are non-pol yneric phosphate salts including, for exanple, alkali netal
phosphat es, boron phosphate, al um num phosphate, and zi nc phosphate. In

anot her enbodi neBottof hohpuipment ahdv eopolyméh ethesl stfd galyflers eape dant
conprises at |east one polyneric or non-polyneric sulfur species selected
from the gr ingudeshdnsthengosipasitignsnaf dhe apresent imyentione Sopotymers maes,

| foxj.des, . and, sul fid ||l ustrative, limti f h
ool ymoBi ¢ olNHHE FRIATSY Plock atarriteinbe TR for Buamplh SRR Rshikaes
| | ene; sl &l 9e;, | f i ands.
Pref ored o0 aut dPagkoBRas, 3000 RGPROHS AP Aot AL G RR e
sodi um par aFalyseﬁensphﬁd nedpolymetsasitieulat tbir drabydces! IHigh eindpait| ;foa?ga}@en@nd
n

Reimer's salts, 1ncluding é)ot assi um perfl uorobutane sul fonate. anot her
enbodi nent GHAIRS)e apgenustof mubberr-madified pilystyrerdsagemprisingdrlendsrand ses

e L
boronBh0sygie, ik A UOA0R Al ARbrllr Qe A ol |
VARCH 2003 WG9t iBETNSROpiciadlly hatelop 8gbRe. ATDQRRAINAL S

present inventi t he adjunct f1 anme “ret ar dant nprises at” | east one

pol ymeri ¢ oprexiouglyl yioemed adiensopolpmier backborel {a.gin tpodybutadiersoner st i ng
of oxides, halides, SU|de%3’ sul f onat es, phosphat es) phosphonates, and

car boxy! at ePolyisorrenehSuitable S repelymers raay hs prodyced by anyl ods or

and ant monk ARG AR B ok 7 BoBSGHY PHieeliRd) APS, <Bpoltbet Renbig ety
anti mgy OXp§duded biPinas AR [BTRin Rifeirbd ta8 bk ABB)UH dRllsidle

adj unct fla retardant conprises at |east one polyneric or 'non-polyneric
si | i cone 10pobymenizatiorP(dfyerereferred ko avhigtcrubbengdaftakBS)of t en preferred. In
one enbodi nent of the present invention particularly preferred

pol ysi | oXanes are_ those, cont ai ning plurality of dimnmethyisiloxane units,
and, optionally, ?raemmsfermd)pmrmp?ﬁh%rwmrgr &ofpsmanyc | PUTRRSEH AT ot

limted to, I t Loyl r \ oxy, ] h , d the
i ke, For _cBPbeRESpENGRRbaiBd eolbtRERs: SR pBlREisnd Bt

incl ude SF1y@ a&rﬁbl Qﬁe?é’si‘hgﬁﬂbsa, %&'Z?@éﬂ@-ra%tylghﬁﬁ‘léb Slynh&3NSAN)! N
anot her enbodi nent further preferred pol ysil oxarnes are thosé which have
first20nitsindudiBig) ABS acopodpmersd Tieses nidy R @inpoybdr mdividuallyr adi asl

sel ected fromthe_group consisting of saturated and arqmatic ring .

hydr ocar bonbgndép‘éswﬂbsmfg@adi nds ingludetheseaf palyplisnyiens etber svith 501,

which is 1ngpipof 3he%b ,nar?%rlgl%;tfsr ggfy%tyrene, 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

25 and/or other physical properties when one molecular weight grade of at least
one resinous constituent is combined with a relatively lower molecular

weight grade of similar resinous constituent. [llustrative, non-limiting

examples include compositions containing polycarbonate, polyphenylene

10
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I n anot her enbodi nent of the present invention the adjunct flanme retardant
conprises at |east one organoclay. Exanples of conpositions 22¥ARGH Ai%g

or ganocl aysweygandec! osed in copending, commonly owned 25 appldyaddebRisT:
Serial No. 09/032,533, filed February 27,1998. As used herein, "organocl ay"
means a |l ayered clay, usually a silicate clay, derived froma |ayered

by i on exChSHBE oI EIRETE) (RPESAtE IEFRRIEn | HoS e STprlyeReG £or

(RULE 26) g‘rwqg e B@&fﬁ ' Sresl{ or
opi um comogma%#%?r%tl e ‘or g% I ?yélggi}\-és ar eo#ga;ig\%nn% po ygtr‘rérlgﬁum rations
such as tri art impgodemghannomeln Aow Nvhén dofedamibcutariadeightmgrade of

Il'lustrative |ayered minerals are the kaolinites and the 5
nont mor i | | opblysarbonateds eombinsskwith @ propertisinogf airelatively lawehmoledular

group, i ncl udi, hydr.om cas,. phengite, bra |lite, glauconmite, cejadonite
and Lhé || KBeifRs ERade ol SRadr malyeshanata: MeEeiore, PG| RAFeRt dmEesiaTen
referred to X y. EliC LOer v i V]

verm cul i tefe é%régéls%egc% C SgtH Sf%lﬁg%}&%ﬁﬁ?ﬂf}%ﬁ#%@?ﬁﬁéﬁ %‘?a %lgfcffean

bei ng nost Eaﬁié&ﬂaﬁc}esﬂibas 1Qnkayeint dand NS dniposilens ydomgtisiag! ko or
produced, but nost often they are naturally occurring and commercially

avai | abl e. fnatetmiolemhlateweighptgradesdf similabtesinausecanbtituert: When dawdber f ound

in US Patent 5,530,052, the disclopsurge of which is incorporated b
ref erence hBYIERM %I‘“@l&kﬁegﬁq%é Qéﬁ‘ﬁ%‘iacfi éqsfl}o‘éﬁlﬁﬂ‘gbtﬁ'@n&ar%%‘%ﬁ%m'

ol oyEd | ni N siERy A0k rpicodats e Bt Bhe, 108RS: HUIEGUF Yol
gxchanged wedRstitgRt Wh%&thQﬁgﬂﬁgﬁ@W@'ﬁ&Mﬁw Bbdiit %9%_ %@QBHOQ 85%one

APA, a nontnoriilonite ich , een ration exXchanged w
met hyl benzy hnd thyrl prfembbdabaut 60% torabout80% of thdwtdightvaidrageé endleadn0
Sout hern Cd ay Products; and nontnorillonite which has been ration exchanged

wi th such i sveight of dheiighestomolesular, weightysonstidaenty FRoene Fepresentative,

N, N - di dodecyli,m dazol i um N N -di tetradecyl benzi m d |.i,um o

et hy! bi s( hYUPGRLTE | STPRdimens: RQ?%%‘E%EF‘?C%WPI‘ finiig ends indlude, those
enbodiqzent ihEAERA j j j and
at 1 ot onEomra g HCBbyEAt oA WHH (Rl e ra e e ufor AWEghE LR [wadt
about OC reabbtis2B)008 dridaaboute32000 0o mbingeb svith anpolycartprate WitldAveight ng of
V-2, V-1, or V-0. In_another enbodinent of the invention the presence of 25

SUBSTI TUTE sverage(rolecuias)weighbbgbyeersaboutsl fand abgupee00809/henstno
certain amounts of adjunct fl retargdant.,pernmts the e_of | esser
amount or abrrBat ngeetif usiearae RESRIAC A Rttt e Ry o
| east about hi i 4 ' n{,na?r BB of
t he conposi tﬂ?%ryél%"?lﬁgﬂtéygﬁggt@a‘}rﬁ#ogs oéésdﬁll%lljfla E@Fg%?dan pr etel;lt%i es of
t he ca@@osi about b tomboat 89 pharts lof oble-rdlecalar nepifht gtdde arudniromn about 89és not
become worse in the presence of phosphoram de/ adjunct flame retardant

‘onbi nat i onabeupal @artsoof ray esthernmaleadar sveight tgradgss én dnixgare @f ufwe

fl t ardant . UL-.9 t beco, f I it .

| ner eases. 1 PalEGHGT FHFIgNt GaegBf agesigogs Copstivent is SR Podemer Faihich ¢
V-2. | t i | H.}gﬁ;‘llt ' SHE9d:

proper'?i gg of the @S@S@?@?ﬁh@%é‘gﬁé %‘gg?%r I’n dtr% fpglrgit‘a:nséllr%ce of'fttara%6m

phosphor am dgf9agirefeehbly fom sbdar S8R0 t6 ABAUNR0:8D) el hesrecpreferablys from
observed in the absencé of adhgnct flame retardant. Better fl ane retardant

properdd es rbaut 76:30 teiabpet 50:5 Sincenmotrall manmfaqtutingprocesses foramakingse| ow)
for the conposj.tion decreases and/or 15 that the % 94 [ati ng“}f or th
conposi ti onHaﬁB?‘é)léésf,eS‘F‘BPSé?&%%e,ntfﬁf%rﬁag-a@etB sraking a}l molecylas weight | o,

V-1 to V-0. ikl i f. . i S LSt
effect on c Q%éslt ? |lc 5%%?%‘%@&?%2%%%? %%feg 8 Il%‘?%érp\aé?rlg&gﬁaggegaﬁmgrg%@gr i es,
i's observed cbﬁ}%r’i'ﬁngrﬁsr‘@? Rlork hﬁxd]?&‘iﬂﬂh%éi[gﬁ@e esNQF Sindiler rakinbdant
conmbi nation corpared to that 20 observed in e presence of at |east .one
phosphor anmi denstituedit uirc twhikl neache ioéir then similan eesifbeisr esado by eordifferent ons
of this invention may contain a flame retardi ng anount and/or .

pr oces¥hbi | iMINEARHHERS Pracesentn ene (pasticelapierabodimett the instant isiention
phosphoram de and adjunct flane retardant,, 25 Flane retardancy is
preferably measured according to the Un witers' Laboratory UL-94
protocol. A flame retarding anount is an anount effective to render the
conposition at least a V-2 rating, preferably at least a V-1 rating) and
most preferably a V-0 rating SUBSTITUTESHEBET (RULEC26)L- 94 pr ot ocol when
nmeasured on a test speci nen of about 0.03 to about 0.125 inch in thickness
by 26 SUBSTI TUTE SHEET ( RULE 26) 28 MARCH 2003




WO 0011614 PGINS99/ 17371 about 0.5 inch by about 5 inch, preferably about
0.125 inch in thickness by about 0.5 inch by about 5 inch, Rpﬁ"éo%:}ably
about 0.06 i i hi ckness by about. 0.5 inch by about 5 inch, and nopst
preferably a@g{]’f’h&l& inch in thickness by about 0.5 inch by aBSUUS¥THLL
di rensi ons. Enhanced 5 processability can be determ ned, for exanple, as a
reduction in extruder torque during conpoundi ng, reduced pressure in

i nj ecti on notniompassesiucMpEsitionsi topmprisingr ale polycacbionatel emadee by an
Typically, a flanme retarding amgunt of the conmbi nafion of at_I| east one
phosphor ani ez Prosass | ﬁegﬁamﬂe@ Witha Ralyeathanate; of erERNp¥eBht ons
10 of the in j 1 Snil -5 parts, preferably
about 0. 1- 2.%&%gﬁg}d‘%?dl%%{é}ség%‘f’ﬁggﬁg’& a?%%ﬁ&&cggsgf resinous materials
(phr), all percentages herein being by weight. The total anount of

phosphor am de andaagihérCéoristitiént’ 8f @idl38dini o 5itioriseo¥ the iRPenticty®s af
about 0.1-50 phr, preferably , about 0.5-35 phr, and nore preferably about
1- 25 ph§. 15leastl oneoplsogphivrdimidehaving aglassdsamdition\peint ofiat least about 0°C,

hal ogen-containing, fl ane retardants o'r other hal ogen-contai ni ng speci es
may al so be Breserahly phat Ieast ahpeb] B0 chmasy piateranly pkal leask aboHI20°C, o
many resi nous %‘grfgosigti ons, the conbi nation of a hal ogen-containing flane

r et ar dant an‘af ¥R Bne phosphoram de (or mi xture of phosphoram de with
anot her adjunct flanme 20 retardant), particularly including a phosphoram de
having a glass transition ggint of at |east about OC, provides both
suitable flanme retardant pgaperti es and unexpectedly inproved high
tenperature properties (such as,nmeasured, for exanple, by HDT or Tg of a
resi nous phase). ()1 ustRatike; RAon-1imti ng exanpl es of hal ogen-cont ai ni ng
flame retardants or hal ogen-@§ont ai ni ng 25 species include brom nated flame
retardants and phosphoram d€s contai ni ng hai ogenated aromati ¢ substituents.
Due to environnmental regulations chlorine-free and brom ne-free

conposi {i ons My RReRIAISI [y din G5 FAPR!drf Ainid fesidET PR arldRA
preferred enbodi rrentdé he dpr es [ n\{ent g)”g I ncl udes conposi i};ﬁons (ilorrprl si ng
a t her #@pl asareceachindepertddénthsan alleyl@xy, AVREIENhIG Birylokyzor & oX@sidue, @8
MARCH 2003 WO 00l 12614p PCT/ UIS;SQI 1??’71 )[,)hos.phoram' d?ﬂﬁavi ngda gl ass
transition p&RrArylxyaer| aydthiapesidusc containing 2t lagst aneaatkyleosrbelagen sai d
conposi tions_RQei.ng.essentiglly.free of chlorine and bromne. In this
context esseflt s&l%‘”f’roéémréﬁﬁ‘}s/ﬂ}eﬁs?f' ﬂﬁagtﬂrﬁﬂerfé’-s%e'brom ne- cont ai ni ng
speci es has been -added to the conpositions in their 5 forrmulation. In
another of its enfQlblRIbE {dted RhESHNthd QUSRI RIhs REeliflefe Abidd efadatilai ned
fromsaid chlorine-free or brom ne-free conpdsitions. The conpositions of

t he inventi oandrifyesidisel’ axntusédrimtehehangeabbyntanadhate bdth iriterded rtol desigrate
stabilizers, inhibitors, plasticiZers, fillers, nold rel ease agents, and
anti-di$p ag¥mtQrganist moiRtyp Foseeamples alkyl sadigabangyalkyl residue are both

fl hyl I Y i | uding. m ith. h
ot raf | uorockEul SOE PALYEELS 1 RSPOLNEE! Tl AELUAG T ELLASE dLReae
herein as st yepairASHN! SFthe' pleRetCRRIHHRIN is t&ﬁ&é’lf'té’%iesi?i‘%&é“vo‘fﬁ'n%&hﬁl of

preferred conpositions of the i1nvention Is therr 1 nprove I gh tenperature

properties. dlkghdranchetbalkyd aratlef, bidtdyelddikybriditdiat Nobmall agidebrached
glass transition terrperatureﬁéTg exhi bited as a result of the.

i ncor por-at i otiky} radisalssare prefegablynthase confaiming fnom sl dababout 121 ¢agboress
than t correspondi ng. decrease .exhibited in bl ends containin f.or
exanpl 28 pho%ﬁﬂ‘?gsﬁ ea“EJ'\SS'l <Asg ystraliyg s‘(‘%‘g“}’i%%ﬁm?%%)“’%ﬂ‘yl' ethyl,
di hydr oxyar o i ) S. S .SV am I 0
com);ar edyt 0 ?ﬁ@’g’r Slg%ﬂ;}ﬁbs%%lg}tl e Hgg?%y-gﬁwe{h%%ﬁs %@Eﬁg};lf (Taggow '

enhanced fl aQpcloaiiys radi@lyiepreseated afe preferabbBMhése tonfaltingd Hin (3%
procedure. ?(n[?t he cygse of phggfa-separ at edj bleendgmseucrf as pol ycar bonat e- ABS

bl ends, the almutel@smng aiprn atoms.cibma ilthstratiVey nanHimitirg pasplesrplresence
has shown that the flame retardin roperties of a 25 phosphorus-based
conpound i nc?.‘(ﬁ!@gk}’h aradigalgousing si cyelebutyl, geryelopentyl opseclahexyl t o
t he anpunt of ph rus.in the c ositi rat her than to,the ampupt of
t he cgg'goundn}ehﬂ?fa%ysl’, gh‘ﬂa‘fy f‘dﬁb’g ?ﬁe‘[“\x&’-‘ﬂgoﬁfﬁpﬂae?#}ﬁeﬁngﬂfai &P@?ent
nol ecul ar wei ghts but the same flanme retarding
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»8 SUBS~1TUTE SHEET (RULE 26) 28 MARCH 2003 WD 00/12614 PCTW%S%_E%OHK?;?I
‘.~ "properties may produce different UL-94 results, but anmount sS4
addi tives woemzentri bute the same proportion of phosphor usptfuséveraT:
resi nous conposition will produce the sane UL-94 results. On the other
hand, other physical properties such as high tenperature resistance are

dependent : NRUR it . [.e i i endent
of the phoggﬂ%ﬁ}ﬁ? fr?opor h %i%oétﬂg% g?@%ﬁ"{shﬁgs’; élgé;grﬁl ,e ! %ﬁ‘geé%%%rmg&%g of
fllame ret ang Buhz¢n hHErglbu rrgﬂ{ éiylpPop s had pReRyRthpRM9E kidieMs useatiai ni ng
two phosphorus szcei:(’j C rrpot(gn S rray;/lpnof%ﬁfol I gw tXe sgrre attelr n. It has been
shown, howthervarioush emabsqlintertts 6heher pfesenie dnVeritiquh oaneh preferabdy sk oyed
according to the present invention that thei ressuperi or properties of flame

r et ar dance COREINNGH MoBRSe faitldr BNge athoRNaOMS: SUBE dillysative maslimiting
exanple, proportions,of resprci.nol i I =2, 6-X I osphat e) ,ef.fective to
conf erse a s&r?@@ﬁ@ ‘Pf Q}Fé?cﬁﬁyp f?‘?fﬁa%nmgf} Papﬁér}yésﬁ%\ﬁpﬁ, %@&rﬁ\?&ﬁl}yc}n Sre
simlar to HCal HY ; je at
an essenti egr F@%&Ef@%ﬁﬁ alﬁg%ag? t%é'? Hgﬁog{ghgégu%‘?g E%ﬁbet%le |t£gﬁ3§€%§§agr#de has
a subst ant iigvdritidroa®y clileride any bromider ease heat . defl ection tenperature
(HDT) despite the slightly greater amount of the bulk additive. It should

be clear that the present invention also affords nmethods to .: 20 increase
the heat di st or flih¢rrarappuitions mayconfaimessentially ansingleplrsphosamident ai ni ng

an anmount of. at | east one phosphgram de and.at, | east one adjunct flane

r et ar dant é’?‘?‘gﬁei 9@%’8 Pe Pidet& Ft ioérplbos%%é’ﬁﬁn}‘g?ﬁ‘ g%orgpoytnopgast
V-2, ef er, i 3 m Ye i) the UL-94

pr ot (;‘(rg{)l , ﬁgﬁ%ﬁg%&%ﬁ%%@% isegﬁég%ﬁa%iqr% pafgalnééafgt one thernoplastic
resin, at 25 | east one phosphoram de having a glass transition point of at
| east about 0C, Whehearplisphotamidé hasingrbglass frafisitrordpoing bf pt lehstrablow of at

| east about 20C; and at |east one adjunct flame retardant. In a preferred
embodi ment 0PGeis msedt iasna asaurcaf obrp{sospﬁmusislm dgesinc compositionsheiat was

compos t | orieXBededb | b hab SUBSHeTUREISAEBFCRRUL EDRgTatis, Ghaktsh 2003
VO 00/ 12614, B[ NSINa L k! B8 JRSEY EOHDOSRNERGAD BYBLEERIR s BYnizelS 0 1O

i ncrease th I'S I'on tenperatu ééo conpositions conprisi‘ng

essent§ al | yo acsrhpobitiapiso spitalnitigd arororgatiophosphaté  knower inotiee dirt ffogent
types of phosphoram de; and those conprising essentially a single adjunct

fl ane 5 reteahdneing the prodegsabilitypfa roflame rresigtarieer dharactepisticoof dlgunct
flame retardant.  Conpositions containing essentially a single phosphoram de
and a si ngl@MRYSIHRR- 1 ame retardant are often preferred. Useful

t hernopl astic resins have been descri bed herein. Especially preferred

t her nopl asti c regi 0 anat.e FQfe{p i esdiangl i#fvisbased
pol ycar bonat e, an%@n?gglky‘gﬁ{%?%a%ona ee?\lagége@dg?(l 15‘!& s
pol ycar bonajelievAl\-thRBE seleefién, ofiledcRobfy Rl IRy adret ALSS rebicings , thah redulelint he

mount of ABS may typically vary fromabout 1 to about 45 wt. % An
éspe®Ql | y rpstoicted: edtatiers phdhenbards connected to the phosphorus provide an

N, N -bis-[di-(2,6:xylyl)-phosphoryl]-piperazine. It.should also be, ¢l ear
that the brBgEmied glash FRRNERE Bob i, BESHHOR: 19 2i8) RHSPROTADIAE ae
well as 15 Gl . Skl . Pre L Qn or the
conpositi onvgir t%fr 8% ﬁzlelgﬁglg’r‘éé (%rrpetg?% ? gg?%a{’f i(‘)%&?%%gﬂe Feiﬁéb o%%dhﬁgfée{glkgous

bl ends. Theybsttaehts suele a8l €y %k&ﬂ(riplé,sa Ixyplresidueg coatdi abYeastlone
processing, the latter operation frequently being perfornmed under

cont i nuous halogn, i cors psefesabdyt ratsi teast Faineovalkyl nsubstitutioroc eesulbg,int he

conpositions are nolded into test speci nens by conventi onal neans such as
injme)cgs on ,é]quhngami es having a higher glass transition point than similar

phosphoramides without the substitution on the aryloxy residue. Likewise,
residues wherein at least two of the Rl, R2, and R3 residues are

interconnected, such as a neopentyl residue for the combination of the R2 and
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The additio

of the bIenqNB

Al ternative
| east one a
resi nous bl
concentrate
conmbi ned w
28 MARCH 20
i nvention a
t her nopl ast
flarne reta
materials h
conbi nati on
they afply

remai ning a
present inv
di scl osed c
or opaque d
by any conv
not limted
cal enderi ng
wound defl e
tel evi si on

defl ection

bezel s, pa

pl ugs, plug
housi ngs fo
housi s, i
conputers,

keyboar ds,

nmobi | e phon
l'ighting fi
transf or ner

n of at | east one phosphoram de and at | east one adjunct flane
retardant to the conpositions of the present invention my b@"kﬁ/RCHiZQ?Z"ng al |
gnts together prior to nelt processing. 25 peT 99/17371

l'y, either one of, or both of at |east one phosphoram de and at

djunct flane retardant nmay be conbined with at | east one

caonponent as a concentrate in a prioy processing step. Such
‘jr?ﬁ,rgm pes rFaHa@'édbP treé &%@Pwm%f\wnsem ﬁsetrmﬁpnen be
th. [.amai,ni nd conponents. 30 SUBSTI TUTE SHEET ( RULE 26)
d%p‘ﬁggﬁﬁﬁq%%‘fl’%%&%@ggl 17371 The various enbodi nents of the

re inclusive of sinple blends conprising at | east one

i C respn An réferféiﬁsénfﬁb%liﬂl!éﬁﬁpﬁﬁéace]t?%ﬁﬂ\?gaﬂdé e8SinpPises agj unct

ne or nore of said

rdant, and al so of conpositions in
rgroide bheirig al glasy eanosition, teenpératuteyof atskelabt aboutn0°C,

w th anot her bl end conponent. \Wen proportions are specified,

tRreferablyr plyatnlerst abomwlo (56, andamest prefarably of jab least ahouhdd%C,

Qﬂﬁﬁ EH%BS C?Ereaction. In anot her of its enbodinents the
611° HE% es articles of manufacture nade fromthe instantly
onpositions. Such articles 7 0 may be transparent, translucent,

epending upon theybl end conposk?ion. Said articles can be nade
urypi cal neans include, but are

eni ent neans knoyn iq’the\art.
to, i\hecti oASmi-eihig, t harrefp~ARg, bl ow nol di ng, and
. Especially preflegreq art/iclesl include indirect and direct
ction yokes for aﬁ‘{

and conputer nonitors, slit type deflection yokes, nold coi

o o B QL el b SR g,
S?Q?Qﬁi 1tHRY kefidue S6F HAL S;

I on cabinets, 20 conputer

8GHdepaRdertilye ahr al ) ’

r glﬂec?r oni ¢ }gqui% n?f)gt?gﬁyg?fealrg
retyleiyn ordexsilthinp residue econtaipdnig adll deastmomeealkyll apt dalogen
pal. m hel d conput ers; nonitor housings, printer_housings,

Fsatbshibieiomh e OR omMxtge ) thespekr o @ iamine residpeofie auespegially

e Bandinedy P B R, SERE T SV E g RN ARE 26

br eakers, nesttng 5@2 gﬂgi’zh%;g{th%gﬂgﬁge?‘gg ﬁi@nﬂl %?%?%S%ﬁ%glrﬁﬁesn?g Wé“s’kty‘

di shwashers
ventil ation
seatintp for

20

25

, Théset plessphasaiides atopiperadinestype gleésp‘tgﬁaﬁﬁdm; Thehei atpvend

encl osures, fans, air conditioner ousin%f, cl addi ng and
forauda whemipstaghuT@1 SHEPKRYgRU RrEs)each A3-6 moiety 1s a 2,6-

dimethylphenoxy moiety, the glass transition temperature of the
phosphoramide is about 62°C and the melting 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 phosphoramide is
about 0°C and the melting point is about 188°C. It was unexpected that the
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 corresponding
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

phosphoramides differ by only about 4°C. For comparison, the glass
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cat hode rayAtube 15 applications incl uding

{
1



-
7

28 MARCH 2003 WO 00/ 17614 PCf/US99/17371 and outdoor application s%((:)g\ as

g .f’ﬁubl ic transportation including trains, subways, buses; aut ATULR

el ectrical wowpemeats. The invention is illustrated by the fpstpebdfrm
exanples. Ali parts and percentages are by weight. Intrinsic viscosity was
determned in chloroform5 at 25C. HDT val ues were determ ned at 264 psi

(1820 kPa) accor.di to TM procedur e D648. . E | ends of L Oous
anount s of %aﬁl Bﬂgﬁ{}}?eﬂﬁﬁB%&F%ﬁPWMFé?m@% %BbPﬁ,P]’B?B*edséz’ r'gg{adl:'l y
avai |l abl e hy ; e %nﬁgﬁﬁ |y
avai l abl e g’ﬁ%gérgg I y%@éﬁgﬁgieﬁpgéyﬁgﬁ rﬁ%ﬁfﬁgﬁéﬁte%ﬁ 1t ongaby

bl endi ng i ntetnpieatreelbyniisiag & plixtore df warivdsrsubbtituted @nd won-substivatedt r uder
and were nolded into test specinens. The blends al so contained conventional
addi tives ianyl ouietgesowithim the phogphiopamidef | uor oet hyi ene di spersed within
styrene-acrylonitrile copolynmer as an anti-drib agent, which were not

considered in deternm nin roportions,. 15 a varioys ampynts of .t he
foll 0\,\5 ng phospﬁ%‘r gno eHP?fFﬁﬁg ?‘BB%@H’&?W' ;gai@i't oramide comprises a

N, N - bi s-[dj 5 I % | J.pi ' : c é'l%‘ltﬁﬁ?r di ng
to fornul a%oﬁe@ﬂ%)ﬂﬁ - B% &gﬁﬂﬁg&éﬂe@ﬁfﬁgﬁso f\?\%te@glaﬁ eac ‘moi ety
is a 2, 6-di priférabBhenyt l¢aes abowet 10 Nand0mbitspreéeably wf andstisp¥Bout 20°C,
phosphoryl ) pi peraZine (NPP), a conpound of simlar 'structure but wherein
each pair off theforrsmla¥Ibn each phosphorus atom (e.g. the A3 and A4 pair)
is a bridging neopentyl residue; N, N -bis(di phenyl phosphoryl) pi perazi ne
(PPP), a conmpound of simlar structure put wherein,each A noiety is a
phenyl residue; and resorciglol Mi phea¥!l p hay e) QB2 SUBSTI TUTE SHEET

RULE 2~ 28 MARCH 2003;\/\@ 00//1 261A HCTRUS9%/ 173Y1\( RDP) .qpd bi sphenol A

( Ngonfent onal N osPRafle esters. The FOT

i s(di phenyl pho&fifiat e) l ot

(total flameout tines for f'a’St\ﬁ.nE?S cond i i/ong fRno5 bars of 0.125

i nch thickness) and Tg of tMe pol ycarbbnate phase of each test speci men was
determined and the results are given i\ Table |. TABLE | f

Sanpl eBasel2345Pol ycar bonate, parts
10 wherein each Q1 is independently oxygen or sulfur; and each of A7-11
is independently an alkyloxy, alkylthio, aryloxy, or arylthio residue, or an
aryloxy or arjflthio residue containing at least one alkyl or halogen
substih;tion, 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
15 moiety is independently J phenoxy, 2,6-dimethylphenoxy, or 2,4,6-

trimethylphenoxy, and n is from 0 to about 5.

In another embodiment of the invention the phosphoramide
comprises a phosphoramide having a glass transition temperature of at least
about 0°C, preferably of at least about 10°C, and most preferably of at least

20 about20°C, of the formula VIl : '
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81.3 72.2 76.9 73.9 73.6 71.6FR, identitynoneXPPNPPPPPRDPBPAD PFI t
phr012. 46. 910. 410. 713. 2FR, phr PO01.161.1' 10. 971. 02FR, 28 MARCH 2003

%°01. 021. 01 . 04FQT, secburns19. 484-20. 327. 3Tg, Cl4713 112
51t is appi‘rvgﬁlbgmﬁét t he conpositions of this invention had ijﬂ;}n
significantly reduced FOT and a Tg that differed fromthat of poiycarbonate
(147C) in a base conposition not containing a phosphoram de or phosphate
ester by an acceptabl e increnent .Q’Sarrpl e 2 had a Tg essentially equal

wi thin experimental error totibatllof,ishe pol ycarbonate in the base
conposition but 10 the FOT wgs appr €ci ably hi gher than that obtained with

XPP. Sanple 3 utilizing PPP had
and NPP, yet exhibited simlar

significantly lower Tg that that of XPP
obtained with XPP. It was unexpected
t hat XPP cont ai nim"y;orrpositi ns (e.q., sanple 1) would exhibit such
superior FOT as conpared t@' NNP-cont inir?ihg conpositions (e.g., sanple 2),
and such a large 7 5 i ngpeseN\Q po iﬂ:\q‘bon e Tg as conpared to

PPP- cont ai ni ng conposi ﬁqgﬁ%/?e.Mam Fé"'?)q.t, Sanpl es 4 and 5, enploying
conventional flanme retardaflis 33 SUBSTI TIBE SHEET (RULE 25) 28 MARCH 2003
WO 00/ 12614 PCT/ US99117371"(FR), had unacceptably low Tg's for many
commercial applications. The variations in FR content in ternms of phr of
total FR and of phRerdiAedeh @leishididependenidy Skygeanord bsidnt anidogachhef A12-

st andpoi nt of properties. EXAMPLE 2" I n the same base conposition used for
Exanpl e 1, d7isripdependentiyaan allapdry calkytthio, egyloxy, mararyltRioPresidiue,; .of axPP.
The resul tant conposition has a flane out tine of 17 seconds, and the

pol ycar bonatay &W@Wﬁh@zfeﬁiﬁﬁ‘e Q@MAIRING 43k lepst, qneydkyl e halogamyher

1 sanppes. bR pyflbe irdfedt BF 45 SpuRRCesyBIE I 8 ArBR et "o
avai | abl e panibadigneitmebdly Q1listo géeh,p&m%ham%ﬂlmrmow i§§n&ﬁ1t5ér§déli{tl)ﬁ

comercially available H P vverex% pared and nol ded under identica
condi ti ons spherioxy, 26-dinmethylphefoaypbe2,4,6-ftimethydrplkersdxgo cont ai ned
conventional additives including 0.21 part of a

pol yt etraf | uor oet hyl eng/ ,él;%rene- acrél onitrile cop as an anti-drip

a?ent . whi ch wer dnvasother, eﬁi;raenho ?Ieépﬁfﬁﬁfl?? WME‘@W%&@P@B?@%N )
15 XPP, DP. - i ti LT
Por Ctotal 1 RhOuhonie Yash B RISt/ ran a8 amitfrah B tlbad Sk 85E 06

i nch -t hpckngsreferably HFat 1A€Akt FIPC, ARBOR5H preferkBly oF atdasdt dbdti 20PECi MEN

was

of the formula IX:
o o
N VAR
(IX) /P——N N— Q .
19 5 IL7 '!‘7 A21

wherein each Q1 is independently oxygen or sulfur; each of A18-21 is
independently an alkyloxy, alkylthio, aryloxy, or arylthio residue, or an

18 aryloxy or arylthio residue containing at least one alkyl or halogen
substitution, or mixture thereof; or an amine residue; and each R7 is an alkyl
radical, or both 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
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determ ned and the results are given in Table Il. TABLE Il Sanpl e678FR,

i dent i t yXPPRDPBPADPFR, phr P1.921.851. 58FOT, sec242137HDT, éﬁ%?@'i?of’%l%. 5
34 _ SUBSTIWObnfHEET ( RULE 26) 28 MARCH 2003 WD 001 12614 Beths&#ihin371
Again, it is apparent that the conposition of the invention (Sanple 6) had
acceptable FR properties and a significantly higher HDT than the

conposition i 0] con t , i tAYeSy Lndicall I hi gh °
Cerper at ur o 13ARAL PR EBEAEG I, A FaEh MIER! SPRTC DGR, ||
avai | abl e pAhendxf, @,Bﬁiﬁﬁth%lgﬁeﬂbﬁgw Sf‘eZ%él&‘iﬂ\eﬁ\éﬁpﬁ@nBﬁ.t SnOfa @more
comercially available H PS Wwere prepared and nol ded” under” condi ti ons
simlar to tprefeerenf efbbadjent} eachiQdlis oxygen; each R7 is methyl; and each A18-

N, N - bi s[di-(2,6-xylyl)phosphoryl épi per azi ne %XPF:) as the flane retardant
material inZdssepierai IS nsdepeadenily ophiencay, 26edisefbylphenony, was 24,610
secondg‘.’6 EXAI\/PLI%\Sl ﬁ conmercially available H PS, optionally containing

pol y( 2,*odi mﬂ!’f‘ﬁﬁ-ﬂ,p ?Bﬂélﬁw ene ether) and / or a

pol yst yr ene- pol ybut adi enepol ystyrene el astonmer, were prepared and nol ded
under conditions [§i Fnbfier! CerhBOEANEAt FSATRAE InverioRd the phosphoramide

N, N - bi s[di-(2,6-xylyl)phosphoryl]piperazine 15 (XPP) as the flame
retardant nabeprides aTphosphgramiitedravingd glass temnsitiort poiret ¢fFdblleastsabdat i ned
above for Table 1) are provided in Tabie I'll. TABLE |11

Sanpl eBase903€1 preferabbg of 74 least cdant 0KL C2 2edsmst ppeferaldyosfsatesstisbort
partsOOOOZS%%,%f%ﬁr tf5010 101914FCT) secbuns320135400215315HDT, C, 264

psi 86746879 ¢ g E SHEET (RULE 26) 28 MARCH 2003 WO 00/ 17614
PCT/ US99/ 17371 As seen by the above data, phosphoram des as descri bed
erein are effective in re?)uci ng the flame out tine of HIPS, optionally -in
he presence of PPE and /o l rubber. It was unexpected that the flanme out
times would be so drama ica‘lly j nproved, i.e. decreased, with the addition
of the 5 phosphor(§m deR'o—rPe'n"d%Jr the material V-2 under UL-94
classification. It was al sgazunexpect ed that the HDT would be so high for

t he cotébositions containing'the phosphorani de. EXAMPLE 6 Bl ends of 90 parts
of a commercially avail abl e bi sphenol A pol ycarbonate were prepared
containing 10 pa_%ﬁer@fnQltigﬁkglgg?o?rsuffﬁ?;aJd‘RﬂQoHM?nﬁlﬁ%,Cont al ned
conventional additives, includfng a UV screener and an anti oxi dant, which
were not considered in determ ning proportions. The conpositions were
extruded and nol ded into iranspargnt speci nens. tical properties
(according to AS'lMTmOS- ), I ncludi %Z ransmi €9i @h, yel | owness i ndex,
and haze, and the 'Tg of_t“[F.P_&oLy pbhase. %Jiwet erm ned for test
speci nens of each blend. The resultg§ hre given in [fable 1V along with
results for a conparable conposiriof a¥ntaining essaftially 100% of the
sanme pol ycarboriate and no added fl a ret ardant. T‘ABLE |V

( wherein each Q1 is independently oxygen or sulfur; each of A22-24 is
independently an alkyloxy, alkylthio, aryloxy, or arylthio residue, or an

15 aryloxy or arylthio residue containing at least one alkyl or halogen
substitution, or mixture thereof; or an amine residue; each Z1 is an alkyl

radical, aromatic radical, or aromatic radical containing at least one alkyl or

halogen substitution or mixture thereof; each X1 is an alkylidene radical,

aromatic radical, or aromatic radical containing at least one alkyl or halogen

20 substitution or mixture thereof; n is from 0 to about 5; and R2 and R3 are each

independently an alkyloxy, alkylthio, aryloxy, or arylthio residue, or an
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Sanpl eBasel415Pol ycar bonat e1009090RDP0100XPP0010Tg, C149111131Transm ssi on,
990. | 88. 3895Haze0. 73. 30. 7Yel | owness i ndex2. 243. 184. 16 36 SUBEYARETEOSHEET
(RULE 26) wABodvi¥etd 2003 WO 00/ 12614 PCTNS99117371 The abovepcpugsontyon
that the conposition containing XPP has the same % transm ssion and haze as
a speci men of essentially pure polycarbonate, and an acceptabl e yell owness

S e . \
onl'y 168G { o affickd beCabdfio? Miiifie, LOfRANG AP 1eal RANCALYO W haldee,
cont ai ni ng RefbstifvRl-For’ rhixthendihebed®. &r RaY tanitle Fedidus! Il APHRBRIrred

honopol y- carbonate, 61.8 parts of a second bi sphenol A honopol ycarbonate
with wei ght embodimemb each {01 visi gixygahpeacly 1422024t rdietyf is Hadépersdently

bi sphenol A honopol ycarhonate, 4 parts of a co cially availahle bulk ABS
copol yner, pﬁanaxys %gwﬁgl phagoby«éya%&fwnmiqu@%e hde pagthyd xer

spect nofs. ” THE PEEkE 2aR A5 A IR E NG K orya i P4 GitobR atorkGEd s
| ncluding T i U 480524k R Vireh IR hHOBRA iR SERICHIP BheRhy 8L N

styrene-acry trile copolynmer as an anti-drip age enent” of the
Melt Vol une dinethydphehoxy, o2, 6-Frikndthglpirenorppl i ed wei ght) for the bl end
gave a value of 24.9 cubic centineters per 10 m nutes. The bl end showed a
melt viscosity at 280C of 390 Pascal -seconds (Pa-s), at a shear rate of 100
sec-i, 220 Pa-s aina anether rembodimentyookcthe; inyantion, phes phosphopamide ot e

of 10000 sec-1. The observed FOT.{total flaneo 1.nes f.0 i.rst and second
Cani i ons. f oFoERiEes BopRoerrmae Hiviie aslfkhdiid paiRt of of Jes? ABaDF
Pressu TeShod U i t 5 i | EC
095 1019 (To8eCoRjETety of AT OUR 102E7 0@ ThGSH bitkeraBly, 8F o R abBLe| =
Typi cal |y, a20%Cusf the foaaaldlhan 2 mMmis desirable for nost applications.
EXAMPLE 8 A blend of 64.3 parts bi sphenol A honopol ycarbonate, 16 parts of

a 25 copol ycarbonate conprising 45 nole % bi sphenol A and 55 nole %
4,4'-(3,3,5 37 SUBSTI TUTE SBEET (RULE 26)

0] R‘--lr--l:r3
Rz

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

X2 Q' X2 Q'
(X) 2 N 4 I
—N N—4—pP-N P—R!0
NN AR
e Re 2 R
n
15 wherein each Q1 is independently oxygen or sulfur; each X2 is an

alkylidene or alkyl-substituted alkylidene residue, aryl residue, or alkaryl
residue; each Z2 is an alkylidene or alkyl-substituted alkylidene residue; each
of R8, R9, and R10 is independently an alkyloxy, alkylthio, aryloxy, or
arylthio residue, or an aryloxy or arylthio residue containing at least one alkyl

20 or halogen substitution, or mixture thereof; or an amine residue; n is from 0 to
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28 MARCH 2003 WO 00/1261i PCT/US99117371 trimethyl cycl ohexylzi ﬁ? @%%()Qhenoi
(APEC 9371 obtained from Bayer Corp.); 4 parts of a commerci ) 6 varl abl e
hi gh rubberwgneit6téABS copol yner; 6 parts of .a commerci al |y aperius®reastAN
copolynmer, and 9 parts XPP was prepared by blending in a Henschel m xer

* followed by extrusion on a twin screw extruder 5 and nol ded into test

speci nens. bke aRso i ned 7 enfid ttVes
i ncl udi ng po ytte§'r gﬁ?ugrgo%lﬁﬁ%gnéeﬁdf%é‘e#@géoéém‘ﬁ\tﬁosa%‘y?fgﬁéﬁfr?#g%ltlhzdr/'i | e
copol ymer agrydoxygdri argithio aesidue, dhantdrglukysopaedlthiodicsidud tomtairingat

tenperature of 1I39C. The observed FOT (fotal flameout tines for first and
second i gnileasmene mlkgl loxr Ralogen. ubstitution, hor kniduye \therepd; orcmaminEXAVPLE

9 7 0 The sang, conposi ti gn of, EX lle 8 was prepared except th 16 parts
of 'a copol yiEEdHn Ao ac BFRIFTErn SO diBEB o aATs S 18| XY EERG eashngReisyah

4, 4" (33, 5-1k - j j (AP j rom
ayer or p. SHEHE OE SRR S ARRRE R ke Bion Zo s bR I o
140C. The ogfgol-yausktitiled fiiyalddred f@idhie;! £48S of OR2f R3S IRGNRYS@RENR1OGAI ti ons
for 5 15 bars”of 0.06 inchthickness) was 21 seconds. EXAMPLE 10 A bl end of
58. 8 parts indepbndentlya plenmpat, y2brdioresthyplph2Boppys tar 24, & trimethylphehaxiat e
conprising 65 nol e, % bi s%}e ol A and 35 nole

trinet h]}/I cy%‘ll‘@)me;@yfrplﬂ'ér% A ﬂEEJéI Enpgmoggme%%%é‘é%h%@%%a%h Qris.): 4
. . / " =

bF 20 & corfErLErd: ) 2t B uePeBiuitn R urghBhin e AR sigoel N 5

part sgPP Vsl BPRY {THIMn WHRAAGN IS 230 10 368% of R R3, REY RO

extrusion on a twn screw extruder and nmol ded into tesf specinens. OTse
gl end al so irwlepandertly. pherwxlys 26-dimetteylphenaky,adtdi 2,4 éasimethlyl+phegoxy;

ol ytetrafl uoroethyl ene dispersed within styrene-acrylonitrile copolyner as
25 an anti-a3ndm dyérem Ote abaddshbwan espscially prefefredi embodimentitthee of
140C. 38 SUBSTI TUTE SHEET (FtUl. . E 26 28 MR 00 00/ 1261
PCT/ Usao/ 17BISPHREBNAE iy SFFIVER (DBt BIPrRaReoie: o eRdrds ¢ St bt econd
ignitions f H25).bars of 0.06 inch thickness) was 19 seconds. EXAMPLES 11-25
Bl ends of 88 parts of a commercially avail abl e bi sphenol A
honopol ycarbonate, 6 parts of a commercially avail abl e high rubber graft 5
ABS ctul yrner ald afiotharapteferredaembotiraent, athey phuspharairdd&/ddmprisesy aer
were prepared under conditions simlar to those used for Exanple 1. The
bl ends al s et phasphoramide having aglass transitionnppindi af atoleastabeutod°C,

t
pol ytetrafl uor.oethyl gne disper JJMthin styrene-acrylonitrile | yner as
B ant - ar i predgrenDy offilenstrut 0rC i medh iR raiE ol e hep S RRCidfons.
10 The bl e”ﬁ&ﬁ%&%ﬁ"ﬁﬂtzai ned various anounts (in phr) of XPP and adj unct
flame retardants. e conpositions, flanme out tines (FOI, as defined above
for Table 1), and UL-94 ratings are provided in Table V. Table V Material,
phr 11
11121314151 b1718192021222324p5XPP10. 4B. 18. 18. 28. 38. 18. 18. 28. 18. 18. 18. 18. 28.
:{8. Santinony oxi de0O00ORE 1/—2'2 000000000bor on

()
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h<.a hat. 000000. 270. 55! . i 00000000 ganocl ayHY000000000. 270. 55000000{2%anocl ay
APA00000000000. 270. 55000PPS0000000000001. 12. 24. 6FOCT, 28 MARCH 2003

sec. 3070204 73515272453b7UL 94 :

ratingY- OV- i@%é@ﬁﬁﬁiv OV- 1V- 1V- OV, 1V- 0~ -1V-0~'-1~' .1 PPS = gSYHNENA Ene
sul fide Sanples 11 and 12 are control sanple containing two different 15
anounts of XPP and no adjunct flanme retardant. It can be seen that the UL94
rating changes frWREIRID ?%F?'\/-O{ #4 ds| Bydepeadsotly 8t hydrogen @scen jalkyl

I | e;:13. alni-g. adj fl
demonst r at o TARAEASH BT BN AF PRt O isBy 3R or e R B A B 2o
SUBSTI TUTE SF@E"[ ek @)ﬁma %3&333}9@1 HakAh ; i b
the nethod o theeC(i nven%i on. r?p05| tion contgi ni ngéﬁcg?%yﬁgﬁ{ezzélf Y
adj unct fl anradiedistidamantrvaiphati?d alieydlitg atdrahtic sonallaepl) oz A2 a gioujy f or

the control sanple 11 although they contain only as much XPP as control
sanpl e 82. Eleriveddrom  Ietaogydic amirg, e tA2pfisa abhygdnazioe gompound.

pol ycar bonat it Lght aver l,ecul ar i ght, abouyt .30, 00 nd 75

Por Y or n- b esieiarbl OA TS oy AE A cis novedh Bt e 150cthegdhe SO v
wei ght were Beﬁil]'llF J I : f of
pot assi um di%hg%y su %goé}'stﬁ fon@?ggl?ég?%r&@%ée%gégga%gf??zfsgﬁg’%euw
flame retar danthe pﬁgmd:{sajwho,@m\@' mmcpﬁ@gp]@i}ypp@ﬁggti onal additives which
were not considered in determ ning proportions. The conpositions were
extruded and nol ded into transparent specinens. The total flanme out tines

for first and sechnanpthdrt preferredrembpdiment, thec phospbpramide: campsises reed
usi ng rs of, both .of, 0.060 inch.thickness and of, 0.125, inch thickngss,

ot 1 2By op st PhRSRRATAT IS ASHS 25 B1a% CrantoRC BRI Plyat LPas ahPRk 025)
and haze (ac i J ef.efm | f
cach bl end. e iRty oF i EaHEABouPIGhe oGl oW mefbeabfif of B ERLERGHC
control conmpegic bfaReforrmlLXAT:) containing the sanme pol ycarbonate m xture
and a comrercially avail abl e brom nated pol ycarbonate fl anme retardant
(PC-B). TABLE VI Material)

phr 26272829303132PC- BO. 5000/80KSS0. 250. 150. 050. 050. 250. 05@22.5XPP00. 50. 10. 90
. 90. 10. 5FOT-a, sec. 19263664pi 2535F0T-b) sec. 24345683314853Yel | owness

| ndex22. 52. 32. 83. 41. 8¥Ha ~R0. 70. 510. 50.5 40 SUBSTIT 13%ET f2RULE 28)
28 MARCH 2003 WD 00/ 12 PCTNJS99/ 1 7371 FOT-a = neasupgd ;)n(G./125 i nch

t hi ckness test bars FOT\o = neasur on 0.060 incfPthATxkness fest bars The
data show t hat sanpl és w\—agcept at\ e~FOT valiieg can b by the net hod
of the invention. )8Hppl es condai ni ng and $ unct flAme 5 retardant
denonstrate optical properties )é\c;rrpar alyg,,{ze_@ose forfa simlar blend

containing only a comrerci al | )ﬂ @i | abl e brom Rat ed f(l’gh}a ret ardant.
EXAMPLES 33-41 Bl ends of a co rcialA/y avail abNe bi sphgnol A
| 1y ayail abl e hi gh\y ubber ABS copol yner
capol ymer were p §Par condi tions

honopol ycar bonate) a co
anple 1. The blends™al s ned 0.7 part

and a commercial ly avai [/abl e
simlar to those 10 us7e/f’o
of conventi onal R \=[—

wherein Q1 is oxygen or sulfur; each of R15-22 is independently a
15 hydrogen or an alkyl radical; X4 is an alkylidene radical; m and n are each
independently O or 1; and A26 is

z z
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addi tives, including polytetrafluoroethyl ene dispersed within
styreneacrylonitrile copolyner as an anti-drip agent, whi ¢ h2§MARCHRIP3

consi der edyphefi&18™i ni ng proportions. The bl ends al so cont ﬁ%‘gﬁ [7pUS
amounts (in phr) of XPP) CLAYTONE HY, and a commercially av?i a %ﬁﬁﬁ

pol yphenyl sul fone 15 (RADEL R avail able from Anbco Chem cal Co.) as adjunct

;L?Fa[)ietea{ O pheiof IS SHBIE: an ¢ Hiolitent), TRl Bsubnte, o
Vacori ol saAkaBEnd Tadical,  ary) radical, or alkapyl radical. and, each 23 s 00

7SANG22666 eraently af allod Yadital,aml aryl radical, or an aryl radical containing at
HYO. 500. 500. 500. 50. 50PPSO"210101010101022FQZ' , sec. 1430307053524324024UL 94

r at i nV- 0V- pasicanelalkylonhalogen gubsiitution, os mixture therewf; or pheyeinoh?6 isul f one
41 SUBSTI TUTE SHEET (RULE 26) 28 MARCH 2003 LC AIMS: 1. Aresin
conposition conprising: a) a thernoplastic resin, and b) at |east one
phosphor an de havin (%gl ass transition point of at |east OC selected from
the group consi sti oM. i) a phosphoram de having the formula: QL (1)
R1-P-R3 R2 V\/nere'l'rN\Ql i'%_oxy'gen or sulfur; RLis of the formula X Z Zi
~1zi Z1 Q | | [T -N-Xi-N P-N-Xi - P-A24 A22 A2s n wherein each of
A22-258 is independentfy an al kyl oxy, alkylthio, aryloxy, or arylthio
residue, or an aryloxy or arylthio residue containing at |east one al kyl

si due, o xy or aryl thi _ _ _
adical . or arongeran Cae ARTHANR, 7K or Sl ShIXRN pGRIERE o AT

each X1 i sgubistithied altglidenadiRreferred phvsphorasidey arcothase owheiein QTliical
(cont ai ning at |east one al kyl substifution; or RL is of the fornmula XI: 42
2

8 MARCH 20%¢gex AQ6 ix2 redidiuelof piperazine, and the phosphorantigle has r-plane 20 Rs 72

oon symmetry through A26. Highly preferred phosphoramides include those
10 wherein Q1 is oxygen; A26 is a residue of piperazine; the phosphoramide has

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

is a methyl adjacent to the oxygen substituent; n and m are each 1; and X4 is

CHR23 wherein R23 is a hydrogen or an alkyl residue of from about 1 to

about 6 carbon atoms. It should be noted that when either or both of m or n is

15 0, then the two aryl rings are linked together at that site (i.e. where X4 is
absent) by a single bonci in ‘the positions ortho,ortho’ to the phosphoryl

bonds.

Phosphoramides of useful molecular structure are preferably prepared

by the reaction of a corresponding amine such as, for example, piperazine or

20 N,N’-dimethylethylenediamine with a diaryl chlorophosphate of the formula
(aryl-O)2POCl in the presence of a tertiary amine. This method of preparation

is described in Talley, J. Chem. Eng. Data, 33, 221-222 (1988) and leads to
specific phosphoramide compounds without repeating units. Alternatively,
phosphoramides may be prepared by the reaction of the corresponding amine

25 with P(b)ClB in the presence of a tertiary amine, with the desired hydroxyl;
or thiohydroxy-containing compound added simultaneously or subsequently
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wherein each X2 is al kylidene, aryl, or alkaryl; each Z2 is all\g%l | dene;
each of R8, R9, and R10 is independently an al kyl oxy resi due?8 MiRCEZ9Hxy

residue, an fo/edre¥14 €Si due containing at | east one al kyl subspd ' or
an amne residue; nis fromO to about 5; and R2 and R3 are ea%#’ugdgﬂ%"

I ndependent|ly an al kyl oxy, al kylthio, aryloxy, or arylthio residue) or an
aryl oxy or a thiq,.esid cont.ai ni t |east,one al kyl, substitutian. or
anyam' %e res%h%e, a@fift}% O'Sﬁhe B G &gdﬁ?m} Rg%‘ﬁﬁﬂﬁa OV?lma@thfolfl’tH)&ﬁ

VI) A3-P-N N:R wi [ ) Sl fur
ind cach A moyich SirEleAREHReGF dlbEa T ad dielol 6P BRCRP oKy Ot Mo ardity

2,4, 6-tri met hyhpliaRgxycomipeund (is i believdDs pborasd dagofrebaatiig! radies Vof | Q1
Al2-1~ A13 N (M11) "1 (~1"Q Al4 | P~ N-N~~P- Al ~ A15 A16 wherein 42a 28
MARCH 2003 epbibspiionagnidedepbiedenf| ¢ deygboudr 5sphiospharasnictec Hirdéaged 2pe i s

I ndependent |y an al kyl oxy. | kyl thl o, .aryloxy, or arylthio residye, or_an
aryl oxyDor aF?Wﬁ’P&@eéiF&lﬂi?)b@ﬁl@éﬁl% rfagliamane pr Fiaminedp a manosibstsd or

an am ne resj (] 1de. f. R~ R1
T a1 aptosphonyt of RRIERBLAR Eichloridd Pk Btoflicdheqd on Fubsedhent

| ndependent | ¥4aitpd bpwg@rekyxarhradhmyd anin'tai&g Tof is0£186 beBVed ;

ni sOQorl;and A25 1s a group derived froma prinmary or secondary am ne havi ng
the same or ¢ idadh entepeatingalinits lodtphosphbearaiden IR{E)C3 may becdubstitutedifat i c,
or alkaryl, or A25 is a group derived froma heterocyclic amne, or A25 is
a hydrazi ne BéR¥ddrinthaaboyepreparations teprpviskesnitablephespheramides or nul a
Xi1l: 42b

10 Another constituent of the resin compositions of the invention is at
least one adjunct flame retardant compound. An adjunct flame retardant
compound may be an organic or inorganic, polymeric or non-polymeric
compound. In certain preferred embodiments an adjunct flame retardant is
one which may promote char formation in at least one resinous constituent,

15 for example in polycarbonate when polycarbonate is a blend constituent.

In 6ne embodiment of the present invention the adjunct flame
retardant comprises at least one polymeric or non-polymeric organic
phosphorus species selected: from the group consisting of phosphate esters,
thiophosphate esters, phosphonate esters, thiophosphonate esters,

20 phosphinate esters, thiophosphinate esters, phosphines, including
triphenylphosphine, phosphine oxides, including triphenylphosphine oxide
and tris(2-cyanoethyl)phosphine oxide, thiophosphine oxides, and
phosphonium salts. Preferred organic phosphorus species are non-polymeric
phosphate esters including, for example, alkyl phosphate esters, aryl

25 phosphate esters, resorcinol-based phosphate esters, and bisphenol-based
phosphate esters. Illustrative, non-limiting examples of such phosphorus
species include triphenylphosphate, tricresylphosphate, resorcinol
bis(diphenyl-phosphate), bisphenol A bis(diphenyl-phosphate), and other
aromatic phosphate esters known in the art.
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5\
_;‘f/Z,B MARCH 2003 R15 R22 R16 ~~~ ~ ~~ ~1 O\ QL QL (X~~~) mP A2 PC~ ~)n OO
/.-"RL 18 R 9 R2o wherein each QL i ndependently is oxygen or suf§ R, H208% of

R15-22 is i pdeewndant |y a hydrogen or an al kyl radical; X4 i pcpusabiyd7ydene
Zs

radical; mand n are each independently 0 or 1; and A26 is -N G- Nza
wherein Gl is sulfur, an al kylidene radical, aryl radical, or alkaryl

or wher ei n aze | dnchdifel UREGSHRAR 3 B Brebehy iAPkfton the Mlheg MRS,
and Y2 is akékdaeneo §)atat1eé§%a§hg0gﬁgﬁﬁﬂrimﬁir [L 1Zﬁ¢eafcd%r§%m@0und-
42c 28 MARCH 2003 Z. The conpositionh of claim1l wheréin at | edst one

, phosphor anptespheries glatts swithamsiononsgleited ot theagrowgbocdnsistiig 6f The

conposition of claiml wherein al! of {he phosphqoram de of conpaonent b) has
a gl ass traphospbate sjf“@plztﬂSP&-@terSeﬁwsaﬁemte&aﬁomosnh@nwﬁpabmmna@s, claim

east Bhout C3EETORRANE S BRI ARG e e r o B R pARE S RS th tRese™

inorganic phosphorus salts comprise at least one cation selected from the

group consisting of ammonium, alkyl-substituted ammonium, aryl-

substituted ammonium, and mixed alkyl-aryl-substituted ammonium,; alkali

metal, lithium, sodium, potassium; alkaline earth metal, magnesium, calcium,

10 barium; transition metal, zirconium, hafnium, iron, zinc; lanthanide metal,

(. lanthanum; boron; aluminum; and tin. Preferred inorganic phosphorus
species are non-polymeric phosphate salts including, for example, alkali metal

phosphates, boron phosphate, aluminum phosphate, and zinc phosphate.

In another embodiment of the present invention the adjunct flame

156 retardant comprises at least one polymeric or non-polymeric sulfur species
selected from the group consisting of sulfonate salts, sulfinate salts, sulfones,

sulfoxides, 'and sulfides. Illustrative, non-limiting examples of such polymeric

or non-polymeric sulfur species include polyarylene sulfide, polyarylene
sulfide-sulfones, and salts of sulfonated aromatic compounds. Preferred

20 sulfur species are polyphenylene sulfide, polyphenylsulfone, sodium para-

€ toluene sulfonate, potassium diphenylsulfone-3-sulfonate, and Reimer's salts,

including potassium perfluorobutane sulfonate.

In another embodiment of the present invention the adjunct flame

retardant comprises at least one polymeric or non-polymeric boron-

25 containing species. lllustrative, non-limiting examples of such species include
zinc borate, boron phosphate, borax, and boric acid. Zinc borate is a

particularly preferred boron-containing species.
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5. The conposition of claim1l wherein all of the phosphoram de of conponent
b) has a glass transition point of at |east about 20C. 6. THEMABHPELRti on
of claim1l wpeketdsid he thernoplastic resin is selected fromt WSPHPKHI
consisting of (i) poiycarbonate resins and bl ends 5 containing at |east one
pol ycarbonate resin, (ii) polyphenyl ene ether resins and bl ends containi ng

at | east one pol yphenyl ene et her ,resin I o] ystyrene resin a bl ends
cont ai ni ng pol yst@r’é‘#@nrogg?rn?mgpgjm@wfe&@-B%ﬁ%?ﬁ% ﬁr‘%‘%tﬁ%ﬁmgaﬁﬁmnd
bl ends cont gi,aj - tial dpi el 2S5k . .
styrene-contaljglﬁr{iaggﬁgbrfa t&gg%gllgérr%r&%eé?%%rgggfen s%gmpﬁi anrbn%‘f)Wesﬁlet 10
contai ni ng Gebdcted FFThytiNer grAfp RonsiBEng \of) okides, halides, polfitsy salfenates, n
and bl ends cont ai ni ng hi gh i npact pol yStyrene resin. 7. The conposition of
cl ai m 1 wherphasphatest hphasphonates; rarsi ncarboxyplates. edllistativee gondimiting
consi stj ng of hiFﬂh | npact, pol ystyrene resin, .synd]otacfic ﬁol Zsty,relne

pol yphehyl erf&aBiigs ¢! Sugh PRBAREriSoPY SRR+ Tich apsirppRy ¢ §alts “include

pol yphenyl e : ' ol Y. =y

Dol yoar bonat AR chide EBhBEk, Gichitnldl AT antiiony kB tarirate e
bl ends, and }f&ﬁ!ﬁﬁ&@oﬁﬁf&ré@bﬁﬁﬁi&{y éﬂlﬁ@@%ﬁrﬁomﬁbﬁi&é)”p%i tion of claiml
wherein the ‘thernoplastic resin is”at | east one of pol ycarbonates)

>pol yphenyl ene et hers, high inpact polystyrenes, 20 syndiotactic

pol yst yrenes) acrinl yatianother ¢mbadiment oft thecpresenb inwerdion themadjunct flame
styrene-acrylonitrile cog,oé%rreri. 9. The Ci) osition of claim1l1l wherein the
t her nopl ast iT@tardanh cBAPHIseeAtaleastagne oRE ﬁgﬁvea%ommgm&s.sﬂmnerhe

conmposjd i on ' rei.n t e I b 5 LOonpri ses
b1 sphalthl °a Dot enehs " iicBnd] corfPRlndPcal?’ 48N BRgRRE. O Bhe
4,4'-(3,3, 5'ézﬁb6@i§ﬁbﬂt%f‘fh@??@§@ﬂt'iﬂ@&ﬁ}cﬁi Pﬂﬁf&ﬂaﬂ}g%‘eféf?e& g@%ﬁl&(hﬂ& e
claim9 wherein the at | east one phosphoram de conpri ses osphoram de of
the formul a thbsel oStBGHgT aThhBREET dfRiinketh§]siloxafie MARIES], 263 opticaallyzal4
PGTIUS99/ 17371 Q¢ (VI) A3 =P--N N ~P - As Aa ~ As wherein each IS

i ndependent | BURSEROROBOR Of Prganig groups Andluging byt not Jimited dpnattlpgstgmenoxy
noiety or a 2, 4.6-trinethyl phenoxy noi.ety. ,12. .The copposi.tion, of claim9
wherein the Oit VIIMSthg&?%nph%@ r AR cﬁ}?ﬁﬂyll'seasn g?ﬂ)slb% r T dSERHN: he
formulegg VI A i T r&;nrq%' ' 4 d
each Afsrmi e?;nfa?smgh%ft%%éﬁ%ﬁﬁdg@rﬁy%%?y. 1 saﬁrﬂséqg:iglrrl'gloés)?stl?g(?? cﬁlacl aim
1 wherein t I8F1708ravaplabket ifromeGenerd) Eleotrid SHiconesy fheanoiee embedimerd hi gh
i npact pol ystyrehe resin, w 14, The conposition of claim1l wherein the

adj unct f | arfiriher prefesred: pelysiloxengs are theseonhigh haver fiestoanits of RSIO™Or i ¢
menber selected fromth r . SiSti of phgsphat sfers

t hi ophosphat®baeeand “ﬂﬁ%&é%ﬁ'&fﬁg e"gﬁ%ﬁggg B dﬁﬁégﬁﬁé 2%9‘8#%‘3 group
phosphi nat e : ' ' ; [ ' :

i dos, |t hi SonSang,of tagRaP ahla BBl irty hyHr&apBH ABRps 2R AR in

t hi opl2gsphatBureplehr) Pateas pApplication! 829,521 ediidks pisoriaterpinhter) hepeisphbiynat e
salts, thiophgsphinate salts, pyrophosphate salts, netaphosphate salts;

sul f onat e- sdieferenegy| fi nat e sal ts) sul fones, sulfoxides, sulfides; borates;
antinony salts; siloxanes; and organoclays. 20 15. The conposition of claim

14 wherei n the aty| gast one phosehor ame SORK §S5edi N HRRNSEAR Aalle e

retardant comprises at least one organoclay. Examples of compositions

containing organoclays are disclosed in copending, commonly owned
25 application Serial No. 09/032,533, filed February 27, 1998.

As used herein, “organoclay” means a layered clay, usually a silicate
clay, derived from a layered mineral and in which organic moieties have been

incorporated, ordinarily by ion exchange and especially cation exchange with
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_ SUBSTI TUTE SHEET (RULE 26) 28 MARCH 2003 WO 00/1 2614 PGT/ USQ{% 1-7371 QL
TQ I ~11 (M) A3-P-N NP - As As wherein each QL is indep@ﬁH‘é‘ﬁ §°°8xygen
~or sulfur; WP0043EM4 A noiety is a 2, 6-di nethyl phenoxy noi et y POTMUS$99/17371
~2,4,6-trimethyl phenoxy noiety. 16. The conposition of claim 14 wherein the
at | east one 5 phosphoram de conprises a phosphoram de of the fornula VI Q-
Q- (V1) _ As- lgrganicRons Amdi@r-oriamVieinpoands.ChllishraltiveOrgaAns iohdthreamond-
noiety is a 2,6di net hyl phenoxy noiety. 17. The conposition of claiml
wherei n t he and} upelyammeniumt satiams sitchc cagprtrimethyldddexylaromeniamy nand ¢ or
non- pol ymer i enber, sel.ected fromthe group (con$isting of phosphate
esters) phos@&@@#ﬁ?@%@%e salts, sulfones, sulfides, borates)
antinony salts; sifoxanes; and organoclays. i 8. The conposition ~of claim
1 wherein the adj Lame d ri,Ses I . er
selected fromt hemgg%a%bgonlsa{ygkﬁgaﬁn%ggfeggrgci ?\ljci) g@igﬁ%ﬁeg&ﬁghos&ﬁ%at e))
bi spherpi A fhbafrHoRlenteN T SHhAE possibile Hbcempioy siteidls of rtheritifel groepphat e)
boron phosphat e, potassi um di phenyl sul f one- 3-sul fonate, potassium

per f | uor obutiadeding hydaomicaso phengite; Ibrammsallite, glauqmite hesjadanitef amd thei nc
borate, antinony oxide; polysilqgxanes; and organoci ays. 20 19, Th

conposi t i on lise. CPHEM mfémﬁﬂcfeme dnineralsiippluge thase 9ﬂsnaﬁqusec§twas

adj unct fl ang,ret .S, present i.n . nt _effective. to render .the
resin corrpog}ilsxg{a?gﬂ}’gﬁl@% a:ﬁrie a%f 1{}@%@1@%\%@‘{}&2 Ymgﬁtﬁ‘idﬁ %eér' S
Laborat ory Wechsriter £A@GAbnWABHIIBRAS Uik 1Rter Soft&® %e&%%&gprﬂsze&@&ut TRe 125

I nch by about 0.5 inch by about 5 i nch dinensions. SUBSTI TUTE SHEET
(RULE 1B)  lagervdRmineds ity G/ dyithdtiexlly peodndet Aut2thost eftero tipeys iare on  of

laim 1 wherein at | east_ one phosphor a,nl' de caonprises a phaosphoram de of the
ornul a VI : matupslly pcawrring angs copeesriglig available.sA; detailed desariptiony @6n or
sul fur; and ea moiety .5 15 a 2,6-di ngt.hyl Q | or ,a

> 6 1 e ORISR fninetrls Bar b 0 ip A8 PABRES STRI Gho t dibclasre o
feast one phosPRRRhas ' m de of the formula VI: QL Q
A3 ~P_ ~ ~P _ As Aﬁ@sﬁﬁégﬁﬁaﬂg% 1 |gﬁgxygen; and each A noiety is a
2,610 di net hyl phenoxy noiety. 22. The conposition of claim1 wherein at

| east one phosphduitable specific esmmterciallgravaitablet oreddsily tprepated orgadeclaybe
resin conposition a flanme rating of V-0 ' or. V-2 in~~the Underwiter's

Labﬁr glfbr % uvhish aredHustsativeeh th@awhisb)rﬁgi' beiemloyséénﬁlﬁﬁleflamw, 125

i ) t 0.5 bV . t .15 5 | [ [ ., 23, T loof
of o1 a1 her BN BRARRER akiteh ° a5 BB T e3Bin T BaRe of | hous
materials i sgiptethPRli mggfﬁatﬁﬁo‘ﬂill&vﬁ%énﬂﬁht JoRY andl mxt&fb APR, a

conposition of claim I's essentially free of chlorine 20 and
br om ne. montmorillonite ~ which | has been  cation exchanged  with

methylbenzyldi(hydrogenated tallow)ammonium ion, both available from
{ 20 Southern Clay Products; and montmorillonite which has been cation
exchanged with such ions as dodecylammonium, trimethyl-
dodecylammonium, N,N'-didodecylimidazolium, N,N'-ditetradecyl-
benzimidazolium or methylbisthydroxyethyl)-(hydrogenated tallow)

ammonium.

25 In one embodiment of the invention the combination of adjunct flame
retardant and at least one phosphoramide having a glass transition point of at
least about 0°C results in a flame retardant composition having a UL-94 rating

of V-2, V-1, or V-0. In another embodiment of the invention the presence of
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25. The conposition of claim1l wherein RL is of the formula X 46 SUBSTI TUTE
SHEET (RULE 26~ 28 MARCH 2003 WD 00/12614 7' Zt Q Zt Z' P8WARCH200% p . N
xt - N i _Nwoéomzed_ A2a A22 Azs n wherein each QL is indepengepisdo@sygen

or sulfur; 1'GI/US99117371 each of A22-24 is independently an al kyl oxy)

al kylthio, aryloxy, or 5 arylthio residue, or an aryloxy or arylthio

cach 71 1o SREinnBhnl it Rn reRlEl peHiS the sl Br AR At
cont ai ni ng %tfakragéowghaémraﬁﬁ@éhhbm¢leasgafahsmoh &m@éé&wbéﬁdeast one

radi cal, aromatic radi or aromatic I cal 10 con al ni ng at

al kyl subst ip@tvieoutstilbstirtriésstia fedinere@ard andptopettiab &f e a6@position.

i ndependently an al kyl oxy, al kylthio, aryloxy) or ‘arylthio residue, or an
aryl oxy or ithout su si;antialelosennaﬂamcg retardants propertidsk of the:tmmpomnon or
an am ne residue. 15 26 l&f S|t|on of claiml wherein RL is of .the
formul & X (gansyhabthe i34 ratin °¥ the cpmpgsitign sloeg notnpesome worsednzo Ro

n wherein 4 U 20 0

PCTI 00117518 BReRS 1oF cPIRe éep%l radisget chae Ctokirddie Toiihdien

ai kyli dene) cgpiflared®to ﬁ'lé‘{it'élbihg oBaérvedan! tﬁe%’bbdﬁdéj@ﬂﬁd e flagie febardiiit. And
R10 i s independently an al kyl'oxy residue, an 5 aryloxy resi due, an aryl oxy
resi due contlii-94 ngtiag beamnesoworse,kidr exatmplet, when, itcinceeasesriframr V<) doe;
and nis fromO to_aboyt 5; ang R2 and R3 are ea h |nde\£‘endently an

al kyi oxy, Ie@lﬁ{ -3, OB Yoy )W Pna\’fylllCF#@% JSQ’G\J 1ot0 Ay ystyanether

Ayl eantitatint 2P B GhveRASh PRE RMRE retdrdaRS'Brbperdd oF Al

composition become better in the presence of phosphoramide/adjunct flame
retardant combination compared to those observed in the absence of adjunct
flame retardant. Better flame retardant properties mean that either the flame
out time (defined hereinafter below) for the composition decreases and/or
15 that the UL-94 rating for the composition improves, for example, from V-2 to
either V-1 or V-0, or from V-1 to V-0. In still another embodiment of the
invention 4 synergistic effect on composition properties, particularly flame
retardant properties, is observed in the presence of the
phosphoramide/adjunct flame retardant combination compared to that
20 observed in the presence of at least one phosphoramide or adjunct flame

retardant alone.

The resinous compositions of this invention may contain a flame
retarding amount and/or processability enhancing amount of the
combination of at least one phosphoramide and adjunct flame retardant.

25 Flame retardancy is preferably measured according to the Underwriters’
Laboratory UL-94 protocol. A flame retarding amount is an amount effective
to render the composition at least a V-2 rating, preferably at least a V-1 rating,
and most preferably a V-0 rating after testing in the UL-94 protocol when

measured on a test specimen of about 0.03 to about 0.125 inch in thickness by
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27. A resin conposition conprising the follow ng and any reaction products
- thereof: a) a thernoplastic resin b) bt |east one phosphoran?w a
gl ass transwiggonz61@i nt of at i 5 Least about OC of the fornmulgetviddondnn A 2
" ~f~-- A~ s N(VIIl) Q@ 4~ ~/N-N\~_Am Ass wherein each QL is independently
"~ oxygen or sul fur and 48 SUBSTI TUTE SHEET (RULE 26) WO 00/ 17614 28 MARCH

2003 PC TI U ﬁﬁaﬁ%ﬁ%%&ﬁ PefePRP NN 0 ol fY b¥hess by .

al kyl thio, ary oxy) | O re5| an aryl'oxy or ary

contai ni ng abodlte@&m&il% adﬁﬁﬂt 5 i, 'nt\b'lté gi’efefabl?rab@m 006 Rizhdnethickhesd
resin conposition corrprl sing the fol | owl and any reaction 5 products

t hereof : a) by aHomtbplinct by abown5 an&bandtmbsaprefamblyyahom 0D spdioirani de
havi ng a gl ass tran5|t|ag')20 BOI nt of at | east about OC_ of the formula XII R~~
R- (XI1) R thickmesay yo u 1G“93heb¥u o) t|§ anshy edimensions. , Enhapead

i caP. o' PESGSRIY Yo URHeRERIng Y Bt %ﬁq‘ég%ﬁoaaw#w&“de”e
2 phat1 o) edgs MURPCOMpoRndRE R Blicld Hresat I3 BRIl MG RRURE 1, o

a heterocycbiseoﬁt’y,laﬁd/or dézreased aytlgdima) ne corrpound 49 SUBSTI TUTE SHEET
(RULE 26) WO 00l 12614

Typically, a flame retarding amount of the combination of at least one
phosphoramide and at least one adjunct flame retardant in the compositions
( 10 of the invention is in the range of about 0.008-5 parts, preferably about 0.1-2.5
parts, of phosphorus per 100 parts of resinous materials (phr), all percentages
herein being by weight. The total amount of phosphoramide and adjunct
flame retardant is most often in the range of about 0.1-50 phr, preferably
about 0.5-35 phr, and more preferably about 1-25 phr.

15 ., In one embodiment of the present invention halogen-containing flame
' retardants or other halogen-containing species may also be present in the
compositions as adjunct flame retardants. In many resinous compositions, the
combination of a halogen-containing flame retardant and at least one
phosphoramide (or mixture of phosphoramide with another adjunct flame

( 20 retardant), particularly including a phosphoramide having a glass transition
point of at least about 0°C, provides both suitable flame retardant properties

and unexpectedly improved high temperature properties (such as measured,

for example, by HDT or Tg of a resinous phase). Illustrative, non-limiting
examples of halogen-containing flame retardants or halogen-containing

25 species include brominated flame retardants and phosphoramides containing
halogenated aromatic substituents. Due to environmental regulations
chlorine-free and bromine-free compositions may be preferred for certain
applications. Therefore, in a preferred embodiment the present invention

includes compositions comprising a thermoplastic resin, at least one
27
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28 MARCH 2003 PGI/ US99117371 29. A resin conposition conpri in%CH}g
follow ng and any reaction products thereof: a) a thernopla i P b) at
| east one biwOayeieia) phosphoram de having a gl ass transitionpgragenirei at
| east about OC of the forrmula XIIl Ros RR2 R (X111]) AR OQ Q- Il 11
P_A2s P OOR2t R20 R-s V wherein each QL independently I S oxygen or

S an al kol (ISR Peagredy hallr g e VeadolROR PR BF aEledRl aBoll (e i By 106

is -N-G - Nzgjiher fameGletarlant) daid .conpaditivhé Beiey é@dnﬁau fede/ bf Erddrigel , or
al karyl radlcal and each Z3 is independently an al kyl radlcal or an aryI

radi cal ; or alﬁd/ \remdgne. M?\hhm cBﬂtex%)essShlﬁ;ﬂTy TheaeE rSHESTtl?aRUhE ﬂlﬂi)rme- or 23
MARCH 2003 N~ ~Y2 1",
O Moo oy oo b et S S o
h d h
transi & on. formatfon T byl SCHF axBRRNERR RE by Bsthoh s ) .

phosphor am dg Ry iobgainkd fexSdidichiorine-free or bromine-free compositions.

The compositions of the invention may also contain other conventional
additives including stabilizers, inhibitors, plasticizers, fillers, mold release
agents, and anti-drip agents. Anti-drip agents are illustrated by

10 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

their improved high temperature properties. These are demonstrated by the

15 fact that the decrease in glass transition temperature (Tg) exhibited as a result
of ti\e, 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
dihydroxyaromatic compounds. This is evident when a phosphoramide is

20 compared to the organic phosphate ester in amounts suitable to provide
enhanced flame resistance when measured, for example, in the UL-94 test
procedure. In the case of phase-separated blends such as polycarbonate-ABS

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

Experience has shown that the flame retarding properties of a

25 phosphorus-based compound included in a resinous composition are
generally proportional to the amount of phosphorus in the composition

rather than to the amount of the compound itself. Thus, equal weights of two

additives having different molecular weights but the same flame retarding
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Q (I') RI- P-R3 R2 wherein: QL is oxygen or sulfur; RLis of the formula X

Zi Zi'Q Zi Zi L0110l 11 -NXi-NP-NXi- P-A24 A22 A23 n2fI/IIr%’IC$I2r‘I°3each of
A22-24 is wylepeeilent!y an al kyl oxy, alkylthio, aryloxy, orp -
residue, or an aryloxy or arylthio residue containing at Ieast one alk I

substitution; or an am ne residue; each Z1 is an al kyl radical, aromatlc
radical, or aromatic radic ni | east alk I su itution;
radical | o ALaRl e POl Sal ORI 3 LaRRL AR Shiul oubsiL ity on

containin | -
cont ai ni ng 1h6@§€vh@&lec (th~ t uﬁé&%bfﬁbﬁneho%,@oép%&&sgg the BB
wherein eacd 51ﬁoﬁ|vk1‘1/l| priche thieydameoUL94pasylts. ecaﬁhhzzath& iRaid,| othiene;
each of R8, and R10 is independently an al kyl oxy residue, an aryl oxy

resi due, arpwaépyop@med@uc:h@ntmgh Itergpamatumw@ameaarle)dependent onthen, or
an am_ne residue; %{1 is fromO,to

bo t 5;
i ndepéhdentamouRt WIWO%@W ia9d I VSBS/“‘ gﬂ‘f ﬂ? g‘er&é‘?stﬂy@m%r an
aryl oxy or I
a0 068 O gk e Lo LRk i depBRhaBAE of e BB,
~ ~P " As Aﬁgnh&r éraaﬁ@hréaistaﬁcé RACRANPESHIHibNs CoNeARIrY tadl pHbspRéreach A
noiety is a 6 dinet hyl phenoxy noiety or a 2,4,6-trimethyl phenoxy noiety;
(iii) a phdxaphdrcampmmdsmhyenbd)fmﬂd\athesam@pattem~ Al3 N (M~l) 1 Q QAl4
| P~-N-N~~P_ Al17 A15 Al6 5la
It has been shown, however, with respect to the preferred
¢ 10 phosphoramides employed according to the present invention that their
superior properties of flame retardance and high temperature resistance are
consistent. Thus, for example, proportions of 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)-
15 phosphoramide at an essentially equivalent level of phosphorus, but the
bisphosphoramide has a substantially lower tendency to decrease 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

( 20 increase the heat distortion temperature of flame resistant compositions
containing an amount of at least one phosphoramide and at least one adjunct

flame retardant effective to render the composition a flame rating of at least

V-2, preferably of at least V-1, most preferably V-0, in the UL-94 protocol,

wherein the method comprises combining at least one thermoplastic resin, at

25 least one phosphoramide having a glass transition point of at least about 0°C,
preferably of at least about 10°C, and most preferably of at least about 20°C;

and at least one adjunct flame retardant. In a preferred embodiment the

invention also affords methods to increase the heat distortion temperature of

chlorine-free and bromine-free, flame resistant compositions as described in’
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28 MARCH 2003 wherein each QL is independently oxygen or sul fur each of
Al2-17 is independently an al kyl oxy, al kylthi o, aryl oxy, orzad\bjA)ﬁc'?‘%S%:i

resi due, oryuyeedadfsOXy or arylthio residue containing at |ea ?9&@99%547 I
substitution or an am ne residue; (iv) a phosphoram de of thzlI orrmula Xl

R11 (XI I ) Rl12 Q1 P-A2s ~n O Rl 14 wherein QL is oxygen or sulfur; each of
R11-14 is ipdependent | hydrogen_or, an al k radical: X3 is a,al kyljdene
radical; n Bée PrEYIops éﬂﬁeﬂé‘) ?Eeanﬁhﬂfg ‘a‘ébﬁy b’&d uﬁ?gn*% iBFrSase y ths féat
secondary apt Vi L t | : €qi

al i phati c, gﬁ? %dgjl%\l Ct@ﬁ\ roﬁ%’t&leg,g £ gcﬁon%é%ﬁ?ﬁ? 8('?&%5%&}‘% %ﬁgﬁggg?dgrf\r}ggf from
a het er ocycphesplivramider oi2% i signirgdrofzitwo corpanode aifferent aypess(é§clic)
phosphoram de of the formula XiIl: 51b 28 MARCH 2003 Ris (X111) Rl R15
18 1 Q Q P phoasphmamide;~and thosei cemprising ressentiallyl a singlenadjunct flasnexygen
or sulfur; each,of R15-22 is independently a hydrogen or an al kyl _radical;
%4 15 Sn ol RSHRTdiTHe OF i TRIAtrOh ivc: Ok s AHGRBRD dHBEh ity Ut fafihg a2e

radi oal - or PRy CPRHdbins e esRRuBlin SHRIFhA K RamiBibnd o, o
or an aryl gpgieadjunef flakaeretarddrParedoffeh preferred. Useful thermoplastic resins
have been described herein. Especially preferred thermoplastic resins are
polycarbonate, most especially bisphenol A- based polycarbonate, and blends
10 of polycarbonate, especially polycarbonate-SAN-ABS blends, and
polycarbonate-ABS blends, in which the amount of ABS may typically vary
from about 1 to about 45 wt. %. An especially preferred phosphoramide is
- NLN'-bis-[di-(2,6-xylyl)-phosphoryl}-piperazine. It should also be clear that
the present invention includes compositions made by the methods as well as

15 articles made from the compositions.

Preparation methods for the compositions of the invention are typical
of those em'ployed 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 melt

20 processing, the compositions are molded into test s;;ecimens by conventional

means such as injection molding.

The addition of at least one phosphoramide and at least one adjunct
flame retardant to the compositions of the present invention may be by
mixing all of the blend components together prior to melt processing.

25 Alternatively, either one of, or both of at least one phosphoramide and at least
one adjunct flame retardant may be combined with at least one resinous
blend component as a concentrate in a prior processing step. Such
concentrates are often made by meit processing. The concentrate may then be

combined with the remaining blend components.
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wherein & is al kylidene, aryl, or alkaryl, and Y2 is al kyli denec and c) at
| east one adjunct flane retardant conpound. 51c 28 MARCH28HARCIE4003 oy
article m he conposition of claiml1l. 32. The articl 31
which is aqggwlgiczﬂ on yoke for cathode ray tube, deflection ?ﬁ@sﬁ%ﬂﬁ‘]

~ .television, s& type deflection yoke, nold colt deflection yoke)

t el evi si on backplate, docking station, tg“eestal ) . bezel , pal | et) switch,
switch housing, PREgyarusye imentse f e nyentinth age dnclusiien of siaple |

26 WARCH 20BEbe SUTERE imiSaBS ond o TReARDRARHY' ABhincBR lTIBETSAET 1

housing, la P ﬂﬂ\d‘rﬁﬁﬁaé eindIOAS 1845t BAE M t CRARIE %t&i@h‘ﬁﬂ Ngnd "RI3bt Bf
housi ng, housi ng, keyboard, FAX nachi ne housi ng, copier housi ng,

tel ephone hesrapogitiomsin vehiplhone dranstegf saiddnaterdalddrashodergeone clvethizal
recei ver housing) light fixture) battery charger housin battery housi ng,
aut onoSi ve wgastipn; either bpiselner in m@maonowstmgnwhq dreompenesitng,

ot er housi WS, RRGOTBIG, B SrecticH oY SRRG. T S AR EP T oralitos
h t
Vont 1 at§ on LGS HFhet A “‘3’?’??%%‘&5‘%?32%‘%%%‘?‘%8@ SO ng or seat i ng

for public transportatlon or cladding or seating for trains) subways, or

buses. 33. A nethodnbiher of iteasebddiendres thelipseseritiinwehtiopeoniprises attides | ane
resi stant conposition containing an anount of at |east one phosphoram de
and at | easof pwaubaiturema pmr@emtlyéﬁd@ﬁed@ompm Sugle articles

(L5436 of oBBY bﬁ"ﬁf paeiba raRsiieEht: o Spadiuh StPUU0E BPaRctenBiEy
about 0.5 'E&Rpgﬁermp%ﬁsafﬂ@& EATRRSEARE by BT U kBt SABW 5Es

conbining a) a stic resin, east one pho oram de

having a gl s att alrqualouixeam ﬁhcl@iieatbdteﬁs:t no€ lanited! &y 1hjeeﬁbhhmﬂmgp
consisting of: i) a hos?horam de having the formul a: tl) R—-P_Ra

wher ei n: Qlth@nqugmng:rb ewimgldingiand calenderintg; r(Eapegially mfe;w*e‘mm

PN X P M@_@aﬁ%&%ﬁ% B AEBIOR, ykes fae ol faLhRAS, i tibe
al kyl gy, éﬁ%ﬁé{ﬂdﬁs iﬁEDﬁd‘?x? t?lgf’eas Lﬁa'&r{\ﬁﬁ# Lﬁ%)nﬁ’tror?r?s 1i2 1yp& Hbfleétion

arylthlo re ue contalnin one stitdtrom, ¥ or an am ne

resi due; eaqbkes] moldiroill deflectiof 9@kes,afe(DéK&§1b@t badkphites, Q:tockmﬁmtatmﬂsadl cal
containing at | east one al kyl subStitution; each X1 is an al k dene

radi cal , ar pﬂdcatclSr dezels] palletsar eleetronicr aquqzmeobrﬁtmlmaﬁgsmtcmesastwm
al kyl subst | tut.ion; or RlIS f the fo rruIaXIm_(l 2) ng{m -N\ /N
p. N /N P- 55‘2534 piessy plpg Rousings, electrical connectors, conrtecting vices,

sockets; housings for electronic equipment such as television cabinets,

( 20 computer housings, including desk-top computers, portable computers, lap-
top computers, palm-held computers; monitor housings, printer housings,

keyboards, FAX machine housings, copier housings, telephone housings,

mobile phone housings, radio sender and/or receiver housings, lights and

lighting fixtures, battery chargers, battery housings, antenna housings,

25 transformers, modems, cartridges, network interface devices, circuit breakers,

meter housings, panels for wet and dry appliances such as dishwashers,

clothes washers, clothes dryers, refrigerators; heating and ventilation

enclosures, fans, air conditioner housings, cladding and seating for indoor
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52a 28 MARCH 2003 wherein each X2 is al kylidene, aryl, or alkaryl. each
Z2 is al kyI | dene; each of R8, R9, and R10 is |ndependently afp M }SY

resi due, residue, an aryloxy residue containing at
?{ﬁ detsérd ! g&?@%&ﬁﬁgﬂ and -

al kyl SubStI on, %r an anine resi due; nis fromO to about
R3 are each i ndependent Iy an al kyl oxy, alkylthio, aryloxy, or arylthio
residue, or an aryloxy or agrylthio residue _containing at |east one alkyl

subst it uti onangr OXHIRPE APR such ;3s publics Sranspertadonr inguding: fais, v ;

A moiety i o SOmANE BT AR e g FRE ROk Y T LT M ohenoxy ot et y:
(ii1) a phosphoram de of the formula VIII Q. Al ~1~, AI3 NQ Q Al4

~P~N-N~~P- A17 A15 TheSinteationiscitestraled By 'tH@Q@HBW% leXapYEE AR p a%ﬂé hHa and
each of Al12-17 is independently an al kyloxy, alkylt ryl oxy,

aryl thi o resipg¢nentagesaaresby moeighbr Iwmy\lstmvxecmsnsy s dmmmnadng dﬁoﬂoéaﬂn one
al kyl substitution or_an am ne residue; (iv) a phosphoram de of the fornula
X1 5205 28akR30E 1007 waluesiwere detepmingd gt 264 st (k829 kPapmcorming to

wherein f~1 i each of Rl11-14 is independently a hydrogen
or an al kyl Ma‘%f’c u¥%b§4§1 kyl i dene radical; nisOorl;and A25 is a group

derived froma primary or secondary am ne having the sane or different
radi cal s thatg & @l i phatic, alicyclic, aromatic, or alkaryl, or A25 is
a group derive roma heterocyclic amne, or A25 is a hydrazi ne compound;
and (v) a bis(cyclic) phosphoram de of the fornmula XIll: R15 Rl s (X111) Ri
7~~ R18 O QL Q1 Blénds of-vazious amOufitsibf aebisphendl Alhomopphyudebdnate 6.5
oxygen or sul fur;

Y9 parts of a commerdially available high rubber graft ABS copolymer and 9

parts of a commercially available SAN copolymer were prepared under

10 identical conditions by blending in a Henschel mixer followed by extrusion
on a twin screw extruder and were molded into test specimens. The blends
also contained conventional additives including 04 part of
polytetrafluoroethylene dispersed within styrene-acrylonitrile copolymer as
an anti-drip agent, which were not considered in determining proportions,

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

/—\ o
s i
vy A o—P—N N— ri"-—o,e\‘i
OA* OA®

wherein each A moiety is a 2,6-dimethylphenyl residue; N,N’-

20 bis(neopentylenedioxy phosphoryl)piperazine (NPP), a compound of similar
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)
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~z cx' >~ R19 each of R15-22 is independently a hydrogen or an
28 MARCH 2003 X4 is an al kylidene radi cal;

radi cal ; 52c
i ndependen

W

1;
al kyl i dene ra‘c’i‘?‘czgf‘f

aryl
radi cal

I ndependent |y an al kyl

east one ARG bisaheref & bistl

wherei n at

radi cal ,
or an

r alk

PhERY

aryl

anout ~ 10t hal G REY TR T L0k

gl ass transfol isBhrBAUfY.12 inch thiR&sbks

| east one phosphoram de

wher ei n at

i

as a

radi cal ;
radi cal ;

Dhesptaue) (R
|.ass

S
A TR thepoly

"and A26 is -N- G -- NZ3 Z3 wherein Gl

or al karyl and e

QebORAR

sition

3

about 20C. tebpeciifieVhiR(SHdeteniind® £Hdl dizcrbdults #ETgiven 9 TaBlel. 37 , .
met hod of claim 33 wherein the phosphoram de has a glass transition point

of at Least about 20C. 38 .

phosphor am

The nethod of claim 33 wherein the at
rises (i) a phosphoram de having the fornula QL I

and c)

n‘?aa@%ﬂzgp% each
Brisohifin 2"

or wherein A26 is & Y2
I s_al kyli dene;

ABRI Y spnentianals
R ARttt

a8k ofleabin 33

nt of at
The

at

| east

| east

| east one

(t)

Ri-P-~ R2 wherein: @ is oxygen or sulfur; R7 is of the fornula X2 Z' Z1 Q

Z1 Z1 G&Zt (X
wherei n each
arylthio resi
al kyl substit

23 DD UL B B B \ s .&.2-.w’-%W%n
OPARPE 24 i s i ndeB@ﬁ e fll y an “al ky 8xy, gl°kyl t hio, aryl oxy, or
?81 QFbGRata’ YT OfY Of qryrtnifo resfdue cqntar m[ng at | east one
! |(¥n; or an am he resiidue;

parts 81.3 722 |769 |73.9 736 171.6

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

P

FR, phr 0 124 |69 104 107 |13.2

FR, phr P _ 0 1.16 1.11 097 |1.02

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

FOT, sec burns [ 194 |84 -- 203 |27.3

Tg, °C 147 131 149 121 111 112

It is apparent that the compositions of this invention had an

significantly reduced FOT and a Tg that differed from that of polycarbonate

(147°C) in a base composition not containing a phosphoramide or phosphate

ester by an acceptable increment. Sample 2 had a Tg essentially equal within

experimental error to that of the polycarbonate in the base composition but

10

the FOT was appreciably higher than that obtained with XPP. Sample 3

utilizing PPP had a significantly lower Tg that that of XPP and NPP, yet
exhibited similar FOT as obtained with XPP. It was unexpected that XPP-

containing compositions (e.g., sample 1) would exhibit such superior FOT as

compared to NPP-containing compositions (e.g., sample 2), and such a large

15

increase in polycarbonate Tg as compared to PPP-containing compositions

(e.g., sample 3). Samples 4 and 5, employing conventional flame retardants
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each Z1 is an alkyl radical, aromatic radical, or aromatic radical
cont ai ni ng at | east one alkyl substitution; each X1 is an aPkYAREE#E3

radi cal , dical, or aromati-c radi cal containing at |
al kyl substl tdloéﬁgqor Rl is of the formula XI: ti 2 1 X (~ Xfc%%ls%gn?‘wl I
[ ~11 -N~ /N~ N /NP-R Z2 i~ Z2 RO n wherein each X2 is aiKkylidene)

aryl, or alkaryl: each z2 ene; 53 SUBSTtTI JTE SHEE RULE 26~
58" MARCH 200@%&?‘@1‘%@ IYai%"'Rf 'S for; MY c9ERmelcial, ap 1("69‘95 ¢ due,

o 2o s BRSO 6@%@085@%315‘&?@#0%@5 Hhaoks
are each i ndgheiderdd sigrificAhtttbRthe S@ét@dlﬂt ef or arylthio

residue, or an aryloxy or arylthio residue con |ng at |east one al kyl
substitution; or an am ne residue; (ii) a phosphoram de of the formula VI:
Q Q@ (V) ABXAMPLE® - As A4 ~ A5 wherein each QL is independently oxygen
or sul fur and each A noi ety is a 2,6 dinet hyI phenoxy noi ety or a

2,4,6-trimathy|phffnoy gp{ﬁ& hos m de of the formula VIII

Al ~I~ A13 N (VI | [y the Qi’mﬁ Aﬁc XA&!B’ laHe RefampQsitionwas

I ndependent | I f 2

al kyl oxg é’ﬁ({%ﬁ%&ﬁa yg &5 rgs‘?ﬁ%[ﬁ Eﬂﬂ:l g)raglgl fe%ﬂtgngf@%gg@o\ﬁ Ris a

arylthior _es gﬁﬁ@ Sahtigiedy §écoh€§$indoﬂﬁ rgélzthrbﬂi{b%é Haut of mvcarrm@

residue; (iv) a phosphoram de of the for 53a RCH 2003
glass transition temperature is higher for this composmon that would be

expected based upon the results obtained in samples 1 and 4.
EXAMPLE 3

Blends of 62 parts of a commercially available poly(2,6-dimethyl-1,4-

10 phenylene ether) and 38 parts of a commercially available HIPS were
prepared and molded under identical conditions similar to those of Example

1. The blends also contained conventional additives including 0.21 part of a
polytetrafluoroethylene/styrene-acrylonitrile copolymer as an anti-drip

agent, which were not considered in determining proportions, and 20.5 phr of

15 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

determined and the results are given in Table II.

TABLE II
Sample 6 7 8
FR, identity XPP RDP BPADP
FR, phr P 1.92 1.85 1.58
FOT, sec 24 21 37
HDT, °C 223.9 177.9 190.5
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R11 R12 (XI 1) RL RQ Il P-A2s Owherein QL is oxygen or sul fur; each of
R11-14 is independently a hydrogen or an al kyl radical; X3 |2§MAR%H*?<%9’P| dene

radi cal; niyw@edizep'd A25 is a group derived froma primary SRNISHY
am ne havi ng the same or different radicals that can be ali Sﬁq}’?c 1511

alicyclic, aromatic, or alkaryl, or A25 is a group derived froma
het erocyclic am

phosphor ani de ofﬂgﬂ OrB}AszrﬁSRéiarﬁﬁ {péglﬁﬁé C&?“é&‘{ t@?ﬁg&%}q énﬂ%@/@l | C)

P_A2s P O e r
R 9 each o RlSdﬂ(l |s mde%%ﬁ’gg%I %gyﬁygl g%%qgl mgﬂ%iy TRSl cal Ha!)m 53b

28 NMARCH 20&impdsitionsrontainingdemeentidhahFR additides) inudic gantly 0
or 1; and A26 I1s -N G- NZ3 Z3 wherein Gl is sulfur, nakylldene

radi cal , artempegatugelpropertigiskaryl radical; and each Z3 is i ndependently an
al kyl radi cal or an aryl radical; or V\,herein A26 is & N / f~t Y2

EXAMPLE 4

5 A blend of 40 parts of a commercially available poly(2,6-dimethyl-1,4-
phenylene ether) and 60 parts of a commercially available HIPS were
prepared and molded under conditions similar to those of Example 3, using
N,N"-bis[di~(2,6-xylyl)phosphoryl]piperazine (XPP) as the flame retardant

C material in essentially the same proportion. The observed FOT was 34

10 seconds.
EXAMPLE 5

A commercially available HIPS, optionally containing poly(2,6-
dimethyl-1,4-phenylene ether) and / or a polystyrene-polybutadiene-
polystyrene- elastomer, were prepared and molded under conditions similar
to those of Example 1, using N,N’-bis[di-(2,6-xylyl)phosphoryl]piperazine

15 (XPP) as the flame retardant material. The compositions and flame out times

(FOT, as defined above for Table 1) are provided in Table III.

TABLE 11
Sample Base 9 10 11 12 13
HIPS, parts 100 %0 70 65 72 78.5
PPE, parts 0 0 25 7 35
Rubber, parts 0 0 0 0 2 35
XPP, parts 0 10 30 10 19 14
FOT, sec burmns { 320 135 400 215 315
HDT, °C, 264 psi | 86 74 68 79 71 73
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wherein G i

s al kyl i dene,

aryl,

or al karyl,

| east one adjunct flane retardant conpound. 53c

nmet hod of cl wd'raoﬂ:i?lvxn_erei n the tttennoplastic resin is selecte

group consi st poi ycar bonate resins and bl ends conta

ng O

(i}

and Y2 is al kylidene;
28 MARCH 2861RG92003he

bSO

and c) at

one potycarbonate resin) (ii) po(yphenylene ether resins and bl ends

cont ai ni ng at

and bl ends cont ai f¥h§esRd

resin and bl
styrene- eont

st yr enecont aipppgnd/RrirubBR! WRa

resin ~ and blends containing hig
cl ai m 33 wherdzamatieallyh

bl end cont ai

cl ai m 3% whemphiospharamids teors

pol ycar bonat
pof ycar bonat
bi sphenol

MARCH 2003

| east one

b5

yi e
|ve

Eiq%m pho

et her

resin)

sphosapides ag &@%ﬁ?&éﬂe&%}a@%r

ene resin

Sy BT RAACURE s MR RN LB PRI i heste of

ning at | east

e.and ABS. 4

alsa, mesgteﬁi

“BBistad e Pl TRy

wherein the adjunct flame retardant conprises at

one pol
i

SR

s Lfn;egg&te&

17371 43 ,

@ﬁat( {e a9 Jutififts
ct polystyrene resin.

einprovedtst i Ce.r ededreased], a withy ¢ tidoaddéitioresiof othea
éfarbonate resin.

errogtenial ¥nd unstes Ub-HMeclessifisation. It was

4 i

rgne
o

The net hod of

of c| ai,m 4i rein the at | egst one
Yol e, So. Wi, ol iS cBtnmosfiiinss o
t cyGo- hexyl i denej di phenol . 53d 28

The net hod of cl aim 33
| east one polyneric or

non- pol ymer i EX®EMRIE 6¢el ected fromthe group consisting of phosphate
esters) thiophosphate esters) phosphonate esters,

phosphi nat e

esters,

t hi ophosphi nate esters,

hosphi

t hi ophosphonat e esters,
phosphi nes,

ne oxi des,

t hi ophosphi ne oxi ddendphefphBnipartsart sa gemunersially anvaijable bisphepaht A

| t h h t
fﬁio;%ogpﬁ?ﬁé¥$W§ﬁp?§§“%6?

salts, fl f1gbeisSALS Sonbithé@ R6Rven

and or ganocl ays.

salts;

s1 | oxanes;

onat e, sal

St

hgn te.salt.s

TNg et

adj unct f| amantiekidgaptwhichpweresnot dofsidleredhdnpdeterriinithgdpro
menber sel ected fromthe group consi st
salts) sul f orcempasitions were extraxledsamd

si | oxanes;

bi s(di phenyl

and or&?noc
adj unct f| amPPRFHFan

group consi s

onsd
_ BiiR8sdo ASTOEsI0BHE!
eyt ALK, B0 Dl oL B

of phosphate esters
gd lintaatrapspanent spegimens
cl.ai

Yre dBEi
OF Rt

rrcres

BPiycatiHane phat

_ hggﬁgbggbiﬂfg%S@ﬁTFSH%te
HoraadRRves nh e ATV R BSnal B Y

iops| Ve i C
phosphat e
Qptical
n the.

i oob o arspHssieR

were
ron

phosphai®, pietarhin@d¥op hestspetirheneoBesdi Blend! The pehA&sdrepivea irl Tablelivt ane

sul f onat e,

pol yphenyl ene sul

oxi de; pol ysidlongmdth resultsofagzan compasa

the conposit

resi stant co
conposition of claim33. 54 SUBSTI TUTE SHEET ( RULE 26)
gomprising the follow ng and any reaGki on prvduats

east one thernoplas~c resin selected fromthe group
consisting of (ly polycarbonate resins and bl ends contai ni ng at

resin cornpo

t her eof :

(a)

STABEE

al

i de) polyg

iagn, i s essenti . free,of
aldas 821 RAtlyarhphate and Tig

henyl sul fone) zi nc borat e,
lecomprdsition tdonthioing: essentialdy i180%hi ch
c rine and RQro 4~ |
agl&e% flamg rﬁ%ﬁé"?‘ esi st ant

28 MARCH 2003 A

m ne.

ant i nony

The fl anme

| east one

poi yoar bonat

Samptei N, (11)

leimiadaa el

[Basey phenyt en

Fl4et her resi

Lodinanina)

P |

%5 end blenq

5 cont ai ni ng
n and bl ends

at | east one
containing (g

bl ends cords

styrene-cont
styrene-cont

resin and bl
phosphor an @
fiormula Vi:

1 TTCOLT [tr‘l +IICI rCS: n \I T I}' rJUl ‘y"“”rbr‘lc feal
&ﬁ&géng% resiﬁ?d(iv) stych e-oantafnl1adcgpolynnr resin and
IRDMg styrene{oontal ning cpmol yner resfo; (v)
§ﬁ§§ﬂg -t GOy —F-eS &—aﬁd b#en?*lépn*a;n:ng '

ing graft ¢opolyner res|n,; and (vi i gh inpact{ pol ystyrene
enpoe cont al ni ha4di gh 1 npackipol ystyrengisiesi n, sndj(b) a

i dss tt-—neitioh naoint aof 2o least.—abou 20C of the
Tsanspyissiongdp A3 904 ~ . [8B3._Ag 89.5
Haze 0.7 33 0.7
Yellowness index 224 3.18 4.16
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whet ~el n each Q is oxygen; and each A noiety is a 2,6 dinet hg/l*)henox%/
moi ety, and (c) at |east one polynmeric or non-polyneric dj unétMARGEHO0
retardent c '?ﬂi | ected fromthe group consisting of phosp S,

" phosphat e sa gb’ pl?)sphonate esters) phosphonate salts, phospﬁﬁg{sgé’t’gf'er S,
"phosphtnate salts, phosphines, phosphonium salts: phosphin oxides,

pyrophosphat e sal ts) é‘%tapgosph te salts, sulfanets salts, suifinate salts,
sul fones. sutfoxi 48 aRAYe data s %Waﬁ?é;th%§moﬁ&°%F%@!'Hﬁ8n§PBthﬂ'& e).

bi sphenoi A digph i at r]l phenyl phosphate, gricres hosph~t e,
bor on phosphg%'gg3 p/gt %Sﬂgﬁpghﬁ@ sl{'ﬁzregn%s- SQSSP?‘gﬂ%PO,Opoﬁ:Sﬁgg?%ﬁf puPe
~er f | uor obut { a i Obb?ﬁlﬁibé nd
zinc borate. P gg&%dmﬁdzﬁgvgyﬁhm%@sﬁﬁgf Bezlase the kklisetadt ftlEjlz?gtasoa‘rati on
tenper at ure sémpld, | theedeaeasé ant polyoabodniate T dd/Enty MB°an fer the wpkciaferet

| east on phosphoranl de and at | east one adjunct flamratani ant effecUv/ve to
render $he coomtaiiing AP compared ta 387§ tor the specimencantaining & DMder vvriter' s
Laboretory~ Ui .-9~ protoaoi when neasured on a test spednen of about D. 125
i nch by abo%m%@ k.. by about 5 inch di nensions, wherein the nethod
conpriss conbt B ? at | east one thernoplastic resin sleoted fromthe
group consisting of i) polycarbonate resins and bl ends: contai ning at | east
one pol ycar bpnat e oAr g i pﬂfe‘f'lS r sS4 )

contai ning at | eaét BI(?r?eIa %ﬁ?@gr@%ﬁﬂg%ﬁﬁs resi Lf\ ??#@oﬁ)%g@{r&gﬁglﬁesi n

and bl ends cpatai off agsewdind bisphenol eAi homdpoly&adrborae- ot aveighe Hepaie/ mer
resJn and bl ends containing styrene-containing ggﬁol ymer resin; (V)
st yr ene- cant sraleqwdanyr areighbpabpmbr 7186 rofanthal| eofds theonfiastni bigphenol A
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5 Blends of 25 parts of a bisphenol A polycarbonate with weight average
molecular weight about 30,000 and 75 parts of a bisphenol A polycarbonate
with lower weight average molecular weight were prepared. The blends
contained various amounts of XPP, and of potassium diphenyisulfone-3-
sulfonate (referred to as "KSS*") as adjunct flame retardant. The blends also

10 contained conventional additives which were not considered in determining
proportions. The compositions were extruded and molded into transparent
specimens. The total flame out times for first and second ignitions for 5 bars
of each sample were determined using bars of both of 0.060 inch thickness
and of 0.125 inch thickness. Optical properties, including yellowness index

15 (according to ASTM D1925) and haze (according to ASTM 1003), were
determined for test specimens of each blend. The resuits are given in Table
VI along with results for a control composition (sample 24) containing the
same polycarbonate mixture and a commercially available brominated
polycarbonate flame retardant (PC-B).

TABLE VI

Material, phr |26 27 28 29 30 31 32

PC-B o5 o o fo o 0 o
KSS 025 [0.15 [005 [005 [025 [0.05 [0.15
XPP 0 05 Jo1 [o8 o8 [01 |05

FOT-a, sec. 19 26 36 64 61 25 35
FOT-b, sec. 24 34 56 83 31 48 53

Yellowness 2 2.5 2.3 2.8 3.4 1.8 2

index

Haze 1 0.6 0.7 0.5 1 05 0.5
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0- uLt 1l 0%g&veilabkel 82N &opblyfidl @érd Jpripafdid &inter EoHMMRY simil®-to those
10 used for Example 1. The blends also contained 0.7 part of conventional
additives, including polytetrafluoroethylene dispersed within styrene-
acrylonitrile copolymer as an anti-drip agent, which were not considered in
determining proportions. The blends also contained various amounts (in phr)
of XPP, CLAYTONE HY, and a commercially available polyphenylsulfone
-15 (RADEL R available from Amoco Chemical Co.) as adjunct flame retardants.
The compositions, flame out times (FOT, as defined above for Table 1), UL-94
ratings, and Limiting Oxygen Indices are provided in Table VII.

TABLE V11

(' Material 33 34 35 36 37 as 39 40 41
PC 778 703 77.8 738 65.8 738 778 1778 ) 793
ABS 4 8 4 4 8 4 4 8 7
SAN 6 2 2 6 6 [ 2 6 2
XPP 9 9 5 55 9 5.5 5 5 9
Organoclay HY 0.5 0 0.5 0 0.5 0 0.5 0.5 0
PPSO* 2 10 10 10 10 10 10 2 2
FQT, sec. 14 30 30 70 53 52 43 240 24
UL 94 rating V-0 V-0 V-0 V-1 V-1 V-1 V-1 - V-0
LOL 34 - 359 - - - - 30 -

20 * polyphenvlsulfone
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109& () -: MLOY%QE& ()-Pnl0% & ()-! mlO%u& ()-9%u' "' ' xnbCl 28MABOE2008) -
10g 10g 10gyS>109%g& ()-, 10%gx& () -, 109%g& ()-, 109%g& ()-'"' """ % (wX9nbCl
97109%g& ()-9Z10%g+& ()-!t y109%& ()-!hyl0%& ()-! y109%& ()-!

y10%i0u0&' ()-(())))t*2nbC

(Z109%9& ()-, ! #F" 1094 {& ()- 3! F' 10%gg& () - 39Z10%gz& () - 9Z10%g& () - 9710%g& () -
frxxxxxxxz[ <1C 10gy@10%&' ()- : 10%g& ()-!0.10%&' ()-m ! P. 109%mh& ()-m

|| . 109X& () - M phPLO& () - **** ++++nNC 10gy @109BL310% & () - 10%& ()-3
310%& ()-f 310 -y#S10%& ()- 10g 10g+, ., ?,,z[ <NC 10g Z10%& ()-

710%J& () -! pF41Q% Y10%z& ()-!S 10%ee& ()-f,-------- bC
1ng§/ 1oc(y?z&' E)) #%\ %@Qﬁ 'ZSE &%ﬂ (i%’z 1 z>alocyé3&' ()- 21§0e/(z&'(%)-

Z10% & ()----- - d89%n ' 109Z8&

6100/%&' 8 ! LZloj}&gﬁ'ﬁ%%%ow& ()& (s)sloo/z&' ()- () "f/s///aBbC

10gL0g10%Z& () b ﬂe/gé%oﬁé hé@%ﬁde( ﬁavﬁ%&@&raﬁ%mon point of at least 0°C selected

s! 109Z8& ();mqqqp@
8&10%c& ()-f Y100 ()- ! 91 %zz&' () 6F10%2&' ()-6F109Z& ()-!110%ZZ& ()-111111

11119\ QF 109! 1HQZpHudghoramide having the formula:

Q1
I

(1) R‘-—IID—R3
R2

wherein:
Q1 is oxygen or sulfur;

R1 is of the formula X:

) ] I I I I \n 04
—N—Xx'—N FI’—N—X1"— ||=—-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 alky! substitution;

or

R1 is of the formula XI:
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10793109%&& () - L109%&Z& () - M-109&Z& ()- &L09%Z& ()-!  &1l09®3& ()-11111E22¢cD\ QF

10g! 109%& ()- 10%& ()- #109&' ()-, #T109%&' ()-109%& ()- 28 MARCH 2003

S 109NVE () -, 2345k 7x89wWU3\ QF

| >09$10%&' ()-!Q 10%&' ()-"!"'10%& ()- ! C ' 10%& ()- ! +F #10%y& ()-!F
#10%y& ()-909Q0I 9nBNn909} 99aB ! >09$1f 10988 () - #f 109B& ()- 10 10
10>10%& () - &@ s10%& () - 09$10fy&&&' ()-9999 ::: _=aB !> 0@L0% ()-" T@0%
& ()-"fLIOYB& ()-MLOYB& ()- !, @109%B&& ()-$10UB& ()-:; <n>??+?, ?zX9. B
10BL?1098& ()-! , s$10%p& ()- ,s$109B& ()- !, s$109%ZBZB& () -
I[,s$10%JBUB& ()- ! 9, s$10%ZB &' ( - 22\ 2<?HPV2? @rKB

10BL?10% Df &10%QUQU&’ () +210% - % )-10% U& () -y#S10% U&' () -
10B@EAAAAABN <KEIN10B! [ $ UnU&! )-4910% [ & ()-410% U& () -
U& ()-!N'f&10% U U () - BB ;ﬂ%/? fo-Ligio() - +: $10% & () -Z

d+: $10%UqU& ()-Z ! d¥ $%0’%:]L ()\z / |I:\9

Z

wherein
each X2 is alkylidene, aryl, or alkaryi;
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 O to about 5; and

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

(ii) a phosphoramide of the formula Vi:

Q' — Q'

3 ] ! 6

(V) A°—P—N N—P—A
? 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 VIil :

(Vi) g r W Q

N N
A14—|||:/ N~ \,IL—A”
L15 k16
wherein
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I, F(&10%JU&' ()-9%0% & () - mEEEEEEE F! Gb@

10B! V' 10%&' () - 9%$10%&' () - S10%& ()- @ 10%& ()- 10 U 10 U 10 U>PBHARRH #9031 Gz HI
JHKLLLZX9b@ 10B, IMLO%&' ()- 'Y " 9%40%& ()-F 'Y " %0%& ()-F

'109%&' ()-! ' 10%& ()-!V0' 109%& ()- LLMMWNNNNaSE7 10B 10]] 10]]

10]]!'y?GL0% ] & ()-y9! 109%&' ()-fyL6! 109& ()-f4! 109& ()- 2s$10%& () -

NNN! NON. OPA<SE7 10B

10! >: $109% (& () -! >$10%{(&' ()-#10% & ()-#T10% & ()-10% & ()-!8

10% (& () - I PPRaLbVOE BSRde Eédtlf;l@x onoLS sulfur and

10% (& ()-!n(M 10%\I(N(&'()- ’6% @& ()- F$10°/¢(&'()-'dF $109D(D( & ()-$1
0% & () - WVWWiKVof A@21PBs! u%ﬁ%@deﬁﬂly é@%ﬁylé))y, aIW_IW&r}(Ia Iﬂl@c( reS|due or
10(>10% &'aﬁ)aryldxy&ﬁa@ﬂ%rés)du%mg\ﬂ%aa nkkyl $udbk :?16r é Jesidue;

9: 10%&' ()- 109& ()- #109& ()- ! 109 ()- ] Y=2fZZZ/[|[aB~_ @ 10B ! LO! 109& () -
1109 () - ! 1QR4RA phosphoramide of the formula X :

R11
“‘\/f’ \
(XH) . C\IQI1
(@), P—AT

wherein Q1 is oxygen or sulfur;
each of R11-14 is independently a hydrogen or an alkyl radical;
X3 is a alkylidene radical;
nis 0or1; 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; and

(v) a bis(cyclic) phosphoramide of the formula XIii:
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+: 109 ()- $109R& ()-!$109& ()-|[[\\]]] 1]1aSE7 10B 10## 10## 10##

109%H& ()-! @ 10%H& ()-sS; 109& () - 3& 109& ()- M2s$109& ()- ]BMARCH2e83SE7
10B 10##, #1096G& ()- 109%G& ()- 3 109G& ()- f 109%G& () -

1109638 () - | @H 109638 ()- g M > # 4 aBSE7 10B 10##1093& ()- 109%3& () -

10' 10%PP& ()- 109G& ()-  10%G& ()- 110%G& ()- 4’y "\aa}bcr?SE7 10B 10#y,
1098 ()-! (&LOY%& ()-1% 109%G& ()-!i!&$10% ()- @ 109%G& ()- 109%G& ()-
cWecc<ddddESE7 10B 10#L; 10%G&' ()-6 10%G&' ()- @ 10%G& ()- s3&$10%G8 () - 1
109G& ()- 0 109%G& () - dddeslddd2ebC 10B 22

10#! 109& () - #109& ()-s109& () -, #T109% ()- 10G 10G
10G>109G& () - 2eeff§ggg 9bC 10B ! $10%& ()- !$10% QJ - ;

FM 109& ()-![ ,%m 10%&'()-'@#10%(Y&'()-ii' )IZN\\Ql bC 10B
161 109 ()- 5! 10%& ( A() - 110% () -

| d° SMBLO%&' ()- ! d° $MB o IIIlIIIbC
(X1
(X“)m PPt P (X* )
R17 R20

H18 R19

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
pAd |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

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

c) at least one adjunct flame retardant compound.
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10%| & () - #10%t| & () - nAoop#rsrrzXebC
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10%t| & () -LrsSsssu udEbC 10! +y) &199%$10%4| & ()- ,,2 10%t| & () - s0%$10%| & () -
@!'10%4| & ()- ,- 10%| & ()-,3+ 10%| & ()- ~ucu~uuuuuuuuVy

10! $109%68&' () - S1096&' () -f#f 109%6& ()- 10|| 10|| 10]|!S>F10% | & () -

#ovk ()1 toniih I GIR.S Gath ézyvepif?w%i %ﬁ%ﬁ%\% ?

1096& ()h&%%g@réhsﬂbﬁ mléa t §08OR () - 4! L# $109%& ()-4i|j|k||}~P
}[:7 10! "109 f11710 f|5s#10%?’7&() fls#lO%?')&() f1n7) 109&' () -
10 10Ph s2X9:7 10/ 1099 &' () '&&10%27& )-1&810927& ()-!Q

$10%—|’7H’>& ()31 YT Bedeormpasition )of| claing st & yem#aﬂ@ath&@hcwhowwde of

it B it i AL e 7%

9$100/ & ()-@a@o%& ()- y#SlO%g& () -V} [ 9VK@! Y( 10%33& () I'Y(10988& () -
I & 310%EE& m Qg@%ﬁ&, 0% P{ggﬁf@
10%9& () - 's(l)glog;& 1 %%%%?&1;(/%"“%%3&% - IhY( o9& () - ainide
LY( 10%;—&as)a glass traabltlph;mﬁﬁ]ﬂ%i léastsatout 207 CL 09g10%<K& ()-Lr;
h9g10%{& ()-L 10g 10g 10gL>10%& ()-,"<{\=0!0
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© 109 ()-! 100& ()-!:, #10% ()-  10%& ()- ARGH 2003
. 109%& () -#10%& ()-*}[<{\=0:10%& ()-! 9-:$10%&' ()-m 28
+109%& ()-! Q.$100& () -1 C $10% & ()-Ss109%& () - 3uV70f 109%& () - y#SlO%& - 10 10
© 10, 109&' () - ‘ﬁg‘?f/g‘ﬁ) | @ 109 ()- Oz[<uV70f& 109%& ()- , MLOY& 9(’)"’37'
- $$10%& ()-!S10%BS& ()- ! S10%& ()- !iS10%& ()- 1xBAEUV7Of @! 100/& () -

, MLOY&' () - fZlO%&()- f|10%& - L?&l(l)%& g‘)- f & 10%&(&@ h do of
o i e Sl ety et o
1008 () - f3&l%’% %F%?@%%W@\ﬁé%@ %SE%BP@} SYIf1 10%

u& ()- ,, 10% U& ()-IYL 109 UF U& ()-G# 10% U& () - Lml0%
Cl Y} [ 9nbCO8.! 10% Cbmpbsmbhowc(élm 10%Hetein) the! ﬂ)écﬁ%plhstlc resin is

U& () -+

W& 0-s! ylo%_Ilectgd fs rom the grou;g)consmgmg 810 @iy pcﬁycalgg‘orggte resms aU§ tglends
5 containing at least one polycarbonate resin, (ii) polyphenylene ether resins
and blends containing at least one polyphenylene ether resin, (iii) polystyrene
resin and blends containing polystyrene resin, (iv) styrene-containing
copolymer resin and blends containing styrene-containing copolymer resin;
(v) styrene-containing graft copolymer resin and blends containing styrene-
10 containing graft copolymer resin; and (vi) high impact polystyrene resin and

(_’ blends containing high impact polystyrene resin.

7. The composition of claim 1 wherein the thermoplastic resin is
selected from the group consisting of high impact polystyrene resin,
syndiotactic polystyrene, polyphenylene ether / high impact polystyrene resin

15 blends, polyphenylene ether / syndiotactic polystyrene resin blends,
polycarbonate-SAN blends, polycarbonate-ABS biends, polycarbonate-SAN-
ABS blends, and polycarbonate-polyester blends.

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

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
25 comprises bisphenol A polycarbonate and a copolycarbonate of bisphenol A
and 4,4'-(3,3,5-trimethylcyclo-hexylidene)diphenol.

11. The composition of claim 9 wherein the at’ least one
phosphoramide comprises a phosphoramide of the formuia Vi :
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10" y>109%&' ()-: 109 () @igal o () ' dBb@0! n@ &10% | L| & ()- $10%4| & ()-&
10%| & () - My #109M ( — &'()-'NV#T: & ()-GaBbC0! n@
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10%4| & ()-7}~?bCO! nf >10%4| &) -: 10%| & ()-T+10%| 4] & ()-f!y5Y10% | & ()-Sf'F
109%| & ()- 410%| & ()-79; <=>LXi i JO! nL$10% & () - SML0% & ()-#T10% & ()- 104
104| 104|y/ 10%| Svkdreit aeH QX i6)indepehadtiCoxyg@nlorédiur) and 'eheds & nidiety

#10% & ()- f!10%& ()-. fF !1 £ 1109% [ & 2dBi JOinl S 109%2& ()-Lf3
10%&(§)f3!'&@3@?'&‘{@?&7'8&@}3}3’@"('9{&1/0 jg ét}u&a oxy moiety. ()

|1>i JO'n!l YI0% & ()-, F10% & ()-*10% & ()-!nS 10%J/U/& () leos 10%s& ()-L S
109&R8& () - L(wdEi JOiély&3Th@%d%n(p)csmdriW5i0%ﬁm()9 wherein the at least one
f/MO%Y & ()-ZF% F10% & () - 9810% & ()-"- GLOY% & ( q& 1A% 30

94,09 VB & ( )Phospharamide ¢omptisesza phwspheramiderot Qd%f&-“@)\“ @10% & ()-!~5

10%/ e/ & () - 8} v\\BO! | 1092& ()- |f 109%&Z& ()- !Ys!10%F& ()-F#S109%Z& () -
10w w 1 1
Q Q
a_MW LN
(V1) A°—P—N N—pP—A
L4 L
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

10 comprises polyphenylene ether and high impact polystyrene resin.

14, ’ The composition of claim 1 wherein the adjunct flame retardant
comprises at least one polymenc or non-polymeric member selected from the
group consisting of phosphate esters, thiophosphate esters, phosphonate
esters, thiophosphonate esters, phosphinate esters, thiophosphinate esters,

15 phosphines, phosphine oxides, thiophosphine oxides, phosphonium salts;
phosphate salts, thiophosphate salts, phosphonate salts, thiophosphonate
salts, phosphinate salts, thiophosphinate salts, pyrophosphate saits,
metaphosphate salts; sulfonate salts, sulfinate salts, sulfones, sulfoxides,
sulfides; borates; antimony salts; siloxanes; and organoclays.

20 16. The composition of claim 14 wherein the at least one
phosphoramide comprises a phosphoramide of the formula Vi :
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6gndBvWB0! | QF+ ()-11(10%& ()-1 & 109%Z& () - Y$$1ocyz&()
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10948 () -!s$10%HHE () - &10%H&' () - s10%& ()- U'dEdY80!

L: 10%1&' () -, 510%-&heein pach QS ioﬁep@mwowge)'\ or, @Jlmo/and(e)ach.ﬂmy()-
=>?@ZhuVv7Q! ) L) $10% 0% U& 10HH 10HH
10HHIfy>F10v®%8v{g§é{§B("}ME uWOmP @‘&@Lﬁ"{‘g%ﬁ‘sﬁ‘f : Y1 Mp10% U
U& ()-,"' 10%

U& ()- i +yf #109JU8AQ.) - | The 1 etavipsition. R ? claitn [141 vﬂ!ﬂé?%U{tH& (at- 1&ast 1obe
U& ()- f* 10% U& ()-!.$10% U& % I'n! *$109% W (")1 0%

u& () l\ﬁ/@u @ncpspmr/m*c{g cor@grlﬁp 8 plt)osphoramtde of the rmula Vi:

Q' Q!
3N n s
] (V1) AY—P—N N—P—A
( ¥ s

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

17. The composition of claim 1 wherein the adjunct flame retardant

10 comprises at least one polymeric or non-polymeric member selected from the

group consisting of phosphate esters, phosphate salts, suilfonate salts,
sulfones, sulfides, borates, antimony saits; siloxanes; and organoclays.

18. The compos'i‘tion of claim 1 wherein the adjunct flame retardant

comprises at least one member selected from the group consisting of

(‘ 15 resorcinol bis(diphenylphosphate), bisphenol A bis(diphenyiphosphate),

triphenylphosphate, tricresylphosphate, boron phosphate, potassium

diphenylsulfone-3-sulfonate, potassium perfluorobutane sulfonate,

polyphenylene sulfide, polyphenylsulfone, zinc borate, antimony oxide;
polysiloxanes; and organoclays.

20 19. The composition of claim 18 wherein the combination of
phosphoramide and adjunct flame retardant is present in an amount effective
to render the resin composition a flame rating of V-0, V-1, or V-2 in the
Underwriter's Laboratory UL-94 protocol when measured on a test specimen
of about 0.125 inch by about 0.5 inch by about 5 inch dimensions.
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& ()-8 CH[9] _@!!4' L' 10%{& ()-! s 10% ()-1's' 10% ()-! s2AYHREHIW0BE

1096& () - S#
L: 1096G& (
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& ()-sy90109%G&' ()-!L"100& ()-!L' 109%& ()- Y~ R@/USI97371

10##"tsz&10%& ()-#ly: sz&109%& () - #'tsz&lO%& ()-##10% . & () - @10% & () -

10## 10##- ONX6<@ 10##| S>109%&' (210 & 10% & ( “$109%& ()-m!d,, $109& () -
| ~52&109%& () - #! y 2881 6b@: qomposition

U& ()-L10%
u& ()- !*10

10

15

20

mlclaln#ﬂowm@lw 1t leaghopeiphospharamide

m

B8 Atiahdrge ot e RIS Y 10, g ()1 cor g o[ PE: o

10 U 10 U 10 US>10% U& ()-! 41 10% @ @ () - 4! 10%

Q' — Q'

3 i fl 6

(V1) A°—P—N N——P — A
IA44 \__/ "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.

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

Q' Q'

3 ] / \ {] 6

(V1) AS—P—N N—P — A
lA4 \__/ |A5

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

22. The composition of claim 1 wherein at least one phosphoramide is
present in an amount effective to render the resin composition a flame rating
of V-0, V-1, or V-2 in the -Underwriter's Laboratory UL-94 protocol when
measured on a test specimen of about 0.125 inch by about 0.5 inch by about
5 inch dimensions. '

23. The composition of claim 1 wherein the total amount of
phosphorus per 100 parts of resinous materials is in the range of about
0.008-3 parts by weight.

24. The composition of claim 1 which is essentially free of chlorine
and bromine.

25. The composition of claim 1 wherein R1 is of the formula X :
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each Q1 is independently oxygen or sulfur;

each of A22-24 is independently an alkyloxy, alkylthio, aryloxy, or
5 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
10 containing at least one alkyl substitution;
n is from O 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.
( 15 26. The composition of claim 1 wherein R1 is of the formula XI :

wherein
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' 10% h&' ()-#10% h& ()-10% h& () - @S10% h& ()- 10>>R(0dE740#3  10% hé& () -
'10% h& ()- ,10% h& ()- s 10% h& ()- S #10% h& ()- 10% h& (FE-MARCHZAYY $10%
h& ()- '{ Z9%0%h&. ()- 10% h& ()- 10% h& ()-  10% h& ()-

1f' 10% h. h&' W‘-@lﬁgﬁ%mm 10% h& ()- - 10%h& ()- @ 10% h& ()FCTUSINTIN

11 (&10%AhAN&' () - F% 10% h& ()-!!  $10%h& () - gBE adB440# 10hh! x>Z10%h& ()-, ;
10% h& ()-6 10% h& ()- 5 10% h& ()- 93 10% h& ()- 1&$10% h& ()- abcq} gHAO#
10hh! xy109& () - ! 199@h 1'%@99&83%(;3@0%)/9)3“% Y& ()- 10hh 10hhLBdEH40#
10hh!y: 109&' ()- 3S10%& ()- 10%& ()-#10%& ()- !'10%& ()- vy,:10%& ()- BedEH40#

10hh! S | 10%& 3Y!1 10%&' ()- ! 10% () -
| 2[ <HAO# 1051Q$100 ?ﬁ‘)@?af%g&?%)awiﬁ@( %)-!~)310%(&')()-% 0

109& ()-!Lf": $109& () - uV70# 1109&& ()-#f 109&Z& ()- 10 10 10!>109% ()- @
109% ()-L3! 10%& () each Za-sdtkwidene;
1C@L0%Z& () - CAL0%Z& () - 109Z& () - GLOYZE (

@i () Caas ()- %%@%%%%ﬁﬁ%%q@%@é@?ﬁ%@%%ﬂ

()-Cao%& ()a elidue, Cﬁa Jesidue Cohkaltin@AlEast( oné&@listbelitutiah) % &
'()-Ccaowzs& ()-Ccaovzs g & ()-CA@O0%& ()-rS4675CAL0%E () - - CALOYZE' (
) - C@L0YZ&! () - CYADAMING 90/2& () - 5WRJ&NB4675C@A 09%Z& () - - CALOWZ&' () - 5WRJI&C
@0%Z& ()-Caoyz& () C@L0%Z& () e/ 675V &CAL0%Z&’ () - CALOYZE () - CALOWE () - C
@0%Z& () - CA0YZ& t@E@O%Z& ()-Ca@ows ()-Caows ()-Cao%
Z& ()-Caowz&' () - 00/<z& ?) r S4075CA0%Z& () - Ca0wz& () - Caowzs () - Caovs
()-Ca@owzs ()- 5V\&J&$*/rS4075C@00/<Z& C@O‘%Z& () owg@z 5W&J&C@AL0%Z& (
) - CAL0%Z& () - / 249>BR2Nand ey thio, @arloxy&of) - C

@o%z& ()-FJ 7 0 ( 0 cal -
0oR () @oéﬁpﬁ%ﬁ&%@%%&@a%?& é%%?%lﬁég 441G a2k
%&10%"' 80 () - Ysubstitdtidr)%r d amine dds@ur &’ () - 5SWJ& vU4 $109B9& () -
y10989%&' () - #TlO%%%& ()-10>' 10> 110>' 6,> 10%' & ()- @ 10%' & ()-
f<|[:vW4 f#lO%S%& 109BYR&: S1098%& ()= 3
U 0veoe ()1 D008tk & Yedt Sortippsiion Srpdeicng the Jol9uing: aht any seagtion
10989 ()- ! pRS®RIES thereof:! 10989%&' ()->!j|[:vU4 3(!109B%& () -
yf& $1098%&' ()- $!109B%& ()- "!109B9%& ()- 9! 1098%& () -
| 1098%& ()-8AHIL}] =vU4 P

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

15 least about 0°C of the formula Vil :
Q'
'f—‘- Al

(Vi) l/ \l Q'

A14 \/ \v» A17
;\15 A15

wherein

each Q1 is independently oxygen or sulfur; and
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01098Y& OP 010989%&' OP 010989%&' O 1.1098%k ()- +-10
()- ()- ()- () 52 ﬁﬁ}iﬁ%e%

. )11098% ()- LNO “dj _?vU4 P 010%8% ()-OP 010%8%& ()-OP 0

010989%&. () \8@&%&10%%& ()-0j kuz' <vU4 #3YOP 0109B9%& () - OP_0109BI&: % oP
01098%. () -0#3YO DvU4  #3P 0109B%&' () - 0#3YOP oPGIRBRIIRIHp

- 01098% ()- OP 010%8Y%& () OP 010%8%& ()-0{ ?2vU4 # @ 10%E&& ()-P

010%B%&' () - O#3YOP 010%8%& ()-O0P 010%B%& ()-OP 01098%&' ()-0BvU4 @10%) & () -
& @O0%)& ()-(  (eesh o @%57 is (nmwpae(lt;y am @indexy, oaly ihieosarvioxy) or

PTovsa ag (2 @‘@é%@%’%‘ 40 AfyloRY bt friirid v Erfedinirt i) bl

>-10%) & () -substitutiopd pran pmihe residue.

28. A resin composition comprising the foliowing and any reaction
5 products thereof:

a) a thermoplastic resin and

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

( 10 wherein Q1 is oxygen or sulfur;
each of R11-14 is independently a hydrogen or an alkyl radical;
X3 is a alkylidene radical,
nis 0 or 1; and

A25 is a group derived from a primary or secondary amine having the

15 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.
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>-109%4) & ()- *3109%) & ()-7: =>INQuik vU4l >-10%) & ()- | >- 100/% SOk

>-10%) & ()- 15Wg ;)1 >-10%)& ()- | >-10%)& ()- QIWZ_° k; o AR 3003
1094) & ()- .5\ ;)] >-109%) & ()- | >-10%)& ()- | >-10%) &

Z 10%1%& 8“1% %A? 2vUa )> 18/(1” >- 10%1%& 8 | >-10%) & ()PCF/US99“7371

>-1094) & ()- | >-10%)& ()- | >10%)& ()- | > 10%)& ()- yznN. vU4l

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

a) a thermoplastic resin

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

R15
16 R21
“\/fl \ / I
oan (\‘.?1 u/
(X* )m /P —A ‘P\ (X*)n
F,n/\=- —-.-_-./\Rzo
Ré R'9

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;

10 and
A26is
_T._ G — ||q_
z 23

wherein G1 is sulfur, an alkylidene radical, aryl radical, or alkaryl
radical; and each Z3 is independently an alkyl radical or an ary! radical; or
15 wherein A26 is
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>-10%) & () -
5Wy ) mvi vl
>-10%) & () -
>-10%) & () -
>-10%) & () -

>-1094) & () -

>-1094) & () -
>-1094) & () -
>-1094) & () -

> 1094) & ()- | > 1094) & ()-

>-1094) & ()- | > 109%) & ()-

-vUAl >-10%) & ()- 5W :)I
>-1094) & ()- _?vU4l > 1094)

| >-109%4) & () -
5\\) 28 MARCH 2003

>-1094) & ()- |

| >-1094) & ()-

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

30. A resin composition consisting essentially of:

a) 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:

Q1
I
) R'— IID— R
R2
whersin:

Q1 is oxygen or sulfur;

R1 is of the formula X:

9 i AN \S
—N— X'—N II:’—N—X1— II=’—A
n
wherein

each of A22-24 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;

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

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

or

R1 is of the formula XI:
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| >-10%)& ()- | >10%)& ()- | >-10%)& ()- | >-10%)& ()- nN. vU4l
>-10%) & ()- | >-10%)& ()- | >-10%)& ()- | >-10%)& ()- | 28MPGOHREI3() -
5\W :)nM vU4 >1098(& ()- ;1098(& ()-1 >-10%)& ()- 5W :))Il >-10%)& ()- |
>-109%) & ()- *6EcvW4d #10%e$-& ()- !10%e$-& ()-t $10% e$-& ()-)

10% e$- & ()- @#f 10% e$-& ()-'108(108(108(WI[:vWUa " YoLO¥e$x& ()-

+ YO 0%He$HE ()- 910% e$-& ()- S10%e$-& ()- @n 10% e$-& () -

110% e$-& ()- 1}]=v4 y+10%e$-& ()-"y+10% e$-& ()-"y+10% e$-& () -
) Z10% e$- & () - $!10% e$-& ()- ‘Y‘V&O‘VQe$ '()- _?vua
y+10% e$ & ()- y+10% e$- & ()-"y+10% e$-& ) -" y+10% e$-& ()-"#3y+10% e$- & ()
)84 Q' X2 Q'
#3y+10% e$ & (;/ )y+10%/e$\& ( -I|y+1g%e$ & (- y+10% e$-& ()-"#3# "' ) + . |/
6 DvW4 —N P"R
#3y+10% e$-& () - #3y+17>%2($ & (} yNO‘/e$ &Rg)- y+10% e$- & ()-"y+10% e$- &
()- : > B CS X { ?2vU#&

y+10% e$-& ()-"y+10% e$- & () -
)-"X] abgko _?vU4
#y+10% e$-& ()-"y+10% e$- & ()-"y+10% e$- & ()-"#3y+10% e$- & ()-"y+10% e$- & (

‘0 s t _ANddin
#y+10% e$-& ()-"y+10% e$- & ()-"y+10% e$- & ()-"y+10% e$- & ()-"#3y+10% e$- & (
" 3ich X IR by QYRR ~10%E ()

100/8/&() y+10% e$- & () - EATTL [ eX7 y 10984 & ()- 1 y3 1094 & ()-

yy 1094 & () - ea@h(m/ié&ll(yhdéhe&ﬂﬂoo/&/t( & ()- @OWA& ()-!0":"""K##|[: eX7
P10 & ()- 1 " 1094 & ()- y 1094 & ()- @BLOWA& ()- ySI0%4& ()-

10984 & () - ##*&achSoP iRl [REXaAnd RIS BOMUERErdentlyl ant BkQRAY Gedilue, &' aryloxy
10984 & ()residuk, AA%BMYIRXY residue containing at least one alkyl substitution, or an amine

residue;

#3y+10% e$/& ()-"y+10% e$- & ()-"y+10% e$- & (

n is from 0 to about 5; and

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

(ii) a phosphoramide of the formula VI:

Q1 1

3 ] / \ c||J 6

(V1) A" —P—N N—P—A
y I

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 :

Q1
A12._.P__ A13

w O,

Al "/ N~ \” _ A
A15 }\16
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INDA0YBU 3& ()- y 1094 & ()- VOBARARD' C |[:eX7  y01l0%4& ()- 1,/

10984 & ()- ys- 10984 & ()- + S10984 & ()- , (' 10984 & ()- yPREMARCH 2003

10984 & ()-C M "' ' (| [ NA410C% CLOCY C1O0CY C1 | f >Z10%C% C& ()- ; 10984 & () -

8: $10904 & ()- @6109%4 & ()-4 y3@OWL& ()-(((*(W))|[: NAA10 f!10%%& ()-

1 #10%%& ()- f!10%%& ()-s &$10%%&' ()- , 10%%&' ()-

@S10% % & ()-)3***%N, ~, | [ NA410 , #ML0% % & ()-1 S& 10%%& ()-

@$10%%& ()-° 1110%%& ()- f 110%%& ()- {SI10%%& ()-

L -C--- | [ NAdareih $10% % & ()-31 f- & 10%%8& ()- y+ 10%%& ()-

F4110020%& ()-  @(010% % & ()- foa0%ve& ()--/¢lf//111]]obUd

Sif L0%K( & () - 1@z tPzYt Yddrtty O%Fgnor(Slifurnk0 %z % & () - , 8° $10%% & ()- f

18! 10%%& ()-"1//1)0800| [:bU4 ~q, HIOMK(& ()- Z10%K(& ()- SLOUK(& ()-

109K( &' ()-  #1Q8Heh 8of N1 240%( fdepeRtdenily 232 Ak, alkyHABYIdrdoxXy, - or Wryithio
MLO%K( & ()resnd%&n(éryloxﬁéﬂ%ﬂﬂ&o(résnd@é-@&ﬁélﬁl )at least bAMKYI éblbsiﬁﬁ%a?o'i_a'hbm

" - #109( &'aknline festRK( & () - "~ #100K(& () - "-#10MK(& () - " #10MK(& () -

"o H10UK( & ()- 3 3#3&3)3,3/3_?bUA - #10UK(& ()- "- #109%K(& ()- "- #10%K(& () -

"o #109K( & () - (nﬁ#éf;b%%;ﬂno(rémudeoﬂwﬂs.(rﬁuwxﬂ /3235383; 3_2bU4 "~ #109%( & () -

" HL0UK(& ()~ "~ #109K(& ()- "~ #LOWK(& ()- "~ #109%K(& ()- "~ #10%K(& () -

£ 3<3=3>323@r V: " - #10UK( & () =, " - #109K(& ()- "-#10UK(& ()- "-#10%K(& ()- q<
"o S)I(V#@BASBSCSDBESFSCBt XBY( & () -

R14

wherein Q1 is oxygen or sulfur;

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

X3 is a alkylidene radical;

nis Oor1; 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; and

(v) a bis(cyclic) phosphoramide of the formula Xil:
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" #10%K(& () - M- #HLOMK(& () - " - #LOMK(& () - - #10UK(& ()- - #IQUK(E ()

"OHL10UK( & () - "-#109K(& ()- G3H3I 3I3K3L3MBt X<OUK( & ()- - #1CFSHA Ct*%-"f’

"CHI0UK( & () - "-#109K(& () - "-#109K(& () - "-#109K(& ()- "-#109K(& () -

"o #109K( & () - MBN3CBS3X3r R2t X<OUK( &' - #109K( & ()- "- #10%K(& () -

"S#109K(& ()- -g< _0;S)! %tX3\ 3' 3d3h3l 3p3_2<0%K( &" - " - #10%K( & () -

"LHI0UK( & () - "-H#10UK(& () - "-H#109K(& () - "-#109K(& ()- "-#109K(& () -

p3t 3x3| 3333_?<0UK( &' -"- #109K(& ()- "-#109K(& ()- "-#109%K(& ()-

" HLI0UK( & ()- - #10UK(&pfg - - #10UK(& () - 33333ML_?<0pfE( - #109K( & () - 1q<
0; S) ! %" - #109K( & () - "]#10%« & ()- 3333333_?7<0%( "-#10%'-#10%« & ()-

ToH#H109K( & () - 16 21
"N 5%

o o/
— 1 1 —_—
Xl N @ /

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

A26 is
23 Iz3

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

G2
/\
N\ . N—
Y2

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

¢) at least one adjunct flame retardant compound.
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"HI0WK(& ()- "-H#10UK(& ()- "-H#10%K(& ()- "- #10%K(& ()- 8 MARCH 2003
3333333 2<0UK( " - #10% - #10UK( & ()- "- #100K(& ()- " - #100K( & (PR & () -
COHI0%K(& () - "-#10UK(& ()- 33333 2<0UK("- #109% - #10%K(& ()- " - #100K(& () -
"HI0WK(& ()- "-#10UK(& ()- "-H#10UK(& ()- "- #10%K(& ()-
33333r R2_2<0UK(" - #10%K( & ()- "- #10%K(& ()- "-#10%(& ()- g< _o:
S) | 943333333 2<0UK(" - "- #100K(& () - "- #100K(& ()- "-#10%K(& () - |
TUHI0UK( & () - "-#100K(& ()- "-#109%K(& ()- 3333333 2<0UK("-"- #10UK(& () -
THI0WK(& ()- "-#10K(& ()- "-H#109%K(& ()- "- #10%K(& ()- "-#10%K(& ()-
33333 2<0%)< _0:S)! %" - #1OUK( & ()- "-H#10%K(& ()- "-#10UK(& ()- 34

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

32. The article of claim 31 which is a deflection yoke for cathode ray
tube, deflection yoke for television, slit type deflection yoke, mold coil
deflection yoke, television backplate, docking station, pedestal, bezel, pallet,

switch, switch housing, plug, plug housing, electrical connector, connecting
device, socket, television housing, computer housing, desk—top computer
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44444dD<0%< _0; S)" - #10UK( &' ()- "- #109%K(& ()- -#10%<(& ()- "-#109
"-H10UK(& () - "-H#10UK(& ()- 44444"4' 4 2<0%< _0;" - #10%K(& () 2 MARCYH & 0)-
"oH10UK( & () - "-#109K(& () - - #10%K(& () - "-#10%<(& ()- ' 4)4+4-4/ 414 2<0%<
_0; "~ #10%K( fik Qurrafra* LOYK( & () - - #LOUK(& () - " - #LOUK( & () - a%g%} °
T-#109K(& ()- 142434>4BAr R2_?<0%y" - #10%K( & ()- - #10%K( & () - C8 () -
g< _0;S)! %BADAFAHAIALANA 2<0%g" - " - #10UK( & () - "-#10UK(& ()- "-#10%K( & () -

- #10%K( & (

I\I4P4R4T4V4[’i°%‘%io%t&§te#€we %&éﬁné)iég&tog (:Pmputglg%{?‘:gg( jpaim-held

-#10%K( & (gomputet Biukisiigl }nodutdﬂ&%ﬁi:fg (printer housing, keyboard, FAX machine
housing, copier housing, telephone housing, mobile phone housing, radio

sender housing, radio receiver housing, light fixture, battery charger housing,
battery housing, automotive electrical component,. antenna housing,
transformer housing, modem, cartridge, network interface device housing,
circuit breaker housing, meter housing, panel for wet or dry appliance,
dishwasher panel, clothes washer panel, clothes dryer panel, refrigerator
panel; heating or ventilation enclosure, fan, air conditioner housing, cladding
or seating for public transportation; or cladding or seating for trains, subways,
or buses.

33. A method to increase the heat distortion temperature of a flame
resistant composition containing an amount of at least one phosphoramide
and at least one adjunct flame retardant effective to render the composition a
flame rating of at least V-2 in the Underwriter's Laboratory UL-94 protocol
when measured on a test specimen of about 0.125 inch by about 0.5 inch by
about 5 inch dimensions, wherein the method comprises combining

a) 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:
Q1
{

0 R1—||3"R3
R

wherein:
Q1 is oxygen or sulfur;

R1 is of the formula X:

32

SUBSTITUTE SHEET (RULE 26)



*4b4d4f 4g4- _?<0%g< _0; S)! %" - #10UK(& () - "- #10WK(& ()- "- #10%K
g4h4mio4qas4uddD<0%< 0; S)"-#10WK(& () - "-#109%K(& ()- "-#1 AQCE*)ZOOC’
VoH109K( & ()- "-H#109K(& ()- "-#109K(& ()- udwdy4{4}444 2<0%g< _o;
"HI0UK(& ()- "-#10UK(& ()- "-#10UK(& ()- "-#10UK(& ()- "-#109K(& ()-
"LH10UK( & ()- 444444 ?2<0%g< _0;"-#10UK(& ()- "-#10UK(& ()- "-#10%K(& () -
"LH109K( & ()- - H#109K(& ()- T-H#109K(& ()- 444444rV:" - #10%K(& () -
"CH109K(& ()- "-#109K(& ()- §-#109K(& ()x g< _0:S)! %44444444% X<OUK( & () -
"oH10%K( & () - - HLOUK( & @) QHIDUK( & () ‘GHIOWK(& ()- "-#109K(& () -
" #H10UK( & () - l oo F\n L,

——N-—-x'—N I?—N—x‘—— IlD-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 feast one alkyl substitution; or an amine residue;

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

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

or

R1 is of the formula Xl:

(XN /\ /N I
\/

z? Re z2 R®
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"LH10UK( & () - 4444444t X<OUK(&' ()- _"-#10UK(& ()- "-#10%K( & (12)@
"LHI0UK( & () - "-H#10WK(& ()- "-H#HI0UK(& ()- "-#I0UK(& ()- " - #POIRREHEY0s
444441 R2t X<OUK( &" - #10UK( & () - "-#10UK(& ()- "-#10%K(& ()- -q< _o;
S) | Y#A444444 2<OUK(&"-"- #10UK( & ()- "-#I0UMK(& ()- "-#10UK(& ()-
"LH10UK( & () - "-H#10WK(& ()- "-#10UK(&' ()- 4444444 ?2<O0UK(&'-"-#10UK(& () -
"LHI0UK( & () - "-HI0MK(& ()- "-#10UK(& () - "-#I0WK(& ()- "-#109K(& () -
44444ML_2<0UK( " - #109UK( & () - 1< _0;S)!%#"-#10UK(& ()- "-#10%K(& () -
4444444 _2<0%K(yhaddih0%0 - #1094K( & () - "-#109K(& ()- "-#109K(& ()- "-#10%K(& ()-
"oH10UK( & () - - #10%K(& ()- 455 5555 2<0%K(" - #10% - #109%K( &' () -

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, alkylthio, aryloxy, or arylthio residue, or
an aryloxy or arylthio residue containing at least one alkyl substitution; or an amine
residue;
(i) a phosphoramide of the formula VI:

Q' Q'

3 1l 1l 6

(Vh) A —Il:’—N N—P—A

A% A®
wherein each Q1 is independently oxygen or sulfur and each A moiety is a 2,6-

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

(ii) a phosphoramide of the formula VIl :

Q'
A12_'|',_ A3

|
N
(VIIN) J ( w Q'

N N
Al 4_|||3/ - ,Fl"— Al?
IA15 ,lojﬁ

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 phospharamide of the formula XI! :

52b



"-#L0UK(& () - - #100K(& () - "-#10%K(& () - - #10%K(& () - -#10%<§\ é
555$5) 5 2<0%K(" - #10% - #10%K( & () - "-#10%K( & ()- "-#10%K( & () 28MABGEReRS () -
"oH#109K( & () - "-#10UK(& ()- )5*5+51 565R1_?<0%K( >1$10% & ()-3

1$10%& ()-3 "-#10UK(& ()- q< _o;S)! %+666666666vVUAK( $109R& ()- 10%R&' () -
"f109&& ()-10')10'10° >10% & ()- 1$10% & ()-3 67777X9:|[: vUAK(

"s| YA0%&& () - sl YA0%E& ()- , 109&& ()- ,yl0%&& ()- !109%8& ()-

. S&10%RUE' ()-:; e; <"<0<3<|\<vW4K(  +10%&R& ()-+10%&R& ()- ,,) 10%&& ()-
11109%&& ()- h!!109&& ()- g YO0YRS () - 3<6<9<<<?<B<E<_?vU4K(

+1098& () - +10%8& () - +109%&&8R() - +109&& () - +10%&& () - +10%8& () - ESF<K<O<Q<S<Ueh
H(vU+109%8&' () - +10%&& 14) WRE () - +1098& () - +10%&& () -

cQ=3LWEY<[ <\ <" <e<cB qﬁl ) - +109%& () -

cQ=3+10%&& () - +10%8&' ()~ 0% %%j<0<t <y<~<<_?2v+109%8+109R& () - +109%&& () -

+109&&' () - +1098& () - +10%8& () /+1098& () - <<<<<<<hH(v+109%&& () - +10988& () - +10%

&& () - +109%8& () - +109%8& ( 3<<<< <Q'Grv+10%8& () - +109R&' () -

cQ=3+109&&! () - XOhes () - +1098% () - <<dk<<t xV+10%&& () - +109%&+10%&&" () - +10%&&
"() - +109&& () - +10%R&! () - +10%8& +10%&4 °. <<<<<<<dDSV+1098& () - +10988 () -
+109&R& () - +109&&' () - +109%&8& () 7<<<<<CG V+109R& () - +109&&' () -

cQ=3+10%& () -+109&& () - & () <gk<<<< ?v+109%&R+10%&&' () - +109&R& () +10%&&
"()-+109&R& () - +109%&R& () <<<<<<pT8v+10%+10%&k& () - +10%&& ()-%-10%
& ()-+10%&R& () - +10%&R& ( -CK: =pPOV+10%&&' () - +109&& () -

cQE3+10%&& () - +10%&& () -
= ?2v+1+109%&R& () - +10‘ﬁk ()~ ? UR&' () -+10%R&' () -+109&R& () - +10%&& ()-
=' :#:( =*=, =2=9G v+10%&& () 09%&& () - +10%&& ()-+10%&k& () -

cQE3+10%R& () - 2=6=8=<= @:A—Bz V+109&& () -

cQE3+10%&R& () - +10%&R& () - +10%&& () - +109&R& ()- B=E=" =a=b=c=q===vU4+10% y

10% & () - < (1QAkrein@(i} oxygéSsOddtid: () - 10&10&10& >10%&& () - s:

109%R& () -==4>>7?$??|[: vU4+10% |t' 10% & ()-< fF1IO0% & ()- =~ #10%' & ()-3
#10% & ()-3 10%&' df R11-1¢ & idddpédienly LYGEIAABIBI Ky rabiéat10% f1 (10% & () -<
y%lOO/c(&'() , FBLOMN( W& () - ,F$10% (\ & ()- f 10% & ()-

t"109% (} & () XQBRBQBNBFE?‘IBQBE|7VU4+1O% x*p 10% & ()- x*p 10 & ()- x*p
10%{& ()- x*p 104 & ()- x*p 10% & ()- x*p 10% & () - aBngBj BanB7’7vU4+10%
G 'Uzm x*p 10% °(§ Aandxn 1094 & ()- x*p 10% & ()- x*p 10% & ()-

0, * 0, ! -
nBoBpBqBr Bs Bt B'?@& )|§<5§1 gr]c')gp/%%/eg from é\(fwgﬁn‘er 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; and

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

R15 R22
R'® l 21
L\ Y
oy C\f ﬁr/ —
(X)) PAP (%),

wherein each Q1 independently is oxygen or sulfur;

each of R15-22 is independently a hydrogen or an alkyl radical;
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X*p 10%& ()- x*p 10%& ()- %*p 10%& ()- px*p L0%& ()- x*p 10%
10% & ()- uBvBwBxByB| BBdDSx* p 10‘V(&'(§)-(Z<*pp103(&'(§- (G){ ! M“BS% %"’g)

10% & ()- x*p 10% & ()- x*p 10% & ()- BBBBBBB_?x*p 10% & x*p 10% & ()- x*p
L0% & ()- x*p 10%& ()- x*p 10%& ()- x*p 104& ()- x*p 10%& ()- BBBBBBW[;
?2x*p 10% x*p 10% & ()- x*p 10% & ()- 'Y zmx*p 10% & ()- x*p 10% & ()-
BBBBBBB_?x*p 10% X* p 10%1& ()- x*p 10% & ()- x*p 10% & ()- x*p 10% & ()-
x*p 10% & ()- x*p 10% & ()- BBBBBBW[; ?X*p 10%{x*p 10% & ()- x*p 10% & ()-

SO & () X pXa o @kyidene Facica & () adBEBBEE s 40y 10 () xp

A26 is
—N— G1 — IN —
yad yad

wherein G1 is sulfur, an alkylidene radical, aryl radical, or aikaryl 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; and
c) at least one adjunct flame retardant compound.

34. The method of claim 33 wherein at least one phosphoramide has
a glass transition point of at least about 10°C.

35.  The method of claim 33 wherein the phosphoramide has a glass
transition point of at least about 10°C.

36.  The method of claim 33 wherein at least one phosphoramide has
a glass transition point of at least about 20°C.
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x*p 10% & ()- x*p 10% & ()- x*p 10% & ()- BBBBBBW[: ?x* 100@9’7\4 %%8%3& () -
x*p 104 & ()- G !'U{zm x*p 10%& ()- x*p 10% & ()- BBBBBBB X
10% & ()- x*p 10%& ()- x*p 10%& ()- x*p 10%& ()- x*p 10%{&'()

10% & 2x*p 10% 10% & 109% &

100/§ & 8 WQBER@\& % & ?)p cccf(c)c(:cpc_vx fo 18?3/4 xX P 0%?&' (§) g’%"j’ﬂ *p
10% & ()- x*p 10% & ()- x*p 10%& ()- x*p 10fy & () - cccccmM 2%* 10%{x*p
10% & () - XDy

$C C* C- CDC3CH %'ﬁ(‘eléﬁ“%‘lﬁ%él{ K{f))‘” prgjn ‘éé@# 10%%9%&%}@%‘3(?'35?*

L0% & () -yraridhickP it O at 16381 ABBESGL. 6CBC: C; C<C=CoON 2#x*p 10K & ()-

38 . The method of claim 33 wherein the at least one phosphoramide

comprises (i) a phosphoramide having the formula

Q'
(

(1) R‘—Ir—na

R2
wherein:

Q1 is oxygen or sulfur;

R1is of the formula X:

Z1 21 Q'l Z1 21 1
x | | n oo ] 9 04
—N—Xx'—N l':"—N—X"— f|=—A
n
wherein

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

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

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

or

R1 is of the formula Xl:

x2 01 2 Q1
AN N
N\ /N r—N\ /N |‘:’—R
22 R yia R’
n

wherein

each X2 is alkylidene, aryl, or alkaryl;
each Z2 is alkylidene;
33
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x*p 10% & ()- x*p 10% & ()- G !'Uzm x*p 10% & ()- x*p 10% & () -
>C?C@CACBCCCDCECt X<x*p 10% & () x*p 10% & ()- x*p 10% &' ()- x2GIARGIAZR0Y ) -

x*p 10% & ()- x*p 10% & ()- x*p 10% & ()- x*p 10% & ()-

ECFCQCTCWCZCx X8t X<x*p 109% &x*p 10% & ()- x*p 10% & ()- x*p 10% & ()-
10% & ()- G !'Uzm ZC] C CcCf G OnC_?<x*p 10% &*p 10% & ()- x*p 10% & ()-
x*p 10% & ()- x*p 10% & ()- x*p 10% & ()- x*p 10%4 & () - rrCnCzC~CCC|\<’?<x*p

1094 &x* p910%1 & ()- x*p 10%{ & ()- x*p 10% & ()- x*p 10% & () - 'YW zm
<x*
S S e e )

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;

(i) a phosphoramide of the formula VI:
Q' Q'
a | I 6
(V1) A" —P—N N—P—A
A A
wherein each Q1 is independently oxygen or sulfur and each A moiety is a 2,6-

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

(ili) a phosphoramide of the formula VIii :

01
A12_P_ A13

( g

A14 "/ \/ \” A17
A15 }\16

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 XII :
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x*p 109% & ()- G ! U zm CCCCCCC C<x*p 10% &x*p 10% & ()- x*p 10% & ()- X*p
109% & ()- x*p 10% & ()- x*p 10% & ()- x*p 109% & ()- CCCCCCC| 8MAREHR083 O(
>10% & ()- “f;10% & ()-) 710% & ()-Zx*p 10% & ()- G ! U zm CCCDDI DVMDDbAX* p
110( S3"10% & ()- | 10% & ()- 10% & ()- v 10% & () -
#S10% & () - 10( 10( DDDDEE4E| [ : Ax*p 110( -10% & ()- 9S10% & ()- Y&10% & () -
Q@LO% k& ()- \@0% & ()- ,S10% & () - 4EFEr Et E| E5FF| [ Ax*p 110( +G'10% & () -
)G'10% & ()- L'10% & ()- 10%& ()-& A 10%" & ()-& 10%J
L& () - &FGAGTGBAG GHG 0bU4310 f#f10% "' & ()-10"10"10" , <10% & () -
3f10% & ()- 110% & ()- .GH0% & ()- HGGRRGEGYH| [: bU410  "10% "' & () -
$310% "' & ()- sS 10%,"" ss10% "' & ()- 910% & ()- P10%
"&()-yHHO W 11| [ Bl 0% " & ()- *"10% & ()-F "10% & ()-F vy
10% "' & ()- "10%"' & vt & ()-18&IPINJ0JII| [ U410 ;10% " & ()-
0.109%"5& ()-m P.10% ) N0%& ()-m ,10%"' & ()- &
10% "' & ()-JJJJIIIKKvUATL %& ()\ Q'F'10% & ()- S10% & ()-
#S10% & ()-10'XIRo' "' 10" " <NO% "' & ¥)I- KKKKKKK| [ : vU410 N yYz10% & ()- @
(F109% & ()-T 109 & ()- 10% &GP, y109P&AF2 Ys310% & () - KKRLALNMWM [ : vU410
T<10% & ()- @s10% & ()- (F" 0%&'§y 1-109% & ()-" !'-10%& ()-°

' /(

|- 10% () -  MVVVVVVVM\ ; GLO% &/()- fZ10% & ()- f#f10% & ()-10"10"10"|
S10% & ()- 10% & ()- 1\; 40 " Y10% & ()- P F10% & ()-S 10% & ()- A
| 109 ()-G Ol 1090& 109% & ()-G MW NNNJO [:}\;10 % "10% & () -
s, 1098 () -4 s,10%'|$' 109& () - 4

wherein Q1 is oxygen or sulfur;

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

X3 is a alkylidene radical;

nis 0 or 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 A25 is a group derived from a

heterocyclic amine, or A25 is a hydrazine compound; and

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

wherein each Q1 independently is oxygen or sulfur,;

each of R15-22 is independently a hydrogen or an alky! radical;
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s, 10%& ()-4 ) @F10% & ()-]ChCkOOOO] [>}\;10 Fs10% & ()- "<l 10% & () -
2:10%8 & ()- .MIO% & ()- | (:10%A & ()-) |(:109%P0 P& () - OOOOOESMABRER 2948
109%$& ()-) &109%@P@% ()- 'y 109%@@ ()-

"S10%@ @& ()-10"10"10" @M0% & ()-sPINQ @ Q QUQQQVU410 (10% (& () -

S#S10% (& () - 10@@0@E@0@@ " <mo%@@ ()-1  910%@ @ () -

p, "109%%& ()-QQ RRKS(TT|[:vUW410 P fM 109N (W& () - FfM 10%wr ( M& () -

+ y#10% (& ()- y#10% (& ()-1 Sy&10% (& ()- ,10% (& ()-TTIU; W=WW:vU410
, +10% (& () - N4 i 8SakQRbrid Adicdl)m arP$ére bABH indspShdently 0 SNURd & () -1

$10% (& ()- , @O0% (& ()-{WN XoXXXX| [:vU410 s@ 10% (& ()- fl710% & ()-
0S, 510% (& () -AZ'99$10% : & ()-F1 [09%$10% (& ()-F S-@0% (& () -

XXYYYY. YNYYVU410 f1109%%a& ()- &@ 10%p& ()-m @ 10%Was& ()-m

#f 10% W & () - FON-HOG(HONET >F10% (& () - YKZf Zi ZZZ; [ | [ : vU410 "FI
WOoUmBME ()- fz110%wak ()- , :10%Was& ()- fL10OY Y#h & ()-Z
fL10%Z#z& ()-Z #119‘%2%?/1&2?) 5 [=[ N ] A=rz2YBVUAL0 Y 10%2 %8 & () - -
fl1410%$z& ()-- ,2 $10%Was& (ﬂ{ - T @9%10%8& ﬂ) _ _
@9$10988& () -wherginghd ds| 9uifgr. an alkyidgng radicglrgrylvadical ot @lkaryhrgdicaly ang qaph 73 is

, 109 &&' (indeperrleptyoan i favlical of #‘s&fa'gi;%@'i(‘)f wherswe28 i, 90w 94 0z Y&

2mL0% e & ()-"6 C[:vU410 F $10% (& ()- @ 10% (& ()- 109&& ()-m.
1095A858 () -m f#1%f3€&' ()- @10% (& ()-"?aab]d d{d|d|[:-410r( @l 10% (& ()-
@ 10% (& ()- $y2 10\3/0H(+&' ()-m3 y& "10%r(:& ()- 8y& ' 10%r (?& ()-

C F $10% r (j & (TN d} d-d¥rdde” ebA410r ( 10%r" & ()-Z ,!109%8& ()- &$109& () -
1098& () - ,#Tlo%isé\( -10r (10r ("e*ee$f; fCFf|[: A410r ( Y&$10%8& () -

Y10% & ()-Z Y109%8& ¥J-Z , 9! 1098& ()- f#1098& ()-

10% & () - Zf ggnhhhi | [: A410r( 961098& ()- 31098& ()- 29109%& ()-

, S, 1 10%B&' () - SwhérRaY i€ hikylid&R6, @P/@ﬁéll(a}yl.idnh\fiz!ié alkylldeRefdndU410 1 F10%#& ()-9
| 10% ' -& ()- #S10%'-& ()-10$10$10% | S?1098& ()- f;

1098& ()-Kitiiiiij|[:vU410 1 10%'-& ()- f#10%'-& ()- | SMLO%'-& ()- |
“10% ' -& ()- F109M 9%v&' ()-9 A F10%i' u& ()-9j}jjckkk;l][:vUu4l0 1 " @

10% ' -& ()- @c)p0Rastose gdjunct fle@iegetardagt Qopolgl10% ' - & ()- 10% ' - & () -
?2s&1096' 6& ()-;1}IITIITT][:-410-"-1 >10%"'-& ()- ,;10% "' -& ()-

8s10%'-& ()- Qf, @AO%N & ()-@6 f, AOWR ()-@

Y#10% & ()-YI 11| mengm-mbA410-' -1 ' 10%*& () - sS10%t& () -
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10%+& ()- ! 10%¢#& ()- f#f10%¢#& ()-10-'-10-'-~m*nFnolof[o|[:A410-'-1 &
1098& ()- :10%t& ()- 0s$10%& ()- @O%& ()- 10%t& ()- 28 MARCH 2003
0#109%t&' ()-[ ot ooooop|[: A410-'-1 &I0%HHE ()- &L10%& ()- TIO&LOY%& () -
$: 109%#& () - #: 10%#& () - 10%#& () - ppHpKpf pgphpi pup| obU410

10% ' - & () - 10#10#10# ?10%#& ()- 3y; 10%#& ()- 610%t& () -

3t 10%#& () -uppLgqq-rlir|[:bW10 #10%a& ()- P#LO% & ()- dPALOWX& () -
P#10% ' -& ()- Xx#10% & ()- Yp# 109%&R& ()-1rdr:r rHrOrrr|[ bU410

@' $10% - & ( &10% "' -& ()- ~sl0%' - & @%$10%'-& ()- S10% ' -& ()-
10% ' - & ()-r%?rsgyﬂ pzq!tm_oof 9@1@&3 w%)e mﬂmtae(moplaﬁbclmn 18 () -

| Ef@%tllgg?&&%éé‘?) @"‘f tHeedaP @&s%@% )ﬁﬁ % ﬁ)@éﬁ%ﬁe Srasiie ahbi! bighds?

f 109 $ &ontaitinigl at lénst'td@ sznvatemeah[ (Mﬁmheﬂﬁm&ﬂhbr rEiith% #& ()-L

ki ot ol i 0 e |

SFesin, (i () - f
1098 1 1 & 1968 8n(at

+’[* 109 $& fa“F(JL' 10%<$& i&u‘ﬁé %%mg?; q%%"l‘b(yg/')l Z) VVVVVVV| Eg 710

! }FlO%MOQYf“M resinoayd Uengsy eng-containing copolymey: rﬁ@‘%& ()-

#6100 0 Biirade EORARIK S cdbivmec gl dnf bldods, Shiai-agene: 1o

01006 "4 () e O T 2“&’?3'5%‘2"‘( 1

% XX % 0 % '
$10m%¥§°@f‘éﬁﬂ@%%ﬂﬂﬁﬂ?yomeae(?s yybzez~ zzz|[ - 10r" 3=10%" & () -
U Y:10% " & ()- 810% " &() y53"10% " & ()- y2 "10% "& ()-

STou (). { Hor0on o (Fonser 10r°'é*9}”§g? G g "&}ﬁ’%‘%’@; F6fe (-

109 & palycarbonate r)esm ona memd(qont at bpsq o pplycprtionatedesinPL010%
& ()-m <L010% i & ()-m -10%& ()- |+10% & ()- )Z10% & ()- $10%

it (1 Tl i e it e g

10% " & dtieastur@poigCatbonatel 8t ABS.) - &3"10% "& ()- 0| [: vU410
+G'10% " & () - &% 10% ()- & 10%"& ()- &$ 10%& ()- P GlO%N W' ()-T

10% " & -ZY, 0 F 10 f #S109% "' 10r," 10r " 10r /df'&' -
Bon-g ) biothod'r cidin T gtein fd Bt 1688 if pefcadidalg &
S 9%00/ %oon@gr@es@ispﬁéﬁ&f) A’ polydarboridittOdhd agcdﬁolycalvﬁﬁ”na{ego( btspﬁbholZXS 10

* and 4,4(3,3,5-timethylcyclo-hexylidene)diphenol.
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TN10% M & ()-Z CC10% & ()-Zr DU 10% " & ()-Z  yF10%
&'()-,|[>1§3)110"" 10%"'&'(%) <mL0% " &()()2 103}) &()r%ﬁ%é}‘@'}%&?\)

(11096 & ()- 98"10% "' & ()- N-bA41110g% S2I 10%%& ()- Y 10%% ,b
10%g%& () WO ()- " S109%g%m& ()-10' "' 10' "' bA41110g%g P &sgé 37 -
10% $- & ()-L y#10% $-& ()- 110% $-& ()-

y#S10% $- & () - 109%109%/ 1[ S| [ : A41110 KP' *miO%@ ()- " *nl0% -& ()-

3" 10% $( & () - 4%0% e method jobclaie 88- wherainvdige sadjynely ftame retardant

S (oA & e e it o

IS g e e, sk e
| Q0% & h nate 95‘%5%9*‘%%“('5‘3?? ﬁ%&b@‘%’#’ho

e e

109 ()-y phosphate (s;ug‘ hate saitspphiosphonate :salts1 thiophospluogate) -

W7 To0e? () SA optioseingly  <pls, " MoEBAatatindle , S8, icklios ale, S50 o

\ hpL' s10%&ntet l'w&#ﬁat&l%‘ Wﬂbhat@@lﬁ%ﬁumétb’ k@ft@léuw&aﬂﬁoxwé@‘V& ()-
. 6Z10%& () -1( Y/éf vU41 | @ood! T&ggg S1090! T& s 910922& () -

9331094 T&SP iatas: ANiMENEIAs: sipaNess AN QI9aroclays: oo T& () -

L@ 109" T& ()- &L09%! T& ()- L$109! T& ()- Y'31096 T& ()- L 109! T& () -

lvU4l 910% & &4@) THE Hoéd (of cldift’B3&whberein’ 1080 djéndt) fIAME Té@?d&ikOT' T
s<mlO%! T& ()-1 |[:vU4l LsGlO% & & ()-V LZ10% & & ()- L10% % &

OMLO% | & (ponmr@nﬁ@we@t(oy\e pyesie of. non-potymeric member s_ejest&d&rqm the, & 10%

%0%0‘()/&)3& () §g@&d%%ﬂ'% %E%?W'?) é%%S WE@Q‘?@%’@ 1%}*‘&‘%34%3“%10%

& ()-s_g| [Bﬂmﬂéeﬁénﬁlmvbma‘fé@wmam 5all€)%iloxan6s: ahd oi@kﬁ ldys.) - L3:' 10%
& & ()- Ly810% & & ()-}S{|[: NA4110 10ty &()-YVZ 10% & ()- Fri0% & ()-

géoo/?ég- 8 Zy34% 0% &Hd mdthdq "o cldien 53 Wirisrein the c? unct fl&me retardant
: comprises at least one member selected from the group consisting of
resorcinol bis(diphenylphosphate), bisphenol A bis(diphenylphosphate),
triphenylphosphate, tricresylphosphate, boron phosphate, potassium
diphenylsulfbne-3-sulfanate, potassium perfluorobutane sulfonate,
polyphenylene sulfide, polyphenylsulfone, zinc borate, antimony oxide;
polysiloxanes; and organaclays.

46 . The method of claim 33 in which the composition is essentially
free of chlorine and bromine.

47 . The flame resistant composition of claim 46..

8 . The flame resistant composition of claim 33.
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whereln each Q' Is oxygen; and each A molety Isa26-
dimethyiphenoxy molety, and

(c)  atleast one polymeric or non-polymeric adjunct flame
retardant compound selected from the group consisting of phosphate esters,
phosphate salts, phosphonate esters, phosphonate salts, phosphinate esters,
phosphinate saits, phosphines, phosphonium salts; phosphine oxides,
pyrophosphate salts, metaphosphate salts, sulfonate salts, sulfinate salts,
sulfones. sulfoxides. sulfidas; borates; resorcinol bis(diphenylphosphate),
bisphenol A bls(diphenylphosphats), riphenyiphosphate, tricresylphosphate,
boron phosphats, potassium diphenylsuifone-3-sulfonate, potassium
perfluorobutane sulfonate, polyphenylene sulfide, polyphenyisulfong, and zinc
borate.
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() atleast one thermoplastic resin selected from the group
consisting of 1) polycarbonate resins and blends containing at least one
polycarbonate resin, (i) polyphenylene ether resins and blends contalning at
least one polyphenylene ether resin, (i) palystyrene resin and blends containing
pelystyrene resin, (Iv) styrene-containing copolymer resin and blends containing
styrene-containing copolymer resin; (v) styrene-containing graft copolymer resin
and blends containing styrene«contalning graft copolymer resin; and (vi) high
ir-pact polystyrene resin and blends containing high Impact polystyrene resin,
and

(b)  aphosphoramide having a glass transition polint of at least
about 20°C of the formula VI:

wherein each Q' is oxygen; and each A moiety is a 2,6-
dimethyiphenoxy molety, and ,
. (¢) atleast one polymeric or non-polymeric adjunct flame

retardant compodnd selected from the group consisting of phosphate esters,
phasphate salts, phosphonate estors, phosphonate saits, phosphinate esters,
phosphinate salts, phosphines, phosphonium salts; phosphine oxides,
pyrophosphate salts, metaphosphate saits; sulfonate saits, sulfinate salts,
sulfones, sulfoxides, sulfides; borates; resoroinol bis{diphenylphosphate)
bisphenol A bis(diphenylphosphate), triphenylphosphate, tricresylphosphate,
boron phosphate, potassium diphenyisulfone-3sulfonate, potassium -
perfluorabutane sulfonate, polyphenylene sulfide, polyphenylsulfone, and zinc -

borate.
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