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FLAME RETARDANT CARBONATE POLYMER COVPCSI T1 ON W Tipeo ¢ .
.1 MPROVED HYDROLYTI C STABI LI TY . FIELD OF THE | NVENTI ON . This
invention relates to a flanme retardant pol ynmer conposition having

I nproved hydrolytic stability. BACKGROUND OF THE | NVENTI ON

The use of organophosphorus flanme retardants for inparting fire-
retardi ng properties to thernoplastic resins is known. For exanple, U S
Patent 5 No. 5,204,394 discloses thermsfd astic resin conpositions that
contain an aromati c pol ycarbonate resin, a styrene-containing graft
copol ynmer and an ol i goneri c organophosphorus flame retardant.

A thernoplastic resin conposition that exhibits good flane retardant
properties and that nmintains an overall balance of physical properties

under 10 hydrolytic conditions is desired. SUMVARY OF THE | NVENTI ON
In a first aspect, the present invention is directed to a flane retardant
t hernopl astic resin conposition, conprising: (a) one or nore

t hernopl astic resins, conprising at |east one

FLAME RETARDANT CARBONATE POLYMER COMPOSITION
WITH IMPROVED HYDROLYTIC STABILITY
FIELD OF THE INVENTION
This invention relates to a flame retardant polymer composition having
improved hydrolytic stability.
BACKGROUND OF THE INVENTION
The use of organophosphorus flame retardants for imparting fire-
retarding properties to thermoplastic resins is known. For example, U.S. Patent
5 No. 5,204,394 discloses thermoplastic resin compositions that contain an
aromatic polycarbonate resin, a styrene-containing graft copolymer and an
oligomeric organophosphorus flame retardant.
A thermoplastic resin composition that exhibits good flame retardant
properties and that maintains an overall balance of physical properties under
10 hydrolytic conditions is desired.
SUMMARY OF THE INVENTION
In a first aspect, the present invention is directed to a flame retardant
thermoplastic resin composition, comprising;
(@  oneor more thermoplastic resins, comprising at least one
aromatic carbonate resin;
15 (b)  aflame-retarding amount of an organophosphorus flame

retardant compound, and



aromatic carbonate resin; 15 (b) a flame-retardi ng anount of an

"or ganophosphorus fl ane " retardant conpound, and
- 2- (c) a basic nmetal oxide, in an anount effective to
| nprove the hydrol ytic stability of the comnposition.

In a second aspect, the present invention is directed to a process for
maki ng a flane retardant thernoplastic resin conposition, conprising: 5
conbi ni ng one or nore thernoplastic restds, said one or nore thernoplastic
resins conprising at |east one aromati c carbonate resin, a flane-retarding
anount of an organophosphorus flame retardant conpound, and an anmount of

basi t al ' ff ' ki Ve i b |} f th
a basic metal oxide)ef dtdsicifelaokidly Meh diBuibidlieetivé iefindbralbhd v of the

conposi tion. The thernoplastic resin conpos e present

i nvention exhibits hyidrpiytic sthbiljtstof e camposition.i ty. As used herein, the
term nol ogy "hydraql ytic stapility" .means a tendency of the conposition
not to undergo a M@o?$359“t'§g%P’@€é‘ta}PVMW de:qedteaéotarwpﬁeﬁmfarstic resin
conponents of the rdthfAn ogﬁésﬁ : o) A ate resin,
when the resin cofposi t;égén 'S é)%eggle tokﬁgﬁﬁéﬁwg gf)ﬁ’céwgbns. The
term nol ogy "dumbiaing dre erandid thefraoplaetitifesins, said 6filof e thdirioplaster

hydrol ysis of any acids_and any acid generating ~ inpurities present.
Hydrol ytic coiesinsicomprisitg atdeast pae axomata carbenatejresiry adlame-retandting whi ch t he

clevat ed num ARBORE i Orarloeths A Roantent QG i amppunf . 20

than about 502bashlyfhetll Wkide ERBEVE tREprO0E BHENPAYOR tRAiBLyWfithe | NCT easi ng
tenperature and hum dity and the hydrolytic stabigiity (;f t he e(Ezomjosition of

t he pr eseomposiiemt i on nay be predicted on the basis of accel erated
agi ng t-es@g ?@&d cted at .el evated heat SF%Fhum dity, such as, for
exanpl e, o[err] eEyBP4astic resin GaIMpOSLtion, Wgsent 1nveDE%th_q§1ts
DESCRI PTI ON' Gndrdeed WEM#@Et%ﬁility.Oﬁs usdd'hérel, BlHetRthATHP HhPEdiytd Ne

conposi tion of the présent I nventd _
stability” means a tendency of the composition not to undergo a change in

molecular weight of the thermoplastic resin components of the composition,
particularly the polycarbonate resin, when the resin composition is exposed to

15 hydrolytic conditions. The terminology “hydrolytic conditions” means
conditions that favor hydrolysis of any acids and any acid generaﬁng
impurities present. Hydrolytic conditions include, for example, conditions
under which the composition is exposed to moisture, typically, in the form of
ambient elevated humidity, such as for example, a relative ﬁumidity of greater

20  thanabout 50%. Hydrolytic conditions become more severe with increasing
temperature and humidity and the hydrolytic stability of the compoéition of the
present invention may be predicted on the basis of accelerated aging tests
conducted at elevated heat and humidity, such as, for example, 100°C and 100%
relative humidity.
DETAILED DESCRIPTION OF THE INVENTION

25 In a preferred embodiment, the composition of the present invention
comprises from 75 to 98 parts by weight (“pbw”), more preferably from 80 to 95
pbw and even more preferably from 85 to 92 pbw, of the one or more

thermoplastic resins, from 2 to 25 pbw, more preferably from 5 to 20 pbw and |



conprises from75 to 98 parts by weight ("pbw'), nore preferably from80 to
.95 pbw and even nore preferably from85 to 92 pbw, of the one or nore
t hernopl astic resins, from2 to 25 pbw, nore preferably from5 to 20 pbw
and - 3- even nore
preferably from8 to 15 pbw, of the organophosphorus conpound, each
based on 100 pbw of the conbi ned anbunt of thernoplastic resin and

or ganophosphor us conpound, and from 10 t©>1000 parts per mllion ("ppnm'),
nore preferably from50 to 700 ppm and even nore preferably from 100 to 600
5 ppmof the basic netal oxide, based on the conbi ned anount of

t her nopl asti ¢ even mbRSprefarablyFraa 8155153, 0f the GigaaupRosphorus compound,
Sui tabl e aromati ¢ carbonate fesins include aromatic pol ycarbonate resins

or aromatic cogashjbasedeond@d pbwafdhe eembined amount of thermmplasiiciresin and

pol ycar bonate resins, are known co un andga.t.h ropert.i.es ,and pet hods
of maki ng pol yE’%aBBHQ???PéE? ‘F%mg?‘ré}‘)@la?gsfﬁ?f&aﬂm (iﬂdd)l’arf&p?%ﬂb%ﬁwgfe
prepared by reggti ' ' Mk @U&, :
such as phosgeﬁ@?’é E%{gﬁag%}{#ﬁgitseb %:mg(ﬁgar bo%ae?eeﬁgfsc{?gﬁl?%ﬁrg bbvefrll'gl?g y %0 in
the presend® oppmofthe basic oegtdlaxide) basedon thewombined ainbuntofthatmoplastic

Ceneral ly speakij ng, su}c1h arbonate polyners may be typified as
possessi ng r ectfSE] #Rf PEZANOPROTRIGIEF CQMPPUNGf the forrmula (I):

phenbl el oyed | n DRSO aforiiikTebindt efle hclbBluinad: pbCaBoBEIRRS 1y

be enpl oyed t oopsdmatit copolyesteelarbopa®iresinsar bonat e pol yners are
nononucl ear or pol vnucl ear "aromati c 20 conpounds, containing as functional

groups two hydroxy Azemetit polysadienste resins apHknawnegippoundsandthali rectly to
5 000, SR ARl i e e P AL RSB °
2 e TN M B g o AR MR ot
precursor, such as phosgene, a haloformate or a carbonate ester and generally
in the presence of an acid acceptor and a molecular weight regulator. Generally
speaking, such carbonate polymers may be typified as possessing recurring
16  structural units of the formula (I):
i
— 0—A—0—C— M
wherein A is a divalent aromatic radical of the dihydric phenol employed in the
polymer reaction. The dihydric phenol which may be employed to provide
such aromatic carbonate polymers are mononuclear or polynuclear aromatic
20 compounds, containing as functional groups two hydroxy radicals, each of
which maybe attached directly to a carbon atom of an aromatic nucleus.
Typical dihydric phenols are: 2,2-bis(4-hydroxyphenyl) propane;
hydroquinone; resorcinol; 2,2-bis(4-hydroxyphenyl) pentane; 2,4'-
(dihydroxydiphenyl) methane; bis(2-hydroxyphenyl) methane; bis(4-
25  hydroxyphenyl) methane;1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane;
fluorenone bisphenol, 1,1-bis(4-hydroxyphenyl) ethane; 3,3-bis(4-
hydroxyphenyl) pentane; 2,2'-dihydroxydiphenyl; 2,6-dihydroxynaphthalene;



25 hydr oxyphenyl ) net hane;

-1, 1- bi s(4- hydroxyphenyl)-3, 3, 5-tri net hyl cycl ohexane; - fl uorenone
bi sphenol, 1, 1-bi s(4-hydroxyphenyl) ethane; 3, 3-bis(4- hydr oxyphenyl)
pent ane; 2, 2'-di hydroxydi phenyl; 2, 6-di hydroxvnapht hal ene;
-4- bi s(4- hydroxydlphenyl)sulfone

bi s(3, 5-di et hyl - 4- hydr oxyphenyl ) sul f one; 2, 2-

bi s( 3, 5-di br ono- 4-hydroxypheny|)propaneﬁ‘2,2-bis(3,5-dinethy-4-

hydr oxyphenyl ) propane; 2, 4'-di hydroxydi phenyl sulfone; 5 -chloro-2,4'-

di hydr oxydi phenyl sul fone; 4, 4'-di hydroxydi phenyl ether;

4, 4" - di hydr Obys(mdm@dlﬁh@iyﬂysﬁndmg fbm(e's-cbéthyr-4-}1gdr®qmenymn®nbj 32phenol ,

and the |ike hese aronmati c carbonat es can be nanuf actured

by known bxsfﬁw@moﬁwmoa@hwl)pmx 2-&aﬁﬁ3,a§ilwekhy-@ned above, by

bhosgens, i n tdcomehenyORFERe 24Ny s ey S iRl SR Rlorp ol o
i ncl udi ng th%mfoxzagaﬂsg y1 #dlorel PLARPEfoxydfbheryNehat; m-uih;me ,lgat

pol ymeri zati on Pproc di phenyl carbonafe’is feacted

bi sphenol 5 dxchlorodlpherﬂyﬂeﬂmxﬂmmhmmwlshenobmddbehken prepar| ng the
pol ycar bonat e of this, i n\{ent on can e et g‘ig hal i de or a
hal of ormate. The Jawea%ﬁsﬂmhcp ’é asglr Y &P@Wherein are,

Lher cof . The MBFarE SRR (R E‘Aﬁv"@ #“%“snﬁm‘é“‘ﬂ& P et gty e

bi shal of or matytenef wmqiwmb@mw preussof suehak phobganepirer cofdabts with phenol
A, hydroqui none, etc. gl ycol s (bi shal of ormates of ethyl ene glycol,

neopentyl gl y@gqhodggq:t)fg{thyn itgraues mcléllsienst evipelt polymgrizagignpsacase i
B 56 knodR aSeesiin AEGHE bOIyhIARRHGH procls, 2UibRénHhiboRRIche g™ 1! O

di scl osed abqyﬁhbin herably known as an interfaci al reaction
between the dihydric conpound and a carbonyl chloride such as

phosgene. Anot her Btecnaebma’ceprqmeqmlemy pmmgtlpqulyarbmaateef

enpl oyed in this |nvent I §.,the r|f|c ess Wwhi

i nvol ves the m{’?%ﬁ‘%rb '?‘Flm?éF ﬂygﬁw l&‘?ﬂ'}ﬁound and

a di ester carpanRlvhich can bJé}hﬁxd%a%‘aﬁénaﬁe mcaseanaﬂe E4YBoRPl BroR@kY,Ter i zati on
process. In the practice o
15  carbonyl chloride, etc or mixtures thereof. The haloformates suitable for use
herein include bishaloformates of dihydric phenols (bischloroformates of bis
phenol A, hydroquinone, etc.) or glycols (bishaloformates of ethylene glycol,
neopentyl glycol, polyethylene glycol, etc.). While other carbonate precursors
will occur to those skilled in the art, carbonyl chloride, also known as phosgene
20 is preferred. '
The reaction disclosed above is preferably known as an interfacial
reaction between the dihydric compound and a carbonyl chloride such as
phosgene. Another process for preparing the aromatic polycarbonate
employed in this invention is the transesterification process which involves the
25 tranéesterification of an aromatic dihydroxy compound and a diester carbonate.
This process is known as the melt polymerization process. In the practice of
this invention, the process of producing the aromatic polycarbonate is not

critical. As used herein, aromatic carbonate polvmer shall mean and include



this invention, the process of producing the aromatic pol ycarbonate is not
~critical. As used herein, aromatic carbonate polyner shall nmean and include

-b5- any of the aromatic pol ycarbonates, blends thereof wth other
pol ymer, copol ynmers thereof, copolyester carbonates, and m xtures

t her eof . It is also possible to enploy two or nore different

di hydri c phenols or a copol yner of a dihydric phenol with a glycol or
with a hydroxy- or acid- 5 term nated-9olyester or with a dibasic acid or
hydroxy acid in the event a car bonat e copol yner or interpolynmer rather
t han a honopol yner is desired for use in the preparation of the

pol ycar bonat ) ; | '
edx?ngfi eg& ?g%x?\%gé g&yb&’b%ﬂ&ﬂe@,rblends thePe?:F w%&etﬁ&@ﬁo@g% oyed.

pol yester-carb r‘their bl'ends can al so
Branched pol yaopobgmetsdherrof capslyesteréarbomateds, and misturestleresfsed in 10 the

literature. Al so, bl ends of |inear polycarbonate and a branched
pol ycar bonat e can ﬁgs £¢ PP%%*&“’FR&?@P%.Y YReFe S’S?Gé‘ﬁﬁ@}&?dréﬁ@hﬁoﬁ%aabove

mat eri al s may, :Bﬁggg@ 1 la&ﬁjw LS i.an .provi de the
aromati c pol y% r nalt- gy%g%ﬁ%%t%eg{) t e%sgéf{%hgthétﬂp%@&n@rx 968‘?7%%@1 tion.

In any event, tekinendred bolyestdr of withid dibasit yeidrordiyalréxy &did its the dvehbg practice
15 in the present invention is a honopol yner, for ‘exanple, a honopol yner

derived from arbomate capolymesey interpolymenysther than ¢ fieorpolytnenisdiesired fame,
commercially availab car.bonat e Eol ymers al so

_ ,.abl e . _ lThebarﬁecmaltic ¢
suitabl e for WEdn e PRERAration.of the polycarborarenixtires of thednyenfiony o nat es,  al so
known as COp@MZﬁPﬁ&&B%&%g@&%%ﬁ%sﬁor dir Blgﬁdémnvm;&ige contain, in

addition to rectrring polycdrbonate chain units of ormula (I1):

[err] employedn Beanched polycakibortatesraveralsbaisefund and brevivell déscitishgt dn i
phenol o oY IS e B TRkl SRS BT gk R 1S, O
polycarbonate can be utilized herein. Moreover, blends of any of the above
materials may be employed in the practice of this invention to provide the
aromatic polycarbonate component of the carbonate polymer composition.
In any event, the preferred aromatic polycarbonate for use in the practice
15 in the present invention is a homopolymer, for example, a homopolymer
derived from 2,2-bis(4-hydroxyphenyl)propane (bisphenol-A) and phosgene,
commercially available. |
The aromatic carbonate polymers also suitable for use in this invention
include polyester-carbonates, also known as copoiyester—polycarbonates, that is,
20  resins which contain, in addition to recurring polycarbonate chain units of the
formula (II):
ﬁ)
—O0—D—0—C—

(1)
wherein D is a divalent aromatic radical of the dihydric phenol employed in the
polymerization reaction, repeating or recurring carboxylate units, for example .l
25  of the formula (III):
O o)
Il f

—0 —C—T —C—0—D — ()



[err] - 6-
“wherein Dis a defined above and T is an aronatic radi cal such as

phenyl ene, napht hyl ene, bi phenyl ene, substituted phenyl ene and the
i ke; a dival ent al i pat hi c-aromati ¢ hydrocarbon radi cal such as an
al karyl or al karyl radical; or two or nore aromati c groups connected

t hrough such aromatic |inkages which 5 are known in the art.

The copol yest er - pol ycarbonate resins are6al so prepared by interfacial

pol ynmeri zation techni que, well known to those skilled in the art (see for
exanple U S. Patent 3,169,121 and 4, 487, 896) . I n general, any

di b i ) ; : i i
Dol yestors. oy RaSELy o aeial atyeafl T A oRbie AL e Ja epBlyiend "

car bonat e r esinaphtiylértes biplehglene, substitiited phéeyleneand thetlhe; 8deaidaxy! i c
aci ds which may be utilized_ include the aliphatic dicarboxylic acids,
the aromatic alipathi¢iaromaticddrecarbpn sadigalsuch as an plkaryloaatay] rmdical; or

di carboxylic | ds.. e i e . kno and .ar.e .di scl gsed for
exanple in U %&o%ztne' ‘{éé&fggc %gqlﬂ;\ﬂnqogﬁlei:tgd\f@ougﬁgpéfqur“%t&rw%&; ein
by referenge. aM KhowASn tHe &itcar boxylic acids may be enpl oyed.
Therefore, where the termdicarboxylic acid is used herein it is to be

under st ood t hat t hilhewcepelyestei-pdlysarhionate resins fire aleo preparedbylirtarfiadaly | i ¢

aci ds. .Most preferred aromat.i c dj carboxylic acids are

i sopht hal i c a(ﬂ°&menzhébh°q'§?lé‘f}ﬂ?ﬁé’?‘?lﬁﬁ%‘i"ﬂ§? %&Skﬁlﬁfim arhiseedpr A
particul arly id ' %Iic acid conprises a mxture
of isophthali %%ﬁlje Eajng(cjptgfe\ebgg'gtg%é?fﬁ%n%%'?gdﬁ " wherein the weight ratio of
terephthalic acid ingesenhahgldicarbeiydiciasid conventiorallyaused in th@prepagaicipout
10: 1 to abgut 2:9:8. . Rather than utilizing the dicarboxylic
acid per g@ i°? lingarpolyesiers magnbe utilized iy the prenasatianeef the cepelyester t o enpl oy
t he reactive | vatd ' Is I tive of these.reactive
derivatives aggf%@Eéagl - (gfltﬁgg% .tﬂ%lgveﬁ‘r%%fn ' ﬁéggi‘%& g‘e a/lcal%oﬁ%lllq s ore the

acid dichl ori delichnthyt Beeutiigded ifltlate thelgigphatidiicarb&)iy1Ra1M3! fhe aromatitk NSt ead
of using isophthalic acid, terephthalic acid or m Xtures thereof, 1t is

possi bl e to eitashoxdisssidsasng theslipatisatomraticidicasbox il asids. dihesd adidslare and
well known and are disclosed for example in U.S. Patent 3,169,121 which is

15 hereby incorporated herein by reference. Mixtures of dicarboxylic acids may be
employed. Therefore, where the term dicarboxylic acid is used herein it is to be
understood that this term includes mixtures of two or more dicarboxylic acids.

Most preferred as aromatic dicarboxylic acids are isophthalic acid,
terephthalic acids, and mixtures thereof. A particularly useful difunctional

20  carboxylic acid comprises a mixture of isophthalic acid and terephthalic acid
wherein the weight ratio of terephthalic acid to isophthalic acid is in the range
of from about 10:1 to about 0.2:9:8.

Rather than utilizing the dicarboxylic acid per se, it is possible, and
sometimes even preferred, to employ the reactive derivatives of said acid.

25 Tlustrative of these reactive derivatives are the acid halides. The preferred acid
halides are the acid dichlorides and the acid dibromides. Thus, for example
instead of using isophthalic acid, terephthalic acid or mixtures thereof, it is
possible to employ isophthaloyl dichloride, terephthaloyl dichloride, and

mixtures thereof.



m xtures thereof . -7-
The aromati c pol ycarbonate resins nmay be |inear or branched and,

generally, will have a weight average nol ecul ar wei ght of from about 10, 000
to about 200,000 grans per nole ("g/nmol"), preferably from about

20, 000 to about 100, 000 g/ nol, as neasured by gel perneation

chromat ography. Such resins 5 typically exhibit an intrinsic viscosity,
as determned in chloroformat 25[err] CoHf fromabout 0.3 to about 1.5
deciliters per gram (dl/gnm), preferably from about 0.45 to about 1.0
dl /gm The branched pol ycarbonates may be prepared by adding a

br anchi ng a0°he Sl A UIBEAARLLBE md) B8 Bri ARG SORY o are vel

known and may 10 coerrprl se uncti onal organi ¢ conpoun di ning at

| east three enerilg’) etilldaee agﬁa?hsawdragékmsmculm vnightoofyffomedol o000 to
car boxylic anhydri de, hal o

orr?gl and m xtures thereof .Z{ggeci fic
exanpl es i ncl alerut2P0.AR0 gramseperangle ("g/mol ), prefarably frampbant 26000 toiabeut i ti ¢
trichloride, | SnP- r ox enyh et . Lsat | n-bis-phenol ..
{ris-phenol T’@d@o%/g‘x&r ?%%"(359‘“% by. gelf'sgﬁneanon chrgr%a{ograpﬁy.p@uch reSins

hydr oxyphegy| djpiimyhibibatERAfic ViskSsif) 858ktefthidet(ift chlokoRira{ £ 25C of

hydr oxyphenyl )~et hyl ) al pha, al pha-di net'hyl benzyl)phenol), 4-chl orofornyl
pht hal i ¢ anhyftoimiahout Oisnesiboutit.b deeiliters per grane (dyi gr) spreferablydxomiaboati d.

The branching agent y be added at a |evel of about 0.05-2.0 weight
percent . 5.45t°ab°%1+0<3%8% of pol ycarbonates end groups are

t | at ed bed § §. 11 < - aon. W th
espect 10 the pot TapERehs polyRalBRaRE R, B pichrdl B ine R EahitiRe

conposi tion. agent during poljinerizitsriioPhese branchirgy agent@menedll kadwhiaad may
conposition of the present i nvention may, optionally, further

conpri se the evmprsepolyfiaictional organissompounds contayling af leastdthiresi on to t he
oL oM ot Rl LSBT RO oo ALK g
pol yester reshaforB®/ wAdiARKNIRS titfreofd Spraifit Bk ANPRS in @S &imBRii¥ akid one
resins, polyimde résins, polyetherimde resins.
trimellitic anhydride, trimellitic trichloride, tris-p-hydroxy pheny! ethane,
isatin-bis-phenol, tris-phenol TC (1,3,5-tris((p-

15 . hydroxyphenyl)isopropyl)benzene),tris-phenol PA (4(4(1,1-bis(p-
hydroxyphenyl)-ethyl)alpha, alpha-dimethyl benzyl)phené:l), 4-chloroformyl
phthalic anhydride, trimesic acid and benzophenone tetracarboxylic acid. The
branching agent may be added at a level of about 0.05-2.0 weight percent.

All types of polycarbonates end groups are contemplated as being

20  within the scope of the present invention with respect to the polycarbonate

component of a carbonate polymer composition. |

The thermoplastic resin component of the composition of the present
invention may, optionally, further comprise one or more other thermoplastic
resins in addition to the aromatic carbonate resin, such as, for example,

25  polyphenylene ether resins, vinyl aromatic graft copolymers resins, styrenic
resins, polyester resins, polyamide resins, polyesteramide resins, polysulfone

resins, polyimide resins, polyetherimide resins.



- 8- In a preferred enbodiment, the conposition of the present
-invention conprises an aronatic polycarbonate TYesin and a vinyl
aromatic graft copol ymer. In a preferred enbodi nent, the
t hernopl astic resin conponent of the 5 conposition of the present

I nvention conprises, based on 100 pbw of the t hernopl astic resin
conponent, from30 to 99 pbw, nore preferably from50 to 95 pbw and
still nmore preferably from60 to 90 pbw-8f an aronatic pol ycar bonat e
resin and from1l to 70 pbw, nore preferably from50 to 95 pbw and
still nmore preferably from 10 to 40 pbw of a vinyl aromatic graft

copol yner. 10 ise (i)
a rubber nodified Inaiﬂ#%%%@ln (Q§hh§£g$%ﬁ% @égégPPﬂ& I¥%§%§w&%gﬁ%bnent
and (ii) an uaefr@‘risesianammamgp@i caabohataresin anfangnyl arandtiageafgener al | y
prepared by graft polynerlzatlon of a m xture of a nonovinylidene
aromatic nnnongpobnnﬁnnua or nore cononomers in the presence of one or

nore rubbery poly rlc 1 ubst r at es end n_t he amount .of, rubber
present, a separ at "Rt PR emstélWBHttge %B&rmg%mBP ?ﬂ'@fﬁ“f ed
rigid (co)gol ¥BRIpoST6nUT thé sEﬁfﬁQHﬁﬂxdhcompné@%tBésl%ﬁ%rﬁiOB%W"ofﬁtet he rubber
nodi- fi ed nonovi n;yl | dene aromatic graft pol yner. The resins may al so be

produced by blthermm}:gi,asj:_wnegln(tompmnhﬁqmléﬂm 99 pbwanmaprefembbofrpneﬁo toi t h
Typi cal 'y, t SRR ERS A PR PrrcEcathe HEBHgh 0 g of an rctidbic o 11 ed-
graft copoly Wt %)
Bascd on t he ESPRrondR fesiipand KO Fid fo g, *2‘?’%%?**?@%‘%#\?{39\% ts@SW

t hereof , and mﬁesuﬁrmbﬁrmretaa ftam80 tmefpbmfwm\vﬂémmaﬂalgeaft

resin conprises the unggat ted rigid polymer at a | evel of from 95 to 0
wt % based18n 25 t Fuitableyinylargmatiggr n@mrsmr&eamwnmbsmm@ 10

Nb?otvf‘ﬁLF?Lene Shiflidens arofePe P3Pt ESublndtt A A Bratted

styrene, a- metripid copvlyeia ,co onehy afd age éﬁe@ﬂl prepd réH yrene, nono or
di al kyl ,” al koxy or r oxy substl ute groups on the nuclear ring of
t he polymenzahon of a rmxture of a monovinylidene aromatic monomer and one

or more comonomers in the presence of one or more rubbery polymeric

15  substrates. Depending on the amount of rubber present, a separate matrix or
continuous rigid phase of ungrafted rigid (co)polymer may be simultaneously
obtained along with the rubber modified monovinylidene aromatic graft
polymer. The resins may also be produced by blending a rigid monovinylidene
aromatic copolymer with one or more rubber modified monovinylidene

20  aromatic graft copolymers. Typically, the rubber modified resins comprise the
rubber modified graft copolymer at a level of from 5 to 100 percent by weight
(“wt%") based on the total weight of the resin, preferably from 10 to 90 wt%
thereof, and more preferably 30 to 80 wt% thereof. The rubber modified resin
comprises the ungrafted rigid polymer at a level of from 95 to 0 wt% based on

25  the total weight of the resin, preferably from 90 to 10 wt% thereof, and more
preferably from 70 to 20 wt% thereof.

Monovinylidene aromatic monomers which may be employed include

styrene, o-methyl styrene, halostyrenes, that is, dibromostvrene, mono or di

alkyl, alkoxy or hydroxy substitute groups on the nuclear ring of the



nmonovi nyl i dene aromati c nononer, that is, vinyl toluene, vinylxylene,

“butyl styrene, parahydroxystyrene or nethoxystyrene or m xtures thereof. The
nonovi nyl i dene aromati ¢ nononers utilized are generically described by the
following fornmula (1V): [err]

wherein each R err] is independently H ((err]-Cerr])alkyl,cycloal kyl,
aryl, alkaryl, aral kyl, al koxy, aryloxy, or halo, such as, for

exanpl e, such as brom ne and chlori-Be, and R2 is selected fromthe
group consisting of H (Cerr]-(err])al kyl and hal 0. As used herein,
the notation "(C[err]-Cferr])" in reference to an organic noiety 10 neans

that the Orga?‘@}%ﬂid@r{éwﬁﬁﬁﬂén{d &, Gk RO9y] Bolfeid Vit Rylek&anp! es

of substitute aromat 1 ¢ compounds | nclude styrene, 4-ngthyl styrene,
3, 5- di etayylstyyéer) parahydrguyspyens pr methoxystyréneret mpttatesrthemeof. The
[err]-methyl vinyltoluene, a- | chl or os; ,y{gfﬁ:ne, a- br ogogtyr_ggg

di chl or ost yr emeonaiinylidensaypeatc monomqrgp,h;;g. aregangrically descriped bY theer eof
and the liKke. Tlge ﬁrﬁéerr d %z nonovi nyl i dene aromati ¢ nononers used are
styrene and/ orf° 2 F?P%’@n 3, Comononers whi ch may be used

wi th the nonovinvlidene aromatic MR QEY I ncl udes acrylonitrile,

nmet hacrylonitrile, ((err]-Cerr])al Kyl o?{r:ryl substituted acryl ate,
(derr]-Cerr])alkyl, aryl or hal og stCHYt ed net hacryl at e,

acrylic acid, nethacrylic acid, itacofig acid, acrylam de, N-substituted 20

acryl am de_or nethacryl am de, nml ei cRanRydri de, nal ei Me, N-al kyl, aryl or
hal oaryl sébst Ituted mal eimde, glycidyl (nmeth)acrylates, hydroxy al kyl

(et h) acryl at agh&eiléachtR;98 irldepeR@éntlyTHE(GoC)AIRp], tydlbalkyl ubd} alkadydd
acrylonitrile, or acrylic acid’'esters are described generically by
t he fol | owi ng aralkyllalkaqxy) arylexy, pr halo, such as, for example, such as bromine and
chlorine, and Rz is selected from the group consisting of H, (Ci-Ce)alkyl and
halo. As used herein, the notation “(Cx-Cy)” in reference to an'organic moiety
10  means that the organic moiety contains from x carbons to v carbons. Examples
of substituted vinylaromatic compounds include styrene, 4-methylstyrene, 3,5-
diethylstyrene, 4-n-propylstyrene, o-methylstyrene, a-methyl vinyltoluene, o-
chlorostyrene, a-bromostyrene, dichlorostyrene, dibromostyrene,
tetrachlorostyrene, mixtures thereof and the like. The preferred
15 monovinylidene aromatic monomers used are styrene and/ or a-methylstyrene.
Comonomers which may be used with the monovinylidene aromatic
monomer includes acrylonitrile, methacrylonitrile, (Ci-Cs)alkyl or aryl
substituted acrylate, (C1-Cs)alkyl, aryl or haloaryl substituted methacrylate,
acrylic acid, methacrylic acid, itaconic acid, acrylamide, N-substituted
20 acrylamide or methacrylamide, maleic anhydride, maleimide, N-alkyl, aryl or
haloaryl substituted maleimide, glycidyl (meth)acrylates, hydroxy alkyl
(meth)acrylates or mixtures thereof. The acrylonitrile, substituted acrylonitrile,
or acrylic acid esters are described generically by the following formula (V):
R3
I

HoC=C—R4 V)



-10- wherein Rerr] is Hor Cerr]-Clerr])alkyl and R4 is sel ected

‘fromthe group consisting of cyano and (CJerr]-(err])al koxycar bonyl .
Exanpl es of such nonomers i ncl ude acrylonitrile, ethacrylonitrile,
met hacrylonitrile, [err]-chloroacrylonitrile, a- bronoacrylonitrile,

met hyl acrylate, methyl nethacrylate, ethyl acrylate, butyl 5 acryl ate,
propyl acrylate, isopropyl acrylate and m xtures thereof. The .
preferred nmononer is acrylonitrile and-ibe preferred acrylic acid ester

are ethyl acrylate and nethyl nethacrylate. It is also preferred that
the acrylic acid esters, when included, are enployed in conbination
Wi th styrene : s 3G Jra AT : .fied graft
copol ymer pr e‘?fe’l?%egfl? g%‘inpo‘%‘ |t(s?erts6 siuf*l%f%d]eﬁrla g%lg$ted frmﬂ-ﬁgeu%ls%?'?’ :‘{o&g}g gh% o?i i) a
ri gid pol ymerdyans apdr(€i-Cad)alkprydarbonylr Bidrglet of suvh muhb®ers includesubst rat e.
The rubber substrate is preferably present in the graft copolyner at a

| evel of fromosylopitste, silvrnderirilenmethacryenitriltepwhiorgpcrylanigilafa- copol yner,

nor e referably from 10 .t %t of.. The rigid superstrate is

preferably Esbroanagg}éﬁ{utg{a gle#@(qléfz'gg&ef %‘Sﬁ}%%ﬁtf&"%&ﬁ’ @ﬁgjg@gﬁ%ﬁ,ﬁ? }tot al

vei ght of g hea@yRid, propyl acBame! ¥8BfopyActyTHRE Snd hitk&iraPiiérddfOTH0 to 30 wt %
t her eof . &an‘]??es of " rubbery polyners for the substrate

i ncl ude: conj papfereetl monomey iissanrylonituiboanydthespreferreddiceyléc adid bstets/arene,
acrylonitrile, thacrylopitrile o rr]-Cler al kyl acryl ate
Whi 2h_Cont ai YT IERGHE SR imeti Fadthprrylate. TeEEao BEsdmod st theasrgit pcid
conj ugat ed di , | Ra. eyt . o | bber s,
that is, ethy ene"glr:lgll[l)y enedgg%o%ﬁ@gaﬁg%lbg%ﬁgﬁklﬂgn@;%{%o%;I ene non-
conj ugat ed di surglonitpibd.ynmers (EPDM); silicone rubbers;

(derr]-Cerr])al kyl acrylate, ol ymers or. copolynmers with

h
but adi enel®and/ or sthe BHWer medified &!#tc%g%?ymew%blymwmsgé(iwmmhbeup to

5% of ANCT: | | ki - h

Al kyl enedi of - SHERRElh R IENERER Ry HoPE SbStsp tirion SRR ond Tulter

pol yester di (sEsih@s THeaubber Slibstratd ib pharerdly presuitinlthe prgn@pdithashene,
| soprene and optionally graftable nononmers such as, triallyl "cyanurate,

triallyl  levekofdtamartai widh baded orethi Yotel yeight of thegrafticopalysatremate al | y|
1;]1(1 W?Lgts g’ ag;ﬁﬁlgefftlarably fromA0 B FSotok el Tng %fg?é gu}g)écrst(%lagerié 1(::>re;ilecrlaglyor mxtures
15 present at a level of from 95 to 20 wt% based on the total weight of the graft

copolymer, and more preferably from 90 to 30 wt% thereof.

Examples of rubbery polymers for the substrate include: conjugated
dienes, copolymers of a diene with styrene, acrylonitrile, methacrylonitrile or
(Ci-Ce)alkyl acrylate which contain at least 50% (preferably at least 65% by

20  weight) conjugated dienes, polyisoprene or mixtures thereof; olefin rubbers,
that is, ethylene propylene copolymers (EPR) or ethylene propylene non-
conjugated diene copolymers (EPDM); silicone rubbers; or (C1-Cs)alkyl acrylate
homopolymers or copolymers with butadiene and/or styrene. The acrylic
polymer may also contain up to 5%. of one or more polyfunctional crosslinking

25  agents such as alkylenediol di(meth)acrylates, alkylenetriol tri (meth) acrylates,
polyester di(meth)acrylates, divinylbenzene, trivinvlbenzene, butadiene,
isoprene and optionally graftable monomers such as, triallyl cyanurate, triallyl
isocyanurate, allyl (meth)acrylate, diallyl maleate, diallyl fumarate, diallyl

adipate, triallyl esters of citric acid or mixtures of these agents.



The di ene rubbers may preferably be pol ybut adi ene, polyi soprene and
~copol yners of butadiene with up to 35% by wei ght of

(err]-Cerr])al kylacryl ate whi ch are produced by aqueous radi cal
enul si on pol ynerization. The acrylate rubbers may be cross-1inked,
particul ate emul si on copol yners substantially of 5

(dJerr]-(err])al kylacrylate, in particular (Cerr]-Cerr])al kyl acryl ate,

optionally in adm xture with up to115% by wei ght of conpbnoners such as
styrene, nmethyl nethacryl at e, ‘but adi ene, vinyl methyl ether or
acrylonitrile and optionally up to 5% by wei ght of a pol yfuncti onal

crosslinki ng conmonppes; o\ : .

gl ycol bi s-acryl at es, gﬁeggg{rl?/%%@mfﬁ%%lg%ﬁdpﬂe{%? %éﬁgﬁzotl%s%mewggger ,
citric acid tedpalymersasftbenadiahé withsiptos35% baeveighitof{Ci-Coalkymmi-hpes y! i
acid, triallylcyanurate, triallylisocyanurate. Al so suitabl'e are m xtures
of diene whicdh ate pyPdiaced byt adueoys sidicalemuylsipn polymetizstiona The aceytate al | ed

core/ shel | r 4 f diene rubber,_and,a shell
o acryl ate GrebiRILHEY YeSiod UrEHapREulle 8illsity SrBlinb 3B aRENEoT
mononer s o njgl@s)alklactske] i priraedat (G-@ﬁkﬁlacrylét@%orﬁﬂg% bthfxfre t €
graft polynmer are generically described by the follow ng formula (VI):
[err] witharetorl 53 by wRlightrgf comanotieye sutbves|syyrene, (bthyithetBaeryidtp al kyl |,
chl orine or byom,ne. 20 anpl.es of dienes that may be used are

but adi ene, i sgpRgIfRe ingl WgEgi‘yg%ﬂEﬁé’,r acrylmlﬁﬁf i 9??32;%@%?8&? anedy

2, 3-di et hy| byyeagi:ep 5 Vel = 2, 4- hexadi enes,
chloro and bro égbg F&fﬁ%ﬁ\iﬂg{ﬁgﬁsﬂﬁr&i S@:ﬁ@g&smér,f |agm18'robut adi ene,

br onobut adi endivinjilbenwenb, glxcolbisacrylatesbisecrylamidesf phasphoric acid he |i ke. A

preferred conjugated diene is 1,3 butadiepe. 25 . .The substrate
pol yner, 16@ rré’l??ly iﬁﬁéeﬂ', cifric %“i?&lﬁﬂﬁt’% ah:‘tb’%stfﬁ%‘?’éﬁfrﬂli“e?féd or methaarylier such
as pol ybut adi o ' . 100 ¢ r . .
but adi ene- st y?ée?ﬁ’etfiagt%ég I en gg:) glgarﬂ llgﬁf){ i ; ilet}é'n"(;rlsot %’g&p}{%? MEXERTes, 8%‘3’:398
pol ynmeric and alkylacrylate rubbers and rubbers which have a so-called core/shell

structure, for example a core of diene rubber and a shell of acrvlate or vice

versa.

15 Specific conjugated diene monomers normally utilized in preparing the

rubber substrate of the graft polymer are generically described by the following
formula (VI):

R

2N oRs
C=CH —CH =C
/ N

Rs Rs (V1)
wherein each Rs is independently H, (Ci-Cs)alkyl, chlorine or bromine.

20  Examples of dienes that may be used are butadiene, isoprene, 1,3-heptadiene,
methyl-1,3-pentadiene, 2,3-dimethylbutadiene, 2-ethyl-1,3-pentadiene 1,3- and
24-hexadienes, chloro and bromo substituted butadienes such as
dichlorobutadiene, bromobutadiene, dibromobutadiene, mixtures thereof, and
the like. A preferred conjugated diene is 1,3 butadiene.

25 The substrate polymer, as mentioned, is preferably a conjugated diene

polymer such as polybutadiene, polyisoprene, or a copolymer, such as

butadiene-styrene, butadiene-acrylonitrile, or the like. The rubbery polymeric



-12- substrate portion nmust exhibit a glass transition tenperature
.(Tg) of less than about Of[err]C M xtures of one or nore
rubbery pol ymers previously described for prepari ng the nonovi nylidene
aromatic graft polyners, or mxtures of one or 5 nore rubber nodified
nonovi nyl i dene aromatic graft polyners discl osed herei - may al so be
enpl oyed. Furthernore, the rubber may conprise either a bl ock or
random copol yner. The rubber particle si%e used in this invention as
measured by sinple light transm ssion nethods or capillary hydrodynam c
chromat ography (CHDF) may be descri bed as having an average particle size
10 by wei ghtgypbtriteQPortion fukst BkkibRiasglad¥tedraitai tentbetatife (T oFidss @hsn f or
enul si on based pol yneri zed rubber latices or 0.5 to 10 mcrons,
preferably 0.dboub0%xC.5 m crons, for nass pol ynerized rubber substrat es
whi ch al so have igﬁlud r fte mononer occul si ons ber

substrate is pref %Pﬂﬁsé’fﬁﬁ?f’?&ﬂrﬁf'é bery p %ﬁrérpiquér%gr SNPEd di ene

| Kyl 5 tof th
R e o 232 S i o A e

and 5ac rmbeahibbet modi@epﬂnhmmvmyhﬁene artigticgrafterdvianrs disdydedni tril e
and met hyl met hacryl ate pol yners or copolyners with up to 50% by

wei ght of (C[hkereiumay also b@G}f&'IRW t}qt%er@fsoreéélﬁwbbﬁrtmw EDTBPH§% githere
Speci fi ¢ exargiﬁgfgxg;atn%gﬁ&é}ﬁ%gF ”&@&bbe%&f@cié ﬁqz@ﬁgércﬁlpgﬂgfi{#ég& el ude

but are not oW ng acryloni @tvrene

(ABS) , acrylmeadurbd ® %hﬁp&ﬂpgﬂewnmm 1akthods or capifieA) hvdrodynarmc
met hyl met hacryl at e- acryl oni trile-butadi ene styrene (MABS),

a(r:]r yl oni t r| I ecwomﬁtqgtépby @Iylm)@:aydwfl-?@ﬁpbgéa%ha‘dng EéﬂyﬁmmrﬁdESiﬂe
=
Cher mop) 20 ;b ieheBEOSP T T ke prelerhbRC0 o o A IR dneciol BB Lt eq i n

the nu Chaad g‘élﬁheﬁéedoﬁ{b%eﬂﬁhhéfdcﬁm’ﬂ‘; %\mnﬁ@bhy r?réﬁféﬂl@t)% t0 1.5
met hyl met hacr yl at acrylonitrile, nmethacrylonitrile, maleic acid

anhydri de, N midrens,for mess polymemaéé rublbr substrates wihidhedlso baveninehudeds

thereof. Styrene/acrylonitril
y gra?teg mgnomer occuiam ﬂ\é/ rubber substrate is preferably a particulate,

r'

moderately cross-linked diene or alkyl acrylate rubber, and preferably has a gel
15  content greater than 70%.

Preferred graft superstrates include copolymers of étyrene and
acrylonitrile, copolymers of a-methylstyrene and acrylonitrile and
methylmethacrylate polymers or copolymers with up to 50% by weight of (Ci-
Cs)alkylacrylates, acrylonitrile or styrene. Specific examples of monovinylidene

20  aromatic graft copolymers include but are not limited to the following:
acrylonitrile-butadiene-styrene (ABS) , acrylonitrile-styrene-butyl acrvlate
(ASA), methylmethacrylate-acrylonitrile-butadiene styrene (MABS),
acrylonitrile-ethylene-propylene-non-conjugated diene-stvrene (AES).

The ungrafted rigid polymers (typically free of rubber) are resinous,

25  thermoplastic polymers of styrene, a-methylstyrene, stvrenes substituted in the
nucleus such as para-methylstyrene, methyl acrylate, methvimethacrylate,
acrylonitrile, methacrylonitrile, maleic acid anhydride, N-substituted

maleimide, vinyl acetate or mixtures thereof. Styrene/acrvlonitrile copolymers,



- 13- [err]-methyl styrene/ acrylonitrile copolyners and

.met hyl met hacryl at e/ acrylonitrile copolyners are preferréd.

The ungrafted rigid copolyners are known and nay be prepared by _

radi cal polynerization, in particular by enulsion, suspension, solution or
bulk 5 polynerization. They preferably have nunber average nol ecul ar

wei ght's of from 20,000 to 200,000 g/nol and limting viscosity nunbers
[[err]] of from20 to 110 m /g (ddBerm ned in di nethyl fornmam de at
25[err] 0. The nunber average nol ecul ar wei ght of the grafted
rigid superstrate of t he nmonovi nylidene aromatic resin is designed to

be inthe ra : | novi nyl i dene
aromatic mn%%eﬁs%%%e&gg g%@%%gmléﬁggﬁgﬁbeg% %élg} ﬁﬁ}ﬂﬁﬁﬁqﬁﬁeﬁr may is
range from 9@édforiarile@6p6lyhices areareferred. 80/ 20 to 60/ 40. The third nonomer

may optional replace 0 to 50 percent of one or both of the first and
second nonomers. The ungrafted rigideepolyamgss aredgrpwn aad maiole prepatrchBY ar onat i ¢

ft pol : 15 pol ' it emyl si i on,
doruti on or - EosR R merza BB Rt Byleiiush {BRuuBRohydh ofaRenS! ©f
enul si on-gul ?glljiﬁéﬁza%wd.l tmg préfefitie have numbke&Vithghiavlabaldr walghi ofn t he

e er

art. Further , these rub nodiTie ~ nonovi nyl i dene aromatic graft
copol yner s ménonn 20,000 th200,000ig)/ im0l and limiting visnesity numbersigliobfrooh2®to bat ch
processes.

20 In a, preferre odi nent , or ganophosphor us
conpound 1108'8:45@?8%‘“&?@‘5#“95&@%3@%?%5&&&di ng to the structural
formula (M) The'number average molecular weight of thelgtaftdd rigid superstrate of

the monovinylidene aromatic resin is designed to be in the range of 20,000 to
10 350,000 g/mol. The ratio of monovinylidene aromatic monomer to the second
and optionally third monomer may is range from 90/10 to 50/50 preferably
80/20 to 60/40. The third monomer miay optional replace 0 to 50 percent of one
or both of the first and second monomers.
These rubber modified monovinylidene aromatic graft polymers may be
15  polymerized either by mass, emulsion, suspension, solution or combined
processes such as bulk-suspension, emulsion-bulk, bulk-solution or other
techniques well known in the art. Furthermore, these rubber modified
monovinylidene aromatic graft copolymers may be produced either by
continuous, semibatch or batch processes.
20 In a preferred embodiment, the organophosphorus compound

comprises one or more compounds according to the structural formula (VII):

1 7

Re— (O)a—- P—O+X—0—P— (O)df]—Rg

O O
]I (I)
Ry Rs

(VII)
wherein Re, R7, Rs and Ry are each independently aryl, optionally substituted
with halo or (Ci-Cg)alkyl,



wher ei n Rlerr], Rerr], Rerr] and R err] are each independently aryl,

-optionally substituted with halo or ((Jerr]-Cerr])alkyl,

-14- X is arylene, optionally substituted with halo or
(err]-derr])al kyl, a, b, c and d are each i ndependently 0 or 1, and
nis an integer fromO to 5, nore preferably from1l to 5. As

used herein, the term"aryl" neans a nonoval ent radical containing 5 one
or nore aromatic rings per radical, whith may optionally be substituted

on the one or nore aromatic rings with one or nore al kyl groups, each
preferably (Cferr]-Clerr])al kyl and which, in the case wherein the radi cal

contains - x i:WyRhe Bl Shbs iRied HilllRAB JriCpE As used

herein, the term”ary I val ent r cal )ca(l)lf?"tléi ning 10 one or
nmore aromat i @, bj asd deire each inglepentiertly @ay 10grid onal |y be substituted

on the one or nore aromatic rings wth on% or nore al kyl groups, each
preferably (@ isanintgger fropal kg b, mqee Rrsferably onnbiase wherein the di val ent

radi cal CONAY B8 ANRLR] dIPhfol PP mEdE d RS AR BRLETYOREZST O

may be j oi ned Zaronati C ages, such as

al kyl ene, sal lgflel siafi6re Aovnatie ririfs petiradicab which smuysdpticHally kel subseinfted nor e
sites on the aromatic ring with a hal o group or (CJerr]-err])al kyl

group. on the onelary morsr abmatis¢ingsisithengor more abkygroppassbbr us
conpound onpri se l.end, of . or ganophosphor us .co und oli.goners
according to Prefergay éﬁﬁ%‘@%ﬁ)a‘nw&‘fc&’ ﬂ‘ﬁ‘ef‘:&?e g’&‘@ﬁelﬂ |tﬁﬁg%ﬁfaqicgn nt eger
of from1lto t@@&qnbp@ﬂgg%r@%fegfm lq‘gg_atverage n value of greater than'l

to less than 5, nore. pre eater than 1 to less than 3, even
nmore preferably, gheasesthdrbhm the teom ‘Gryglenkameans a difalent radical containihg

one of D I SRR BET Al B B1AY G E T5SEBHor o
(), er 1) e ol oA Wi i ARG D © ond
More pref er abpreferbbly (O g2helRYloaihwhich, fotheatase wieginithe divaléntaadical
contains two or more rings, the rings may be may be fused or may be joined
by a non-aromatic linkages, such as for example, an alkylene, alkylidene, any
15 of which may be substituted at one or more sites on the aromatic ring with a
halo group or (C;-Ce)alkyl group.
In a preferred embodiment, the organophosphorus compound
comprises a blend of organophosphorus compound oligomers according to
formula (8), wherein n for each oligomer is an integer of from 1 to 5 and the
20  blend has an average n value of greater than 1 to less than 5, more preferably
greater than 1 to less than 3, even more preferably, greater than 1 to less than
2.
In highly preferred embodiment, the organophosphorus compound
comprises one or more resorcinol diphosphate (“RDP”) esters according to
25 formula (8), wherein Re, R7, Rs and Rs are each phenyl, a, b, cand d are each 1, X
is 1,3-phenylene and n is an integer from 1 to 5.
More preferably, the organophosphorus compound comprises a blend
of RDP oligomers, wherein n for each oligomer is an integer of from 1 to 5 and

the blend has an average n value of greater than 1 to less than 5, more



of RDP oligoners, wherein n for each oligoner is an integer of fromil to 5

.and ‘the blend has an average n value of greater than 1 to | ess than
5, nore -15-

preferably fromgreater than 1 to less than 3, even nore preferably, from
greater than 1 to |l ess than 2. In a nore highly preferred

enbodi nent, the organophosphorus conpound conpri ses one or nore

bi sphenol A di phosphate ("BPA-DP') 5 ef8-ers according to forrmula (8),
wherein R err], Rerr], Rerr] and R err] are each phenyl, a, b, ¢ and
d are each 1, and X is a divalent aromatic radical of the structural
fonmla(VHI s

More prefera %fer%lﬁg f%) p os gf%slgsééotrir‘ﬁgl? A él?gl%rrei’ a%o}t’

BPA- DP ol i go?ghryﬁyg{pwlegsﬂﬁhzeach oligoner is an integer of from 1 to 5
and the bl end has an average n value of greater than 1 to less than 5, nore

preferably from grlaatrepre highlyl praferired smblediment, Sirgioxganophosghqruef er abl vy,

from greater than 1 t.o | ess than 0 referred
enmbodi ment , 9P RAYShRRBERRAMFOT CIB%%%ﬁBﬁeml A Qlﬂﬂﬁﬁﬂgﬁ'ﬁeq FP&QB chrposi ti on
of the prese f t0 about
99 wt % of %on(rabIS g%r?ﬁ%éﬁgﬁﬂ%&?@%?ﬁ@éﬁﬁ%ﬁé&ﬂ%ﬁtw Re and RS EE%%%& 9eQ},1 % of one
or nore RDP dsicansld are each 1, anXmBaIThgallaa‘eam&mtmctaﬂhml ofithecstapturads and/ or
acid precursors, which, under 20 conditions of elevated heat and hum dity,
lead to the ifersa(¥iation of acid species, are typically present
as inpurities in the above describ g’é organophosphorus conpounds. Such
impurities may result from such so(é es

-0~

(VIII)
and n is an integer from 1 to 5. _ |

10 More preferably, the organophosphorus compound comprises a blend
of BPA-DP oligomers, wherein n for each oligomer is an integer of from 1 to 5
and the blend has an average n value of greater than 1 to less than 5, more
preferably from greater than 1 to less than 3, and even more preferably, from
greater than 1 to less than 2.

15 In another preferred embodiment, the organophosphorus compound
component of the composition of the present invention comprises a mixture of
from about 1 to about 99 wt% of one or more BPA-DP esters and about 1 to
about 99 wt% of one or more RDP esters.

It has been found that acid species and/ or acid precursors, which, under

20 conditions of elevated heat and humidity, lead to the in-situ formation of acid
species, are typically present as impurities in the above described
organophosphorus compounds. Such impurities may result from such sources
as, for example, catalyst residues, unreacted starting materials, such as, for
example, phosphoryl halides or phosphoric acid derivatives, or from unstable

25 phosphate esters of decomposition products. It has also been found that the use

of an organophosphorus compound that has a high level of such acid species



as, for exanple, catalyst residues, unreacted starting materials, such as,
-for exanpl e, phosphoryl halides or phosphoric acid derivatives, or
fromunstable 25 phosphat e esters of decomposition products. It has al so
been found that the use of an organophosphorus conpound that has a
hi gh | evel of such acid species

- 16- and/ or such acid precursors as a flanme retardant additive in a
t her nopl astic resin conmposition c®mronises the hydrolytic stability
of the thernoplastic resin conpositi'on. These acid species nay be
titratabl e species and/or acid generating species that are not

titratabl e buindfekeach a@alp@e&us@hhgamhié@taraanmméﬁﬁétHEEﬁngf‘a‘sﬁc The

| ower the acid |evel of the organophosphorus flame retardant

conponent of Tepia compasisneampromis¢sthe guydml'ytld: stability ofthethessnoplastic

I nvention, the .better the drol vtic stability. of the thernmpplastic resin
conposi ti on, FESLi COMpOSILOL, %S%Féflépﬁﬁs %bﬁﬁ?@ﬁ?@e BPReiss A epAsidphor us
conpound  exhidynkfatity spabied that akENGY tittdtableibut Qe Fihd i tration
addi ti on of Iéeggs tt%{aénp{éhe equi val eﬁt of about %@g&%tﬁ*f‘gyém ("mg"),
nor e pr ef &r alEnalyticahmethardsabThe ldwér the acid level of dre orgasophicsphoal farhe om 0 t o

about 0.1 ng, of .potassium hydroxjde . ("KOH") per gram of
or ganophos phdfigd _enfﬁgﬂwg(,t*lgmgq)g;hqusmwgmposmmmfdhg ppiseBbhor us

compound is ' | . . 15 .organophosphor us
conpound in @g%‘?%‘ggﬁlg‘?/ angiﬁﬁékgﬁlﬁiﬁ%&%h%@gem%’r\?s'ﬁgres‘R sol ution

with a 0.1 N oagussitiorsol uti on of KOH to a bronpphenol bl ue end poi nt .
Met al oxides suitable as the basic netal oxide conponent of the present
i nvention are thod® aRrefesrad embodiment,the stgangpbosphorus cempasnd exkibiteensi ons

exarpi o, 10 P i dIO8 Bl Bepia e bR 8 e CacBlon estianaf ont | um
oxi de, al uni Rigivalent dPabet no%mig&»sn@(rzﬁgg,eﬁﬁr FdferdBlV Sl &aHolE p.l%g}‘ -ng't

is believed that the basic met al "ox is effecti"'ve I n neutra
the residual magieden mureipréfesably fronvfd ta about 0.1 mpeofpayassinph bydbexide conpound

COTPOTeN! O R T ek o BB ot T e 2 2

organophosphorus compound is measured by dissolving a sample of the

15 organophosphorus compound in isopropanol and then titrating the resultant
solution with a 0.1 N aqueous solution of KOH to a bromophenol blue end
point.

Metal oxides suitable as the basic metal oxide component of the present

invention are those inorganic oxides whose aqueous solutions or suspensions

20  havea pH of greater than 9. Suitable metal oxides include, for example,
magnesium oxide, calcium oxide, barium oxide, strontium oxide, aluminum
oxide and zinc oxide, as well as mixtures thereof. It is believed that the basic
metal oxide is effective in neutralizing the residual acid impurities present in
the organophosphorus compound component of the composition of the present

25  invention, as well as acid species that may be generated in-situ from acid
precursors that may be present as impurities in the organophosphorus

compound, to thereby further reduce the acid content of the thermoplastic resin

composition.



precursors that may be present as inpurities in the organophosphorus

~ conpound, to thereby further reduce the acid content of the thernoplastic
resin conposi tion.

-17- In a highly preferred enbodi nent, the netal oxide is
magnesi um oxi de. ' , In a preferred enbodi nent, the conposi‘tion of
the present invention I ncl udes a fl uoropolyner, in an anount,
typically from0.01 to 0.5 pbw f1 udfopol yner per 100 pbw of the

t her mopl astic resin conposition, effective 5 to provide anti-drip
properties to the resin conmposition. Suitable fl uor opol yners and

met hods for maki ngln':wl@ighi%l %lx@féif@i ibodinwre, theauetal oxide isSASENdsRIM D%HW! €,
U. S Patent Nos. 3,671,487,3,723,373 and 3,383,092. Suitable

f1 uor opol yner s i ncinalprefenres empediment theegropositien of the preseqfrinyention

t t | it i d f fl j t ed fi . Th
10 Ferm 11 dorissedtanepp e EnEh smuh Ly BReUT B OB ioAsPERat | nel udes
at | east ﬂ@&%lpbkdméf g@r ﬁfogmvs BoHd M%byéat t&dph BomnbbSitioRab ket i

I nctude, f npl e, as

nononer s r ex fl uoroet hyl enes suc , for exanple,
CF2=CF2, 5 toQevickeantCdzip@iopertits-tCithe résth EorGppsitioh, SGithbler r ] =CF[err],

CCl F=CCl F, CHF=CCl , =CCl F, d, CC =CCl F, and

f 1 uor opr opyl &%@%&Wﬁéﬁ%ﬂ%\egd%&%ﬁ%ﬁag %@\eﬁlvqreég r]"éﬁ aFe known,
CF[ er r ] CF=CHF, gfg g7y Gh7 [ 47, W‘ F.gui
CHI[:[ er]r] CHecHE egr%%# rr'ﬁ%&gég[“ etrl\?;?c 9'16Ir?i'a p’gé%%f:ﬁe;(f nersodr rrehts,ultta%e

d.
fluorinated fluoroPpobfmersincloade hontd 'mrsamieo lyiretd eHak bompeisty | ene
(CF[err]=CF[err] )O?j _ chlorotri ch}ﬁgroet,hyl eneﬁg )CrZCI F=CF2), {??iﬁw i dene
fluoride (CHestowctyralpnits derivied fegmemess mapre flunrinated elefiorspnomers. The

Sui t abl.e §4 uorinated ol efin mopol ver s incl ude for exanpl.e,. .

ol y(tet i i I EEPoaRiRruted SicBRBRRRET! fisBE e fkioRSRER Wikt includegt 4p)
fluorinated olegét dheCDREHNE RO §sidakEntC SRath ¥R orid biefiRGnonomers
structural units derived fromtwo or nore fluorinated ol efin copolyners

such asinchute donexiraplepfihiofaethylanes schaishipr enamiple; £F.wGFpet hyl ene)
Fltor i nat od roRBrTe. GHE-ohe Gt oMot CRACEa oo eni cal [y
CHF=CCl,, CH2>=CCIF, and CCl>=CCIF and fluoropropylenes such as, for
15  example, CF3CF=CF;, CFsCF=CHF, CF:CH=CF,, CFsCH=CH,, CF3CF=CHF,
CHF,CH=CHF and CFsCH=CHo>. In a preferred embodiﬁlent, the fluorinated

olefin monomer is one or more of tetrafluoroethylene (CF>=CF,),
chlorotrichloroethylene (CCIF=CF), vinylidene fluoride (CH2=CF>) and
hexafluoropropylene (CF2=CFCF3).

20 Suitable fluorinated olefin homopolymers include for example,
poly(tetra-fluoroethylene), poly(hexafluoroethylene). |

Suitable fluorinated olefin copolymers include copolymers comprising

structural units derived from two or more fluorinated olefin copolymers such
as, for example, poly(tetrafluoroethylene-hexafluoroethyvlene), and

25  copolymers comprising structural units derived from one or more
fluorinated monomers and one or more non-fluorinated monoethylenically
unsaturated monomers that are copolymerizable with the fluorinated
monomers such as, for example, poly(tetrafluoroethylene-ethylene-

propylene) copolymers. Suitable non-fluorinated monoethylenically



unsat urated nononers that are copol ynerizable with the fluorinated
~nmononers such as, for exanple, poly(tetrafluoroethylene-ethvlene-

propyl ene) copol ynmers. Suitable non-fluorinated nonoethylenically

unsat urated nononers include for exanple, olefin nononmers such as, for
exanpl e, ethylene, propylene butene, acrylate nmononers such as for exanple,
nmet hyl nmet hacryl ate, butyl acrylate, q¥I et hers, such as, for exanple,
cycl ohexyl vinyl ether, ethyl vinyl ethe n- butyl vinyl ether, vinyl
esters such 5 as, for exanple, vinyl acetate, vinyl versatate.

In a preferred enbodlnent the fl uoropolymer particles range in size

from 50 to 50Gnsaturated msmnezs mgludeé@wmmplamleé;n@mnomers suchas, forin a

hi ghl f d |
oLy (1 et 1 af | UEREEPIy PR BFTDOFYR B rAee)e mppomers suchgs for eyprple
i ncor por at i on Qfiy, ﬁt%&g%ﬁﬂ?ﬂfe)’ﬁﬁfyl h&ty‘i’at?S\hp?f EMBtASUdITad, §5t dkample,

corrp03|t|onten Icul't, 't eferred that the flu ropolymer-
be pre- by dahiexy] ivinyd etiteryretinyé vinyl ethe, s-batyldipyl ether, vinydlestess §udh
exanpl e an ar onmat i c pol ycarbonate.resin or a styrene-acrylonitrile

resin. MetPodasqh eifexampenﬁmy geetpte, XYL vBrSatate-ends are known. For exanpl e,
an aqueous dispers W4 p@#. may be
st eam preci pi tat edh?g p?%fre;nlég efrﬂlﬁrw Sl(lgrt(f){ggllu%gge&g@l%ég?ﬁag elﬁgieiaas a
drip inhibitofrci80td 860 hih, i ficaBtedBy electron mMi€®sto lTpOSI tion, as
disclosed in, for exanple, U S. Patent No. 5,6 521,23

alternatively, an é@aé@gkﬂygrﬁemﬁd-%bw@ﬁmrmeeﬂﬂ@@Pﬁlm isiaon or an

agueous ni r|I ene inn emul si on and then

preci pi tating pé’M ‘%)ad °aP g’béﬂ%:q@?ggﬁ } uor opol yner - t her mopl ast i ¢
resin compsition Bghee d1rect x&&@ﬁﬁo@@t@ anﬁuéﬂagbmﬁﬁEd &tﬁéﬁioiblé%ﬁwé‘din as

di sclosed in for exanple, U Pat ent No. "4, 57 In a

preferred enb(ndmmeinonttbmda‘ ﬂqherdlffmlljdmtns préférred that dtqﬂmm'epolvmer bef prem 30 to
T T B ARl 0 L 20 T R L LB ML 20, 22170 90
In a preferr ed &oadhERRlboRate AR s¥fehe 36idritt e rsifTPRR RS for
making suitable pre-blends are known. For example, an aqueous dispersion of
15  fluoropolymer and a polycarbonate resin may be steam precipitated to form a
fluoropolymer concentrate for use as a drip inhibitor additive in thermoplastic
resin composition, as disclosed in, for example, U.S. Patent No. 5,521,230 or,
alternatively, an aqueous styrene-acrylonitrile resin emulsion or an aqueous
acrylonitrile-butadiene-styrene resin emulsion and then precipitating and
20  drying the co-coagulated fluoropolymer-thermoplastic resin composition to
provide a PTFE-thermoplastic resin powder as disclosed in for example, U.S
Patent No. 4,579,906.
In a preferred embodiment, the fluoropolymer additive comprises
from 30 to 70 wt%, more preferably 40 to 60 wt%, of the ﬂﬁoropolymer and
25  from 30 to 70 wt%, more preferably 40 to 60 wt%, of the second polymer.
In a preferred embodiment, a fluoropolymer additive is made by
emulsion polymerization of one or more monoethylenically unsaturated
monomers in the presence of the aqueous fluoropolvmer dispersion of the

present invention to form a second polymer in the presence of the



emul si on pol ynerization of one or nore nonoethylenically unsaturated
~nononers in the presence of the aqueous fl uoropol yner dispersion of the
present invention to forma second polyner in the presence of the

fl uoropol yner. Suitable nonoethylenically unsaturated nononers are

di scl osed above. The emulsion is then precipitated, for exanple, by

addi tion of sul furic acid. The preq@pitate I s dewatered, for exanple,
by centrifugation, and then dried 9 forma fluoropol yner additive
that conprises fluoropolynmer and 5 an associ ated second pol yner. The dry
enul si on pol yneri zed fl uoropol yner additive is in the formof a
free-fl ow ng fuachpolymer. Suitable mongethyfgni¢adlynasairatedi mentmetseare

monoet hyl eni cal | y unsat ur gt ed . __noponers .t hat e emul sipn | ymefj zed
Lo form t he <GE6IEERBPYYHe he cmulgigh it TRe FFRIPHs ool SKUHBIe P¥ 20GI & 1 r om
vinyl aromati St : | ali i n{p"g P nomer
andy( Cerr]- CF g?i???gtﬁéypé%reﬁﬁ?ﬁtlﬁégﬁf?{ ?%%ﬁﬁ%#s@t %ﬂl ta ngl\q}l ny

aromat i ¢ nmonosisersdried to formrofititnopelymerd ddditive that camngdises fluodopolyneraid and
(derr]-Cerr])al kyl met h) acryl ate nononers are di scl osed above.

Ina highl% pﬁéﬁéﬁqch?fie‘%ﬁﬂsi@&&mf?e’f-h saulsionralymegrgd flyersopolymer
structural un'agaitﬂz%riéﬁ?&effﬁﬁm&ta)ff%%}gon\?%%foo%%%om trile. More preferably,

t he second polyner conprises "W % structural units
derived from - i }ipeeferiderhbedinidht] the4Rondethplenicall v uakatuRafed deri ved
fromacrylonitrile. The enul si on polynerization reaction

m xture may opronomensithatareeaeulsion palymetized teifaym thessecpnd pohyaner cl es of a

third polyner, such as, for exa mul s.if'ked but adi ene r ubber

, | e, 2
atex. T YT compideniie griataAORORFHLSId B B! PR MOPORTEA usi ng
a convent ignalmonopethylefftallf Unsaturatel ini@lle moH¥mlerdhd {@%Ci@%ﬂﬁ}le’ an organic
h as, t eroxi de, a

per oxi de conpound, sut , tor exanple, benzoyl 7
persul fate coqp@tH)deryiite étfoméR! SuitableSAPRirBmatRirASRbmB}per sul fate, an
azonitrile conpound Such as, for exanple,

monoethylenically unsaturated nitrile monomer and (C7-Cq2)alkyl

(meth)acrylate monomers are disclosed above.
In a highly preferred embodiment, the second polymer comprises
15  structural units derived from styrene and acrylonitrile. More preferably, the
second polymer comprises from 60 to 90 wt% structural units derived from
styrene and from 10 to 40 wt% structural units derived from acrvlonitrile.

The emulsion polymerization reaction mixture may optionally include

emulsified or dispersed particles of a third polymer, such as, for example, an
20  emulsified butadiene rubber latex.

The emulsion polymeriiation reaction is initiated using a conventional
free radical initiator such as, for example, an organic peroxide compound,
such as, for example, benzoyl peroxide, a persulfate compound, such as, for
example, potassium persulfate, an azonitrile compound such as, for example,

25  2,2-azobis-2,3,3-trimethylbutyronitrile, or a redox initiator svstem, such as,
for example, a combination of cumene hvdroperoxide, ferrous sulfate,
tetrasodium pyrophosphate and a reducing sugar or sodium formaldehyde

sulfoxylate.



25 2,2'-azobis-2,3,3-trimethylbutyronitrile, or a redox initiator system

. such as, for exanple, a conbination of cunene hydroperoxide, ferrous
sul f at e, t et rasodi um pyrophosphate and a reduci ng sugar or sodi um
f or mal dehyde sul f oxyl at e.
- 20- A chain transfer agent such as, for exanple, a’
(dJerr]-Cerr]) alkyl nmercaptan cogﬂgund such as nonyl nercaptan,
t - dodecyl nercaptan, nay, optionally, be added to the reaction vessel
during the polynerization reaction to reduce t he nol ecul ar wei ght of
the second polyner. In a preferred enbodinent, no 5 <chain transfer agent
i s used. A chain frapstet egertsushissdioresamplaé (Sp-4bi)lalkydnercaptan

fl uoropol yner di spersion. is charged tgﬁ’(ﬁia rleact i on vessel %md leat ed
with stirringSORReuPAisFchas popylmsrmaptan, thoderyl mercapign, My, optionally,

monoet hyl eni cglLyqua$8the AlatfoNVBRREARrIA $hé Bﬁ%’merizatfb?n%g%r{ & fedGice
reaction vessel and heated to polynerize the noners in the 10 presence
of the fl uor opiwd snobecuparweighesf tife sebendi pelyameri. dn a prefdreecdeémbbdimenthao
second pol yner_ . Sui t gbl e fluoropol ynmer additives and enul sion
pol yneri za?i Oﬁhamtrar;%@qﬁgggtgrlésea-, sclosed in EP 0739 914 Al. In

a preferred enbodi Vier, algleY] . age
nol ecul ar wei ght o?ﬁ ? Eﬁgeg%d S%Q%n%&tggstag?lﬂ% flﬁox%pmegfdéf}ﬁgc}ﬂa{s
t her nopl ast i ¢ ch&ged to@eastidn vesself aridkegred sdth stimirgn TR inithitor system

optionally also contain various conventional additives, such as:
ant i oxi dant s, and the gne r moremenqsthylgnically ugsaesated pnonemersiage thermnpl e,

(5 2 8o | orhangRip¥he ROHRBE Sl and heptedto polymspize the monomers in the
propanedi o) phesdehté 8f tm:!ﬁécl?m o imédr pattirleB be i aieﬁ@xtsﬁﬂmtme}égglfo%pchesmi te

or distearyl pentaerythrito hosphite, as well as al kyl at nonophenol s,
pol yphenol s, aedopidapalyrmezact i on products of pol yphenols with dienes, such

as, for exampl.e, tyl ated reactj roduct s. of a-cresol and
di cycl opent adi ene, %HFtﬂg*é %oﬂgym&dﬁ’gﬁ%%a’ﬁt‘iff‘b};@?’ég‘g{ﬂm‘?ﬂz@&pﬂhenyl 25
ethers, al kyl iQaRsadLsPiRasksd irPEPdYho 094Rgunds, acyl am nophenol's, esters

of

In a preferred embodiment, the second polymer exhibits a number

15  average molecular weight of from 30,000 to 200,000 g/ mol.

The thermoplastic resin composition of the present invention may
optionally also contain various conventional additives, such as: antioxidants,
such as, for example, organophosphites, for example, tris(nonyl-
phenyl)phosphite, (2,4 6-tri-tert-butylphenyl)(2-butyl-2-ethyl-1,3-

20 propanediol)phosphite, bis(2,4-di-t-butylphenyl)pentaerythritol diphosphite
or distearyl pentaerythritol diphosphite, as well as alkvlated monophenols,
polyphenols, alkylated reaction products of polyphenols with dienes, such as,
for example, butylated reaction products of para-cresol and
dicyclopentadiene, alkylated hydroquinones, hydroxylated thiodiphenyl

25  ethers, alkylidene-bisphenols, benzyl compounds, acylaminophenols, esters of

| beta-~(3,5-di-tert-butyl-4-hy droxyphenol)-propionic acid with monohydric or
polyhydric alcohols, esters of beta-(5-tert-butyl-4-hydroxy-3-methviphenyl)-
propionic acid with monohydric or polyhydric alcohols, esters of beta-(5-tert-

butyl-4-hydroxy-3-methylphenyl) propionic acid with mono-or polyhydric



beta- (3, 5-di-tert-butyl 4- hydr oxyphenol ) -propi onic acid with nonohydric or
. pol yhydric al cohols, esters of"

beta- (5-tert-butyl -4-hydroxy- 3- net hyl phenyl ) - propionic acid with
nmonohydri c or pol yhydric al cohols, esters. of beta-(5-tert-

but yl 4- hydr oxy- 3- met hyl phenyl ) propionic acid with nono-or pol yhydric

-21- al cohol s, esters of thioal kyl1or thioaryl conpounds, such as,
for exanpl e, di st earyl t hi opropi onate,. di | auryl t hi opropi onat e,
di tridecyl t hi odi propi onat e, am des of beta-(3,5-di-tert-butyl

such 2, Tor  cSIpRHErestats b Bl o thinan S RERER3s Xiip i aadhple, *°"°
2- Hydr oxy- benz@gk@@f[ﬂﬁi‘épﬁ?ﬁbﬁa&, dﬁa@?@ﬂﬁd}ﬁﬂ&;ﬁdhﬁé,@i&idecy%%ﬁ&%éi%hﬁé,

benzoic acids, acrylates; fillers and reinforcing agents, suc , for
exanpl e, sili camides ofibeta(J-diftersbutylehydraxyiphenoliprorionir aqidi U¥, cal ci um
carbonate, talg, mica; ather Ltives.such as, faqr l.e, luybricants
ctch ae, o fsoThsd agouEHs sROAASRY Fret 8 MRt e By e BBERYS] | | cone
fluids, 105 PhéelduiaZsles 2-1PHIGH bEAPRERBRLS ectBhRAbLSnANE Ang Ol OF ant S,

f I amepr oofi ng agents; anti-static agents; blow ng agents, as well as

other flanme retnsubstiguted benagienicikls) acrgtides; fillers and reinfohbeing agefsy, bldas,
or ganophosphor us conpqunds. es 1 and 2 and Conparative exanpl es

ofs .~ Exanmpl, : :
Cl and C2 for example;isilicatasy 5iPx glans fibersesarhpn black, graphitepealeinan pr esent

contining tne “rbbitpts PGSR SfefARRPYER sich & i AE JRBTRRLSCutl g 1,

in pbw, bel ow fd exampld, Afénkadrythritol tell@stearate, EBS wix/ diliHe fh@idscar bonat e
resin derived from bi sphenol A and phosgene and havi ng

an intrinst® vpksteizess, optical boighteriers, (pigmepts; dyes, colorants, flameproofipgans.
ABS Ermul si gn pol ynerized acrylonitril e-butadi ene-stvrene (" ABS")
graft copoly ne?geégf‘rﬁe\%é‘éf/tﬁﬁc Sﬁe‘ﬁﬁ%% ng ﬂg%rﬁsi‘ﬁ?}gﬁ%mher Hame retarding

el astoneric ph ' - aver - :
Sbout 300 nny S o R e Rk bBo s XoRfpdiinds.
(copol ymer of Examplesdtandehsnd@dmiparative aamplesiCl ahd €2 SAN

Styrene-acrylonitri]l e copol yner 5 pbw styrene/ 25 pbw
Y Y JI‘he cox%pog/itionsc() Exaenp es 1%nd 2 of the gresent invention and of

15 Comparative examples C1 and C2 were prepared in by combining the
following components in the relative amounts set forth, in pbw, below in
TABLEL
PC A linear polycarbonate resin derived from bisphenol A and

phosgene and having an intrinsic viscosity of 0.50 deciliters per

20 grams.

ABS Emulsion polymerized acrylonitrile-butadiene-styrene (“ ABS")
graft copolymer comprising 50 pbw of a discontinuous
elastomeric phase (polybutadiene with an average particle size of
about 300 nm) and 50 pbw of a rigid thermoplastic phase

25 (copolymer of 75 pbw styrene and 25 pbw acrvlonitrile).

SAN Styrene-acrylonitrile copolymer (75 pbw styrene/25 pbw
acrylonitrile) having a weight average molecular weight of about
90,000 g/ mol.



‘acrylonitrile) having a weight average nol ecul ar wei ght of about

90, 000 g/ nol .- ' L -22-

RDP M xture of resorcinol diphosphate oligonmers with an average
degree of polynerization of n =1.13 and having an acid | evel of

| ess than 0.1 ng KOH per gram (Fyroflex[err] RDP from Akzo

Nobel Chem cals) 5 BPA-DP M xt ure of, bi sphenol A di phosphate ol i goners

with an average degr é&&7of pol ynerization of n =1.08 and
having an acid | evel of | ess than 0.1 ng KOH per gram
MyO Magnesi um oxi de. TSAN: Addi tive made by copol yneri zi ng

styrene and ad®BPoni t ri Mixturetdfeest@cinol diphosphate oligomemsseith analverageaqueous
di spersion of PTFE (50 % PTEE and 50 . _ . W%of a
copol ymer of 75 wt % St ydsBEeeR{P 153tigny 9fi 113 and having an acid level g e

foll owing general procegule Wagf k@g%p haevas [ t he
conposi tions of Exanpl eg&% and } rﬁ%d egg%éthﬁ@gﬁ[@%%‘pl espg&ér@&&.

Vel | m xed dry bl ends ofNébetChemicignt s of the conpositions were prepared
15 by intensi VBellﬁg di spersing all blend conponents in a Henschel m xer.

These dry 5 s wivlixtaserof bisphepal A diphesphateraligomers withean averageler s

operating at typical fla ret ar.ded c onate/. ABS ptocessing

t emperat ures and condit iq?ggeeoqrfepolyme%%mrp% [gpgf@%‘@“&ﬁ(ﬁﬁao%ggﬂ”&f ?{ C.

Test specinens were nol Q%tﬁéh@.l?rﬁ%mﬁég am. injection nolder with a
rlF. 20

nom nal nelt tenperature of about 465[e ASTM type | tensile
bar of each ofMgle conpddagnesismwaide. nol ded and tested. Hydrolytic

stability was ured by.exposin art of a.tensile bar, to . 100[err]C
o 10094 1 o1 st hu aiAG R REnad Bt capefymoRdsiRE Shiske 14 femploritile 1 the

part of t bar was the : '

nol ecul ar I"Ievel ght ("Mer rg%n\%géf%lg?g?énélﬁe gﬂb%&géppgg%%v%w%nﬁ@gr aphy
25 (GPQ). Al nol ecul ar wish gha sopslgmiee po73 ed%rSeyine wad 26 widhacrglarieiler

pol ystyrene standards of known nol ecul ar wei ght_ . . The results of
wei ght " aver age ol &g feHowinggenegel rroreditre was followed in preparing and testing

the compositions of Examples 1 and 2 and Comparative Examples C1 and C2.
Well mixed dry blends of the components of the compositions were prepared

15 by intensively dispersing all blend components in a Henschel mixer. These dry
blends were extruded on a laboratory twin screw extruders operating at typical
flame retarded polycarbonate/ ABS processing temperatures and conditions of
about 250°C to about 300°C. Test specimens were molded on a 30 ton Engel |
injection molder with a nominal melt temperature of about 465°F.

20 ASTM type I tensile bar of each of the compositions were molded and
tested. Hydrolytic stability was measured by exposing part of a tensile bar to
100°C and 100% relative humidity (“RH") for various periods of time (“t”). A
part of the bar was then cut off and the polycarbonate weight average
molecular weight (“Mw") was determined by gel permeation chromatography

25 (GPC). All molecular weights are reported relative to mono-disperse
polystyrene standards of known molecular weight.

The results of weight average molecular weight determination of
specimens upon exposure to temperature and humidity for various times (“M.

(g/mol x 103) after aging at 100°C and 100% for residence time t (hr)”), are set



speci mens upon exposure to tenperature and humdity for various tines

("Merr] (g/mol x 10-3) after aging at 100[err]C and 100%for
residence time t (hr)"), are set
-23- forth in TABLE | for RDP-containing conmpositions of Conparative
Exanmple C1 and Exanmple 1 and in TABLE Il for the BPA-DP-containing
conposi tions of Exanpl e 2 and Conpar %t i ve Exanple 2.
TABLE | 23 1 1 PC
70 70 ABS 9
9 SAN 8.3 8.3 TSAN
0.4 forth in TABRE4 for RDP\dﬂhtdlmag comp051tions of Comparative Bxdinmple C1
0.8 RDP 11.5 MO
0 and Exampie hand in TABLEL {or(t HBA RP-coptaining campgsmons ofgi ng at
100[err]Cand e time t (hr) t =
52 Exmpi%of’an%goﬁpﬁ?éi\géﬁ?ample 2. 4 9' 4
51 t =6.5 4TABLEI 52.7 t =
9.5 43 50.9 t = 14,5
40. 6 t =18 C1 35
45 5 Conpa;au_ue_aaapl_e_&#s—ana%gus—s-e—éxa-% 1—except—t hat
Conparative PC Exanple Cl1 |acks the O conponent of Ez&npl e 1. The
conposition of Exanpl e 1 exhibitedyinproved stabilifgy with respect to
nmol ecul ar wei : conpared to the ‘conposition of Corparative Exanple
Cl, as indicakagyby the 83 ) 83

TSAN 04 04

Additives 0.8 0.8

RDP 115 115

MgO o 70 ppm

Muw (g/mol x 103) after

aging at 100°C and

100% for residence °

time t (hr)

t=0 52.6 51

t=3 494 51

t=6.5 471 527

t=95 43 50.9

t=14.5 40.6 47

t=18 35 45

5  Comparative Example Cl1 is analogous to Example 1, except that Comparative
Example C1 lacks the MgO component of Example 1. The éomposition of
Example 1 exhibited improved stability with respect to molecular weight,
compared to the composition of Comparative Example C1, as indicated by the
relative small change in the molecular weigh of Example 1 under the aging

10 conditions.



rel ative small change in the nol ecul ar wei gh of Exanple 1 under the aging 1

. 0 conditions. - 24-

TABLE 1|1 C2 2 PC
67.7 67.7 ABS 9
9 SAN 8.3 8.3 TSAN
0.4 0.4 Addi tives ) 0.8
0.8 BPA- DP 13'.2§ 13.8 MO
0 480 ppm Merr] (g/nol x 10[err]) after agi ng at
100[ err] C and 100% f or residence time t (hr) t=20
53.5 49 t=3 TABLEII 49.1
48.5 t = 526 CéS 45 t =7.5
43.9 48  t = 9.25 2 39.6
47.5 t=15 2 4T t = 20
30.5 PC 48 CoGr?bZr ative Exanpl eégg I s anal ogous to
Exanpl e 2, expgyg that Conpar ati ve gxanpl e C2 | acks tohe MgO conponent
of Exanple 2. The conposition of Exanple 2 exhibited i nproved stability
with respect SAN nol ecul ar wei ght, c8@pared to the comdsition of
Conparative l.e C2, as i ndicat by the relative l?mal | change in
t he nol ecul ar h of Exanple 1 under the aging coan tions.
The thernopl af 4ditiy8si N conposi tion of gighe present invenggon exhibits

BPA-DP - 138 13.8

MgO ' 0 480 ppm

Muw (g/mol x 103) after

aging at 100°C and

100% for residence

time t (hr)

t=0 53.5 - 49

t=3 49.1 48.5

t=5.25 45 47.5

t=75 439 48

t=9.25 39.6 475

t=15 342 47

t=20 30.5 48

Comparative Example C2 is analogous to Example 2, except that
Comparative Example C2 lacks the MgO component of Example 2. The
composition of Example 2 exhibited improved stability with respect to

S  molecular weight, compared to the composition of Comparative Example C2,
as indicated by the relative small change in the molecular weigh of Example 1
under the aging conditions.

The thermoplastic resin composition of the present invention exhibits

improved hydrolytic stability.



i nproved hydrolytic stability.
. -25- CLAIMS What is clained is: 1. A flanme retardant thernoplastic

resin composition, conprising: (a) one or nore thernpplastic
resins, conprising at |east one ar onat i ¢-car bon esin;
(b) a flame-retardi ng anount of an organophosp \M\S\&“
retardant conpound, and (c) a basic netal W\m\ fount
effective to inprove the hy@Bol ytic!'Staoi 15ty of the
conposition. 2. The conposition of claim1l, wherein the aromatic

carbonate resin conprises an aromati c pol ycarbonate resin or an aromatic

pol y(ester-carpppgh@ resin. 3. The conposition of claim2, wherein the
one or nore thernoplastic resins further conprise a vinyl aromatic graft

copol yner 4. Wihat icdaimesi isi on of claim 3, wherein the one or nore

t hernopl astic resin onprise fragm about .30 to about. 99 parts by weight of
an aromatic poiycarmrﬁt@gaﬁt ir?sé“St%BPS‘Vand%WEn%? ‘wei ght of

acrylonitrile- but agd't)eneéﬁé 8{&%?%3{3?&‘%%%89*% °°‘hﬁﬁ§i?8%1@§a?ﬁ&eoo parts by

wei ght of thernopl astic resins. e conpositio wherein .

t he conposition conpri searonutiticaffbriate sdsiryt 90 parts by wei ght of the one
or nore thernoplastic resins and from about 40 to about 10 parts by wei ght
of the organophosph®us 28ameastardingrmeent of grisgaterhseherisflameri | | i on of

t he basic netal oxide, based on the c | ned anmount of thernoplastic resins
and or ganophosphorus co Eﬁrﬁi&_npcomﬁour?&',ban@e

(c) abasic metal oxide, in an amount effective to improve the
hydrolytic stability of the composition.

2. The composition of claim 1, wherein the aromatic carbonate resin
comprises an aromatic polycarbonate resin or an aromatic poly(ester-carbonate)
resin.
3. The composition of claim 2, wherein the one or more thermoplastic
resins further comprise a vinyl aromatic graft copolymer
4. The composition of claim 3, wherein the one or more thermoplastic
resins comprise from about 30 to about 99 parts by weight of an aromatic
polycarbonate resin and from 1 to about 70 parts by weight of acrylonitrile-
butadiene-styrene graft copolymer, based on the 100 parts by weight of
thermoplastic resins. .
5. The composition of claim 1, wherein the composition comprises about 60
to about 90 parts by weight of the one or more thermoplastic resins and from
about 40 to about 10 parts by weight of the organophosphorus compound, and
from 10 to 1000 parts per million of the basic metal oxide, based on the

combined amount of thermoplastic resins and organophosphorus compound.



- 26- 6. The conposition of claim1, wherein the organophosphorus
. conpound conprises one or nore conpounds according to the structural

]I;Freglrji aiamd Rlerr] are each i ndepend[eﬁ”l/ aryl, og{lle{)ﬁemlmljmnll l“lmmllm th

halo or (Jerr]-Cerr])alkyl, Xis arylene, optionally subfstittuffed®with
halo or (CJerr]-(Jerr])alkyl, a, b, ¢ and d are each i ndependently 0 or 1,
and nis an integer fromO to 5. 7. Th@6eonposition of claim®6, wherein
Rlerr], Rerr], Rerr] and Rlerr] are each phenyl, a, b, ¢ and d are each
1, and X is a divalent aromatic radical of the structural formula: [err]
8.  The corrpo§l ti O'Th@f:orﬁgéélﬁbﬁof WaRh | WhE{éhﬁ fHe oriBaRé osPBb@&srdorﬁp&hrEﬁ err]
are each pheny d are each 1, is 1,73-phenyl ene. 9.

conposi tion of cmhprxms&;neﬂreneretmﬂqmm@mmmhastruotupddndnula a bI end of
or ganophosphorus conpound ol i gomers having an average n val ue of greater
than 1 to | ess than 5. @

i
Re— (O)— P —O + X —0 —P — (0) ~]~Ro
: a

(<|3) c|> !
| b (l e
Ry ' Rs

wherein R¢, R7, Rs and Re are each independently aryl, optionally substituted
with halo or (C1-Ce)alkyl,

X is arylene, optionally substituted with halo or (C1-Cs)alkyl,

a, b, c and d are each independently 0 or 1, and

n is an integer from 0 to 5.

7. The composition of claim 6, wherein R¢, R7, Rs and Ro are each phenyl,

a, b, cand d are each 1, and X is a divalent aromatic radical of the structural

formula:
g
O ¢-O-
(|2H3
8. The composition of claim 6, wherein R, R7, Rs and Ry are each phenyl, a,

b,cand d are each 1, Xis 1,3-phenylene.
9. The composition of claim 6, wherein the organophosphorus compound
is a blend of organophosphorus compound oligomers having an average n

value of greater than 1 to less than 5.



-27- 10. The conposition of claim6, wherein the organophosphorus
conpound conpri ses one or nore organophosphorus conpounds--wher-etn R[err],
Rlerr], Rerr] and R err] are each phenyl, a, b, c and X
is a divalent aromatic radical of the structural foﬁ%‘E“lﬂ“ﬂﬂWM“'

[err] and one or nore organophosphorus conpounds* rei n"R[ érrt,
Rlerr], Rerr] and Rl err] are each phenyl and X is 1, 3-phenylene. 11. The
conposition of claim1l1, wherein the org&é¥Wwphosphorus conpound has a
titratable acid |l evel of less than about 1.0 m|ligram of potassium

hydr oxi de per gram of the organophosphorus conpound. 12. The conposition
of -claim1, rei ngﬁ;s ' i L £F Lali ng
of i norgani C\Mgg'l derrh %/%gs a(%oergéfs&%éﬁl gi?ﬁhﬁ%s%%gggﬁ%ﬂ oﬁgeg&gﬁgﬁﬁgf
greater than Qoaijiises vhebe ndreergafoptidphoifitsecorypyuosdst wheredr Re,| Ry, Re and
wherein the netal oxide is selected fromthe group copnsisting of magnesium
oxi de, cal ci uRe@xe gactbphenyth @b gand« axgfac Hf!%)‘%fﬁé? a&’ITWFWiﬁmetHe, zi nc

oxi de and m xtures, thereof . conposition of claim1, wherein the
net al oxide i§aﬂ§§H@§%ﬁﬁgg§Fé§!ﬁf§hﬁ% shaped article made by nol ding the
conposition of claim1l. 16. A procegs for making a flame retardant

t hernopl astic resin conposition, conprising conbining one or nore

t hernopl astic resins, said o nopl astic resins conprising at
| east one aromatic carbonate resin, la fTane- retardi ng anount of an
or ganophosphorus fl ane retardant coftund, and an anount of a basic metal

oxi de effective to inprove the hydrolytic stabili tg@p]c t he conposition. 17.
A t her nopl ast iandrens or mommganppf’:osmli@éll%ﬂﬂmmrgﬂsd& girgRe, &7 RaAndsRo are

each phenyl and X is 1,3-phenylene.

11.  The composition of claim 1, wherein the organophosphorus compound
has a titratable acid level of less than about 1.0 milligram of potassium
hydroxide per gram of the organophdsphorus compound.

12.  The composition of claim 1, wherein the metal oxide is selected from the
group consisting of inorganic oxides whose aqueous solutions or suspensions
have a pH of greater than 9 and mixtures thereof.

13. The composition of claim 1, wherein the metal oxide is selected from the
group consisting of magnesium oxide, calcium oxide barium oxide, strontium
oxide, aluminum oxide, zinc oxide and mixtures thereof.

14.  The composition of claim 1, wherein the metal oxide is magnesium
oxide.

15. A shaped article made by molding the composition of claim 1.

16. A process for making a flame retardant thermoplastic resin composition,
comprising combining one or more thermoplastic resins, said one or more
thermoplastic resins comprising at least one aromatic carbonate resin, a flame-
retarding amount of an organophosphorus flame retardant compound, and an
amount of a basic metal oxide effective to improve the hydrolvtic stability of the
composition.

17. A thermoplastic resin composition made by the process of claim 16.



- 28- 18. A shaped article nade by nolding a therrmpl astlc re5| in

-conposi tion nade by the process of claiml16 -
‘AR 0 O L

-28-

18. A shaped article made by molding a thermoplastic resin composition

made by the process of claim 16



