w 1- FLAME RETARDANT POLYCARBONATE RESI N ABS GRAFT COPOLYMER BLEN&QI@ e ’7
THE | NVENTI ON The invention rel ates to™f1&he retardant pol ycarbonate

resin/ ABS graft copolyner blends that exhibit inproved perfornmnce. BRI EF IPOQ
DESCRI PTI ON OF. THE RELATED ART Fl ane retardant thernoplastic resin

conpositions that contain an aromatic polycarbonate resin, an ABS graft
copol yner, a fluoropol ynmer and an organgphosphate fl ane retardant are known
and have been found to exhibit good flame .retardency and good heat

resi stance, see, for exanple, coassigned U S. Patent Nunmber 5,204, 394.

Fl ame retardant resin conpositions that exhibit inproved physical
properties and hydrolytic stability are desired. SUMVARY OF THE | NVENTI ON
The thernoplastic resin conposition of the present invention conprises: (a)
an aronmatic polycarbonate resin, (b). a rubber nodified graft copol ynmer
conprising a discontinuous rubber phase dispersed in a continuous rigid

t hernopl asti c phase, wherein at |east a portion of the rigid thernoplastic
phase is chemically grafted to the rubber phase, said rubber - 2-

nodi fied graft copol yner being nade by a bul k polymerization process, and
(c) a flame retardi ng anount of an organophosphate fl-anme retardant

FLAME RETARDANT POLYCARBONATE RESIN/ABS GRAFT
COPOLYMER.BLENDS'

FIELD OF THE INVENTION |

The invention relates to flame retardant polycarbonate resin/ ABS graft
copolymer blends that exhibit improved performance. '
BRIEF DESCRIPTION OF THE RELATED ART

Flame retardant thermoplastic resin compositions that contain an
aromatic polycarbonate resin, an ABS graft copolymer, a fluoropolymer and
an organophosphate flame retardant are known and have been found to
exhibit good flame retérdency and good heat resistance, see, for example,
coassigned U.S. Patent Number 5,204,394.

Flame retardant resin compositions that exhibit improved physical
;uoperﬁesandlgmhohﬂknﬁabﬂﬁy%ue<k5h£d.
SUMMARY OF THE INVENTION _

The thermoplastic resin composition of the present invention

comprises:

(@) anaromatic polycarbonate resin,

(b) a rubber modified graft copolymer comprising a discontinuous
rubber phase dispersed in a continuous rigid thermoplastic
phase, wherein at least a portion of the rigid thermoplastic
phase is chemicalily grafted to the rubber phase, said rubber



The conposition of the present invention provides good processability, good
phyS|caI properties, including resistance to el evated tenperature and

i npact resistance, and provides inproved hydrolytic stability and inproved
resistance to thernmal degradation. As used herein, the term nol ogy
"hydrolytic stability" means a tendency not to undergo changes in chem cal
conposi tion and/ or nol ecul ar wei ght whengexposed to conditions of elevated
tenperature and hum dity. For exanple, the chem cal conposition and

nol ecul ar wei ght of the thernoplastic resin conponents of a thernoplastic
resin conposition having_ jdeal hydrolytlc Stabl|lt£ woul d remai n unchanged
under conditions of el i@ bulkypolymierization

chem cal conposition or nqiecular melght of the thernoplastic resin
conmponents of a thern§§ﬁ5§?1 esi n conposition having poor hydrolytic
stability would ange é?ﬂquﬂg condi ti ons.
DETAI LED DESCRI PTI'ON G:ﬂ@?ﬁé‘%%%%% ﬁnbﬁi;t‘gf ap‘?é¥ rr ﬁ‘t‘)A | men? t he

t her nopl astic resehmdanm05|t|on of the present invention is conprises
based on 100 parts by weig of thernoplastic resin conposition,
from40 to 95 pbWherﬁsmp?ﬁiaee péghg/pmssnt gwenaoacprpmdesgmd mcesqabdityr abI y

f 55 to 8 the arponati carbonat e from4 to {9
mr)?g1 prefgrggf’éﬂ\ﬁ ?‘ﬁaé E%P%Wﬁ%@%%ﬁ t‘f temperatre an pbw

g]; e]E nga[):JSbfr m Zé;so 15 pg{/‘v pggg@e& rg?e i‘yag?léu%rom émigﬂg VyedOf the

or ganophosphemaahtatmthanmidagradaﬁmm ased hpreintheaesnirologs sui table for
use as the pol ycarbonate resin conponent of the thernoplasticC resin
conposi tion bvdfmhs stahility” means a tendency ot e andergm inc¢hemtical e

preparation 3 dition th'lc'l ? or xr}la\fecular weight when exposed to conditions of

elevated temperature and humidity. For example, the chemical composition

and molecular weight of the thermoplastic resin components of a
thermoplastic resin cc;mposition having ideal hydrolyﬁc stability would
remain unchanged under conditions of elevated temperature and high
humidity, while the chemical composition and/or molecular weight of the
thermoplastic resin components of a thermoplastic resin composition having
pdor hydrolytic stability would change markedly as a result of exposure to
 such conditions.

DETAILED DESCRIPTION OF THE INVENTION

In a preferred embodiment, the thermoplastic resin composition of the
present invention is cdmprises, based on 100 parts by weight (“pbw”) of
thermoplastic resin composition, from 40 to 95 pbw, more preferably from 50
to 90 pbw, even more preferably from 55 to 80 pbw, of the aromatic
polycarbonate resin, from 4 to 59 pbw, more preferably from 8 to 48 pbw,
even more preferably from 14 to 39 pbw, of the rubber modified graft
copolymer and from 1 to 20 pbw, more preferably from 2 to 15 pbw, even
more preferably from 6 to 12 pbw, of the organophosphate flame retardant.

Aromatic polycarbonate resins suitable for use as the polycarbonate

resin component of the thermoplastic resin composition of the present



been described, see, generally, U S Patent Nos. 3,169,121, 4,487,896 and
5 411,999, the respective disclosures of which are each |ncorporated herein
by reference. In a preferred enbodi nent, the aromatic pol ycarbonate resin
conmponent, of the present invention is the reaction product of a dihydric
phenol according to the structural fornmula (I): wherein Ais a dival ent
aromatic radical, with a carbonate precygsor and contains structural units
according to the fornula (rr): Jerr] mherein A is defined as above. As used

herein, the term"divalent aromatic radi-cal "includes those dival ent
radi cal s contarnrng a_single aromatic ring such as phenyl ene, those
di val ent ‘r aHIVERE® lmqmgompegndémearsmanman@pmes have as for
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(d err]-( erefeyericeyl group. In a- preferred enbodi nent, A is a divalent

aromatic radical _according to.the forrmula (XXI): berr] -4- Suitable
di hydric phenol s mn@rg@red@nbedunpnbthemmmmo carbohate resirs - -

(4- hydr oxyphe 0 e henol 2, 2- bIS 5- dlne yl - 4-
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wherein A is a divalent aromatic radical,

witha carbonate precursor and contains structural units according to the
formula (II):

i
—O@—A—0—O= . g
wherein A is defined as above.

As used herein, the term “divalent aromatic radical “includes those
divalent radicals cbntaining a single aromatic ring such as pheﬁylene, those
divalent radicals containing a condensed aromatic ring system such as, for
example, naphthlene, those divalent radicals containing two or more aromatic
rings joined by a non-aromatic linkage, such as for example, an alkylene,
alkylidene or sulfonyl group, any of which may be substituted at one or more
sites on the aromatic ring with, for example, a halo group or (Ci-Cs)alkyl
group.

In a preferred embodiment, A is a divalent aromatic radical according
to the formula (XXI):

7
- CHs (1),
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<2, 6-di hydroxy napht hal ene, hydroqui none, 2,4[err]-di hydroxyphenyl sulfone.
In a highly preferred enbodi nent, the di hydric phenol is bisphenol A The
carbonate precursor is one or nore of a carbonyl halide, a carbonate ester
or a hal oformate. Suitable carbonyl halides include, for exanple, carbonyl
brom de and carbonyl chloride. Suitable carbonate esters include, such as
for exanpl e, diphenyl carbonate, dichiderophenyl carbonate, dinaphthyl
carbonat e, phenyl tolyl carbonate and ditolyl carbonate. Suitable

hal of ormat es i ncl ude, for -exanple, bishaloformates of a dihydric phenols,

such as, for ,-I.E})Qﬁq i d'ﬁg agRl e,
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resins include |1 near aromati c(ﬁorécar bonate resins, branched aronmatic
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r ef er ence. ol yfunctional conpounds are generally aromatic and contain
at | east threeTheiganbopate precurges isane or merecfracarbonyldalidesal i ¢ anhydri des,

phenol s, hal of or maf es or, m xtures thereof uch .as,, for .exanmple, .
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aci d, benzophenone-tetracarboxylic dianhydride. The prefeéerred :
dinaphthyl carbonate, phenyl tolyl carbonate and ditolyl carbonate. Suitable

haloformates include, for example, bishaloformates of a dihydric phenols,
such as, for example, hydroquinone, or glycols, such as, for example, ethiylene
glycol, neopentyl glycol. In a highly preferred embodiment, the carbonate
precursor is carbonyl chloride. | '
Suitable aromatic polycarbonate resins include linear aromatic
polycarbonate resins, branched aromatic polycarbonate resins. Suitable linear
aromatic polycarbonates resins include, e.g., bisphenol A polycarbonate resin.
Suitable branched polycarbonates are knbwn and are made by reacting a
polyfunctional aromatic compound with a dihydric phenol and a carbonate
precursor to form a branched polymer, see generally, U. S. Patent Nos.'
3,544,514, 3,635,895 and 4,001,184, the respective disclosures of which are
incorporated herein by reference. The polyfunctional compounds are
generally aromatic and contain at least three functional groupé which are
carboxyl, carboxylic anhydrides, phenols, haloformates or mixtures thereof,
such as, for example, 1,1,1-tri(4-hydroxyphenyl)ethane, 1,3,5,-trihydroxy-
benzene, trimellitic anhydride, trimellitic acid, trimellityl trichloride, 4-
chloroformyl phthalic anhydride, pyromellitic acid, pyromellitic dianhydride,

mellitic acid, mellitic anhydride, trimesic acid, benzophenonetetracarboxylic
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[polyfunctional aromatic conpounds are 1,1, 1-tri(4-hydroxyphenyl)ethane,
trimellitic anhydride or trinellitic acid or their hal oformate derivatives.
In a preferred enbodi nent, the pol ycarbonate resin conponent of the present
invention is a |linear polycarbonate resin derived from bi sphenol A and
phosgene. In a preferred enbodi nent, the weight average nol ecul ar wei ght of
t he pol ycarbonate resin is from about -89, 000 to about 200, 000 grams per
nole ("g/nol"), as determi ned by gel perneation chromatography relative to
pol ystyrene. Such resins typically exhibit an intrinsic viscosity of about

0.3 to ab beRz [ 4 de &ﬁ,ﬁ s : Eéfgﬁjege at 25[err]C.

Pol ycar bo%a @ resi sélgdrr{eee{r?gr esfbby n%&#ﬁﬁé’?ﬁgﬁg as, for exanple,

i nt er f aci golyfeinetibhalabntitic dompeendsare 1,LAttrif-hyseoxyplenylyetlyir, i zati on or
melt pol yirer’i zati on. Copol yester-carbonate resins are also suitable for use

as the ar drimellitipanhydride oz tximelliticacidardheirthaloformatedexvativesavent i on.
Copol yester- cagrbonate resins suit e for use gs the aronmati
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4, 487,896,amé§g§ﬁeptive di scl osures of which are each incorporated herein
by reference.” Copol yester-carbonate resins conprise |linear or randomy
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di carboxylic”aCid or dicarboxylic aci
about 1.5 deciliters per gram in methylene chloride at 25°C.

Polycarbonate resins are made by known methods, such as, for
example, interfacial polymerization, transesterification, solution
polymerization or melt polymerization.

Copolyester-carbonate resins are also suitable for use as the aromatic
polycarbonate resin component of the present invention. Copolyester-
carbonate resins suitable for use as the aromatic polycarbonate resin
component of the fhermoplastic resin composition of the present invention
are known compounds whose preparation and properties have been
described, see, generally, U.S. Patent Nos. 3,169,121, 4,430,484 and 4,487,896,
the respective disclosures of which are each incorporated herein by reference.

Copolyester-carbonate resins comprise linear or randomly branched
polymers that contain recurring carbonate groups, carboxylate groups and
aromatic carbocyclic groups in the polymer chain, in which at least some of
the carbonate groups are bonded directly to the ring carbon atoms of the
aromatic carbocyclic groups.

In a preferred embodiment, the copolyester-carbonate resin component
of the present invention is derived from a carbonate precursor, at least one

dihydric phenol and at least one dicarboxylic acid or dicarboxylic acid



-6- equivalent. In a preferred enbodi ment, the dicarboxylic acid is one
*faccording to the fornula (1V): [err] mhereln A" is alkylene, alkylidene,
cycloaliphatic or aromatic and is preferably a non-substituted phenyl ene
radi cal or a substituted phenylene radical that is substituted at one or
nore sites on the aromatic ring, wherein each of such substituent groups is
I ndependently (Cerr]-Cferr]) alkyl, agd the copol yester carbonate resin
conprises first structural units according to fornula (I1) above and second
structural units according to formula (V): [err] wherein A" is defined as

i ol osed CABNAIEN, IAHBreF SRy et dbe dicaphey Batdss pRe fefolife
phthalic ::tﬂsg#%ﬁmnﬁi]l c acid, tere_phft halic acid, dinmethyl terephthalic

aci d, oxal ic acid, succinic acid, glutaric acid, adipic acid,
pinelic acid, suberic acid, azelaicgacid, sgbacic acid, dinet hyI mal oni ¢

- acid, 1,12-dodecanoic aci d, cis-1,44kycl ohefdane dicarboxylic acid,

trans-1, 4-cycl ohexane di car boxHOc—a&ri-dA' 4+ ¢[ erOH bi sbegﬁgi c acid,

napht hal ene- 2, 6- di car boxyl i c aci d Sui tabl e di car boxyl i cid equivalents

I nclude, for e cﬁq&, orvabnydtic 4iid ishe above

di scl osed di caxgmyﬁnc g%?'g! Létfe such as for exdziil pht hal i ¢ anhydri de,

di met hyl tgref@ab abﬁ,smnﬁmtedl hehjymnedadxdam ona;subsnmtedl pbebpléneent | the

di carboxylic acid is an aromatic dicarboxylic acid, nore pref ef\ bllr\{ one or
more of i evaclicaltthat is substitusediat erpar MAreSItEE PR, the aromatic rmg, ere

each of such substituent groups is independently (C1-Cs) alkyl, and the

copolyester carbonate resin comprises first structural units according to "
formula (II) above and second structural units according to formula (V):

¥ q

—(O—C —A'—Q — (v

wherein A’ is defined as above. _

Suitable carbonate precursors and dihydric phenols are those disclosed
above. |

Suitable dicarboxylic acids, include, for example, phthalic acid,
isophthalic acid, terephthalic acid, dimethyl terephthalic acid; oxalic acid,
malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic
acid, azelaic acid, sebacic acid, dimethyl malonic acid, 1,12-dodecanoic acid,
cis-1,4-cyclohexane dicarboxylic acid, trans-1,4-cyclohexane dicarboxylic acid,
4 ,4'- bisbenzoic acid, naphthalene-2,6-dicarboxylic acid. Suitable dicarboxylic
acid equivalents include, for example, anhydride, ester or halide derivatives
of the above disclosed dicarboxylic acids, such as, for example, phthalic
anhydride, dimethyl terephthalate, succinyl chloride.

In a preferred embodiment, the dicarboxylic acid is an aromatic
dicarboxylic acid, more preferably one or more of terephthalic acid and
isophthalic acid. |



:7- In a preferred enbodinment, the ratio of ester bonds to carbonate bonds
present in the copol yester carbonate resinis from0.25 to 0.9 ester bonds
per carbonate bond. In a preferred enbodi nent, the copol yester-carbonate
copol ymer has a weight .average nol ecul ar wei ght of from about 10,000 to
about 200, 000 g/ nol. Copol yester-carbonate resins are nade by knomn

met hods, such as, for exanple, interfacipl polynerization,
transesterification, solution polynerization or nelt polynerization. Rubber
nmodi fi ed thernnplastic resins suitable for use as the rubber nodified

thernoplastic regin of the present .invention re t rubber nDdrfred
t her mopl asti ¢ r e&p aPreferred em eny, the rafiqobes

G sporseq | hr%e@%?ﬁﬁieﬁ%%ﬁ;o‘ir%m eﬁﬁﬁ%&%ﬁa@%ﬁoﬁﬁ?ﬁ%@é@r%ﬁ%ﬁ? a
portion of Ebeoﬂa ermopl astic phase is chemcally grafted to the
rubber phase. Bul k polynerization processes for nmaking rubber nodified

graft copol yner s Inmepreférred embodimeht)¢the copolyestericarbonatepbpolyhier Haataent
Nos. 2646, 418;. 3, 243, 481; 4,254,236 and 5,414,045, the disclosures of which
are each he™eig mw.agemlsaubywesbmfrfsm rl.O,QQQtaﬁbper 200,800

enbodi nent, t rubber nodified thernoplastic resin is made by a bulk
pol yreri zat &Rﬁ%lr ocess that is carried out in a series of polynerization

reactors cohsecutcdﬁ e&@ﬂ?&ﬂi&ﬂ KndkARY hitthads Stitle
reaction zones ger or exarr%se a styrebg but adi ene rubberasrqis’r
di ssol ved i rexameple;interfaciall pélipmenization; trafisesterificatior, belutiop d t her nopl astic

phase of the graft copolyner Is to be derived, for exanple, styrene nmononer
or styrene Ymntqi‘rm@l polymerigation. form a reaction ni xture that is

fed o the eact o ABEh BlSulop B st Shithfld e BHPhE B HteRr
modified thermoplastic resin of the present invention are those rubber
modified thermoi:lastic resins that are made by a bulk or, synonymously,
mass, polymerization process and that comprise a discontinuous rubber
phase dispersed in a continuous rigid thermoplastic phase, wherein at leasta
portion of the rigid thermoplastic phase is chemically grafted to the rubber
phase. '

Bulk polymerization processes for making rubber modified graft
copolymers are well known in the art, see, for example, U.S. Patent Nos.
2,646,418; 3,243,481; 4,254,236 and 5,414,045, the disclosures of which are

each hereby incorporated by reference herein.

In a preferred embodiment, the rubber modified thermoplastic resin is
made by a bulk polymerization process that is carried out in a series of
polymerization reactors consecutively connected to each other to prdvide a
series of reaction zones. A rubber, for example, a styrene-butadiene rubber, is
dissolved in one or more of the monomers from which the rigid thermoplastic
phase of the graft copolymer is to be derived, for example, styrene monomer
or styrene and acrylonitrile monomers, to form a reaction mixture that is fed

to the reactor system and the reaction mixture is subjected to polymerization



-8- conditions. Polynerization of the nononers of the reaction m xture may
*be chenmically or thermally initiated. The viscosity of the reaction mxture
i ncreases during the course of the polynerization reaction and a rigid

t her nopl astic phase, for exanple, a styrene-acrylonitrile ("SAN")

copolyner, is fornmed, a portion of which is chemcally grafted to the
rubber and a portion of which is not ¢ggafted to the rubber. At sone point
in the reaction, the reaction m xture separates to formtwo phases, that

i's, a continuous rubber solution phase and a di sconti nuous non-grafted

rigid ther astic phase disperged in the ruhber sglution phase., As the
pol yner i z@@ﬁl‘g‘ﬁwﬂé‘agpf eﬂ?%‘?’é?@ Wﬁgmﬂﬁﬁgﬁ‘%fﬂaﬁ Pﬁﬁmﬁ'q'gs% Fns to
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the conti gyo, hgaﬂ{é ddiftsé HPRRY zauohh@am@eaﬁda&-;gddl scont i nuous
phase di spersed I n the non- grafteoprl gid thernopl astic hase Typically, a

third phagierntoplastic phases for, examplesa stjrenergcryienitrites SAN dreopolymerre
non-grafted rigid therrm | asti ase cone cluded W thin the,
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MOr € aggr eazd m&&% 2l thifefh twd Phases, thae ig, azohtifaous rabb@si r ed
| evel , typ| ca In t ange of 60 to 90% of nononer conversion. The
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25[err] C, tFﬂEhﬁoﬁlﬁ aahaSévédiaﬂl ihPerdidre" 6dcGrs aireinatoreor e
preferably l'ess*thanor eq ual to - err C. As referred to herein, the Tg

of a pol yngrafted rigid tﬁgrmaplastm fphase becomes the continuous phase and the

rubber solution phase becomes a discontinuous phase dispersed in the non-

grafted rigid thermoplastic phase. Typically, a third phase is also present, in
that during the phase inversion some non-grafted rigid thermoplastic phase
becomes occluded within the discontinuous rubber solution phase. Following
the phase inversion, the polymerization reaction is continued and more non-
grafted rigid thermoplastic phase is formed. The reaction mixture is then
subjected to more aggressive reaction conditions to drive the reaction to a
desired level, typically in the range of 60 to 90%, of monomer conversion. The
reaction produces a rubber phase and a rigid thermoplastic phase, at least a
portion of which is grafted to the rubber phase. The product is then

devolatilized to remove any residual unreacted monomers and solvent.

Suitable rubbers for use in making the rubber phase are polymers those
having a glass transition temperature (Tg) of less than or equal to 25°C, more
preferably less than or equal to 0 °C, and even more preferably less than or
equal to -30°C. As referred to herein, the Tg of a polymer is the Tg value of



pol ynmer as neasured by differential scanning calorinetry (heating rate
*20[err] Cnminute, with the Tg val ue being determ ned at the inflection
point). In a preferred enbodi nent, the rubber conprises a |inear polyner
having structural units derived fromone or nore conjugated di ene nononers.
Sui t abl e conjugated di ene nononers include, e.g., 1,3-butadiene, isoprene,
1, 3- hept adi ene, nethyl-1,3-pentadiene,4£,3-dinethylbutadiene, 2-

et hyl -1, 3- pent adi ene, 1, 3-hexadi ene, 2,4, hexadi ene, dichl orobutadi ene,

br onobut adi ene and di br onobut adi ene as wel|l as m xtures of conjugated di ene
nononers. In a preferred enbodi nent, the conjugated di ene nononer is

1, 3- but adi polymertes. melhiared byydiffepéntial stanningraloritaetryr(heating rater20°s deri ved
fromone or nore copol ynerizabl e nonoet hyl eni cal | y unsat urated nononers

sel ected f€minatewiththeTyMplnebeingdetermined afithe intlaction noners and
t

i Qun
nmonoet hyl eni cal unsaturated npitrilg mopeners an rl-Cherr])al kyl
(meth)acryl ate A ge%ﬁg@ﬁn% @quurb%%c? e%g‘@fﬁ’% gﬁ?ﬁ') olefin
monomner s" ﬂg@iﬁg f&ﬂpél'ﬁ?‘ﬂﬁrkﬁﬂ\}&ﬁéﬂmgeé%ré% AfddPdfenger nol ecul e and
havi ng a sing sgpte of ethylenic unsaturation per | ecul e.- Sui tabl e
(derr]-d gidgriomesf i n nononers include, e.g., ethylene, propene, 1-butene,
1-pentene, heptene. Suitable vinyl aromatic nmononers include, e.g., styrene

and subst i t ut edSuitablerenjugated dienesmonomers inglude, e.g k3Butadigne; oxyl or
hal bstit t t hed ti ' i nel udi. . 9.,
[or 1] et hifoREEe drsepadicii methy-Lcpdtedifne; 25 sliethibindig 5.
tri t hyl ' t : ) Aadlién N , )

b; ggst zr e%‘éﬂﬁflﬁlﬁﬁ?ﬁ%ﬁé&\%}&g&&% d%’/g‘ts@r ene aer'1 %ﬁﬁ% fse't?llgéaut ed

condensed profdbutadiendand dibiomebutadictie aswelk ag mixtirey bf conjuigatddene, Vi nyl
anthracene, as well as m xtures of_ vinyl ' L .
diene monomers. In a preferred embodiment, the conjugated diene monomer

is 1,3-butadiene.

The rubber may, optionally, inclide structural units derived from one
or more copolymerizable monoethylenically unsaturated monomers selected
from (C2-Cg)olefin monomers, vinyl aromatic monomers and
monoethylenically unsaturated nitrile monomers and (C7-Cj2)alkyl
(meth)acrylate monomers. |

As used herein, the term "(Cp-Cg)olefin monomers" means a
compound having from 2 to 8 carbon atoms per molecule and having a single
- site of ethylenic unsaturation per molecule. Suitable (C2-Cg)olefin monomers-
include, e.g., ethylene, propene, 1-butene, 1-pentene, heptene.

Suitable vinyl aromatic monomers include, e.g.; styrene and
substituted styrenes having one or more alkyl, alkoxyl, hydroxyl or halo
substituent group attached to the aromatic ring, including, e.g., a-methyl
styrene, p-methyl styrene, vinyl toluene, vinyl xylene, trimethyl styrene, butyl
styrene, chlorostyrene, dichlorostyrene, bromostyrene, p-hydroxystyrene,
methoxystyrene and vinyl-substituted condensed aromatic ring structures,
such as, e.g., vinyl naphthalene, vinyl anthracene, as well as mixtures of vinyl

aromatic monomers.



aromati c nononers. -10- As used herein, the term "nonoethyl enically
*‘unsaturated nitrile nonomer" neans an acyclic conpound that includes a
single nitrile group and a single site of ethylenic unsaturation per

nol ecul e and i ncl udes, e.g., acrylonitrile, nethacrylonitrile, a- chloro
acrylonitrile. As used herein, the term"((err]-Cerr])alkyl"” nmeans a
strai ght or branched al kyl substltuent_gooup having from1l to 12 carbon
atons per group and includes, e.g., nethyl, ethyl, n-butyl, sec-butyl,
t-butyl, n-propyl, iso- propyl pentyl, hexyl heptyl octyl nonyl decyl,
undecyl and dodecyl and t he tern1no|ogy (neth) crylate nmopnoners” refers
col l ectively to Asrysedthergin,thetesmyimo MM@& ufsaturated nitwilet apl e

Kk net I t | kyl
fcryl at o hoARAS %‘énéans@la” isepmea B hlEu f st nliceRgg *
| at é‘ﬂiﬁ
?‘é{ gr ?] eC[ gralr:l ;%4‘123@ acrﬁeg Antie) 0gs or@ﬁér%@ie%ul flﬂ:?ﬁ(?]esl, &8
nmet hacryl at ﬁcrﬁéﬂ%&ﬂé*ﬁiétﬁﬁ @h&ﬂeﬁaoémbr@a ﬁnhH,e i so- pr opyI

met hacryl ate, “butyl mathacryl ate exyl mathacryl ate, decyl nethacrylate.
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preferably illgll%ﬁbsﬁaﬁﬁlt)g%ﬁ p haoify froh'D t6 12 daiboradtottiy) perr gietp\ad f r om one
or nore conjudated di ene nononers and up to 50 percent by weight ("wt%)

structural dncludesjeg. ymthybeﬂmhg\-butylps@-hmty&rﬂluybei-pmmd lfsm:pmplybyl
aromati ¢ nononers_and ponoet’hyl eni ca sat.ur at ed rile nmer such
as, for examsnéyl, hexyly heplylinstylineng @éﬁg{'} a]aﬂ*‘daa é?‘d’hnq‘}r‘?a? but adi ene
copolyrrer or_a StyIeng di h r i ghly
proferred eigaBRAiGEY @ﬁ%hﬁ%ﬁ%%ﬁéré@%ré%%ﬁﬁ%ﬁﬁﬁﬁit°%w

monomers and methacrylate monomers. Suitable (C1-Cy2)alkyl.

(meth)acrylate monomers include (C1-Cy2)alkyl acrylate monomers, e.g.,
ethyl acrylate, butyl acrylate, iso-pentyl acrylate, n-hexyl acrylate, 2-ethyl
hexyl acrylate, and their (C3-Cy2)alkyl methacrylate analogs such as, e.g.,
methyl methacrylate, ethyl methacrylate, propyl methacrylate, iso-propyl
methacrylate, butyl methacrylate, hexyl methacrylate, decyl methacrylate.

In a first preferred embodiment, the rubber is a polybutadiene
homopolymer.

In an alternative preferred embodiment, the rubber is a copolymer,
preferably a block copolymer, comprising structural units derived from one
or more conjugated diene monomers and up to 50 percent by weight (“wt%")
structural units derived from one or more monomers selected from vinyl
aromatic monomers and monoethylenically unsaturated nitrile monomers,
such as, for example, a styrene-butadiene copolymer, an ﬁcrylonitrile—

butadiene copolymer or a styrene-butadiene-acrylonitrile copolymer.

In a highly preferred embodiment, the rubber is a styrene-butadiene
‘block copolymer that contains from 50 to 95 wt% structural units derived
from butadiene and from 5 to 50 wt% structural units derived from styrene.



bl ock copol ymer that contains from50 to 95, wt % structural units derived
“from butadi ene and from5 to 50 wt% structural units derived from styrene.
-11- The rigid thernoplastic resin phase conprises one or nore

t hernopl astic polynmers and exhibits a T[err] of greater than 25 err]C,
preferably greater than or equal to 90[err]C and even nore preferably
greater than or equal to 100[err]C In a1r referred enbodi nent, the rigid

t her nopl asti c phase conprises one or € pol yners each haV|ng struct ural
units derived fromone or nore nononers sélected fromthe group consisting
of (CJerr]- C[err])alkyl (neth)acrylate nononers, vinyl aromatic nononers

and nonoet hyl eniThe tigi resi Hasenonmrisesonslarunbiee vinyl aromatic
nononers and nonoet. hyI eni cal unsaturated nitrile nononmers and of
(Jerr]-q éhez]n)taplayuc pnbtmym exhibits a dgwf greater ﬂm%5°§‘etprehrablyabove in

t he description the ru ber ase. In a pref enbodl t he r|g|d

t her mopl astﬂreafﬁég]i‘q{‘%%‘éa c,ten"B ?6’93&’3919?9? e& \R‘I\E‘ first
structural t§ der| ved from one or nore vinyl arorrat_l C nononers,
preferably and havi ng second structural units deri ved from one or

acryioni 11 Pé're”' Ca'#@m«is dicteat,thariciga heeBifc er?@%gﬁ 0 99
Stytene andth SR §5§§*§S%QCQ?@%‘%¥“‘ B Ryl band BhgEfnore h

I
akes bl ace Do mee  he o TR F%‘é%‘.*‘?‘ PRSP SR (Bherans
vari es w t mohemeses annyknmmnumndmmdlmomethylmmmytﬂﬂmtu e. In a

preferred enbodinent, from10 to 90 % preferably from25 to 60 wm % of
the rigid tHEileIPPRGMEES.phase i s

Suitable vinyl aromatic monomers and monoethylenically unsaturated
nitrile monomers and of (C1-C12)alkyl (meth)acrylate monomers are those set
forth above in the description of the rubber phase. '

In a preferred embodiment, the rigid thermoplastic resin phase
comprises a vinyl aromatic polymer having first structural units derived from
one or more vinyl aromatic monomers, preferably styrene, and having second
structural units derived from one or more moneethylenically unsaturated
nitrile monomers, preferably acrylonitrile. More preferably, the rigid phase
comprises from 55 to 99 wt%, still more preferably 60 to 90 wt%, structural
units derived from styrene and from 1 to 45 wt%, still more pfeferably 10to
40 wt%, structural units derived from acrylonitrile.

The amount of grafting that takes place between the rigid
thermoplastic phase and the rubber phase varies with the relative amount and
composition of the rubber phase. In a preferred embodiment, from 10 to 90
wt%, preferably from 25 to 60 wt%, of the rigid thermoplastic phase is
chemically grafted to the rubber phase and from 10 to 90 wt%, preferably

from 40 to 75 wt% of the rigid thermoplastic phase remains “free, i.e., non-
grafted.



chemcally grafted to the rubber phase and from 10 to 90 W% preferably
“from40 to 75 % of the rigid thernoplastic phase remains "free, i.e.,
non- grafted. -12- The rigid thernoplastic phase of the rubber nodified
thernoplastic resin may be forned: (i) solely by polynerization carried out
in the presence of the rubber phase or (ii) by addition of one or nore
separately polynerized rigid thernoplasi{4c polyners to a rigid

t her nopl astic pol ynmer that has been po?%eri zed in the presence of the
rubber phase. In a preferred embodi nent, the rubber nodified thernoplastic
resin conprises an rubber phase conprising a polyner having structural
units derived frthe rgil ﬂtemmpéastmrphagebéthdndrbemnodﬁedsthemdplauﬁcl onal ly,
further conprjsing struct its derived fromone or nore nononers

sel ect ed frrssmmﬁw beformg @)sﬁi&arrhnolmprmmm@dqsmmyh@pwm ed

navi ng st SCTF MoRR FR o G RABITRRGEShe b PRGREREREY Sebiebtrall Cry

vinyl aro [axtié l e&efdw SRirmopIasRS pil NOMEr S.
In a highly %‘referrag enbod mant theg%bber hase %k?%ﬁ% ru{) er rfégglfled
graft cqpolpoiymermeﬂrm&hep;ueambqbﬂﬂwhtﬂrberphaml y(styrene- butadi ene)
rubber and the rigid phase conprises a styrene-acrylonitrile copolyner.

Each of the pol W?r&ér&ﬂ%ﬁb&&iﬁeﬂ%%ﬁ%ﬂfo&ﬁ@dm&ﬁb 1&?&@%&35“0

resin phase of the tubber nodified therrmp astic resin na provi ded t hat

the Tlerr] dmnpnsesmmbhertpimseeemisu@apbt;&nahamglsﬁuadralmﬁmonal ly

include structural units derived Tromone or nore of her. copol ynerizable’
monoet hy| erflerived from ene prmareconmgated diene monomegs, andp Aptionglleni-cal | y

unsat urat e
%urther comprising structural units derived from one or more monomers

selected from vinyl aromatic monomers and monoethylenically unsaturated
nitrile monomers, and the rigid thermoplastic phase comprises a polymer
having structural units derived from one or more monomers selected from
vinyl aromatic monomers and monoethylenically unsaturated nitrile

monoimers.

In a highly preferred embodiment, the rubber phase.of the rubber
modified graft copolymer comprises a polybutadiene or poly(styrene-
butadiene) rubber and the rigid phase comprises a styrene-acrylomtrxle

copolymer.

Each of the polymers of the rubber phase and of the rigid thermoplastic
resin phase of the rubber modified thermoplastic resin may, provided that the
Tg limitation for the respective phase is satisfied, optionally include structural
units derived from one or more other copolymerizable monoethylenically -
unsaturated monomers such as, e.g., monoethylenically unsaturated
carboxylic acids such as, e.g., acrylic acid, methacrylic acid, itaconic acid,
hydroxy(Cq-Cq2)alkyl (meth)acrylate monomers such as, e.g., hydroxyethyl
methacrylate; (C4-Cj2)cycloalkyl (meth)acrylate monomers such as e.g.,
cyclohexyl methacrylate; (meth)acrylamide monomers such as e.g.,
acrylamide and methacrylanﬁde; maleimide monomers such as, e.g., N-alkyl



carboxylic acids such as, e.g., acrylic acid, nethacrylic acid, itaconic
*acid, hydroxy(derr]-Cerr])al kyl (meth)acryl ate nononers such as, e.g.,
hydr oxyet hyl nethacrylate; (Cerr]-Cerr])cycloal kyl (nmeth)acrylate
nononers such as e.g., cyclohexyl nethacrylate; (neth)acrylam de nononers
such as e.g., acrylam de and nmet hacryl am de; nal ei m de nononers such as,
e.g., N-alkyl -13- nual ei m des, N-arylg.nal ei m des, nal ei ¢ anhydri de,
vinyl esters such as, e.g., vinyl acetate and vinyl propionate. As used
herein, the term"((err]- (ferr])cycloal kyl” neans a cyclic alkyl

substltuent having from4 to 12 carbon_atons per group, and the term
" (et h) acrymgamesmf-@m;mdemdes.\malf anbydride, vinkkesiers sueh@ac®- g ani des.

In a preferred enbodi he r,ubber has f. n. i ed

t her mopl ast"i“%yqlagmeﬁﬁ ViR }Sl;ﬂqpé?‘éa 9‘8 ‘Oa"fet Q€4m croneters
("[err] m) o é.{q,h vind Gt 4

enbodi nment , cg%%% s?‘phon 0?9&1% i’g%lg%s'?i%ﬁ/ tion |nc udesl21atSGlz

f 1 uor opol ygafbori &todfls peDEithup énd)tli@deh-m T (ethjacdlannide” befersicdllectivelyol ymer
per 100 pbw of the thernopl astlc resin conposition, that is effective to
provi de antto-adrylamidepand methaerylamidessi n conposition. Suitable

fl uoropol yners and net hods for maki ng such fl uoropol yners are known, see,
e.g., US Patent INeSpreferréd efitbodimens, théubber phasofGabbetmadified

fl uor opol yners incl ude honopol ynmers and cop mers that conprise structural
uni ts deri \thdrrhoplastmeesmfmm@dfhﬂlﬂsmofaﬁop‘bgﬂ]to&mwomt@?&(r BmM%he term
"fluorinated [err]-olefin mnoner” neans an [err]-ol efin nononer that

i ncl udes atmpespreferably fesn ORctoAB M ubsti t uent. Suitabl e fluori nat ed

a-ol efin nononers include, e.g., fluoroethylenes such as, e.g.,
CFlerr] =CF[err] Iﬁfpf&f{aa'ed]embodunent, the composition of the present invention

CH err] CF[err] ] =CHF, CCl F= err 1., F=CCl F, CHF=CC] e
rr], CH errinckud aafi@o TOpOlYINEEdRap %ﬂﬁuh % Mﬁﬁ’iﬂ“&ﬁé@ ﬁ%} PRY o' g,
CFferr] CF= qlﬂloroﬂolymer per 100 pbw of the thermoplastic resin composition, that is’

effective to provide anti-drip properties to the resin composition. Suitable

fluoropolymers and methods for making such fluoropolymers are known,
see, e.g., U.S Patent Nos. 3,671,487, 3,723,373 and 3,383,092. Suitable
fluoropolymers include homopolymers and copolymers that coinprise
structural units derived from one or more fluorinated a-olefin monomers. |
The term “fluorinated a-olefin monomer” means an a-olefin monomer that
includes at least one fluorine atom substituent. Suitable fluorinated a-olefin
monomers include, e.g., ﬂuoroethjlenes such as, e.g., CF2=CF,, CHF=CF,
CHy=CF», CHz=CHF, CCIF=CF, CCla=CF, CCIF=CCIF, CHF=CCl;,
CH,=CCIF, and CClo=CCIF and fluoropropylenes such as, e.g., CEzCF=CE;
CF3;CF=CHF, CFsCH=CF,, CFsCH=CH_, CFsCF=CHF, CHF.CH=CHEF and -
CF:CH=CHoa. In a preferred embodiment, the fluorinated a-olefin monomer
is one or more of tetrafluoroethylene (CF2=CF2), chlorotrichloroethylene
(CCIF=CF,), vinylidene fluoride (CHz=CFz)' and hexafluoropropylene
(CF2=CECFs).



CFlerr] CF=CHF, CF[ err| CH=CF[ err],CF[err]CH=CH err], CF[ err] CF=CHF, CHF[ err ] CH
*CHF and CF[err]CH=CH err].In a preferred enbodi nent, the fluorinated

a-ol efin nmonormer is one or nore of tetrafl uoroethyl ene
(CF[err]=CF[err]),chlorotrichl oroethyl ene (CCl F=CF[err]), vinylidene
fluoride (CH err]=CF[err]) and hexafl uoropropylene (CF[err]=CFCF[err]).
-14- Suitable fluorinated a-ol efin honggal yners include e.g., poly(tetra-
fl uoroet hyl ene), pol y(hexafl uoroethylene). Suitable fluorinated a-olefin
copol ynmers include copol yners conprising structural uni ts derived fromtwo
or nore fluorinated {err] ol efin copol yners_ such as, -

pol y(tetrafl uor Smthb aaﬁlmommmq:oleémm@ﬁe}ymmbm%epgly&mi si ng
structural unlts d ed om gne or. npr e fluorinated nmonomers and one or
nor e no_n-f %?R}x HPE%ﬁth¥e&9)5atur ated nononers that are

copol yreri zabl e W|th the fluorinat ed nononers such as, e.g.,

pol y(tetrafl uor Qéé!d ﬁ%ﬂcﬂ mﬁaggé lvaidrk abl e

non-f | uori nat ed % %eﬂﬁ?ﬁ Nl ca y unsatur gﬁ'}eégnononers | hcl ude e.g.,
[err]-ol eficg %&u%ﬁﬁial afiits Befived Fidti tairor Mbpe flueritatud anﬂeﬁﬁc rylate
nononers such "as e-g., nethyl nethacrylate, butyl acryl ate, vi n; et hers,

such as, e.copolym ei'sdueh)ds mgl,ypoly(thu'aﬂuemgthylmmh roe vlangd ny|

ether, vinyl esters such as, e.g., vin ceta Vi n versat ate. In a
preferred SOPOlHErR: COMPEising, Fﬂﬁbﬁ/‘tsp@ Y 1@’?8?? QrF‘?P‘?l ze from50 to

enbodi ront IR eﬂ@%ﬁ%@%@%@%ﬁ*ﬁ&% HRpRnAt A BE AL RERLY o

("PTFE"). %ﬂ%?ux‘i’té&ﬁ{oddiﬁ&rs&ﬁﬁ?iﬂe eﬁh&lﬁl@%ﬁhm@ﬂubfﬁ\atai

t hernopl astic resin conposition tend to be difficult, it is preferred that

the fl uor ombnomerbsuq:h as, et cpoly (tetrafluoneethylenerethy. lemespropylene) pol ynrer
such as for, exanple,
copolymers. Suxtable non-fluorinated monoethylenically unsaturated

monomers include e.g., a-olefin monomers such as, e.g., ethylene, propylene
butene, acrylate monomers such as e.g., methyl methacrylate, butyl acrylate,
vinyl ethers, such as, e.g., cyclohexyl vinyl ether,_ethyl vinyl ether, n-butyl

vinyl ether, vinyl esters such as, e.g., vinyl acetate, vinyl versatate.

In a preferred embodiment, the fluoropolymer particles range in size

from 50 to 500 nm, as measured by electron microscopy.

In a highly preferred embodiment , the fluoropolymer is a
poly(tetrafluoroethylene) homopolymer (“PTFE").

Since direct incorporation of a fluoropolymer into a thermoplastic resin
composition tends to be difficult, it is preferred that the fluoropolymer be pre-
blended in some manner with a second polymer, such as for, example, an
aromatic polycarbonate resin or a styrene-acrylonitrile resin. For example, an
aqueous dispersion of 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



aromati c pol ycarbonate resin or a styrene-acrylonitrile resin. For exanple,
“an aqueous dispersion of fluoropolyner and a pol ycarbonate resin may be
steam precipitated to forma fluoropolymer concentrate for use as a drip

i nhi bitor additive in thernoplastic resin conposition, as disclosed in ,for
exanple, U S. Patent No. 5,521,230, or, alternatively, an aqueous
styrene-acrylonitrile resin emnul sion orjgan aqueous
acrylonitril e-butadi ene-styrene resin emnul sion and -15- then
precipitating and drying the co-coagul ated fluoropolynmer -thernoplastic

re5|][1 conpgosi tlggerclzug; ?;kg;é)%ll{lg a, PT%#@%@%#@@M&ES n Mer as dlchosed
in, for ex ﬁsyuts t he
60 vt o4 o "eoim CpRigkistfosf BTBFOVIAR TR iprhibrlastly ki BBk 8 Bl 1o

60 wt % of j& t‘fgrg%amb QPSBF’S‘FéntNG £5p,946¢ red enbodi ment, a fluoropol ymer
additive is nmade by enul’sion polynerization of one or nore

nonoet hyl eni cal In apreférrediembodiment; ithe fluordpolyneradiditivé comprisgsieous
fl uor opol yner dispersion of the resent | nvent Jon to forma Second pol yrrer

in the preémadide 79mt%merw€ﬁfwéwly Q8o 6AnYtce.nsithe finprepelymenand

br et pi ¢ at SPII05 70.0i%, fof pRSERHy AT 60 VR Bt ik BhpriLbOie, | ¢
dewatered, e.g. [nRyprefétréd bnibdidigient, W Gué 1ﬁhteedda&ufaswdébgorop0'yﬁer

addi tive that conpri ses fluoropolymer and an "associ ated second Ppol ynmer. The

dry enul si emyisioppolymetiation afjorieoramoreltidrioethylenically ntisaturatedf a
free-flowi ng powder. In a preferred enbodi gent, the nopnoet hyl en| cally
unsat ur at e NGRBEES in thepresenceofthe aqueons fuesapalymes dispensionof $he ond

pol ynmer co. rls one .or oner | ect.e fromwn aromatic

nonomer s, % WYW%F{”WH@ ﬁf‘tﬁ’ggéle Y %hﬁbe

(CLerr]-C gnidrbpbliither. Suitable monoethylenically unsaturated monomers are
disclosed above. The emulsion is then precipitated, e.g., by addition of

sulfuric acid. The precipitate is dewatered, e.g., by centrifugation, and then
dried to form a fluoropolymer additive that comprises fluoropolymer and an
associated second polymer. The dry emulsion polymerized fluoropolymer
additive is in the form of a free-flowing powder.

In a preferred embodiment, the monoethylenically unsaturated
monomers that are emulsion polymerized to form the second polymer
comprise one or more monomers selected from vinyl aromatic monomers,
monoethylenically unsaturated nitrile monomer and (C1-Cqp92)alkyl
(meth)acrylate monomers. Suitable vinyl aromatic monomers,
monoethylenically unsaturated nitrile monomer and (C1-Cqp2)alkyl
(meth)acrylate monomers are disclosed above.

In a highly preferred embodiment, the second polymer comprises
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 acrylonitrile.



(meth)acryl ate nononers. Suitable vinyl aromatic nononers,
“nmonoet hyl eni cal ly unsaturated nitrile nonomer and (Clerr]-Clerr])alkyl
(meth)acryl ate nononmers are disclosed above. In a highly preferred

enbodi ment, the second pol yner conprises structural units derived from
styrene and acrylonitrile. Mre preferably, the second pol yner conprises
from60 to 90 wt % structural units dertged fromstyrene and from 10 to 40
Wt % structural units derived fromacrylonitrile. -16- The enul sion

pol ymeri zation reaction m xture may optionally include ermulsified or

di spersed particles of .a third pol yner uch a e.q. n equlsified

but gdi ene IroubbeThq! ﬁ’{'ﬂébls.mmwl)é‘ﬁ‘ﬁ"?ﬁéﬂnﬁ%&??&t“%ﬁ%ﬂ%&? % E‘ci"rffet i at ed
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such as, eofiulsifiéd Batddich@pibberiiaéer. an azonitrile conpound such as, e.g.,
2,2[err]-azobis-2,3,3-trinethyl butyronitrile, or a redox initiator system

such as, e.g., Theemiilsiohipolynierizationgeastidroisdnitiated usingra corventional e,
t et rasodi um pyrophosphate and a reduci ng sugar qr, sodi um for mal dehyde
sul f oxyl at free radical initiator sueh agGedt aQ esﬁmag egoxjde cg f‘-q%t 83 fBy al kyl

d h | - a3 ,
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reaction tgn n%iéﬂ&ﬁlé é&ﬂgahﬁa!shan a¥ed. g hp, 20k z6bis-53; 8 arichathy lbyroritrile,

preferred enbodi nent, chain transfer agent is used. .In a preferred
enbodi ment or hlredex hiitiatoresystem surhaisy engy, adiambingtion of cunteeged to a
reaction vessel and heated with stirrin The injtiator Sﬁ%ﬁe and the one

or nore nohydrogeroxidesferyounsuifateqtelias Rupdyrophesy g g t he
reaction V‘E&éaer' of SEHilG fo%gnatlaeﬂ}%é( E‘B%)Zﬁafehe monorers in the

A chain transfer agent such as, e.g., a (Cs-C13) alkyl mercaptan

compound such as nonyl mercaptan, t-dodecyl mercaptan, may, optionally,
be added to the reaction vessel during the polymerization reéction to reduce
the molecular weight of the second polymer. In a preferred embodiment, no
chain transfer agent is used. |
In a preferred embodiment, the stabilized fluoropolymer dispersion is
chargedtoa reaction vessel and heated with stirring. The initiator system
and the one or more monoethylenicaliy unsaturated monomers are then
charged to the reaction vessel and heated to polymerize the monomers in the
presence of the fluoropolymer particles of the dispersion to thereby form the
second polymer. _
Suitable fluoropolymer additives and emulsion polymerization
' methods are disclosed in EP 0 739 914 Al.
In a preferred embodiment, the second polymer exhibits a weight
average molecular weight of from about 10,000 to about 200,000 g/mol.
Organophosphorus compounds suitable as the organophosphorus
flame retardant of the present invention are known compounds including
monophosphate esters such as, for example, triphenyl phosphate, tricrgsyl
phosphate, tritolyl phosphate, diphenyl tricresylphosphate, phenyl



presence of the fluoropolynmer particles of the dispersion to thereby form
“the second polyner. Suitable fluoropolyner additives and emnul sion

pol ymeri zati on methods are disclosed in EP 0 739 914 Al. In a preferred
enbodi ment, the second pol yner exhibits a wei ght average nol ecul ar wei ght
of from about 10,000 to about 200,000 g/ nmol. O ganophosphorus conpounds

sui tabl e as the organophosphorus flane_q#etardant of the present invention
are ‘known conpounds i ncl udi ng nonophosphate esters such as, for exanple,
tri phenyl phosphate, tricresyl phosphate, tritolyl phosphate, diphenyl
tricresyl phosphate, phenyl -17- bi sdodecyl phosphate, ethyl diphenyl
phosphat e, lmsr{ Mlpgowmﬁhﬂﬁp&nﬁkphmfiﬁmmdmms such _ as,

for exanple, resorcinol diphosphate, diphepyl hydrogen phosphate,

2- et hyl hexfﬁ@?ﬁ?@@bﬁom‘?ﬁ%%%%bla@ i PrcreH ‘ﬂate conpounds
are set forg:h ] &l Mﬁ?"“% yugge gﬁ‘%“ ohannes C.
Cossens et ‘{Aﬁh#%?&gé"sﬁggggﬁglr X {rlm [ ng'%?e?l t|c§§§¥%‘%reglona-te, Styrene
Cont ai ni ngﬁa&ghx{é?&ﬁfwl@aiﬁméﬁc@m Hawc indd areseRéorthdnt, Articles
Formed Therefront, the disclosure of ich is hereby incorporated herein by

r ;af eLence. coassigned [ ES.[RatentiNutiber 5,672,645, tohzlmmnag‘pﬁgsamma&ﬁo; at ar dant
t [ ti [ di h

T il

o Calkyl PRI anl /A Cragh Copcly B i £ e RelafdaHE AadclaFathdd Nl ©

Therefrom”, the disclosure of which is hereby incorporated herein by

reference. _

In a preferred embodimenit, the organophosphorus flame retardant of
the present invention comprises one or more compounds according to the
structural formula (VI):

i - T
R— (O)— P—O X —0 —P—(O)d—l—R4
a | | 40

O
© o
Rz R3

(VD
wherein Ry, Rz, Rs and Ry are each independently aryl, which may be

optionally substituted with halo or alkyl,
X is arylene, optionally substituted with halo or alkyl,
a, b, c and d are each independently 0 or 1, and
nisan integer of from 0 to 5, more preferably from 1 to 5.

As used herein, aryl means a monovalent radical containing one or
more aromatic rings per radical, which, in the case wherein the radical
contains two or more rings, may be fused rings and which may optionally be
substituted on the one or more aromatic rings with one or more alkyl groups,
each preferably (Ci-Cs)alkyl.

As used herein, arylene means a divalent radical containing one or
more aromatic rings per radical, which may optionally be substituted on the



a, b, c and d are each independently O or 1, and nis an integer of fromO
“to 5, nore preferably from1l to- 5. As used herein, aryl neans a nonoval ent
radi cal containing one or nore aromatic rings per radical, which, in the
case wherein the radical contains two or nore rings, may be fused rings and
whi ch may optionally be substituted on the one or nore aromatic rings with
one or nore al kyl groups, each preferalllgy (Clerr]-(err])al kyl. As used
herein, arylene neans a dival ent radical containing one or nore aromatic
rings per radical, which may optionally be substituted on the one or

(Qerr] °&aéh€p;£3€ga“r“a%‘pt€&‘§e§§m”%e Corthoud kol o eabh pEelerP adi ca d
t t

byfm lﬁbﬁ‘aaﬁéyfm\g&@» oy Bl a3 QlreBRE G | Gone.

\?\An%/hoa ha: gpgroup $ g?hgi’err kfl)l gr(rgﬁp *%aaﬁlegh y@fs?gﬁalrfe(rjl "

enbodi nent ardipatic linkages, |shchE{; &wéxampleﬂmaﬂqylme atkylidenecany of whith c and

d are each 1 and X is ohe | ene, nore preferably 1, 3- pheny] ene.. I n an
al t er nat i vanay besybstituted eebEOrasites onthe aromatic éﬂ"]‘%?r] Rlerr]

and R err] are ea c and d are each 1 and X is a di vaI ent
radi cal ac&?ﬂpﬁﬁi&b&%ﬁﬂg’iﬂw’ural forrrul a (M1): [err] In preferred
enbodi ment, the ] SnibHiR n | f
organophosphorus ﬁqﬁm& each accor ng to %?snﬁ%a\i/@)éa&mﬁh&yngn IS,
i ndependenty, ¥ ahdrd gféachi 1 Wm;m&nytﬁmgmorélmefei:ably 1B-phdnyleaicei n t he

bl end of ollgoners has an average n of fromgreater than 1 to less than 5,
nore pref erabl y lrasealternative hig yprgfg'r%gmbg iragat emhodiment.dfia BeaRyr eat er

than 1 to | es('ISR} Qraeneach pi}elnlyi a b, eaRcri%f aerreaeba 148i%is 4 cfivalenz tadical
according to the structural formula (VII): '

—O—ﬁ—Q—

C

(VD)

In preferred en.xbodiment, the organophosphorus flame retardant
comprises a blend of organophosphorus oligomers, each according to formula
(VI), wherein n is, independently for each oligomer, an integer from 1 to 5 and
wherein the blend of oligomers has an average n of from 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, still more preferably from 1.2 to 1.7.

The thermoplastic resin composition of the present invention may
optionally also contain various conventional additives, such as antioxidants,
such as, e.g., organophosphites, e.g., tris(nonyl-phenyl)phosphite, (2/4,6-tri-
tert-butylphenyl)(2-butyl-2-ethyl-1,3-propanediol)phosphite, bis(24-di-t-
butylphenyl)pentaerythritol diphosphite or distearyl pentaerythritol
diphosphite, as well as alkylated monophenols, polyphenols, alkylated
reaction products of polyphenols with dienes, such as, e.g., butylated reaction

products of para-cresol and dicyclopentadiene,.alkylated hydroquinones,



The thernoplastic resin conposition of the present invention may optionally
"al so contain various conventional additives, such as antioxidants, such as,
e.g., organophosphites, e.g., tris(nonyl-phenyl)phosphite, (2,4,6-tri-
tert-butyl phenyl) (2-butyl-2-ethyl-1, 3-propanedi ol ) phosphite, bis(2,4-di-t-
but yl phenyl ) pentaerythritol diphosphite or distearyl pentaerythritol

di phosphite, as well as al kyl ated nonapleenol s, pol yphenol s, al kyl at ed
reaction products of polyphenols with dienes, such as, e.g., butylated
reacti on products of para-cresol and dicycl opentadi ene, al kyl ated

[ i odi I h L kyli - bi sph I
Bgﬁ;;ﬂuggﬁ&eﬁ, ,lahydioxi/ilggt ed tpll%c'il @h ) ngftislfl{esdols?be%l\zylrldc%r_rlgpgﬁrsxdps,eno S,
bet a- (3, 5- gjit &f:4 =4 hydr el ORI 0N ' it monohydric or
bl oy TR B P A NS s

utyl -4a-ny A& ASSHAhy O dfic@lodHdls, &8t -(Sltert-
pol yhydri cgg?)%ighol S, est]grs ofﬁ}i)et a- (g(-ﬂ?g?’t - butyl - 4- hydro?éy!-.)é:z%t‘-a ttﬁ§/t| phenyl)
propi oni ¢ batyl-4hytroxyd-methyiplyényd)-propibnirterid withs merohytirictoroal kyl or
t hi oaryl conpaqunds, such as, e | stearyl t hj gpr opi onat e

o 7 Rl Eradt i S b nbeomnd 2.
o 11 BogtiicRIR el LU oo iliftiasnles
benzoi ¢ amWWﬁ'g?g%asﬁ%angéggﬁﬁﬁé sterical ly hindered
2. 401 chl o1 06 4 orphol I VI L L 3. - iriazinG i ih & ol gver of 1
6- di ami ne, tegt %IB'FQPXEPhQOI)tPf@@&CrMWIah@ﬂ?%’éﬁﬂdé t) hexane;

! il . . BpTacE a@ne
Croarate.  mpRres SeRREE, U2 R BokypRRRPG Tt Boftitbles, AP S ot s
such as, e bingoShdddiftsefti) ebtert of sdbdiicara iﬂ&awubﬁaﬁmba{ﬁééacgiagﬁ(abi te,

cal ci um car bona talc, ‘mca; and other additives such as,

| ubri cant s asrylatess(ivinigkel qrnpeangs;isterfcallythindersdeamirtes such as, e.g.
triisopropanol amine or the reaction product of 2,4-dichloro-6-(4-
morpholinyl)-1, 3, 5-triazine with a polymer of 1, 6-diamine, N, N'-Bis(-2, 2, 4,

=

6-tetramethyl-4-piperidenyl) hexane; neutralizers such as magnesium

 stearate, magnesium oxide, zinc oxide, zinc stearate, hydrotalcite; impact
modifiers; fillers and reinforcing agents, such as, e.g., silicates, TiO», glass
fibers, carbon black, graphite, calcium carbonate, talc, mica; and other
additives such as, e.g,., lubricants such as, e.g., pentaerythritol tetrastearate,
EBS wax, silicone fluids, plasticizers, optical brighteners, pigments, dyes,
colorants, flameproofing agents; anti-static agents; and blowing agents, as
well as other flame retardants in addition to the above-disclosed

organophosphorus flame retardant and fluoropolymer.

The thermoplastic resin composition of the present invention is made

- by combining and mixing the components of the composition of the present
invention under conditions suitable for the formation of a blend of the

components, such as for example, by mel't mixing using, for example, a two-

roll mill, a Banbury mixer or a single screw or twin-screw extruder, and,



EBS wax, silicone fluids, plasticizers, optical brighteners, pignents,
“dyes, .col orants, flanmeproofing agents; anti-static agents; and bl owi ng
agents, as well as other flanme retardants in addition to the
above-di scl osed organophosphorus flane retardant and fl uoropol ynmer. The

t hernopl astic resin conposition of the present invention is nmade by

combi ning and m xi ng the conponents of _jdle conposition of the present

i nvention under conditions suitable for the formation of a blend of the
conponents, such as for exanple, by nelt m xing using, for exanple, a two-
roll mll, a Banbury m xer or a single screw or twi n-screw extruder, and,

-20- opti omtiqnallwhﬂmrr m@ﬂzer@mmbgmspmgd to patticulateform, eg.at e
form e.g. | l.etiziny rindin ecorrp05|t|on The thernoplastic
resin compddi g?lgﬁ"zd? 3\‘@%& e %? R can be nolded into useful shaped
articles by a varjety of means such as injection nolding, extrusion,
rotational nol diFhag thermoplastie |rﬁgmqmpmmnpéthspgeseatmmmqam& such

2 s BBl B s B VA BE o LR e REMRORRL 11°Cs,
Beanp s Q29 ﬁ‘“@%%’%ﬁ%&%ﬂ“‘ﬁg‘“@? A T T

bel ow-i n t herinearticlessuehiag)for ekample, o mﬁ&ﬁdndhﬁﬁfefssn’mchmnbﬁémggt forth
in TABLES | and V. The relative anount of butadi ene contained in each of

t he corrposihdimngppham%mpl es 1-3 and Conparative Exanples CJerr]-Cferr],
expressed as a weight percent, is also noted in TABLE |I. The cofnponents
used in t heExdmplosdlfahd ComparativerBamples C1-Gére as fol | ows: PC

Li near pol ycar bonate resin derived from bi sphenol A, phosgene
The thermoplastic resin compositions of Examples 1-5 of the present

invention and of Comparative Examples C1-C4 were each made by
combining the componenis described below in the relative amounts (each
expressed in parts by weight) set forth in TABLES I and V. The relative
amount of butadiene contained in each of the compositions of Examples 1-3
and Comparative Examples C1-C3, expressed as a weight percent, is also
noted in TABLE I. The components used in the thermoplastic resin

compositions were as follows:

PC: Linear polycarbonate resin derived from bisphenol A, phosgene
and having an intrinsic viscosity of about 53 milliliters per gram
in methylene chloride at 25°C.

ABS-1: Emulsion polymerized acrylonitrile-butadiene-styrene graft

copolymer comprising 50 wt% of a discontinuous polybutadiene
rubber phase and 50 wt% of a rigid styrene-acrylonitrile
thermoplastic phase (copolymer of 75 wt% styrene and 25 wt%

acrylonitrile);
ABS-2: Mass polymerized acrylonitrile-butadiene-styrene graft
copolymer (SANTAC AT-05, Mitsui Chemical Industries, Ltd.);
ABS-3 Mass polymerized acrylonitrile-butadiene-styrene graft

copolymer comprising 11 wt% rubber (30 wt% styrene/70 wt%



‘and having an intrinsic viscosity of about 53.mlliliters per gramin

“met hyl ene chloride at 25[err]C. ABS-1: Emul si on pol yneri zed
acrylonitrile-butadi ene-styrene graft copol ymer conprising 50 wt% of a

di sconti nuous pol ybut adi ene rubber phase.and 50 wt%of a rigid
styrene-acrylonitrile thernoplastic phase (copolyner of 75 wt % styrene and
25 wt% acrylonitrile); ABS-2: . Mass-2flel yneri zed

acrylonitrile-butadi ene-styrene graft copol ymer (SANTAC AT- B, M tsui

Chem cal Industries, Ltd. ) ABS- 3 Mass pol yneri zed

(30 w96 St yr enol 70 REGHHISNS JEVingR FRetE it oh ahpid tin g €9 Y% of 2o
acryloni 11110). Sant copSlyrieMREEBtERELIS MR ACFRRIATEL' s oo

acryl oni tBAN2. TSANCo olyméddfﬁ“&%ﬁ?ﬁeﬁé’m@%%&@dﬂtﬁkyrene and
acryl Onltl’l le in the presence of an aqueous di sperS| on of PTFE (50 pbw

PTIdE255\(I)Vt ) fla S hyemaqebymop@lymmR Bshpene cnyhg:}trﬂem% styrene
an % acr Onl e esQrcCi

(1Fyr of | ex][ (Zar r r{ E%?eﬂ:%ﬂf %Pﬂﬁ‘eo%@éee’fm@}o?pmﬂ (@pb&l ﬁﬁ?(lgoﬂ

64.27  59.27 ABS- %ba%fasmﬂe'g“ﬂ&“&%e ?p‘ﬁf “ﬁ% .cg'é“a%“%% Wtk o

1 3653_- 2 186 - styrene and 25 wt% acrylomtnle), 25 3203AN
10 RDP R;:sorcmol dlpbosphate (Eyroflex'l'M RDP Akzo Chemicals).
TABLEI
c1 c2 3 1 2 3
PC - 7127 64.27 59.27 7127 64.27 59.27
ABS-1 4.6 6.4 7.68 - - -
ABS-2 - - - 18 25 30
SAN 134 18.6 22.32 - - -
RDP 10 10 10 10 10 10
TSAN 0.5 0.5 0.5 0.5 0.5 0.5
Additives 0.23 0.23 0.23 0.23 0.23 0.23
Butadiene _
content (wt%) 23 32 3.84 23 3.2 3.84

As shown in TABLE I, each of the compositions of Comparative
Examples C1-C3 is analogous to a respective one of the compositions of
Examples 1-3, except that in the compositions of Comparative Examples Cl;
C3, an amount of emulsion polymerized ABS resin effective to provide an
equivalent rubber content was substituted for the mass polymerized lABS
resin used in the analogous one of thé composition of Examples 1-3.

In a series of runs, the components wére blended in a twin screw
extruder us'ing a temperature profile of from 230 to 260°C to form the
respective compositions of Examples 1-3 and Comparative Examples C1-C3.



TSAN 0.5 0.5 0. 5. 0.5 - 0.5 0.
“Additives 0.23 0.23 0.23 0.23 0.23 0.
But.adi ene content (W % 2.3 3.2 3.84 2.3 3.
3.84 As shown in TABLE I, each of the conpositions of Conparative Exanpl es
Cerr]-Cerr] is analogous to a respective one of the conpositions of
Exanpl es 1-3, except that in the conpospbions of Conparative Exanples Cl-
C3, an anount of enul sion polynerized ABS resin effective to provide an
equi val ent rubber content was substituted for the mass pol ynerized ABS
resin used in the anal ogous one of the conposition of Exanples 1-3. In a

series of rThecompositinnsovere thenextrusled inteistrands, chrpped inty pslletsiand usi ng
a tenperature profile of. from230 to 260[err tqQ formthe respective
conposi tion m&bﬁﬁﬁgléfﬁtoatﬁmmﬁ‘eﬁl éfaﬂiﬂs@we{gw %&%%2 The
conpositions wer H&%{. yeayale] | lLlets and t hen
I nj ection nol ded%%%rsﬁﬁ és sgggﬁﬁ%ﬁéﬁﬁéﬁﬁgyggﬁgﬁf?@%ﬁ a{'n(;asti ng. The
physi cal pr QeefipirasiveExafitpleoMaS3 Wepd meabufedapiotiowss. Meltdldwindesat i ve
Exanpl es C1-C3 were neasured as follows. Melt flow index ("MFI") was

nmeasur ed at (‘MPI'§rwismeasuredat 500 usinga 216 kilogram weight.vMealbeiscosity’ MW/ )
was neasured at 500[err]F and at _shear tes of 100 [err]-[.err]. and 500

[err]-[err] (“M¥")dgvas megsured af SO0 EFand @l;s yates ok 1 yand 1, usiBEh ed
| zod i t st t d ' t 1) 5., t .l t
nggg'g?ﬁag,agin@%gﬂ” ; @“tﬁétfﬁ%?ﬁéﬁ?&%%ﬁjﬁ%l ﬁfﬁiﬁ%%ﬁa@ﬁ%ﬁ@%&% by

: i nc S hbasuled Sic! pIer) agigredr di n
to ASTM m3$at a cross%hﬁ(gréﬁﬁgg@ee of 2.0 i nch&%@?ﬁﬁrﬁftﬁ?ﬁl exur al ]
strengt h andecordinhg to ASTM D3768 (asingddachiidiameter ATV 2ich diskd). Tlensibe t i on

tenperature was nmeasured at, 264 pounds per square inch on_unanneal ed 0.125
i nch thick wstengthand elongation were measured according to ASTM D638 at a cross

5
23
2

head speed of 2.0 inches per minute. Flexural strength and modulus were
measured according to ASTM D790. Heat distortion temperature was
measured at 264 pounds per square inch on unannealed 0.125 inch thick test
specimens according to ASTM D648. The flame retardant properties of the

- compositions were measured 'according to UL94 V-0.

Results of the testing are set forth below for Examples 1-3 and
Comparative Example C1-C3 in TABLE II as follows: MFI, expressed in grams
per 10 minutes (“g/10 min.”), MV at 500°F and 100 s't and 500 s}, expressed in
Poise, notched Izod impact strength at 23°C, expressed in foot-pounds per '
inch (“ft-Ib/in”), dart impact at -23°C , 0°C and -20°C, expressed in foot-
pounds (“ft-1b”), and noting the percentage of specimens that exhibited a
ductile fracture (“% ductile”), tensile strength at yield, flexural strength and_
flexural modulus, each expressed in kilopounds per square inch (“kpsi®),
elongation at break, expressed as a percentage of original sample length
(“%"), heat distortion temperature, expressed in degrees Fahrenheit (”HDT; :
°F"), and UL94-V-0 rating (V-0 or V-1) for each of two groups of specimen of

each composition and average burn time, expressed in minutes (min.) for both

groups of specimens combined.



_speci mens according to ASTM D648. The fl ame retardant properties of the
conpositions were neasured according to UL94 V-0. Results of the testing
are set forth below for Exanples 1-3 and Conparative Exanple Cl-C3 in TABLE
Il as follows: M-I, expressed in grans per 10 minutes ("g/10 mn."),. MW/ at
500[err]F and 100 [err] and 500 [err], expressed in Poise, notched Izod
|npact strength at 23[err]C, expressedQBn f oot - pounds per inch
("ft-1b/in"), dart inpact at -23[err]C ,0[err]C and -20[err]C, expressed in
foot- pounds ("ft-1b"), and noting t he percentage of specinens that

exhibited a ductile fracture (" % duct Lll@%n;ensi |l e strength at yield,
fl exural strength and fl exural nodul us xpressed in kil opounds per

square i nctr(Rpst—), &l OngarTon g DI e eXPRsSSed fis a pey centage of
original sanple Iength ( %), heat distortion teénperature, éxpresSed in
degrees Faeii&oo° rTgr] F y73and 19.94- Voggrat i 1gjo (V- Qg% Vplg T or
each of two groups o speC| n of each conposition and average burn tine,
expressed Mvratlsggqs(ﬂdis(% ). for both groups of speci nens conbi ned -23-
TABLE Il C1 3 _MFl at _500[err

10 min.)
17.3 19.3 100s8 16.9 18. 5 8%04 Pt 50884 r8078poi gd %4%”1

8140 6597 8073 - 7166 3 3566
5237 4126 SEEL 3276 Notahoy A2 ?%’%é[erﬁbifb/.ﬂz%g[éﬁl} > 5375
6

I i _g N°t°§‘?§lz°d i/’i'?gd 4.18 fl20[12r ?] _(c):[ er_r] © | 1.6 1.16 1.1
2.0 2. 1(f-18/mn) | T
23°C | 18 25 23 119 134 156
0°cC 16 17 18 33 73 49
20°C 1.6 1.6 11 2.0 21 25
Dart Impact (ft-1b/ %ductile) _
7°C 492/ S04/ 456/ 46/ 435/ 412/
100 100 100 100 100 100
0°C ' 511/ 489/ 467/ 456/ 463/ 444/
100 100 100 100 100 100
-20°C 543/ 512/ 501/ 508/ 507/ 482/
100 100 60 80 100 100
Tensile Strength at yield
(kpsi) 105 103 101 9.7 94 91
Tensile Elongation at yield
(%) ' 2 12 1 1 1 "
Flexural Strength (kpsi) 16.2 159 15.8 15.0 146 14.4

Flexural modulus (kpsi) 4000 4000 3900 3800 3700 3400




‘Dart Inpact (ft-1b/ %luctile) 23[err]C . 49,2/ 50. 4/
“45.6/ 46/ 42.5/ 41.2/ 100 100 100 100 100 100 Of[err]C
51.1/ 48.9/ 46.7/ 45.6/ 46.3/ 44.4/ 100 100 100 100 100

100 -20[err]C . 54.3/ 51.2/ 50.1/ 50.8 50.7/ 48.2/ 100
100 60 80 100 100 Tensile Strength at yield (kpsi)

10.5 10.3 10.1 9.7 9.4 9.1.94nsile Elongation at yield (%

12 12 11 11 11 11 Flexural Strength (kpsi) 16.2

15.9 15.8 15.0 14.6 14 4 Fl exural nodul us (kpsi) 400.0 400.0
390.0 380.0 370.0 340.0 E | i
_ ‘FABLEAI‘Pk J u%%?ntl nued) Cl C2 c3 1

2 3 HDT ([err] F) 180 178 180 179

177 UL94 ~=O~-Set—+—t5 opcb; |||::||a) C1 V=t ‘v'-jl V3.L

Set 2 (5 speci rrens) V-0 V- f:z 6:3 , \/21 Ave.” t ot aI
burn, Set 2 () Z. 9 OZU’W 377 ; 36. 4
Each of tﬁb cmm tions of Exanp %55 1- 8each I bi tgg | rrprogved not ched

| zod i mpaq egyi@r mance while exhibiting a sim I ar nelt viscosity and nelt
flow index, conpared to the respective anal ogous conposition of Conparative
Exanpl es Cl- 88t 1 (®speciens) t he di M-brencéd in Nel ched/-l‘lrrpacN-berfoV-rlance
are indicative of dlfferent fract nodes, th S ched od

Set 2 (5 specimens) NG -1 -1 -E) \)f

Ave. total burn, Sets 1

and 2 (min.) 29 209 371 84 325 364

Each of the compositions of Examples 1-3 each exhibited improved
notched Izod impact performance while exhibiting a similar melt viscosity
and melt flow index, compared to the respective analogous composition of
Comparative Examples C1-C3. Generally, the differences in notched impact
performance are indicative of different fracture modes, that is notched Izod
impact values of greater than about 8 ft-Ib/in are indicative of a ductile
fracture mode, notched Izod im_paét values of greater than about 8 ft-lb/ in are
indicative of a brittle fracture mode and notched Izod impact values of from
about 5 to about 8 ft-Ib/in are iﬁdicative a transitional fracture mode, wherein
some samples exhibit brittle fracture and some samples exhibit ductile
fracture. The notched Izod values at 23°C therefore suggest that the
compositions of Examples 1-3 experience a different fracture mode, that is,
ductile fracture, than the compositions of Comparative Examples C1-C3,
which appear to undergo brittle fracture.

Samples of the compositions of Examples 1-3 and Comparative
Examples C1-C3 were aged at 63°C and 100% relative humidity (“RH"). The
MYV at 500°F and 100 s and 500 s and the notched Izod impact properties at
23°C were measured for specimens of each of the aged compositions,
according to the method disclosed above. Results are set forth in TABLE III ‘as
MV, expressed in Poise, and Notched Izod impact value, expressed in ft-Ib/in,



i npact val ues of greater than about 8 ft-Ib/in are indicative of a ductile
“fracture node, notched |zod inpact val ues of greater than about .8 ft-Ib/in
are indicative of a brittle fracture node and notched |zod inpact val ues of
fromabout 5 to about 8 ft-Ib/in are indicative a.transitional fracture
node, wherein sone sanples exhibit brittle fracture and sone sanpl es
exhibit ductile fracture. The notchee8-zod val ues at 23[err]C therefore
suggest that the conpositions of Exanples 1-3 experience a different
fracture node, that is, ductile fracture, than the conpositions of

Sanpl o She AL AGREIRsideny inlly I, RURGEY bl THERAALTE chinge B 102 (5
ver e ageafe S5 200 lé:?ex%gﬂedl&p&/géﬁeﬁ% bF thd MIV dakie thedddred atlhe OV at
500[err] F and 100 [er ] and 500 [err] and the notched |zod inpact

proper t i ¢SANV RR)8) islalsosetdorthdin TABLE 3H fopeachrefthexfompaditions.t he aged
conpositions, according to the nethod, disclosed above. Results are-set

forth in TABLE Il as M, expressed fFAB{aEJH and Notched |zod i npact
val ue, - ' ~r; i ' ' ~— 6
and 9 days. The relative change in leal u =90, express as a
percent QAN VE UE TEaSTRM at . = O (AW T "), 15 als0o sSet tortmtn
TABLE |1 IMVRtS0UER affer aeme b 836 i ons TaBLE 111 1 @ 3 1
2 3 A(\qpﬂmo 3 ¢6¢ ddsiddrice'tirA®i N9 at 63[err] C and 100% RH for residence
time "t" ol se) t=0 100 [err] ’ 8140 6597 5944 8073
7166 6493 (Boifse) err] 4270 3566 3237 4129 3611
3275 : :
t=0 .
100 s 8140 6597 5944 8073 7166 6493
500 s1 4270 3566 3237 4129 3611 3275
t=3days _
100 st 3759 3241 3014 4557 3925 3562
500 st 2311 1980 1822 2543 2163 1955
t =6 days |
100 s 3687 3014 " 2848 3987 3790 3490
500 s 2290 1864 1735 2398 2132 1941
t=9 days
100 s1 . 3417 2900 2703 - 4091 3407 3490
AMYV (%) 138 127 120 97 110 86
500 s1 : 2159 1814 1656 2381 1972 1972
AMV (%) | 98 97 95 73 83 66
Notched Izod Impact at 23°C after '
aging at 63°C and 100% RH for
residence time “t” (ft-1b/in)
t =3 days 15 1.7 1.7 8.6 99 10.7
t=6 days 1.5 1.6 16 7.6 9.7 - 105

t=9days 14 1.6 1.6 7.8 9.7 103




t =3 days 100 [err] 3759 3241 3014 4557 3925

*3562 500 [err] 2311 1980 1822 2543 2163 1955 t
= 6 days 100 [err] 3687 3014 2848 3987 3790

3490 500 [err] 2290 1864 1735 2398 . 2132 1941 t
= 9 days 100 [err] - 3417 2900 2703 4091 3407

3490 AW (% 138 -26v 120 97 110 86 500
[err] 2159 1814 1656. 2381 1972 1972 AW( %

9? 97 66 Notched Izod I npact at 23[err]C
after aging at e | =3
e ﬁééh bf Jh%f%g.fépas‘%q&g&k ERAmbfe/ 8 RifibiteMmproy phisidelidd) ! =

%- g 1 6Izod ﬂn;f‘act pe?fo@manc@ cBmparé@ t0 the Tespelfivé analogous composition 1.4

-26- Each of the COF&)SI'[IOI’IS of
Exanpl es loBCatﬂpalnahlexamphseﬁlmcEmﬂhofzthd compositiors éfdixaanples lebnpar ed

to the respective anal ous co Sltl n of Conparative npl es Cl1-C3. Each
of Ei he conﬁ’@flm?msﬁ W?‘é%?é lsmte%emrwgu s under
condi ti ons o e e

anal ogous e&gpﬁ%ﬁﬁs}%ﬁegﬂ%ﬁ%%%&@hggegkr?ﬂgg%;’he nor e

pronounced bﬁ&%‘ Jbsfd@%biaé pfshdiihdedcdrop iGhelt viseosity t he

Conparative I es WI I ncredsing residence tinme under the aging

condi ti OnSexﬂibﬁeddiymmpoéﬂwwbﬁﬁIeﬁmmrmmﬁxamlehmmamgxanpl es’
I's thought to _be the,result of a dro )
residence time under the aging condmons The decrease in MV value

exhibited by the Comparative Examples is thought to be the result of a drop
in the molecular weight of the aromatic polycarbonate resin due to hydrolysis
of the resin under the aging conditions.

The compositions of Examples 1-3 and Comparative Examples C1-C3
were subjected “normal” molding conditions wherein the compositions were
subjected to a processing temperature of 475°F for a cycle time of 32 seconds |
and to “abusive” molding conditions wherein the compositions were .
sub)'ected to a processing température of 530°F for a cycle time of 120 seconds.
The MFI and Notched Izod impact properties at 23°C and 0°C were measured
by the methods disclosed above for each of the compositions following the
abusive molding. Results are set forth below in TABLE IV as MFI and
Notched Izod impact values, expressed in ft-Ib/in. The relative change in
MFI after abusive molding, expressed as a percentage of the MFI value
measured after normal molding conditions (“AMFI (%)"), is also set forth in.

TABLE IV for each of the compositions.



in the nol ecul ar wei ght of the aromatic pol ycarbonate resin due to
“hydrolysis of the resin under the aging conditions. The conpositions. of
Exanpl es 1-3 and Conparative Exanples Cl1-C3 were subjected "normal" nol ding
conditions wherein the conpositions_were subjected to a processing
tenperature of 475[err]F for a cycle tine of 32 seconds and to "abusive"
nol di ng conditions wherein the conpositigns were subjected to a processing
tenperature of 530[err]F for a cycle time of 120 seconds. The MFI and

Not ched |zod inpact properties at 23[err]C and O[err]C were neasured by the
met hods di scl osed above for each of the tions follow ng the abusive
nol ding. Results are set forth bel ow iﬁr$- V as MFI and Notched | zod

i npact val ges—expressed—tmr—ftt=—tbrrm *Q—I—EWW
abusi ve nol di ng, expressed as a percentage o he | val ue r?reasur d after
nor mal nol dj Iy TerrJVFI (9 "), 1S also Set fortnh in TABCE | V-
for each of Mtﬁ;%@@ﬁp%@’@% %Ma -27- TABLEIV CL C3 1 2 3
MFI at 500[ eraNiSerhal“hPoldife)contiftiore " M4 di ngsgond.1ions2.7 1438 15 9.1
12.7 13.8 12.5 (475[err] E 32 s) "Abusive" nolding conditions (530[err]F,
120 s) (475°F,322).1 21.7 23 17,7 19.6 25.4 [err] Ml (%

42.6 38.2 152.7 39,4 42.0 103.2 Notched Izod I npact (ft-1b/in),
" Abusi ve" nol ‘dhbusivehmaldingcqrelitivasr | F, 120 s) 23[err]C

1.8/ 2.0/ 180 Tl 9.0/ 9.7/ 01 27 2B 177 196 254
AMEI (%) ' 26 382 1527 394 420 1032
Notched Izod Impact (ft-Ib/in),

“ Abusive” molding conditions

(530°F, 120 5)
23°C 18/ 20/ 18/ 70/ 90/ 9.7/
0°C 14 15 11 24 23 19

Each of the compositions of Examples 1-3 exhibited improved notched
Izod impact performance, compared to the respective analogous composition
of Comparative Examples C1-C3. The composition of the present invention
also provided improved stability, with the magnitude of the improvement

| increasing with increasing rubber content, as indicated by comparison of the

MFI results in TABLE IV. The increases in MFI are thought to be the result of
a decrease in the molecular weight of the aromatic polycarbonate resin due to
thermal degradation of the resin under the abusive molding conditions.
While the increases in MFI for Comparative Examples C1 and C2 do not
appear to differ markedly from those of Examples 1 and 2, the increase in MFI
following abusive molding exhibited by the composition of Comparative
Example C3 was much more pronouriced than that exhibited by Example 3.

Test specimens of the compositions of Examples 4 and 5 and
Comparative Example C4 were molded under “normal” molding conditions

wherein the compositions were exposed to a temperature of 475°F for a cycle



Oferr]C 1.4 1.5 1.1 2.4 2.3 1.9 Each of the
"conposi tions of Exanples 1-3 exhibited inproved notched |zod inpact
performance, conpared to the respective anal ogous conposition of
Conpar ati ve Exanples O -C3. The conposition of the present invention al so
provi ded i nproved stability, with the nmagnitude of the inprovenent
increasing Wi th increasing rubber contggt, as indicated by conparison of
the MFI results in TABLE IV. The increases in M-l are thought to be the
result of a decrease in the nolecular weight of the aromatic pol ycarbonate

resin due to thermal degradation of the resin under the abusive nolding
condi t i onstimeyefi120secondard yader rabusive’omolding-gonditienswherpeindhe1 and 2

do not appear to.differ nmarked fromthose o | es nd 2 e

or ease. | SoTRPSLEORS oVfTe SxRused (e hSPBRrREs ok S0 B0 crele HBe 8519 T on of
Conpar at i V?ef:'c:ﬁ‘i gpl e C3 was much nore pronounced than that exhibited by
Exanpl e 3.7 Test speci nens of the conpositions of Exanples 4 and 5 and
Conpar ati ve Exagpé@mniehs Wt the 66positiond Of Exagiples 4 afell Tand) tives .
wherein the conpositions were exposed to a tenperature of 475[err]F for a
cycle - ERamipler€4ofere2bjeetarhtisnobchied dzisd ithphctstestitig ab23fCgResulth t i ons
wherei n the conposjtions were exposed t tenperature of 530[err]F for a
cycl e ti nmeaxgset forthbelowdn TARLE gfc zod ipwact valuessxpressediias 4 and
5 and Corrp%[l%ti.ve Exanpl e C4 were subjected to notched |zod inpact testing
at 23[err]C é ults are set forth below in TABLE V as Notched |zod i npact

val ues, expr essSgedifndrs dflthé BompeStidtBYE Baniples 40§ Atd CoimplravRIP! o5 4

and 5 and Conparative Exanple wer e subjected to aging at [err] C and

100% RH. TEsastplé Gdnper subjected taagiagait 633Caind 1004 RH. cThe dartingpett i es of
t he aged sanples were each
performance at 23°C and tensile properties of the aged samples were each

measured according to the testing methods disclosed above. Results are set
forth in TABLE V as the percentage of specimens that exhibited a ductile
fracture in the dart impact testing, expressed as % ductile fracture, and
elongation at break, expressed as the percent retention of the elongation at

- break exhibited by thé composition at t = 0, at aging residence times of 1 week
and 6 weeks. o



‘nmeasured according to the testing nethods disclosed above. Results are set
*forth in TABLE V as the percentage of specinens that exhibited a ductile

fracture in the dart inpact testing, expressed as % ductile fracture, and
el ongati on at break, expressed as the percent retention of the el ongation
at break exhibited by the conposition at t =0, at aging residence tines of

1 week and 6 weeks. -29- TABLE V C4.29. 4 5 PC
73.43 64.77 64.77 ABS-1 : 6.5. - ABS-2
- 25 - ABS-3 - - 25 SAN
8. 84 - - RDP 9.5 9.5 9.5 TSAN
0.5 0.5 0.5 Additives TABLEV 1.23  0.23 0.23
Not ched 1zod | mmwm tions
(475[err]F, 120 s) 11. 3 13.5 13. 6 ™ Abusi ve" npl di ng
conditions (530FFrJF, 120 S) 2 R —4 Dart | npact
at 23[err]C afteprﬁagi ng at 63[err]C and 1000/’073;#%0364?2& dg%zz 100 100
100 time "t" (%ARSdile fracture) t=0 6.5 - -
ABS-2 | - 25 -
ABS-3 - - 25
SAN 8.84 - -
RDP ~ ° " 95 95 95
TSAN 05 05 05
Additives 1.23 0.23 0.23
Notched Izod Impact at 23°C
(ft-Ib/in)
“Normal” molding conditions
(475°F, 120 s) 113 - 135 13.6
“ Abusive” molding conditions
(530°F, 120 s) 2.5 10.5 114

Dart Impact at 23°C after aging at
63°C and 100% RH for residence 100 100 100
time “t” (% ductile fracture)

t=0
- t=1 week 100 100 100
t = 6 weeks | | 60 100 100

Elongation at break after aging at

63°C and 100% RH for residence

time “t“ (% retention)
t=1 week 39 49 45
t =6 weeks 8 23 30




t=1 week 100 100 100 t6 weeks

"60 100 100 El ongation at break after aging at 63[err]C and 100% RH
for residence time "t" (%retention) t=1 week 39
49 45 t 6 weeks 8 23 30 -30- As shown

by the results in TABLE V, the conpositions of Exanples 4 and 5 each
exh| blted i mproved notched |zod inpactggerformance after nol ding under the
"abusi ve" nol di ng conditions, corrpared to that of the conposition of
Conpar ative Exanple C4. The notched I'zod | npact performance of conposition

of Conparative Exanple C4 nol ded under_"abusive" was dran? i cally | ower
than the perf or Asshewst by the results in FABLE Vo thecampasitions o Wiesd

o the. * abbas oeach B aeAet BA o RS LR e Bt aleF o2 ana 5

each exhi b&@ﬂq@@fé@mﬁﬁd%hs Mold gﬁgé&&m& &rhBarediohat Beige

condi tions eat an hum y conditions, conpared to that of

the conposiémpositior(efhDomparativéEcample C4. Tﬁbmatdiedlmdlmpamt of test
speci mens of the conposition of Conparative Exarrp e C4 that exhibited -a
ductil e fr petformamcelof sompositiontof Comparativeexa Iap molded sangler agi ng,

oot 1o f v BBunier s nPuachly SONBE Bla oo r@%ﬁ%@??ﬁﬁﬁsf’o?xﬁkiﬁgsa

4 and 5 ea “ i after
agi ng unde?&ggﬁg @%ﬁglo@hﬁ&@ ﬁﬁﬂat&gngi?ﬁm%ﬂ%g gﬁéﬁgﬁg]ﬁ npar ed
to that of Exaghplesnandts wereless sensitive to the “abusive” molding conditions.

The compositions of Examples 4 and 5 each exhibited improved dart

impact performance after aging under conditions of elevated heat and
humidity conditions, compared to that of the composition of Comparative
Example C4. The relative amount of test specimens of the composition of
Comparative Example C4 that exhibited a ductile fracture mode was -
dramatically reduced after 6 weeks of aging, while all the specimens of the
compositions of Examples 4 and 5 exhibited a ductile fracture mode after 6
weeks of aging.

The compositions of Examples 4 and 5 each exhibited improved
retention of elongation performance after aging under conditions of elevated
heat and humidity conditions, compared to that of the composition of
Comparative Example C4. The elongation at break exhxblted by test
specimens of the composition of Comparative Example C4 was dramatlcally
reduced after 6 weeks of aging, compared to that exhibited by specimens of
the compositions of Examples 4 and 5. -

The composition of the present invention provides good processability,
good physical properties, including resistance to elevated temperature and
impact resistance, and provides improved hydrolytic stability and improved

resistance to thermal degradation.



~Conparative Exanple C4. The elongation at break exhibited by test specinens
“of the conposition of Conparative Exanple C4 was dramatically reduced after
6 weeks of aging, conpared to that exhibited by speci mens of the

conpositions of Exanples 4 and 5. The conposition of thepresent—invention—
provi des good processability, good physical properties, including

resi stance to el evated tenperature and3jnpact resistance,T laced
i mproved hydrolytic stability and inproved resistance to t ' I
degr adat i on. -31 - CLAIMs 1. - A thernoplastic resin c |
conprising: (a) | ycarbonate resin (b) a rubber nodified graft

copol yner corrpr%ﬁ%f&g di sconti nuous rubber phase dispersed in a continuous
ri gid therypopl agty . ' ; jon of the rigid

t her nopl ast’ic p a%gnﬁgﬁgﬁg%%ﬁﬁg&g@f%%@%uﬁﬁﬁégbber phase, said rubber
nodi fied graft @?pola [ydaﬂ,mtaa@tﬁnpy a bul k polynerization process, said
rigid thernoplastic phase exhibits a T[err] of greater than 25[err]C, and

(c) a flame r@)ar da mgbberomodifidd grafbeopolypnierspmprising aaliscondiraraimnt :
wherei n the organophosghorys flanme refardant  conpri,ses.one or npre
conpounds accor di ng %@%?W%JWEWWY%?I@W% Rlerr], -
Rerr],Rerr] and R ch il t ryl. ' be
optionally substitut ghé‘lvﬁ'%}&ﬁgﬁlo&%&ai% : +%thgf¥ﬁﬁgr¥§%§?{%ﬁgl |y
substituted with hal ghse Blchémically Praffedrtocthe rabBeephise, Ssldiabept |y 0 or

1, and Nis an integer froml to g 2. The congosition of claiml,
wherein the conposi t modifiedigraft eepolyanerbeing made by a bulk polymerization

process, and

(c) aflame retarding amount of an organophosphorus flame
retardant.

2, The composition of claim 1, wherein the composition comprises, based
on 100 parts by wéight the thermoplastic resin composition, from 40 to 95
parts by weight of the aromatic polycarbonate resin, from 4 to 59 parts by
weight of the rubber modified graft copolyiner and from 1 to 20 parts by of
the organophosphate flame retardant.
3. The composition of claim 1, wherein the polycarbonate resin is derived
from bisphenol A and phosgene. |
4, The composition of claim 1, wherein the rubber phase comprises a
polybutadiene polymer or a poly(styrene-butadiene) copolymer and the rigid
thermoplastic phase comprises structural units derived from one or more
monomers selected from vinyl aromatic monomers and a monoethylenica-l'l'.if
unsaturated nitrile monomers. _
5. The composition of claim 4, wherein rigid phase comprises a
copolymer of derived from monomers selected from the group consisting of

styfene, a-methyl styrene and acrylonitrile.

AT




[N

100 parts by weight the thernoplastic resin corrposition, from40 to 95

parts by weight of the aromatic polycarbonate resi m—from4to 59 parts by
wei ght of the rubber nodified graft copol ynmer and fr. qby of
t he organophosphate flane retardant. -32 - 3. 'l%ssrlm{ﬁ%ge"% lglcQeof
claim1, wherein the polycarbonate resin is deri ved f mﬂﬁﬁmuﬁ nA and
phosgene 4, The conposition of claigyp. 1, wherein | se

conpri ses a pol ybut adi ene pol yner or a pol y(styrene-butadi ene) copol yner
and the rigid thernopl asti c phase conprises structural units derived from

one or nore nmononers sel ected fromwn | aropatic rmri\ S an
nonoet hyl erfi.cal | Theeempasitionpfral %Wlewﬁ‘ﬁ%ﬂéﬂ%m%‘mp O$Rhe i on of

oomers Scecetaat o ed o B8 TG kR indh FRBRE WERRERRI T
and acryl onf Hﬂ &vﬁ[ The conposition of claiml, wherein Rerr],

Rlerr], Rer err] are each phenyl, a, b, c and d are each 1 and X
i's phenyl ene or a divalent radigal according togthe fornula: [err] 7.

The conposition of claim6, wheljein the X is 1, $-phenyl ene. 8. The
conmposi tion of clai m Ry-wh@)ei-npt-heOodganepospRoruf@) fef+e Reet ar dant
conprises a blend of two or &vorg¢ organophosphor s co umds, each according

to fornula (VI), wherein n is, (O)dependently fqO)each organophosphorus
conpound, an integer from1l to 5 tand wherein thg @l end has an average n of
from greater than 1 toless tha 25 Rs

' | (VI)

wherein R1, R2, Rs and Rs are each independently aryl, which may be
optionally substituted with halo or alkyl,

X is arylene, optionally substituted with halo or 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, Ry, Rz, Rs and R4 are each phenyl,

a, b, c and d are each 1 and X is phenylene or a divalent radical according the

formula:
P
8. The composition of claim 7, wherein X is 1,3-phenylene.
9. The compositioh of claim 6, wherein n is an integer from 1 to 5. .

10.  The composition of claim 6, wherein the organophosphorus flame
retardant comprises a blend of two or more organophosphorus compounds,
each according to formula (VI), wherein n is, independently for each
organophosphorus compound, an integer of from 1 to 5 and wherein the

blend has an average n of from greater than 1 to less than 5.
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- 33 - 0. The conposition of claim1, wherein the conposition further
‘conprises a fluoropolyner, in an anount effective to provide anti=drip
properties to the conposition. 10. ‘The conposition of gla Ha95

11

rein
the fluoropolymer is a tetrafluoroethyl ene pol yner. : 5 b
of claim9, wherein the fluoropolyner is added to the COWH ﬁmﬁ e
formof an additive made by enul sion pgdynerization of on

nonoet hyl eni cal | y unsaturated nononers in the presence of an aqueous

di spersion of the fluoropolynmer. 12. The conposition of claim1l1l, wherein
the additive is_made by emul sion polyperization of styrene and .

acryl oni t ilt e iThe ¢amppsifienaf clpinmph W g‘%@'ﬂ?ﬁ’%‘ﬂ@ﬁfﬂ er comprises

Pol VL et 1 af) 4Ol SLHINEENR Pk hb6heSiedive o' Shodidd She. Y Bréfertith b i L e

composition.

12.  The composition of claim 1, wherein the fluoropolymerisa

tetrafluoroethylene polymer.

13.  The composition of claim 1, wherein the fluoropolymer is added to the

composition in the form of an additive made by emulsion polymerization of

one or more monoethylenically unsaturated monomers in the presence of an ',

aqueous dispersion of the fluoropolymer.

14.  The composition of claim 13, wherein the additive is made by emulsion

polymerization of styrene aﬁd acrylonitrile in the presence of an aqueous

dispersion of polytetrafluoroethylene particles.

15.  An article made by molding the composition of claim 1.

16. A thermoplastic resin composition, comprising the composition
resulting from blending;

(a) apolycarbonate resin,

(b)  arubber modified graft copoiymer comprising a discontinuous
rubber phase dispersed in a continuous rigid thermoplastic
phase, wherein at least a portion of the rigid thermoplastic
phase is chemically grafted to the rubber phase, said rubber
modified graft copolymer being made by a bulk polymerization
process, and

()  aflame retarding amount of an organophosphorus flame

retardant.
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