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o1-e POLYETHERI-M_DE RESI N COMPOSTI ONS W TH | NPMS /
‘DUCTILLTY - FIELD OF THE | NVENTI ON The invention r aEPYd
pol.yet lheri m de resin conpositions that exhibit i nproved ductility.

BRI EF DESCRI PTI ON OF THE RELATED ART Ther nopl astic resin bl ends

containing a polyetherinmde resin and a 5 copolynmer of an [err]-olefin and

an [err], [err]-unsaturated glycidyl ester that are said

to-exhibit

good i npact characteristics, have been disclosed in Japanese Patent

Application No. 58-57633, publication nunber JP 59182847-A.

It

is believed that polyetherinide/glycidyl ester blends would find wi der
applicability if their inpact strength and ductility, particularly at |ow
10 tenperatures, could be further inproved. SUMVARY OF THE | NVENTI ON

The present invention is directed to a thernoplastic resin conposition.
conprising, based on 100 parts by weight ("pbw') of the thernoplastic resin

conposition: (a) a pol yetherimde resin,

POLYETHERIMIDE RESIN COMPOSITIONS WITH IMPROVED

DUCTILITY

FIELD OF THE INVENTION

The invention relates to polyetherimide resin compositions that exhibit

improved ductility.
BRIEF DESCRIPTION OF THE RELATED ART

Thermoplastic resin blends containing a polyetherimide resin and a

S copolymet of an a-olefin and an ¢, f-unsaturated glycidyl ester that are said

10

15

to exhibit good impact characteristics, have been disclosed in Japanese Patent
Application No. 58-57633, publication number JP 59182847-A.

It is believed that polyetherimide/glycidyl ester blends would find
wider applicability if their impact strength and ductility, particularly at low
temperatures, could be further improved. _

SUMMARY OF THE INVENTION

The present invention is directed to a thermoplastic resin composition.
comprising, based on 100 parts by weight (“pbw™) of the thermoplastic resin
composition:

(@) a polyetherimide resin,

(b)  aglycidyl ester impact modifier, and

(¢) anamountof an organometallic compound that is effective to improve
the ductility of the thermoplastic resin composition.

The thermoplastic resin composition of the present invention exhibits

improved impact strength and ductility.



15 +«(hb) :a glycidyl estér inpact nodifier, and (c) an anmpbunt of an
organonetal lic conpound that is effective to inprove t he
ductility of the thernoplastic resin conposition. The

t her mopl astic resin conposition of the present invention exhibits

i mproved i.npact strength and ductility.

- 2- DETAI LED DESCRI PTI ON OF THE | NVENLI ON In a preferred
enbodi ment, the thernoplastic resin conposition-of the pr esent

i nvention conprises from838 to 99.5 pbw, nore preferably from90 to
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and still 1eBéret IRVeREHA RbINDHisHS fPord B8 1o 99.58bWooreprelts: ?fy%aﬂmi lic
conpound, eachp based on 100 pbw of the conbi ned am?unt g @

Dot o ef o et oot e L B e ok aep o oy ook fiepolydherimide [ 2
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to 98 pbvimore peeferatily frirny0.02 t010.08 pbw, 2 the argarbmetallic componnd; @ichb! y

from 39 to 81 pbw of the.polyetherimde resin, from0.5 to 12 pbw,
more pr ef er abl hased on 100,pbw ofthesogahingd ameunt of polpethesimideresinfanshn 2 to 8

pbw, of the gl | . ester jmpact nodifier; fromO0.01 to 2.0 pbw, nore
preferably froé@ﬁi%'} eﬁ;rmac?mo&{ﬁer. ) )

10 - In a second preferred embodiment, the thermoplastic resin

composition of the present invention comprises a polyetherimide resin, a
glycidyl ester impact modifier and an effective amount of an organometallic
compound and further comprises a polycarbonate resin and a siloxane-
polyetherimide copolymer. Ina more highly preferred embodiment, the

15  thermoplastic resin composition of the preéent invention comprises from 31 to
98 pbw, more preferably from 40 to 93 pbw and still more preferably from 39
to 81 pbw, of the polyetherimide resin; from 0.5 to 12 pbw, more preferably
from 1 to 10 pbw and still more preferably from 2 to 8 pbw, of the glycidyl
ester impact modifier; from 0.01 to 2.0 pbw, more preferably from 0.01 to 0.1

20 pbw and still more preferably from 0.02 to 0.08 pbw, of the organometallic
compound, from 1 to 45 pbw, more preferably from 5 to 40 pbw and still more
preferably from 15 to 35 pbw, of the polycarbonate resin; and from 0.5 to 12
pbw, more preferably from 1 to 10 pbw and still more preferably from 2 to 8
pbw of the siloxane-polyetherimide copolymer, each based on 100 pbw of the

25 combined amount of polyetherimide resin, glycidyl ester impact modifier,
polycarbonate resin and siloxane-polyetherimide copolymer.

In a third preferred embodiment, the thermoplastic resin composition

of the present invention comprises a polyetherimide resin, a glycidyl ester



&

20 pbw and still nore preferably fromO0.02 to 0.08 pbw, of the

‘organonetal lic conpound, from1 to 45 pbw, nore preferably from5 to
40 pbw and still nore preferably from 15 to 35 pbw, of the
pol ycarbonate resin; and fromO0.5 to 12 pbw, -nore preferably from1l
to 10 pbw and still nore preferably from2 to 8 pbw of the

si | oxane- pol yet heri m de copol yner, each baseg.on 100 pbw of the 25
conbi ned anount of polyetherimde resin, glycidyl ester inpact nodifier,
pol ycarbonate resin and sil oxane-pol yet heri m de copol yner. In

a third preferred epbodj.gent e.thernoplastic resin ¢ osi tion of
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polycarbonate resin ; from 0.5 to 12 pbw, more preferably from 1 to 10 pbw

and still more preferably from 2 to 8 i:bw of a silbxané-polyetherimide
copolymer and from 0.5 to 12 pbw, more preferably from 1 to 10 pbw and still
15 more preferably from 2 to 8 pbw of the siloxane-polycarbonate copolymer,
each based on 100 pbw of the combined amount of polyetherimide resin,
glycidyl ester impact modifier, polycarbonate resin, siloxane-polyetherimide
copolymer and the siloxane-polycarbonate copolymer.
Polyetherimide resins suitable for use as the polyetherimide resin
20 component of the thermoplastic resin of the composition of the present
invention are known compounds whosé prepai_"a__tion and properties have
been described, see generally, U.S. Patent Nos. .3'-,_803,085 and 3,905,942, the
respective disclosures of which are incorporatea herein by reference.
In a preferred embodiment, the polyethérimide resin component of the
25 present invention contains from greater than 1 to 1000 or more, preferably

from 10 to 1000, structural units of the formula (I):



glycidyl ester inpact nodifier, polycarbonate resin, sioxane-polyetherimde
‘copol yner and the sil oxane-pol ycarbonate copol yner. -

Pol yet herim de resins suitable for use as the polyetherimde resin 20
conponent of the thernoplastic resin of the conposition of the present

I nvention are known conpounds whose preparation and properties have

been described, see generally, U S. Patent os. 3,803,085 and 3, 905, 942,

t he respective disclosures of which are incorporated herein by

reference. In a preferred enbodi nent, the polyetherinm de resin
conponent of the 25 present invention contains §r0n1greater than 1 to 1000
or nore, preferably fronlld?to 1000, struchjural units of the fornula

(r): [err] wherein the
divalent T noiety bridges th 3 or\N-4-R-|993|t|ons of the
aryl rings of the respective ary i formula (1); Tis -O
or a group of the formula - OZ?O Z |s a divdl ent radical selected from
t he group 5 conS|st(l)ng of forrmla@ (II) [err]

wherein the divalent T moiety bridges the 3,3, 34", 43!, or 44' positions of the

aryl rings of the respective aryl imide moieties of formula (I); T is -O-or a

group of the formula -O-Z-O- ; Z is a divalent radical selected from the group:
5 <xnsbﬁngof&nnuﬂaeab: '

-0-0-
-

-

BrBr

e -

Br

—~Or—®—~O)—
10

wherein X is a member selected from the group consisting of divalent radicals
of the formulae (III):



(1) wherein X is a nmenber selected fromthe group.consisting of

"di val ent radicals of the fornmulae (I11):
5-
3 8
—CyHoy— . —C— , ——?— . —O0— and —S—
o)
(1m)

10
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wherein y is an integer from 1 to about 5, and q is 0 or 1; R is a divalent
organic radical selected from the group consisting of: (a) aromatic
hydrocarbon radicals having from 6 to about 20 carbon atoms and
halogenated derivatives thereof, (b) alkylene radicals having from 2 to about .
20 carbon atoms, (c) cycloalkylene radicals having from 3 to about 20 carbon
atoms, and (d) divalent radicals of the general formula (IV):

) @'@

where Q is a member selected from the group consisting of formulae (V):

cn — _8 f

y 2y —C— , —ﬁ— . —O0— and S
) 9]
where y’ is an integer from about 1 to about 5.
In one embodiment, the polyethermide resin may be a copolymer
which, in addition to the etherimide units described above, further contains
polyimide repeating units of the formula (VI): |

? 9
/C\ /C\
_N\C/M\C/N—R_
[} 1]
(V1) © 0

wherein R is as previously defined for formula (I) and M is selected from the

group consisting of formula (VII):

(ViD) : : ‘

formula (VIII):

’



Jerr] wherein y is an integer from1l to about 5, and qis 0 or 1; R

Is a dival ent organi c radical selected fromthe group consisting of: (a)
aromatic hydr ocarbon radicals having from6 to about 20 carbon atons and
5 hal ogenat ed derivatives thereof, (b) alkylene radicals having from2 to
about 20 carbon atoms, (c) cycloal kylene radicals having from3 to
about 20 carbon atons, and (d) dival ent-g-adi cals of the general formula
(rv): Jerr] (1v) where Qis a nenber selected fromthe group
consisting of formulae (V): [err] where y' is an integer
fromabout 1 to about 5. . I n one enbod{nent,, the polyetherm de
resin nmay be a copol yner wht NN additi g the etherimde units
descri bed above, further contai Py 'pe'_ati ng units of the
formula (VI): 2 g wherein Ris

as previously defir‘quor formula (1) and Mis
consi sting of MW&M): [err]

Pl
) _
Polyetherimide resins are made by known methods, such as, for
S example, those disclosed in U.S. Patent Noé. 3,847,867, 3,814,869, 3}856,885,

3,852,242 3,855,178 and 3,983,093, the disclosures of which are hereby

incorporated herein by reference.

sel ected fromthe gr oup

In a preferred embodiment, the polyetherimide resin is made by the
reaction of an aromatic bis(ether anhydride) of the formula (X):

o) 0
\ 4
. :C NG
IO
N C
/ \\0
10 ) o |

with an organic diamine of the formula (XI):

1) H,N—R—NH,

wherein T and R are defined as described above in formula (I). In general the
reactions can be carried out employing well-known solvents, e.g., o-

16  dichlorobenzene, m-cresol/toluene and the like t6 effect interaction between
the anhydride of formula (X) and the diamine of formula (XI), at temperatures
from about 100°C to about 250°C. Alternatively, ihe polyethermide resin can
be prepared by melt polymerization of aromatic -f)is(ether anhydride)s anci
diamines accomplished by heating a mixture of the ingredients at elevated

20  temperatures with concurrent stirring. Generally melt polymerizations



for‘rrula(VIII): - 6- [err]

‘and fornula (1X): [err] Pol yetheri m de resins are nmade by known
met hods, such as, for 5 exanple, those disclosed in US. Patent Nos.

3,847, 867, 3, 814, 869, 3, 850, 885, 3,852,242 3;855,178 and 3,983,093, the
di scl osures of which are hereby I ncor porated herein by reference.

In a preferred enbodi nent, the polyetherimdb resin is nmade by the

reaction of an aromatic bls(ether anhydride) of the fornmula (X): [err]
with an organic diamne of the formula (Xl):

employ temperatures between about 200°C and 400°C. Chain stoppers and
branching agents may also be employed in the reé(:tioru

Examples of specific aromatic bis(ether anhydrides) and organic
diamines are disclosed, for example, in US. Patexit_i}Nos. 3,972,902 and

5 4,455,410, which are incorporated by reference herein.

Hlustrative exani_ples of aromatic bis(ethex_-'ifénhydride)s of formula (X)
include: 2,2-bis(4-(3,4-dicarboxyphenoxy)phenyl)propane dianhydride; 4,4'-
bis(34-dicarboxyphenoxy)dipheny] ether diarhydride; 44 bis(34-
dicarboxyphenoxy)diphenyl sulfide dianhydride; 4,4'-bis(34-

10  dicarboxyphenoxy)benzophenone dianhydride; 4,;'-bis(3,4-
dicarboxyphenoxy)diphenyl sulfone dianhydride; 2,2-bis([4-(2,3-
dicarboxyphenoxy)phenyl]propane dianhydride; 4,4'-bis(2,3-
dicarboxyphenoxy)diphenyl ether dianhydride; 4,4'bis(2,3-
dicarboxyphenoxy)diphenyl sulfide dianhydride; 4,4'-bis(2,3-

15  dicarboxyphenoxy)benzophenone dianhydride; 4,4'-bis(2,3-
dicarboxyphenoxy)diphenyl sulfone dlanhydnde, 4-(2,3-dicarboxyphenoxy)-
4'-3,4-dicarboxyphenoxy)diphenyl-2,2-propane dianhydride; 4-(2,3-
dicarboxyphenoxy)-4'-(3,4-diéarboxyphenoxy)diphenyl ether dianhydride; 4-
(2.3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diphenyl sulfide

20  dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-(34- |

dicarboxyphenoxy)benzophenone dianhydride and 4-(2,3-
dicarboxyphenoxy)-4'<(3, 4-d1carboxyphenoxy)d1phenyl sulfone dianhydride,

as well as various mixtures thereof.

A preferred class of aromatic bis(ether anhydnde)s included by

25 formula (X) above includes compounds wherelq.__.'_l_'__l__s of the formula (XII):

o OO

wherein each Y is independently selected from the group consisting of:
formulae (XIII): |




(XI) ‘ Herr]NNR NH err] wherein T and R are defined as
"descri bed above in forrmula (I1). In general the reactions can be carried
out enpl oying well -known solvents, e.g., 0- 15 dichl orobenzene, ntcresol/
toluene and the like to effect interaction between t he anhydri de of
formula (X): and the diamne of fornmula (Xl), at tenperatures from
about 100[err]C to about 250[err]C. Al terna8+ vely, the polyetherm de resin
can be prepared by nelt polynerization of aromatic bis(ether
anhydride)s and di am nes acconplished by heating a m xture of the

i ngredients at elevated 20 tenperatures with concurrent stirring.
Generally nelt polynerizations 3 .

-7- enplqy.Lenperatdires be aboui. anqnélOOQ._ | n stoppers
and branchi ng agents nmay dl so be enployedq in the reacti .

Exanpl es of specific aromatic bis(ether anhydffBes) and organ c

di am nes are disclosed, for exanple, in US. Patent Nos. 3,972,902 and 5
4,455,410, wh{XHI)are incorporated by reference herein.

Illustrative exanple ;@ir omati ¢ .bi s(ether anhydride)s of fornmula (X)
en sy

i ncl ude: 2, 2-bi s(4- %ﬂ@‘)’% P‘?lﬁm&ﬁﬁemﬁﬂ%iﬂde' 4, 4-
bi s( 3, 4-di car ox XY, en er drJ de; LsS(.3, 4-

di car boxyphenwﬁfcﬁﬂ‘gﬁﬁ‘c@ ﬂ%@%ﬁ?&y q‘sM["g l.nét@nmththe
di car boxy ?gfeg ?apm di anhydri de; 4, 4 - bi s(3, 4-

di car boxyp en% | phenyl su fone di anhydri de 2,2-bis([4-(2, 3-

di car boxyphenoxy) plEwe/bis yridé)s ¢an be;prép éredﬂb;sﬁﬂeﬁydrolysns, followed'
di car boxyphenoxy) di phenyl et her di anhydride; 4, 4 -bis(2

di car boxyphen @hm#m of the reactipn productnf a nitrp sqhse(nztegplmyl dinitrile-

di carboxyphen %%el% ?%ﬁy&g \ﬁﬁengle éompoung in Q:l%é presence of a dipolar,
aprotic solvent.
10 Suitable organic diamines of formula (XI) include, for example: m-

phenylenediamine; p-phenylenediamine; 4,4'-diaminodiphenylpropane, 4,4'-
diaminodiphenylmethane (commonly named 4,4'-methylenedianiline); 4,4'-
diaminodiphenyl sulfide; 4,4'-diaminodiphenyl sulfone; 4,4'-diaminodiphenyl
ether (commonly named 4,4'-oxydianiline); 1,5-diaminonaphthalene; 3,3-

15  dimethylbenzidine; 3,3-dimethoxybenzidine; 2,4-bis(beta-amino-t-
butyl)toluene; bis(p-beta-amino-t-butylphenyl)ether; bis(p-beta-methyl-o-
aminophenyl)benzene; 1,3-diamino-4-isopropylbenzene; 1,2-bis(3-
aminopropoxy)ethane; benzidine; m-xylylenediamine; 2,4-diaminotoluene;
2,6-diaminotoluene; bis(4-aminocyclohexyl)methane; 3- : -

20 methylheptamethylenediamine; 4,4-dimethylheptamethylenediamine; 2,11-
dodecanediamine; 2,2-dimethylpropylenediamine; 1,18-
octamethylenediamine; 3-methoxyhexamethylenediamine; 2,5-
dimethylhexamethylenediamine; 2,5-dimethylhéptamethylenedianﬁne; 3-
methylheptamethylenediamine; 5-methylnona11iethylenediamine; 14-

25 cyclohexanediamine; 1,18-octadecanediamine; His(B—aminopropyl)sulﬁde; N-

methyl-bis(s-aminopropyl)-amine; hexamethylenediamine;



di car boxyphenoxy) di phenyl sul fone di anhydride; 4-(2, 3-di carboxyphenoxy) -
4" - 3, 4- di car boxyphenoxy) di phenyl - 2, 2- propane di anhydride; 4-(2, 3-

di car boxyphenoxy) - 4' - (3, 4- di car boxyphenoxy) di phenyl et her di anhydride; 4-
(2, 3-di car boxyphenoxy) - 4' - (3, 4-di car boxyphenoxy) di phenyl sul fide 20
di-anhydri de; 4-(2,3-di carboxyphenoxy) - 4- (3, 4-

di car boxyphenoxy) benzophenone di anhydri de aﬁ& 4-(2, 3-

di car boxyphenoxy) - 4' - (3, 4-di car boxyphenoxy) di phenyl sul fone di anhydri de,
as well as various mxtures thereof. A preferred class of

aromati c bi s( I
conpounds Merewgﬁé&ﬁﬁﬁpornﬁﬂ?%lﬁd‘% i &CQ&@%& %9' P%a
¥mere: n e?gzth I\/x)xﬁﬂutm&ﬂihhﬁnéﬁ ected fromt he group consi sting of

or mul ae

Ea%rolrl)yed a [11 ydri d:mﬂ uch a lmjdptqflgtlryfmw d gﬁé‘ aBmg
conbi nati on wi Wiith l\ gscapegf g-tsqqg}ulgigyéggggyrﬂpﬁs?ng?e eartingeumts w Séggmllgis
5 paraphenylene, metaphenylene, or mixtures of paraphenylene and
metaphenylene and Tisa group of the formula -O-Z-O- wherein Z has the

formula (XIV): . |
(XIV)

and wherein the divalent group (XIV) bridgés the 3,3' positions of the aryl
10 rings of the respective aryl imide moieties of formula .

Generally, useful polyetherimide resins have an infrinsic viscosity [n]
greater than about 0.2 deciliters per gram, preferably of from about 0.35 to
about 0.7 deciliters per gram measured in m-cresol at 25°C.

In a preferred embodiment, the polyetherimide resin of the present

15  invention resin has a weight average molecular weight of from 10,000 to
150,000 grams per mole (“g/mol"), as measured by gel permeation
chromatography, using a polystyrene standard.
Aromatic --pol}ycarbor{ate resins suitable for use as the polycarbonate
resin component of the thermoplastic resin composition of the present
20 invention are known compounds whose preparation and properties have
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 incorporated herein by
reference.
In a preferred embodiment, the aromatic polycarbonate resin
25 component of the present invention is the reaction product of a dihydric

phenol according to'the structural formula (XV):



The bi s(ether anhydride)s.can be prepared by the hydrolysis, followed
‘by dehydration, of the reaction product of a nitro substituted phenyl

dinitrile with a netal salt of dihydric phenol compound in the
presence of a dipol ar, aprotic solvent. 10 _ Sui t abl e organic
diam nes of forrmula (Xl) include, for-exanple: m - phenyl enedi am ne;

p- phenyl enedi ani ne; 4, 4' -di am nodi phenyl pr efxne, 4, 4'-

di am nodi phenyl met hane (commonly nanmed 4, 4' -net hyl enedianiline); 4,4'-

di am nodi phenyl sulfide; 4,4'-diram nodi phenyl sul fone; 4,4'-di am nodi phenyl
et her (commonly nanmed 4, 4' - oxydi anili neg I 1, i di aén nonapht hal ene; 3, 3- 15
di nmet hyl benzi di ne; 3, 3-di met hoxybenzi di A& 24 119 (bet a- am -

butyl)tol uene; bis(p-beta-am no-t-butyl phenyl)ether; bis(p-Dbeta-nethyl-o-
am nophenyl ) bevirerein Alis a-divalentardmiatiopadical, benzene; 1, 2- bi s( 3-

am nopr opoxy) et hane; benzi di ne; m xyl yl enedi am ne; 2, 4-di am not ol uene;

2, 6-di ami not o é;caabgza&emm%ﬂaﬁ@s?wa%@mwraém@accordmgto the

met hyl hept amet.hyl enedari ne; 4, 4-di net hyl hept anet hyl enedi am ne; 2, 11-
dodecanedi am k@*ngpazagﬁj;et hyl propyl enedi am ne; 1, 18-

oct anet hyl enedi am ne; 3-nmet hoxyhexanet hyl enedi am ge; 2, 5-

di met hyl hexanet hyl enedi am ne; 2, 5-di net hyl hept anefihyl enedi am ne; 3-

met hyl hept gnet hyl enedi am ne; 5- net Ryl gorapethyl snegli-am ne; Lo 4. 25

cycl ohexan®di am ne; 1, 18- oct adecanedi am ne; bi s(3-am nopropwy'sul fide; N

met hyl - bi s( 3- a | 480 t hyl enedi am ne;, .

-9- . hep'?dgirire y%g%eadﬁgmﬁ%s; nonanet hyl enedi am ne; decanet hyl enedi am ne
and m xtures of A§wushd tepéth) e term “divalent atdrhiieié Fadicak” inbludles those
particularly preferred polyetherimde resin falling Wi thi'n the scope of

Formul a (1) i sdivalentsvagicals containgmg aisingle aromatin ¢ing sudk assphenylene, those
Paraphenyl ene. o aleti radicats containing a condensed Brbmatic ihg systemm such s, for
10  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 (C1-Cs)alkyl

group.
15 In a preferred embodiment, A is a divalent aromatic radical according
to the formula (XVII):
e
~0-¢O-
CHj3

- (XVID).
Suitable dihydric phenols include, for example, one or more of 2, 2-bis-
(4-hydroxyphenyl) propane ("bisphenol A"), 2,2-léis(3,5-dimethyl-4-

20  hydroxyphenyl)propane, bis(4-hydroxyphenyl) -ff\ethane, 4,4-bis(4-
hydroxyphenyl)heptane, 3,5,3',5'-tetrachloro—4,4’idihydroxyphenyl) propane,
2,6-dihydroxy naphthalene, hydroquinone, 2,4‘-<iihydroxyphenyl sulfone. In
a highly preferred embodiment, the dihydric phenol is bisphenol A.

The carbonate: precursor is one or more of a carbonyl halide, a

25  carbonate ester or a haloformate. Suitable carbonyl halides include, for



nmet aphenyl ene and T is a group of the formula -O-Z-O wherein Z has the
“formula (XIV): [err] (XI'V) and wherein the dival ent
group (XIV) bridges the 3,3 positions of the aryl 10 rings of the
respective aryl imde noieties of fornula (I). General |y, useful
pol yet herji m de riesins have an intrinsic viscosity [[err]] greater than
about 0.2 deciliters per gram preferably ofllrom about 0.35 to about
0.7 deciliters per gramneasured in mcresol at 25C In a
preferred enbodi nent, the polyetherimde resin of the present 15 invention

resin has a _ b A i , 000 -
grans per nole (" g?%ie&)qﬂﬁggg mfée%&%é%ﬂ Chidrid. ‘St tibonate esteil

nmeasu per neati on

chr omat ogr aphyinchsdeysuah s lfgsexample, diptrepd ¢arbonate, dichlorophienyd casbonate,
pol ycarbonate resins_suitable for use as the pol ycarbonate resin
conponent of t@inaphthykearbenate, phenyl tolyhsarbenats and ditalybearbenatep (Suitable

i nvention are conpound ose pr tatign and properti.es have

been descri bed%ﬁ&m@@é?apéﬁwv’?‘ﬁﬂgmgmg% ‘gii‘ydﬁ‘cllg‘ﬁ“@% and
5,411, 999, ¢ hegt, | I ' € oS3 ' t ein
by & or SRS Tk Warlph hyakSinghe O plychls; itah, (PO, Eliglite

pol ycar bonat e gl;&:bll_ne?i@eneﬂrglgﬂﬁmlnﬁfhig r prefefret enibdimedit, the cafsoriztact i on
product of a dihydric " phenol according to the structural formula
(XV) : precursor is carbonyl chloride. -10-

Suitable aromatic polycarbonate resins include linear aromatic

polycarbonate resins, branched aromatic polycarbonate resins. Suitable linear
10 aromatic pélycarbonates resins include, e.g., bisphenol A polycarbonate resin.
Suitable branched polycarbonates are knowr.x 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

15  incorporated herein by reference. The polyfunctional compounds are
generally aromatic and contain at least three functional groups which a;re
carboxyl, carboxylic anhydrides, phenols, haloformates or mixtures thereof,
such as, for example, 1,1,1-tri(4-hydroxyphenyl)ethane, 1,3,5,-frihydroxy-
benzene, trimellitic anhydride, trimellitic acid, trimellityl trichloride, 4~

20  chloroformy! phthalic anhydride, pyromellitic acid, py.romellitic dianhydride,
mellitic acid, mellitic anhydride, trimesic acid, benzophenonetetracarboxylic
acid, benzophenone-tetracarboxylic dianhydride. The preferred
polyfunctional aromatic compounds are 1,1,1-tri(4-hydroxyphenyl)ethane, |
trimellitic anhydride or trimellitic acid or their haloformate derivatives.

25 ~ Ina preferred embodiment, the polycarbonate resin component of the
present invention is a linear polycarbonate resin derived from bisphenol A
and phosgene.

In a preferred embodiment, the wéight average molecular weight of

the polycarbonate resin is from about 10,000 to more than 200,000 g/mol, as



HO A -OH (XV) wherein Ais a divalent aromatic radical,
'with a carbonate precursor and contains structural units according to the

formula (XVI): 5 [err] wherein A is defined
as above. As used herein, the term"divalent aromatic radica
"includes those di val ent radicals 'containing a single aromatic ring
such as phenyl ene, those di val ent radij@al s containing a condensed
aromatic ring systemsuch as, for 10 exanple,.naphth|lene, those dival ent
radi cal s containing two or nore aronatic rings joined by a

i omy!or oueRERTs Bgb Rermbhe R &t @ﬁﬁxa&laﬂgesq phiyslyrehe. Sichog

on the aromat
(Clerr]-Cer rf?“f Wcm’; &lg&%sﬁ&ﬁgimk V&Cﬁeﬁg prererr e<§° about 1. slgciliters o
di val ent ar onpét gramditadthplererchilogde at 25°C.0 the formula (XViI):

[err] Sui tabl e di hydric phenols include, for exanple, one
or nore of 2, 2-bi i’olycarbona(tqregxmgwwd%bn knowpanethods; systheas; For' ) |

2, 2-bis(3, d| nmet h 2 hydr o enyl )pro Dbis droxyphenyl
met hane( 4554 Sﬂ‘%‘(‘i’)(e'm tfac%} RERD %&%‘R’ﬁﬁw tlon,écﬁu@én yphenyl)
3,5,3,5 -tet gﬂh P}E@%ﬂ pr opane, 2, 6-di hydr oxy
napht hal ene, ?g roqui none, M = dl y%r?%%(%/p enyl sulfone. In a highly

preferred enbodi netopdliestet-Latbohateiesitgarealdy sutbd@foruse as the The
carbonate precursor i's one or nore of a carbonyl halide, a 25 carbonate

ester or a halpolycarhonateSesindonpenert@f the Hm:mtqﬂasmtesmacbmpbsmon of the

present invention. Suitable copolyester-carbonate resins are known
10 compounds whose prepatation and properties have been described, see,
generally, U.S. Patent Nos. 3,169,121, 4,430,4‘84 and 4,487,896, the respeétive
disclosures of which are €ach incorporated herein by reference.
Copolyester-carbonate resins comprise linear or randomly branched
polymers that contain recurring carbonate groups, carboxylate groups and
15 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
20 dihydric phen;ﬁ ar;d at least one dicarboxylic acid or dicarboxylic acid

equivalent. In a preferred embodiment, the dicarboxylic acid is one according
to the formula (XVIII):
0
HO —C —A'—C —OH (XVIII)
wherein A’ is alkylene, alkylidene, cycloali;_jhatic or aromatic and is
25 preferably a non-substituted phenylene radical or a substituted phenylene

radical that is substituted at one or more sites on the aromatic ring , wherein

each of such substituent groups is independeﬁtly- (C1-Gs) alkyl, and the



exanpl e, carbonyl brom de and carbonyl chloride. Suitable carbonate esters
‘i ncl ude, such as for exanple, diphenyl carbonate, dichlorophenyl carbonate,
di napht hyl carbonate, phenyl :tolyl carbonate and ditolyl.carbonate.

Sui t abl e hal of or mat es i ncl ude for exanpl e, bishal ofornates of a

di hydric phenols, 5 such as, for exanple, hydroqui none, or glycols, such
as, for exanple, ethylene gl ycol , neoﬁ%ﬂtyl glycol. In a highly
preferred enbodi nent, the carbonate precursor is carbonyl chloride.

"~ Suitable aromatic pol ycarbonate resins include |inear aromatic

pol ycar bonat e ' AT i 'ﬁ,‘é&l&g@g@m}ﬁ Ui &teordrbitgb! e

i near 10 ar5%g§bg§gggécarboﬁgégg%ggirns i nclude, e.g., bisphen faA

pol ycar bonat e fogaula (XVI) aboSeiandaceond struktutabunhits acdordingto formuda¥BX)and

are made by reacting a pol yfunctional aromatic conmpound with.a

di hydric phenol and a carbonate pr@cursor Qo forma branched pol yner,
see generally, U S. Patent Nos. 3,&44, 5;_483, 635, 895 and 4, 001, 184,

t he respective disclosures of whi chidPe “5~ 4 R por a(XBX)her ei n by
reference. The pol yfunctional conpounds are generally aromatic and
contain at |east tiwherdind'tisdefinedrasaboveni ch are car boxyl ,

car boxyl i c_anhydri des, henql s, hal of or mat e I Xt ures,thereof ..

such as, f@&r exanplé‘,’-‘*ﬁlﬁi,ci‘-' apma@@hﬁfﬁ Tiols ar ,-oﬁér"fifﬁmsﬁy-
benzene, trirre#&*‘}ic anhydride, trinmellitic acid, trinellityl trichloride,
4- 20 chlorotornyl phthalig¢ anhydride, pyronellitic acid, pyromellitic

di anhydri de, Suithbleldicarboiglic aEids) includu) fordexatieplef phttadicackti d,
benzophenonet et racar boxylic aci d, 'benzoghenone-t.et racarboxylic
di anhydri de. Tisephtheflieracid, terephthalioagitl, dimedwyh tergpbthalicacidaxeliaasidar e

1,1, 1-tri (4- hydr oxyphepyl) et hane,, . . trinellitic,anhydcide,or', .
trinellitic ac Qﬁ“ctaﬁg: sugcinis afideglutanic acid, ?‘%‘Béc. acxd,zgm){ecilc acid, spberic

preferred odi. . t@ L 'QEIB t ol ..
present i nVent g%‘ﬁ?géelgfclr}%ﬁ(ggreﬁgoF?gig?gglr?g Ir esin gerl&'\/légi ro%c%t}%ﬁﬁgr%l A
and phosgene. 5.1 4-cyclohexand dicarh§/lRrdcid] trmeaM-op¢lbhexdite dicatiuxylicaciye
nol ecul ar wei ght of t he pol ycarbonate resin is.fromabout 10,000 to
nore than 200, 8@ bjsberizoiaacid, 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
15  anhydride, dimethyl terephthalate, succinyi chloride.

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

In a preferred embodiment, the ratio of ester bonds to carbonate bonds

20  present in the copolyester carbonate resin is from 0.25 to 0.9 ester bonds per
carbonate bond.

In a preferred embodiment, the copolyester-carbonate copolymer has a
weight average molecular weight of from about 10,000 to about 200,000

g/ mol
25 Copolyesfer-carbonate resins are made by known methods, such as, for
example, interfacial polymerization, transesterification, solution

polymerization or melt polymerization.



-12- determ ned by gel permeation chronatography relative to

‘pol ystyrene. Such resin typically exhibits an intrinsic viscosity of
about 0.3 to about 1.5 deciliters -per gramin methylene chloride at
25[err] C ' Pol ycar bonate resins are nmade by known net hods, such
as, for 5 exanple, interfacial polynerization, transesterification,

sol ution pol yneri zation or nelt polyngrization.

Copol yest er-carbonate resins are also suitable for use as the

pol ycar bonate resi n conponent of the thernoplastic resin conposition of the
present- invention. Suitable copol yester-carbonate resins are known 10
conpounds whose pSiezdre-polyetivetimidpeopolymerns suitable foriuseas thecsiloxane-
general ly, US. Patent Nos. 3,169,121, 4,43Q,484 and 4,487,896, the ,
respective polyetherimide copelymergomponant of the thermoplastis rginesmpasitipn

onont . br afepresent RyRRHE S kbR ARRPAAAR Wiest HRLRARAEE, e
carboxylate @rouRYied vt beefldRiRibEd, 56k RPS)Pteit RicDY05114831 e dIRIuStRE

chain, in wh east sone e carbonate groups are bonded

directly 0 bhkitRis Rérebgincorporatet lidrein by refererment i ¢ car bocyclic groups.
In a preferred enbodinent; the copol yester-carbonate resin _conponent
of the present inismapreferred ey Whﬂ&%&%%ﬁ&!}@mgﬁﬁwowqreast

A AT ST M PESN A e T
di s leebvdss
Corry " Manits accobdipptd ¥ P ndre deilulae (D and. (V) and secqnd structural

[err] ) ene, cyclo
aromati ¢ and yrfits according to one or more of formulae (XX) and (XXI):
o)
@ i
~ IO Q)
N e
¢ T
10 © © (XX)
O
il E
W N—r—
N \¢ 7

(xXT)
wherein T and M are each defined as above and R’ and R” are each
independently a divalent radical of the structural formula (XXII):

R -R3
I |

— (CHz) — S‘ii —(© —Sii)‘;- (CHZ?C_
Rz Re (XX
16 wherein:
Ri, Rz, R3 and R4 are each independently (C1-Ce)alkyl,
a and ¢ are each independently integers from 1 to 10, preferably

from 1to 5, and

b is an integer from 1 to about 40, preferably from 5 to 25.



25 preferably a non-substituted phenyl ene radical. or a substituted

‘phenyl ene radi cal that is substituted at one or nore sites on the
aromatic ring, wherein each of .such substituent groups is

i ndependently (Cerr]-Cerr]) alkyl, and the .

- 13- .. copol yester carbonate resin conprises first structural units
according to formula (XVI) above and sed8nd structural units according
to fornmula (Xl X): [err]

wherein A" is defined as above. 5 . Suitable carbonate precursors and

di hydric phenols ar @ dpag ?éé?ﬁlgh@@%\"(cl.%é? X 1 “ means a straighPbt b ed

di carboxylic acids, Inclu or exanpl e I ¢ acid, I sophthal1c

acid, terepht halkyt gaouﬁ of flom Lty l6 daeﬁsaphtdm per group, smchlas,cfoaexdmple,
mal oni ¢ acid, succinic acid, glutaric acid, ad iC aC|d pimelic acid,

suberic 10 acmethykethylenduityl, isobusyl t-butyly P el mal oni ¢ aci d,

1, 12- dodecanoi ¢ aci d, Cc .ac

h b
trans- 1, 4- cycl ohexane {I}%RF??SW#B‘ ‘H(‘)enx h‘%%gm%%%‘hmd%?adymer

gggmgﬁ[eﬁtns m%l‘yg lgor exaﬁ@uww ggt&??%’g}é'fgxc}he&:olge“va Ves

of the above dt@ﬁh@ﬁ@@eﬁtﬂﬁtmbrhlmmhdﬁmémmrémwwe@yml ic
15 anhydride, dinethyl” terephthalate, succinyl chloride. In a

preferred emboanmipoalkyliterntinatedbosganosiloxane campoundppraferably of the

di carboxylic aC|d no e ong or nore of terephthalic acid and
I sopht halic acistru aﬁognufaéaﬁﬁa pref-erred enbodi nent, the ratio of

ester bonds to carbonate bonds 20 esent |rk3the copol yester car bonat e
resinis from0.25 to 0.9 ester bon per
L]

HaN— (CHa) — ﬁix (O —Sll)l;r (CHz)C—NHz

. R Ry (XXIIN)

10  wherein Ry, R2, R3, Ry, a, b and c are each defined as above.
In a preferred embodiment, Ry, Rz, R3, Reare each methyl, a and care
each 3 and b has an average value of from 9 to 20.
In a preferred embodiment, the siloxane-polyetherimide copolymer is
made by reacting an aromatic bis(ether anhydride) of the formula (X) with an
15  organic diamine of formula (XI) and an amine-terminated organosiloxane
compound of formula (XXIII). The diamine and amine-terminated
) organosiloxahe may be physically mixed prior to reaction with the aromatic -
bis(ether anhydride) in order to form a random siloxane-polyetherimide
copolymer, or, alternatively, the diamine and amine-terminated
20 organosiloxane may be reacted with the aromatic bis(ether anhydride) in
series in order to form an alternating or block copolymer.
In a preferred embodiment, the copolymer comprises from 50 to 80

mole % of the diamine and from 20 to 50 mole % of the amine terminated

organosiloxane, based on the combined amount of diamine and amine-

25 terminated organosiloxane.



car bonat e bond. . In a preferred enbodi nent, the
‘copol yest er - car bonat e copol yner has a wei ght average nol ecul ar wei ght
of from about 10,000 to about 200, 000 g/ mol 25

Copol yester-carbonate resins are nade by known nethods, such as, for
exanple, interfacial polynerization, transesterification, solution

pol yneri zation or nelt polymerization. -16-
-14- Si | oxane- pol yet heri m de copol ynmers suitable for use as the
si | oxane- pol yet heri mi de copol ynmer conponent of the thernoplastic resin

conposi tion of ..t he presant i o FoxaR ngfgga% ;
preparation and In%?b'ﬁg T %nh%@%%teﬁxég%&” %ﬂ?}?see . Sgpgm.
5,051, 483, t hgagl aveigittdvierlge loledilaPweighesfroom 1000000 500005/ mbl) aBY
reference. In a preferred enbodi ment the sil oxane-pol yetherim de

copol yner measqueddby gelf permeatiomatwomatographyh aising:s polystyresaistandards
(V1) and Second st r uct ubHipxane POIcREbQRAsS FAPAYTRES9Hl< 1 e 8 U i ac
(X% and %XXI giioxane-polycarbonate" copolymer Joﬁ[tﬁ&nent of the therxhoplastic resin
composition of the present invention are known compounds whose
preparation and properties have been described, see generally, US. Patent
Nos. 3,189,662, 3,419}632, 5,530,083 and 5,455,310 the respective disclosures of
which are each incox;'porated herein by reference.
10 In a preferred embodiment, the siloxane-polycarbonate copolymer
of the compositioﬁ of the present invention cbmpx__‘-ises first structural units

according to formula (XVI) and second structural units according to the
formula (XXIV):

PP 7
—(@Q— A"—Si — O — (§i—0) i ——A%Q\-{p e
| 1|27 Ilz7 I‘{7
15  wherein:
each A" is independently (C2-Ciz)alkylene;
each Y’ is independently H, (C1-Cé)alkyl or (C1-Cs)alkoxyl, and
each Re and Ry is independently H or (C1-Cs)alkyl, and
d is an integer from 10 to 120.
20 Ina preferréd embodiment, each A" is propylene. In a preferred
embodiment, each Y’ is methoxyl. Ina preferre;i'e'mbodiment, Re and Ryare
each methyl. In a preferred embodiment, d is ax_‘fiii:nteger from 10 to 70.
The siloxané -polycarbonate copolymer used in the composition of the
present invention is made in a manner similar to ?=fhat described above for the
25 polycarbonate resins, except that all or a portion of the dihydric phenol
reactant is replace_ci by an organosiloxane comp'cjgnd having reactive end

groups, preferably of the structural formula (XXV):



wherein .T and M are each defined as above and'R and R' are each
‘i ndependently a divalent radical of the structural formula (XXl 1):

[err] 15 wher ei n: Rlerr], Rerr], Rerr] and
Rlerr] are each independently (Cerr]- C[err])alkyl a and
c are each independently |ntegers from1l to 10, preferably from 1
to 5, and b is an |nteger-izon11 to about 40, preferably
from5 to 25. As used herein, the term
"(Cerr]-Cerr])alkyl” neans a straight or branched al kyl group of
froml to 6 carbon atons per gro , such for exanpl e, nmet hyl ,
ethyl, n-butyl, isobutyl t- buty pentyl xyI In a
preferred enbodi nent |ona pol $ made in a
manner simlar to tﬁﬂ@ ridé&a éthe¥| If_ resins,
except that all or a poXtion of t e dlan1 reacta IS replaced by an

am noal kyl -term nat ed or ganosi | oxahe conp Und, pre rably of the xXv)
structural formula (XXII):

wherein A”, Re, R7,d and Y’ are each defined as above,

In a preferred embodiment, the organosiloxane compound (XXV) is a

eugenolendcappddpxdydhneﬂudsﬂoxane.lksuﬂabkaeugenolendcapped
5 polydimethylsiloﬁc"ane is made for example, by the method disclosed in the
above-referenced U.S. Patent Number 5,455,310.

In a preferred embodiment, the relative amount of siloxanie-
polycarbonate copolymer first structural umts according to formula (XVI) and
second structural units according to the formula (XXIV) are selected to

10  provide a copolymer having a siloxane content of from 5 to 50 wt%.

In a preferred embodiment, the siloxane-polycarbonate copolymer of
the present invention has a weight average molecular weight of from about
10,000 to about 100,000 g/mol.

Siloxane-polycarbonate copolymers are made by known methods, such

15 as, for example, interfacial polymerization or melt polymerization.

Glycidyl ester impact modifiers suitable for use as the glycidyl ester
comporient of the composition of the present invention are polymers that i
comprise repeating units derived from one or m_c;i'_e glycidyl ester monomers.
As used herein, the terminology “glycidyl ester inonomer“ means a glycidyl

20  ester of an ethylenically unsaturated carboxylic acid such as, e.g., acrylic acid,
methacrylic acid, itaconic acid, and includes, e.g.. glycidyl acrylate, glycidyl
methacrylate, glycidyl itaconate. Ina preferred;gx_;r:lbodiment, the glycidal
ester monomer is glycidal acrylate or glycidyl.ﬁieithacrylate.

In a preferred embodiment; the glycidjl':e's';;er impact modifier

25 comprises first structural units derived one or xﬁore glycidyl ester monomers
and second structural units derived from one or. more a-olefin monomers,

such as, for example;ethylene, propylene, 1-butene, 1-pentene.



[err] 10 wherein Rerr], Rerr], Rerr], Rerr], a, b and c are each
"defined as above. In a preferred enbodinent, Rerr], Rerr],
Rlerr], Rerr] are each nethyl, a and c are each 3 and b has an
average value of from9 to 20. In a preferred enbodi nent, the
si | oxane- pol yet heri m de copol yner is made by reacting an aromatic

bi s(et her anhydride) of the fornmula (X) wtdpan 15 organic diam ne of
formula (XI) and an ami ne-term nated organoSi| oxane conmpound of
formula (XXII1). The diam ne and am ne-term nated or ganosi | oxane may
be physically m xed prior to reaction with the aromatic - bis(ether
anhydri de) in or deSuitableglychlyl esttacopolymensanay,/ optioraliysicdntain a minor

copol ynmer, or, alternatively, the djiam pe and am ne-term pat 20
or ganosi | oxanémauntpthatdgaste WQ‘#diorféft‘gr ﬂ}}gy@@r@ﬂ P 9@ Of

preferred ofteth ofber MethyEhRal WAt iRt Wi one, ol e %
of the dian neo3afyhenmplR with e BRckiyPdterBnaffienc Asisi Teiréth the

or ganosi | oxan on the co ed ‘anount of diam ne and am ne- 25

t er ni nat ed§or ganaidlogprimonoethylenically unsaturated” means having a single site of
-16-

L L AT X SR e

pol ystyr ano.simARaptyledicaly ufSacatad mBEbHRE Wi\ kWA RS aRET o, <

suitabl e for UsgndfndrdSuch as, e.g., styrene and vinyl toluene, vinyl esters such as e.g.,
vinyl acetate and ‘v'inyl propionate, and (Ci-Cao)alkyl (méth)acrylates such as,

10 eg., butyl acrylat‘e_;: méthyl methacrylate, cyc_l_ohexy;l meti\acrylate. As used
herein, the term “ (C1-Czo)alkyl “ means a straight or branched alkyl group of
from 1 to 20 carbon atoms per group, such as e.g., methyl, ethyl, decyl,
eicosyl, and the term “(meth)acrylate” refers collectively to acrylate
compounds and methacrylate compounds.

16 In a preferred embodiment, the glycidyl ester impact modifier
comprises from 0.5 to 40 wt%, preferably from 1 to 30 wt%, and more
preferably from 2 to 20 wt%, of units derived from the glycidyl ester
monomer.

In a preferred embodiment, the glycidyl ester impaet modifier is a

20 random copolymer having a relative composition according to structural
formula (XXVI):

R12 13 R1s
| }

CH,—CH 3CH,—C CH,—C CHz—JZ—)—
< | }aeco QS o=ét>;'6 4 d
AR
HzC—HC-——(‘:Hz Ria Rie

Y

wherein: Ri is'H , alkyl, cycloalkyl or aryl;

R11

(XXVI)



5 sil oxane-pol ycarbonate copol yner conponent of the thernoplastic resin
"conposition of the present invention are known conpounds whose

preparation and properties have been described, see generally, US. Patent
Nos. ™ 3, 189, 662, 3, 419, 632, 5, 530, 083 and 5, 455, 310 the respective disclosures
of - whi ch are each |ncorporated herein by reference. 10 In a
preferred embodi nent, the sil oxane-pol ycarbonate copol yner of the
conposition of the present i nvention conmpri38s first structural units
according to fornmula (XVl) and second structural units according to the
formula (XXI'V): [err] 15 wherein:

each A" is i ndependent |y r b Y i' S
i ndependently H, (C err]R qe{farﬂdﬁ%ré a}ga ; i é[nﬂ?’r,]{) r( 3)-%9 hd
each Rerr] and R err] |R1gajﬁbngrﬂeead:}yutdq5ex{c@h dlkyl @ ar}r),al kyI and

d is an integer from10 to 120. -20 I'n a preferred enbodi nent, each
A" is propylene. In a prafebtee +d =100embodi nent, each Y' is methoxyl. In

a preferred enbodi nent, nd ans e each met hyl. In a preferred
embodi ment, d is an intef #??%555995@70. . The siloxane

-poI ycar bogate copol yner pused ki gmorrposition of the pr esent
invention i's made in a manner simlar to that described above for the 25

pol ycarbonate resins, exgtRfrédth®tod0;and a portion of the dihydric phenol
reactant is replaced by an organ03|loxane conpound havi ng reactive end
groups, preferably of thd isfromQitae0.fornula (XXV): |

In a more highly preferred embodiment, RuisH, (C1-Czo)a1ky.l, (Cs-
Ca)cycloalkyl or (Ce-Ca)aryl. As used herein, the term “(Cs-Cxo)cycloalkyl”
10 means a cyclic alkyl group of from 5 to 20 carbon atoms per group sr;.ch as
e.g., cyclohexyl, cyclooctyl, and the term “(Cs-Cao)aryl” means a hydrocarbon
group that includes one or more unsaturated six-membered carbon r'ings, and
may, optionally, be substituted with one or more alkyi groups on one or moré
of the aromatic rings, to form a substituent group having from 6 to 20 carbon
15  atoms per group, such as, e.g., phenyl, naphthyl, tolyl, xylyl, mesityl,
isopropyl phenyl. -
In a more highly preferred embodiment, Ri2, Ris and Ris are each
independently H or methyl.
. Inamore highly preferred embodiment, Ri4 and Ri¢ are each
20 independently, (C1-Cao)alkyl, (Cs-Cao)cycloalkyl or (Cs-Cao)aryl.
In a more highly preferred embodiment, Ru1 and Ry4 are each methyl,
Ri2 and Ri3 are eéch;}ﬁydrogen, a’ is from 45 to 75, b’ is from 5 to 15, ¢’ is from
20to40and d’ is 0.
In a preferred embodiment, the melt index , as measured at
25  190°C according to ASTM D-1238, of the glycidyl ester impact modifier is
from 0.1 to 100 grams/10 minutes and preferably from 0.5 to 30 grams/10
minutes.
In a preferred embodiment, the glycidyl ester impact modifier is an

olefin-glycidyl (n{_e'th)acrylate copolymer, an olefin-vinyl acetate-glycidy!



-17- . [err] - . wherein A", Rerr],

'‘Rlerr], d and Y' are each defined as above. In a preferred
_enbodi nent, the organosil oxane conmpound (XXV) is a eugenol endcapped
pol ydi net hyl si | oxane. A suitable eugenol endcapped 5 pol ydi nethyl sil oxane
I's made for exanpl-e, by the nethod disclosed in the above-referenced
US. Patent Nunber '5, 455, 310. In a preferred enbodi nent, the

rel ati ve anmount of sil oxane- pol ycar bod¥at e copol yner first structural
units according to formula (XVl) and second structural units according

to the fornmula (XXIV) are selected to 10 provide a copolynmer having a

si | oxane cont ; 9 : :

enbodi nment , tﬁgégﬁ%%%%glcggf)&gg%)%ﬁ (e)legé‘ﬁ%‘yﬂ’fgl (x(#é?h)'%lcpilﬁi Ee gr esent

i nvention hasgmeﬂ/g'aglyuata\cep@gqneml ecul ar wei ght of from about 10, 000
to about 100, 000 g/ nol . ' Si | oxane- pol ycar bonat e copol yners are

made by known net hSuitabla glycidyl ester copolysrermean beimade byce.gl, conventionalat i on
or_rrelt pol y rlzath%ﬂ.,.___ I .Gém%)él ester, i npact, nodi fi rs
suitable for radicaf inifieted cppolymerization Eﬁﬁm{gg@t‘i’ﬁé" sition
of the pregsent inv ' 2 I | units
derived f%m one 0%&@:@{@%@%}%@%&%&&8&{%&@% dﬁ%ﬁ%@@%@ﬁ%i n, the
term nol ogy " gbitfpotitid 66&RItheRAGPRIstic FESiA Totpisition bf the’Preséht wiveitiodtare

et hyl enically uﬁgpat urat ed c'arfboxglﬁirsc aci d sucpr? as, e.g., acrylic aciod,

methacryl i ¢ acomhpourstsdmving aiogvalemd bond befweena metal gtom; preferably hat e,
gl yci dyl ..mefthacrylate, glycidyl .itagonate. |Ln a preferreq enbodjnent,
the gl yci dal HRNIUTR F ArcApinsaiomsRd 20 ra&ewﬂaw@ﬁobpyéﬁgwam n

: met hacryl ate. : , In a preferred enbodi nent, the glycidyl ester
- .i mpact rmdifiglase‘igogg'rrpri ses first structural units derived one or -nore

glyci dyl egter MONORR{ preferred enwuaiﬁ@@@meiirgaﬁbﬁfeeauwabw e&ﬂﬁﬁg&ﬂ one
e1

or nore [err]-olefin nbnoners, such as, for exanple, ethyle
propyl ene, 1- xesoremote pemipeuads according to the structural formula (XXVII)

R17\ /R19
M

7\
Ris " Rao

(XXVII)
15 wherein:
Mis Tior Zr,
Ru7 is (Ci-Cie)alkoxy, optionally substituted with up to two -
alkenyloxyalkyl groups, and
Ris, R1g and R are each independently hydroxy, (Ci-Cie)alkoxy,

20 optionally substituted with up to two alkenyloxyalkyl groups; aryloxy,
optionally substituted with (Ci-Cié)alkyl, amino or aminoalkyl;
phenylsulfonyloxy, optionally substituted with one or more (Ci-Cig)alkyl
groups; phosphato, optionally substituted with up to two (Cx-st)alkyl
groups; pyrophosphato, optionally substituted with up to two (C1-Cie)alkyl

25 groups; arylcarbonyloxy, optionally substituted with (Ci-Cie)alkyl or amino;
(Cxcxe)dkylcarmﬁyloxy, hydroxy(Ci1-Cis)alkylcarbonyloxy; acrylo;
methacrylo; aminoalkyleneoxy; (Ci-Cie)alkylenediaminooxy;

aminoaryleneoxy or mercapto(C;-Cis)alkleneoxy, or wherein



Sui tabl e glycidyl. ester copolynmers may, optionally, contain'a m nor

‘anmount, that is, up to about 50 wt% of repeating units derived frontone or
nor e ot her nDnoethern|caIIy unsaturated nmononers that are

copol yneri zable with the glycidyl ester nmononmer. As used herein the 5
term nol ogy "nonoet hyl eni cally unsaturated" neans having a single site of
et hyl eni ¢ unsaturation per nol ecule. Suitable copolynerizable
nonoet hyl eni cal | y unsat urat ed nononers i ncl-&tte, e.g., vinyl aromatic
nononers such as, e.g., styrene and vinyl toluene, vinyl esters such as
e.g., vi nyl acetate and vinyl propionate, and ((Jerr]-Cerr])alkyl

(et h)acryl at FRY &% eall in&eegendéﬁﬂ)b’ Qge&yim@n Hﬁﬁgﬂnf?ﬁﬁﬁftﬁt@ﬂvﬁh

cyclohexyl met acry ate. As us

"(derr]-( ernip & twd alkenyingatkylt grougs; oraretfused tefora, kyith thoM atdm, a

from1l to 20 carbon atons per group, such as e.g,, net hyI eth |, decyl,
ei cosyl, and thetenosyelic pyrophosphatesing stactre, whichumey ke yl ate

comPounds an SBAHERENH S SRR oy el & "0 a0 woh
e et g R LR
preferred enbatioRpring sthectabe,@irdlyl ester inpact nodifier is a 20 random
copol ymer havi ng alwgeulve conposition accordln to structural
formula (XXvi )Ri9 and Rxo are each- mrgzapen dently acrylo, me ghoephato,
optionally substituted with up to two (C1-C16)alky1 groups, or pyrophosphato,
optionally substituted with up to two (Ci-Cie) alkyl groups, or are fused to
form, with the M atom, a heterocyclic pyrophosphate ring stntcture, which
may be optionally substituted with up to two (Ci-Cis)alkyl or alkenyloxyalkyl
groups, '
as well as coordination compléxes of such comi)ounds with, for
example, phosphites such as ditridecyl phosphite, or adducts of such
compounds with, for eatample triethyl amine or 2-(N,N-
dimethylamino)isobutanol.
5 As used herein, the terminology “(Cn-Cm)” as applied to an organic
~ substituent group means that the organic substituent group may contain from
n carbon atoms to m carbon atoms per group. As used herein:
“{C1-Cis)alkoxy” includes, for example methoxy, isopropoxy,
“alkenyloxyalkyl” includes, for example, allyloxymethyl,
10 “aryloxy” includes, for example, phenoxy,
“(C1-Cie)alkyl” includes, for example, methyl, ethyl, n-butyl, isobutyl, tert-
butyl, n-péentyl and dodecyl,
“arylcarbonyloxy” includes, for example, phenylcarbonyloxy,
“(C1-Cie)alkylcarbonyloxy” includes, for example, nonylcarbonyloxy
15 “hydroxy(Ci-Cis)alkylenecarbonyloxy” includes, for example,
methoxybutoxy,

“aminoalkyleneoxy” includes, for example aminoethyleneoxy,



é preferred

wher ei n: Rlerr] is H alkyl, cycloal kyl or aryl;

- 19- Rlerr], Rerr] and Rlerr] are each independently
Hor (Jerr]-derr])alkyl; Rlerr] and Rl err] are each

i ndependent |y al kyl or aryl; a- +b + ¢ + d =100;

a' is from50 to 99.5; 5 b' is fromO0.5 to 25;

c' is fromO to 50; and d is fromO to 50. _

In a nore highly preferred enbodinent, R e is H ((err]-(err])alkyl,
(err]- Cerr])cycloal kyl or (CJerr]-Clerr])aryl. As used herein,

t he term"(C[err]-C[err])cycIoaI kyl " 10 means a cyclic al kyl group of

from5 to 20 garbo such a cycl ohexyl
cycl ooctyl, anmrhogr? F0x Cf‘e ?e%[f ﬂﬂ'm}}’éanég%d

*¥rdr ocar bon
group that in fﬁﬁ@d&?" xArRERE

may, opti onal f@%e su s?tﬁregiute htlg‘?\lgaggri frarit.) EE('fﬂejﬂgroups on oggor
mre  of “mecapto((ﬁt-ci‘s)alkyM\eoky hmlﬂdes,subeiazhpm&nawpm eRébxy, 0m 6 -

. to 20 carbon 15 at ons per ou such as, e.g. pﬁenyl naph?ﬁ%}l t IyI,
- xylyl, nesi tyT' heterocyclic qu} xynngstructure mclud&afqnemmm!ahy

err. are
i ndepende &rYgE n‘?@f’% rlety, efidrein & &1 Péﬁ"& rﬂ%ﬁmsff she ethylenedioxy
: enbodi nent, Rh%x&iymdoﬁ[e each
, “heterocyclic dioxy(Ci-Ce)alkylenecarbonyl ring structure” includes, for
example, methylenecarbonyldioxy moiety, wherein each of the oxygen atoms

of the methylenecarbonyldioxy moiety are bonded to M.

10 Suitable organometallic compounds include, for example:
neopentyl(diallyl)eXy- trineodecanyl titanate,
neopentyl(diallyl)oxy trineodecanyl zirconate,
neopentyl(diallyl)oxy trimethacryl zirconate,
neopentyl(diallyljoxy triacryl zirconate
15 neopentyl(diallyl)oxy tri{(dodecyl) benzene sulfonyl-titanate,
di(neopentyl(diallyl)oxy) di(3-mercapto propionic) zirconate
neopentyl(diallyl)oxy trithydroxycaprolyl) titanate
neopentyl(diallyl)oxy tri(dioctyl) phosphato titanate,
neopenfyl(diallyljoxy tri(dioctyl) phosphato zirconate, )
20 neopentyl(diallyl)oxy tri(dioctyl) pyrophosphato titanate
cyclo(dioctyl)pyfdphosphate dioctyl titanate,
dicyclo(dioctyl)pyrophosphate titanate, neopentyl(diallyl)oxy tri(N-
ethylenediamineo)ethyl titanate,
cyclo[dineopentyl(diallyl)]pyrophosphato dineopentyl(diallyl)zirconate,
25  neopentyl(diallyl)oxy trineodecanoyl zirconate,
di(dioctyl)pyrophosphate oxoethylene titanate,
isopropyl tri(dode__cy_l)benzene sulfonyl titanate,
tetraisopropy! di(dioctyl)phosphito titanate,
tetra(2,2-diallylmethyl)butyl di(tridecyl)phosphito titanate,



20 independently, ((err]-Cerr])alkyl, ((err]-Cerr])cycloal kyl or

(et h) acryl at e&lee(lﬂ,N—dune@hﬂa@m)lspmmdchdw di
radi cal initia@XQethy

‘(Cerr]-Cerr])aryl. In a nore highly preferred_-_enbodl nent,
Rlerr] and Rlerr] are each nethyl, Rlerr] and R[err] are ea
hydrogen, a' is from45 to 75, b is from5 to 15, c' ThigS Bee“Rela"‘?O to
40 and d' is O. In a preferred enbodlne dex,
as neasured at 25 190[ err] C according to ASTM D123 dyl
ester inpact nodifier is- fromO.1 td<200 gram;/ 10 mnutes and
preferably from0.5 to 30 grans/ 10 m nut es. In a
preferred enbodinent the glycidyl ester inpact nodifier is an

ol efin-glyci dyllso 1@gmhmepAM| n-vinyl acetate-glycidyl
-20-

acryl ate copol yner or an ol efin-glycidy
élmctyl)pyrophds;phabml e

gl ycidyl ester copoléners can be made by, e.g., conventional free

teati on or graft poI ymeri zati on net hods.

e PR Rk R e o d Rhert 6 K (e PIRBRD TR o nven%“
are CHPorup NS %@awk%gg?ﬁgzﬁmm&&aﬁmwm«w of er abl y

a titani um or

a carbon

organonetal I i ¢ conmpound_conpri ses one e. conpouynd co gto
the struct ur al atkenylexyallghgroyps; aryloxy, °Pt1°“3ﬁY {)stltu with (Scl‘élé)a-‘ﬂYE

10

15

20

25

er atomthat is also bonded to
ratepéndently (Ci-Cis)alkoxy, optienally sebstitutehivith upta twohe

rrj

amino or aminoalkylene; phenylsulfonyloxy, optionally substituted with one
or more (C1-Cis)alkyl groups; phosphato, optionaily substituted with up to
two (C-Cie)alkyl groups; pyrophosphato, opﬁonéliy substituted with qp.to
two (C1-Cig)alkyl groups; arylcarbonyloxy, optionally substituted with (G-
Cis)alkyl or amino; (Ci-Cie)alkylcarbonyloxy; hydroxy(Ci-
Cig)alkylcarbonyloxy; acrylo; methacrylo; aminoalkyleneoxy; (Ci-
Cie)alkylenediaminooxy; aminoaryleneoxy or mercapto(Ci-Cie)alkleneoxy.

In a highly preferred embodiment, the organometallic compound
comprises neopent‘yl(diallyl)dxy tri(dioctyl)phosphato titanate,
neopentyl(diallyljoxy tri(dioctyl)phosphato titanate or a mixture thereof.

The thermoplastic resin composition of the present invention may,
optionally, also contain various additives which are well known in the art,
such as antioxidants, such as, for example, organophosphites, for example,
tris(nonyl-phenyl)phosphite, 2 4-di-tert(butylphenyl) phosphite, tris(2,4-di-t-
butylphenyl)phosphite, bis(2,4-di-t-butylphenyl)pentaerythritol diphosphite
or distearyl pentaerythritol diphosphite, alkylated monophenols, polyphenols
and alkylated reaction products of polyphenols with dienes, such as, for
example, tetra-cis(methylene)-3,5-di-t-butyl-4-hydroxycinnamate, butylated
reaction products of para-cresol and dicyclopentadiene, alkylated
hydroquinones, hydroxylated thiodiphenyl ethers, alkylidene-bisphenols,
benzyl compounds, acylaminophenols, esters of beta-(3,5-di-tert-butyl-4-
hydroxyphenol)‘-?ro_pionic acid with monohydric or polyhydric alcohols,




15 . wherein: Mis Ti or Zr, Rlerr] is.
‘(Cerr]-Cerr])al koxy, optionally substituted with up to two

al kenyl oxyal kyl groups, and Rlerr], Rerr] and R err] are each
[ ndependent |y hydroxy, ((err]-Cerr])al koxy, 20 optionally substituted
with up to two al kenyl oxyal kyl groups; aryl oxy, optionally
substituted with (dJerr]-derr])al kyl, am ng,or am noal kyl ;

phenyl sul fonyl oxy, optionally substituted W one or nore

(derr]-derr])al kyl groups; phosphato, optionally substituted with
up to two ((err]- err al kyl - gr oups; pyrophosphato optional ly.
substitut ed wiesterapfbe e@@utyrlﬂ*l—h?éroﬂy)-&-lm propionic acid with

(qy 'l] “qer ?ﬁ@aﬁ%ﬁ?ﬁ%b@ﬁ»@x“b e 9o Bl estera ot heta s‘-% iy )@%&Ew%;“, e
(C[grr] C[err]TQW? QQ?BI%WMW%%WSEPW&mW%W esters of

t &19(1 V\Qf&pégl
mzarlfzap °d %[r re%?mwr%grlr] are Eagﬁtarsndependent | i%ﬁeer r]-Clerr])al koxyl,
opt i onal | ySsuldisteanyléhiopropionate, dﬂaumylthmpmbpmmlt@maidedﬁdmmdipgop@ha&r e

fused to form w Matom a heterocyclrc yrophosphate ring
structure, mhi%ﬁl‘iﬁéﬁf&@%ﬁﬁﬂé ertsbutyl-4<hydroxyp lﬁ-propmmmacx d; fillers and

Gorr] %ﬁ?[é%%%ﬂ%%ﬁﬁmﬁﬁﬁ §Gple 5 : rr-tOzslassﬁbers carbon

(dJerr]-der r] gﬁ%bém&hm carbéhﬁi‘é’ osdﬁm"es sucﬁ[a?srfdr and

Rlerr] are each |n ep ndent | y acryl o, acryﬁ) or p
example, UV absorbers, light stabxhzers, lubricants, plastlcxzers, pigments,

10  dyes, colorants, anti-static agents, blowing agents.

The preparation of the compositions of the present invention is
normally achieved by merely blending the ingredients under conditions for
the formation of an intimate blend. Such conditions often include solution
blending or melt mixing in single or twin screw type extruders, mixing bowl,

15 or similar mixing devices which can apply a shear to the components. Twin
screw extruders are often preferred due to their more intensive mixing
capability over single screw extruders. It is often advantageous to apply a

vacuum to the melt through at least one vent port in the extruder to remove
volatile impurities in the composition. N

20 The composition of the present invention can be molded into useful
articles, such as, for example, heat resistant containers, by a variety of means
such as, for example, injection molding and extrusion.
Examples |

The respective thermoplastic resin compositions of Comparative

25 Examples C1-C4-and Examples 1-3 of the present invention were each made
by combining the components described below in the relative amounts (each
expressed in percent by weight, based on the total weight of the respective
thermoplastic resin composition) set forth in TABLES I and II. The

components used in the thermoplastic resin compositions were as follows:



optionally substituted with up to two (Cerr]-Clerr])al kyl groups, or
* pyrophosphat o, optionally substituted with up to tw ((err]-Cerr])

al kyl groups, or are fused to form with the Matom a heterocyclic
pyrophosphate ring structure, which may be optionally substituted with
up to two ((err]-Cerr])al kyl or al kenyl oxyal kyl groups,
as well as coordination conpl exes of such cqapounds with, for exanpl e,
phosphites such as ditridecyl phosphite, or~adducts of such conmpounds
with, for exanple triethyl am ne or 2-(N, N- di et hyl am no) i sobut anol .
5 As used herein, the term noI ogy "(Cerr]-Clerr])" as applied to an
or gani c E’Mrsltlttﬂmlye@mmm in made byhondegsation eﬂﬁ,ﬁt-bxs@e&m@u:m may
contain from n carbon atom; to m carpo atom; per group. used
her ei n: "(derr]P gy phenaligropene ithy

| Sopr opoxy, "al k 1 l.oxyal i ncl.ud r_exa allylo t ,
10 "aryl oxy" incl udeS a&l% apxﬁg*gg'fw?ferage mo%r‘?"l“%k@f%ﬁ‘éﬁ%l "
i ncl udes, for exanpl exw:eéylg,ﬂ ] et hyI n-butyl, isobutyl, tert- butyl,
n- pentyl and dodecyl, arylcarbonyloxy i.ncludes, for exanple,

phenyl car bSny [REIy2: Polyeﬂaéﬁxmdé m@immaideebykgdz@aﬂsahghmf@-bm&,&«ﬁearbbmy
exanpl e, nonyl car bonyl oxy 15 _"hydroxy(( q;{ﬂ]‘- Cl.err]).al kyl enecar bonyl oxy"

i ncl udes, for exanpl eP enoxyphev%&mm@, ydride meataphenydens -
includes, for exanple

am noet hyl eneox . s
05 " arm noar y AEEBRANY hETIREA weight averaen moleaaryright gf about 40
"(derr]-derr])alkyl gq@dhzm&ooxy I ncl udes, for exanple,
et hyl enedi am nooxy "Rercapto(Cerr]-C err] ) al kyl eneoxy" i ncl udes, for
exanpl e, mer cagpCoet hy Pehr@axbonate resin derived from bisphenol-A and phosgene and

10 having a weight average molecular weight of about 36.5 x 103

g/mol.

Si-PELI:  Siloxane/polyetherimide copolymer made by condensation of 2,2-
bis(2,3-dicarboxy phenoxy phenol)propane Hianhydride with
metaphenylene diamine and an aminopropyl-terminated Dio

15 polydimethylsiloxane, containing 34 wt% of structural units

derived from the polydimethylsiloxane and having a weight
average molecular weight of about 60 x 10* g/mol.

SI-PC:  Siloxane-polycarbonate copolymer derived from bisphenol A,

- phosgene and about 36 wt% of the reaction product of a eugenol-

20 endcapped Dso polydimethylsiloxane and having a weight average
molecular weight of about 54 x 10° g/mol.

GEIM: Poly(ethylene/ glycidyl methacrylate) impact modifier containing
88 wt% ethylene units and 12 wt% glycidyl methacrylate units and
having a melt flow rate of 3g/10 minutes at 190°C uéing a2lé6

25 kilogram weight, (Bondfast E, Sumitomo Chemical Company).

TiOz: Titanium dioxide ( SCM Glidden Company). |

OMC:  Neopentyl(diallyl)oxy tri(dioctyl)phosphatotitanate (Lica 12,
KenRich Petrochemicals Company).



"heterocyclic (Cferr]-Cerr])al kyl enedi oxy ring structure" includes, for
“exanple, an 5 “ethyl enedi oxy noi ety, wherein each of the oxygen atons of
t he et hyl enedi oxy noi ety are bonded to M "“het erocyclic
di oxy(([err]-(err])alkyl enecarbonyl ring structure" includes, for
exanpl e, net hyl enecar bonyl di oxy noi ety, wherein each of the oxygen atons

of the nethyl enecarbonyl di oxy noiety are bgnded to M 10 Sui t abl e
organonetal | i ¢ conpounds i nclude, for exan% B: neopentyl (di al | yl) oxy
trineodecanyl titanate, neopentyl (di allyl)oxy trineodecanyl zirconate,
neopentyl (diallyl)oxy trimethacryl zirconate, neopentyl (di al | yl ).oxy
triacryl zirconatelda sené@@pﬁmsym@mhbahémsmfe meamma tWEEGRH

sul fonyl -titanate, di (neopentyl (di allyl)oxy) di(3-mercapto propionic)

zirconate extrudepm engperatid 9fabout 320Ky to ekgutMBC to)formithaat e
228222%: Eg: :I | yl )qy% tri (dj pctyl ) Ehozphi 0 t! %gnat e, hvg@xamplesCl-Cti
Cyel ol oct yi TEBatss Eﬁéésd*'%fé e S PRI strbh ¥ 2hpped into pelets

di cycl o( digct xha&néﬁmeéﬁ%@hﬁﬂaeamém st epedindrisdor phybicarproperty’\

et hyl enedi am neo) et hyl” titanate,

cycl o[ di neopetestingdi al | yl)] pyrophosphat o di neopentyl (diallyl)zirconate, 25
neopentyl (diallyl)oxy tri neodecan zi rconat e,
di (di octyl )pyropho%‘h@b@d imppeksirength wasmeasured, usinga sasyple size of 2.5

1195950 GG L kB0, g ASVEE S, EB e ren

d'zgt ri decyl) phesPhichSurled #28tfing to ASTM D3763 (using 4 inch diameter by 0.125 inch

10  disks)at valrious temperatures, as indicated below in the TABLES. Heat.
distortion temperature was measured at 264 pounds per square inch (“psi”)
on unannealed 0.25 inch thick test specimens according to ASTM D648.

Results of the testing are set forth below for each of the comparative
examples C1-C4 and examples 1-3 in TABLES [ and Il as follows: dart impact,

15  expressed in foot-pounds (“ft-1b”) and noting the percentage of specimens
that exhibited a ductile fracture mode (% ductile”), notched Izod impact
strength, expressed in foot-pounds per inch (“ft-Ib/in") and heat distortion

temperature, expressed in degrees centigrade (“HDT, °C").



i sopropyl dinmethacryl isostearoyl titanate, and t he

"2- (N, N-di mret hyl am no) i sobut anol adduct of di (dioctyl)pyrophosphate

oxoet hyl ene titanate. In a preferred enbodiment Rerr] is
(derr]-Clerr])al koxy, opti-onally substituted 5 wth up to two

al kenyl axyal kyl groups, and Rerr], Rerr] “%nd Rlerr] are each

i ndependently (Cerr]-Cerr])al koxy, optionally substituted wwth up to two
al kenyl oxyal kyl - groups; aryloxy, optionally substituted with
(derr]-derr])al kyl, am no or am TABI]|ene; phenyl sul f onyl oxy,
optionally substitutedwith one or nore (CJerr]l-Clerr])alkyl aroups;
phosphat o, optionally substituted with uCEx#C1 tvBx1C eCHeCRrr] )R RYI
groups; pyr Ophosphat O npfi onally substituted ywith 1in to i RVY o)

(Clerr]-Cerr])al kyl JMobs: aryicarbonyl ox¥4 opti d485 y sub® it ut eS0MBS5¢ h
4
]_

(derr]- C[err])g%ér or am no; (C[err%OC[ err] ). kyl carhonyl oxy;

hydroxy(C[ err] - 1) al kyl car bonyl ox¥; acryl & net hact¥yl o; 11

am noal kyl eneoxy; (( epg ( err]) al kyl_enedi am pooxy; agg noaryl ?ysoxy

or nercapto(Cerr]-Cerr])alkl eneoxy. 15 In a highly preferre

enbodi nent, the organ®@iREl | i ¢ conpound - Cconpriees 4 4

neopentyl (diallyl)oxy tri(dioctyl)phosphato titanate or a m xture

t her eof . GEBM her nopl astic resifh conposbtion of & he presBnt

i nvention may, ()ﬁ%fnal ly, also contain.various additives which are

wel | known. in the art, such as antioxi dants, such as, for exanpl e’

grgagpp?osP?Lt ?SI’ Lor hI e, i tt_ri ?(Zn%mél -Fhemds) phosphite, 0.05
,4-di -ter utyl pheny phosphite, tris(2,4-di-t-

but yl phenyl ) phosphite, bis(2,4-di-t-butyl phenyl)pentaerythritol diphosphite

or distearyl pentaerythritol diphosphite, alkylated nonophenol s,

pol yphenol s and Btdpertiesd reaction products of pol yphenols with
di enes, such.as, for 2 exarrple,°
t etra-ci s(net hyl ene) - 3} \pagk - 4- hydr oxyci nnamat e, but yl at ed

reaction products of pltdbi¥ductlennd di cyR66HMt adPd80) al 4H(HI0Rd  39(100)

hydr oqui nones, hydr oxyDakelinpadta@iphenyl ethers, al kyl i dene-bi sphenol s,

benzyl conpounds, acyl m@mgg@ﬂle , esters aof beta- (3, 5-di-31¢100)but 36¢160)
i)

hydr oxyphenol ) - pr opi Onﬁ%r?ﬁ}lpacvtw od:_ronohydri c or polyhydric al cohols,

(ft-Ib/ % ductile) - - 51(0) 40(80)
Dart Impact, -30°C

(ft-Ib/ % ductile) - - 51(0) 41(60)
Notched Izod Impact

(ft-Ib/in) 34 33 59 11.6
HDT (°C) 202 202 180 181

The composition of Comparative Example 1 is analogous to that of
Example 1, except that the composition of Compafative Examplé 1 contains
TiO,, rather than an organometallic compound as in the composition of

5 Example 1. The composition of Example 1 exhibited improved dart impact

performance at 25°C, compared to the composition of Comparative Example
1.

The composition of Comparative Example 2 is analogous to that of
Example 2, except that the composition of Comparative Example 2 contains

10 TiO,, rather than an organophosphatotitanate as in the composition of

Example 2. The composition of Example 2 exhibited improved.ductility, as



- 24- _ esters of

‘bet a- (5-tert-butyl -4-hydroxy- 3-net hyl phenyl ) -propionic acid with
nonohydri ¢ or pol yhydric al cohols, esters of

beta- (5-tert-butyl -4-hydroxy- 3- met hyl phenyl) propionic acid with
nono-or pol yhydric al cohols, esters of t hi oal kyl or thioaryl
conpounds, such as, for exanple, 5 distearylthiopropionate,

di I auryl t hi opr opi onat e, ditridecylthiodiprﬁ%fonate, am des of
beta-(3,5-di-tert-butyl -4-hydroxyphenol)-propioric acid; fillers and
reinforcing agents, such as, for exanple, silicates, Ti(Jerr] glass fibers,

car bon hindddated Ibyrﬁurfmnaﬂ:leﬁhlthé darfianpace teét?étCQO?E andagge@t her
additives such as, for exanpl e, UV absorbers, |ight stabilizers,
| ubricants, rﬂ%?ﬂtﬁdz@r@le Wﬂﬁm@noiﬁomhvecﬂmmlei anti-static

- agents, blow ng agents. ' The pre of the conpositions of

‘ the present invention is normal |'y achle nerely bl endi ng t he

. ingredi ents under conditions—for rire—for _ F%r¢rl—ﬂ'mﬁﬁ(§-l-end.

! Such conditions often include solution b ﬁﬁ%#g m Xi in
single or twin screw typepggfyruders, m Xing bowgg I of gg mrar 4§9§' Tg
devi ces which can apply a shear to the conponents. Tvm n SCrew

extruders are often prefePBb2 due to their nore 9ntensivegm xing. 9

- capability over single screw extruders. It is often advantageous to apply a
. vacuumto the nelt througl‘?cét | east one vent pod in the 2%truder. 200 renove
volatileirrpuritiesinth%‘B osition. 20 ‘The conposition of the

present invention can be dinto useful - 4 article such &, for
. exanpl e, heat resistant c?ﬁ,@ ners, by a vari etyy of neans sulfh as,
~ for exanple, injection nolding and extrusion. Exarrpﬁes

The respective thernopl astGEIMesi n conposi tions ®f Conpargtive 25 5.
- Exanples C(Jerr]-Cferr] and Exanples 1-3 of the present invention were each

made by conbi ni ng tﬂ"e;anrrponent S descrl bedlbel ow i n~t he rel ati ve
anounts (each expressed.in percent by weight, based on the 'total
- weight of the respective t hernopl astic restn conposftion) s@B5f orth
in TABLES | and Il. The conponents used in the thernoplastic resin
conpositions were as foll qy}/(s). erties
Dart Impact, 25°C
(ft-1b/ %ductile) 33(100) 31(100) 36(100)
Dart Impact, 0°C
(ft-1b/ %ductile) 36(100) 20(0) 35(100)
Dart Impact, -20°C
(ft-Ib/ % ductile) 39(40) - - - 37(20)
Dart Impact, -30°C
(ft-Ib/ % ductile) 42(0) - 37(20)
Notched Izod Impact
(ft-1b/in) 153 . 44 16
HDT (°C) 170 165 171

The compositibh of Comparative Example 3 is analogous to that of
5 Example 3, except that the composition of Comparative Example 3 contains
TiO, rather than an. organometalhc compound as in the composition of
Example 3. The composition of Example 3 exhibits improved notched Izod
impact performance and improved ductility, as indicated by performance in

the dart impact test, at -30°C, compared to the composition of Comparative
10  Example 3.



- 25- PET-1: Pol yetherimde resin nmade by condensation of

2, 2-bi s(2, 3-di car boxy phenoxy phenol ) propane di anhydride with
nmet aphenyl ene di am ne and having a wei ght average nol ecul ar
wei ght of about 55 - x 10[err] g/nmol 5 PEI-2: Polyetherimde
resin made by condensation of 2,2-bis(2,3-dicarboxy phenoxy
phenol ) propane di anhydri de w th netaphenyl er29- di am ne and
havi ng a wei ght average nol ecul ar wei ght of about 40 X
10[err] g/ nol. Pol ycar bonate resin derived from bi sphenol -A and

h d 10 h f about
S6.5°x 10[err]  The C°W§‘H§?%¥5ﬂ?5a%§%r%ﬁ3§e‘$§9§# sl tndiat o de
copol yner nade ERyngslede atthe %o?nposmon of Comparatibé Egtégpﬂé kl‘lé‘él&%lé

phenoxy phenol ) propane di ahhydride w t'h lenyl ene

di ami ne and an ozgammpetatij¢ edrapoundicfthBcemposition of ExampleS The composition
pol ydi net hyl si | gxane, containing 34 w% of structural units
derived from t 19 Example dexhibits mpravedaneiched faad impasterformance and

I l, t of abou 0 10
3 Toxane. poby o irtpatied eeimte Perfbirinnrf oniG ARG pompared id e
phosgene and a (Ekﬁg, yoduct of a eugenol - 20
endcapped D[_er?'? r} | é‘:‘ﬁnﬁﬁgﬁﬁgglgﬁe an an ng a wei ght average
nol ecul ar wei ght of 'H{é)uierﬁépiaslﬁ[:eﬁiﬂccﬂﬁﬁ@émon of the pHsbht invention exhibits

Pol y(et hyl ene/ gl yci dyl nethacrylate) inpact nodifier containing
88 wt % et hyl endmproved impactstrengthyand dyctilify: Farthermage, while thexmoplastic

1 00 am wei ghizesrlRns it Eontein O proreis €0d ORISRl Propertes acl p
Gl ooty s hoEsk SR ERR R TR owder thafMBomet ORI AR Y

Pet rochermi cal s faflifidtiring environment and it is sometimes difficult to obtain deeply and

brightly colored TiOz-;:onnining resin compositions. These problems are
both overcome by use of the organometallic compound of the present

invention.



- 26- In a series of runs; the conponents were blended in a
tw n screw .extruder at a-tenperature of about 320[err]C to about
340[err]C to Tormthe - .res ectlve conposi tions .of Exanples 1-3 and
Conpar ati ve EXx “ﬂ \“n . The conpositions were then
extruded to fojun d |nto pellets 5 and then injection nol ded
to formtest spetirfens for phyS|caI propdft y testing.

Not ched 1|zod inpact strength was neasured, using a sanple size of 2.5

inch by 0.5 inch by 0.125 inch, according to ASTM D256. Dart i npact
strength ?gg measured according to ASTM D3763 (using 4 inch dianeter

- by 0.125 |ngﬁ di sks) at various tenperatures, as indicated belowin the
+ TABLES. Hed, A tHefrheplasto résiReApositor)Renipisi ged at 264 pounds per

© square inch ("psi") on unannealed 0.25 inch thick test specinens
accor di ng t(a) ASTapoBetherimideresin, Results of ‘the testing are set forth

bel ow for ch of jhe_ conparative | es C[err] Cerr] and exanpl es
1-3 in TABL(ES | agbycrdyles dﬂ%mq}gflﬁrﬂ‘i‘gggt expressed in

omi b roq” Schucrit B ?ﬁtf‘ng%‘%’z@ﬁé?%%%ﬁd%eiﬁe%ﬁ@xa t iREPve
strength, expresgriidild H¥ebinl Crhpbdikiof ) and heat

di stortion t enpera ure expre sed In degre S centlgrade (HDT,
[err]C'). 2 The composition of claim 1, whgrem the composition comprises, based

" on 100 parts by weight of the thermopiastic resin composition, from about 88
to 99.5 parts by weight of the polyetherimide resin; from 0.5 to 12 parts by
weight of the glycidyl ester impact modifier; and from 0.01 to 0.2 parts by
weight of the organometallic compound.

3. The composition of claim 1, wherein the polyetherimide resin

comprises structural units of the formula (I):

' ?

C
/
OO Y
f %
o) 0]

@ |
wherein the divalent T moiety bridges the 3,3', 3,4', 4,3', or 4,4' positions of the
- aryl rings of the respective aryl imide moieties of formula (I); T is -O-or a
group of the formula -O-Z-O- ; Z is a divalent radical selected from the group

consisting of formulae (II):

‘wnﬂwfmwd

\\\\\\\\ \\\\\\ L
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-27-. TABLE |

‘CEx# Cl EX 1—CEx# C27 PEI -1 74
74.95 PEI - 2 20 20
11" o I IIIlHlIIl I\ IIl\ » i 29
29 - - - 4 4
GEl M 5 31 O _ 5 T2
1 - 1 - ovC -

0. 05 - 0. 05 Properties Dar t

| mpact, 25[err]C (ft-I b/ %uctil e) 26(100) 34(100) .
46(100) 39(100) | npac er LgH; (ft-1b/
%ductil e) - - 00) 3 ) Dart | npact,
-20[err]C ft-hb/ ile)\@ 51(0)

40( 80) Dart | npact, (ft-Ib/%ductlle)

- - 51(0) 41(60) Not ched | zod | npact
(ft-1b/in) 3.4 3.3 5.9 11.6

HDT (C) 202 180 181 The
conposition of Conparative e anal'ogous to that of Exanmpl e 1,
except that the conposition of Conparative Exanple 1 contains Tigerr]

rather than an org metallic c ound ginthe conposition of 5 Exanple
1. The conposition hi bi t i nproved gfatt i npact

performance at 25[err d to the of Conparative Exanple
1.7 The co npara - i s anal ogous to that
of Exanpl e 2, t he conpos;j Gpnpar ative Exanple 2

contains 10 Tierr rat her than an di;@anophosphaml tanate as in the
conposi tion of HE am . $He
i nproved ductility,

o . o .
—@C(CHa)z and
Br Br

(m | _
wherein X is a member selected from the group consisting of divalent radicals
of the formulae (III): '
i 7
—CyHoyy— , —C— , —-l‘i»— —0— and —S—
(I11) 0

wherein y is an integer from 1 to about 5, and q is 0-or 1; R is a divalent
organic radical selected from the group consisting of: (a) aromatic
hydrocarbon radicals having from 6 to about 20 carbon atoms and

halogenated derivatives thereof, (b) alkylene radicals having from 2 to about



- 28- I ndi cated by performance in the dart inpact test, at -20[err]C

‘and -30[err]C, conpared to _the conposition of Conparative Exanple 2.
TABLE 11 S arat xamp -
PEI - 1 48. 95 PE| - 2
T L P -

- 29 29 ““\“\ “““ “ - ) 4

. 4 si-pc . 4 4

- GEIM 5 . : |
Tigqerr] _ 1 : _ |

0. 2f5carbon atoms, (c) cycloalkylengwadicals having from 3 to about 20@arbom npact
25 C . ft-Llbl Yductile 33( 31(100)
36E %B% atoms, and (d) divalegfa dﬁ?ﬁ;%%f H‘ecﬁ*‘&el)“fléomufa W (ft-1b/

 9guctil e) 36( 100) 20(0)\35( 10 Dart |npact,
-20[err]C t- ) pLlcho ) 39(40) -
37(20) - V) Dar t -1 err]C ' (ft-1b/ %
ductile) 42(OSI - 37(20) : Not ched 1 zod
| npact where Q is a membet belebtedfrom the group consxsﬁﬁg%f formulae{V): 16
HDT ([err]C) 170 165
%
—C H_  — — —G— ' ——
yo 2yo . —C ' g ] -0 ' aﬂd S

V) :

where y' is an integer from about 1 to about 5.

4. The composition of claim 1, wherein.the polyetherimide resin is the

reaction product formed by melt polymerization of 2,2-bis{4-(3,4-
dicarboxyphenoxy)phenyl]propane dianhydride with metaphenylene
diamine. - '

5. The composition of claim 1, wherein glycidyl ester impact modifier is a

random copolymer having a relative composition according to structural

formula:
R6 R.,
—£ cH,—CH ){'CHz—CXCHz —C )+CH2—¢15.9_
- ]LS O_C 0=é
LT
Hzc—Hc—«J:HZ Rls Rio

1’4

wherein: . Rsis H, alkyl or aryl;
Re, R7 and Rs are each independently H or (Gi-Cs)alkyl;
Rg and Ry are each independently alkyI or aryl;
a+b+c+d=100;
a is from 50 to 99.5;
b is from 0.5 to 25;



The conposition of Conparative Exanple 3 is anal ogous to that of 5 Exanple
3, except that the conpositi-en—of Conparative Exanple 3 contains

Tiderr], rathef than an organc
- Exanple 3. The cogmm‘\ﬁ!‘ L fipl e 3 exhibits inproved notched Izod
| npact performanc hPhoVed @uctility, as indicated by performance in

- the dart inpact tedt,“at -30[err]C, conpasgd to the conposition of
- Conparative 10 Example 3.

A al lic compound as in the conposition of

. - 29- The conposition of Conparative Exanple 4 is anal ogous to
- that of Exanpl e 3,.exce tpat the conposition of Conparative Exanple
- 4 lacks the organﬁﬁéﬁﬁéﬁog@ﬁd}nd of the conposition of Exanple 3.

* The conposition o] lgﬁg exhi bits i nproved notched |zod i npact

- performance and 5 irrp?ove gigkal)ﬁ?%lo'rrpact performance at 25[err]C and

- O[err] C, conpar edThe coRgosition 60¢IRRA 1] Wwhiréth the isrheRlli&@mpeurd

The thernoplastic resin conposition of the present invention exhibits
i mproved i npeampsisesone br maredompaunds aceording tethe struptuiral fomulap| ast i c
resin blends that contain TiJerr] provide good physical properties and 10
processability, TiO2 is a white powder that is sonewhat difficult to handle
in a manuf act uri ng envi ronme&t and it is sonetinmes difficult to obtain
- deeply and bri ghtly col ored TR ef*¥P- cont ai ni ng resin conpositions.
- These problens are bot h over cogM{oy use of the organonetallic conpound
~ of the present I nventi on. R1s R20

wherein:

MisTior Zr,

Ry7 is (Gi-Cis)alkoxy, optionally substituted with up to two
alkenyloxyalkyl groups, and

Rus, R19 and Rz are each independently hydroxy, (Ci-Cis)alkoxy,
optionally substituted with up to two alkenyloxyalkyl groups; aryloxy,
optionally substituted with (C;1-Cie)alkyl, amino or aminoalkyl;
phenyisulfonyloxy, optionally substituted with one or more (C1-Crs)alkyl
groups; phosphato, optionally substituted with up to two (C1-Cie)alkyl
groups; pyrophosphato, optionally substituted with up to two (Ci1-Cie)alkyl
groups; arylcarbonyloxy, optionally substituted with (C;i-Cis)alkyl or amino;
(Ci-Cig)alkylcarbonyloxy, hydroxy(Ci-Cie)alkylcarbonyloxy; acrylo;
methacrylo; aminoalkyleneoxy; “(Ci-Cie)alkylenediaminooxy;
aminoaryleneoxy or mercapto(Ci-Cis)alkleneoxy, or
Ri7 or Ris are each independently (Ci1-Cie)alkoxyl, optionally substituted with
up to two alkenyloxyalkyl groups, or are fused to form, with the M atom, a
heterocyclic pyrophosphate ring structure, which may be optionally
substituted up to two (Ci-Cie)alkyl groups, a heterocyclic (Ci-
Cs)alkylenedioxy ring structure or a heterocyclic (C1-Ce)alkylenecarbonyl
dioxy ring structure, and
Rig and Rzo are each independently acrylo, methacrylo or phosphato,
optionally substituted with up to two (Ci-Cie)alkyl groups, or pyrophosphato,



- 30- CLAIMS 1. A thernoplastic resin conposition; conprising (a)
‘a polyetherimde resin, by a glycidyl ester inpaet-nodifier, and_ (c)

an anount of —arror.ganone [i§mconpound that is effegtiye to inprove
cthe ductility ofmi m\\ - \\“ tic resin conpositi ogﬁ}xs_ eet Has. eplaced
. conposi tion of Y“‘\“‘ ek ei*n the conposition corrp’{rg-m H”'Hﬂ ! ’ ﬁngéog

. parts by wei ght »of th& thernoplastic resigp conposi tjor

- parts by weight of the polyetherinide resin; fromO0:5 to 12 parts by

" weight of the glycidyl ester inpact nodifier; and from 0.01 to ]9 2I parti by
. wei ght of the organopetallic gonpound. , 3. The conposition of claiml,

' wherein th@pﬁBf‘?gY ﬁsgf?ﬁ&ﬁ“&%fk ?"@&H‘\ te swer(CaLaskalkyt graups, onpresfuseditne 1;) or gul a
S (1) I ' he - divalent T nmojety bridges
Cthe a3, S Withhe Matom, hBelcrocyclicibBhlabits o seibuste Mpblthl s pect ve
. aryl i m deni@yi bé bpeoAklly substitatdd withfup $o t#o (TL-GeJal

g4 oy B aPooran (b &0 o (O Rl R Aot IRy

. -0Z-O0; Zis adivalent radical selected fromthe ¢ of
-~ formul ae (groups,

Q

7.  The composition of claim 1, wherein the organometallic compound is
selected from the group consisting of neopentyl(diallyl)oxy trineodecanyl
titanate, ﬁeopentyl(diallyl)oﬁcy trineodecanyl zirconate, neopentyl(diallyl)oxy
trimethacryl zirconate, neopentyl(diallyl)oxy triacryl zi;éonété,
neopentyl(diallyl)dxy tri({dodecyl) benzene sulfonyl-titanate,
di(neopentyl(diallyl)oxy) di(3-mercapto propionic) zirconate,
ﬁeopentyl(diallyl)oxy tri(hydroxycaprolyl) titanate, neopentyl(diallyl)oxy
tri(dioctyl) phosphato titanate, neopentyl(diallyl)oxy tri(dioctyl) phosphato
zirconate, neopentyl(diallyl)oxy tri(diéctyl) pyrophosp‘_hato titanate,
cyclo(dioctyl)pyrophosphate dioctyl titanate, dicyclo(dioctyl)pyrophosphate
titanate, neopentyl(diallyl)oxy tri(N-ethylenediamineo)ethyl titanate,
cyclo[dineopentyl(diallyl)]pyrophosphato dineopentyl(diallyl)zirconate,
neopentyl(diallyljoxy trineodecanoyl zirconate, di(dioctyl)pyrophosphate
oxoethylene titanate, isopropyl tri(dodecyl)benzene sulfonyl titanate,
tetraisopropyl di(dioctyl)phosphito titanate, tetra(2,2-diallylmethyl)butyl
di(tridecyl)phosphito titanai:e, isopropyl dimethacryl isbstearoyl titanate, and
the 2-(N,N-dimethylamino)isobutanol adduct of di(dioctyl)pyrophosphate
oxoethylene titanate. |

8. The composition of claim 1, wherein the organometallic compound
comprises neopentyl(diallyl)oxy tri(dioctyl)phoséhato titanate,
neopentyl(diallyl)oxy tri(dioctyl)phosphato titanate or.a mixture thereof.

9. The composition of claim 1, further comprising a siloxane-
polyetherimide copolymer and a polycarbonate resin.

10.  The composition of claim 9, wherein the composition comprises, based

on 100 parts by weight of the composition, from 5 to 40 parts by weight of the
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siloxane-polyetherimide copolymer and from 0.5 to 12 parts by weight of the
polycarbonate resin. :

11. The composition of claim 9, wherein the siloxane-polyetherimide
copolymer is the reaction product of an aromatic bis(ether anhydride) with an
organic-diamine and an aminoalkyl-terminated organosiloxane of the
structural formula:

PR
HaoN— (CHz)a— Sli — (© —-Slx)b— (CHz)c——NHz

Ra Ry

wherein: ‘

R1, Rz, Rs and R4 are each independently (Ci-Cs)alkyl,

a and c are each independently integers from 1 to 10, and

b is an integer from 1 to about 40.
12. The composition of claim 11, Ry, Rz, Rs and R4 are each methyl, a
and c are each 3 and b has an average value of from 9 to 20.
13.  The compositicn of claim 9, wherein the aromatic polycarbonate resin
is the reaction product of bisphenol A and phosgene.

14.  The composition of claim 9, further comprising a siloxane-

polycarbonate copolymer. )
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wherein X is a nenber selected fromthe group consisting of- dival ent _
~ radical s of theformtae—(+{4)+—- ~terrl . whereiny is

i _an integer from qis 0or 1, Rismpm ivtal ent organic-
- radi cal select edﬁnlmnmmgﬂgjﬁ onsisting of: (a) .ar ~ Reptzaedoon
:radicals having ¥ tOw x20 carbon atons and'_ﬂ( ,I II vatives

.- thereof, (b) al kylene radicals having frc@g-2 to about _ -32-
© 20 carbon atoms, (c) cycloal kylene radicals having;from3 to about 20 :
* carbon atoms, and (d) divalent radicals of the general fornula (1V): [err]

' where Qis aggmenber elgct ed. from t he groug con%ja%t%iké\x%@ot formil ae (V):
f ey A by wherein t e-polyc te
[Cg:TIr)LSi ti \gﬂggeoyrﬁ‘i jrlrfj ngf;sfﬁ%t&ﬂ ﬁ'#‘ ddoltl bfotmuld!® "eaction
- product for mg% @]y rgeﬁt Bﬁ%ﬁer. zat| on o%‘ §"Jb| s'?‘%%%ﬁﬁ )
f o] '

il

— (0 —A—0 —C)—

wherein A is a divalent aromatic radical, and

second structural units according to the structural formula:

I q
IS AR R A
7 7

wherein each A" is independently (C>-Crz)alkylene, preferably each A” is

propylene; each Y’ is independently H, (C1-Cs)alkyl or (Ci-Cs)alkoxyl; each R

and Ry is independently H or (Ci-Cg)alkyl, and d is an integer from 10 to 120

16.  The composition of claim 15, wherein each A” is propylene, each Y’ is

methoxy, R¢ and R7are each methyl and d is from 10 to 70.

17.  The composition of claim 14, wherein the composition comprises,

based on 100 parts by weight of the composition, from 0.5 to 12 parts by

weight of the siloxane-polycarbonate copolymer.

18. A thermoplastic resin composition, comprising the composition

obtained by blending: '

(@ a éolyetherimide resin,

(b)  aglycidyl ester impact modifier, and

(c) an amount of an organometallic compound that is effective to improve
the ductility of the thermoplastic resin composition.

19. A shaped article molded by the composition of claim 1.
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. di.car boxyphenoxy) phenyl | propane di anhydride wi th netaphenyl ene di am ne. 5.
The: conposition of claim1l, wherekn glycidyl ester inpact nodifier is a
rari'dom copol ynmer having a relative conposition according to structural

- =fo [err] - wher ei n: Rlerr] is H,

aI kyI or aryl ; : Rlerr], Rerr] and R err] are each independently
T Hor (Cerr]- C[err])al kyl ; R[e37-] and R err] are each.
;.lndependently al kyl or aryl - a+b+c +d=100; : ais

‘'om 50 to 9POEYETHERIMIDE. thsms dOMPOSYTIONS 3&:1‘3 IMPROVED DUCTILITY
D 6. The .

E ¢“ts from0 to 50; and
"_ 'corrp03| tion of claiml, Mewg‘ﬁgroaggﬁ{%e : "rpound

A thermoplastic resin composition contauung a polyethermude resin, a

- .

glycidyl ester impact modifier and a organometallic c-pmpound exhibits
improved impact strength and ductility.

ey
"y,

PR Y

Axs pal n



conprlses one or nore conpounds according to the structural formula:

[err] wher ei n: Mis Ti or Zr, o Re[ L1} —is
(err]-Cerr])al koxy, optionally substituted with up to tp\@PLACEMENT SHEET
al kenyl oxyal kyl groups, and Rlerr], Rerr] and R grnt—are €ach

I ndependent|ly hydroxy, ((err]-Clerr])al koxy, optionally st bs]’l Lﬁ#@ g?]gt
up to two al kenyl oxyal kyl groups; aryloxy, .gptionally subjstjituted wit
(derr]-Cerr])al kyl, am no or am noal kyl; phenyl sul f onyl joxiy—ept+oeratty
substituted with one or nore ((err]- C[err])al kyl groups;{ phosphat o,
optionally substltuted with up to two merr -C[err]) al kyt—groups;

pyr ophosphat o isegropy aluwtlm@bﬁtmaﬁc@ey analgy atsl two (Clerr]- C[err])al kyl

g:ogfﬁsnoaryl Cgﬁﬁﬁ-@g\ﬁd OBt |aonal l‘éﬂ; St |1 td%q:t%dﬁd ogt)% P}’m %rSIr) )a?el kyl
hydroxy(d err]ox &R’El%)[l Wr bonyl oxy; acryl o, nethacrylo;
errj-

am noal kyl eneoxy, ‘err])al kyl enedi ami nooxy; ami noaryl eneoxy or

ner capto(ferr]-C qwdg[ féhea%ﬁi%dxﬁ{enﬁiﬂl% is] (quclﬁs{amﬁdb} . dptiondll) substituted
i ndependently ((err] err])al koxyl, optionall substltuted wth up to two

AR R ik o truc??fépm "”R“M‘L’Rﬁ?’?ﬁiﬂ‘
subst i tﬁ]{ Edl ug%/‘ﬁﬁg? = @&:\’# &é?*X')%éﬂﬂﬂy%ﬁﬁ?mé R%S%W%y( derr]-
(Grer 1] 2t or r SRR Pk BT 4A08). USROG ted with (GrGuallir e 11

are each | ndepgRagNét ¥maesatk K%[{}Md ﬁﬂshﬁi‘l@ﬁ"«‘hﬂl
substituted with up to two ( erengq err])lg}I; kg? groups or pyrophospk?e&eo

or more (C1-Cig)alkyl groups; phosphato, opnonally substituted with up to

10  two (Ci-Cie)alkyl groups; pyrophosphato, optionaﬂy substituted with up to
two (C1-Cie)alkyl groups; arylcarbonyloxy, optionally substituted with (Ci-
Cie)alkyl or amino; (Ci-Cis)alkylcarbonyloxy; hydroxy(Ci-
Chie)alkylcarbonyloxy; acrylo; methacryio; anﬁnoélleéneoxy; (@

—

Cie)alkylenediamincoxy; aminoaryleneoxy or mercapto(Ci-Cig)alkleneoxy.

15 In a highly preferred embodiment, the organometallic compound
comprises neopentyl(diallyljoxy tri{dioctyl)phosphato titanate or a mixture
thereof. |

@, | The thermoplastic resin composition of the present invention may,

optionally, also contain various additives which are well known in the art,

20 such as antioxidants, such as, for example, organophosphites, for example,
t'ris(nonyl-pﬁenyl)phosphite, 2.4-di-tert(butylphenyl) phosphite, tris(2,4-di-t-
butylphenyl)phosphite, bis(2,4-di-t-butylphenyl)pentaerythritol diphosphite
or distearyl pentaerythritol diphosphite, alkylated monophenols, polyphenols
and alkylated reaction proddcts of polyphenols with dienes, such as, for

25 examp.le, tetra-cis(methylene)-3,5-di-t-butyl-4-hydroxycinnamate, butylated
reaction products of para-cresol and dicyclopentadiene, alkylated
hydroquinones, hydroxylated thiodiphenyl ethers, alkylidene-bisphenols,
benzyl compounds, acylaminophenols, esters of beta-(3,5-di-tert-butyl-4-

hydroxyphenol)-propionic acid with monohydric or polyhydric alcohols,

ABosST\6 -
“Waen



-34- .-optionally substituted with up to two (C[-err]-C[err]) al kyl groups,
or are fused to form with the Matom a hetefrocyeclic pyrophosphate ring

structure, whi EH"“WHY“be opttonral-ly substituted with up to_two

c (err]-C err]) kenyl oxyal kyl groups, 7. The| qgEppRSH Y
. claim1, V\,her | ’3.“ | 1'ic conpound is selected §r g EMEWS EET
i consi stl ng of neof )oxy trined@ecanyl titanatle

. neoperityl (diallyl)oxy tri neodecanyl zirconate, neopentyl (di al Myl FBR 2000
i trimethacryl zirconate, neopentyl (diallyl)oxy triacryl .zijrdonate,

. neopentyl (d%%oxy tri(dodecyl) benzene sul fonyl-titarate,
- di (neopentyl yl )oxy) di (3-nmercapto propionic) zi rcoHa—t-e—

neopentyl (dhal | ylA ghefnd neopentyl (diallyl)oxy

tri(dioctyl I)1 phoé?ohat 0 C{P?l%%awnég{egwﬁ%g génl%q?%] %ngﬂ y: %oxy tri(dioctyl)

phosphat o zi(g)conatpolyegtepienidelresingl | yl ) oxy tri (dioct yl ) pyrophosphat o

titanate, cyclo(dioctyl ipyrophosphat e dioctyl titanate,

di cycl o(di o€l ) pyglpeidy m:snpae:tanad@“xermn%ent yl (dial | yl)oxy

tri (N-ethyl eqedi am neo titanat

cycl of di neog ntyla(‘(ﬁ’ﬁ?%‘ ‘;P%ﬂ/ ?M%%%Wtﬂfm‘%ﬂeﬁ?lmﬁﬁce

neopent yl (di al | yltﬁ?dii %1&;{ %légﬁgp OQ(H ctyl) pyrophosphat e
na s propy %

oxoethylene tita ecy enz ne su fonyl titanate,
tetrai sopropyl d%@l&ﬁpﬁﬁ@&@&ﬂ&hﬁﬁlt,wmem%etce C‘ﬁ:{s?uc?ﬁéé E gm? ¥4 ) butyl
d| (tridecyl)phosphito titanate, isopropyl dimethacryl isostearoyl titanate,

Qé} he 2- ( NpNOQipastsiyy mgitt)qfsthbthermdplamhmmdordp()sinom ftbipgophosphat e
ox08t hyl ene t e, conposjtion of claiml, wherein the

te
or ganonet al f9 éé gna tﬁhiﬂw@tﬁﬁfrqr}%% PR %m&mﬁqmﬂﬁ to 12 parts by

tri(di octyl t he The conposition
of claim1, er Cg%élagf‘élgeroﬁgﬁmg}%é}% Bcﬂ%& 9&46‘?—30 r and a
_pol ycar bOﬂaWéx I&%ﬂhe%@ganor’ﬁé&lﬁ@@ﬂ}ﬁ bi:h@n of claim9, vvhere| n the
conposition conprises ased on 100 parts by weight of the conposition,

from5 to 48. par Thelwpnvpmisifien of claim 1, wherein the polyethenrmde resin

iy

compnses structural units of the formula (I):

<00

W - ‘wherein the divalent T moiety bridges the 3,3', 3,4', 4,3', or 4,4' positions of the
- aryl rings of the respective aryl imide moieties of formula (I); T is -O- or a
group of the formula -O-Z-O- ; Z is a divalent radical selected from the group

consisting of formulae (II):




-35- | S|onane pol yet heri mi de copol ymer and fromO0.5 togt2

Eph
df the polycarbonate resin. 11. * The corrpOSItlon of cla mwh
si | oxane- pol'yetherini-de-copotyner is the reaction productf ¢f an aromatic
bi s(et her an th_an orgam c di am ne and an ami ndallky4 AtREBizelk ed
orgerost cxar I RANRRTICE "o 3
[err] err] ], Rl err] and f
independently (derr]- C[err])al kyl , a and c aref each

i ndependently integers from1l to 10 and b is aninteger froml

to about 4Q§t1$3all sub;fmté‘cpmaﬁag'taewef(@l@lkm& I%x%[u%’sf br ald @iskd toRL €T ]

and R err] are each nethyl, a and ¢ are each 3 has an average val ue

of from9 farn2O#ithlhe M Ia&)mparhetarbcynhcq:iyrophoslplﬁate\nhtgﬂnmct’ui‘e vplmilchc ar bonat e

resin is the reaction E)roduct of b:@} phenol A and. phgsgene.

conposi t i ofmayf %93#@11@1 y s@bqtﬁetedc YRt Ve (§rﬁbc&aﬂw Op @1&%&1@@@@1
copolyner

groups, :

7. The composition of claim 1, wherein the organometallic compound is

selected from the group consisting of neopentyl(diallyl)oxy trineodecanyl

titanate, neopentyl(diallyl)oxy trineodeéanyl zirconate, neopentyl(diallyl)oxy
' trimethacryl zirconate, neopentyl(diallyl)oxy triacryl zirconate, .
neopentyl(diallyl)oxy tri(dodecyl) benzene sulfonyl-titanate,
di(neopentyl(diallyl)oxy) di(3-mercapto propionic) zirconate,
neopentyl(diallyl)oxy tri(hydroxycaprolyl) titanate, neopentyl(diallyl)oxy
tri({dioctyl) phosphato titanate, neopentyl(diallyl)oxy tn(dxoctyl) phosphato
zirconate, neopentyl(dxallvl)oxy tn(dxoctyl) pyrophosphato titanate,
cyclo(dioctyl)pyrophosphate dioctyl titanate, dicyclo(dioctyl)pyrophosphate
titanate, neopentyl(diallyl)oxy tri(N-ethylenediamineo)ethyl titanate,
cyclo [dineo'pentyl(diallyl)]pyfophosphato dineopentyl(diallyl)zirconate,
neopentyl(diallyl)oxy trineodecanoyl zi;.‘conate, di(dioctyl)pyrophosphaté
oxoethylene titanate, isopropyl trx(dodecyl)benzene sulfonyl titanate,
tetraisopropyl di(dioctyl)phosphito titanate, tetra(2,2-diallylmethyl)butyl
di(tridecyl)phosphito titanate, isopropyl dimethacryl isostearoyl titanate, and
the 2-(N,N-dimethylamino)isobutanol adduct of di(dioctyl)pyrophosphate
oxoethylene titanate.
8. The composition of claim 1, wherein the organé'metallic compound
comprises neopentyl(diallyl)oxy tri(dioctyl)phos?hato titanate or a mixture
thereof. |
9. The composition of claim 1, further comprising a siloxane-
polyetherimide copolymer and a polycarbonate.reéin.
10.  The composition of claim 9, wherein the composition comprises, based

on 100 parts by weight of the composition, from 5 to 40 parts by weight of the

——



A

5. The confp05|t|on of claim 14, wherein the sil oxamne® RQN
8opol ymer conprises fiTst—structural units according to tﬁggl}’m Rlé-gﬁﬁT

[err] wherei nH"y ent aromatic radical, and secand structural units
according to ’gﬂm og r mul a: ey FEB 2000
wherein each A" ifs in Iy (derr]-Cerr])al kyl ene referably eadh
A" is prodpyl ene; each Y i s i ndependent | 85H, (Cerr]-d ef ralRyl or

(derr]-Cerr])al koxyl; each Rlerr] and R7 is independenfly H or
(C[err]-_C[err])aI kyl, and dis an integer from10 to 120°16. The

conposi tion of cI a| wher ei n ach IS ach Y' is methoxy,
Rlerr] and ’Hmr‘f]\?tcﬁ?P er%pqlgrqnggﬁio?édi Oy weightgfdhe
conposi tion &IE(C &f}es lWnerel n the conposition conprises, based on 100
parts by weP Gt e corrp05|t|on fromO0.5 to 12 parts by wei ght of the

si | oxane- ponvcar bo rﬁ{@c&ﬁp@éxmﬁ of clb¥m 9) vwRaR Rt siloxhRe-FblyéeRertnidb e

conposition of claim1l
copolymer is the reaction product of an aromatic bis(ether anhydride) with an

organic diamine and an aminoalkyl-terminated organosiloxane of the

structural formula:
PooE
Y HoN— (CHz) — ':‘ix — (O —Sli)l;‘ (Cﬁz)c“"’*NHZ-
R2 - Ry
wherein:

Ri1, R2, Rs and Ry are each independently (Ci-Ce)alkyl,
a and.c are each independently integers from 1 to 10, and
b is an integer from 1 to about 40. ‘
12. The composition of claim 11, Ry, R2, Rs and R4 are each methyl, a
and c are each 3 and b has an average value of from 9 to 20.
13.  The compositicn of claim 9, wherein the polycarbonate resin
is the reaction product of bisphenol A and phosgene.
o 14.  The composition of claim 9, further cdmprising a siloxane-

polycarbonate copolymer.
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15. The composition of claim 14, wherein the §i—_!oxane-poljcarbonate

copolymer comprises first structural units according to the formula:
O
I
—(© —A—0 —C)—
wherein A is a divalent aromatic radical, and

second structural units according to the structural formuia:

R6 1}6 R6 _ ('?
——(e@— "-—51-—0-—(51 0)—31 —A —Q —
I
R? . R7 R7

wherein each A” is independently (C;-Cio)alkylene, preferably each A” is
propylene; each Y’ is independently H, (Ci-Cs)alkyl or (C1-Cs)alkoxyl; each R
and Ry is independently H or (C1-Ce)alkyl, and d is an integer from 10 to 120
16.  The composition of claim 15, wherein each A" is propylene, each Y’ is
methoxy, Re and R7are each methyl and d is from 10 to 70.

17.  The composition of claim 14, wherein the comp‘.ésiﬁon comprises,
.based on 100 parts by weight of the composition, from 0.5 to 12 parts by
weight of the siloxane-polycarbonate copolymer.

18. A shaped article molded by the composition of claim 1.



