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Functional i zed El astoners, and Catal ysts Background of the Inventi on{ %d

of the Invention The present invention relates to inpact nodified

conpositions of high heat anorphous resins conprising a functionalized

el astomer conpound and a catal yst capablte of crosslinking the

functionalized conpound and/or inproving the ductility of the conpositions.

In preferred enbodi nents, the 5 functionalized el astoner compound is

melt-mxed with t hi t phaus re rior to the addition of the
functional i zed COE‘BBG %’b“’%dg %ﬁ%@ tifgRs ° H‘Sg Heat AverphousResingo| ded
into articles have dranati @W@PEM Elastamersaangd Catalystses wi t hout
sacrificing other key properties such as, for exanple, thermal properties.
10 Description of the Rel ated Art Anorphous resins
having glass transition tenperatures in excess of about 160[err]C are
commercially attractive materi als because of their unique conbination of
properties, including, for exanple, high tenperature resistance,

di mensi onal and hydrol ytic st abBaékgroand oflthe invenfionpr operti es. 15
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compositions of this invention when molded into articles have dramatic
increases in several properties without sacrificing other key properties such
as, for example, thermal properties. |

10 Description of the Related Art

Amorphous resins having glass transition temperatures in excess of
about 160°C are commercially attractive materials because of their unique
combination of properties, including for example, high temperature
resistance, dimensional and hydrolytic stability and electrical properties.

15 Examples of such amorphous resins include, for example, polyetherimide
resins, polyether sulfone resins, and polysulfone resins. ‘Generally however,
one of the drawbacks of these resins is typically their resistance to impact is
somewhat poor, i.e, molded articles made from the high heat resistant
amorphous resins are somewhat brittle. Therefore, it would be desirable to

20 increase the impact resistance of these amorphous resins without sacrificing
their other excellent properties. By improving the impact resistance as well
as other physical properties such as chemical resistance and hydrolytic
stability of the high heat amorphous resins, a greater number of applications
would then become available for the resins.

25 As previously mentioned, the polyetherimide resins are an illustrative
example of high heat resistant amorphous resins. Polyetherimide resins are
sold by General Electric Company, Mount Vernon, Indiana, under the
trademark ULTEM resins. It is also known to impact modify polyetherimide




woul d then becone available for the resins. 25 As previously
mentioned, the polyetherimde resins are an illustrative exanple of high
heat resistant anorphous resins. Polyetherimde resins are sold by CGeneral
El ectric Conpany, Munt Vernon, |ndiana, qunder the trademark ULTEM resins.
It is also known to inpact rmdlfy pol yet heri m de 2 resins using an
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in that application or recognize the unexpected dramatic increases in impact
15 strength that can be achieved with a catalyst wherein the catalyst and the
polyetherimide are melt-mixed prior to the addition of the epoxy functional
alpha-olefin elastomer.
It is an object of the present invention to provide compositions and
methods to prepare impact modified compositions of high heat resistant
20 amorphous resins which exhibit enhanced ductility, chemical resistance,
hydrolytic stability, etc.,, while substantially retaining other key physical
properties such as heat distortion temperature.
Summary of the Invention
In accordance with the present invention, novel polymer blend
25 compositions are prepared containing high heat resistant amaorphous resins,
functionalized elastomer compounds, and catalysts capable of improving the
ductility of the compositions. In preferred embodiments, the catalyst is melt-
mixed with the high heat amorphous resin prior to the addition of the
functionalized elastomer compound. When the compositions are in the
30 molded state, they exhibit dramatically improved impact resistance,
improved chemical resistance and/or improved hydrolytic stability over
other high temperature resistant amorphous resin compositions. In addition
to enhanced impact properties, the polymer blends of this invention exhibit
good retention of the other excellent thermal properties of the base resin.



.20 anorphous resins which exhibit enhanced ductility, chemni cal

resi stance, hydrolytic stability, etc., while substantially retaining other
key physical properties such as heat distortion tenperature. Summary of the
I nvention In accordance with the present invention, novel polyner blend 25

conpositions are prepared containing high heat resistant anorphous resins,

functionalized el ast omrmm@cﬁ&wﬂ 6k togPabl e of inproving the
ductility of the conposiTions. fmm preferred el ments, the catalyst is
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As previously mentioned, the polyetherimide resins are useful as an
15 amorphous resin having a high Tg in the present invention. The
polyetherimide resins (referred to hereinafter as PEI) are also known,
compounds whose preparation and properties are described in U. S. Patent
Nos. 3,803,085 and 3,905,942, both of which are incorporated herein by
reference.
20 The PEI used for preparing the blends of this invention contain repeat

units in excess of 1 and typically from 10 to 1000 or more of the formula (I):
' ¥
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wherein T is -O- or a group of the formula -O-Z-O- wherein the divalent
bonds of the -O- or the -O-Z-O- group are in the 3,3, 3, 4, 4,3, or the 4,4

25 positions; Z is a divalent radical selected from the group consisting of
formulae (II):




10 nost demandi ng commerci al applications. Broad classes of anorphous
pol'ymers which fall outside the scope of the present invention are the
pol y(phenyl ene ether) resins, the pol ycarbonate resins, and the

pol ycarbonate copol yner resins, such as the pol yestercarbonates. As
previ ously nmentioned, the polyetherinide esins are useful as an 15

anor phous resin having a in t\e esent The

pol yet heri m de resins (ref to her ter i are al so known
conpounds whose preparatl o] pr oper re: des )bed in U S Patent
Nos. 3,803,085 and 3,905,942, both of which are incorporated herein by
reference. 20 The PElI used for preparl ng the blends of this

invention contain repeat units in eXLes and typically from10 to 1000
or nore.of the formula (1): [err] @ @ =0- .or a group of the
formula -O Z-0- wherein the divalen nds of/ the -0- or the -O-Z-O group

are in the 3,3[err], 3," 4, 4,3 ,0r the 4,4' 25 positions; Zis a

di val ent radical selected #®m the gr lae (I1): 4
H3C CH3 H3C Br Br CH3
Br r [er rein Xis a

nmenber sel ected fromthe gro i cal s

I .
wherein X is a member selected from the group consisting of divalent radicals
of the formuiae (III):
g
—CyHzy— . —C— —g—,—o— and —s—
5 1 -

wherein y is an integer from 1 to about 5, and: q is OorL; Ris 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

10 20 carbon atoms, (c) cycloalkylene radicals having from 3 to about 20 carbon
atoms, and (d) divalent radicals of the general formula (IV):



of the fornulae (I11): wherein y is an integer from1l to about 5, and q is
O or 1; Ris a divalent organic radical selected from the group consisting
of : (a) aromatic hydrocarbon radicals having from6 to about 20 carbon
atons and hal ogenat ed derivatives thereof, (b) alkylene radicals having
from2 to about 10 20 carbon atons, (c) ycloal kyl ene radicals having from

3 to about 20 carbon atons, an div t radicals of the general
formula (1V): (I'V) where cted fromthe group
_cotnS|st|Pg of Lor{(m’ﬁaﬁe (V): [eirix I 0 i OtWht6Le )IQEIIS an ]
i nteger fromghod lepgép odi yent , I may be
a copol yner whi ch,Qi n g‘ tTon tgeafﬁ%me?ﬁér?%gggmgﬁqgoﬂé)g@ﬁ%ee )above,

further contains polyimde rﬁpeating‘ujunits of the fornmula (VI): 0 0 [err]
wherein R is as -pfgldyousl y—def+ ned—asd- M i s—-el ected f r om-+dge—group 10
consisting of formula (VIl): (VII) f&rrrula (MIE): (MI1) and formula (1 X):
15 (1 The PElI can be prepared by any of the nethods well known to
t hose ski | | edwheretshis aar integen dtamliabgut hi st&aatsi on of an aromatic bi s(ether

anhydri de In one embodiment, the PEI may be a copolymer which, in addition to
the etherimide units described above, further contains polyimide repeating
units of the formula (VI):
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wherein R is as previously defined and M is selected from the group
10 consisting of formula (VI):

w L

formula (V II):

S Cag 3¢

and formula (IX):

. e HEC

The PEI can be prepared by any of the methods well known to those
skilled in the art, including the reaction of an aromatic bis(ether anhydride)
of the formula (X):




of the formula (X): 6 [err] with an organic diam ne of the fornmula (XI):
(X1) H2N- R-NH2 wherein T and R are defined as descri bed above.
Illustrative diamnes 5 include neta-phenyl ene di am ne and par a- phenyl ene
di ami ne. O her useful diam nes are known in the art. The PEl and their
preparation are described in US. Patent Ro. 3,983,093 (Wllianms et al),
which is incorporated herein py reference. Exanples ofgspecific aromatic

bi s(et her anhydri des) and orgafyic 10 d| am nes 8 e dléﬂ osed, for exanple,
in WS Patent Nos. 3,972,902 atd ’ i ncor por ated by
reference herein. A preferredOcI ass§ (et,ﬁ’er anhydri de)s

I ncl uded by fornula (X) above |@ g% corrpoun rhe @l n Tis of the
formula (XIl): [err] 15 and e et her |inkages are imyhe 3,3, 3, 4,
4,3, or the 4,4" g§pitions, d m xtures thereof, and where Y i s sel ected

fromthe grou f or e [ A, [err] (Xr1rr)y 20 When
PEI / pol yi m de%gggﬁ néam éﬁ%mé ﬂg‘gg méxi& Aydride, such as pyronellitic
anhydride, is used kﬂt conbi nati on HpNR-R+&NH) s(et her anhydride). Generally,
useful PElI have an rinsic viscosit n reater than about

ful h @Rt rinsic vi ity [n] g han ab

wherein T and R are defined as described above. Illustrative diamines
5 include meta-phenylene diamine and para-phenylene diamine. Other useful
diamines are known in the art. The PEI and their preparation are described
in U.S. Patent No. 3,983,093 (Williams et al), which is incorporated herein by
reference.
Examples of specific aromatic bis(ether anhydrides) and organic
10 diamines are disclosed, for example, in U.S. Patent Nos. 3,972,902 and
4,455,410, which are incorporated by reference herein.
A preferred class of aromatic bis(ether anhydride)s included by
formula (X) above includes compounds wherein T is of the formula (XII):

OO

15 and the ether linkages are in the 3,3, 3, 4, 43", or the 4,4' positions, and
mixtures thereof, and where Y is selected from the group consisting of:
formulae (XIII):

_ H, %)

—-O0— , —5— , —C— , —-(IZ—— and —ﬁ— )

CH; O

(XTI
20 When PEI/polyimide copolymers are employed, a dianhydride, such
as pyromellitic anhydride, is used in combination with the bis(ether
anhydride). '
Generally, useful PEI have an intrinsic viscosity [n] greater than about
0.2 deciliters per gram, preferably of from about 0.35 to about 0.7 deciliters
25 per gram measured in m-cresol at 25°C.



0.2 deciliters per gram preferably of from about 0.35 to about 0.7
deciliters 25 per gramneasured in mcresol at 25[err]C 7 1 ncluded
anong the many nmethods of making the PElI are those disclosed in U S
Patent Nos. 3,847,867, 3,814,869, 3,850,885, 3,852,242 and 3, 855,178. These

di scl osures are ingor ted herein in their entirety by reference for the
pur pose of teachi ng"‘ IB§ %@P‘Bﬁslﬁ?‘ﬁug&%{t psthodse ﬁér‘&Pl\é Flearer those

met hods for pridgdesedginPEl S MatersteNon 3,847, 867% rﬁ;&l4§869t 318501885 63852),!242 And

particularly I po resin.co IS repeat i units, o
formula (XIV): %Si%fsuﬂ MJ]%gcmv%g?selg?\ ng ﬁ%‘f} ‘g‘n éﬁ% T el tb§nd IS
comercial ly d@‘ﬂ?%l rf thenpampose ft iieeduugdby whp er dhshahhnugé’fm’ahangr ade
series 1008. Ap@&xhermétﬂbﬁs %;xnﬂgemkomexﬁttnebléndd%frtﬁﬁmv&m&r' ses

repeating units of forrru wher el n 'S
; : f'&ﬂ@ %@Ls&ﬁvnaw TeSH) SPTRPHSSEEPERERE Wt nder

par a- phenyl ene rad|
t he trademark dﬂlfd'@mlas(XéV)ade series CRS 5001. Another particularly useful
pol yetherim de regn corrprl ses repeating units of formula (X\6) [err]

[err] (XVI) § ié

(XIV)
10  wherein R is a meta-phenylene radical and is commercially available from GE
Plastics under the trademark ULTEM as grade series 1000.
Another particularly useful polyefherimide resin comprises repeating
units of formula xXV):

15 (XV)
wherein R is a para-phenylene radical and is commercially available from GE
Plastics under the trademark ULTEM as grade series CRS 5001.
Another particularly useful polyetherimide resin comprises repeating
units of formula (XVI):

;3@%&;‘ Lo~ ‘%«

wherem Risa meta-phenylene radical and is commercially available from GE
Plastics under the trademark ULTEM as grade series 6000.

20



wherein R is a neta-phenylene radical and is comercially available from GE
Pl astics under the trademark ULTEM as grade series 6000. Anot her
particularly useful polvetherimde resin conprises repeating units of
formula (XVII): [err] (XVII) 5 wherein R_is about a 60:40 nole ratio of

nmet a- phenyl radical and a bis- (gama- proﬁyl di et hyl si | oxane) radi cal

havi ng a repeat uniAnodlver payticafarbbasdfull pobietitetimiz euresirs comprises sepleating

avai l abl e fro%g? ' xbmﬁer the trademark ULTEM as grade D9000 as an
al ternating copo oﬁﬁ%@?n and under the trademark SILTEM as grade STML500
as a bl ock copol yRer resin. 10 Addi ti onal enbodi ments®f the

I nvention include | astic nol di ng_conpositions c ai nifng pol y(aryl

et her) copol yner Ne_t_p\gr_)
copol yner resins

2 .’ i G
i nt erspersed withget her and sul fone | i nkBHges.

0Oe
obtai ned by reaction of an alkali netal double salt of a dihydric phenol
and a di hal ob€X¥@hoi d conpound, either or both of which contain a sulfone

or ketone Li n%ix{(ﬂfis aboiPa &40 Iebﬁtu*ﬂegf‘n?{] 1RGP lg&%ﬁgﬁd & bis-
provide sul'fone or ketone units I'nh the polyner chaifnin addition to arylene
units and et hdgamma-props edisaethylsilpxane) pradicad rhaying 2 Fepdat unit arergge o
conprising 20 abbaeuo_r.énagau@iutnsspfn(tjibeeéiariatdﬁgiléw ﬂcribxlhc GE%QZihgﬂliasa%:&d% thies R
osi doum of | { ST HLTEM hsEmac B, e5 A% RHENE Epelae, Rt ans
group in at | ausler the trademark SILTEM as grade STM1500 as a block copolymer resin.
10 Additional embodiments of the invention include thermoplastic
molding compositions containing poly(aryl ether) copolymer resins as the
amorphous resin. The poly(aryl ether) copolymer resins which may be used
are thermoplastic polyarylene-polyether-polysulfones wherein the arylene
units are interspersed with ether and sulfone linkages. These resins may be
15 obtained by reaction of an alkali metal double salt of a dihydric phenol and a
dihalobenzenoid compound, either or both of which contain a sulfone or
ketone linkage, i.e., -SOy- or -CO- between arylene groupings, to provide
- sulfone or ketone units in the polymer chain in addition to arylene units and
ether units. The polysulfone polymer has a basic structure comprising
20 - recurring units of the formula (XVII):
(XVIII) -O-E-O-E*-
wherein E is a residuum of the dihydric phenol and E' is a residuum of the
benzenoid compound having an inert electron withdrawing group in at least
one of the positions ortho and para to the valence bonds: both of said residua
25 are valiantly bonded to the ether oxygens through aromatic carbon atoms.
Such polysulfones are included within the class of polyarylene polyether
resins described, for example, in U.S. Patent Nos 3,264,536 and 4,108,837,
which are included herein by reference.
The residuum of a dihydric phenol, E, is derived from dinuclear
30 phenols of the formula (XIX):



one of the positions ortho and para to the val ence bonds: both of said
residua 25. are valiantly bonded to the ether oxygens through aromatic
carbon atons. Such pol ysul fones are included within the class of

pol yaryl ene pol yether resins described, for exanple, in U S. Patent Nos
3,264,536 and 4,108,837, which are includ® herein by reference. The

resi duum of a dihydric phenol, Ea)s degdyed fromdinuclear 30 phenols of
the formula (X X): 9 (Ar (Alr (X [err] wherein Ar is an
aromati € group and(gpgferableHﬁkféfpﬂ% an@Hyroup, each A may

i ndependently be the,sane or different inert substituent groups, such as

al kyl groups WEBIRY AF dhan aromaticgrowpansd praferabls is@cphenyiens gloup, each A

fluorine, 5 ahipindependently be the simdioradifferend ika¥ Yubalhém Srolipy) filkhfdsom 1
to 4 carbon a_ta?k

, h. .S tndependent an i nteger having,a val ue of
fromoO to 4, i ncr‘ﬁﬁr?’@ sa“r?g“f-'@ fromy Zé?cei@éﬂ’ PiaiRmss ﬁ%"ﬁ%d%g\g\ﬁenﬁﬁ?ﬂﬂﬁt iC
carbon at ofis &hlarinedj brpaviog yordiogine) ydr, albpxy sadicdisvhadng frami tab, 4 cablondi ng,
for exanple, GiShs, BachSr iSind fontly 26 iRt r ' 0 bpn
radi cal, such _aé al kyclngrrrwé,, l108% k)‘/‘l 'rdefnel kegigfgal E&/?eﬁ@%g‘g%gg\l E)a/{oi ?fene,
or the hal ogerdiRiyeand K is tepsesentafiveria kond hetweanaromatiscarbaneatomsas ene,
and cycl oal kylinaihedradgi diphenypls onss dml&hﬂ«&ﬂidatﬁﬂcl?ﬂﬁlgrflafr&kéh:ﬁple@@((ﬁ,: and
aring fused t g ' r ol ygar et her).. copol yrer
Fesing compri Sk Peret PR ARRvAKRL SBkarit ByRLOGIRER raBhl e A driee, T
( XX) 10  alkylidene, cycloalkylene, cycloalkylidene, or the halogen alkyl, aryl

substituted alkylene, alkylidene, cycloalkylene, and cycloalkylidene radicals
as well as alkarylene and aromatic radical and a ring fused to both Ar groups

Typical preferred poly(aryl ether) copolymer resins comprise recurring
units having the following formula (XX):

(Ax Ay (A (A
XX)

15
' wherein A and r are as previously defined and R1 and Rj are representative
of a bond between aromatic carbon atoms. Even more preferred are the
polysulfones of the above formula comprising repeat units wherein each r is
zero, Ry is a'divalent connection radical of the formula (XXI):
R,
20 (XXD) |

wherein Rj is independently selected from lower alkyl, aryl, and the halogen

substituted groups thereof , preferable methyl and Rj is a sulfone group.’
The poly(aryl ether) copolymer polymers generally have a weight
average (Mw) molecular weight in excess of about 5000.
25 A particularly useful poly(aryl ether} is poly(phenyl) sulfone resin
comprising repeating units of the formula (XXII):



wherein A and r are as previously defined and Rlerr] and R err] are
Tepresentative of a bond between aromatic carbon atons. Even nore preferred
are the pol ysul fones of the above forrmula conprising repeat units wherein
each r is zero, Rerr] is a divalent connection radical of the formula
(XXI'): R3-CG-R3 20 (XXI) wherein B8 is independently selected from

| ower alkyl, aryl, and the Iogen substltuted groups t hereof, preferable
met hyl and Ris a su mer pol ymers

general ly have a ss of about

5000. 25 y(phenyl)
sul f one reS|()()@mrpr|S|ng rep atlng units of the forrrula (XXI1):

XXI | err || va rom nder
{Fadenar k RASSOTETaLe Yol %%PM?%%#W%@MEE&W@

ether) is poRﬁQ(ﬁIAIer) sulfone resin 5 havi ng repeating units of forrrula
XXl 0 (XXl I demar k
(RADEL 3513 gr <(51de A3 ﬁ}f?%ﬁnﬁag&t@%&\{ﬁo :l usee;ﬂ" %%?g &i fBQ?’réssﬁ f one

i s pol ysi# f ohaving repeating waifs Afforapd uni ts of the forrrula (XXI V) :

[err] .
If
O
O~ @ 1
(XX

is commercially available from Amoco under the trademark RADEL as grade
A300.
Another particularly useful poly(aryl ether) sulfone is polysulfone
10 resin having repeating units of the formula (XXIV):

\ O T O O T O ‘
o C
I H
CH;
(XXIV)
is commercially available from Amoco under the trademark UDEL as grade
P-1700. .
15 Another particularly useful poly(aryl ether) sulfone copolymer resin
comprises repeating units of the formula (XXV):

@@ O+

is commercxally available from ICI Advanced Mahenals under the trademark
20 VICTREX as grade 4100G.

Functionalized elastomeric compounds are another element of the
present invention. Suitable functionalized elastomeric compounds inciude
those compounds which contain functional groups capable of crosslinking in
the presence of a catalyst. Examples of useful functional groups include, for

25 example, epoxy, orthoester, nitrile, carboxylic acid, carboxylic anhydride,




(XXI'V) is comrercially available from Amoco under the trademark UDEL as
grade P-1700. 15 Anot her particularly useful poly(aryl ether)

sul fone copol yner resin conprises repeating units of the fornmula (XXV):
[err] (XXV) is commercially available fromIC Advanced Materials under the
trademark 20 VI CTREX as grade 4100G Funidtional i zed el astoneric conpounds

alr e anot her elcﬁlmﬁtyliﬁfgstditf aptesmiie ighogpy. | (Prefedted! ﬁlhll(ﬂiofnldncgtr?@ﬁéﬂﬂ:ldﬁdle

el astoneri c compou e tRose, coppo | contain funct.i

groups capabl gE@?v %?@séﬁqlgﬂ% g ﬁﬁ‘et ﬂ‘é‘%?‘é@%@e%&g‘e&% 5%??? uﬁ%,}gﬁﬁ?@ of
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provi de a thermoplastic resin composition with improved ductility and compatibility
over the same composition without a functionalized elastomeric compound
or wherein the functionalized elastomeric compound and catalyst have been
melt-mixed at the same time. Improved ductility is indicated by increased
15 notched Izod impact strength and/or a ductile failure mode in a falling dart
impact test such as the Dynatup impact test. Improved compatibility is also
meant to include the minimization of gross phase separation between the
components of the blend. Indicators of improved compatibilization include,
for example, reduced delamination tendency, increased ductility and/or
20 improved phase morphology stabilization.

The amount of the functionalized elastomeric compound is typically
between about 1% to about 20% by weight based on the total weight of the
amorphous resin, the functionalized elastomeric compound, and the catalyst.
More preferably, the amount of the functionalized elastomeric compound

25 typically is between about 3% to about 10% by weight, and most preferably
the amount of the functionalized elastomeric compound typically is between
about 4% to about 7% by weight, all based on the total weight of the
amorphous resin, the functionalized elastomeric compound, and the catalyst.

One illustrative example of useful functionalized elastomers are the

30 epoxy functional a-olefin elastomers. The epoxy functional a-olefin
elastomers are preferably olefinic copolymers containing about 60% to about
99.5% by weight of an a-olefin and about 0.5% to about 40% by weight of a
glycidyl ester of an o,B-unsaturated carboxylic acid. The amount of the
epoxy functional a-olefin elastomer combined with the amorphous resin and
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and 12 * functional olefinic elastomer is preferably an olefinic copolymer containing of
from about 60% to about 99.5% by weight of an a-olefin and of from about
0.5% to about 40% by weight of a glycidyl ester of an a,B-unsaturated
carboxylic acid, preferably of from about 3% to about 30% by weight based
15 on the weight of the elastomer's composition. When this amount is less than
about 0.5% by weight, no intended effects can be obtained and when it
exceeds about 40% by weight, gelation tends to occur during melt-blending
resﬁlting in degradation of the extrusion stability, moldability and
mechanical properties of the product. It is also possible to biend the epoxy-
20 functional polyolefin with various non-functionalized polyolefins such as, for
example, linear low density polyethylene (commonly abbreviated “"LLDPE"),
polypropylene and ethyiene-propylene copolymers provided that the overall
epoxy content remains within the previously described range. Suitable epoxy
functional «-olefin elastomers include: ethylene-glycidyl acrylate
25 copolymers, ethylene-glycidyl methacrylate copolymers, ethylene-glycidyl
methacrylate-vinyl acetate terpolymers, ethylene-glycidyl methacrylate-
methyl acrylate terpolymers, ethylene-ethyl acrylate-glycidyl methacrylate
terpolymers. The preferred epoxy functional elastomers are available from
Sumitomo Chemical Co. under the trademarks IGETABOND and
30 BONDFAST, and from Elf Atochem under the trademark LOTADER.
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terpol yners, einvghtior regultsiicyan menelasg:nytlmd;xchhty of compos:hons containing th
high heat amorphous resin and a functionalized elastomer when compared to
the same composition either not containing the catalyst or prepared in a
manner outside the scope of the present invention. Illustrative examples of
20 useful catalysts include: non-elastomeric metal salts, inorganic additives such
as TiO9, Silica, ZnO, ZnS, etc. as well as other catalysts known to crosslink the
. given functionalized elastomer compound. It is also preferred that the
catalyst be the type of material which has an affinity for the functionalized
elastomer compound such that it will migrate within the high heat
25 amorphous resin so as to make contact with the catalyst rather than
remaining isolated within the high heat amorphous compound.

Suitable metal salts are inorganic or organic salts, more preferably
metal salts of organic acids. Suitable organic acids are saturated and
unsaturated aliphatic carboxylic acids, aromatic carboxylic acids, aliphatic

30 and aromatic sulphonic or phosphonic acids and salts of alkyl hydrogen
sulphates.

Specific organic acids include, but are not restricted to: benzoic,
palmitic, lauric, acetic, stearic, gluconic, as well as dodecyl benzene sulphonic
acids.
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15 the foregoing. Especially preferred catalysts are titanium dioxide and
mixtures of titanium dioxide and a metal sait.

By adding a catalyst to the compositions containing the high heat
amorphous resin and a functionalized elastomer, it was surprisingly
discovered that the resulting compositions had a unique combination of

20  beneficial properties including high temperature resistance, excellent flow, as
well as improved chemical resistance and improved hydrolytic stability. One
of the most surprising discoveries was that by combining the above
components in the appropriate amounts and order, it was possible to create a
resin composition with improved ductility. Thus, according to one

25 embodiment of the invention, the catalyst and functionalized elastomer are
added to a high heat amorphous resin in an order and amount sufficient to
provide a thermoplastic resin composition which exhibits improved
properties, such as increased impact properties over the same composition
where all the components are added together. Thus, the catalyst and

30 functionalized elastomer are added in an order and amount sufficient to
" provide an improved thermoplastic resin composition which exhibits an
improvement in the notched Izod impact value of at least about 25%,
preferably of at least about 45%, and a ribbed Dynatup impact strength

improvement of at least about 50%, preferably greater than about 75% with a
35  ductile impact failure mode.
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about 6:1 and about 40:1, more preferably between about 8:1 and about 30:1,
15 most preferably between about 6:1 and about 24:1.

The compositions of the present invention advantageously comprise,
represented as percentages by weight of components (A), (B) and (C) of the
composition, (A) the high heat amorphous resin preferably present at a level,
expressed as percentages by weight of the total composition, of between

20 about 50% and about 99% by weight, more preferably present at a level of
about 85% to about 97% by weight, and most preferably present at a level of
between about 90% and about 95% by weight; (B) the functionalized
elastomer preferably present at a level, expressed as percentages by weight of
components (A), (B) and (C) of the composition, of about 1% to about 20% by

25 weight, more preferably present at a level of about 3% to about 10% by

' weight, and most preferably present at a level of about 4% to about 7% by
weight; and (C) the catalyst preferably present at a level, expressed as
percentages by weight of components (A), (B), and (C) of the composition, of
about 0.05% to about 5% by weight, more preferably present at a level of

30 about0.1% to about 1% by weight, and most preferably present at a level of
about 0.1% to about 0.3% by weight.

Compositions of the present invention can also include effective
amounts of at least one additive selected from the group consisting of anti-
oxidants, flame retardants, drip retardants, dyes, pigments, colorants,

35 reinforcing agents, stabilizers, antistatic agents, plasticizers and lubricants.
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35  duct ibe ipybparhidesj | polyestere. liquid crystalline polymers and poly(arylene

20

sulfide)s. The composition preferably consists essentially of the above
ingredients, and more preferably consists of the above ingredients.

The preparation of the compositions of the present invention is
normally achieved by intimately admixing the ingredients under conditions
for the formation of an intimate blend. Such conditions often include mixing
in single or twin screw type extruder or similar mixing device which can

 apply a shear to the components. It is desirable in the present compositions

25

30

35

that the high heat amorphous resin and the catalyst are added together prior
to the addition of the funcdonalized elastomer. In other words, it is
preferred that the high heat amorphous resin and the catalyst be premixed
prior to being mixed with the functionalized elastomer in order to achieve
the desired morphology and properties of the present compositions.

While separate extruders may be used in the processing, these
compositions may also be prepared by using a single extruder having
multiple feed ports along its length to accommodate the addition of the
various components. For example, the high heat amorphous resin and the
catalyst can be added to the throat of the extruder and the functionalized
elastomer added at a point downstream from a mixing section. Additional
6ptional ingredients could be added either downstream or upstream. For
example, it is often advantageous to add glass fiber into a port near the end

y
2 0

ent
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ith a



15 An illustrative exanple of preferred inpact properties for conpositions
where the high heat anorphous resin is a polyetherimde resin include
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of the present invention. They are not intended to limit the invention in any
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20 composition, unless otherwise indicated.

_ Examgleé
Blends were compounded on a 30 mm twin screw extruder at 350
rpm. All raw materials were dry blended and charged to the feed throat.
The extruder barrel set temperature was set to approximately 330°C. Dried,

25 pellehzed biended material was then injection molded, also at 350°C into
standard 1/8 inch test pieces for measurement of Izod impact strength
according to ASTM D256, Dynatup (energy to fracture in the falling dart test)
strength according to ASTM D3763 (using 4 inch diameter by 0.125 inch
disks) and ductility was determined by visual inspection of the impacted

30 specimens. The viscosities were measured under the described conditions
using an Instron capillary rheometer at 337°C, 5 kg of weight.

The polyetherimide resin (PEI) was Ultem® 1000 and/or Ult:em® 1040
obtained from General Electric Company. BF-E is (polyethylene-co-12%
glycidyl methacrylate) obtained under the trademark BONDFAST E from the
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10 anorphous resi ns may be bI ended with other anorphous materials such as

pol ycarb te resins, pfl y(ester carbonat e)rr Llns pol y( phenyl ene et her)
resins, polyphery—ecarbenrater—+est+asTrete—Hhe—hi-gh—heat—arerphous
conposition pf the preseFORMUBATIONSare prekerjably Brele of (Ser1 ai n 4
t her nopl ast i Utm}ne@ﬁtjog and nore spec figahly [are ¢ efler abg ee gt 15
pol yami des, Dléme'b Hgqurdcryst=at ‘I IIEpr%yTb'lSot!lu g ar-yteme—
sulfide)s. ThEMeBNIOMOi on preferably tonsists lessent i al8ve
Bondfast E 5 5
PROPERTIES:
Notch Izod Impact, ft-1b/in 0.8 29 0.6 2.5
Melt Flow Index g/ 10 min 07 5 13.6 9
Dynatup Impact, ft-1b 46 40 9.2 40
Failure Mode* 100% B 100%D | 100%B 60%D
Ribbed Dynatup Impact, ft-1b 3.6
* D is ductile failure mode; B is brittle failure mode.
Formulation 5 exemplifies all elements being. throat fed. In
Formulation 6, the ULTEM was precompounded with the TiO7 and Bondfast
15 E was added on the second extrusion. In Formulation 7, ULTEM was
precompounded with the Bondfast E and TiOy was added on the second
extrusion. In Formulation 8, ULTEM and TiOy were fed into the throat and
Bondfast E was added downstream. In Formulations 9-14, the ULTEM was
precompounded with the TiOy, HDPE, Sodium Stearate and/or Irgafos 168,
20 and Bondfast E was added on the second extrusion.



ingredients, and nore preferably consists of the above ingredients. The
preparation of the conpositions of the present invention is normally
achieved by intimately adm xing the ingredients under conditions 20 for
the formation of an intimte blend. Such conditions often .include m xing in
single or twin screw type extruder or simlar mxing device which can apply
a shear to the conponents. It is desirgble in the present conpositions that
t he hi gh heat anorphous resin and the catal yst are added together prior to
the addition of the functionalized elastoner. In other words, it is 25
preferred that the high heat amorphous resin and the catalyst be preni xed
prior to being mxed with the functlonallzed el astoner in order to achieve

the desired nor photpgyamd—prqpettiesTofrthe—presept—conposi tions. Wiile
separate extruderis frayl b¢ used ip tjhe prEg@ss ng,a helse conpositions may
al so be prepared |bg| 4 RY ] siing| e fextr uden &he|ng| 30 ~nultiple feed ports
along its length |tol accoimpdatie the addifign Df t N¢ vijari ous conponents. For
exanpl e, the high heat| agorphqus{regsin ahd it hg gapdl yist can be added to the
throat of the extlryder; and,thg flundti onal i ged ag oner added at a point
downstream from g ﬂ1anS{se:tion Addiltipngl —pM|i 8nal | i ngredi ents could be
added eit her dowstt-eamor—HPIteamr—ror-s4—exguphe it is often
advant ageous to gddjgljasg flhgr tntjo & ppgil gear] ne end 17 of the
extruder in order] §¢ 2 @ nPreeit he fii bgr brgaghge om over conpoundi ng in
the extruder. It }isjallso]|sopet|ji mps jadvant ageotbs |t Olenpl oy at | east one vent
port in each sect{iop betweep tihe[feediportyg to & jow penting (either
at mospheric or vgcug %{ Lhe, imel te Ehose;cfeorﬂi rylskill 5 in the art
will be able to gdrgdt endi ng tines|angd tlemperfalires, as well as
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conponent addition, w thout undue experinmentation. It .should also be clear
‘that inproved nolded articles prepared fromthe conpositions of the present
i nvention represent an additional enbodi nent of this invention. 10

The thernopl astic conpositions may be nnlﬁed into articles which exhibit
desired | evel s of toughness, chem cal reélst ance and hydrol ytic stability.
Specifically, the thernoplastic conpositions are useful in making

autonotive parts f@nexpdetedly)ahd gty srabprépértiesof Roeadilatior3oé Ando8 weere
resi stance and.hi.ﬁhgmeat istg\rqti n_tenperatures, As, rIel tﬁes Ja%ﬂgst and
appl i cations PEUHEN ARG Romaulatgns 3 §ad, 7 wiste, (e, catalyst

hydrol yti c5st dhnttianalizad| elpstomer svenedthredtefednor where diieratalyst wae added
i ncor por at ed %wﬁtﬁégﬁnwfo%&ﬂ k! Qvthed SB8aPinGSack dRdPiHRY DYRAtdP impact

illustrate sone enpodiLpents, of the present |nv I on,_ The re not, i nt ended
to limt the isteath o FPRmalghons Joend £ Wepslest Hhan Balf that 6 Fopmilatiopaded on
the total weiglhid&f the entire 2 0 conposition, unless:otherw se
i ndi cat ed. Exanpl es; Bl 4§ _{GONROU A : ﬂreﬁ&( @%ﬁd der
at 350 rpm Al r a\(s\l/:‘)%qg?ﬁ%q&se 1\?5@6%3?35‘8?&#8‘38’%%% é@éfr‘é\ne to_tte\#é ee
throat Thatextwheksin the PEI andia mingral Siller as fae calalyst vergmre-migd apjor to
330[err] C Dri efle 24litibR lof thée FStttHINANELT eliBioiérd| AppHcntaindxpeaediyofourdd ded,
al so at 350[er%c | ntg st alndard 1/8 inch test pieces fe(%{] asur enent tk?f
200 i npact stehHnPRRSGHpTepertssAsen veaicantly el Wil PISTRIE B ¢ | 1
the falling daPEl ardtthe satalvsit {e.gacther TiQp ot NaSSI MFD8 283mple; i tasf specimpns
di aneter by O. | ' Gl iHaigt LPtRGd o aB&UL 47-
i nspection of ﬁgdgn%ggfggﬁgﬁlaﬁ%%g?%#gﬂ grﬁﬁé?@ﬁ%ﬁ?tﬁs n}é?eﬁggasured
under t he Idesch¥ Bellps cwithia dustile failuee mederrs cynpared; fo In gndZoftedbe angia
337[err] C, 5 kpriftfe faflugdinotedfop BbiRislations bdad Zwihardiftall) thedngretients oreré
(oo e e e eSHEE 3f Ine'Siife B i Sntde the ST whd 58lbd AR, Fhe® ' ©
notched Izod impact strength also surprisingly increased from 2.1 and 2.2 ft-
lbs/in in Formulations 5 and 7 to 4.2, 2.7, 3.0 and 4.5 ft-Ibs/in in Formulations
20  11-14, respectively.

The following additional examples were performed to illustrate the
chemical resistance of compositions according to the present invention by
measuring the tensile strength, tensile elongation, impact and flexural
modulus of several compositions before and after autoclave testing in steam

25 at 275 °F and 20 psi for cycles of 35 minutes. Table 3A represents the
compositions tested and Table 3B reports the physical properties identified
above before testing and after 2000 and 3000 cycles of autoclave testing.

Table 3A.
Formulation 15 16 - 17 18
Ultem® 1000 100 | 93 73
Ultem® 1040 20
TiOs 2 2
Bondfast E 5 5
Ultem® CRS5001 - 100 - -

30



glycidyl nethacryl ate) obtained under the trademark BONDFAST E fromthe

18 Sum tonpo Chem cal Co., Ltd. Tigerr] is titaniumdioxide obtained from
SCM as grade RCL69. Fornulations 1 and 3 are control sanple conprising the
PEI without the epoxy functional a-olefin elastoner and netal salt.

Formul ations 2 and 4 5 are conpositions conprising the PElI and the epoxy

functional [err]-olefin elastonmer. Alth&lgh Fornulation 2 achieved a
ductile failure _m)de, it lacked good g[lagwacgapabl lities. By addi ng Utem
1040 to Forfrotatiom 27 tihre—ftomw—was— llblcaocu see—torwH-ati-op ﬁ,, by
i npact progerties werg¢ conpronj s@00 1( Initial 2000
Tabl e 1. FORMPARIGS] Initial TS | ‘Cyces c%cies L TE | Cyeled &%Eﬂeer L0
50 o4 Mondfast £ 15200 | 14000 | 13500 | 60 | 86 | 33
o Rt | s L O [ DT T
5 13. 47 Dynat3f0| nHha}1000+ 1| | 1800 56 he 11 4011 9.
40 Fai l ur eﬂl\mde[ err] 13500 11000 J?Of@og Jioo%a. 10G%B ,9.1690 D
Elr ib?'?IdeD%lgidlt EPeI gggt , FMqat oﬁoéj gxe 3% SI egC[ﬁ!lt!laf glrﬁbg 553390 Dt h?oat
fed. In Fqrnulation 6, NI ULTEMWdaS |pyelepoundat W t bytlee [T €baes 1] and
\Izggdf ast 13 45E was addled 88 t hp Sggonc ex‘ﬂ usl On'o.é n —orr&g at On016 TEM
16 37 34.6 38 1.0 1.2 1.3
17 40 36 24 5.5 3.6 34
18 39 32 29 4.4 3.2 3.3
Initial 2000 3000 Initial 2000 3000
DYN Cycles Cycles RDYN Cycles Cycles
15 47 3.9 2.8 3.6 6.5 6
16 61 44 26 6.2 3.5 11
17 39 41 36 19 20 14
18 41 47 39 18 19 13
Initial FM | 2000 3000
Cycles Cycles
15 480000 490000 | 500000
16 452000 452000 | 486000
17 444000 444000 | 458000
18 454000 456000 | 463000
TS: designates the tensile strength in psi;
TE: designates tensile elongation in percent (%); )
UNI: designates unnotched I1zod of 1/8" test specimens impact in ft Ibs/in.;
S NIk designates notched Izod impact of 1/8" test specimens in ft Ibs/in.;
DYN: designates dynatup impact in ft-Ibs;
RDYN: designates ribbed dynatup impact in ft-lbs; and
FM: designates flexural modulus in psi.



preconpounded with the Bondfast E and TiJerr] was added on the second
“extrusion. In Fornulation 8, ULTEM and Tierr] were fed into the throat
and Bondfast E was added downstream |In Fornulations 9-14, the ULTEM was
precom pounded with the TiJerr], HDPE, Sodium Stearate and/or |rgafos 168,
2 0 and Bondfast E was added on the secZhd extrusion. 19 [err] [err]

20 Unexpectedly, @feﬁ”‘
significantl é\ggblgt t e%ﬁﬁ% f;UBP{;H?J abe Qiaéf ifs’fteakl'[aﬁ} cata %tt% 5

| a
functionaliz | heat ABPrRRGUS f?ﬂ“baf(f)’ﬂf’ﬁ’& dg Ymﬁ@r dopmnstreamy jaddition ©ofaaded
downstream HFanctioradiped, elastboreeid dompfoundattie aemicak rédistahetd of rﬂaacm h

strength of Fr half t hat t|0n56
and 8. For nul % %s%@él%4§e§ &ﬁsﬁﬁfyﬁﬁeﬁﬁs ‘r“‘?mé("grdéémﬁ w‘/le%ﬁ on 10
wherein the s tme thenpresend irfvientars are ﬂﬁﬂeuneﬁrwlysﬁs teethe preshamiswd bpr i or
to the additivgRicRithd E‘@caf Pahd PlRdtickafized aﬁkwﬂeénc o bervl 8 BRGERA! ¥
found that the h¥5|c r oper S were si ficaptl enhan ed W th

prem xi ng t hé°FfE'° %’ffbglﬁ’h@‘ ‘QFSP  resistance q h 5£ °Fb|’e%%ﬂ?pl e,

t est speci merthesextohepodndnwiens nu!l pieviousiy kndvw Isgad\eauﬁpﬂairﬂpo befiiddedstor engt h

g;dalz)gu;tflrbsﬁgeas@cﬂehilcms%cg ductile failure node as conpared to 15

10 The data in Table 4, below, was accumulated as a result of autoclave
testing which was performed to evaluate the heat and hydrolytic stability of
the compositions of the invention. The Chemiclave Cycling was performed in
a vapo-steril solution at 270°F and 20 psi for twenty minutes per cycle.

Gamma: Samples were exposed to Doses of 2.5 MRads, 6 MRads and

15 10 MRads. Tensile specimens were evaluated for physical properties.

EtO: Samples were exposed on pure EtO cycles with the following
parameters; 26-28" Hg, Relative Humidity was 45.60%, Dwell @ 15 min,
sterilization agent was 100% ethylene oxide (EtO), and a temperature of
125°F. Exposure time was approximately 8 hours.

20 TS indicates the tensile strength of the compositions in psi and DYN
indicates the Dynatup impact of the compositions in ft-lbs. Formulation 19
‘was made from 100 parts polyetherimide and Formulation 20 was made from
93 weight parts of the same polyetherimide with 2 parts TiO5 throat fed and
with 5 parts Bondfast E added downstream.
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Formul ations 5 and 7 wherein all

were added at the sanme point or where the catal yst was added downstream
The notched |zod inpact strength also surprisingly increased from2.1 and

2.2 ft-
For mul ati ons

20 11- 14,

| bs/in in Formulations 5 and 7 %ﬁ
respectively.

exanpl es

were perfornmed to |IIustrate t he chemni Edlile ¢ esi st ance of conpositions
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and after 200

15
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20 Tiderr]
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13500 6
5
10

t he present

i nvention by measuring the tensile strength,

t he ingredients

4.2,2.7,3.0 and 4.5 ft-Ibs/in in
e follomnng addi ti onal

tion, inpact and[f] al ul usg HSLTLONS
BT qurociave test uﬁﬁggu ~L1£§I Ei Q%C;u .‘?gglcfy?;m)ﬂ%@ é!ﬁpeﬁsi
Shemyflayg e¥clingap) ¢ 3A reprlesents tlhe conpokitions {ested and
rMOT Bibgbhysi cal pgropertias identijfied above before testing
DeaRd1890 % S¥§! es |of ;apf odl aY&g& S{U1 Qoo Tap! PP ! gn
R 16—~ J.U Yt et efr ] 1666 190
ZRorpulation 19  PYNp (] 2.6 14 20
Formulation 20 - TS 13000 13100 12800 | 2 12200 13300 2
Formulation 20 - DYN, 177 7.5 267 D Ugell grB]
LUV A% == T
Gampyiapd O 20(Q0 Initial |IBHVirEdsr mf Mrdden| 10Mrads 4l ES
eSS TE Cyclles Cylcl es 15 15200 gxposut#G00
DFormulation%O gs'I'S 3. "1%3180 13320 13320 13400 13230

As can be seen from the above experiments, Formulation 20 according
to the present invention had dramatically improved impact properties as
compared to pure polyetherimide (Formulation 19), and even after 500
chemiclave cycles the impact of Formulation 20 was several times better than
the pure polyetherimide.

It should be clear that the preceding examples are meant to be
illustrative of the present invention and are not intended to limit the present

invention.
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Initial q/cl es Cycl es NI | Q/cl es

Cycles 15 . . 24 4.4 0. 8

16 34.6 38 1.0 1 3 17

40 36 24 5.5 CLAIMS 3.4 18

32 29 Weclaim; 4 3.2 3.3 Initial 2000“h

Initial 2040 | es Q/cl es RDYN H“l \“‘\

oycles 15 Ac&ﬁﬁ%lQXNcompéxs@’gc

16 62 '%&eatamrpi'@us resin 6 2 11 17

23 331 (B)g a functidrfilized elastcgi:gerl compounk} ah@ 3000 Q/ I
cles

Oycles 15 ©@° ,a53mve Ca%‘ﬂﬁ@é‘mpgb"dbéé“el%“%“w o the compes)

452000 4860%8_017 . éOOO 444000 4580& 3

454000 456 Thesemrpopition of Claim ywhereia cempppent (&) paf comprarpt ) i n

psi; TE: are added gmahexrdbemsdl latncgind ngEfidient to iprpeideenthetpplabhit resin

desi gnat es un t | t ] /i ‘. D

NI | ah&gr?%@u%ﬁ %Aﬁ zodgiﬁ ﬁ,?,g.%vg@@%} égpgl(eésf‘ Ms};})‘é{lzl%gﬁs u?paclg t

| bs/in. DYN “alie of atdedstghaubd Hpad: nﬁvnhwclmwtﬂrewé impoyrement of at
desi gnat es rilbsed dymt B0%, Maat d Ridctitd Aeipaenckalite mode, ovéesthgnagims

flexural mdu'c%?nposxt‘? on where the components are added simultaneously.

3. The composition of Claim 2 wherein component (b) and component (c)
are added in an order and amount sufficient to provide an thermoplastic
resin composition which exhibits an improvement in the notched Izod impact
value of at feast about 45% and a Dynatup impact strength improvement of at
least about 75% with a ductile impact failure mode over the same
composition where the components are added simultaneously.

4. The composition of claim 1 wherein the catalyst is melt-mixed with the
high heat amorphous resin prior to the addition of the functionalized
elastomer.

5. The composition of claim 4 wherein the high heat amorphous resin is
selected from the group consisting of polyetherimide resins, palyether
sulfone resins, poly(aryl ether) copolymer resins, polysulfone resins, and
blends of the foregoing.

6. The composition of claim 1 wherein the catalyst and order of mixing of
components (a), (b), and (c) results in a 100% increase in ductility as
measured by ribbed Dynatup impact when compared to the same
composition not containing component (c).

7.  The composition of claim 6 wherein the catalyst is a metal saltor-a small
particle mineral filler.

8. The composition of claim 1 wherein the functionalized elastomer
compound is an epoxy functional alpha-olefin elastomer.

9. The composition of Claim 8 wherein said epoxy functional elastomer
comprises about 60% to about 99.5% by weight of an a-olefin and about 0:5%
to about 40% by wexght of a glvcidyl ester of an a, B-unsaturated carboxylic
acid.

10.  The composition of Claim % further comprising at least one
unfunctionalized polyolefin resin or unfunctionalized elastomeric resin.




2}"As can be seen fromthe above exanples, by adding a cat al-’mgé qlieet Ras gl
* heat anor phous resin followed by the downstream additi on ot R
functionalized el astoneric conpound, the chem cal resistangg oj ﬁ?&AEFQh

heat anor phous resin (e.g., polyetherimde) was inproved dramatically. At 5
this time the present inventors are sti2% uncertain as to the nechani sm by
whi ch the catalyst and functionalized el astoneric conpound serve to

i ncrease so profoundly the chem cal resistance of the high heat anorphous
resin as theMPAIIMMONIFIERE COMPOS IFIONSOOF! HIRHOUERY AMORPHOUSt RESING. be

li nked to i MINCSIONAITEED BEASTOMERSHCc AND1JATALYSTSThe data in Tabl e 4,

bel ow, was accumul ated as a result of autocl|lave testing which was perforned
to eval uate the heat and hyABSIRACTOBETHE DISEI.QO$HRENposi tions of the

invention. The Chﬂﬂx@hﬁd?la%@'réﬂﬁ s i fbshae& M%IEH -cohlihé aSkight i on

at 270[err] d 20 or, twe u S were
exposed to Iﬂ?gg OHs \TREIG: 2 %%ﬁ@ %ﬁdelg “WFE%QXE"I nens
wer e eval uatca;iabbrofphufrmhg fthe pRictilies of B corh Bﬂhﬁﬁt Wﬂ{&eﬂvmd edtalpstour e

Et O | 26- Rel
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TS indicate H\J%?catle ﬂe‘%&% rsrp%m afe?fv 'elfia QP AickiligNS 'I’FlggédxﬂgﬂﬂhQXNxs

i ndicates t nat npact conposi.tiaQns, | roul ation 19
was rade frdffF%(f%&ﬁ‘%‘“ﬁdl‘?’é’teﬁ@rfP easggm%#ﬁﬂr%é Pbmﬂgd RFQPEFERSe from 93

" weight parts of the sane polyetherimde with 2 parts TidJerr] throat fed
and with 5 parts Bondfast E added downstream
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s e = 090 440:109.4.2 )
A _

' 14600 n 19 - DYN 1.2 m“‘”
|on 20 - TS 2‘iLBOOO 13100 125«5
12200 13300 Forrrul ation 20 - DYN 17.7 !ﬂR '
6.7 9.9 Gamma and Et O Initial 2.5 Mads 6 M ads %
M ads dtlBndzeposure Formul ation 20- TS 13180 13320
13320 13400 13230 As can be seen fromthe above experinents,

Formul ati on 20 according 5 to the present invention had dramatically
i nproved i qpact ADESH bgmgﬁ c@?np‘ﬁ@ ared to pure polyetherimde (Fornulation

19),, 2, even ol tgw it mq?%@ B8 R pTEABA AR08 20

the preced' ”9 e #ompblhdLdidklasto pBhdggent
;ggeg;;ggl qg; Sl o Mol Whereit Sall A ke SEEETED
’ e eac endently selected from the group consisting of epaxy,

orthoester. mtnle carboxylic acid, carboxylic anhydride, carboxylic acid ester and
amine functionat groups; and

(c) a catalyst capable of improving the ductility of the composition.

2. The composition of Claim 1 wherein component (b} and component {c)
are added in an order and amount sufficiént to provide a thermoplastic resin
composition which exhibits an improvement in the notched lzod impact value of
at least about 25% and a Dynatup impact strength improvement of at least about
50%, with a ductile impact failure mode, over the same composition where the
components are added simultaneously.

3. The composition of Claim 3 wherein component 2 and component (c) are
added in an order and amount sufficient to provide an thermoplastic resin
composition which exhibits an improvement in the notched lzod impact value of
at least about 45% and a Dynatup impact strength improvement of at least about
75% with a ductile impact failure mode over the same composition where the
components are added simultaneously.

4. The composition of Claim 1 wherein the catalyst is melt-mixed with the
high heat amorphaus resin prior to the addition of the functionalized elastomer.

5. The composition of Claim 4 wherein the high heat amorphous resin is
selected from the group consisting of polyetherimide resins, polyether sulfone

resins, poly(aryl ether) copolymer resins, polysulfone resins, and blends of the
foregoing.

6. The composition of Claim § wherein the high heat amorphous resin
comprises repeat units of at least one of the following formuias:

to+o~o0-0-
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1. A conposition conprising: (a) a high heat anorphous resin, said

resin havin ansition tenperature of at |east about 160[err]C,

(D) a functlonallzed el ast omer conpound, said el astonmer conpound havi ng
one o groups per nol ecul e, wherein said functional groups
are e * sel ected from2she group consi sting of epoxy, -
orthoesteF i t |Ie carboxylic acid, carboxylic anhydride, carboxylic acid

ester and am ne functional groups; and (c) a catal yst capabl e of

i nprovi ng the ducti of ©Che ROosSi tiqon. 2. The conposition of Claim1l

wher ei n conponent ¢ . )-are added in an order and anount

sufficient to proviide\g i : c repin conposition which exhibits an

| mprovenent in thenNolTH od I npact value of at |east about 25% and a

Dynat up i npact strength inprovenent of at ‘|l east about 50% with a ductile

i npact failure node, over the same conposition where the conponents are

added si nu¢t aneou 13(1@13- conpos 1% erein conponent 2
mh?ch

ed @ ent to provide an
Si
| east aoout Ao, and a naj up i npact

mm5a rovenment in the
strength i nprovenent of at |east about 75% w th a ductile I npact failure
node over the sanme conposition where the conponents are added
si mul t aneously . 4 0 [ he catal yst is
addition of the

functionalized{e | tidn wherein the high
heat anor phous i e gr8up consi sti g,of
pol yet herim de resins, pQ yether sulfone resins, poly(aryl ether) copol ymer

resins. polysulfone resins, -and bl ends of the fore90|ng 6. The
conposition gf Cdaimb5 mhereln t he hi gh heat anorphou§ resin

“10--0-

wherein R is a meta-phenylene radical or a para-phenylene radical,

Yod-dooro-ot

whereinRisa meta-phenylem radical, and

i)_' .fé._

wherem R is about a 60:40 mole ratio of meta-phenyl radical and a bis-{(gamma-propyl
dimethylsiloxane) radical having a repeat unit average of about 10 siloxane units. _

-
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conpei ses repeat units of at |east one of the following formulas: [err]
REPLACITWWMH“& R 1999 [err] wherein Ris a neta-phenyl ene
radi cal ' ene radical, [err] wherein Ris a neta-phenyl ene
radi cal ,* arfd whetfeihh Ris about a 60:40 nole ratio of neta-phenyl radical
and a bi s-(gama-propyl dinethylsiloxaras radical having a repeat unit
average of about 10 siloxane units. 26 7. The conposition of daiml
wherein the catal yst and order of m xing of conponents (a), (b), and (c)
results ip a 1PA8doRticaitin ¢ffCIdE tf ivhdrgindhie Batalystethdorder bbaikiky oat up

i npact whghmperBais@),!(B), R @R rEuRe PaiCDNP horddseirdudiiliynss meap@rant (c).
8.  The goWBBRHIDYHAG) ifhat Whenbith@arddtd thé shmeYedmpdssiforrépl salt. 9.
The conpog ﬁt%aﬂﬁn@fc?ﬂéﬁh@h herein the netal salt is selected fromthe
group consisting o al ci u‘n al um num zinc, sodium lithium potassium

225{032} 5 B or TR Oﬁ@jﬁioéféﬂ%'%f’rﬁmzréf?f@'sfhﬁa@&g% %gfﬁséaﬁ%%%igi sal't
sel ected from saturated.or unsaturated aljphati Cﬁl[ 0 g acids, aromatic
carbol & g5l S B SO ARl R il it i o

salts of um, fithium, potassium, barium,
beryilium, magnesium, copper, cobalt, and iron salts.

10. The composition of Claim 9 wherein the metal salt is an organic metal salt
selected from saturated or unsaturated aliphatic carboxylic acids, aromatic
carboxylic acids, aliphatic and aromatic sulphonic or phosphonic acids, salts of
alkyl hydrogen sulphates, and mixtures thereof.

11.  The composition of Claim 7 wherein the catalyst is a small particle mineral
filler having an average patticle size of less than about 45 microns.

12.  The composition of Claim 11 wherein the small particle mineral filler is

selected from silica, metal oxides, metal suifides, clay, talc, mica, or a mixture of
the foregoing.

13.  The composition of Claim 1 wherein the functionalized elastomer
compound is an epoxy functional alpha-olefin elastomer.

14.  The composition of Claim 13 wherein said epoxy functional elastomer
comprises about 60% to about 99.5% by weight of an a-olefin and about 0.5% to
about 40% by weight of a glycidyl ester of an ¢, 8-unsaturated carboxylic acid.

16.  The composition of Claim 13 further comprising at least one
unfunctionalized polyolefin resin or unfunctionalized elastomeric resin.

16  The composition of Claim 1 further compriging at last one member
selected from the group consisting of filiers, stabilizers, plasticizers, flexibilizers,

surfactant agents, pigments, dyes, reinforcements, flame retardants, and
diluents. -
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al kyy hydragen.sul phates, and m xtures thereof. 11. The conposition of
Ckaim 7 wherein the catalyst is a small particle mneral filler having an
average particle size of |ess than about 45 microns. 12. The conposition
of Claim 11 wherein the small particle?fineral filler is selected from
silica, netal oxides, nmetal sulfides, clay, talc, mca, or a mxture of the
foregoing. 13. The conposition of Caiml wherein the functionalized

el asm”“xﬁ%%‘}&%dﬁgﬁ %ﬁ@f%sfﬂ‘ﬁ%ié)w dl T Ao ebiesid mEs INg;  The

conposi ti eineir ronALTzED MidistiomeRa 0 A OhTAResTonal el astoner conpri ses
about 60% to about 99.5% by weight of an [err]-olefin and about 0.5%to

about 40% by wei ght of a ABSIRWCTOFIHEDBCLOYUREB- unsat ur at ed
car boxylic acid, ,15. The.conpositron of Clarm I3 jurther c ri sing at
| east one unf uﬂ%t‘ﬁ%ﬂﬁ??g’é&c ﬂgp‘?oqoé?Pﬂs‘BBQi‘ﬁ eV N@P%ﬁg}l&%ﬂa oneric
resin. 16heafTamorphpasiresion aofurckianaliked eidshaher eoptpaingdy anid & aatalgsie
menber sel r&up; [,Std f fil.l.ers i1
pl asti ci zggé%ﬁ% I ge{gl f@ggs@%s%g‘%g@%gonqtﬂgg%ﬂ éoglélgéhg rhsetggip‘diféé ?d.'a.?alyst
r ei nf or ceapAtidihigheheattamdrphous rasin dré malt-mixeEmniweveEls giditiprgoH VAR
1999 the functionalized elastomer compound. The composition exhibits enhanced
physical properties, specifically enhanced ductility. The composition is
useful for making molded articles exhibiting desired physical properties.
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