BLENDS OF POLY ARYL ETHER KETONES AND POLYETHERIMIDE
SULFONES FIELD OF THE INVENTION This invention relates to blends
of polyaryl ether ketones, polyaryl ketones, polyether ketones, polyether
ether ketones and mixtures thereof with at Ieast one polysulfone
ethBI/RNBSOF Fr0gias AREE, FoniRIREE MAINES] .
INVENTION Crystalline poly aryl I@gm@wgns are known in the art as
polyaryl ether ketone (PAEK) resins. PAEK resins, for example polyaryl
l‘% I&ﬁeﬁes and polyether ether ketones, have very
eS|r le propertles such as solvent resistance, flame resistance, low

wear rate, abrasion resistance, and high strength. However the relatively
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processability allowing for their | |mprove use in articles, sheets,

resfilnkraitethpErs e BRI DRSERIPTIOR bR JEiF felimmcy has been

improved, but not solved, by the addition of fiber glass, carbon fibers and other

reinforcements as well as mineral fillers. Unfortunately, these changes, while
improving one property, adversely affect other properties. For example addition of
fibers, increases weight, reduces flow and induces anisotropy in molded parts. Such
anisotropy in a part may, for example, resuli in warp or other undesirable dimensional
changes, such as curling in a film. In some instances the fiber additives can interfere
with the surface smoothness of the shaped parts, causing uneven surface properties.
This is especially true in thin parts and films. Addition of a reinforcing filler to PAEK

resins will also make it difficult to extrude thin films and fibers.

Thus there exists a need for crystalline poly aryl ether ketone formulations with a
range of improved properties, for instance load bearing capabilities at high
temperature, while still having good melt processability allowing for their improved

use in molded articles, sheets, films and fibers.



Figure 1 shows the flexural modulus, measured in MegaPascals (MPa),
as a function of temperature for an unblended PEEK resin (example A), a
miscible polyetherether ketone (PEEK)- polyetherimide (PEI) blend
(example B) and two blends combining PEEK with polysulfone etherimide
(PSEI) resins (examples 1 & 2). The modulus was measured as per
ASTM method D5418 using dynamic mechanical methods on a 3.2 mm
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improvement in properties.
DETAILED DESCRIPTION OF THE INVENTION

In this specification and in the claims that follow, reference will be made to a number
of terms that shall be defined to have the following meaning. The singular forms “a”,
“an” and “the” include plural referents unless the context clearly dictates otherwise.
“Optional” or “optionally” mean that the subsequently described event or
circuinstance may or may not oceur, and that the description inciudes instances where

said event or circumstance occurs and instances where it does not.

The present invention is directed to a phase separated polymer blends comprising a
mixture of: a) a first resin component selected from one or more of the group
comprising: polyaryl ether ketones, polyaryl ketones, polyether ketones and polyether

ether ketones; with, b) a second resin component comprising at least one polysulfone



least one aryl sulfone group. In the context of this invention phase
separated means that the PAEK and the PSEI resins exist in admixture
as separate chemical entities that can be distinguished, using standard
analytical techniques, for example such as microscopy, differential
scanning calorimetry or dynamic mechanical analysis, to show a least two
distinct polymeric phases one of which comprises PAEK resin and one of
etivdriali zomaplisesRGE st cdnad oot insimit ef tiveliphagascudthtngsdn
Ieggggégra%h n %ogt §00 wit% qf said resin. In other instar)ces thg bI.end's will
orm sep<yara e distmet domains from about 0.1 to 50 microns in size, in
others cases the domains will range in size from about 0.1 to 20 microns.
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anywhere from 1:99 to 99:1, depending on the end use application, and the desired

prolperty to be improved. The range of ratios can also be from 15:85 to 85:15 oreven
anywhere from 25:75 to 75:25. Depending on the application, the ratio may be also
be from 40:60 to 60:40. The skilled artisan will appreciate that changing the ratios of
the first resin component to the second resin component can fall to any real number

ratio within the recited ranges depending on the desired resuit.

The properties of the final blend, which can be adjusted by changing the ratios of
ingredients, include heat distortion temperature and load bearing capability. For
example, in one embodiment the polyetherimide sulfone resin can be present in any
amount effective to change, i.e. improve by increasing, the load bearing capability of
the PAEK blends over the individual components themselves. In some instances the
polyaryl ether ketone resin can be present from 30 to 70 wt% of the entire mixture

while the polysulfone etherimide varies from 70 to 30 wt%.



3 In some embodiments of the invention the composition will have a heat
distortion temperature (HDT) measured using ASTM method D5418, on a
3.2 mm bar at 0.46 Mpa (66 psi) of greater than about 170 C. In other
instances the HDT at 0.46 MPA (66 psi) will be over 200 C. In still other
instances, load bearing capability of the PAEK - polysulfone etherimides
will be shown in a Vicat temperature, as measured by ASTM method
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i feterm Polyaryl ether ketones (PAEK) comprises several
polymer types containing aromatic rings, usually phenyl rings, linked
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invention, Such methods include extrusion, sintering and etc.

As used in the present invention the term Polyary! ether ketones (PAEK) comprises
several polymer types containing aromatic rings, usually phenyl rings, linked
primarily by ketone and ether groups in different sequences. Examples of PAEK
resins are; polyether ketones (PEK), polyether ether ketones (PEEK), polvether
ketone ether ketone ketones {PEKEKK) and polyether ketone ketones (PEKX) and
copolymers containing such groups as well as blends thereof. The PAEK polymers
may COmprise Monomer units containing an aromatic ring, usually 2 phenyl ring, a
keto group and an ether group in any sequence. Low levels, for example less than 10
mole %, of addition linking groups may be present as long as they do not
fundamentally alter the properties if the PAEK resin



fundamentally alter the properties if the PAEK resin 4 The first resin
component is a polymer selected from the group comprising polyaryl
ether ketones, polyaryl ketones, polyether ketones and polyether ether
ketones. Any of the PAEK polymers can be used which will have
improved properties through blending with a second resin component
according to the present invention. This encompasses the use of one or
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points above 300 °C, can be used in blends according to the present invention.
Examples of these crystalline polyaryl ether ketones are shown in the structures [, 11,
IIL IV & V below.
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the electrophilic aromatic substitution (e.g., Friedel-Crafts catalyzed)
reaction of aromatic diacyl halides with unsubstituted aromatic
compounds such as diphenyl ether. The evolution of this class was
achieved in US Patent 4,175,175 which shows that a broad range of
resins can be formed, for example, by the nucleophilic aromatic

substitution reaction of an activated aromatic dihalide and an aromatic diol
or salt i ether ketones Which

from phenylene, blpheny éne or naphthyleng, X is independefify -0-,
-C(O)-, -O-A,--C(0)-, -S-, -SO2- or a direct bond and n is an integer of
from 0O to about 10. Polyaryl ketones can be prepared by methods well
known in the art. One such method comprises heating a substantially
equimolar mixture of at least one blgphenol often reagted as its

bfs- ph olateysalt, and/at lea tone”of / ! alqun oid compound
: Bs.cpiigast onevhalop .--_-_a. nd-may be reacted to

such a dichloro benzophenone of difluoro benzophenone to f&tm a poly
_aryl ether ketone. In other cases dihydroxy aryl ketone, such as dihydroxy
benzophenone can be polymerized with aryl dihalides such as dichloro
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riedel-Crafts catalyzed) reaction of
aromatic diacyl halides with unsubstituted aromatic compounds such as diphenyl
ether. The evolution of this class was achieved in US Patent 4,175,175 which shows
that a broad range of resins can be formed, for example, by the nucleophilic aromatic
substitution reaction of an activated aromatic dihalide and an aromatic diol or salt
thereof.

Other examples of crystalline polyaryl ether ketones which are suitable for use herein
can be generically characterized as containing repeating units of the following
formula (VD:

(VD



compounds which may have both ether and ketone linkages, for instance
bis-(dichloro phenyl) benzophenone. In other instances diaryl ether
carboxylic acids, or carboxylic acid halides can be polymerized to form
poly aryl ether ketones. Examples of such compounds are diphenylether
carboxylic acid, diphenyl ether carboxylic acid chloride, phenoxy-phenoxy
enzoic acid, or mixtures thereof. In still other instances dicarboxylic
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phenyl) benzophenone. In other instances diaryl ether carboxylic acids, or carboxylic
acid halides can be polymerized to form poly aryl ether ketones. Examples of such
compounds are diphenylether carboxylic acid, dipheny! ether carboxylic acid
chloride, phenoxy-phenoxy benzoic acid, or mixtures thereof. In still other instances
dicarboxylic acids or dicarboxylic acid halides can be condensed with diaryl ethers,
for instance iso or tere phthatoyl chlorides (or mixtures thereof) can be reacted with

diphenyl ether, to form PAEK resins.

The process as described in, for example, US Patent 4,176,222 may produce polyaryl
ether ketones. This process comprises heating in the temperature range of 100 to 400
°C.(1) a substantially equimolar mixture of: (a) at least one bisphenol; and, (b.i) at
least one dihalobenzenoid compound, and/or (b.ii) at least one halophenol, in which in
the dihalobenzenoid compound or halophenol, the halogen atoms are activated by —
C=0- groups ortho or para thereto, with a mixture of sodium carbonate or bicarbonate
and a second alkali metal carbonate or bicarbonate, the alkali metal of said second
alkali metal carbonate or bicarbonate having z higher atomic number than that of
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Additional polyaryl ether ketones may be prepared according to the
process as described in, for example, US Patent 4,398,020 wherein
aromatic diacyl compounds are polymerized with at least one aromatic
compound and at least one mono acyl halide. The polyaryl ether ketones
may have a reduced viscosity of at least about 0.4 to about 5.0 dl/g, as

i centrated sulfyric.acid at 25 C. PAEK weight average
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(PEEK), poly ether ketone etone ketone ) and poly ether
etone ketone (PEKK). PEEK is commercially available from Victrex Ltd.
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aCightravalent linker without limitation, as long as the linker does not impede

synthesis or use of the polysulfone etherimide. Suitable linkers include

Addifiaral polylirpitethéo kdmdbsiiied e upsUbsiisied, saturated,
dedingatyrated or aromaic monoc!cllc orgolg/cycllc groups having about 5 to
esCribed i, for example, Patent 4,398,020 wherein aromatic diacyl compounds
are polymerized with at least one aromatic compound and at least one mono acyl

halide.

The polyaryl ether ketones may have a reduced viscosity of at least about 0.4 to about
5.0 dVg, as measured in concentrated sulfuric acid at 25 °C. PAEK weight average
molecular weight (Mw) may vary from 5,000 to 150,000 g/mole. In other instances
Mw may be from about 10,000-80,000 g/mole.

The term polyaryl ether ketone as used herein is meant to include homopolymers,
copolymers, terpolymers, graft copolymers, and the like. Blends of one or more
PAEK resins may also be used. Different types of PEAX resins include for example,
poly ether ketone (PEK), poly ether ether ketone (PEEK), poly ether ketone ether
ketone ketone (PEKEKK) and poly ether ketone ketone (PEKK). PEEK is
commercially available from Victrex Lid. as VICTREX PEEK. PEKEKX resin is
commercially available from BASF Co. as UL TRAPEK.

The second resin component is a polysulfone etherimide (PSEI) resin. As used herein
the PSEI comprises structural units having the general formula (VI wherein at least

30 mole% of the polymer linkages have at least one aryl sulfone group and
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about 50 carbon atoms; (b) substituted or unsubstituted, linear or
branched, saturated or unsaturated alkyl groups having 1 to about 30
carbon atoms; or (c) combinations thereof. Preferred linkers include but
are not limited to tetravalent aromatic radicals of formula (VIII), such as, ~
0 O O and (VIII) wherein W is in some embodiments a divalent moiety
selected from the group consisting of -SO2-, -0-, -S-, -C(O)-, CyH?y- (y
being an integer from 1¢o %), and; halogenated derivatives thereof,
including perfluoroa kyl/é{\e'jgroup , or a group of the formula -O-D-O-.

The group D may rj e}éh}ér idue of bisphenol compounds. For
example, D may belanyjof the malecules shown in formula IX. 9 v YA, CHs

H3C CH3 H3C H3d.a &0 193 C aHSﬁ;EBr CHO O, and H3C Br Br
CH3 H3C CH3 C(CH3'2 O H3C CH3 () The divalent bonds of the -W- or

PBEmRlicabrotol b iarboiteid frederke tor-aupaiar MRk SRR 1GEOHRS. as
s e g oy e naenll
Suitable linkers include but are not limited to: (a) substituted or unsubstituted,
saturated, unsaturated or aromatic monocyclic or polycyelic groups having about 5 to
about 50 carbon atoms; (b) substituted or unsubstituted, linear or branched, saturated
or unsaturated alkyl groups having 1 to about 30 carbon atoms; or (¢) combinations
thereof. Preferred linkers include but are not limited to tetravalent aromatic radicals
of formula (VIII), such as,

0r 2000

wherein W is in some embodiments a divalent moiety selected from the group
consisting of -SO;-, -O-, -S-, -C(O)-, CyHay~ (v being an integer from 1 to 5}, and

halogenated derivatives thereof, including perfluoroalkylene groups, or a group of the

(VIID

formuia -0-D-O-. The group D may comprise the residue of bisphenol

compounds, For example, D may be any of the molecules shown in formula IX.



In the context of this invention the term "polymer linkage" or "a polymer

linkage" is defined as the reaction product of at least two monomers

which form the polymer, wherein at least one of the monomers is a

dianhydride, or chemical equivalent, and wherein the second monomer is

at least one diamine, or chemical equivalent. The polymer is comprised

on 100 mole % of such linkages. A polymer which has 50 mole % aryl

su fhkages, amplesy Falf of its linkages (on a molar

ba compri {anhydri diamine derived linkages with at least

one aryl sulfone group. Suitable dihy roxy-substituted aromatic

hydrocarbons used as precursors to the -0- D-0- group also include those

of or X):(R7)4 (R R H RZAQH (X); where each R7 is
E@M—m%rogen,ﬁ@f@oxy, aryloxy or a C3-30

monovalent hydrocarbon or hydrocarbonoxy group, and R8 and R9 are
Hindependently t&)ﬁgrogerka%ryl, alkyl fluoro groups or Cj-30 hydrocarbon

. ihydy e ‘dcarbons that may be used

v ’ e those disclosed by name or

y - >73, 2,999,835, 3,028,365, 3,148,172,
3,153,008, 3,271,367, 3:2,¢1,368, and 4, g_,z%438. Specific examples of
dihydroxy-sigstitut%g gJpmatighydrocarbons which can be used in the
present invehtten_include.boud are not limited to, bis(4-
hydroxyphen @ hydroxyphenyl)sulfide, bis(4-hydroxyphenyl)
ether, bis(4-hygrs Fsulfoxide, 1,4-dihydroxybenzene,
4,4'-oxydiphignol, 2@-bis(4- hgdtoxyphenyl)hexafluoropropane,
4,4'-(3,3, @-trimethylcyclohexylideré%)diphenol;

5 i 3

4,4'-bis( ethyl)diphenol
1,1-bis Scorgih cyclohexane; 4,4-
bis(4-hydrexy nyl)heptan "-dihydroxydiphenylmethane; bis(2-

H.C
3 CH, (I:X)

The divalent bonds of the -W- or the -O-D-O- group may be in the 3,3", 34", 43", or
the 4.4' positions. Mixtures of the aforesaid compounds may also be used. Groups
free of benzylic protons are often preferred for superior melt stability. Groups where

W ig -SO»- are of specific note as they are one method of introducing aryl sulfone
linkages into the polysulfone etherimide resins,

In the context of this invention the term "polymer linkage" or "a polymer linkage" is
defined as the reaction product of at least two monomers which form the polymer,
wherein at least one of the monomers is a dianhydride, or chemieal equivalent, and
wherein the second monomer is at least one diamine, or chemical equivalent. The
polymer is comprised on 100 mole % of such linkages. A polymer which has 30 mole

% aryl sulfone linkages, for example, will have half of its linkages (on a molar basis)

10



hydroxyphenyl)methane; bis(4-hydroxyphenyl)methane; bis(4-hydroxy-5-
nitrophenyl)methane;
bis(4-hydroxy-2,6-dimethyl-3-methoxyphenyl)methane; 1,1-
bis(4-hydroxyphenyl)ethane; 1,2-bis(4-hydroxyphenyl)ethane;
1,1-bis(4-hydroxy-2- chlorophenyl)ethane;
2,2-bis(3-phenyl-4- hydroxyphenyl)propane 2,2-bis(4-hydroxy-
CW&W; HehyRBAspa mebiwq@mkages:empmmmammzfm
grdigrbis(4- hydroxy-3-isopropylphenyl)propane;
2,2- bis(4 hydroxy-3, 5 -dimethylphenyl)propane;
te rachlo drox henyl)propane; bis(4-
S‘%% oxyp FERSHSH f&% Sfﬁatﬁ)‘{ep ydrgc)airjbogs used as %)recursors to the —O-
D@Z-@@@ﬁy@m@@beﬁq&}bﬁh&@@am 2,4' 11 dihydroxyphenyl
sulfone; dihydroxy naphthalene; 2,6-dihydroxy naphthalene;
hydroquinone; resorcinol; CI-3 alkyl-substituted resorcinols; methyl
resorcinol, 1,4- dihydroxy-3- ylbenzene; 4
2,2-bis(4-hydroxyphenyl)b X
hydroxyphenyl)-2-methyl 4, draxyphenyl)cyclohexane;
4,4'- dihydroxydiph
2-(3-methyl-4- hydroxyphe [-2- -hydl' yphenyl)propane’ 2-
(3,5-dimethyl-4-hydroxyphenyl)-2-(4- h%droxyp enyl)propanefX);
2-(3-met B}/ﬂl -4- hydroxyphenyl)-2-(3,5-dimethyl-4-hydroxyphenyl)propane;
Whist 3Bl ethyivhenidndyydioxyphenyhime tapgse, alkoxy, aryioxy or a Cj.30

- drox hen I)et ane, 2,2-bis(3,
e o ke asts i G D S L m—
hyyerenymtibriirDimethgioutane 3 %—hﬁdﬂ)&dimﬁgmﬁphlenyl -4-

hydroxyphenyl)pentane;

Dﬁ%@ﬁﬁ%ﬁjﬁi@%ﬂﬁmﬁ ARARORORNERY HEX G Q&aﬂg%recursors to the ~

5[(3 ,5-dimethylphenyl- hydroxyphenyl)cyclohexane
bIS &Fﬂfﬁ |§j gﬂ#@)gﬂg)rmula in US Patents 2,991,273,

2,998(835; dnﬂms%hmgmpb%ylb@@”mezm bist315568, and 4,217 438.
S B Bl eomciobrommemagpangmce
us@‘iﬂpl@?@a‘eﬂmalpamcmammﬁmdmem iheiﬁths&drw()bﬁpbstltuted aromatic

thls %ﬁg‘%?&‘iﬁ%%a%%@% &P y} ()Itioglﬁ F.‘%] éz{aggrs{(?s are of ngtee?s
b%&?gﬁimml@mé}wmm.h4+dlbmmxnbsmne,s4msfahw@heﬁmmm4-
hyﬁﬁﬁﬁﬂéﬁ?@ﬂ@ﬁa@ﬁ%%ﬁdﬁ@épg,E{%%r,rﬁgr{Exéﬁlylfcyclohexyhdene)dzphenol;
4,4'-bis(3,5-dimethyl)diphenol, 1,1-bis(4-hydroxy-3-methylphenylicyclohexane; 4,4-
bis(4-hydroxyphenyl)heptane; 2,4"-dihydroxydiphenylmethane; bis(2-
hydroxyphenyl)methane; bis(4—hydroxyphenf,f1)methane; bis(4-hydroxy-5-
nitrophenyl)methane; bis(4~hydroxy-2,6~dimethyl~3-methoxyphenyl}methane; i,1-
bis(4-hydroxyphenyl)ethane; 1,2-bis(4-hydroxyphenyl)ethane; L I-bis(4-hydroxy-2-
chlorophenyl)ethane; 2,2-bis(3-phenyl-4-hydroxyphenyl)propane: 2,2-bis(4-hydroxy-
3-methylphenyl)propane; 2,2-bis(4-hydroxy-3-ethylphenyl)propane; 2,2-his{4-
hiydroxy-3-isopropyiphenyl)propane; 2,2-bis(4-hydroxy-3,5-dimethylphenyljpropane;

b1

3,5,3’,5 -tetrachloro-4,4° —dihydroxyphenyl)prop ane; bis(4-
hydroxyphenylcyclohexylmethane: 2,2-bis{4-hydroxyphenyl)-1-phenylpropane; 2,4
11



polysulfone etherimides with superior melt stability. In Formula (VII) the R
group is the residue of a diamino compound, or chemical equivalent, that
includes but is not limited to substituted or unsubstituted divalent organic
radicals such as: (a) aromatic hydrocarbon radicals having about 6 to

about 24 carbon atoms and halogenated derivatives thereof; (b) straight

ranc aicyl radicals having about 2 to about 20 carbon
& II')‘ il%‘i?& @%%M&Wﬁ%@?@%tm@m

oms

hﬁimQ?Hgméd)ﬁﬂNaiﬁﬁll m@a@oémigﬁaéem&?ﬁ%;#qéég)}%ﬁmoﬁﬁgh efejn
s not limi ent moiety selected from the grou
diggr(%)s n§g 0#@%’ SR2GS %9 ‘é‘%&% gé‘i?ﬂ’??e’@’ DRGSR i e fro?n 1 ?o
h@mhmagbnmﬁdwmaétmesbtbeéeqtdﬂmy@tﬂmwﬂg%ég@léylf@e

m ts R i ree of benzylic
dﬂ%@’g’g@&wf e pr sé%nég}%fl bé’ﬁ 2yiic opr pr@%&f%ﬁyééowgéa%ﬁﬂ%‘%ﬁﬁ‘
CGe &ﬂtﬁ]hﬂdﬁ@xm@ﬁﬁébﬂmummnmnm%@mﬁwc
hﬁﬁﬂ%ﬁé@@@s? R pnen Lﬁqs ADIOBRAAD d'ag[;y henyl-

mixtures of meta- and para- p ISOI’hG

SRR BTReHACE; @@mﬁﬁémmﬁpﬁww ﬁaﬁmwresm)emm 2,2-
blb@S(ﬂ»‘tﬂm@ﬁ)ﬁB )-2-Rolt l)pr anc, 2, 4-&13( 1methg&>hﬁré}f1l

or -4- amlno -3. 5 diet methane amin
hyé!ﬁ:' RERYAD %@ed%%ﬁiﬁféléh@ﬁwébﬂﬁh%ﬁetlmes referred to
hyaisok, emyldgﬁmhﬁ@)lar& PEIRREH hel
1 tg ﬁph% Odl;; EQ sulfone, g am%dlphgﬁ%gﬁgﬁg%%
g 15{13 é.ml%]n& %5%’@%}/& heRyNGGH PR El?ﬁ?d%dﬂneth}’l-4~
h}@wxdtﬁlmyﬁobmﬂﬁmﬁlhib‘ii(dei éxﬂaetfﬁmuﬂ@ﬂt%d hﬂ iids@tir?a&on% and bis(3.5-
on iaminodiphenylmethane (commonly
d‘ﬁ*aemgl?ﬁ%‘?ﬁ%g%ﬁ%fg ‘??%‘}?128 Mt FrEmre AR R R pragkine
d’%@@*‘émﬂh?phéﬁﬂbmmﬁhdmﬂrdc&mwwmﬂmmﬂﬁmred

3,3-dimethylbenzidine; 3,3- dimethoxybenzidine; benzidine;
Inmpertidane diaByle: s InRRER XD I E RS romatic hydrocarbon

comprising bisphenols with sulfone linkages are of note as this is another route to

introducing aryl sulfone linkages into the polysulfone etherimide resin. In other
nstances bisphenol compounds free of benzylic protons may be preferred to make

polysulfone etherimides with superior melt stability.

In Formula (VII) the R group is the residue of a diamino compound, or chemical
equivalent, that includes but is not limited to substituted or unsubstituted divalent
organic radicals such as: (a) aromatic hydrocarbon radicals having about 6 to about 24
carbon atoms and halogenated derivatives thereof; (b} straight or branched chain
alkylene radicals having about 2 to about 20 carbon atoms; (c) cycloalkylene radicals
having about 3 to about 24 carbon atoms, or (d) divalent radicals of the general
formula (XI)



bis(aminophenoxy)benzene, 1,3-bis(3-aminophenoxy)benzene, 1,3-bis(4-
aminophenoxy)benzene, 1,4-bis(4-aminophenoxy)benzene,
bis(aminophenoxy)phenyl sulfone, bis(4-(4-aminophenoxy)phenyl)
sulfone, bis(4-(3- aminophenoxy)phenyl) sulfone, diaminobenzanilide,
3,3'-diaminobenzophenone, 4,4'-diaminobenzophenone,

2.2.-bis(4-(4-amjnophenaxy)phenyl)propane, 2,2-bis[4-
W}&{%J?n ! (1)np %CE%E{)} % é}‘?f'/ 5P EBYE hg?o,grf;gy_se{ected from the group
Cobﬁéﬁér_m'nﬁp%@ﬁyw)?]exsﬂumaﬁmﬁ@gﬁfgﬁ?ﬁia@@gﬁeﬁgfeg%/mlg%?%
- -,amino oxy)ethane,; 2,4- eta-amino-t-butyl)toluene;
ha?btf'%?gézéeﬁt g?ﬁ%‘é%ﬁyﬁ%%%ﬁ%%g%aé %8ﬁé§ﬁ)&)alkylene groups?./ particular
engis(intreta Risintsarbatisfrenyl fethen arid @ 4stol cTRdinmning: dixtyregof

5 lami so be loyed. Diamino diphenyl sulfone
pr(%%%%%%%%%%h%@% p%]héerlﬁl}l asﬁﬁr#gﬁ%eé{ée(BAPS) and mixtures thereof

are preferred aromatic diamines. 13 Thermoplastic polysulfone

In. SO PRTSY YmhpdipRBi i EhlctiEcmatiscdi frome scaotarits memprising
phemyicordtarenay paratih sigreinas Ahibelncaemicallysaulyalens derivatives

one. or more aroma&;}c tetracarboxylic acid c%clic dianhydrides

an
P h%ggn%eeflmaé%n?éfé?%g‘fi) Bhdnan s Bk trishytideeheryismatic
diztrsanbbrid imacidss; distheinderplatives:capabiagef forming cyclic

;@ahydrides, In addition, at least a.portion of one or the other of, or at least
B S o e e b oD bRt
diggpénpdinbatizhHythidesivodipisns ethearybsdfones liskaga sighs that at

\eastiRl-male Y.0f hs olymer.linkages contain at least one aryl
Oésu.lfonﬁ'eg 95?0%%.%1 a partﬁ%ﬁe%%&ﬁé%%ﬂ% 6%%383{%%6& & of, or,
diagzipadipbany! rekenmisEotiaprisimirwayiattfdimn i iandratiphatiol
susiaelydridamhrinaalcastons sulons, inkags, The Feaciants

. palymerize to form polymers comprising cycli irnide Tin dges and sulfone
dmﬁ’ﬂ%ﬁ@"’ﬂﬂ}&?&?% %%laﬁsﬁl@@@a%méﬁetm Hykhdétesiindipienylmethane
(cotpdiduity(dunalicpsbereypienaiensipenyh suitone, diaaydridesd 4 is (2.3

bis 'garboxggheno iphenyl sulfone dianh dridei ) .

5 @I&Fg e'%(g%)? g’ﬁ%;{ )is_(gl’ggpmonaph alene; 3,3-dimethylbenzidine: 3,3-
dimethoxybenzidine; benzidine; m-xylylenediamine; bis(aminophenoxy)fluorene,
bis(aminophenoxy)benzene, 1.3-bis(3~aminophenoxy)benzene, 1,3-bis(4-
aminophenoxy)benzene, 1,4-bis(4- aminophenoxy)benzene,
bis(aminophenoxy)pheny! sulfone, bis(4-(4-aminophenoxy)phenyl) sulfone, bis(4-(3-
aminophenoxy)phenyl) sulfone, diaminobenzanilide, 3,3’-diaminobenzophenone,
4.4’ -diaminobenzophenone, 2,2'~bis(4~(4—aminophe:noxy)phenyl)propane, 2,2-bis[4-
(4-aminophenoxy)phenyl]hexaﬂuompropane, 4,4’-
bis(aminophenybhexafluoropropane, 1,3-diamino-4-isopropylbenzene; 1,2-bis(3-
aminophenoxy)ethane; 2,4-bis(beta-amino-t-butyl)toluene; bis(p-beta-methyl-o-
aminophenylbenzene; bis(p-beta-amino-t-butylphenyl)ether and 2,4-toluenediamine.
Mixtures of two or more diamines may also be employed, Diamino dipheny! sulfone
(DDS), bis(aminophenoxy phenyl) sulfones (BAPS) and mixtures thereof are

preferred aromatic diamines.
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dicarboxyphenoxy)diphenyl sulfone dianhydride, and mixtures thereof.
Other useful aromatic dianhydrides comprise:
2,2-bis(4-(3,4-dicarboxyphenoxy)phenyl)propane dianhydride;
4,4'-bis(3,4-dicarboxyphenoxy)diphenyl ether dianhydride; 4,4'-bis(3,4-
dicarboxyphenoxy)diphenyl sulfide dianhydride; 4,4'-bis(3,4-
dicarboxyphenoxy)benzophenone dianhydride; 2,2-bis([4-(2,3-

RS RS o Re S HBistes desrritmpdnieteinican bis@rBred from reactants

cdﬂiﬁp’ﬂhﬁﬁ)ﬁﬂ@@i‘%ﬁ@Qﬁﬁféﬁbﬁfiﬂﬁflﬁg@pw@&éﬁcﬁﬁf@ggf alent derivatives
icarboxyphenoxy)diphenyl sulfide dianhydride; 4,4'-bis g
ang ong %Wﬁgﬁmgﬁgwwlmmwﬂdes {sometimes
refeirbd So/helieimeion e ooReRlirides), aromatic tetracarboxylic acids, or
th%-l[gé%%}s{ggaégogﬁphg oxy)phenx{elllipropane dianhydride; ’
OB cAB SRR @Wﬁf% AbskiRse tBAde Ay laameportion
ofdian hy tridehdr (F, it ashoxyiteomey edth (StAdicasbaxyhenppadiphenyl
aSifide g %q : 4-(2,3-dicarbaxyphenoxy)-4'- -
(3,4-dica%%§<¥y§ip é?r%)?y %%%%&B%%%nrgdr%g CPAMPRAS & 24 siigone linkage such
thaf theng 60 aneleaarb they tizsecid: dislyhyarid®:ages contain at least one aryl
sufichs o _nﬁpgﬁgﬁ%ﬂ%@g E_Rx lic,, acid dian dré%e;
2,3,3',4'-\%nzop enone'getracgé oiﬁ%ua%lé’ Giahryan * 91203, gach of, the
TERSRD FeRarS HShsiaveRsical BiB inp s axdidiphtiaglicdamthyeirides BBt 4t lebst one
sublithany k%éa@ﬁgq%w&é ighclianiudride, 2. 3.3 4 zRinhenyltetracarboxyli
i cid dian ydride'.2,3,2',%blphenyItetracarggéwgrggﬁn&%%%%&H & u%éé
%ﬁ@?ﬁt%ﬂf@%%ﬁ%: 3,4,3",4'-diphenylsulfonetetracarboxylic acid
dianhydride; 2,3,3',4'- diphenylsulfonetetracarboxylic acid dianhydride;
Ilgstrasiv¢3xanipber b6 ymhenodidiedzrpe dianhydrideans 2,2-bis(3,4-
d&%ﬂ%ﬁﬂ@g xafluoropropa eﬁi{? hydride. Polysulfone etherimides
llwith S uctu? Iyé%ﬂht%%%lns\?é%p ro‘?‘r?%%y %sdbén%sr@rﬁg two or more
digeryahees aidipteoy hittimestyedf, thedveiba b ahety)-4'-(3 4-
didRHERGR R @&i%géeﬂ%i%g have at least 50 mole.% imide
linkages dgﬁ?\}/’_}ezg from an aromatic f%égreéﬁ%?/gﬁéjé%ﬁ%ﬁg%%%fm‘ic
TURMRORHERIN EdC Rt ity ditiehdifrmbmaboha6RyThlm b peopbaut
didBgdrIale aonudiphial% ox yphenoxy)diphenyl ether dianhydride; 4,4'-bis(3.4-
dicarboxyphenoxy)dipheny] sulfide dianhydride; 4,4-bis(3 4~
dicarboxyphenoxy)benzophenone dianbydride; 2,2-bis([4-(2,3-
dicarboxyphenoxy)phenyljpropane dianhydride; 4,4"-bis(2,3-
dicarboxyphenoxy)dipheny! ether dianhydride; 4,4'-bis(2,3-
dicarboxyphenoxy)dipheny! sulfide dianhydride; 4,4'-bis(2.3-
dicarboxyphenoxy)benzophenone dianhydride; 2-{4~(3 4-dicarboxyphenoxy)phenyl]-
2-{4~(2.3-dicarboxyphenoxy)phenyljpropane dianhydride; 4-(2,3-dicarboxyphenoxy)-
4"-(3,4-dicarboxyphenoxy)diphenyl ether dianhydride: 4-(2,3-dicarboxyphenoxy)-4'-
(3.4-dicarboxyphenoxy)diphenyl sulfide dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-dicarboxyphenoxy)benzophenone dianhydride; 1,4,5,8-
naphthalenstetracarboxylic acid dianhydride; 3,4.3°,4’-benzophenonetetracarboxylic
acid dianhydride; 2,3,3 '.4’-benzophenonetetracarboxylic acid dianhydride; 34,3’ 4°-
oxydiphthalic anhydride; 2.3,3’ 4 -oxydiphthalic anhydride; 3,3’ 4,4~
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anhydride derived imide linkages. In an alternative (_ambodiment, frqm
about 70 mole % to about 99 mole % of the imide linkages are derived
from oxydiphthalic anhydride or chemical equivalent. The term
"oxydiphthalic anhydride" means, for purposes of the embodiments of the
present invention, the oxydiphthalic anhydride of the formu_la (XII)_ 000
and derivatives thereof as further defined bgloyv. The _oxydlphth_allc '
b?ﬁﬁ?&iﬁ%}&%c ROTFHG RETXHARRSIGRRS 2,4504y Diinitminsramnthyshitie acid
damimdasnmna:ﬁcmphm%aéa%@ew%emm%m{g@gb ngany

ixtures thereof, For example, the polysulfone ethierimid containing at
d{g‘%ﬁi ‘Fﬁ%l%%o iﬁaﬁgqﬂ%@ﬁéﬁ%ﬁh%miéﬁym&mﬁbﬂ@rahhwwe@may

d@@@&hﬂﬁﬁm&h&bm&iﬂapj&tb%%@ rjq@%gggural units off formula
0.ao0p0 0 0 (Xl As.mentioned above, derivatives o
d%&gﬁi’%ﬁ%% %@%ﬁﬁ%gﬁﬁ!ﬁﬁgﬁﬁﬁ@&%ﬂﬁ%ake polysulfone
diéﬁﬁh@wm@symm@mt@mmgmhgfwﬁﬁ%@ﬁﬁrﬁl}ignéfggl%% "
' igal equivalent for the oxydiphthalic anhydride i
S R g R RPE GRS o aiso

WiBm s 1sare o the ioRn®0- \ OR 2y O O (XIV) wherein RI and R2 of
formula VIl can be any of the following: hydrogen; an alkyl group; an aryl

Ingriup irkgianbel RE-GRINOR NG SABEATRRRNLAQ Rrogiee 8, ;-0 linkages
derived from an aromatic ether anhydride that is an oxydiphthalic anhydride, in an
alternative embodiment, from about 60 mole % to about 100 mole % oxydiphthalic
anhydride derived imide linkages. In an alternative embodiment, from about 70 mole

% to about 99 mole % of the imide linkages are derived from oxydiphthalic anhydride

or chemical equivalent.

The term “oxydiphthalic anhydride” means, for purposes of the embodiments of the
present invention, the oxydiphthalic anhydride of the formula (XII)

O O
=y =
C -0 O
P N
0 o (XID)

and derivatives thereof as further defined below.

The oxydiphthalic anhydrides of formula (X11) includes 4,4'-oxybisphthalic
anhydride, 3,4-oxybisphthalic anhydride, 3,3'-oxybisphthalic anhydride, and any
mixtures thereof. For example, the polysulfone etherimide containing at least 50 mole
% imide linkages derived from oxydiphthalic anhydride may be derived from 4,4'-
oxybisphthalic anhydride structural units of formula (X1IhH
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oxydiphthalic anhydride acid, an oxydiphthalic anhydride ester, and an
oxydiphthalic anhydride acid ester. The polysulfone etherimides herein
may include imide linkages derived from oxydiphthalic anhydride
derivatives which have two derivatized anhydride groups, such as for
example, where the oxy diphthalic anhydride derivative is of the formula
(XV) 0O R40OR I%ao OR2 0 0 (XV) wherein R1, R2, R3 and R4 of
formula (XV) can be jany of the foIIowing: ydrogen; an alkyl group, an
aryl group. R1, R2, R t
an oxydiphthalic acid, 2 er, and an oxydiphthalic acid
ester. Copolymers o polysulfone etherinjides which include structural
units derived from imidization reactions &f mix¢&€s of the oxydiphthalic
anhydrides listed above having 16 two, three, or more different
AgiBsRyarRIeE aseldeninero or dé o5 wtiplathriclanamatat ok R-QieaRifed 1o
i i j ink ithin the sc of the invention.
e e S s T abg oo
TosHoB ASforheBishlRpRiTRiRatAAn sl findit abiopdridwhichyifi Golesing
redlefitial e her 6Q)daiitiii c kAP SE-MAIR 4 OF altek nati&é% W ydrides
distinct from oxydiphthalic anhydride are also contemp(fa ed. That1s, in
some instances it will be desirable to make copolymers that in addition to
having at least abojut 50 mole % linkagesjderived from oxydiphthalic
anhydride, will alsg ingfud&imidey ges deryed from aromatic
dianhydrides diffe [ j angxdrides such as, for example,
bisphenol A dianhydride (BPADA), disulfpne &ianhydride, benzophenone
dianhydride, his (carbophenoxy phenyl) ﬂexaﬂuo@-ﬁﬁfbpane dianhydride,
bisphenol dianhydride, pyromellitic dianhydride (PNIDA), biphenyl
waitseinyRirie, Ry sft fodimmibydriden selimy of the following: hydrogen: an alkyl

group; an aryl group. R, and R»can be the same or different to produce an
oxydiphthalic anhydride acid, an oxydiphthalic anhydride ester, and an oxydiphthalic
anhydride acid ester.

The polysulfone etherimides herein may include imide Iinkages derived from
oxydiphthalic anhydride derivatives which have two derivatized anhydride groups,

such as for example, where the oxy diphthalic anhydride derivative is of the formula
(XV)

s

B0 7 \)‘\roﬁz

o ci# (XV)

wherein Ry, R, R3 and Ry of formula (XV) can be any of the following: hydrogen; an
alkyl group, an aryl group. Ry, Ry, Rs, and R4 can be the same or different to produce
an oxydiphthalic acid, an oxydiphthalic ester, and an oxydiphthalic acid ester.

Copolymers of polysulfone etherimides which include structural units derived from
imidization reactions of mixtures of the oxydiphthalic anhydrides listed above having
16



dianhydride and mixtures thereof. In another embodiment of the present
invention, the dianhydride, as defined above, reacts with an aryl diamine
that has a sulfone linkage. In one embodiment the polysulfone etherimide
includes structural units that are derived from an aryl diamino sulfone of
the formula (XVI) H2N-Ar -SO2-Ar-NH 2 (XVI) wherein Ar can be an aryl

royp species containing a single or multiple rings. Several aryl rings may
t"g% ﬁ%&{éﬁ%gﬁf?a%%a%ﬂhﬁ@%uw@tmﬁ@Ré@qualfamanmkamf

amorpeie dhaniene sk iamsikages:cT be A Ynas may A58 Be fused. 10

aaltaeqmative embodiments, the amine groups of the aryl diamino sulfoné

I aqdition, COROINIETS bauiNe At |oRBib Al Boks: % amisislénkiages fmvetbfrom

OXX Wi @i 2nzy SR\ doMBY aboAlayRaticHRMINCRIRGIIS. DuLare,net,,
diamino | sulfone (DDS) and

limj far example iphenyl sul
tﬁ’é@ﬁ%ﬁ%ﬁ%n&i’? %ﬁ@éﬁ%"s 5@%@}%&%&%@%@ anhydride
arg hpordesdaedbdhabove may betsed io-femoalyimide dinkages by
' ith ; | digming sulfqne to produce polysulfone etherimides.
o SR e 4 trpes dspnuphens
ORygiRhthedictran vsitide aroinatic disindy dridle Iinbnoes elfh-ameaticoistether
iR K MeBOMER Wi ¢ di Ei:ne onorper wherein the two
Im_onome_rshgg present%r?%ggﬁ%g%ﬁéﬁ%%o 5?%%%%5?%%@@%&?@1
frsBrevervidmiireadiomydidureatomenone thamahadd, 3%
(campihensiaesn i BRAblY Jess-hAnaROHi0 0 malaL BXEesain
relatign.to.the other monomer, or wherein one monomer is pres%n I the

PRSI aEEn PG hinhsp v disok ot eddesdianhpdhnide, sulfo

diinstaincestidemmanamiessyyill be present in amounts differing by less than
1% molar excess. Primary monoamines may be used to end-cap or

m%@iﬂa?%%}ﬁrﬁéﬂ%? lt@@gresent invention, the dianhydride, as defined above,
reacts with an aryl diamine that has a sulfone linkage. In one embodiment the
polysulfone etherimide includes structural units that are derived from an ary!l diamino
sulfone of the formula (XVI)

HaoN—Ar —S0,—Ar—NH > VD)

wherein Ar can be an aryl group species containing a single or multiple rings, Several
aryl rings may be linked together, for example through ether linkages, sulfone

linkages or more than one sulfone linkages. The aryl rings may also be fused,

In alternative embodiments, the amine groups of the aryl diamino sulfone can be meta

or para to the sulfone linkage, for example, as in formula (XVID

HoN N - NH,
~ S (XVID
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etherimide, for example, to control molecular weight. In a particular
embodiment primary monoamines comprise aromatic primary
monoamines, illustrative examples of which comprise aniline,
chloroaniline, perfluoromethyl aniline, naphthyl amines and the like.
Aromatic primary monoannes may have additional functionality bound to

the aromatic.ring: such as, but not limited to, aryl groups, alkyl groups,
AL %ﬁféﬁ‘%}?&ﬁﬁ&@u%@m, Lise o fips caaniple. ghienpso iphaeyls,
*Hitogéhaeslaik linanbsaueg Al b bk AiRYBe ALY ILYQURS 3l
aﬁ{%ﬁﬁﬁé@ %éogrﬁ%d'lé e attacggg functiopality should not'impede the . .
fuhction of the aromate PAMEHRO H HmBAY eiinesseforetion with
A Al idddnm sldcutaropeight-SaliahiEsne Beaminacompounds  are listed
in US Patent 6,919,422. Aromatic dicarboxylic acid anhydrides, that is

IBEOmMabic SRS, i |rc aneh dride group, may also be
used to control m%?g%%ﬁégyg vgé%}r% %%oﬁf%m%%?ﬁf%%‘e ¢ DifRgsdtitrem
rERAN AL S BB Ae HirrRudtdamyarter sobstitte it phaslic amyaiites,
meeiomas shiprepkihalic Ay ' aid anhydrides may have
additianal functionality bound %%ﬁwaé}%ggrﬁigg%q?%&gl szﬁél%ﬁl%e&ﬂﬁé}l@ée&f
WRIGHCorn BHEE A5 2R LRt 6R MRS B e ibetoalsove fesarom diicreaction
mFinar nanoantineshd® eome Sl imides wi
il Sl of ispallyidene katos b #egs%r?aég%g‘{%ﬁ@g%ge AT
some l% %2 Biéhds %glﬁroé&}%?f@é’%‘?n?gﬁéfkﬂkf’éﬁ’é RAk AR e pporRBtiein
thrsechitinyminhichat oulcheesltion natbearinglsapability ajdig ﬂlg‘g-fm}?&%%”e
e

ne

mahshyvauldbe sirable. Miscible PEEK blends with isoalkyli
containing po?ﬁ%%%l{emgl&ogﬁb%gﬁﬁ%xg%}%ﬁ g PASHESE7E809
and 5,171,796. In some instances low levels of isoalkylidene groups can

Prifam, R ImiRes o7aToe vbcefithendotypusifoheintiienimispolinkages will
etivaitdife. Sopduticlane . QMRS R RINELINsAnce tﬁ‘ffﬁx‘}@ﬁ‘%‘fo“g iment

I%tlgienrrpl(l)d%z)Ilnka es will contain less than 20 mo e % |soaﬁ<ﬁ|[8 P
P Oroupe. A %ﬁﬂ‘%?&%%ﬂf@@?émwmm@m@ammm Ereegaoss
of W'“‘dfe qorepsRt anilli?r&:Mﬁuﬁ@ﬁﬂ@%@%ﬁﬁﬂ%ﬁﬁm@?ﬁ%ﬁﬁ&%%mmﬁ
.an&@l%rﬂpéde}%ma%hav.e a melt index of about 0.1 to about 10"grams per

- AIOIRANC primary monoamines may have additional functionality bound

to the aromatic ring: such as, but not limited to, aryl groups, alkyl groups, aryl-alkyl
groups, sulfone groups, ester groups, amide groups, halogens, halogenated alkyl or
aryl groups, alkyl ether groups, aryl ether groups, or aryl keto groups. The attached
functionality should not impede the function of the aromatic primary monoamine to
control polysulfone etherimide molecular wei ght. Suitable monocamine compounds

are listed in US Patent 6,919,422,

Aromatic dicarboxylic acid anhydrides, that is aromatic groups comprising one cyclic
anhydride group, may also be used to control molecular weight in polyimide sulfones.
Hiustrative examples comprise phthalic anhydride, substinited phthalic anhydrides,
such as chlorophthalic anhydride, and the like. Said anhydrides may have additional
functionality bound to the aromatic ring, illustrative examples of which comprise

those functionalities described above for aromatic primary monoamines.
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minute (glmin), as measured by American Soc@ety for Testing Materials
(ASTM) D1238 at 340-425 C. In a one embodiment, .the polysulfone

etherimide resin has a weight average molecular weight (Mw) of about
10,000 to about 150,000 grams per mole (g/mole), as measured by gel
permeation chromatography, using a polystyrene standard. In another

embodiment the polysulfone etherimide has Mw of 20,000 to 60,000
I A A ESRGReY B oA s el il de v levrited isnAlETiM-DS HoBages

magmdmmmhasskﬁmmeﬁmﬁ i Egt%i%?@hffﬁi@gf%g %%néé{%%%zra'pe

i i e rormation

i BN P A A 56 USRIy e TN joad besring
capgipiincerhéght sugfeasugassl GateBe cRIMTILR, MIAbIbeEEEsRARI Y,

: instances.means less than 5 wt% of the_entire composition.
e B TA56H7a SPSEroF oA ol B8 nEr 840,209

angbiniGicédeht presantidncotiowitstanesssbaskyEoit o faye-eampasitians

lgp of crystallinity on coolipg. This may_be, more
m%r?%bo%ﬁglr?t %\D%gﬁﬁﬁﬁﬁ%e&é{ acéi %ieaa ﬁ%ﬂ’lgs%ﬁﬁ‘&}& Kratkridenmich
SR & Py inskapags dxoppiziuHighe stirtareide émiangs maydataersiopine

f tallini torget.aptimal rties. In some instances the
T b S S T e i e
iS%}iﬁ&H“&aﬁ ForreRallrsssenhin e o biskens differientiall stagning

calorimetry (DSC), for example, ASTM method D3418. The temperature
Poifsiriéonseptimati nﬁﬂﬂt&ﬁﬁyﬂ&ﬁ)ﬁﬁﬁﬂiﬁ@t{l@ﬁ ma&s&@f (ﬁglgﬁésléﬂ&ﬂ §1t§ g@gﬂé&ép

: ' for ex e at a cogling rate of 80 C/min., it ma
mEERE LR s ool e LS B LT
Dﬁﬁ%ﬁaﬁté@ﬁ-#@ﬁéﬁhﬂ@wa@mﬁeﬁi@wﬁnm@iﬁﬁﬁﬁo xg/éﬂieﬁéﬁiééx%@éﬁélé@”

f ter than qr.equal fo about 28 may be desired. In
R AL Mo BT e i baramone:
malpstEfatdtact maamitisbte gwppcanmmm@xoanﬁfsgﬁg}fypﬁgﬁ%%fvgﬁ e em,
' ISC end, and a second.Tg,assoc

B E A R R T eenniss

60"%9 S Framsigs AhisrmoraliederMydrcars listed in ASTM D5205
“Standard Classification System for Polyetherimide (PET) Materials™.

In some instances, especially where the formation of the film and fiber are desired, the
composition should be essentially free of fibrous reinforcement such as glass, carbon,
ceramic or metal fibers. Essentially free in some instances means less than 5wt of
the entire composition. In other cases, the composition should have less than Iwt%

fibrous reinforcement present.

In other instances it is useful to have compositions that develop some degree of
crystallinity on cooling. This may be more important in articles with high surface area
such as fibers and films which will cool of quickly due to their high surface area and
may not develop the full crystallinity necessary to get optimal properties. In some
instances the formation of crystallinity is reflected in the crystallization temperature
(T<), which can be measured by a methods such as differential scanning calorimetry

(DSC), for example, ASTM method D3418. The termperature of the maximum rate of
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be measured by any convention method such as DS_C or dynamic
mechanical analysis (DMA). In some instances the first Tg can be from
120 to about 200 C and the second Tg can be from 240 to 350 C. In other
instances it may be useful to have an even higher seconq Tg, _from 280 to
about 350 C. In some instances, depending of the specific resins, o
molecular weights and composition of the blend, the Tgs may be distinct
ISP e AAR B PR s arerhAY Bodita reme dtsemerniorlimanpihe: a cooling
repoty Reseiherianide PEALbleRdR Wity Bl iscgelty hal B0
odrm gbout 200 Pascal-seconds to about 10,000 Pascal-seconds -
at?%QgEfdg%a%ﬁ“@a By ARt RriRerceDoessasf PiCapilany
crivedieten witbersheast ateaeh 1o 1900 I ARG, Resip %%%é hiaylng a
melt viscosity from about 200 Pascal-seconds to abofuthlq, e
R 5 ill allow the camposition of the invention to be
ey Toraca o e B TRRaN s et prodssmgpes

ﬁ?@%ﬁﬁﬁﬁ@ﬁ?%@ﬁ@éﬁ%taﬁ@éé&lﬁWWQQMerfg{@amagpp:gé%agl}lglgot
P.5i008 B sl asaelsl AOUIRLAGARSHO el pracesaing, esbedially

the high temperature needed for the PAEK=p ysufton
RS SOt Ut Ry B Bt fririnstas theasthelspeitaniscasirgkthrres (Tes) can

CORMAPOSH T s T ' [ e molding or )
?D?ﬁgzsfgn @?oﬂcgsg. One mﬁe?ﬁgg%t%@r%%ﬁa%s%%%%g}?%é ili %?%efog ex%l%ﬁ?g}?ﬁég
change i

RSCEHRr s s hl & probedemy t@fripataura0iiComatupic
~eo8Cl psingl paralBloniateoheomeiat: i Same, NSiANGRS AL RIS 2020 0n

imitial vi i I tained being held at tempera |
o e RS 0 P el i oRssopending?
theprsifibeciiss thakaiouy Ak ahtheiniininaius 20 foLat '@é%&%&%%@

pecl initial melt viscosity values can be measured’fro_m'i to
dl%ﬂ%?a%%% @@%%%ggﬁ%ﬁ%ggvﬁ%{ﬁ%d and equilibrated. It is common
to wait 1-5 minutes after heat is applied to the sample before measuring

10 (RAUBR B eSS e Risenh etbempice BRAR Meithdrand-aquilidrated.
visBoitabieanetiess-fan BMASIHN @am'{tsx&%%%'% ¥Bodi 8 U6 PIRL SRS,

4440. Note that melt .
(PE':A—‘SE% g(}g@ gsdng)easured by ASTM method D3835 using a capillary rheometer

with a shear rate of 100 to 10000 1/sec. Resin blends having a melt viscosity from
about 200 Pascal-seconds to about 10,000 Pascal-seconds at 380°C will allow the
composition of the invention to be more readily formed into articles of the invention
using melt processing technigues. In other instances a lower melt viscosity of from
about 200 to 5,000 Pa-s will be useful,

Another aspect of melt processing, especiaily at the high temperature needed for the
PAEK-polysulfone etherimide compositions described herein, is that the melt
viscosity of the composition not undergo excessive change during the molding or
extrusion process. One method to measure melt stability is to examine the change in
VISCOSity vs. time at a processing temperature, for exampie 380°C using a parallel
plate theometer. In some instances at least 0% on the initial viscosity should be
retained after being held at temperature for at least about 10 minutes. In other

instances the melt viscosity change shouid be less than about 35% of the initial value

20



viscosity can be reported in poise (P) or Pascal second_s (Pa—s_); IPa-s =
10P. The compositions of the invention can be formed into artlgl_es b_y any
number of methods. Preferred methods include, fo.r examplg, injection
molding, blow molding, compression molding, profile extrusion, s_heet or
film extrusion, sintering, gas assist molding, structural foam mo_Idl_ng and
thermoforming. Examples of such articles include, but are not limited to,

" GDRTTSrEORIbA Bt Ihsinitiemaldisiosisy taiyss qiatesnbanaerom 1
eimatacanmaheaganalesirical sanseinr aNalosuen 10 E%'Sﬁ&'%% wait
uipment, engine parts, automotive engine Barts, earings, ig |n_. '
1%@'&%%63?{@3?3%%?@?8%@%%? opowesditzetionimglinserity
tcommuuicaiiaplesquiny e somauai Rty incluging devices that
n@gve molded in.snap fit. connectors. The blends can also be used as
[

erS. T additioN HEDIER BEEHH b BEAA MEhaskRAtL0 foF esamptecl:
vipowdp canhtimgsofiePA¢ tHpoepcanm s ke exirudes,inta 1fgsls and

slabs that can be used to form articles by machining. The Cpm|p3'8itiOT)S tof
d,ﬁm [ -gmgig ith various additives including, bu
TIrllté:)%t Iimiteg%ggﬁggr%f%fch as tggg%nn%eg%ig%g% Eéﬁﬁfﬂe‘lﬁﬁ@eﬁﬁﬁ‘)on
IRARRS- StEssERt anstharie R sd ?ﬁ@@nﬁmmitltosﬂm&ﬁmgoﬁﬁﬂwm&&ng,
dhieest | S ase agents, .
AN, ol s A I SRS THETE, g i
mPa?&?%WéEP?&EEﬁ H&i%ﬂ}@%,@é) herrriiorsipslyinerglndinetaksitiices,
infhs betard anisital® supRiPaSOIS NG A LD 0RAIS B RXAMESs,
Q{' g b%§ed on fluoro polymers. Use of phosphonate or phosphite '
P Iccé%' mpounds R FReEnTasr Bl dcorsaTsotrelpetanfastectrical

edwiprove cobinepnitstabitijotiveagiherinstanseA0d BBASRRONASS and
ROQsRhiE gompounds or mixtuérk%t éjreof orin combglﬁgﬁon with hindered
rephenol’ antciox%:}'gntt%r Ry BEEHpIE &t@ﬁ%&@eﬁ@iﬂ"w&@@éan also
SIHPEGak GBI sOmp dsitlins hﬂalmﬁﬁegtﬁte/iaﬂmhﬁttﬁaf&rﬂaﬁi&ﬁd tﬁé f
it} | t. as.are-their effective levels and methods o
oo ERue o BE o S R ee o B, Uiy ey
25 SABLRSSafior SreseRle iRosTiaRoings p Foed b BRIbIhd80%4 alsamerextruded into

rods and slabs that can be used to form articles by machining.

The compositions of the invention can also be combined with various additives
including, but not limited te, colorants such as titaninm dioxide, zinc sulfide and
carbon black; stabilizers such as hindered phenols, phosphites, phosphonites,
thioesters and mixtures thereof, as well as mold release agents, lubricants, metal
deactivators, plasticizers, nucleating agents such as talc, wear resistant additives, such
a fluoro polymers and metal sulfides, flame retardants, smoke suppressors and anti-
drip agents, for example, those based on fluoro polymers. Use of phosphonate or
phesphite compounds or mixtures thereof may be desired in some instances to
improve color and stability. In another instance aryl phosphonate, phosphite
compounds or mixtures thereof or in combination with hindered phenol antioxidants
may be employed. Ultraviolet Hght stabilizers can also be added to the compositions
in effective amounts. All the aforesaid additives are known in the art, as are their
effective levels and methods of incorporation. Effective amounts of the additives
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by weight, based on the weight of the entire composition and they type of
additive used. Compositions discussed herein may be converted to
articles using common thermoplastic processes such as film and sheet
extrusion. Film and sheet extrusion processes may include and are not
limited to melt casting, blown film extrusion and calendering. Films may
range from 0.1 to 1000 microns in some instances. Co- extrusion and
VEhINabR robes ses yaualiverssepicyen tanfounn opopOSKENULBERYSS: more
bl 9f Shesioming|e-pnuitiple. layers of coatings further be
applied to the single gr?émulti-layeﬁ%é??ﬁggﬁgﬁr%gﬁy%%%ﬂgl‘lddmve
"¥tbperties such as scratch resistance, ultra violet light resistance,
aesthetic appeal, etc. Coatings may be applied through standard
Cappiiwdion tichnigidrsichas belig srpwng;dipning.ushing. or flow
&&Q@% gd.sgcizln}o%régsgshg& 1ma_l%galternatively be prepared by casting a
SolUTION OF ‘SUSPERSION Of tHE RERHIGHoT s iFibreass) e emtmsion
P;l%&%@&m_,ab?ﬁé@c@hdmﬂswgdimdt@mﬂﬂm%iﬁlg%Yﬁﬂﬁ_ﬁﬂﬁ@xmyoﬁlégd
c &g@@éljzlq cesses. such as sputtering, vacuum
deposition and Iam#r%%%n%r{/? gll.%?l@@@lf‘ffﬁﬁ% ThEg e pYepsred-o-
e
fithe vidRiyobtha thermal defermation temperature. using, conventiona
stretching techniques. Fof;ginstapr%cesgc%ggssﬁ%ymeggﬁ%%t%§z
5‘6@%%&%‘@?8? AbRaksIsimDiaddto st erchingeanushydiseation
resiseictiNguRaMRgERk caRREMSed iQ-simylianequsiy or sequentially .
gStreteh in the planar x-y  directions. Eguiprgg%[li/\ﬁ%ﬁ' sé%al}em AR thEigPlied
o f@%?%@é@%&%éa%aﬁw@& spigsie, dibbigvbiatshing,
orstiwstctiatnsUPTASedMaeh iR LLRReS M. F{?%yé? 8 gifigrential g or
Su§ggn%gerocl}lﬁégr stretchin(%hin the machine direction and a‘tenter frame
SECHioN 1O STrStehiy MthE faHERIs SoliFBE o8t THpEsRibak disolissed
foeretd prayriveyebof extaditeam ultingShe a6 O RILSING Adfitsh SHESTar

pﬁ@é@% &Bﬁ%sss' %ﬂg a}a‘?lg%c\)lndgide,.wherein the first sheet comprises a

thermoplastic polyme VRLFERPIHERARS I BRtkE Frdk dpidet is

Odispo ed upon a first side of a plurality of ribs; and a second sheet having
Liefied Siives Jpay beprensed through blown film extrusion or by stretching cast or

calendered films in the vicinity of the thermal deformation temperature using
conventional stretching techniques. For instance, a radial stretching pantograph may
be employed for multi-axial simultaneous stretching; an x-y direction stretching
paniograph can be used to simultaneously or sequentially stretch in the planar x-y
directions. Equipment with sequential uniaxial stretching sections can also be used to
achieve uniaxial and biaxial stretching, such as a machine equipped with a section of
differential speed rolls for stretching in the machine direction and a tenter frame

section for stretching in the transverse direction.

Compositions discussed herein may be converted to multiwall sheet comprising a first
shest baving a first side and a second side, wherein the first sheet comprises a
thermoplastic polymer, and wherein the first side of the first sheet is disposed upon a
first side of a plurality of ribs; and a second sheet having a first side and a second

side, wherein the second sheet comprises a thermoplastic polymer, wherein the first
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side, wherein the second sheet comprises a thermoplastic polymer,
wherein the first 22 side of the second sheet is disposed upon a second
side of the plurality of ribs, and wherein the first side of the plurality of ribs
is opposed to the second side of the plurality of ribs. The films and sheets
described above may further be thermoplastically processed into shaped
icles via forming and molding processes including but not limited to

st RSFTRRG Sher! uaﬁrsmrﬁm@qyréegmdemngmajpmmmﬁmm
wheripnessiesn mme){:] iRy sretbshapadbarkicles, may also. t%??l(ljm

m}/ai ecflo molding a thermoplastic resin onto a singlé or ma
P8 s%% ggf)strate as described below: 1) Providing a single or multr -layer
thermoplastic substrate having optionally one or more colors on the

T%ffh%%mdemm&ﬂmetsma?dpﬁm}fe@ B aadx@laeaerdmyf%}ocessed into
f olda conili urat nsuchasb orming and
sheRIGHIIRY fersibslale R B U TH P

trlmmlng a substrate tO a ree
th?%%ﬁ?&%e%w@um@mwemm@mmtmmgrﬁe

cogh ctin erm Iastrc resin into
mﬁ%ﬁbﬁeﬁ& E:r&?ieﬁ%eljﬁbstr ﬁg '3‘31{] L) prgg &% 8%2 DY jection
m gf’ﬂ%ﬁr Bet ?ﬁﬁ@dﬁ?ﬁb@&rﬁé@%rﬁlmu&w@@rﬁh@ rbr&heéelsﬁamétem or
deaeitbétieletiect from a printed substrate to the injected resin and remove
the printed substrate, thus imparting the aesthetic effect to the molded

1 resin. Those krl d in the art will Iso apprecrate that common curing and

surface modi |ca ion| pro%es%e%1 (s PRI R e stentroaavirating,
optésRein gnepvos Nglcmﬁwmmwm; M&eaﬁmg@&&éﬁmmg of 2
traffgatment and vacuum deposition may further be applied to the above

articles to alter surface appearances and impart additional functionalities

to the artrclgﬁ, Accaqrdingly, another embodiment of the invention relates

1o articles, SEEEDRY @ Berubyess fac e erefignpiositiont abbyéorming

and trimming a substrate into a three dimensional shape and fitting the substrate into a

mold having a surface which matches the three dimensional shape of the substrate.

3) Injecting a thermoplastic resin into the mold cavity behind the
substrate to (i) produce a one-piece permanently bonded three-dimensional product or
(i) transfer a pattern or aesthetic effect from a printed substrate to the injected resin

and remove the printed substrate, thus imparting the aesthetic effect to the molded

resin.

Those skilled in the art will also appreciate that common curing and surface
modification processes including and not limited to heat-setting, texturing, embossing,
corona treatment, flame treatment, plasma treatment and vacuum deposition may
further be applied to the above articles to alter surface appearances and impart
additional funcuonahtzes to the articles., Accordingly, another embodiment of the

mvention relates to articles, sheets and films prepared from the compositions above.

Without further elaboration, it is believed that one skilled in the art can, using the

description herein, utilize the present invention. The following examples are included
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Without further elaboration, it is believed that one skilled in the art can,
using the description herein, utilize the present invention. The following
examples are included 23 to provide addition guidance to those skilled in
the all of practicing the claimed invention. The examples provided are
merely representative of the work and contribute to the teaching of the
invention. Accordingly, these examples are not intended to limit
to?é@?ﬁgéﬁ%%?ﬁl?ﬁl SR REhINRRA Peitisictéodhemst phreantiapridatidasmeited
HerEpnafdroomplata idee tetenerely et aRlel 25U s%lthforth in
cgggiﬁmylﬁé%% Ei%rller})%%%re r\%r?e}tﬁ)ared by extrusion of mixtures of the
polyaryl ether ketone, RARTH PoisRUfSne cetdnsliodese axaupien are
DGRessrs fachiniidbe. iGemnsitians aisisied in wt% of the total

composition. The extruder was set at about 380 to 425 C. The blends are
Alumehaleld 00 apheer¥aAc Iy ysing mild mixing screws. The
pSXtrudate is cooled, p%ﬁetized and dlrﬂfeff%ltafgbn Ef’.rﬁ"ggfeéa%ﬁﬁ’ﬁ@%rﬁ?ée m
icctioAnSIedEh seiderthdmpitature of 370-410 C and mold temperature
of 120 C using a 30 sec. cycle time. Some properties are measured using
t methods. All molded samples are conditioned for at least 48h

at 50% relative humidity prior to testing. Reverse notched Izod impact

Blvally t 2 thick bars as per
T B B B Bl e et e R
pO?%%‘“%‘%S’ SR Beh thcROANS BEIpeErS RVID6ASCTRpelRpIOREs IRSALE

wifhedsheedigeSadhoiifidbiynad Bars method D638, Flexural
ardfQPerties ar 6jgl%iéasured on 3.2 rﬁén%%gr;gé gsl ér\)/ag)f) ité’.g @It?n%ﬁgog'ﬁa@@}ends
ica %emoﬁlerzgﬁ PR U A R SO 84 deniAGTIv emetitoe BAGRRLe is
cogifepeliitikstandiipdalorsnety TREGHISIE M method
te %&ebég%%yéerent h@glting and cgolir%% ﬁéﬁa%?@%rﬁ% %%cgarteaﬁg%ted
at 20 C/min to AN SIEERHEST 20180 50 Gingin. 30 sexadipeike.
S crystallization temperature (Tc). Dynamic Mechanical Analysis (DMA) is
© ARG SSTT e ubis ASAMaatingethtel 0f AIGABNRMIRABS are

comalitiade lﬁéﬁ RquR0eYOf: ok Heriz P M@nidity prior to testing. Reverse
notched Izod impact values are measured at room temperature on 3.2 mm thick bars
as per ASTM D256, Heat distortion temperature (HDT) is measured at .46 MPa (66
psi) on 3.2 mm thick bars as per ASTM D648, Tensile properties are measured on 3.2
mm type I bars as per ASTM method D638. Fiexural properties are measured on 3.2
mumn bars as per ASTM method D790. Vicat tcmperanue is measured at SON as per
ASTM method D1525, Differential scanming calorimetry (DSC) is run as per ASTM
method D3418, but using different heating and cooling rates. Samples are heated at 20
°Cfmin to 350 °C and cooled at either 20 or 80 °C/min. to record peak crystallization
temperature (Tc). Dynamic Mechanical Analysis (DMA) is run in flexure on 3.2 mm
bars at a heating rate of 3 °C/min. with an oscillatory frequency of at 1 Hertz. DMA
tests are run from about 30 to about 300 °C ag per ASTM method D5418, Viscosity
vs. shear rate is measured on a capillary theometer using a 1x10 mm die at 380 °C ag
per ASTM method D3835, Pellets of the blends are dried at 150 °C for at least 3 hrs

before testing using a parallel plate rheometer at 10 radians/sec. the change in melt
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tests are run from about 30 to about 300 C as per ASTM method D5418.
Viscosity vs. shear rate is measured on a capillary rheometer using a
1x10 mm die at 380 C as per ASTM method D3835. Pellets of the blends
are dried at 150 C for at least 3 hrs before testing using a parallel plate
rheometer at 10 radians/sec. the change in melt 24 viscosity at 380 C is

.measured.ys, time after a 5 minute melting and equilibration period. MVR
VRS f %ﬁg §\16e #af%%%‘%&%d’r@& sl g fonininaringsodegnideras

PeRIBE WIS Bhenphiyelher etk riaianasol by MG6exi6R.a8 YiEIREX
450G. PEI-1 is a polyetherimide made by reaction of bisphenol-A

Meigphydride (BPADA) with about an equal molar amount of m-phenylene

diamine, sold by General Electric Plastic as ULTEM 1000, Mw -38,300.

-2 is a polyetherimide made by reaction of bisphenol-A dianhydride
PE?E% Sd% PR ﬁ%ﬁ&&%ﬁ%@&&aﬁmé%x issartCet s PHSHRER4GREINe,
sold by General Electric Plastic as ULTEM 1010, Mw -33,200. PSEI-1is a

Pigolysaimipcttrniitmniats hyoactioniobid-onysintibalisamp/ards
KPRRAY Ay al molar amount aof 4,4'-diamino diphenyl .
Wlsu_Ifoohﬁ;:t %é%%?%ﬁ%%%%’al %%Eﬁ%fga? PoliamBneLthiyittgeral Electric

Plassisay HET RO rdewetid8.80@ mixture of about 80 mole %
4,4'-oxydiphthalic anhydride (ODPA) and about 20 mole % of bisphenol- A

PElariby G BAADI NI Poubanes Al Melas aaun Alhdrdiaming

diphenyl sulfo ﬁ“é DS), Mw -- 28,000. PSEI-3 is a polysulfone’e
Wl?nlggguf%rlg?ne%gg E% SEHSH SRR férniEPmbi Ay Minetobbletric
Plasgigabs bIEERNIO00] Mifd 4 3hamino diphenyl sulfone (DDS), Mw - 34,000.
Note that letters designate comparative examples while numbers

psepsignaicexamples Rt incinyenlion. Examples /. B, T.& 2, Table 1
ghows b%r%s of a crystalline PEI%%%S%& 6\/{1'@1054'?2; oxydiphthalic anhydride
(ODPA) with about an equal molar amount of 4,4°-diamino diphenyl sulfone (DDS),

Mw ~33,000,

PSEI-2 is a polysulfone etherimide copolymer made by reaction of a mixture of about
80 mole % 4,4’ -oxydiphthalic anhydride (ODPA) and about 20 mole % of bisphenol—
A dianhydride (BPADA) with about an equal molar amount of 4,4'-diamino diphenyl
sulfone (DDS), Mw ~ 28,000,

PSEL3 is a polysulfone etherimide made from reaction of bisphenol-A dianhydride
(BPADA) with about an equal molar amount of 4,4’-diamino diphenyl sulfone
(DDS), Mw ~ 34,000,

Note that letters designate comparative examples while numbers designate examples

of the invention.

Examples A, B, 1 & 2. Table 1 shows blends of 2 crystalline PEEK resin with a

polyetherimide (PEI) as well as two polysulfone etherimide (PSE!) resins. Example A

shows the properties of the PEEK resin with no added ingredients, note the low HDT

at 66 psi. Addition of a 50 wt% polyetherimide gives only a modest increase in the

HDT. On the other hand example 1, which blends 40wt% of a polysulfone etherimide
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polyetherimide (PEI) as well as two polysulfone etherimide (PSEI) resins.
Example A shows the properties of the PEEK resin with no added
ingredients, note the low HDT at 66 psi. Addition of a 50 wt%
polyetherimide gives only a modest increase in the HDT. On the other
hand example 1, which blends 40wt% of a polysulfone etherimide 25
made from reaction of ODPA with DDS (PSEI-1) increases HDT by 94 C
mlo mo1p repgtiono PBRG ik EHaRIGAS Brdp e ntessstorHRE p B fO cullas, °C.

A3eRGN ARG 1RYSIRGHal 5%&%@%?@{%%2&%%@%& Qc?éggtﬁ%gereversed

appropriate control. A polysulfone etheriniide copolymer containing
gt anvaersrsed sosmmphiviiosnpiRmiatoto@BiRA BRDLone

RehaEZ8HoNH-PRS IHAEESID JREITPIR b i
Z%%bstantialgiﬁlgease intthe gfé?%%@r%by over %%%?%g%g%\f%%T%ﬁtgrf of

Al Oy ek WRRRUEGS B-20550 608mirD aliosB0 8
sufblkthiltial GrideBs Sk ki 80pRi 3D TcaY 9QdN 47 864469 72¢#0 257 T 66 psiC
151 168 245 218 Mod Kpsi 597 534 629 467 Str. Kpsi 12.9 14.4 13.0
TagdiFlex Mod. Kpsi 499 490 519 463 Rex, Str. Kpsi 19.6 21.6 21.9 20.7

Izod Impact ft-Ibs/in 19.6 40.3 39.1 403 Figure | shows the storage

modulus of PEEK (example A), a 50:50 PEEK:PEI-1 blend (example B), a
EgOmIBsPEEK: PSEI-14%lend (ekample 1) and a 50:50 PEEK:PSEI-2 blend
PREXAMRLS & &NE unppdified PEEK blepd, sam EA shows a very large

drop in modulus at the PEEK Tg at about 150 C, dropping from about
PEIL-1 0 50 0 0
PSEI-1 0 0 40 0
PSEL-2 0 0 0 50
[Vicat 50 N °C 264 169 > 270 257
HDT 66 psi °C 151 168 245 218

1T, Mod Kpsi 597 534 629 467
T. Str. Kpsi 129 14.4 13.0 13.4
Flex Mod. Kpsi 499 490 519 463
Flex. Str. Kpsi 15.6 21.6 219 20.7
RN Ezod Impact fi-Ibsfin 196 40.3 39.1 40.3

Figure 1 shows the storage modulus of PEEK (example A), a 50;50 PEEK:PEI-1
blend (example B), a 60:40 PEEK: PSEI-1 blend (example 1) and a 50:50
PEEK:PSEI-2 blend (example 2). The unmodified PEEK blend, sample A, shows a
very large drop in modulus at the PEEK Tg at about 150 °C, dropping from about
2000 to about 190 MPa. Addition of PEL-1 increases the modulus beyond that of the
PEEK control A, however after about 180 °C sample B shows a rapid ioss of stiffness

(modulus) essentially losing all load bearing capability by melting. At temperatures
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2000 to about 190 MPa. Addition of PEI-1 increases the modulus beyond
that of the PEEK control A, however after about 180 C sample B shows a
rapid loss of stiffness (modulus) essentially losing all load bearing
capability by melting. At temperatures 26 above about 180 C sample B
has less load bearing capability then the PEEK control (sample A)
Examples of the invention 1 and 2 show an increase in modulus at
WhaNFFRMUIEY Deyonls Blwstes0@d Phemeliepadli-PREK e SRR Sontrol
(sapgldlug at 200 C of about 189 Mpa while the polysulfone etherimide
blends | and 2 show a modulus at 200 C of about 598 and 699 Mpa
indicating.increased load bearing capability at high temperature. A
Eégzﬁggsfig{ﬁ‘%ﬁﬁ%nﬂ%bi?ﬁﬁ‘e%?%ﬁ%%%rqﬁ?%}l&%@aﬁtémmmm
:E{I%%qlg i§0§(‘il ﬁlﬁ#ﬁ&%&hﬁlf gﬁ?ﬁ%&%ﬁ}gﬁ%gher st?fffﬁgg%t alt8 2
e B b o B op e LA el o

higher temperatures, increasin
ahewh §aFanrc aHdies Tuticxip ier 256400 Haitart Mashusy(MRa) Temp. A
B 0 9. 175 C 206 772 645 718 00 C 189 8
S eon s e s on e Bl el A e daosmenee
CERSTBWSE P 3160 sBevanin ibls it &lud MB6 the pHyanipleeGefiBidbaNg R
ghaMesHbl i Pk ] % of tallization agent, talc.
%Control eiﬂaﬁfpletc u%%épgﬁg@l %v%t%érllvgtt %%Sﬁg EIC#{ aegre{gleg?{él%\}%e%
SRS Pl paims bty o ednianhenithecrystalibatiarfagentisle
2536 &tlded. The Vicat temperature of control example C is also relatively low
at 177 C.

Table 2

Moduius (MPa)
PTemp. A B 1 2
150 C 651 2039 1243 1269
175 C 206 772 645 718
200 ¢ 189 8 598 699
25 ¢ 173 sample sofiensd 556 645
250 C 173 sample sofiened 556 645
275 C 136 sampis sofiened 435 177

Examples C & 3. Tabie 3 shows blends of PEEK containing 1 wt % of a

crystallization agent, tale. Control exampie C using a PEI with no sulfone linkages,
shows a relatively Jow 66 psi HDT of 169 °C even when the crystallization agent talc

is added. The Vicat temperature of control exampie C is also relatively low at 177 °C.

On the other hand, use of the polysulfone etherimide (PSEIL-1) in the poly aryl ether
ketone blend increases the 66 psi HDT and Vicat temperatures by almost 100 °C over

control sample C.

Table 3
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On the other hand, use of the polysulfone etherimide (PSEI-1) in the poly
aryl ether ketone blend increases the 66 psi HDT and Vicat temperatures
by almost 100 C over control sample C. Table 3 27 Examples C 3 PEEK
49 49 PEI-I500 PSEI-i050 Talc 1.0 1.0 icat50 N C 177 >270 T 66
psi 169 262 T 264 psi 160 161 Str (Y) Mpa 94.2 103.5 Mod Mpa 3474
4269 The viscosity vs. shear rate and melt volume rate (MVR) for example
Ed@pewn in tablg 4 was measuredion a capillary rheometer at 380 C with
SEPar TatES from 100 to—10,000-1/sec. The PSEI-PEEK blend has a melt
Viscosity of from 2438 to 223 Pa-s| While this is higher than the control
PEaimple C, the PSEI $#scosity étill shows good melt processability of the
phigh heat load bearing PSEI-REEK blends, indicating utility for melt
forming processes such as fiber and film extrusion and injection molding.
98 Table 4 Exanjples® 3| Rat€ lisec. Visc.Pa-s Visc.Pa-s 100 966 2438

200 772 1865 640 487 1106

Vicat SO N °C 177 > 270
HDT 66 psi 169 262
HDT 264 psi 160 161
L. 3o (YY) Mpa 94.2 103.5
T. Mod Mpa 3474 4269

The viscosity vs. shear rate and melt volume rate (MVR) for example 3 shown in
table 4 was measured on a capillary rheometer at 380 °C with shear rates from 100 to
10,000 1/sec. The PSEI-PEEK blend has a melt viscosity of from 2438 to 223 Pa-s.
While this is higher than the control sample C, the PSEI viscosity still shows good
melt processability of the high heat load bearing PSEI-PEEK blends, indicating utility

for melt forming processes such as fiber and film extrusion and injection molding.
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1000 396 883 2000 280 606 5000 166 351 10000 107 223
MVRccf.iOmin 5.7 1.5 Viscosity @ 380 C The blend of examples 2 and 3
were melted in a parallel plate rheometer and held at 380 C as a function
of time at a constant shear rate of about 10 radian/sec. Viscosity was
measured in Pascal-seconds (Pa-s) using a method based on ASTM
D4440. The blends were allowed to melt and equilibrate for 5 minutes
Tae 4zhen viscosity was recorded. The viscosity recorded after 1 minute, (a
total of 6 minutes after the blends was melted and equilibrated, was used

-—a—basehﬁe.—Bﬂfmqume—aﬁemperature the blend showed a drop in
Exfgeigsity as shbwn in taBle 5, however even after 10 minutes at 380 C the
rdlead still retairad qwerrZ0% of the initial (1 minute) melt viscosity
(ﬁ)nowmg a ce% bie st%ggty for melt processing even at this high
emperature. The % réetention of the initial one minute viscosity is shown
2(0dr each exampile alpng®@ith the actual viscosity values in
fRascal-secondsg, 29| Tagle 5 Example 2 Example 3 Min.@380 0 Visc.
Pa-s % Original value Visc. Pa-s % Original value 1 3750 100 3009 100
1898440 91.7 2985 96.5 883280 87.4 2968 98.6 8 2950 78.7 2979 99.0 10
L5660 73.6 293%07.6 Exginples D. E, F & 4 to 9. Table 6 shows the rate of
crystallizatipn for vafious PEEK blends as measured by differential
anning calofiffietry (D'8C) with cooling rates of
10000 107 223 ‘

MVR /.10 min 3.7 1.5

Viscosity @ 380 °C

The blend of examples 2 and 3 were melted in a parallel plate rtheometer and held at
380 °C as a function of time at a constant shear rate of about 10 radian/sec. Viscosity
was measured in Pascal-seconds (Pa-s) using a method based on ASTM D4440, The
blends were allowed to melt and equilibrate for 5 minutes and then viscosity was
recorded. The viscosity recorded after 1 minute, {(a total of 6 minutes after the blends
was melted and equilibrated, was used a baseline. During time at temperature the
blend showed a drop in viscosity as shown in table 5, however even after 10 minutes
at 380 °C the blend still retained over 70% of the initial (1 minute) melt viscosity
showing acceptable stability for melt processing even at this high temperature. The %
retention of the initial one minute viscosity is shown for each example along with the

actual viscosity values in Pascal-seconds.
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20 and 80 C/min. Note that the control samples D and E show no
detectable crystallization when cooled at 80 C/min. whereas the
polysulfone etherimide blends, 4 to 9, all show a crystallization
temperatures above 250 C. At the slower cooling rate, 20 C/min., control
sample D still does not crystallize. Control sample E with higher PEEK
content shows some crystallization at 270 C, but the PSEI blends 4-9 all
TadHew a higher crystallization temperature (> 280 C). Note that the blends
of PEEK with the ODPA containing polysulfone etherimides, examples 8

&9, showa crystallizafign temperature e same%ur tiigher than the PEEK
no!\lmer \ l!th no—-a mﬁ\lﬂ (pnnfrrl QQMP'Q ) able 6 ExampleS DEF4

Pty :

Min 5380 &7, 55 Bk 40B0d GU8() Yer1P86 70%0reDaFkaE60 50 SEI-3 70
60 40 30 |frSkde2 50 SEbd 40 C 8@yggmin nd ndigy4 255,259 260 270
275,278 ¢ 20 %/min nd 270 296|280 283 285 289 296 297 nd = not
detdcted BOWHAT 1S L AIMED 1795 phase §¢§§arated polymer blend
conprising &38fixture of8a¥ a first resdfis componeiselected from one or
moge of the ggenip compssing: pplyagylether ketgnes, polyaryl ketones,
polyetheriketonesiand polyether| ether ketones with b) a second resin
compone t%‘?ﬂpr sing Zl?'éast ane336fysulfone &hérimidd having greater
than or equal to 50 molc% of the polymer linkages containing at least one
aryl sulfone group. 2. The composition of claim 1 wherein the polysulfone

Eeli e ontaing a3ty able 6 shows the rate of crystallization for various PEEK

blends as measured by differential scanning calorimetry (DSC) with cooling rates of

20 and 80 °C/min. Note that the control samples D and E show no detectable
crystallization when cooled at 80 °C/min. whereas the polysulfone etherimide blends,
4 to 9, all show a crystallization temperatures above 250 °C. At the slower cooling
rate, 20 °Cfmin., control sample D still does not crystallize. Contro} sample E with
higher PEEK content shows some crystallization at 270 °C, but the PSFEI blends 4-9
all show a higher crystallization temperature (> 280 °C). Note that the blends of
PEEK with the ODPA containing polysulfone etherimides, examples 8 & 9, show a
crystaliization temperature the same or higher than the PEEK polymer with no

additive (control sample F),

Table 6

| Examples p | E  F | 4 5 s | 71 38 1|9

PEEK 4 | 50 [ 100! 3 | 40 | 60 | 70 | 50 | 60
PEL2 60 | 50

PSEL3 70 | 60 | 40 | 30

PSEL2 50

PSEL1 40
Tc80°C/min | nd | nd | 274 | 255 | 259 | 260 | 270 | 275 | 27s
Mc20°C/min | nd | 270 | 296 | 280 | 283 | 285 | 289 | 296 | 297

nd = not detected
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sulfone and aryl ether linkages such that at least 50 mole % of the repeat
units of the polysulfone etherimide contain at least one aryl ether linkage,
at least one aryl sulfone linkage and at least two aryl imide linkages. 3.
The composition of claim 1 wherein at least 50 mole% of the polysulfone
etherimide linkages are derived from oxydiphthalic anhydride or a
chemical equivalent thereof. 4. The composition of claim 1 wherein less

"‘%@ﬁ% mo&gﬁé lysulfone etherimide linkages are derived from a
' rAhhirt ‘ot de containing an isoalkylidene group. 5. The
composition of claim 1 having a heat distortion temperature (HDT) of
L.greatek thase sersquiad ryreChlene eourpds s pm@wfmmwum at
ccﬁﬁp%ﬁhﬁ@s‘é@c{\é@%ﬂﬁoﬁe%?ﬁ&% SAMP ol I&%fﬁ%ﬁﬂgo 7%?5} eglgim 1
om

wherein the polysulfone etherimide is present fr /0 of the

ketpnse plBRSkeiTey. IRIEsR R S&itaRs e AptY AR PSS KARaFS Vit 2
sdtrausel e&sg&mﬁmo&pﬁmﬁamgﬁm@@ﬂfyﬁﬁm&eh@ma ogkelus of

ggeat r than ab ut &lﬂl\/l%(? sured by ASTM D5418 o
Lofidpte! &ﬂaé TN E &%8%%%%‘1%% %}?@F’
siddmeasuped by ASTM method D3835 at 380 C from 200 -10,000
Pascal-seconds. 31 10. The composition of claim 9 wherein the melt

2ViSCOSify %ﬁ%&ﬁh&ﬂ%ﬁ BGiRY1 WRRHaR rééfﬁ&%&%l&&&@hﬁﬁie BAliahsly1
minutes at 380 C. 11. The cc%)hdgosmon of claim | wherein t Eﬁ/{:olysulfone

SUiRBriANGEN BRSEHRKISP U PHE ST PO % BhEPReAPBSIRS b6t

pﬁlagmfaﬁe/hef@immem&am mebﬁewﬂe&hmwgb ketenesopatyetiebne
tones an %&g% ether eth ones have a crystalline melting point
a?%ef@& é compcgslntlon of claim 1 wherein the polysulfone

etherlmlde has a glass
3. The composition of claim 1 wherein at least 50 mole% of the polysulfone

etherimide linkages are derived from oxydiphthalic anhydride or a chemical

equivalent thereof.

4. The composition of claim 1 wherein less than 30 mole% of polysulfone
etherimide linkages are derived from a diamine or dianhydride containing an

1soalkylidene group.

5. The composition of claim 1 having a heat distortion temperature (HDT) of
greater than or equal to 170 °C, measured as per ASTM method D648 at 66 psi (0.46

Mpa) on a 3.2 mm sample.

6. The composition of claim 1 wherein the polysulfone etherimide is present

from 30-70 wt% of the whole composition.
7. A composition of claim 1 with less than 5 wt% fibrous reinforcement.

8. The composition of clatm 1 having a modulus of greater than about 200 Mpa

at 200 °C, as measured by ASTM D5418, on a 3.2 mm sample.

9. The composition of claim 1 having a melt viscosity, as measured by ASTM
method D3833 at 380 °C from 200 -10,000 Pascal-seconds.
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transition temperature (Tg), from 240 to 350 C. 14. The composition of
claim 1 having at least two glass transition temperatures, as measured by
ASTM method D5418, wherein the first glass transition temperature is
from 120-200 C and the second glass transition temperature is from 240 -
350 C. 15. The composition of claim 14 wherein the second glass
transition temperature is from about 280 to about 350 C. 16. The
composition of claim 1 wherein the crystallization temperature, as

10neasthe ARBPs EPRGHSHIR R MR ARG SeHolsEostndeRETor SRPRSRTN., is

meredien Iharconeninditeankaifc? 30 GinkfesAEaNPOSItion according to
claim 1 wherein one or more properties of the polymer blend is higher

han the ndi Wy, resin nt.one .resin ..
11
SRR b e e ]
frehel drietdio e 18, which is selected from the group consisting of:
sheets, films, multilayer sheets, multilayer films, molded parts, extruded

1 profil@fiaisostatet dhans] avitkfoamns: @lyaryl ether ketones, polyaryl
ketones, polyether ketones, and polyether ether ketones have a crystalline melting
point from 300 to 380 °C.

13, The composttion of claim 1 wherein the polysulfone etherimide has a glass

transition temperature (Tg), from 240 to 350 °C.

14, The composition of claim 1 having at least two glass transition temperatures,
as measured by ASTM method D5418, wherein the first glass transition temperature
is from 120-200 °C and the second glass fransition temperature is from 240 — 350 °C.

15.  The composition of claim 14 wherein the second glass transition temperature
is from about 280 to about 350 °C.

16.  The composition of claim ! wherein the crystallization temperature, as
‘measured from a molten polymer mixture cooled at a rate of 80 °C/min., is greater

than or equal to about 250 °C.

7. A composition according to claim 1 wherein one or more properties of the
g prop
polymer blend is higher than the corresponding property of resin component one and

resin component two.
18.  An article made from the composition of claim 1.

18.  The article of claim 18, which is selected from the group consisting of: sheets,
films, multilayer sheets, multijayer films, molded parts, extruded profiles, fibers,

coated parts and foams.



