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Thermoplastic Polyester Elastomer Compositions

Field of Invention

The present invention relates to the field of thermoplastic polyester

elastomer compositions and molded thermoplastic ariicles having improved

W

performance at elevated lemperalures.
BACKGROUND OF INVENTION

Thermoplastic polyester elastomers are used in applications that

require a combination of high flexural modulus (stiffness) at elevated
temperature {e.g. 100 °C), desirable low temperature properties including

10 glass transitions below minus 25 °C, and flex fatigue resistance at normal
operaling lemperatures. Elastomeric compositions having a dynamic
mechanical analysis {DMA) curve as flat as possible, that is a flexural storage
modulus (E') change as low as possible between minus 40 and 130 °C are
desirable. This measure implies that the stiffness of the compaosition changes

15 litde over the temperature range. Most polyester elastomer compositions
show a significant drop-off in stiffness above about 50 °C.

US 5,285,914 discloses a thermoplastic elastomer seal boot for a
constant velocity universal joint, referred fo as a CVJ boot. For advanced
applications CVJ boots experiencing peak operating temperatures up o about

20 130 °C — 140 °C are required.

EP 150454 A3 discloses a blend of polyetheresier copolymers and
nolycarbonates with improved physical properties.

JP 035058097 discloses a composition comprising a styrene/conjugaied
diene block copolymer, a thermoplastic elastomer, and a polyphenyiene sther

25  and molded articles comprising the composition useful as CVJ boots.

WO2011/043129 discloses a composition comprising a resin
component comprising 5 - 75 wt % poly{phenylene ether), 540 wi %
thermoplastic elastomer and 20 — 90 wl % polyolefin resin; and a
phosphorous and/or nitrogen containing flame retardant.

30 Needed are thermoplastic elastomer compositions that have good low
temperature flexibility, flex faligue resistance at operating temperalures in the
range of 23 °C to 140 °C, and high sliffness at elevated temperature.

SUMMARY OF INVENTION

Disclosed is a composition comprising & melt mixed blend comprising:
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a) 52 10 96.9 weight percent one or more copolyester thermoplastic

elastomers;

b} 3 to 40 weight percent polyphenviene ether; and

c) (.1 to 8 weight percent of polymeric toughener selecied from the

group consisting sthylene copolymers of the formula BE/X/Y wherein:

E is the radical formed from sthylene;

X is selected from the group consisting of radicals formed from

CHo=CH(R'}-C{O)-OR?

whersin R'is H, CHs or C,Hs, and R? is an alkyl group having 1-8

carbon atoms; vinyl acelate; and mixtures thereof;, wherein X

comprises § to 50 weight % of E/X/Y copolymer; and

Y is a radical formed from glycidyl (methjacrylate; and

wherein the composition has one or more low lemperature glass
transitions between minus 100 and plus 150 °C.

Also disclosed are molded articles comprising the compaosition as
disclosed above including CVJ boots and air ducts for automolive applications.

Also disclosed are uses of the compositions as disclosed above o
provide articles having high stiffness at elevated temperaiure.

DETAILED DESCRIPTION

One embodiment is a composition comprising a melt mixed blend

comprising:

{a} 52 to 96.9 weight percent one or more copolyester thermoplastic
elastomers;

{b) 3 to 40 weight percent polyphenylene ether; and

(¢} 0.1 to 8 weight percent of polymeric toughener selectaed from the
group consisting ethylens copolymers of the formula E/X/Y wherein:

£ is the radical formed from ethylens;

X is selected from the group consisting of radicals formed from

CHo=CH(R)-C{O)-OR?
wherein R" is H, CHz or CaHs, and R? is an alkyl group having 1-8
carbon atoms; vinyl acelate; and mixiures thereof;, wherein X

comprises § o 50 weight % of E/X/Y copolymer; and

[
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Y is a radical formed from glycidyl (methjacrylate and wherein the
composition has one or more low temperature glass transitions between
minus 100 and plus 150 °C.

In another embodiment the composition can comprise:

84 to 96.5 weight percent (a)

W

3 to 30 weight percent (b} and

(.5 to 6 weight percent {c).

in another embodiment the composition can comprise:

89 to 4.5 weight percent (a)

10 5 to 25 weight percent (b} and

(1.5 t0 6 weight percent {c).

Copolyester thermoplastic elastomers (TPCs) useful in the invention
include copolyesteraster elastiomers, copolycarbonateester elastomers, and
copolyetherester elasiomers, the latter being preferred.

i5 Copolyesteresiers elastomers are block copolymers containing a) hard
polyester segments and b} soft and flexible polyester segments. Examples
of hard polyester segmenis are polyalkylens terephthalates,
poly{cyclohexanedicarboxylic acideyciochexanemethanol). Examples of soft
polyester segments are aliphatic polyesters, including polybutylene adipate,

20 polytetramethviadipate and polycaprolacione. The copolyesterester
elastomers contain blocks of ester units of a high melting polyester and
blocks of ester units of a low melting polyester which are linked together
through esler groups and/or urethane groups. Copolyesieresier elastomers
comprising urethane groups may be prepared by reacting the different

25 polyesters in the molten phase, after which the resulling copolyesteresteris
reacted with a low molecular weight polyisocyanate such as for example

diphenylmethylene diisocyanate.

Copolycarbonateester elastomers are block copolymers coniaining a) hard
30 segments consisting of blocks of an aromatic or semi-aromatic polyester
and b)soft segments consisting of blocks of a polycarbonate containing
polymeric component. Suilably, the copolycarbonateester elastomer is
made of hard polyester segmentis made up of repeating units derived from

an aromatic dicarboxylic acid and an aliphatic diol, and of soft segments

i
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made up of repeating units of an aliphatic carbonate, and/or soff segments
made up of randomly distributed repeating unils of an aliphatic carbonate
and either an aliphatic diol and an aliphatic dicarboxylic acid or a lactone, or

a combination of these, wherein the hard segments and the soft segments

W

can be connecled with a urethane group. These elasiomers and their
preparation are described in, e.g. EP Pat. No. 0846712,
Copolyetherester elastomers are the preferred thermoplastic polyesters
in the resin compaositions described herein and have a muitiplicity of recurring
long-chain ester units and short-chain ester units joined head-to-tail through

10 ester linkages, said long-chain esler units being represented by formula (A):

il
0G0 CRC
(A)
and said short-chain ester units being represented by formula (B):
il
— D0 CRC
i5 (B)

wherein

G is a divalent radical remaining after the removal of terminal hydroxy! groups

from poly{alkylene oxide)glycols having a number average molecular weight

of between about 400 and about 6000, or preferably between about 400 and
26 about 3000;

R is a divalent radical remaining after removal of carboxyl groups from a

dicarboxylic acid having a molecular weight of less than about 300;

D is a divalent radical remaining after removal of hydroxyl groups from a dicl

having a molecular weight less than about 250.

B2
W

As used herein, the term “long-chain esler units” as applied to units in a
polymer chain refers {o the reaction product of a long-chain glycol with a
dicarboxylic acid. Suilable long-chain glycols are poly(alkylene oxide) glycols
having terminal {or as nearly terminal as possible} hydroxy groups and having
30 anumber average molecular weight of from about 400 to about 6000, and

preferably from about 600 to about 3000, Preferred poly(alkylene oxide)
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glycols include poly(tetramethylene oxide) giyeol, polv{trimethylene oxide)
glycol, poly{propylene oxide) glycol, poly{ethylene oxide} glycol, copolymer
glycols of these alkylene oxides, and block copolymers such as sthylene

oxide-capped poly{propyiene oxide) giycol. Mixtures of two or more of these

5 glycols can be used.
As used herein, the term “short-chain ester units” as applied to unils in
a polymer chain of the copolyetheresters refers (o low molecular weight
compounds or polymer chain units having molecular weights less than about
550.
10

They are made by reacting a low molecular weight diol or a mixture of
diols {molecular weight below about 250) with a dicarboxylic acid io form ester
units represented by Formula (B) above. Included among the low molecular
weight diols which react to form short-chain ester units suitable for use for

15 preparing copolyetheresters are acyclic, alicyclic and aromatic dihydroxy
compounds. Preferred compounds are diols with about 2-15 carbon atoms
such as ethylens, propylene, isobutylens, tetramethylene, 1,4-
nentamethviene, 2,2-dimethyllrimethylene, hexamethylene and
decamethylene glycols, dihydroxycyclohexane, cyclohexane dimethanol,

20 resorcinol, hydroguinone, 1,5-dihydroxynaphthalene, elc. Especially preferred
diols are aliphatic diols containing 2-8 carbon atoms, and a more preferred
diol is 1,4-butanediol. Included among the bisphenols which can be used are
bis{p-hydroxydiphenyl, bis{p-hydroxyphenylimethane, and bis{p-
hydroxyphenylipropane. kEquivalent ester-forming derivatives of diols are also

25 useful.

As used herein, the term “diols” includes equivalent ester-forming
derivatives such as those menlionad. However, any molecular weight
requirements refer to the corresponding diols, not their derivatives.

Dicarboxylic acids that can react with the foregoing long-chain glycols

30 and low molecular weight diols to produce the copolyetheresters are aliphatic,
cycloaliphatic or aromatic dicarboxylic acids of a low molecular weight, L.e,,
having a molecular weight of less than about 300. The term "dicarboxylic
acids” as used herein includes functional equivalents of dicarboxylic acids that

have two carboxyl funclional groups that perform subsiantially like
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dicarboxvlic acids in reaction with glycols and diols in forming
copolyetheresier polymers. These equivalents include esters and ester-
forming derivatives such as acid halides and anhydrides. The molecular
weight requirement pertains to the acid and not to is equivalent ester or ester-
forming derivative.

Thus, an ester of a dicarboxylic acid having a molecular weight greater
than 300 or a functional equivalent of a dicarboxylic acid having a molecular
weight greater than 300 are included provided the corresponding acid has a
molecular weight below about 300, The dicarboxylic acids can contain any
subsiituent groups or combinations that do not substantially interfere with the
copolyetherester polymer formation and use of the polymer in the flame
retardant compositions of the invention.

As used herein, the lerm "aliphatic dicarboxylic acids” refers (o
carboxylic acids having two carboxyl groups each altached (o a saturated
carbon atom. Hf the carbon atom o which the carboxyl group is attached is
saturated and is in a ring, the acid is cycloaliphalic. Aliphatic or cycloaliphatic
acids having conjugated unsaturation often cannot be used because of
homopolymerization. However, some unsaturated acids, such as maleic acid,
can be used.

As used herein, the term "aromatic dicarboxylic acids” refer to
dicarboxylic acids having two carboxyl groups each attached to a carbon alom
in a carbocyclic aromalic ring structure. It is not necessary that both
functional carboxyl groups be atiached to the same aromatic ring and where
more than one ring is present, they can be joined by aliphatic or aromatic
divalent radicals or divalent radicals such as —~0- or -5Q0,—-. Representative
usetful aliphatic and cycloaliphatic acids that can be used include sebacic acid;
1,3-cyclohexane dicarboxylic acid; 1,4-cyclohexane dicarboxylic acid; adipic
acid; glutaric acid; 4-cyclohexane-1,2-dicarboxylic acid; 2-ethylsuberic acid;
cyclopentanedicarboxylic acid decahydre-1,5-naphthylene dicarboxylic acid;
4. 4’-bicyclohexyl dicarboxylic acid; decahydro-2 B-naphthylene dicarboxylic
acid; 4,4-methylenebis{cyclohexyl) carboxylic acid; and 3,4-furan dicarboxylic
acid. Preferred acids are cycichexane-dicarboxylic acids and adipic acid.

Hepresentative aromatic dicarboxylic acids include phthalic,

terephthalic and isophthalic acids; bibenzoic acid; substituted dicarboxy
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compounds with two benzene nuclei such as bis{p-carboxyphenylimethane;
p-oxy-1,5-naphthalene dicarboxylic acid; 2,6-naphthalene dicarboxylic acid;
2,7-naphthalene dicarboxvlic acid; 4,4"-sulfonyl dibenzoic acid and C1-Cys

alkyt and ring substitution derivatives thereof, such as halo, alkoxy, and aryl

W

derivatives. Hydroxyl acids such as p-(bela-hydroxyethoxylbenzoic acid can
also be used provided an aromatic dicarboxylic acid is also used.

Aromatic dicarboxylic acids are a preferred class for preparing the
copolyetheraster elastomer useful for this invention. Among the aromatic
acids, those with 8-16 carbon atoms are preferred, particularly terephthalic
10 acid alone or with a mixdure of phthalic and/or isophthalic acids.

The copolyetherester elasiomer preferably comprises from at or about
15 o at or about 99 weight percent short-chain ester units corresponding {o
Formula (B) above, the remainder being long-chain ester units corresponding
to Formula {A) above. More preferably, the copolyetherester elastomer

15 comprise from at or about 20 {0 at or about 85 weight percent, and even more
preferably from at or about 50 to at or about 80 weight percent short-chain
aster units, where the remainder is long-chain ester units. More preferably, at
least about 70% of the groups represented by R in Formulae (A) and {(B)
above are 1,4-phenylene radicals and at least about 70% of the groups

20 representied by D in Formula (B} above are 1,4-butylene radicals and the sum
of the percentages of R groups which are not 1,4-phenvylene radicals and D
groups that are not 1,4-butyiene radicals does not exceed 30%. If a second
dicarboxvlic acid is used o make the copolyetheresier, isophthalic acid is
preferred and if 2 second low molecular weight diol is used, ethylene glycol,

25 1, 3-propanediol, cyclohexanedimethanol, or hexamethylene glycol are
preferred.

A blend or mixture of two or more copolystherester elasiomers can be
used. The copolyetheresier elastomers used in the mixture nesd not on an
individual basis come within the values disclosed herein for the elastomers.

30 However, the blend of two or more copolyetherester elastomers must conform
to the values described herein for the copolyetheresters on a weighted
average basis. For example, in a mixiure that contains equal amounts of two

copolystherester slastomers, one copolyetherester elastomer can contain 60

weight percent shorl-chain ester units and the cther resin can contain 30

~1
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weight percent short-chain ester units for a weighted average of 45 weight
percent short-chain esier units.
Preferred copolystherester elastomers include, but are not limited to,

copolyetherester elastomers prepared from monomers comprising (1)

W

poly(tetrameathylene oxide) glycol, (2) a dicarboxylic acid selected from

isophthalic acid, terephthalic acid and mixtures of these; and {3} a diol

selected from 1,4-butanediol, 1,3-propanediol and mixtures of these, or from
monomers comprising (1) poly{trimethyiene oxide)} glycol; (2) a dicarboxylic
acid selected from isophthalic acid, terephthalic acid and mixtures of these;

10 and (3} a diol selected from 1,4-bulanediol, 1,3-propanediol and mixtures of
these, or from monomers comprising (1) sthylene oxide-capped
poly{propylens oxide) glycol; (2) dicarboxylic acid selected from isophthalic
acid, terephthalic acid and mixiures of these; and (3} a diol selected from 1,4-
butanediol, 1,3-propanediol and mixiures of these,

i5 Preferably, the copolyetherester elastomers described herein are made
from eslers or mixtures of esters of terephthalic acid and/or isophthalic acid,
1,4-butanediol and poly(tetramethylene etherglycol or poly{trimethylens
ather) glycol or ethylene oxide-capped polypropylene oxide glycol, or are
prepared from esters of terephthalic acid, e.g. dimethylierephthalate, 1,4-

20 butanediol and poly{ethylene oxidelglycol. More preferably, the
copolyetheresters are prepared from esters of terephthalic acid, e.g.
dimethylierephthalate, 1,4-butanediol and poly(letramethylene etherjglycol.

Exampiles of suitable copolyetherester elastomers are commercially
available under the trademark Hytrel® from E. |. du Pont de Nemours and

25 Company, Wilmington, Delaware.

The copolyesier thermoplastic elastomer can have a Durometer
hardness of 55D or less and preferably 50D or less, and most preferably
between 40D and 50D, as measured by 130 method 868,

The compaosition comprises 3 to 40 weight percent polyphenyiene ether

30 (PPE). Other embodiments include 3 to 30 weight percent, & to 25 weight

percent, 6 to 25 welght percent, and 6 to 20 weight percent PPE. PPE resins

known in the art may be used as the PPE resin (b), for example,
homopolymers or copolymers oblained by oxidative polymerization of at least

one compound described by general formula (1) wherein gach Ry, R, Ra, Ry,
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and Ry is independently selected from among hydrogen atoms, halogen
atoms, hydrocarbon groups, or substituted hydrocarbon groups {for example,

halogenohydrocarbon groups).

{H

Specific examples of the polymers include poly(2,6-dimethyl-1,4-

phenylene) ether, poly{2,6-diethyl-1 4-phenylene) ether, poly(Z2-methyl-6-
athyl-1,4-phenylene} ether, poly{Z2-methyl-G-propyl-1,4-phenylene} ether,
poly(2,6-dipropyl-1,4-phenyiene) ether, poly{(Z-ethyl-G-propyi-1.4-phenyiene)
ather, poly(Z,6-dimethoxy-1,4-phenyilene) ether, poly(Z 6-dichloromethyi-1,4-
phenyiene) ether, poly{.sup.2, sup.0 -dibromomethyl-1,4-phenylene) ether,
poly(Z,6-diphenyl-1,4-phenyiene} ether, poly(2,6-ditritvl-1,4-phenvlene) ether,
poly(2,6-dichloro-1,4-phenylene) ether, poly(2,6-dibenzyl-1,4-phenvilene)
ether, and poly(2,5-dimethyi-1,4-phenvyiene ether. An especially preferred
PPE resin is poly(Z,8-dimethyl-1,4-phenyiene) ether. An example of the
polyphenylene ether copolymer is a copolymer containing some amount of an
atkyl-3-substituled phendl, for example, 2,3,8-trimethviphenol, in the above-
described polyphenylene ether repeating unit Copolymers in which styrene is
grafied to these polyphenylene ethers may also be used. Examples of
polyphenylene ethers with grafted siyrene compounds include copolymers
obtained by graft-polymerizing styrene, .alpha.-methylstyrene, vinvltoluene,
chlorostyrene, or the like 1o the above-described polyphenylene ethers.
Preferably the PPE resins used in the invention have an intrinsic
viscosity of .15 to (.85 dL/g when measured at 30 °C in chioroform solvent,

(.30 to 0.60 dL/g being especially preferred.

Q
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The composition comprises 0.1 to 8.0 weight percent, preferably 0.5 o
8 weight percent, of polymeric loughener selected from the group consisting
ethyiene copolymers of the formula E/X/Y wherein:

£ is the radical formed from ethylene;

W

X is selected from the group consisting of radicals formed from
CHa=CH{R-C(0)-0OR?

wherein R is H, CH; or CoHs, and R is an alkyl group having 1-8

carbon atoms; vinyl acetate; and mixiures thereof,

Y is a radical formed from glycidyl {meth)acrylate and

10 wherein X comprises 0 to 50 weight percent, Y is about 2.0 o 15
weight percent, and E is the remainder weight percent of the E/X/Y copolymer.
Y may be in the range of aboui 2.0 to 12 weight percent, about 2.0 to 10
weight percent and 2.0 to about 8 weight percent in the E/X/Y copolymer.

For the purposes of the descriplion, uniess otherwise specified, the

15 term “{methlacrylate” is meant (o include acrylate esters and methacrylate
esters.

The compaosition may optionally comprise additional additives such as
thermal, oxidative, and/or light stabilizers; colorants; lubricants; mold release
agents; and the like. Such additives can be added according to the desired

20 properties of the resulling material, and the control of these amounts versus
the desired properties is within the knowledge of the skilled artisan.

Herein the composition is a8 mbture by melt-blending, in which all
polymeric ingredients are adequately mixed, and all non-polymeric ingredients
are adeguaiely dispersed in a polymer matrix. Any melt-blending method may

25  be used for mixing polymeric ingredients and non-polymeric ingredients of the
present invention. For example, polymeric ingredienis and non-polymeric
ingredients may be fed into a mell mixear, such as single screw exiruder or
twin screw extruder, agitator, single screw or fwin screw Kneader, or Banbury
mixer, and the addition step may be addition of all ingredients at once or

30 gradual addition in baiches. When the polymeric ingredient and non-

nolymeric ingredient are gradually added in balches, a part of the polymaeric
ingredients and/or non-polymeric ingredients is first added, and then is melt-

mixed with the remaining polymeric ingredients and non-polymeric ingredients

10



WO 2011/150303 PCT/US2011/038284

that are subsequently added, unitil an adegualely mixed compaosition is
obtained.
in another aspect, the present invention relates 1o a method for

manufacturing an article by shaping the thermoplastic compositions disclosed

W

hersin. Examples of articles are automolive parls or engine paris or
electrical/electronics parts. By “shaping”, it is meant any shaping techniqus,
such as for example extrusion, injection molding, thermoform molding,
compression molding or blow molding. Preferably, the article is shaped by
injection molding or blow molding.
10 Another embodiment is the use of the compositions disclosed above in
the formation of blow molded ardicles comprising:
extruding the melt blended compositions to provide a parison into a
blow moilding oo,
pinching parison at the {op and bottom of the (ool inflating the parison
15 within the closed blow molding tool;
holding the inflated parison with internal gas pressure untif the walls
cool and crysiallize against the tool inner walls; and
removing the blow molded addicle from the tool
Another embodiment is a composition, as disclosed above, whersin an
20 injection molded test specimen, molded in a mold cavity having a length of
135.35 mm, width of 12.89 mm and depth of 3.23 mm and cul to a 60 mm
length, has a flexural storage modulus retention of atleast 20 %, and
preferably at least 25 %, at 140 °C {E'140), as compared to the flexural siorage
modulus at 23 °C (E23), as measured with dynamic mechanical analysis
25  according o ISOB721-5, over a frequency range selected from 1 1o 20 Hz. In
various embodiments a 1 Hz, 5 Hz, 10 Hz, 15 Hz, and 20 Hz freguency can
be used in the measurement, respectively. Ancther embodiment is a
composition that has a flexural siorage modulus retention as stated above,
and a flexwral storage modulus of at least 50 MPa at 140 °C. Herein the term
30 “high stiffness ai elevated temperature” means the composition has a flexural
storage modulus retention, B/ E'2a x 100 %, of al least 20 %, and preferably
at least 25 %.
Ancther embodiment is a composition, as disclosed above, wherein

compression molded test specimens prepared as defined by ASTM D 813

11
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except having no 2 mm pierce, exhibiis a total crack tength of 20 mm or less
on averaging three specimens after 200,000 cycles of bending according o
ASTM D 813, at a test temperature of 100 °C. Herein the term “flex fatigue

resisiance” means the composition exhibits a total crack length of 20 mm or

fess under the above siated conditions.

W

The compositions disclosed herein have one or more low lemperature
glass transition(s), defined as a glass transition between minus 100 and plus
150 °C, and optionally a high temperature glass transition above 200 °C due
to the presence of PPE. One embodiment is a composition, as disclosed
10 above, wherein the largest of the one or more low temperature glass
transition{s} is minus 25 °C or less, and preferably minus 30 °C or less; as
measured with dynamic mechanical analysis according to iSO method 6721-5,
at a frequency of 1 Hz, and a temperature scan rate of 2 °C/min. The largest
of the one or more low temperature glass transition{s) is defined as the glass
15 transition of the largest tan delta peak in the DMA scan.
Another embodiment is the use of a composition comprising & melt
mixed blend comprising:
52 to 86.9 weight percent one or more copolyester thermoplastic
elastomers;
20 3 to 40 {preferred ranges are 3 1o 30, § 1o 25 and 6 to 25) weight
percent polyphenylene ether; and
0.1 to 8 {preferred range 0.5 to 6} weight percent of polymeric
toughener selecied from the group consisting ethylene copolymers of
the formula E/X/Y wherein:
25 E is the radical formed from ethylene;
X is selected from the group consisting of radicals formed from
CHo=CH(RHY-C{O-0OR?
wherein R'is H, CH; or CoHs, and R® is an alkyl group having 1-8
carbon atoms; vinyl acetate; and mbdures thereof;, wherein X
30 comprises 0 to 50 weight % of E/X/Y copolymer; and
Y is a radical formed from glycidyl {(methjacryviate;
in an application requiring high-stiffness at elevated temperature; a
combination of high-stifiness at elevated temperature and flex fatigue

resistance, or a combination of high-stiffness al elevated temperature, flex
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fatigue resistance and a flexural storage modulus of at least 50 MPa at 140
°C.

Another embodiment is a molded article comprising the compositions
disclosed above. Specific moldead articles are selected from the group
consisting boots for aute drive shaft axie applications including CVJ {constant
velocity joint) bools, propelier shaft joint boots, and other convoluted boots
used to seal joint, linkages, or gears, in automotive vehicles; alr ducts for
automotive applications including fresh air ducts and pressurized inlet and
outlet ducts used in turbocharged engines; and extruded tubes and pipes

requiring high-stiffness at elevated temperature including air brake tubes.

Methods

Flexural Storage Modulus

Flexural storage modulus was determined with DMA measurements on
injection molded fest specimens. The test specimen mold cavity had a length
of 135.35 mm, width of 12.89 mm and depth of 3.23 mm. Mold temperature
was 45-55 °C; and melt temperature of the compositions were in the range of
245 10 265 °C. The lest specimens were cutl to a length of 60 mm. DMA
measurements were made using a TA Instruments model DMA Q800. The
test specimens were clamped on a 35 mm dual cantilever clamp o provide a
17.5 mm distance between the cenler and end clamps. The measurement
was made with a frequency selected from a range of 1 {o 20 Hz, over a
temperature range of minus 145 °C to +170 °C with a 2.0 °C / minule ramp
rate. Slorage module at 23 °C (E'»xs) and 140 °C {E ) was determined, and
the ratioc E'140/ E'23 x 100 % gave the retention of storage modulus.

Glass Transition Temperalure

(slass transition temperature was deiermined with DMA measuremenis
on injection molded test specimens as described above. The test specimens
were as measured with dynamic mechanical analysis according to ISO
method 6721-5, at a frequency of 1 Hz, and a temperature scanrate of 2
°Cimin. The glass iransition was considered the apex of the tan dellag peak.
Table 1 list two glass transitions for some comparative examples that exhibit
two low temperature glass transitions.

Flex Faligue resisiance
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Flex fatigue resistance was determined with a De Maitia Flex Fatigue
Machine Model D, from Getty Machine and Mold Inc¢., on compression molded
test specimens, prepared as defined by ASTM D 813 on a hot press at 250 °C,

with the exception that no 2 mm pierce of the lest specimen was performed.

W

A5 Hz flex frequency was used. The average of total crack length of three
test specimens was delermined after 200,000 cycles of bending according to
ASTM D 813, at & test temperature of 100 °C. The maximum crack length in
this test is the width of sample (25 mm).

Durometer Hardness

10 Durometer hardness was measured by 180 method 868.
Melt Flow Rate

Melt flow raie was measured using an Extrusion Plastometer MP 987

from Tinius Olsen on pellets according o the method of International
Standard IS0 1133:1997(E) at a temperalure of 230°C undera 10 kg; or a
15 2.16 Kg load. Prior to mell flow rate measurements, the granules were dried
under vacuum with a nitrogen purge for at least 8 hours at 80 "C. Table 1
gives average values oblained from three measurements of one sample.

Compounding

Melt mix blending of componenis listed in Table 1 for Examples and

20 Comparative Examples was performead according to the following procedure.
PPE resin and heat stabilizers listed in the Table 1 were fed o therear of a
Z3K 26 mm twin screw exiruder (Coperion Corporation). Polyether ester
copolymer and E/X/Y ethylene copolymer were combined and fed to the
extruder through a side feeder. The temperature of the exiruder was set at

25 300 °C from the rear feeder o the point of the side feeder. The temperature
of the extruder from the side feeder {0 a die was set at 260 °C. A screw
speed of 250 rpm and throughput of 11.34 kg /hour are typical conditions for
the exirusion. Ingredient quantities shown in the Table are given in weight
percent on the basis of the total weight of the thermoplastic composition.

30 Materials

Polyether ester refers a polyether ester copolymer resin comprising

about 52 weight percent of a short polyesier repeat unit based on an esler of
terephthalic acid and 1,4-butanediol and about 48 weight percent of a long

polyester repeat unil based on a ester of terephthalic acid and

14
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poly(tetramethylene oxide) glycol of molecular weight of 1400, having a 50D
Durometer hardness.
Hytrel® HTR8341C BK is a polyether ester available from E.1. DuPont

de Nemours and Company, Wilminglon, Delaware, USA.

PPE refers Noryi® 640 polyphenylene ether resin available from GE

W

Plastics.
PBT refers to Crastin® 6130 polybutylene lerephthalate resin available
from E.L DuPont de Nemours and Company, Wilmington, Delawarg, USA.
E/XNY -1 refers (0 an ethylene/butylacrylate/glycidyl methacrylate
10 {B68/22/12 weight ratio} terpolymer resin.
E/XRY-2 refers (o an ethylene/butylacrylate/glycidyl methacrviate
(66/25/9 weight ratio) terpolymer resin.

raanox® 1010 stabilizer was available from Ciba Specialty Chemicals

inc, Switzerland.

15 lrganox® P3800 refers to dilauryl thiodipropionate available from Ciba

Specialty Chemicals inc, Swilzeriand.
Weston 619F refers to distearyl pentaerythiitol diphosphite antioxidant
from Chemiura Corporation.

Naugard® 445 hindered amine refers to 4,4 di{ .a,o-

20 dimethylbenzyhdiphenyiamine available commaercially from Uniroyal Chemical
Company, Middiebury, Conn.
Examples 1-5 and Comparative Examples C1 - C5
The components listed in Tables 1 and 2 for sach composition were
melt blended in an extruder as disclosed in the Methods section. Test
25  specimens werg prepared according to the methods disclosed in the Methods
section and the results of physical testing are also listed in Tables 1 and 2.
Examples 1-5 exhibit a combination high stiffness at elevated
temperature as evidenced by a £y E'2s of 28 % or higher. Whereas
Comparative examples C1 and C2, comprising PPE but having no E/X/Y
30 polymeric toughener, show an B’y By 0f 21.4 % or less. This is considered
surprising and unexpected because addition of a polymeric foughener
typically reduces the stifiness of the thermoplastic polymer.
Comparative Examples C3 and C4, comprising EAUY polymeric

toughener and either PBT or PC as a additive o improve sliffness, exhibit

o
¥
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Elaof B2z of 18.1 % or lower, significantly less Examples 1-5. Compositions
including PPE and /XY polymeric toughener exhibit surprising and
unexpected properties as compared to similar compositions comprising PBT

or PC thermoplastic polymers.
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Table 2
Example 4 5
Polyether ester 88.8 76.8
PPE 10 20
E/XY-1 - -
E/X/Y-2 1.8 1.6
rganox® 1010 0.3 0.3
rganox® PS800 0.3 0.3
Naugard® 445 4 1
Physical Propesrties
Storage Modulus, 23 °C (MPa} (E'za) 162.2 3931
Storage Modulus, 140 °C (MPa) (E'4e) 46 8 88 7
% Retention (E'0f B2} x 100 % 28.7 30.8
Glass transition { °C) -36.1 “4A0 1
Melt flow rate, 230 °C, 10 Kg {g/min} 0.6 0.8
Flex fatigue resistance, crack length @
200,000 cycles, @ 100 °C (mm) 0 25
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CLAIMS
Claimed is:
1. A composition comprising a melt mixed blend comprising:

L]

a} 52 10 96.9 weight percent one or more copolyester thermoplastic

elastomers;

b} 3 to 40 weight percent polyphenyiens ether; and

c) 0.1 to 8 weight percent of polymeric toughener selected from the

group consisting ethylene copolymers of the formula E/X/Y wherein:

i0 - is the radical formed from sthylene;

X is selected from the group consisting of radicals formed from
CHo=CH(R-C{O)-0OR?
wherein R' is H, CH; or CzHs, and R? is an alkyl group having 1-8 carbon
atoms; vinvl acetate; and mixtures thereof; wherein X comprises 0 to 50
i3 weight % of E/AUY copolymer; and
Y is a radical formed from glyeidyl (meth)acrylate;
wherein the composition has one or more low temperature glass transitions
between minus 100 and plus 150 °C.
2. The composition of Claim 1 wherein an injection molded {est

24 specimen, molded in a mold cavity having a length of 135.35 mm, width of 12.89
mim and depth of 3.23 mm and cul to a 80 mm length, has a flexural siorage
modulus retention of at least 20 % at 140 °C (E'140) as compared o the flexural
storage modulus at 23 °C (Ex3), 88 measured with dynamic mechanical analysis
according 1o 1506721-5, over a frequency range selected from 1 1o 20 Hz.

25 3. The composition of Claim 1 wherein a compression molded lest
specimen, prepared as defined by ASTM D 813 except having no 2 mm pierce,
exhibits a [olal crack length of 20 mm or less on averaging three specimens after
200,000 cycles of bending according to ASTM D 813, at a test temperature of
100 °C.

30 4. The composition of Claim 1 wherein said the largest of one or more

low temperature glass transitions is minus 25 °C or less; as measured with
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dynamic mechanical analysis according to 1ISO method 6721-5, al a frequency of
1 Hz, and a temperature scan rate of 2 °C/min.

5. The composition of Claim 1 wherein the copolyester thermoplastic
elastomer has a Duromeier hardness of 550 or less, as measured by 150
method 868,

8. A molded article comprising the compaosition of any of the previous
Claims.

7. The molded article of Claim 6 selected from the group consisting of
CVJ boots used in auto drive shaft axle applications, propeller shafl joint boots,
and other convoluted boots used {o seal joint, linkages, or gears, in transport

vehicles.
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