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OLEFINIC IMPACT MODIFIERS FOR, AND BLENDS
WITH, TEERMOPLASTIC POLYESTER RESINS

This invention relates to impact modified thermo-

plastic molding compositions and, more particularly, to
glycidyl methacrylate or glycidyl acrylate grafted EPDM
impact modifiers for thermoplastic polyester, copolyester
and polyblend molding compositions.
BACKGROUND OF THE INVENTION
Bigh molecular weight linear\polyesters and copoly-

esters of glycols and terephthalic or isophthalic acid have
been available for a number of years. These are described

inter alia in Whinfield et al., U.S. 2,465,319, and in

Pengilly, U.S. 3,047,539. These patents disclose that the
polyesters are particularly advantageous as film and fiber

formers.
With the development of molecular weight control,

the use of ,nucleating agents and two-step molding cycles,
poly(ethylene terephthalate) or PET has become an important
constituent of injection moldable compositions. Further,
poly(l,4-butylene terephthalate) or PBT, because of its very
rapid crytallization from the melt, is uniquely useful as a
component in such compositions. Work pieces molded from such
polyester resins, in comparison with other thermoplastics,
offer a high degree of surface hardness and abrasion resist-
ance, high gloss and lower surface friction.

Furthermore, in particular, poly(l,4-butylene tere-
phthalate) is much simpler to use in injection molding tech-
nigues than poly(ethylene terephthalate). For example, it is
possible to injection mold poly(l,4-butylene teréphthalate)
at low mold temperatures of from about 30° to 60°C. to pro-
duce highly crystalline, dimensionally stable moidings in
short cycle times. Because of the high rate of crystalliza-
tion, even at low temperatures, no difficulty is encountered
in removing the moldings from the molds. Additionally, the

dimensional stability of poly(l,4-butylene terephthalate) in-
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jection moldings is very good even at temperatures near or
well above the glass temperature of poly(l,4-butylene tere-
phthalate). , '

However, the impact resistance of unmodified poly-
esters is relatively iow at room temperature and below. Thus
for many applications, it is desirable to have polyesters
which are impact resistant at relatively high and relatively
low ambient temperatures. Yet, the other mechanical proper-
ties such as modulus of elasiicity, tensile strength at yield
and at break should be impaired either not at all or only to
an acceptable degree. ,

It has been recommended in various places to im-
prove the impact resistance of polyesters by adding other
polymers including interpolymers and copolymers. Specific-
ally; the impact strength of thermoplastic linear crystalline
polyesters, including poly(l,4=butylene terephthalate), has
been improved by the incorporation therein of an ethylene-
propylene nonconjugated diene rubbery terpolymer (EPDM).
Although EPDM is capable of impact-modifying PBT polyester-
compositions, e.g., Coran et al., U.S. 4,141,863 and Tanaka

- et al., U.S. 4,290,927, such compositions often suffer from

"incompatibility" resulting in streaks or delamination of

molded or extruded parts.

in Hepp, European Patent Application 0 149 192,
published July 24, 1985,.there is disclosed a thermoplastic
molding compositioﬁ consisting of a thermoplastic resin,
e.g., polyester, copolyester or block copolyester and an
EPDM epoxidized with, e.g., m-chloroperoxy-benzoic acid. The
examples given by this reference in Tables 1, 2 and 3 do not,
however, exhibit a combination of good impact strength and

acceptable knit-line characteristics. ' i
Siegel, U.S. 3,769,260 discloses that a functional-
ized rubber improves impact strength of polyesters, and &

suggests a range of 0.02 to 20 microns in diameter for the

dispersed rubber phase particles.
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Epstein, U.S. 4,172,859, discloses the use of random
copolymers containing various polar monomers. He also alludes
to the use of materials grafted with various polar monomers,
e.g., glycidyl methacrylate (GMA), to impact modify thermo-
plastic polyesters including PBT and PET. EHowever, this
patent does not deal with and therefore fails to recognize
several factors that are critical to the function of EPDM-gGMA
materials as impact modifiers for PBT systems. First, it does
not recognize the benefits of reactive glycidyl (meth)acrylates
as graft monomers over non-reactive polar monomers such as
maleic anhydride or n-vinyl pyrrolidone. Second, in Col. 5,
lines 35-36, Epstein discounts crosslinking (gel formation) as
unnecessary to the function of such modifiers, and states that
crosslinking may be harmful. Third, the Epstein patent does
not teach the need for a specific range of grafted GMA content
in the rubber. Finally, Epstein discloses modifier particle
sizes between 0.01-3.0 micron, and expressly states a distinct
criticality for particle sizes substantially entirely below 1
micron in size.

In Olivier, U.S. Patent Application, Serial No.
690,613, filed January 11, 1985, there are disclosed glycidyl
methacrylate grafted EPDM impact modifiers for polyester A
resins. In the specific examples, he describes materials
having gel contents of less than 5 percent or more than 48.7,
with nothing in between. With little or no gel contents,
i.e., 5 percent or less, he states that thermoplastic poly-
ester compositions with high impact strengths are obtained.
With high gel contents, specifically above 48.7%, Olivier
discloses that the material was a much poorer impact modifier
than one which was free of gel. 1In any event, the specific
examples have subseguently been found not to provide an
acceptable combination of good impact strength and knit-line
characteristics. Moreover, no mention is made of any effect

of impact modifier particle size on these important charac-

teristics.
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It haé now beeniunexpectedly discovered that therm-
oplastic polyester compositions comprising glycidyl meth-
acrylate grafted EPDM (EPDM-g-GHA) impact modifiers can be
prepared that possess high impact strength combined with good
knit-line characteristics if careful attention is paid to
graft monomer content, gel content, and rubber particle size
in the impact modifier. The gel content preferably used is
especially unexpected because it happens to fall in a range
not actually investigéted by Olivier. Compositions with

these important properties have been developed as a result of

numerous trials which have estabished that it is required to
use EPDM-g-GMA materials with greater than 2.0 percent, pre-
ferably greater than 3 percent, and especially preferably
greater than 4 percent, GMA contents, and gel contents in the
10-80 percent range. Impact properties are also vastly im-
-éroved in thermoplastic blends with well-dispersed rubber
particles in which more than 60 percent, preferably more than
70 percent by weight of the rubber particles are 1 micron or
larger in diameter. Nothing in the prior art renders such
parameters obvious, and they cannot be developed by mere
routlne optlmlzatlon experiments.
' SUMMARY OF THE INVENTION
In accordance with the present invention are pro-

vided impact modifiers, impact modified thermoplastic compo-
sitions, and methods for their production, said modified
thermoplastic compositions comprising:

(2) a high molecular weight thermoplastic poly-

‘ester re51n, and

(b) an'effective amount of an impact modifier com-
prising an EPDM terpolymer grafted with 2% or more by weight,
based on said terpolymer of glycidyl methacrylate or glycydyl
acrylate or a mixture thereof, alone, or grafted in further
combination with a Cy-C1g alkyl methacrylate or acrylate or a
mlxture thereof, component (b) having a gel content in the
range of 10 to 80 percent. Preferably, greater than 60 per-

«
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cent by weight of the rubber particles therein are of 1
micron or larger in diameter. .

Also preferred herein is a composition as defined
above wherein the EPDM-glycidyl ester grafted terpolymer is
presenﬁ in an amount of, approximately, 10 to 55 percent by
weight based on the total composition. Special mention is
made of articles blow-molded from the compesitions of this

invention.
DETAILED DESCRIPTION OF THE INVENTION

The high-molecular weight linear polyesters used in

the practice of the present invention are polymeric glycol
esters of terephthalic acid and isophthalic acid. They are
available commercially or can be prepared by known technigques,
such as by the alcoholysis of esters of phthalic acid with a
glycol gnd,subsequent polymerization, by heating glycols with
free acids or with halide derivatives thereof, and similar
processes. These are described in U.S. 2,465,319 and U.S.
3,047,539, and elsewhere.

Although the glycol portion of the polyester can
contain from 2 to 10 carbon atoms, it is preferred that it
contain from 2 to 4 carbon atoms in the form of linear
methylene chains.

Preferred polyesters will be of the family consisting
of high molecular weight, polymeric glycol terephthalates or
isophthalates having repeating units of the general formula:

i

R C———
——O-—(CHZ)n—-O-—C———{3§§§35”’

wherein n is a whole number of from 2 to 4, and mixtures of
such esters, including copolyesters of terephthalic and iso-
phthalic acids of up to about 30 mole percent isophthalic
units.

Especially preferred polyesters are poly(ethylene
terephthalate) and poly(l,4-butylene terephthaiate). Special
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mention is made of the latter because it crystallizes at such

©

a good rate that it may be used for injection molding without
the need for nucleating agents or long cycles, as is some-
times necessary with poly(ethylene terephthalate).

Illustratively, high molecular weight polyesters
will have an intrinsic viscosity of at least about 0.7 deci-
liters/gram and, preferably, at least 0.8 deciliters/gram as
measured in a 60:40 phenol-tetrachloroethane mixture at 30°C.
At intrinsic viscosities of at least about 1.0 deciliters/
gram, there is a further enhancement of toughness of the
present compeositions. ' ,

Copolyesters useful for the invention are preferably
prepared from terephthalic acid and/or isophthalic acid and/or
a reactive derivative thereof and one or more glycols, which
may be a straight or branched chain aliphatic/cycloaliphatic
glyéol. IlluStratively, the glycol will be ethylene glycol;
2-methyl-l,3-propanediol, 1,4-butanediol; l,S-pentanedidl;
l,6-hexanediol; 1,9-nonanediol; 1,l10-decanediol; neopentyl-
glycol; 1,4-cyclohexanediol; l,4-cyclohexanedimethandl; a
mixture of any of the foregoing, or the like. Illustrative
of suitable aliphatic dicarboxylic acids for the mixed
aromatic/alipﬂatic embodiments ar suberic, sebacic, azelaic,'
and adipic acids and the like.

' The copolyesters may be preparedrby ester inter-
change in accordance with the standard procedures. The
copolyesters may preferéblyrbe derived from at least 50%
butyléne terephthalate units. 7
' - The block copolyesters useful in the composition of
this invention are prepared by the reaction of terminally re-
active'poly(l,4-butylene terephthalate), preferably of low !
molecular weight, and a terminally reactive copolyester or
aliphatic polyester or both‘in thé presence of A catalyst for +

- transesterification, such as zinc acetate, manganese acetate,

titanium esters, and the like. The terminal groups can com-
prise hydroxyl, carboxyl, carboalkoxy, and the like, includ-
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ing reactive derivatives thereof. After initial mixing,
polymerization is carried out under standard conditions,
e.g., 220° to 28B0°C., in a'high vacuum, €.9., 0.1 to 2 mm Hg,
to form the block copolymer of minimum randomization in terms
of distribution of chain segments. The result of reaction
between two terminally reactive groups, of course, must be an
ester linkage. These copolyesters are described in a German
Patent application P 27 56 167.7.

' The copolyester designated component of these block
copolyesters may be terminally reactive segments of copoly—'
esters as described above. These copolyesters are most pre-
ferably derived from an aliphatic glycol and a mixture of
aromatic and aliphatic dibasic acids in which the mole ratio
concentration of aromatic to aliphatic acids is from between
1 to 9 to about 9 to 1, with an especially preferred range
being from about 3 to 7 to about 7 to 3.

The terminally reactive aliphatic polyester compon-
ent of these block copolyesters will contain substantially
stoichiometric amounts of the aliphatic diol and the alipha-
tic dicarboxylic acid, although hydroxy-containing terminal
groups are preferred.

In addition to theif ease of formation by well known
procedures, both the aforementioned aromatic/aliphatic copoly-
esters and aliphatic polyesters are commercially available.
One source for such materials is the Ruco Division/Hooker
Chemical Company, Hicksville, New York, which designates its
compounds as "Rucoflex"”.

The block copolyesters used in the invention prefer-
ably comprise from about 95 to about 50 parts by weight based
on the block copolyester of poly(l,4-butylene terephthalate)
segments. The poly(l,4-butylene terephthalate) blocks, before
incorporation into the block copolyesters, will preferably
have an intrinsic viscosity of about 0.1 dl./g. and, prefer-
ably, between about 0.1 and about 0.5 dl./g., as measured in
a 60:40 mixture of phenol-tetrachloroethane at 30°C. The
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balance 50 to 5 parts by weight of the copolyester will com-
prise blocks of the aforementioned aromatic/aliphatic
copolyesters and/or aliphatic polyesters.

As will be understood by those skilled in the art,
the poly(l,4-butylene terephthalate) block can be straight
chain or branched, e.g., by use of a branching component,
e.g., from about 0.05 to about 1 mole percent, based on tere-
phthalate units of a branching component which contains at
least 3 ester-forming groups. This can be a polyol, e.g.,
pentaerythritol, trimethylol-propane, and the like or a poly-
basic acid compound, e.g., trimethyl trimestate, and the '
like. o ,

vBlends of thé foregoing homopolymers, copolymers
and/or block copolymers or derivatives thereof are also use-

ful for the invention.

The glycidyl ester grafted terpolymer additives of
this invention may be prepared from any of the well known
EPDM terpolymer rubbers. EPDM terpolymers useful for prepar-
ihg the grafted materials used in the invention are commerci-
ally available, e.g., Copolymer Corp. (EPSYN® 55), or may be
prepared using a Zieglér-type catalyst. The preparation of
typical EPDM terpolymers is described, for example, in
Gresham et 2l., U.S. 2,933,480; Tarney, U.S. 3,000,866;
Guglielmino et al., U.S. 3,407,158; Gladding, U.S. 3,093,621
and U.S. 3,379,701. These terpolymers are characterized by
the absence of chain or backbone unsaturation and the pres-
ence of sites of unsaturation in groups which are pendant to
or are in cyclic structures outside of the @ain polymer
chain. ' :

Useful EPDM terpolymers for the production of the
glycidyl ether grafted terpolymers used ih this invention
comprise ethylene, a C3 to C;. straight or branched chain
alpha-olefin, preferably propylene, and a2 non-conjugated di-
olefin. Satisfactory nonconjugated dienes that may be used
as the third monomer in the terpolymer include straight chéin
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dienes such as l1,4-hexanediene, cyclic dienes such as cyclo-
octadiene and bridged cyclic dienes such as ethylidene

norbornene.
Preferred EPDM terpolymers are comprised of about

10-95, preferably 45-70 mole percent, by weight ethylene,
about 5 to 90, preferably 30-55 mole percent polypropylene
and a minor amount of diene monomer, most preferably a poly-

unsaturated bridged ring hydrocarbon or halogenated deriva-

tive thereof, most preferably 5-ethylidene-2-norbornene.
These EPDM terpolymers have a melt index of approximately
79 g/10 min., a2 Mooney viscosity of approximately 78 and a
gram molecular weight of about 21,600.

The backbone rubber is subsequently graft modified
with a graft monomer of epoxy functional acrylate or meth-
acrylate. Although grafting may occur by various reaction
mechanisms at practically any point on the backbone rubber,
generally, the grafting takes place at an unreacted point of
unsaturation on the polyene. For this reason, it is desir-
able to make use of an ethylene, mono-olefin, polyene back-
bone rubber having at least two unsaturated carbon-to-carbon
linkages per 100 carbon atoms and little additional benefit
is derived from the use of unsaturated backbone rubber having
more than 20 carbon-to-carbon double bonds per 1000 carbon
atoms. In the preferred practice of this invention, use is

made of an unsaturated rubber having from 4-10 carbon-to-carbon

double bonds per 1000 carbon atoms.

The point of ethylenic unsaturation on the epoxy
functional graft monomer must be sufficiently reactive to
react directly with the unsaturation of the polyene; or to
react with a graft chain originating at, or for combination
with, the polyene unsaturation. Such levels of reactivity
require the alpha-beta situation of the ethylenic unsatura-
tion as found in, for example, an epoxy functional esters of
acrylic acid or alkyl acrylic acid. A free radical initia-
tor, such as a dialkyl peroxide may be used to promote the
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graft reaction. Such initiator is generally used in an
amount within the range of 1-5 parts per 100 parts by weight
of the unsaturated rubber, and preferably in an amount within
the range of 1-2 percent by weight.

5 : , Preferred as the graft monomer herein is glycidyl
methacrylate (GMA).-

The graft chain formed by the grafting process on
the backbone rubber needrnot be a homopolymer or even be of
entirely epoxy functional graft monomers. For example,

10 combinations of'thé two above-mentioned epoxy functional
graft monomers may be used as well as combinations of either
or both with other Cl-c18 alkyl acrylates or methacrylates,
wherein Cl-C18 may be straight chain or branched, e.g.,
methyl, ethyl, isopropyl, 2-ethyl-hexyl, decyl, n-octodecyl,

15 and the like. Particularly useful such comonomer grafts are
grafts of glycidyl acryléte and/or glycidyl methacrylate and
methyl methacrylate. ’ , 7

7 It is critical to the present invention that the
gel content of the elastomeric material be controlled either

20 during polymerization or in subsegquent processing to achieve
a value of gréater than about 10% by weight and less than
B0%. With a éel content too low impact strength is high, but
knit line strength is low. With a gel content too high, both
impact strength and knit line strength are low.

25 Gel content in an especially convenient analysis,
according to ASTM D-3616, is measured by the weight percent

of remaining elastomeric material after extraction in hexane
or toluene. Gel content is an indication of the degree of
cross-linking in the elastomeric material. Of course, per-
30 sons skilled in the art are familiar with a variety of ways
to control the degree of cross-linking and thus the gel con-
‘tent can be determined by numerous other methods. The cross-
link reaction may be a direct rubber backbone to rubber back-
bone joining, an epoxy functionality to epoxy functionality

35 or rubber backbone joining,'or a graft chain free radical
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addition to a second graft chain or to a rubber backbone.
Further, cross-linking may be achieved by the addition of a
cross~linking agent to effectively achieve any of the above
reactions. Thus, any of several steps to control gel content
may be taken. Thermal aging will increase gel content. In-
creasing the amount of epoxy functional graft monomer will
increase gel content. Increasing the amount of polyene mono-

ene monomer in the rubber backbone will increase gel content.
The addition of a cross-linking agent will increase gel con-
tent. The use of graft monomers with greater tendency to
cross-link will increase gel content, for exémple, a homo-
polymer graft of glycidyl acrylate will cross-link more .
readily than a homopolymer graft of glycidyl methacrylate

or a copolymer graft of glycidyl acrylate and methyl meth-
acrylate. ' '

As stated above, gel content of the elastomeric
material used in this invention should range up to no higher
than about 80%. Although cross-linking can be carried on
well past this level, as has been mentioned, high levels of
cross-linking diminish the dispersibility of the elastomeric
material and lead to non-uniform mixing. Also, such high
levels of locélized cross-linking will create brittle areas
within the elastomeric material which will decrease rubbery
character. It is apparent that cross-linking should be
uniformly dispersed throughout the elastomeric material.

It is preferred in the present invention that the
elastomeric material have an epoxy functionality of at least
2.5 epoxy functionalities per 1000 carbon atoms, and prefer-
ably between about 5.0 and 13 epoxy functionalities per 1000
carbon atoms. Epoxy functionality means those epoxy sites
which remain in the impact modifier resin after the loss of
such functionalities as may react in the cross-linking reac-
tion. In the instance of the use of GMA or GA as the epoxy
functional graft monomer, a-graft level of about 2% by weight

is necessary to provide the minimum level of epoxy as shown
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above. The maximum is not particularly critical, e.g., up to
10-15% by weight can be used.

The grafting reaction may be carried out in solvent
solution with the unsaturated rubber backbone present in a
concentration which may range from 10-30 percent by weight,
with constant stirring, at an elevated temperature within the
range of 125-200°C. for a time ranging from 1/2 to 2 hours.
Thé reaction condition can be véried depending somewhat upon
the type and amount of catalyst and temperature conditions,
as is well known to those skilled in the art. Where high
amounts of graft monomer are to be attached to.the backbone
rubber, it has been found to be advantageous to carry out the
graft reaction in the melt state of the backbone rubber,

i.e., extruder grafting. This process is simply performed by

‘feeding the backbone rubber, an excess of graft monomer, and

an appzopriate'catalyst to a melt extruder and mixing and
reacting the feed components at an elevated temperature.

The above described elastomeric material is physic-
ally dispersed in a thermoplastic polymer melt to form dis-
crete particles of rubbery polymer in a continuous phase of a
thermoplastic matrix resin or blend. At least an impact
strength impréving amount of elastomeric material is dis-

persed in the matrix resin. Generally, this requires that

the elastomeric material constitute at least 1.5 percent by
weight, preferably 3.5 to 80 percent, most preferably 10 to
55 percent, by weight based on total thermoplastic content,
including elastomeric material, of the molding composition.
It will be apparent that, while the indicated composition
range is optimum for making toughened rigid plastic articles,
acceptable molding materials can still be made from mixtures
with rubber contents much higher than this rangé. Thermo-
plastic elastomer type molding compounds are produced when
the elastomer content exceeds 55 weight percent, and even
mixtures above the phase inversion composition, i.e., those
in which the thermoplastic resin phase is semi- or non-

oam
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continuously interdispersed in a rubbery polymer matrix can
be used to make flexible molded articles with excellent prop-
erties. 80 weight percent elastomer is a typical upper
limit. Compounding of the rubber and thermoplastic resin is
simply carried out by standard techniques, for example, by
simple mélt blending or dry mixing and melt extruding at an
appropriate elevated temperature for any given thermoplastic
matrix. The resultant admixture is then molded into a ther-
moplastic piece of specific dimensions or further extruded
into a film or sheet product.

It is important to the final properties of molded
parts containing elastomeric material that there is suffici-
ent mixing in the extrusion of the resin melt. Berein,
several reactions have been taught or suggested to take place
in the extruder and such are, of course, . effected- by mixing
as well as residence time in the extruder. Thus, thorough
mixing of the polymer melt is suggested and, depending upon
the equipment empldyed, two’successive extrusions of the melt
may be reguired.

As has been mentioned, in preferred compositions the
particle size.of the rubber grafted with glycidyl esters will
be selected to provide that at least 60 weight percent of such
particles, and preferably more than 70 weight percent of them
are greater than 1 micron in diameter. Such compesitions com-
bine optimum notched Izod impact strength, with knit-line
strength, and these are vastly superior to those obtained with
compositions wherein, for example, only about 50 weight per-
cent of the particles exceed 1 micron in diameter. Particle
size can be measured in any of the ways known in this art, but
an especially convenient way is to use a computerized particle
size analyzer to measure photomicrographs of scanning electron
microscopy (SEM) images.

Compounding can be carried out in conventional
equipment. For example,.afrer pre-drying the thermoplastic

polyester resin, e.g., at 125°C. for 4 hours, a single screw
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- extruder is fed with a drﬁ blend of the polyester and the
additive ingredients, the screw employed having a long trans-

ition and metering section to insure melting. On the other
hand, a twin scréw extrusion machine, e.g., a2 28 mm Werner
Pfleiderer machine can be fed with resin and additives at the
feed port. 1In either case, a generally suitable machine
temperature will be about 450°F. to 570°F.

The compounded composition can be extruded and cut
up into molding components such as conventional granules,
pellets, etc., by standérd techniques.

' The compositions of this invention can be molded in
any equipment conventionally used for thermoplastic composi-
tions. For example, with poly(l,4-butylene terephthalate)
good results will be obtained in an injection molding machine,
e.g., of the Newbury type with conventional cylinder tempera-
ture, e.g., 450°F. and conventional mold temperatures, e.g.,
150°F. On the other hand, with poly(ethylene terephthalate),
because of the lack of uniformity of crystallization from
interior to exterior of thick pieces, somewhat less conven-
tional but still well knowﬁ techniques can be used. For

- example, a nucleating agént’such as a LICH, sodium stearate,

graphite or a metal oxide, e.g., 2Zn0 or MgO can be included
and standard moid temperaurés,of from about 150°F. to 230°F.
will be used. Especially suitable is blow-molding.

It is to be understood that the foregoing composi-
tions may contain other additives known in the art, includ-

~ing, but without limitation, nucleating agents, mold release

agents, flow promoters, coloring agents, coupling agénts, and
stabilizers. The elastomeric containing molding compositions
of this invention may be used as molding pellets and may

rcontaln plgments, dyes, stabilizers, plast1c1zers, and the

like. One may readily determine which are necessasy and

suitable for a particular application.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following examples illustrate the invention.
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The claims are not to be construed to be limited by them in

any manner whatsoever.

In the examples the following designations are used

to denote the materials and physical tests employed:

RSV

Mooney Viscosity
Gel content

Notched Izod Impact
Unnotched Double
Gate Izod Impact

Backbone Rubber &
(EPDM A)

Backbone Rubbér B
(EPDM B)

Backbone Rubber C .
(EPDM C)

Antioxidant

Initiator 2

Physical Tests

Reduced solution viscosity measured in
a 0.1% solution of decalin at 135°C.
ASTM D1646, ML + 4 (125°C)

ASTM D-3616

ASTM D256

Variation of ASTM D256 where the test
piece is double gate injection molded
from opposite ends under conditions
which center the tack line between

the ends of the test piece.

Ingredients

EPSYN® 4906 resin; EPDM rubber; 2.2 RSV;
9C=C/1000 C (8% by weight of polyene
5-ethylidene-2-norbornene); ethylene/
propylene ratio = 2/1; Mooney Viscosity .
= 40; Copolymer Rubber & Chemical Corp.
EPSYN® 55 resin; EPDM rubber; 2.3 RSV;
8C=C/1000 C (8% by weight of polyene
5-ethylidene-2-norbornene); ethylene/
propylene ratio = 2/1; Mooney Viscosity
= 50; Copolymer Chemical & Rubber Corp.
EPSYN® ES0]1 resin; EPDM rubber; 2.2 RSV; -
45 C=C/1000 C (4% by weight of polyene
5-ethylidene-2-norbornene); E/P ratio
4/1; Mooney viscosity = 50; Copolymer
Rubber & Chemical Corp.

IRGANOX® 1076 phenolic antioxidant; Ciba
Geigy Corporation

Bercules Di-Cup® free radical initia-

tor; dicumyl peroxide
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Initiator B . 2,5-dimethyl-2,5-di(t-butyl-peroxy)
‘ . hexane
Poly(l,4-butylene VALOX 315 resin; General Electric

tetephthalate)/PBT Company

Also in these examples, the following abbreviations
é:e used:

PBT —- poly(l,4-butylene terephthalate)

EPM -— ethylene4propylene copolymer

‘EPDM  --~ ethylene-propylene~polyene terpolymer

GMA ~- glycidyl methacrylate

GA == glycidyl acrylate

MMA  —-- methyl methacrylate

EXAMPLES 1 AND 2 ,
- (a) Formulations of monomer grafted EPDM resin are

prepareé as follows: 100 weight parts of backbone rubber 2;
0.1 weight parts of antioxidant; and approximately 300 weight

parts of hexane are charged to a one gallon Hastelloy C re-
actor. The reactor is sealed, flushed with Nz,'and heated to
155°C. Specified weight parts of monomer (GMA or GA or
GMA/MMA, as the case may be) in'approximateiy 15 weight parts
hexané are metered into the reactor. This is followed by 2
weight parts of initiator A in approximately 15 weight parts
of hexane. The solution was stirred at 500-600 rpm for one
hour at 155°C. and 200-250 psig. After the reaction mixture
has cooled down, the'ptoduct is recovered by precipitation in
acetone followed by drying overnight at 75°C. under pump

vacuum.

(b) Thermoplastic compositions Comprising poly(1l,4-
butylene te:ephthalaté) (PBT), and the rubber grafted materialr
prepared in step (a) are extruded once on a single screw ex-
truder. Zone temperatures are 250°C., the die temperature is
240°C. and screw speed is 150 rpm. The water cooled strands of

elastomeric material are cut into test pieces and notched Izod

impact is measured according to ASTM D256. The compositions
and results obtained are set forth in Table 1.
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TABLE 1: Thermoplastic Compositions:
Blends Extruded In A Single Screw Extruder
Example 1A% 1B* ic* 1 2
Compositions (parts by weight)

5 PpBT? 80 80 80 80 80
EPDM CP 20 == == = -
EPM-g-—N-vinylpyrrolidonec - 20 - - -
EPM-g-maleic anhydrided - - 20 - -
EPDM-g-GMAS ' - - -— 20 --

10 EPDM-g-Ga/mmaf — em e = 20
Properties
Notched Izod Impact (ft.lb./in) 2.0 3.3 2.1 13.7 18.0
* Control
a VALOX® 315, General Electric Company
15 - b EPSYN® E901, Copolymer Rubber and Chemical Corpofation.
c EPSYN® 510, see footnote b for source, grafted with
5.8 wt. % N-vinyl pyrrolidone
d EPSYN® 7006, see footnote b for source, grafted with
) 0.6 wt. & maleic anhydride
20 e Procedure of step (a), EPSYN® 55 resin, grafted with
2.3 wt. % GMA
f Procedure of step (a), EPSYN® 55, grafted with 2.0 wt. & GA
The results indicate that vastly improved impact
strength can be obtained by incorporating EPDM-g-GMA or EPDM-
25 g-GA/GMA terpolymers into PBT compositions, in comparison
with EP rubbers grafted with other polar monomers. Double
extrusion of Example 1 raises the notched Izod value to 18.7
ft.lbs./in. of notch. -
EXAMPLES 3-7 T
30 (a) Rubber grafted materials are prepared follow-

ing the procedure of step (a) in Examples 1 and 2 but using
only glycidyl methacrylate as the grafting monomer. The
compositions made and their properties are set forth in Table

2.
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TABLE 2: EPDM-grafted glycidyl methacrylate terpolvmers

Procedure : 3a 3B 3C 3D 3E
Compositions (parts by weight)

EPDM A 4906 100 100 - - -
EPDM B 55 ' -_ - 100 100 100
Eexane , 300 300 400 400 400
GMA . 2.5 10 1.5 1.5 1.5
Initiator A% e 1.5 3 1.5 2.5 2.5
Properties 7

RSV : ' 2.44 2.46 3.10 4.28 2.57
-Bound GMA, & 2.60 2.76 1.51 1.88 2.26
Gel Content (wt. percent) 5 5- 5 -5 5

‘a dicumyl peroxide, DiCup®, Eercules Company

(b) 20 parts by weight of each elastomeric mater-
ial of Procedures 3A-3E are tumble blended with 80 parts by
weight of poly(l,4fbutylene'terephthalate) and 0.3 parts by
weight of antioxidant and passed through a 3/4" Killion
single screw extruder at extruder barrel and die temperatures
of 250°C. and screw speed of 100 rpm. The water cooled

strands are‘comminuted, dried, passed through the extruder a

second time under identical conditions and pelletized. The

‘pellets are dried and molded into 1/8" test pieces on a 75

ton Newbury'injection molding machine at a barrel temperature
of 260°C. and a mold temperature of 65°C. Test results for
blends containing the elastomeric materials are shown in
Table 3. ' '

TABLE 3: Thermoplastic Compositions PBT/EPDM-g=-GMA terpolymers

Example : 3 4 5 - & 7
Composition (parts by weight) ' '
PBT 80 - 80 BO 80 80

Elastomeric,uateriai,(Bounﬁ
GMA Content, %) ' ,
Procedure 3A (2.6) 20 -— - - _—
Procedure 3B (2.76) - - 20 - _— -
Procedure 3C (1.51) - - 20 -— —_—

2
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Procedure 3D (1.88) - - -— 20 -
Procedure 3E (2.26) - —-— -— — 20

Properties
Notched Izod Impact
(£t.1b./in.) 15.4 18.8 3.5 2.2  18.6
Unnotched Double Gate Izod
(ft.lb./in.) 6.9 2.1 7.3 10.7 1.8
The results listed in Table 3 show that high Izod
impact values in these blends are only achieved when the
grafted EPDM rubbers have greater than 2.0% bound GMA
content.
PROCEDURE 4A
100 parts by weight of backbone rubber B; 0.1 parts
by weight of .antioxidant; 8 parts by weight of glycidyl meth-
acrylate; and 0.8 parts by weight initiator B are passed

through a WP30 twin screw extruder. 2Zone temperatures are
200°C., the die temperature is 200°C., and screw speed is
150 rpm. The water cooled strands of elastomeric material
are chopped into pellets. Analysis of the pellets indicates
5.86 weight percent glycidyl methacrylate and 17% by weight
gel content.

]

PROCEDURE 4B
100 parts by weight of backbone rubber B; 0.1 parts
by weight of antioxidant; 7.4 parts by weight of glycidyl
methacrylate; and 0.74 parts by weight initiator B are passed

through a WP57 twin screw extruder. Zone temperatures are
200°C., the die temperature is 200°C., and screw speed is
160rpm. The water cooled strands of elastomeric material
are chopped into peliets. Analysis of the pellets indicates
5.4 weight percent giycidyl methacrylate and 29% by weight
gel content. '
EXAMPLE 5

75 weight parts of the elastomeric material from
Procedure 4A and 25 weight parts of poly(l,4-butylene tereph-
thalate) resin are passed through a Werner-Pfleiderer WP30
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twin screw extruder at zone temperatures of 230°C., a die

: temperaturé of 230°C. and a screw speed of 145 rpm. The

resulting water cooled strands of elastomeric material con-
centrate are chopped into pellets. A composition according
to this invention is obtained. o
EXAMPLES 6 AND 7
33.1 parts by weight of poly(l,4- butylene tereph-
thalate)resin; 100 parts by weight of backbone rubber B; 0.1
parts by weight antioxidanf; 7.5 parts by weight glycidyl

methacrylate- and 0.75 parts by weight initiator B are tumble

, blended and passed through a 1" Killion extruder hav1ng an

L/D ratio of 20/1. Zone temperatures are 220°C., the die
temperature is 205°C. and screw speed is 30 rpm. The air
cooled strands of elastomeric material are chopped into
pelletsQ Bound glycidyl methacrylate and gel content were
not directly'measuted. A composition according to this in-
vention is obtained. ,

A béckboné7rubber'grafted under equivalent condi-
tions, i.e., absent po1y(1,4-butylene terephthalate) resin
and at lower zone temperatures of 205°C. has a gel content
of 15% and bound glycile methacrylate content of 7 weight &.
If this is melt blended with poly(l,4-butylene terephthalate)
a composition according to this invention will be obtained.

-EXAMPLE 8

' 33.1 parts by weight of poly(l,4-butylene tereph-
thalate) resin, 100 parts by weight of a backbone rubber B,
0.1 parts by weight ‘antioxidant, 7.5 parts by weight of

glycidyl methacrylate; and 0.75 parts by weight of initiator

B, are passed through a WP30 twin screw extruder. Zone
temperatures are 230°C., the die temperature is 230°C., and
screw speed was 145 rpm. The initiator is dissolved in the
glycidyl méthaérylate and metered into the hopper through a
gear pﬁmp. The water cooled étrands of elastomeric material

~ concentrate are chopped into pellets. Bound glycidyl meth-

acrylate content is measured to be 6.1% by weight and eguiva-

£
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lent gel content is estimated to be 15%. If 26.7 parts by
weight of this composition is melt blended with 73.3 parts by
weight of PBT, a composition in accordance with the present
invention will be obtained.
EXAMPLES 9-11

(a) 100 parts by weight of backbone rubber B; 0.1
parts by weight of antioxidant; 7.4 parts by weight of gly-
cidyl methacrylate; and 0.56 parts by weight of initiator B
are passed throdgh a WP57 twin screw extruder. Zone temper-
atures are 200°C.; and screw speed is 150 rpm. The water
cooled strands of elastomeric material are chopped into
pellets. Analysis of the pellets indicated 4.5 weight
percent bound GMA and 21%.ge1.

(b) The elastomeric material of step (a) is tumble
blended with poly(l,4-butylene terephthalate) resin and
antioxidant in varying proportions as shown in Table 4. The

blended mixtures are passed through a WP28 twin scréew extrud-
er at a zone temperature of 240°C., die temperature of 240°C.

and screw speed of 300 rpm. The water cooled strands are
pelletized. The pellets are dried and molded into 1/8" test
pieces. Compositions and test results are shown in

Table 4.
TABLE 4: Thermoplastic Compositions PBT/EPDM-g-GMA terpolymers

Example 9 10 11
Composition (parts by weight)

PBT 80 85 80
Elastomeric material (step (a)) 10 15 20
Antioxidant 0.3 0.3 0.3
Properties

Notched Izod Impact (ft.lb./in.) 2.4 12.4 15.5
Double Gate Unnotched Izod (ft.lb./in.) 20 20 s 20
Tensile Modulus (psi x 103) " 283 253 216

The results of Table 4 indicate that the notched
Izod strength of these compositions falls off dramatically

below 15% elastomer content.
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EXAMPLES 12-14
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Blends of PBT/EPDM-g-GMA, 80:20 percent by weight,
respectively, are prepared following the procedure of Exam-

ples 3-7. All blends were extruded twice on a single screw

machine. The compositions employed and the results obtained

are set forth in Table 5.

TABLE 5: Thermoplastic Compositions: PBT/EPDM~g-GMA Blends

Example o ' 12 13 14

Composition (parts by weight) '

Poly(l,4-butylene terephth_alat'e)a 80 80 80

Rubber (EPDM)

EPDM-g-GMAPD B 20 20 -

EPDM-g-GMAFS ' - - 20

Graft Rsvd , 2.43 gel*  gel®*

Percent(%) GMA : , 2.36 5.86  4.18

Properties o

Notched Izod Impact (ft.lb./in.) 17.8 15.5 16.3

‘Unnotched Double Gate .
(££.1b./in.) B ‘ 2.3 20 20

VALOX® 315, General Electric Company
Backbone Rubber is EPDM B

Backbone Rubber is EPDM C

Rubber solution'viscosity, dl/g.

* L0 U

Rubbér had a'degree of crosslinking:>15% which prevented

solution viscosity testing. All others had gel levels

under 5%.

"The results indicate that high notched Izod and

- double-gate impact (a measure of knit-line strength) are

obtained for impact-modified PBT compositions where the

rubber has combined high GMA contents with the presence of a

significant amount of gel (> 15%). -
) EXAMPLES 15-17

The procedure of Examples 12-14 is followed except
that in Example 17 the rubber is pelletized in an extruder

before blending with PBT, extrusion and molding into
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compositions. Compositions and results are set forth in

Table 6:
TABLE 6: Thermoplastic Compositions Effect of Pelletization

Example 15 16 17
Compositions (parts by weight)

Poly(l,4-butylene terephthalate) 80 80 80
Gl62 (as prepared)a 20 - -
Gl96 (as prepared)b - 20 -
G196 (pelletized)® -- -- 20
Percent GMA (%) 3.2 3.0 3.0
Percent (%) Gel 3 3 70
Properties

Notched Izod Impact 16.0 11.8 12.8
Unnotched DG Impact 2.2 1.9 15.8

a EPSYN® 55, 3.2% GMA, 3% gel as prepared
b EPSYN® 55, 3.0% GMA, 3% gel as prepared, 70% gel after
pelletizing by two passes through an ektruder.

The results indicate that raising the gel content
via pelletization is an effective way of improving knit-line
strength.

, EXAMPLES 18-20
The procedure of Examples 12-14 is followed except

that the EPDM-g~GMA rubber possesses a gel content of 29% and
a grafted GMA content of 5.4%. As in Examples 12-14, these
grafted EPDM's were used in 80:20 PBT/rubber blends except
that the extrusion treatments were varied. Treatments and

results are set forth in Table 7.

TABLE 7
Thermoplastic Composition: Effect of Extrusion Treatment
Example iga ;gb 20°
Properties
Notched Izod Impact (ft.lb./in.) 14-16 15-16 13-14
Unnotched Double Gate Impact (ft.lb./in.) 2-3 20 20

a 1x extrusion on WP 28 twin screw extruder
b 1lx extrusion on WP 28 twin screw extruder plus 1x
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extrusion on Haake single screw extruder

¢ 2x extrusions on WP 287twin screw extruder

The results in Table 7 indicate that an increase in
working,i.e., extfusion steps improves the knit-line strength.
Care must be taken, however, not to impart so much energy in
working the polymer so that the composition is degraded due
to heat and shear effects.

EXAMPLES 21-22

Molded articles preéared for testing from the com=-

positions of Examples 19 and 20 were examined under a scan-

"ning electron microscope (SEM). For this, the workpieces

were microtomed and etched in boiling toluene to remove the
EPDM-g-GMA phases. ]

A computerized particle size analyzer was used to
determine individual and average EPDM-g-GMA particle diameters
from the SEM photomicrographs. Equivalent sphere volumes were
then calculated from the diameters. Finally, the weight per-
cent of EPDM-g-GMA (equivalent to volume percent in a single
phase rubber) in particles larger than 1 micron (the upper

limit of Epstein, U.S. 4,172,859) was calculated. ‘Results

are set forth in Table 8:
' TABLE 8
Thermoplastic Compositions: Computerized Particle Size Analysis

- Example R , 21 22
Parameter ' S
Mean Particle Diameter, microns 0.590 0.461
Particle Diameter Rénge, microns 0.02-2.36 0.07-1.77

Weight Percent of Particles
Larger than 1 Micron in diameter Br.1 52.9
The results in Table 8 indicate that the better
notched Izod and knit-line strengths were found in the com- -
position that had over 80 weight percent of the rubber in
particles larger than 1 micron in diameter. The 2% extrusion

-treatment decreases the average particle size significantly,
and impact strength was slightly lower, but still over 50
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weight percent of the rubber was in particles larger than 1

micron.
The above patents and publications are incorporated

herein by reference.

Many variations will suggest themselves to those
skilled in the art in light of the above, detailed descrip-
tion. For example, instead of using poly(l,4-butylene tere-
phthalate) as component (a), other polyester resins, such as
poly(ethylene terephthalate) or copolyesters derived from one
or more aliphatic and/or aromatic dicarboxylic acids and one
or more straight or branched chain aliphatic or cycloalipha-
tic glycols including random or block copolyesters. Instead
of injection molding, blow molding, including injection blow
molding can be used. Instead of a mixture of glycidyl meth-
acrylate and methyl methacrylate, a mixture of glycidyl
acrylate and methyl methacrylate or a mixtﬁre of glycidyl
methacrylate and octadecyl methacrylate can be used. Further-
more, other additives known to those skilled in the art may
be added in conventional amounts to the impact modified com-
positions herein including but without limitation, nucleating
agents, mold release agents, flow promoters, coloring agents,
flame retardants, coupling agents and stabilizers. '

.All such obvious variations are within the full

intended scope of the appended claims.
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CLAIMS:

1. 2n impact modified thermoplastic composition
comprising:'

(a) a high molecular weight thermoplastic
polyester resin, and '
(b) an effective amount of an impact modifier

—éom@rising an EPDM terpolymer grafted with 2% or more by

weight based on said terpolymer: of glycidyl methacrylate or
gl§cydyl acrylate or a mixture thereof, alone, or grafted in
further combination with a Cl-C18 alkyl methacrylate or
acrylate or a mixture thereof, component (b) having a gel
contentrin the range of from about 10 to about 80 percent by

- weight.

2. A composition as defined in Claim 1 wherein
greater than about 60 percent by weight of the impact modi-
fier particle sizes are larger than-about 1 micron in
diameter. '

3. A composition as defined in Claim 1 wherein the
grafted EPDM terpolymer is derived from approximately 45 to
70 mole percent ethyiene, approximately 30-55 mole percent
propyiene and-a minor amount of S5-ethylidene-2-norbornene.

4. The composition of Claim 1 wherein the EPDM-

glycidyl ester grafted terpolymer is present in an amount of,

approximately, 1.5 to 80 percent by weight based on the total

composition.

5. The composition of Claim 1 wherein the grafted
EPDM terpolymer is present in an amount of, approximately,
10 to 55 percent by weight based on the total composition.

7 6.§ The composition as defined in Claim 1 wherein
the high—molécular weight thermoplastic polyester resin (a)
is selected from the group comprising poly(ethylene tere~
phthalate),,poly(l,4—butylene terephthalate), copolyesters}

or any combination thereof.

oy
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7. The composition of Claim 6 wherein the thermo-
plastic polyester resin (a) is poly(l,4-butylene terephthal-
ate).

8. The composition of Claim 6 wherein the thermo-
plastic polyester resin (a) is poly(ethylene terephthalate).

9. The composition of Claim 6 wherein the thermo-
plastic polyester resin {(a) is a copolyester derived from one
or more aliphatic and/or aromatic dicarboxylic acids and one
or more straight or branched chain aiiphatic or cycloalipha-

tic glycols.

10. The composition of Claim § wherein the co-
polyester is a random copolyester.

11. The composition of Claim 9 wherein the co-
polyester is a block copolyester.

12. The composition of Claim 6 wherein the ther-
moplastic polyester resin (a) is a polyblend of poly(ethylene
terephthalate) and poly(l,4-butylene terephthalate).

13. A process for producing an impact modified
thermoplastic molding composition comprising blending an
effective amount for enhanced impact strength of an impact
modifier comprising an EPDM terpolymer grafted with 2% or
more by weight based on said terpolymer of glycidyl meth=
acrylate or glycidyl acrylate or a mixture thereof, alone, or
grafted in further combination with a Cl-Cla alkyl methacryl-
ate or acrylate or a mixture thereof, said impact modifier
having a gel content in the range of from about 10 to about
80% by weight with a2 high-molecular weight thermoplastic
polyester resin.

l14. A process as defined in Claim 13 wherein
greater than about 60 percent by weight of the impact

modifier particle sizes are larger than about 1 micron in

diameter.
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15. The process of Claim 13 wherein the high-
molecular weight thermoplastic polyester resin is selected
from the group comprising poly{ethylene terephthalate),
poly(l,4-butylene terephthalate), a copolyester, or any

5 combination thereof. :

l16. The process of Claim 15 wherein the high-
molecular weight thermoplastic polyester is poly(1,4-
butyiene terephthalate).

17. An article of manufacture comprising a con-

tainer blow-molded from an impact modified thermoplastic
composition as defined in Claim 1.
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