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15 flame retardants, light stabilizers, processing stabilizers, heat stabilizers,
antioxidants and fillers.

The physical properties of PPE/polyamide blends make them
attractive for a variety of end-use articles in the automotive market,
especially for under hood components. Many of these components are

20 manufactured by processes such as blow molding or thermoforming.
These part conversion techniques require that the material have a high
melt strength in order to obtain a uniform wall thickness in the final part
and to allow an economically feasible molding window cycle.

It is therefore apparent that a need exists for PPE-polyamide

25 compositions that have improved melt strength and which do not
substantially detract from other important properties, such as impact and
tensile strength.

' SUMMARY OF THE INVENTION

The needs discussed above have been generally satisfied by the

30 discovery of an improved thermoplastic composition which comprises:

a) a poly(phenylene ether) resin;

b) a polyamide resin; and

c) an amount of a multi-valent metal salt effective for enhancing
the melt strength of the composition.

35 The description which follows provides further details regarding
this invention.
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2 DETADETA KB D ESCRIP TRON @F RNENN VENTION The
PPE enpl oyed in the pfles®PE emplotedoin Hie present i ioxv are knowgopplymensg a
plurality of strdopiprisinglanphualify éffstrictirall uaits of the formula (I):

[err] 5 wherein each structural unipE may 1be the sane or nmay be
different, and in each structurafauni Q' each Qerr] is independently
hal ogen, primary or secondary | owe kyl (i.e., alkyl containing up
to 7 carbon atons), phenyl , hal rnoal kyl , hydrocar bonoxy, or

hal ohydr ocar bonoxy wherein at |eas
hal ogen and oxygen o Q2 aq

5 wherein each structural unit may be the same or may be different, and in
each structural unit, each Q! is independently halogen, primary or
secondary lower alkyl (ie., alkyl containing up to 7 carbon atoms),
phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy, or halohydrocarbonoxy
wherein at least two carbon atoms separate the halogen and oxygen

10 atoms; and each Q2 is independently hydrogen, halogen, primary or
secondary lower alkyl, phenyl, haloalkyl, hydrocarbonoxy or
halohydrocarbonoxy as defined for QL.  Most often, each Q1 is alkyl or
phenyl, especially C1_4 alkyl, and each Q2 is hydrogen.

Both homopolymer and copolymer PPE are included. The

15 preferred homopolymers are those containing 2,6-dimethyl-1,4-phenylene
ether units. Suitable copolymers include random copolymers containing,
for example, such units in combination with 2,3,6-trimethyl-1,4-phenylene
ether units. Also included are PPE containing moieties prepared by
grafting vinyl monomers or polymers such as polystyrenes and

20 elastomers, as well as coupled PPE in which coupling agents such as low
molecular weight polycarbonates, quinones, heterocycles and formals
undergo reaction in known manner with the hydroxy groups of two PPE
chains to produce a higher molecular weight polymer, provided a
substantial proportion of free OH groups remains.

25 The PPE generally has a number average molecular weight within
the range of about 3,000-40,000 and a weight average molecular weight
within the range of about 20,000-80,000, as determined by gel permeation
chromatography. Its intrinsic viscosity is most often in the range of about
0.15-0.6 dl./g., as measured in chloroform at 25°C.

30 The PPE are typically prepared by the oxidative coupling of at least
one monohydroxyaromatic compound such as 2,6-xylenol or 2,3,6-
trimethylphenol. Catalyst systems are generally employed for such
coupling; they typically contain at least one heavy metal compound such
as a copper, manganese or cobalt compound, usually in combination with

35 various other materials.

Particularly useful PPE for many purposes are those which
comprise molecules having at least one aminoalkyl-containing end group.
The aminoalkyl radical is typically located in an ortho position to the

carbon atons separate the



10 - atons; and each Qerr] is independently hydrogen, halogen, prinmary or
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20 separation between the components of the blend (i.e., the PPE and the
polyamide). Indicators of improved compatibilization include, for
example, increased tensile elongation, reduced delamination tendency,
increased ductility and/or improved phase morphology stabilization.
Improving the compatibilization between the blend components

25 determines, in part, the desirable physical properties of the blend.

For some embodiments of the present invention, it is preferable for
at least some of the PPE to be a "compatibilizing PPE." One way to
prepare a compatibilizing PPE is to functionalize the PPE by reacting the
PPE with at least one compound having both:

30 (i) a carbon-carbon double bond or a carbon-carbon triple bond

and

(ii) a carboxylic acid, acid anhydride, acid amide, imido, carboxylic

acid ester, epoxy, amino, hydroxyl or carboxylic acid ammonium

salt.

35 These compounds are sometimes referred to as compatibilizers or
functionalizers and the resultant PPE's are commonly referred to as
compatibilizing PPE or functionalized PPE. Typical compounds used to
accomplish the functionalization include: maleic anhydride, fumaric acid,
maleimides such as N-phenylmaleimide and 1,4-phenylene-bis-

40 methylene-a,a'-bismaleimide, maleic hydrazide, methylnadic anhydride,
fatty oils (e.g., soybean oil, tung oil, linseed oil, sesame oil), unsaturated
carboxylic acids such as acrylic, crotonic, methacrylic acid and oleic acid,
unsaturated alcohols such as allyl alcohol and crotyl alcohol and



hydroxy' group. Products containing such end groups may be obtained by

i ncorporating an appropriate primary or secondary nonoam ne such as

di “n-butyl am ne or dinethylam ne as one of the constituents of the

oxi dative coupling reaction mxture. Also fn@quently present are 4- 5
hydr oxybi‘phenyl end groups, typically obtained fromreaction m xtures
in which a by-product di phenoqui none is present, especially in a copper-
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reduced del am nation¢rpndency, (RIO)LER 3pd/ or inproved
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or an alkyl or aryl group of from 1 to 10, preferably from 1 to 6, most
preferably 1 to 4, carbon atoms; m is equal to 1 and (n+s) is greater than or
equal to 2, preferably equal to 2 or 3, and n and s are each greater than or
equal to zero and wherein (OR}) is alpha or beta to a carbonyl group and
25 at least two carbony IIfmups are separated by 2 to 6 carbon atoms.
Obviously, RL RIL RII and RIV cannot be aryl when the respective
substituent has less than 6 carbon atoms.
Illustrative of suitable polycarboxylic acids are citric acid, malic
acid, and agarcic acid; including the various commercial forms thereof,
30 such as, for example, the anhydrous and hydrated acids. Illustrative of
acid esters useful herein include, for example, acetyl citrate and mono-
and/or di- stearyl citrates and the like. Suitable acid amides useful herein
include for example N,N'- diethy] cifric acid amide; N,N'-dipropyl citric
acid amide; N-phenyl citric acid amide; N-dodecyl citric acid amide;
35 N,N'-didodecyl citric acid amide and N-dodecyl malic acid amide.
Derivatives of the foregoing polycarboxylic acids are also suitable for use
in the practice of the present invention. Suitable functionalizing
compounds can be found in U.S. Patent Nos. 4,315,086, 4,755,566 and
5,000,897, which are incorporated herein by reference.
40 The amount of the above mentioned compatibilizers that is
required to appropriately functionalize the PPE is that which is sufficient
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weight, and is preferably from about 0.05% to about 4% by weight; based
on the amount of the PPE. In the most preferred embodiments, the
amount of the compatibilizer is in the range of about 0.1% to about 3% by
weight based on the amount of the PPE.

20 Another wuseful method for preparing an appropriate
compatibilizing PPE resin involves reacting a PPE resin with a compound
containing an acyl functional group. Non-limiting examples include
chloroformyl succinic anhydride, chloroethanoyl succinic anhydride,
trimellitic anhydride acid chloride, 1-acetoxy-acetyl-3,4-dibenzoic acid

25 anhydride, and terephthalic acid acid chloride. Additional examples and
methods to prepare such functionalized PPE can be found in U.S. Patent
Nos. 4,600,741 and 4,642,358, each of which is incorporated herein by
reference.

Various chloroepoxytriazine compounds are also useful for

30 preparing an appropriate compatibilizing PPE resin.  Illustrative
compounds of this type include 2-chloro-4,6-diglycidoxy-1,3,5-triazine; 2-
chloro-4-(n-butoxy)-6-glycidoxy-1,3,5-triazine; and  2-chloro-4-(24,6-
trimethylphenoxy)-6-glycidoxy-1,3,5-triazine, also known as mesityl
glycidyl chlorocyanurate (MGCC.). Methods to prepare these compounds

35 and functionalized PPE resins can be found in U.S. Patent Nos. 4,895,945,
5,041,504, 5,089,566 and 5,096,979, all of which are incorporated herein by
reference.

Polyamides, also known as nylons, which can be used in the
present invention include any polyamides and polyamide copolymers

40 knownin the art. Examples of such polyamides are those prepared by the
polymerization of monomers selected from the following group:




especi.al'ly, preferred is hydrogen; each Rerr] is independently selected

from the group consisting of hydrogen or an al kyl or aryl group of
from1l to 20 carbon atons preferably from1l to 10 carbon atons; each
Rlerr] and Rlerr] is 20 independently selected fromthe group consisting
essentialTy of hydrogen or an al kyl or &ryl group of from1l to 10,
preferably from1l to 6, nost preferably 1 to 4, carbon atons; mis
equal to 1 and (n+s) is greater than or - equal to 2, preferably equal
to 2 or 3, and n and s are each greater than or equal to zero and
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S Examples of the aforementioned monoamino monocarboxylic acids

or lactams thereof which are useful in preparing the polyamides include

those compounds containing from 2-16 carbon atoms between the amino
20 and carboxylic acid groups, said carbon atoms forming a ring containing

the -CO-NH- group in the case of lactam. As particular examples of

monocarboxylic acids and lactams there may be mentioned e-

aminocaproic acid, butyrolactam, pivalolactam, e-caprolactam,

capryllactam, enentholactam, undecanolactam, dodecanolactam and 3-
25 and 4- aminobenzoic acids.

Diamines suitable for use in the preparation of the polyamides
include the straight chain and branched chain alkyl, aryl and alkaryl
diamines. Illustrative  diamines are trimethylenediamine,
tetramethylenediamine, pentamethylenediamine, octamethylenediamine,

30 hexamethylenediamine {which is often preferred),
trimethylhexamethylenediamine, = m-phenylenediamine @ and m-
xylylenediamine. Monomers which have more than two amino groups
can also be utilized to make various branched polyamide materials.

The dicarboxylic acids may be represented by the following

35 formula (III):

O 0O

| I
am HO—C—Y—C—OH

wherein Y is a divalent aliphatic or aromatic group containing at least 2
carbon atoms. Examples of aliphatic acids are sebacic acid,
octadecanedioic acid, suberic acid, glutaric acid, pimelic acid and adipic



to ifprove.the conpatibility between the various conponents in the

conposi tion. Indications of inproved compatibility include resistance to
del am nation, inproved physical properties such as increased tensile

and/ or inpact properties and/or a stabilized_norphol ogy between the 5

bl end conponent phases under static or |ow shear conditions. It is

thought that reactions can occur between sone of the conponents of the
conmposi tion, for exanple, between the conpatibilizing PPE and the

pol yani de resin whi ch results in the formation of PPE-nylon copol yners.
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The weight ratio of PPE to polyamide may vary from about 20:80 to
about 80:20, with a ratio of about 40:60 to 60:40 being preferred.
The polymer mixture according to the invention comprises as the
third constituent a multi-valent metal salt. The term multi-valent metal
30 refers to metals whose valence is at least two. It is thought that the multi-
valent metal salt interacts with the carboxylic acid endgroups of the
polyamide in some manner to form what could be considered ionic
bonding linkages and thus increase the effective chain length of the
polyamide. Metals that have only a single valency would not be capable
35 of forming such ionic linkages between polymer chains. The exact
manner in which the multi-valent metal salt operates is speculative and
the present invention is not dependent on the mechanism of the metal salt
interaction.
It is important for the melting temperature of the metal salt to be
40 lower than the compounding temperature of the polymer mixture. When
the melting temperature is equal to or higher than the compounding
temperature, the metal salt is less effective for improving the melt
strength. The compounding temperature is the temperature at which the




Pol yam des, al so known as nylons, which can be used in the present

I nvention include any pol yam des and pol yam de copol yners 40 known in the
art. Exanpl es of such polyan des are those prepared by the

pol yneri zati on of nononers selected fromthe follow ng group:

(1) monoam no- nonocar boxylic acids having at 8 east 2 car bon
atons between the am no and carboxylic acid group;

(ii) cyclic or lactamstructures of (i); 5 (iii) substantially
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di carboxyl i ¢ aci dan@)arbmatizestilpRomib forf bnit 4418 andnalltstst lkel hydrogen
thereof, for exanphHategn ester or acid chloride. Exanpl es of the
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are useful in pre rin es i cI e _Cco
containing from ZB%%ZO I&? Crt ﬁf‘gﬁﬁ %u%“c’aﬂ% ngﬁbﬁ&ﬂ"dgc&b d
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in the case of |actam Snifabler metal| saltsemappbe dakgn from aybread rangs of metals s
and | act ans t her eproyided tiehthesmtihieanhelting temperature lower than the polymer

15 mixture compounding temperature. Metals such as calcium, aluminum
and zinc are preferred but this does not preclude metals such as barium,
beryllium, magnesium, copper, cobalt, and iron.

In particular metal salts of stearic acid and oxides are preferred.
Mixtures of salts can also be utilized.

20 The amount of the metal salt utilized is generally an amount
effective to increase the blow molding characteristics of the composition.
Residual catalytic metals are generally present in the PPE from the PPE
polymerization process but the level of residual metals is less than an
amount effective to increase the blow molding characteristics of the

25 composition. The residual metal from the polymerization process is
generally less than about 20 ppm in the PPE and is generally less than
about 5 ppm. Low shear rheology is useful for quantifying the blow
molding characteristics of thermoplastic compositions.  Both the
processing temperature and the melt strength of the composition can be

30 calculated from the low shear rheology. The processing temperature is
identified as the temperature at which a viscosity of 20,000 poise is
achieved at 100 rad/sec. A term, R* is calculated as a ratio of viscosities
at 1 and 100 rad/sec at the processing temperature. Higher R* values are
an indication that the resin composition exhibits good shear thinning

35 Dbehavior, which is important in blow molding and thermoforming
conversion operations. Thus according to one embodiment of the present
invention, the metal salt is added in an amount effective to increase the R*
value by at least 50%, and preferably by at least 75% when compared to
the same composition not containing an effective amount of the metal sait.

40 Generally the amount of metal salt may vary from about 0.01% to
about 5% by weight based on the total weight of the composition. The
preferred amount is generally between about 0.1% by weight and 2% by
weight based on the weight of the total composition. The exact amount
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4- am nobenzoi ¢ aci ds. Di am nes suitable for use in the
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contain a substanig gl & 8PYhtibas BpoR TS F8%hISS SURRtimes useful. The weight
average molecular weights of the impact modifiers are typically in the
15 range of about 50,000 to 300,000. Block copolymers of this type are
commercially available from Shell Chemical Company under the
trademark KRATON, and include Kraton D1101, D1102, G1650, G1651,
G1652, G1701 and G1702.
Another class of impact modifiers is derived from conjugated
20 dienes. While copolymers containing conjugated dienes have been
discussed above, additional conjugated diene modifier resins include, for
example, homopolymers and copolymers of one or more conjugated
dienes including, for example, polybutadiene, butadiene-styrene
copolymers, isoprene-isobutylene copolymers, chlorobutadiene polymers,
25 butadiene-acrylonitrile copolymers, polyisoprene, and the like. Ethylene-
propylene-diene monomer rubbers (EPDM's) may also be used. They are
typified as comprising predominantly ethylene units, a moderate amount
of propylene units and up to about 20 mole percent of non-conjugated
diene monomer units. The impact modifier may also contain reactive
30 groups such as, for example, acid, oxazoline, ortho-ester, amino, epoxy, or
anhydride.

The amount of the impact modifier generally present, when one is
used, is in the range of about 1% to about 15% by weight based on the
total weight of the composition. The preferred range is about 1% to about

35 10% and the most preferred range is about 3% to about 8% by weight;
based on the total weight of the composition.

The compositions of the present invention may also contain a flow
promoter, for example, at least one polymer of an alkenylaromatic
compound. Suitable polymers of this type may be prepared by methods

40 known in the art including bulk, suspension and emulsion
polymerization. They generally contain at least 25% by weight of
structural units derived from an alkenylaromatic monomer of the formula

avy:
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crystalline species often being preferred by reason of their sol vent
resi stance. Typical exanples of the pol yam des include, for 15 exanple,
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ratio of PPE to mi&mﬁlﬁe—mdiﬁ&tyoﬁs@&mﬂm fisfiig blends andagrafts, Rbieréin
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referstorreglsjﬂxs et s PRRatt POY Fs‘?’ﬂ&f’d}h’ efeared 2
mul ti - valemt™“netal salt interacts with the carboxylic acid endgroups
of the pol yani de The ameuntwftbe flow psemoferapresent, Wvhen epads yseddisiioni ¢
bondi ng | i nkages thadangeef aboutdh8lk itth abotit 28% ibyeweiglitibasech ghthe totahweight
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conpoundi ng 20 preferredtinpartichlar glass/fibens made fromdowf alkeliikrglassrhaving a
i nprovi ng the nelfiber diaméter of tffom T8 ao Cpal) rtherignithpf the glassi fibérsecin the
tenperature at Wyifishb#Sinjection molding being from 0.01 mm to 0.5 mm. The glass
fibers may be employed as rovings or as chopped or milled glass fibers,
and may be provided with a suitable finish and an adhesion promoter or

25 promoter system based on silanes. The amount of reinforcing fillers is
advantageously from about 5% to about 60% by weight, especially from
about 10% to about 35% by weight; all based on the total weight of the
composition.

However, other fibrous reinforcing materials, e.g. carbon fibers,

30 potassium titanate single-crystal fibers, gypsum fibers, aluminum oxide
fibers or asbestos may also be incorporated. Non-fibrous fillers, e.g. glass
beads, hollow glass beads, chalks, talcs, micas, quartzes and natural or
calcined kaolins are further preferred fillers, as are combinations of these
materials, including combinations with glass fibers. Like the glass fibers,

35 these latter fillers may be provided with a finish and/or an adhesion
promoter or adhesion promoter system.

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




8 ... - constituents of the polynmer m xture according to the invention

are m xed to a nore or | ess honogeneous nmass in the nelted condition
or asimlar condi tion. The conpounding tenperature generally is above
550[err]F, usual Iy between approxi mately 550[err]F and 650[err]F. 5
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nmetal salts of organic acids. Suitable organic acids are saturated and
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extruder through small exit holes in a die and the resulting strands of
molten resin are cooled by passing the strands through a water bath. The
cooled strands can be chopped into small pellets for packaging and
further handling.

All of the ingredients may be added initially to the processing

20 system, or else certain additives may be precompounded with each other
or with one of the primary polymer components, PPE and polyamide. It
appears that certain properties, such as impact strength and elongation,
are sometimes enhanced by initially precompounding the PPE with at
least one of the typical agents used to functionalize PPE prior to blending

25 with the polyamide. It also appears that some physical properties can be
enhanced by adding the metal salt to the composition after at least some of
the compatibilizing PPE and polyamide have been mixed. While separate
extruders may be used in the processing, these compositions may also be
prepared by using a single extruder having multiple feed ports along its

30 length to accommodate the addition of the various components. It is also
sometimes advantageous to employ at least one vent port in each section
between the feed ports to allow venting (either atmospheric or vacuum) of
the melt. Those of ordinary skill in the art will be able to adjust blending
times and temperatures, as well as component addition, without undue

35 experimentation.

It should aiso be clear that improved molded articles prepared
from the compositions of the present invention represent an additional
embodiment of this invention.

The following examples are provided fo illustrate some

40 embodiments of the present invention. They are not intended to limit the
invention in any aspect. All percentages are by weight based on the total
weight of the entire composition, unless otherwise indicated and all parts
are parts by weight.
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values is an indication that the resin composition exhibits good shear

~ thinning behavior, which is important in blow molding and

20 thermoforming conversion operations. Blow ratic in Table 2 was

determined by extruding a 12 inch tube from a single screw extruder

followed by blowing out the molden tube using nitrogen at about a one

cubic foot hour rate until the tube bursts. The ranking is qualitatively

determined by the volume change at burst. An increase in volume of at

25 least 30% is meaningful for increasing the ranking from bad to good or
good to better.
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and 0.2 parts potassium iodide; NI is notched Izod in ft-

Ibs/in; Flexural str. is flexural strength in psi; flexural mod.

is flexural modulus in Kpsi; HDT is heat distortion

temperature of a 1/4 inch thick specimen measured at a load

of 66 psi, reported in °F; R* is as previous defined;

Processing T is processing temperature as previously

defined.

The data in Table 1 illustrate the enhanced melt strength of
PPE/polyamide 6 compositions with the addition of a multi-valent metal
salt, in these examples, zinc stearate. Comparison of the control sample
without the metal salt (sample 1) to the same composition containing the
metal salt (sample 2) reveals a surprising and dramatically improved R*
value for sample 2. Similar surprising improvements in physical
properties were obtained for compositions containing a lower level of
polyamide 6 (samples 3 and 4).
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PPE is 0.46 LV. poly(26-dimethylphenylene oxide)
with a residual copper level from the polymerization catalyst
of less than about 10 ppm; PA6 is nylon 6,6; SBS IM is

KRATON D1101 ; stabilizers are 0.3 parts ULTRANOX 257

and 0.2 parts potassium iodide; NI is notched 1zod in ft-
Ibs/in; Flexural str. is flexural strength in psi; flexural mod.

HDT is heat distortion

temperature of a 1/4 inch thick specimen measured at a load

of 66 psi, reported in °F; Blow ratio determined at 275°F

The data in Table 2 illustrate the enhanced melt strength of
PPE/polyamide 6,6 compositions with the addition of a multi-valent

5
is flexural modulus in Kpsi;
10
extrusion set temperatures.
metal salf, in these examples magnesium oxide.
15

Comparison of the
control sample without the metal salt (sample 5) to the same composition

containing the metal salt (sample 6) reveals the improved blow ratio for
sample 5. Similar surprising improvements in physical properties were
obtained for compositions containing a higher level of polyamide 6,6

(samples 7 and 8).
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especially from
wei ght of the
ot her fibrous reinforcing materi als,

e.g.
fibers,

ks,

preferred fillers, as are conbinations of _these materi al s, including
conbi nations with glass fibers ljike the 3fibers, 35 these latter
fillers may be provided with a finish &Hample lan adh®si on 1®ronot er or
adhesi on pronoter SystiqRE Conposiftions 33f the |presgpt 1 nkention
can al so include effedipAg anounts_ofr Teags one dudiTEFe Sg| ect ed
fromthe group consi stf FHame—retardant trrpiretatgants]y dyes,
pi gnents, col orants, E*SJ m"nre %—s&a&%ﬁ%
pl asticizers and | ubri (qme;acnﬂheqe additives jare k@fwn i nl0bhe art, as
are their effective |d\bSsabilizers net hods of i nclor por &5 on. Ebf ectf ve
anounts of the additieGarbofibladgkdel y, but t he areoupual |\ 0.1present in
an anount from about (. Nigeh&inh 8adee! 9Nt , based of the |5 Wgpght pf the
entire conposition. e PPE-potyante FEIIU?ABLG.II et ngl ety a
vari ety of nethods 4 A-eRg—af—the fa-s{ Wit h
any additi onal additives desj rpcrfpﬁem f(')LmJ[aIJﬂL Sui table
procedures include sol JflewModulus bl endi ng and} nel t104endi g. BO2%use] of the
avai lability of nelt Elme;dg&gngm equi prent in copwedei al [pol307E0
processing facilities, HD‘I{ proCessTNg. PyoCedy§gs arq gengiar 1y
preferred. Exanples Of n sed—Tmsuct t—cqgn I=Tg— et hods
I ncl ude: co-rotating gr h 3' iﬁos‘ﬂm at-hg 161% 1 18235 7

1500s-1 4049 4103

PPE is 0.46 LV. poly(2,6-dimethylphenylene oxide) with a
residual copper level from the polymerization catalyst of less than
about 10 ppm; PA6 is nylon 6; SBS IM is KRATON D1101;
stabilizers are 0.3 parts ULTRANOX 257 and 0.2 parts potassium
iodide; NI is notched Izod in ft-lbs/in; Flexural str. is flexural
strength in psi: flexural mod. is flexural modulus in Kpsi; HDT is
heat distortion temperature of a 1/4 inch thick specimen measured
at a load of 66 psi, reports in F°; Rheology was measured on Instron
Capillary Rheometer (Model 3211) at a temperature was 280°Cand
is given in poise.

The data in Table 3 illustrate the enhanced low shear viscosity with
the addition of a multi-valent metal salt. Comparison of the control
sample without the metal salt (sample 9) to the same composition
containing the metal salt (sample 10) reveals the significantly improved
low shear viscosity of sample 10.
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Sample 11 was prepared via extrusion and used to prepare samples
12, 13, and 14 in a brabender bowl.

For torque measurements 150 grams of pellets (sample 11) were
placed in the mixing bow! with a set temperature of 290°C. .
The data in Table 4 further illustrate the enhanced low shear
viscosity with the addition of a multi-valent metal salt, in these exampies,

15

magnesium carbonate. Comparison of the control sample without the

metal salt (sample 11) to the compositions containing the metal salt
(samples 12-14) reveals the improved low shear viscosity. In this series,
sample 14 illustrates an excessive amount of magnesium carbonate such
that the metal salt is no longer in an effective amount for enhancing the

20

low shear viscosity and hence, the melt strength of the composition.



EXAMPLES The
conp05|t| ffﬁf§hh ldeed 2, 3, and 4 were extruded on a
\ér ner - Pf | crem/extruder using a set tenperature of about
600[err] F f 10-20 inches. Hg applied to the nmelt during 5
conpoundi ng. The resul nt conpositions X?re nol ded using a Toshi ba
I njection nolding nmachine using a tenperature set of about 600[err]F and a
nol d tenperature of about 150[err]F. Sanples of the conpositions were al so
subj ected to neasurenment of notched |zod inpact strength according to
ASTM D256 (enploying a sanple size of 2. CLAEMSY 0.5 inch by 0.125 10
i nch), Dynatup sWhagiskldiate:gy to fracture falling dart test) according to

AS'CIi'I\/![ D376i’3 (u|5| nq, t4 | mbowg&&{cdy ,qs,},éf | nchT(I\j/: EEZ%S and tensile {I el d
and tensile elongatio ow
ﬁe%?g‘%sl ng g%ﬁs‘@se processi ng

shear rheol ogy was us
'he co {stlons The processing 15

tenperature and the
tenperature was identi ﬂ @d:oHEP izer o FompoRents (@hang, (B) ﬂ‘ cosity of

20, 000 poise is achi eddd an amyunt of asmultitvalentmetal salt effegtixe for ephancing
viscosities at 1 and 1hemeltistrengthiofthe compositionng t enperature. H gher R*
val ues is an indiati Fhd dothpbdsition of Tlain® Tpadieréinrthe nnetal it oD thetilomxide
ti nni ng behavi or ,or\ehh-\@{h]lsﬁ]tlmgr& Rhicladid! ow nol di ng and 20 ther m)f or m' ng

conver si on oper atg, ons glhlo g,qt]'aqm 8 WhiSin the o

s e B S el Sl %‘i" LI

hour rate until t‘ﬂ\?
det er ni ned by t hsulphanie Mg@romaqﬁusykphsam r@@t‘%,sas?élpmh@opbﬁ@bpmata
| east 30% i s nearirogyagic phosphooiceacids) galth of mﬂqﬂumgirbgmbkfdtasoaMmhxbues
good to better. thereof.
4. The composition of Claim 3, wherein the metal salt is selected from
the group consisting of zinc, copper, aluminum, magnesium, calcium,
cobalt, iron, beryllium salts, and mixtures thereof.
5. The composition of Claim 4, wherein the metal salt is added an
amount effective to increase the R* value by at least about 15% when
compared to the same composition without the metal salt.
6. The composition of Claim 4, wherein the metal salt is added an
amount effective to increase the blow ratio by at least about 30% when
compared to the same composition without the metal salt.
7. The composition of Claim 4, wherein the metal salt is added an
amount effective to increase the viscosity measured at 10051 at 280°C by
at least 8% when compared to the same composition without the metal
salt.
8. The composition of Claim 5, wherein the multi-valent metal salt is
present from about 0.05% to about 5% by weight; based on the tota]
weight of the entire composition.
9. The composition of Claim 1, wherein the compatibilizer is:
(A) atleast one compound having both:
(i) a carbon-carbon double bond or a carbon-carbon triple
bond, and
(ii) a carboxylic acid, acid anhydride, acid amide, imido,
carboxylic acid ester, epoxy, amino, hydroxyl or
carboxylic acid ammonium salt;
(B)  a non-polymeric carboxylic acid or a derivative of a non-
polymeric carboxylic acid; or
(©)  acompatibilizing poly(phenylene ether) resin.
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This Speer T Table 1

13 . . he

Sanpl ®: %/ 1112 Bean laceg O 4 PPE 35
35 4 /IZ”IIW PAG 55 55 50
50 I/ 10 10 10 10

Ctric acid 0. 0.6 0. 618 0.6 Stabilizers
0.5 0.5 0.5 0.5 Car bon bl ack 0.2

0.-2 0.2 0.2 €] ass fiber 12 12 12
12 Zinc stearate 0 3 0 0.3
Properties: 10. _ The bmposition of Cl wherein? Y weight - fafio of &e55
Flexural Str. ol neneid’g qesmlgziﬂeopoly;aué@@e%srm about 2656/t
nod. 568

405 403 b&’ $80:20. 405 8.2
4.9 9.4 The eommpasitiopacpording to Cz'blm 1, furthey complzseg at least) 7

PPE is 0.46 I. voqmle;x(fm@ngmbrmmmyhammmqm about 5% to abgutr60% by
resi dual copper weight &Memwmeigatof%emtmbyMposmon, whereih thess
than about 10 pReinfbén, iﬁmy iPsel&tecbforh 'the grodp comlstmg BRATESYfiBéAd) talcs,
stabilizers are lﬂxcas PRA LRRpO I fiBers, gypsum ggfl I’—@ex fall SHIRGS 2aREUM

iodide; Nl is n al str. is

i
earat st g ;ﬂm@%ﬁ%ﬁé‘oﬂma oo R AR
speci nen rreasuréﬂh%e“h the,impaqt modifier copyprises gdhlock eopplymeriof a F R s

as previous def iafematic compounds andhdienes pyesent in pn oyt fromabout A¥toe as
previously about 15¥cby waiight based on the totad wekight ofthéznltire tomipositiorat e
the enhanced nel13. st rHROESmPosition addSkding! 2 T4ith 6, GOR@SEIMPRSIng alfldwe
addition of a ”‘Eﬂrbhidté} ent imetal 15 salt, in these exanples, zinc

stearate. Conparggson e {d}ip6QHbhUccSRIRE Go Claim 13 wherein the flow promoter

.is selected from the group consisting of polystyrene and high impact
polystyrene and is present in an amount from about 1% to about 20% by
weight based on the total weight of the entire composition.
15.  The composition of Claim 9, wherein the compatibilizing agent is
selected from the group consisting of citric acid, fumaric acid, maleic
anhydride, and derivatives of any of the foregoing.
16. The composition of Claim 9 wherein the compatibilizing
poly(phenylene ether) resin comprises a poly(phenylene ether) resin
functionalized with a species selected from the group consisting of amino,
hydroxy, oxazoline ortho-ester, carboxylic acid, epoxy and anhydride.
17. A composition consisting essentially of:

(a) a poly(phenylene ether) resin;

(b) a polyamide resin;

(c) a compatibilizer for components (a) and (b); and

(d) an amount of a multi-valent metal salt effective for enhancing

the melt strength of the compasition.
18. A method for making a thermoplastic composition comprising:
intimately admixing a poly(phenylene ether) resin, a polyamide resin, and
an amount of a multi-valent metal salt effective for enhancing the melt
strength of the composition.
19. A method for increasing the R* value of a poly(phenylene ether)
resin / polyamide resin composition comprising:
intimately admixing a poly(phenylene ether) resin, a polyamide resin, and
a compatibilizer for the poly(phenylene ether) resin and the polyamide
resin with an amount of a multi-valent metal salt effective for enhancing
the melt strength of the composition.
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vvithout—-t—h%rret al. salt (sanple 1) to the sane conposition containing the
net al® sa sa e 2 reveal s a surprising and dramatically inproved R*
val ue fo m oy War surprising i nprovenents in physical

properti e for conpositions containing a | ower |evel of 20
poI yam de nd 4). 19

Table 2
Sanple 8 PPE
35 35 40 40 PAG, 6 55 55
?:iot e aci63 20. An aﬁ%%lé & manufacture made frbfh 8 cgmpdk@hon compiéftggb i zerlg
0.5 0.5 @ngéa (ph “é:‘fneme'?él%on bl ack 0.2 0.2
0.2 0.2 ' 12 12
Magnesi um oxi de ‘@ a°°mPa§ izer for gpmpenents (a) and (bjj and
Properties: (d) man effective amount of a melt girength enkancing multi-valent 97
Fl exural str. fietdlM<alt. 20, 595 20,800 20, 825 Fl exur al
nmod. 591 593 591 591 HDT
476 477 475 479 Bl ow Rati o good
better good better PPE is 0.46 IV.
pol y(2, 6-di met hyl phenyl ene oxi de) with a residual copper |evel
fromthe pol ynerization catal yst of |l ess than about 10 ppm PA6
is nylon 6,6; SBSIMis 5 KRATON D1101 ; stabilizers are 0.3 parts
ULTRANOX 257 and 0.2 parts potassiumiodide; N is notched |Izod
in ft-
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| bs/ i m=Ftexural—str—~is_flexural strength in psi; flexural nod.

is flexural nmodulus in Kpsi; HDT is heat distortion t enperat ure
of a 1/4 inch thick specimen neasured at a | oad 10 of 66 psi,
reported in [err]F;, Blowratio determ ned at 275F extrusi on set
t enper at ur es. The data in Table & illustrate the enhanced nelt
strength of PPE/ pol yam de 6, 6 corrpos@ ons with the addition of a

mul ti-val ent fBlMPOSIREONS | HF! ey ri son
of the 15 control RESTRET ug?ggggxﬁggfé ][ B sﬂ% ﬁ'&'@g@
conposition contai ni ng the metat sart {sanptre—o—+ ;' the i npr oved
blow ratio for sanple 5. Simlar surprising inprovenents in physical
properties were obt ai ned for conp05|ABgmt ai ning a higher |evel of
pol yam de 6, 6 (sanples 7 and 8).

15 Th ..lable 3 .. bl £ 1
sanpl e erm astic compositions, comprising ends of poly(phenylene
35 35 ether) resins angd polyamide resins with a melt strength enhanging amount
55 sp®f|a/multi-valent metal salt are described fgrein. The comppgitions may
Citric acid 5 further comprise at ldastone flow pron®tér, impact modifieStamidi/lor zdr s
0.5 0. 5 least one reinfordiag ffillerbl ack 0.1

0.1 Magnesi um oxi de 0 0.2

gl ass fibers 43 43 '

Properties Fl ex Modul us 1014 1029
Fl ex strength 29, 630 30, 120

This Sheet
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HDT - :
100 16, ﬁ? - LACEMEN,PHE
410ge”] PPE ﬁﬂswi&,&%‘g‘%}i,{%-ci et hyl phenyl ené’ ¢

oy o S, |

wth a resi dual 'hq pol prepcrdedédnicat al yst of
| ess t han about 10 ppm PA6 i20nylon|6;f SBS IMis KRATON D1101;
5 stabilizers are 0.3 part s ULTRANOX 257 g 0.2 parts potassi um

i odide; N is noteneeslit » \ ENYLENE H L LY AMIDE
strength in psi: RE$£§§L3HH1EH| EﬂIBI'-BXIEMOM| : RENGTH DT | 5

heat distortion tenperature of a 1/4 inch thick speci’ men neasur ed

at a load of 66 psi, reports in F[err]; I was neasured on Instron 10
Capillary Rheoneter (Mdel 3211) at a t e was 280Cand is
given in poise. - The data in Table 3 illustrate the enhanced | ow

shear viscosity wi th Thermadplestiddempositions zompnising dilends at paly(@henylene
Conpari son of t hah&X)iesiak and polgpanideresirishwith ai teltrstreagtis enharicingpmowt o
the same conposidfl Pgndifi-valent AictlNGlt fe d@icribed Hereins aT eofpositiorsanayt he

sLoni ficantly | "R omprisd QNe%QE’%e‘ﬂo%G?bhibt&f et enddifier and /or at

Sample 11 least ppe remfor?gg filler. PPE 50
50 50 50 PAG 40 40 40
40 SEP I M 10 10 10 10
Citric acid 0.6 0.6 0.6 0.6 Stabilizers
0. 45 0. 45 0. 45 0. 45
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gnesrkum Car. bonalﬁr___ 0.1 0.2 0.}

¥r o 1582 REPLACHMENT HEET| 1540
Teﬂpergtlmwm Jl "! m “296 299 302 3p1 ~ PPE
is 0.4 net hyl phenyl ene oxide) with ja 2h4 NOV 1997 fjegi dual
s than

copper | evel romt e pol ynerization catal yst of Ifes about
10 ppm PA6 is nylon 6; SEP IMis KRATON GL702; stabitt'zqgrs are
0.3 parts ANOX PP10, 0.1 parts potassium i odi de and 0.09 parts
cupric i odi dGLAIMS{ue measured using BraB@nder ' m Xi ng bow at

100 RPM  Torque is in Newton-neters, tenperature is in [err]C

Sanpl e 11 was prepared Avg@rﬁ%% ﬁ&ih%ol@% Haﬁg&%@°ﬁr%5 ehREREES Mt

12,13, and 14 in a brabéen orque” measurements 150
grans of pel g@éﬁ i;ﬂsﬁhg) wer e pI aced in the mxing bowlw wth a set
tenperature of 2 O[err]C e data in Table 4 further illustrate
t he enhanced | ow shear {(a) a@@t&ﬁh@’}&/'%‘@ gthetkresifli ti on of a mul ti-val ent

netal salt, in these e | es i um car bonat e. Conpari son of the
control sarrpl e w t hout Tsﬂp apo@%ﬂiﬁ 'Hégft (sanple 11) to the conpositions
containing the netal sagy acorhpamh@érféacdrﬁbonemea(h;ahue{b) rgidoved | ow
shear viscosity. In this series, nple 14 illustrates an excessive

anount of nagnesi um car(dbnataboyil(ﬂwm to abQﬂitztWﬁ!g%f’/aIOfs%Imelltss"FﬁS"Qtrénger in

an effective apount fo ence,

‘he melt st rgﬁuggﬂclgp 3 ﬁs@gﬂ% %ﬁﬁ th8 gr&?ﬁ!"céﬂ%%fw%b?ﬁé’&'iél% St

17 L. valett Prﬂ-‘!tﬁpFBﬁéés Cari®P| $HIRRY ofOBAIGkIN,i @uhinumg zimd)abaddmyel t

strength conpri sing:
beryllium, magnesium, copper, cobalt and iron and mixtures thereof,
wherein the multi-valent metal salts, are selected from the group
consisting essentially of metal salts of organic acids of 2 to apout 18
carbon atoms and alky! hydrogen suifates, which organic acids are further
selected from the group consisting essentially of aliphatic carboxylic
acids, aromatic carboxylic acids, aliphatic sulphonic acids, aromatic
sulphonic acids, aliphatic phosphoric acids and aromatic phosphoric

acids, and mixtures thereof.

2. The composition of claim 1 wherein the melt strength
enhancing additive increases the R* value by at least 15% when
compared to the same composition without the melt strength enhancing

additive.

3. The composition of claim 1 wherein the melt strength
enhancing additive increases the flow ratio by at least about 30% when
compared to the same composition without the melt strength enhancing
additive.

4, The composition of claim 1 wherein the melt strength

enhancing additive increases the viscosity measured at 100 rad/sec at



.(a)‘ @ poly (phenyl ene ether) resin; (b RE?MWWQ n;

Tc) m)“n for conponents (a) and (b); apd (d)
about a!mmm“ ﬁE'“m ght % of a nmelt strength ema"lcif W@g—;\/
selected Teomthe grotip consisting essentially of nuftj- g’l ent met
oxi des and salts of calcium alum num zinc, bariumjbe ' Si um
copper, cobalt and iron and m xtures thergeof, whereip the nulti-val ent
netal salts, are selected fromthe group consisting essentially of netal
sa: ]Es of O\r/\,h g280°C hyi atsleast 8% whetocomparesh ta the sames camposition withawbgen
sul f ates, lch o nic.acids are further selected fromthe grou

consi sti ng e@éﬁ?{tgﬁe?gg? enhangting iagag'é(?boxyl ic acids, aronat igc cgr boxyl i ¢

acids, aliphatic sul phonic acids, aromatic sul phonic acids, aliphatic

phosphori ¢ acids gnd awﬁgeédﬁ?w@érﬁﬂb@ﬁi Wh%ﬁéiﬁsthletafﬂéltrgt?@ 1§ SerihpicR Y -

2. The conposition of clali 1 wherein the ne strength enhanci ng

addi ti ve i ncadditiee is peesent\fednm @bout 9t1%dasubm%%kwnweig%p@madtm thee sane
conposition without the nelt. strength.enhancing additive. 3. The
conposi tion ?9‘310‘1”%'95‘& °§t%%¢fgﬁ' M strength enhancing additive

increases the flowratio by at |east about 30% when conpared to the same
conposi tion withogt thenaRiomEdditfavbhclamhareheein ttdedmpatibilizeris; 4.  The
conposition of claim 1 wherein the nelt strength enhancing additive
i ncreases the viscosit yaneaat least ane tompaumdsayving both:
18
(i) a carbon-carbon double bond or a carbon-
carbon triple bond,
and
(i)  a carboxylic acid, acid anhydride, acid amide,
imido, carboxylic acid ester, epoxy, amino, hydroxyl or carboxylic acid
ammonium salt;
(b) a non-polymeric carboxylic acid or a derivative of a
non-polymeric carboxylic acid; or

() acompatibilizing poly (phenylene ether) resin.

7. The composition of claim 1 whenever the weight ratio of the
poly(phenylene ether) resin to the polyamide resin is form about 20:80 to
about 80:20.

8. The composition according to claim 1, further comprising at
least one reinforcing filler present in an amount from about 5% to about
60% by weight based on the total weight of the entire composition;
wherein the reinforcing filler is elected from the group consisting of glass
fibers, talcs, micas, kaolins, carbon fibers, gypsum fibers, single crystal

fibers, and mixtures of the foregoing.



280C By at | east 8% when conpared to the sane conpos'gfmwi@ﬁ 't
strength ~enhanci ng additi ve. 5. The conpositipn of 1 Wnereih he

[
melt st additive is present from abopt}O. g%qujlput Yo by
wei ght Hﬂﬂlﬂ"mmm“ma wei ght of the entire conposition. : The
conposi ti orf, &6f Bl a¢t m* wherein the corrpati bilizer ig: ( ) at
| east one conpound havi ng bot h: i) a_carbon- caribon
doubl e bond or a carbon- carbon triple bond and (i)

a carboxylic acid, 9aC| dT hefmlinpob]ttomcofdclannd‘b fufthéd@pnmwuug(wri impacttd

ester, epoxy, hydr ox or carboxylic acid amonium s

(b) a non- pTBPa] feri (Wr@é?'ﬁoﬁlﬂ iepagt moglfies ?RJ’F‘PV%?? \?eb&HCkacﬂBﬂlyﬁlﬂr yRferic
carboxylic ac r C ene
ether) resin. élﬂenﬁ arom?tlcc woun&#p%r%q %8%93? @&?rw i g%@vﬁ? ‘Tfﬁgg%e ght
ratio of the pwl yd oW ! €5% By heeight Elids%dt ont the nsthVam:gnt of the eﬁtufeorm
about 20:80 to about 80: 20. : The conposition according to claim
1, further co?@MPesiignat | east one re| nforcing filler present in an anount
from about 5% to about 60% by wei ght based on the tot al weight of the
entire corrp05|t|on whe n f QEC figl | n‘?ﬁﬁ f omhe
group consi sting o gI aggéf F%ﬁ\?oﬁﬁi[ogll g)g bl%ggag fﬁé | ns, caér?ﬂ%ngf ﬂ?‘é{]s
gypsum fi ber spromatgr.e crystal fibers, and mixtures of the f or egoi ng.

11.  The composition of claim 10, wherein the flow promoter is
selected from the group consisting of polystyrene and high impact
polystyrene and is present in an amount from about 1 % to about 20% by
weight based on the total weight of the entire composition.

12. The composition of claim 6, wherein the compatibilizing
agent is selected from the group consisting of citric acid, fumaric acid,
maleic anhydride, and derivatives of any of the foregoing.

13. The composition of claim 6, wherein the compatibllizing
poly(phenylene ether) resin comprises a poly (phenylene ether) resin
functionalized with a species selected from the group consisting of amino,
hydroxy, oxazoline ortho-ester, carboxylic acid, epoxy and anhydride.

14. A method for making a themmoplastic composition having
enhanced melt strength comprising: intimately admixing a poly(phenylene
ether) resin, a polyamide resin, a compatibilizer for the poly(phenylene
ether) resin and polyamide resin, and about 0.01 to about 2 weight % of
the melt strength enhancing additive of claim 1.

15. A method for increasing the R* value of a poly(phenylene
ether) resin / polyamide resin composition comprising: intimately admixing

a poly (phenylene ether) resin, a polyamide resin, and a compatibilizer for
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19- % 9 The conposition of claim1l further conpfi §Thg an | npact
nodi fier: wherein the inmpact nodifier conprises a bl og¢kjcogaql rw
al keri)mulu 'lﬂ(ﬂ“ﬂmgunds and dienes present in an a n?‘@%r%ﬁ?a out}1ppoto
about! FEH iflgyh sed on the total weight of the ntr-i—r-e—e-eﬁpes-i—(-ﬁ'—an

10. The corrpo%i tion of claim 1 further conprising ajflow pronoter.
11. The conposition of claim 10, whereizp the fl ow pr OMOTEr T3 SETrect ed

fromthe group consisting of polystyrene and high inpact _E)ol égtérene and is
present in aiezpaiyriphenyenateier) Tesintancthaupolyemids regingwvith aReetiOd t he

I i ght, of i i tion. , i ti f
i ai m 6. aheloetP ewEisiba PO ety aneth enaandfie acbiRer SRR 1y oup
consisting of citric acid, fumaric acid, maleic anhydride, and derivatives

of any of the foregoi ngn article df3-marllfackPePesade ofronf &l Tompsitidrer ei n
t he conpatibilizing pol y(phenyl ene ether) resin conprises a poly (phenyl ene

et her) resi ncémptisingnhal i zed with a species selected fromthe group
consi sting of am no, hydroxy, oxazoline or -ester, carboxylic acid, epoxy
and anhydri de. Yﬁ(j4 g/l’q?r%r yiehe ﬁ%\gﬁn@sé{"t hemmopl astic conposition
havi ng enhanced nelt Sgﬁ)enghfbd[%’ﬁ%fdesr@ﬂi; intimately adm xi ng a

a pol

pol y( phenyl ene et her) resin, yam de resin, a corrgati bilizer for the
pol y(phenyl ene ether) (@&si nazemgatibjiiaerder capenentsdahsodibhand t o about 2

et hod for i ner easi ng. (@6 keoqdt A01ap SRRk efk® Febisreng or T
met ho or increasing y e r

resin/ pol yanhdga &ﬁg%mm hpgpqconprising: intimately adm xing a poly
(phenyl ene et er? résin, a polyamde resin, and a conpatibilizer for
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(phenyl ene ether) resin and the polyam de resin wih about 0.01 td gbout 2
wei ght % of the nelt strength enhancing additive cl di MR 1999 16. An
article of manufacture nmade from a corrpozs'ition conpiri Si ng:
(a) a poly (phenylene ether) resin; (b) a polyam dé¢ resin;
(c) -a conpatibithgshst '19(5‘15 (BN e (d)

about 0.01 to ab &bs NS"Pf ﬁf%fﬂglﬁﬁ(ﬁéwl I @7 FCT g adai tive
of claim 1.

ABSTRACT

Thermoplastic compositions comprising blends of poly(phenylene
ether) resins and polyamide resins with a melt strength enhancing amount
of a multi-valent metal salt are described herein. The compositions may

5 further comprise at least one flow promoter, impact modifier and/or at
least one reinforcing filler.



