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A thermoplastic resin composition With enhanced elongation 
and good appearance comprising a compatible resin blend of 
a polyester sulfonate salt ionomer and a polyamide and an 
effective amount of at least one difunctional epoxy com 
pound Wherein the difunctional epoxy compound has at least 
one cyclohexane ring moiety and having tWo terminal epoxy 
functional groups, Wherein at least one of the tWo terminal 
epoxy functional groups is a substituent on the at least one 
cyclohexane ring moiety; and optionally an effective amount 
of a catalyst compound or rubbery impact modi?er. 
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COMPOSITION OF POLYESTER SULFONATE 
SALT INOMER,POLYAMIDE AND POLYEPOXIDE 

FIELD OF THE INVENTION 

[0001] The invention relates to a molding composition 
comprising a polyester ionomer resin and a polyamide resin. 

BACKGROUND OF THE INVENTION 

[0002] Blending of an aromatic polyester resin and a 
polyamide resin offers the advantage of reduced moisture 
absorption compared to pure polyamide and higher heat 
compared to pure aromatic polyester. HoWever, such blends 
are incompatible resulting in poor surface appearance, 
delamination, poor ductility, and dif?cult injection molding. 
The advantage of incorporating sulfonate salt groups into a 
poly(1,4-butulene terephthalate) polyester is that the sul 
fonate groups impart inherent compatibility betWeen the 
sulfonated polyester ionomer and polyamide resulting in 
improved surface appearance, reduced delamination, and 
improved processability. HoWever the blends still are britt;e 
With poor elongation. 

[0003] US. Pat. No. 4,097,446 to Abolins and Holub 
discloses a Wide variety of blends of different thermoplastic 
resins With a very rapidly crystalliZing polyester; namely 
polybutylene terephthalate and ?ber glass. Nylon is shoWn 
as an example of a suitable blend resin. Fiber glass is 
important in obtaining improved processability. 

[0004] US. Pat. No. 5,300,572 to Tajima, et al. relates to 
moldable polyester resin compositions Which include the 
resin components: (A) betWeen 2 to 98% by Weight of a 
compatibiliZing metal sulfonate group-containing aromatic 
polyester copolymer Which is the polycondensation reaction 
product of (a) an aromatic dicarboxylic acid or its ester 
forming derivative, (b) a diol compound or its ester-forming 
derivative, and (c) an ester-forming compound containing a 
metal sulfonate group; (B) betWeen 2 to 98% by Weight of 
an additive resin Which is one of (B-I) an ole?n copolymer 
Which is the copolymeriZation reaction product betWeen an 
ole?n With at least one of an alpha.beta.-unsaturated car 
boxylic acid or its derivative and a vinyl alcohol or its ester, 
and (B-II) a polyamide resin; and, optionally (C) betWeen 0 
to 96% by Weight of a non-compatibiliZing aromatic poly 
ester resin. 

[0005] As set forth in Tajiima, et al. the modi?ed aromatic 
polyester copolymer having metal-sulfonate-containing 
units introduced into the copolymer’s backbone structure of 
aromatic polyester copolymer is compatible With both poly 
ole?n and polyamide resins, and serves as a compatibiliZer 
When an unmodi?ed (i.e., one not containing metal-sul 
fonate units) aromatic polyester is further blended With the 
modi?ed polyester copolymer and either a polyole?n or a 
polyamide resin. 

[0006] A problem With blends of comprising a polyester 
ionomer resin and a polyamide resin is the lack of ductility. 
Despite improved compatibiliZation of the polyamide blend 
With the polyester sulfonate salt, leading to ?ner morphol 
ogy and better appearance than a blend of nylon With a 
standard thermoplastic polyester, the blends shoW poor 
elongation and impact. The melt strength is also de?cient for 
processes like bloW molding, pro?le extrusion and thermo 
forming. An additional problem may be encountered if the 
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polyester ionomer and polyamide resin blend is not dried 
Well before processing. Hydrolysis may cause molecular 
Weight degradation Which also may result in a reduction in 
mechanical properties. 

[0007] Accordingly, there is a need for improved polyester 
resin compositions Which exhibit improved elongation, good 
appearance and good melt processing capability. 

SUMMARY OF THE INVENTION 

[0008] We have found that modi?cation of a blend of an 
aromatic metal sulfonate co-polyester resin and a polyamide 
resin With an effective amount of at least one difunctional 
epoxy compound results in improved polyester resin com 
positions Which exhibit consistent and uniform properties, 
improved elongation at break and good appearance. The 
resulting blends have good chemical resistance, mechanical 
properties along With good processability and reduced mois 
ture absorbance. 

[0009] In accordance With the present invention, there is 
provided a thermoplastic resin composition having 
improved elongation and temperature resistance comprising 
a compatible resin blend of a polyester ionomer and a 
polyamide and an effective amount of at least one difunc 
tional epoxy compound, said at least one difunctional epoxy 
compound having at least one cyclohexane ring moiety and 
having tWo terminal epoxy functional groups, Wherein at 
least one of the tWo terminal epoxy functional groups is a 
substituent on at least one cyclohexane ring moiety; and 
optionally an effective amount of a catalyst compound. 

[0010] According to the preferred embodiments, a func 
tional sulfonate salt “ionomer” group is incorporated into the 
polyester so that a blends of polyester ionomer have 
improved properties as compared to blends not utiliZing the 
polyester ionomer and not having the epoxy additive. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0011] The term polyester ionomer, or sulfonate polyester 
or metal sulfonate polyester, refers to polyester polymers 
derived from the reaction residue of an aryl carboxylic 
sulfonate salt, an aromatic dicarboxylic acid, an aliphatic 
diol or any of their ester forming derivatives. The ionomer 
polyester polymers comprise some monovalent and/or diva 
lent sulfonate salt units represented by the formula IA: 

0 

[0013] Wherein p=1-3; d=1-3, and p+d=2-6, and A is an 
aryl group containing one or more aromatic rings: for 
example, benZene, naphthalene, anthracene, biphenyl, ter 
phenyl, oxy diphenyl, sulfonyl diphenyl or alkyl diphenyl, 
Where the sulfonate substituent is directly attached to an aryl 
ring. These groups are incorporated into the polyester 
through carboxylic ester linkages. The aryl groups may 
contain one or more sulfonate substituents; d=1-3 and may 
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have one or more carboXylic acid linkages; p=1-3. Groups 
With one sulfonate substituent (d=1) and tWo carboXylic 
linkages (p=2) are preferred. M is a metal, n=1-5. Preferred 
metals are alkaline or alkaline earth metals Where n=1-2. 
Zinc and tin are also preferred metals. R“ is a alkyl group, 

[0014] Typical sulfonate substituents that can be incorpo 
rated into the metal sulfonate polyester copolymer may be 
derived from the folloWing carboXylic acids or their ester 
forming derivatives; sodium sulfo isophthalic acid, potas 
sium sulfo terephthalic acid, sodium sulfo naphthalene 
dicarboXylic acid, calcium sulfo isophthalate, potassium 
4,4‘-di(carbomethoXy) biphenyl sulfonate, lithium 3,5-di 
(carbomethoXy)benZene sulfonate, sodium p-carbomethoXy 
benZene sulfonate, dipotassium 5-carbomethoXy-1,3-disul 
fonate, sodio 4-sulfo naphthalene-2,7-dicarboXylic acid, 
4-lithio sulfophenyl-3,5-dicarboXy benZene sulfonate, 6-so 
diosulfo-2-naphthyl-3,5-dicarbomethoXy benZene sulfonate 
and dimethyl 5-[4-(sodiosulfo) phenoXy] isophthalate. Other 
suitable sulfonate carboXylic acids and their ester forming 
derivatives are described in US. Pat. Nos. 3,018,272 and 
3,546,008 Which are included herein by reference. The most 
preferred sulfonate polyesters are derived from sodium 
3,5-dicarbomethoXy benZene sulfonate. 

[0015] Preferred ionomer polyester polymer comprises 
divalent ionomer units represented by the formula II: 

[0016] Wherein R is hydrogen, halogen, alkyl or aryl, and 
M is a metal. 

[0017] The most preferred polyester ionomer has the for 

[0018] Where the ionomer units, X, are from 01-50 mole 
percent of the polymer With 1.0 to 20 mole percent being 
preferred. Most preferably R is hydrogen. When R is hydro 
gen, A1 is phenylene, and Rlis an alkylene radical of from 
C1-C12, preferably from C2 or C4, and X and y are in mole 
percent, then X is from about 1 to about 20 percent, and more 
preferably from about 1 to about 10 percent. 

[0019] Typical glycol or diol reactants, R1, include straight 
chain, branched, or cycloaliphatic alkane diols and may 
contain from 2 to 12 carbon atoms. EXamples of such diols 
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include but are not limited to ethylene glycol; propylene 
glycol, i.e., 1,2- and 1,3-propylene glycol; butane diol, i.e., 
1,3- and 1,4-butane diol; diethylene glycol; 2,2-dimethyl-1, 
3-propane diol; 2-ethyl, 2-methyl, 1,3-propane diol; 1,3- and 
1,5-pentane diol; dipropylene glycol; 2-methyl-1,5-pentane 
diol; 1,6-heXane diol; dimethanol decalin, dimethanol bicy 
clo octane; 1,4-cycloheXane dimethanol and particularly its 
cis- and trans-isomers; triethylene glycol; 1,10-decane diol; 
and miXtures of any of the foregoing. A preferred 
cycloaliphatic diol is 1,4-cycloheXane dimethanol or its 
chemical equivalent. When cycloaliphatic diols are used as 
the diol component, a miXture of cis- to trans-isomers may 
be used, it is preferred to have a trans isomer content of 70% 
or more. Chemical equivalents to the diols include esters, 
such as dialkyl esters, diaryl esters and the like. 

[0020] EXamples of aromatic dicarboXylic acid reactants, 
as represented by the decarboXylated residue A1, are isoph 
thalic or terephthalic acid, 1,2-di(p-carboXyphenyl)ethane, 
4,4‘-dicarboXydiphenyl ether, 4,4‘ bisbenZoic acid and miX 
tures thereof. All of these acids contain at least one aromatic 
nucleus. Acids containing fused rings can also be present, 
such as in 1,4-1,5- or 2,6-naphthalene dicarboXylic acids. 
The preferred dicarboXylic acids are terephthalic acid, 
isophthalic acid or miXtures thereof. 

[0021] The most preferred ionomer polyesters are poly 
(ethylene terephthalate) (PET) ionomers, and poly(1,4-bu 
tylene terephthalate) ionomers, (PET), and (polypropylene 
terephthalate) (PPT) ionomers. 

[0022] Also contemplated herein are the above polyester 
ionomers With minor amounts, e.g., from about 0.5 to about 
15 percent by Weight, of units derived from aliphatic acid 
and/or aliphatic polyols to form copolyesters. The aliphatic 
polyols include glycols, such as poly(ethylene glycol) or 
poly(butylene glycol). Such polyesters can be made folloW 
ing the teachings of, for eXample, US. Pat. Nos. 2,465,319 
and 3,047,539. 

[0023] The preferred poly(1,4-butylene terephthalate) 
ionomer resin used in this invention is one obtained by 
polymeriZing an ionomer component comprising a dimethyl 
5-sodium sulfo-1,3-phenylenedicarboXylate, from 1 to 10 
mole %, a glycol component of at least 70 mole %, prefer 
ably at least 90 mole %, of tetramethylene glycol and an acid 
component of at least 70 mole %, preferably at least 90 mole 
%, of terephthalic acid, and polyester-forming derivatives 
therefore. 

[0024] The glycol component should contain not more 
than 30 mole %, preferably not more than 20 mole %, of 
another glycol, such as ethylene glycol, trimethylene glycol, 
2-methyl-1,3-propane glycol, heXamethylene glycol, deca 
methylene glycol, cycloheXane dimethanol, or neopentylene 
glycol. 

[0025] The acid component should contain not more than 
30 mole %, preferably not more than 20 mole %, of another 
acid such as isophthalic acid, 2,6-naphthalene dicarboXylic 
acid, 1,5-naphthalene dicarboXylic acid, 4,4‘-diphenyldicar 
boXylic acid, 4,4‘-diphenoXyethane dicarboXylic acid, p-hy 
droXy benZoic acid, sebacic acid, adipic acid and polyester 
forming derivatives thereof. 

[0026] It is also possible to use a branched polyester 
ionomers in Which a branching agent, for eXample, a glycol 
having three or more hydroXyl groups. Furthermore, it is 
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sometimes desirable to have various concentrations of acid 
and hydroxyl end groups on the polyester, depending on the 
ultimate end-use of the composition. 

[0027] In some instances, it is desirable to reduce the 
number of acid end groups, typically to less than about 30 
micro equivalents per gram, With the use of acid reactive 
species. In other instances, it is desirable that the polyester 
has a relatively high carboxylic end group concentration. 

[0028] Blends of polyesters ionomers With non sulfonate 
salt polyesters may also be employed as the polyester 
ionomer composition. For example, the invention may con 
sist of a blend of sulfonate salt PBT and the unmodi?ed PBT 
resin. Preferred non sulfonate salt polyesters are the alkylene 
phthalate polyesters. 
[0029] It is preferred that the sulfonate salt polyester be 
present in amounts greater than or equal to the non sulfonate 
salt polyester. 

[0030] Overall the blend can have from 5-95 Wt. % 
polyamide and 95-5 Wt. % total polyester Where at least 20 
Wt. % and preferably greater than or equal to 50 Wt. % of the 
polyester is sulfonate salt polyester copolymer. 

[0031] The polyamide component of the resin blend com 
prises a suitable polyamide. Typical polyamide resins 
include polyamide-6, polyamide-6,6, polyamide-11, polya 
mide-12, polyamide-4,6, polyamide-6,10 and polyamide-6, 
12, as Well as polyamides prepared from terephthalic acid 
and/or isophthalic acid and trimethylhexamethylenedi 
amine; from adipic acid and m-xylylenediamines; from 
adipic acid, aZelaic acid, 2,2-bis-(p-aminocyclohexyl) pro 
pane, and from terephthalic acid and 4,4‘-diaminodicyclo 
hexylmethane. Mixtures and/or copolymers of tWo or more 
of the foregoing polyamides or prepolymers thereof, respec 
tively, are also Within the scope of the present invention. 

[0032] Furthermore, the polyamides may be made by any 
knoWn method, including the polymeriZation of a 
monoamino monocarboxylic acid or a lactam thereof having 
at least 2 carbon atoms betWeen the amino and carboxylic 
acid group, of substantially equimolar proportions of a 
diamine Which contains at least 2 carbon atoms betWeen the 
amino groups and a dicarboxylic acid, or of a monoami 
nocarboxylic acid or a lactam thereof as de?ned above, 
together With substantially equimolar proportions of a 
diamine and a dicarboxylic acid. The dicarboxylic acid may 
be used in the form of a functional derivative thereof, for 
example, a salt, an ester or acid chloride. 

[0033] A detailed description of polyamides and polya 
mide presursor materials is provided in US. Pat. No. 4,755, 
566 to Yates. Other useful polyamides often referred to as 
“Nylons” are disclosed in Us. Pat. Nos. 4,732,938 to Grant 
et al., 4,659,760 to Van der Meer, and 4,315,086 to Ueno et 
al., each also incorporated herein by reference. The polya 
mide used may also be one or more of those referred to as 
“toughened nylons”, Which are often prepared by blending 
one or more polyamides With one or more polymeric or 

copolymeric elastomeric toughening agents. Examples of 
these types of materials are given in US. Pat. Nos. 4,174, 
358; 4,474,927; 4,346,194; 4,251,644; 3,884,882; 4,147, 
740; all incorporated herein by reference. 

[0034] The preferred polyamides for this invention are 
polyamide-6; 6,6; 6,12; 11 and 12, With the most preferred 
being polyamide-6,6. 
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[0035] The resin blend includes an effective amount of at 
least one difunctional epoxy compound. The preferred 
difunctional polyepoxy compound is 3,4-epoxycyclohexyl 
methyl-3,4-epoxycyclohexane carboxylate. The preferred 
catalysts are salts of aliphatic or aromatic carboxylic acids. 

[0036] The epoxy component is at least one difunctional 
epoxy compound. By difunctional epoxy compound is 
meant a compound having tWo terminal epoxy functional 
ities. Preferably the compound Will contain only carbon, 
hydrogen and oxygen. The compound Will preferably have 
a molecular Weight of beloW about 1000 to facilitate blend 
ing With the polyester resin. 

[0037] Preferred difunctional epoxy compounds Will have 
at least one of the epoxide groups on a cyclohexane ring. 
Examples of preferred difunctional epoxy compounds are 
3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane car 
boxylate, bis(3,4-epoxycyclohexyl) adipate, vinylcyclohex 
ene di-epoxide, epoxy cyclohexane adducts of carboxylic 
acids and the like. Especially preferred is 3,4-epoxycyclo 
hexylmethyl-3,4-epoxycyclohexane carboxylate. 

[0038] The difunctional epoxide compounds can be made 
by techniques Well knoWn to those skilled in the art. For 
example, the corresponding alpha, beta.-dihydroxy com 
pounds can be dehydrated to produce the epoxide groups, or 
the correspondingly unsaturated compounds can be epoxi 
diZed by treatment With a peracid, such as peracetic acid, in 
Well-knoWn techniques. The compounds are also commer 
cially available. 

[0039] The difunctional epoxy compound may be 
employed in any effective amount, but preferably small 
amounts are use, e.g., at a range of about 0.1 to about 5 
percent by Weight. HoWever, a particularly preferred range 
is from about 0.1 to about 3.5 percent by Weight. A more 
preferred range is from about 0.5 to about 2 percent by 
Weight. Within this particularly preferred range it has been 
found advantageous to employ in certain compositions from 
about 1 to about 2.0 percent by Weight of the difunctional 
polyepoxy compound. All percentages are based on the total 
Weight of the blend. 

[0040] Another optional component of the present inven 
tion consists of the catalyst compound. Preferred catalysts 
are salts free from direct carbon-phosphorous bonds and 
containing at least one of alkali metal cations and halide 
anions. It is apparent that this class contains a large number 
of compounds. They include alkali metal halides, alkali 
metal carboxylates, and alkali metal carbonates and bicar 
bonates. 

[0041] Illustrative compounds Within this class are lithium 
?uoride, lithium iodide, potassium bromide, potassium 
iodide, sodium acetate, sodium benZoate, sodium caproate, 
sodium stearate, and potassium oleate. 

[0042] The catalyst component can be present in the 
composition of the present invention in any effective 
amount. Preferably the catalyst is present in an amount 
ranging from about 0.01 to about 1 Weight percent, more 
preferably from about 0.03 to about 0.1 Weight percent 
based on the total Weight of the resin composition. 

[0043] The composition may optionally contain impact 
modi?ers such as a rubbery impact modi?er. Preferably such 
impact modi?ers are utiliZed in an amount less than about 
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30%, and preferably from 1 to 25% by Weight, more 
preferably less than about 20 percent, even more preferably 
less than about 15 percent by Weight based on the total 
Weight of the composition. Typical impact modi?ers are 
derived from one or more monomers selected from the 

group consisting of ole?ns, vinyl aromatic monomers, 
acrylic and alkylacrylic acids and their ester derivatives as 
Well as conjugated dienes. Especially preferred impact 
modi?ers are the rubbery high-molecular Weight materials 
shoWing elasticity at room temperature. They include both 
homopolymers and copolymers, including random, block, 
radial block, graft and core-shell copolymers as Well as 
combinations thereof. Suitable modi?ers include core-shell 
polymers built up from a rubber-like core on Which one or 
more shells have been grafted. The core typically consists 
substantially of an acrylate rubber or a butadiene rubber. 
One or more shells typically are grafted on the core. The 
shell preferably comprises a vinylaromatic compound and/ 
or a vinylcyanide and/or an alkyl(meth)acrylate. The core 
and/or the shell(s) often comprise multi-functional com 
pounds Which may act as a cross-linking agent and/or as a 
grafting agent. These polymers are usually prepared in 
several stages. 

[0044] Ole?n-containing copolymers such as ole?n acry 
lates and ole?n diene terpolymers can also be used as impact 
modi?ers in the present compositions. An example of an 
ole?n acrylate copolymer impact modi?er is ethylene ethy 
lacrylate. Other higher ole?n monomers can be employed in 
copolymers With alkyl acrylates, for example, propylene and 
n-butyl acrylate. The ole?n diene terpolymers are Well 
knoWn in the art and generally fall into the EPDM (ethylene 
propylene diene) family of terpolymers. Polyole?ns such as 
polyethylene, especially loW density polyethylene (LDPE), 
and polyethylene copolymers With alpha ole?ns are also of 
use in these compositions. 

[0045] Polyole?n copolymers With gylcidyl acrylates or 
methacrylates may be especially effective in the impact 
modi?cation of polyester containing blends. Terpolymers of 
ethylene With alkyl acrylates or methacrylates and glycidyl 
methacrylates may be especially preferred. 

[0046] Styrene-containing polymers can also be used as 
impact modi?ers. Examples of such polymers are acryloni 
trile-butadiene-styrene (ABS), acrylonitrile-butadiene-al 
pha-methylstyrene, styrene-butadiene, styrene- butadiene 
styrene (SBS), styrene-ethylene butylene-styrene (SEBS), 
methacrylate-butadiene-styrene (MBS), and other high 
impact styrene-containing polymers. 
[0047] The polyole?n or SEBS rubbers can be further 
modi?ed by reaction With maleic anhydride, itaconic anhy 
dride and related unsaturated carboxylic acid anhydrides to 
give anhydride grafted rubbers. 
[0048] Most preferred rubbery impact modi?ers are MBS, 
SEBS and SEBS maleic anhydride grafted rubbers. 

[0049] Additionally, it may be desired to employ inorganic 
?llers to the thermoplastic resin provided the favorable 
properties are not deleteriously effected. Typical inorganic 
?llers include: alumina, amorphous silica, anhydrous alu 
mino silicates, mica, Wollastonite, clays, talc, metal oxides 
such as titanium dioxide, Zinc sul?de, ground quartZ, and the 
like. Low levels (0.1-10.0 Wt. %) of very small particle siZe 
(largest particles less than 10 microns in diameter) are 
preferred. 
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[0050] The composition of the present invention may 
include additional components Which do not interfere With 
the previously mentioned desirable properties but enhance 
other favorable properties such as antioxidants, lubricants, 
mold release materials, colorants, nucleants or ultra violet 
(UV) stabiliZers. 

[0051] Flame-retardant additives are desirably present in 
an amount at least suf?cient to reduce the ?ammability of the 
polyester resin, preferably to a UL94 V-O rating. The amount 
Will vary With the nature of the resin and With the ef?ciency 
of the additive. In general, hoWever, the amount of additive 
Will be from 2 to 30 percent by Weight based on the Weight 
of resin. A preferred range Will be from about 15 to 20 
percent. 

[0052] Typically halogenated aromatic ?ame-retardants 
include tetrabromobisphenol A polycarbonate oligomer, 
polybromophenyl ether, brominated polystyrene, bromi 
nated BPA polyepoxide, brominated imides, brominated 
polycarbonate, poly (haloaryl acrylate), poly (haloaryl meth 
acrylate), or mixtures thereof. 

[0053] Examples of other suitable ?ame retardants are 
brominated polystyrenes such as polydibromostyrene and 
polytribromostyrene, decabromobiphenyl ethane, tetrabro 
mobiphenyl, brominated alpha omega-alkylene-bis-phthal 
imides, e.g. N,N‘-ethylene-bis-tetrabromophthalimide, oli 
gomeric brominated carbonates, especially carbonates 
derived from tetrabromobisphenol A, Which, if desired, are 
end-capped With phenoxy radicals, or With brominated phe 
noxy radicals, or brominated epoxy resins. 

[0054] The ?ame retardants are typically used With a 
synergist, particularily inorganic antimony compounds. 
Such compounds are Widely available or can be made in 
knoWn Ways. Typical, inorganic synergist compounds 
include Sb2O5, SbS3, sodium antimonate and the like. Espe 
cially preferred is antimony trioxide (Sb2O3). Synergists 
such as antimony oxides, are typically used at about 0.5 to 
15 by Weight based on the Weight percent of resin in the ?nal 
composition. 

[0055] Also, the ?nal composition may contain polytet 
ra?uoroethylene (PTFE) type resins or copolymers used to 
reduce dripping in ?ame retardant thermoplastics. 

[0056] The blends of this invention can be processed by 
various techniques including injection molding, bloW mold 
ing, extrusion into sheet, ?lm or pro?les, compression 
molding and etc. They can also be formed into a variety of 
articles for use in, for example; electrical connectors, elec 
trical devices, computers, building and construction, outdoor 
equipment, trucks and automobiles. 

EXAMPLES 

[0057] The folloWing examples illustrate the present 
invention, but are not meant to be limitations to the scope 
thereof. The examples of Tables 1-6 Where all prepared and 
tested in a similar manner: 

[0058] All ingredients of the blend Where tumbled 
together for 1-5 min. at room temperature and fed into a 30 
mm tWin screW extruder Where they Were melted and mixed 
at 520° F; 300 rpm using vacuum venting All ingredients 
Were throat fed. The compounded strands Where cooled in a 
Water bath, bloWn dry With air and chopped into pellets. 
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Samples Where dried for 4h at 190° F. in a dehumidifying 
hopper dryer prior to injection molding. 

[0059] Samples Were injection molded on an 85 ton mold 
ing machine using the following conditions: barrel tempera 
ture, 510° F; mold temperature, 150° E; cycle time, 37 sec. 
Samples Where immediately paced in a sealed foil bag and 
Where tested from the bags after a feW days cooling. 

[0060] Tensile elongation at break Was tested on 7><1/s in. 
injection molded bars With a crosshead speed of 2 in./min. 
using ASTM method D648. 

[0061] Melt Viscosity (MV) Was measured at 250° C. or 
266 C. using a Tinius Olsen model UE-4-78 rheometer, a 
Weight of 21,6000 g, and an ori?ce With a 0.042 inch 
diameter. Samples Where dried 1 h at 150° C. prior to testing 

[0062] Polyester sodium sulfonate ionomer resins Where 
made by melt reaction of dimethyl terephthalate (DMT), . 
butane diol and sodium sulfo dimethyl isophthalate. The 
sodium sulfo isophthalate Was used at 3 or 5 mole % based 

Aug. 1, 2002 

TABLE 1-continued 

Control Exp. Invention Exp. 

A B C 1 2 3 

I-1076 0.15 0.15 0.15 0.15 0.15 0.15 
MV @ 266 0C 1988 2012 2969 5638 3671 2620 
% Elong. 4 4 6 19 10 5 

IRGANOX 1076 is a hindered phenol ester antioxidant from Ciba Geigy 
Co. 
NaSt is sodium stearate 

Examples 4-6 

[0065] As shoWn in Table 2 the 5 mole % PBT ionomer 
resin of the previous examples With Nylon 6 shoWs superior 
elongation With the addition of epoxide. In this case, as in 
Table 1, sodium stearate (NaSt) Was added as a catalyst. 
Again higher level of nylon favor improved elongation and 
higher MV. The examples 4-6 shoWed no pearlescence and 
good appearance. 

TABLE 2 

Control Exp. Invention Exp. 

D E F 4 5 6 

PBT I-5% 69.85 49.85 29.85 28.65 48.65 68.65 
PA 6 30 50 70 70 50 30 
ERL 0 0 0 1.1 1.1 1.1 
NaSt 0 0 0 0.1 0.1 0.1 
I-1076 0.15 0.15 0.15 0.15 0.15 0.15 
MV @ 250 0C 7958 11804 18206 16884 15240 12077 
% Elong. 16 7 22 162 16 13 

on DMT content. The blend Was heated With 100-200 ppm Example 7 
titanium oct l titanate catal st under vacuum until the . . 

y y [0066] In Table 3 a PBT ionomer With only 1 mole % 
desired viscosity Was achieved. The reaction Was cooled and 
the resin isolated and granulated for compounding and 
blending. 

Examples 1-3 

[0063] Table 1 shoWs a series of PBT Ionomer resins With 
5 mole % sodium sulfo isophthalate units blended With 30 to 
70 Wt % Nylon 6,6. As can be seen comparing the examples 
to the controls With no ERL epoxide; 3,4-epoxycyclohexy 
lmethyl-3,4-epoxycyclohexane carboxylate (ERL4221 from 
Union Carbide Co.), elongation at beak and melt viscosity 
are increased in most cases. Blends With higher nylon 
content tend to shoW more improvement. 

[0064] Examples 1-3 all shoW good appearance With no 
pearlescence. 

TABLE 1 

Control Exp. Invention Exp. 

A B C 1 2 3 

PBT I-5% 69.85 49.85 29.85 28.65 48.65 68.65 
PA 6,6 30 50 70 70 50 30 
ERL 0 0 0 1.1 1.1 1.1 
NaSt 0 0 0 0.1 0.1 0.1 

sodium sulfo isophthalate units is blended With nylon 6,6 
With and Without ERL epoxide. Even With only 1 mole % 
sodium sulfo isophthalate in the ionomer improved elonga 
tion and good appearance is observed. 

TABLE 3 

Control Invention 
Exp. Exp. 
G 7 

PBT I-1% 49.7 49.2 
PA 6,6 50 50 
ERL 0 0.5 
PEPQ 0.15 0.15 
I-1076 0.15 0.15 
% Elong. 15 20 

PEP-Q is an aryl phosphonite stabilizer from Clariant Co. 

Examples 8-10 

[0067] Table 4 shoWs a series of blends Where a 3% 
sodium sulfo isophthalate PBT of MV 1200-1600 posie 
@250° C. is blended With nylon 6,6, a Methyl methacrylate 
Butadiene Styrene core shell impact modi?er (MBS 
EXL2691 from the Rohm & Hass Co.) and a standard 
polybutylene terephthalate homopolymer (PBT) of 700 
posie MV @250° C. Note hoW the presence of both the 
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ionorner resin and epoxide enhance tensile elongation: Exp. 
8, 9 and 10. Appearance is signi?cantly improved over 
control experiment I having no polyester sulfonate resin. 

TABLE 4 

Control 
Experiment Invention Experiment 

H I 8 9 10 

PBTI—3% LoW 18 0 35.02 25.2 18 
PBT 195 18 35 02 0 10.8 18 
PA 66 53.3 54 54 53.02 53.02 
MBS 10 10 10 10 10 
ERL 0 0.98 0.98 0.98 0.98 
Tensile Elong. % 5.6 5.7 10.1 17.66 34 3 

Examples 11-19 

[0068] Table 5 shoWs further examples of a 3% PBT 
ionorner resin With MBS, ERL epoxide and Nylon 6,6, 
Nylon 6 or blends of both polyarnides. All examples shoW 
good elongation and appearance. In exarnples 14-19 a high 
viscosity PBT (VALOX® 315 from GE Plastics, of 8000 
posie @250° C., PBT) is blended With the 3% sodium sulfo 
isophthalate PBT ionorner resin mixture. 

TABLE 5 
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TABLE 6-continued 

Control Exp. Invention Exp. 
J 20 

PA 66 53.3 52.3 
Kraton FG 1901X 2 2 
Kraton G 1651 10 10 
ERL 0 1 

PETS (rnold release) 0.2 0.2 
Irganox 1098 0.2 0.2 
Seenox 412S 0.2 0.2 
PEP-Q 0.1 0.1 
Tensile Elong. % 6.3 15.6 

1. A thermoplastic resin composition having enhanced 
elongation and good appearance comprising a compatible 
resin blend of a polyester sulfonate salt ionorner and a 
polyarnide and an effective amount of at least one difunc 
tional epoxy compound, said at least one difunctional epoxy 
compound having at least one cyclohexane ring moiety and 
having tWo terrninal epoxy functional groups, Wherein at 
least one of the tWo terrninal epoxy functional groups is a 
substituent on the at least one cyclohexane ring rnoiety. 

Invention Experiments 

11 12 13 14 15 16 17 18 

PBTI—3% 35.0 35.0 35.02 24.22 24.22 24.22 17.02 17.02 
High 2 2 
PBT 315 0 0 0 10.8 10.8 10.8 18 18 
PA 66 54 45 36 54 45 36 54 45 
PA 6 0 9 18 0 9 18 0 9 
MBS 10 10 10 10 10 10 10 10 
ERL 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 
Tensile 25.3 22.9 23.3 90.2 28.4 85.1 50.8 33.2 
Elong. % 

PBTI—3% MV = 8000 to 10000 

High poise @ 2500 C. 

Example 20 
[0069] Table 6 shoWs a blend of 3% PBT sodiurn sulfo 
isophthalate With a loW viscosity 700 posie standard PBT, 
Nylon 6,6 and a mixture of tWo types of SEBS (Styrene 
Ethylene Butylene-Styrene) block copolyrner sold by Shell 
Co. as KRATON® G1651 and 1901>< PG). The 1901>< 
rubber is rnodi?ed With a loW level of grafted rnaleic 
anhydride, the G1651 is an unfunctionaliZed SEBS rubber. 
Various additive are also present: PETS is pentaerythritol 
tetra stearate, a mold release, IRGANOX® 1098 is a hinderd 
phenol arnide antioxidant frorn Ciba Geigy Co, SEENOX® 
412 is a tetra functional thio-ester antioxidant frorn Ferro 
Co. and PEP-Q® is a bis phosphonite stabiliZer sold by 
Clariant Co. Note hoW the added ERL epoxide irnproves 
elongation. 

TABLE 6 

Control Exp. Invention Exp. 
J 20 

PBT I-3% LoW 17 17 
PBT 195 17 17 

2. Atherrnoplastic resin composition according to claim 1 
Wherein at least one difunctional epoxy compound is 
selected from the group consisting of bis(3,4-epoxycyclo 
hexyl) adipate; vinylcyclohexene diepoxide; 3,4-epoxycy 
clohexylrnethyl-3,4-epoxycyclohexane carboxylate and 
mixtures of any of the foregoing. 

3. A thermoplastic resin composition of claim 2 Wherein 
said epoxy compound is present from 0.1-5 .0 Wt. % based on 
the total composition. 

4. A thermoplastic resin composition according to claim 3 
Wherein said Wherein said difunctional epoxy compound 
cornprises 3,4-epoxycyclohexylrnethyl-3,4-epoxycyclohex 
ane carboxylate. 

5. Atherrnoplastic resin composition according to claim 1 
Wherein the said resin blend comprises about 5 to 95 Wt. % 
polyester sulfonate salt ionorner as part of resin blend. 

6. Atherrnoplastic resin composition according to claim 1 
Wherein said polyester ionorner comprises an alkylene aryl 
polyester copolyrners having rnetal sulfonate units repre 
sented by the formula IA: 
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Where p=1-3, d=1-3, p+d=2-6, n=1-5, M is a metal, and A 
is an aryl group containing one or more aromatic rings 
Where the sulfonate substituent is directly attached to 
an aryl ring, R“ is a divalent alkyl group and the metal 
sulfonate group is bound to the polyester through ester 
linkages. 

7. Athermoplastic resin composition according to claim 6 
Wherein p=2, d=1, and M is an alkaline or alkaline earth 
metal. 

8. A thermoplastic resin composition of claim 6 Where the 
metal sulfonate polyester copolymer (a) has the formula III: 

Where the ionomer units, X, are from 01-50 mole %, R is 
halogen, alkyl, aryl, alkylaryl or hydrogen, R1 is 
derived from a diol reactant comprising straight chain, 
branched, or cycloaliphatic alkane diols and containing 
from 2 to 12 carbon atoms, A1 is a divalent aryl radical. 

9. A thermoplastic resin composition of claim 8 Wherein 
R is hydrogen, 

X=1.0-10 mole percent, R1 is C2-C8 alkyl, and Al is 
derived from iso- or terephthalic acid or a mixture of 
the tWo. 
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10. Athermoplastic resin composition of claim 8 Wherein 
the metal sulfonate polyester of formula III is a alkylene 
polyester Wherein Al is the residue from a diacid component 
of iso or tere phthalic acid and derivatives thereof and R1 is 
the residue from a diol component selected from the group 
consisting essentially of ethylene glycol, propanediol, 
butanediol, or cycloheXanedimethanol, and derivatives 
thereof. 

11. A thermoplastic resin composition according to claim 
1 having an additional alkylene aryl polyester With repeating 
units of the folloWing general formula: 

Wherein n is an integer of from 2 to 6 and R is a C6-C2O 
aryl radical comprising a decarboXylated residue 
derived from an aromatic dicarboXylic acid. 

12. A thermoplastic resin composition according to claim 
11 Wherein the polyesters are polybutylene terephthalate and 
polyethylene terephthalate. 

13. Athermoplastic resin composition of claim 1 Wherein 
said blend further comprises an impact modi?er. 

14. A thermoplastic resin composition of claim 13 
Wherein the impact modi?ers is present in an amount less 
than about 1 to about 25% by Weight. 

15. A thermoplastic resin composition of claim 13 
Wherein said impact modi?er is selected from the group 
consisting of: MBS, SEBS and SEBS graft MA. 

16. A thermoplastic resin composition according to claim 
1 containing an effective amount of a catalyst. 

17. A composition of claim 16 Wherein the effective 
catalyst is a metal halide, metal carboXylate, metal carbonate 
or metal bicarbonate. 

18. A composition of claim 16 Wherein the effective 
catalyst is present from 0.01 to 1.0 Wt. % of the composition. 

* * * * * 


