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This invention relates to polyamides, and more particularly to improvement in thermally stabilized
polyamide compositions. Still tﬁore particularly, the invention is directed to formulations comprising
partia.lly aromatic polyamides having improved thermal stability for use in combination with thermal
oxidative stabilizers, particulafly copper-containing stabilizers. The invention may be further
described as a method for improving _the thermal stability of partially aromatic polyamide injection

molding resins containing copper(l) stabilizer by l:educing the level of carboxylic acid endgroups in the
polyamide. :

Polyamides génerally exhibit a balance of thermal, strength and stiffness properties which make them
suitable for many applications. The resins are particularly attractive for use in applications where
resistance to chemical and thermal attack i§ required. Aliphatic polyamides, tenneﬂ nylons, generally
are readily processed thermally and have gained ‘wide acceptance in the mol;ling'arts and in the
extrusion arts, including fiber spinning and film extrusion. Many such polyamides find use in the form

of yamn as tire cord and other applications where high tenacity and low shrinkage are needed.

Partially aromatic polyamides and copolyamides have been developed for use in high temperature
applications, and crystalline and semi-crystalline copolyamides comprising at least about 40 mole%
partially aliphatic terephthalamide units are known for their particularly good thermal properties and
performancé in demanding environments. However, such polyamides have relatively high melting
points e.g., about 290°C or higher, and the degradation teﬁ\pq.ratures for some do not greatly exceed
their meltiﬁg points; accordihgly, requirements for melt processing these pol&hmi&es are more rigorous

and complex than those for polyamides such as nylon 6,6, melting at about 260-265°C.

Fabricating high temperature, partially aromatic polyamides for the production of molded articles,
extruded profile goods, laminates o-r the like, particularly when filled, requires processing the resin at
temperatures very near the resin decomposition temperature, together with severe shear stress during
molding or extrusion operations. Melt spinning operations such as are disclosed and described in U.S.
5,106,946 for producing fiber and yarn subject the resin to severe stress through application of high
N shear at high temperatures. Drawing operations at elevated temperatures, often used with fiber and

film to develop crystaliinity, may expose the resin to dry heat for extended periods. Good thermal.
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Pol yam des generally exhibit a balance of thermal, strength and stiffness
properties which nake them suitable for many applications. The resins are
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or extrusi Ot 19Rk&L QIM\ %?amiﬁﬁ,l Jnd ﬁ@'u@é‘éﬁlgm&%? 50%&091{33‘ cmging copper salts and diamines
has also been disclosed for use with polyamide filaments. See U.S. 3,639,335. Dispersions of solid
ccuprous phthalate and potassium iodide have been used at levels corresponding to ca. 60 ppm copper to
stabilize filaments comprising nylon 6,6 and copolymers thereof comprising minor amounts of
hexamethylene isophthalamide, as shown in U.S. 3,457,325. Heat stabilizers comprising combinations
of copper halides, alkali metal halides and phosphorus compounds have been employed for use in

polyamide molding resins and the like, as shown for example in U.S. 4,937,276.

The aliphatic segments of high temperature, partially aromatic polyamides are subject to the same
thermal-oxidative decomposition processes, and the thermal stabilizers for aliphatic polyamides have
also been found useful with these polyamides. However, because partially aromatic polyamides
generally require higher processing temperatures and otherwise are likely to be subjected to more
severe conditions, the compounder may often find it necessary to use higher levels of stabilizers to

adequately stabilize these high temperature polyamides.

Other modes of thermal oxidative attack may also occur in high temperature, partially aromatic
polyamides. The aromatic acid moiety may undergo thermal decarboxylation, particularly at elevated
temperatures, producing bubbles and- voids in the molding. Stabilizers commonly employed with
aliphatic polyamides may paﬁially decompose thermally during processing at these elevated
temperatures and form gaseous products that detrimentally affect the properties or appearance of

molded and extruded goods. Where substantial degradation occurs, these byproducts may also result

in splay formation in'molded articles.

3 Copper compounds are known to be particularly facile aromatic acid decarboxylatiné agents, and
' adding such stabilizers to inhibit oxidation of the aliphatic portion of the polyamide may in fact
promote thermal decomposition of the aromatic portion of the polymer. Melt extrusion, injection
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2 as are disclosed and described in U S. 5,106,946 for producing fiber and
yarn subject the resin to severe stress through application of high shear
at high tenperatures. Drawi ng operations at el evated tenperatures, often
used with fiber and filmto develop crystallinity, may expose the resin to
dry heat for extended periods. Good thermal stability is thus critically

I nportant to attaining good properties as well as to maintaining those
properties in a variety of uses, particulfarly in demandi ng environments.
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The art has continued to seek more effective stabilizing formulations for high temperature, partially
~ aromatic polyamides. Though greater levels of stabilizers in combination with additional inhibiting
compounds may be found to adequately stabilize aliphatic polyamide' resins, these approaches likely
will significantly increase costs, thereby tending to limit commercial acceptability. Moreover, the

presence of additives, particularly in substantial quantities, often detrimentally affects the balance of
mechanical properties of articles made from such formulations.

The art has not recognized the possibility of improving thermal stability by controlling the balance of
endgroups or by using endcapping reactions to reduce the number of acid and amine endgroups when
use of a copper-based thermal oxidative stabilizer is contemplated. For example, terephthalic
acid:isophthalic acid:hexamethylenediamine copolymers are disclosed in U.S. patent 4,818,793, but
there is no mention .of the relative number of endgroups or of the use of endcap to reduce the number
of acid and amine endgroups. In U.S. patents 5,081,222; 5,252,661; and 5,504,146 there are disclosed
copolymers comprising terephthalic acid:hexamethylenediamine units in combination with

caprolactam and/or adipic acid:hexamethylenediamine units, but there is no mention of the use of
. endcap to reduce the total number of acid and amine endgroups, and the polymers exemplified are said

to contain approximately equivalent numbers of carboxyl and amino endgroups. In U.S. patent
5,109,106 the preparation of copolyamides from terephthalic acid and isophthalic acid or mixtures
thereof with 2-methylpentamethylenediamine and optionally 2-ethyl-1,4-tetramethylenediamine is
disclosed. These copolymers were characterized as having relative numbers of carboxyl and amino
endgroups that were within 80 peq/g of each other and, by the fact that chain-limiting endgroups of the

cyclic amine type were generally below 40 peq/g, again showing no contemplation of controlling the
level of carboxyl endgroups.

The preparation of copolyamides from terephthalic acid with mixtures of hexamethylenediamine,
2-methylpentamethylenediamine and optionally 2-ethyl-tetramethylenediamine is disclosed in U.S.
5,322,923. Although the patent describes analytical methods for determining emigroup content of the
resins, stoichiometric control is limited to adjusting for amines losses encountered during the process.
" There is no mention of specific endgroup control, other than to limit the formation of cyclic amine
f endgroups. The preparation of copolyamides from terephthalic acid, optionally in combination with

isophthalic acid, and mixtures of hexamethylenediamine and 2-methylpentamethylenediamine is
—_—
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thermal stability needed for nost processing nmay be realized by

i ncorporating a hindered phenolic antioxidant such as di-tertiary butyl
cresol or any of the closely-related conpounds and derivatives conmonly
used in the resin arts for these purposes. Stabilizer conpositions
conprising copper(l) halide and an al kali nmetal halide are al so descri bed
in the art for use with polyam des, and tjhie use of conpl ex conpounds
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may under go cathlestsradtuallis cevetsesk the aelative stapiditn ofcthe Byd polymers. When equimolar amounts of
endgroups were present, increasing the levels of both endgroups increased stability. When an excess
of acid groups were present, exposure to oxidation conditions resulted in an increase in the number of
acid groups and rapid degradation. When an excess of amine groups were present, exposure to
oxidation conditions resulted in a decrease in the number of amine groups and slower degradation.

Polymerization conditions in excess of 230°C led to a rapid decrease in stability, presumably due to
products of side reactions.

Methods and compositions for providing adequately stabilized, high temperature polyamide resins that
permit the compounder to use lesser amounts of stabilizing additives would provide a significant cost
advantage over present stabilization methods. Further, with reduced levels of additives present, still
further advantaées may be seen .including improvement in the overall balance of mechanical
properties, thereby increasing the acceptability of such polyamides for a wider range of uses.
Brief S Fihe | .
This invention is directed to partially aromatic polyamide compositions having improved thermal
stability. More particularly the invention is directed to methods for improving the thermal stability of
partially aromatic, high temperature polyamides and to the improved cc_)pper-stabilized polyamide
injection molding resins therefrom. Formulations comprising improved high temperature, partially
aromatic polyamides according to the invention in combination with a copper-containing stabilizer
composition exhibit excellent thermal stability at significantly reduced levels of stabilizer additives.
3 The: invented formulations are particularly desirable in the manufacture of injection molded and
.' extruded goods intended for extended use in demanding environments and at elevated temperatures

and where resistance to chemical and thermal attack is an important consideration.
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3 elevated tenperatures, producing bubbles and voids in the nol ding.
Stabilizers commonly enployed with aliphatic polyam des may partially

deconpose thernmally during processing at these el evated tenperatures and
form gaseous products that detrinentally affect the properties or

appearance of nol ded and extruded goods. Were substantial degradation
occurs, these byproducts nay al so resultsin splay formation in nol ded
articles. Copper conmpounds are known to“be part|cularly facile aromatic
aci d decar boxyl ati ng agents, q@ggﬁﬂﬂkﬁﬂﬁﬁﬂihwé Midoh ZET'S tO inhibit
OX|dat|on of the aliphatic por e po yaw e may in fact pronote
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di scol or at i.gRaiRRgl ssadiliat bthpRitioR UBY | parib®y S8R poly¥nRR is meant a polymer containing

units derived from one or more aliphatic diamines and one or more aromatic dicarboxylic acids.
including copolymers containing such units.

The polyamides suitable for use in the practice of this invention include the various linear,
thermoplastic, high temperature, ;;artially aromatic polyamides and copolymer analogs thereof,
frequently termed partially aromatic nylons, that require high processing temperatures and are thus
difficult to melt process without deterioration. Polyamides that are crystalline or crystallizable are
preferred, and particularly preferred are the crystalline or semi-crystalline, high temperature
copolyamides comprising terephthalamides of aliphatic diamines. Such copolyamides will comprise
as stfuctural units terephthalamides of one or more C,;-C,, aliphatic diamines such as hexamethylene

diamine or the like, including diamines having one or more C,-C, alkyl substituents attached to the

hydrocarbon portion. In addtion to the terephthalamide units, these copolyamides may further

comprise as structural units one or more additional diamides of such aliphatic diamines, for example
diamides derived from aromatic dicarboxylic acids or related compounds such as isophthalic acid,
naphthalene dicarboxylic acid or the like, as well as diamides derived from aliphatic diamines and C,-
C,, aliphatic dicarboxylic acids or related compounds such as diamide units derived from adipic acid,
sebacic acid, cyclohexane dicarboxylic acid and similar dicarboxylic acids. It is well known that the
crystallizability of polyterephthalamides may be detrimentally affected by the presence of additional
structural units such as, for example, isophthalamide units, and the presence of such units in the
copolymer at high .levels may render the polyterephthalamide noncrystallizable and thereby
amorphous. Hence, where a high degree of crystallinity in the polyamide and rapid crystallization are
important considerations, it will be desirable to avoid the use of additional diamide units that are

known to affect crystallizability or to employ such units at a level that will not prevent crystallization.

A variety of polyamides comprising terephthalamide units are known in the art, and copolyamides
comprising a combination -of hexamethylene terephthalamide units and hexamethylene adipamide
units, optionaliy including hexamethylene isophthalamide units, are also well known. Particularly
desirable for use in the practice of this invention are copolyamides comprising at least 40 mole%
hexamethylene terephthalamide units, the balance being hexamethylene adipamide units, either alone

, or in combination with up to about 30 mole% hexamethylene isophthalémide units. Also useful for
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anmounts of additional conponents have been found to inprove the thernal
stability of copper- stabilized pol yam des. See U S. 5,447,980. The art
has continued to seek nore effective stabilizing fornmulations for high
tenperature, partially aromati c pol yam des. Though greater |evels of
stabilizers in conbination with additional inhibiting conpounds may be
found to adequately stabilize aliphatic golyam de resins, these approaches
likely will significantly increase costs, thereby tendlng to limt
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Preferably, aliphatic radlcals Rin the above ormula will compnse at least one straight chain, branched

or cyclic, substituted or unsubstituted ahphatlc radical having from about 4 to about 14 carbon atoms.
Polyamides comprising such radicals exhibit good crystallinity and desirable high temperature
properties, together with melting and thermal degradation temperatures making them well suited for
melt processing and fabricating in injection molding and extrusion op'erations. Specific examples of
suitable aliphatic radicals include tetramethylene, hexamethylene, dodecamethylene and the like, as
well as their alkyl-substituted analogs such as 2-methylpentamethylene, 2;4-dimethylhcxamethylene
and the like, and cyclic analogs such as p-cyclohexyl and the like. Most preferably, R in the formula
comprises a hexamethylene radical, either alone or as mixture with additional aliphatic 4 to 14 carbon
atom radicals. The preferred polyamide components will have a melting point of at least about 270°C

as a result of the high content of terephthalamide units; still more preferred are polyamide components
melting at about 290°C to about 330°C.

The polyamides may be more particularly described as crystallizable or semi-crystalline partially
aromatic polyamides of fast or intermediate crystallization rate comprising recurring units
corresponding to structural formulas A, B and C as shown below in proportions of about 40 to about

100 thole%_ A, 0 to about 35 mole% B and about 0 to about 60 mole% C.
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5,109, 106 the preparation of copolyan1des fron1terephthallc acid and

| sophthalic acid or

m xtures thereof w th 2-nethyl pentanet hyl enedi am ne and optionally
2-ethyl-1,4- tetranethyl enediamine is disclosed. These copol yners were
characterized as having relative nunbers of carboxyl and am no endgroups
that were within 80 [err]eq/g of each other and, by the fact that chain
limting endgroups of the cyclic am ne type were generally bel ow 40
[err]eq/g, again show ng no conterglation of controlling the |evel of

car boxyl endgroups. They pr atigpgn of copol yam des froAm terephthalic

acid with mxtures ofChe ,
2- met hyl pent anet hyl enedi am n& and optionally 2- et hyl -

0 T
—-C—@—CNHRNH—— B

il il
—C(CH,),CNHRNH— C

In the above formulas, R comprises at least one aliphatic hydrocarbyl radical as described hereinabove,

and may represent a mixture of aliphatic 4 to 14 carbon radicals; the mole ratio of the units A, Band C
may lie in the range of from about 40-100:35-0:60-0.

More preferred among such polyamides are those wherein the mole ratio of the units A, Band C lies in
the range of from about 40-90:35-0:60-5, and still more preferable are those within the range of from
about 40-70:25-0:60-5, because such compositions exhibit excellent thermal and mechanical
properties. Such polyamides have melting points of about 300 to about 350°C, glass transition

temperatures (T,) of about 90 to about 130°C and inherenf viscosities generally ranging from about 0.7

to about 1.4 dl/g, with about 0.8 to about 1.2 dl/g being preferred from the standpoint of properties of
molded parts and ease of molding,.

Especially preferred imong such polyamides are those wherein R in the above formulas comprises
hexamethylene. Also highly suitable as the polyamide component of the invented compositions are
polyamides comprising two of the units A, B and C shown above, such as those with mole ratios of
A:B:C in the range of from 40-65:0:60-35. For example, polyamides containing A, B and C units at
ratios of 45:0:55, 60:0:40, 65:0:35 and 55:0:45 are widely known and described in the art, while
terpolymers with minor amounts of the isophthalamide component B, for example in mole ratios such

as 50:5:45, 40:5:55 and the like, may be found particularly desirable for use where lower melt
temperatures will be encountered.

Other copolymers comprising terephthalam:de units are known and have been described in the art, and

these may also be found useful. For example, copolymers comprising terephthalamide units and umts
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tetranet hyl enediamne is disclosed in U S. 5,322,923. Although the patent
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units is at least 60 mole%. However, through common use in the art the term has become widely

associated with any polyamide that contains phthalamide units, irrespective of the amount of such units

or whether the units are terephthalamide or isophthalamide units.

The molecular weight of the polyamide will be generally selected to meet the requirements of the
particular end use envisioned and of the processing methods contemplated for the fabrication,
according to practices widely known in the resin arts. For example, fiber grade polyamides will be
best suited when fiber and filament uses are contemplated, while those identified by the art as
extrusion grade and injection molding grade resins will be employed for those uses. Such resins may
be further described as generally having inherent viscosities greater than about 0.6, preferably greater
than about 0.7, when measured at 30°C in a 60/40 phenol/tetrachloroethylene (TCE) mixture at a
concentration of 0.4 g/dl.” Although there is no particular upper limit for molecular weight to be
suitable for use in these compositions, very high molecular weight polyamides, those with an inherent

viscosity as great as 2.0 di/g or even greater, may be extremely difficult to process thermally, and
hence will not be preferred.

For the purposes of this invention the polyamides will be prepared to have a low level of carboxylic
acid endgroups. Generally, polyamides are prepared by condensation reactions of diamines such as
hexamethylene diamine with dicarboxylic acids such as adipic acid, terephthalic acid or the like.
Polvamides may also be produced from suitable monomeric compounds having both amine and
N carboxylic acid functionality, such as by polymerization of caprolactam or of an amino acid. The
f resulting polyamides generally will contain amine terminal groups and carboxylic acid terminal
groups. When prepared using a stoichiometric balance of diamine and dicarboxylic acid then, absent

-
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~acid groups were present, exposure to oxidation conditions resulted in an

-increase in the nunmber of acid groups and rapid degradati on. Wen an
excess of am ne groups were present, exposure to oxidation conditions
resulted in a decrease in the nunber of am ne groups and '

This is the replacenent sheet
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degradation. Polynerization conditions i% excess of 230 C Ieg tilgmfgpid

decr ease i e reactions occurring during the polymerization, the resulting resin will have a substantial balance
of amine and carboxylic endgroups. Where an excess of one of the monomers is employed. or where
reactive endcapping agents are added, one endgroup may predominate. For example, polymerizing a
diamine-rich monomer mixture will result in a polymer with a greater number of amine endgroups.
Alternatively, an amine-reactive endcapping agent such as acetic acid may be employed to react with a

portion of the terminal amine functionality present, thereby reducing the proportion of such endgroups
in the resulting polyamide.

It is necessary that only a relatively minor excess of the monomer, whether diamine or dicarboxylic
acid, or of an endcapping agent. be employed in the polymerization. The total number of endgroups.
including those that bear the endcapping agént if one is used, will be a function of the degree of
polymerization, more particularly a function of the number average molecular weight of the final
polymer. As is well understood in the condensation polymer arts, the degree of polymerization at
completion will be determined by the extent of the imbaldnce or by the amount of capping agent;
therefore, only a minor excess of monomer or small amounts of capping agent, genera'lly on the order
of up to about S mole%, preferably no more than about 2 mole%, will be employed in order to avoid

reducing the polymer molecular weight to an undesirably low level.

As will be seen, polyamides employed in the illustrative examples typically have, in total,
approximately 140 - 170 peq/g of endgroups. For use in.the practice of this invention, the level of
carboxylic endgroups will be low, generally no greater than 25% of all endgroups or about 40
microequivalents per gram (peq/g), preferably no greater than 25 peq/g. Partially aromatic polyamides
with acid endgroup levels of from 25 peq/g to as low as 10 peg/g or even 5 peg/g will be fom-md
particularly useful in the practice of this invention, as will polyamides without detectable levels of
carboxylic endgroups. Polyterephthalamides that heretofore have been described in the art, including
those widely available from commercial sources, are prepared having high levels of carboxylic
endgroups, generally greater-than about 50 peq/g. Polyamides with these high levels of carboxylic

acid generally require the use of very high levels of stabilizer additives to attain acceptable thermal
oxidative stability for use as molding compositions.

Polyamides having a low level of carboxylic acid endgroups together with the desired molecular
wei.ght. may conveniently be produced through use of an amine-rich stoi’chio-metry as described,
together with an appropriate molar amount of amine-reactive endcapping agent. The combined level
3 of amine endgroups and endcapped terminal groups in the resuiting polymer will then be
' comparatively high. It is well known that deamination and other side reactions occur in these

condensation reactions and these may introduce additional molecular weight-limiting terminating
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stability, presumably due to products of side reactions. Methods and
conpositions for providing adequately stabilized, high tenperature

pol yam de resins that permt the conmpounder to use | esser amounts of
stabilizing additives woul d provide a significant cost advantage over
present stabilization nmethods. Further, with reduced | evels of additives

present, still further advantages may be4geen including inproverment in the
overal | bal ance of nechanical properties, thereby increasing the
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and thermal attac ortant “consi deration.
~ reduce the level of both tenmnatmg species. The thermal stability of the polyamide thus will depend

in part upon the carboxylic acid endgroup content at the time of each thermal processing step, and
maintaining that content at a level below about 40 (peq/g) throughout compounding and processing of
the resin, as well as in recycle of scrap, becomes an important consideration. Alternative methods may
also be devised for control of the carboxylic acid endgroup level such as, for example, through use of
suitable carboxylic acid-reactive endcapping agents or through means of a post-reaction of the

carboxylic endgroups. These and other alternative low carboxylic acid endgroup polyamides are aiso

to be considered as falling within the scope of this invention.

Alternative methods may also be devised for control of the carboxylic acid endgroup level such as, for
example, through use of suitable carboxylic acid-reactive éndcapping agents or through means of a

post-reaction of the carboxylic acid endgroups. These and other alternative low carboxylic acid

endgroup polyamides are also considered as falling within the scope of the invention.

The improved polyamides will be used in combination with a copper-containing stabilizer in preparing
resin compositions according to the practice of this invention. Copper-containing stabilizers that may
be used for these purposes may be further characterized as comprising a copper compound soluble in -
the polyamide and an alkali metal halide. More particularly, the stabilizer will consist essentially of a
copper(]) salt, for example cuprous acetate, cuprous stearate, a cuprous organic complex compound
such as copper acefylacetonate, a cuprous halide or the like, and an alkali metal halide. Preferably, the
stabilizer will consist essentially of a copper halide selected from copper iodide and copper bromide
and an alkali metal halide selected from the group consisting of the iodides and bromides of lithium,
sodium and potassium. Stabilizing formulations comprising copper(l) iodide and potassium iodide are

N well known and widely available commercially for use in stabilizing aliphatic polyamides including:

nylon 6, nylon 6,6 and the like and may be particularly useful in the practice of the invention.
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Det ai |l ed Description of the Invention The inproved polyam de injection
-nmol di ng resins and conpositions according to the teachings of this
invention conprise an inproved, partially aromatic polyan de together with
a conventional copper-containing stabilizer conposition. By partially

aromatic polyanm de is neant a polymer containing units derived fromone or
nore aliphatic diamnes and one or nore qjaronatic di carboxylic acids,

i ncl udi ng copol ynmers containing such units. The pol yam des suitable for

;J?]e in ][ he {\&roﬁﬁt{ g6 ﬂleQ*ach&' i tHeeme hifidunt oftheichppériventsining statsilidei widlire, selected to
ernopl astic, hig er at aronpt i c

copol yner am%@'g"%‘ Héﬁ’gi‘m‘“ r'%a‘lfgﬁoﬁ’élp'f‘%%/ 4" par e'ﬁ'ﬁﬂyixgﬁggg‘tﬁ ?lg‘g%/l hglﬁds?

that requi kecdpb@itl) ﬁilﬂ@eﬁﬂIﬂﬁgerhtﬂynhenﬁhhtrmsgeacvfcfrm @bout B§sl t9i #0putcifrk apdymest|

process w t hqut dter i.on ﬁsny
crystal | | z &5 bly, o, bé& abog},| Lare rlaeéaﬁl P%m er 1 e?Lpéo(lgbe'?%otQﬁound and
crystal | i naiak mSﬁnha-th’ iy‘l&lieadtdbilhal polyamide will amount to 0 01 to about 2.5 wt%, preferably from

about 0.1 to about 1.5 wi%, based on the combined weight of polyamide and stabilizer.

—

The invented compositions may be used in the production of injection molded articles, or fabricated
using any of a variety of processes and methods well-known and widely practiced in the fabricating
arts, e.g. melt spinning of fibers, extrusion of sheet, tubing or film and the like. The compositions may
also be used as matrix materials or binders for composite or laminated structures and may be further
compounded with from 5 to 60 wt% of one or more fillers including reinforcing fillers and the like for
use in providing molded articles intended for use in severe environments

. ‘Suitable as reinforcing
agents are glass fibers .and carbon fibers including graphitic fibers. Metal fibers, alumina and
aluminum silicate fibers, aluminum oxide fibers, rock wool fibers and the like may also be found
useful for particular applications. Representative filler materials include particulate and powdered
forms of calcium silicate, silica, clays, talc, mica, carbon black, titanium dioxide, wollastonite,

polytetrafluoroethylene, graphite, alumina trihydrate, sodium aluminum carbonate, baryte and the like.

The stabilized compositions of the present invention may be further compounded to include up to
about 60 wt% of various additives to improve or modify various chemical and physical properties.
Examples of such additives include flame retardants, additional stabilizers and anti-oxidants,
processing aids, colorants, and the like according to common practice. The appropriate types and

levels of such additives will depend on processing techniques and on the end use of the resultant
product, and can be determined by those skilled in the art.

Compounding may be accomplished using any of the variety of cbmpounding and blending methods
well-known and commonly used in the resin compounding arts. Conveniently, the polyamide and
stabilizer. and fillers and modifying components, if any, may be used in powder, pellet or 6ther
suitable form. The components will be melt compounded at temperatures effective to render the
resinous components molten using a high shear mixer, e.g., a twin-screw extruder, to obtain a desirably
uniform blend. The components may be first combined in solid form, such as pt-awder or pellets, prior
to melt compounding to facilitate mixing. Particulates, fibers and other additives may be incorporated
N into one or more of the components prior to combining with the remaining components, or the
! components may be physically mixed in powder or pellet form using conventional dry-blending

methods and then extrusion compounded. Plasticating the resin in a compounding extruder and

I
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6 high tenperature copol yam des conprising terephthal am des .of aliphatic
di am nes. Such copol yam des will conprise as structural units
t erepht hal am des of one or nore CJerr]-C[err] aliphatic diamnes such as
hexanet hyl ene di am ne or the like, including diamnes having one or nore
Cerr]-Cerr] alkyl substituents attached to the hydrocarbon portion. In
addtion to the terephthal am de units, tipese copol yam des may further
conprise as structural units one or nore additional diamdes of such
al i phati c édaigionaditita] panicanit or filednd the motiar dompekition anvuzh apart ircthaéxtraddoax y| i c
acids or related conmpounds, such as isophthalic. acid :
di car boxy!f GQ%E‘T“H“ practiceq 'Rgl,‘e a&tsmweﬁe] f%?af's(.i 'ﬁfflz‘iﬁ%"c?é'gpdd' 3&?@@% Q%%E?‘%‘fsi 06 M c
di armi nes aineentiprerr]-Clerr] aliphatic dicarboxylic acids or rel ated
conpounds- such as diam de units derived from adi pi c acid, sebacic acid,
cycl ohexanEhegiresent ngsntion wilbei bettes nudessiooil breonsideration ofthe following examples prowidegdds |
known t hat e{n&%\- 'ﬁﬁ“gﬂ?ﬁ“ﬂm&ufpol yt erepht hal am des may be

f y aftec ed by (

detrinenta e presence of additional structural units such

as, for exanple, isophthalam de unitjauggﬁlgpe presence of such units in
t he copol yner at high levels may render the pol yterepht hal am de

noncrystal |l i zabl e and thereby anor where a hi gh degree of
crystallinity in the polyam de and rapid crystallization are inportant
consi der at TRéfolyantidediubdd il eheFolidwingd:@mbles fre Gurfimirized thSTablef] ibsl. t Tiervahtindbwni de

units that p%;:gs 5969% pltegarﬁ\fgfpglcygmi%ci;y t':snt\pqcltyl %nat?nlesleletx;/ml%s r%a% I%ngng'xuysyecs:cr}ibed and

summarized as follows:

A Iargé, steam-heated, stainless steel, stirred salt reactor was charged with the monomers and, when
appropriate, water to provide an aqueous mixture of reactants such that the final polymers have the
approximate mole ratios shown in Table I below. The mole ratio of total diamine to total acids was
selected in each case to provide polyamides ha\}ing a balanced, an amine-rich or an acid-rich
stoichiometry as desired, and acetic acid was added as a capping agent in the amounts shown. Since
the polymerizations were run without recycle of volatiles, excess reactant, particularly acetic acid,
diamines and, where appropriate, caprolactam, was employed to offset volatilization losses. The
catalyst, sodium hypophosphite or phosphorous acid, was added to the reactor either as a solid or
aqueous solution at levels to provide 400 ppm (NaH,PO;) or 125 ppm (H;P0;) phosphorus in the final

polymer and the reactor was then sealed, .purged with nitrogen, pressurized to about 2.8 kg/cm? (40
psig) with nitrogen, heated to about 120°C and held at that temperéture.

Contents of the salt reactor were pumped continuously to a jacketed, oil-heated concentrator fitted with

a Research Control Valve to vent volatiles, and maintained under pressure of about 11.3-13.1 kg/cm?
(160-185 psig) while heating the contents to about 220-225°C. The water content of the reaction
mixture exiting the concentrator was reduced to less than about 15 wt% using a residence time of about
15 minutes. The reaction mixture was continuously pumped from the concentrator to and through two
oil-heated, stainless steel preheaters, arranged in series. The melt temperdture at tﬁe exit of the first
preheater was selectably maintained at about 279-290°C and in the second at about 282-293°C; a

Research Control Valve was used to maintain the pressure in the preheaters at about 127 kg/cm? (1800
psig).

The reaction mixture exited the preheater continuously through the Research Control Valve into a

jacketed tubular reactor at a pressure of about 7 kg/cm? (100 psig) heated to wall temperature of about

_
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units at a level that wll not prevent crystallization. A variety of

‘pol yam des conprising terephthal am de units are known in the art, and

copol yam des conprising a conbi nati on of hexanet hyl ene terephthal am de
units and hexanet hyl ene adi pam de units, optionally including hexanethyl ene
| sopht hal am de units, are also well known. Particularly desirable for use

in the practice of this invention are coqol yam des conprising at |east 40
nmol e% hexamet hyl ene terephthal am de units, the bal ance bei ng hexanet hyl ene
adi pani de grs-345°C By tikmlatisy IHacexohangndd tHvough thedwating tisvkelp The reatsiontmigare erne % .
hexamet hyl ene i ht hal a f I S e ERRAR G Saidtdifedt N
wel | - k n BASse éﬁrg&h gmtlxg%fearckl %Pntro'l V'Ailvg & it ﬁle%actfop ltﬁ pﬁl ﬁtehg i 1?&

des conpri sing terepht hal am des o
or nore di afmhdiess et Bi10AS. andhexmﬂnlrcydl ente thti sareivaof aiMermer and Pfleiderer C°fP0ﬂm<>n

2- hyl | di
Corrrm};i)n)ént ngk[azﬁeven € ?n -§ Irca\l/umeﬂr%der usmh@ \gﬁte\?ab m gtet‘\@%wns{r&ﬁ\ R éﬁ@qu'{e The

NposItio ystal l'i zabl e pol yam de
conpri si ng faishédqalytneabuummt@d thnduel% stranddie rm ~yat¢rrbeﬁmamatbmg'wt faie %@b"“‘ 5.8-

nol e% rec t erepht hal am de units which nay be
further de;gci{lf% ﬂth&mﬁs@%@? tlée]g by the follow ng structural fornula:

The compositions and properties of the polyamide resins are summarized in Table 1, and those of the
hexamethylene terephthalamide-caprolactam copolymers are summarized in Table 2. The mole ratios
of the dicarboxylic acid units TA, 1A and AA (terephthalyl, isophthalyl and adipyl), the diamine units
HMDA and PMDA (hexamethylene diamine and 2-methylpentamethylene diamine) and lactam CAP
(caprolactam) that make up the sevefal polymers are given, together with the amounts of acid and
amine endgroups and endcap (acetamide endgroups) as determined analytically for each of the resins
and the LV. (inherent viscosity) of the resins as produced. As is known in the art,
2-methylpentamethylene diamine may cyclize thermally to form 3-methylpiperidine; the level of

endgroups containing this moiety was not determined.

_—
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7 [err] wherein R conprises at |east one
-ali phatic hydrocarbyl radical. Preferably, aliphatic radicals Rin the

above formula will conprise at | east one strai ght chain, branched or
cyclic, substituted or unsubstituted aliphatic radical having from about 4
to about 14 carbon atons. Pol yam des conprising such radicals exhibit good
crystallinity and desirable high tenperaiare properties, together with

nmel ting and thermal degradation tenperatures making them wel | suited for
melt processing and fabricating in WI di ng and extrusion
operations. Specific exanples of sSuitable allphatj [

t et ranet hyl ene, dodecapet.hyl e d | as wel |l as
their al kyl -substitut e8°'§ﬁ Pogs sucrﬁmeumg ﬁy gen%ﬂﬁeet hé%g%e

2, 4- di met hyl hexapet hyl ewie rati) t he (mdientiand cywPs c 4l ogsacuch pg.

p- cycl ohexyl and EXhe” |i ke. Most preferably, R in thgodpermula conprises a
hexanmet hyl ene radi cal, either alone or as m xt ure wi th ademdesponal al i phatic

4 to 14 carbon atomﬂhadrt-a-f-s—'ﬂ're—pr-ef-m-ed— yam de conponents wi Il have
a melting point B¢ affAl edédt aAbutHMDA[ AMDPL d&eqég)r caten’e) ofueals) )

1* 65 25 10 100 0 67 43 61 1.00
2 65 25 10 100 0 52 45 . 61 1.04
3 65 25 ) 10 100 0 40 . 33 '-77 1.09
4 65 25 10 100 0 26 67 71 0.99
5 75 0 25 77 23 3 29 46 0.97
6 75 0 25 77 23 37 39 61 1.08
7 75 0 25 77 23 24 66 61 0.98
8 75 0 25 77 23 14 91 46 0.99

Note: 1* is a commercially-produced polyphthalamide, obtained as Amodel® 1000
polyphthalamide resin from Amoco Polymers Inc.; analytical values reported are typical

and are representative of the commercial product.

For the particular polymer molecular weights employed, it will be seen that as the carboxyl endgroup
content is varied for a pol.ymer type, the total of the endgroups falls in the same range of values,

consistent with the polymer molecular weight (I.V.). Similar behavior is found for the caprolactam
copolymers, summarized in the following Table 2.
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t he high content of terephthalamde units; still nore preferred are
pol yam de conponents nelting at about 290[err]C to about 330[err]C
pol yam des nmay be nore particularly described as crystallizable or

sem -crystalline partially aromati ¢ pol yam des of fast or internediate
crystallization rate conprising recurring units corresponding to structural

formulas A, B and C as shown below in praeportions of about 40 to about 100

mol e% A, 0 to about 35 nol e% B and about O to about 60 nol e% C.
8 [err] . .

The

‘acid end amineend acetic

Ex.  TA HMDA Cap EOUPs EOPacd
No. moles moles moles (ned/e) (heale) endcap (dl/g)
(nea/g)
9 37 37 26 71 32 46 0.96
0 37 37 26 45 60 46 093
n 37 37 26 39 7 46 0.90
12 37 37 26 19 - 102 46  -0.88
- fine and Moldi

Examples 13-21. The resins of Examples 1-4 were compounded with 33 wt% glass fiber

(nominal) and, where indicated, with a copper stabilizer formulation containing a 10:1 weight ratio of
potassium iodide:cuprous iodide, together with magnesium stearate mold release and talc nucleant. A

magnesium stearate mold release agent was usually added to control formulations compounded
without the stabilizer, such as C-1 through C-3.

Compounding was accomplished by dry-blending dried resin with the additives and feeding the blend

to a 25 mm Berstorff single screw extruder. The glass fiber was fed to the extruder through a

downstream port, either manually or with the aid of a single screw vent stuffer. The compounded '

polymer was extruded through a strand die into water, then chopped to form pellets.

After drying, the resin pellets were injection molded to form Type I tensile specimens, using a 75 ton
Arburg twin screw injection molding machine.

Test Procedures

The molded articles were analyzed for inherent viscosity and for acetamide, acid, and amine

endgroups, and were subjected to mechanical testing and thermal oxidative aging.

3 Inherent Viscosity Determination: Polymer, 0.100 g, was dissolved in 25 ml of 60:40
f phenol:tetrachloroethane at 120 - 130°C. Efflux times of this solution and the solvent were determined

using a Type 1C Cannon Ubbelohde Viscometer immersed in a constant temperature bath at 30°C.
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In the above formulas, R conprises at |east one aliphatic hydrocarbyl

radi cal as descri bed herei nabove, and nay represent a m xture of aliphatic
4 to 14 carbon radicals; the nole ratio of the units A)- Band Cmay lie in
the range of from about 40-100:35-0:60-0. Mre preferred among such

pol yam des are those wherein the nole ratio of the units A, Band Clies in
the range of from about 40-90:35-0:60-5, 4@and still nore preferable are
those within the range of from about 40-70:25-0:60-5, because such

CONPOSi t i ORge GXbLR Vst fltheitits §fAE WRd caRtilred from:

Inherent Viscosity = (In (solution time/solvent time)) / concentration
mmmmmmﬂmmm Polymer, 0.2 g (corrected for ash content).

was dissolved in 12 ml of hexafluoroisopropanol by tumbling at room temperature over | - 2 days.
After filtering or decanting from the insolubles, a 13C NMR spectrum was run on the solution using a
Varian Unity 300 Spectrometer. The acetic acid endcap was determined by comparing the carbonyl

resonance of the endcap to the sum of all carbonyl resonances.

Acid endgroup determination: -Polymer, 0.2 g (corrected for ash content), was dissolved in 6 to 8 ml
of o-cresol at 100°C. After cooling, 4 to 6 ml of benzyl alcohol and 50 pl formaldehyde was added to

the polymer solution. Potentiometric titration was done with 0.1 N KOH in methanol.

Amine endgroup determination: Polymer, 0.4 g (corrected for ash content), was dissolved in 12 ml of

hexafluoroisopropanol at S0°C. After cooling, 0.1 ml water was added to the polymer solution.
Potentiometric titration was done with 0.1 N HCI in water.

Tensile Properties: Tensile testing was carried out according to standard ASTM test procedures. For
| therfpaLoiidative aging, the tensile specimens were aged in a circulating air oven at the indicated
temp.erature for §arying periods, using sets of five tensile specimens for five to seven time periods.
The tensile specimens were then tensile-tested at room temperature, and the data analyzed by fit to a

cubic equation. The time period for 50% loss in tensile strength was determined by mathematical
solution of the cubic equation.

The compositions of the molded articles and the analytical and aging test data are summarized in the
following Table 3. The glass content, though targeted in the compounding operation to be 33 wt%,

was found by determining the ash content to vary widely, falling in the range of from 27 wt% to 35
wt%.

R
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mechani cal properties. Such pol yam des have nelting points of about 300 to
about 350[err]C, glass transition tenperatures (T[err]) of about 90 to
about 130[err]C and i nherent viscosities generally ranging fromabout 0.7
to about 1.4 dl/g, with about 0.8 to about 1.2 dl/g being preferred from

t he standpoint of properties of nolded parts and ease of nol di ng.
Especially preferred anong such polyam dgs are those wherein Rin the above
~formul as conprises hexanet hyl ene. Al so hi'ghly suitable as the pol yam de

conponent of the invented conpositions are polyam des conprising two of the
units A, B and C Jhiiekh Gdmnopndede dedi Gilags-dilied korvapiges: Lhgmapalaiih A B: C i n

t he range of =om<40—Cb=G= ST 1 eSS contal m g A, B
and C units at ratios of 45:0: 5id 60A®0, 65: 0: 3bnitighd 55: CiMEFo 40% wi del y
known and describeg. Lip the art, .ahilecferpol yner sgpdijeh M nogengegsnit s of the
| sopht hal am de conponent B, for exanple in nole ratios such as 50: 5: 45,
40:5:55 and thEx.| i k€. mayChe f ewnpgb paroupcul &Vt y desfrabl e for e where

| ower nelt terfpg_r at WLes Vo) DEiefRS Oy €d dig Kpsi

220°C 210°C

1o 268 sl 2 092 318 805 1375
3 2 219 - 4l 48 094 300 990 1615
14 3 336 35 44 093 286 970 1635
15 4 242 14 65 08 295 930 1720
c2 | 92 53 s1 090 284 755 1090
6 2 % 4 47 092 315 700 - 1065
73 93 32 41 098 289 715 1120
8 4 9 13 61 094 277 1010 1490
c3 1 1* 54 39 101 279 335 530
19 2 3* 42 55 08 291 475 650
20 3 5* 38 a1 093  29. 460 690
21 4 4 25 6 082 280 475 755
Notes:

* no copper stabilizer added; by analysis the copper content of the specimens was
in the range of from 1-5 ppm.

It will be apparent from a comparison of the stability data for control example C-3 and Examples 19-
21 that the thermal oxidative stability of a polyamide without copper stabilizer is little qﬁ'ected by the
level of acid endgroups, with only modest improvement realized in the less demanding (210°C) |
environment. When high levels of copper stabilizer are employed, reduction in acid endgroups affords
a marked increase in thermal stability; compare control example C-1 with Examples 13-15. The effect

of acid endgroup level on thermal stability is more pronounced at lower copper levels; compare control
.} .
{ example C-2 with Examples 16-18.
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9 Oher copolyners conprising terephthal anmide units are known and have
been described in the art, and these may al so be found useful. For exanple,
copol yners conprising terephthal anmide units and units derived fromlactans
such as, for exanple, the w dely known copol ynmers of hexanet hyl ene

t er epht haI am de and caprol actam and terpol ynmers conpri si ng hexanet hyl ene

t er epht hal am de, hexanet hyl ene adi pam de1 nd units derived from caprol actam
have been avail able from commerci al sources. These and other suitable

partially afqmatic efahplal Ly cegaic-basa | 1
the art, fgé%&wp er 1&6@1’11395210\@&%&89(%&%%13%\Jaﬁ‘e?eoﬁk%i12 ? 101 and
RE34, 447, agvehphrm Exhrhlespat Erand 15 Heeeveoly bwerig tipmdsrgupove!, @E?Wa‘ﬁd’ gregyctiop g
the teachi ngs of th s Flefa |RNn ﬁ@ﬁma@nan
herein by r fcg‘?pgnlgeeﬁ‘gég‘?&?ﬁg{ §°n?a%r}g°q Péc&nglg&agam des f:ldriﬁgs r eacF t{l E)argﬂn
usi Ng pr ocespes. Gkaoiﬁruea/m@c'de@%gl'Q%ﬁd"q Brample 1532 Heq{ahvithExample 13, ar*ffﬂ/ the
conti nuous and batch processes set forth in U S.

RE34, 447 anl vl 387 beagsn than foraulgtigns aith very lay, levelf PEE%‘{)ﬁ%ﬁ%?ﬁ gé’é“"i"rsgs A i y

avai | abl e fgam,c0mweK ﬁr\p%vc@%ﬁt&@@mdﬁb@stibﬂftiﬂwh&ﬁir}éﬁﬁhi&ﬂlu&ﬁg sleppastabititer fegelt h
in ASTM D5336-93"i s reserved

for poalya the nbln on t of

t er epht hal anf Heu2AHPRIGESAPRIEI HH 4 /%?n‘?rtaé"“icék’ﬁ’frelfv gé}[%@Bm o L7 g‘g‘i é}/g)n

t hrough co se.int term has bhe Y. t

any pol yani Mﬁ%&é& lAQE‘H ‘LM&P‘&’&? qee BIPYe “s' rﬂyegsrgsg'lcstof\%g&ﬁ’?é& fdrh%%%t

of such uni tfbercfllewi@inbiations o Exaniples 228 &, sblemapzhd hahcafollwnm'tfahl@b pereromaotinded

units. and injection molded substantially following the methods and procedures described above for control
examples C-1 through C-3 and Examples 13-21.

Acid - Amine Initial time to 50%
Resin end end tensile _ tensile loss
Ex. Ex. Cu groups  groups LV. str. (hrs)

No. No. (ppm)  (pneq/g) (neq/g) di/g Kpsi 220° C 210°C

22 5 221 59 37 0.9.2 31.8 795 . 1335
23 6 255 28 44 0.95 26.0 1115 1700
24 7 257 20 62 | 0.90 30.8 1225 1865
25 8 293 0 82 0.91 320 1235 1930
26 5 137 58 39 ~0.89 313 740 1185
27 6 153 26 47 0.94 24.6 945 1525
28 7 152 17 69 0.89 30.7 940 1650
29 8 151 0 88 096 253 - 1210 1910
30 5 3* 69 35 0.91 309 455 675
. ' 31 6 2% 39 41 0.89 294 445 685
:. Notes: * no copper stabilizer added; copper content by analysis = 2-3 ppm.
This Sheet Has Been Re
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The nol ecul ar wei ght of the polyam de will be generally selected to neet
the requirenents of the particular end use envisioned and of the processing
nmet hods contenpl ated for the fabrication, according to practices w dely
known in the resin arts. For exanple, fiber grade polyanm des will be best
suited when fiber and filanment uses are contenplated, while those
identified by the art as extrusion grade,and injection nolding grade resins
will be enployed for those uses. Such resins may be further described as

general ly an éegmﬁ-&ﬁriﬁe fﬁérﬁﬁp&hédtﬁé stabi Q@lta%r t,aaraneatsouhd 91 Ghat He@h@mabl y
greater than about 0.7, when neasured at 30[err]C in _ a 60/40

phenol / t et sabifityorfode egpabyierepinhalamidei formplation, (without (RePReAtiF At BRchotfTegted bg/amd

Al though t RedfoubSevel in confthst With iRl fiddMBE by Laddkd fof REtafi®)!as Qidbudded \l’ieﬂeﬂr'ﬂbowfeo Ae
suitable for use in these conpositions, very hi gh nol ecul ar wei g

pol yani des ,shevobe Exgmples 22 and %6y thetmal swbilie t[°S/ these Bighe sempgrature PP'XFF“/“{?S d? aernén

greater, W&ygnheamtxhsrmwwd tHel fuRthtr tadBioP bPE&PPEr stdbRizEm leben, for Mekh NEVECoMAcid
not be preferred For the purposes of this invention the polyan des w |
be prepar e iBPEve a | ow | evel of carboxylic acid endgroups. Generally,

pol yami des Ig ducnpg tﬁp Pve? of ach enggrglﬁag %oaleve s well%al%w a80u§ 4(9 peq/g, Examples 23-25 and 27-29,
is seen to provide a significant improvement in thermal oxidative stability. Levels of acid endgroups
below about 30 peq/g, Examples 23, 24, 27 and 28, significantly improve thermal oxidative stability.
In the substantial absence of acid endgroups the copper level may be reduced by half without

significantly affecting the excellent thermal stability of these formulations; compare Examples 25 and
29.

After twenty-four hours of aging at 220°C, one specimen of each of the above polymers was removed
and the soluble interior analyzed for endgroups. In contrast to the work of Lanska with lactam
polymers at lower oxidizing temperatures, the polymers with a large excess of acid groups, Examples
22, 26, and 30, underwent a substantial reduction in the number of acid endgroups during this thermal

aging, such that the stoichiometry shifted in the direction of being balanced.

Examples 32-41. Additional formulations were prepared using the hexamethylene
terephthalamide-caprolactam copolymer resins of Examples 9-12. The glass fiber-filled formulations
of Examples 32-41, summarized in the following Table S, were compounded and injection molded

substantially following the methods and procedures described above for control examples C-1 through
C-3 and Examples 13-21.
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10 diam nes such as hexanet hyl ene diam ne wth dicarboxylic acids, such as
adi pic acid, terephthalic acid or the like. Polyam des may al so be produced
from sui tabl e nonomeri ¢ conpounds having both am ne and carboxylic acid
functionality, such as by polynerization of caprolactamor of an am no
acid. The resulting polyam des generally will contain am ne term nal groups
and carboxylic acid term nal groups. Whepgprepared using a stoichionetric
bal ance of di am ne and di carboxylic acid then, absent side reactions

occurring during the pol yperizat.i on e resultingyesin wdl have.a.
substantial bafHhte-YRoUer AN N eides I A e - R DTS e e !m:a_ &% s - of
one of the ndTONEIS 15 enployed, .or Er€ reactive endcappl pg agepts are
added, one endgroup may predom’ﬁ e. ‘e exanpl e,q'8$iymari zpﬁﬁ%g%%&

di ami ne-rich nDNOMEResii Xt ure wilehd reswhd in a pol yemsile Wi t h aengiledasser nunber

of am ne -endgr Qups. ternatively, an _am ne-reactive endcappi agent such
as acetic acid ftay bg" enpl'dyed ¥TPt eaﬁf?“thhl"g portslg’on of theqﬁsa)rm nal

am ne functionaloi ty Nu.eseppm) t [{psatd)y (pex)ci ndvgt he l&psiport'gfog of gg&,r&
endgroups in the resulting polyamde. 1[It is necessary th gnly"

rel ativel y m-faor—excess—of—themonomer—whetther—drame—or _dr carboxytTT
acid, or of an Bndcafi ng288ent B enpPoyed 0-§9 t he 3PSl yner Pat i on.113he
total nunber of endgroups, including those that bear the endcappi ngaagent

if one is used,3%ill 1be a ¥ncti dh of Bhe dl¥%e 03080l ymetl28ati od®3tore
particularly a ;4unct il?n of the nunber averag(()e‘g2 307 1340 - 1565

35 12 231 2 100 0.84 29.6 1570 2090

3% 9 121 54 39 093 317 840 - 1075

37 10 113 20 60 0.94 324 935 1265

38 11 127 22 67 0.92 30.0 1175 1480

39 12 110 0 98 0.90 31.2 1330 11620

40 10 2 46 60 0.89 29.5 685 800

41 11 1 40 65 0.89 28.9 735 935

Notes: * no copper stabilizer added; copper content by analysis = 2 ppm.

It will be apparent from a comparison of the stability data for Examples 32-35, and again for Examples
36-39, that reducing the a'.;.id endgroup levels to well below 40 peq/g provides significant improvement.
in the thermal oxidative stability of compositions with copper stabilizer for copolyamides containing
caprolactam segments. At levels of acid endgroups below about 30 peq/g, Examples 34 and 35 and
37-39, the thermal oxidative stability of these compositions is still further improved. In the substantial
absence of acid endgroups the level of copper may be substantially reduced, possibly by as much as

half, while retaining a high degree of thermal oxidative stability. Compare Example 39 with Examples
32-34.

Formulations comprising a copper stabilizer and a partially aromatic polyamide having a low content
N of carboxylic acid endgroups are thus seen to be significantly more thermal oxidatively stable than
i comparable formulations comprising polyamides according to the art wherein the carboxylic acid
endgroups are in excess of 40 peq/g. The improvement in thermal oxidative stability observed for
—-//
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mol ecul ar wei ght of the final polyner. As is well understood in the
condensati on polyner arts, the degree of polynerization at conpletion wll
be determ ned by the extent of the inbalance or by the anpbunt of capping
agent; therefore, only a mnor excess of nononer or small anmounts of

cappi ng agent, generally on the order of up to about 5 nole% preferably no
nore than about 2 nole% wll be enployediin order to avoid reducing the
pol ymer nol ecul ar weight to an undesirably low level. - As will be seen,
pol yani des enplipypschatia polygnidés| wish ralu¢ed dewk afnshrbexyliy ptid ehdgyoupsapecording toothal |,
appr oxi mat enyen&é‘p Aill I%eros{ '{agr]u?q rglnjgcttloﬁr&%eﬁ) uvgéles Er{arexuéo%? 'gﬁbdg hﬁar@&lﬁ'c‘a;dnﬁﬁc Of
this invention, carboxyl'ic endgroups w | | ow, generally
no greater pfﬂb&ﬁ\l@S%tbﬁ ley Fongemtiefrcathoxyligracig [sadgroups &’0' #sockeowseful -va‘reem@c'mrof

gram ([err]g@ g’)d1 in Weﬁfsﬁfnﬁ%ﬂ mIMnggrﬂaﬁlﬁF p'élt?i@tﬂat%swﬁe%rfﬁﬂtm gtablP&Htah@lc&Mpounded

aromatic pol yam des w th aci roup levels of from25 Jerr]leq/g to as
| ow as 10 [ acerfliagiqythe feaghjngs obthe é‘xmr]aegf ilpment grt, IF“Bba“Fé'l!?ﬁ'd‘ap‘?ai‘ ik syréacs grediRsEf ul

in the practjiCReigt ahdhre nhdi Sietdp@Ble 18 theWhdi loxiafive ARAH Chec¥vhing Réte rapidtREh&A! ©
| evel s of car boxP/I | ¢ .endgroups. Pol yt erepht hal am des t hat, heretof ore have
been  descHrhBgidedartites. %l‘t“f‘dedl Hﬁ‘lﬁ‘?fcff‘ﬁ&‘et‘ & When Yisefbin evaTrEnY iERIMENts ansat elevated

commer ci al fedipeaffes. aIm@ lﬂfpﬂap&ﬁ&id in thermal stability seen in molded articles when the level of

carboxylic acid endgroups in the polyamide is reduced thus may not be readily apparent for fiber and
film compﬁsing such polyamides.

The invention will thus be seen to be a composition comprising a high temperature, partially aromatic
polyamide and more preferably a polyamide containing aliphatic diamine terephthalamide units, said
polyamide having less than about 40 peq/g, preferably less than about 30 peq/g, still more preferably
less than about 20 peq/g acid endgroups, together with a copper-containing stabilizer. The invention
further contemplates a method for improving the thermal oxidative stability of copper-stabilized,
partially aromatic polyamides by reducing the acid endgroup content of the polyamide to less than

about 40 peq/g, preferably less than about 30 peq/g, still more preferably less than about 20 peq/g.

Although the invention has been described and illustrated by way of specific embodiments set forth
herein, still further modifications and variations will be readily apparent to those skilled in the resin
formulating and composite fabricating art. For example, the invented compositions may further
comprise, in addition to the fillers and reinforcement as set forth herein before, conventional additives
such ‘as pigments, dyes, lubricants, processing aids, light and heat stabilizers, and the like, as well as
impact modifiers and tougheners known for use with high temperature polyamides and particularly for
polyamides. The invented compositions may be further compounded to form blends with additional
polymers and resins as is well known in the art. Polymers.that may be particularly suitable for use in
such blends include the variety of polymers classified as engineering thermoplastics such as, for
example, aliphatic polyamides such as nylon 6, nylon 6,6, nylon 4,6, nylon 11, nylon 12 and the like;
polyesters such as aromatic polycarbonates, polyarylates, liquid crystalline polyesters and the like; and

polyaryl ethers including polysulfone resins, polyphenylene oxide resins, polyarylketones and the like.

These and other such variations and modifications will be readily apparent to those skilled in the .

polymer arts and thus are contemplated as lying within the scope of the invention which is defined

solely by the appended claims.
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havfng hi-gh—-evels—of—carboxyl i ¢ endgroups, generally greater than about 50

[err]eq/ g, Pol ' ith these high | evels of carboxylic acid generally
require %imlll ﬂﬁ Iﬁ m!' gh levels of stabilizer additives to attain
accept abl " ve stability for use as nol di ng conpositions.

Pol yam des having a | ow | evel of carboxylic acid endgroups together wth

t he desired nol ecul ar wei ght may conveni gntly be produced through use of an
am ne-rich stoichionetry as descri bed, together with an appropriate nol ar
anount of %m.ne-reactive endcappi ng agent. The conbined | evel of am ne

endgr oups arlladmséndcapped termnal groups in the resulting polymer will then

be conparatji vel ¥ k0 Rmpbratuted piihily droiRde ﬁo%idg%aﬂw%&%o@bdm%muo?hq&
reactions occur .in these condenrsﬁe}lil on, react.i,ons,.and these mag nt r,g uce
addi ti onal ABPwlg g Wé’ﬁ'@?‘&sz spid | pofyamide  compyising i“PR}a%éE‘F‘&‘ teeplthgiamide upits < o
branchi ng aemlesenaidyltherfsllovgng stinctural fofwadaef or e necessary to carefully control

the pol yneri zation process and to achi e@Qe a high dqegree of conpletion in
order to provide polyam des havi %“g_gnt %_@_gul ar wei ght together
with the desired | evel of car bo% endgr npoundi ng and

fabricating operations using thermal proces means may |lead to further

changes in nol ecul ar wei ght and in endgroup content. For exanple, the
presence of Whereilk comprises at least one C4-C, 4 aliphatic hydrocarbyl radical.

2 The partially aromatic polyamide of Claim 1 wherein said polyamide further comprises units
derived from caprolactam.

3. The partially aromatic polyamide of Claim | comprising units represented by the following
structural formulas:
o) O '
-l 1]
—C C—NHRNH— A

NHRNH— B

|
O=
O=0

[} il .
—C(CH,),CNHRNH— c
wherein R compriseé at least one C4-C)4 éliphatic hydrocarbyl radical and wherein the mole ratio of

the units A, B and C lies in the range of from about 40-100:30-0:60-0.

4. The partially aromatic polyamide of any of Claims 1-3 wherein said aliphatic hydrocarbyl
radical R is selected from hexamethylene radicals, 2-methyl-1,5-pentamethylene radicals and mixtures
thereof. ‘

5. An injection moldable composition comprising a high temperature, partially aromatic
polyamide as set forth in any of Claims 1-4; and from 0.01 to about 2 wt% of a copper-containing
thermal stabilizer. |

: 6. The composition of Claim 5 wherein said copper-containing thermal stabilizer is a formulation
comprising an alkali metal halide and a copper (I) halide in a weight ratio of from about 2.5:1 to about
20:1.
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innunts—a%—maLeL_nB¥_£§y§§ hydr ol ysi s ‘and chai n cl eavage, together with
product i of additional am ne and carboxylic acid endgroups; thernal

i.on
decar bo i renove carboxylic acid groups fromaromatic

noi et i ej wmﬁ’"mﬂmumﬁal am des, produce benzam de endcapped

term nations; turfhet condensation of anine terninal groups with carboxylic
acid termnal groups will increase nolecul 8 weight and reduce the | evel of
both term nating species. The thermal stability of the polyam de thus wll
depend in part updhe tdndpositi6deDClAinG terdin QRDErRLIstabilizércBimubition EoenptisddPo@dsium
each thermal .ps ' . and mai ntaining that content at a |evel bel ow
about 40 ([efglgﬁﬁé?&ﬁﬂﬁgagﬁght.conpounding.and processing of the resin, as
wel | as in %ecydhecempositiongf Claim S Svrther comprisipglran phoutchdn abayesOavtyailler.

Al ternative nethodthe BaypositisiofiBtaim SGhhivieimaaid fillér icglass fibdr. Of t he carboxylic

aci d end.gr OUpIOI. evely iﬁjléapm %gieé QHicte é&g}ﬁsﬁ% the Q&R{%&%&b#&ﬁfoaﬁ in an? ot élgims §-9.
carboxylic acid-reactlve endcappl ng agents or rough nmeans” of a
post-reaction of the carboxylic endgroups. These and other alternative

| ow car boxylic aci.d endgroup pol yam des are also to be considered as
falling within the scope of this invention. Al ternative nmethods may al so
be devised for control of the carboxylic acid endgroup |evel such as, for
exanpl e, through use of suitable carboxylic acid-reactive endcappi ng agents
or through : _
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12 neans of a post-reaction of the carboxylic acid endgroups. These and
ether alternative |ow carboxylic acld endgroup pol yani des are al so
considered as falling within the scope of the invention.- The inproved
pol yam des will be used in conbination with a copper-containing stabilizer
in preparing resin conpositions according to the practice of this
i nvention. Copper-containing stabilizers that nay be used for these
pur poses nay be further characterized as conprising a copper conpound
soluble in the polyam de and an al kali ngtal halide. Mre particularly, the
stabilizer will consist essentially of a copper(l) salt, for exanple
cuprous acetate, cuprous stearate,  a cuprous organi c conpl ex compound such
as copper acetyl acet onBOBYAMIDE pCOMBOSETIONS GHAVING | iMPROVEDI an al kal
metal halide. Preferably, the stghiljizer Ju ist essentially of a
copper halide selected from coppﬁé%ﬁ'dgwgng&l'gg’g;er brom de and an al kal i
nmetal halide selected fromthe group consisting of the iodides and brom des
of lithium sodium and potassium ﬁ%gbil%ﬁigﬁ formul ati ons conpri sing
copper (1) iodide and potassium i odi own and wi dely avail abl e
commercially for use in stabilizing aliphatic polyam des including nylon 6,
nylon 6,6 and the JLke and nay be partiQuIa{uy uﬁeful in the gractice of
t he inventi Bﬂa_roved high temperature polyamides, and particularly partially aromatic polyamides, containing less

than about 40 peq/g carboxylic acid endgroups, when stabilized- with a copper-containing thermal

stabilizer, the polyamides exhibit improved thermal oxidative stability.

’ :
&
Ay
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Acc:é)rdi ng to the practice in the art, the anmount of the copper-con%ﬁaﬁ%if5'
‘gtabilizer will be selected to provide a | evel of from about 50 top@@{t
1000 ppm copper. The weight ratio of the alkali netal halide to co r(l)

halide will preferably lie in the range of fromabout 2.5:1 to about 20:1,
and nost preferably fromabout 8:1 to about 10:1. Cenerally, the conbined
wei ght of copper conpound and alkali nmetal halideg in the stabilized

pol yam de wi | | DQ%O BRAAL &P, t 0.1
to about 1.5 wt % aséd)9 S8 nﬁlglrifiéaa\;[\}\\e%g O?E ﬁ;l/am ()Jlé‘el'é @@?ggl l'izer.
The invented conpositions may be used in the productlon of injection nolded

articles, or fabricated using any of a variety of processes and net hods
wel | - known and wi dely practiced in the fabricating arts, e.g. nelt

spinning of fibers, extrusion of sgeet, tg&i ng or, filmand the Iike. -The

conpositions nmay al so be used asB d Ohr bi nders for conposite

or |am nateﬂ_fl str ctures and may_ be further conpounded with from5 to 60
w % of one BHS rﬁ‘b‘?"ét‘?q Felates; to pplyamides.nand, mors B?@F‘Hbdlf t9 improvement incthermadlyf or

use in provdushiifydd "By l%ﬂd@ﬁ)h?hﬁﬁoﬂs”t %’ﬁﬂeﬁ’n ax’d&ﬁaﬂ the SiﬁVé?lPS%egvdl% Ls.

Suitable as reinforcing agents are glass rs and carhbon rs I ng
graphi tic ffopaulgtionsicomprising pagially kromatia palrydmade& haviogrimproveshthernial Istability for

al um num o e fibers a he |i al so be found
useful for X\%sgr é%fr[b%naggxrl) I ngtgt Y%ﬁgal o?uﬁﬁve nsgabshzers, 1‘§art1cu ly copper-contammg
stablhzers. The invention may be further described as a method for improving the thermal
stability of partially aromatic polyamide injection molding resins containing copper(l)

stabilizer by reducing the level of carboxylic acid endgroups in the polyamide.

Polyamides generally exhibit a balance of thermal, strength and stiffness properties which
make them suitable for many applications. The resins are particularly attractive for use in
applications where resistance to chemical and thermal attack is required. Aliphatic
polyamides, termed nylons, '_gcherally are readily processed thermally and have gained wide
acceptance in the molding arts and in the extrusion aﬂé, including fiber spinning and film
extrusion. Many such polyamides find use in the form of yarn as tire cord and other .

applications where high tenacity and low shrinkage are needed.

Partially aromatic polyamides and copolyamides have been developed for use in high
temperature applications, and crystalline and semi-crystalline copolyamides comprising at least
about 40 mole% partially aliphatic terephthalamide units are known for their particularly good
thermal properties and performance in demanding environments. However, such polyamides
have relatively high melting points e.g., about 290°C or higher, and the degradation
temperatures for some do not greatly exceed their melting points; accordingiy, requirements for

melt processing these polyamides are more rigorous and complex than those for polyamides -
such as nylon 6,6, melting at about 260-265°C.

Fabricating high temperature, partially aromatic polyamides for the production of molded
articles, extruded profile goods, laminates or the like, particularly when filled, requires
processing the resin at temperatures very near the resin decomposition temperature, together

with severe shear stress during molding or extrusion operations. Melt spinning operations such
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13" Representative filler materials include particulate and powdered forns
-of calciumsilicate, silica, clays, talc, mca, carbon black, titanium

di oxi de, wol | astonite, polytetrafluoroethyl ene, graphite, alumna
trihydrate, sodium alum num carbonate, baryte and the |ike. The stabilized
conpositions of the present invention nmay be further conmpounded to include
up to about 60 w % of various additives&o inprove or nodify various

chemi cal and c rties. uch ddltlves L 0C

ot ar dant & AR AR 0, SIAESA for Brogb PR FREF g iR bifel M Feln °

col orant sto @v&etshasslthdwgtaqgmwidngafwgmeim highaempegured N Drofipg 0pérawdng at ypes
and | evel s, of such additiyes wi |l depend_on processing techni ques and on

the end u$§lvaged %eﬁévefa@gaﬁ’p fit ussAovithcfiber 2ad; fikm fo develen ervsialHaiy imay sxpese the
skilled i y

vari ety o?e gcﬁc:?r)p ?tntgpgﬁgh%ﬁe&g?ﬂ% g?at o S melib?gggsmmgggucom%?ﬁgﬁst%d I n
the resin atimmnngmdrlgomrhqs asCwell easi teninhiptairtitge thest \propedies dnch vty Iofws,, and

ot her su; PAEEReHS R SRUBIGEE i || be. mel ¢ Eiﬁﬂohﬂdﬁﬁ“ﬁ? K eﬁS'e'r Gtures

effective fg LNt it SSiolRisO BRRSIE: MRblg olobid & bl DS&Hive
environments is wcll-developed. The decomposition of aliphatic polyamides has been the
subject of a great many studies,.and numerous additives have been proposed for improving
their thermal oxidative resistance, both during processing and while in use. Stabilizers act to
inhibit the oxidation processes, preserving the aliphatic polyamide chain intact. The short-term
thermal stability needed for most processing may be realized by incorporating a hindered
phenolic antioxidant such as di-tertiary butyl cresol or any of the closely-related compounds
and derivatives commonly used in the resin arts for these purposes. Stabilizer compositions
comprising cdpper(I) halide and an alkali metal halide are also described in the art for use with
polyamides, and the use of complex compounds comprising copper salts and diamines has also
been disclosed for use with polyamidé filaments. See U.S. 3,639,335. Dispersions of solid
cuprous phthalate and potassium iodide have been used at levels corresponding to ca. 60 ppm
copper to stabilize filaments comprising nylon 6,6 and copolymers thereof comprising minor
amounts of hexamethylene isophthalamide, as shown in U.S. 3,457,325. Heat stabilizers
comprising combinations of copper halides, alkali metal halides and phosphorus compounds

have been employed for use in polyamide molding resins and the like, as shown for example in
U.S. 4,937,276.

The aliphatic segments of high temperature, partially aromatic polyamides are subject to the
same thermal-oxidative decomposition processes, and the thermal stabilizers for aliphatic
polyamides have also been found useful with these polyamides. However, because partially
aromatic polyamides generally require higher processing temperatures and otherwise are likely
to be subjected to more severe conditions, the compounder may often find it nccessary to use

higher levels of stabilizers to adequately stabilize these high temperature polyamides.

Other modes of thermal oxidative attack may also occur in high temperature, partially aromatic

polyamides. The aromatic acid moiety may undergo thermal decarboxylation, particularly at
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extruder, to obtain a desirably uniformblend. The components may be first
.conbined in solid form such as powder or pellets, prior to nelt

conpounding to facilitate mxing. Particul ates, fibers and other

addi tives
may be incorporated into one or

nore of the conponents prior to comnbining
wi th the renai ni ng conponents, or the conponents may be physically mxed in
powder or pellet formusing conventional3 dry-bl ending nmethods and then
extrusi on conpounded. Plasticating the resin.in a conpoundi ng extruder and

f eedi ng t lelevaiddiitempesatyrep gprodusinigabubblesranfli voadssinttbe nindding | tSeabilezerspomnmondp
t hrough a

ort in.the extruder .as is al commonl racticed in the. art may
be. found SoBIed i iRl oS Rt FERERo ARGy Gan Presiog
present i nkeeelevitedvenipeRtucbeirdeform FaR66S Hroduddy thardebitieitaly dfecOthe phdperties
foll owi ng exanpl es .provided to denonstrate Bart i cul ar enbodi nments thereof.
14 or appearance of molded and extruded goods. Where substantial degradation occurs, these

byproducts may also result in splay formation in molded articles.

Copper compounds are known to be particularly facile aromatic acid decarboxylating agents,
and adding such stabilizers to inhibit oxidation of the aliphatic portion of the polyamide may in
fact promote thermal decomposition of the aromatic portion of the polymer. Melt extrusion,
injection molding and melt spinning formulations that contain these stabilizers can cause
polymer degradation with concomitant discoloration and substantial bubble formation. Minor

amounts of additional components have been found to improve the thermal stability of copper-
stabilized polyamides. See U.S. 5,447,980.

The art has continued to seek more effective stabilizing formulations for high temperature,
partially aromatic polyamides. Though greater levels of stabilizers in combination with
additional inhibiting compounds may be found to adequately stabilize aliphatic polyamide
resins, these approaches likely will significantly increase costs, thereby tending to limit
commercial acceptability. Moreover, the presence of additives, particularly in substantial

quantitiés, often detrimentally affects the balance of mechanical properties of articles made
from such formulations.

The art has not recognized the possibility of improving thermal stability by controlling the
balance of endgroups or by using endcapping reactions to reduce the number of acid and amine
endgroups when use of a copper-based thermal oxidative stabilizer is contemplated. For
example, terephthalic acid:isophthalic acid:hexamethylenediamine copolymers are disclosed in
U.S. patent 4,818,793, but there is no mention of the relative number of endgroups or of the use
of endcap to reduce the number of acid and amine endgroups. In U.S. patents 5,081,222
5,252,661; and 5,504,146 there are disclosed copolymers comprising terephthalic
acid:hexamethylenediamine units in combination with caprolactam and/or adipic
acid:hexamethylenediamine units, but there is no mention of the use of endcap to reduce the
total number of acid and amine endgroups, and the polymers exemplified are said to contain

approximately equivalent numbers of carboxyl and amino endgroups. In U.S. patent

5,109,106 the preparation of copolyamides from terephthalic acid and isophthalic acid or
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EXAMPLES Pol yami de Preparations The
_pol yam des used in the follow ng exanples are summarized in Table | bel ow

‘The continuous process used in preparing polyani des enployed in these
exanpl es may be generally described and summarized as follows: A |arge,
steam heated, stainless steel, stirred salt reactor was charged with the
nononers and, when appropriate, water togprovide an agueous m xture of
reactants such that the final polynmers have the approxinate nole ratios
shown in Trabluged Hetof. Wite 2ahahylpédtamaliyl¢retamici aande ophorally al2-ehyldd-was

selected in each case to provide, p am des havin bal anced, an .

o o 11 cHOETRIEE it GRS S opaa AR GParkele R b eV A relaes
added as an&RRA SETaARR tanuranaxt@eﬂgmﬁg§ habREyithR mﬁecilﬁ"éf aehx,m%f hfflbl BRS
were run wthout recycle of volatiles, excess reactant, particularly acetic
aci d, di anfasethancttin lifniting endgroups ofitie, cychp anineayperwessageneriily dylod 4@ ped/gset
volatilization | osses. The catal yst, sodium h){pophosphi te or phosphorous
acid, was atifeshowingnecontemplasion of eoptolling the levgl pcasboxylendsroupsol ut i on at

l evel s to provide 400 ppm (NaH err]PJerr]) or 125 ppm (Herr]PJerr])
phosphor usThe tpaepardtien| @fol yampidest h&rome o darephthalis - t withn| auixtumsr gef

e R ARt (8 Pl i

re.
tetramethylenediamine is disclosed in U.S. 5,322,923. Although the patent describes analytical

methods for determining endgroup content of the resins, stoichiometric control is limited to

adjusting for amines losses encountered during the process. There is no mention of specific

endgroup control, other than to limit the formation of cyclic amine endgroups. The preparation
of copolyamides from terephthalic acid, optionally in combination with isophthalic acid, and
mixtures of hexamethylenediamine and 2-methylpentamethylenediamine is disclosed in U.S.

patents 5,378,800 and 5,500,473. Although numerous preparation examples are given, there is
no specific mention of endgroup control.

The complexity of polyamide thermal oxidation processes is shown, in part, by the work of B.
Lanska and J. Sebenda for lactam polymer samples where the oxidation mechanism was not
diffusion limited. In Eur. Polym. J. Vol. 21, No. 10, pp. 891-894 (1985), the thermo-oxidation
of lactam polymers at relatively low temperatures, 140°C, was found to be related to the
polymerization conditions and secondary reactions and structures occurring during
polymerization at temperatures above 250°C. In extending this lactam work (Bur. Polym. J.
Vol. 22, No. 3, pp. 199-202 (1986)), along with an investigation of fibers from lactam
polymers (J.M.S.-Pure Appl. Chem., A30 (9&10), pp. 660-678 (1993)), numerous conditions
were said to influence the stability. Polymers prepared with acid catalysis were the least stable
while base catalysis yielded the most stable polymers. Extraction of the catalysts actually
reversed the relative stability of the two polymers. When equimolar amounts of endgroups
were present, increasing the levels of both endgroups increased stability. When an excess of
acid groups were present, exposure to oxidation conditions resulted in an increase in the
number of acid groups and rapid degradation. When an excess of amine groups were present,

exposure to oxidation conditions resulted in a decrease in the number of amine groups and
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Contents of the salt reactor were punped continuously to a jacketed,

.0i | -heated, concentrator fitted with a Research Control Valve to vent

vol atiles, and nai ntai ned under pressure of about 11.3-13.1 kg/cnR

(160- 185 psig) while heating the contents to about 220-225[err]C. The water
content of the reaction mxture exiting the concentrator was reduced to

| ess than about 15 wt% using a residencé tinme of about 15 m nutes. The
reaction mxture was continuously punped fromthe concentrator to and

t hr ough t slowei deghasiationd, Pelymierizasion conditidonspineheess of 230 Grlecatrge dapichdeeeasen  The
mel t terrperg.lli.ure at the ,exit o thP&.fi rst. preheater was sel ectably

mai nt ai ne&@BHItY. PEARIblY U to PEIUPtS PESIdR 26PN he second at about
282-293[err] C,. a Research Control ,Val ve was used.t .. mintain the .
pressure MFtads 39d cRmppwfions r&ffammaz&%gtﬁwra@'%qeg( high derpRqrgyre polyamide
reacti on pdgpdséh4t pEerhit &€ chRBoRidBNRALE feste? AnbBMO BB tibifiAA O Ml el %/o@l%lsgﬁ-é&iﬁb
Control Valve into a jacketed tubular reactor at a pressure of ‘about 7
kg/ cnf er r ]2 sighifcaptsiogh advantagecpvenpresent stabilizatipe metheds Birtheh oiith redged lestlenf | C

by circul %klﬁgeshﬁ'@éene i%&ﬂ q’ﬂ&?erfald%n%g%p %\%9%@ s%er}\emgﬁx%;r{gqg\pk&%xl%%t in the overall

balance of mechanical properties, thereby increasing the acceptability of such polyamides for a
wider range of uses.

Brief Summary of the Invention

This invention is directed to partially aromatic polyamide compositions having improved
thermal stability. More particularly the invention is directed to methods for improving the
thermal stability of partially aromatic, high temperature polyamides and to the improved
copper-stabilized polyamide injection molding resins therefrom. Formulations comprising
improved high temperature, partially aromatic polyamides according to the invention in
combination with a copper-containing stabilizer composition exhibit excellent thermal stability
at significantly reduced levels of stabilizer additives. The invented formulations are
particularly desirable in the manufacture of injection molded and extruded goods intended for

extended use in demanding environments and at elevated temperatures and where resistance to
chemical and thermal attack is an important consideration.

Detailed Descripﬁon of the Invention

The improved polyamide injection molding resins and coftxpositions according to the teachings
of this invention comprise an improved, partially aromatic polyamide together with a
conventional copper-containing stabilizer composition. By partially aromatic polyamide is
meant a polymer containing units derived from one or more aliphatic diamines and one or more

aromatic dicarboxylic acids, including copolymers containing such units.

The polyamides suitable for use in the practice of this invention include the various linear,
thermoplastic, high temperature, partially aromatic polyamides and copolymer analogs thereof,
frequently termed partially aromatic nylons, that require high processing temperatures and are
thus difficult to melt process without deterioration. Polyamides that are crystalline or

crystallizable are preferred, and particularly preferred are the crystalline or semi-crystalline, -
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15 The reaction mxture then passed through another Research Control Valve
lo0 exit the reactor with a nelt tenperature maintained at not |ess than
310[err]C, and was introduced onto the screws of a Werner and Pfl ei derer
Cor poration ZSK-30, vented, tw n-screw extruder using a vent vacuum at the
downstream (di e end) port. The finished polymer was extruded through a
strand die into a water bath at a throu§h-put rate of about 5.8-6.4 kg/hr

and then chopped into pellets. The conpositions. and properties of the
pol yami dehigBdFmBeraue ¢ 1 dcqwrrﬁﬁﬁrgref?théﬁﬂ“qeﬁo%fealwa?%é‘aﬁé%rretsﬁih ene

ter epht halguiyiRideaPw N 86rhprise CAPRMIEIRAISutsCrerdpitiBlabd®d dfMonkaBi Shofe CO€ 410! €
rati os of the dicarboxylic acid units TA, A and AA (terephthalyl,

i sopht hal yliptaticl dadiimes|spch asiexainadiylese diainire ddvhlike intIkdiA diamirs Aavh§ phene
di am ne and 2- nethyl pept anet hyl ene di.am ne) and | act am CAP. (capr ol act am

t hat rrake°{||5‘qf‘l‘1é:15%4/éﬁ‘ﬂl sgb‘F‘%ﬁssa"é?'@dg‘Pv@ﬁ,hyf‘%%‘l’%tfmmq‘h Inhaddsien uatthe of

id and am d d_end i d d t er m ned
anal yti caropaRidt By o ik o fed ARV fifer Cotoee rr AR S lE e e
t he resi naddifiorn At of Auch aliptay/iantinds) for BxhmpR-didhidyd dived Tnh Mfofiaic

di am ne may cyclize thermally to form 3-nethyl plq%gripli ne; the |evel of,
endgr oups JaRioxYl #ids # latesd eqrppanads such acisephthalie eid, naphthalene dicarboxylic

acid or the like, as well as diamides derived from aliphatic diamines and C4-Cy4 aliphatic

dicarboxylic acids or related compounds such as diamide units derived from adipic acid,
sebacic acid, cyclohexane dicarboxylic acid and similar dicarboxylic acids. It is well known
that the crystallizability of polyterephthalamides may be detrimentally affected by the presence
of additional structural units such as, for example, isophthalamide units, and the presence of
sach units in the copolymer at high levels may render the. polyterephthalamide
noncrystallizable and thereby amorphous. Hence, where a high degree of crystallinity in the
polyamide and rapid crystallization are important considerations, it will be desirable to avoid

the use of additional diamide units that are known to affect crystallizability or to employ such
units at a level that will not prevent crystallization.

A variety of poiyamides comprising terephthalamide units are known in the art, and
copolyamides comprising a combination of hexamethylene terephthalamide units and
hexamethylene adipamide units, optionally including hexamethylene isophthalamide units, are
also well known. Particularly desirable for use in the practice of this invention are
copolyamides comprising at least 40 mole% hexamethylene terephthalamide units, the balance
being hexamethylene adipamide units, either alone or in combination with up to about 30
mole% hexamethylene isophthalamide units. Also useful for these purposes are the well-
known crystallizable polyamides comprising terephthalamides of two or more diamines such as

hexamethylene diamine and 2-methyl-pentamethylene diamine.

In greater detail, the polyamide component of the invented compositions may be a
crystallizable polyamide comprising at least about 40 mole%, preferably from about 40 to 100
mole%, recurring aliphatic diamine terephthalamide units which may be further described as

represented by the following structural formula:
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16_5 _ Table 1. Pol yarh' des

Aacid units amne units acid anm ne acetic Ex. (nol e ratio)
(rmol e ratio) end end acid . V.
groups groups . endcap No. TA IA AA HVDA PMDA ([err]eq/ g)
([err]eq/g) ([err]eqa/g) (dl/g) 1* 65 25 10 100

43 61 1.00 2 65 25 10 100 0 52
45 61 1.04

1 1
—HNRHN—C C—

wherein R comprises at least one aliphatic hydroéarbyl radical.

Preferably, aliphatic radicals R in the above formula will comprise at least one straight chain,
branched or cyclic, substituted or unsubstituted aliphatic radical having from about 4 to about
14 carbon atoms. Polyamides comprising such radicals exhibit good crystallinity and desirable
high temperature properties, together with melting and thermal degradation temperatures
making them well suited for melt processing and fabricating in injection molding and extrusion
operations.  Specific examples of suitable aliphatic radicals include tetramethylene,
hexamethylene, dodecamethylene and the like, as well as their alkyl-substituted analogs such as
2-methylpentamethylene, 2.4-dimethylhexamethylene and the like, and cyclic analogs such as
p-cyclohexyl and the like. Most preferably, R in the formula comprises a hexamethylene
radical, either alone or as mixture with additional aliphatic 4 to 14 carbon atom radicals. The
preferred polyamide components will have a melting point of at least about 270°C as a result of

the high content of terephthalamide units; still more preferred are polyamide components
melting at about 290°C to about 330°C.

The polyamides may be more particularly described as crystallizable or semi-crystalline
partially aromatic polyamides of fast or intermediate crystallization rate comprising recurring
units corresponding to structural formulas A, B and C as shown below in proportions of about
40 to about 100 mole% A, 0 to about 35 mole% B and about O to about 60 mole% C.
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3 65 25 10 100 0 40 33 77 1.09 4

65 25 10 100 0 26 67 77 0.99 5 75
0 25 77 23 73 29 46 0. 97 6 75 0
- 25 77 23 37 39 61 1.08 7 75 0 25
77 23 24 66 61 0.98 8 75 0 25
77 23 14 91 80.99 Note: 1* is a
commer ci al | y- produced pal ypht hal a obtained as Anodel 1000
pol ypht hal am de resin ffjom / gﬁlyners Inc.; analytical values reported

DB.O
are typical and are repCe Q S emehﬁwer|al producA. For the
particul ar pol ymer mol ecul ak=w1 ghts enployed, it will be seen that as the

car boxyl endgroup content is varied for a polyner type, the total of the
endgroups falls in the sane range of val ues, consistent with the pol yner

nol ecul ar weight. (1.V.). Simlar behavior is found for the caprol actam
copol yners, sunmari zed ig the fol I8vm' ng Table 2.

i il
—C—@—-CNHRNH— B

0 o
i I
—C(CH,),CNHRNH— C

In the above formulas, R comprises at least one aliphatic hydrocarbyl radical as described
hereinabove, and may represent a mixture of aliphatic 4 to 14 carbon radicals; the mole ratio of

the units A, B and C may lie in the range of from about 40-100:35-0:60-0.

More preferred among such polyamides are those wherein the mole ratio of the units A, B and
C lies in the range of from about 40-90:35-0:60-5, and still more preferable are those within the
range of from about 40-70:25-0:60-5, because such compositions exhibit excellent thermal and
mechanical properties. Such polyamides have melting points of about 300 to about 350°C,
glass transition temperatures ('l‘g) of about 90 to about 130°C and inherent viscosities generally
ranging from about 0.7 to about 1.4 dl/g, with about 0.8 to about 1.2 di/g being preferred from
the standpoint of properties of molded parts and ease of molding.

Especially preferred among such polyamides are those wherein R in the above formulas
comprises hexamethylene. Also highly suitable as the polyamide component of the invented
compositions are polyamides comprising two of the units A, B and C shown above, such as
those with mole ratios of A:B:C in the range of from 40-65:0:60-35. For example, polyamides
containing A, B and C units at ratios of 45:0:55, 60:0:40, 65:0:35 and 55:0:45 are widely |
known and described in the art, while terpolymers with minor amounts of the isophthalamide
component B, for example in mole ratios such as 50:5:45, 40:5:55 and the like, may be found

particularly desirable for use where lower melt temperatures will be encountered.
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17 Tabl e 2. Hexanet hyl ene Ter epht hal am de- Capr ol act am

Copol yners acid am ne acetic
Ex. TA HWDA CAP end end acid . V. No.
noles noles noles groups groups endcap (dl/Q)

([err]ea/g) ([err]lea/qg) ([err]eq/Q) 9 9 37 37 26

71 32 46 0. 96 10 37 37 26 45

60

16 0. g§ther cho?ﬁners compriséng teregt}tmrlami%g?,lz:its are}%an and ﬁgve been Tgsgribed inZ{%c

0. 88

art, and these may also be found useful. For example, copolymers comprising terephthalamide
units and units derived from lactams such as, for example, the widely known copolymers of
hexamethylene terephthalamide and caprolactam and terpolymers comprising hexamethylene

terephthalamide, hexamethylene adipamide and units derived from caprolactam have been
available from commercial sources.

These and other suitable partially aromatic polyamide and copolyamide resins are fully
described in the art, for example, in U.S. patents 4,831,108; 5,112,685; 4,163,101 and
RE34,447, and in U.S. patents 5,288,793, 5,378,800; 5,322,923 and 5,218,082; the teachings of
these patents and applications are hereby incorporated herein by reference. Partially aromatic
polyamides are readily prepared using processes known and described in the art such as, for
example, the continuous and batch processes set forth in U.S. patents 4,603,193; RE34,447 and
5,387,645, and a variety of suitable copolyamides are readily available from commercial
sources. The term “polyphthalamide™ as set forth in ASTM D5336-93 is reserved for
polyamides wherein the combined content of terephthalamide and isophthalamide units is at
least 60 mole%. However, throﬁgh common use in the art the term has become widely
associated with any polyamide that contains phthalamide units, irrespective of the amount of
such units or whether the units are terephthalamide or isophthalamide units.

The molecular weight of the polyamide will be generally selected to meet the requirements of
the particular end use envisioned and of the processing methods contemplated for the
fabrication, according to practices Widely known in the resin arts. For example, fiber grade
polyamides will be best suited when fiber and ﬁlament- uses are contemplated, while those
identified by the art as extrusion grade and injection molding grade resins will be employed for
those uses. Such resins may be further described as generally having inherent viscosities
greater than about 0.6, preferably greater than about 0.7, when measured at 30°C in a 60/40
phenol/tetrachloroethylene (TCE) mixture at a concentration of 0.4 g/dl. Although there is no
particular upper limit for molecular weight to be suitable for use in these compositions, very
high molecular weight polyamides, those with an inherent viscosity as great as 2.0 dl/g or even

greater, may be extremely difficult to process thermally, and hence will not be preferred.

For the purposes of this invention the polyamides will be prepared to have a low level of

carboxylic acid endgroups. Generally, polyamides are prepared by condensation reactions of
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Compoundi ng and Ml di ng Exanples 13-21. The resins of Exanples 1-4 were
.conpounded with 33 wt % gl ass fiber (nomnal) and, where indicated, with a
copper stabilizer fornulation containing a 10:1 weight ratio of potassium

i odi de: cuprous iodi.de, together with nagnesi um stearate nold rel ease and
talc nucleant. A magnesium stearate nold rel ease agent was usually.added to
control fornulations conpounded- wi t hout the stabilizer, such as C1 t hr ough

C-3. Conmpoundin s _acconpli shed.by. dry-bl ending . dried resin with th
i ti ves SRS duFhors: RESHRUNERE dtsion Wik sERbERHe soidiohERot ot eruer
The gl ass gidpRihati@scitl et the 1kBE PIJaiBRT mhy aRIHR Frofl@ied Ftdne R4 tnoninbier
manual ly or with the aid of a single screw vent stuffer. The conpounded

pol ymer ~ wasorepaupdsiayingrhath aming agd carhexyhic acidfunctigaality, suech anby: pelppesdzation pHr m
pellets. A i Sl Ay P&l Wl i I : Type
| tensile é%pg@?"grgemns&gﬂs%mngmgﬁ 7 lt'oﬁlhﬁﬁ%%rlt\gﬂ gno lkﬁé@%\ﬁ%ﬁ | €c ﬁgﬁ&ﬁ%ﬁg“%

machi ne.  terminal groups and carboxylic acid terminal groups. Whent prepareddsing a stoichivmenii¢ ded

i ne. enaBguBes! amng g LRRPeiRE peIE AR Minrtcare FlaclRgocne Brigite
oxi dati ve pglyi@rization, the resulting resin will have a substantial balance of amine and carboxylic
endgroups. Where an excess of one of the monomers is employed, or where reactive
endcapping agents are added, one endgroup may predominate. For example, polymerizing a
diamine-rich monomer mixture will result in a polymer with a greater number of amine
endgroups. Alternatively, an amine-reactive endcapping agent such as acetic acid may be

employed to react with a portion of the terminal amine functionality present, thereby reducing
the proportion of such endgroups in the resulting polyamide.

It is necessary that only a relatively minor excess of the monomer, whether diamine or
dicarboxylic acid, or of an endcapping agent be employed in the polymerization. The total
number of endgroups, including those that bear the endcapping agent if one is used, will be a
function of the degree of polymerization, more particulérly a function' of the number average
molecular weight of the final polymer. As is well understood in the condensation polymer arts,
the degree of polymerization at completion will be determined by the extent of the imbalance
or by the amount of capping agent; therefore, only a minor excess of monomer or small
amounts of capping agent, generally on the order of up to about 5 mole%, preferably no more

than about 2 mole%, will be employed in order to avoid reducing the polymer molecular
weight to an undesirably low level.

As will be seen, polyamides employed in the illustrative examples typically have, in total,
approximately 140 - 170 peq/g of endgroups. Foruse in tﬁé practice of this invention, the level
of carboxylic endgroups will be low, generally no greater than 25% of all endgroups or about
40 microequivalents per gram (jleq/g), preferably no greater than 25 pleq/g. Partially aromatic
polyamides with acid endgroup levels of from 25 peg/g to as low as 10 peq/g or even 5 peq/g
will be found particularly useful in the practice of this invention, as will polyamides without
detectable levels of carboxylic endgroups. Polyterephthalamides that heretofore have been

described in the art, including those widely available from commercial sources, are prepared
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| nherent Viscosity Determination: Polymer, 0.100 g, was dissolved in 25 ni

of 60:40 phenol:tetrachl oroethane at 120 - 130[err]C Efflux tines of this
solution and the solvent were ’

18 determ ned using a Type | C Cannon Ubbel ohde Vi sconeter imrersed in a
constant tenperature bath at 30 C.  Theqi nherent viscosity in the units of

dl /g was cal cul ated from I nherent Viscosity = (In (solution

tinme/ sol VRfling migﬁlexéls%pe&s&wabh@aoup@%&mwgre&eﬂma@ufbu( 56 fikd/s. RlysmRe¢ICap)
determ nation: Polymer, 0.2 g (corrected for ash content), was dissolved in

12 m of Mwithathbsgoigh dexstsopfacrsboxyic tagidhgénetpliitrequitsnthe arsp of aveny bighbievels of 2

peci rum sRE e i fonclo, SRR dicPiaith g o oRRBl PRy ok ikt Fo MRS The

aceti c acicémpositions. was det er m ned
Polyamides having a low level of carboxylic acid endgroups togethér with the desired
molecular weight may conveniently be produced through use of an amine-rich stoichiometry as
described, together with an appropriate molar amount of amine-reacﬁve endcapping agent. The
combined level of amine endgroups and endcapped terminal groups in the resulting polymer
will then be comparatively high. It is well known that deamination and other side reactions
occur in these condensation reactions and these may introduce additional molecular weight-
limiting terminating species as well as cause branching and crosslinking. It is therefore
necessary to carefully control the polymerization process and to achieve a high degree of

completion in order to provide polyamides having the intended molecular weight together with
the desired level of carboxylic endgroups.

Compounding and fabricating operations using thermal processing means may lead to further
changes in molecular weight and in endgroup content. For example, the presence of minor
amounts of water may cause hydrolysis and chain cleavage, together with production of
additional amine and carboxylic acid endgroups; thermal decarboxylation reactions remove
carboxylic acid groups from aromatic moieties and, in terephthalamides, produce benzamide
endcapped terminations; further condensation of amine terminal groups with carboxylic acid
terminal -groups will increase molecular weight and reduce the level of both terminating
species. The thermal stability of the polyamide thus will depend in part upon the carboxylic
acid endgroup content at the time of each thermal processing step, and maintaining that content
at a level below about 40 (jteq/g) throughout éompounding and processing of the resin, as well
as in recycle of scrap, becomes an important consideration. Alternative methods may also be
devised for control of the carboxylic acid endgroup level such as, for example, through use of
suitable carboxylic acid-reactive endcapping agentslor through means of a post-reaction of the
carboxylic endgroups. These and other alternative low carboxylic acid endgroup polyamides

are also to be considered as falling within the scope of this invention.

Alternative methods may also be devised for control of the carboxylic acid endgroup level such

as, for example, through use of suitable carboxylic acid-reactive endcapping agents or through
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by conparing the carbonyl resonance of the endcap to the sum of all
carbonyl resonances. Acid endgroup determ nation: Polynmer, 0.2 g
(corrected for ash content), was dissolved in 6 to 8 nl of o-cresol at
100[err]C. After cooling, 4 to 6 m of benzyl alcohol and 50 [err]l

f or mal dehyde was added to the pol yner sozution. Potentionmetric titration
was done with 0.1 N KOH in nethanol. Ani"ne endgroup determ nation:

ot | or o€ S Rhifn e BHoS R 3Rld endlfBtes! TR 8 st hReidiau ¢ o
t he pol ynecarbaxglicibeid rendgtote polyawizies ace dlsd carisideredvasstallinp aviwiid heOscdpdNofie i n

water. Tensile Properties: Tensile testing was carried out according to
st andard AMY#U%Pest procedures. For thermal -oxidative aging, the tensile

speci mens were aged in a circulati ng_ai r oven at_the indicated tenperature
for varyi n§h$Enpreyed palamidesswillsbeqysed jiny gombipationewith a cpprefreoRtaining; stabilizgr Heyen
time perio : : j : q’cg&g- ' Jol=T A il e r .

t enper at ur @%p%nﬁg%'ﬁlgqgg\k gmgﬁgl yze ﬁg\;lltgftﬁ i)t 0 g (glr} ilsclﬁ‘éé(ﬂlggé'i g:r?.%ef-ﬁgﬂﬁnﬁ%g
peri od f or st8bilizdre tmt imay tberwséd for shase pytposesanaydbe furthemnehdrasterined mrecrmsprisilg a

sol ution of the cubic. equati.on. The ¢ 054 tions, of. the nol ded articles
2nd tho. anpRpe cannpou SSHPls 5 i gotyamife SRCRCTAIL AR Gprce. R aSeBrRl,
Tabl e 3. ThabigikeSwilC odtisRD essehtiiMy T 4 2btREBsalt) férhéxatPlPOupislisnbe QRS lcBpiods t O
be 33 wt% was found by determ ning the ash content to vary widely, falling
in the rang%a@te, a cuprous organic complex compound such as copper acetylacetonate, 2 cuprous
halide or the like, and an alkali metal halide. Preferably, the stabilizer will consist essentially
of a copper halide selected from copper iodide and copper bromide and an alkali metal halide
selected from the group consisting of the iodides and bromides of lithium, sodium and
potassium. Stabilizing formulations comprising copper(I) iodide and potassium iodide are well
known and widely available commercially for use in stabilizing aliphatic polyamides including

nylon 6, nylon 6,6 and the like and may be particularly useful in the practice of the invention.

According to the practice in the art, the amount of the copper-containing stabiliier will be
selected to provide a level of from about 50 to about 1000 ppm copper. The weight ratio of the
alkali metal halide to copper(I) halide will preferably lie in the range of from about 2.5:1 to
about 20:1, and most preferably from about 8:1 to about 10:1. Generally, the combined weight
of copper compound and alkali metal halide in the stabilized polyamide will amount to 0.01 to

about 2.5 wt%, preferably from about 0.1 to about 1.5 wt%, based on the combined weight of
polyamide and stabilizer.

The invented compositions may be used in the production of injection molded articles, or
fabricated using any of a variety of processes and methods well-known and widely practiced in
the fabricating arts, é.g. melt spinning of fibers, extrusion of sheet, tubing or film and the like.
The compositions may also be used as matrix materials or binders for composite or laminated
structures and may be further compounded with from 5 to 60 wi% of one or more fillers
including reinforcing fillers and the like for use in providing molded articles intended for use in
severe environments. Suitable as reinforcing agents are glass fibers and carbon fibers including
graphitic fibers. Metal fibers, alumina and aluminum silicate fibers, aluminurﬁ oxide fibers,

rock wool fibers and the like may also be found useful for particular applications.
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from27 w%to 35 w % - 19
Tabl e 3. Conmpounded and Mol ded d ass-filled Polyam des; Thermal Stability

Acid Am ne Initial time to 50% Resin

end end tensile tensile | oss Ex. Ex. Cu
groups groups |.V. str. (hrs) No. No. (ppm
[err]eqg/g [err]eg/g dl/g Kpsi Z?O[err]C 210[err]C C1 1
268

51 2 ... 3 . 5 7 3ot 2ur 219
a1 48Represe6té€\ac ﬁlle‘B%l%ﬁnals |%¢lgcbe0panlculgtg 13619 EPOWdeé]fi f%rms g} calc1u§§ élhcatc, 35
44 0. 93:silica, 2Ry§ talc, micaSddibon black, 1ifadfum dioxide, wollastonite, polytetrafluoroethylene,

graphite, alumina trihydrate, sodium aluminum carbonate, baryte and the like.

The stabilized compositions of the present invention may be further compounded to include up
to about 60 wt% of various additives to improve or modify various chemical and physical
properties. Examples of such additives include flame retardants, additional stabilizers and anti-
oxidants, processing aids, colorants, and the like according to common practice. The
appropriate types and levels of such additives will depend on processing techniques and on the

end use of the resultant product, and can be determined by those skilled in the art.

Compounding may be accomplished using any of the variety of compounding and blending
methods well-known and commonly used in the resin compounding arts. Conveniently, the
- polyamide and stabilizer, and fillers and modifying components, if any, may be used in powder,
pellet or other suitable form. The components will be melt compounded at temperatures
effective to render the resinous components molten using a high shear mixer, e.g., a twin-screw
extruder, to obtain a desirably uniform blend. The components may be first combined in solid
form, such as powder or pellets, prior to melt compounding to facilitate mixing. Particulates,
fibers and other additives may be incorporated into one or more of the components prior to
combining with the remaining components, or the components may be physically mixed in
powder or pellet form using conventional dry-blending methods and then extrusion
compounded. Plasticating the resin in a compounding extruder and feeding the additives,
particulates or fibers to the molten composition through a port in the extruder as is also

commonly practiced in the art may be found useful in compounding the compositions of this
invention.

The present invention will be better understood by consideration of the following examples
provided to demonstrate particular embodiments thereof.
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15 4 242 14 65 0. 89 29.5 930 1720 C2

1 92 53 51 0.90 ° 28.4 755 1090 16 2
86 41 47 0.92 31.5 700 1065 17 3 93
32 41 0.98 28.9 775 1120 18 4 94

13 61 0.94 27.7 1010 14 1490 C3 1 1* 54
39 1.01 27.9 335 530 19 2 3* 42 55
0. 88 29.1 475 650 20 3 5* 38 41

0.93 29.1 460 690 BXAMPLES 4% 25 69

0.92 28.0 475 755 Notes: * no copper stabilizer added;

by anal ysis the copper content ofPolyamide Prepasatiorens was in the range of from
1-5 ppm It will be apparent froma conparison of the stability data for

control exXBepiadyathi@esamstd Fnathp | fellowifg Zxamplas arehsummarized| ingRabdkal ibelovst Jlbel ity
of a polyam de wi thout copper stabilizer is lLittle affect b he | evel of
o6 0 encor BhiSot pRRess nig R SirB Y RelyaRdsntne vt 1R imis Moy be Eenstli i g
(210 er r ] Qes®ibed apds@itharizdbedfologh: | evel s of copper stabilizer are

enpl oyed, reduction in acid endgroups affords a marked increase in thermnal

st abi | i ty;A tRENIleBMARBIH Odtaifffess det, stirrdd ¥YIf RadPWRY dargkd with thd RRon6méR Ghd,Of

acid endgroup level on thernal stability is npre pronounced at |ower copper
| evel s; coMiREr aPREQRTIAtS | WRIRT Fop IPEOVERle) afjagReoms Anisfuse of reaqtants suchy thah ghe Sipgler

C 3, and. AL MERE Rbp ke 0K aFRUHRNE I bR e elé o T

| evel , t hediamine to total acids was selected in each case to provide polyamides having a balanced, an
amine-rich or an acid-rich stoichiometry as desired, and acetic acid was added as a capping
agent in the amounts shown. Since the polymerizations were run without recycle of volatiles,
excess reactant, particularly acetic acid, diamines and, where appropriate, caprolactam, was
employed to offset volatilization losses. The catalyst, sodium hypophosphite or phosphorous
acid, was added to the reactor either as a solid or aqueous solution at levels to provide 400 ppm

- (NaH2PO3) or 125 ppm (H3PO3) phosphorus in the final polymer and the reactor was then

sealed, purged with nitrogen, pressurized to about 2.8 kg/em? (40 psig) with nitrogen, heated to
about 120°C and held at that temperature.

Contents of the salt reactor were pumped continuously to a jacketed, oil-heated, concentrator

fitted with a Research Control Valve to vent volatiles, and maintained under pressure of about

11.3-13.1 kg/cm?2 (160-185 psig) while heating the contents to about 220-225°C. The water
content of the reaction mixture exiting the concentrator was reduced to less than about 15 wt%
using a residence time of about 15 minutes. The reaction mixture was continuously pumped
from the concentrator to and through two oil-heated, stainless steel preheaters, arranged in
series. The melt temperature at the exit of the first preheater was selectably maintained at
about 279-290°C and in the second at about 282-293°C; a Research Control Valve was used to

maintain the pressure in the preheaters at about 127 kgfcm?2 (1800 psig).

The reaction mixture exited the preheater continuously through the Research Control Valve

into a jacketed tubular reactor at a pressure of about 7 kg/cmZ (100 psig) heated to wall

temperature of about 325-345°C by circulating heat exchange fluid through the heating jacket.
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effect of a reduction in copper |level may be offset; conpare the thernal
stabilities of exanples having the same 92-94 ppm copper, C2 (53 [err]eq/g
aci d endgroups) and Exanple 17 (32 [err]eq/g) wth Exanple 18 (13
[err]ed/q). 20 It will
al so. be seen that fornulations with very,dow levels of acid endgroups,
Exanpl es 15 and 18, have very nuch inproved thernmal oxidative stability,

whet her st-pf feh&RAl Mﬁmg (e FaRRE rmraag?lmxlduze% m&&v&' c&i‘tm@wm; t%zn I@meact r
Exanple 15 (14 [err]eqg/g), or a much | ower level of 94 ppm Exanple % (13

[ err] eq/ g) with ExeelstmperatBre3mainiaigd at uotdéss thonHi04E, iaod yavm:edqmeé patoghie seséwsy
the resi NSof fa \Eér%g) Ln%s Pééigerct Corporation ZSK-30, vented, twin-screw extruder using a vent
vacuum at the downstream (die end) port. The finished polymer was extruded through a strand

die into a water bath at a through-put rate of about 5.8-6.4 kg/hr and then chopped into pellets.

The compositions and properties of the polyamide resins are summarized in Table 1, and those
of the hexamethylene terephthalamide-caprolactam copolymers are summarized in Table 2.
The mole ratios of the dicarboxylic acid units TA, IA and AA (terephthalyl, isophthalyl and
adipyl), the diamine units HMDA and PMDA (hexamethylene diamine and 2-
methylpentamethylene diamine) and lactam CAP (caprolactam) that make up the several
polyrﬁers are given, together with the amounts of acid and amine endgroups and endcap
(acetamide endgroups) as determined analytically for each of the resins and the LV. (inherent
viscosity) of the resins as produced. As is known in the art, 2-methylpentamethylene diamine

may cyclize thermally to form 3-methylpiperidine; the level of endgroups containing this
moiety was not determined.
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The glass fiber-filled formul ati ons of Exanples 22-31, sunmarized in the
following Table 4, were conpounded and injection nolded substantially
foll owi ng the nmethods and procedures descri bed above for control exanples

C- 1 through C 3 and Exanpl es 13-21. Tabl e 4. Compounded and Ml ded
Ter epht hal am de Copol yners; Thermal St abj‘é ity

Aci d Am ne Initial tine to 50% Resi n

end end tensile tensile | oss Ex. Ex. Cu
groups groups |.V. str.  Table 1. Polyargides No. No. (ppm
[err]eq/g [err]eg/g dl/g Kpsi 220[err]C 210[err]C 22
221 59 =37 9318 —F95— £3585 —28§——6
255 28 44 &idgnits 26, (amine units] 1] 5acid  japgige  acetig 7

257 20 % (oRQatio) 30. §mole ratio)l225end 1%H& aci> Lv.8

293 0 0.91 32.0 1235 1930 26 5
137 58 089 31 3 7408%0Ups  Efqups  endeap7 6

39
2 a0 S aRon e ol oeunst @ ]
B0 a0k gode g0 OB q o

2" 39 4 698% 40 9 52 %835 @1 104
3 65 25 10 100 0 40 33 77 109
4 65 25 10 100 O 26 6 77 099
5 75 0 25 77 23 73 29 46 097
6 75 0 25 77 23 37 39 61 108
7 75 0 25 77 23 24 6 61 098

8 75 0 25 77 23 - 14 91 46 099
Note: 1* is a commercially-produced polyphthalamide, obtained as Amodel®

1000 polyphthalamide resin from Amoco Polymers Inc.; analytical values reported

are typical and are representative of the commercial product.

For the particular polymer molecular weights employed, it will be seen that as the carboxyl
endgroup content is varied for a polymer type, the total of the endgroups falls in the same range
of values, consistent with the polymer molecular weight (1.V.). Similar behavior is found for
the caprolactam copolymers, summarized in the following Table 2.
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Not es: * no copper stabilizer added; copper content by analysis = 2-3
ppm It will be seen fromthe thernmal oxidative stability data for
Exanples 30 and 31 that the thernmal stability of the copol yterepht hal am de
formul ati on without copper is not nmuch affected by acid endgroup level, in
contrast with the findings by Lanska fory;l actans, as discussed herein
above. As shown by Exanples 22 and 26, thermal stability for these high

tenperature pol yaghules. ¢Rxafidhfles 'ﬁa'?éJhklﬁPdMi‘héLCL;SPB LOMRICIIYniRgs T ur t her
addi tion of copper_sStabilizer.  even for JTevels of acid endgroups.

21 Reducing the level of acid endgroups éc‘?d| eVviglige Wehleripel ow about 40
[err]eqa/g, Exanples 23-25 and 27-29, is seen to provide a significant

i mprovenent in therﬁ’&l o'iZAdatHM@AstﬁblPI it §"d Levénd of a&@i d ek¥groups bel ow
about 30 [err]eq/q, !ecgs ﬁl%iesﬂm grotips2 8, graupy i dnigegN tIé %rrpr ove
[ [ abl Cl

mgr(r:rg:opce)?(l Idgt/la?/err;y the su SEueq} Bal(pcql?gs)ence of endgr oups
9 37 37 26 71 32 46 0.96
10 37 37 26 45 60 46 0.93
11 37 37 26 39 71 46 0.90
12 37 37 26 19 102 46 0.88
Compounding and Molding
Examples 13-21. The resins of Examples 1-4 were compounded with 33 wt% glass fiber

(nominal) and, where indicated, with a copper stabilizer formulation containing a 10:1 weight
ratio of potassium iodide:cuprous iodide, together with magnesium stearate mold release and
talc nucleant. A magnesium stearate mold release agent was usually added to control

formulations compounded without the stabilizer, such as C-1 through C-3.

Compounding was accomplished by dry-blending dried resin with the additives and feeding the
blend to a 25 mm Berstorff single screw extruder. The glass fiber was fed to the extruder
through a downstream port, either manually or with the aid of a single screw vent stuffer. The

compounded polymer was extruded through a strand die into water, then chopped to form
pellets.

After drying, the resin pellets were injection molded to form Type I tensile specimens, using a

75 ton Arburg twin screw injection molding machine.
Test Procedures

The molded articles were analyzed for inherent viscosity and for acetamide, acid, and amine

endgroups, and were subjected to mechanical testing and thermal oxidative aging.

Inherent Viscosity Determination:  Polymer, 0.100 g, was dissolved in 25 ml of 60:40

phenol:tetrachloroethane at 120 - 130°'C. Efflux times of this solution and the solvent were
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be reduced by half wi thout significantly affecting the excellent thernmal
stability of these fornulations; conpare Exanples 25 and 29. After
twenty-four hours of aging at 220[err]C, one speci nen of each of the above
pol yners was renoved and the soluble interior analyzed for endgroups. In
contrast to the work of Lanska with |actgm polynmers at |ower oxidizing
tenperatures, the polynmers with a | arge excess of acid groups, Exanples 22,

26, and 3QeteHimed WRitg @ ?%tl@@aﬁhoﬁ UbEioh@) Vibcohfdter Nih&EedOfin 3CicHnstant
endgroups during this thermal aging, such that the stoichionetry shifted in
t he dir ectteropergtirelbeibray 308. anced. Exanpl es 32-41. Addi ti onal

formul ati ons were prepared using the hexanet hyl ene
t er epht hal Ewiitterenapiscdsitg irtuive QniEodf\alg was eslculated fromxanpl es 9-12. The gl ass

fiber-filled formul ationg, of Exapples 32-41, summarized in the follow ng
Table 5, were com&%ﬁm%%'ﬁyﬁ ‘E&SP op Hmaisalvent e {(congentratia | owi ng t he
nmet hods and procedures descri bed above for contraol exanples C1 through C3
and Exanp|eetamide endgroup (acetic acid endcap) determination: Polymer, 0.2 g (corrected for ash

content), was dissolved in 12 ml of hexafluoroisopropanol by tumbling at room temperature

over 1 - 2 days. After filtering or decanting from the insolubles, a >C NMR spectrum was run

on the solution using a Varian Unity 300 Spectrometer. The acetic acid endcap was determined

by comparing the carbonyl resonance of the endcap to the sum of all carbonyl resonances.

Acid endgroup determination: Polymer, 0.2 g (corrected for ash content), was dissolved in 6

to 8 ml of o-cresol at 100°'C. After cooling, 4 to 6 ml of benzyl alcohol and 50 ul formaldehyde

was added to the polymer solution. Potentiometric titration was done with 0.1 N KOH in
methanol.

Amine endgroup determination: Polymer, 0.4 g (corrected for ash content), was dissolved in

12 m! of hexafluoroisopropanol at 50°C. After cooling, 0.1 ml water was added to the polymer

solution. Potentiometric titration was done with 0.1 N HCl in water.

Tensile Properties: Tensile testing was carried out according to standard ASTM test
procedures. For thermal-oxidative aging, the tensile specimens were aged in a circulating air
oven at the indicated temperature for varying periods, using sets of five tensile specimens for
five to seven time periods. The tensile specimens were then tensile-tested at room temperature,

and the data analyzed by fit to a cubic equation. The time period for 50% loss in tensile
strength was determined by mathematical solution of the cubic equation.

The compositions of the molded articles and the analytical and aging test data are summarized
in the following Table 3. The glass content, though targeted in the compounding operation to

be 33 wt%, was found by determining the ash content to vary widely, falling in the range of
from 27 wt% to 35 wt%.
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22 Table 5. Conmpounded and Ml ded Pht hal am de- Capr ol act am Copol yners;
Thermal Stability Aci d

) Am ne
Initial time to 50% Resin end end
tensile tensile | oss Ex. Ex. Cu groups groups . V.
str. (hrs) No. No. (ppr’r)19 [err]eq/g [err]eq/g dI/g
Kpsi 220[err]C 210[err]C 250 0. 89
30.8 960 %%ég g% @g%' %gg gi g
30. 9 112 Table 3. ounded and Mo Glaiﬁ— ed Polyg@égs The Stabili
30.7 1370 1565 35 . 17 31 FZF
29.6 1570 2090 geReid  lmine T2 I%‘Jf_a' A% 4
840 1075 Resin - 10 rad  end2q 6@ensile 0. 94 tensiiologs 935
iigg gg Exi% Ex.ii7Cu g?éhps gro Z LY. 92 str. 32 0 (hrsﬂ-lgg
1620 S0 Nojo No.'Zppm) yalie pedlg ‘“& 89 Kesizg) 5220°C 848° C
800 41y 1 268 405y 8%  0oP9 31859 g5 39375 935
13 2 219 41 48 0.94 30.0 990 1615
14 3 336 35 44 0.93 28.6 970 1635
15 4 242 14 65 0.89 29.5 930 1720
C-2 1 92 53 51 0.90 284 755 1090
16 2 86 41 47 0.92 315 700 1065
17 3 93 - 32 4] 0.98 289 715 1120
18 4 94 13 61 0.94 27.7 1010 1490
C-3 1 1* 54 39 1.01 219 335 530
19 2 3* 42 55 0.88 29.1 475 650
20 3 5*. 38 41 0.93 29.1 460 690
21 4 4* 25 69 0.92 28.0 475 755
Notes: *

no copper stabilizer added; by analysis the copper content of the

specimens was in the range of from 1-5 ppm.

It will be apparent from a comparison of the stability data for control example C-3 and
Examples 19-21 that the thermal oxidative stability of a polyamide without copper stabilizer is
little affected by the level of acid endgroups, with only modest improvement realized in the less
demanding (210°C) environment. When high levels ‘of copper stabilizer are employed,
reduction in acid endgroups affords a marked increase in thermal stability; compare control
example C-1 with Examples 13-15. The effect of acid endgroup level on thermal stability is

more pronounced at lower copper levels; compare control example C-2 with Examples 16-18.

Reducing copper level does lower thermal stability; compare control examples C-1, C-2 and
C-3, and compare Examples 13, 16 and 19. However, by lowering the endgroup level, the
effect of a reduction in copper level may be offset; compare the thermal stabilities of examples
having the same 92-94 ppm copper, C-2 (53 neqg/g acid endgroups) and Example 17 (32 peq/g)
with Example 18 (13 peqg/g).
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Notes: * no copper stabilizer added; copper content by analysis = 2 ppm
It will be apparent froma conparison of the stability data for Exanples
32-35, and again for Exanples 36-39, that reducing the acid endgroup |evels
to well below 40 [err]eq/g provides significant inprovenent in the thermnal
oxi dative stability of conpositions with copper stabilizer for copol yam des

cont ai ni ng caprol actam segnents. At |eve % of acid endgr oups bel ow about 30

[err]eq/q, : v ermal | datiue st.abidity of
these. compb el B8 scth i foripl it i veo WV BraRl cBlyrbll R lontdl O
acid endgr t8jhavd kerylmuchl improved phermalrayiditive stdbilicgwheahdrstabilibed @ing poSsppbr ¥
by as much as_half, while retaining a high degree of thermal oxidative

st abi | i ty. steilizss levelotahont24opRin. Examplenht €4 1ea/zlqor a myehdawer ileygl ot dhppmsi ng

a copper s | i partially aromatic pol yam de having a | ow cont ent
of car boxyﬁgggﬁ‘g%i%glgﬂ%{@ups are thus seen to be significantly nore thermal

oxi dati vel y st abl a 0 rabl e, formul ati ons ,coaprisin o] yam des
accor di ng MM@% ﬁ’é‘“ﬁ@?‘ﬂ&x‘ﬁ?‘f‘d’% ‘@ﬂ@g’k‘ﬁﬁﬁg“sﬁ?éﬁﬂn &8s of
40 [err]eqfHe glhlefiberitiled Sofations b BXdMibles023-SR siitharisdPil thé wlmﬁg?gmé 4f or

partially aromatic pol yanm des with reduced |evel of car boxgll Ic ac
endgr oups #€€orompeynded anddnjeptiamnmpldad wpbstantiallyfollowingnthe anathdds ranid irecetings

| ded ' : skl ' i d i th
ol 9ed a1t LB A LUART RIS -1 Bl P e ERHReS 1991 2T des W th 2

I C acl

Table 4. Compounded and Molded Terephthalamide Copolymers; Thermal Stabilit

Acid  Amine Initial time to 50%
Resin end end tensile tensile loss

Ex. Ex. Cu groups groups LV. str. (hrs)

No.. No. (ppm) peq/g peq/s dlg  Kpsi 220°C  210°C
22 5 221 59 37 0.92 31.8 795 1335
23 6 255 28 4 095 260 1115 1700
24 7 257 20 62 090 308 1225 1865
25 8 293 0 82 0.91 32.0 1235 1930
26 5 137 58 -39 0.89 313 740 1185
27 6 153 26 47 0.94 24.6 945 1525

28 7 152 17 69 0.89 30.7 940 1650
29 8 151 0 88 096 . 253 1210 1910
30 5 3% 69 35 0.91 30.9 455 675
31 6 2% 39 41 0.89 294 445 685

Notes: *

no copper stabilizer added; copper content by analysis = 2-3 ppm.

It will be seen from the thermal oxidative stability data for Examples 30 and 31 that the
thermal stability of the copolyterephthalamide formulation without copper is not much affected
by acid endgroup level, in contrast with the ﬁndings by Lanska for lactams, as discussed herein
above. As shown by Examples 22 and 26, thermal stability for these high temperature

polyamides is again significantly improved by the further addition of copper stabilizer, even for

high levels of acid endgroups.
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23 endgroups will also be useful in the production of filmand in nmelt
spinning filanment and fiber, particularly when further stabilized and
conpounded according to the teachings of the fiber and filanment art. Film
and fiber have a high surface area per unit weight and are nore succeptabl e
to thermal oxidative attack, becom ng nmgye rapidly degraded than nol ded
articles, extruded profiles and the |ike when used in severe environnents

d I
ﬁgl dgél gr ;R ?éc es ﬁ] en tﬁtau deeﬂd?-ghﬁs tbw@ °“L£b bag %,sé’ap‘#ekgg'ﬁ%ﬁ@ in

eve carboxy Ic acl d endg

pol yani de 2729 Bdeeew provide niesjgrifitanb impreeaidny lrampmiamkldhﬂve $tabikry. a[msiclfs iof m
conpri sing such pol yam des. The invention will thus be seen_to be

conposi t i dAAEEBORRS heloy ?h%i}h 39 depier Exampley, 23+ ?‘hlﬂya‘!ﬂ M‘%@ﬁ%ﬂydﬂ‘l’@é’eand

ini 15, sariria oRuRGe XAgAr AL Sl AbkBbey fid LABAD, R BRI IOV C o
than abowe 80udedrby] balf gqntlmm signifiparelypafédceing ithey exaetlentt thenmah [scability ®f these

Lerr]eal g Qg JaRind Yomphie Exalies Band 4. 2

After twenty-four hours of aging at 220'C, one specimen of each of the above polymers was
removed and the soluble interior analyzed for endgroups. In contrast to the work of Lanska
with lactam polymers at lower oxidizing temperatures, the polymers with a large excess of acid
groups, Examples 22, 26, and 30, underwent a substantial reduction in the number of acid

endgroups during this thermal aging, such that the stoichiometry shifted in the direction of
being balanced.

Examples 32-41. Additional formulations were prepared using the hexamethylene
terephthalamide-caprolactam copolymer resins of Examples 9-12. The glass fiber-filled
formulations of Examples 32-41, summarized in the following Table 5, were compounded and
injection molded sﬁbstantially following the methods and procedures described above for
control examples C-1 through C-3 and Examples 13-21.
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copper -cont ai ning stabilizer. The invention further contenplates a nethod
for inmproving the thernmal oxidative stability of copper-stabilized,
partially aromatic pol yam des by reducing the acid endgroup content of the
pol yam de to | ess than about 40 [err]eq/g, preferably |less than about 30

[err]eqg/g, still nmore preferably less th about 20 [err]eqg/g. Although
the invention has been described and illUstrated by way of specific

enbodi nents set forth herein, still further nodifications and variations
will be readily apparent to those skilled in the resin formulati ng and
conposi te il ¢ Rdrlithuflida anﬁiw%ﬁ%gg@@é%abésvag&h?éo@?gm&g'%ﬁna sy
further conprrse, ) T - rth
herei n before, conventional add, t, such as prgpents, dye I cants,
processing aids, |ight and heat“ W%rs, and 'H , I” as

i npact nodifiers aBGSlﬂoughenerseﬂdnomeﬁd)r use Wi ttﬁmhlegh t engilerlossur e
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36 54 39 0.93 075

li ke. 840
37 10 113 20 60 0.94 324 935 1265
38 11 127 22 67 0.92 30.0 1175 1480
39 12 110 0 98 0.90 31.2 1330 1620
40 10 2 46 60 0.89 29.5 685 800
41 11 1 40 65 0.89 28.9 735 935

Notes:  * no copper-stabilizer added; copper content by analysis =2 ppm.

It will be apparent from a comparison of the stability data for Exarhples 32-35, and .again for
Examples 36-39, that reducing the acid endgroup levels to well below 40 peqg/g provides
significant improvement in the thermal oxidative stability of compositions with copper
stabilizer for copolyamides containing caprolactam segments. At levels of acid endgroups
below abéut 30 peqg/g, Examples 34 and 35 and 37-39, the thermal oxidative stability of these
compositions is still further improved. In the substantial absence of acid endgroups the level of
copper may be substantially reduced, possibly by as much as half, while retaining a high degree
of thermal oxidative stability. Compare Example 39 with Examples 32-34.

Formulations comprising a copper stabilizer and a partially aromatic polyamide having a low
content of carboxylic acid endgroups are thus seen to be significantly more thermal oxidatively
stable than comparable formulations comprising polyamides according to the art wherein the
carboxylic acid endgroups are in excess of 40 peq/g. The improvement in thermal oxidative
stability observed for partially aromatic polyamides with reduced level of carboxylic acid
endgroups according to the invention will be most apparent for injection molded articles and

extruded goods. Partially aromatic polyamides with a low content of carboxylic acid
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24 ~ These and ot her such variations and nodifications will be readily

apparent to those skilled in the polynmer arts and thus are contenpl ated as
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endgroups will also be useful in the production of film and in melt spinning filament and fiber,
particularly when further stabilized and compounded according to the teachings of the fiber and
filament art. Film and fiber have a high surface area per unit weight and are more succeptable
to thermal oxidative attack, becoming more rapidly degraded than molded articles, extruded
profiles and the like when used in severe environments and at elevated temperatures. The
improvement in thermal stability seen in molded articles when the level of carboxylic acid

endgroups in the polyamide is reduced thus may not be readily apparent for fiber and film
comprising such polyamides.

The invention will thus be seen to be a composition comprising a high temperature partially
aromatic polyamide and more preferably a polyamide containing aliphatic diamine
terephthalamide units, said polyamide having less than about 40 peqg/g, preferably less than
about 30 fleq/g, still more preferably less than about 20 peq/g acid endgroups, together with a
copper-containing stabilizer. The invention further contemplates a method for improving the
thermal oxidative stability of copper-stabilized, partially aromatic polyamides by reducing the

... acid endgroup content of the polyamide to less than about 40 jieq/g, preferably less than about
30 peqg/g, still more preferably less than about 20 peqg/g.

Although the invention has been described and illustrated by way of specific embodiments set
forth herein, still further modifications and variations will be readily apparent to those skilled
in the resin formulating and composite fabricating art. For example, the invented compositions
may further comprise, in addition to the fillers and reinforcement as set forth herein before,
conventional additives such as pigments, dyes, lubricants, processing aids, light and heat
stabilizers, and the like, as well as impact modifiers and tougheners known for use with high
temperature polyamides and particularly for polyamides. The invented compositions may be
further compounded to form blends with additional polymers and resins as is well known in the
art. Polymers that may be particularly suitable for use in such blends include the variety of
polymers classified as engineering thermoplastics such as, for example, aliphatic polyamides
such as nylon 6, nylon 6,6, nylon 4,6, nylon 11, nylon 12 and the like; polyesters such as
aromatic polycarbonates, polyarylates, liquid crystalline polyesters and the like; and polyaryl

ethers including polysulfone resins, polyphenylene oxide resins, polyaryl ketones and the like.
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1. A high tenperature, partially aromatic pol yam de having from about O
to about 40 [err]eq/ g carboxylic acid endgroups, said polyam de
conprising aliphatic diamne terephthal am de units represented by the
foll owi ng structural formula: _
[err] wherein R conprises at | easj, one Cerr]-Cerr] aliphatic

hydr ocar byl radi cal . 2.  The parti A0 y aromatic polyamde of daiml
wherei n saj ] A Lges. [ [ I .ol act am
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defined solely by the appended claims.
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[err] wherein R conprises at |east one (Jerr]-Clerr]
al i phatic hydrocarbyl—Tadi cal and wherein the nole ratio of the units

A B an ange of from about 40-100: 30-0: 60- 0. 4. The
parti al !)m’ @EI |H’l“%l&m de of any of Clains 1-3 wherein said aliphatic
hydr ocarbyler sel ected from Bgxanet hyl ene radi cal s,
2- et hyl - 1 5- pent anet-hyl ene radi cal s and m xtures thereof.

Claims:

1. A high temperature, partially aromatic polyamide having from about O to about 40

neq/g carboxylic acid endgroups, said polyamide comprising aliphatic diamine terephthalamide

units represented by the following structural formula:

2 2
—HNRHN—CC-—-—

wherein R comprises at least one C4-C)4 aliphatic hydrocarbyl radical.
2. The partially aromatic polyamide of Claim 1 wherein said polyamide further comprisés

units derived from caprolactam.

3. The partially aromatic polyamide of Claim 1 comprising units represented by the

following structural formulas:

% /A S

1] |
—-C—@—C—NHRNH— A

NHRNH-— B

l
O=0
O=

l 1]
—C(CH,) ,CNHRNH— C

wherein R comprises at least one C4-Cy4 aliphatic hydrocarbyl radical and wherein the mole

ratio of the units A, B and C lies in the range of from about 40-100:30-0:60-0.

4, The partially aromatic polyamide of any of Claims 1-3 wherein said aliphatic

hydrocarbyl radical R is selected from hexamethylene radicals, 2-methyl-1,5-pentamethylene
radicals and mixtures thereof.
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26 5. An—injection nol dabl e conposition conprising a high tenperature,

parti al ' g de as set forth in any of Clains 1-4; and from
0.01t Imuﬂﬂﬁu‘ﬂmaim copper- containing thernal stabilizer. 6. The
conposi v Cmal ;n 5« wherei n sai d copper-containing thermal stabilizer is
a formul ation conprising an alkali netal__halide and a copper (1) halide in

a weight ratio of fromabout 2.5:1 to afSut 20:1. 7. The conposition of

Caimb rein . | ld.zer . ty]; | se SSi um

odi de_an 'CoppAer? Ff{'%u?)ggﬂs@bles &ﬂ'pﬂdsitt%ﬁ coIn(ﬁ{:lm& 4 Hlﬁp_teﬁ\%ggwré psartpa?lglaarémaldlc
polyamide as set forth in any of Claims 1-4; and from 0.01 to about 2 wt% of a copper-
containing thermal stabilizer.

6. The composition of Claim 5 wherein said copper-containing thermal stabilizer is a

formulation comprising an alkali metal halide and a copper (I) halide in a weight ratio of from
about 2.5:1 to about 20:1.

7. The composition of Claim 5 wherein said thermal stabilizer formulation comprises
potassium iodide and copper(]) iodide.

8. The composition of Claim 5 further comprising from about 5 to about 60 wt% filler.

9. The composition of Claim 8 wherein said filler is glass fiber.

10.  An injection molded article comprising the composition set forth in any of Claims 6-9.

This is the replacement sheet

Date: 16 00T 1997



8. -~ The conposition of Caimb5 further conprising fromabout 5 to about

60 W% filler. 9. The conposition of aim8 wherein said filler is
gl ass fiber. 10. An injection nolded article corrpr|5| ng the conposition
set forth in any of Cains 6-9. 27 _

POLYAMIDE COMPOSIT.IONS HAVING IMPROVED THERMAL STABILITY

Abstract Of the Invention

Improved High temperature polyamides, and particularly partially-aromatic polyamides,
containing less than about 40 yeq/g carboxylic acid endgroups. When stabilized with a copper-

containing thermal stabilizer, the polyamides exhibit improved thermal oxidative stability.
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