
;e3e;;L,6TT\ ~ Z ~~~ ~ ~~~2   .~.re..~a~. INHERENTLY LIGHT- AND
HEAT-STABILIZED POLYAMIDE AND METHOD OF MAKING THE SAME 5 Description This
invention relates to polyamides. More particularly, this invention relates
to inherently light- and heat-stabilized polyamides and to methods of
making such polyamides. This invention 10 also relates to articles produced
from such polyamides. Polyamides tend to degrade when exposed to light
and/or heat. For example, the amino end groups (i.e., the primary dye sites
for acid dyes) of a polyamide are reduced during melt extrusion of 15 the
polyamide and during exposure of polyamide fibers or other polyamide
articles to light and/or heat. In addition, polyamide fabrics such as, f or
example, carpets and textiles which have been dyed with certain classes of
dyes, lose color and fade when exposed to light and/or heat. 20
Furthermore, the heat resistance of polyamides such as, for example, nylon
6 and nylon 6/6, is not sufficient for certain applications. For example,
during the dyeing of polyamide-containing carpets, yarns, and textile
fabrics and in certain heat-set 25 ting processes and end-use applications,
chemical changes occur which may cause problems, e.g., oxidative/thermal
damage. These problems may involve continuous filaments or staple fibers.
Stabilizers have been used to improve the heat resistance of 30 polyamides.
The stabilizers may be added before, during, or after polymerization, and
even as late as the processing stage. The conventional known stabilizers
are admixed with the polymer and are not bound to the polymer chain;
therefore, during processing or use of the polyamide, the stabilizers can
readily migrate out 35 of the polymer, evaporate, or be washed out. This
means that the activity of the stabilization is reduced in an undesired
manner, and impurities are released to the surroundings (e.g., air, dye
bath, etc. ) .  40 pertain copper stabilizers have also been added either
during extrusion or in the dye bath to minimize golyamide degradation due
to exposure to light and/or heat. This practice, however, is expensive,
disturbs processing, and presents environmental problems. 45    G 2 ~,~ ~
L~? WO 99/41297 PCT/EP99100932 2 United States Patent Application Serial
Number 09/044,031, which is assigned to BASF Corporation, relates to a
process for making stabilized solution-dyed fibers by melting a polyamide
comprising amide monomers polymerized in the presence of at least one hinde
5 red piperidine compound and coloring the melted polyamide with a `
colorant. United States Patent Application Serial Number 08/804,312, which
is assigned to BASF Corporation, relates to a process for prepa 10 ring
photochemically-stable, dyed nylon compositions comprising providing to a
dye bath a shaped article of poly(epsilon-caprolactam) hydrolytically
polymerized in the presence of water and a hindered piperidine derivative
and, in the dye bath, dyeing the shaped article with one or more metalized
or nonmetalized acid 15 dyestuffs. A PCT application) International
Application No. PCT/EP 95/01349) describes an inherently stabilized
polyamide containing at least one triacetone diamine compound 



20 represented by the formula ~2 25 CH3%/~~CH3 cx3 \ i cx3 R 30 wherein R
is hydrogen, a hydrocarbon group having 1-20 carbon atoms, or a benzyl
group. The triacetone diamine compound has a primary amino group (-NH2)
that reacts with a carboxy end group of the polyamide molecule during
polymerization, thus rendering the 35 polymer light and heat stable. The
available carboxy end groups of the polyamide determine the amount of the
one or more triacetone diamine compounds that may be added.  ~._ An essay
in Poly. Deg. and Stab. 21, 251-262 (1988) describes how 40 the light
stability of polyamide 6/6 is improved by adding '
2,2,6,6-tetramethylpiperidin-4-of (TMP). In a recondensation of the
TMP-containing polyamide 6/6 in the melt at 275 C under an atmosphere of
water vapor, the authors of the essay claim that TMP reacts with the
carboxyl end groups of the polyamides. 45   G 2 ~`~~ LAW WO 99/41297
PCT/EP99100932 3 Although prior stabilizers are known to be considerably
satisfactory, there still remain some problems to be dissolved or improved.
5 It has now been discovered that polyamides that are inherently stable
against light and heat may be provided by polymerizing polyamide-forming
monomers in the presence ' of (a) at least one piperidine compound
represented by the formula (I) 10 R2 R3 Rl-N (X~ m-C (O)-R6 . (I) 15 R4 R5
n wherein R1 is hydrogen, benzyl, or a C1-C2o alkyl, R2-RS are each 20
hydrogen or the same or a different C1-C6 alkyl, X has n free va lance
bonding sites and is an alkyl or substituted alkyl having' from about 1 to
about 30 carbon atoms or an aryl or substituted aryl having from about 6 to
about 20 carbon atoms, m is 0 ox 1, -C(0)-R6 is a group that can form an
amide bond together with an 25 amine, and n is equal to 1, 2, or 3 and (b)
at least one 4-amino-2,2,6,6-tetramethylpiperidine compound represented by
formula (II): ~2 30 CH3 ' \CH3 (II) CH3 ~ CH3 



R~ 35 wherein R? is hydrogen, benzyl, or a C1-CZO alkyl. Accordingly, one
embodiment of the present invention is directed 40 to an inherently light-
and heat-stabilized polyamide comprising a backbone polymer chain, at least
one ` piperidyl radical represented by formula (III): 45   d 2 ~`,~ ~ ~~'~
WO 99/41Z97 4 PCTlEP99100932 R2 R3 5 R1- N IX] ~,-C (O) ~ ( III) , R4 RS n
10 wherein R1 is hydrogen, benzyl, or a C1-C2p alkyl. R2-R5 are each
hydrogen or the same or a different C1-C6 alkyl, X has n free valance
bonding sites and is an alkyl or substituted alkyl having from about 1 to
about 30 carbon atoms or an aryl or substituted aryl having from about 6 to
about 20 carbon atoms, m is 0 or 1, 15 and n is equal to 1, 2, or 3 and at
least one 4-amino-2,2,6,6-tetramethylpiperidyl radical represented by for-
' mula (IV): NH 20 CH3 I 'CH3 (IV) CH3 ~ CH3 R~ 25 wherein R~ is hydrogen,
benzyl, or a C1-CZp alkyl, wherein the one or more piperidyl radicals of
formula (III) and the one or more 4-amino-2,2,6,6-tetramethylpiperidyl
radicals of formula (IV) are 30 chemically bonded to the backbone polymer
chain. In the present invention) the chemical bonding of the one or mare
piperidyl radicals of formula (III) and the one or more
4-amino-2,2,6,6-tetramethylpiperidyl radicals of formula (IV) to the
backbone polymer chain provides the polyamide with inherent, 35 or
built-in, light- and heat- stability. In a second embodiment, the present
invention is directed to a method of making an inherently light- and
heat-stabilized polyamide comprising at least one piperidyl radical of
formula (III): 40  45   



6 Z ~~~.'~ ~~''` WO 99/41Z97 5  R2 R3 5 Rl-N IX] m-C (0) ~ R4 R5 'J n
PCT/EP99I00932 (III) 10 wherein R1 is hydrogen, benzyl, or a C1-CZO alkyl.
R2-R5 are each hydrogen or the same or a different C1-C6 alkyl, X has n
free valance bonding sites and is an alkyl or substituted alkyl having from
about 1 to about 30 carbon atoms or an aryl or substituted aryl having from
about 6 to about 20 carbon atoms, m is 0 or 1, 15 and n is equal to 1, 2,
or 3 and at least one 4-amino-2,2,6,6-tetramethylpiperidyl radical of
formula (IV): 20 CH3 1 'CH3 (IV) CH3 ~ CH3 R~ 25 wherein R7 is hydrogen,
benzyl, or a C1-CZp alkyl, wherein the radicals of formulae (III) and (IV)
are chemically bonded to the backbone polymer chain, the method comprising
subjecting polyamide-forming monomers to a polymerization process in the
pre 30 sence of an effective amount of at least one piperidine compound of
formula (I) R2 R3 35 R1-N ~X] m-C (0)-R6 (I) R4 R5 n 40 wherein R1 is
hydrogen, benzyl, or a C1-C2p alkyl. R2-Rg are each hydrogen or the same or
a different C1-C6 alkyl, X has n free valance bonding sites and is an alkyl
or substituted alkyl having from about 1 to about 30 carbon atoms or an
aryl or substituted 45 aryl having from about 6 to about 20 carbon atoms) m
is 0 or 1, -C(0)-R6 is a group that can form an amide bond together with an
L i'~w3 Ll:~c WO 9914I297 6 PCT/EP99/00932 amine, and n is equal to 1, 2,
or 3 and an effective amount of at least one
4-amino-2,2,6,6-tetramethylpiperidine compound of formula (II): 



5 ~2 CH3 ~ CH3 (II) ` CH3 ~ CH3 10 g~ wherein R~ is hydrogen, benzyl, or a
C1-CZO alkyl. 15 In yet another embodiment, the present invention is
directed to polyamide fibers formed from the inherently light- and
heat-stabilized polyamides of the present invention. Thus, it is a primary
object of the present invention to provide 20 a light- and heat-stabilized
polyamide wherein the stabilizing components are chemically bonded to the
polyamide. Another object of the present invention is to provide a method
of making a light- and heat-stabilized polyamide wherein the stabi 25
lizing components are chemically bonded to the polyamide. A further object
of the present invention is to provide polyamide fibers formed from making
a light- and heat-stabilized polyamide, wherein the stabilizing components
are chemically bonded to the 30 polyamide. The above and other objects,
effects, features, and advantages of the present invention will become more
apparent from the following detailed description of the preferred
embodiments thereof, 35 particularly when viewed in conjunction with the
accompanying figures. FIG. 1 is a graph illustrating the yellowing of
scoured knitted tubes after exposure in a weatherometer for 700 hours. 40
FIG. 2 is a graph illustrating the percent strength retained for
solution-dyed yarns after exposure in a weatherometer. To promote an
understanding of the principles of the present in45 vention, descriptions
of specific embodiments of the invention follow, and specific language is
used to describe the same. It will nevertheless be understood that no
limitation of the scope   "., Z ~'~c. v3 L~ W r WO 99/41297 PC'T/EP99100932
7 of the invention is intended by the use of this specific language and
that alterations, modifications, equivalents, and further applications of
the principles of the invention discussed are contemplated as would
normally occur to one of ordinary skill in the 5 art to which the invention
pertains. As used herein with respect to the poiyamides of this invention,
the term "inherently light- and heat-stabilized" means that the light- and
heat-stability are built into the polyamide. In other 10 words, the
components that render the polyamide light- and heatstabilized are
chemically bonded to the backbone polymer chain of the polyamide rather
than merely physically admixed with the polyamide. 15 As used herein with
respect to the polyamides of this invention, the phrase both end groups
that are terminated and stabilized" refers to the result that occurs when
the piperidyl radical of formula (III) and the
4-amino-2,2,6,6-tetramethylpiperidine radical of formula (IV) chemically
bond to the backbone polymer chain 20 of the inherently light- and
heat-stabilized polymers. In one embodiment, the present invention is an
inherently lightand heat-stabilized polyamide comprising at least one
piperidyl radical represented by formula (III): 25 Rz R3 



R1- N IX~m-C(O) (III) 30 j R4 R5 n wherein R1 is hydrogen, benzyl, or a
C1-C2o, preferably a CZ-C4, 35 alkyl, R2-R5 are each hydrogen or the same
or a different C1-C6 alkyl, X has n free valance bonding sites and is an
alkyl or substituted alkyl having from about 1 to about 30 carbon atoms or
an aryl or substituted aryl having from about 6 to about 20 carbon atoms, m
is 0 or 1, and n is equal to 1, 2, or 3 and at least one 40
4-amino-2,2,6,6-tetramethylpiperidyl radical represented by formula (IV) 45
n 6 2 ~~~.~ ~~Wt WO 99/41Z97 8 PGT/EP99100932 NH cH3 i 'cH3 ( Iv) 5 CH3 N
CH3 R~ 10 wherein R~ is hydrogen, benzyl, or a C1-C2o, preferably C1-C18
and more preferably C2-C4, alkyl, wherein the at least one piperidyl
radical of formula (III) and the at least one
4-amino-2,2,6,6-tetramethylpiperidyl radical of formula (IV) are chemically
bonded to the backbone polymer chain of the inherently 15 light- and
heat-stabilized polyamide.  The inherently light- and heat-stabilized
polyamide of the present invention is obtained by subjecting
polyamide-forming monomers to a polymerization process in the presence of
(a) an 20 effective amount of at least one piperidine compound represented
by formula (I) R2 R3 25 Rl~ T7 IX]m-C (O)-R6 (I) R4 R5 n 30 wherein R1 is
hydrogen, benzyl, or a C1-C:2p, preferably a C2-C4, alkyl, R2-R5 are each
hydrogen or the same or a different C1-C6 alkyl, X has n free valance
bonding sites and is an alkyl or substituted alkyl having from about 1 to
about 30 carbon atoms or an 35 aryl or substituted aryl having from about 6
to about 20 carbon atoms, m is 0 or 1, -C(0)-R6 is a group that can form an
amide bond together with an amine, and n is equal to 1, 2) or 3 and (b) an
effective amount of at least one 4-amino-2,2,6,6,-tetramethylpiperidine
compound represented by formula (II): 4V 45 



G 2 G,~~ ~~~'~ WO 99/41297 9 ~2 5 CH3 ~CHg (II) CH3 ~ CH3 R~ PGT/EP99/00932
10 wherein R~ is hydrogen, benzyl, or a C1-Czo alkyl. Preferably, R~ is a
C1-C18 alkyl and more preferably a C2-C4 alkyl. In formula (I), -C(O)-R6
represents a group that can form an amide bond together with an amine such
as, for example, carboxylic 15 acid, alkyl ester, aryl ester, amide, and
anhydride. Thus, R6 may be selected from the group consisting of hydroxyl;
-ORe where R8 is a C1-C3o alkyl or a C6-C2o aryl; -NHR9 where R9 is
hydrogen, a C1-C3o alkyl) or a C6-Czo aryl; -NR1oR11 where Rlo and R11 are
each the same or a different C1-Cgo alkyl or C6-Czo aryl; and -OCORlZ 20
where R1z is a C1-C3o alkyl or a C6-Czo aryl. Most preferably, R6 is
hydroxyl. With respect to the anhydride (i.e., where R6 is -OCORIZ), it may
be a symmetrical anhydride (i.e., R12 and the piperidine compound 25 of
formula (I) are identical) or an asymmetrical anhydride (i.e., R12 and the
piperidine compound of formula (I) are different). A preferred anhydride is
4-carboxy-2,2,6,6-tetramethylpiperidine anhydride represented by formula
(VI): 30 CH3 j H3 ~N 0~ 0 CH3 CH3 (VI) 0 35 CH3 CH3 CH3 N CHg As noted
above, X is an alkyl having from about 1 to about 30 . 40 carbon atoms or
an aryl having from about 6 to about 20 carbon atoms. Alternatively, X may
also be a substituted alkyl having a C1-C3o alkyl backbone wherein one or
more of the hydrogen atoms is substituted with dialkyl amine, alkoxy,
chlorine, or fluorine. Alternatively, X may also be a substituted aryl
having a C6-C24 45 aryl backbone wherein one or more of the hydrogen atoms
is substituted with dialkyl amine) alkoxy, chlorine) fluorine, or a   WO
99l41297 2 ~~r~~1 L PC'T/EP99l00932 10 C1-C3p alkyl. Preferably, X is
selected from the group consisting of C1-C4 alkyl, methylene, ethylene,
and, if n is 2, -CH. The preferred piperidine compound of formula (I) is 5
4-carboxy-2,2,6,6-tetramethylpiperidine (also referred to as
"carboxy-TAD"). The polymerization process by which the polyamide of the
present invention is formed is preferably carried out according to con 



10 ventional processes such as, for example, those described in U.S. Patent
No. 5,149,758 to Matthies, the entirety of which is herein incorporated by
reference, but with the addition of an effective amount of one or more
piperidine compounds of formula (I) and an effective amount of one or more
4 -amino-2,2,6,6-tetramethylpipe 15 ridine compound of formula (II). An
effective amount of at least one piperidine compound of formula (I) is an
amount sufficient in combination with the one or more
4-amino-2,2,G,6-tetramethylpipe- . ridine compounds of formula (II) to
render the resultant poly amide inherently light- and heat-stable.
Preferably, the effec20 five amount of the one or more piperidine compounds
of formula (I) is in the range of about 0.01 to about 0.70, and more prefe
rably about 0.08 to about 0.50, weight percent based on the weight of the
polyamide-forming monomers used. An effective amount of at least one
4-amino-2,2,6,6-tetramethylpiperidine 25 compound of formula (II) is an
amount sufficient in combination with the one or more piperidine compounds
of formula (I) to render the resultant polyamide inherently light- and
heat-stable. Preferably, the effective amount of the one or more
4-amino-2,2,6,6-tetramethylpiperidine compounds of formula (II) 30 is in
the range of about 0.01 to about 0.70, and more preferably about 0.d8 to
about 0.50, weight percent based on the weight of the polyamide-forming
monomers used. The one or more piperidine compounds of formula (I) may be
added 35 to the polyamide-forming compounds or to the polymerizing reaction
mixture. Thus, the one or more piperidine compounds of formula (I) and the
polyamide-forming monomers may be added separately or as a mixture to a
reactor in which polymerization is effected. 40 ' Via the carboxy groups(s)
thereof, the one or more piperidine compounds of formula (I) react with the
polyamide-forming monomers or with the amine groups of the resulting
polyamide such that the one or more piperidyl radicals of formula (III)
becomes 45 chemically bonded to the backbone polymer chain of the
polyamide. The chemical bonding of the piperidyl radicals of formula (III)
f a rt m ~..~ v ~.~~r~. WO 99I41297 PCT/EP99/00932 11 to the backbone
polymer chain of the polyamide provides the polyamide with the inherent
light- and heat-stability. The one or more
4-amino-2,2,6,6-tetramethylpiperidine compounds 5 of formula (II) also
chemically bond to an end of the backbone polymer chain of the polyamide of
the present invention through reaction of the primary amino groups of the
one or more 4-amino-2,2,6,6-tetramethylpiperidine compounds of formula (II)
with the polyamide-forming monomers themselves or with the 10 carboxyl
groups of the resulting polyamide. The resulting polyamide, therefore, will
contain one or more piperidyl radicals of formula (III): 15 R2 R3 Rl- N
LX]m-C(O)s (III) 20 R4 R5 n wherein R1 is hydrogen, benzyl, or a C1-C2o,
preferably a CZ to C4. alkyl, R2-R5 are each hydrogen or the same or a
different C1-C6 25 alkyl, X has n free valance bonding sites and is an
alkyl or substituted alkyl having from about 1 to about 30 carbon atoms or
an aryl or substituted aryl having from about 6 to about 20 carbon atoms, m
is 0 or 1, and n is equal to 1, 2, or 3 and one or more
4-amino-2,2,6,6-tetramethylpiperidyl radicals of formula (IV): 30 NH CH3
~CH3 (IV) CH3 ~ CH3 



35 R~ wherein R~ is hydrogen, benzyl, or a C1-C2o alkyl. Preferably, R7 40
is a C1-C18 alkyl and more preferably a C2-C4 alkyl. The presence of the
one or more 4-amino-2,2,6,6-tetramethylpipe` ridine compounds of formula
(II) during the polymerization of the polyamide-forming monomers further
enhances the light- and heat45 stability of the polyamide of the present
invention. Because of stearic hindrance) it is believed that the secondary
amino groups of the one or more 4-amino-2,2,6,6-tetramethylpiperidine
~'~;. ~,1 Lf~,. r: WO 99I41297 PGT/EP99/00932 12 compounds of formula (II)
do not react with the polyamide-forming monomers or the resulting
polyamide. Thus, the one or more 4-amino-2,2,6,6-tetramethylpiperidine
compounds of formula (II) may also function as a chain regulator. 5 ' The
one or more 4-amino-2.2,6,6-tetramethylpiperidine compounds of formula (II)
may be added to the polyamide-forming monomers or . to the polymerizing
reaction mixture. Preferably, the one or more
4-amino-2,2,6,6-tetramethylpiperidine compounds of formula (II) 10 is added
in an amount of from about 0.03 to about 0.80, more preferably from about
0.06 to about 0.40, mole percent, each in relation to one mole of amide
groups in the polyamide. Any suitable polyamide-forming monomers may be
used to form the 15 inherently light- and heat-stabilized polyamide of the
present invention. Examples of such suitable polyamide-forming monomers are
diamine compounds, dicarboxylic acids, caprolactam monomers, and
combinations thereof. 20 According to one embodiment of the method of the
present invention, the polyamide-forming monomers are composed of at least
one diamine compound and at least one dicarboxylic acid. Preferred diamine
compounds are hexamethylenediamine and tetramethylenediamine. Pref erred
dicarboxylic acids include adipic acid, sebacic 25 acid, and terephthalic
acid. Adipic acid and terephthalic acid are most preferred. Alternatively,
the polyamide-forming monomers may be composed of dicarboxylic acid diamine
salts. According to another embodiment of the method of the present in30
vention, the polyamide-forming monomers are composed of capro lactam
monomers, which polymerize to form nylon 6. In preferred embodiments of the
present invention, the inherently light- and heat-stabilized polyamide of
this invention is nylon 35 6, nylon 6/6, nylon 4/6, nylon 6/10, or aromatic
nylons such as, for example, poly(meta-phenylene isophthalamide) and
poly(paraphenylene terephthalamide), which are disclosed in U.S. Patent No.
3,287,324 to Sweeny and U.S. Patent Number 3,671,542 to Kwoleck, both of
which are incorporated herein by reference. ~0 In a more preferred
embodiment of the method of the present invention, the one or more
piperidine compounds of formula (I) and the one or more
4-amino-2,2,6,6-tetramethylpiperidine compounds of formula (II) are
combined with an effective amount of at least 45 one conventional chain
regulator. The carboxy groups) of the chain regulators) react at the amino
end groups of the polyamide chain, while the amino groups) of amine chain
regulators) react   G 2 ~,~'~ L~~' WO 99/4l297 PCT/EP99/00932 



13 at the carboxylic end groups of the polyamide chain. Thus, the chain
regulators) acts as a molecular weight controller. The particular chain
regulator, or combination of chain regula5 toys, and the amount thereof are
selected according to the desi red amino end group content of the final
polyamide product and according to the desired melt stability of the final
polyamide ' product. The desired amino end group content of the final poly
amide product will depend on the desired dyeability of the yarns 10 or
fibers produced from such polyamide product. The desired melt stability of
the final polyamide product will depend on the practical requirements for
the processing of the polyamide, particularly for the spinning of the
polyamide. 15 Suitable chain regulators for use in the present invention
inc_ lude, for example, monocarboxylic acids, dicarboxylic acids, amines,
diamines, and combinations thereof. Non-limiting examples of suitable
monocarboxylic acids include acetic acid, propionic acid, and benzoic acid.
Non-limiting examples of suitable dicarb 20 oxylic acids include C4-Clo
alkane dicarboxylic acids, particularly adipic acid, azelaic acid, sebacic
acid, decanedicarboxylic acid, and dodecanedioic acid; CS-Ce cycloalkane
dicarboxylic acids) particularly cyclohexane-1,4-dicarboxylic acid; and
benzoic dicarboxylic acids, particularly isophthalic acid, 25 terephthalic
acid, and naphthalene-2,6-dicarboxylic acid. Non-limiting examples of
suitable amines include hexylamine, cyclohexylamine, octylamine,
benzylamine, and 2-phenylethylamine. Nonlimiting examples of suitable
diamines include C2-Cle alkane diamines) particularly tetramethylene
diamine, hexamethylene 30 diamine, and dodecane diamine; C5-Cg cycloalkane
diamines; and C6-C24 aryl diamines, particularly para-phenylene diamine,
meta' phenylene diamine, meta-xylylene diamine, and para-xylylene diamine.
The chain regulators) is preferably used in an amount of from about 0.06 to
about 0.60, more preferably from about 0.10 35 to about 0.50, mole percent,
each in relation to one mole of amide groups in the polyamide. Preferably,
the chain regulators) used in the present invention is one or more
dicarboxylic acids or one or more diamines. The _ 40 dicarboxylic acid or
diamine chain regulators) may be the same as or different from a
dicarboxylic acid or diamine that is used as a polyamide-forming compound.
In another embodiment of the present invention, the method of 45
polymerization of polyamide-forming monomers in the presence of one or more
piperidine compounds of formula (I) and one or more
4-amino-2,2,6,6-tetramethylpiperidine compounds of formula (II)   ' a ~ 2
~E~ ~; L~~ L WO 99/4l297 pCT/EP99100932 14 is also carried out in the
presence of one or more pigments. Suitable pigments fox use in the present
invention include, for example, titanium dioxide and color-bearing
compounds of organic or inorganic nature. The pigments) is preferably added
to the 5 polyamide-forming monomers or to the polymerizing mixture in an
amount of from about 0 to about 5, more preferably from about 0.02 to about
2, parts by weight per 100 parts by weight of the , polyamide product. 10
Most preferably, the method of the present invention comprises subjecting
polyamide-forming monomers to polymerization in the presence of one or more
piperidine compounds of formula (I)) one or moxe
4-amino-2,2,6,6-tetramethylpiperidine compounds of formula (II), and one or
more chain regulators and/or pigments. 15 The present invention is further
directed to articles produced from the inherently light- and
heat-stabilized polyamides and to methods of producing such articles.
Non-limiting examples of such articles include fibers, yarns, carpets,
textile fabrics, and the 20 like. Fibers may be formed by subjecting the
inherently lightand heat-stabilized polyamides of the present invention to
any conventional fiber-forming process such as, for example, that disclosed
in U.S. Patents Nos. 4,983,448 to Karageorgiou and 5,487,860 to Kent et
al., the entirety of both of which are in 25 corporated herein by
reference. Preferably, the fiber-forming process involves rapidly spinning
the inherently light- and heatstabilized polyamide at take-off speeds of at
least about 4,000 m/min. 30 Similarly, fabrics may be formed by subjecting
the inherently light- and heat-stabilized polyamides of the present
invention to any conventional fabxic-forming process such as, for example, 



that disclosed in U.S. Patent No. 4,918,947 to Speich, the entirety of
which is incorporated herein by reference. 35 The articles formed from the
inherently light- and heat-stabilized polyamides of the present invention
may be dyed with conventional dyes used to dye nylons such as, for example,
metalized and non-metalized acid dyes, Usual dyebath conditions for dyeiag
40 nylon can be employed. The following general conditions are exemplary
and not intended to be limiting. A dyebath is prepared at a volume equal to
about 20 times the weight of the articles to be dyed. Processing chemicals
are added including a chelating agent to prevent the deposition or
complexing of metal ions in hard 45 water, a dye leveling agent, and, in
the case of metalized acid dyes, an acid donor to slowly lower the dyebath
pH. The dyestuff is added, and the dyebath pH is adjusted. The solution is
heated   6 2 ~a a ~~'~ WO 99I41297 PCTJEP99/00932 15 to the desired
temperature of typically about from 95 C to about l10 C at a rate of from
about 0.5 C to about 3.0 C per minute and is held at that temperature for
about 30 minutes to about 60 minutes. The dyebath is cooled or emptied, and
the articles ars 5 thoroughly rinsed with fresh water. The dyed articles
are dried in a tumble drier or an oven such as a Tenter or are passed over
heater cans. The dyed articles may then be optionally heatset to improve
dimensional stability. 10 Alternatively, fibers made from the inherently
light- and heatstabilized polyamides of the present invention may be
solutiondyed before being formed into articles. Usual conditions for
solution-dyeing nylon can be employed. The following general conditions are
exemplary and not intended to be limiting. The 15 polyamide of the present
invention is melted and colored with a - colorant selected from the group
consisting of pigments, dyes) any colored compound With properties between
pigments and dyes, and combinations thereof. The colored polyamide is then
spun into fibers or fabric according to conventional methods such as, for
20 example, those disclosed in U.S. Patent No. 4,983,448 to Karageorgiou,
U.S. Patent No. 5,487,860 to Kent et al., and U.S. Pa tent No. 4,918,947 to
Speich. The present invention will be further described by ref erence to 25
the following detailed examples. The examples are set forth by way of
illustration and are not intended to limit the scope of the invention. As
used in the examples, the following terms and test procedures are defined
as follows: 30 Weight Percent. The weight percentage of that component in
the charge. Relative Viscosity (RV). The relative viscosity compares the
viscosity of a solution of 35 polymer in formic acid with the viscosity of
the formic acid itself (ASTM D 789). The test results reported herein were
obtained using 0.20 g of nylon 6 dissolved in 20 cc. of formic acid at 25C.
40 Color Measurements. Color measurements are made using an Applied Color
Systems ("ACS") Spectrophotometer generating 1976 CIE LAB (D6500
illuminant) 10 degree observer) values. Total color difference (or Delta E,
wherein higher Delta E values indicate more color 45 change) calculations
are made against unexposed controls. Details of CIE LAB measurements and
the calculation of total color difference (Delta E) are found in color
science literature such as.   c~,.t WO 99/41297 PCTlEP99/00932 16 for
example, Billmeyer and M. Saltzman, Principles of Color Technology, 2nd
edition. 



End Group Content. 5 The amino end group content is determined by
dissolving about 2.0 g of nylon 6 in about 60 cc. of a phenol-methanol
mixture (68:32). This solution is titrated with about 0.20 normal HC1 at
about 25 C by a potentiometric method, wherein the endpoint is determined
by a steep potential increase. 10 The carboxy end group content is
determined by dissolving about 0.30 g of nylon 6 in about 40 cc. of a
mixture of benzyl alcohol at 180 C. The solution is titrated with about
0.03 normal t-butyl ammonium hydroxide at about 80 C to about 100 C by a
poten ~5 tiometric method, wherein the endpoint is determined by a steep
potential increase. EXAMPLE 1 (Control I) 20 polymer Containing No
Stabilizers In a polymerization of a nylon 6 polymer (RV 2.4), 4 kg
caprolactam, 400 g water, 6.0 g (0.15 weight percent) of propionic acid are
charged into a 11-liter autoclave. The mixture is heated 2' to about 260 C
in one hour, while the pressure increases to about 60 psi (3,102 mm Hg).
After holding the mixture at about 60 psi (3,102 mm Hg) for about 30
minutes, the pressure is slowly released. To accelerate polymerization, the
system is placed under a vacuum of 300 mbar over the last 15 minutes. The
polymer is 30 then extruded under a positive nitrogen pressure and cut into
chips. The chips are washed 6 times with 6 L of hot water (about 100 C) and
dried under nitrogen. The polymer is postcondensed at 160C to increase the
viscosity to 2.7. The amino end group content measures about 33 meq/kg, and
the carboxylic end group con35 tent measures about 50 meq/kg. EXAMPLE 2
(Contxol II) 40 Polymer Containing TAD Stabilizer In a polymerization of a
nylon 6 polymer (P~V 2.4), 4 kg caprolactam, 400 g water, 22.8 g t0.57
weight percent) of terephthalic acid, 10.8 g (0.27 weight percent) of
4-amino-2,2,6,6-tetrame ~5 thylpiperidine are charged into a 11-liter
autoclave. The mixture is heated to about 260 C in one hour, while the
pressure increases to about 60 psi (3.102 mm Hg). After holding the mixture
at about 60 psi (3,102 mm Hg) for about 30 minutes, the pressure is   ~ Z
~',~: WO 99/41297 PCT/EP99/00932 17 slowly released. To accelerate
polymerization, the system is pla ced under a vacuum of 300 mbar over the
last 15 minutes. The polymer is then extruded under a positive nitrogen
pressure and cut into chips. The chips are washed 6 times with 6 L of hot
water 5 (about 100 C) and dried under nitrogen. The polymer is
postcondensed at 160C to increase the viscosity to 2.4. The amino end group
content measures about 35 meq/kg, and the carboxylic end ' group content
measures about 71 meq/kg. 10 g~pLE 3 Polymer Containing TAD and Carboxy-TAD
Stabilizers In a polymerization of a nylon 6 polymer (RV 2.4), 4 kg
capro-15lactam, 400 g water, 22.8 g (Q.57 weight percent) of
terephthalicacid, 10.8 g (0.27 weight percent) of
4-amino-2,2,6,6-tetrame-thylpiperidine, and 12.8 g (0.32 weight percent)
of4-carboxy-2,2,6,6-tetramethylpiperidine are charged into a 11-li-ter
autoclave. The mixture is heated to about 260 C in one hour,20while the
pressure increases to about 60 psi (3,102 mm Hg). Afterholding the
r.~ixture at about 60 psi (3,102 mm Hg) for about 30minutes) the pressure
is slowly released. To acceleratepolymerization) the system is placed under
a vacuum of 300 mbarover the last 15 minutes. The polymer is then extruded
under a25positive nitrogen pressure and cut into chips. The chips are
was-hed 6 times with 6 L of hot water (about 100 C) and dried
undernitrogen. The polymer is postcondensed at 160C to increase
theviscosity to 2.4. The amino end group content measures about 36meq/kg)
and the carboxylic end group content measures about 8930meq/kg. EXAMPLE 4
35 Polymer Containing TAD and Carboxy-TAD Stabilizers 



In a polymerization of a nylon 6 polymer (RV 2.4), 75 kg Caprolactam, l800
g water, 412.5 g (0.55 weight percent) of terephthalic acid ( 202.5 g (0.27
weight percent) of 4-amino-2,2,6,6-tetramethylpiperidine, and 75 g (0.10
weight per 40 cent) of 4-carboxy-2,2,6,6-tetramethylpiperidine are charged
into a 250-liter autoclave. The mixture is heated to about 270 C in one
hour, while the pressure increases to about 60 psi {3,102 nun Hg). After
holding the mixture at about 60 psi (3,102 mm Hg) for 45 `~ut 30 minutes,
the pressure is slowly released. To accelerate polymerization, the system
is placed under a vacuum of 500 mm Hg for less than 5 minutes. The polymer
is then extruded under a positive nitrogen pressure and cut into chips. The
chips are washed   Z ~,~: ~u c.~~'l WO 99/41297 PCT/EP99/00932 18 with hot
water (about 90 C) and dried in a tumble dryer. The amino end group content
measures about 41 meq/kg, and the carboxylic end group content measures
about 78 meq/kg. 5 EXAMPLE 5 Polymer Containing TAD and Carboxy-TAD
Stabilizers with Titanium , Dioxide 10 In a polymerization of a nylon 6
polymer (RV 2.4), 74 kg caprolactam, 1800 g water. 422.5 g (0.S5 weight
percent) of terephthalic acid) 202.5 g (0.27 weight percent)-of
4-amino-2,2,6,6-tetramethylpiperidine, 75 g (0.10 weight percent) of
4-carboxy-2,2,6,6-tetramethylpiperidine, and 750 g (0.30 15 weight percent)
of a nylon-6 master batch containing about 30 percent titanium dioxide are
charged into a 250-liter autoclave. r~-~ The mixture is heated to about 270
C in one hour, while the pressure increases to about 60 psi (3,I02 mm Hg).
After holding the mixture at about 60 psi (3,102 mm Hg) for about 30
minutes, 20 the pressure is slowly released. To accelerate
poly.~nerization, the system is placed under a vacuum of 500 mm Hg for less
than 6 minutes. The polymer is then extruded under a positive nitrogen
pressure and cut into chips. The chips are washed with hot water (about 90
C) and dried in a tumble dryer. The amino end group 25 content measures
about 41 meq/kg, and the carboxylic end group content measures about 78
meq/kg. EXAMPLE 6 30 polymer Containing TAD and Carboxy-TAD Stabilizers In
a polymerization of a nylon-6 polymer (RV 2.7), 75 kg caprolactam, 1800 g
water, 225 g (0.30 weight percent) of terephthalic acid, 112.5 g (0.15
weight percent) of 4-amino-2,2,6,6-tetrame 35 thylpiperidine, and 75 g
(0.10 weight percent) of 4-carboxy-2,2,6,6-tetramethylpiperidine are
charged into a 250-liter autoclave. The mixture is heated to about 270 C in
one hour, while the pressure increases to about 60 psi (3,102 mm Hg). After
holding the mixture at about 60 psi (3,102 mm Hg) for about 40 30 minutes,
the pressure is slowly released. To accelerate polymerization, the system
is placed under a vacuum of 500 mm Hg for 30 minutes. The polymer is then
extruded under a positive nitrogen pressure and cut into chips. The chips
are washed with hot water (about 90 C) and dried in a tumble dryer. The
amino end 45 group content measures about 41 meq/kg, and the carboxylic end
group content measures about 65 meq/kg.   6 2 ~'~;.'.~ ~~~'~ WO 99l41297 19
EXAMPLE 7 Spinning of Bright 40 Denier/12 Filament Yarn 



PCTIEP99/00932 5 The resulting nylon 6 polymers of Examples 1 through 3 are
each extruded at 265-275 C. The extruded filaments are cooled and
solidified by a stream of quench air at 15 C. The filaments are lu
bricated with spin finish below the quench cabinet and are air interlaced
to improve filament cohesion. Yarns are taken up on a 10 winder at speeds
greater than about 1300 m/min. The yarns are drawn prior winding, and the
draw ratio varies from about 3.0 to about 3.3. EXAMPLE 8 15 Yellowing of
Scoured Knitted Tubes The yarns (made in Example 7) from the polymers of
Examples 1 through 3 are knitted into tubes. These three knitted tubes are
20 scoured in a 20:1 bath at 1.0 percent on weight of fabric (hereinafter
"owf") Kierlon NB-OLD (an anionic scouring agent available from BASF
Corporation of Mount Olive, New Jersey) and 1.0 percent owf tetrasodium
pyrophosphate to remove spin finish and are rinsed and dried. The three
knitted tubes are then exposed in 25 an Atlas Ci65 Xenon-Arc Weather-Ometer
for 700 hours (987 kJ) in 100 hour (141 kJ) increments by the conditions
specified in the GM SAE J2885 Test Method. The exposed tubes are measured
at each increment of exposure for yellowing on an ACS Spectrophotometer.
The Delta b* values are a measure of yellowing. A higher Delta b* 30 value
indicates a more yellow sample. The results of these exposures, which are
plotted in FIG. 1, show that the tubes spun from 0.15 weight percent
propionic acid (control I) and 0.57 weight percent terephthalic acid /0.27
weight percent 4-amino-2.2,6,6-tetramethylpiperidine (control II) yellow
signi 35 ficantly more than the tubes spun from 0.57 weight percent
terephthalic acid/0.27 weight percent
4-amino-2,2,6,6-tetramethylpiperidine/0.32 weight percent
4-carboxy-2,2,6,6-tetramethylpiperidine (invention). 40 EXAMPLE 9 Heat
Aging of Yarns Another set of knitted tubes made in accordance with Example
8 45 are exposed in a forced air heated oven at 170 C for about 23 minutes
to determine the relative yellowing between the different yarns when
exposed to this extreme condition. After this heat ex   6 2 ~a~ ~Q'2 WO
99/41297 PCT/EP99l00932 20 posure, the samples are measured for yellowing
on the ACS Spectrophotometer, and their color difference relative to an
unexposed control is determined. These Delta b* values are given in Table 1
below (each Delta b* value in Table 1 is the average of 5 two readings per
sample from two samples for each condition). The ' results in Table 1 show
that the tube spun from 0.57 weight per cent terephthalic acid/0.27 weight
percent 4-amino-2,2,6,6-tetramethylpiperidine/0.32 weight percent
4-carboxy-2,2,6,6-tetramethylpiperidine (invention) yellows less than the
tubes spun from 10 the other polymers (control I and control II). TABLE 1
Heat Aging (Yellowing) of Scoured/Kaitted Yarns 15 Sample Delta b* Value
0.15 weight percent propionic acid (Example 1) 8.0 0.57 weight percent
terephtalic acid/0.26 weight 7.3 20 percent
4-amino-2,2,6,6-tetramethylpiperideine (Example 2) 0.57 weight percent
terephtalic acid/0.27 weight 2.6 percent 4-amino-2,2,6,6-tetramethylpiperi
dine/0.32 weight percent 4-carboxy-2,2,6,6-tetramethylpiperidine (Example
3) 



25 EXAMPLE 10 Strength Retention 30 Three more sets of knitted tubes made
in accordance with Example 8 are dyed in separate equivalent dyebaths in
typical automotive (headliner shades of green, gray) and burgundy. The
dyeings are done in a 30:1 dye liquor ratio using the following: 0.5
percent 35 wf Supralev AC (a dyeing assistant and leveler available from
Rhone-Poulenc, Inc. of Lawrenceville, Georgia)) 1.0 percent owf Sandogen NH
(a dye leveling agent available from Clariant Corporation of Charlotte,
North Carolina), and 0.5 percent owf Amquest LDS (a dye solubilizer
available from American Emulsions Company 40 f Dalton, Georgia). The
dyebaths are adjusted to a pH of 6.5 with acetic acid and heated to 95 C at
1 C per minute. The dyebaths are run for about 45 minutes at 95 C after
which they are cooled, and the dyed samples are rinsed and dried. The
following dyes are used to formulate the dye shades: Intralan Yellow GRL 45
200 percent, Intralan Bordeaux RLB 200 percent, and Intralan Bordeaux EL
200 percent, Irgalan Yellow 2GL 250 percent, Irgalan Yellow 3RL, Irgalan
Yellow GRL 200 percent, Irgalan Black   4. v L~u'~. WO 99/41Z97
PGT/EP99/0093Z 21 RBL 200 percent, Irgalan Blue 3GL 200 percent, Irgalan
Red Brown RL 2D0 percent and Irgalan Grey GL 200 percent a11 available from
Ciba Specialty Chemicals Corporation of High Point, North Carolina, and
Lanasyn~ Yellow LNW available from Clariant 5 Corporation. After dyeing,
the samples are tested for automotive dye light fastness by exposure in an
Atlas Ci65 Xenon-Arc Weather-Ometer f or 112.8 kJ, 225.6, 300.8 and 488.8
kJ by the conditions speci10 fied in the GM SAE J1885 Test Method. The
strength of the yarns raveled from the knitted tubes, as well as the
strength retention of an original dyed, non-exposed sample, is measured
before exposure and of ter each increment of exposure, These results are
shown in FIG. 2. The results indicate that, for each of the dyed 15 shades,
the sample with 0.57 weight percent terephthalic acid/0.27 weight percent
4-amino-2,2,6,6-tetramethylpiperidine/0.32 weight percent
4-carboxy-2,2,6,6-tetramethylpiperidine (invention) has less strength loss
than the controls (0.15 weight percent propionic acid and 0.57 weight
percent terephthalic 20 acid/0.27 weight percent
4-amino-2,2,6,6-tetramethylpiperidine). While the invention has been
described in connection with what is presently considered to be the most
practical and preferred embodiment, it is to be understood that the
invention is not to be 25 limited to the disclosed embodiment, but on the
contrary, is intended to cover various modifications and equivalents
arrangements included within the spirit and scope of the appended claims.
30 35 40 45   f~ 2 ~.`,.'~ L~~~ -22 We claim: 



1. A method of making an inherently light- and heat-stabilized polyamide
comprising subjecting one or more polyamide-forming monomers to a
polymerization process in the presence of (a) an effective amount of at
least one piperidine compound represented by formula (I): R2 R3 R1-N ~X~m-C
~O)-R5 ~I~ R4 R5 n wherein R1 is hydrogen, benzyl, or a C,-C2o alkyl, RZ-RS
are each hydrogen or the same or a different C,-C6 alkyl, X has n free
valance bonding sites and is an alkylene or substituted alkylene having
from 1 to 30 carbon atoms or an arylene or substituted arylene having from
6 to 20 carbon atoms, m is 0 or 1, -C(O)-R6 is a group that can form an
amide bond together with an amine, and n is equal to 1, 2, or 3 and (b) an
effective amount of at least one 4-amino-2,2,6,6tetramethylpiperidine
compound represented by formula (II): ~2 CH3 ~ CH3 C I I CH3 ~ CH3 R~
wherein R~ is hydrogen, benzyl, or a C~-C2o alkyl. 2. The method of claim 1
wherein Rl and R~ are hydrogen, RZ-RS are each a methyl group, R6 is a
hydroxyl group, m is 0, and n is 1.   ~ 2 ~~ L -23 3. The method of claim 1
wherein R~ and R~ are hydrogen, R2-RS are each a methyl group, R6 is a
hydroxyl group, m is 1, n is 1, and X is selected from the group consisting
of C, -C4 alkylene, methylene, and ethylene. 4. The method of claim 3
wherein X is CHZ. 5. The method of claim 1 wherein the polyamide-forming
monomers comprise caprolactam monomers. 6. The method of claim 1 wherein
the polyamide-forming monomers comprise at least one diamine compound and
at least one dicarboxylic acid. 7. The method of claim 6 wherein the at
least one diamine compound is selected from the group consisting of
hexamethylenediamine and tetramethylenediamine and the at least one
dicarboxylic acid is selected from the group consisting of adipic acid,
sebacic acid, and terephthalic acid. 8. The method of claim 1 wherein the
polyamide-forming monomers comprise dicarboxylic acid diamine salts. 9. The
method of claim 1 wherein the polymerization process is further carried out
in the presence of at least one chain-regulating compound other than the
compounds represented by formulae (I) and (II). 10. The method of claim 9
wherein the at least one chain-regulating compound is selected 



from the group consisting of monocarboxylic acids, dicarboxylic acids,
amines, diamines, and combinations thereof.   ~ 2 ~~~ ~ LCD' -24 11. The
method of claim 10 wherein the at least one chain-regulating compound
comprises one or more dicarboxylic acids. 12. The method of claim 11
wherein the one or more dicarboxylic acids is selected from the group
consisting of C4-C I O alkanedicarboxylic acids, CS-C8 cycloalkane
dicarboxylic acids, benzoic dicarboxylic acids, and combinations thereof.
13. The method of claim 12 wherein the one or more dicarboxylic acids is
selected from the group consisting of adipic acid, terephthalic acid,
sebacic acid, decanedicarboxylic acid, isophthalic acid, and combinations
thereof. 14. The method of claim 10 wherein the at least one
chain-regulating compound comprises one or more diamines. 15. The method of
claim 14 wherein the one or more diamines is selected from the group
consisting of C2-C I g alkane diamines, CS-C8 cycloalkane diamines, C6-C24
aryl diamines, and combinations thereof. 16. The method of claim 1 wherein
the polymerization process is further carried out in the presence of at
least one pigment. 17. The method of claim 1 wherein the inherently light-
and heat stabilized polyamide is selected from the group consisting of
nylon 6, nylon 6/6, nylon 4/6, nylon 6/10, and aromatic nylons selected
from the group consisting of poly(meta-phenylene isophthalamide) and
poly(para-phenylene terephthalamide). 18. An inherently light- and
heat-stabilized polyamide comprising: (a) a backbone polymer chain having
two chain ends;   ~ 2 ~,~'~ ~~u2 - 25  (b) at least one piperidyl radical
chemically bonded to one end of the backbone polymerchain of the inherently
light- and heat-stabilized polyamide, the at least one piperidyl radical
represented by formula (III): R2 R3 R1- N ~X~m-C~0)~ ~IIII R4 R5 n wherein
R, is hydrogen, benzyl, or a C,-C2o alkyl, R2-RS are each hydrogen or the
same or a different C 1-C6 alkyl, X has n free valance bonding sites and is
an alkylene or substituted alkylene having from 1 to 30 carbon atoms or an
arylene or substituted arylene having from 6 to 20 carbon atoms, m is 0 or
1, and n is equal to 1, 2, or 3; and 



(c) at least one 4-amino-2,2,6,6-tetramethylpiperidyl radical chemically
bonded to the other end of the backbone polymer chain of the inherently
light- and heat-stabilized polyamide, the at least one
4-amino-2,2,6,6-tetramethylpiperidyl radical represented by formula (IV):
rrx CH3 I 'CHg (IV) CH3 ~ CH3 R~ wherein R~ is hydrogen, benzyl, or a
C1-CZO alkyl. 19. The polyamide of claim 18 wherein Rl and R~ are hydrogen,
RZ-RS are each a methyl group, R6 is a hydroxyl group, m is 0, and n is 1.
20. The polyamide of claim 18 wherein Rl and R~ are hydrogen, R2-RS are
each a methyl group, R6 is a hydroxyl group, m is 1, X is a CH2, and n is
1.   p.,r~ r. a 2 ~.~,. v -26 21. The polyamide of claim 18 further
comprising at least one radical of at least one chain regulating compound
other than the compounds represented by formulae (III) and (IV), the at
least one radical being chemically bonded to the backbone polymer chain.
22. The polyamide of claim 21 wherein the at least one chain-regulating
compound is selected from the group consisting of monocarboxylic acids,
dicarboxylic acids, amines, diamines, and combinations thereof. 23. The
polyamide of claim 22 wherein the at least one chain-regulating compound
comprises one or more dicarboxylic acids. 24. The polyamide of claim 23
wherein the one or more dicarboxylic acids is selected from the group
consisting of C4-Clo alkane dicarboxylic acids, CS-Ca cycloalkane
dicarboxylic acids, benzoic dicarboxylic acids, and combinations thereof.
25. The polyamide of claim 24 wherein the one or more dicarboxylic acids is
selected from the group consisting of adipic acid, terephthalic acid,
sebacic acid, decanedicarboxylic acid, isophthalic acid, and combinations
thereof. 26. The polyamide of claim 22 wherein the at least one
chain-regulating compound comprises one or more diamines. 27. The polyamide
of claim 26 wherein the diamine is selected from the group consisting of
Cz-C ~ g alkane diamines, CS-Cg cycloalkane diamines, C6-C24 aryl diamines,
and combinations thereof. 28. The polyamide of claim 18 where in the
polyamide further comprises at least one pigment.  



C ~n t! 2 ~'~~..,~ t~~~ -27 29. The polyamide of claim 18 wherein the
inherently light- and heat-stabilized polyamide is selected from the group
consisting of nylon 6, nylon 6/6, nylon 4/6, nylon 6/ 10, and aromatic
nylons selected from the group consisting of poly(metaphenylene
isophthalamide) and poly(paraphenylene terephthalamide). 30. An article
comprising the inherently light- and heat-stabilized polyamide of claim 18.
31. The article of claim 30 wherein the article is selected from the group
consisting of fibers, yarns, carpets, and textile fabrics. 32. The article
of claim 31 wherein the article is a pigmented fiber. 33. The article of
claim 31 wherein the article is a dyed fiber.
.A.A&5.A.Ayn.A2.A_.Al.Ay.A.AS3.Al_.ASH.Aln.ASn.AlL.Afr.A.Ay.AYr.AE.AA%.A,
.A[L.A .A,.A  .A&"HIm{&'qru}~
BCcd}~UX|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]c:aU]c:a]c:a]c"a]ca! Z[[\jkk   tw{[\w x
zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caV]c"a]cTaU]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!    PQ9;
XYbcqt|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!ab{|2378?@`ae34>?}xsnid_Z]]]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca!!"^_#gytoje`ZUnid_Z]caU]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]c
a]ca]caU]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]caU]ca]c"aU]c"a
#%4:OQ`b(h
!(/:CEI}wqkf`[Uje`ZUnid_ZU]ca]caU]ca]caU]caU]caU]caU]ca]caU]ca]caU]caU]caU]
ca]ca]caU]ca]ca]caU]ca]caU]ca]c aU]c
a]caU]ca]ca]ca]ca]ca]caILOhi12p0347:KWYZ`bgksu{~zuojd_ZTnid_U]ca]cLa]caU]ca
]caU]ca]caU]ca]ca]ca]caU]ca]c"a]caU]ca]caU]caU]caU]caU]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]caU]ca]ca JMgjmuwo p
!!!!s"u"{""}xsmhb]Wnid_U]U]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]caU]ca
""""+#0#K#N#Q#j#k####$$4$$$$$$V%W%h%i%m%p%s%t%%%%%~ysnid_ZUU]ca]ca]ca]ca]ca
]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]
caU]caU]caU]ca!%%)&*&v&w&|&''''(t(u(z(((((~)))))))))***+
+~xrmgb]Xid_ZUU]c]ca]ca]caU]ca]caU]caU]caU]ca]caU]ca]ca]c"a]ca]ca]ca]caU]ca
]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca  +++++/,0,h,i,m,p,,,
-!----G.H.h.i............~ysnhc^Yid_ZUU]c]]ca]ca]caU]ca]caU]ca]caU]ca]caU]c
a]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
..I0L00000000000001
151q1r111'2J2K2P2Q22222{uoje`[Vnhc^Yid_ZUU]]ca]ca]ca]ca]caU]caU]caU]ca]caU]
ca]ca]ca]caU]caU]caU]ca]ca]caU]ca]caU]caU]caU]caU]ca]c"aU]c
a]ca]caU]ca]ca]ca23343]3c3f3333333344555555555555556666ztoid^YSidU]ca]caU]c
a]caU]ca]caU]caU]caU]ca]c a]caU]caU]c 



a]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca
68696`66677!88899+9,989}9999$:+:-:0:8:E:G:R:\:::zuojd_ZTztoid^YSidUU]ca]ca]
caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]caU]ca]caU]caU]caU]ca
UV]caU]caU]ca]caU]ca]caU]caU]ca]caU]caU]caU]ca:;
;u;v;;;;;3<5<C<D<d<p<r<y<<<<<<<
=======>>ztnhb]Wid^YSidUU]U]ca]caU]caU]caU]caU]caU]caU]ca]ca]ca]ca]ca]caU]c
aU]ca]caU]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca>>p>q>>>?M?O?Y?_?`
???!@#@%@&@@@@@!A"A$A%A_AsAuAA5B|vpje`[Unhb]Wid^YSidUUU]ca]ca]ca]caU]caU]ca
U]caU]caU]ca]ca]ca]caU]caU]caU]ca]caU]caU]caU]caU]caU]ca]ca]ca]caU]caU]caU]
caU]caU]caU]ca5B6BrBsBC
CCCCCCCCDDbDcDDDDEEEEEE<E=EpEqE}wqke_YSje`[Unhb]Wid^YSidU]caU]caU]caU]caU]c
aU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]caU]ca]caU]ca
U]caU]caU]caU]caU]caqEEEEEE?F@FDFeFfFFFFFFFF1GHHH6I9I?IEIYIaI+K.K2KJK~ytnid
_YTid^YSidU]caU]ca]ca]ca]caU]ca]ca]caU]ca]ca]caU]ca]ca]caU]caU]caU]ca]caU]c
a]caU]caU]caU]ca]ca]ca]caU]caU]caU]caU]caU]caJKMKPKKLLOMYM[MbM}MeNgNiNNNO(P
hPPEQHQQQQRBSSU4V8V~W{upkfa[Vid^YSidU]]caU]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca
]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]caV]ca
UV]caV]ca]caU]ca]ca]ca]ca]ca~WWWWW#XZZ_r`u`aTaWabb/bJbd]e`ehhiickfkllllmm|v
qlfa\Wid^YSidU]]]ca]ca]caU]ca]c
a]caU]ca]caU]ca]ca]caU]ca]ca]caU]ca]c"aU]ca]caU]ca]ca]caU]ca]ca]caU]ca]ca]c
aU]caU]caU]caV]c"ammn<p>p?qqr"rsRsssstvt}uuEvKvfvivvvvWymyyy|}}6}~ytnid^YTi
dU]ca]caU]ca]ca]caU]ca]ca]ca]ca]caV]ca]ca]caU]caV]ca]caU]ca]caU]ca]caU]ca]c
a]ca]caU]ca]ca]ca]ca]c^a]ca]caU]ca
%(j!T{KB}xrmgb]XSid]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]caU]caV]ca]ca]caU]ca]ca
U]ca]ca]caU]caU]ca]ca]ca]ca]ca]caU]caU]caU]ca]caU]ca BEJY.;
^qt~I<Dwzupkf`[Vid]c]ca]caU]ca]ca]ca]ca]caU]ca]ca]caU]ca]c"a]caU]ca]ca]ca]c
aU]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]c a]caU]ca
QTZ_fm&)\{upje`[Vid]c]ca]ca]ca]caU]ca]caU]caU]caU]ca]ca]ca]ca]ca]ca]c"aU]c"
a]caU]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]caU]ca]ca]ca]ca
JUg3n|^F{vqlgb]Xc]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"aU]c"a]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c aU]c
a!|#<[^)z_}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]c aU]c
a]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c"a!_ t.;
)z_}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]c aU]c
a]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]c aU]c
a]ca]ca]ca]cam{:dB!N'10%&'()-Y!Y10%&'()-L!10%Z&'()-3!10%Z&'()-`'10%Z&'()-`9
10%Z&'()-L:u5UXVzY7!F@#10%&'()-
0:'10%E!E&'()-!a0:'10%&'()-!p:'10%55&'()-!10%Z&'()-!0'10%22&'()-YVRk twwU4
,2y&10% &'()-`!1,2y&10%&'()-`!;
{0%'10%22&'()-,!60%'10%&'()-,!D%'10%ZZ&'()-,!0F@#10%&'()-wxyz{~\:
!0sy&10%""&'()-!sy&10%&'()-! &%10%""&'()-'10%"&'()- 10Z 10Z 10Z",;
10%Z&'()-} qt}^?~\: !l 10%"&'()-L10%"&'()-l!10%"&'()-0Y g#10%&'()-!0Y
g#10%^"^"&'()-!Y g#10%r"r"&'()-`aewX9~\:
+10%"&'()-,M10%"&'()-9!{0&-&10%mm&'()-!&-&10%^^&'()-!N010%("("&'()-`!10%&'(
)-`e'zodY: &10%m&'()- 10# 10# 10#0 1`'10%#&'()-!0 1`'10%v(v(&'()-!m0
1`'10%{"{"&'()-! 1`'10%h h &'()-A}[:dY:  0S&10%   &'()-!j0S&10%&'()-!S&10%
&'()-!33!10%mm&'()-3#10%m&'()-310%m&'()-@BxV4dY:!c0S#10%ss&'()-!0S#10%&'()-
!S#10%mm&'()-!S&10%&'()- S&10%1}1&'()-)! S&10%&'()-#zX7dY:!
X0Y1&10%Q&'()-'!Y1&10%##&'()-'3/Y10%m&'()-!&310%@^ 



@^ &'()-Z!&310%q q &'()-Z!&310%;;&'()-Z#%bC! X0Yl
10%&'()-10%&'()-&10%&'()-3 10m 10m
10m@810%m&'()-610%m&'()-%4:`b({Y7bC!!{0y&10%&'()-!ly&10%&'()-!l`&&10%
&'()-@!&&10%&'()-@
&&10%uu&'()-@"10%&'()-(/IODpwU6bC!0y#&10%z&'()-!l0y#&10%&'()-!y#&10%//&'()-
!yX 10%&'()-!(~y}10%&'()-!~y}10%&'()-p034789:KxmbC!0y#'10%m&'()- 10 10
10y,8 10%&'()-,y2M10%&'()-Myf2 10%&'()-.!10%&'()-KWYZ`{~^<mbC!!nm10% 1
1&'()-@!m10%ss&'()-@! m10%HH&'()-@f10%m&'()-
ls10%m&'()-310%m&'()-~Jg}\:mbC!!10%&'()- c0y #10%&'()-)!vy
#10%&'()-#,10%m&'()-#10%m&'()-!Pm10%mm&'()-@gjmj    zY7mbC!!9s*&10%  &'()-
as*&10%&'()- !c0y""10%&'()-s!y""10%&'()-sy!10%m&'()-!yv10%8  8  &'()-
!p"q"r"s""}oMC!!9s*&10% !&10%__&'()- 10 10 10!D_0s*&10%&'()- !60s*&10%&'()-
!s*&10%&'()- """"+#0#K#dBMC!!9!D@ &'10%&'()- 



&'10%t&'()-
y!10%t&'()-"10%t&'()-F10%t&'()-10%t&'()-K#Q##4$$$m%}[9MC!!!g#10%&'()-'!0S"1
0%--&'()-9!S"10%tt&'()-9!v'10%&'()-' Y10%t&'()-
&'10%t&'()-m%%|&='''(z[<MC!!!2L'10%t !&'()-3&0
10%t&'()-!c0(&10%&'()-!0(&10%&'()-!#f#10%tt&'()-G0g#10%t&'()-'(z(({)|)})~))
)rP1 !10%&'()-!v0L'10%==&'()- 10 10 10!0 7"10%&'()-F!
7"10%tt&'()-FF3%10%t&'()-)**+m,--xV4rP1!80l'10%&'()-!_l'10%mm&'()-!q0ss'10%
LL&'()-!ss'10%dd&'()-
0F'10%HH&'()-)!F'10%UU&'()--.....D/~\:rP1!8!+s'10%MM&'()-!`!$10%
&'()-`!$10%d&'()-!`!$10%&'()-
j`!$10%((&'()-F&!10%&'()-'D/I00000000{Y:!8&'10%&'()-F!\&'10%00&'()-F 10 10
10S810%&'()-!c0+s'10%BB&'()-!0+s'10%PP&'()-0000000^<{Y:!8!D&10%[[&'()-!
P&10%&'()-!N&10%&'()-"10%&'()-l3t10%&'()-10%&'()-0'2P2Q2 3]3f3}[:{Y:!8
pyM'10%&'()-)!{0y"10%&'()-z!y"10%&'()-zl+
10%&'()-0yz#10%&'()-!yz#10%&'()-f33345555wX9.:
10,810%&'()-yM'10%!&'()-!v0yM'10%&'()-!0yM'10%##&'()-!yM'10%&'()-!yM'10%00&
'()-55555556jH: 10,81!d`10% { {&'()-!f10%&&&'()-
10%&'()-Y10%&'()-9'10%&'()-3 10 1066667b88}[9H:
10!^0a'10%KLKL&'()-!{0a'10%3\3\&'()-!a'10%33&'()-K3
"10%&'()-!h"10%!!&'()-#10%&'()-889$:3:G:\::wU3H: 10!~31s'10%88&'()-!S&:!10%
x x&'()-!@S&:!10%{{&'()-!y{S&:!10%&'()-!m0,#10%&'()-!,#10%&'()-:;
a<b<c<d<p<< =uS1 1!&!10%&'()-:!"310%;
;&'()-10%&'()-10t+t+10t+t+10t+t+!031s'10%t+t+&'()-!031s'10%&'()-
=>==>Y?b@AwU3uS1 1!!0SY 



&'10%&'()-!r0SY &'10%II&'()-!m0SY &'10%NN&'()-!dSY &'10%I-I-&'()-!.0@
10%&'()-&!@ 10%&'()-&ACC5DDBEEwU3uS1 1!!0ff2'10%;
;&'()-!vff2'10%;;&'()-!0fl+f#10%II&'()-t!fl+f#10%&'()-t!m0SY
&'10%XX&'()-!v0SY &'10%EIEI&'()-EFFFFFFFF~_@
1!!0ff2"10%&'()-10%&'()-!'10%jj&'()-!a'10%,,&'()-1010100ff2'10%&'()-F1GGHH6
I?Iz[<~_@ 1!!0`ys@ 10%&'()-@9Z10%&'()-0Z"10%&'()-!v0Z"10%
&'()-!Z"10%&'()-! F!10%&'()-&?IYI_IaII+K.KxV7~_@
1!!0y#10%!&'()-!v0y#10%,,&'()-!y#10%00&'()-!ys@ 10%} } &'()-@ ys@ 10%= =
&'()-@!ys@ 10%&'()-@.KJKMKPKKNLLMzX6~_@
1!!!04:'10%XX&'()-!I4:'10%&'()-!l1"10%&'()-!<.`10%Z  Z
&'()-(`10%U&'()-!#(`10%&'()-LMMMNMOMbM}MeNiNNrS1
1!SM'10%EE&'()-&10%&'()-!Q!10%&'()-!10%&'()-!'10%~~&'()- 10XX 10XX
10XXNoO(PPEQRBSwU3rS1 1!!v0SLf#10%;
;&'()-!{SLf#10%66&'()-!0S@'10%IEIE&'()-f!S@'10%&'()-f!m0SM'10%NN&'()-!0SM'1
0%NN&'()-BSSSyTUV{WwU3rS1
1!!Y0SS2s'10%XX&'()-!qSS2s'10%EuEu&'()-!v0SL*y#10%@@&'()-!SL*y#10%SS&'()-!0
S%&10%N[N[&'()-!S%&10%&'()-{W|W}W~WWWW#XXxV4 1!!!UlM'10%?l?l&'()-T!0 ,
10%&'()-&"10%&'()-10%&'()-`'10%&'()-  10XX 



10XX 10XXXhYZ[[]Q^wU3xV4 1!!0``'10%//&'()- !w0``'10%==&'()- !0``'10%44&'()-
!``'10%&'()- !)0lM'10%&'()-T!0lM'10%MM&'()-TQ^__p`aabwX6xV4
1!!!06Y"10%::&'()-36Y"10%&'()-3!60/*10%&'()-g!6/*10%&'()-g!)0``'10%&'()-
!$0``'10%&'()- bbbbb/bJbJccrP1 10&10%&'()-  !+&10%&'()-
!$"10%&'()-'10%&'()-3!Y'10%&'()-3 10:: 10:: 10::cd]e`edfghhzX6rP1
1!v0Sl'10%EE&'()-!h0Sl'10%S!S!&'()-!Sl'10%@@&'()-`Ss"10%&'()-!Ss"10%;
;&'()-!0&10%&'()-  hhh*iijklzX6rP1
1!r0f&'10%NN&'()-g!v0f&'10%@1@1&'()-g!l0f&'10%EE&'()-g!0f&'10%NiNi&'()-g!0f
&'10%II&'()-gf&'10%K&'()-glllllllmmuV4 1!L'10%pp&'()- a!10%&'()-$ 10%&'()-!
"10%&'()-'10%&'()- 10NN 10NN 10NNmno?qqarswU3uV4 1!0f, m"10%HH&'()-z!f,
m"10%&'()-z!_0l`'10%88&'()-!e0l`'10%77&'()-!dl`'10%88&'()-!0L'10%
&'()-ssRsksstt}u{Z8uV4 1!!I0f2*10%HH&'()- f2*10%@@&'()-!0y*g#10%&'()-s
y*g#10%,z,&'()-s!0f'10%??&'()-f'10%8&'()-}uBvCvDvEvKvivvvoP/
fSS#10%22&'()-0y!10%&'()-Z!uy!10%% % &'()-Z!`'10%&'()- 10 10
10!SY0f2*10%&'()-vwyWymyyPzz[9oP/  !yfS#10%((&'()- f10%&'()-
10%&'()-!{0fSS#10%--&'()-!v0fSS#10%22&'()-!0fSS#10%22&'()-Pz{|}6}}~~^<./ 



10@@!c0y3z#10%@@&'()-!y3z#10%;;&'()-yF110%&'()-Z/@10%&'()-0yfS#10%&'()-
!`yfS#10%&'()- ~~ %(jgH/ 10@@!c0y!10%&'()-s 10%&'()-"@10%&'()-
10%&'()-L'10%&'()- 10@@ 10@@j+!TU}^DH/
10@@!c'10%&'()-10%&'()-10%&'()-0'10%&'()-!00'10%&'()-!>'10%&'()-Ux^?/
10@@!'10%&'()-'10%&'()-''10%&'()-'10%&'()-''10%&'()-QRS}^F/
10@@!''10%&'()-'10%&'()-''10%&'()-'10%&'()-' !u]C/
10@@!'10%&'()-'&'10%&'()-)'10%&'()-'&'10%&'()-)'10%&'()-!bcdx^?/
10@@!'10%&'()-'10%&'()-''10%&'()-'10%&'()-''10%&'()- #ef}^F/
10@@!''10%&'()-'10%&'()-''10%&'()-'10%&'()-'fgu]C/
10@@!'10%&'()-'&'10%&'()-)'10%&'()-'&'10%&'()-)'10%&'()-,-.mnqyx^?/
10@@!'10%&'()-'10%&'()-''10%&'()-'10%&'()-''10%&'()-yz{lK* .h0-'10%8+&'()-
8-'10%)&'()-  3+10%8+&'()- + 10%8+&'()- A(3 10%8+&'()-'10%&'()-'vU4.h0
s10%?'&'()- `f!10%%&'()- uf!10%?'&'()- k&10%?'&'()-108+108+108+
)r0-'10%8+&'()- \|[:vU4.h0  0y9'10%#&'()- 0y9'10%"&'()- 0y9'10%?'&'()-k
0y9'10%y!&'()- &ry9'10%g#&'()- m%10%?'&'()-KB|[:vU4.h0  m0y(&10%#&'()-
r0y(&10%#&'()- &y(&10%#&'()-k f&10%?'&'()- `$10%?'&'()-
&m0y9'10%"&'()-vU4.h0 ,10%'_+'&'()-  10%'_+'&'()- 10%'_+'&'()-
L'10%'_+'&'()-310i"10i"10i" &m0y(&10%i"&'()-JY.;|[:vU4.h0  Sf10%'_+'&'()-
0Y'10%*&'()- ~0Y'10%%*%&'()- Y'10%*&'()- "10%'_+'&'()- lS10%'_+'&'()-;
^hq|[:vU4.h0  0Sf#10%_+&'()- 0Sf#10%_+&'()- v0Sf#10%_+&'()- 0Sf#10%_+&'()-
Sf#10%.)&'()- 10%'_+'&'()-q~|obU4.h0 &'10%z'z&'()- 10_+10_+10_+
0S6y#10%_+&'()-Z S6y#10%')'&'()-Z 410%'_+'&'()- SS2&10%'_+'&'()-I
<D|[:bU4.h0  10%z'z&'()- 0s'10%zz&'()-  0s'10%#&'()-  &0s'10% ' &'()-
!0s'10%#&'()-  `s'10%Z g#Z &'()- 



Dw3|[9bU4.h0 !M'10%z_z_&'()-m  dM'10%^^&'()-m  i`M'10%cc&'()-m
`M'10%zz&'()-m  M'10%{#{&'()-m  M'10%zFz&'()-m FQ|[:bU4.h0 ! r0&'10%#&'()-
0&'10%zJ#z&'()- 0&'10%'&'()- 0&'10%z"z&'()- $`10%z'z&'()-
"-10%z'z&'()-WXYZfvU4.h0 0"10%&'()- 0"10%8+&'()- y"10%K8+K&'()- &10%;8+;
&'()-l10*4"*10*4"*10*4"* 0c0&'10%*4"*&'()-|[:vU4.h0  0T#10%*&'()-
T#10%8+&'()- 09s'10%t*&'()- 09s'10%8+&'()- 09s'10% 8+ &'()-
9s'10%z)&'()-|obU4.h0 '10%T'T&'()-3108+108+108+ 710%8+&'()- S210%8+&'()-
,10%8+&'()- &10%8+&'()-m|[:bU4.h0  v  F10%JJ&'()-@ ,,$10%T'T&'()-
,$10%T'T&'()-  @ s$10%T'T&'()- , 10%T'T&'()- ll10%T'T&'()-&)|[:bU4.h0  (s)
10%&'()-s Ps) 10%T'T&'()-s ,s) 10%&'()-s ,$10%T'T&'()-   F10%&'()-@
F10%'&'()-@)\JvU4.h0 , t$10%g'g&'()- Y10%g'g&'()-
`'10%gA&g&'()-10T'T10T'T10T'T ,4t$10%T'T&'()-z ,l110%T'T&'()-JU|[:vU4.h0
,&t$10%g'g&'()- ,Ft$10%g'g&'()- ,yt$10%g'g&'()-g ,`10%g'g&'()- ,
10%g'g&'()- `$10%g'g&'()-g3|[:vU4.h0  @1`$10%g'g&'()- ,F.10%g'g&'()-
,+t$10%g'g&'()- ,,&t$10%g'g&'()-g ,#`10%g'g&'()- ,`!t$10%g'g&'()-nvU4.h0
s$10%z'z&'()- 3l10%z'z&'()- 0&10%z'z&'()-10g'g10g'g10g'g ,410%g'g&'()-
,3t$10%g'g&'()-n|^|[:vU4.h0  S10%z'z&'()- `$10%z'z&'()- s$10%z'z&'()-4
,s$10%z'z&'()- `$10%z'z&'()- `10%z'z&'()-F|[NA4.h0102'2102'2102'2
8H,4-10%2'2&'()-z ,s$10%z'z&'()- f):10%z'z&'()- '`$10%z'z&'()-
`!s$10%z'z&'()-||[:NA4.h010   @10%'&'()-,   @10%]]&'()-, ` 10%T'T&'()-
!10%'&'()- 10%T'T&'()- 9'10%T'T&'()-#*<|[:NA4.h010 `"@ 10%T'T&'()- ``!@
10%T'T&'()- !10%T'T&'()- !10%T'T&'()- `F@ 10%T'T&'()-
@10%&'()-,<[^|[:-410T'T ,L6`$10%T'T&'()- ,310%T'T&'()- @l1`$10%T'T&'()-
`3.10%T'T&'()- &10%&'()-s &10%T'T&'()-s)bA410T'T   10%'&'()- `$10%'&'()-
s$10%'&'()- F10%'&'()- kq( 10%x'x&'()- 10T'T10T'Tz|[:A410T'T "s$10%'&'()-
10%'&'()- s$10%'&'()- s$10%'&'()- f 10%'&'()- ,s$10%'&'()-_ t}~|[:-410'
96M10%'&'()- 4`$10%'&'()- l110%'&'()- F.$10%'&'()- f)s$10%'&'()- ,&
10%'&'()-~.bA410'  "10%+&'()-  



$10%+&'()- Fl10%+&'()- f'10%+&'()- `'10%*&'()-10'10'.;bA410'  "10%+&'()-
$10%+&'()- Fl10%+& :10%+&'()- f10%+&'()- s$10%+&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Fontz9r}&-2c9CNJ}T_iDs{Y; I"% +.26:>5BqEJK~WmB_;:Vwe%(pK~g
"K#m%()-D/00f3568: =AEF?I.KLMNBS{WXQ^bchhlms}uvPz~jU!fy;qD)Jn<~.;6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


