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METHOD FOR INCORPORATING NITROGEN CONTAINING METHINE LIGHT
ABSORBERS IN PET AND COMPOSITIONS THEREOF

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to a method for efficiently incorporating light
absorbing compounds into a polyester composition. More particularly, the present method
relates 1o 1incorporating a nitrogen containing methine light absorbing compound nto a

polyester composiﬁon.

Background Art:

Polyester is a polymeric resin widely used in a number of packaging and fiber based
applications. Poly(ethylene terephthalate) (“PET”) or a modified PET 1s the polymer of
choice for making beverage and food containers such as plastic bottles and jars used for
carbonated beverages, water, juices, foods, detergents, cosmetics, and other products.

In the typical polyester forming polycondensation reaction, a diol such as ethylene
glycol is reacted with a dicarboxylic acid or a dicarboxylic acid ester. The reaction is
accelerated by the addition of a suitable reaction catalyst. Since the product of the
polyester condensation reaction tends to be reversible and in order to increase the
molecular weight of the polyesters, th.lS reaction 1s often carried out in a multi-chamber
polycondensation reaction system having several reaction chambers operating in series.
Typically, the diol and the dicarboxylic acid component are introduced 1n the first reactor
at a relatively high pressure. After polymerizing at an elevated temperature the resulting
polymer is then transferred to the second reaction chamber which 1s operated at a lower
pressure than the first chamber. The polymer continues to grow in this second chamber
with volatile compounds being removed. This process is repeated successively for each
reactor, each of which are operated at lower and lower pressures. The result of this step
wise condensation is the formation of polyester with higher molecular weight and higher
inherent viscosity. '

During the polycondensation process, various additives such as colorants and light

absorbers may be added. Light absorbers are an important additive, both for imparting
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stability to the polyesters and to protect products packaged in PET contamers from
degradation induced by exposure to visible and UV light. U.S. Patent Number 4,617,374
(hereinafter ‘374 patent) discloses the use of certain UV-absorbing methine compounds
that may be incorporated in a polyester or a polycarbonate during polycondensation. These
compounds enhance ultraviolet or visible light absorption with a maximum absorbance
within the range of from about 320 nm to about 380 nm. Functionally, these compounds
contain an acid or ester group which condenses onto the polymer chain as a terminator.
Moreover, the UV absorbers of the 374 patent have been found to be useful in the
preparation of polyesters such as poly(ethylene terephthalate) and copolymers of
poly(ethylene terephthalate) and poly(1,4- cyclohexylenedimethylene terephthalate). It has
been observed, however, that some light absorbing compounds are somewhat volatile
causing the yield of these light absorbers in the formed polyester to be somewhat less than
100% (values of 80% to 85% are typical). Moreover, these compounds may plug the
equipment by condensing in the process lines. The loss of light absorber results in added
costs for the polyester formation because of the down time needed to clean process lines-
and because of the relatively high cost of these compounds. |
Accordingly, there is a need for improved methods of incorporating light absorbing

compounds into polyester compositions made by the melt phase polycondensation method,

and/or improved polyester compositions containing light absorbers.

SUMMARY OF THE INVENTION -

The present invention overcomes the problems of the prior art by providing a method

of incorporatiﬁg a light absorber into a polyester resin.

In one embodiment, a method comprises forming a reaction mixture substantially
free of a titanium containing ester exchange catalyst compound and comprising combining
a diol, a diacid component selected from the groﬁp consisting of dicarboxylic acids,
dicarboxylic acid derivatives, and mixtures théreof, an antimony containing compound 1n
an amount of less than 0.1% of the total weight of the reaction mixture, a phosphorus
containing compound present in an amount of léss than about 0.1% of the total weight of
the reaction mixture, a metal containing compound selected from the group consisting of
zinc containing compounds and/or manganese con_taining“compounds, present in an

amount from about 10 ppm to about 300 ppm, and a light absorber with polyester reactive
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moieties. The antimony containing compound, the phosphorus containing compound, and
the metal-containing compound comprise the catalyst system used to promote the
condensation polymerization that occurs in the method of the invention. The reaction
mixture is then polymerized in a polycondensation reaction system in the absence of the
titanium ester exchange catalyst compound. The polycondensation reaction system 1s
characterized by having a first reaction chamber, a last reaction chamber, and optionally
one or more intermediate reaction chambers between the first reaction chamber and the
last reaction ch;u:nb er. The reaction system is opefated in series such that the reaction
mixture is progressively polymerized in the first reaction chamber, the one or more
intermediate reactions, and the last reaction chamber. Accordingly, as the reaction
mixture proceeds through the series of reaction chambers, polymerization occurs and a
polyester is formed by the condensation reaction of the diol and the diacid component.
Moreover, volatile compounds are removed in each reaction chamb er and the average
molecular weight of the polyester increases from reactor to reactor by the decreasing
reaction pressures of the successive reaction chambers.

Tn another embodiment of the present invention, a method of incorporating a light
absorber in a polyester composition is provided. The method of this embodiment
COMPpI1SES. |

a) forming a reaction mixture comprising combining:

a diol, | |

a diacid component selected from the group consisting of
dicarboxylic acids, dicarboxylic acid derivatives, and mixtures thereofin a
polycondensation reaction system comprising a series of reaction chambers designated as
reaction chamber RC' having a first reaction chamber designated as reaction chamber RCl
a last reaction chamber designated as reaction chamber RC*, and one or more intermediate
reaction chambers “

b) successively polymerizing the reaction mixture i the multi-chamber
polymerization system wherein the reaction system is operated in series such that a
reaction product designated as product P' from reaction chamber RC' is transportable to
reaction chamber RC™! by a conduit designated as conduit C! connecting reaction chamber

RC' 4o reaction chamber RC™: and

C) adding the light absorber to reaction product P' as it is transported from

reaction chamber RC" to reaction chamber RCM,
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wherein i and k are integers and k is the total number ot reaction chambers.

Tn another embodiment of the present invention, a titanium metal free polyester
composition is provided. The titanium free polyester composition of this embodiment
comprises a diol residue, as diacid residue, a light absorber residue, antimony atoms,
phosphorus atoms, and metal atoms selected from the group consisting of zinc,
manganese, and mixtures thereof. The antimony, phosphorus, and metal atoms represent
the residue of the catalyst system used to promote the condensation polymerization that

forms the polyester composition.

In yet another embodiment of the present invention, an article made from the

polyester is provided.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Reference will now be made in detail to presently preferred compositions or
embodiments and methods of the invention, which constitute the best modes of practicing -

the invention presently known to the inventors.

The term “residue” as used herein, refers to the portion of a compound that is
incorporated into a polyester composition.

In an embodiment of the present invention, a method for incorporating a hght
absorber into a polyester resin is provided. The method of this embodimenf COMPIISES
forming a reaction mixture substantially free of a titanium containing ester exchange
catalyst compound and comprising a diol, a diacid compbnent selected from the group
consisting of dicarboxylic acids, dicarboxylic acid derivatives, and mixtures thereof, an
antimony containing compound in an amount of less than 0.1% of the total weight of the
reaction mixture, a phosphorus containing compound present 1n an amount of less than
about 0.1% of the total weight of the reaction mixture, a metal containing compound
selected from the group consisting of zinc containing compounds, manganese.containing
compounds, present in an amount from about 10 ppm to about 300 ppm, and a hight
abéorber. We have found that polyester compositions can be made from reaction mixtures
substantially free of titanium containing ester exchange catalysts. As used herein, the
phrase “substantially free” or “in the absence of”” does not preclude the presence of trace
amounts of titanium containing compounds, and in this regard, fhe presence of 0 to about

5 ppm of titanium metal is considered a trace amount which can be found 1n the polyester

_4 -



CA 02565860 2006-11-06
WO 2005/118674 PCT/US2005/017427

composition made by what 1s considered to be a process conducted in the absence of a
titanium containing ester exchange catalyst. Preferably, the process is conducted using
compounds containing 2 ppm or less of titanium metal, and more preferably 0.0 ppm of
titanium metal containing compounds are used in the process of the invention. Although 1t
is desired to keep titanium metal to a minimum, of from 0 to about 5 ppm of titantum
metal, desirably, less than 2 ppm can be added to the polyester composition and still be 1n
accordance with the present invention. More desirably, 0.0 ppm of titanium metal 1s
added to the polyester composition. |

In this embodiment, the reaction mixture is then polymerized in a multi-chamber
polymerization system. The polycondensation reaction system is characterized by having
4 first reaction chamber, a last reaction chamber, and one or more intermediate reaction
chambers between the first reaction chamber and the last reaction chambers. The reaction
system is operated in series such that the reaction mixture 1s pro greésively polymerized in
the first reaction chai'nb er, the one or more intermediate reactions, and the last reaction
chamber. ‘The light absorber may be added at any point in the melt phase. The polyester:-
removed from the last reaction ci1a:mb er has an inherent viscosity from about 0.2 to about
0.75 dL/g. Fmally, the reaction mixture is further characterized by having from 0.0 to
about 5 ppm titanium containing atoms.

Broadly, the light absorbers which are useful for the practice of the invention are
disclosed in U.S. Patents 4,981,516; 5,030,708; 5,401,438; 4,661,566; 4,617,373;
5,106,942; 5,274,072; 5,456,725; 6,207,740; and 6,559,216, the entire disclosures of
which are incorporated herein by reference. More specifically, the UV-visible light

absorbing compounds which are useful in the practice of this invention have at least one

methine moiety defined herein as “the group

. . -
4 C= N conjoined with a conjugated aromatic or heteroaromatic system™.

This moiety imparts the property of ultraviolet and/or visible light absorption, generally
within the range of about 350-650 nanometers (nm). More preferably, the compounds
absorb light within the range of about 350 to 550 nm. The methine compounds usually
have molecular weight of from about 200 to about 600 Daltons, although lesser and higher
molecular weights are useful. The light absorbing compounds are further characterized by
having at least one polyester reactive group which will react with at least one of the

functional groups from which the polyester is prepared into the polymer chain during
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polyester preparation. Such polyester reactive groups are selected from hydroxyl,
carboxy, amino C,-C¢-alkoxycarbonyl, C;-C¢-alkoxycarbonyloxy, and C-Cg-alkanoyloxy.

These light-absorbing compounds are thermally stable at polymer processing temperatures

up to about 300° C.

Preferred methine light absorbing compounds or monomers useful in the practice of

the present invention have the general formulae:

D
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R and R'are independently selected from hydrogen, C;-Cs -alkyl, C,-Cs-alkoxy and
halogen;

nis 1 or 2;

R, is selected from Cs-Cg—cycloalkyl, C5-Cs-alkenyl, aryl, C,-Cqz-alkyl, substituted
C,-Cqp-alkyl, and —(CHR;3 CHR140),—R;5, wherein: m is an integer from 1 to about 500,
preferably from 1 to about 100, more preferably from 1 to 8, and most preferably from 1 to
3: and

R, 1s selected from C3-Cg—cycloa]kyl, C5-Cg-alkenyl, aryl, C;-Ciz-alkyl, substituted
C,-Cyz-alkyl, ((CHR 3 CHR140):—R1s5, and acyl group selected from —~COR; 6, —CO2R 16,
_CONHR ¢~ and —~SO,R 6, with the provision that when R is an acyl group R; may be
hydrogen; or |

R, and R, can be combined with the nitrogen atom to which they are attached to
make cyclic structures selected from pyrrolidino, piperidino, piperazino, morpholino,
thiomorpholino, thiomorpholino-S,S-dioxide, succinimido, and phthalimido;

R; is selected from C;-Cg-alkylene, and —(CHR;3CHR 140)—CHR 13CHR 14—

R4, Rs and Ry are independently selected from hydrogen and C,-Cs-alkyl;

R is selected from hydrogen, C;-C¢-alkyl and aryl;

Ry and Ry are independently selected from C;-Cq2-alkyl, substituted C;-Ci2-alkyl,
aryl, C3-Cg-cycloalkyl, and C3-Cg-alkenyl or Rg and R can be combined with the nitrogen
atom to which they are attached to produce cyclié structures such as pyrrolidino,
piperidino and morpholino;

" Ry and Ry are independently selected from hydrogen, halogen, C;-C¢-akyl,
hydroxyl and C;-Cg-alkanoyloxy;

R, is carboxy, Ci-Cg-alkoxycarbonyl or (R)x;

\R13 and Ry, are independently selected from hydrogen and C;-Ce-alkyl;

R.s is selected from hydrogen, aryl, C;-Cq2-alkyl, and C;-Cs-alkanoyloxy;

R ;¢ 1s selected from C]“Cﬁ":a].ICYI, C;-Cg-alkenyl, aryl, and Cs-Cg-cycloalkyl;

¥ is selected from —O—, —NH and —N(R;¢6)—;

I.is a di, tri or tetravalent linking group;

L; is selected from a direct single bond or a divalent linking group;

P and Q are independently selected from cyano, —CORjs, ~CO,R 16, “CON(R17)R 8,
aryl, heteroaryl, and —SO2R¢; or
-8 -
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P and Q can be combined with the conjugated double-bonded carbon atom to which

~ they are attached to produce the following cyclic divalent radicals:

)\ R \‘/Q
VAN RN T 2wy, I
\f ) "”\/ \ N
z/ O,S\b Nw”\// ,
3 | | ’
Rig O\ =
R M7
= —N
/?/\ >“\“~o O%N/%O :
O IJQ ) 18
’ 17
O
\\ N/R17 O R ® /R17
— |
NN =0
CORs . [ "R 7—N
2' M8 O ; O \Rw ,
O
\LN/R” Ryg  Rig O
o N/ } CH,
N | ///LNLNO and \__O><CH3
R+ R /
17 18 FE O
17

: R,7 and R, are independently selected from hydrogen, C;-Cs-alkyl, aryl

C;-Cg-cycloalkyl, and C;-Cs-alkenyl;
R is selected from cyano, carboxy, -CO2R 6, -CON(R17)R1s and

N Xy
Ssel
X; 2

R, is selected from aryl and heteroaryl;

X, and X3 are independently selected from oxygen and =C(CN)CN;
-0 .-
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X, is selected from —O—, —5—, —-N(R;7)—;

R, is selected from hydrogen, or up to two groups selected from
C,-Cg-alkyl, C;-Cg-alkoxy, halogen, carboxy, cyano and —CO3R;e; with the provision that
Q may be hydrogen when P is selected from _carboxy, -CO2R 5, “-C(R20)=C(CN)CN and

N— "X

Some of the methine compounds described herein without polyester reactive groups

may give increased color yields when utilized under the conditions described in this
invention. However, it is preferred that the methine compounds useful in the present
invention have at least one reactive group selected from carboxy, -CO2R e, -OCOR 6,
-OCON(R;17)R1s, -OCO2R 6, hydroxyl and chlorocarbonyl, that is capable of reacting into
the polyester composition during preparation.

The term “C;-Ciz-alkyl” is used herein to denote an aliphatic hydrocarbon radical
that contains one to twelve carbon atoms and is either a straight or branched chain.

The term “substituted C;-C»-alkyl” is used herein to denote a C;-Ciz-alkyl radical
substituted with 1-3 groups selected from halogen, hydroxjd, cyano, carboxy, succinimide,
phthalimido, 2-pyrrolidino, C;-Cs-cycloalkyl, aryl, heteroaryl, vinylsulfonyl,
phthalimidino, o-benzoic sulfimido, —OR32, —SR23, —=SO2R24, -802CHZCOZSR23,
-CON(R25)Ra6, ~SO2N(R25)Ra6, “02CN(R25)R26, —OC0R24, —02CR24, _OCO;Ry,
-OCR24, ~N(R25)SO2R24, -N(R25)COR24,

K R N N/st
—N 27 =
/ > \‘S/Q %Rzz.;
N )
O
O\\ 0\
Jan My,
—N Y —N
>/_/ , and )}/’
O O

whereh:l: |
R, 18 selected frofn C-Cs-alkyl, Cs-Cg-cycloalkyl, Cs-Cg-alkenyl and aryl;
Ro3 ié selected from C;-Cg-alkyl, C3-Cg-cycloalkyl, aryl and heteroaryl;
R, is selected from C;-Cg-alkyl, C;-Cg-cycloalkyl and aryl,

- 10 -
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R,s and Ry are independently selected from hydrogen, C;-Cs-alkyl,
C3~Cg-¢ycloalkyl and aryl;

R, is selected from hydroxy and C;-Cs-alkanoyloxy;

Y is selected from —O—, —S—, and ~N(R24);

Y, is selected from C,-Cy-alkylene, —-O—, ~S—, and —-N(R33)—.

The term “C;-Cg-alkyl” is used to denote straight and branched chain hydrocarbon
radicals, which may optionally be substituted with up to two groups selected from
hydroxyl, halogen, carboxy, cyano, aryl, arylthio, arylsulfonyi, C;-Cg-alkoxy, Ci-Ce-
alkylthio, C,-Ce-alkylsulfonyl, C;-C¢-alkoxycarobonyl, C;-Cg¢-alkoxycarbonyloxy, and Ci-
Cg-alkanoyloxy.

The terms “C-Cg-alkoxy”, “C;-Cg-alkylthio”, “Ci-Ce-alkylsulfony 7,
“Cl-‘Cﬁ-alkoxycarbonyl”, «C,-C¢-alkoxycarbonyloxy” and “C;-Cs-alkanoyloxy” denote the
following structures, respectively: —0C;-Cg-akyl, -S-C;-Cs-alkyl, —Ogs-Cl-Cﬁ-alkyl, ~-CO»-
C,-C¢-alkyl, —0,C-0-C;-Ce-alkyl, and -0,C-C;-Cg-alkyl, wherein the C;-Cg-alkyl groups
may optionally be substituted with up to two groups selected from hydroxy, cyano,
halogen, aryl, —OC;-Cs-alkyl, —OCOC1a-C4-a]kyl and CO,C;-Cs-alkyl, wherein the C;-Cy-
alkyl portion of the group represents saturated straight or branched chain hydrocarbon
radicals that contain one to four carbon atoms.

The terms “Cs-Cs-cycloalkyl” and “C53-Cg-alkenyl” are used to denote saturated
cycloaliphatic radicals and straight or branched chain hydrocarbon radicals containing at
least one carbon-carbon double bond, respectively, with each radical containing 3-8
carbon atoms.

The divalent linking groups for L can be selected from C;-Cy ,-alkylene,
-(CHR13CHR140)mCHR13CHR 14, C4-Cg-cycloalkylene, -CH,-Cs-Cg-cycloalkylene —CH,-
and Cs-Cg-alkenylene. The C;-Ci; alkylene linking groups may contain within their main
chain heteroatoms, e.g. oxygen, sulfur and nitrogen and substituted nitrogen, (-N(R17)-),

wherein R;7 is as previously defined, and/or cyclic groups such as C;-Cg-cycloalkylene,

arylene, divalent heteroaromatic groups or €ster groups such as:

9 0
—0-C-0— , —0-C—

Q '
—0-C-C,-C,,-alkylene —C-O0— ,
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2 Q
—O-C—arylene —C-O— |

O 0
|
'—"O'—(]:—— CH,O— arylene —QCH, lé_o__

2

i ;
| |
O —C—NH—C,-C,,— alkylene—NH—C—0 —

and
I i
—QO—C—NH-—arylene —NH-C—0—
Soﬁe of the cyclic moieties which may be incorporated mto the C;-Ciz-alkylene

chain of atoms include:

é N/CsHs
A g N
D T Y - Y
O S ’ O O |

The trivalent and tetravalent radicals for L are selected from Cs-C g-aliphatic
hydrocarbon moieties which contain three or four covalent bonds. Examples of trivalent
and tetravalent radicals include —HC(CH,-), and C(CH;-)4, respectively.

The divalent linking groups for L; may be selected from —~O—, ~S—, —SOz—,  =N-
SO,R;, —=S—S—, —CO—, “OCO—, arylene, —O-arylene-O—, C3-Cs-cycloalkylene, -O2C-C;-
Ci2-alkylene-COop—, —OZC—arylené:-CO_z-, —OZC-C;:,Cg—cycloa]l<ylene-C02-—, -O,CNH-C;-
Cqz-alkylene-NHCO,—, and —OZCNH-arylene-NHCOZ—.

The terms “C,-Ca-alkylene”, “C;-Cs-alkylene™ and “Cq1-Cqz-alkylene” denote straight

or branded chain divalent hydrocarbon radicals containing two to four, one to six and one

~12 -
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to twelve carbon atoms, respectively, which may optionally may be sub stituted with up to
two groups selected from hydroxyl, halogen, aryl and C;-Cg-alkanoyloxy.

The terms “Cs-Cg-cycloalkylene” and C;-Cg-alkylene” denote divalent saturated
cyclic hydrocarbon radicals which contain three to eight carbon atoms and divalent
hydrocarbon radicals which contain at least one carbon-carbon double bond and have three
to eight carbon atoms, respectively.

The term “aryl” is used herein to denote phenyl and phenyl sub stituted with one or
more groups selected from C;-Cg-alkyl, C;-Ce-alkoxy, halogen, carboxy, hydroxyl, C;-Ce-
alkoxycarbonyl, C;-Cs-alkylsulfonyl, C;-Cs-alkythio, thiocyano, cyano, nitro and
trifluoromethyl.

In the term “heteroaryl” the heteroaryl groups or heteroaryl portions of the groups

are mono or bicyclo heteroaromatic radicals containing at least one heteroatom selected
from the group consisting of oxygen, sulfur and nitrogen or a combination of these atoms
in combination with carbon to complete through the heteroatomatic ring. Examples of
suitable heteroaryl groups include but are not limited to: furyl, thienyl, thiazolyl,
isothiazolyl, benzothiazolyl, pyrazolyl, pyrrolyl, tﬁa&azolyl, oxadiazolyl, benzoxazolyl,
benzimidazolyl, pyridyl, pyrimidinyl and triazolyl and such groups optionally substituted
with one or more groups selected from C;-Ce-alkyl, C;-Ce-alkoxy, aryl, C,-C¢-alkoxy,
carbonyl, halogen, arylthio, arylsulfonyl, C;-Ce-alkylthio, C;-Cs-alkylsulfonyl, cyano,
trifluoromethyl, and nitro.

The term “arylene” is used to denote 1,2-; 1,3-; 1,4-phenylene; naphthyl and those
radicals optionally substituted with one or more groups selected from C;-Ce-alkyl, C1-Cé-
alkoxy, halogen, carboxy, hydroxyl, C,-Cs-alkoxycarbonyl, CI-C(,-aﬂcylsulfonyl, C1-Cs-
alkythio, thiocyano, cyano, nitro and trifluoromethyl.

The term halogen is used to denote fluorine, chlorine, bromine and 10dine.

The alkoxylated moieties deﬁﬁed by the formulae: —(CIIR13C}IR14O);n— Ris, and
-(CHR 13CHR 140) i~ CHR 13CHR 14 — have a chain length wherein m is from 1 to 500;
preferably m is from 1 to about 100; more preferably m is less than 8, and most preferably

m is from 1-3. In a preferred embodiment, the alkoxylated moieties are ethylene oxide

residues, propylene oxide residues or residues of both.
The terms “pyrrolidino”, “piperidino”, “piperazino”, “morpholino”,
“thiomorpholino” and “thiomorpholino-s,s-dioxide™ are used herein to denote the

following cyclic radicals, respectively:
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\\\/v < >N__,

/N O./ \
S N— and >S N—
\__/ : 0’ __/ ,

wherein R; is as defined above.

l The skilled artisan will understand that each of the references herein to groups or
moieties having a stated range of carbon atoms such as C;-Cs-alkyl, C;-Ce-alkyl,
C;-Cqp-alkyl, C3-Cg-cycloalkyl, C3-Cg-alkenyl, C;-Cpp-alkylene, C;-Cs-alkylene, includes
moieties of all of the number of carbon atoms mentioned within the ranges. For example,
the term “C;-Cg-alkyl” includes not only the C, group (metﬁyl) and Cg group (hexyl) end
points, but also each of the corresponding C,, Cs, Cs, and Cs groups including their
isomers. In addition, it will be understood that each of the individual points within a
stated range of carbon atoms may be further combined to describe subranges that are
inherently within the stated overall range. For example, the term “C3-Cg-cycloalkyl”
includes not only the individual cyclic moieties C; through Cs, but also contemplates
subranges such as C4-Cg-cycloalkyl. |

‘The level of light absorber added as a component of any of these embodiments 1s
dependent on the application for which the polyester product is intended, the level of light
exposure expected, the sensitivity of any article enclosed by the polyester to light, the
molar extinction coefficient of the specific light absorber chosen, the thickness of the
article to be prepared from the polyester, the nature of the other additives present 1n the

polyester; including any colorants, op acifiers, catalyst residues, reheat agents, nucleators,
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de-nesting agents, slip agents etc. whether added prior to the polymerization, during the

| polymerization or post-polymerization, and the composition of the polyester repeat unit
among other factors. Generally, for most packaging applications, the expected level of
light absorber required would be between 0 and 5 wt. % based on the weight of polymer;
more preferably between 0.001 and 2 wt. o based on the weight of polymer. These

ranges stated are given for illustrative purposes only and are not intended to limit the

scope of the present mvention.

The polymerization is carried out such that the reaction pressure in the first chamber
is from about 20 to 50 psi and the reaction pressure in the last reaction chamber 1s from
about 0.1 mm Hg to about 2 mm Hg. The pressure in the intermediate reactor 1s
successively dropped with the reaction pressure in each of the one or more intermediate

reactor being between 50 psi and 0.1 mm Hg. The reaction temperature in each reaction

chamber is from about 200 °C to about 300°C

The reaction mixture used in the method of the invention includes a diol component.
Preferably, the diol component is a glycol. Suitable diols include, for example, diols
selected from the group consisting of ethylené slycol, 1,4-cyclohexanedimethanol, 1,2-
propanediol, 1,3-propanediol, 1,4-butanediol, 2.2-dimethyl-1,3-propanediol, 1,6-
hexanediol, 1,2-cyclohexanediol, 1,4-cyclohexanediol, 1,2-cyclohexanedimethanol, 1,3-
cyclohexanedimeth;nol, 2.2 4 A-tetramethyl-1,3-cyclobutane diol; X, 8-
bis(hydroxymethyl)tricyclo-[5.2.1.0]-decane wherein X represents 3, 4, or 5, and diols-
containing one or more oxygen atoms in the chain, e.g., diethylene glycol, triethylene
glycol, dipropylene glycol, tripropylene glycol and the like containing from about 2 to
sbout 18, preferably 2 to 12 carbon atoms in each aliphatic moiety. Cycloaliphatic diols
can be employed in their cis or trans configuration or as mixtures of both forms. More
preferably, the diol comprises a component selected from the group consisting of ethylene
glycol, diethylene glycol, 1,4-cyclohexanedimethanol, or mixtures thereof. In many cases,
the diol may comprise a major amount of ethylene glycol and modifying amounts
cyclohexanedimethanol and/or diethylene glycol.

The reaction mixture also includes a diacid component selected from the group
consisting of aliphatic, alicyclic, or aromatic dicarboxylic acids and esters of such
dicarboxylic acids. Suitable diacid components are selected from the group consisting of
terephthalic acid, naphthalene dicarboxylic acid, isophthalic acid, 1,4-

cyclohexanedicarboxylic acid, 1.3-cyclohexanedicarboxylic acid, succinic acid, glutaric
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acid, adipic acid, sebacic acid, 1,12-dodecanedioic acid, and the like; and esters of these
dicarboxylic acids. In the polymer preparation, it is often preferable to use a functional
acid derivative thereof such as the dimethyl, diethyl, or dipropyl ester of the dicarboxylic
acid. The anhydrides of these acids also can be employed. Preferably, the diacid
component comprises a dicarboxylic acid ester. More preferably, the diacid component 1s
terephthalic acid or dimethyl terephthalate. Most preferably, the diacid component
comprises dimethyl terephthalate. The molar ratio of the diol component to the diacid
component is from about 0.5 to about 4. More preferably, the molar ratio of the diol
component to the diacid component 1s from about 1 to about 3. Most preferably, the ratio
of the diol to the diacid component 1s about 2.

The reaction mixture further comprises a component containing a metal selected
from the group consisting of zinc, manganese, and mixtures thereof, antimony containing
component, and a phosphorus containing component. Typically, the metal containing
component is zinc acetate or manganese acetate, the antimony containing component is.
antimony trioxide, and the phosphorus containing component 1s phosphoric acid or an
alkyl ester thereof. Preferably, the metal containing component is zinc acetate and 1s
present in an amount from about 10 to about 200 ppm, the antimony trioxide is presént 1n
an amount from about 20 to about 500 ppm, and phosphorous 1s present in an amount from
about 5 to about 200 ppm.

The reaction mixture optionally includes one or more components selected from the
group consisting of an iron containing compound, a toner, a cobalt containing compound,
and mixtures thereof. For example, the reaction mixture and the polyester compositions of
the invention may contain black iron oxide in an amount ranging from 1 ppm to 50 ppm,
or 1 ppm to 10 ppm.

In another embodiment of the present invention, a method of incorporating a light
absorber in a polyester composition with or without a titanium containing ester exchange
catalyst is provided. The method of this embodiment comprises forming a reaction
mixture comprising a diol, a diacid component selected trom the group consisting of
dicarboxylic acids, dicarboxylic acid dertvatives, and mixtures thereof m a
polycondensation reaction system. The polycondensation reaction system comprises a
series of reaction chambers. For purposes of differentiating each of the reaction chambers,
each chamber may be assigned a label RC'. Accordingly, each chamber is designatable as

reaction chamber RC". The polycondensation system has a first reaction chamber
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designatable as reaction chamber RC'. a last reaction chamber designatable as reaction
chamber RCX, and one or more interﬁlediate reaction chambers. As used herein, 1 and k are
integers, and k is the total number of reaction chambers. The polycondensation system 1s
operated in series such that a reaction product designatable as product P' from reaction
chamber RC' is directly or indirectly transportable to reaction chamber RC™" by a conduit
designatable as conduit C' connecting reaction chamber RC' to reaction chamber RC™
(i.e., the polymerization product from each reaction chamber is transported to the next
reaction chamber in the series). As used herein, “indirectly transportable™ reco enizes that
the product from reaction chamber RC' can be physically disconnected from reaction
chamber RC™! but still provide feed stock to the reaction chamber, such as via tanker
truck or rail car. However, for sake of brevity, it is assumed herein that such reaction
chambers and conduits are in fluid communication, but the scope of the invention includes
both direct and indirect product transfer. Accordingly, the reaction mixture is successively
polymerized as it proceeds through the polycondensation system. Preferably, the light
absorber is added to reaction product P*2 while reaction product P is transported
between reaction chamber RC** and reaction chamber RC*! (i.e., the light absorber is
added in the conduit connecting third from the last to the second from the last reaction
chamber.) The light absorbers, the diol, and the diacid component are the same as set
forth above with the same amounts as set forth above. The light absorber may be added
neat or in a carrier such as the same or different diol used 1n RC!. By feeding the light-
absorber into the conduit, it is possible to increase the yield of the light absorber in the
polyester composition. Without being bound to a theory, it is believed that by feeding the
light absorber into the conduit, the light absorber has a sufficient residence time to
dissolve into the melt, or be absorbed onto the polymer, or otherwise remain in the melt 1n
contrast with adding the light absorber to reaction chamber which typically operates under
conditions promoting loss of the light absorber as it 1s carried off with the flashing of the
diol. In this embodiment, the reaction is preferably conducted in the presence of 0.0 to 5
ppm titanium containing ester exchange catalysts, more preferably using 0.0 ppm titanium
containing compounds.

In yet another embodiment of the present invention; a titanium free polyester
composition is provided. Preferably, the polyester composition 1s made by'any one of the
methods of the invention. The titanium free polyester composition of this embodiment

comprises a diol residue, as diacid residue, a light absorber residue, antimony atoms
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present in an amount of less than 0.1%; phosphorus atoms present in an amount of less
than about 0.1%: metal atoms selected from the group consisting of zinc, manganese, and
mixtures thereof in an amount from about 5 ppm to about 300 ppm; and titanium atoms
present in an amount ranging from 0.0 to 5 ppm. By a titanium free polyester composition
;s meant one which contains from 0.0 to 5 ppm titanium metal. The light absorber residue
is of the light absorbing compound(s) discussed above. More preferably, the antimony
atoms are present in an amount from about 20 to about 500 ppm and the phosphorus atoms
are present in an amount from about 10 to about 200 ppm and the composition contains 2
ppm, most preferably 0.0 ppm titanium metal.

The diacid residue is preferably selected from the group consisting of dicarboxylic
acid residues, dicarboxylic acid derivative residues, and mixtures thereof. More
preferébly, the diacid residue is a dicarboxylic acid ester residue. Most preferably, the
diacid residue is a dimethyl terephthalate residue. The diol residue is preferably a glycol
residue. The diol residue is selected from the group consisting of ethylene glycol residue,
diethylene glycol residue, 1,4-cyclohexanedimethanol residue, and mixtures thereof. The
ratio of the diol residues to the diacid residues 1s from about 0.5 to about 4. Moreover, the
polyester compos'ition of the present invention has less than about 20 meq/g ot carboxyl
ends.

One skilled in the art will understand that various thermoplastic articles can be made
from the polyester of the present invention where excellent light protection of the contents
would be i_mportant.' Examples of such articles includes bottles, storage containers, sheets,
films, fibers, plaques, hoses, tubes, syringes, and the like. Basically, the possible uses for

polyester having a low-color, low-migratory light absorber is voluminous and cannot

easily be enveloped.

Having described the invention in detail, those skilled mn the art will appréciate that
modifications may be made to the various aspects of the invention without departing from
the scope and spirit of the invention disclosed and described herein. It 1s, therefére, not
infended that the scope of the invention be limited to the specific embodiments illusnéted
and described but rather it is intended that the scope of the present invention be

determined By the appended claims and their equivalents. Moreover, all patents, patent



CA 02565860 2006-11-06
WO 2005/118674 PCT/US2005/017427

CLAIMS

We claim:
1. A method of incorporating a light absorber into a polyester resin, the method
comprising:

a) forming a reaction mixture substantially free of a titanium
containing ester exchange catalyst compound and comprising combining:

a diol,
a diacid component selected from the group consisting of
dicarboxylic acids, dicarboxylic acid derivatives, and mixtures thereof,

an antimony containing compound in an amount of less than 0.1%

- of the total weight of the reaction mixture,
a phosphorus containing compound present in an amount of less

than about 0.1% of the total weight of the reaction mixture,

a metal containing compound selected from the group consisting of

ZINC coﬁtaining compounds, manganese containing compounds, present in an amount from-

about 10 ppm to about 300 ppm, and

~ a light absorbing compound, wherein said light absorbing compound 1s

selected from the group consisting of compounds having have the formulae:

.
Amﬁ:< _®
S

>___

C—A
H

P
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wherein:

A is conjugated with the attached double bond and is selected from the group

consisting of nitrogen containing moieties having the following formulae:
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kg (R)n .
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| | N Ry
RB R‘l R1 ‘ '
R

R and R'are independently selected from the group consisting of hydrogen,
C:-Cs-alkyl, C1-Cg-alkoxy and halogen;
nislor2; |
R, is selected from the group consisting of Cs;-Cg—cycloalkyl, Cs-Cg-alkenyl, aryl,
C1-Ciz-alkyl, substituted C;-C;z-alkyl, and —(CHR 3 CI—IR14O)m—~R1 s, Wherein m is an
integer from 1 to about 500; and
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R, is selected from the group consisting of C3-Cs—cycloalkyl, C3-Cg-alkenyl, aryl,
C,-C12-alkyl, substituted C;-Ci2-alkyl, —(CHR 13 CHR140)m—R 15, wherein m 1S an mteger
from 1 to about 500, and an acyl group selected from —~CORjs, —CO,R 16, -CONHR ;6- and
_SO,R ¢, with the provision that when R; is an acyl group R; may be hydrogen; or

R, and R, can be combined with the nitrogen atom to which they are attached to
make cyclic structures selected from the group consisting of pyrrolidino, piperidino,
piperazino, morpholino, thiomorpholino, thiomorpholino-S,S-dioxide, succimimido, and
phthalimido; |

R is selected from the group consisting of C;-Ce-alkylene, and
-(CHR13CHR 140);n-CHR 13CHR 14—, wherein m is an integer from 1 to about 500;

R4, Rs and R¢ are independently selected from the group consisting of hydrogen and
C-Cg-alkyl; |

R is selected from the group consisting of hydrogén, C;-Cs-alkyl and aryl;

Ry and Ry are independently selected from the group cpnsisting of C1-Cqz-alkyl,
substituted C;-C1p-alkyl, aryl, Cs-Cg-cycloalkyl, and C;-Cg-alkenyl; or :

R and Ry can be combined with the nitrogen atom to which they are attached to
produce cyclic structures selected from the group consisting of pyrrolidino, piperidino and
morpholino;

Ryo and Ry are independently selected from the group consisting of hydrogen,
halogen, Cl-éﬁ-alcyl, hydroxyl and C;-Cs-alkanoyloxy;

Ry, is selected from the group consisting of carboxy, C,-Cs-alkoxycarbonyl and

(R)n;
Ry; and Ry, are independently selected from the group consisting of hydrogen and

C,-Cs-alkyl;

R;s'is selected from the group consisting of hydrogen, aryl, C;-Cyz-alkyl, and
C,;-Cgs-alkanoyloxy;

R is selected from the group consisting of C;-Ce-alkyl, Cs-Cg-alkenyl, aryl, and
Cs-Cg-cycloalkyl;

X is selected from the group consistﬁg of —O—, -NH and —-N(R6)—;

L is a di, tri or tetravalent linking group;

1, is selected from the group consisting of a direct single bond or a divalent linking

group,
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P and Q are independently selected from the group consisting of cyano, —CORs,

-CO,3R 6, —CON(R;17)R;s, aryl, hetero aryl, and —SO;Rj¢; OF
P and Q can be combined with the conjugated double-bonded carbon atom to which

they are attached to produce divalent radicals selected from the group consisting of the

following formulae:

X
\\2 X N\ [

— I P (R Q /'\% (R S\<\N“\|/\ (R).
/ ~ O-::-S\\O N’/\\// |
3 ?

R ®
2 R " Ry
\20 / 19 k/\\/ CN /\m
L s A
O A{ , 18
’ 17
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R
\\ Ri7 O O 17
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2 NN Wat
! “~Ryg \—N
0O.R // 7N
2' M8 O : o R18 .
O
\ /R17 R20 R19
>\I}| \___/ >\—O CH3
YN /L and \ ><
— == \
N ’ N~ O »—0 CH,
Ri7 “\Ryg - &17 O

wherein:
R;; and R;g are independently selected from the group consisting of hydrogen,

C;-Cg-alkyl, aryl C,-Cg-cycloalkyl, and C3-Cg-alkenyl;
R,o is selected from the group consisting of cyano, carboxy, -CO2R 16, -CON(R17)R13

and
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R, is selected from the group consisting of aryl and heteroaryl;

X, and X; are independently selected from the group consisting of oxygen and
=C(CN)CN;

X, is selected from the group consisting of -O—, —S—, —-N(R17)—;

R, is selected from the group consisting of hydrogen and up to two groups selected
ﬁ'ém C,-Ce-alkyl, C,-Ce-alkoxy, halogen, carboxy, cyano and —CO2R 6, with the pfovision
that Q may be hydrogen when P 1s selected from the group consisting of -carboxy, -
CO,R;6, “C(R20)=C(CN)CN and

N X
ach
X; =

and wherein the light absorbing compoimd includes a polyester reactive group; and

?

b) polymerizing the reaction mixture m a polycondensation reaction

system, the polycondensation reaction system having a first reaction chamber, a last

reaction chamber, and one or more intermediate reaction chambers between the first
reaction chamber and the last reaction chamber, wherein the reaction system is operated 1n

series such that the reaction mixture is progressively polymerized in the first reaction

chamber, the one or more intermediate reactions, and the last reaction chamber.

2. The method of claim 1 wherein R; and R» combine to make cyclic structures
selected from the group consisting of pyrrolidino, piperidino, piperazino, morpholino,

thiomorpholino, thiomorpholino-S,S-dioxide, succinimido, and phthalimido..

3. The method of claim 1 wherein Rg and Rg combine to produce a cyclic structure

selected from the group consisting of pyrrolidino, pip eridino and morphalino.

4, The method of claim 1 wherein P and Q are combined with the conjugated double-
bonded carbon atom to which they are attached to produce the cyclic divalent radicals

selected from the group consisting of the following formulae:
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wherein:

R~ and Ryg are independently selected from the group consisting of hydrogen,

C,-Ce-alkyl, aryl C3-Cg-cycloalkyl, and C;-Cg-alkenyl;
Ry is selected from the group consisting of cyano, carboxy, -CO2R 6, -CON(R17)Ris

and
N N
’—</ l Ry
X S

R, is selected from the group consistirig of aryl and heteroaryi;
X, and X3 are independently selected from the group consisting of oxygen and
=C(CN)CN;
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X; is selected from the group consisting of —O—, —=S—, -N(R17)-;

R, is selected from the group consisting of hydrogen and up to two groups selected
from C;-Cg-alkyl, C;-Cs-alkoxy, halogen, carboxy, cyano and —~CO,R ¢, with the provision
that Q may be hydrogen when P 1s selected from the group consisting of -carboxy, -
CO,R 5, —C(R20)=C(CN)CN and |

N~
— | R
X; =

p

and wherein the light absorbing compound includes a polyester reactive group.

5. The method of claim 1 wherein from 0.0 to 2 ppm titanium metal is added the

reaction mixture.

6 The method of claim 1 wherein the polymerization with each reaction chamber
having a reaction pressure such that the reaction pressure in the first chamber-1s from
about 20 to 50 psi and the reaction pressure in the last reaction chamber is from about 0.1
mm Hg to about 2 mm Hg with the reaction pressure in each of the one or more

intermediate reactor being between 50 psi and 0.1 mm Hg.

7 The method of claim 1 wherein from 0.0 ppm titanium metal is added to the reaction

mixture.

8. The method of claim 1 wherein the diol component is selected from the group
consisting of ethylene glycol; 1,4-cyclohexanedimethanol; 1,2-propanediol;’
1,3-propanediol; 1,4-butanediol; 2.2-dimethyl-1,3-propanediol; 1,6-hexanediol;
1,2-cyclohexanediol; 1,4-cyclohexanediol; 1,2-cyclohexanedimethanol,
1,3-cyclohexanedimethanol; 2.2.4 4-tetramethyl-1,3-cyclobutane diol; X,8-
bis(hydroxymethyl)tricyclo-[5.2.1.0]-decane, wherein X represents 3, 4, or 5; diols

containing one or more oxygen atoms in a chain and mixtures thereof.

9  The method of claim 1 wherein the diacid component comprises a component
selected from the groups consisting of terephthalic acid, isophthalic acid, naphthalene

dicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid,
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succinic acid, glutaric acid, adipic acid, sebacic acid, 1,12-dodecanedioic acid, and esters

of said acids; and mixtures thereof.

10.  The method of claim 7 wherein the diacid component comprises dimethyl

terephthalate.

11.  The method of claim 1 wherein the molar ratio of the diol component to the diacid

component is from about 0.5 to about 4.

12 The method of claim 1 wherein the reaction mixture further comprises a component

containing a metal selected from the group consisting of zinc, manganese, and mixtures

thereof, an antimony containing component, and a phosphorus containing component.

13 The method of claim 12 wherein the metal containing component is zinc acetate or

manganese acetate, the antimony containing component is antimony trioxide, and the

phosphorus containing component is phosphoric acid.

14.  The method of claim 13 wherein the metal containing component is zinc acetate

present in an amount from about 10 to about 200 ppm.

15, The method of claim 13 wherein the antimony trioxide is present in an amount from

about 20 to about 500 ppm.

16. The method of claim 13 wherein the phosphoric acid 1s present in an amount from

about 5 to about 200 ppm.

17 The method of claim 1 further comprising one or more components selected from the

group consisting of an iron containing compound, a toner, a cobalt contaiming comp ound,

and mixtures thereof.

18. The method of claim 1 wherein said alkoxylated moiety represented by the formula -
(CHR'CHR"O-)n is selected from the group consisting of ethylene oxide residues,

propylene oxide residues, or residues of both, and m is less than about 50.
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19. The method of claim 18 wherein m is less than &.
70. The method of claim 18 wherein m is from 1-3.

21. A method of incorporating a light absorber into a polyester resin, the method
comprising:
a) forming a reaction mixture comprising combining;

a diol,

a diacid component selected from the group consisting of
dicarboxylic acids, dicarboxylic acid derivatives, and mixtures thereof 1n a
polycondensation reaction system comprising a series of reaction chambers designatable
as reaction chamber RC' having a first reaction chamber dest gnatable as reaction chamber
RC! , a last reaction chamber designatable as reaction chamber RC*, and one or more

intermediate reaction chambers

b) successively polymerizing the reaction mixture in the muli1-
chamber reaction polymerization system wherein the reaction system is operated in series
such that a reaction product designatable as product P! from reaction chamber RC' is
transportable to reaction chamber RC"™ by 4 conduit designatable as conduit C' connecting

i+
1. and

reaction chamber RC‘i to a reaction chamber RC
C) adding the light absorber to reaction product P! as it is transport"ed
from reaction chamber RC' to reaction chamber RC™. wherein i and k are integer and k is

the total number of reaction chambers,

wherein said light absorbing compound is selected from the group consisting of

compounds having have the formulae:
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B and |
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wherein:
A is conjugated with the attached double bond and 1s selected from the group

consisting of nitrogen containing moieties having the following formulae:

-9 -



CA 02565860 2006-11-06
WO 2005/118674 PCT/US2005/017427

R and R'are independently selected from the group consisting of hydrogen,
C;-Cg-alkyl, C;1-Cg-alkoxy and halogen;

nis 1 or2;

R, is selected from the group consisting of C5-Cg—cycloalkyl, Cs-Cs-alkenyl, aryl,
C;-C;p-alkyl, substituted C,-Ciz-alkyl, and -(CHR 3 CHR140)mi—R 15, wherein m 18 an
integer from 1 to about 100; and
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R, 1s selecied from the group consisting of C3;-Cg—cycloalkyl, C3-Cg-alkenyl, aryl,
C;-Ciz-alkyl, substituted C;-Cy;-alkyl, (CHR ;3 CHR40)—Rj5, Wwherein m is an integer
from 1 to about 100, and an acyl group selected from —COR ¢4, —CO3R 14, -CONHR 6- and
—S0,R 14, With the provision that when Ry 1s an acyl group R; may be hydrogen; or

R; and R, can be combined with the nitrogen atom to which they are attached to
make cyclic structures selected from the group consisting of pynolidind, piperidino,
piperazino, morpholino, thiomorpholino, thiorhorpholino-S,S-dioxide, succinimido, and
phthalimido;

R3 1s selected from the group consisting of C;-Cgs-alkylene, and
-(CHR13CHR 140)-CHR 13CHR 14—, wherein m 1s an mteger from 1 to about 100;

R4, R5 and R¢ are mndependently selected from the group consisting of hydrogen and
C1-Ce-alkyl;

R 1s selected from the group consisting of hydrogen, C;-C¢-alkyl and aryl;

Rg and Ry are independently selected from the group consisting of C;-Ciz-alkyl,
substituted C,-Ci2-alkyl, aryl, C3-Cs-cycloalkyl, and C3-Cg-alkenyl; or

Rg and Ry can be combined with the nitrogen atom to whiéh they are attached to
produce cyclic structures selected from the group consisting of pyrrolidino, piperidino and
morpholino;

Ri¢ and Ry are mdependently selected from the group cohsisting of hydrogen,
halogen, C,-Cs-akyl, hydroxyl and C,-Cg-alkanoyloxy;

Rlz: 1s selected from the group consisting of carboxy, C;-Cg~alkoxycarbonyl and
(R)s;

Ri3 and R4 are indépendently selected from the group consisting of hydrogen and
C1-Ce-alkyl; |

Rs is selected from the group consisting of hydrogen, aryl, C;-Ci,-alkyl, and
C;-Ce-alkanoyloxy;

R 1s selected from the group consisting of C;-Ce-alkyl, C3-Cg-alkenyl, aryl, and
C;-Cg-cycloalkyl;

X 1s selected from the group consisting of —O—, —NH and —-N(R;¢)—;

L 1s a di, tr1 or tetravalent linking group;

L; is selected from the group consisting of a direct single bond or a divalent linking

group,
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P and Q are independently selected from the group consisting of cyano, —COR;e,
-COR 16, —CON(R17)R1s, aryl, heteroaryl, and ~SO,R¢; or

P and Q can be combined with the conjugated double-bonded carbon atom to which

they are attached to produce divalent radicals selected from the group consisting of the

following formulae:

. Q 7
\f(
_}\l (R), == - (R), S\<N\‘/§ R)
\/// /Sv""\f/ \ n
Z/ | O/ \b | | N"/\% ,
3 .
Rie (3\ ~
R R M7
\20 / 19 NN /CN ] l}l
/;A =0 O/\ N~ 0 ,
O qu , Ris
’ 17
O
W Ry O O Riz
—N _/ | 5
O.Ris >/ “Rie —}N\
2' 18 O : O R18 ,
c\)\ R R
L Rog 19 O
N
/:N = _}*0 CH,
s = and ><
’ N O >/“*O CH,
R7° “Ryg FE O
17

whereln:

R;, and R are independently selected from the group consisting of hydrogen, Ci-
Cs-alkyl, aryl Cs-Cg-cycloalkyl, and Cs-Cg-alkenyl;
R, is selected from the group consisting of cyano, carboxy, -CO,R;6, -CON(R;17)R18 |

and
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N A
— ¢ | —FRa
X; 2

R, is selected from the group consisting of aryl and heteroaryl;

X, and X; are independently selected from the group consisting of oxygen and
=C(CN)CN;

X, is selected from the group consisting of ~O—, —S—, -N(Ry7)—;

R,; is selected from the group consisting of hydrogen and up to two groups selected
from C;-Cg-alkyl, C1-Cs-alkoxy, halogen, carboxy, cyano and —CO,R;6, with the provision
that Q may be hydrogen when P 1s selected from the group consisting of -carboxy, |
-CO,R 14, —C(R20)=C(CN)CN and

N X
Boen
X4 2 .

and wherein the li ght absorbing compound includes a polyester reactive group.

79 The method of claim 21 wherein R; and R, are combined to make cyclic structures
selected from the group consisting of pyrrolidino, pip eridino, piperazino, morpholino,

thiomorpholino, thiomorpholino-S,S-dioxide, succinimide, and phthalimido.

73 The method of claim 21 wherein P and Q combine with the conjugated double-
bonded carbon atom to which they are attached to produce the cyclic divalent radicals

selected from the group consisting of the following formulae:
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X
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— TR, (T | - SN
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Xq ’ |
Rig O
R
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Roo 19 Ny <)
=~ =0 O/?\N/\\\‘O ,
O é , 18
’ 17
O
\\ /R17 O O /R'l?
" )\\N/R” >~N
ORig IR )N
2MN18 O , O \Rm ’
O
\ /R17 R20 R‘ig O
%\/ E \__/ )\—O><CH3
~ /[ ~ and T
N | =N~ O »—0 CH;
Ri7 “Rig éw O
wherein:

R, and R;3 are independently selected from the group consisting of hydrogen,

C,-Ce-alkyl, aryl Cs-Cg-cycloalkyl, and C;-Cg-alkenyl;

Ryo is selected from the group consisting of cyano, carboxy, -COsRy6, -CON(R17)R 138

and

R, is selected from the group consisting of aryl and heteroaryl;

X, and X; are independently selected from the group consisting of oxygen and

=C(CN)CN;
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X, is selected from the group consisting of -O—, —5—, ~“NRy7)-;

R, is selected from the group consisting of hydrogen and up to two groups selected
from C-Ce-alkyl, C1-Cg-alkoxy, halogen, cafboxy, cyano and —CO2Re, with the provision
that Q may be hydrogen when P 1s selected from the group consisting of -carboxy,
-CO,R 16, ~C(R20)=C(CN)CN and

N
_</ Ij\ Ry
Xy F

74, The method of claim 21 wherein the light absorber is added to reaction product P

while reaction product P2 is transported between reaction chamber RC*? and reaction

chamber RCK!,

75 The method of claim 21 wherein from 0.0 to 2 ppm titanium metal is added to the

reaction mixture.

76. The method of claim 21 wherein the diol component is selected from the group
consisting of ethylene glycol, 1,4-cyclohexanedimethanol; 1,2-prop anediol;
1,3-propanediol; 1,4-butanediol; 2,2-di_methy1-1,3-—propanediol; 1,6-hexanediol;
1,2-cyclohexanediol, 1,4-cyclohexanediol, 1,2-cyclohexanedimethanol;
1,3-cyclohexanedimethanol; 2,2,4,4-tetramethy1—1,3-cyclobutane diol; X.,8-
bis(hydroxymethyl)tricyclo-[5.2.1.0]-decane, wherein X represents 3, 4, or 5; diols

containing one or more oxygen atoms in a chain and mixtures thereof.

27 The method of claim 21 wherein the diacid component comprises a component
selected from the groups consisting of terephthalic acid, isophthalic acid, naphthalene
dicarboxylic acid, 1,4-cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic acid,

- succinic acid, glutaric acid, adipic acid, sebacic acid, 1,12-dodecanedioic acid, and esters

of said acids, and mixtures thereof.

28. The method of claim 27 wherein the diacid componernt comprises dimethyl

terephthalate.
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79 The method of claim 28 wherein the molar ratio of the diol component to the diacid

component is from about 0.5 to about 4.

30. The method of claim 21 wherein the reaction mixture further comprises a component
containing a metal selected from the group consisting of zinc, manganese, and mixtures

thereof, an antimony containing component, and a phosphorus containing component.

31. The method of claim 30 wherein the metal containing component is zinc acetate or
manganese acetate, the antimony containing component is antimony trioxide, and the

phosphorus containing component is phosphoric acid.

32.  The method of claim 31 wherein the metal containing component is Zinc acetate

present in an amount from about 10 to about 200 ppm.

33. The method of claim 31 wherein the antimony trioxide is present in an amount from

about 20 to about 500 ppm.

34. The method of claim 31 wherein the phosphoric acid is present in an amount from

about 5 to about 200 ppm.

35. The method of claim 21 further comprising one or more components selected from

the group consisting an iron containing compound, a toner, a cobalt containing compound,

and mixtures thereof.

36. The method of claim 21, wherein 0.0 ppm titanium metal is added to the reaction

mixture.
37. The method of claim 22 wherein said alkoxylated moiety represented by the formula

-(CHR'CHR"O-)p, is selected from the group consisting of ethylene oxide residues,

propylene oxide residues, or residues of both, and m is less than about 50.

38 The method of claim 37 wherein m 1s less than 8.
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39. The method of claim 37 wherein m 1s from 1-3.

40. A polyester composition comprising:
diacid residues;
diol residues;
a light absorbing compound or residues thereof selected from the group

consisting of compounds having have the formulae:

A-——c__—__.<
i

Q -

p
i @,
&2
)=fA

P

and
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A is conjugated with the attached double bond and is selected from the group of

nitrogen containing moieties having the following formulae:
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R and R' are independently selected from the group consisting of hydrogen,
C;-Cs-alkyl, C,-Cs-alkoxy and halogen;

nis 1 or2;

R, is selected from the group consisting of C3-Cg—cycloalkyl, C3-Cg-alkenyl, aryl,
C4-Cip-alkyl, substituted C;-Ci,-alkyl, and —(CHR13 CHR140)nR1s, wherein m 1s an
integer from 1 to about 500; and

R, is selected from the group consisting of Cs-Cg—cycloalkyl, C;-Cs-alkenyl, aryl,
C1-Cip-alkyl, substituted Cy-Ciz-alkyl, -(CHR 3 CHR140)i—R15, wherein m 1s an integer
from 1 to about 500, and an acyl group selected from -COR ¢, —CO2R 16, “-CONHR ;- and
_SO,R 6, with the provision that when R; is an acyl group R; may be hydrogen; or

R, and R, can be combined with the nitrogen atom to which they are attached to
make cyclic structures selected from the group consisting of pyrrolidino, piperidino,
piperazino, morpholino, thiomorpholino, thiomorpholino-S,S-dioxide, succinimido, and
phthalimido;

R, is selected from the group consisting of C;-Ce-alkylene, and
-(CHR3CHR140),-CHR 13CHR 14—, wherein m is an integer from 1 to about 500;

R4, Rs and R¢ are independently selected from the group consisting of hydrogen and
C;-Cs-alkyl; | |

R, is selected from the group consisting of hydrogen, C;-Cg-alkyl and aryl;

R and Ry are independently selected from the group consisting of C;-Ciz-alky],
substituted C;-Cyo-alkyl, aryl, Cs3-Cg-cycloalkyl, and Cs-Cg-alkenyl; or |

Ry and Ry can be combined with the nitrogen atom to-which they are attached to
produce cyclic structures selected from the group consisting of pyrrolidino, piperidino and
morpholino;

Ry and Ry; are independently selected from the group consisting of hydrogen,
halogen, C;-Cs-akyl, hydroxyl and C;-Cs-alkanoyloxy;

R, is selected from the group consisting of carboxy, ¢C1-Cﬁ-a1koxycarbonyl and

(R)n;
R, and R4 are independently selected from the group consisting of hydrogen and

Cl-CG-alkyl;
R,s is selected from the group consisting of hydrogen, aryl, C;-Ci2-alkyl, and

C1-C6-alkanoyloxy;
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R is selected from the group consisting of C;-Cg-alkyl, C3-Cg-alkenyl, aryl, and
Cs-Cg-cycloalkyl;

X is selected from the group consisting of —-O—, -NH and —N(R¢)—;

L is a di, tri or tetravalent linking group;

L, is selected from the group consisting of a direct singlﬁe bond or a divalent linking
group;

P and Q are independently selected from the group consisting of cyano, ~COR;e,
-CO,R 4, —CON(R17)R1s, aryl, heteroaryl, and —SO,R;¢; or

P and Q can be combined with the conjugated double-bonded carbon atom to. which

they are attached to produce divalent radicals selected from the group consisting of the

following formulae:
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wherein:

Ri7 aﬁd R;s are independently selected from the group consisting of hydrogen,
C;-Cg-alkyl, aryl C3-C3-cycloa1kyl, and Cs-Cg-alkenyl;
R is selected from the group consisting of cyano, carboxy, -CO,R 16, “CON(R17)R 13

and
N— X
— | Ry
X; =

R, is selected from the group consisting of aryl and heteroaryi;
X, and X3 are independently selected from the group consisting of oxygen and

=C(CN)CN;
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X, is selected from the group consisting of ~O—, —S—, —N(R; 7)—;

R, is selected from the group consisting of hydrogen and up to two groups selected
‘ﬁ'om C;-Ce-alkyl, C;-Cs-alkoxy, halogen, carboxy, cyano and —CO,R 6, With the provision

 that Q may be hydrogen when P is selected from the group consisting of -carboxy, -

COng, —C(R20)=C(CN)CN and

N X
—ém Ro1
X; =

and wherein the light absorbing compound includes a polyester reactive group;

p

antimony atoms present in an amount of less than 0.1%;
phosphorus atoms present in an amount of less than about 0.1%;

metal atoms selected from the group consisting of zinc, manganese, and

mixtures thereof in an amount from about 10 ppm to about 300 ppm; and

optionally titanium atoms present in an amount of 0.0 to 5> ppm.
41. The polyester composition of claim 40 wherein P and Q are combined with the

conjugated double-bonded carbon atom to which they are attached to produce the cyclic

divalent radicals selected from the group consisting of the following formulae:
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wherein:

R, and R;; are independently selected from the group consisting of hydrogen, C;-
Cs-alkyl, aryl C3-Cg-cycloalkyl, and C;-Cg-alkenyl;
R0 is selected from the group consisting of cyano, carboxy, -CO2R ¢, -CON(R17)R1g

and
N
— ] Ro1
X =

R,q is selected from the group consisting of aryl and heteroaryl,
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- X, and X3 are indep endently selected from the group consisting of oxygen and
=C(CN)CN;

X, is selected from the group consisting of —O—, —S—, -N(R17)—;

R, is selected from the group consisting of hydrogen and up to two groups selected
from C;-Cg-alkyl, C;-Cs-alkoxy, halogen, carboxy, cyano and —-CO,Ry¢, with the provision
that Q may be hydrogen when P 1s selected from the group consisting of -carboxy, -

CO3R 16, "C(R20)=C(CN)CN and

N X
~
Xy F

42. The polyester composition of claim 40 wherein the diacid residue is selected from

the group consisting of dicarboxylic acid residues, dicarboxylic acid derivative residues,

and mixtures thereof.

43. The polyester composition of claim 42 wherein the diacid residue is a dicarboxylic

acld ester residue.

44. The polyester composition of claim 40 wherein the diacid residue 1s a dimethyl

terephthalate residue.

45. The polyester composition of claim 40 wherein the diol residue 1s a glycol residue.

46. The polyester composition of claﬁn 45 wherein the diol residue component is
selected from the group consisting of a residue of ethylene glycol;
i,4-cyclohexanedimethanol; 1,2-propanediol; 1,3-propanediol; 1,4-butanediol;
2,2-dimethyl-1,3-propanediol; 1,6-hexanediol; 1,2-cyclohexanediol; 1,4-cyclohexanediol;
1,2-cyclohexanedimethanol,; "1,3-cyclohexanedimethanol; 2,2,4,4-tetramethyl-1,3-
cyclobutane diol; X,8-bis(hydfoxyrnethyl)tliqyclo-[5.2.1.0]-decane, Wheréin X represents

3.4, or 5; diols containing one or more oxygen atoms in a chain and mixtures thereof.

47. The polyester composition of claim 40 wherein the diacid residue comprises a

component selected from the group consisting of residues of terephthalic acid, naphthalene
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dicarboxylic acid, isophthalic acid, 1,4-cyclohexanedicarb oxylic acid,
1,3-cyclohexanedicarboxylic acid, succinic acid, elutaric acid, adipic acid, sebacic acid,

1,12-dodecanedioic acid, esters of said acids, and mixtures thereof.

48. The polyestef composition of claim 40 having less than about 20 meq/g of carboxyl

ends.

' 49. The polyester composition of claim 40 wherein the antimony atoms are present in an

amount from about 20 to about 500 ppm.

50. The polyester composition of claim 40 wherein the phosphorus atoms are present 1n

an amount from about 10 to about 200 ppm.

51. The polyester composition of claim 40 wherein the amount of titanium metal added

to the polyester 1s 0.0 ppm.

52. The polyester composition of claim 40 further comprising black iron oxide.

53. The polyester composition of claim 52 wherein the amount of black iron oxide

ranges from 1 ppm to 10 ppm.
54. A thermoplastic article prepared from the polyester of claim 40.

55. The thermoplastic article of claim 54 wherein said article is selected from the group

consisting of bottles, storage containers, sheets, films, plaques, hoses, tubes, and syringes.

56. The thermoplastic article of claim 54 wherein said alkoxylated moiety represented
by the formula -(CHR'CHR"O-), is selected from the group consisting of ethylene oxide

residues, propylene oxide residues, or residues of both, and.m 1is less than about 50.

57. The thermoplastic article of claim 56 wherein m 1s less than 8.

Pt

58. The thermoplastic article of claim 56 wherein m is from 1-3.
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