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exanpl e, some pol y(ethyl ene terephthal dt lv{oolymsrs ("PET") are useful for
t hat purpose, and PET has becone popul ar because of its |ightness,
transparency and chem cal inertness. [004] PET is normally produced in a
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reduce the pressure to 0.5-3.0 nm and sonetines raising the tenperature.
After the three-phase nelt process is conplete,typically pellets at the end
of the polynmer stage are increased in nolecular weight by

FIELD OF THE INVENTION

[002] The invention relates to polyester compositions, and more specifically,
to polyester compositions that include a melt-phase polyethylene terephthalate
polyester having incorporated therein residues of a monomer having two or more

fused aromatic rings.

BACKGROUND OF THE INVENTION

[003] Certain polyester compositions, suitable for molding, are useful in
packaging, such as in the manufacture of beverage containers. For example, some
poly(ethylene terephthalate) polymers (“PET”) are useful for that purpose, and PET

has become popular because of its lightness, transparency and chemical inertness.

[004] PET is normally produced in a two-stage process, beginning with a
melt-phase stage followed by a solid stating stage. The melt-phase stage is typically a
three-phase process. First, in the esterification stage, ethylene glycol is reacted with
terephthalic acid in a slurry under positive pressure and a temperature of 250-280°C
yielding oligomeric PET. Next, the oligomer is heated to a slightly higher
temperature, usually 260-290°C, and the positive pressure is changed to a mild
vacuum, usually 20-100 mm, to yield the prepolymer. Finally, the prepolymer is
converted to the final polymer by continuing to reduce the pressure to 0.5-3.0 mm and

sometimes raising the temperature. After the three-phase melt process is complete,



a solid state process. Typically, both the nelt-phase and solid state
process stages are conducted in the presence of an antinony catal yst. [005]
Ant i rony wenotwspreabl emati c, however. Wen it is used agca/ysedogoasedensati on
catal yst for polyester and the polyester is nolded into a bottle, for
exanple, the bottle is generally hazy and,often has a dark appearance from
the antinony catalyst that is reduced to antimony netal. [006]

D sadvantages with the use of antinony, as well as other factors, have |ed
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general ly carried out above 1650C. [007] Thus, there remains a need in the
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rel ates to pRimyeteatalyyhads radyeed topatimong medd- a el t - phase pol yet hyl ene
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al kaline earth netal. [009] In another aspect, the invention relates to
pol yest er cinpbrekdayrisinimalecular weight when the PET is exposed to air at temperatures

around or exceeding 165°C. This is a problem because PET must be dried before it is

processed, and the drying of PET is generally carried out above 165°C.

[007] Thus, there remains a need in the art for PET that can be produced by a
melt-phase only process and that possesses higher oxidative stability. Increased
stability may allow drying at higher temperatures. Additionally, it may eliminate the
need to produce higher molecular weight PET to compensate for subsequent

molecular weight breakdown.

SUMMARY OF THE INVENTION

[008] In one aspect, the invention relates to polyester compositions that
include a melt-phase polyethylene terephthalate polyester having incorporated therein
residues of a monomer having two or more fused aromatic rings, in an amount from
about 0.1mole% to about 10 mole%, based on a total amount of dicarboxylic acid
residues in the melt-phase polyethylene terephthalate polyester comprising 100
mole%; and that also include aluminum, and optionally an alkali metal or an alkaline

earth metal.

[009] In another aspect, the invention relates to polyester compositions that
include a melt-phase polyethylene terephthalate polyester having incorporated therein

residues of 2,6-naphthalenedicarboxylic acid, in an amount from about 0.1 mole% to



I nclude a nelt-phase pol yethyl ene terephthal ate pol yester having

I ncorporated therein residues of 2,6-naphthal enedi carboxylic acid, in an
amount f rem2atsadsled. 1 nol e% t oabout 3 nol e% based on aPCotiskocmoisat of

di carboxylic acid residues in the neltphase polyethyl ene terephthal ate

pol yester conprising 100 nol e% al um num gresent in an anount from about 3
ppmto about 100 ppm al umi num atons, based on the total weight of the
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ppm lithium atoms, based on the total weight of the article.

{011] In a further aspect, the invention relates to processes for making melt-
phase polyethylene terephthalate polyesters, that include the steps of forming a
mixture comprising ethylene glycol, at least one acid chosen from terephthalic acid
and derivatives of terephthalic acid, and a monomer having two or more fused
aromatic rings, wherein the monomer having two or more fused aromatic rings is
present in an amount from about 0.1 mole% to about 3 mole%, based on a total
amount of dicarboxylic acid residues in the mixture comprising 100 mole%; and
reacting the mixture in the presence of aluminum, and optionally an alkali metal or an

alkaline earth metal, to obtain the melt-phase polyethylene terephthalate polyester.

[012] Further aspects of the invention are as disclosed and claimed herein.

DETAILED DESCRIPTION OF THE INVENTION

[013] The present invention may be understood more readily by reference to
the following detailed description of the invention, including the appended figures,
and to the examples provided. It is to be understood that this invention is not limited

to the specific processes and conditions described in the examples, because specific



[013] The present invention may be understood nore readily by reference to
the followi ng detail ed description of the invention, including the appended
figures, woaotomn3stee exanpl es provided. It is to be understrasdoowioeiost hi s
invention is not limted to the specific processes and conditions described
in the exanpl es, because specificprocessg§ and process conditions for
processing plastic articles may vary. It I's also to be understood that the
term nol ogy used is for the purpose of describing particular enbodi nents
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to be understood that the nention of_ one or pore process steps does not
precl ude t hintgnded Eninglude adﬂ%ﬁalleo?faﬂrefBF‘B%é’%tagteébQoﬁgPoqrém%{F ‘er, or
intervening between those steps expressly identified, unless such a process
step i s expred@l3] excBydeamptisingbor|canigining'1we merp thad 8t legstdhe Baraed i ncl udes
all integers_and f.r i reof wit.hi . T 4 J a

t enper at ur ec%lrlp%unfie%}%}élre a{’] %?‘}e[{}?eaﬁgém:ﬁ%t ﬂ(} I%F'goeg glsnst?lg g§m8®§&? gg%ﬂtﬁlglghblﬁti xture,
or of a mel godmodpiliidittht Préxe® df otleer compauipds| yiakdrialy; papioldsptic.petepriér means
in all cases that the reaction conditiqns are set to the specified .
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range; and the reaction mxture, nelt, or polyner are subjected to the
specific tenperature. [0 18] By "atons" as used in conjunction with a netal
we mean the mﬁ)%] It is also to be understood that the mention of one or more process

steps does not preclude the presence of additional process steps before, after, or
intervening between those steps expressly identified, unless such a process step is

expressly excluded by the claim.

[017] Expressing a range includes all integers and fractions thereof within
the range. Expressing a temperature or a temperature range in a process, or of a
reaction mixture, or of a melt or applied to a melt, or of a polymer or applied polymer
means in all cases that the reaction conditions are set to the specified temperature or
any temperature, continuous or intermittently, within the range; and that the reaction

mixture, melt, or polymer are subjected to the specific temperature.

[018] By "atoms" as used in conjunction with a metal we mean the metal
atom occupying any oxidation state, any morphological state, any structural state, and
any chemical state, whether as added to or as present in the polymer or composition of

matter.

[019] The terms "melt phase," “melt-phase product,” and "melt-phase
polyethylene terephthalate polyester," etc. are intended to refer to melt-phase
reactions and to the products of such reactions. Melt-phase products may be isolated

in the form of pellets or chips, or may be fed as a melt directly from the melt-phase



atom occupyi ng any oxi dation state, any norphol ogical state, any structural
state, and any chem cal state, whether as added to or as present in the

pol yner owocorpssielii on of matter. [019] The terns "nelt PpmASe09/0030e4 t - phase
product,” and "nelt-phase pol yet hyl ene terephthal ate pol yester,"” etc. are

I ntended to refer to nelt-phase reactions.and to the products of such
reactions. Melt-phase products may be |soI5at ed in the formof pellets or
chips, or may be fed as a nelt directly fromthe nelt-phasefinishers into
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t he cont ext péliestersRiate Bh@esy prheutlt phaseartd wakousBubsehéntselidrstathgmiling to a
stream undergm ng reaction at any point in the nelt phase for naki ng a
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i ncl udes t he Streant yco ensa i‘on a ing t prepol yner

and fini shlﬂ@ybbassmbe@ai msﬁmdal tplbaS'meltaptdseipnlyO polyestpsi Nt where t he
melt is solidified. The term"nelt"” is intended to refer to a pol yester

product not haypg1g UNYRE BRME Nl iREhe@sifext B a melt-phase product is a broad
umbrella term referring to a stream undergoing reaction at any point in the melt phase
for making a polyester polymer, and includes the stream in esterification phase even
though the viscosity of this stream is typically not meaningful, and also includes the
stream in the polycondensation phase including the prepolymer and finishing phases,
between each phase, and up to the point where the melt is solidified. The term "melt"
is intended to refer to a polyester product not having undergone an increase in
molecular weight in the solid state, although a melt-phase product may, of course,
optionally undergo an increase in molecular weight in the solid state, as evidenced,
for example, by an increase in inherent viscosity, after which it would no longer be

considered a "melt."

[021] The term “alkali metal” refers to any metal in group 1A of the periodic
chart and in particular refers to lithium, sodium, and potassium. The term "alkaline
earth metal" refers to any metal in Group IIA of the periodic table, and in particular,
Mg, Ca, or Sr. The aluminum and the alkali metal or alkaline earth metal may be
provided in a variety of forms that might include, for example, a combination of
lithium hydroxide and aluminum isopropoxide, as well as a combination of sodium

hydroxide and aluminum acetate.



nol ecul ar weight in the solid state, although a nelt-phase product may, of
course, optionally undergo an increase in nolecular weight in the solid
state, aswoevooeniswd, for exanple, by an increase in i nheceEnS20090w84ty,
after which it would no | onger be considered a "nelt."” [021] The term
“alkali netal" refers to any netal in groyp I A of the periodic chart and in
particular refers to lithium sodium and potassium The term "al kaline
earth nmetal"” refers to any netal in Goup HA of the periodic table, and in
parti cul ar, , or Sr. i : [ gt -arsalkal i ne
earth netal '\”/392%2 provi degﬁ?%@hé%f&g{i@;@gg ﬂiégr?rnngil{éﬁlaagugrﬁﬁté tmlféndéﬁltltjlﬁg, for
exanpl e, a cfrhbispeifiovisadsityiof aipotgngrdht dsdefmed by the following Equpioopoxi de, as
wel | as a conbi nation of sodi um hydroxi de and al um num acetate.[022] The
intrinsic viscosNey IR ¢he K@) Tglivatwe BM/RDinite dilution of the
specific viscosity of a polyner. It is defined by the foll ow ng equati on:
hint=1limc o (hsp/C) =limc o In (hr/C) Wwere h,nt = Intrinsic viscosity
hr = Rel ative Vi paeskty, = IWrithsisbiscosigeci fic viscosity = hr - 1 [023]

I nstrunent calibration 1 nvolves replicate testing of a standard reference
mat eri al and t hen, apRefativg vpposityr Faté#lo mat hemati cal equations to produce
the "accepted" LV. val ues. AccePt ed Ih.V. of Reference Material Calibration
Factor = Ayer ageNe T OPPFHFWSAOSTHaT & ifi hati ons Corrected Ih.V. = Cal cul at ed
lh.V. x Calibration Factor The intrinsic viscosity (It.V. or hint) may be
estimated using the Bill nmeyer equation as follows: hin, = 0.5 [e 05x
Corrected | hV[023]] + UBtriment Glibramnddvdlihesiteplifadwktingbea standavd sefersneey

(LV:) i Car'n%t%'ri%f aegd tfhgr(l) %ﬁl?ﬁg%ﬁ%‘f&iﬁ% nslgtlhgxglldt?c%l equations to produce the

“accepted” V. values.

Accepted Ih.V. of Reference Material
Average of Triplicate Determinations

Calibration Factor =

Corrected Th.V. = Calculated Ih.V. x Calibration Factor

The intrinsic viscosity (It.V. or i) may be estimated using the Billmeyer

equation as follows:

Nint = 0.5 [ 08X Corrected IRV _ 41 4 (0.75 x Corrected Ih.V.)

[024] Inherent viscosity (I.V.) is calculated from the measured solution

viscosity. The following equations describe these solution viscosity measurements:

IV="1ian = [In (t/t6)1/C

where Minn = Inherent viscosity at 25°C at a polymer concentration of 0.50 g/ 100
mL of 60% phenol and 40% 1,1,2,2-tetrachloroethane

In = Natural logarithm

t; = Sample flow time through a capillary tube

t, = Solvent-blank flow time through a capillary tube



viscosity. The foll ow ng equations describe these solution viscosity
measurenents: IV= hinh = [In (ts/t0)]/C where h,nh = Inherent viscosity at
25C at a wolymes3woncentrati on of 0.50 g/ 100 nL of 60%Ppharsedosansds#0%
1,1,2,2-tetrachloroethane In = Natural logarithmts = Sanple flow tine
through a capillary tube t0O = Sol vent-blagk flow time through a capillary
tubeC = Concentration of polyner in grans per 100 nL of solvent (0.50%
Herein, inherent viscosity (1V) nmeasurenents were nmade under the conditions

descri bed aboye_ t ion of 0.50 g/ 100 nmL of
60% phenol an§?4g%@f%§&§P§FF§PB§%%F§ggetHaﬁg?éﬁFOZS] L*, a*, and b* col or
coor di nat es arof solwest(0e5@%)n transparent injectionnol ded di sks, according to
the following method. A Mni-Jector nodel 55-1 is used to nold a circular

di sk which has a dianeter of 40 mm and a thickness of 2.5 mm Before

nol ding, the pellets are dried for at |least 120 m nutes and no_nore than
150 ninutes i Aleeinpinbegnhyiscopty KB measuEmrntcveisinadeamdsethegondifigne,  The

M ni - Ject or g I B I i Ng: . = 27 o, front two
heat er zonegggﬁgﬁgg%p@éégﬁeefﬁ%Q%Bmgg%gg%ﬁﬁégg?gﬁ31?%Fgg¥nP%§§ﬁﬁg% seconds.
The col or ophédnbkarid 40% (dal,2atteiraghdmrbethand)pl ded di sk is nmeasured using a
HunterLab U traScan XE(r) spectrophotoneter. The HunterlLab U traScan XE(r)

spect rophot ongpes] i s ppesatafd b¥ebldd cdordfifatdslakdfieasuindd b Ghispaut Tfectibhh a 10
observation angl e and |ntegrat|ng)sphere eonetry., The HunterLab U traScan
XE(r) spectmbi%dtdéﬁkéi@ﬁol‘dé,ﬂ&&tbé lloyring methidz e Mini-Jeetpr modeledd-1 irped

s R PR AR A B AT R 2 e ¢ on

sanpl e. TheBéfie moiling thapeltas as diibé fored teass1 A0himteasemdenandre)thaf 13the

sanpl e. Them'iIP:tesvi?llauf%rcieg%iircnailgc?hsénitcgle co%%leclzticz)vr\fqoevsérsx sét?t /196 lggn eﬁx% Mini-Jector
settings are the following: rear heater zone = 275 °C; front two heater zones = 285 °C;
cycle time = 32 seconds; and inject timer 30 seconds. The color of the transparent
injection-molded disk is measured using a HunterLab UltraScan XE®
spectrophotometer. The HunterLab UltraScan XE® spectrophotometer is operated
using a D65 illuminant light source with a 10° observation angle and integrating
sphere geometry. The HunterLab UltraScan XE® spectrophotometer is zeroed,
standardized, UV calibrated, and verified in control. The color measurement is made
in the total transition (TTRAN) mode. The L* value indicates the
transmission/opacity of the sample. The "a*" value indicates the redness

(+)/greenness (-) of the sample. The "b* value indicates the yellowness (+)/blueness

(-) of the sample.

[026] Alternatively, color values are measured on crystallized polyester
pellets or crystallized polymer ground to a powder passing a 3 mm screen. The
polyester pellets or polymer specimens which are ground to a powder have a
minimum degree of crystallinity of 15%. The HunterLab UltraScan XE®
spectrophotometer is operated using a D65 illuminant light source with a 10°
observation angle and integrating sphere geometry. The HunterLab UltraScan XE®
spectrophotometer is zeroed, standardized, UV calibrated, and verified in control.
The color measurement is made in the reflectance (RSIN) mode. The results are

expressed in the CIE 1976 L*, a*, b* (CIELAB) color scale. The "L*" value



(-) ofthe sanmple. [026] Alternatively, color values are neasured on
crystallized polyester pellets or crystallized polynmer ground to a powder
passi ng awe nmwvessreeen. The pol yester pellets or pol ymer PEpascemiossohi ch are
ground to a powder have a m ni mum degree of crystallinity of 15% The
HunterLab U traScan XE(r) spectrophotoneter is operated using a D65

il luminant |ight source with a 10 observafion angle and integrating sphere
geonetry. The HunterLab U traScan XE(r) spectrophotometer is zeroed,

St andar dl z e{ﬂﬁicgt\és Q{ ﬁ%s@ g% yﬁr‘lé giﬂ?ﬁﬁl T.hg Oﬂ"rlﬂhlcat-gp ﬂlquar%rss neasur ement

s made in e re e results are expressed in the
ClE 1976 L*(+)£g’feenhéss((C)I thlQ«B)ampibofrhe ¢t "einditites tHe*yelloanass (Hifibhehess (t)hd

| i ght ness/d rknesls of the sanple. The "a*" indicates the redness

(+)/ greenne¥§ S{MPI€f t he sanple. The "b*" indicates the yell owness

(+)/ bl ueness &-&aof the sanple. [027] In one aspect, the invention relates
to pol yester osi t iTopre aspaet, thednysason relates toprlyestsssoypopifioas tat

t ht hal I
havi ng. tvio- SEE efft Bl Boljathy RAERBhARL AR hal g oo RRC T E0
t o about 10regiduedof i)ﬁlsﬁdneﬂhzaumg:)tvai oraﬁmerﬁlsenlfardmaac hagy Inn an ambdntrfemhdues in

the nelt-phase pal yet | hyl ene terepht hal ate pol yester c I ng. 100, nol e%
Al ter nat i vefput Bﬂ@ﬁ%dﬂﬁb@ﬁ I,Oég?]aéega%‘»fi OE‘WetO?%g g"’f a6 npre

fused aromafd Fﬁl&léé 9H Wt-]%ﬁgé R%@A?QHE tdde aﬂfh}'ﬂ?h@ gbb‘%sl%p%’rhpgﬂﬂg hgde or from

about 0.5 nole%to about in e cas sed on the total anobunt
of di car boxible®s.agiltdrmadselsgyths anuhhef reriltespifabemoabmet hapiemtva er mptet hal at e

7os) dues. of RPRLURETUREERTAYRS B aopuifhl Bole SHaBtabe £ oF PREOM AR ibe at

least 0.05 gBlgifeodo a@Buﬂ ?9%019%, 1nr@kﬁ%se(yaség orl @R %btaPardeurtRf Afbartforiytiber ,

the anmount of residues of the nmononer having two or nore fused aromatic
rings may bacidpesiduesbotne neelivrphasegpolyethyfeneder8phtbilaty padyestqs comprising 100

mole%.

[028] In other aspects, the amount of residues of the monomer having two or
more fused aromatic rings may be at least 0.05 mole%, or at least 0.1 mole%, or at
least 0.25 mole%. Further, the amount of residues of the monomer having two or
more fused aromatic rings may be up to about 3 mole%, or up to 5 mole%, or up to 10
mole%, in each case based on the total amount of dicarboxylic acid residues in the

melt-phase polyethylene terephthalate polyester comprising 100 mole%.

[029] According to the invention, the melt-phase polyethylene terephthalate
polyester may comprise, for example, residues of terephthalic acid, present in an
amount of at least 90 mole%, based on the total amount of dicarboxylic acid residues
in the melt-phase polyethylene terephthalate polyester comprising 100 mole%, and
residues of ethylene glycol, present in an amount of at least 90 mole%, based on a
total amount of diol residues in the melt-phase polyethylene terephthalate polyester
comprising 100 mole%. In alternative embodiments, the residues of terephthalic acid
may be present in an amount of at least 92 mole%, or at least 95 mole%, in each case
based on the total amount of dicarboxylic acid residues in the melt-phase polyethylene
terephthalate polyester comprising 100 mole%, and the residues of ethylene glycol

may be present in an amount of at least 92 mole%, or at least 95 mole%, in each case



nol e% in each case based on the total anount of dicarboxylic acid residues
in the nelt-phase polyethyl ene terephthal ate pol yester conprising 100

nol e% [ ORO20kaBeredi ng to the i nvention, the nelt-phasePpolugetdaphidne
terepht hal ate pol yester may conprise, for exanple, residues of terephthalic
acid, present in an anmount of at |east 90,nol e% based on the total anount
of dicarboxylic acid residues in the neli-phase polyethyl ene terephthal ate
pol yester conprising 100 nol e% and residues of ethylene glycol, present in

an anount | &9 ' {dues in
he el - pressEd oh T ol of ol S8R, 3 4R bt Bha PR Enc e REHABRIET S,

I n al t er nat polgesterivottiprinigsl00thelet@esi dues of terephthalic acid may be
present in an anmount of at |east 92 nole% or at |east 95 nole% in each

case based on[bdg t ot Fhe afERpHas@polgethplchO¥ertpHEhAStE Poly@stetiigsfiil Beddiding
mel t - phase polyethyl ene terephthal ate pol yester conprising 100 nol e% and
t he resi duet the invepijoreinslugepag or meye BENpMESaVingIWaPr mesqAusedrarematicast 92

nol e% or at_|east % 1 gé@% i | amount of di ol
resi d?Jes i %?4%@5@‘?‘8%%@%8#‘@%@%*%%6 er %gﬁlt’ ﬁgﬁlg{{l%lo%%l yester conprising
1001c rrlol e% ﬁ%ﬁﬂialéfh&icﬁﬂiokyhmQMthFmtb@q&ictae'rcbatﬁt—dnahabqutdayl&ﬁdyﬁcs
useful according to the invention include one or nore nomer s, havi ng two
or nore fus%cdd5é§6‘ﬁﬁlﬁ’i‘3a6rﬁ‘mb'?931¥eéica%%%feé lé'@tﬁ@ﬁfﬂ%&"‘g‘?}f@ﬁi“&é@%xyl ic acid;

di net hyl 2, &- hth j € 29+ N LtBv1-

2. 6 ant hr acamsaR DA BRREhERtaRIYIALA, ¢ An g aRRRESIIGK, o dBR Y

1, 5- ant hr ackfenilracenedighriboxglated ; Thalis jmatolny aspett the amtentiat e¢latds tapdipesydrat e;

1, 8- ant hr acenedi car boxyl i cid; or dinmethyl- 1,8-anthracenedi carboxyl ate.
Thus. i n' ormsdns e ShER FicoRTies PaiEs S oo are OB e one. | n

whi ch the nopRIRes b,%vﬁ{gmtﬁa\l&eafcafm&?né aaggre@élqrmrahfanfduﬁg%lc&mpne@ $fom

2, 6- napht hal enedi carboxylic acid présent in an anount, for exanple, from

about 0.1 nacat®iloneleYuto donbd evle’Al Adtermatively] the 2 thrpaphthalenedicarboxylic
2, 6- napht hal enedi car boxy] i.c aci d,may be pr nt,. fqr. exa i n anmount
from about ¥’ Wﬁ’g%r?stgxélg%rﬁxa?p%e’ﬁ%?%afg’ggl?etsrg%n@%@loosgglg%g%%oél}2%?1er ein
Wi th respecioteds,tdi@s aikelotéd BMBEWhdTE REMFRT With respect to the one or more monomers

having two or more fused aromatic rings.

[031] The polyester compositions of the invention further comprise
aluminum, and optionally an alkali metal or an alkaline earth metal, for example
lithium.

[032] The polyester compositions of the invention may further comprise

residues of phosphoric acid.

[033] In some aspects of the invention, the polyester compositions may not
comprise other metals having catalytic effect, and may, for example, not comprise
antimony, or germanium, or titanium. Such compositions and the polyesters in them
may therefore be prepared in the absence of antimony, or germanium, or titanium, or

mixtures of these metals.

[034] The aluminum of the polyester compositions may be provided in a
variety of forms, as described elsewhere herein, and may be provided in various
amounts, for example in an amount from about 1 ppm to about 150 ppm aluminum

atoms, or from about 3 ppm to about 100 ppm aluminum atoms, or from 5 ppm to 60



having two or nore fused aromatic rings. [03 1] The pol yester conpositions
of the invention further conprise alum num and optionally an al kali netal
or an al kabiznw/Baresth metal, for exanple lithium [032] TPhe/ysetossioes
conpositions of the invention may further conprise residues of phosphoric
acid. [033] In sone aspects of the inven;, n, the pol yester conpositions
may not conprise other netal s having cata(gtic effect, and may, for
exanpl e, not conprise antinony, or germanium or titanium Such

conposi ti 0”2%@%%&&3%@5%1%?1&&%%% ir:ﬁ{}etbggeﬁ!dee E&&lr\%igﬂteonﬁ'e gél?g?éred in the

absence of I nmony, or titanrum or~m Xtur t hese
nmetal s. [ 03édmpdwiti@l.um num of the pol yester conpositions may be provided in
a variety of forns, as described el sewhere herein, and may be provided in

various anmount(93sf or SxaiREthedbpatnaAMANtmétaIOs ARt cafR Mdtal eyt 150 ppm
al um num atons, or from about 3 ppmto about 100 ppm al um num at ons, or

from 5 ppm Pwvelpdpneartstymifoms as descrbedhelpewhese hergine andmaykempsisal  wei ght

of the pol ygst Lt 3 | . lear | O | netal or
al kal i ne eaﬁﬁﬁﬁﬁbﬁgggﬁé@%ﬂﬁgﬁﬁ%g}%Lﬁ§$ﬁh§ﬁ5%¥V%F31§@§FB?%%?@@iﬁ%%scribed

el sewher e hithéum atcins] oFYnCINPPrnde 250 ppmuithiufroatoms piffelach cape dasadton the an
anount from about 4 ppmtaq about 400 ppmlithiumatons, or from30 ppmto
250 ppm | i t taliveiglyaf the pelyester compesiti®Bed on the total weight of the

pol yester conposition. [036] In another aspect, the alum num may be present
in an anmount P36 aboln amtheraspest.dbe alumiogm sy be Rrasentiin an gneuntieosed on t he

total el gyl st OGP Gl RATLLhOtmE sl A O wigheleg 2l kel ne

earth netal rse resent 1n’an anoun rom out ppmto

about 250 ppslykstémdomipositionpandhs atkatiméthleortaliialine gty Rietd imdyrongeisyest er
conposi tion,
i lithium present in an amount from about 4 ppm to about 250 ppm lithium atoms,

based on the total weight of the polyester composition.

[037] In yet another aspect, the polyester compositions of the invention may
further comprise phosphorus, present in an amount from about 10 ppm to about 300
ppm phosphorus atoms, or from 12 ppm to 250 ppm, or from 15 ppm to 200 ppm, in
each case based on the total weight of the polyester composition. Alternatively, the
amount of phosphorus present may be deﬁned as a molar ratio of phosphorus to the
combined total of aluminum and optional alkali metal or alkaline earth metal, and thus
may range, for example, from about 0.25 moles of phosphorus per mole of aluminum
and optional alkali metal or alkaline earth metal, to about 3 moles of phosphorus per

mole of aluminum and optional alkali metal or alkaline earth metal.

[038] The phosphorus may be provided as a phosphorus compound
containing one or more phosphorus atoms, and especially phosphate triesters, acidic
phosphorus compounds or their ester derivatives, and amine salts of acidic-

phosphorus containing compounds.

[039] Specific examples of phosphorus compounds include phosphoric acid,
pyrophosphoric acid, phosphorous acid, polyphosphoric acid, carboxyphosphonic
acids, alkylphosphonic acids, phosphonic acid derivatives, and each of their acidic
salts and acidic esters and derivatives, including acidic phosphate esters such as

phosphate mono- and di- esters and non-acidic phosphate esters (e.g. phosphate tri-



[037] In yet another aspect, the polyester conpositions of the invention
may further conprise phosphorus, present in an anount from about 10 ppmto
about 300wppmophssphorus atonms, or from 12 ppmto 250 ppoT/useoodnemds ppm
to 200 ppm in each case based on the total weight of the polyester
conposition. Alternatively, the anmount of phosphorus present may be defined

as a nolar ratio of phosphorus to the conbined total of alum num and
optional alkali netal or alkaline earth netal, and thus may range, for

exanple, fr I num and

optional alKa r?)b%baa?ug’?etg%@? olsﬂféatg’ra}'ﬁ ?tﬁpﬁ}éltbgp}?ﬁ%’oﬁg{ﬁbpﬂ %“;%lrlr%{?esuof

phoslphor us @muhdmbﬁnybﬁ?]@bhmnmﬁx(%mmyﬂmybrphbspﬂateabligmmmfat ploossphdtk atii ne earth
tal. [038] T b | ded hosph d

Cont ai ni ng. VESJFORG! BRSABaEHBIAS A PBEhalEnH el bERR RS, (HOEHAE e

triesters, | di ds; | | [ nd

AR S s S S R O N T e

exanpl es of methy$mediphesphonateLmdso-, dic) anddripdstespbbphaspbaeriaacig yithetinderteor i ¢

aci d, phosphoraqus. gcid, pol yph ori c acid, .carbo osphoni ¢ aci ds,

al kyl phosphngF@’ a’é’ﬁﬁ' e,nepﬁlﬁ“s%*ﬂf(r)ﬁs'%gﬁli‘f”éfmagl"lr \‘?’a‘f‘f"\l}eessof%yegaﬂ gach_ of their

acidic salts and acidic esters and derivatives, including acidic phosphate
esters such adOfHosphin & Turthes asnest thy me'é'?&‘%%hﬂﬁ?ﬁ '&Eqpaﬁ@iaéﬁosphat e

: : b : i et hyl
esters (e QP?IP%S%%?%% 1h{/%1ﬁ§>§1%§3)h§)&%ﬂ 137 ﬂ{ltlhllﬁg% ol RhREANALE, triethy

phosphat e, osphate, tributoxyet osphate, tris(2-
et hyl hexyl ) palimepiation, readtiopo ofatileaspd g2 ghig, er at ieest06t5JLAgr omastlgdst BA8sphat e,

triothyl phaCenhsdist DAl Ban gerbehobe Bt . Lot dbpareBIapyl
met hyl enedi pRESRBORRIFr0 AMRRMHer irffrease AttlolebhneSeRheiPhe RIS PAR, he acid with

ethyl ene glycol, diethylene glycol, or 2-ethyl hexanol, or mxtures of each.
[ 040] I n a évdernved byspandreasehr inhskant plsessitypor alternmagivelye magrhapeit hal at e

ol Yest o Sl iYTR bR AL AR RGOS 207,
at | east 0. TRus, the melt-phase polyethylene terephthalate polyesters of the invention may have
an I.V. achieved during melt-phase polymerization of at least 0.72 dL/g, or at least
0.75 dL/g, or at least 0.78 dL/g, or at least 0.80 dL/g, or as described elsewhere
herein. The inherent viscosity may thereafter decrease due to subsequent processing,
especially if at elevated temperatures, such that a higher inherent viscosity may be

desired in order to account for this subsequent loss in molecular weight.

[041] In a further aspect, polyester compositions are provided that include a
melt-phase polyethylene terephthalate polyester having incorporated therein residues
of 2,6-naphthalenedicarboxylic acid, in an amount from about 0.1 mole% to about 3
mole%, based on a total amount of dicarboxylic acid residues in the melt-phase
polyethylene terephthalate polyester comprising 100 mole%; aluminum, present in an
amount from about 3 ppm to about 100 ppm aluminum atoms, based on the total
weight of the polyester composition; and lithium, present in an amount from about 4
ppm to about 250 ppm lithium atoms, based on the total weight of the polyester

composition.

[042] In yet another aspect, articles are provided that include a melt-phase
polyethylene terephthalate polyester having incorporated therein residues of 2,6-

naphthalenedicarboxylic acid, in an amount from about 0.1 mole% to about 3 mole%,



dL/g, or at least 0.80 dL/g, or as described el sewhere herein. These

pol yesters may thereafter undergo a further increase in nolecular weight in
t he sol i dwetzatoa33ms evi denced by an i ncrease in i nher enPCriuse@ioviosd or
alternatively, may have substantially all of their increase in nolecul ar

wei ght occur while in the nelt phase. Thus, the nelt-phase pol yethyl ene

t erepht hal ate pol yesters of the invention Tay have an LV. achi eved during
nmel t - phase pol yneri zation of at least 0.72 dL/g, or at least 0.75 dL/g, or
at |east O. : '

her ei n. Thegigﬁﬁgégrt\ tg{/?rgé%xg%?%ﬁcapo&?’“g%ég %]riu 3‘(‘:?’2“"3@%"‘ ?ggsetﬂo \gggequent
processi ng, teespheialaad b@flyesftexactonqbr&vm HiD melep& rahimines), psasert ih latmouhi fibrar

i nher ent VISCOSIty may be desired in order t accou t for thjis bsequent
| oss in nol &Ry rPPWetPg"th?PUt 1@yppm phmanmrat%%%ageﬂ e[BQJP ‘e%‘gétroég?rposi tions

are provi degitRaknd A r@séﬁ?t&adﬁéggag}tmw%wh%ﬂﬁ Bk gRBh@! b PR yest er

havi ng i ncorporated t n resi 2,6 naphtha enedi car boxyli1c acid,
in an anmounpprh rlninumtmanhs (batedron #fdtoial wbxglht of3theattely. Dhese elrtu:rhesanay)bcalfoanou nt

of di carboxyl |c aci SI d e 51 the hase ol yet hyl ene terephthal ate
pol yester c leél‘?l "’l o“ea ﬁ{)yr n an amount from about 3
ppmto about 100 ppm al um num at ons, based on the t ot al ht of the

pol yest er comp8&3}t i onIn ¥et@npthenasprst, hedawsntion selatss &?TBE?H?SSF?%‘%%HI&34 ppm

to about 250, F%é ;fdtyétﬂg(l é’fgf‘??hlﬂ?a?ﬁggg{}egtgxetﬁa?f&llud@qhg% fdfogatr%ot yester

conposi ti on. anot aspect, articles are pr
i ncl ude a nmhxmu:etmmmnigwthﬁyhegﬂgcmleatdp&m ha¢ adié ctmteyefsmetermhthaig acid

i ncor porate erei.n resi due f 2,6- ht hal enedi car box in an
anount fr on?‘éjto‘;o]qﬁt"a@"% ?rg%’ 8 %fdﬁtané arfﬁ?%%?fj?eﬁlg&ﬂ’oé’rt‘%‘trg%usgaount of

di car boxyl i gropfatid r1'h§§ 'v@tw%an'tﬂe IRRoAE! haviief AahyRit¥deremheE BREY Ral at e

pol yester conprisin nol e% al um num present in an anount from about 3

ppm t 0 aboupresdd 1rpmrabunﬂfrmmahom&;1 ni@wéﬂ) about ﬁenqlo%abamdlogtattotﬂ t he
article; and I|th| unt. from about f.r ppmto

about 250 pfHRPYH t‘h ‘g’t"é{ﬁgwf}é%% uec?r\n SRS CORBFISRE I(Qﬁ "t“ﬂg af‘"t1 cle.

These arti cleastinPihe Afixtuk@in the presence of aluminum and an alkali metal or an alkaline
earth metal to obtain the melt-phase polyethylene terephthalate polyester.
Alternatively, the monomer having two or more fused aromatic rings may be present

in an amount from about 0.5 mole% to about 2.5 mole%.

[044] In a further aspect, the mixture may comprise terephthalic acid, present
in an amount of at least 90 mole%, based on the total amount of dicarboxylic acid
residues in the mixture comprising 100 mole%, and the ethylene glycol may be
present in the mixture in an amount of at least 90 mole%, based on a total amount of

diols in the mixture comprising 100 mole%.

[045] In yet another aspect the monomer having two or more fused aromatic
rings provided to the mixture may include one or more of: 2,6-
naphthalenedicarboxylic acid; dimethyl 2,6-naphthalenedicarboxylate; 9-
anthracenecarboxylic acid; 2,6-anthracenedicarboxylic acid; dimethyl-2,6-
anthracenedicarboxylate; 1,5-anthracenedicarboxylic acid; dimethyl-1,5-
anthracenedicarboxylate; 1,8-anthracenedicarboxylic acid; or dimethyl-1,8-
anthracenedicarboxylate, and may be especially, for example, 2,6-
naphthalenedicarboxylic acid, present in the mixture in an amount, for example, from

about 0.5 mole% to about 2.5 mole%.



exanple, in the formof a bottle, a preform a jar, or a tray. [043] In yet
anot her aspect, the invention relates to processes for nmaking a nelt-phase
pol yet hylwoeotoasawht hal at e pol yester, that include the gCeps2@b/obirm ng a
m xture conprising ethylene glycol, at |east one acid chosen from -
terephthalic acid and derivatives of tere%nht halic acid, and a nononer
having two or nore fused aromatic rings erein the nononer having two or
nore fused aromatic rings is present in an anount fromabout 0.1 nole%to

about 3 nol e%ropgsed an, 4 {]@ gmﬂq} Carth residues in the
m xture COITpI‘I[S‘?(ﬂg 108{] /Ea%ffn reac 14l mg g{%Qx Itelre |?{h‘?ﬁl [ﬁ%yr esence of
al um num ancbraprise! likhiuim, et edampie, and adatyaiot amnpxasretdmmmm ot gerolahiimn Inhe

nmel t - phase pol yet hyl ene terepht hal at e pol yester. Al ternatively, the rmnorrer
havi ng two Bt 2Roher aspeetathe aliminuen may Be PrsgAtie thrEactinn MTWR ihAR AREUE, om

about 0.5 ”ﬂbﬁ%)bbﬁhﬁﬁgr{ttg %g@.lltg?ébgyréins %lgtéﬂurﬁ Btofhs! BF frH&I3 AR t16)0 ?fﬁﬁ m xture

may conprise terepht I'n an afount of at eas 90 nol e%
based on thaﬂunmlnil atonns,l int each cdseclmsbd)mtheaotabwdlgh%fﬂhnmelt -phdshe m xture

conpri sing Ie0 he e col may be present in the mxture
in an armunP° ?t ]Fn?%’é%ﬁq‘ tﬁﬂpb%&eb% n a total anmount of diols in the
m xture conprising 100 nol e% [ 045] Yet anot her aspect the nonaner

havi ng two or [fbfle fulféﬂetéﬂ@ﬁ’ﬁ{ ?S(Pe?tb H’@sﬂ kligpetaker %l@ltW§Wﬂ%?1@f%9€q ncl ude

2 6-ne rmreﬁ OJleggcar P &gh?&‘ﬁéﬂhﬁﬁrfﬁpé&ﬁéfga?ﬁ aIPI c ac(n%kppm 0250

2, 6- napht hal ene - ‘ant’hracen
2, 6- ant hracppsmdiutlumnmmmlslhasatmﬂthedomwmght af the nmmt-lbhaaepnbrdﬂwmnboxyl ate;

1, 5-ant hracene lic ac di met hyl - 1, 5- ant hr acenedi car boxyl at e;

1, 8- ant hr ac@FFé’g‘FlLag"r‘%BQ F?t‘&“gg?lﬂed ‘or di rret hyl - 1,8 anthracenedi carboxyl ate,
and may be espeC| ally, for exanple, - napht haI ened| car box}xlll I ¢ acid,
present in t hd0#8xt ur In yei anpthshespsst; the@,lu:glpgmjpgy ¢ PEAYiIdaddatNOMmEXHESI B o6 t o

about 2.5 ﬁalﬁx{e,&x%ﬁdm Boudt 3 B (E8bRE POS bpm anialiAlbmEiaata 6 Rldsal  ne

earth netal
welght of the melt-phase polyethylene terephthalate polyester obtained; and the alkali

metal or alkaline earth metal may comprise lithium present in an amount from about 4
ppm to about 250 ppm lithium atoms, based on the total weight of the melt-phase
polyethylene terephthalate polyester obtained.

[049] In yet another aspect, the processes of the invention include a further
step of adding phosphorus to the melt-phase polyethylene terephthalate polyester
obtained, in an amount from about 10 ppm to about 300 ppm phosphorus, based on
the total weight of the melt-phase polyethylene terephthalate polyester obtained, or as

described elsewhere herein.

[050] In a further aspect, the melt-phase polyethylene terephthalate polyester
obtained may have an I.V. of at least 0.72 dL/g, or at least 0.78 dL/g, or as further
described herein. In yet another aspect, the processes of the invention may exclude a
solid state polymerization step, and thus may optionally exclude compositions having
had a significant increase in molecular weight in the solid state. In this aspect, the

I.V. may be achieved entirely in the melt phase.

[051] We have unexpectedly discovered that in melt-phase processes for
making polyethylene terephthalate polyesters, whether homopolymers or copolymers,

and especially those carried out in the absence of antimony, for example including



conprise lithium for exanple, and may not conprise antinony, or germani um
In yet another aspect, the alum num may be present in the reaction m xture

i n an anowot2ofowmseabout lppmto about 200 ppm al um num aCorEs2000/00580Mm 3 ppm
to 100 ppm al um num atons, in each case based on the total weight of the
mel t - phase pol yet hyl ene terepht hal at e pol ygster obtained. [047] In yet

anot her aspect, the alkali metal or alkaline earth nmetal provided to the

m xture may corrprlse I|th| um for exanple in an am)unt from6 ppmto 250

ppm | ithi urr%m 9 Phas yethyl ene
t erepht hal ate er cﬁ%pal %gld& %%%’M\&Fg%hﬁl g‘trllg gtgbectgm e al um num
may be pr ovdebedbéd)aﬁdmlamedtmraa applummOarmpmduigmmmuhe thehysiort ef ambout 100

ppm al um num at ons, based on the total ght., of the nelf-phase
pol yet hy| enEOMRIUMFHANAIAAIBE HHP PEEIOET gﬁﬁ#@@ﬁ@&c Fagd NRLoNLEAl | metal of

al kal i ne eaﬁﬁﬂhﬂ@érﬁ'dwﬁfﬁb ?Hgg&ﬂsﬁ%ﬁlﬂ: m&%@%e ih@nﬁ@-oﬁﬁﬁﬂ% stfdﬁﬂlifs} gbout 4

ppm to about 250 ppmIlithiumato the total weight of

mel t - phase ﬂmlsg/EEﬁyém SrecHphtihdessteolpoatlgeseight lokt durn@kiry{r@iﬁ]alrlm yet

anot her aspect, the processes of the invention include a further step of
addi ng phosB\’ﬁ?FYfél to the nelt-phase polyethyl ene terephthal ate pol yester
obt ai ned, in an_anount from about 10 ppm.,to about 300 ppm phoat;;horus based

on the total v@Pght ofWe haverfernd Hrheempeaiyenspyade st % pol yester

obt ai ned, o ElSE Qeﬁfs t t, the
mel t - phase géwe&ﬁ%é{neg?her eph&ﬁ&ft po d}éeslk %?thg{eﬁl dﬁreféyét tg"ﬁﬁ%‘?@?ﬁsﬁ LV. of
at |east O. 7cﬁlt1dhllyg¢,m}ﬂoym Tlﬁaststabllits callses theqrolyasers o tdse modesitarivizeghther ei n.

In yet anothe ect f th t | ud lid
Stat e pol yrard SERBHFLerapierEiHara T G PG B eEAA D BB AL BSOS Pans

havi ng had %&a&@étfﬁ&a@s}%fdr&%mm D $eWnah tH@éxﬂH{plésntHehﬁclﬁﬂbh drstate.
In this aspect, the . may be achieved entirely in the nelt phase.
comonomers with two or more fused aromatic rings significantly decreases the

amount of molecular weight lost during simulated drying.

[053] We have found that the incorporation of at least one source of
aluminum, and optionally at least one source of an alkali metal or an alkaline earth
metal, and a comonomer with two or more fused aromatic rings in the comonomer
backbone, in a melt-phase process for producing polyethylene terephthalate
polyesters, results in a polyester product having improved thermo-oxidative stability.
Examples of acceptable comonomers include 2,6-naphthalenedicarboxylic acid,
dimethyl 2,6-naphthalenedicarboxylate, 9-anthracenecarboxylic acid, 2,6-
anthracenedicarboxylic acid, dimethyl-2,6-anthracenedicarboxylate, 1,5-
anthracenedicarboxylic acid, dimethyl-1,5-anthracenedicarboxylate, 1,8-
anthracenedicarboxylic acid, dimethyl-1,8-anthracenedicarboxylate, and similar

derivatives of anthracene, naphthalene, phenanthrene, and pyrene.

[054] The polyester compositions according to the invention allow drying at

standard drying temperatures, while maintaining satisfactory molecular weight.

[055] The melt-phase polyethylene terephthalate polyesters of the invention
include at least one melt-phase polyethylene terephthalate polyester. In an
embodiment, the melt-phase polyethylene terephthalate polyester is virgin (e.g., non-
recycled) polyethylene terephthalate polyester. In an embodiment, the melt- phase

polyethylene terephthalate polyester does not comprise any post-consumer recycled



[05 1] We have unexpectedly discovered that in nelt-phase processes for
maki ng pol yet hyl ene terepht hal ate pol yesters, whether honopol yners or

copol ymerw 2arvh3gspeci al | y t hose carried out in the abseantasedoaniosnony,
for exanpl e includingalum numand an al kali nmetal or an alkaline earth
metal as catalysts, or titaniumas descriped and clained in an application
copendi ng herewith, the inclusion of a comonomer containing two or nore
fused aromatic rings, such as 2,6- naphthal enedi carboxylic acid,

si gnificant ' e - OX| ' Ll PET resins.
Speci ficall é&y?@%ﬂﬁﬁ%@ﬁ%ﬁt@&%? %Pg@sﬂeégrﬂ? %\%%Arsﬁﬁegf}%lx&g?%ﬁ? S observed.
[ 052] W hateeephciatade pblytsterndges siot canprisean§ pus-coagsuater actycled pplyfetladeneat al yst
system are therno-oxidatively unstable in custoner dryers at tenperatures
routinely eWﬁ?@g{%&tC-Thi s instability causes the polymers to | ose nol ecul ar

wei ght and devel op col or when dried at tenperatures necessary to ensure
reliabl e procd98¢lng ahyorfeaspeet. thearelpphase palysthylmmgdergplthalate RAYRMETI n t he

exanpl es, t{g&n' : g.usi on of conononers with two or nore fused aromatic rings
significantl'y decreases the amount of nol ecul ar wei ght |ost during

si mul ated drying 05 ve found that the incorporation,of | east
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aromatic rings in the conononer backbone, in a nelt-phase process for

produci ng pesisideehgf atheast eneqaeorligtasidrompeserts and resul ts in a pol yester
product having inproved therno-oxidative stability. Exanples of acceptable
conononer s i ncl ug résiduasabhat leasteme diydexpboohpaneatwhisre atdedsty 90 mole% of

2, 6- napht hal,enedi car boxyl at e, . 9- ant h boxyli ¢ aci d.. 2, 6
ant nr aconealtEArIRETFPCRRiEs Ot hERRG EOSSTobaar APA DD AEClF AT s ofets.
ant hrace nedieﬁﬁdﬂ@ﬁ;’hid&yﬁ@drﬁpoxﬂ&hﬂ%n%' embbdPmént! the s QNBRUsE poleiyicHee, 1, 8-

ant hr acenedi car boxyl i c” aci i met hyl - 1, 8-ant hracenedi car boxyl ate, and

sim | ar der tevephthatate polyastehfusibeneomprisshup i Ehmolgdhof sesidues skoseadpnpyr ene.

residues of isophthalic acid, residues of diethylene glycol, residues of 1,4-
cyclohexanediol (CHDM), and residues of derivatives thereof. Non-limiting
exemplary ranges for residues of isophthalic acid are 0.5-5.0 mole% relative to the
total diacid components, for residues of diethylene glycol are 0.5-4.0 wt% based on
the weight of the polymer, and for residues CHDM are 0.5-4.0 mole % relative to
glycol components. In an embodiment, the polyester compositions further comprise

residues of phosphoric acid.

[057] In one aspect, the polyester compositions comprise aluminum, and the
alkali metal or alkaline earth metal comprises lithium. In another aspect, the amount
of aluminum may be from 3 ppm to 100 ppm, based on the total weight of the
polyester composition. In yet another aspect, the amount of the at least one alkali
metal or alkaline earth metal may be from 3 ppm to 100 ppm, based on the total
weight of the polyester composition. In another aspect, the alkali metal or alkaline
earth metal comprises an alkali metal, present in the polyester compositions in an
amount from 3 ppm to 20 ppm alkali metal, based on the total weight of the polyester

compositions.

[058] The aluminum useful in the compositions and processes of the

invention may be provided in a variety of forms and amounts. For example, the



[ 054] The pol yester conpositions according to the invention allow drying at
standard drying tenperatures, while maintaining satisfactory nol ecul ar

wei ght . [W623p1ofisgiemel t - phase pol yet hyl ene t er epht hal at e ppoluge@vmr®40f t he

i nvention include at | east one nelt-phase pol yet hyl ene terephthal ate

pol yester. In an enbodi nent, the nelt-pha pol yet hyl ene terephthal ate

pol yester is virgin (e.g., nonrecycled) pol yet hyl ene terephthal ate

pol yester. In an enbodi nent, the nelt- phase pol yethyl ene terephthal ate
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pol yet hyl ene terepht hal ate. [056] one ect,. the nelt-phase .
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from r esi dupdyemdersgiinnhal i ¢ acid, residues of diethylene glycol, residues
of 1,4- cycl ohexanedi ol (CHDM, and resi dues of derivatives thereof.
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the pol yester conpositions further conprise residues of phosphoric acid.

[057] | n onpresspeof aluntisupahglude imdudiehoeiupledrplassemeptiosbemissignnum  and t he
spectroscopy (ICP-OES). The concentration of aluminum is reported as the parts per
million of metal atoms based on the weight of the polymer compositions. The term

"metal" does not imply a particular oxidation state.

[060] Aluminum may be added to the processes of the invention as a
compound or as a metal, so long as the aluminum is ultimately active as a catalyst in
the polycondensation phase, either alone or in combination with the alkali metal or
alkaline earth metal. Aluminum oxides are not included within the meaning of an
aluminum compound or metal because they are insoluble and have little, if any,
catalytic activity in the polymer melt. It is desirable to select an aluminum compound
which can be dissolved in a diluent or a carrier that is volatile and/or reactive with the
polyester forming ingredients. Aluminum compounds can also be added as slurries or
suspensions in a liquid that is volatile and/or reactive with the polyester forming
ingredients. A mode of addition of aluminum compounds is addition to a catalyst mix
tank, which is part of the polyester melt-phase process equipment. The catalyst mix
tank may also contain an alkali metal compound or an alkaline earth compound, as

well as a suitable solvent, for example ethylene glycol.

[061] Suitable examples of aluminum compounds include the carboxylic acid
salts of aluminum such as aluminum acetate, aluminum benzoate, aluminum lactate,

aluminum laurate, aluminum stearate, aluminum alcoholates such as aluminum



al kali metal or alkaline earth nmetal conprises lithium In another aspect,
t he amount of alum num nmay be from3 ppmto 100 ppm based on the total

wei ght ofwoOhel0pBBysest er conposition. In yet another asp@cT/useég/oemunt of
the at |east one alkali netal or alkaline earth netal may be from3 ppmto
100 ppm based on the total weight of the .p_ol yester conposition. |In another
aspect, the alkali netal or alkaline earth nmetal conprises an alkali netal,
present in the polyester conpositions in an amount from3 ppmto 20 ppm
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state, norpho state, structural state, or chemcal state of the
al um num coagebeatetatesalemitenh diisapiopyiae rabantmen wistleyltacétnacetatels olkybsi tions i s

not limted. The al uni numresidue e in the sang.form he al um num
conpound ad8¥PACE G RIREY™ Hsa"?é‘_’f?yﬁg’tqlflbrﬁfnuﬁh‘?’opw{g@éﬁcleg?tﬁ{etﬂy altered
since the abw%d&ameg,adl&hmmtr%%adewl A6&BE R Alinfifhnk Beetyladetorte.

pol ycondensati on. [059] By the term "al um num atons” or "al um nunt is neant

the presence ;ﬁ)m‘ um 'Tﬂﬁh};ﬂcilbuhh@fa‘?%m Bles@RbYdBRing % BeliRfertdh NG bARY

suitabl e anal ytical tec ue regardless of the oxidation state of the
al um num Stleastaloppm detae btastohppmt doatdedsvd ppineopatdeash8 pport ondtupastdfhppme| ude

concent r at | BRetdRssE0 R 7198t 38 ppE=aE e TG | P RER Y A OB e
does not i By o eEba éfﬁ%ﬁ;?ﬁfa‘ﬁf%%%??ta?ﬁ@ﬁ%‘iiﬁ%%ﬁﬁn‘fa%";“%?@taihéd to
t he processtgalofeiglitefitie/pelyéster compasitionpenhadechon the tetahweight okthereastons t he
al um num i's mli|>|(t51irer,rg§ ﬁlle%agecrtniay %e.al%craeagigé %@/ asllt(ahj &t alkaline earth metal to aluminum
mole ratio (M:Al ) is believed to increase the reaction rate. Therefore, low aluminum
loadings may give a reasonable rate with moderate to high M:Al , while giving slow

rates at low M:Al mole ratio.

[063] The alkali metals or alkaline earth metals useful in the compositions
and processes of the invention may be provided in a variety of forms and amounts,
and are typically present as an alkali metal residue or an alkaline earth metal residue,
with the alkali metal atoms or alkaline earth metal atoms being present in the
polyester polymer in any form or oxidation state. Their oxidation states or ultimate
physical, morphological, structural, or chemical states are not limited. The word
"alkali metal” or "alkaline earth metal" or "metal" includes the atom in its elemental
state or in an oxidation state corresponding to its allowable valences in its Periodic
group. Likewise, the chemical state of the alkaline earth metal compound or alkali

metal compound upon addition is not limited.

[064] The alkali metals and alkaline earth metals useful according to the
invention are those metals in Group IA and Group IIA or the periodic table, including
but not limited to Li, Na, K, Rb, Cs, Mg, Ca, Sr, and especially Li, Na or K. If rapid
rates and clarity are the primary concern, Li may be preferred. If color is the primary

concern, Na may be preferred. The metals may be added to the melt phase as metal



t he pol ycondensati on phase, either alone or in conbination with the al kali
metal or alkaline earth netal. Al um num oxides are not included within the
meani ng oVoanioal3srsiinum conpound or netal because they areTiuss@bobioes and
have little, if any, catalytic activity in the polyner nelt. It is
desirable to select an al um num conpound ich can be dissolved in a
diluent or a carrier that is volatile and/or reactive with the pol yester
form ng ingredients. Al um num conpounds can al so be added as slurries or
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di i sopropyl ate, and al um num chel ates_i n which the al koxy group of an

al um num al cohol ate is partially or V\/ﬁwpéﬁﬁsti tuted by a chelating
agents such aﬁ?x?a?n@'eﬁ'—' acet oacetate or acetyl acetone such as ethyl

acet oacetate a um gi i sopropylate, alumnumtris(ethyl acetoacetate),
al kyl acet oacq066le al Oiigomer shritsesp: Bplyletitytene a¢raphthalaterlipoaces wkcet at e

bi s(ethyl acetoacgetate), .al um numtri.s( tyl tate), alum )
acet yl abet oREPEed fsgp ittt anvicai Fhitsie BREeLARd in BRTFRES Wi e
i nvention npyRg aﬂiouht%%fftz,elmslmﬁmalaredﬁrarﬂo%ﬁ& acld PRPBhaf¥d Rém!Mastn 5 ppm or

at least 8 ppm or at least 10 ppm or at least 20 ppm or at |least 30 ppm
and up to aGbemicabCompany Farti#h3A1353h dLik4 113834 hpon with isephtheliasdior 75 ppm  or

0P 10,2000 % BRI ST 1 T BERd, O SR g O (1

TOX;FL‘;{ nﬁﬁ}te&%e&@%ﬂ@ﬁiuﬁ%ydr@ﬁﬂ@mm{)t Rewalek dab clpdrgéd toadabhBateREs h et al
reduce the amount of diethylene glycol formed during the esterification reaction. The
TMAH was purchased from Aldrich Chemical Company (part # 328251, [75-59-2])
and diluted 1 part in 10 parts distilled water prior to use. In every case, all the raw
materials were mixed together in a 2 liter polyethylene beaker and then charged into a
Parr high pressure reactor. A control oligomer containing two mole percent of
isophthalate modification was also prepared from BP-Amoco's isophthalic acid
starting material. Another control oligomer was prepared containing Eastman
cyclohexane dimethanol starting material.

[067] Typical reactant charges to the esterification reactor are shown in the

table below. The “as charged mol ratio” was 1.6 mols of glycol to 1.0 mols of total
acids and the expected yield of water was 144 grams. No catalyst was present during

the esterification step.
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[068]

The reactor used to carry out the esterification had a 2 liter volume and

was fitted with a heated, packed, column for reaction by-product separation and

removal. The packed column was connected to a water cooled condenser which was,

in turn, connected to a pressure regulator and house nitrogen source. The flow of

nitrogen into the system was controlled by this regulator. The volume of nitrogen to

be 'bled' into the system was determined based on the output from a pressure

transducer located on the head of the reactor. The reaction vapor output, which was

cooled in the condenser section, was collected and its mass was continuously

measured to estimate the extent of reaction. The unit had a “propeller” style stirrer to

provide agitation.

[069]

The reaction conditions were controlled and monitored using a

Camile® distributed data acquisition and control system. The target reaction

parameters were as shown in Table 2 below.
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nitrogen. The cold oligomer was pulverized using a hammer to produce a coarse

powder suitable for polymerization.

[071]

composition, molar ratio of EG to total acids, degree of polymerization, and

The product oligomer was analyzed by proton NMR to determine

diethylene glycol content. Color was measured on the cooled disk of oligomer
collected in the aluminum pan as described above. The measurement was made using
a Hunter Ultrascan XE instrument.

[072]

from each Parr run were charged to a series of 500-ml heavy walled, round-bottom

Polymer synthesis (Examples 1-6): Samples of the granular oligomer

flasks for polymerization. A catalyst loading of nine parts per million of lithium and
twelve parts per million of aluminum based on the expected yield of one hundred
grams of polymer product was employed. The lithium and aluminum were introduced
into the oligomer as a solution of lithium hydroxide (Aldrich 402974, [1310-66-3])
and aluminum isopropoylate (Aldrich 220418, [555-31-7]) in diethylene glycol. The
addition of the catalyst mix was done using a syringe.

[073]
flask and then each flask was fitted with a polymer adapter head. This head included a

A stainless steel stirrer (2” diameter paddle) was next inserted into the

nipple for the attachment of a nitrogen purge line, a septum port for injection of



provi de agitation. [069] The reaction conditions were controlled and
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pul veri zed 2RO fate joaittiRInelfor iREGUE tnté tHeofRiskS foaligbins dnd diel secdml; which

pol yneri zation. [071] The product_oligoner was analyzed by proton NVR to
det er ni ne ciéopientet aba 45 hangle ta te ifisstovaeonngcied iqp seiogof gé’é@ fof

pol ymeri zatj_ on. | e ; n the
cool ed di skﬂef)h m%ﬁ?%%%éﬁ%éh%@?%ﬁf%ls% 9‘3%3&%?%%8%#@?“ escﬁsgg%@above.
The neasur eimenthe sA®otablae yaition of tiduadapter \THerstainless t€elistigingshmfitwas[ 072]

Pol ymer synthesjis (Exapples 1-6); Sanples,of the granul ar ol igonmer from
each Parr r%sﬁﬂé}%@%ﬁé%@&e’i aﬁlegeép?ggs quhgtg(;:_:%a S%&%%Oﬂﬁﬁbﬁﬁr TOS¢ $dd- bot t om

flasks for dﬂ?%/%ﬁﬁﬁdzﬁ{eisﬂﬂingaslﬁﬁfaﬁih%& thedeisit RAmBePSf ihaplass Rfing!ihigd on of

| ithium an e parts per mllion of alum num based on the expected
yi el d of onass¢mblymeovidesariovofrigtionyvasuuprtight stal hetsveemtheostisting Fhedt 4ridtthe um and
al um num werg jntroguced inf.o th | goner, .as_a sol ution, of Lithium

hydr oxi de (2928ier ﬁacﬂ@fcj&aeacf%h@ﬁ%ghgﬁ3ssgﬂlale§rlmﬁrﬂawa§38mp§8ﬁtgtae (Al drich
220418, [ 55ppigherilation™ righ Siddhe 8t conft@teddd utl/PRowépdie stifinl yst mi x
was done using a syringe. [073] A stainless steel stirrer (2" dianeter
paddl e) wasmntext Thapelyneatizatierorig rclided skmelien mptehbatharhieh egild hazaisaditeed

with a pol yner. adapt.er head. ~Thi s, head. i ncl uded I pRI achnment
of anit rog@ﬂvg%&‘ﬁgt IPPWQ,()?@G g%sb(t 3%? f)ttl)rrngfr%ortorl cn(]ué‘g? ]i@%ﬁ)@é %.éf(}lg rt1§l&§r§§Rg snoot h
bore tubul agnsaRGhatale ket 161a8¢ Was filly igthadrbedrindhé wo1teh aligemner/palpacr as

the reaction was carried out.
[074]

Table 3. As with the esterification sequence reaction, parameters were monitored and

Typical melt-phase polymerization reaction conditions are as shown in

controlled using a Camile® system.

Table 3
Stage puration Terpperat pressﬁ?eSt(enTm rates?rrp:lr?wg

Number (minutes) ure (° C) Hg) shaft)
1 0.1 275 760 0
2 10 275 760 150
3 2 275 140 300
4 1 275 141 300
5 10 275 51 300
6 5 275 51 300
7 2 275 140 300
8 2 275 140 300
9 2 275 4.5 300
10 20 275 4.5 300
11 10 275 0.5 30
12 180 275 0.5 30
13 0.1 275 0.5 30
14 1 275 600 30
15 1 275 600 30
16 1 275 600 30
17 1 275 600 0




24/ 40 male joints; one for insertion into the flask's female joint and the
second, which is oriented at a 45 angle to the first, was connected to a
section oVoghass3teubi ng term nating at a vacuum condens@ecTAp3eems0dd Tef | on
t ubul ar bushing was inserted into the snmooth bore section of the adapter.
The stainless steel stirring shaft was p ed through the inner dianeter of
this bushing and a section of rubber hose“was fitted around the stirring
shaft and over the outside dianeter of the glass tubing. This assenbly

provi des a | Oib‘és']' cti ﬁ?the"e?ﬁ%‘frﬁ’lé s%% IR@EPIEE‘:% gﬁg%dsrl&'v&%d%ﬂ&‘ﬁ{e and

the adapter of t reactlon e asse aratus was cl anped
into a pol ypﬂiyméﬁmlawww’alg)wed&ld:oblhef\ﬁérltéri td@&&lnaﬁmuteemmmlymet haca 1/ 8
hor sepower stirring notor. The polynerization rig included a nol ten nmet al

bat h whi ch ¥bidiigedzndithe a@dmg&a&w wesed dare-mefs the Pf&ymﬁwd RRITIL D&t j 1 1 j ng
mot or  coul d, 3G eofrtﬁé 114 AMRE e&@grfﬁgéﬁcﬁnﬁmﬁ fhlasn itfteEthe $1a0k ade

was fully i rse ten0|go ynmer as the reaction was
carried outwag brokén m)(pmeasbhdrpblynmnms pat ymeeisedinto hiqneladtrogen. dbadoldi ons

are as shown .in Table 3. As wth t e esterificatiqn sequence.r ac i on,
par amet er s RUYVRCRBATT WAL SHERE R H§ing a&'ﬁfar“i]f hﬁ’abl e

3[075] At thgsetAHadimend el’He%@lEbt@H‘ "ﬁ]?rﬂide BEolyMer W@ieadoonéﬂt dpalen 11@%% ed and

t he pol yner nmass was allowed to cool. After ten to fifteen m nutes the
pol yrer hadnisroRérdarid ﬁ@hlwomlmmﬂemgmﬂia’tfhe wald waa ifisted with & %crml havinge

pol ymer and b d free t he, fl,ask 0 cool i ng
for an addi %‘%Hﬂgll‘a'?‘?t?rtlboiﬁ ﬁf’gﬁ?sé@“{ghcé)a‘fsfe@sg{ow P %},I% en %ﬁ%letc e @ol

pol ymer massubigfied FFRaH66s il d}ﬁldaitébltis.d nitrogen. The col d pol yner rrass was
removed fromthe stirring rod using a hydraulic ramfitted with a chi sel

attachnment. The coll ect ed "lunps” of polynmer were cooled again in liquid
nitrogen and fi nall%7 lfi%d inaWley mll. The mlIl was fitted with a
screen havi ng HA8 hol es. The resulting coarsely ground pol yrer
was col | ected[amé] SubRetih&leddiig (Bxamples 7oandl8)t Resins tvesd blended using a

Sterling extruder with a 1.5 inch diameter general purpose screw turned at 100 rpm.
Zone 1 of the extruder was set at 260°C. Zones 2 and 3 were set at 280°C. The die
was 260°C. The polyethylene naphthenate polymer used for blending, which
contained 8 mole percent terephthalic acid moieties based on total diacid, was dried at
160°C in air for 18 hours prior to extrusion and the polyethylene terephthalate sample,
which contained 9 ppm Li and 12 ppm Al as catalyst residues, was dried at 150°C in
air for 8 hours prior to extrusion. Sample 7 was simply the extruded polyethylene
terephthalate control. Sample 8 was a blend of 29.70 pounds of the polyethylene
terephthalate resin with 0.30 pounds of the slightly modified polyethylene
naphthanate resin which produced a polymer that contained 1 mole percent 2,6-
naphthalene dicarboxylic acid monomer based on total diacid monomer content.
Examples 7 and 8 were in the form of cylindrical pellets.

[077] Themo-oxidative stability (TOS) testing: Examples 1-8 were
evaluated for thermo-oxidative stability by passing dry, heated air through the PET
particles at 12 scfh and 192°C. The laboratory apparatus consisted of a glass jacketed
filter frit with the sample placed above the frit. Dry air was pushed into the sample
from below after passing through a glass coil and being heated by indirect contact

with refluxing 1-octanol. Sample temperature was measured by a thermo-couple



Exanples 7 and 8 [076] Resin blending (Exanples 7 and 8): Resins were
bl ended using a Sterling extruder with a 1.5 inch dianeter general purpose
screw turweaoswo3i®d rpm Zone 1 of the extruder was set patr/iRe@Coodahes 2
and 3 were set at 280C. The die was 260C. The pol yet hyl ene napht henate
pol ynmer used for bl ending, which contain 8 nol e percent terephthalic acid
nmoi eti es based on total diacid, was dried at 160C in air for 18 hours prior
to extrusion and the pol yethyl ene terephthal ate sanpl e, which contained 9
ppm Li and p L pty 15 | jjr for 8
hours pri or&% eAh ?}g(r’\ﬁ?e é %gy%re%%vg&eh@xt ?’ud(j;ldgcs allﬁg?hyl ene
t er epht hal alﬁdilr@ﬁﬂiirralyze$&bmhher8nt\l\ﬁ§coaltjbh£ﬂ€bad§r d2&ribed pboveds of t he
pol yet hyl ene h_ ep héjé%tate r S|n W|t 0. 30 pounds of the slightly nodified
pol yet hyl ene égﬁ h tES'P%Q produced a pol yner that contained 1
nol e percent 2, 6-| napht hal ene d| Car boxyl | IV &fet Igbating voaiestredoafoed on 1 ot al
di acid rmnorrﬂ':lxacmterﬁompEs'na)mﬂl es|7 and 81ivere2in the férim oB |cyl? hdriloa
pel lets. [0fF] TheRescuption@s fhargedt abi | | hgur((TOS) [test] ng: |[Exanpl é&s [1t2B wef e
eval uat ed| f or t her pohessterificatiope s Ao fj ty hyopas 8ouny| fave, | ewady derry| FY4%T pugh

S

t

n

t he PET p rticle Epcloro ccfh andl 192 Th a |l aborato naraflus—cbnsisted

of a gl asps jalcke ed fllP(;Pq;g;F/ rnlégl? &]g 3.6%%0%94 b s\égt gol ‘rui to1 Dr y

air was ppshed i /e e paspihg |t roygn-al g
A S

coil and petrgt X1 T=gotangt— !l e
39 grtanp -
S DY ndicb ! i

ass

€ W Lbl 1 fd _
t enperatufe was {m ep,ha:q;qu ectil yeql Mtg7t heg sanpl e.
Sanpl es were 1 eroyggphiHalate, 190 tole2 and| 24 hpurs |and anal yzed fof
i nherent Vi scosilt yyamyahd @ady describ d above Table| 4. TOS téstinf of
e
w
c

sanpl es 1t 6 Bablle|5. [00Rokestin ¢f sem @y 7 and [ 078)]| The|results on
Tabl es 4 & 5 shqw| tekephthdidwg 98.91Cl u§i7GN |06842,|6628naPa2 hplseénddbarn 8yl Pe ac| d
noi ety infLi/Al ningle Yoty lePET substanti al lly i n¢reaspd the therno-pxidat|ve

stability|of thg res¢ahl.1gmictRidcal ly,| | esg nol ¢cul af weilght Il|oss,
cyclohexanedimethanol

4 99.5 mole % 0 0 0 0 0 0 0 0.1
terephthalate, 0.5 mole | .741 | .755 | .735 |.713 | .684 | .668 | .587 | 54
% naphthalate, 100
mole % ethylene glycol
5 99.0 mole % 0 0 0 0 0 0 0 0.1
terephthalate, 1.0 mole | .741 | .725 | .719 | .694 | .676 | .660 | .608 | 34
% naphthalate, 100
mole % ethylene glycol
6 98.0 mole % 0 1 0 0 0 0 0 0.0
terephthalate, 2.0 mole | .818 | .215 | .805 {.798 | 794 782 | 7145 | 73
% naphthalate, 100 ‘
mole % ethylene glycol

Table 5. TOD testing of samples 7 and 8

|.V. after heating in air stream for
Sa Descript 0 1 2 4 6 8 2 T
mple fon hours | hour | hours | hours | hours | hours 4 otal
hours | IV
loss
7 Control 0 0 0 0 0 0 0 0
752 | .732 | .716 | 669 | 664 | 634 | .590 | .162
8 1 mole 0 0 0 0] 0 0 0 0
% 735 | .724 | 718 | .698 | .693 | .691 .675 | .060
Naphthalene
moiety

[078] The results in Tables 4 & 5 show that the inclusion of 2,6-
naphthalenedicarboxylic acid moiety in Li/Al catalyzed PET substantially increased
the thermo-oxidative stability of the resin. Specifically, less molecular weight loss,

and thus less IV break, is observed versus a number of controls.



and thus less |V break, is observed versus a nunber of controls. W claim

1. A polyester conposition conprising: a nelt-phase pol yethyl ene

t er epht havet2e10psBis@st er havi ng i ncorpor ated therei n resiPdias2@d/0asoadnoner
having two or nore fused aromatic rings, in an anmount from about 0.1 nol e%
to about 10 nol e% based on a total armuni4 of dicarboxylic acid residues in
t he nelt-phase pol yet hyl ene terephthal at € pol yester conprising 100 nol e%

al um num and optionally, an alkali netal or an alkaline earth netal. 2.
The pol yestﬁ;ecq?lrlr‘p,osi tion according to claim1l1, wherein the residues of the
nmononmer having TWo or nore fused aromatic rings are present in an anount
fromabout 0.1 nole%to about 3 nole% 3. The pol yester polynmer according
to claim1, wherein the nelt-phase pol yethyl ene terephthal ate pol yester
conprises: (a) rbsAdpdyestr coRPaHHPRSPIENSBEd, present in an amount of at

| east 90 nol e% Qﬁ%&?@}l&?% h&?eﬁh?feﬂ t latQ%f)gieEt@f RVt -hﬁolzﬁ?-r&{ed fARtGhes in

the nelt-phase po e"terepht ate p ester conprising 100 nol e%
and (b) resiedidass offa mbhymenieaving/val or moredesed aromatic eings)in amémaunt!fesst 90

nol e% based on total anmouni of diql residues in the.nelt-phase.

pol yet hyl eng"’t“épjﬁﬂ?lﬁ%} ‘é‘taé’oBbf(i/’é‘Q{e%”%@é 1 & 19 a{%‘nﬁﬁfg’gg}bﬁgy 11 d ol yest er
conposi ti on | RO R SHa84 BoidethyIRRE Rirbptiiifar@PORREEr Bifpiiing 160 OF T ©
fused aronagte?@ﬁ?%%gtggco rise (g)iﬁewder ntgébe ofa:lg%, - nfapht él relénedi carboxylic
aci d; di netimple%2, 6- napht hal enedi car boxyl ate; 9- ant hracenecarboxylic acid;

2, 6- ant hr acenedi %ar boxylic, acid; dinethyl-2,6- anthracenedi carboxyl ate;
1, 5- ant hr acenedi &P%%‘@ﬁl}f‘ acid; dinethyl- 1,5- anthracenedi carboxyl ate;

1, 8- ant hr acenedi gaidiaNy/ dicalRali fhetalbr sk ARbIN earth, Betal.

2. The polyester composition according to claim 1, wherein the residues of
the monomer having two or more fused aromatic rings are present in an amount from

about 0.1 mole% to about 3 mole%.

3. The polyester polymer according to claim 1, wherein the melt-phase
polyethylene terephthalate polyester comprises:

(a) residues of terephthalic acid, present in an amount of at least 90 mole%,
based on the total amount of dicarboxylic acid residues in the melt-phase polyethylene
terephthalate polyester comprising 100 mole%, and

(b) residues of ethylene glycol, present in an amount of at least 90 mole%,
based on a total amount of diol residues in the melt-phase polyethylene terephthalate

polyester comprising 100 mole%.

4. The polyester composition according to claim 1, wherein the monomer
having two or more fused aromatic rings comprises one or more of: 2,6-
naphthalenedicarboxylic acid; dimethyl 2,6-naphthalenedicarboxylate; 9-
anthracenecarboxylic acid; 2,6-anthracenedicarboxylic acid; dimethyl-2,6-
anthracenedicarboxylate; 1,5-anthracenedicarboxylic acid; dimethyl-1,5-
anthracenedicarboxylate; 1,8-anthracenedicarboxylic acid; or dimethyl-1,8-

anthracenedicarboxylate.



ant hr acenedi car boxyl ate. 5. The pol yester conposition according to claim1,
wherei n the nononer having two or nore fused aronmatic rings conprises

2, 6- naphtweal2eredswar boxyl i c acid, present in an anount fPromsawomdsod+ 1 nol e%
to about 3 nole% 6. The pol yester conposition according to claim1,
wherein the alkali metal or alkaline eartfy metal is present and conprises
lithium 7. The pol yester conposition according to claiml, wherein the

pol yester conposition further conprises residues of phosphoric acid. 8. The
pol yester conposition according to.claim.l wherei Al LS present
in an anount fro$n ZﬁSBf’ yfsﬁb?ﬂrg%osétb%mccirgﬂigptﬁrﬁ?% ufr;i‘%\ﬁt}?nelgtorm?“%gggid on the
total wei ghhaihg tiCoPBbiEfbET arofiAHe $ings 66mpidses Dl naphitlydatedicacmixytis atidpn
according to claim1, wherein the alkali metal or alkaline earth nmetal is
present andpresensin smamppntfremabpatds batole’s taabowtdunelets om 30 ppm to 250 ppm
lithium atons, based on the total weight of the polyester conposition. 10.
The pol yester conposition according to claiml1, wherein the alumnumis
present in an anguMhepobrstebesthpditiradeordadyptotcldifl, pplrereih ting alliahi atetator
based on the total weight. of the polyester conposition; and the al kali

netal or al R&Pﬁlwaé@rmﬁah’étpé?se%a‘ﬁrCé’%tse%\lh‘g“"ggrrpri ses |ithium present in
an anount from about from about 4 ppmto about 250 ppm|lithium atons, based
on the total weight of the polyester conposition. 11. The pol yester

conposi ti on accofdiThg pblyesteatompgsitidreaceoringi® alaiht 1,phlzgeinphe pelyesiérene
terepht hal ate pol yesier has an |1.V., ob af']ne f.romda mel t - phase

pol ymer i zat FRAPPSGRR fusther ggmpgises zesidues of phogpheric 46d." A no| yest er conposi ti on
conprising:a nelt-phase polyethyl ene terephthal ate pol yester having

i ncorporated therein residues of 2,6-naphthal enedicarboxylic acid, in an
anount from abouB. CTht polyes®s tompbrition Zcardingto daisel, whereinithe alumapynag  of

di carboxyl | gre%gﬂtqn %%}n%ldgts from atbQSt grsll)&l[%(f)l 3oout 100 ppm aluminum atoms, based on

the total weight of the polyester composition.

9. The polyester composition according to claim 1, wherein the alkali metal or
alkaline earth metal is present and comprises lithium, present in an amount from 30
ppm to 250 ppm lithium atoms, based on the total weight of the polyester

composition.

10. The polyester composition according to claim 1, wherein the aluminum is
present in an amount from about 3 ppm to about 100 ppm aluminum atoms, based on
the total weight of the polyester composition; and the alkali metal or alkaline earth
metal is present and comprises lithium present in an amount from about from about 4
ppm to about 250 ppm lithium atoms, based on the total weight of the polyester

composition.
11. The polyester composition according to claim 1, wherein the melt-phase
polyethylene terephthalate polyester has an 1.V, obtained from a melt-phase

polymerization reaction, of at least 0.72 dL/g.

12. A polyester composition comprising:



pol yet hyl ene terephthal ate pol yester conprising 100 nol e% al um num present
in an anount from about 3 ppmto about 100 ppm al um num at ons, based on the
total weiwbt2owmio3stee pol yester conposition; and |ithium pcedasnatovionsoan anount
from about from about 4 ppmto about 250 ppmlithium atons, based on the
total weight of the polyester conpositio 13. An article conprising: a

mel t - phase pol yet hyl ene terephthal ate polyester having i ncorporated therein
resi dues of 2, 6-naphthal enedi carboxylic acid, in an anount from about 0.1

nol e% to about 3 e9 I ' '

resi dues in the fie #taﬁﬁfgggglg%?g[%ﬁg It%%ﬁ%%gtgg’ﬁp;ﬁgﬁgg?gl%%[@gﬁé(%értg%gﬁrrﬁ? si ng
100 nol e% mkidaesofid,napkthilehediedarbaybicricid, irom ahoutit fibnp pbout@. lainole® 400 ppm
al um num at ons, based on the total weight of the article; and |ithium

present in pubAwRMEYor baserd @B GUPtal ABRBIY dicarbaxyr peidarRigNesIBESIBAN i t hi um
atons, base I I W opr ocess for making a
nel t - phase g%ﬂgggﬁ’ﬁﬁh %gélgtt%rr pt %@hgfggtl%&%é?é%}g?grﬁ,g légr?pdf?gi ng: formng a

m xt ure conpri si algméhin Ipessentghyaoamouat fromeabbuth ppmao dbaktd€6mppiir om
terephthalic acid and derivatives qf t.erepht hal.ic acid, and a npnomner

havi ng two HHTHMIR atofs: Bassh onghe fotal; wgight RIIYest SOmBASHan: ing two or
more fused ar omBjijnrurh ipRGent if aRaBRAME frof HBuBFEMHbol! PPprARE bR 250Dl €% t 0
about 3 nol e% based on a total anmount of dicarboxylic acid residues in the
m xt ur e conppmdithigmidomsiiased omthe toehweightjof the palygstar eomppsitian. pr esence of
alum num and optionally an alkali nmetal or an alkaline earth netal, to
obtain the nelt-phase pol yethyl ene terephthal ate pol yester.15. The process
accordi ng to claim Ad.artiél€t&mprisiAg: monomer having two or nore fused
aromatic rings conprises 2,6-naphthal enedi carboxylic acid, present in an
anount from abou# neltsphase B%V?@Y&Bémfe@thalﬁ‘ﬁlp@%es er having incorporated therein

residues of 2,6-naphthalenedicarboxylic acid, in an amount from about 0.1 mole% to

about 3 mole%, based on a total amount of dicarboxylic acid residues in the melt-
phase polyethylene terephthalate polyester comprising 100 mole%;

aluminum present in an amount from about 3 ppm to about 100 ppm
aluminum atoms, based on the total weight of the article; and

lithium present in an amount from about from about 4 ppm to about 250

ppm lithium atoms, based on the total weight of the article.

14. A process for making a melt-phase polyethylene terephthalate polyester,
comprising:

forming a mixture comprising ethylene glycol, at least one acid chosen from
terephthalic acid and derivatives of terephthalic acid, and a monomer having two or
more fused aromatic rings, wherein the monomer having two or more fused aromatic
rings is present in an amount from about 0.1 mole% to about 3 mole%, based on a
total amount of dicarboxylic acid residues in the mixture comprising 100 mole%; and

reacting the mixture in the presence of aluminum, and optionally an alkali
metal or an alkaline earth metal, to obtain the melt-phase polyethylene terephthalate

polyester.



16. The process according to claim 14, wherein the alkali netal or alkaline
earth netal is present and conprises |ithium 17. The process according to
cl ai m 14, woherwi3gict he al umi num atons are present in an aoowstodoesmabout 3
ppmto about 100 ppm based on the total weight of the nelt-phase

pol yet hyl ene terephthal ate pol yester obt_ai'7|jed; and wherein the alkali netal
or alkaline earth netal is present and conprises lithium present in an
anount from about 4 ppmto about 250 ppm|lithium atons, based on the total

weight of the mejd - PRASRCER!:EdMNGA0RIAANAP AhBRIPHE RAKER halingthBloped. 18-
The process according to clarm 14, conprising a further step of: addi ng
phosphor us inore fasedmbinapib aings parhyrides Pléensphtien eplichedoaybe palyprsseat inobt ai ned,

in an anmount from about 10 pp o about 300 ppm phosphorus, based on the
total wei ghdmejnt P@?‘{t-%psrﬁgg%ﬁ %@Phépéﬂ‘get@er epht hal at e pol yest er

obtai ned. 19. The process according to claim 14, wherein the nelt-phase
pol yet hyl ene terephthal ate pol yester obtained has an LV. of at least 0.72

dL/ g achi eved i nlé.hEheplotesshrasadinglo clim 1g; vbesn the abiradii mefal ar atkalinm 14,

wherein the process. does not, co I S | i [ [
eart)'th metalsls present and com nrses ffthfum. d state polymerization.

17. The process according to claim 14, wherein the aluminum atoms are
present in an amount from about 3 ppm to about 100 ppm, based on the total weight
of the melt-phase polyethylene terephthalate polyester obtained; and wherein the
alkali metal or alkaline earth metal is present and comprises lithium present in an
amount from about 4 ppm to about 250 ppm lithium atoms, based on the total weight

of the melt-phase polyethylene terephthalate polyester obtained.

18. The process according to claim 14, comprising a further step of:
adding phosphorus to the melt-phase polyethylene terephthalate polyester
obtained, in an amount from about 10 ppm to about 300 ppm phosphorus, based on

the total weight of the melt-phase polyethylene terephthalate polyester obtained.

19. The process according to claim 14, wherein the melt-phase polyethylene
terephthalate polyester obtained has an I.V. of at least 0.72 dL/g achieved in the melt

phase.

20. The process according to claim 14, wherein the process does not comprise

solid state polymerization.



