Spher oi dal Pol yester Pol yner Particles CROSS REFERENCE

TO RELATED APPLI CATI ONS Thi s application clains the
whewed2g74of U. S. Provisional Application No. 6B¢BOS2082030535

filed Septenmber 2, 2004, and U.S. Provisional

Application No. 60/618,951 filed Cctober 15, 2004, the

entirety of which is hereby incorporated by reference.

1. Field of the Invention The field of the invention

pertains to p%bh%,‘i&ﬁ%l p8i)ze!£‘i‘ér ﬁgﬁéﬁ%ﬁﬁ_@@g ng a
particul ar round of

the I nvention Conventional polyester polyner particles
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refeserida.ci ent aggl onerati on to conpl et eI y block a flow of
pellets fromthe dryer. W have found it advant ageous
to provide a pol yester polyner particle which has a
uni que norphol ogy and which avoids the need for solid
state polynerization. This norphol ogy includes one or
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may in sone cases stick sufficiently in the dryer that

mechani cal agitation is required to dislodge them W
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vestigation ave one onc
restilt, sonfeéntivnadpellets do not usually agglomerate in the dryers which feed an

injection molding machine or an extruder. While some sticking occurs at drying
temperatures (150°C to 185°C), the problem does not usually result in sufficient
agglomeration to completely block a flow of pellets from the dryer.

We have found it advantageous to provide a polyester polymer particle which
has a unique morphology and which avoids the need for solid state polymerization.
This morphology includes one or more of the following features: low melt point, low
degree of crystallinity, and high It.V. produced without solid state polymerization. We
have discovered that these particles, if made in a conventional shape, may in some
cases stick sufficiently in the dryer that mechanical agitation is required to dislodge
them. We have seen that cylindrical solid stated pellets were free flowing in dryer
hoppers, while in some cases cylindrical non-solid stated pellets with the unique
morphology agglomerated in the pellet dryers.

This investigation would have led one to conclude that the free flowing

behavior of the pellets is attributable to their morphology, and not their geometry.



behavi or of the pellets is attributable to their

nmor phol ogy, and not their geonetry. Qur investigation
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probl em of these pellets. It would be desirable to

provi de a polyester polyner particle which mnimzes

aggl oneration in the dryer and which has one or nore

of the stated characteristics 3. Summary of the.
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the particles in a dryer. The georretry of the particle
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carboxylic acid resid
220 °C and havmg a melting endotherm area of at least the absolute

value of 1 J/g, or
(i1) having one or more melting points which, when measured on a

DSC first heating scan, has a heating curve departing from a

baseline in the endothermic direction at a temperature of less than

or equal to 200°C, or
C) a low degree of crystallinity within a range of at least 20% and a
maximum degree of crystallinity Tcmax defined by the equation:

\

Temax = 50% - CA - OH

where CA is the total mole % of all carboxylic acid residues other than
terephthalic acid residues, based on 100 mole% of carboxylic acid residues in
the polyester polymer, and OH is the total mole % of hydroxyl functional

compound residues other than ethylene glycol residues, based on 100 mole%



the pol yester polynmer, and CHis the total nole % of

hydr oxyl functional conpound residues other than
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hydroxyl functional conmpounds residues; or both B) and

C); and optionally but preferably D) 10 ppmor | ess of

resi dual acetal dehyde. There is al so provided a nethod

for making the spheroids. There is also provided a
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The spheroids in this embodiment also preferably are within the range of
crystallinity mentioned above.

There is also provided the bottle preforms and stretch blow molded bottles
made from the spheroids mentioned above or made by any one of the process

embodiments mentioned above.

4, Brief Description of the Drawings

Figure 1 illustrates the geometry and dimensions in inches of the dryer hopper
used in the experiments.

\
Figure 2 illustrates the gate test apparatus for the testing the angle of repose

of granular materials.

Figure 3 illustrates the heap test apparatus for the testing the angle of repose
of granular materials.



of granular materials.Figure 4 shows a conpari son of
the angl es of repose for the five materials studied by
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the angles of repose for the materials studied by the
heap test method. 5. Detailed Description of the-
I nvention The present invention nmay be understood nore
readily by reference to the follow ng detail ed
de IRt :
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pr caekskby #relgatertdst metheddescri bed, as specific
processes and/ or process conditions for processing
pI astic articles as such may, of course, vary. It nust
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t he "appended cl ai ns, the singular fornmns ,
"t oyt eheaucﬂ%etpn@thad referents. For exarrpl e, reference
to processing a thernoplastic "preforn, "article",
"“container", or "bottle" is intended to include the
processing of a plurality of thernoplastic preforns,
articles, containers or bottles. Reference to
processing a polynmer at a stated tenperature or with a
heating el enent includes other tenperatures and
additional heating elenents, if desired, in addition

5. t o Detailashidesaription oftheilvestiamt ti mes t hr oughout t he
processing history unless otherw se stated. References
to a conposition containing "an" ingredient or "a"
polTheepresentiimtanrtibacnay be noberkoat imere reegiily diyeratesemoe to the
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the end points are included in the ran Ranges
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cou the end point(s). By "conprising" or

dnt i'ning" or "having" is neant that at |east the
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if the other such conmpounds, materi al
intended to include the processing of a plurality of thermoplastlc preforms, articles,

containers or bottles. Reference to processing a polymer at a stated temperature or
with a heating element includes other temperatures and additional heating elements,
if desired, in addition to the one stated at different times throughout the processing
history unless otherwise stated. References to a composition containing "an
ingredient or "a" polymer is intended to include other ingredients or other polymers,
respectively, in addition to the one named.

Ranges may be expressed herein as “within” or “between” or from one value
to another. In each case, the end points are included in the range. Ranges
expressed as being greater than or less than a value exclude the end point(s).

By "comprising" or "containing" or “having” is meant that at least the named

compound, element, particle, or method step etc must be present in the composition



spheroids, nethod steps etc. have the sanme function as

what is nanmed. Regardl ess of the context, the
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applied to the polynmer unless otherw se expressed as

the "actual" polyner or nelt tenperature. It is also

to be understood that the nention of one or nore

net hod steps does not preclude the presence of
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where Ninh = 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
ts = Sample flow time through a capillary tube
to, = Solvent-blank flow time through a capillary tube
C = Concentration of polymer in grams per 100 mL of solvent
(0.50%)
\
The intrinsic viscosity is the limiting value at infinite dilution of the specific

viscosity of a polymer. It is defined by the following equation:

Mint=lim  (nsp/C) = lim In (n/C)
C-0 C—0



"accepted" Ih.V. values. Calibration Factor = Accepted

I h.V. of Reference Material / Average of Replicate
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Calibration Factor The intrinsic viscosity (It.V. or

hjnt) may be estimated using the Bill neyer equation as

follows: hint = 0.5 [e -5 x Corrected |hv -- 1] +

(0.75 x Corrected Ih.V.) In one enbodi nent, there is

proyvided a bul k ; | pol yester polyner
peYVr‘Sfes hawW@ Iﬁ”"%n av(gg?sit e lt.V. of at least 0.72
dL/g, and e|11'l her RBti0E MiscBSityp e [L\y/:[ﬁ characterized by:
(i) at least two nelting peaks, erein one of said at

| east two nemstrﬁgpqu(‘éSmmsu?ed on a DSC first
heating scan is a | ow peak nelting point having a peak
tenperature within a range of 1400C to 220 0OC and
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carboxyllc acid residues in the polyester polyner, and

OHis the total nole % of hydroxyl functional
The intrinsic viscosity (It.V. or nint) may be estimated using the Billmeyer

equation as follows:

Tint = 0.5 [g 09X Comected V. _ 414 (0.75 x Corrected Ih.V.)

In one embodiment, there is provided a bulk of spheroidal polyester polymer
pellets having:

A) an average It.V. of at least 0.72 dL/g,

and either

B) melting points characterized by:

(i) at least two melting peaks, wherein one of said at least two melting
peaks when measured on a DSC first heating scan is a low peak
r\nelting point having a peak temperature within a range of 140°C to
220 °C and having a melting endotherm area of at least the absolute
value of 1 J/g, or

(i) having one or more melting points which, when measured on a
DSC first heating scan, has a heating curve departing from a
baseline in the endothermic direction at a temperature of less than

or equal to 200°C, or



conmpound resi dues ot her than ethyl ene glycol residues,
based on 100 nol e% of the hydroxyl functional
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pol ymer conposition is in its isolated formsince a
degree of crystallinity is inparted, as opposed to
pol yester conpositions in a nelt phase process or as a
nmelt in the extruder since as a nelt, crystallinity
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is substantially but inperfectly spherical and can be
di stingui shed from sl abs, cylinders, pastilles, cones,

rods, or irregular shaped rasbdCl/@&-lHying corners.
Spheroi ds have a conbi nation of characteristics. For
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makes 'an” angl'e 0 grees wth respec
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elliptical, .aval nd, may have tails t hem. 1 n ane
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r qufé"tﬁﬂfesﬂéﬁﬂmjlr’ﬁéﬁ paxricles $te ihihe shape d¥sphessidd. haBpheroid is a

1.3, or less than 1.2. The roundness of a spheroid is

partigde which igSpheri¢aher aeaty saherical gF glopular fepharg. el +s sipstantially
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perfectly spherical and usually have a sl |<agh_t ai l

t al
ratigabless gy 2 avlereut isghel langeptis aldyr is the short axis. Also, when 10.0g
of pellets are placed near one edge of a smooth horizontal steel plate in a grouping

one pellet thick, and the plate is smoothly and gradually elevated at that edge fo tilt
the plate, spheroids will roll from the plate such that no more than 0.5g of pellets
remain on the plate when the plate first makes an angle of 13 degrees with respect to
the horizontal. The spheroids may be spherical, elliptical, oval, and may have tails to
them.

In one embodiment, the spheroids have a peak mode in a roundness
distribution less than 1.4, or less than 1.3, or less than 1.2. The roundness of a
spheroid is defined as perimeter?/(41r x area). “Perimeter” and “area” are defined in

the context of a cross-sectional view of a spheroid.



fromthe die plate in current of water or other

suitable liquid. The spheroids desirably have a nunber
war@sagss4anei ght of at least 0.10 g per 100 sphreDUSRN5/030535

nore preferably greater than 1.0 g per 100 spheroids,

and up to about 100 g per 100 spheroids. The vol une of

the spheroids is not particularly limted, but in one

enbodi ment, there is provided a bul k of spheroids
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sanpling of at |east ten spheroids and determ ning the
volygiasdt Jaaet 4 bl Belescorial 18P A RuIbI BIelRP oAt RSt AebIc
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In one analysis, or each spheroid may be separately

anal he ddilk T @olygster ol yoagnaphieeidp s strteastsifhieolatatsspheroids,
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polgédtessitrerbiak dxhitdt thpleharictisistibs brpricbeyd hvmin as Bhverdge
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container to hold the spheroids is a shipping _
exhilgheharaeteristicseither insidor outdidecx thesecstatas] hereinai Thumspheroids
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sph‘%a?cgltdgt iaﬂgrdsetg\ﬁrﬁiginaqng Irs{?e\ité]ldS cr\{\grggt%rig{ices efaé 2}, Sar\]/(ealgage across the ten
spheroids. All ten spheroids may be measured together in one analysis, or each
spheroid may be separately analyzed.

The bulk of polyester polymer spheroids is desirably packaged into a
container. Examples of suitable containers to hold the spheroids are storage silos to
hold the spheroids while they await shipment from one location to another. Another
example of a container is a dryer hopper attached to an extruder or injection molding
machine. Another example of a container to hold the spheroids is a shipping
container, such as a Gaylord box, a crate, a railcar, a trailer that can be attached to a
truck, a drum, a cargo hold on a ship, or any other suitable package used to transport
spheroids. Thus, there are provided containers with spheroids which are finished

and ready for shipment or in shipment to a customer for converting the pellets to an



and ready for shipnment or in shipnment to a custoner

for converting the pellets to anarticle. The spheroids
whawe/0s5en subj ected by the particle manufact uPEr/USTH05/030535

all the processing conditions needed to produce a

particle with characteristics acceptable to its

custoners who convert the pellets to articles. In the

enbodi mrent where the pellets nay occupy a dryer
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when neasured on a DSC first heating scan, has a

he@lnﬂrﬁgthémve departing from a baseline in the
t enperature of | ess than or
%g M?ftlﬂé%gﬂ'g%%ﬁ&&% w degree of crystallinity
vv| t hi () a ratﬂ%td:Woaneltlagtsealm)%rmneinammmswdmﬂegsiﬁwoaﬁelting
cryst aI [ini T rracdefl ne tion: Tcmax =
S0% - “ca PegieuaETeased it DG4 Bralt searira ow peak

car boxyl i C‘méﬁlhg ﬂoﬁﬁ'iﬁb&ﬁ@ HbESK tenhsetates wﬂhtmalrarcgea@ﬂ T40°C to

resi dues, based on 100 nol e% of carboxylic acid
resi dues 420 kealpsbhg\dg @melting gadothgrn area of at Ipast the absolute

nmol e % of Jg{@é 8Ky J/J,%pctl onal

(i)  having one or more melting points which, when measured on a

DSC first heating scan, has a heating curve departing from a
baseline in the endothermic direction at a temperature of less than
or equal to 200°C, or
C) a low degree of crystallinity within a range of at least 20% and a
maximum degree of crystallinity Tcmax defined by the equation:

Temax =50% - CA - OH
where CA is the total mole % of all carboxylic acid residues other than
terephthalic acid residues, based on 100 mole% of carboxylic acid residues in
the polyester polymer, and OH is the total mole % of hydroxyl functional
compound residues other than ethylene glycol residues, based on 100 mole%
of the hydroxyl functional compounds residues; or
both B) and C), and preferably

D) a residual level of acetaldehyde of 10 ppm or less.



conmpound resi dues ot her than ethyl ene glycol residues,
based on 100 nol e% of the hydroxyl functiona

W@ o09p028TdEs resi dues; or both B) and C), and pred¢EUSI90Y030535
D) a residual |evel of acetal dehyde of 10 ppm or
less.In a preferred enbodi nent, the bul k of spheroids
are not solid state polynerized, and in a nore
preferred enbodi nent, there is provided a bul k of

SPRSL Yr8Brel éin &Eﬂh@hmﬁ b ﬁsggggogasggﬂaetv%& SRR Y

cont a| ner, “whi c ave 'no
pol)méryzeelr ane th a Tinere poéfeesdeemipadineat, tisaieds prarisd@d e bsitd ofd

SPhLFds ()& RO ABRT. OTGHGISEES AP Eh el b gy Tt been

So||§g[§télp8§ﬁn@%[jl cations such as bottles and trays. The
t he pol yester spheroids is at least 0.72

dL/The mabyestsraipyraer spherpids\are gelid %2%1 g fl @tmosphere. The

pol%%&%’s%@%?og?@ﬁeasg?fgc%ﬁ?ﬁ{_e t%‘tréﬁ ogm?ﬁ’é ﬂ%ﬁ'rbtgﬁii‘ac’cge gcfc%ntamer

appﬁtatib’nk siich@s Hottles ared Gaps! 'éh’nbdid! m;frhhe pblyesteokplearoils is at least

0. 7f gLé.nEFEprS herg?%o{ﬁqﬂte (p:Qrﬁ ngp kle)g%eglsg rrmcgsp ce{rf.'l\a/é a?fea%{ 0.75

dL/g rbfed’!‘léé%'ﬁ odesdilr/gbbyataeastal 85 deigk vhe e tb%lb@ghﬂ Ivadilag eorot.1 dL/g.
| kyl ene nap ht hal at e repeat units in the

In adﬁiﬂtﬂd ew@pélrpere;f té}err&iy%ﬁt@r %V'Vééﬁ@?erﬁ&sﬂ%%g% pbgve have an

c?p%ﬂr £ carboxylic acid conponent conprising
ItV lééﬁo E%L e% of the residues of terephthalic

aciTthe pdyesieit ;mz!ymér otthephvéndiondestably coajginshalkylene2, 6-

terplfHIAG & AT SRRl enEES s indpe polympy ghain. More
prefé’r\i%fd&érfe éaoW@éte(rtﬁoI)&némdﬁmwbomﬁs@nent conprising at

| east 80 nol e% of the residues of ethylene gl

pr dphAsataxylic agld semuenebcomPEsipg At liest 89 m,oo{?%o%}h? gesidues
acgﬂ pﬁﬂ%ﬁ@%cﬁeﬁém’ﬁés BRtrdSitn AR & el’féiﬁfﬂﬁal@rf]e 26

oneht residues in the polyester polyne
Ty pm:aibb)yyhcmiq; cetrivativesuafmapbthatenee? Hydieardoxylic acid, or ‘mixtures
tertﬁgrheto aaln%te are made by reacting

(b) a hydroxyl component comprising at least 80 mole% of the residues of

ethylene glycol or propane diol,
based on 100 mole percent of carboxylic acid component residues and 100 mole
percent of hydroxyl component residues in the polyester polymer.

Typically, polyesters such as polyethylene terephthalate are made by reacting
a diol such as ethylene glycol with a dicarboxylic acid as the free acid or its C4 - C4
dialkyl ester to produce an ester monomer and/or oligomers, which are then
polycondensed to produce the polyester. More than one compound containing
carboxylic acid group(s) or derivative(s) thereof can be reacted during the process.
All the compounds that enter the process containing carboxylic acid group(s) or
derivative(s) thereof that become part of said polyester product comprise the
“carboxylic acid component.” The mole % of all the compounds containing carboxylic
acid group(s) or derivative(s) thereof that are in the product add up to 100. The
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a diol such as ethylene glycol with a dicarboxylic

acid as the free acid or its G - C4 dialkyl ester to
w@e@dozss4an ester nononer and/ or ol i goners, WhPCHUS2085/030535

t hen pol ycondensed to produce the polyester. Mre than

one conpound cont ai ni ng carboxylic acid group(s) or

derivative(s) thereof can be reacted during the

process. All the conpounds that enter the process

« L, ' |G .aci )

resERY bR ot o8B 5y JoubE) bf BEHYRLRls) thereof
that @e&M iheesdid polyesteb productrefersdo tioaportintof’ sa’ﬂweompbumdx/s) which
B e T
com@bgﬁ&{s?] cBRGirk h?dr@aQﬂ grEﬂi@(sF 884 %’rﬂ?er palyconaBRsEioSbrm

i ng car oxylic Tacid group(s) or derlvat|ve(s)
polyekter potymerathainscofivarying lesgitli pol yest er product refers

; " : : .
VIS BBl AR Dl 0G0 B e B o
can tb@admsmit w thb p@lyeetmwtymer)prodmwé)nmh théwampayids that enter
the %&%%E% couiling Midros oSS B P oS ST RAHTGHASSOmE part of
8y r%@ﬂ&@é)rﬂdh%rmécméﬁwrcﬁ@%%ﬁénéﬁt T‘ﬁé hkﬂ’é Py €6all the

the eof can becone part of "the pol yester poly
corrmoudQetcgat)alnw hydrﬁéylcgmwﬁhgsdemtlveﬁﬁf&reph@abbm@@ part of

s IRVPLEI. EERRs O IR SR BoRBIngty) o
derivativdayttemoy that Oapmmemart dﬂ&mdmblge@teobrmﬂlct tefers to the portion of
said GRPO RRLebE comarsy Socr PRI DRt s SRl B Ehas) i
coné@r@sedT\hﬁh BEDNPRAJES) oMMy Icafbmrct Q&G'gr@tﬁm’spdﬂ@élﬁbatlve(s)

derivatives thereof that becone part of sald
therg@f gid fusthes petysendensedrte fermn paeplsF Prbmeschaisef varying
lenggﬁnpound(s) whi ch remains in said pol yester product
fter said conmpound(s) is condensed with a conpound(s)
cofftheimolede ofthkdwdloxyl eesidliegrandogarpoxylicamid kesidues(is fhe

nd, furt.her oI co sed to form pol yester
proé}&?{ﬁﬁ@@ngﬁaqqggmapeq, rﬂ\@ﬁ h. The nol e% of the
e éfern%além@@dmﬁt Qﬁ’é b@Pyééﬂeﬁp@@hdarfo@ﬁi nsgg |n t he
product(s) can be deterni ned by proton N

pr é8)ea catpoXMifHFidEAMPOnARE %1’9"43%@93 At lsgpt PR m%ﬁpw aldgast 92

mole%, or at least 96 mole% of the residues of terephthalic acid, derivates of
terephthalic acid, naphthalene-2,6-dicarboxylic acid, derivatives of
naphthalene-2,6-dicarboxylic acid, or mixtures thereof, and
(b) a hydroxyl component comprising at least 90 mole%, or at least 92 mole%,
or at least 96 mole % of the residues of ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100 mole
percent of the hydroxyl component residues in the polyester polymer.
The reaction of the carboxylic acid component with the hydroxyl component
during the preparation of the polyester polymer is not restricted to the stated mole
percentages since one may utilize a large excess of the hydroxyl component if

desired, e.g. on the order of up to 200 mole% relative to the 100 mole% of carboxylic
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(a) a carboxylic acid conponent conprising at |east 90
nol e% or at least 92 nole% or at |east 96 nol e% of

wao b@onessiudues of terephthalic acid, derivates PET/US2005/030535
terephthalic acid, naphthal ene-2, 6-di carboxylic acid,
derivatives of naphthal ene-2, 6-di carboxylic acid, or
m xtures thereof, and (b) a hydroxyl conponent
conprising at |least 90 nole% or at |east 92 nole% or

I .
sl B e s e P 58 AR 6w,
contaipensatedraaoghte of arndiOdioabexyky ast resiudshand ethylene glycol

_hydroxyl conponent residues in the pol yester polynmner.
resiqiRs.r eact i on of the carboxylic acid conponent with the

hy e%éﬁ!es('d? E@%I:Q%M%drﬁ"@rﬁlﬁﬁgﬁé Aldapofic BBR include C; -
pol yest er IS not restricted to the stated nol e

Cs qmmanepl@tbalatemared Gmecmi;elmlnapfztbalatesmsg@h égcess of

th d
dimbSEPhiite AR ElhetyEBilfle: T08 o eosor -
cafbaddition & b digsdrpompohents derephihafiolayiels terivates pfrrephthalic
acidy PRSI RPN asich SR St es o pepb R s gaticaBoxylic
aCIoeBFg{lﬁU?eﬁhléF&if thedafs§lic B M@hﬁénéﬁt(é)@fﬂﬁ&‘br‘é@bhppolyester

acid and naphthalene di Car boxylic acid incl

mayingludyp| aner @pheteaaddidenah medifier catpxylia| agjd ﬁ@!ﬁﬁ@%’éﬂl%ﬁé@h

addé%éaldr"?\ﬁg?lﬁpr%nap%ﬁ/lﬁdﬁ(ﬁ@%@ﬁbahﬁ d%‘!?'%llugr? ono- cgrboxp/ lic acid

contpmmndﬁ editarbbxyley agid tb@mbbonds; iamd mbempowtdesmth‘ a higher number of

te | I

carkggie AE e TR FaaRbRaRatS At e e aNE adifiyBréranly
haviHgd t§ €6 cbﬂfb%heé:tbmst alﬁ;r@ﬂe eyt d>6/1i8 eicklisqRerReas P hesihgaf to 12
t he present I%/ester i ncl ude one or nore

carbafuatomsn or cmiqa hattic @mam%vll@ écﬁiélmef@@ﬁhé hAYag 8dack? carbon
atorﬁg.dMBfeoQ@é i ?)éém@ﬁa%?ﬁﬁ% r! %l.&%m%ﬁu' AChndgid

nono- car ox oun rboxylic acid
compuineat(siiare pithalioagad, umbhthaltdacad mengalamFﬁeﬁ disrboxylic acid,

boxyl d | ud
vty Pl B Py et e AR Bt
dlcaﬁ‘b@)@fli: 2Rid, Riietihfke sbi€ ay1leny btig, agipitsadid e4214b biidh satdttc acid,

2 carbon at onms, or c¥cl oal i phatic di carhoxylic
anddbp dike pwith isopbihalia 2¢idn aphihplane- 8&@6ﬁrboxyhc acid, and

cyclohexanedicarboxylic acid being most preferable. It should be understood that use
of the corresponding acid anhydrides, esters, and acid chlorides of these acids is
included in the term "carboxylic acid". It is also possible for tricarboxyl compounds
and compounds with a higher number of carboxylic acid groups to modify the
polyester. \

In addition to a hydroxyl component comprising ethylene glycol, the hydroxyi
component of the present polyester may include additional modifier mono-ols, diols,
or compounds with a higher number of hydroxyl groups. Examples of modifier
hydroxyl compounds include cycloaliphatic diols preferably having 6 to 20 carbon
atoms and/or aliphatic diols preferably having 3 to 20 carbon atoms. More specific

examples of such diols include diethylene glycol; triethylene glycol; 1,4-
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atons. More specific exanples of nodifier dicarboxylic

aci ds useful as an acid conponent(s) are phthalic
wa@edod/0287¢0pht hal i ¢ aci d, napht hal ene- 2, 6- di car POKRYE1005/030535

aci d, cycl ohexane-1 , 4-dicarboxylic acid,

cycl ohexanedi acetic acid, diphenyl-4,4"- dicarboxylic

acid, succinic acid, glutaric acid, adipic acid,

azelaic acid, sebacic acid, and the like, with

cyclbﬁ%@?@a@ﬁ%ﬁﬁaﬁ&ggro L %2&@?% cgntg%tg '1d4 Eﬂfl E;gé?tféﬁ& 13£418); hexane-

exan
1,6-giok faematiytpenitanediolu m4pe meﬁ‘wt[mrmnédld)ie(ﬂ A4)s220F- the

Gy e R RS SR BB 185 2 A i hgne-aio-ct,
hexaﬁélf&%d)* ¢ 48@1(Hydrokyem§xwm\z@ﬁész blisis{fhyéirox ?é\ychkﬂi@fdyl)
onpounds’ and npounds wth a hi gher nunber o
promeb@»éwdﬂrwda@xw gr%aﬁg’tr@memm@}ol@u{e%@ yis-6F. In
I
R AR e e Ty B oPOR G ii5ane.
polAganotdifiensaihe pallester polginer ovayl prefedalily eontaimsud! somonomers

AT O A e
diethyjlehe'dfcelycl oal i phatic diols preferably having 6 to 20

carbon"atons and/or aliphatic diols referablly havi ng
3 tThezolyestasdieliat eprppositions Baydiglyde Eb@aﬁﬁpégoafﬁ'kweﬁ

L
polymlerdlsubh apqolwaechdnaie ¢PC) andprlyamides. ot it preferred that the

o SRS £ B 88T B s,
pre@tfem!)h h\edrﬁﬁgﬂiulﬂt of 8t Ie§§t 802wRY:¢ beatighseDPaNS -alludoheétlpreferably
1002Ntf[obg§s?qndzorih§1ﬁ Wﬁ&ﬂ@ @f glhﬂ;\@yp?plaﬁgg {ggl)b({ %tr:g ?@% Jids g fifers,
morﬂbﬁ%@o u?ﬂd% F?ﬁ ﬁh%@d@ﬁﬁéﬁ}’lmﬁé’& b€ or &nér PoI§meRs which

roxy pr opane; and
ma32f02mba ds@dnthy@uemsepo&mismpre)fem@ tzatdhe pelyester polymers do

not 88'?1 fﬂ' z?eﬁyzwﬂgsefg%&%yﬁ%? %tpr%%)élggr{?t%a(%{h%r cglflgag@ wWhich form a

disdoARRLGR siesedi car boxyl i ¢ acid, cycl ohexanedi met hanol ,
and di et hyl ene gl yc¢ol

The poI yest er

corPENAYESIRN RPN LPIFR B BY 59"3{171@;;'?@%@ procedures
kno%rlﬁm Erg'rsﬁff r?m'?g%ggci{%gté’rﬁicbﬁér? BRd PBRkRbRAEMAien alFdN@ster
melt phase manufacturlng processes include direct condensation of a dicarboxylic
acid with the diol, optionally in the presence of esterification catalysts, in the
esterification zone, followed by polycondensation in the prepolymer and finishing
zones in the presence of a polycondensation catalyst; or ester exchange usually in
the presence of a transesterification catalyst in the ester exchange zone, followed by

prepolymerization and finishing in the presence of a polycondensation catalyst.

Once the polyester polymer is manufactured in the melt phase polymerization,
it is solidified into spheroids. The method for solidifying the polyester polymer from
the melt phase process is not limited. For example, molten polyester polymer from

the melt phase may be directed through a die, or merely cut, or both directed through
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pol ymers such as pol ycarbonate (PC) and pol yam des. It
is preferred that the pol yester conposition shoul d

W@ ovp2Ee a majority of the pol yester pol yner SPCHOSm™05/030535
preferably in an anpbunt of at |east 80 wt.% or at
| east 95 wt.% and nost preferably 100 wt. % based on
the weight of all thernoplastic polyners (excluding
fillers, inorganic conpounds or spheroids, fibers,

: nor | _ f
a dit TERGled WL it fro Abitét BBGnRA WIHECT i Il bidusihe
motivelfgrestte drige tyermolied pohesstar ol yaner throughi thealie, Irfsteask f using a

[ t di fi th | whi .
geapuioBn e BT hoifE e haSat o B0be L B s RE U sorsw
extrid@paicektiMeachiomghi Zdie] optigiaged artemplerature 6iM INE armhore at

sufficient to effect esterificati

) n and . .
the pyiFrydas NPEASatPRGe thm%@@&*e,ﬁwm&%% PoheTE CUt flige die
r 1 | 1 r e M .
neafARBERREEL TRE PR s{riiRmERetTs btaupHitdired to remove
partioudates oeercd desigeatetlisizat beforecbeing wot. sAny athengonventional

tecfrﬁ%ueega#i%@?:éﬁ@?ké%@ﬁ?ﬁOL HBEYSHRE T b the pr esence of
PR e &b iEbuoRls FTUEDy SHSLAPRR PRI S sem

crystAiin€ spiesrorsC MR8 astred and fapbbriteslubyd o epsiajlirerthe pbiyester

and finishing in the presence of a pol ycondensation
polysaerip et |.lm¢?f%eaﬂdH@C|H6P§&€t"€}a' posiatizatiog ina gs Qe dighidy The

o QAT BN SRALURILAN PRI Uy Sl b 0 2 o
agitpteidymstiwd npoieymant; dn umagitetedetasspherqup@rasysisiized imaliquid

l.i mi ted. | o
med HEfe RT3 B Sucdpt LEDB PRI AOGHITS f 165°C:or any
othéfﬂ’tﬁt@élys Er;ﬂdhwn nftlhtb@trh d}héw)&ﬂ% ey aFosbalfeel tbcdbd:madigby ata

cu I n e nolten (0] ner,
polyimier O Urbelawils i (798" ihscdlRett ehlt pranfes tedt topurysighizer at
a p%rﬁ%@%%ﬁtﬁé %bobé‘ft)&/ qrrg(rj F%Ee%%hﬁ%, thdIRAp MY frtlt)ﬂﬂﬁ’the melt

n polyester po y be fed into a single or
phaseipolwoerzation readter may deded trgagh artie pitie andicalf underwater, and

opt i ||
theg FhigaRe 58 e EREWR ffthortikBaltRl Ratloriifre the
pol;ﬂﬁiéb/iﬁwtryétélliﬁslm uﬁderWalmrd !A&tehw:d'emltfl&z dn}oﬂolanh d»olyi(ljﬂmf may be cut,
ol yester po r t t it t e
allopigry €oppthaidl e ds» aRckines ToaLs ghandanuateg sl gystalization
appPatls of dhy offer sBitasie FRIRRAti Riparatus. Or, the molten polymer

may be cut in any conventional manner, allowed to cool to below its Ty, optionally

stored, and then crystallized. Optionally, the crystallized polyester spheroids may be
solid stated according to known methods

The crystallization and annealing are effective to impart the desired degree of
crystallinity and melting point characteristics to the polyester polymer. I[none
embodiment, the polyester polymer particles have at least two melting peaks on a
DSC first heating scan, wherein one of said at least two melting peaks is a low peak
melting point with a peak temperature within a range of 140°C to 220°C and having a

melting endotherm area of at least the absolute value of 1 J/g. By melting point is
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techni que known to nmake spheroids can be used. The

pol yester polynmer of the invention is partially
w@eosHzd7d zed to produce senicrystalline spherPCTES200$1€30535

nmet hod and apparatus used to crystallize the pol yester

polymer is not limted, and includes thernal

crystallization in a gas or |liquid. The

crystallization nay occur in a nmechanically agitated

mea%?ﬁfé n;éeql@te%{#ﬂr&h?@& éh&npsegn %Q:!ntféjeﬁﬁ'al@éaﬁthg%alonmeter
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(DSCD1wandh lqunaasasmemmature hpwardét 4 mie;md')QQe@t’rem on a sample
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weidhag 85qu-tfen Eftartiectinary S rgrd o3t Al Bl edpriges.
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unttethiméembpdiamht wene thenpalyestet pollyer partitesuexhibihat least two

meifstg aeans M vChrin Tk B8 poiftic Ao b B i dP Blplafnec

furtiR1DEeY, WEEh Reclgskifiecbhd auwnrdting peakwhied thé lagya umder'lfﬁe heating
and then fed to an underwater t her nal st a“) f ?n
,4 If the area

cungRaR Re flfﬁt hgaling s¢rtY isslileags te e%@vtﬁ \fal
und8Piti s I65s tHaher 7Rl lfégmrg% PRhEMEr BRUARYS truly a

conven |ona manner, to belowits T9,
peabmlnohhdad:gmes tmodgh. aNu)recbmr omqgaawetqme et ableast o peaks

st al.l i zed [
o PP BT SN s L LB B30 it sove
depaftihgafoiaa baxelins,ea sédopeltsiye bboppasietsidrhtomehe fiest slope and a
degree of crystallinity and [ 0
third: flapa.of BPPagiecsion 8’%@6&909@31%@ gn%ﬁuﬂh slopgef opposite
&grfﬁgrgdthm];d lePS Wﬁ!a b&’atlﬁ’r%' IMB@(forPﬁrthé Ebﬁﬁs bR¢8cRurve

two nel S on a first eatln scan,
defink éln@mltmgepmmtssm tba’alneatéwsﬂurvm Fmstheu mgpm@‘ Gogputing the

o RS R BRI P 4
bet\ﬁ@éh)tH@ﬁpéﬁl@hﬁ@er@ﬁh@tuﬂv@aﬁbsttdmajoap;bmtaehemtheebasfelnie

meltin gint isneant th k t at
oG He PGSR 46 PE IO PeaknARDS @kt JBRlied Enve Hom a

DS&?@Q)he%}NHg Rchf QﬁEﬁﬁféSflr%hﬁeéI@%Rﬁé W pBak ﬁ\’@t’irfb QélnﬁTJ,ét &nd the

n on a sanpl e Wei ghi ng about ny.
secand prek isstherhjgh pealumelinggiainkhy SHeh HiﬁttThea T:)Jrnnu che%low peak

melting point of the polymer particles is within a range of 130°C to 220°C. Preferably
the low peak melting point of the polyester polymer has a peak temperature of at
least 140°C, or atleast 150°C, or at least 160°C, or at least 170°C, and does not
exceed 210°C, or 200°C, or 195°C.

In some cases, particularly at low crystallinity due to crystallization at relatively
low temperatures and/or for short times, rearrangement of crystals can occur so
rapidly in the DSC instrument during first heating scans with scan rates of 20 °C/min
that the low melting point is not detected. The low melting point can then be seen by

increasing the temperature ramp rate of the DSC instrument and using smaller
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but only that the particles have the stated
nor phol ogy. The stated tests reveal the properties of

wa b@opzd7ymer and need only be run to determ neP@ITEs1965/030535
or not a polyner has or does not have the stated
characteristics. In this enbodi nent where the
pol yester polynmer particles exhibit at |east two
nel ti ng peaks, the | ow peak nelting point is

onURIFFE S e PR AR PP P 081t s
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greater than or equal to the absolute value of 1 J/g to be considered a true shoulder.
Those skilled in the art recognize that minor instrumental noise in the original DSC
curve can appear as high-amplitude short-duration spikes in the derivative curve.
Such noise can be filtered out by requiring that all features in the derivative curve
spanning less than 5°C be ignored.

Extremely high melting points, e.g. those on the order of 230°C or more, are
not needed to effectively dry the polyester polymer particles at temperatures ranging
from 140-190°C as once thought. Now there is provided a polymer particle which is

both crystallized and has a lower melting point to provide the flexibility, if one so
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or equal to 200°C is at least the absolute value of 1 J/g.

In all embodiments, the area of the endotherm curve may be at least the
absolute value 1.5 J/g, or at least the absolute value 2 J/g.

In a preferred embodiment, the crystallizer conditions are adjusted to produce
polymer particles having a degree of crystallinity within a range of at least 20% and a

maximum degree of crystallinity Temax defined by the equation:

Tcmax = 50% - CA = OH
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below the maximum degree of crystallinity calculated as set forth in the formula, in

many cases the degree of crystallinity does not exceed 45%, or not more than 40%.

Pellet melting temperature and the degree of crystallinity are determined using
Differential Scanning Calorimetry (DSC). The sample weight for this measurement is
1041 mg and the sample consists of either (1) a portion of a single pellet, or more
preferably (2) a sample taken from several grams of cryogenically ground pellets.
The first heating scan is performed. The sample is heated from approximately 25°C
and proceeds upward to about 290°C at a rate of 20°C/minute. The absolute value
of the area of the melting endotherms (one or more) minus the area of any

crystallization exotherms is determined. This area corresponds to the net heat of
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applled to the polymer during crystallization, the residence time within the

crystallization zone, the nature of the polymer, the efficiency of the medium used to
crystallize the polymer, and the strain undergone by the polymer. Those of skill in
crystallizing polyester polymer are aware of the suitable conditions in conventional
crystallizers to adjust the melting point and the degree of crystallinity, and can obtain
polymers having a melting point and a degree of crystallinity within the stated ranges
for a given polymer composition. For example, mild thermal crystallization
temperatures of 100°C to 200°C can be used at residence times ranging from 1
minute to 3 hours, the exact conditions depending upon the nature of the polymer.

While these variables affect both the melting point and the degree of crystallization of
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temPEId@edBE gt 900°C to 200 °C, other processes can also be used to make the
polymer compositions of the invention. For example, a virgin polymer with a level of
crystallinity and melting point outside of the ranges can be remelted, for example in
an extruder, follovyed by thermal crystallization at relatively mild temperatures (100 to
200 °C). Alternatively, following melt-phase polymerization to an intermediate
molecular weight (It.V. of 0.20 dL/g to 0.70 dL/g), the polyester can be crystallized at
mild temperatures to a degree of crystallization within the stated range, followed by
solid-state polymerizing also at mild temperatures ranging from 170° to 200° C to
increase the It.V. to that suitable for container applications, although in this latter

case, the residence time in the solid state polymerization zone is either increased,
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acetaldehyde formation. In addition, pellets obtalned from solid state polymerization
processes also tend to have a high degree of crystallinity, in excess of about 50%,
which increases the latent heat of fusion, thereby increasing the energy required to
melt the spheroids. Finally, in the solid state polymerization process, the high
temperatures applied to the polymer for long times can at times actually over-anneal
the polymer, with the effect that some spheroids do not completely melt in the melt
processing zone and thereby cause deformities in the molded or extruded product.
Accordingly, it is preferred not to solid state polymerize the spheroids, and to provide
spheroids with suitable It.V. made in the melt phase process for the production of the

spheroids.
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into the vessel. Thus, if spheroids are introduced at 100°C, the exit temperature of
the gas will be about 100°C +/- 20°C. The temperature of the gas exiting the vessel
should not exceed the temperature at which the molecular weight of the spheroids is
advanced in the solid state. The residence time of the spheroids depends on the gas
temperature and spheroid mass/gas ratio, but in general, the residence time ranges
from 1 hour to 24 hours. The gas composition is not particularly limited, and includes
nitrogen, carbon dioxide, or ambient air. The gas does not need to be dried, since
the function of the gas is not to dry the pellets but to strip residual AA from the

pellets. If desired, however, the gas may be dried.
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The gas can be introduced into the vessel by any conventional means, such
as by a blower, fans, pumps, and the like. The gas may flow co-current to or
countercurrent to'or across the flow of particles through the vessel. The preferred
flow of gas through the bed of particles is countercurrent to the particle flow through
the bed. The gas can be introduced at any desired point on the vessel effective to
reduce the level of acetaldehyde in the particles fed to the vessel. Preferably, the
gas introduction point is to the lower half of the bed height in the vessel, and more
preferably to the lower V4 of the bed height. The gas flows through at least a portion

of the particle bed, preferably through at least 50 volume% of the bed, more
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spheroids. Alternatively or in addition to gas
stripping, an acetal dehyde scavenger nay be added to

wo b@epzd7yner, whi ch has the attendant advant ageCDiUSRHDF@30535
reduci ng the acetal dehyde generation rate. If the
scavenger is added after the AA stripping is
essentially conplete, the scavenger will |ower the
amount of AA in the nolded article, such as a bottle
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I'n genera nce tine ranges trom 1 hour
nec@dsdrpto sry fﬁbeallgsmce:mqmgea;tu@to mncmﬁ agetaldebydefrom the particles.

angryﬁ{esggﬂgr laégggs tglr %%p@@él gf r{’gog 6%&@%}(# %a% ar?c{ artlcles

intoldh@l dutRf thODestel IshaiiteBR. | Foranipte, dharetlb¢)r<§x&dida¢hwebsél having
to strip residual AA fromthe pellets.

at legshen dnlet for gagaandhialet fer tae.p@&vemnp@h@a%r @ﬁf? ?1554 %ﬂg%ﬂet for the
gasg%ﬁé %b fjﬁ)r f.ﬁéﬁ%ﬂﬁéﬂd{eg} g'h%r\féslgséb’lg:pé&g%ﬁy‘ﬁ\sh%d to
retairebeatt hﬁhel mennlaﬁ and thel finishedgparticlsiagdet are desirably located below
the gas outlet and the particle inlet, preferably with the gas outlet and particle inlet
being toward the top of the vessel and the gas inlet and finished particle outlet being
toward the bottom of the vessel. The gas is desirably introduced into the bed within
the vessel at about 2 or % of the bed height within the vessel. The particles are
preferably introduced at the top of the vessel, and move by gravity to the bottom of
the vessel, while the gas preferably flows countercurrent to the direction of the
particle flow. The particles accumulate within the vessel to form a bed of particles,
and the particles slowly descend down the length of the vessel by gravity to the

finished particle outlet at the bottom of the vessel. The bed height is not limited, but
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al ready having 10 ppmor |ess of residual acetal dehyde

in order to reduce the gas flow used in the dryer
wW@eaboe87unpr ove the quality of the articles naRPer/U8m05/030535

the extruder. Moreover, in an AA stripping process,

dry gas is not required to strip the AA fromthe

spheroi ds, whereas in a drying process, a stream of

dried air is circulated through the spheroids
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Alternatively, or in addition, an acetaldehyde scavenger may be added to the
polyester polymer either near the end of the melt-phase production of the polymer or
by melt blending the high IV spheroids with the scavenger. Addition of scavenger to
the melt-phase production of polymer should be done as late as possible, preferably
near the end of the finisher stage, i.e., near the end of the last stage under vacuum,
or more preferably after the finisher stage. Compounding to form polymer
concentrates with relatively high loadings of an acetaldehyde scavenger is known in
the art. The polyester concentrate contains at least about 0.5 wt.% of the scavenging
component in the polyester. These concentrates can be added via an extruder, or

liquid dispersions of said scavenging component can be added via a pump, near the
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gas introduction point is to the Iower half of the bed

hei ght in the vessel, and nore preferably to the | ower
wo@boobkes7ed hei ght. The gas flows through at |BPEEUSH05/030535

portion of the particle bed, preferably through at

| east 50 vol ume% of the bed, norepreferably through at

| east 75% of the particle bed volume. Any gas is

suitable for use in the invention, such as air, carbon
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of melt processing polyester polymer spheroids comprising:
A) drying polyester polymer spheroids in a drying zone to produce dried
spheroids;
B) introducing the dried spheroids into an melting zone;
C) melting the polyester polymer spheroids in the melt processing zone, and
D) forming an article from the molten polymer,;
wherein the polyester polymer spheroids introduced into the drying zone have the
characteristics described above.
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toward the bottom of the vessel. The gas is desirably

i ntroduced into the bed within the vessel at about or
wQO2@bh/0241¢9 bed hei ght within the vessel. The parCT/UFm®85/030535

are preferably introduced at the top of the vessel,

and nove by gravity to the bottom of the vessel, while

the gas preferably flows countercurrent to the

direction of the particle flow. The particles
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or not higher than 0.05 SCFM or even not

Once the spheroids have been dried, they are introduced into a melt

processing zone to form molten polyester polymer, followed by forming an article
such as a sheet or a molded part. Any conventional technique used to melt spheroids
and form articles therefrom can be used. Suitable melt processing zones include
extruders equipped with a barrel, one or more screws in the barrel, a motor to turn
the screw, heating elements to direct heat through the barrel to the spheroids, and a
die plate through which the molten polymer is forced. The die may be a sheet die,
optionally connected to a thermoforming mold. Another melt processing zone is an

injection molding machine equipped with the same features, except that a nozzle is
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hi gher than 0.01 SCFM for every one (1) pound of

charged particles per hour. Alternatively, or in
w@dwsn2somy an acet al dehyde scavenger may be adpedusmo5/030535

t he polyester polymer either near the end of the

nmel t - phase production of the polyner or by nelt

bl endi ng the high IV spheroids wth the scavenger.

Addi tion of scavenger to the melt-phase producti on of
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particles exiting the stripping zone can be bl ended
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mclude sheet and bottle preforms The bottle preforms can be stretch blow molded

into bottles by conventional processes. Thus, there is also provided in an
embodiment the bottles made from the spheroids of the invention, or made by any of
the processes of the invention, or made by any conventional melt processing
technique using the spheroids of the invention.

Not only may containers be made from spheroids made according to the
process of this invention, but other items such as sheet, film, bottles, trays, other
packaging, rods, tubes, lids, filaments and fibers, and other molded articles may also
be manufactured using the polyester spheroids of the invention. Made from

polyethylene terephthalate, beverage bottles suitable for holding water or carbonated
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di sclosed in U. S. Patents No. 6,444,283 B 1,
6, 239, 233, 5, 340,884, 5, 266,413, and 5, 258, 233, are

w0 nwenpsonat ed herein by reference in their entPCEUS2005/030535
Al ternatively, anthranilam de derivatives may be used,
such as those disclosed under U S. Patents No.
6, 762, 275 and 6, 274, 212 Bl, incorporated herein by
reference in their entirety. Once the pol yester
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an article fromthe nolt Exapwlgser; wherein the
pol yester pol yner spheroids introduced into the drying
zone have the characteristics described above. The
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.éh‘eaéncgl t flow characteristics of the polynmer and
solidstaledh ratio of the preforms when blown into bottl es.

Thenetane UW A pdiletwbreusodicédien spherdendateapellatization
with a flow of hot_dr ﬁas at a tenper at U{e of %40%%{
appaates ugingMoyigiast PEfd<f 15pPoly prtenplyMer @Sdnfegrd Alopga the ILV.
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t enRCPNeRSWERARRE by cLEMIGEsin Uriddpwaten atwevatgetehpmrature of
0.75 hours to 12 hours. Any conventjonal  dryer, can

2ol 460" CrifissRiiies Sy GUNERIES: i fasifegts e Of the pellets

in the pressurized hot water crystallizer was about 5 minutes.

UW AC pellets were made by cutting resin underwater at a water temperature
of about 90°C, so the pellets were amorphous. They were subsequently crystallized
in the small batch paddle crystallizer. Room temperature pellets were charged into
the crystallizer preheated to a set point of 210°C. Average pellet temperature
(measured using an IR pyrometer “gun”) was about 157°C after 30 minutes and
about 162°C after 35 minutes. The pellets were then discharged into buckets and
allowed to cool naturally.

16-3001 polymer is modified with 3.0 mole % isophthalic acid and about 3.6
mole % diethylene glycol. It was polymerized to a final It.V. of about 0.82 in the melt

phase and underwent standard cut-strand pelletization to produce typical
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to cool naturally. 16-3001 pol ymer 1s nodified wth

3.0 nole % isophthalic acid and about 3.6 nole %

Exam'@ hyl ene glycol. It was pol ymeri zed to a final It.V.
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(first hopper on the supply manlfold), dummy pellets were placed in Hopper 3, and

the air supply valves to Hoppers 2, 4, and 5 were closed. This procedure was

followed to prevent excessively high air flow through Hopper 1.

Figure 1 illustrates the geometry and dimensions in inches of the dryer hopper

used in the experiments.

The base of the hopper is sealed by simple sliding gate valve. The slide may

be completely removed to fully open the hopper exit. The dryer was thoroughly

preheated to its o\perating temperature prior to charging the hopper with pellets.

Hopper 3 was charged with about 20 pounds (roughly 80% of the hopper capacity) of
dummy pellets (typically CB12) and a similar quantity of test pellets were loaded into
Hopper 1. A sheathed thermocouple was inserted into the bed of test pellets with its
tip several inches below the bed surface and the temperature was periodically

recorded.
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endotherm departing from the baseline at about 160°C and centered at 181°C. The
low melting temperature endotherm peaked at 174°C, indicating a pellet
crystallization temperature of 155-160°C. The peak departed from the baseline at
135-140°C, but minor changes in the assumed slope of the baseline increase this
temperature by 20-25°C.

The final temperature achieved by the pellets in the hopper was 190°C. At 30
minutes the temperature was 180°C; at 45 minutes, 187°C; at 60 minutes, 188°C;
and at 90 minutes and beyond, 190°C. The pellet temperature closely approached
equilibrium after about 45 minutes, and truly achieved its ultimate value after about

90 minutes.

33



Exanple 1 The pellets were heated in a hopper of a

dryer.

The dryer consisted of a bank of five hoppers

W@ ensiozssdd by a single Conair drying unit by nmeRCEUSI00H0B0535
i nsul ated mani fold system Typically,
be investigated were placed in Hopper 1 (first hopper

on the supply manifold),
Hopper 3,
5 were

Mg el

the pellets to

pper

8

dummy pellets were placed in
and the air supply valves to Hoppers 2, 4,

AL s R GE sRpSiEh dRSeh Bk

g AS

desdrit@drie détdill Abeviel pélksts e Beateltin YHoppdr difored siborsstoithe

i nches of the dryer h

indicpied ipARRETBIUTe HECHISDY
baspBf e BKR 1R

Rick d8a
opper

Y A

15 IR
The dryer

was thorou

flowpmoaieencadl. tlbpelies flopehad noigstarkeg efter 20 sugt wbacksow

char

the GRS,

opper, used in the experinments

alvpslig waédewvgﬁﬂnwﬁ% qaiF yglve at the
A8 Mel‘it%?’é‘t‘éeﬁbdeﬁlmtil pellet
ﬁhtgésﬁde,

AR SRR DR CBuicRREs sosflinsp0 hatere.

capaa fieforente, Hommal selid sthted(CB P2 eabjeyte@GRd 2he atickiag protocol
simlar_quantjt
wasyiggpsbio Ao feslydie
i hfitbrafurd §8hicPSbIbGE theiyBr bgGpiiet.several inches
l“m%%F%M/tﬁghged QSrface andI?h% ?eﬁperature was
periodically recorded. The residence tine of the

hale 7k i, B8

rom

R?ﬁ%gég&%ﬁ%

ateée valve a

e

of test
F%W}‘?W‘ér

Sl i S So 1hpepliie

J

A TR el g the

Reu

di d not

t he hopyq
hand wit
r epeat eq
conmence
bed reng
t he oper
single j

freely fl
er Patlet he

agat e val v
pv)

oW\ Hig0Ks R uire 6 IStark Peellet Flewba

was—struck

h the edg
at ' Y¥%del
d, upto

e of the sl

i b al
LR

i d@18hi s

18 Lhe

5e of

Py
was

pel | et

i ned stuc
gat e val
aRRyf 15he

IRSUffEientn!
ve up thro

rodPalas al

7 B ack
S,

igh t he pel
way $28uf f i

a rod laspsdimged €

| et beq. A

|l into

ci ert20t 0 chuse

rapid p
mul ti pl €

SEY

anel
[ R LY

onpty
or " chi ppi I

pt-e—egpt-yit
hg" re ne

£ o ) )
g ot d4dre n
ver

pper ;

requi r ¢d.

Thi s was

whacki nd;

bed of (¢

also the
;. once ge
eRFR 479

case when
et flow
cel y

pellet flg
vas initiat

W Aesumédiu

ed the,enti
and r api dAF0f | owed £

t hd

ced by
re

\174

hopper .

T atd

16-3001

25

Assumed
>20"

Uuw AC

0

3

UWC

0

1

Note 1: Not measured, but concluded to be >20 based on assumption that sticking
\

does not decrease with increasing temperature

It is clear that the spheroidal pellets — both the UW AC and the UWC pellets —
are far less sticky at elevated temperature than either the slabical RPU pellets or the
cylindrical 16-3001 pellets. At about 175°C spheroidal pellets crystallized both in air
and in water were free flowing, while all of the other types of pellets required at least

5 whacks to induce flow (there is not enough data to say this with certainty for the
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cases, regardl ess of the degree of sticking in the
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and beyond 1900C. The pellet tenperature closely

E appraached equilibriumafter about 45 m nutes, and
ﬁﬂ&@?—; achieved its ultimte value after about 90

M MRS sdiiss sfasipklimedts, the apglel o treSddeCRET petisizadfivagiblis
are set forth in Table 3. As_described in detail
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materials. The test fixtures were designed to function inside a large dryer at elevated
temperatures. The dryer is equipped with a baffle to direct air flow through the test
fixtures and heat the pellets effectively.

The gate test (figure 2) is a box comprising a wire mesh base 1, two fixed side
walls 3, a fixed back wall 5, and a vertically removable side, or gate 7. The inside
dimensions of the gate test box are 5.75 x 5.75 x 8.00 inches. At the start of the test,
the gate 7 is held in place with a latch to allow the box to be filled with pellets 9. The
dryer is turned on at time zero. After the appropriate elapsed time, the dryer is
opened and the pellet temperature is measured with a Raytek Raynger MX IR
pyrometer (model# RAYMX4PCFU). The gate 7 is then slowly lowered vertically until
the top edge of the gate 7 is lower than the base 1 and the gate 7 is able to be
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was found to flow freely (zero whacks required to
start flow) at about 185C, the hi ghest tenperature
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Since the angle of repose is temperature dependent, these measurements are
performed while remaining heated inside the dryer. If the pellets are allowed to cool,
the piles of pellets in the test fixtures will slump, resulting in an artificially low angle of
repose measurement.

Drying times were between 3 and 8 hours and drying temperature setpoints
were between 165 C and 185 C. These conditions were chosen to approximate
dryer operation conditions commonly practiced commercially.

Results from both test methods are presented in Tables 4 and 5. There was
substantial variation in the actual pellet temperature for a given dryer setpoint
temperature. The variation was as large as 20 C, thus all results must be analysed in
terms of actual tefn'peratures. In most instances, for a given setpoint femperature,

there was a drift to higher actual pellet temperatures as the elapsed time in the dryer
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free-flowng. Figures 2 and 3 show fixtures for the
testing of angle of repose of granular materials. The

W0 e®b/028749 ur es were designed to function insi dRCHUBZ0E@30535
dryer at el evated tenperatures. The dryer is equi pped
with a baffle to direct air flow through the test
fixtures and heat the pellets effectively. The gate
test (figure 2) is a box conprising a wire nesh base

U T fi i d . ' _
ncreisefl T TR ROSarE s ine e KRy R4S i A cbou
10 qihigﬁérsﬂhegfacmevbh?n ﬁfé ﬁ?amtﬁ;st hethad. e)hxfaralﬁ the Babingicatedthat

i nches. e star t t est [
actupl bkl RFTERITE N ARSI SH ThIRITTE 8 EPoep gy the
e'apﬁﬁ‘ﬂr*éﬁh'tﬁéaﬂ%ﬂ The dryer is turned on at time zero.

e appropriate el apsed tine, the dryer is )
op€he datenigst engisieniiy produped hiohee meashtagsaiales af tapoge. While

Rayt ek Ra ;
o G YRS BB TR RIR & BRI 20
expérithced adthii ebbietaptimetiiod acdordiayg tb flkeexperinberstal desigrlproduced
t he %ate 7 1S ablqegto ber e

. . ,As .t h 7 .
lessiaviaauihanaRoed aedregntpaTrsnods e 185 Eridrdire .
Thud P @Ei&%l@t&c&&m%t tHeGedtrbthebf thedeftahetmodHiaen
- the back wall 5 is neasured.” The angle of repose f may
significantinfuéraeedn Bie rasdiis= H D, where D is the depth of

th . . . . .
o WHE G APRLrtRis i e S Sfectl] FgirEte B PRS0 e
effe?ttsaiﬂp@m@trgegmh@tgy amdlz”rlﬁdnphcdegyayvam/&m)bé substantiah&iguoe shows a

0
compRYRROLMAIEHE! BPoSRPTTRATVE BEonyS ShifE oy Bk gate jest
method- PRe KiVE R%a Ra_ihﬁs P satRmadren réprepésicaliostithe dinjedieknperature
stand 23 with holes drilled in it to allowair flow

compinadionh investipalede Dyers rangreof dylagdimaerared IpPYatrpedie
son 3y EEHLARF LGS A, ByBELAID ooy ke

cylirairicat treslabicalemateial o nfanoyn thisld&@@, theheellebge@neppsppdars to more
thr oggh hal.es i

_ t he bott f,the b j :

mpSREHT BV SEHEMSATENE ObieRPR tark e T v e fbterpt
SO Fﬁ%ﬁé stdhovil & Gindifar WRBlysTs fepthedtsapesh Tiefiodatamants for
the box. The box was then filled with pellets 25,

eachmaierialyepiaseatiab Al the tim%@@%@réturﬂppmbiﬂq{@“éﬂb‘ﬁ?ﬁg;‘gge In this
instEh AP 158 shh&BidE Uy e pefkts! FavereagHifigasty! IBReP8hyiRlof repose than
any of the other cylindrical or slabical materials. From this data, the pellet geometry
appears to more important in providing a low angle of repose than the morphology of
the material.

Considering both angle of repose tests, the spheroidal UWC pellets
consistently provide the lowest angle of repose. Given the differences in the results
between the gate and the heap tests, it is difficult to detect a meaningful trend in the
data as a function of annealing time for the same pellet geometry and very similar
compositions (16-3001, 12-3001, and CB12). At the start of the experiment, a
hypothesis was that annealing during crystallization and/or solid-stating reduces the

amount of amorphous material that may participate in inter-pellet interactions at
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tenperature is neasured with a Raytek Raynger MX IR
pyronet er (nodel# RAYMX4PCFU). The box is then slowy

w0 owenzsi4py turning the knob 35 until the topsPOf/URIIRS/030535
wal |'s 21 are bel ow the disc 22. The height H of the
pile of pellets 25 remaining on the disc 22 is
nmeasured and the angle of repose nay be cal cul ated by:
tan f = HR Since the angle of repose is tenperature

it R AL e AT S AT e deBf RIS of rgpose.
whiid thereid some paicatibhf fhis @sthahe petd testdata ddhethtgebometrical

fixtures will slunp, resulting in an artificially |ow
effeghi§InUQ¥ Stfasi8Ee measurement. Drying times were between

3 Weﬂnqgf‘fh% aYle Of Véﬂ@)@eto%@ﬁbﬁlt élé@até@ttékﬂbﬁia?tur‘éﬁ‘é)&)enments

bet ween 165 C and 185 'C. These conditi ons were chosen

faileddoygid significast eifgeis appérf@tm the djammtrpnmwegmrﬁtﬁﬁe@als When

oGRS P bk Bl Bl 29 Rl
tempafatdrel ol materiatefiedts alerp dbtetted ar§idh abofiderice whilgdwying time

dryer se gm nt tenperature. The variation was as | arge
Wasd&""f(ﬁ'@f" HiPAFMeI&Esul t s nust be anal ysed in ternms of

A5 HAbWIR RS RISiGRSmal healvniffbth &1 8RambRy: a gl ven
set poi nt tenperature, "'there was a drift to hig

aclVMC spblerieal neliefschart adistinglly lower @nakﬁs@depo%thaﬁl thpether
t e SIRTNERRGehed” IEIRFbp Shelry WS Mo e tREnAP| fctor

achéwrélblmfdrhlmsmeaﬂttest nmet hod. Overall, the data
C. t hat, act ual et tenperat.ur had str
br Eipodime R i P Beat o ebie SERERAY it 87 4B ShhR Fhpose
t h%x@émgf rhgﬁ’@aiﬂﬂb%glﬂ%‘t t@ﬁ@g@ﬁh@@bha IsHRSt aedshstglied.

nmeasure | es of repose |l e the tenperature bias
R yOuEK m@taﬁnmﬁatur@ramgeecmmarf@h@wer aperaiper hegngle of repose

ra 1
2850 A YRR ERGE- 161 R aeto ARG Bfore saman
vardepthdéendehempelbtshapd. bet ween test nmethods with a 10

C tenperature bias. Thus, it is reasonable to conclude

that the geonetry of the test nethod has a significant

I nfinggNmeRerhbedirfst! there is provided spheroid pellets having an angle
of repose of less than 34.0°, or less than 32.0°, or 31.0° or less, or 30.0° or less, in a

gate test at an actual pellet temperature of 165°C after 5 hours.
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angle o
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CB12*
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21

21

5.750

* denotes average of three measurements
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tenperature and material effects were detected at 95%

confidence while drying tine was not a significant
w@aranes7¢y . The fol |l owi ng concl usi ons may be de@mSI0HOA0535

this exanple: a) UANC spherical pellets had a

distinctly |ower angle of repose than the other

pellets investigated. Pellet geonetry is presuned to

be the major factor responsible for this result. b)

Drying tinme did no i gni ficant

effect on the angl t aen‘faﬁﬁ@BTe I§ﬁ$\LLPnar hans t t he-

hi ghest tenpera lE‘fté@ md I 0 e:t ti ms or ed
Over the|tSfberaPalled ¢ 5@% Toieighk Rﬁgfusom t| an:
t he angl ¢ TéMp (3p'5%@Psr img very Heak defgenden c'g
Matesialat ur €Qnd °@lich mbies)si gnifimcant oy nd=n(?e
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13803 chaiiBbt or 1588 fy: a3 at || 4062 thuo 100t i hg 5.3

Pe8R81 when8bn|onB56f |sai Bat |eddBItvo w00 ng @dedks

wBBr2neasunéd ¢on1350i rlst OBC scan.1i2b g | dw0Peak 36.9

neBtPng pones havddg 4 peak tenpéddlurle w500 n| a I5ahge

ofBi14Q0C|t q7820 q§sand having a mEeR r|g ermwot her 858 eq

otpap TeasygEhe aBgol Ute val ue|of 0b2J7|9, 1&00P- | hay.mng
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RPU179 175 | 1503 | 5 1.250 1.500 39.8
RPU 179 185 | 159.0 8 1.187 1.500 38.4
RPU 179 185 | 158.4 3 1.094 1.500 36.1

UwcC 165 | 145.1 3 0.687 1.500 24.6

uwc 165 | 145.6 8 0.625 1.500 22.6

UWcC 175 | 158.8 5 0.625 1.500 22.6

UWcC 185 | 160.3 3 0.719 1.500 25.6

UWC 185 | 171.6 8 0.750 1.500 26.6
16-3001* 21 21 0 0.948 1.500 32.3

CB12* 21 21 0 0.885 1.500 30.6
RPU 179* 21 21 0 0.865 1.500 30.0

uwc* 21 21 0 0.666 1.500 24.0

* denotes average of three measurements
\
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or equal to 200 0C, or C) a |ow degree of
crystallinity within a range of at |east 20% and a

woreoosiesTidegr ee of crystallinity Tcnacdefi ned BPYT/UR®05/030535

equation: Tcmax = 50% - CA - OH where CAis the tota
nole % of all carboxylic acid residues other than
terephthalic acid residues, based on 100 nol e% of
carboxylic acid residues in the pol yester polyner, and

Whgg:i gt.he' total nole % of hydroxyl functional conpound
! her than ethyl ene glycol residues, based on

2.

100 nol e% of the hydroxyl functional conpounds
resi dues; or both B) and C). 2. The bulk of claim1,
mhér@“ﬁc@'ﬁ‘@f'él@glpobtﬂﬁﬁﬂP§é§n%ftsﬁh@§@f’3 18Yingi r gi n

poNestgﬁ aRal [V 3 athb tgp{?ggfg claim 2, wherein the

has a re uaf acefa level of 10 ppm or
| easd 4ithd@he buI k of claiml1, V\,her ein the spheroids

ha an a e of pos ess than 34.0 neasured by
éit WQ'HtSéﬁaﬁ%‘%%ﬁed ‘l et tenperature of 1650C

af ter 5ahQﬂﬂéast Swo Mutinyhéake! whkrdimofie oMaaiceatneddtéwo melting
angl e of repose is less than 32. 6. The bulk of claim

5, wher ei Paaks VARG @eﬁurﬁeea@flrlswﬁé?sscamsalowez,%ak melting
The bul k I o
e bu CH&: it i?dv[ﬁ%'a 8@9@%@’1&% %ﬂﬁe s 'r?fﬁgeé@l"ﬂ(f"c to 220 °C

roundness stri

di stri but iand haylmgaa:snetlmenthe@n aﬂeaaowlleasstfthe Bhsohu, value
wher ei n th de of t he roundness distributionis 1.2

or |ess. Yul k of claim1, wherein the spheroids
are chabaChgmng efleloy nﬁmernn@imgapdm@ whith, wWiieh ebkuretl on a

claim1l1, whereln the est er nmer spher oi ds
conpri se: 4a§ fﬁstdmaﬁag FAR f@@u%ﬁ%%ﬁfﬂ%ﬁéfﬁg deprpinadiang
at | east %s@ﬁh@%’ #k érﬂ%tﬁe‘?ﬁi@éﬁ?é:ctlon at a temperature of less than
or equal to 200°C, or
C) alow degree of crystallinity within a range of at least 20% and a maximum

degree of crystallinity Tcmax defined by the equation:

Temax = 50% - CA - OH
where CA is the total mole % of all carboxylic acid residues other than
terephthalic acid residues, based on 100 mole% of carboxylic acid residues in
the polyester polymer, and OH is the total mole % of hydroxyl functional
compound residues other than ethylene glycol residues, based on 100 mole%
of the hydroxyl functional compounds residues; or
both B) and C).
The bulk of claim 1, wherein the bulk comprises at least 75% virgin polyester

polymer.

3.

The bulk of claim 2, wherein the bulk has a residual acetaldehyde level of 10

ppm or less.
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of terephthalic acid or derivatives of terephthalic
acid, or mxtures thereof, and (b) a hydroxy!
w@oovpoessee conpri sing at | east 80 nol €% of t hePCEERHOFE30535
of ethylene glycol, based on 100 nol e percent of
car boxylic acid conponent residues and 100 nol e
percent of hydroxyl conponent residues in the
pol yester polyner. 11. The bul k of claim 10, wherein

4. cafbBRIE durhUBonERe SolRtIR<RAEE ol Snalsor Baoss e

tharp34 bhenessirdd oy epéatbeéﬁn,htm@h hetuacpéliangihperature of 165°C after
derivatives of "‘terephthalic acid, and (b) a hydroxyl

5hQ3Jc§$fponent conprising at |east 90 nol e% of the residues

of Tgh%pﬁaﬁl&wﬁ%hem% éHe?;IelQQr k& |§%rs§%‘én gbo.t he
car pooxy r

I C acl d conponent si dues and 100 nol e
6. pefMbertullodf ¢laien ﬁy\dheoeyn t@cmglmehltepoesuﬁlms J1A or fess.

7. PEHSIHBF P SAMTS ki RSS2 ol 8y an i Byon, o
the hﬂm&:f%e ARGt i2kRam1degr ee of cryst al l'ini ty

nlngfrom25%t 45% th b
ik o Alain 5. whercie MogS g BRropBAnGaRdISIbLHen But.2 or

Ies?nd does not exceed 100 grans per 100 partl cles, and
the residual acetal dehyde content is ppm or Iess 13.
9. Th&hewuk of clainail pwhereimther sphereide a@hbar@ptpﬂﬁd\bef hath B) and
c). It.V. ranging fromO0.75 dL/g up to about 1.1 dL/g, and
contain 2 ppmor |less of residual acetal dehyde. 14.

10.Th GT H@Llid{k of clainail pwhereih érepaiyédier sgiineeo spiseroadsecampriss:
peak nelting, point shoul der

Wh a7 LA FaRIREYIiq 2 csmma@ngwew&i@g a @.%5@0 Riclftogs Jag residues.
d L @tér@PF’rthéh@' L& or%@flvﬂ\%stﬁf%re%tﬁéh@'amdl or Ymﬁtﬁﬁésﬂhbféi‘)f and

the spheroids ranges from 0. to 1.2
dI jbpa hydroxyheorbponent compasing Bt |eas B@lmOIﬁﬁ(_ngfb\ﬁéﬁﬁﬂdgs of
are nt ai in a shipping container, and the

spt?él? FiifsY II;?(gl’,not solid state pol yrreri zed.

based on 100 mole percent of carboxylic acid component residues and 100 mole
percent of hydroxyl component residues in the polyester polymer.
11.  The bulk of claim 10, wherein the polyester polymer spheroids comprise:
(a) a carboxylic acid component comprising at least 90 mole% of the residues
of terephthalic acid and/or derivatives of terephthalic acid, and
(b) a hydroxyl component comprising at least 90 mole% of the residues of
ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100 mole
percent of the hydroxyl component residues in the polyester polymer.
12.  The bulk of claim 1, wherein the spheroids have a low peak melting point
within a range of 160°C to 210°C, a degree of crystallinity ranging from 25% to 45%,
the number average weight of the spheroids is at least 1.0 grams per 100 particles
and does not exceed 100 grams per 100 particles, and the residual acetaldehyde

content is 7 ppm or less.
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18. The bulk of claim1l, wherein the spheroids are

obt ai ned by underwater cutting the pol yester polyner.
wa206/0t8549ul kK of claim 1, wherein the spheroi dBCTTHY®0H030535

degree of crystallinity obtained by thernal

crystallization of the spheroids in a liquid nmedium

conprising water at a tenperature above the T of the

pol yester polyner. 20. A nethod for drying and nelt

3. Pr b Lds_c ri A
ar TSR AR T2 o/l M enPBIGE RS R af Vi afolgiqshh 975
dL/gmg@bJQl@o@[Hi .€dLAR edaonsain B) ppni bf e of Rgsidingl adetaidehyde.
eroids into g nﬁ%tln processiﬁg zone; C) nelting
14. thér he et daimy b W'%%\?&F&i%d? Y%é'%lﬁeabr'@%'gﬁgpﬁ@t
shoéﬂ%? and D) formng an article fromthe nolten
ol ymer; wherein the pol yester polyner spheroids
15.1 niTheduitieof ¢lairo1: Wheriy thegt Yonbthersphemids cnigesdtan 6.78 dL/g to
1 1Bgé¥nerized. 2 1. The method of claim?20, wherein the
"dual acet al dehyde | evel of the spheroids

16.1 ntThedutiedf dlaim 1] Wherdiry tHedt. Y0 bfthessph@rglgsrarigdseism 042 dL/g to
The nmet hod of claim 20, wherein the spheroids have
1.2db& ee of crystallinity ranging from25%to 45% 23.

17. Th Q'h@ﬁdﬂ@& Qhint h AlvAbrdh e IHRE6IdS B?e é@r‘i@frfe'dqﬁ ahs?ﬁﬁpnﬁé‘e

more nelting point characterized by: a. | east tWwo
contmen ad ﬁ@werme@ée wobﬁréldﬁtamqiyraenzechst t wo
mel-t |
18. chherbgjllggfégé\ll pegwhgre"fﬁ Qph%'r]%@s Eg%:oéfa fridd @?gﬁaem/ater cutting
thepeiypeﬂeabutymemthl n a range of 14CI)C to 220 0C and
dot her m ar ea of

19. andopdulk GEetir 3 Whetig HeastsTorS bl afkbres Ohgmatalinty
obté]ﬁéd b %é?ﬁia'l‘bﬁ/sﬂﬂ'lﬁﬂlon"ﬁ?% SRR YId8dn aNigdidiRedfunt 8émprising
heati ng scan, "'has a heating curve departing froma
water at a temperature above the Ty of the polyester polymer.
20. A method for drying and melt processing polyester polymer spheroids
comprising:
A) drying polyester polymer spheroids in a drying zone to produce dried
spheroids;
B) introducing the dried spheroids into a melting processing zone;
C) melting the polyester polymer spheroids in the melt processing zone, and
D) forming an article from the molten polymer;
wherein the polyester polymer spheroids introduced into the drying zone are not solid
state polymerized.
21.  The method of claim 20, wherein the residual acetaldehyde level of the
spheroids introduced into the drying zone is 10 ppm or less.
22.  The method of claim 20, wherein the spheroids have degree of crystallinity
ranging from 25% to 45%.
23. The method of claim 20, wherein the spheroids have one or more melting

point characterized by:
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baseline in the endotherm c direction at a tenperature
of less than or equal to 200 0C. 24. The net hod of

w@b@cie2® wherein the spheroids introduced i nP@I/Uk®05/030535

dryi ng zone have: A) an average It.V. of at least 0.72
dL/g, and either B) nelting points characterized by:
(i) at least two nelting peaks, wherein one of said at
| east two melting peaks when neasured on a DSC first

heating_sc a | ow. peak t t. h
t enper afurd | 5? melf a%a'gﬁ’e I TS Ol?n(gf@ﬂ%%qgﬂgt o etting
having a rﬁﬂ%%ﬂ@b@%@@f&e% firdt hb&t sddms a low peak

absol ute value of 1 J/g, or (ii) having one or
nel ti ng pdneltisg weird havingehpeagiatamparaiire withisca farrguet of 140°C to

heating scajp (thﬁdg Uﬁgté L éégoﬂ‘?é?ﬁ{ LieAbrih %Qs?the absolute

baseline in the en rmc drr ron at a tenp
of | ess thatueof dlgalorto 200 0C, or C) a |l ow degree of

crystallinjity within a ran of at ast 20%-and a

ek mimPde BRSNSl yReta ARG ports s iduTsyshied on 2
equat i on: FSOHisth -scéf, ha@lh\@ﬁﬁwc@&elo@p@hﬁ\gf%mla
nole % of all carboxylic acid resi dues other th

t er epht halhaseliee in thesenslptermia disection ateo {efesaEe of less than
car boxylic raétq s in the polyester polyner, and
His the u%‘ 0@'?(bdj)yof hydr oxyl functi onal conpound

24.r eslinduasthotioé claima20, etheyéiartbe gphemids isyddurss] intrathedirging zone

hav

100 nol e% of the hydroxyl functional conpounds
VPesi dues; and D) a residual acetal dehyde | evel of 10

ppm)or IaﬂSeﬁ/eré’ng it Vhef aeleasd0.gp dtV@i m 20, wherein the
spheroi ds introduced into the drying zone
and either
B) melting points characterized by:
(i) at least two melting peaks, wherein one of said at least two
melting peaks when measured on a DSC first heating scan is a
low peak melting point having a peak temperature within a range
of 140°C to 220 °C and having a melting endotherm area of at
least the absolute value of 1 J/g, or
(i) having one or more melting points which, when measured on a
DSC first heating scan, has a heating curve departing from a
baseline in the endothermic direction at a temperature of less
than or equal to 200°C,
or
C) a low degree of crystallinity within a range of at least 20% and a

maximum degree of crystallinity Tcmax defined by the equation:

Tcmax = 50% - CA = OH
where CA is the total mole % of all carboxylic acid residues other than
terephthalic acid residues, based on 100 mole% of carboxylic acid residues in

the polyester polymer, and OH is the total mole % of hydroxyl functional
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conprise at |least 75%virgin polyester polyner. 26.
The nmethod of claim 20, wherein the spheroids
WO niosoeR1e®ed i nto the drying zone conpri se haveP@mnuszugHe30535
of repose of less than 34.0 neasured by a gate test
with an actual pellet tenperature of 1650C after 5
hours. 27. The nethod of claim 26, wherein the angle
of repose is |ess than 32. 28. The nethod of claim 20,

heorounATaRBUES BT Mt PRSRE LAY Fesidiier bhpoH R0 molew

di SdffthéJhydrOﬂyllfSndztml t:dimriodndb redRiueshgndret hod of clai m
20, _wherein the node is 2 or_less. 30. The nethod of
cl @ 2@ reﬁhﬁ’é‘?b@?ﬁ"?'ﬁ‘@*‘%‘ﬂﬁﬁ@”ﬂ efs'Q PRMAAUREY i nto t he
drying zone conprise: (a) a carboxylic acid conmponent
conprising at |east 80 nol e% of the residues of
25.t er“ﬁmnhﬁiddwf@taim ), weareinahe spbersids istregucérhinta thecdrging zone

Iy n hydr oxyl conponent
Cor%%rﬁ?réié,%%sg%gt 'éigtpoé‘% péﬂ)é'ﬁ?’ "the residues of
26.et MHeametr@dysf @l aino2® evharsinkAe sphéwideintedtcad |nto the drying zone
car boxylic aci dé‘i_\VP onent resi dues_and 100 pnol

COmpjyy VEAN ANgle QsSRi deshihap 8¢ G BeasHrachizy a gate test with an
act%l&é@éﬁ% ﬁﬁ%t}lﬁ@bf 165°F affdts peiRod of claim 20,

Int spheroids introduced into the drying zone
27. corfB‘rQ methadegf ctaive?horyarein theiangleoofirepese isdeapani 314
a
0 25 AR L 8L Gl Shb lforsle. HOBBRAT LY il one
ha\myad rmmydhess)mstrfwmm pambthesnnoge af tHee@smbaﬂomrw le%s tart ha.

re dues of, et hy col, based o nol e percent
O TR AR A5 e BrBRERTa o2 eand 100 wol ¢

30. perﬂﬁ{‘heﬂfodtcﬁf%lélbfﬂ?@%eréwfﬁé%Eﬁérd‘ @sﬂn%@@cédﬂn‘t@ﬂle drying zone
pol yester pol ymer 32. The method of claim 20, wherein

conpprésespher oi ds i ntroduced into the drying zone have a
S UERE Al BBl it oo an el ph SRR B o resiues
45%f tédephthalib acideoraferiyeatives ofiteraphtiidiie st eronidirésthereof, and
(b) a hydroxyl component comprising at least 80 mole% of the residues of
ethylene glycol,
based on 100 mole percent of carboxylic acid component residues and 100 mole
percent of hydroxyl component residues in the polyester polymer.
31.  The method of claim 20, wherein the spheroids introduced into the drying zone
comprise:
(a) a carboxylic acid component comprising at least 90 mole% of the residues
of terephthalic acid and/or derivatives of terephthalic acid, and
(b) a hydroxyl component comprising at least 90 mole% of the residues of
ethylene glycol,
based on 100 mole percent of the carboxylic acid component residues and 100 mole
percent of the hydroxyl component residues in the polyester polymer.
32.  The method of claim 20, wherein the spheroids introduced into the drying zone
have a low peak melting point within a range of 160°C to 210°C, a degree of
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at least 1.0 grans per 100 particles and does not

exceed 100 grans per 100 particles, and the residual
wac@babstehyde content is 7 ppmor |ess. 33. TheCTEs1w0#030535

of claim 20, wherein the spheroids introduced into the

drying zone have an It.V. within the range of 0.78 dug

to 1.1 dUg. 34. The nethod of claim 20, wherein the

spheroi ds introduced into the drying zone are obtai ned

ory SR Thorf d5sh R0 Ak tR b BBE Rt Bud Welipy 87 e Spheroids is

at |@wﬁ@?@h§pwaﬂ parficle¥ apdtdjesarbt I@Xcéétew@brams per 100
crystalljzation of the spheroids. in a liquid nedium

par&%iﬁﬁ)ﬁnﬁ the reridieal asetaldehydecgonteitds Ztﬂﬂﬂéof I8SST of the
53,00 HESHERoB R B 2 YRS SRR SR e aing 2o
haveléaral_t.k{eWitbyl theeange hHA. 76]tdL¢g t ﬂn1zﬂ,/g§8. ﬁ p;er form )

| N . . | £erc ow
34. o s TP 8 ST dthepyin i SHhdRiss Birofhdid Flfhelsiifo zone
are/bbmmédnbguﬁbémm@ﬂcdtr@gﬁﬁdmlg@dtér edlyglepi m 1. 4 1. A

stretch bl ow nolded bottle o i ned fromthe bul k of

5.c| dilgmethed of glamngl, wérerein tee apheroisls hiwuer @ Rgiegeof crystallinity
o457 S g et o
water sha t&mpd:ratu(e @bove &enl 4 of the polyester polymer
36. A preform obtained by the method of claim 20.
37. A stretch blow molded bottle obtained by the method of claim 20.
38. A perform obtained by the method of claim 24.
39.  Astretch blow molded bottle obtained by the method of claim 24.
40. A perform obtained from the bulk of claim 1.
41. A stretch blow molded bottle obtained from the bulk of claim 1.
42. The method of claim 20, wherein the article is a sheet.
43. The method of claim 24, wherein the article is a sheet.

44. A sheet obtained from the bulk of claim 1.
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