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Slow to crystallize polymers develop little br no crystallinity during the process
in which the polymer melt is processed to form pellets. These amorphous pellets
must be subjected to a subsequent crystallization process to develop a substantial
degree of crystallinity. The development of crystallinity is preferred because when
crystalline, the pellets can be dried at higher temperatures without sticking together
to remove absorbed water prior to feeding the pellets to an extruder, such as an
injection molding machine. Drying the pellets prior to extrusion is required because
polyesters are hydrolytically unstable and have to be thoroughly dried before

extruding or molding to prevent IV degradation. Being able to dry at higher
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The amorphous pellets are sticky and adherent during the period when their
temperature is above the Tg but prior to their crystallization, and unless effective
measures are taken to prevent it the sticky pellets will agglomerate to form an -

adherent mass. Measures to prevent pellet agglomeration always include some
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Polymer pellets which have been crystallized by holding at high temperature
as described above (“thermally crystallized pellets”) are almost always opaque. This
is caused by the spherulitic crystalline morphology characteristic of thermally
crystallized pellets. The spherulites are typically of a size which effectively scatters

visible light, and this causes the pellets to appear opaque. However, the articles or
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die, and the strands or sheet are subjected to tensile stretching on a drafting station
to impart orientation to the amorphous polymer, and thereby impart a strain-induced
crystallinity to the strands/sheet, following which the strand/sheet is pelletized. To
help impart strain-induced crystallization, it was also proposed that a sheet can be

fibrillated by creating a corrugated or castellated surface on the sheet, followed by a
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rate of second godet to first godet) of 3 to 7 was given as an illustration. Such large
ratios significantly reduce the diameter of the strand, thereby requiring a starting
strand die diameter to be large to compensate for the final strand diameter. This
problem persists in a process of castellating a sheet through embossing rolis
followed by splitting and elongating the sheet, rendering the process more difficult to

design since a very thick sheet or large diameter strand must be made initially to
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measurements and the mspectlon by eye alone of the resin for black speck
contamination by the user of the resin. Moreover, the present invention does not
strain-crystallize amorphous polymer through a tensile stretching or elongating step,
thereby dispensing with the need for a drafting station and allowing more flexibility in
the thickness of the sheet extruded from the die. '

There is now provided a crystallization process comprising passing a mass of

amorphous crystallizable polymer having a first thickness (ft):
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In yet a further embodiment, there is provided a continuous process for
crystallizing a sheet of amorphous but crystallizable polymer comprising
compressing the sheet to crystallize the polymer to a degree of crystallinity of at
least 30%. -

The preferred polymer is a polyethylene terephthalate homopolymer or

copolymer.

4. Detailed Description of the Invention
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phenylenedioxydiacetic acid or mixtures of isomers may be used but the 1,2-, 1,3-,

1,4-isomers are preferred.

The polycarboxylic acid component of the polyester may optionally be
modified withAup to about 40 molé percent of one or more polycarboxylic acids,
based on 100 mole% of all poly-carboxylic acid residues in the polymer. Such
modifier polycarboxylic acids include the acids mentioned above in amounts of 40%
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Preferred glycols include ethylene glycol, 1,4-butanediol, 1,6-hexanediol, 1,4-
cyclohexanedimethanol (CHDM), diethylene glycol, neopentyl glycol, mixtures
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Prior to the polycondensation of the melt-phase process, a mixture of polyester
monomer (diglycol esters of dicarboxylic acids) and oligomers are produced by
conventional, well-known processes. One such process is the esterification of one or
more dicarboxylic acids with one or more glycols; in anofher process, one or more
dialkyl esters of dicarboxylic acids undergo transesterification with one or more

glycols in the presence of a catalyst such as a salt of manganese, zinc, cobalt,
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tetrachloroethane. The low molecular weight precursor polymer is typically produced
continuously in a series of one or more reactors operating at elevated temperature
and pressures less than one atmosphere. Alternately low molecular weight

precursor polymer could be produced in one or more batch reactors.
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invention, the polymer of the melt phase may also be pelletized, cooled, but is then

subsequently re-melted, extruded or otherwise forced through a die to make a
shaped article, and then continuously passed through a means for compressing the
shaped article sufficiently to impart a desired degree of crystallization to the polymer.
Alternatively and preferably, instead of re-melting cooled pellets in an extruder, the
melt phase product can be introduced into a melt pumping device such as a gear

pump or other metering device to force the molten polymer through a die to form the
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amorphous is meant that the degree of crystallization in the shaped article is less
than desired and which is sufficiently low to allow the shaped article to be
compressed through rolls to impart at least an additional 5% degree of
crystallization. In most cases, the degree of crystallization of an amorphous shaped

article is less than 8%, and more commonly 5% or less.
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is needed. Accordingly, it is possible to start with a first sheet thickness ft which
approximates the thickness of the second sheet thickness st, or which closely
approximates the final desired pellet thickness. Therefore, in one embodiment, the
ft:st ratio is preferably not higher than 2:1.

The temperature of the polymer as it enters the roll nip may range from the
glass transition temperature (Tg) of the amorphous polymer to the melting

temperature of semicrystalline polymer (Tm ). Preferably, the temperature is at least



as the thickness of the sem -crystallized sheet is at

| east 1.05 and nore preferably at |east 1.15. Thus,
woOheosng2928 set sufficiently narrow to provi de POEUS2005/002523

desired ft:st ratio. Howevér, as noted above, an

advantage of the invention is that one may start with

a thinner sheet than used in a strain-crystallizable

process since no draw on the sheet is needed.
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rolls! Bl dipPhgts PHE Brbkematiciwith 'p@hsf@cﬁéﬂr@c@s. Accordingly, the
rolls are desirably heated to a temperature within a range of 100°C to 180°C to
promote take-up of the sheet fed into the roll nip.

The texture of the compression counter-rotating rolls is not particularly limited.
Since the process of the invention does not use a drawing step to crystallize the
amorphous shaped article, the cost of castellating or embossing rolls which apply a
longitudinal corrugation to the sheet to aid splitting the sheet into strands can be

avoided. It is preferred to use smooth rolls which do not impart a texture the surface



pi eces of sheet are passed through the roll nip, or
the process may be continuous, in which a continuous
weupioy2ag anor phous polyner is created i n t hePoTaSenn5/002523

shape and at the proper tedperature to be fed into
the roll nip. The tenperature of the conpression rolls
is not limted. However, polyner slippage occurring
during the feed into the roll nip can be avoi ded by
heating the rolls. Polyner slippage is nore

of thoshbédte m‘tu'sc inordembodhent, atliehaicd3%, preteratiymjllgastiIgo of the

surdeg s phagirons st g proi: BE ARRBLEUEerChiyl e
rolls.f ed |nto the roll nip. The texture of the conpr essi on

‘counter-rotating rolls is not particularly limted.
Si Thaefelelderatmfdbe sheet WF@JQMW'@rﬁqUBFﬁrd glading sompygssgion rolls is

not |Ig'[ ﬁwu 8 ey qut?ﬁca t tidiBd b RE n%‘é‘i wWHIGPER Gutters can

ecos atln or enpossi ng r ol
partmhatdthamnlegt aThdusmﬁge fastentake paohrmxlﬂjats can ¢, theemsteemiolten

to aid spl ttin sheet i nt ran
polygb e edrtfied dheredyag epsnfdge BinsBror SRR, Wik fefsed
rate BPthel dMérphods bREA1EE thidRigh Whd asIR iN\RoRRAREd 1RE 28unter-rotating
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less than 25% under the compressive forces between the rolls. In one embodiment,
the width of the sheet is not changed by more than 20%, more preferably not
changed by more than 15%, most preferably by not more than 10% of the sheet
width fed into the rolls.

As a result of the sheet becoming thinner but not wider, the sheet discharge
rate is correspondingly faster. Thus, the feed rate into the particulator is higher than
the feed rate of the sheet into the roll. The roll speed is desirably set such that the
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counter-rotating rolls. By the process of the invention, one may obtain a semi-
crystallized sheet-having a degree of crystallinity of at least 25%, or at least 30%, or
at least 35% and even in a range of 20% to 50% or higher. The process of the
invention also allows one to impart a high degree of crystallization to an amorphous
sheet wherein the increase in the degree of crystallization between the amorphous
sheet and the compression crystallized sheet is at least 15%, or at least 20%, or at
least 25%, or at least 30%, and even at least 35%.



crystallizing the polyner. Accordingly, in another

enbodi nent, the sheet is crystallized and then
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substantially draw ng the 18heet after passing the

sheet through the rolls. A substantial drawis

certainly a 1.5x or higher draw, but as noted above,

some leeway is given to keep the sheet in tension to
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degree of Crystallinity of 10%or |less. By the method
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simpiésrt"?orm involves restraining, or partially restraining, the' sheet while
simultaneously annealing it at a hotter temperature, about 150°C to 230°C. For
"non- traditional" copolyesters or polyesters with lower Ty's and/or Ty,’s, the preferred
annealing temperature is usually within the upper half of the difference between the
T, and the T, of the polymer, preferably within about 10 to 40°C of the Tr. Annealing
times range from about 1 second to about 30 seconds or longer. Annealing can be

done in-line or off-line. It should be appreciated that the hotter the temperature and
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to avoid substantial dimensional changes.

After the sheet has been compression crystallized, the sheet is particulated
into any desired shape. The sheet may be cut by a slitter, followed by cu.tting with
conventional pelletizers. Alternatively, the sheet may be chopped by a shredder.
Any conventional cutting techniques are suitable to form particles, which include
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The semi-crystallized polyester compositions of the present invention, after
drying and melt processing through, for example, an injection molding machine or
extruder, can be formed into a variety of shaped articles including film, fiber, sheet,

preforms, containers, profiles, tubes, trays, pipes and other packaging material.

This invention can be further illustrated by the following examples of preferred

embodiments thereof, although it will be understood that these examples are



those disclosed in U S. Pat. No. 4,064,112. Solid
state pol ycondensation can be conducted in the
wonesaizesof an inert gas as defined above, or PanasR005/002523
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heating ramp has a numerically positive value and is indicative of crystallization.

The temperature of the peak of the exotherm isv designated Tch (Temperature of
Crystallization upon Heating) and the area of the exothermic peak, which is equal to
the amount of heat evolved during crystallization, is designated Hch (Heat of
Crystallization upon Heating) and is expressed in units of Joules/gram (J/g).
Endothermic heat flow during the heating ramp has a numerically negative value and
is indicative of melting. The peak of the melting endotherm is designated Tm and

fhe area of the endothermic peak, which is equal to the amount of heat absorbed



approximately 0.136 inches thick and was cut to a
| ength of about 9.6 inches and a w dth of about 3.25
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having a crystallinity of 22.5 wt % (Table 1,
Conparative Exanple 1) as neasured by the DSC
procedure described bel ow. The standard sheet was
optically transparent and free of obvious haze. DSC
Procedure: The degree of crystallinity as used
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sheet temperature, the heating time was reduced or increased to give lower or
higher sheet temperature.

The heated sheet was compressed by passing it lengthwise through the nip
between two smooth chrome plated polished rolls of a vertical calendar. The
calender rolls were 6 inches in diameter and 12 inches long, and were turning at 8
rpm, which is equal to a circumferential roll speed of 2.5 inch/second. The calender

rolls were capable of being internally heated with steam, and unless otherwise noted



cycl e heat. Standard Heating and Cal endering
Procedure: Essentially anorphous sheet was heated
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heating tubes oriented horazontally with the tipover
and overtenperature interlocks bypassed such that the
heating tubes received full voltage continuously. The
sheet was placed on a wre grill about 1.5 inches
above the heating tubes for 50 to 60 seconds while
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Standard PET 9921 sheet was characterized by DSC

(first and second heats) and the results are shown in

Comé%g{i\?e \]::.Xah_{blé be first heat, [Hn (absolute value of

Standard PET 9921 sheet was heated to about 125°C, placed on corrugated
cardboard, and allowed to cool naturally with no compression or deformation. DSC

results (Table 1) show that this heating + cooling procedure caused a slight increase
in crystallinity to 6.4 wt%.



heat of nelting) was slightly larger (by 1.8 J/g) than
Hch, which corresponds to a degree of crystallinity
wonodasihe2eg andar d sheet of 1.5 wt % The resul t SPEDUSRGNES/002523

second heat show that the @rystallinity of the sanple
after heating and quenching was -0.1 wt% which is

zero wWithin experinental error. These results show

that the standard sheet inits initial state may have
been very slightly crystalline but was effectively
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Examples 1-6:

In this series of experime;lts, the effect of passing a standard PET polymer
sheet on the crystallinity of the polymer was evaluate.

Standard PET 9921 sheet was heated to about 125°C and was immediately
passed through the nip of the calender. The nip gap was varied to produce rolled
sheet of different thickness ranging from 0.080 to 0.109 inch. Rolled sheet having a
thickness of 0.088 inch was produced on two occasions to check for reproducibility.
The compression ratio achieved during rolling, defined as the original thickness of
0.136 inch divided by the thickness of the sheet after rolling, was calculated. The
length of the rolled sheet increased with decreasing nip gap, but the width of the
rolled sheet in all cases was essentially equal to the original width. Thus, the
compression ratio calculated as the length of the sheet after rolling divided by the
length of the sheet before rolling is very similar to the compression ratio calculated

from the thickness reduction.
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body of literature addressing strain-induced
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compression ratios the hazy edge strips were only slightly hazy and were confined to
narrow strips just at the long edges of the sheet, while for the sheets made at the
lowest compression ratio (example 6) the strips were moderately hazy and each

strip was approximately 1 inch wide. It is hypothesized that the haze in the edge
strips are caused by crystals sufficiently large to scatter visible light, and that these
large crystals are present only along the edges of the sheets because the orientation
of the PET chains is less complete at the edges of the sheet, and that the lower the
compression ratio the farther this zone of incomplete orientation extends towards the
centerline of the sheet. Thus, the actual width of the hazy strips is expected to be
independent of the overall width of the sheet, so the amount of material in the hazy

strips as a proportion of the whole is expected to become increasingly negligible as
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sheets because the orientation of the PET chains is
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model 320, 115V 5.5A motor). Because the rolled PET sheet was optically
transparent, when fed into the shredder feed slot it did not interrupt the light beam of
the optical switch used to trigger the shredder motor. Thus, it was necessary to
back the rolled PET sheet with a single thickness of paper to trigger the optical
switch. The shreddef easily and with no apparent overload or hesitation cut the

sheet into strips ~0.25 inch wide.
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The rolled sheet of example 7 produced using rolls at 30°C had a low
temperature crystallization exotherm of moderate size (Hch = 6.4 J/g), indicating
incomplete crystallization during rolling. 1t is hypothesized that the relatively cold
rolls cooled the surface of the sheet and thereby prevented the sheet surfaces from
crystallizing during rolling. Sheet produced at roll temperatures of 65°C and 115°C
had much smaller low temperature crystallization exotherms and moderately higher
crystallinity, and are therefore preferred. However, even the sheet of example 7 is
expected to have sufficiently high crystallinity to produce processable pellets or

granules.
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pellets or granules. WO 25/ 072928 PCT/ US2005/ 002523
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Jl‘TﬁeUSC\ﬁé%ltslf@r $esfs8 Iebléie ieR 4P Table20. BSCiarhples were

35.4% 11 90 0.082 114 244, 3 -50.9 -42.9 35, 7%
taken from approxnmately the geometric center of the sample sheet.” The rolled

sheet thickness is also shown.



12 100 0.083 124 -0.4 246.8 -49.5 -49.9 41.6% 13 110

0.085 129 -0.7 241.8 -54.4 -55.1 45.9% - - ---- ---
WO-2005/072928- -- 14 120 0.082 147 -1.5 242.3 - 60CO/USBIDSH02523

51.2% 15 130 0.085 158 -1.3p 247.0 -47.4 -49.1 40. 9%

16 140 0.086 162 -1.4 244.8 -50.2 -51.6 43.0% 17 150

0.087 161 -0.2 242.3 -45.7 -45.9 38.2% A hi gh degree

of crystallinity was devel oped during roll conpression

at all anorphous sheet ratures, but the highest
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not ve un one t her nal crystalllzatlon rior
crysthllizationl éxotigeranef srgmﬁucwnt magriyde iperesent ypliedpll coptpressed

sheets P23 %fngl anorbh 68 Hed! 3 B0°EHPOST, Widt indicates incomplete

crystallization occurred at these sheet temperatures. Little or no low temperature

(

crystallization is preferred, as it indicates an unstable morphology.

For examples 12 through 17, the transition labeled as Tch/Hch is actually a
small melting endotherm rather than a crystallization exotherm. In all cases this
transition is small (Hch less than 2 J/g) and so is not of concern.

With the exception of example 17, all of the roll compressed samples were
optically transparent and substantially free of haze. Due to the high temperature to
which it was heated, the amorphous sheet of example 17 had started to undergo
thermal crystallization prior to being passed through the calender nip, and this

" thermal crystallization was the cause of the haze in the rolled sample. The rate of



In these exanples, the effect of inherent viscosity on
crystallization were evaluated. Plaques of three
wdi20dsareng PET resins differing only in their Ppaobgsens002523
viscosity were nolded. Thelresins were PET nodified
with 3.5 nole % CHDM and about 2.7 nole % DEG The
pl agues were 4 inches long, 2 inches w de, and 0.150
inch thick. The plaques were heated to the
tenperature shown in Table 5 and were rolled using
thermHi andtailizatiah éntypicathpsidiver whenwasiling irose g melt thep when

L

and tﬁé’ﬂp F&Mdi’ﬁﬂir@bé/eé Reulg eeIRLVE andeigbae tiférrhdﬂe:ryﬁatbllzatlsﬂﬂ @eibr to
and DSC results are given in Table 5. Table Sheet

rollingeraerpiasdRbereforadimirangparent and sihstantiatly fess 'éﬁ‘%% nity
Nunber Description Ihv CCJ/g CJ/g J/g wt% 18 ENO58
0.56 125 155 1.2 246.3 -50.4 -49.2 41.0% 19 9921 0.76
Exanigiés 18210. 2 245.0 -47.8 -47.6 39.7% 20 9921 0.76 110

17T AP e dfeck f isrenygiShpfity ripgstdl PRy Were

evaluBtedgues had a simlarly high degree of crystallinity
(38 to 41 w09 andthelowte ure, . . . .
c Rlagugss|qf i@@ﬁ@ﬁ%ﬁr&t%T FesiRS diffeH an OPiV i thejr daherepigcasity

5 ©
weremlg‘%) ﬁ-ﬁ%at T e ou‘bﬁ?cr ysﬁ%%ﬁ 3.53mdle A:@-ﬂil\/‘?aﬂé gbout 2.7

show ng [l zation occurred durlng
mole % DEG.g The plagjules mfere #echasslong. 2 inghes|végds, and PHABO inch thick.

e R e 161 e TR O R 550 B AR i

standaf@ caAlendsesbnaitiohs Relnges tenstant nip mlelmwdml Tlce ﬁubld\eiﬁmbf the
et hyl ene glycol nodified by th unt D{\/I ft
rolled plaques engef fiomP-08¢ tg i iHeh. ﬁ%m'% were taken from

approximately the geometric center of the sample sheet and DSC results are given
in Table 5.

Table 5
Sheet
Example Resin Temp | Tch {Hch{ Tm Hm |Hm+Hch| Crystallinity
Number Description | IhV | °C °C |Jig| °C J/g Jig - wit%
18 ENO58 0.56| 125 | 155 |1.2]246.3|-50.4| -49.2 41.0%
19 9921 0.76 ] 125 | 140 ]0.2|245.0|-47.8 | -47.6 39.7%
20 9921 0.76] 110 [None|0.0(242.2 | -47.8 | -47.8 39.8%
21 13339 0.95| 110 | 144 |0.6|240.3 | -46.1 | -45.5 37.9%

All of the rolled plaques had a similarly high degree of crystallinity (38 to 41
wi%), and the low temperature crystallization exotherm was small in all cases (Hch =



The 1 hV of these resins is in the 0.7 to 0.8 range
except for the resin of exanple 29, which has an | hV
woho@Ema8 0. 6. The resins were nol ded i nto pl agaeas4005/002523
inches long, 2 inches wide2 and 0.150 inch thick. The
pl aques were heated to 125C (except for exanples 30
and 32, which were heated to 110C) and were rolled
usi ng standard cal ender conditions using a const ant
nip thickness. The thickness of the rolled
0.0 tmh@ Yksiosdng thatthasouglecrysiadizatienngsHeed d(dDBQ r@&lﬁglf@rsa" of
th wer e taken fr@gy approxi mately the geonetric center of
er%%sge B5%H ). The results for exanple 19 are
al so shovvn in Table 6. Crystallinity is calcul ated
assum n that the crystalline heat of nelting is 120
Exampl conposi tions, which is correct for PET
hq*ﬁ%eel pes%wém} the tMHbM%&ﬁﬁ&iﬂbﬁ%ﬁbﬂn@%dﬁ@éd
sone In error for resins nodified wth
crystdalbxﬁkm of CHDM All of the rolled plaques were
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The IgVA dhescomeinans Miba i) B4 onas *SPBEHH R oL RGTPle 29,
which Eﬁé %ft%\‘? of §b§]\tr09§t rMe ?&lﬁ@h@?@%ol%d fhtd bﬁ:tq’u@sﬁl ﬁfches long,

ermal crystallization of the resin when eatlléJ rom

2 mché&ngea@sd Otk inch thick. aFheplsgyasiwesewrird il 255G (rxeept for
|
o AT SE AL E GO 8 inor

calerieies sbhdiifiondfising fa&ioyismhbmprtbick:nms The lthmlkness of the rolled
crystalli

PlaquasAEe B3 Femitsere obisad dapien (ORG rpdlsnaverydpken from
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19 aneetieo shalwetn Tahle Bhdirystplintly is el ediatachasswgning dhaighe crystalhne
heat PEEP%/H%F?I? %%g EJ)@T o] m%@ﬁfg@&%ﬁﬁ&? wﬁﬁh?g &?Qctc%f: bEThﬁéﬂ'\bESIymer‘

e resins not devel o
and llghlﬂ?hamlﬁléd capetyesters butmay el éomeWhaMemrqrcfot mﬁlrﬁs mndn'" ed

wits B4R oEC A AR oPlng oG] g BT S ey eghint anc
subs%ln@i!éﬂ)‘ Recbf Nsdaal | i ze resins. TABLE 6 Mdle (st)Rolled

The last column of Table 6 shows the second cycle heat of melting. This
quantity is proportional to the degree of crystallinity developed when the amorphous
glassy resin is heated at a rate of 20°C/minute and therefore is directly correlated
with the rate of thermal crystallization of the resin when heating from the glass (that
is, large negative values of Hm mean a relatively fast rate of thermal crystallization,
while values at or near zero mean a very slow or possibly infinitely slow rate of
thermal crystallization). In all cases the heat of crystallization developed during the
second cycle heating ramp was very similar to (but opposite in sign) to the heat of

melting, showing that the resins were indeed amorphous prior to commencing the



% Thi ckness Tch Hch Tm Hm HmtHch Crystallinity 2nd
Heat Ex. # CHDMinch CJ/g CJ/g J/Jg W% HNnJ/g 22 0
wO0.20807zase 0.0 256.0 -49.3 -49.3 41.1% - 35. 6 PEB/US2M5/002523

0.091 180 1.8 251.3 -48.2 -336.4 38.7%-33.7 19 3.5

0.088 140 0.2 245.7 -46.6 -46.4 38.7%-30.1 24 12

0.099 154 1.4 224.5 -36.0 -34.6 28.8% none 25 17.7

0.107 150 0.2 222.9 -29.2 -29.0 24.2%none 26 21.5

0.119 146 0.2 219.1 -24.1 -23.9 19. 9% none, 27 25.3

second cycle heatingrampe 18his copfirmas thak the rasing e §rbdeygjog any

7 . : 9
subsGritgis g oersizPRingwng] cpoletirgin 1S IPACe g ol vore
hundfedl 2 ndidite 2nd tROLit i propesto-dekignate themmengow3ar e8y slow to

0..112 none 0.0 218.2 -23.0 -23.0 19. 2% none 32 81
crystalligBeSine 0.0 250.7 -37.4 -37.4 31.2%-23.3 These
exanpl es show that roll conpression i nduces sone
crystallinity in all of these resins. For the resins
whi ch undergo relatively fast thermal crystallization
(exanples 22, 23, 19, ar’ﬁ\B%.ﬁS t he degree of
crystallinity is approximately 50% higher in the roll
CRR eg3Padiigl pques) t han| t he jdegrge of crystallin

ty
vhj chi devel op$ en, heatd ng npho
201@ n ﬂr.“Ck'Fﬁ%sD eﬁ‘?ﬁ? nihﬁ‘ﬁ g@‘F nswéﬁcamﬁpﬁ%v%%igggﬁ g 7%%5%“
Ex. #{BEIMIS20i084 00R5Z3 | 34g TRbICe |6 Jinder g@ np t Métonal | Hm J/g
FySt-plzat--ta—at—aH—mhen—it morphors—gtass TS
22 Lol el &49%oc] RPTE B cpev'éiﬁgp shbdt 51nt4|q<'51‘ﬁ-°torhi'cﬁ-’i6
23 [ engl 5 a@foodr ystiabl | ni.8 y| aHen -4812q a#®éphod8.Goasp i-83.7
ol-Lronpressed—Eren-tRe LSRG xafphega2a,—which
19 | S deltgjspeg L 40d] 52 A PR r'éﬁ'gus-fél}ﬁcry?igaﬁ’i zabl'%o'1
24 fes2n| dooel opsisdl pokd 22acs ys64l |l i-8d.6y| WidB% ol none
coppressed—the—fplHl-ow-ng “e""lts_“gng
25 J§Z¥7u I;p'ﬂ)l?gh d1é38r sed' f %st’gﬁzi ni?y‘. An “"&rdr phous
26 phagup af1fohe|sfget m2 Exampl-€428 wak9heat®bd%o pbowne

130C f ol dad ovorliinant o
T O A v T ]

27 [,2P8 | n %At ag oW hudJQ;nemzsinolt'gélrar ahat "20.3%" | ohe
31

-th

28 0.157 none | 0.0 [169.3|-10.3 ] -10.3 8.6% none
29 | 31 0.155 none | 0.0 [176.3|-14.0| -14.0 11.7% none
30 | 50 0.129 142 | 2.4 |202.4|-158| -134 11.2% none
31| 68 0.112 none | 0.0 [218.2{-23.0| -23.0 ' 19.2% none
32| 81 0.096 none | 0.0 |250.7|-37.4 | -37.4 31.2% -23.3

These examples show that roll compression induces some crystallinity in all
of these resins. For the resins which undergo relatively fast thermal crystallization
(examples 22, 23, 19, and 31), the degree of crystallinity is approximately 50%
higher in the roll compressed plaques than the degree of crystallinity which develops

when heating the amorphous glass at 20°C/min. The remaining resins shown in



conpressed by hand until cool. The two faces were
solidly adhered to one another and could not be
woeepsrares by hand. The two faces could, w th PCT/US2005/002523

difficulty, be partially pdied apart using a screw

driver but when greater prying force was applied the

pi ece fragnmented. The above heating and conpression

procedure was repeated using a roll conpressed pl aque

of exanple 28. There was little or no adhesi on between
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tempRpatlAXemal€ nuchtoregepheand mo:rﬁltm&irymg t he sanpl e
sheet). Crystallinity is calculated assunming that the
crystalline heat of nelting is 120 J/g for all
Exarfi as| gons which is correct for PET honopol yner
l'y nodified copolyesters but may be sonmewhat
i Mhesedxafmples show thﬁ@yaﬁa@nﬂydﬂ\tﬁ!@w%durleg|rﬂl§ comgpressfion by
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modifier starting material in the polyethylene terephthalate copolymer, where
applicable, and where the amount is indicated as greater than 50%, the
terephthalate residues and/or the ethylene glycol residues, if any, are considered to
be the modifiers. The resins were molded into plaques 4 inches long, 2 inches wide,
and 0.150 inch thick. The plaques were heated to a temperature 20°C to 30°C
above their Tg (except for examples 33,42,43, and 44, which were heated to 125°C,
which is about 35°C to 40°C above the Tg of these resins) and were rolled using



substantially free of haze. The |ast columm of Table 7
shows the second cycle heat of nelting. This quantity
woO0@rapasti onal to the degree of crystallinitpCcT/US2005/002523
devel oped when the anorphows glassy resin is heated

at a rate of 200 mnute and therefore is directly
correlated wth the rate of thermal crystallization
of the resin when heating fromthe gl ass (that is,
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melting, showing that the resins were indeed amorphous prior to commencing the
second cycle heating ramp. This confirms that the resins do not develop any
substantial degree of crystallinity when cooled from the melt at a rate of several
hundred °C/minute and thus it is proper to'designate them as slow or very slow to

crystallize resins.



CHDA

28.4%-29.1 17% 1 PA 100%
waadosh72948. 1 -41.1 34.3%-30.3 26% | PA 100%

100%

Wth the exception of exanples 38 and 39,

100%

41 CHDM 92 0.078 134 3.9 232.8 -38.0 -34.1

al

42 CHDM 125 0.094 none 0.0

PBT/SRNE/002523
125 0.099 164 2.4 246.7 -34860 -31.6 26.4%-8.8 35% | PA

44 CHDM 125 0.104 none 0.0 221.1 -26.2 -26.2
21. 8% none 45 MXD-6 110 0.090 123 4.8 237.2 -65.0
-60.2 50.1%-50.1 WD 2005/ 072928 PCT/ US2005/ 002523 37
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39| 65%N 125 E(ﬁ‘).015 none| 0.0 | none| 0.0 0.0 0.0% none
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100%
CHDA
100%
41 1 CHDM 92 0.078 134 | 3.9 |232.8}-38.0] -34.1 28.4% -29.1
17% 1PA
100%
42 | CHDM 125 0.094 none | 0.0 {264.141.1 -41.1 34.3% -30.3
26% IPA
100% .
43 | CHDM 125 0.099 164 | 2.4 [246.7 -34.0] -31.6 26.4% -8.8
35% IPA
100%
44 | CHDM 125 0.104 none | 0.0 |221.1}-26.2] -26.2 21.8% none
45 | MXD-6 | 110 0.090 123 | 4.8 |237.2 -65.0] -60.2 50.1% -50.1




was turning at 8 RPM and the other roll was turning at

13 RPM The roll conpressed sheet was about 0.092
woneds/orti2ek and was optically transparent w t hPCOmIS005/002523

slight haze. The hot roll e®7sheet was i nmedi ately fed

| engthwi se into a nodel GR 450 SL band granul at or

manuf actured by Sagitta Oficina Meccanica S. p. A

(Vi gevano, Italy). The granul ator perforned two seri al

operations. It first slit the sheet into strands 3 mm

WI weh thdnexr:ecphop pédxamplest%aamis39,rﬂ|b0ﬂ tbegeninssigvelapsda high
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wh.cﬁILrnaB C?dm@rys@ﬁr@aa@awen $h@fam@>rpl®d>dr$@la(s¥?§ﬁé§teﬂléi alr)ate of
showe onll a si ngle transition
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defirﬁtﬁf ﬁ?&’gﬁé%bré %a{t‘sﬁrmre (‘ﬁ&s@aﬁr??ﬁdﬁwwm 6d/cur"?f l‘Hr'é%BtrééMs Qfere

crys ets were dried Iin a
rollediat adhiggier temperapee! et dryer and were then processed
into extrusion cast filmusing a 1 inch Kirllion

extruder having a length to dianeter ratio of 24 and

ExarHBlens @ barrel tenperature WO 2005/ 072928
F’%I? US2005/ 002523 38 profi

I
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enonstrates conpressi on
extrusigrsoraihjeictien imoidingh. a | arger scal e continuous process.

T%ﬁ?@{g&”%ﬁsg@ﬂgﬁe&%@ rﬁéP( gfé@t( lv\.razsa&t dﬁ E§st"5ﬁj cut into
piec&9NMBtiheHsong aad bdnches widke nidwas $1eatecblrm abcartdl 3@°C and

pel l etizer section. The sheet ti sect,ion was nade
passleg lgpgtpwisedhrpugh; the ﬁrpoqu%rpllrffai%qcregég "h%j‘e roll compressed
shee?' %%a%@)‘d@?"h%Fdl%@hcﬁ‘é‘é’in@aﬁrét%ﬂ ﬂﬁrﬂﬂﬁs%ng adriPone roll

ear punp to neter the nol ten_ﬁ1 yner at
was wmmrgsat@rRPk/mm th(ﬂ)th@ roll gasduening at 13 RFMg el ow

comiyegeed Ree W SR DO e Wi Bag etk S afly Beh Sy witn
only @frgﬂith’f&@ JhaiHot esledssheet weelnhmechﬂtery feelrlerggtﬁﬁnsmmﬂxea model
GR 42h Sk Ban armiAg TR A BTo By ey 8 TR MARSEmos S.p A,
(Vigevano, ltaly). The granulator performed two serial operations. It first slit the
sheet into strands 3 mm wide, then chopped the strands into lengths 5 mm long.
The resuitant rectangular pellets or granules had cleanly cut edges and were
transparent with only slig}ht haze.

DSC analysis of a pellet (X27927-118-1) showed only a single transition, a
melting endotherm having Tm = 246.1°C and Hm = -48.6 J/g, which corresponds to
40.5 wt% crystallinity.

A quantity of these roll crystallized pellets were dried in a hot air desiccant
pellet dryer and were then processed into extrusion cast film using a 1 inch Killion

extruder having a length to diameter ratio of 24 and using a barrel temperature



rolls. The material input to the sheet casting section
was polyner pellets; the nmaterial output was a
woaonisioneeasis sheet of anorphous pol ynmer in the pabseons002523
state. The tenperature cond8ti oni ng secti on was made
up of a continuous stainless steel nesh belt foll owed
by a roller conveyor around which a series of quartz
panel infrared heaters were positioned so as to heat
both surfaces of the sheet as it traversed the
profiledypiesidor ndatahesystdllire RESIpdilets. Bodiiffibeltine sese eseountened
was, a t of . two driven feed rolls. In operation, the
and %%ﬂu%&g%ﬁf'{rﬂﬁf\(ﬂ?dﬂogﬂ%e ip of the two rubber-coated
feed rolls which clanped the sheet by nmeans of small
pneunmatic cylinders. The feed rolls did not
Examplad(r abl y def orm the sheet but clanped the sheet
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¢ e 47 GleRMinsRafe ctiryleBe R gBial B4l 3 Bkor scale
continabes paicess plihe tontimmuseopeprassion arysidilization line wastcomprised
s.a continuous, sheet ,of anor.phous | yvner Vi ng _a,.
of a el Aps GRS aC e 1P Al e B tRNIE siofy & cpiiidendggtion,
and DBkM&izaPdestdihel y hot on the surfaces and substantially .

hotter in the interior of the sheet. The materi al
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controlled oil was circul at ed thr_oug% the rolls duy i_nﬁ1
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o oS HAPBAHAN R b S0 Sectbn B e il e
materiabbetpyt wa® agoatisuqud shest of amorphatepolymesin the rukberastate.

cant i huous _,sheet pf substantiall ] cryst N :

oo conflordid Bl fee b of R Bhlib s sainiess
steetfiaéh Bélt fdNewed &9E RilleRBBVEYOM araireeivhichieseridd eft queartz panel
~_section was made up of a Sagitta nodel GR450SL, bapd .
infragacdiratersoyere prsitioed spas to diaat bpth ﬁwzabqsa?fdhatssﬁeﬁ%% itg

. o : ,
v 38 B RS Stfhey ORI dols RIMSAUEL oo st
two drivientfeed rolls. dh opgration, inecthiast passed through Hepnip of the two

rubbgp-gctnajltgg W& rsoilg i\AﬁﬁCh élgﬁ]?)ea Yhe isﬂgef Q)?n?éa{nis%? sHbll pneumatic

cylinders. The feed rolls did not measurably deform the sheet but clamped the sheet
with sufficient pressure to prevent slippage and therefore drove the sheet at a

| controlled speed. The material input to the temperature conditioning section was a

continuous sheet of amorphous polymer having a nonuniform temperature profile

through its thickness, being moderately hot on the surfaces and substantially hotter

in the interior of the sheet. The material output was a continuous sheet of rubbery



the transverse direction, such that the materi al
out put was substantially square or rectangular
woebdsarm28r granul es of thickness substanti al | yceaqsalos/002523

to that of the incom ng st@et, nade up of
substantially sem crystalline polyner. The conti nuous
conpression crystallization |ine was operated using a
PET resin nodified with about 2.0 nole % isophthalic
acid and containing about 2.7 nole % diethylene

amogjhpue lpolyDrér @ti cprirolleddemgparatise iand hayinda meredifionder

ed hqp r an and gear punp were
temp&ﬁ%ﬂuaﬁ‘@'aﬁ 8“?{}@@?‘?@1 it ﬁﬂﬁg'?egghst nmelt output of about
33theealesisdrastiort Waswirti & p dladtNo@hoH veTrHitmI baldndet witk chrome
and the driven el enents
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granplaitort Theematerialdoputsiothe grgndletes vvas alpgntmutoussz@;ef, @fred
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slittindit elongike hﬁch@ea:bmtlo@mi%onuqhess smpsdtlwlmmtmg)themtrlps in
to enterjng. the caleger nfg S‘VredUﬁttloEl
the tengwerSe dieRom SUER that Ko anatpiial FHRUY Was SHRRAPKAI FAusre or
recta?@%%g 5%“ Sﬁﬂﬁﬁ% bﬂﬁfc‘?@r‘é@g stlléstéhﬁéiﬂy édue%tgﬂﬁétrtﬂ the

e oven. 11 % increase in sheet
mcomp‘@&heeé,l naada/lep pbsubstarﬁpﬂbfos%mlcmst@hm%@@lymﬁrl s (18

¢ oF4 Fith Bl SO BN ey S Pea8 fhe YRR hdtbtetieing a PET
resirbinegified Nﬂﬁdabjouﬁlz Oprhbler %t Bophllhahc agidtdrel cantainitey aboyt 2.7 mole
AL ol R LT S R i
the .%(?Fu%@ é\éﬂﬂhnﬁ;&lﬁ/eﬁébﬁémw% BRAMEL a ToRstdnt st ebtplutof

he su?f ace of heet was neasured with an
aboutraSOanoedeWn@f@gh waﬁlofmileo Thegoll stagk anf thedriven elements

or e 34FRLELE BB seh Ot erddce aiiper gsadsy o o s
feet/hﬁmltém“l'lhetvadth of the sheet entering the oven section of the temperature
conditioning section was 3.7 inches and its thickness at this point was 0.141 +/-
0.002 inches. At the exit of the oven section immediately before entering the nip of
the calender the width of the sheet was 3.5 inches, showing that the sheet width had
been reduced by about 5% during passage through the oven, presumably due to the
drawing action of the calender. The sheet thickness could not be measured at this

point due to accessibility constraints but is assumed to also have decreased by



and the surface tenperature of the rolls was neasured
to be 147 +/- 5C. The nip gap between the hot rolls
woasosmezasired to be 0.062 +/- 0.002 inch. ThuspCThs2005/002523

ft:ng ratio was about 0.134:0.062 or 2.16. The sheet

was passed through the nip of the calender rolls and
upon energing was found to be 3.75 inches w de and

have a surface tenperature of 168C. Its speed was
measured at this point with a handheld _tachoneter

d
abouta%b, fresitiing in he stiestthidkness deing abew 0.434 H1ches impediately
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Ifred wth
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The hot sheet was passed through the agitta granulator and emerged as
approximately square pellets about 0.125 inches on each side and 0.098 +/- 0.003
inches thick. The pellet thickness corresponds to the sheet thickness after passing
through the calender nip. Thus, the thickness reduction ratio ft:st was about
0.134:0.098 = 1.37.

The pellets were analyzed by DSC. No crystallization exotherm was present,
but a single melting endotherm peaking at 251°C and having a area of 50 Jig was

present. This heat of melting shows that the pellets were 42% crystalline by weight.



havi ng an area of about 41 J/g, indication that the
pellets were 34%crystalline by weight (assum ng the
wonysstoatd2g ne heat of fusion is 120 J/g). WO 2006FQF2H2802523
PCT/ US2005/ 002523 42 \What 40¢ Claimls: 1. A
crystallization process conprising passing a nass of
anor phous crystallizable polynmer having a first
t hi ckness (ft) either: a) through the nip gap of
counter-rotating rolls having a nip gap(ng)at an ft:ng
@@n@l&jﬂﬁof at least 1.2 to crystallize the polymer to a
e85 of BkthBle 34 v{tﬂct?&va@tpéﬁﬁ?&dmééMtﬁﬁé rhOBBRY CHDM,
pr uce a sem - rys ol ymer, and particulating
was phessat on theysortinuous thgmes;lpn erydiallizatiapuirie using substantially

e B SHRoUh SeT Ee SA T AR i
the fBIﬁivhﬁg Qicép‘tloﬁé trie éﬁeét ¢&hperatdre jastdrivid leﬁtdrﬁligl th@ datehder nip

mass mer without substantially drawing t
gap wesil3t r@xélﬂ%g@ﬁ@éd calﬁaéewléemps@w%\gaﬁ He’ &r@ﬂﬁﬁ% top
calel\r}@eﬁ%lf ghﬁié%lﬁg slvnées? %g’r% :rﬁ?es -é—n@et%ﬁflb%z%tg%w% %@Paé@grégmg from
the gqatendernipqyapaeat dl5l3§Ct£EEld€tbth|hl&thE:|th ap this pnglt wast36pinches;

e BRSSP s M B B PSR e B

crysﬁaﬁt&&ﬁlm St %ﬂﬂ@@ihg@henmg@mtwm p@@ﬂﬁ?éﬂab@ltmﬁﬁc
.0 nole%wto about 30 mole % of nodifier

hawm@gn ateesof@bput 41hke, iadisatien @aj-lt?% @Fﬂ”?@éﬂ/ﬁ@%@%&&)@&elw by
; I contalnlng from

welgég%ss n@‘f‘@ié)t:gg llngperafﬁfﬂ}égﬁ} llsgfryé{flﬂgair boxylic acids
ot her than terephthalic acid residues or residues of
the |ower alkyl esters of terephthalic acid, based on
100 nol e% of all polycarboxylic acid residues. 4. The
process of claim1, conprising forcing a nolten stream
of polynmer through a die to form an anorphous but
crystallizabl e shaped article conprising a sheet,
film or tape, continuously passing the shaped article
through counter-rotating rolls to forma
sem -crystallized shaped article having an aspect
ratio of at |east 5,



and particulating the sem-crystalline shaped article
to formparticles. 5. The process of any one of claim
wa-240s/ongeg ei n t he anor phous shaped articl e hascauSeesno2s23

t hi ckness ranging from1l m#to 8 mmand the ft:ng

ratio is at least 1.3 and not greater than 3. WO

2005/ 072928 PCT/ US2005/ 002523 43 6. The process of

any one of clainms 1-4, wherein the sem -crystalline

yner mass has a second thickness (st), and the

Wh&fttW§tC'@lai I is at least 1.15 and not higher than 2:1.

7. The |

{elper abF L oI PocBRs oipR s Beorhg 1S of hfifphious
crystailizabie polgamrhanmse flnsbthldtnelsea(ﬁ) e above the Tg of

of 2) FES T B Eabsg ol atEtinf i ol B¥iat 4R feng

ratlo%ﬁét%é‘sttﬁ@td falleahb 1o Adégrepaf @Wﬂtﬁlmlw dfrdt heast
a range of 10@'{tho 180Cwym%'he process of . cl

15% g H1ReRWBrICHER S SATBI-GNSale RIS, 490 nq%%#@%ngat%e semi-

the anorphous polyner mass as it passes
crysfﬂ ugﬁy'tn%e Jr}ol I's. 10. The process of claim1, wherein

t hb) floough rcouateg—rotatlagsm%assuﬁml iplsemi-caystalized wass having a

s 0 A TR 0B AP R 3 £ S e e
mas8RE §dlyphert Withoid lsnbgtfantlaﬂwdnaMng tfe §emd@'§§taﬂﬁéd mass after

substanti al |y el ongate the anorphous pol yner mass. 12.
passing thy smesans @?ﬁﬂh@ughﬁ'@r mPﬁ the discharge rate of

thg sempe Fdﬁs@'df'c?eﬁﬁl PANETBIN tﬁé%ﬁ)l)frﬁ&*ﬁdrﬁ‘&lses comprises a

counter-rotating roll S I's faster than the rate
polyafnidé polarrtarplln coptains ipnephthalate tepeatiag Lpits Ql' nashthaﬂaée
oces claim12, wherein the sem-crystalline
repe%alpgm S‘rmss has a second t hi ckness (st) upon

di gchar gRe fprsuBskid clnt, Ewhe!remathermlyméd comprisesrapolyethylene
is set such that the rati g of

teree&hala@ 99mpplynéerpfmc;ﬂ99 Y ORI, T Eﬂre 0(Q plg’% to ghgut 30
mol%‘@oﬁf’ gﬁ@{%ﬂﬁgegff%% c{tﬁééreth'rag:efﬂg&lgﬁe P%bﬁre@idhbs ibased on 100
mole% of poly—ol residues, and/or contalnlng from 0.0 mole% to 30 mole% of
modifier dicarboxylic acids other than terephthalic acid residues or residues of the
lower alkyl esters of terephthalic acid, based on 100 mole% of all polycarboxylic acid
residues.

4. The process of claim 1, comprising forcing a molten stream of polymer
through a die to form an amorphous but crystallizable shaped article comprising a
sheet, film, or tape, continuously passing the shaped article through counter-rotating
rolls to form a semi-crystallized shaped article having an aspect ratio of at least 5,
and particulating the semi-crystalline shaped article to form particles.

r 5. The process of any one of claim 1-4, wherein the amorphous shaped
article has a first thickness ranging from 1 mm to 8 mm and the ft:ng ratio is at least

1.3 and not greater than 3.



14. The process of claim1l, wherein the polynmer nmass

conprises a sheet, and the width of the sheet is not
wohersgezb2By nore than 10% of the sheet w dth fedT/usmios/002523

the rolls. 15. The process 4f claim 1, wherein the

pol ymer mass is crystallized wthout substantially

draw ng the sheet after passing the sheet through the

roll's. WD 2005/ 072928 PCT/ US2005/ 002523 44 16. The

process of claim 15, vvhere| n the nh
poPy mer ThagEocessiaf @ny pRefap 'Fﬁ’rbgg‘ﬁ ¢ E}/ &‘@I‘?reé“' Grystalline
polyeré?qﬂQsﬁeﬁas b eondt H|cere%§§%t2héHH Pedbst rbhi6 id SNBhS Pﬁ5 and not
€ po mass I'n ence of tension providing
highieh ¢ha ?mgatl on forces. 17. The process of any one of
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19.
Tg of e mrpf\m@r ralymenio peiaredean (0hE bslawing,
pol nsform ng the anorphous polyner into a
sem -crystalline polyner having a degree of
cr gst al Theiprgeesst aftcldimat twizgedn the Toliscarerheated taeg emperature

The proce Q conprising extruding a nelt
withjra & %fsf]qo E;tﬂé‘%((j)ma:v\,here| n the conversion time from

expr udi mae tGcasBldf cifimt hevisreinpthewslis grel ymasth tamdalegiot impart
the die head to particulation ran rom5 seconds to
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presence spec any,” by the eye al one.
of the amorphous polymer mass to the rolls

qucﬁe amorphous

13.  The process of claim 12, wherein the semi-crystalline polymer mass
has a second thickness (st) upon discharge from the counter-rotating rolls, the roll
speed is set such that the ratio of the semi-crystalline polymer discharge rate (v2) to
‘the amorphous polymer feed rate into-the rolls (v1) is between 80% to 120% of the
ratio of ft:st.

| 14.  The process of claim 1, wherein the polymer mass comprises a sheet,
and the width of the sheet is not changed by more than 10% of the sheet width fed
into the rolls. -

15.  The process of claim 1, wherein the.polymer mass is crystallized

without substantially drawing the sheet after passing the sheet through the rolls.



24. The process of claim1l1l, wherein the nolten stream

of polyner is forced into a die through a gear punp.
wa@30050hm2pr ocess of claim 1, conprising forci ngC&US2005/002523

nol ten stream of polyner c#@ntaining repeating

terepht hal ate units and/or repeating napht hal ate

units, through a die to forman anorphous but

crystallizabl e sheet having a thickness of 1lmmto 8

nmm conti nuously introducing the sheet through
coliBt er Thepseaess of 6lai & \A&lef@@dhe &@@l-vmst&iw prtgyepmass,
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sheaﬂéﬁefae&%édf%rﬁsggﬁﬁw of dtheadtatsep. of ftist. 26. A

conti nuous process for crystallizing a sheet of
and8pholibe precessof anyone A Islamp - pvhersinhedegree of

o Sheet to crystallize the polyner to a
crysga(flﬂ?{é(qg%ﬂgcére@g a'linity of at |east 30% 27. The

prpgess s
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th| ckness is at | east 1 15:'1 and n reat t han
2: 20. 29ThepEogess S "Bf @pmpﬁhsme F& Mq{ithroligh a die
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olymer into a sem -crystalline polymer havin
polyd”ayrtlm@ugh the giist ead to partioflation aé@@ts frwv@usgcqzncgsaw minutes.
| ess. 30. The process of claim 26, wherein the degree
of 2tr ysThelprodesg df clak@b, (ﬁturthe'rmomprising annealing the

semicrystalline polymer mass at a temperature ranging within the upper half of the
difference between the T, and the T, of the polymer for 1 second to about 30
seconds.

22.  The process of claim 1, wherein the semi-crystalline polymer mass is
fed to the particulator at a temperature ranging from 110°C to T, — 10°C.

23.  The process of claim 1, wherein the particles resulting from the
particulator are substantially optically clear to visually observe the presence of black
specks, if any, by the eye alone.

24.  The process of claim 1, wherein the molten stream of polymer is forced

into a die through a gear pump.

25.  The process of claim 1, comprising forcing a molten stream of polymer
containing repeating terephthalate units and/or repeating naphthalate units, through
a die to form an amorphous but crystallizable sheet having a thickness of 1mm to 8
mm, continuously introducing the sheet through counter-rotating rolls at a feed rate
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(v1) and discharging the sheet from the rolls at a discharge rate (v2) to form a semi-
crystallized sheet having a degree of crystallization of at least 25%, subsequently
forming pellets from the sheet, wherein the ratio of v2:V1 is between 80% to 120% of
the ratio of ft:st.

26. A continuous process for crystallizing a sheet of amorphous but
/crystallizable polymer comprising compressing the sheet to crystallize the polymer to
a degree of crystallinity of at least 30%. |

27.  The process of claim 26, wherein the polymer comprises a polyester
polymer comprising terephthalate repeating units and/or naphthalate repeating units.

28.  The process of claim 27, wherein the ratio of amorphous polymer
sheet thickness ft to the crystallized sheet thickness is at least 1.15:1 and not

greater than 2:1.

29.  The process of claim 27, wherein the residence time between
transforming the amorphous polymer into a semi-crystalline polymer having a

degree of crystallinity of at least 25% is 1 second or less.

30. The process of claim 26, wherein the degree of crystallinity is 40% or

more.



