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molecular weight. Other polyesters such as poly(ethylene terephthalate), referred
to herein as PET or 2GT, have been commercially made by increasing, either in
melt and/or solid-state polymerization, the molecular weight of a lower molecular
weight polymer, sometimes referred to as a prepolymer or oligomer. In general,

25  melt polymerizations require higher temperatures, which are more likely to cause
polymer decomposition and require expensive equipment. Solid-state
polymerizations, in contrast, are usually run at somewhat lower temperatures.
Solid-state polymerizations can also have the advantage, compared to melt
polymerizations, that very high molecular weights, where melt viscosities would be

30  extremely high, are more readily obtained. In commercial use, however, solid-state
polymerizations may be retatively slow.

In the case of PET, solid-state polymerizations usually require that lower
molecular weight polymer, in the form of particles or pellets, undergo a relatively
lengthy crystallization process prior to being polymerized in the solid-state, in

35  order that the particles do not agglomerate in the solid-state reactor. The
crystallization process for PET is usually accomplished by annealing the lower
molecular weight polymer at an elevated temperature at which the desired
crystallization occurs.
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More parti cul arlgzegilggl,ﬂg@qnmrei nis a process for the crystallization of

heating a g Koy po ?ﬁé Ao BRI OB 1t 8 tralizgipn of
aver age tenper at pellets MWQ%Mnﬂg: within a specified
maxi mum period of .heatmg a glassy poly(trimethylene terephthalate) mass to a bulk
-average temperature of 60°C to about 190°C within a specified maximum period of
time and, furthermore, maintaining the mass at that bulk average temperature for a
20 speclﬁed minimum period of time; or
cooling a molten mass of a poly(trimethylene terephthalate) so that
the bulk average temperature of the moiten mass is brought to a temperature in the
range of 60°C to about 190°C within a specified maximum period of time and,
furthermore, maintaining the crystallizing mass at that bulk average temperature for
25  aspecified minimum period of time.
In a preferred embodiment, the glassy mass may be in the form of particles
or peliets or the molten mass may be in the form of small portions or droplets.
This invention also concerns a process for the solid-state polymerization of
poly(trimethylene terephthalate), wherein the improvement comprises, starting with
30 poly(trimethylene terephthalate) having an average apparent crystallite size of
18.0 nm or more and an I.V. (intrinsic viscsosity) of 0.05 to 0.9 di/g. Finally, a
3GT polymer product of a solid-state polymerization process is disclosed which
product has an average apparent crystallite size of 18.0 nm or more and an LV. of
0.5 di/g or more.
35 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an illustration of a wide-angle x-ray diffraction pattern of a
sample of 3GT polymer produced according to the present invention.
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15 The present 3GT has an average apparént crystallite size of about 18.0 nm

. or more, preferably 19.0 nm or more, more preferably about 20.0 nm to about

* 35 nm, which measurements are based on the 010 reflection. In particular, the -
average apparent crystallite size is measured by wide angle X-ray powder
diffraction, the method or procedure for which is as follows.

20 Polymer samples of 3GT having uniform thickness for X-ray measurements
are produced by cryogrinding the 3GT in a SPEX Freezer/Mill (Metuchen, NJ)
under liquid nitrogen for 30 seconds and then compressing the 3GT into disks
approximately 1 mm thick and 32 mm in diameter. While it is preferable that the
sample’s patterns are collected over the range 14.5-18.5° 20 (as shown in

25  Figure 2), the patterns of the samples can be collected over the range 10-35° 20 in
some cases, as was obtained for some of the samples (as shown in Figure 1). The
diffraction data are collected using an automated Philips diffractometer operating
in the transmission mode (CuKo radiation, curved diffracted beam
monochrometer, fixed step mode (0.05%step), 65 sec/step, 1°slits, sample

30 rotating). Lorentz-polarization corrections are applied to each powder pattern.

To remove the local background scattering from the 14.5°-18.5° 20 region
of each powder pattern, a straight line extending from 14.5° to 18.5° 20 is defined
and subtracted, as shown in Figure 2. This region of the diffraction pattern has
been found to contain two crystalline reflections, at approximately 15.6° and 17.1°

35 20, that have been defined as the (010) and (012) reflections, referred to by
S. Poulin-Dandurand, et al., in Polymer, Vol. 20, p. 419-426 (1979).

Figures 1 and 2 show the diffraction patterns, corrected as detailed above,
collected over the 26 range 10-35° and 14.5-18.5°, respectively. In addition to the
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reproducibility because of the relatively small sample size used in the X-ray
measurement. _ '

25 It is also preferred if the 3GT has no distinct premelting endotherm. By a
"premelting endotherm"” is meant an endothermic peak in the DSC due to a melting
endotherm at a lower temperature than (before) the main melting endotherm. By
“"distinct” is meant the melting occurs over a temperature range of 70°C or less,
preferably less than 50°C. By having "no distinct premelting endotherm"” is meant

30 that if one or more such endotherms are detected, the total heat of fusion is less
than 1 J/g, preferably less than 0.5 J/g. Premelting endotherms are believed to be
indicative of small and/or relatively imperfect crystallites, and when present, the
3GT particle may have a tendency to more readily stick to other particles when
heated, usually at or around the temperature of a premelting endotherm, which is

35  very undesirable in solid-state polymerization.
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the term "aver age“‘%?#erl“@g%éi b ?%‘H‘?‘“‘E? %ﬂ"%'ﬁet:’g '%E‘“cé“h%ant t he
nuneri cal aver agedeérmined byusina stafidardDSC atethpd Beating a0103¢/min ttedetepminetle on t he
15  heat of fusion of the crystallites present. Since the 3GT sample will be mostly
amorphous, an exothermic crystallization peak will occur in the DSC trace as well
as an endothermic melting peak. The crystallinity of the starting material, given in
- J/g, is determined by taking the difference in the areas under the curves of the two
peaks. By a "moiten 3GT" is meant a 3GT in the liquid (not glassy) state.
20  Preferably, it contains less than ten weight percent (10%), more preferably less
than five weight percent (5%), and most preferably less than one weight percent
(1.0%) crystalline 3GT. It is preferred if the initial temperature of the moiten 3GT
is about 230°C or higher, preferably about 240°C or higher, since this is
approximately at or above the common meiting point of 3GT. In order to obtain a
25  large apparent crystallite size, it is preferred to have as little crystallinity in the
starting 3GT as possible. .
It has been found that the desired 3GT crystalline morphology may be
formed by rapidly heating or cooling amorphous 3GT to a preselected temperature
range, which process step may be referred to as thermal shock crystallization. A
30  temperature range of 60°C to about 190°C has been found to produce the desired
result; 80°C to 170°C is preferred for maximum crystallization rate of 3GT.
Accordingly, in this process, not only must a temperature gradient be
imposed between the 3GT and its surroundings, but heat (or another appropriate
form of energy) should be removed or added to the polymer at a relatively high
35 rate. Ifheating, conductive and/or radiant heat as obtained in conventional ovens
may be employed. For example, ovens in which heat flows primarily by radiation
and/or conduction from the surroundings into the 3GT material or particle may be
employed.
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that produces a b gchieveby itselfO Liquids afthe appropriate temperature may also be used, but

they may be less preferred because of concerns that contamination may occur and
because of the need to separate the liquid from the 3GT. Thus, it is preferred to at
20 least partially cool the molten 3GT by contact with a heat conductive solid.
Conversely, when starting with glassy 3GT instead of molten 3GT, the
glassy 3GT should be rapidly heated instead of cooled. One way to accomplish
this is to expose the glassy 3GT to a very high temperature environment, about
. 300°C to 800°C or higher fbr'up to about 120 seconds. Generally speaking, the
25  higher the temperature or the smaller the cross section of the 3GT being treated,
the less time that will be needed. In forming the desired crystalline form of 3GT by
heating or cooling, it is preferred that the entire crystallization process, i.e., heating
or cooling and crystal formation, be complete in less than 5 min, more preferably
less than 3 min, more preferably less than 2 min, and most preferably about 3 to
30 about 60 sec. When crystallizing molten 3GT, the particles may be maintained at
the temperature of crystallization for longer periods of time. When crystallizing
glassy 3GT, however, prolonged exposure to the temperature of crystallization
may be detrimental to the desired result.
The maximum linear distance from any point in a particle to its surface is
35  used to determine how fast the bulk of the 3GT is heated or cooled. Generally, it
is preferred if the maximum linear distance for the 3GT particles to be heated or
cooled is about 1 cm or less, more preferably, about 0.6 cm or less.
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referred to as t heothervise divitded mto/partidids] sush asare suitable fortselidostata potimerinatige of

60[err] C to about s’li‘%%[ WS m.sy}gu | g
result; 80[err]Cto '}ﬁ rr ?s re?té%ég,gp@gerﬂr?a%gi R Ch éal i |g AP on rate
of 3GT. wm@éﬁﬁweﬁ, etswould preferablyheprodyged agd cllected together
t enper at ure gr adi éncorhmercial quantitiep ofgrelaterctharckdrkgl moreicferablyl greater than 50kgdi ngs,
- but heat (or apot hfye pafidds RRY belskd in the same Pla? ok mEJiEP ved or
added to the pol yner p?lt %{at | vel ° SEE ﬁ SSQB???% ?‘% eéﬁo%g,%rc%ﬁgﬁct ive
and/ or radi ant hedt*®£& 96'8?‘& gﬂr’r“ﬁp%b POgICERat guaDHues. my be -
enpl oyed. For exanpl e, Befareigeachingastable shape, mbltewas cysialiiaing BGTimayrba difedtedon
and/ or conduct i on gyRdihapEofihk hamMSmtd Which # bih fd¥Por3kithid Rhiek & &l coffinegar ticl e
may be enpl q}/eFd. lidificati l\xl\egwgw %3543 ; ical P
PCT/ US96/ 19647 oré soli on, whether such means employs physical or other forces.
20 Glassy 3GT, for use as a starting material in a crystallization process
according to a method of the present invention, may be made by very rapidly
cooling the appropriate molecular weight molten 3GT to below the glass transition
temperature of 3GT. This can be done in bulk or while forming particles of the
3GT. The 3GT itself can be made from appropriate methods known to the artisan.
25  See, for example, British Patent 578,097. Also, methods for preparing PET (2GT)
may, to a large extent, be applicable to 3GT. See, for example, with respect to
PET polyester, B. Elvers, et al., Ed., Ulimann’s Encyclopedia of Industrial
Chemistry, Vol. A21, p. 232-237 (VCH Verlagsgesellschaft mbH, Weinheim,
1992). Such a glassy polymer may be stored or shipped (preferably in a relatively
30  dry state) for later polymerization to higher molecular weight, whether a solid-state
polymerization, melt polymerization, or other processing.
It is preferred if the instant process starts with molten 3GT, which is then
cooled. It is convenient, and therefore preferred, if the 3GT is formed into
"particles” just before or essentially simuitaneous with the cooling of the molten
35  3GT to form the desired crystalline morphology. The preferred eventual sizes and
shapes of such particles are as given above.
The molten 3GT may be formed into particles by a variety of methods,
including pastillation, see copending commonly assigned application U.S.S.N.



Thi s_'-fequi res that the surroundings or environment of the 3GI be able to
transfer this heat rapidly. Preferably, the cross-sectional area of the

mass of 3GT shoul d not. be so large that the change of tenperature of
the 3GT is relatively rapid on the surface of the mass but inadequate
or too slowin the center. 5 When crystallizing fromnolten 3GT,
in order to OY@92IS43api d heat transfer into the nol t epCROB961D6471 S
preferred if the 3GT is in good contact with a heat- transfer
mat eri al that h&8/336,589;and UeS. $,540,868, these applicationstherehp incotpyrateddyi ved from
bot h its q&a@n&nﬂmeir%nﬁ@éyuaiubep&e.&aﬁa@séw} Rgastd}%uza b COnductance.

S especially netals
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exanpl e, a part of t @%W@fﬂ’ﬂé’&ﬂ@f)mﬁﬂ%fl tonina s face and

anot her part of mmwtmrmmmmhﬁﬂnnmwﬁl@pmﬂogm 15
Nthoutgh a gas raaterha:auﬁg lindriéal S hiVARL d;; oﬁ&‘iﬁ&%&f’wﬁ%x heat
capacities o gases ar pw, ard so such. cool I n e nore
ditiicult B FabenRey, Rainebe by Fomainesis inaiet, comosly Piipgscal

t enper at ur e 19ay cants@emvmsemetdmsbaror chmmﬁeii'hemlyralm of esificepoetherouterl because

of concerns t hatcofiamure B ds&nmaﬁmapm%n ml align wiﬂeﬁﬁ%ﬁ{;bm need to
separate the Ilqhudfr eferre 0 a | east
t

partially cool ‘T"tq& ngg-f:o%mgo\ﬂ{eg&e %fefﬁ R a4t uctive solid.
Conversely, when st adypieaily.meltengolyester istgmsierred toctbic ipfiercontaiger S8, t he

gl assyI SGE 5h0U|pdstglﬁt tdhderbﬁmxsl W&aﬁ&%@ﬂmh@@c&ﬁ&y&r@m
acconpl 1 s S I S Qse as

tenperature 1é':'nw"Fon %?ﬁx dmﬂ?ﬁg Sq/d@?%%f’é?ﬁéﬁg?gﬂ‘r‘&%r for
up to about 120 @ee@wasnﬂ@emrmyms bar o thetianer t he
tenperature or. tebmahanalnaeﬁllatdﬁsaareemmﬁnytavmmre g hthe ROTOFORMER®eat ed,

of aGT by ”bﬁ*""?‘hmﬁ@?ﬁﬁ i) %*F?@ﬁ’?%ﬁf’ff‘e&@%ﬂ“”e e

crystal | i zat i on 95tads eaforming polyestex partiglgs by pastillation, seeopending,epmmaniy |
formation, 20 cmﬁmﬂmﬂmpbmapbm&mmNaoommﬂberabl y | ess than

3 mn, nore preferabl ool QRBH; to 30
about 60 sec. V\hen tﬁtmebm cﬁ%n we%ﬁée paﬁ’Pl c‘ﬁm‘ grg e
mai nt ai ned at AY®r peri ods
of time. Wen cwatqbﬂbemqngmwngtablegﬂemyhemertempuummmlnmmed exposure

to the tenper at efredleysialk foth6).Of i proferred B 5 fadb i the

d d t (O
Gest o0 1SS men ol gy i S L B S i@?w%&eﬁmﬁmi“%uf"k" of

the 3GT i s heat dransfer thad solid ofxhe earad tateridl.t A regulated flowpofah inertegls iy béie
maxi mum | i near  Qiagsed B¢ theartichts tofalreni'thd dveiafl rdt@ oftolifgat €d or
The temperature to which the 3GT mass (or pellet) is brought, referred to
above, is the bulk average temperature, defined as the average temperature of the
30  mass (or pellet) or the average of the temperature in every location of the mass (or
pellet). To determine the bulk average temperature of peliets, for example, the
measurement of bulk average can proceed as follows. Quickly collect a sample of
the pellets from the solid surface or gas, whichever is used to thermally shock the
pellets. Immediately place the pellets in an insulated container, preferably
35 evacuated. Preferably, the pellets nearly fill the container. Insert a thermocouple.
Allow the container to come to an equilibrium temperature and record it as the
bulk average temperature.



.éool ed is about 1 cm or | ess, nore preferably, about 0.6 cmor |ess.
6 WD 97/ 23543

PCT/ US96/ 19647 : The shape of the crystallized 3GI may vary,
and may be, for exanple, a film a ribbon or particles of various
shapes. In one preferred enbodi nent, the 3GT is in the form of

particles (or WRI/®5tcurately, small discrete units, massesFPCOUSI19647
droplets in the case of nmolten 3GTI). Crystalline 3GT in the form of
particles is 5 particitepasly. adwik gverage emperaurs of palletsheinggroceased ean bethe
particles herein bastataiaifolipevs. Collect alsaniphd ofithe pellets. Bimediatdlpplaceatiz Preferred
forms and/or size r ' bt rj ' 1t h

di areters of O. 05%‘%&1‘%9@#&}@&6@%& s?)fﬁésﬁi%@?ﬂ&aért% ﬁJgP gg‘éﬁp%}aﬂﬁ&m%h a

maxi num cross secPreyished ipsujat tgingr. @%@&°£$%1“@Fﬁ< Qbserve the| | nders with
a di aneter of 8. Obquilibrium teémperatarea Mdlcalateekedbulk avérafe femperatupe 6F.the paliets| f shapes

such 10 as fil %ﬁhﬁh@?&l&%@;ﬂ&hmd’ then if desired, they can be

| at e ground, cut, or se divided into particles, such as are
suitable for solid-state polynerization. Since it is preferred if the
pellets are produced on an (mgpKdeg,) A (Ty - Igya(hnde X(Tp-TJorrrrerci al

scale, the pellets would preferably be produced and col I'ect ed toget her

in comrercial . quantitjes of great than 10, kg, nore preferably greater
han 50 k. - 140" PhereidRy B Thges ofibe ek comis tHkheSLARRACHY GFibe 2ish Ty Bor e ng
nmade, stored for kiwtnsass of the pellets cop, istheleakaganity bbthe pelietss Pistthe egbilibdium
comrer ci al quanti gd T.. is the initfaf-fef gmgﬁ,'a& 'engﬁ ﬁﬁd‘* ShaPe, nolten
or crystallizing 3 ,pggge’b'gdawsecf% b y tEHe stg_lbe 0 } Fle nmeans into
which it can flowmyt AR TR pquption can be solyedito, determine Ty, theylkdemperature
sol i dification, -wofthhgelletsuch nmeans enpl oys physical or other forces. 20
g assy. 3GT£ f a5 use SSAs;iwtﬂlt&rabﬁﬁﬁatﬁ?Bféde%fft&}m@&ﬁMﬂlﬁ'ﬂ, g@bgmv&sg@ess g
according to a netho resent. i nvention,., may be nmade by . .very rapidly
cool ing the appro W&faﬁ"ﬁﬂﬂgﬁﬁ?@?" %’gﬁf""ﬂfoﬂ‘%ﬂmﬁ ?’8%‘%{'”‘@ gl ass
transition reasonable degree of accuracy and precision based on standard heat transfer

equations. The skilled artisan will be familiar with such calculations, including

numerical and/or computer techniques for improved efficiency and accuracy.

20 For example, if one knows the heat transfer coefficient of the environment
and the process conditions, then an estimate of the change in bulk average
temperature of the particle with time can be obtained from the equations:

2.

T, .
Q= myep " = BA(Te-Ty)
25
dT, hA
—cﬁn = ——c; (Te-Tp)

dT,
LY. S

' hA
30 ' where k =——
‘ MpCp

35



_t"errpe-"rature of 3GTI. This can be done in bulk or while formng particles of

the ~ 3GI. The 3GT itself can be nmade from appropriate nethods known to
the artisan. 25 See, for exanple, British Patent 578,097. Al so, nethods for
prepari ng PET (2GT) may, to a |large extent, be applicable to 3GT.

See, for exanple, with respect to PET pol yester, B. Elvers, et al.,
Ed., U | mannwo 92385481 opedi a of I ndustri al Chem stry. péavusobifosar P-
232- 237 (VCH Verl agsgesel | schaft nbH, Wi nheim 1992). Such a gl assy

pol ymer may be stored or shipped ('Eys?lje(nbl‘p\d)(e-h)a relatively 30 dry
state) for later polynerization to hi gher mol ecul ar wei ght, whether a
solid-state pol yneri zati on,T Jo YTRIeXgt i on, or ot her processing.
It is preferred if the instant pr(gcess staLts ¥mth m)I]'Een 3c(13T }/vh![ﬁh I?E;T

t hen cooled. It.is convepi ent nd therefore preferre [ e S
formed into 3 &é‘? capstion-n %&eﬁﬂ%\%b‘leé‘eﬂrtrae%fsrémﬁtmtﬂytﬂw fefifeous with
the cooling of sivea syssérs eswelbas theiaifial tempervatoretof ehepamicleanid ﬂ’fe}t&hﬁdrituﬁe

mor phol ogy. Theof%@é:ﬁfrétﬁﬂen?\fﬁéﬂtthﬂulﬁiv%ﬁ? f%%grétfxre of tﬁggﬂﬁ%eg npart U

are as given a

particles by a é}é’f“feﬂb al‘?'f'@’f?‘l’c?&“’“‘m st ‘?ﬁ%ﬂseﬁﬂ‘ﬁg"'&&%ﬁ‘%ﬁabn see
copendi ng commp;cltas‘ﬁtlgmltbt,amﬁmz; Aiis the hédt Gansfaicoefficient of the surface or

7 WO 9k g3wiidh the pellet i is sub]ected T, is the t e 0
PCT/ US96/ 19647 ge éh ?“8%‘“% &{ se 2 catlons
her eby mcorpor‘gl?“é}blth Vaﬁms F’?aéﬂggtW%ﬂWFhEﬁ?‘F?"é or sybjeqt d§° Pat ent
5, 340, 509, pri Iﬂhehgltmmwhﬂbcdsplﬂ surfaceormmr&rmlemﬂmsphﬂmeﬂs U. S

Ea][ ent No. 4, élﬁfaaﬁb?@d Ton@%ie%l vl m gy hhwd m afe? A8n touglrl wgﬁ’ﬂﬁ'mié )e(»?igléhs ;5 on
steeg\)N) or S Tared &glbg?[a? L ﬁfﬁ%ﬁg é‘i&ﬁ‘?ﬁpﬁ%’&""ﬁ% %Wé‘ﬂ“‘f' Botparticle
formation i B a asample queﬂmmbe pitysicallyrmesasured for hee ipthe above equations. i on.
Pastillation typlesééduitisi8RarbeoRed for Ty, the bulk average temperature of the pellet.

As mentioned above, 'thennal shock can be imposed on 3GT pellets so that
the temperature gradient expenenced by the pelléts.occurs in either direction, that
is as a result of either heating or cooling. However, itis preferable that the pellets

20  be crystallized by cooling from the melt. This avoids the need to reheat cooled
particles and is thus more energy efficient.

In an integrated process for producing high molecular weight 3GT, the low
molecular weight 3GT having the morphology described above may be further
polymerized to higher molecular weight. The 3GT may be melted and meit

25  polymerized, but the crystalline 3GT described herein is especially suitable for use
in solid-state polymerization. Solid-state polymerization in general is well known
to the artisan. See, for instance, F. Pilati in G. Allen, et al., Ed., Comprehensive
Polymer Science, Vol. 5, p. 201-216 (Pergamon Press, Oxford 1989). In general,
solid-state polymerization involves heating particles of a polymer to a temperature

30  below the melting point and passing a dry gas, usually nitrogen, usually
concurrently in continuous operation, around and over the particles. At the
elevated temperature, transesterification and polycondensation reactions proceed,
and the gas can be employed to carry away the volatile products (similar other
methods, such as employing a vacuum, may be used for this purpose), thereby

35 driving higher the molecular weight of the polymer. Some embodiments employ
both an inert gas flow and a vacuum.

In the past, a number of problems or difficulties have been associated with
the solid-state polymerization of some polyesters such as PET. In particular, the
particles to be polymerized usually have had to undergo an annealing or

10



Outer’, rotating, cylindrical container having a plurality of orifices

circunferentially spaced on its periphery. Wthin the outer container
is an inner, coaxial, cylindrical 10 cont ai ner having a netering bar or
channel . The plurality of orifices on the outer contai ner are

di sposed such that they wll cyclicly align wwth the nmetering-bar or
channel on t heWP@¥4ont ai ner when the outer .container is r (US§6/19647

Typically, nolten ter is tr d to the jinner ontalner of t he
pastillator and, ﬂﬁ%’éﬁ“ﬁ?‘b&' % SO ﬁ’@fﬂﬁ?&g h%f?ﬁ@“’é“%ﬁ?}' ¥ such as a
conveyor belt 15 pqlmmmoarﬁhﬂaﬁmmwdemmahgxeun@mwskmgemmdf| dified
pellets, as each ﬂtfentahﬁuotwpalyhfeuzmonoccu&fataielidvel?fowa?t&zﬁﬁm%é?J avoRit @i ner

| th th Past t
e, 1 A et 8 A et A
manuf act ured by Gﬂ%@@@éyﬂgmmﬂ@# fastenadig P(I?mpmreﬁoheenher

details on form ngremptheRdifficultiaiol pfobRens bahd Bfmhiid thawhe&tatf\gﬂymm' ng,
comonly 20 assﬂgﬁ@@?m@ﬁ%@&@@@ﬁ'nﬂ application Serial 08/ 376, 599.
can

The 3GI, as dropl ohveniently cool ed by contacting themw th
a metal surface, pref eﬁ‘défbﬁ%ep#lm@mpﬂbdhqgﬁfbmlmqweﬂ!ehwwndhmt such

asha o conveymorphabgydifcmmmmamhmmmmnmiﬁolaﬁgaaefysﬁmm?ha; ”[ﬁ to
acnl eve e e | e

3GT initiall y con %gt S tEII SWJ“"?@?"%‘P‘F@"%%?’? g@ﬁ%"?en since a
liquid will usual (Pyefesally edangealing). In addi %PW esougedsol i d of the

same material. A ioe@dingt@theﬁdim@foc%quﬁbmﬂs?&sﬁ&ﬂem, be more réSRQREI OVer

the particles to a The
tompor at Ur e To. iR, Tis i REIPbe adyslnfeeBos (R holfogrpartiien. i 1o
above, is the buIW‘ﬁP@MﬁB‘?MM@&r‘W*&W&§ ﬁ@éf‘&gﬂpﬁf@mﬁ)erature
of the 30 ntss iself. pellet) or the average of the tenperature in every

Lemperature of pel Lal 4 E?Yo”'mré%i&‘%gt; ool SRRt gl BoRURR" T

can proceed as foVft ag;palymesizatioprcatalysts, maythe pRseatet s f r om

the solid surfacemwhamh&dmhmthﬂmdmmﬁﬁmﬁmwe

pellets. |nmedi at @ity eaﬁﬁm!g aﬂ“}‘fﬁp W‘Q?
preferably 35 evacuat Pre era I 2 ets near fl}sP&nhe

cont ai ner. Qr tt “A‘S‘ESF‘FEE‘FFB'SB Rolycon MN‘P I¥e&'Scont ai ner to come to an
equilibri um terrper at udethedollowingExdmples,aertaih enalytical prdzedutesavesad c Aside
tenperature. from X-ray diffraction, which is described in detail above, these procedures dte

described below. References herein to these types of analyses, or their results,
correspond to these exemplaxy procedures.
25  Intrinsic Viscosity (V)

A solvent is made by mixing one weight portion trifluoroacetic acid and -
one weight portion methylene chloride. The 3GT polymer, in the amount of
approximately 0.01 g, is weighed into a clean 30 mi vial. Appropriate quantity of
solvent is added to make a 0.4% by weight solution. The vial is sealed (to prevent

30 evaporation of the solvent) and shaken for 2 hours or until polymer dissolves. The
solutions are measured in duplicate on a Viscotek® Y501B force fiow viscometer
at 19°C with a pure methylene chloride reference stream. A three point calibration
scheme with blank correction is used to calculate single point intrinsic viscosity
(I.V.) using the standard Viscotek® ETA 4.10 software package.

35  Melting Point

Melting point was determined by Differential Scanning Calorimetry (DSC)
and all samples were analyzed using a TA Instruments DSC 910. The instrument
was calibrated with indium consistent with the system documentation. The

11
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"PCT/"US96/ 19647 Alternately, a bul k average tenperature of
pel |l ets being processed can be calculated as follows. Collect a
sanple of the pellets. Imediately place the pellets in a preweighed .
amount of distilled water, at a known tenperature, in a pr ewei ghed

I nsul at ed comi9meas43 Rewei gh the the total mass. Cbserve t heeTns96/19647
equi libriumtenperature. Calculate the bul k average tenperature of the

pellets b sagpdesarere h&lyfzal alsQWeWGd,QﬁWgrﬁﬂmg, using 5-10 m :!:0 005 mg, (my) X

(Cow) X (Te - T err]. is the
mass of the vvat\g?lesc er@’ 1S, t@“?]sgga'i ac h&gﬁdfﬁ\?@F tP] S

the mass of the %F ra]mtr%evnurswgwr@me. s(;fangm pellets, T[err]
i s the equili brtemperature, mdmmmmmdnmewdfhsidﬁcmbﬂaﬁdhbwdoheﬁper ature

of the waterg a ' n can be
solved to determﬁgl i(,a Pure &kali&hg eﬁﬂ;‘é& e??sets
As will be appr f:g"’ S)WE'PEFP‘“E& WP?WPH‘%W@he bul k

aver age tenrperhttheExawipleshlmtnﬂbhesmmwdeﬁhdvmemlﬁnaﬁaﬁm|ons can be
estimated with a r easonabl e egx goguracy and preci sion based on
standard heat transfer ?fgl lled artisan will be

fam liar with such cinSsEmRlesd-5 1“H8Taﬁfcﬁ‘}%f“mt‘°“ of 3GFfrane mplten-frpplets conput er
t echni ques fl0r lacmrdmgntoméhmbodanen}oﬁthdpmmhmmonmhepolymer:a'GT\Fasr exanpl e,

i f one knows th éﬁzeﬁiﬁﬂﬂé&ﬁftﬁ%ﬂﬁ:ﬁ]&ﬁ*ﬁé}# %g%@iatmm and the
process conditi? en an est 1 nat e Cc ang
10 the 1 ma]?‘f'@ ‘Eaﬂ’l‘b ﬁ’fé “‘f‘F“b‘ ations:

t enper at ure of
Q= 1J[err] 25 polymer was heated in a melt indexer at 27Q°erun}ﬂ the polymer dripped out of its

orifice (1 mm in diameter) under its own weight onto a programmable hot plate
15  approximately 20 cm below. The hot plate was set to 135°C. Crystallization was
- monitored by observing the clear amorphous drop turn into an opaque solid. Once
it was opaque, the surface was tipped at an angle to horizontal so the particle
would slide off and cool to room temperature. The particles were shaped like
pancakes, approximately S mm in diameter and 2.5 mm thick. DSC analysis of the
20  crystallized samples indicated no pre-melting endotherms. The intrinsic viscosities
and the average apparent crystallite sizes determined from the 010 reflection are
shown in Table 1 below.

Table !
ACSg)0 (nm) ASCyjg (nm)
_Ex. No. 1V.(dl/g)  Pearson VII Deconvolution  Gaussian Deconvolution*

] 0.16 21.6
2 0.18 19.7
3 0.35 19.7
4 0.50 20.9 205
5 0.70 20.5 19.5
6 0.39 23.2 21.5

*Numbers obtained using Gaussian deconvolution' may-vary (usually within about 5%) from
what woukl be obtained using Pearson VII deconvolution.

EXAMPLE 6
This Example shows that the novel crystalline morphology created by the
25  thermal shock crystallization was preserved when the low molecular weight

prepolymer was solid-state polymerized to higher molecular weight. Particles from
Example 2 above, with an L. V. of 0.18 dl/g, were solid-state polymerized for 24 hr

12
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Terr] 35
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THIS SHEET HAS prg
. N
REPLAGED TP =

(Te-TpO) (e[err]) e err}) +
Te(1l-e[err]) WO9723543 This equation indicates that if t® 26/19647

transfer constant, k, is known for a ?i ven systemas well as the

initial tenper at uRGOSTC Fe S hocbiuait sonsitod ol mejabb (33> mm damegs, Vien

]ccanvi ronment, the Pldn_@)?wiﬁ\ﬂl lﬁeﬂt\&feaxlgen {he 6pedr (Nifr6gen] prélivate @6 thegete as a Con
pel et . cferr] | o ipEplgheitfa 2 oisuBbRte RBELE NerfhB iihpudhind Bfecl Btnf | "
the heat transf er theqerticles; Tha SHYd Revicles bed anceV. cof O3 dig gedsan ACSH10 06 t he
pel l et is subjgct et ntRing|Gaussiahldecon®sliminat ure of the surface or gas to
COMPARATIVE EXAMPLES 7-9
The polymer 3GT was made by a conventional method for making 2GT
(PET) in order to show that this material does not have the novel crystalline form
shown in Examples 1-6. The samples listed in Table 2 below were polymerized in
10 the melt from DMT and 1,3-propanediol to an L.V. of about 0.7-0.9 di/g. The
polymer was extruded under slight pressure, round strands, 1/8 inch diameter, into
a quenching water bath and cut into lengths about 1/8 inch l'ong. The polymer
chips were shattered, then crystallized for 6 hr in a vacuum oven at 125°C. The
~ crystallized chips were solid-state polymerized in a fluidized bed using dry inert gas
15  (nitrogen). The temperature was ramped from 190°C to 210°C in 10°C steps and
kept at 210°C until the desired molecular weight was obtained. Sample 8 also
contained 0.3% TiO,. The intrinsic viscosities and the average apparént crystallite
sizes determined from the 010 reflection are shown in Table 2 below.

Table2
ACSpjo (nm)
Ex. No. : 1V. (di/ig) Pearson VII Deconvolution
1.06 16.1
1.14 16.9
1.39 15.7
20
—_—
| This Sheet Has

i
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which the pellet is subjected, and A is the area which is contacted or
'subj-ected to t he heat sou -6l surface or a gas. For

exanpl e, a hem spheri cal n a steel belt may have a
flat area Ain touch with the bel hi|M m ﬂr rea can be readily
estimated as ([err])(radius)[err] , an average value A of 15
a sanpl e of weldrgisazcan be physically rreasured for use in tHOT/UESE/19647

equati ons. These equations can be solved fbr T[err], the bul k average
tenperature of m;_@m As mentioned above, ther rral shock

can be inposed on 3 p %ﬂﬁ 5@%5 ﬁi%"
experienced by the pG(£1 I‘g %%gﬁg’séonﬁh Od'ﬁ I Tec |on5ﬁﬂg@"% Is as a
result of eit heterepiithajate) &Wﬂg“mﬂ alljte size0 ﬁb@#‘e‘fsé’dl“é“c hat the
pellets 20  be nfory deretmined-Forh91Erflédtiog fromthe nelt. This avoids the need’

to reheat cogl ed

In an int egrgt ed procesﬂ?e;éo ?’ ﬁofﬂé?ﬁgéﬂnﬁﬁml ecu aﬁ%eéa%éh@&?ﬁithe | ow
nol ecul ar wei ghterystattitesizeiin gpouh I QBNOREOKyy descri bed above nmay be further
pol ynmeri zed to hi ghes. nphesosipositiowpasgdited ihClaimGTwiiansin kaid avetape dppanait el t 25

pol ymeri zed, but n}s{lﬁn Mesigi’tlaiu{%@ @ %ﬁlcrl bed herein is especially

sui tabl e for use yer i zat iqn. Solid-
pol yneri zation in gefler Bhe Gompagition asﬁemdmc'mm L whergin the r‘PF’Q%‘F““’%@@“ f or
i nstance, F. 10P| Imhnsmvis@smﬁdﬂoms tot0d¥g. , Ed., Conprehensive Pol ymer

Sc:egcet E/ol I t glmh ,g{;malmq({,%ﬁngg@%d,ﬁw gener?I

sol i saepoyrrerlzal ves heat)ng particles.o r to a
tenperature 30 POB ﬁ’@‘ ?)Eﬂ“?ﬂ"%?ﬂ’(? 03 PEFOFRY Qﬂ“gﬁ%gd’r%sum |y

ni trogen, usual Itymmmethybmsmhthdadeyepeatmmntl nuous operation, around and
over the particles. A ¥fhecom muoﬁiﬁ%%éﬁ@?ﬁﬁ&&ﬁ@udﬁoﬁﬁ%&ﬁ erification
and pol ycondensatlon reacti o s_can be enpl oyed
to carry awaly ‘51“5&1 B@E‘P ?f‘g?ﬂﬂswmm denveg?ro%rlomgagmerguch as
enpl oyi ng a vacmmmmmmwalmfsomgsﬂ% triethyeneiglycds  dri vi ng

hi gher the nol ecm.é*clmﬂbm&ma BelniftRilenc IR oRYI QB ERiGackilBiters of

both an inert g ow, an vac In the past, a nunber of
tﬁ%%ﬂ‘?@%’ 5’3@“&@%@%‘8\"3’{?&"%{‘?} the solid-state

probl ens or diff
pol ymeri zation of sorke PBetiglesefshecampoptionofiflgm In particul ar, the

par ticles topype pol yner ke particlesalsliny Claiky Bhavirg ah@vummmmfameﬁﬂmng or
2cm.
9. The particles as recited in Claim 7 or 8 wherein said average apparent
crystallite size is about 19.0 nm or more.
10. The particles as recited in Claim 7 or 8 wherein said average apparent
25  crystallite size is about 20.0 nm or more.
11. The particles as recited in Claim 7 or 8 comprised of poly(tnmethylene
terephthalate) having an intrinsic viscosity of 0.5 to 2 di/g.
12. The particles as recited in Claim 11 wherein the intrinsic viscosity is 0.7
to 2 dlfg.
30 13. The particles as recited in Claim 7 or 8, wherein the particles are
spherical, hemi-spherical, cyclindrical, or pancake-like in shape.
14. The particles of Claim 13 wherein the particles are spherical with a
diameter of 0.05 cmto 0.3 cm.
15. The particles of Claim 13 wherein the particles are hemispherical with a
35S  maximum cross section of 0.1 cmto 0.6 cm.
16. The particles of Claim 13 wherein the particles are right circular
cylinders with a diameter of 0.05 cm to 0.3 cm and a length of 0.1 cm to 0.6 cm.
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WO 97/ 23543

"PCT/-US96/ allization pro Cirat hey are heated
duri ng. Soﬂmuullu“““m MI yneri zation, EP@S@% ?;\ ARrfENYy Q) parti al

mel ting and*stGck t8gefher. If, aIt & CEhhe poljlyrer i zat i on
occurs at a relatively |ower tenperature to avoid stickin this

woul d increasewDi9®235d3 yneri zation time, since the reactions RGTRI§o6/ 19647
drive the nol ecul ar wei ght up proceed faster at higher te ﬁeratures In
~either event, t iseA piokéss Garlctystalliziog pply(wimeshylenéderephiliplatelcomprising
solid-state poly 6!6 bi PhAte sufficienttb @682 dh ﬁol%ﬁ&ﬁ&ﬁ 1R tér@plfthﬂlhte), or

o phot ogy di 561 o mn&g%iﬁ‘%a&‘%sﬁeﬁ?&&g%&éﬁmﬁ%w b eplhBhf 104 "¢
crystal | ization 1Gempstanye ofdbout60°G o sheut lwcdpymdmwmtﬂm and may be
nore“directly gol ygK(tiimasylene tereplitiilfté)tiadhg ¥n sVeia@OspatthOirgstaliite siaeofal i ng) .

I n addition, partl ﬁsBb&dﬁ%?ﬂsﬂﬁﬁﬂﬁgoﬁwmﬁl&&pe present process nay,
e

in some cases at tion. This would
usual | y be advant ageod§ quma;mtecbm&lmlagvhem%thpemlsab@%te
pol yneri zati on apRgé@iokboutli¥0®.t 0 wear agai nst each other or the apparatus

Lo higher molecular 19 T é@%‘“@%w%ﬁﬁﬁméﬁ@#@%w ont set
pol yner i zat i orl0c atcastaliitessizeringboyte19Q nm o more as determinpdfeo wHeron @Y added
when the | ow nol eghil fystaliing poly(tinlethylene teréphitialate) produce@&hahynﬁmsncmml ng

titanium antinony agguab%gw@g%are comonly used in 20
on

transesterificati o nsati on of, poI yesters
the fol | owi ng Exanpl e0. CEQIHPWSWWM E’r sidcrystalizing is i@?ﬁje
from X-ray diffrachtmabonts mikutesordesscri bed in detail above t hese

procedures ar 5 %Scﬂﬂﬁgcegseis%ﬁteﬁeﬂﬁweﬁe A nEypes of

anal yses, or their result respo enplary procedures.
25 " Intrinsic Vi dewselthajatg)iprefured is in the form a particle. 55| vent is made by ni xi ng
one wei ght portion trizl uﬂq&oe&sasraﬁtedueﬂdmﬂcompomgthea@moqatntmdn

001 9. s vei ghed®ik nﬁﬁmi@r&m‘“%f’frﬁ““ g pimylens tereptiRfiee)’| . €1 Y
sol vent is added to W%fﬁﬂfmﬁ\é‘?"&l*ﬁ“%ml “‘Pﬁ@ l% e4"3§¥"§°eal ed (to
prevent 30 ezmpmphthalate)tmﬂ:mmghmmgpmd&d}mk&nnﬁthyl@mhtbﬂw)mm|I

pol ymer di ssol ves. % e gas o Eé@i&ﬁm%&w W@aﬁﬂnﬁﬂﬂo@@ﬁﬁr%
I’CG

Vi scotek[err] Y50 OW VI S W|th a pure

met hyl ene chl ori d %@Pé ng poit fhe“ﬂpff’w&‘b%rpﬁ?‘“%sﬁ‘aﬁau schene
wi th bl ank cor r ectpolytrimethylsaeiterephtbalate) particlesdiaving 2n gysrage apparent mstﬂlm scosity

size of about 18.0 nm or more and an intrinsic viscosity of about 0.05 to 0.9 dl/g.
25 24. The process as recited in Claim 23 wherein said average apparent
crystallite size is about 19.0 nm or more.
25. The process as recited in Claim 23 wherein said average apparent
crystallite size is about 20.0 nm or more.

——
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¢l.Vs) using the standard Vi scotek[err] ETA 4.10 software package. 35
‘Mel ti ng Poi nt Melting point was determned by Differentia
Scanning Calorinmetry (DSC) and all sanples were anal yzed using a TA
I nstrunments DSC 910. The instrunment was calibrated with indium
consistent wth the system docunentation. The WO 97/ 23543

PCT/ US96/ 19647w0 9723543 sanpl es were anal yzed as recei ved, no pKEUP6H&éhg,
using 5-10 ng [err] 0.005 ng. The sanples were seal ed in al um num
pans then heated fromroomtenperature to 300[err]C at 10[err]C/ mn.
in a nitrogen purged environnent. dass transition t enper at ur e,
nmelting point tenperature and heat of fusion calculations were done 5
with the TA Instrunment software. The reported DSC peak nelting tenperature

IS the corresponding tenperature of the peak in the main nelting

endot herm In the Exanples that fA& | ow, SSP neans solid-state
pol yneri zati on. EXAMPLES 1-5

These Exanples 1-5 illustrate crystallization of 3GT fromnolten droplets
10 according to one enbodi nent of the present invention. The polymer 3GT
was polynerized in the nmelt fromdi nmethyl terephthal ate (DMI) and

1, 3- pr opanedi ol (3G to the intrinsic viscosity listed in Table 1

bel ow. This | ow nol ecul ar wei ght pol yner was heated in a nelt indexer
at 270[err]C until the polymer dripped out of its orifice (1 mmin

di aneter) under its-own weight onto a progggllggl hot plate 15
approxi mately 20 cm bel ow. The hot plate . 135[err] C
Crystal l'i zation was oo tened Ry gheerying the clear anprphous. drop

¢ LT . T |1 { H
turn into an opaque splid. Once was opaque, the surface was tipped
at an angle to horizontal so the particle woul d slide off and cool to
roomtenperature. Therparticles were shiaped |ike pancakes, -
approximately 5 mmin| dianeter and 2.5 t hi ck. DS(lanal ysis of the 20
crystallized sanples ] ndicated no pre-nelting endotharns. The intrinsic
vi scosities ~ and[the average apparfent crystalliltle sizes determ ned
fromthe 010 rgfj ectipn are

=~ 012

ey

» g -

%)

=

3

=

fmened

b
1 '] 'l 1 l s A L A l 3 '] 1 b3 l 3 Il I '] l b3 'l L ' ! | L ' b ]
5 10 15 20 25 30 35
Scattering Angle (° 20)
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shown in Table | bel ow Tabl e
‘ACS[err] (nm ASCl err] (nm Ex. No. I.V. (dl/g)

Pearson VI | Deconvol ution Gaussi an Deconvol uti on* 1

0.16° 21. 6 2 0.18 19.7
3 0.35 19.7 4 0. 50

20.9 WO 97/23543 20.5 5 0. 70 PCT/US96/19647
20.5 19.5 6 0. 89

23.2 21.5 *Nunber s obt ai ned usi ng Gaussi an
deconvol ution may vary (usually within about 5% from what woul d be
obt ai ned usi ng Pearson VII deconvol ution.

EXAMPLE 6 Thi s Exanpl e shows that the novel crystalline

nor phol ogy created by the 25 thermal shock crystallization was preserved
when 't he | ow nol ecul ar wei ght prepol ymer wag solid-state polymerized
to higher nol ecular weight. Particles from Exanpl e 2 above, with an
l.V..of 0.18 dl/g, were solid-state polynerized for 24 hr

12 at 205[err]C. The SSP batch unit consisted of a netal tube
[err] mm di aneter, 19cm long) with a nesh screen on the botton.

Ni trogen preheared to the set tenperature, heated the outside of the
tube and went up through the screen heating the particles. The SSP d
particles had an 1.V. of 0.89 dl/g and an ACS[err] of 5 21.5 nm using
Gaussi an deconvol uti on. COMPARAI VE EXAMPLES
7-9 The polyner 3 GI was made E/IGc.orﬁenti onal nethod for
maki ng 2GT (PET) jn order to show that this material does not have

the novel crystalline florm éﬁfwn'id Exanpl €s 1-6. Thé sanpl eS [ st gd
N |
R

in Table 2 bel ow were ol yneri zed

+ 7

+ + F =T

##*
~ + e e
& +"=|-+.p#.d"'="" *h""'H-I-,*_’_

Intensity (AU)
e
N

T+ Local Baseline (b)

156 16 17 18

Scattering Angle (° 26)
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10 a;the melt from DMI and 1, 3-propanediol to an I.V. of about 0.7-0.9dl/g.

The pol ymer was extruded under slight pressure, round strands 3.22mm
(1/8 isnch) dianeter, into : a quenching water bath and cut into
| engt hs about 3.2mm (1/8 inch) |ong. The pol yner chi ps were

shattered, then crystallized for 6 hr in a vacuumoven at 125[err]C. The
crystallized CWPB¥23%¥ e solid-state polynerized in a fluidi z@ETRSH6/19647Tn(
dry inert gas 15 (nitrogen). The tenperature was ranped from 190[err]C to

210C in 10[err] C steps and kept at 210[err]C until the desired
nol ecul ar wei ght was obtained. Sanple 8 al so contained 0.3% Ti Q2. The
intrinsic viscosities and the average apparent crystallite si zes

determ ned fromthe 010 refl ection are shown in Table 2 bel ow.
Table 2

ACS[err] (nm Ex. No. l.V. (dl/g)
Pearson VII| Deconvol ution 7 1.06
16. 1- 8 .14

16. 9 9 . 39

15.7 20

Intensity (AU)

Scattering Angle (° 20)
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TS T VID 97/23543 oS

PCT/ U896/ 19647 . What is clained is: iy LT si, :
conprising nodirfied or unnodified poly(trinmetts ralcat e) *°
havi ng an aver aQ@’@P@r?ﬁB SSP)bSicﬁ'uhittcSns?ﬁt@cFo hety

determ ned from 01 ﬁ_ﬂiect

b Caim1 wher dPt8)sdthe T5Eh é‘ﬁge'h?)‘b‘é’f’@ﬁfm" Nitr
19.0 nm or nor e.temperature, heated tBe outbide 00R S 4rd

el S0 S RS o A

conposi tion has 24r$ drf using tGausgarc decosealstiéry of 0 s

5. The conposition as recited i oI, [T :
pol y(trinmet hyl ene terephthal ate oJuge ES 0= eat units
‘ot her t han tri rihelpplymes Twphmd¢hyecomﬁﬁ6q HetROd for Mz

g 2GT 6.
The Composi i on BETs SCirhetolsho kBl HIAGl e 9y

pol y(tri met hyl e e t'erepht hal ate) conprises rep en%tt 15 e AT S
CONDNOMEr S shayen indexamplesolnbt e samplgs %'Péins'fahlgzu p atized ind,

o riet Byl elneugl yﬁelmelt &omDMﬂaﬁd’PB%@pfa&@@ioﬂ!d’@iW”&f% SREtame
i car boxyl.ic ac i 3 et hyl ene
gl ycol , and mi x?ﬁlﬁ'%rf’ﬁ% &e% undet g‘gﬁt pressu§e, '-"ﬁgﬂég_. 2ok i on

?'e?i”ffeﬁr O 0 ORIER sartered 26l baliced 5056 5 Vet oV e Dot
9 i s about lé&rystaligedchippwere solid-state polymenml in BHiidized béck; i
0.0 nr7n 8; lﬁo‘phﬁﬁt?éékxﬁ airtle SRR ARBALRPE] Fom lﬁo&%%baé ﬁ ; stép% Ajout
- kept at 210°C until the desired molecular weight was obtained. ‘Sampie 8 also
contained 0.3% TiO,. The intrinsic viscosities and the average apparen .

sizes determined from the 010 reflection are shown in Table 2 beloﬁr; AT

Table 2

ACSg10 (am)
Ex. No. LV. (dVg) Pearson VII Deconvolution

7 1.06 16.1

1.14 16.9
9 139 15.7

20
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R I kT W RPNt e,
11. The partlcles as recited in Cla|m7 or 8 corrprlsed of pol y(trlrrethyl ene

terephthal ate) having an intrinsic viscosity of 0.5 to 2 dl/g.

12. The particles as recited in Claiin1l wherein the intrinsic viscosity is
0.7 to 2 dl/g. 30 13. The partlcles as recited Tn Claim?7 or

8, wherein the particles are spheri caI '
cyclindrical, or pancake-like in shape. “ ﬂm m % Imrt i cl es of
05

G ai m 13 wherein the particles are spherical Ivmt‘ ameter of O.

cmto 0.3 cm 15. The particles of CTa|m13 wherein the
particles are hem spherical with a 35 maxi mum cross section of 0.1 cmto
0.6 cm 17. ¢ A prdéess fﬂaerymn:rzmgbeg(tﬁincﬁyamei@hmwautplaxemgart icles

are right t%ﬂ{“%]‘l‘% rte suﬁitmentg%é'ogpae:ﬁ&tﬂ po@(&n@%& ?Jreﬁhn@atz%%%n&& 0.3 cm

and a Ieng

14 at a gufficient rate to ieat aglaspyopalytrireshylene rereplithalate)s dp piamperstiraef hyl ene

t elr eE)ht haladé&)60°C e RBduS Ilﬂ@l’@&ﬁbt‘o&ﬂm&lc dlliiepolifirimettiylunk térepiiatite)a NOI L en
poytr| e " o l16) e to heat a
gl assay p %?\Q@%ﬁe@ LJQ@J é?%th%ggﬁ&%awo@yé{ﬂfgd%%mé out 60[err]C
to about mCOIQ Gﬂpmsvauwberam@mgi@vauauw iqo@n}thw mhew%ﬁ%nw@r%m hal at e)
having an average apparent crystallite size of about 18.0 nmor nore as

determned frompO reflectio r.ei id cr. | ri ed out
in about 5 min e?‘ procEg rétfed L ﬁ'l’ﬁ%’ﬂ? 5‘3@%‘?&““ 9?"031 iﬁﬁb(} ai m 17
wher ei n sdb @bowsigei¥Gt ure i s about 80[err] C to about 170C )

[ 3

19.. The process as recited iz Claim 17 wherein said average apparent
crystallite size is about 19.0 nm or more as determined from 010 reflection, and said
crystalline poly(trimethylene terephthalate) produced has an intrinsic viscasity of about

~ 0.05t0 0.9.dVg.

20, The process as recited in Claim 17 wherein said poly(trimetiylene
terephthalate) produced is in the form a particle.

21. The process as recited in Claim 17 comprising the additional step of solid-
state polymerization of said crystalline poly(trimethylene terephthalate).

22. A process for the solid-state polymerization of poly(trimethylene
- terephthalate), comprising heating particles of poly(trimethylene terephthalate) in an
inert gas flow or vacuum or an inert gas flow and vacuum to above their Tg but belew
their melting point, ths improvement comprising starting with poly(trimethylenc
terephthalate) particles having an average apparent crystallite size of about 18.0 am or
more and an intrinsic viscosity of about 0.05 to 0.9 dVg.

23. The process as recited in Claim 22 wherein said sverage apparent
crystallite size is about 19.0 nm or mere.

24. The process a8 recited in Claim 22 wherein said average apparent
crystallite size is about 20.0 nm or more.

5
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1_9. —The proces®-2$ recited in daim17 wherein said average apparent RTmf ey

crystallite size is about 19.0 nmor nore as determ ned from 010 IPER.
refl ection, and said crystalline poly(trimethylene terephthal ate) produced
has fan intrinsic viscosity of about 0.05 to 0.9 dl/g. 20 prh

process as recited in Caim1l7 wherein said poly(trinethylene
terephthal ate) priOQRd is i n WORED INTELIECRUADFROFERTY GRGANIZATION ~ 21. :
as recited in Claim17 conprising the step of solid- state

pol ymer i zat NFERNATIONAL oN Enb@mpmtmwﬁﬁmmmm&wm

22. A priosiphfrdativn Pitdt Gkiteatios 8 8t € ol Y Mer|iEpfdaRklion] rubibdbh Nidveet hy ewagmz;;yg,d/

t er epht hal a m&&giml gting pajtahdl es of poly(trimethylene
t er epht hal at eg In an | nert ggs fl ow of VvgdaintexntionshPublicatiop Defeis f | o@duby1997 (03.07.97)

vacuum tE above thelr Tg bult below thelr trng pornt, the I nprovenent

conpr i si yiéP Interpationsl Appligation Numbeg:( t r | REVUIPVIS6RRY BB fiates: AL, ' B BY,
an aver g, AAAR ikl 2 bi heuhl £s O pihout 1 “@ﬁﬁ%ﬁb%ﬁgm%
intrihsilc viscosity of about 0.05 to 0.9 d{/g. Nz PL,RO, R SG,ISKSKPTIOTMV I8, TASUA, UZ,

recited n)CI_ai rlr)'a%? wherein said average a)pareﬁv-wgl%ﬁz%ﬁu Bygpian
19.0 nm (7 FEER D% Zz#.mﬂﬁ_t%%.%ﬁgé%s eci t Bkl b eh!D £ .Bn.%.gm
ITite size 1s about

aver age japparent crysta 20. OLUO\MQO)NL, [MDISR), OAPI patent (BF, BJ, CF, CG, CI,

15 CM, GA, GN, ML, MR, NE, SN, 1D, TG). _
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Intensity (AU)

Scattering Angle (° 20)

(57) Abstract

Disclosed herein is a nove! crystalline form of low molecular weight poly(trimethylene terephthalate). This crystalline form may be
produced from molten or glassy low molecular weight poly(trimethylene terephthalate) material by means of rapid heat transfer to or from
the material. The poly(trimethylene terephthalate) composition is snitable for use as a starting material for solid-state polymerization in
order to produce polymers of higher molecular weight.




