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(56) Title: PRODUCTION OF POLY(ETHYLENE TEREPHTHALATE)
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produced from molten or glsasy low molecular weight poly(ethylene terephthalate) material by means of rapid heat transfer to or from the | -
- | material, The poly(ethylene terephthalate) composition is suitable for use as a starting material for solid-state polymerization in order to
" | produce polymers of higher molecular weight. Ah!zhumobcuhrweighlpolympmduahavhgamquephymdfammbepmdmd
bywhd-mpdynwﬂuﬂwofﬂelowmolecﬂnweightpoly(eﬂ:ylmeumphﬂuhu}




sol i d- state pol ymeri zati ons usually reqU|re that the 30 |ower nol ecul ar
-pellets, undergo. a relatively

| engt hy crystalllzatlon process prior to being polynerized in the
solid-state. Therefore, better polynerization nethods for PET are

‘desi red. %ﬁ N. S. Murthy, et al. 21 Pol ymer, vol. 31, . 996-1002;
C. M Rol K% m Eng Sci., vol. p. 849-854; BAfURENOERqnan,
et al., J. Polym Sci. Pol ym Phy&uiﬁk voI 18 p 2181- 2196 (1980)
al |

PCT/ US96/ 00330 F&BBPFTGHNt RE BPBKéFm%EN’Ba?%%ﬁt‘WF% crystal line

properties, of various PET pol yBEELDR OROMHEOINVENEFRON pol yners discl ose

or teach the noveI f | i d r.tie

cl ai red herein. PALS qnﬂi&ﬁ?g%‘xﬁgr&;% é,g@%%&% 35342%:5%@%12‘90%4 112,
4,165, 420, 2, 25‘29‘2%33 form of Apw melecad@r- wepghkt poily (ethylenen | en, et

al . . Ed. Cor’rprmmn&ﬁa]l%ﬁgamnﬁdjtﬂm&e in soY(il:insEatlé 201-216 (Perganon

P el T mert s APPSO BB BoTb Rl ABE |
pol yneri zat i on.PORGME of A mevelpprasustoof; af éPéhéegtate di scl oses the
novel processeg:cﬁrymﬂmidroﬁ% @ldhAisclosedesent invention.
SUMVARY OF; JHE | NVENTI ON TECHNICAL BACKGROUND
Poly(ethylene terephthalate), herein abbreviated
PET, is widely used in many materials and products,
such as fibers, fabrics, molding resins, and soda
bottles. Most of these uses require a polymer of
15 relatively high molecular weight. Such polymers have
been commercially made by raising, either in melt or
solid-state polymerization, the molecular weight of a
prepolymer or oligomer.
Melt polymerizations require higher temperatures,
‘20 which is more likely to cause polymef decomposition,
and expensive equipment. Solid-state polymerizations,
in contrast, are usually run at somewhat lower
temperatures. Solid-state polymerizations also have
the advantage, compared to melt polymerizations, that °
25 very high molecular weights, where melt viscosities
would otherwise be extremely high, can be more readily
obtained. In commercial use, however, gsolid-state
polymerizations may be relatively slow. Furthermore,
solid-state polymerizations usually require that the
30 lower molecular weight PET, in the form of particles or
pellets, undergo a relatively lengthy crystallization
pProcess prior to being polymerxzed in the solid-state.
Therefore, better polymerlzatlon methods for PET are
desired.
35 N. S. Murthy, et al., Polymer, vol 31,
p. 996-1002; C. M. Roland, Polym. Eng. Sci., vol. 31
p. 849-854; and A. Siegman, et al., J. Polym. Sci.,
Polym. Phys. Ed., vol. 18, p. 2181-2196 (1980) all



15 - Thi's invention concerns a conposition, comprising,
polyethylene t-er epht hal-ate)—havi ng .a_degr ee of__ pol ymeri zation of about

5 to about 35, an average ~ apparent crystallite size off 9 nmor nore, -
and a - = malvw,ggn?fy nt of 270[err]C or less. 20 - This o2l SO
concerns a process crystallizing pol y(ethyl ene terepk&}i P;at e -
conpri si ng, - cooling at a rate sufficient to cool a nolten

pol y(et hyl ene .t er SfARIEH @re)they ,Prallples'rtnstswelay;:lbeharhg the chAystalbire
sufficient to heatpgopimasas, p@,lfyg,gtrmshgngg%S oi ?t haﬁ%&)opa{ﬁé@e to a

tenperature of about 120[ e - 10 ‘abou rocess
produces a crystalfq hyae I[ %‘&cx}(’?teh ﬁ@a‘Fgr Eéﬁtﬂ%l’%’t ef°¥f&v?f1gp%'¥v At age
appar ent crystféidllrt @saope.a(afedempertusse emdlmeaeﬂxérétmpol nt of

270[err]C or lgss and I I t qr gpbt hakat g) ee of
pol ymeri zati ongof aboust% %(;t g@g%gﬁ ﬁ%% § ‘EBB B?b § %Q@O @1’9&% g@t ‘on”
i s nmeant a statistdcdf 'a\‘}e?ééezséllnéédsécﬁ"bo? Ymr#!éd nlbl eRidagsl usual |y

have a . distrileutixddlenf, el atul, agdwel BB reh&is m &1 Yhe  JBR
W th respect’ to a remt ry | e 3 he. nu rlca
Rﬂﬁ. % §5§bhlk (ie%ﬁagén rﬁ%ﬁ@ ﬁé

average of one or pore’ fera ts on the
sane batch of deSSK ValVErPPFpPéPﬁE%uﬂémlsdﬂwm mhdnetnaatw:m :

2 VI)B@/Z%&H?or the preparatlon of PET for use in stﬂH*ﬁﬁﬁﬁ9033o
o ' polymerxzatlon None of these patents or references
dlscloses the novel processes or compos1tions of - the
pPresent 1nventlon _ L .
_ SHMMARX_QE_IHE;INMENIIQH
15J o Thls lnventlon concerns a comp051tlon, compr151ng.
_._poly(ethylene terephthalate) hav1ng a degree of '
_polymerxzatxon of about 5 to about 3s, an average
apparent crystallite size of 9 nm or more,'and a
melting point of 270°c or less t_ _
20_1 .. This invention also concerns a process for '
l':crystallizlng poly(ethylene terephthalate), compr151ng,
~ cooling at a rate sufflclent to cool a molten
poly(ethylene terephthalate) or, alternatlvely, heating
at a rate sufflcrent to heat a glassy poly(ethylene
25 _nterephthalate) partlcle to a temperature of about 120°c
to about 210°C. Thls process produces a crystalllne '
poly(ethylene terephthalate) havrng an average apparent
crystallite size of 9 nm or more. and a melting point of
270°C or 1ess and a poly(ethylene terephthalate) having
39'-ua degree of polymerlzatlon of about 5 to about 35. By
_"degree of polymerlzatlon"'ls meant a Statlstlcal h

- average, slnce such polymerxc molecules usually have a
distribution of molecular weights By the term |
“average" w1th ‘respect to apparent crystalllte size is

35 meant the numer1ca1 average of one or more (preferably
three or. more) measurements on the same batch of
polymer Multlple measurements ‘may be used to lnsure



~reproducibility, because of the relatively.small sanple size used in

the x-ray neasurenent More particularly, disclosed hereinis a
—PLOCess g the-e+ys+f&++ﬁﬁﬁﬂ1mrﬂuﬁ'peF?eLs of p0|y(etny|ene‘5

ter epht hal at e) conprising: heating pellets of a gl ass

pol y( et hymm;” terephthal ate) pellet to a bul k aver agdX 0380 e of
" 120[err]Cto about 210[err]C w thin specified HHX|nun1per|od of tinme

and, furthernore, maintaining the pellets at that, 1Q bg@ﬁ aver ag
t enperat ure freprodysddidiidy mPRrAURE pRF | tRe relafivg ‘sample

cool i ng nol t gy £k Qmeﬁi S rﬂ?ﬁnbdlga?nﬁéhsuremexmi i ons) of a polylethylene
t erepht hal-ate) so, aeit é%ah icu%aglg §¥§éﬁg% ad SIS Ul aofpzroggsgropl ets or
ht

.15 crystallizing T-0U enperature of . 120[err]C to
about 210[ er rf€x wihehiaryetalddizaraannaki Rekl 9/ i*fd POLY (Srhylepe,ng

furthernoge, {@}@BK&ﬁHﬂ&LéﬂNEd@hb&&éhthIng ' peIIets at that bulk aver age .

_,tenperature for ecif m R . provided
that said poly(ethylé’ﬁ’é'lp ? .Jﬁg} §i+é%}(H%£¥q€§§ 09 pol yneri zation .
of about 5 tOtab!pl‘itlﬂﬂate) pelletThDsalhvblﬁtiYﬁF%H% FRRTATNE €2 Ofr ocess for

“the sol i dy 54 &k & PUNRS 'z%.%tetouleﬁlﬁ%yé@ifwé&nﬁaxmum erihichattat e)
wherein the: |nprovenent COoNpr tart ing J%% Leetpylene
yst |

terepht hal at e§1P@ARy aﬁ?rtheré\?é'feag@aéﬂf)ﬁ?'rémg € sik.ze .0f 9 nm or

nore, a 10 nsﬁlkrﬁw¢rag§ uﬂmpkiﬁkere]fbnral€9e01ﬁﬂﬁﬂem¥namuman§ﬁl°
polymeri zatio yo'to’ about’ - 35,7 o Flnally, ‘d pol ymer product
ot

-1s disclosed conprlses a polye | epe teIe ht.hal.at e pol ymer having
an intrinsic viscosi tCSPQJflRﬂ GﬁlﬁanﬁF%Pi% 6%? é) aj‘;}parent crystallite

size of 9.0 BF 1 5 e, oyl pbﬂwathylenafcémpmdatgs Hq that] &be,

;B(Blr 55 (I;)Ffsgrmac}?ﬁ"ﬁf\il averagl_eE t%%\éyruﬁrg5of the’ Ercgp'i:@té- ds an illustrative '.

15 crystalllzzng pellets 1s brought to a temperature of
_:120°C to about 210°C w1th1n a speczfled maximum perlod
'Jof tlme and, furthermore, maxntalnlng the crystalllzlng
pellets at that bulk average temperature for a ﬂ.
speclfzed minimum perzod of time;
.20 provided that saxd poly(ethylene terephthalate)
' .has a degree of polymerlzatlon of about 5 to about 35.
' Thxs 1nvent10n also concerns a process for the |
solid-state polymerlzatlon of poly(ethylene :
Jterephthalate), wherein the lmprovement comprlses,
25 starting with a poly(ethylene terephthalate) having an
:average apparent crystalllte s1ze of 9 nm or more, a
-'meltlng point of 270°c or 1ess, and a degree of t
polymerization of - about 5 to about 35.
Flnally, appolymer product is dlsclosed that
.-30 'comprlses a polyethylene terephthalate polymer hav1ng
an 1ntr1nsrc v1scosity of 0.65 or more, an average
' apparent crystalllte 51ze of 9. 0 nm or - more, and a heat
-,of fu51on of 95 J/g or less 'h: a

. 3S'L”n S Flgure 1 is ‘an lllustratlve x-ray diffraction
- | pattern of a sample of a PET polymer accordlng to the
o present 1nventlon : R - SR :



' pattern of - a sanpl e of a PET poI ymer according to the present

invention. .. . . . - — —3 W0_96/ 22319

PCT/ US96/ 00330 - F|gure 2 is another |IIustrat|Ve é—ray
di.ffraction sepadiber n of a sanple of a PET pol yner accor

pr esent mven?vloon : l-b Figure 3 |s an illustrative X-ray c{b?’fﬁractlon
5 pattern of a sanpl e of a PET pol yner according to the present.

i nvention, . whi- ch.patt eﬁBWés ibeleﬁh ategdrerolilllestrativenkoraWod 0¥ eFA8RPLAY

Gaussian'peaks pattern of a samp léjggAELgﬁqu%gEmte)ggg¥§§kngfe?r58eto as

novel conpositio y{eth Iene 10 tereph
PET, is g?sclosegF££94K§té Gﬂn S. novel .conposition is characterized by .

a - certain kind cﬁFIQQ%ﬂeﬂImsuannmlﬂﬁ@t&gx1&edxerhﬁrdlffrag@§éﬁabIe
characteristisgs. éﬁﬁ@%@t@rﬁ?@ e &S Pirrep Ié cl os'ﬁd By PET
or poly(ethylene terephthal ate herein.is ne y? h? en®

‘terepht hal at ) WREGFSHy 1nven! %dﬂhF-Fé‘dPﬂttFﬁr@nhﬁS hqgurdeqommkuwan ‘10
nol e per centJ,ntanctwmch/qum‘wmbl Eahggs_ahhggaﬁsnol e per cent of the

co-repeat-
pol yner repeat units, of copoly _
units"), so-long as- the crystalrﬁégg‘ * the polyester is

substantially the sam® &pvel commgsépgpnngf"paET(ethylene .
: : 10 terephthalate), also referred to as PET, is d1sclosed
- h'fhereln Thzs novel compOSLtlon ls characterlzed by a
_:Tcertaln klnd of crystalllne morphology and other
"'deslrable characterlstlcs._ Related characterlstlcs are
o also dlsclosed By PET or poly(ethylene terephthalate)_
15 -'herexn is meant poly(ethylene terephthalate) whlch may
- be modified with small amounts, less than 10 mole
',__percent, and more preferably less than ‘5 mole percent
;'of the polymer repeat unlts, of copolymerlzed monomers
e N(or “co repeat units"), so long as the crystallization
ag_”-behaVLOr of the polyester 15 substantxally the same as
| -'“homopolymer" PET ; _ _
The present PET has an average apparent'_ .
'crystalllte slze of about 9 nm or more,_preferably
10 nm or more, more preferably about 12 nm or more, and
25 especlally preferably about 14 nm or more The average
:ucrystallite 91ze is measured by w1de angle x -ray powder
dlffract1on, the method or procedure for whlch zs as
-_follows . : :
o - PET. samples of unlform thlckness for X- ray
30 ._measurements .are produced by cryogrlndlng the PET 1n a
- SPEX™. Freezer/lel (Metuchen,_NJ) under llquld
T _nltrogen for 30 seconds and then compressxng the PET

into dlsks approxlmately 1 mm thlck and 32 mm 1n'
._'-.dlameter Because of the fraglle nature of some of the
35 PET dlsks,.all dlsks are mounted on standard sample .
' ~.holders using 3M Scotch“’double 51ded stlcky tape
Consequently,_lt ls necessary to collect powder
dlffractlon patterns of the PET dlsks (+ tape) and a



The present PET has an av-era'g.e appar ent .~ crystallite size of about 9 nm -

or nore, preferably 10 nmor nore, nore preferably about 12 -nm or

-~

Qi S Copcblally pueuerauuy apoudt - 14 nmor nore. The average
crystallite size is neasured by wi de angle X-ray powder ction,
the met hogo Qepphecedure for which is as . foll ows. pcrmsﬁn{g@ sanpl es
of unlforn1th|ckness for X-ray 30 measurenents-are produced by
cryogrinding the .PET in a =~ .SPEX[erf]. Freezerlu' Met.uchen )s under .
liquid  nitoamgeredisrado s@bdAgs Landst RERLEEH E‘esrsri‘% L ﬁfgpllgl into

- di sks- appr oxi igdlerrls aRe h:ldllle&ﬁdd33vem the rangk a:h‘.ie-tm° 2@d@guse of t he

fragile nature of o 4Te f the T fegount ed on
standard sanpl%‘ ‘H’ol e tggl g%é?gﬁ e?é# %{&)ﬁﬁarﬁ%l ded 3: ky tape.
Consequent |y, (4 uapeﬁe@;s‘sayaps contzel EGWJI’@? callegted Y45, Ll'}fatter ns of

the PET di §ks z(anéé‘pﬁ) A 2@ in some cases, as was obta:.ned for) some
WD 96/ 2231

“preferabl e t haf tihe s%?ﬂﬂl@% (as's

over. the range

0 15-19 2[err] (deca aréfmﬂieoteld gumg?)m shtopatedrPRLbiPS he sanpl es (+
‘tape) and a tacPeffzoﬁbt{ r%@'xh@cﬁﬁdtﬁeetraﬂ&nﬁssimgﬂod@ Gurferr] in
sone cases, as Was obtal ne SO

1) . The d| ffrlaa,diaﬁylon. curved dszracted beamemgﬁgghféme@érsm%d n Figure

10 step mode (0 05°/step), 65 sec. /step. 1° Sllts, sample
- rotatlng) After aubtractlng the powder dlffractlon
pattern for the tape control ls eubtracted from each of
| the sample-plus tape (sample + tape) dlffractxon
| patterne, Lorentz-polarizatlon corrections are applled
“1s’ to each powder pattern R
o To remove the local background acatterlng from the
2'15° 19° 29 regzon of each powder pattern, a straxght R
leine extending from 15 00° to’ 19. 00° '20 is defined and
'usubtracted This regzon of the dxffraction pattern has
‘20 been found to conitain ‘two crystalline reflections, at
approximately 16.5° and 17 8° 26, that have been
' deflned as the (011) and (010) reflectzons, referred to
by N. S. Murthy, et al., in Polyier, vol. 31,
o p. 996-1002, herein anorporated by reference :
" 25 o Figures 1 and 2 show the dlffract;on ‘patterns,
- 'corrected as detalled above, collected over the 26
range 10-35° and 15- 19°; respect1vely. ‘In addition to
the Miller indices of the reflectlons of interest, the
. local "art1f1c1a1“ background between 150" and 19° 20,
30 1abeled 'b"'_and descrzbed ahove, is shown.

The 15 -19° reglon 'is then deconvoluted into two
overlapplng Gaussxan peake correspond1ng to. the two.
crystallzne reflectzons, and the posztlon, w1dth and

d_helght of both peaks are extracted An example of thxs
35“:-deconvolutxon is shown in Flgure 3. The'apparent
Jvcrystalllte szze for the (010) reflectzon (hereln
sometimes also referred to slmply as apparent -
| crystalllte gize), ACSOlo, is calculated from the .

g 003;0%1:%0“( ect e%grﬁ{ﬁrau%d PR



data are coll ected using an'autonated Phi li ps diffractoneter operating
I n the transm. ssion—pde{CuKa  _radiation, curved diffracted beam
nonochr onet er,

fixed 10 step node (0.05[err]/step), 65 sec./step, 1[err}

slits, sanpl ni3p¢ating). ~After subtracting the powder di '
pattern for ?ﬁ(e”?ape control is subtracted from each of tyfﬁ%;‘%%b'ﬁ%
sanpl e-pl us-tape (sanple + tape) diffraction patterns

Lorent z- pol ari zat Feﬁlegnentsopssau:ﬁoxam}id efli1h5 w,_t&hegq:h altern.
To renove the Iocaglggcggéoggge§§@}t§ . err? err]

fromt
regi on of each pomdeé pattern a str #%ﬁ] ﬂﬁ 8 %Péﬁ&Pﬁg ﬁﬁéﬁrl
15. 00[ err] Rl i

to 19 B¥

rri- o ran &r 4o R Mea b '?.'.ThIS regi on

of the diffracti ombmemmxgo pbeens fé?:Ufyiqt 0 ((i‘qt;,n%?wl%wrcggst al I\?'e

refl ections,

have been
by N. S. Murthy, et al., in Polyner, vol. 31, - p. 996 1002, herein

i ncorporated-by reference, 25 ¢§ ures 1 Bhd 2 show t he dlffraction

patterns, . _
range 10-35[err] and 15 19[err], respectlvely In addition to t he

MIler

i ndi ces of

at Yorkappggg}nately 16. 5[ err] "and

err err
defined as the (011) -and(010) reflections, referred to

corrected as ‘detailed abdve, Pgdosb, 51 ‘over the 2[err]

est, the | ocal ™artificial"

whd! (flloectignfh inte
background between 15 and %§[erfr gg??? pprigiqne|ofd the crystadesdr ibed

above,
t wo

i's shown.: assumed to Bee 119,71

overl

[ ésr theegamleﬁgtt}h,erﬁ dieg ihedlgyhiqd i nt o
Haaits Hadl r
apmidy 4 mbﬁtcgﬁ Ehe V\Jgg%ﬁgl d:.n rag\f@%rhta'tﬁ 80t h

crystallrne refl |t|on
peaks are extrac'?fe\at(f %%nn%igﬁ% Pﬁl s 35 deconvolution is shown in

Figure 3. T
(herein
Si ze),

heQ appar entThe PETchyst al h\Eﬂ.ElﬁgZﬁoiﬂE the (&1%6‘@ l5CHiag {;
SOW@tﬂerfe&am?Oxsf,er gg.dl%gs g;gg,ymgtge a:plpea,_rerably bét‘ﬂeﬁi allite.

ted fromt

ACS[ err |
8 [ ] 20%°%? C, dependlng on - the DP. The melting

15

point . is measured by Differential Scanning ‘Calorimetry

{Dsc) .  The Ty is. taken asg the maximum of the meltzng
__endotherm on the first heat In contrast, samples of
- conventional PET. which have been highly annealed

- ... (annealed over long periods) samples of PET, although

20

25

30

.. they may have large cryatallite sizes, also have hlgh

melting points, - above 270°C.

It is also preferred 1f the PET has no dlstlnct
premeltlng 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
Ooccurs over a temperature range of 60°C or less,
preferably less than 40°C. By having "no distinct
premelting endotherm” is meant that if one or more such
endotherms are detected, the total heat of fusion is.
less than'1l J/gq, pPreferably less than 0.5 J/qg.
Premeltlng endotherms are belxeved to be indicative of
small and/or relatively imperfect crystallites, and
when present, the PET particle may have a tendency to
more readlly stlck to other partlcles when heated
usually at or around the temperature of a premelting
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reflection's p05|t|on and fuII vmdth at hal f hei ght _using_the
t-orm—as—for—TTstamce descrT bed ' by L. E.- Al exander,
X- Ray D|ffract|on Met hods in . Polymer Science, p . §de00838- (John
W'l ey & SPH9e6 mblpyv 5 York, 1969): : _ [er??;m ' wher e
ACS[err] 1s the nean dinension of the crystal, Kis assunmed to be 1.0,
X is the wavelength, [err] is the t { gltqht of the
profile, in eadoshermanyhich is Veth'égd??’sr%f kar’{j‘rﬁa‘:{f}ﬁ‘dn“‘]E The
PET has. .a-'negdl%d@_qlm;ﬁﬁ[ err]) of 270[err]C or less, - preferabl y

265 Cor 5 ) [ 2
265(err]C or 1o mandeibls e’ BLABLH: DRhVERPLon 16 Hav o dogree

e _melti ng h%ﬁml TB s measured by
Differential dicqmtmma@rh%t(w) of abouk)S r% is taken as the

maxi num o:15 5 dEtHYY, Bboutnde! ker abentt b8, fu'r)se Dﬂeata memelyofitast |
.sanples o convent | onaI ET whic e, b ey &{Hl@;ala@m
(anneal ed oveﬁf‘ﬁﬁ?@epé?’f“lﬁfsr) zfﬁﬁfgg HPEEETJ'R ?n% -,Q\KH rﬁty have
| arge cryst aldidrefomes nay mthmensgnlly bean i} i nt
270[err]C. 2 le ISE qlgqoﬂgreferred i f the PET has no d| stlnct
-~ prenelting egrcﬁﬁ%aetr n%nli By a "prenelting endot hernt' is . meant an
endot hermi ¢ peak i:n the DSC due ‘to a nelting" . ‘endot herm at a | ower

tenperature than (before)-the qa
is meant .the nmelting 25 occug—a
:vLess preferably. Iess t han 40_

P

g ‘el ti'ng endotherm "By "distinct
ct-en'pai%moe—range of. 60[err]C or
]C By haV| ng no d|'_st|__nct

: The DP can be determ1ned by’ Gel Permeatzon _
10 - Chromatography using approprxate PET standards.
_ The DP is merely one way of expresslng the
' ‘molecular weight of the PET. Another comparable
' measure of molecular wexght 1s the 1ntr1nszc viscosity
(IV) of the’ polymer - Listed below for the convenience
15 Iof the reader are the IVs o£ PET polymers and their
| ' approximate ‘DP's. These riumbers assume that the ratio
of the wexght average molecular weight/number average
molecular wezght for the PET is "normal" for a
- 'condensatlon polymerzzation, about 2-3. The
20 relatzonship between DP and IV is approxlmately
' np - 155 5(1v)1 -466 R :

G e e 00100
9.6 - 0.15 .
. 11.6 S 0.17
12.6 0.18
. 15.8- . 0.21
16.9 .. 0.22
©19.2, : L .- 0.24
35 - .o T T ___.02.35.

The PET of the present :.nvent:.on may be made by
25 rap:.dly heat:.ng glassy PET to a certa:.n temperature
range or by cooling molten PET to that-same temperature

7



'prenerting éndothernf is meant that if one-.or nmore such endot herns are

detected, the total heat—of fusion is | ess_than 1 J/'g._preferably Iess
than 0.5 J/g 30 Preneltlng endot herns are believed to be |nd|cat|ve of -
smal | and/ or. &&l & hﬁgl y inmperfect crystallites, and ~when &dloossh he
PET particle nmay have a tendency to _ nDre-readlly stick to other -
particl es when heat ed, usually at or around the tenperature of a
premel ting range. The PET can be in the 6form of paW@ W/ JLO

rabl e i.n-solid-state
58?9#3??@2??22 ; pelggqgtgﬁ U%E¥Q % ?he ger Lﬁégékuéﬁﬁé;fﬁﬁgﬁfI€i$QEQ$egree
of pol ymerizati on3EDP}14f bﬁb§ﬁ?d51¥oamlwd Sy prief evkill hechlboutisbh .t 0
about 25. ) The DPBYSamsgBaysy hfmw lsv:ﬁe(s)a?us %‘;‘;@pﬁ“fﬁ“{) gﬁtﬁgﬁ?’ggéf" n ?_he
ﬁg:%”?r Crgpgat uﬁ? taih%Elgsg Ehar CabdEe {53wef§ht aercangwqrystalline
PET, preferably less than about 5 percent most :
'7'preferably 1esss than 1 weight percent The amount of
- crystalline PET present can ‘be determined by standard
-~ methods using DSC to determine the heat of fusion of
10 the crystallites present and comparing that with the
 heat of quLOn of "pure" crystalline PET. By a "molten
PET" is meant a PET in the lqu1d (not glassy) ‘state.
_Preferably it contains less than ten percent (10%),
_more preferably less than five percent (5%), and most
'1shj preferably less than one percent (1.0%) crystalline
"'PET.h It is preferred lf the 1n1t1al temperature of the
__molten PET is about 255°C or higher, preferably about
'270°C or higher, since this is approximately at or
'above the commen melting poxnt of PET. In order to
zod-'obtain a large apparent crystallite size, it is
o ,preferred to have as Iittle crystallinity in the
'ustarting PET as possible :
It has been found that the desired PET crystalline
, :__'morphology may . be formed by rapidly heating or cooling
'QSb'"amorphous PET to a preselected temperature range A
| __temperature range of 120°C to about 210°C, preferably
about 150°C to about 190°C has been found to produce
.the desired result
Accordingly, in this process, not only must a
30 .“temperature gradlent be imposed between the PET and its
'surroundings, but heat (or another appropriate form of
T_energy) should be removed or added to the polymer at a
relatively high rate h If heating, conductive ‘and/or
_ radiant heat as obtained in conventional ovens may be
_35..:employed . For example,_ovens in which heat flows
prlmarily by radlation and/or conduction, from the'v
surroundings, 1nto the PET material or particle may be



_ The DP can be deternined by Gel Permeation 10 Chro i
, ( / _ mat ogr aphy usin
appropriate PET standards. - The DP is nErer-one.maygofpeipress?ng t he

+ _ _ —ATTOT TeT—Ccompar abl €

weight is the_intrinsic.viscosity (FB) of the poP§§ZETe E{sgnlegg:g&

for the cqpvgaistece 15 of the reader are the IVs of PETpﬁaﬂﬁﬂ@ and their

~ approximte DP" 's. These nunbers assune that the ratio  of t he wei ght
average mol ecul ar wei ght /nunber average . ol ecul ar weight- for the PET is -
"normal " for @mploysdndepesfie ablngl yier | heati oadiabbon Rag. aThe 20

ngl at |.0nsh| P Pi?eqm@eer?cytpbe% \Tlér%h%plgr 0%, 4138 eh¥low 15 QE’egalléﬁz S(IVv)[err].

_0.10 . Thgserequires that the surrounéings or enVironment11 6
8'%1 _ of the ﬂé&fie able to transfer this BeaB rapidly 15.8
- .0.24 S Prefera the cross sectiomglzarea °§ the PET sﬂguﬁd ,
0..36 The PET of -

the present |ﬁdenbeosonmzrg)e thate the zhanggpedl FeRRerRrRYTS 98 sVPRET ¢
certain tenpe{,g.i.uig V{)e]g%'}{@é% r_cgr,.llqy &pqlheﬂ%uﬁfﬁhtenbEETinadeqaz:earre o

t enperature
PCT/U596/00339r too slow in the center 3 :
L When crystallizing from molten PET,:then in order
”_ld' -to obtain rapid heat transfer into the molten PET, ic
. ': is preferred if the PET is in good contact with a heat-
'transfer material that has a relatively high overall
_ heat capacity (derived from poth its mass and’ its
lt_actual heat capacity) and thermal conductance Metals.
_ lsip are particularly useful for this purpose, espeCially
| metals with high coefficients of heat transfer
-'However, coated metals, plastics ‘and other materials
may be employed for transferring heat to molten PET
during crystallization.ﬁ_ -

20 The surface of the molten PET may he exposed to a
combination of heat transfer materials, for example, a
part of the surface may be exposed to a metal surface
and another part of the surface may be exposed to, for

. example, a gas. Although a gas may be used to transfer
is_uheat to or from the PET, the heat capacities of gases

- are relatively low, and so such cooling would be more
difficult to achieve by itself. Liquids at the

_ appropriate temperature may also be used, but they may
be less preferred because of concerns that

30 contamination may occur and because of the need to

 separate the liquid from the PET. Thus, it is
_.preferred to at’ least partially cool the molten PET by
'é_contact Wlth a heat conductive solid '
Conversely, when starting w1th glassy PET instead

35 of molten PET,:the glassy PET should be rapidly heated
.instead of cooled One way to accomplish this is
expose the glassy PET to a very ‘high temperature
‘environment, about 300°C to 800°C or higher for up to



fan_ge. " The PET can be in the form of 'particl es or pel | é_t_s of various
- Si.ze and. shapes. or mxtures.thereaf, as wi.ll be readily appreciated by

the skilled artisan. By a "glassy PET" is nmeant. a PET belowits T[err] -
which 5 ° contghgasfss than about 10 wei ght percent crystallj cor ET,
preferably | ess than about 5 percent, nost preferably Ie?ggmf?%{WJE

wei ght percent. The anmount of crystalline PET present can be

det er m ned by staaggﬁg 120 ggégggs Sl SC to ete ne the heat -of
fusion of 10 "the of! % lites: reset:"fS am(f’r%p at FRFt F*ARRles

heat of fusion: of ®*pBPER B DEPSFRVFR- P@eneﬁlky Srmlaﬂ@rng, thePBIghes meant

a PET in the Ilquzg;(nempgtawe of alige smalld¥ Tl @ksl LetRObl OF %ggs
than ten percent pref er ess ive percent

and nost 15 preferab/?’elﬁ‘%s a%dontg'l ef?e% G%acf”s}étlapﬁ pgeded. pET.
It is preferréd. |Fnt{"@r‘f‘hﬁ1$|‘3|1 @moﬂ Lma/sﬁalﬂ.lme formnolft QBTPEJ i s about

255[err] C or hi ghiieatingfer abdoLaRpUlic s prllerelCel Bac ngReLy, pLoce this
eh |

i § approxi mately t he conmon: nelting
order to 20 obt aﬂr}yg ?lll %%‘Pﬂ €885 t1al9-irt @egties PF FQOllngpal@derred |

to have as |ittl ¥y gsahl qlﬁ\\quﬂ-qm thee compleitar unngeEETtaanpsslai@I Gmore

For mac E?e?aESFﬁﬂﬁ?fﬁaﬁo%ﬁf“ﬁE 9 485 Wbt precfBeBly Sels han®

t enper ature fange erabdy aPoupofeke] Mbtaﬁ)@mec .
210[err] C, pref ervigy Crysw&IZﬂ‘@M]eﬁ IPETathé pRoter1ds. ndgodeen

found to produce d In_this
process, not onl ymanh%téglé?%g%t{ Z‘:(rir‘lperera'?llla> &3 (;r:é lgffit cﬁ%sgﬂg%égﬁgb%‘?vi%ﬁ t he
PET and its SIFR RGLe GE (rdame.-( of nanEStaprxapngag.‘Bassy rpBY,

energy) shoul.d beovesmreze,d porolasdd. prUaQrgoksngﬁeageﬁperat at¢ vel 'y high

If h di ant t t d
Canvent ! onbl SveREY rf‘;'f%“%ﬁ%gﬁ o3 ke deﬁ%%m'ss%ﬁwég si‘é‘éré’esféé‘éi. ch'"heat

flows .result

As mentloned above, the mlnlmum cross sectlon of
.the PET, _usually 1n the form of partlcles or pellets,
_.1s 1mportant xn determxnxng how fast the bulk of the
- 20 'PET is heated or cooled. Generally speaking, it is
'__:preferred 1f the maxamum oross section, or. 1ts average
value,,for the PET whlch is to be heated or cooled is
about 1l cm or less, more preferably about 0. 6 cm or
. leas Preferably, the mlnimum cross sectlon, or. its
. 25 average,.ls 500 nm 3 :

' The shape of the crystalllzed PET may vary.'and
may be a fllm, rlbbon, partlcles of varlous shapes,
etc. In one preferred embodlment the PET is in the

- form of partlcles {or, more accurately, small dlscrete
30  units, masses,_or droplets in the case of molten PET) .
Crystalline. PET in the form of partlcles is ,
partlcularly useful 1n solld -state polymerlzatlon._
Preferred forms and/or sizes for partlcles are
. spherical. partlcles w1th dlameters of 0.05 mm to'
35 0.3 mm,- hemzspherlcal partlcles with a- maxlmum cross
' o sectlon of 0.1 mm to-0.6" mm,;or rlght c1rcular ,
cylinders w1th a dlameter of 0.05 mm o 0.3 mm and a
length of 0.1 cm to 0. 6. cm CIf shapes such as films or

10



prlnarlly by radlatlon and/ or conduction, fromthe surroundingS, into

the PET nmaterial or particle nay be o : _ _ 8
O3 6228+— _ PCT/ US967 00330 enpl oyed.

Preferably, the heat radlatlon has a frequency bel ow ! e.g.

bel ow 15 wanssize3ie. This requires that the surro%gs or

envi r onnent of the PET be able to transfer this heat rapidly. 5

Preferably, the cross-sectional area.of the PET should not be so large

t hat the changgbabnheaperﬁbnmedpfthéﬁaif ‘deRETeds thbxtcaalyerhpFeron t he

f but d t
L P S B cloRlA At et tes, ol

transfer ‘i nt oashersoBudhably fox solid dstAtE POlyMeriZRheoBET 18PN good
contact with geheat preferi—éanﬁfeehéméﬂiedstdm pradugedebst anel y hi gh

overal | heat. ca erived-from both angdpbt Se11etgct ual
_heat capad ty?caﬁ‘ﬂ #‘ﬁr}éll ‘g Wﬂiﬁﬁ%‘?}‘&% co etrcllaﬁlggggreé gg%t ?ghlgrl y usef ul
for thi's purpqaekeeshecpal?mer producﬁsfnnmlﬁIﬁqﬂ#dcééFFFC|ents of heat

transfer. gHRYRUE paEoBhoHrHBLAY S wall 6 ueT crale! bar protiacedl s may

e enployed fand cggiectedngogeghercanngdéﬁeéﬂial quaguitggsC5¥Stall'zat'on

_ "greater than 10 kg, more preferably greater than ‘50 kg.
10 The pellets may . be ‘used in the ‘same plant soon after'
'being ‘made, stored for 1ater use,:or packaged for

' transport, all in’ ‘commercial quantities '
‘Before reaching a stable shape, molten or
crystallizing PET may ‘be affected by the shape of the

15 - means into which it can flow or Wlthln which it is
confined before solidification,_whether such means
'employs physical ‘or other forces '

e Glassy PET, for use as a starting material 'in a
crystallization process according to a method of the
20 'present invention, may be made by very rapidly cooling

o '_the appropriate molecular weight molten PET to below
" the glass transition temperature of 'PET. This can be
done in bulk or while forming particles ‘'of the PET.

' The PET itself can be made from appropriate methodsl.

25 | known to the artisan,_see for instance B Elvers,

’ etallﬂd, : .
Chemistry, Vol. A21, p. 232- -237 (VCH o
'Verlagsgesellschaft mbH, Weinheim, ©1992). Such a
glassy polymer may be stored or- shipped {preferably in

30 a relatively dry state) for later polymerization to =
higher molecular weight, whether a solid-state
polymerization,_melt polymerization, or other -
‘processing. : : R

In all of the processes described herein for the

s "crystallization of low molecular weight "PET to form -
crystallites with relatively large apparent crystallite
‘gizes, it is preferred that the heating or cdoling, as
desired, takes places in less than 120 seé., more '

11



200 The surface of the nolten PET nay be exposed to a conbi nati on
of heat-transfer naterials—for example, a  part of the surface may be
exposed to a netal surface and anot her part of the surface may be
exposed to,.. xanpl e, -a-gas. Although a gas may be ugpegnisssdosmnst er
25 heat to or ?ron1the PET, the heat capacities of gases - = are
relatively | ow, and so such cooling would be more . difficult to achieve

Dy Ttsel e H EIR AlaG apouc 38 GBEL A1 SACHBEL WL B I P30 e pise

but they.may ess Perr é ecalise of con
contam nation’ na}cbé@Uﬁeénd because of "'the need to .- separate the liquid

fromthe PET. Thus, lItn esa mtegﬁaeéarpednto'faf bESGlc ey tPE | frwol t he
nol ten PET by con

Conver el y, uhen"SFEFRIRG MAERZiRLEE, Lk PPheriler S8tidhe T by 1pe
gl assy PET shBul asv@llapibg¢l pvhédabde as aimelved mitevidld. T vty i
acconpl i sh this ilp%eferxeexQQSEnehengLaﬁEypEEIeée BcdPiy Ma@ ST at ure
envi ronnment, about 300] er glg g

9 WO 96FEF3 yhic 18 then coole It ls co venlent¢@yyb396/0033o
~about 120 secondsherSferiex preffesriédandfother PEXaipl Bsrmed imf such a

- procedure.  Genefgly ﬁﬁﬁﬁ%@l"' Bgstt B@fgi‘%héi' essen&bﬁif{?ﬁﬁnﬁ?é‘%&dﬂs the

smal | er ‘'the cross sectlon of treate ess tine that
will be needkd. wikh [ther GPﬁ’lll’r&gt RE Bbe; F‘@Htﬁﬁ’-yE‘F'Bl TP e e rdesEr s

"+ . crystalline morphology. . The preferred eventual sizes
--and shapes of such particles are as given above.
The molten PET.may be formed into-particles (or,
1f molten,.perhaps_mcre:aqcufateiy portions of PET) by
15 a variety of methods, including pastillation. - See also
'U.S. Patent 5,340,509, prilling as described in |
numerous patents such as U.S. Patent No. 4,165,420.
;.Meltacutting,;dripping.(See“Example 2 below), or.
© .. extruding (see Example 3 below) are other :alternatives.
20 - - aThe,PET.portions or particles can be conveniently
cooled by contacting them with a metal surface, '
preferably in a cbntrolled temperature environment,
such as a conveyor belt or moving table held at the .
_ properbtemperature_;oaachieve the desired crystalline
25 ' morphology. It is.preferred if the .PET -initially
contacts this metal while.still largely molten, -since
. this contact with a liquid will usually lead to better
. heat .transfexr. -A*regulated flow of an inert gas may be
passed over the partlcles to increase the overall rate
30.: of- cool;ng _ T S
"Inan lntegrated process for produc1ng high
‘molecular ‘'weight PET, ‘the low molecular_weight PET
having the morphology described:above may be further
polymerizedato*higher;moiecular'Weightlﬂ_Thé PET may be
35 melted’and'melt-polymerized " but thé=crystallihe PET-
- “described’ ‘herein is- espec;ally suitable. for use 'in
solid- state. polymerlzat1on 'Solid-state polymerization
" is 'well known to the ‘artisan. See;ffér'inStange,

12



heating or cooling, it is preferred that the entire crystal l'i zation

process. i.e. . heating or cooling and _crystal formation, be conplete.
in less than 5 mn, nore - preferably [ess than 120 Sec, more preferaply
| ess than.10.. 90 sec, and nobst preferably about 3 to about 60 sec.
When cryst&ﬂﬂ‘@?ﬁﬁ mol ten PET, the particles may be RETAHSIENE3 o t he
t enper ature of crystalllzatlon for | onger periods of tinme. \Wen
crystallizing Ias ﬁ PET,, E wever {olon ed exposure to the
t enper at ure" of AFds A0 B2 aPLoRRme§t bRl det5S ne fQRRRERanAiEesi r ed |
resul t. Rclmmb.emd Wbdves, the 201+ 208N (Fexfaniar Fressof t he
- 'PET, usually i f ckes I nportant I n
. det erm ni ng ho%’%f%%d Qﬁ?‘%‘ ngBQ{'?}%?' ir?é%repora&eéir% ool ed. Cenerally

speaki ng, it §eferensﬁef eﬁpéa retake pelymerizatdon decpagticydarly aver age

\[/al- ue, for: She]}xaﬁfg}lhlfég makiﬁgbmﬁnefeﬁopécl@m %F:)Lgﬂ}t psglsabou% 1 cmor
€ss, nore pre ra apou (o) €SS rerera e mmrrum

© Cross section, gPeF? Zgarg§g}5§eg% éE%Oﬁre”Heated to a’ tfH@¥§ &%0f the

crystallized PE!lnuythsr pelthng poimmyamd: @ Ay igasi otswa L Lyart i cI es of

various shapesnjtrog@ht- is'ﬁaQBédPrﬁéﬁiIf¥1éﬁﬁ&ﬂyfgﬁﬁl, EB?CBEIihﬁohB the

f or m of partlcl nor e ac ura d| ete 30 its, masses,
or droplets'in PﬁEgEé@E' Frﬂ’d é"l’:‘%er e Sjéillqsne %Ttp‘ﬁ the form of
‘particles 3G elepatedcuEmpeyatsEéuJtransesuerrﬁxnatq@mlymdrlzat|on

Preferred. fOr"Eoﬁ?@éﬁ&eﬁsieﬁoﬁ0%e£€!$éﬁ%‘ﬁréﬁé%d anﬁpQﬁE'gﬁg ﬁtbgles W th
di anet ers of em spheri cal: partlc a maxinmm . -
cross - sect PBR1gYe8. E°nﬁ?FEY0a¥P¥hﬁh?N”9;iﬁﬁ € Predug '51E93Fﬁders with

a di anet er of B8tRarmmethofs; suchnds camployifitgiah vaicuuf, lmain be Qsédacm |f
shapes such astk'EﬁzBr rpose), thereby driv1ng the PET m&gecular
' .15 ‘weight higher ' T IS L .
| Inithe’ past. a‘ number of: problems or - difficulties
"~ -have been associated with the golid-state -
polymerization~of-PET “In particular; ‘the particles to
- be polymerized usually have had to ‘undergo an annealing
20  process; 'so that when'they are heated during solid-
. state polymerization, they do not undergo partial
- melting and stick together. If, alternatively; the
-polymérizatiOn'OGCurs at a relativelyrlower temperature
.. to avoid sticking, this would increase the -
25 polymerization time, since. the reactions which drive
" the. molecular weight up ‘proceed faster at higher
"temperatures.' In either event, these difficulties or
e problems tend to make the solid-state polymerization
‘process more ‘expensive to’ run. S o
30 Advantageously and surprisingly, the- relatively
low molecular weight PET polymer with the crystalline
- morphology disclosed herein may be dirsctly polymerized
"(preferably without . further crystallization.or '
: annealing) starting at' higher temperatures,: for
35 . instance 230°C, preferably 240°C. The need for a-
“lengthy annealing steph_whichhlengthenS"the;overall
- ‘process time is thereby avoided. in additipn,,p
~ particles produced_according-to the present process

.13



V\D 96/ 22319 - ' . PCT/ US96/ 00330 .
ribbons are forned, —then if. desi red—_i_hey can_be | at er __*_ground, _cut, “or
" otherwi se divided into partlcles such ~ as are suitable for solid-state

. : : L : _ 0 oan.

ol yneri zat i ORyo $§/380® it is preferred if the pellets are pb{w,ﬁ o0

g )econom' cally advantageous comrercial scale, the pellets % :fsﬁ _

pol ymer product froma solid-state . pol ynmeri zation process) would
preferably be prodB@¥d in sgRe easepcrted eanfot fieer morecersesehat goantities

of greater. thaatl:(ihkﬂontmr':hpjé Gi&IR?é)'dnstgﬂqg Pe %ﬁ%n%ggégaglog}f%%‘g d 'f or
Il et b se n ne plan

Pgtes 3sgayorep;ckgggdp%9glé S8t %&§%ﬁf -Shats P°&@WEEFEE§F09uaRP&ra§B$.

Before reaching a §?&§I§°sﬁﬁ@€ agﬂﬂnsn1aach othemyo&athezaPPaEEEﬁgaythen

af fected by t hes shapgedE . th-gm;; PES é o \Mg %&’%ﬁ%?ns%ﬁgﬁ%ﬁ%\g

hit is confined, before SO|I f1cation,
\(,amrr;:)lcoyls physi cal O?CSPng‘ ng o2 che present IQV§§1§9.0pE¢anf vesult &5 an

starting naterial. . fmpyoved qumsasl Iﬂ!ﬂi |sa511|ar-@te&e gamgﬁ\ékﬂgagpog met hod of

;hgr ggrl g{ gsrerglt elczvgnt I Qﬂ ten \ﬁoe 0\n7l'v%5')'I m°¥ﬁgug?55€e1f$%q"5?$?°” |
.tgrrperature of PET: Tm‘% ﬂnwculardmght BET oprmil| addbrives, pudh cl es
of the PET. 10 ThesFﬁBlymetﬂiaﬁiﬁhlvadﬁmyst%rOﬁhypﬁéoﬁréééﬁt”Etfﬁggbzﬁay
known to the artlSﬁQVeSﬁ@éﬁ(Hddéﬁﬂdi et%e Eow molecular weight PET wa
formed A typ1ca1 catalyst 1s Sb203, whose
_concentratlon hereln is given as the level of elemental
H' antlmony._ Because of ‘the hlgher starting
15:. polymerlzatlon temperatures in SOlld state _
o polymerlzatlon using the crystalllne 1ow molecular
'weight PET as. descrxbed herein, it may be possible to
use lower catalyst levels while’ malntalnlng useful
polymerlzatlon rates. Lower catalyst levels may be
20 ' advantageous when the “PET is 1ntended for use in making
' :”'.certaln products, for example, when the PET 1s intended
for use 1n maklng bottles whlch w1ll store beverages '
for human consumptlon.'
Y A pET polymer product hav1ng unlque propertles can
25 Dbe produced by solid-state polymerlzatlon of the
| particles described herein. It is posslble to obtain a
PET polymer product with an 1ntr1n51c v1sc051ty of 0.65
" or more, an average apparent crystalllte s1ze of 9.0 nm
~ or more, and a heat of fusion'of 95 J/g or less.
'.30_"Preferably, such a PET polymer product has an’ intrinsic
o v13cos1ty of about '0.70 or more, more preferably about |
0. 80 or more. and/or the average apparent crystalllte
Is1ze 1s about 10 0 nm or more, more’ preferably about
__' yll 0 nm or more, and/or preferably the heat of fus1on'
55_:315 about 90 J/g or less, more preferably about 80 J/g
' '”_or less. Partlcularly for some bottle- -resin -
'appllcatlons, an espec1ally preferred PET polymer
'product has an average apparent crystalllte size of

14



et al., Ed' ‘Ul mann's Encycl opedi a of Industrial Chem stry, Vol . A21,
p. 232-237 (VCH Ver | agsgesel I'schaft - mbH,. Wi nheim. 1992) . Such a

—gFassy-pUTvﬁE?“ﬂﬁ?'ﬁe‘srored_ﬁT—sﬁTbped—(preferably in 30 arelatively dry

state) for |ater polynerlzatlon to hi gher nol ecul ar ﬂ%ﬁﬁ%ﬂbﬂnﬂ@ether a
sol i d- st awagsmswpol ynmeri zation, nelt pol-ynerization, or other

processi ng. In all of the processes descrlbed herein for the 35

crystal lization of l:ow nolecul ar wei P o f r gklites with
rel atively Iar@E°HBpéFeﬂtn@r9§1%?¥?tébé E% é)ﬁq§lpg 8?e¥§%red that the
heat'i ng. or coohong/gaer lessdesired, takes places inless_than 120 sec.

more Vo 96/2&§18escribed above, solid staté polymerlzaEEEhU$96/00330
preferably about. 90 sec.,. -nost  pref erably- abg ﬁéﬁ' 60 sec.

In an. |ntegratBéuﬁléﬂtcﬁﬁflﬁﬁoﬂﬁElﬂg EpERant e%nﬁ# & neterials, |ow
mol ecul ar WF'ghblBEﬁlatlweightupohymsrberesumdrﬂg<;na§ aigberen material .

wnich is then DRBRERLRE] relghEopbiphar e e e e e erted, 11 1

her.ef or eferred, if the |
PET is formed Eerm ofpRArF&FLes. | u'gi‘e pRRaRe t&esé’ﬁﬂdé‘l %yﬁlgyrruﬁﬂheous 10
‘Wi th the cooli 3gcatidihg ﬁﬁrtealEETofOVifﬁdusfshapss r e®referzegdsEarmene

nor phol ogy.  The preferred eyent S -$ap rqgcgughwmghtlcfes'"
are. as given aBBFéox sizes EX Hﬁ%%?ié? é fergéd i-nto; Qaitlcles
: (or .10 diameters of 0. 05 mm to 0 3 mm. hemispherical partic

with a maximum cross section of p 1 mm to 0.6 mm, or
'right c1rcular cylinders with a diameter of 0.05 mm to
0.3 mm and a length of 0. 1 ¢m to 0 6 cm. Especially
preferred are spherical particles flattened on one
15 side, a shape formed before solid state polymerization
" as a result of the low molecular weight polymer
':“particle, during formation, being dropped onto a flat
'surface.:

, In the following Examples, certain analytical
.20 procedures are used Aside from x-ray diffraction,
.'l':which is described in detail above, these procedures
'.are described below References herein to these types
of analyses, oxr their results, correspond to these
exemplary procedures S
o A solvent is made by mixing one volume of
-.trifluoroacetic ‘acid and three volumes of methylene
'chloride PET, in the amount of 0 050 g, is then
, ___,weighed 1nto a clean dry vial, and 10 wl of the solvent
-30. is added to it using a volumetric pipette The vial is
. closed (to prevent evaporation of the solvent) and
shaken for 30 min or until the PET 1s dissolved The .
.f-solution is poured into the large tube of a #50 Cannon-
Fenské“‘vzscometer, which is placed in a 25°C water
'35 | bath and allowed to. equillbrate to that temperature
The drop times, between the ‘upper and lower marks are
then measured in. triplicate, and should agree ‘within
0.4 sec. A sxmilar measurement is made in the

15



ff nol ten, perhaps nore accurately_poftions of PET) by 15 a vari ety of
nmet hods, |nclud|ng past+H=at+on.. - See also __U S Patent 5,340,509,
pr|II|ng as described in - nunmerous patents such as U.S.. Patent No.

4,165, 420. wbksaageit ting, dripping (see Exanple 2 bel ow) q,ramﬁﬁm%
extrudlng (see Exanple 3 below) are other alternatives.

portions or particles can be conveniiently ~ cooled by contactlng them_

with a netal surf acﬂscometé)f ef &F athe/ sdl\érftoratl@?xlel edﬂ'@n&%r ?%uf;ﬁe{;
envi ronment , Sty qgg S\Vielg bel t ".or- nmoving table he he _
proper tenperature to adhleve A ST Dyst al i ne 25 mor phol ogy. It

Is preferred.if .the PET Lnltlally ts.thi taI while stil
| argely nolten, since {IW 5= Gl & SLUEPH, bilne /30Ty ePF;ﬁ&WSEIy lead to
better heat transfer.  Aregulated flow of a ?nert gas - may .be

passed over the partlcles to increase the overall rate 30 .of cooling.
In an integrated RekeR gcul ar melght PET, the

| ow nol ecul ar vvel gt PQCagwpux{lg_ : reQJ;QI. 0@9?%2‘:%? i%&%ve ma be

further ' nerlzed to: er AD ecu ar wei.g
nel ted and nel 4 potSARE 2R A , 9&PFPh§°PE¢Pan°ldéEEIPbed here|n

i s especially SU|thn&afnnngnm33637 g ofobbdd&materEQhMﬂBaéééatQEPer L.
Sol i.d-state pol ynﬁfﬂezaitd&,r}umenﬂ %vasv@uh Iigogget 85{12 3£§l Sggd standard
.nstance, : calculat;ons were made to determlne Mn (number average
o molecular werght) and My (wezght average molecular
110 ;aweight) Calibratron of the 1nstrument was made uszng
a PET sample with M, 22, aoo and M,,, 50, 100.

Meltlng point was determlned by leferentral
_Scannlng Calorlmetry (DSC) and all samples were
15 3analyzed uSLng a TA Instruments“‘DSC 910 The
lnstrument was callbrated w1th lndlum conslstent with
-,5nthe system documentatron The samples were analyzed as
- received “no pre-grlndlng, uslng 5- 10 mg to 005 mg.
: ~ The . .samples were sealed 1n alumlnum pans then heated
20. from room temperature to 300°C at 10°C/m1n .in a
' nitrogen purged env1ronment ' Glass transition
~ temperature, meltlng polnt temperature and heat of
- fusion calculatzons were done w1th the TA Instrument
software. . ‘The reported DSC peak melting temperature is
25 the correspondlng temperature of the peak in the main
melting endotherm , '
. 'Heats of fusion (sometlmes abbrevzated hereln as
AHg) were. measured by DSC durlng the above described
____._,prooedure,'and are taken as the area lncluded within
30 the melting polnt endotherm ' Heats of meltlng are
' reported in J/g (of polymer) 'f” o
_ _ i , : |
i ~A Mettler“‘TMA 40 Analyzer coupled to a TSC 10A
controller was used for all samples ThlS lnstrument
35 was ca11brated for temperature usxng the standard

16



WD 96/ 22319 - - . PCT/ US96/ 00330 - - F
Pilati in G Allen, et al., Ed., Conprehensive . Pol ymer Sci ence Vol. 5,

p.~ 20I- 216 (Per-ganon Press CORTOTd  1989), whichr TS TeTeEDy

i ncor porated by - reference. Solid-state polymerization is part | cuI arly
5 useful worsemedPng hi gher nol ecul ar wei ght PETs. In PEAIISPG90330
particles of PET are heated to a t enperature bel ow the melting poi nt
and a dry gas,-usually '~ nitrogen, is passed, usually concurrently in
conti nuous oppeaardng arege@ummbx@trmqoam theegnspruchdon0 el evat ed

R
products (sim Y"ﬁFg eusgeﬁléedmt%searéﬁﬁe g‘s’deﬁ‘ﬁl SﬁFﬁé Hrva'éﬁﬁ?rfmﬁﬁ§ be

_.used for thnstherPMBesystémrradime droulidglicees PBé saimptabainiéremei ght
hi gher. t ber tles have
been associ at eﬂcﬁﬂﬁigﬁléegg hié’t Tﬂgﬁ : %?F?S%Sﬁhé?%ﬂir :

particular, t hEaﬁ'ai‘F?-E?egeT% °ad% %I%Wfé&mu§BaFP§¥tﬁ§9eWh'a@ to under go
an anneal i ng 2BotRr anesquastoz téa&ipwetwde&y aaaeahsaﬁuﬁdddsmeﬂgrsprmde

State POl YIEr | ZaLhobhat Nee Wuifle WAL IIOAT LLBL up wUE(LRE BRGHS! | K

t oget her, erna mer.l za QOccurs at-a relatively
| ower t enper at iR econtagy WCFI’SQ |"=!B€P‘hg’f ttlhieshmaﬁﬂhﬁmr eaB¥dt he 25 '

pO'YHfrlZ&ml0ntégﬁEra?uﬂsQpiffileﬁﬂﬂeneﬂhdd@ tbtdﬁal?ze thé?@aﬁ@i@@”{arfh
wei'ght up pro aster Fghe eratures ven ese
difficulties ofg E 5?%b‘f’glh%g tagt}b‘ Wgn?ﬁgng‘éfl?drg%ﬁt%f g& 'Hriat I on
. process nore eﬁmmsrmttﬂmmrata{re throug&tvaheagebnsaqdanuesmmnm ngly,
the relativel ypo enb@te @'Wgﬂné%@%a@EanrMHﬁénW tlbein? &rysgalline.

mor phol ogy di scl osed her dir ctly po ymerized . (preferably
wi t hout furtheF2&fy "f%ff‘lfé‘gt%%ﬁ’ (i |
s . - In the Examplee, SSP means eolid-state
polymerization o : '

" PET with’ an’ IV of 0.18 dl/g and COOH ends of

o __167 S Eq/10‘ g was produced by a melt -phase

20 polymerization procese and contained approximately
275 ppm’ Sb as a catalyst. 'rhe melt wae then extruded
'-_'through a 1 mm diameter orifice to ‘form droplets ‘The:
droplets fell through an air gap of ‘about’ 10 ‘cm into |
‘chilled water to form clear amorphous particles The"

25 particles were shaped like pancakea, approximately 8 mm

| in diameter and 2. .2 mm th:.ck _ The part:.clea were

crystallized one at a t:.me in a Mettler‘"‘ TMA 40
coupled to.a Mettler™ Thermal COntroller 10A.  The -

. individual part:.cle was placed on top of the quartz

30 'sample holder at room temperature ‘The oven was pre-
heated to 400°C, lowered o‘ver the sample for
15 eeconda. then removed allowing the particle ‘to cool
back to room temperature ' After exposure in the oven
the particle was opaque DSC analysis of the

35 crystallized sample J.ndicated no pre-melting e

o endotherms The peak melting temperature was 250.1°C.
The ACSOJ_O was 11 6 nm The AH; was 59 7 J/g
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anneal [ ng) startl ng at hi gher tenperatures, for 35 i nst ance 230C,
preferably 240[err]C. The_need for a | engthy. anneal i ng step,lmhlth
| engt hens t he overall process time is thereby avoided. ‘In addition,

' ordin tothe resent process
hgrtieles O cpsRapgser < o P P PR BRI

may, in some cases at |east, be_m)re resistant to . attrition. This
woul d usual 'y be advantageous wher e articles, in solid-state
pol yneri zati on apparatus, -~ - tend to we each ot her- or the
apparatus 5 “itself. P%§'1Ctlhém§é’ of tOhQSpdit/gcl esdpcoducenids of

according to the presseng Bd}*&.@‘t goNwhdRh' ﬁ§Hl BeéH duced rP ED B CaesseS
for solid-state. po c ol ymeri zation-

|
nol ecul ar wei ght P#mer’tzg%rﬁ%h&r"ﬁﬁséc&l“gr "’R/é hEOPEFined nal add| t i ves,
such 10 as pol §rerdpruaximatelyl ¥Sts peregbbaspacsatilystegfs eated idave

been added when. th@délQ:WI'Hde‘?éélij At WBloSkt. uREI%V‘@ﬁ e Bo )g;é’é r@f’gp%ﬁe#fas&{ he |

catalyst is Sb[err err whose . caoncentra
| evel yof el erreLt al e ‘] iiceddy ™ docddameser) Handeghits sown tweights. A

pol ynmeri zati on- ten’lpmmtnllaas mvsm'leldd:atate 1.9, cérggir:lljmlitgéréprplﬁdéﬂz&é"g
CeLal o o o TR o, o 48 BR BBl GRFEIEILPO Nl
. ...10." ‘The temperature ‘was. monltored by a. thln—w1re thermo-
- couple kept - in intimate contact with the steel plate.
. ‘The polymer drlpped onto the hot steel plate which was
- at 1s80°C. Crystalllzation was monitored by observing
the clear. amorphous drop turn into an opaque solid.
15: Once it was -opaque the metal surface was tzpped at an
: -:angle to horlzontal 80 the particle would sl1de of £ and
cool - to room temperature The partlcles were shaped
- .like pancakes,. approx1mate1y 5.6 mm in diameter and
1.7 mm thick. .DSC analysis of the crystallized sample
'20a.-indicated-no;prermelting endotherms. The peak melting'
1“temperatureiwastzsgta?c,fwrhe:AHg:waa_sz,o_J/g. Two
- . particles formed by this -method were placed one on top
=" of the other in a- quartz sample holder in a TMA and a
_ load of 0.5 N was._ applzed on them with the probe The
‘25 ' particles showed no sxgns of adheslon after belng held
- for 30 minutes at 240°C. under this load
PET with. an IV of. 0. 24 dl/g and COOH ends of
- 27.8 Eq/105 ‘g, which had been produced by a melt -phase
'Tpolymerlzatlon process angd-: which contained
30 approximately-275 ppm. Sb .as" a catalyst, was heated in a .
' Melt. Indexer: at 290°C until the. polymer drlpped out of
the orlfloe (L mm in dlameter) under 1ts own welght A
‘hot plate covered with a 1.9 cm thick steel plate was
“placed 15 to 25 cm- under the melt 1ndexer The
35 'temperature wasumonltored.byua thin-wire thermocouple
kept ‘in intimate contact with the steel plate. The
- polymer dripped onto the hOt.steel'plate_whioh was at
180°C. . Crystallization was monitored by observing the
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pOIynerization rates. Lower catalyst | evel s may be 20 advant ageous when

the PET is intended for use in making certain products for exanple,
When the PEI TS Tntended T oOr USe n BRIy bortT I es W chwt—store

~ bever ages.. - f.,or human consunpti on. A PET pol ymer product .
havi ng unrnmempmnpertles can 25 be produced by solid- st atRCTHSP¢B3 zat i on
of the - particles described herein.. It is possible to obtain a PET
pol ynmer product with an intrinsic viscosity of 0.65 or nore, an average

“apparent cryst sileare agioxphotisgdgopnturn MEeae opawhen seddd .of Ohgei on of 95
J/g or less. 3Qe Qagfepalug. tﬁecﬂe@af’EJuigﬁ’ao’érﬁiasprﬁcﬁp‘éd has a%nahe;tl@ nsic

t f. ab bl 0
andlor the avet@BoxsaRrent By tha prrElele il elds et a8 fRpdr o e,
nor e preferablyoahoom tempétaeuneiorThewpart&nﬂes werel ashalpled flikeheat of
fusion 35 4s ?ﬁ'itsp?xgregg Qf:grgﬁfmat@if Pré_af_ aj%l iR eSAnd 9 or

I ess. Partrcu some i cations, an especially
preferred PET oﬁyﬁ@r hic proBﬁEta%%%Y%&Feﬁﬁn cRystadid zed, seEPle e size
of " indicated no pre- meltiﬂé-endotherdﬂD 9%he2pedk melting :
PCT/ US96/ 00330. t € f <HUSI f about
tempera@ﬁ?ﬂ Xég ngnabednq%ove ?dggfgtg/%oI§§%$rzatron S

70 J/g or less
. particles formed by this method- were placed one on top -

10 of the other 'in a quirtz sample ‘holder in the TMA and a
' load of 0.5 N was applied oh"them*with the probe. The
':particles ‘showed no- signs of ‘adhesion: after being held
for 30 minutes at’ 240°C under this load.
15 o PET With an IV of 0. 21 dl/g and ‘COOH ends of :
: *141 0 Eq/iO‘ g, which had been produced by a melt-phase
"”polymerization process: and which contained.
approximately 275 Ppm - '8b 'as a catalyst, was melted and
_ 'processed at 255-280°C through a 16 mm “twin screw
.20 extruder at 0. 5 lb/hr.. The melt extruded through a .
o 1 0 mm die forming indiv1dua1 droplets that fell 1.3 om :
'The turntable provided ‘precise: regulation of surface
temperature and residerce time on the heated surface,
25 .with:coﬂtinuoﬁé'particlé”formation from the extruder.
The device- cons;sted of a rotary: actuator driven by a
' stepper motot,'a rotating stainless’ steel turntable in
““contact with a’ ‘gtationary heated plate. The
_ temperature”of'the*turntable'surfaCe~wasucontrolled .
30'”'through'manipulation”of"the temperature of the
| é'st:av.t:mnary plate ’ A:calibration curve was. generated
for the controlled measured temperature of the
'stationary plate versus the surface temperature of the
' turntable 86 that a’ thermocouple 'did not' have to be
35 attached to the rotating turntable during the
o crystallization After about 300 of . rotation on the
| turntable the crystallized particles hit a. block of
Teflon® fluoropolymer which knocked: them_off the

-.'ThlsSheetHasBeenRe laced . . g 19
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usual ly carried out wrth particles of the Jower 5 erI ecul ar wei ght

pol yrer, r esul ting +Hr—a—hi-gher —mol ecul ar wei. ght pol yner” pol ymer that .
-is also in the f orm of partlcl es. The shape of the product may vary,

i ncl udi ng par wWeegdss@l various shapes. Preferred forns ﬁg@ﬁ
for particles are spherical partlcles with 10 dianeters of O 9“"’?*’6
mm heni spherical particles ‘Wi th a maxi mum cross section of 0.1 m"nto

0.6 nm or rmgd'rttablecuirﬁi J.Q'bdd l&ero‘ant‘iah\péerég‘ét@élPecg po %%li.o
rred are

0.3 mmand a | eng peci a
spherical parti cI es f ’tq’Tene °r(§\$g f§ é‘ce tgﬁéﬁﬁ“‘é?%d*’%‘é‘f?ﬁ’é

sol i d-state pol yrFerd-2R9%6h there yere msplz‘emeﬂ.tﬁ.hg endotheens| i tied ght
pol yner par et asrahid Ng pfzeraaa.tsuae, ceaueglsﬁgpm ag@{- ad ot
ain

surface. Iln the fol n%T d es cert
procedures ard uSERY AdAER piead tion, . V\:thh |_s descri bed

“in detail above; these procedures are descri bed bel OW. Ref er ences
herein to these types of anal yses, abléeir results, correspond to

t hese - exenpl ary pr@msiuresrme?ai Intrinsic \/scosrty (1Vv) A
solvent is made bypusi Xi gmpne vaabI® Of psc peait MeidiWigr 0OaCE, C aci chnd three -
vol unes of net hyl 8me {eckhl or i(dec)y PET,. -m\.pt by anount . 050 gnmi‘r s then
wei ghed into a clegn dry daT r%(;LUm_ of—Ltte sotvent - Ci s—adged—+0 it
-~ using a volumetric pipett The % a 2554 osed (t6°'p"r event12.5

.. evapor ati on- of ..t he2sol vehﬂ and..23 . shakenz2ker1 30. min ss.qunti | the; PET is

di ssolved. The - .3 solmd on is zrgoured i nt ng Iarge Syt%e of af§ :
wat er

Cannon- Fenske[err] i scometer, which i s placed in @ 25[err
35 bath and allowed to q°ur librdfe to that 2p%1fper at ur e59-5 . The-odrop .
ti mes between . .the %ipper 3% | onedsmarks arge2ss3.1 t hen ;reasured o
triplicate, and shguld aggee wt r%n - 0.4,58c. A sun | ar rreasurerrent
is rradelnthe e SRR _ -5
;200 .. 45 .- . 254.4. - 239, 1 ~ 13.8
'8 200 -.60. - . . 28.2 _  52.3  12.6

_ _ PET with an IV of 0.17 dl/g and COOH ends of
.10 98.0 Eq/lO‘ g, which had been produced by a melt-phase
pclymerizatlon process and whzch conta:.ned '
B lapproximately 275 ppm Sb as a catalyst, was melted and
.Eprocessed through a Prism 16 mm tw:r.n screw extruder and
dropped ontc a heated turntable as descr:.bed in

15 Example 3 Process:.ng cond:.tlons and partlcle analyses
'“_:hare llsted 1n Table II '

' : DSC Peak

: * Turntable Time on Melting S
Run -~ -Temperature - Turntable . Temperature AH¢ ACSg10
No. . (°@) _ _ (sec) e /g (nm)
R 120 o 10 .. 2518  .ss.8. . a1.3

2 220 ... 28 251.9 - 56.8°  11.7

3 120 -+ .60 .. 251.5 .56.1 11.4

4 £-.1600 0 e - 28 - 251.8 58.0  13.6
:§ ) .;sol 60 : 251.9 56.9 - 16.2

3 170 -7 . 28 ¢ 252.6 . - S54.8  13.4

7 3 . s7.3 © 15.2

200 60 _ 252.
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1 WD 96/ 22319 - : - ' PCT/ US96/ 00330

AXLiEPPEter for the soIVan alone. The I'Vis then_ cal cul ated by the
-ecquatruu Tv—="Tn (solrution t1 me/solvent tine)
0.5 v@ém&!ﬂarreatlon Chr onat o ' st |
_ graphy (GPC : (5%
_ xaters[err] 150C ALC/ GPC instrunment, 5 u3|%g as a sol vent ves rin e
texﬂluo_rowppr_opanol_(HFI_P) contalnlng 1.3637 g of sodium
rifluoroacetate per L. The instrument was run in the usual way, and
i;?ggﬁ{gr L ﬁ?;CU|gt'°ns wer e nade 't EXMpEISNe. Merr] (number ave}age
_ wei g an err] ( t--ayer
Cal i brati on-of the BEst &g %%Bgé\igsﬁg?g%&%%i Hdha V&Iﬁeg\?\: % h Merr
22,800 and I\/[er:fj ﬁtr.qmms g. WhD/Bht wvag’ P@@@%ceéwcpméatm‘ﬂf %h ]

Nbltlng po
.(DSC) and él wﬁﬁﬁﬁ%@ zatic 1§E%chEfﬁha“hh§th ‘cont&iwedi ng Cal ori metry

_ nal yzed usin
?%o The ADREAFARALRL Ynds 5cé’|Pi“b ag & F%‘%ﬁm@%%%ﬁ %"e\rf\ﬁ hDSC
e system doctimitclidnn amckiphotmnpass indes . andbguedle@ g ©f recei ved, no

g{ﬁmg:]hqu;:)ggs ﬁ%ﬁg 1%(#’]:% %1%%%&1% a pLeZQeoﬁaﬂEp@énV\szﬁl}Sﬁmidei in
e film (3 mil. thlck) which was placed on a room
lo"jhtemperature ceramie ‘plate. The" partlcles, £ilm and
'plate were then placed in a Flsher Scientific model 497
" high temperature oven for 15 seconds at 500°C. The
-particles were réﬁUVEd from the oven and allowed to
. cool to room temperature. The oven dimensions were
'15_ 30.5 cm x 30. 5 cm- x 35.6 cm and the ceramzc plate was :
"placed in the center of the oven. The’ crystallxzed
partlcles showed no" premelt;ng endotherms in the DSC
trace. Fifty grams of particles were loaded into a
: gglass tube (5.1 cm ‘D x 40.6 cm H) that was surrounded
,,ZO_T:by a larger dxameter glass tube _ A controlled “
| d:volumetrlc flow rate and temperature of nitrogen passed
_fthrough a porous disk dlstrlbutor at the bottom of the
ﬂiucolumn and then through the 5. 1 cm D reactor _ Heated
- air passed through the outszde glass tube to insulate
: 1;25-.=the reactor. from heat loss ‘When necessary to provide
'-ﬁﬁ%g : | partlcle motlon, as when conventxonal crystalllzatlon
i was occurring, an agltator shaft with three propeller
blades at various helghts within the column was slowly

rotated.

Duration N; Flow ‘Alxr Flow Ng Temp - Adr Temp .

(min) (1/min) _(1/mim) __(°C) _(ec) _Agitator
15 200 ‘150 25 to 210. .25 to 210 . on

1440 40 150 210 220 . . Off
1 200 156 210 to 25 210 to 25 - off

zSampleSkwere taken at 0, 6 and 24 hours for

analysis:

21



20 fromroomtenperature to 300[err]C.at 10[err]C/min. in a ni trogen
purged environnment. dass_transition., ‘tenperature, nelting point
‘tenperature and heat of ~ fusion calcul ations were done wi'th the TA
I'nstrument . __  software. The reported DSC peak nelting tenp 25
t he corresp'ohmor?ﬁn?ﬂ?rperature of the peak in the main %%950&3%
endot herm - Heat s . of fusion (sonetlnes abbrevi ated herein as
[err]H err]) were neasured Jy, NSC ( g procedur e,
and are taken as the ar ea ‘i'nclude _ g -por.nt endot herm
Heats of nelti ng ar E““ 6)’t ed in Q?‘{:;Peeif M b‘tly'ser) __8H¢Ther mdRemhani cal
Anal ysi s A 4'9=ma¢uyazer(°<%up| ed 4B/94 TSC 1wp
control l er was ‘used por allosagples Th|§5hn§trunent 3555“?3 cal | prat ed
for terrperature uslng t he standard B : ) ' o

WD 96/ 22319 263.5 PCT/USQB/DOSSO -
. operating procedure 34 | ust rat.ed I n the | NSelr Lt 1 ON gampal at,4 smonth
i nterval s or when spurlous results wer e suspected The sanples had no
extra pre-treatmment ftecl.;lg\/lq. lter | es
9 E'Sdrﬁ‘;ae‘@alrt.m em gi é 58;1 d gE‘QP

i nherent 5. rmrphoL&gl ca hi stor
particles were | oB% ?:ﬁlﬁ% %"'ys’t NG rWtSiﬁiFt OWlng cond:.t:tons

Duration N; Flow Air Flow N2 Temp Air Temp

_{mim)  (3/min) -~ (I/min) " (eC) __(s€) - _agitator
18 7200 7150 25 t6 240 25 to 240 on
© 2440 40 - 150 - 240 240 - off
] 15 2000 1s0 240 to 25 240 to 25 off
' Samples were taken at 0, 6 and 24 -hours for
analysis: ' '
Time Iv DSC Peak Melting AH, Acsblo
(hr) -{dl/gm) : 'remperature {°C) - dd/g) . {nm)
o 0.18. ' 254.5 66.5  10.7
6 0.83 - C-- | -—- --
24 - 1.14 282.0 83.3  12.2
10 _ About 50 g of the same amorphous'meterial were
_ - crystallized for 16 h at 90°C. DSC of this material
. showed a small cryé:allization peak at 117°C that

extended to the main melting endotherm, indicating that
the particles were still partially amorphous. The main
15 melting peak was at 255.5°C. This material was further
crystallized and solid state polymerlzed at 210°C under

the followxng condltlons
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both the quartz sanpl e hol der and a 3 mm d| anet er probe such that the
sarrpl e was convex side up with the probe - in.contact with the apex of

thre—tTem splrere MO 10— tenperature mmu vZe—the
samples.. . The first being a high speed scanni'ng rate of 10[err]C/ min.
from roomWewmm ure through the nelt and the second, PCTRAIS2/M930c a
honogeneous heat environnent, being a 1[err]C rate from 200[err] Cto
the nmelt. 15 =Inthe Exanples 'SSP neans. solid-state

pol ynmeri zati on. g 18 et DodaV1 o fcradlal 1 giday S43d af Yo
167.5 Eq/. 10[35&;13:9.0X"a§: PE gycegr 2 ey, -th se Z'QiI oI merl zat| on process
and cont ai ned . gppLoxi-ngL, \ ppn at.gf )y It was

t hen extruded-—--—t-hr et -  The
‘droplets fell tHGugh ado@ir gaﬁ-sef ‘ab@Bttol@1& m 26t % 210 Chl | PRd water to
- form cl ear anor pfpous paabb cles. ygdhe 25 particles ;vyere shapedq! i ke
-pancakes, approximately-8 nmm _.in dianeter and. 2,2 mmthick. _ The
particles were 1440 cryst‘e?l lized8fe at a ¥ne in a Mttl er[er°rf]E TMA 40
coupl ed to-a Metsl er[ er rpo Ther mase Cont rod leer2510A210 ®ee25 - i nafifvi dual
‘particle was placed on top of the ‘quartz 30 sarrple hol der at- room

terrperature The ove re- heat ed to 00 e owered over the
sanmpl e for 15 %@rﬁ% ¥ rFqkéﬂ)\?éd al FofPfg é°‘%5ﬁ?t%%¥e to cool
back to roomamahesidure.- After exposure in the oven the particle was

opaque. DSC anal ysi's of the 35 cryst aI i zed sarrpl e i nd| cat ed no
“pre-nelting ' g : : g @2

1[err] C

~ The ACS[err] was 11.6 .om. -Th riHerr]:\ 59.°¢ g
17 _ . Time . : 5 Melting - AHe ~ ACSg10
: . ~ (hx) (d1/qm) Temperat:ure ('C) iI/g) {nm)
© o0.18 . 2585 _ 71.0 too amorphous
6 0.22 251.8 . 79.3 Coe-
24 - 0.20 . - _ 261.7- . ..... 88.3 8.8, 8.5
5 - | | -

23
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EXAMPLE 2 . 0.15 dl /g, and COOH ends of

188.2 Eq/ 10[err] a0, vvhlch had'bh“mmm’ EHIHHI mel t - phase’ -

pol ymeri zat i OV G¥6PRHDS and whii pproxi mat el y g@.FN ﬁg as
ex tﬁ-e
1

a catalyst, was heated:ina ¢ -~ Mlt In &r At 290[err] C until t
pol yner dripped out of the orifice (1 mmin diameter) under its own
weight. A | ake d;yjth a 1.9 cmthick steel plate was.

pl aced 15 to 25 cmunder orifice Of. the nelt indexer. 10 The terrperature
was monitored by & t hih: vﬁ\r‘éml‘?fé?’r&)mn' IRF i Yaght mediifdednare. cont act

with the steel pInnmodlfledTpelpOéqmy?enHlﬂgxgtuuuglakgg hﬁglﬁbe@Lde%E@

whi ch was at t noni tare observi ng

t he cl ear anor pho%%agégﬁ%ﬁﬁa% IZ %én Ao%’g'gtug]st(ﬁ iAPOut t3%®1€é‘ Pt’Sk@9%opaque
the metal surface®RRRrerpperyetakhite sizegife % @rhori momeal and whe particle
woul d slide off .ansllting pobht tef rmnc’f Q:{Bquefﬂélre The Fart ' Cljes Weri .
shaped | i ke panc p t.e i ameter a - nm
t hi Ek. DSC anal ysi s g# %heécé)‘{/msé%aﬁnqﬁ é’éa?ar’r'ﬁcétfg 1fnfilealed Wherein
pre-mel ti ng endotfRidsaverage reparmit ignystallitenpdrzat uscabaatr230. Aqherr] C.

The [err]Herr]" ves hexd. J/ 9. Two . particles formed Iby Lh:z met hod A
wer e pl aced e on to of the ot.her in-a quartz sanple holder in a
and a |§§d of 0. %N%% SPHILEIOR Aferefitrd: AR Blab®e. 1 wheresn

-particles showed saﬁdngﬂnrageeabnarant a&wemanaung bﬁbd is abbQt 38 Amnutes
at 240[err] C undesy t,m,_sel oad. _ o . .
_ 4. The compositzon as rec1ted in Clalm 1 wherein
- . said melting point. is 265°C or less. .
15 . 5. The composition as .recited in Clalm 1 wherein
:said degree of. polymerlzatlon is about 10 to about 25.
6. The compositlon as rec1ted in Claim 5 wherein
said average. apparent crystalllte size is about 12 nm
_ or more, and sa;d_melt;ng point .is 265°C or less.
- 20 7. The.cOmpoeition;as,reoiteo,in-Claim.;;wherein
' -gaid modified poly(eth?lene'terephthalate) comprises up
-to -5 percent of comonomers other than ethylene
._terephthalate repeat units. S oo
E 8. The composition as recited in CIalm 1 wherein
.25 :-said modified poly(ethylene terephthalate) comprises.
comonomers. selected from the group con31st1ng of .

- -isophthalic acid,. triethylene glycol, 1 4-cyclohexane
dlmethanol, 2,6- napthalene dicarboxylic acld adipic
-acid, - estersof the foregoing, dlethylene glycol, and

'30'-mixtures thereof. _ . o .
' 9. Particles: of the comp051tlon of Clarm 1
10. Particles of. modified or unmodlfled
pbly(ethylene terephthalate) having a”degree_of__
"~ polymerization.of about -5 to about 35, an. average
'35 'apparent'crystallite size of 9 nm or more, ahd a
melting point: of 270°C or less . . : _
11. The particles as in Clalm 10 havxng havzng an
average diameter of 500 mlcrometers to 2 cm. o
. -
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"PET with an IV of 0. 24W of . 27.8 Eq/10[err]g, which

- had been produced by a nelt-p | ynerization process and which
contarned 30 . appr oxi mat m m‘m a catalyst, was heat ('1" N a
Melt | ndexer at 290[err] pol Yyner dripped out of g orifice
(1 nmin dvese31y under |ts own wej ght. A hot plate EW@?‘@H%tha
1.9 cmthick steel plate was -~ placed 15 to 25 cmunder the nelt indexer.
The 35 tenmperature was nonitored by a thin-wire thernmcouple: ~kept in.

inti mate contact WwethThReP3rEiFles A% redifed in GIR)RA0dPFppdd onto the
hot steel plawhewdinhsada airerage 180p®FenC.crySnadiditlel zdkzieod swaboteni t or ed
by observing Rge : more. -cl ear. anmor phous drop turn into.an opaque
solid. Cnce i ﬁﬁé opaq ue the netal surface was tipped at an angl e

to horizontal so &Be Ehﬁtperélvkkﬁcﬁsﬂ#QR;Qﬁ& imn§ledwdl 10 ort dlroom:

tenperaturg. {haraant bﬁ'i&sa%rSgé hﬁﬁ&éwe%sdaqmﬁahgaea ispapeutmately -
4.5 mmir. dlaqeter ick.- DSC anal ysis of the crystallized

sanpl e - i ndftc n8°5Fe neltlng endot her ms. © The peak nelting
t enper at ure was 258 7Fherp6rtﬂéme$eas]r{ciuqd inaclBim519/ gr Tho

articles for MhflebishNbasAPhBOLHE S Dha RS ARRODEEOR b0 1ebsthe other in a

auer 2 canml o RO EEr Lt A bGP oo dhoay Seplid on them

hel d - ior 3onsisuieg etsedtislly Gfimertildlies ioadn amount over '

EXAVPLE 3 15 . BEIgnnth an_rV of 0.21 dl/g. and COOH ends- of -

o | 16. The particles as reCited in Claim 10 or 11.

" wherein said degree of polymerization is about 10 to

about 25 BRI . T

15 - 17. The particles ‘as recited in Claim 10. or 11,

' wherein ‘the particles are spherical ‘semi - spherical

cylindrical, ‘or pancake ~1ike in shape. :
' 18. A process for crystallizing poly(éthylene
terephthalate), comprising, cooling at a rate

20  sufficient to cool a molten’ poly(ethylene -

5 terephthalate), ‘or heating at a- suffic1ent?rate to heat
‘a glassy poly(ethylene terephthalate), to- ;emperature
of about 120°C to about’ 210°C, to produce a,crystalline
'pcly(ethylene terephthalate) having an- average apparent

25 "crystallite Size ‘of 9 nm or more ‘and a’ melting po;nt of
270°C or less, provided that said poly(ethylene -
terephthalate) has a degree of polymerization of about
5l:o ‘about 35 ' ' - '

'19. The process as recited in Claim 18 wherein said

30 temperature is about 150°C to about 190°C."

'20. The process as recited in Claim 18 wherein said
degree of polymerization'is about 10 to about 25, said
average -apparent’ crystallite size is about 12 nm or
more, and said melting pcint ‘is about 265°C or less.

35 ' 21. The process as recited in Claim 18 wherein said

_-crystalllzing is carried out 1n about 2 minutes or
less. - - L
eet Has Been Replaced
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141.0 Eqg/10[err] g, which had been : ced It phase _
pol yneri zation process—anrd—whi ch conta| ‘&A oxi mately 275 ppm Sb as
a catalyst, was nelted and pL =O[err]C t hrough a 16 mm
twin screw 20 w@skhisger at 0. 23 g "o/ hr) The nelt ewgﬂooaso
through-a 1.0 mmdie formng i ndi‘vi dual droplets t hat

through roomtenperature air onto a heated -~ turntable. The turntabl e

provi ded precise regul%-i e pProcgsssasf aeeltecirpm alaiom aradwrﬁ&ledexn@alul me

on the heated 25 M}ftﬁtﬂw]}ﬂﬂ& t@@bhﬂ?ﬁ!ﬁtgg{igc%f 10 ”?c;d.lnp 'P:.crie
trud The ‘devi ce Sl of a rotar .
g?eggesrm)tor a rotatirg aPﬁP5§§ sPBefecited ip filaime 48, C@W&@nnmth a

stationary heated thiatadditionathetepnpér avlie- etatdepd Ll iow bEce was
control | ed 30 st hieciiah d¥yatNake0BotY bRy ! SRS ALk LIS

stationary plate. I bration:curve” was gener at
measur ed terrperature %fl ﬁ.ge pr°°§F§t?%nﬁ?‘§/lEﬂ%t’é1\ﬁé1r%2t3helhsm‘eﬁ.acen

t enperat ure of the’-nltlalt Gemperacuse LhasaihdtHETID st gH1dmalli ZAgent 0 be

'35 attached to thgg %tb%idtn93b'dtn5§bln8 during the crystal lization.
After about 300 of rot tlon on the T -turntable the crystallized

particles hit a bl ock23F Pr°?§??0f‘1?§r'|'=l]lefﬁm%pmhlhabibadofhem
off the 10 V@&&(@Z&iﬂene terephthalate), where:.n the improvement
PCT/ US96/ 00330 com

Dt oat erature collection
pai l-. ' For p'art | gl eggng%gre?gguﬁ ep?]g‘fr 5)9{ Fﬁg‘éﬁa late)
having an average apparent. crystalllte s1ze of 9 nm or
- more, a melting point of 270°C_or_1ess, and a degree of
- polymerization of about S'to about 35..
' 15 26. The process as. recited in Clalm 25 wherein said

. average apparent crystalllte size is about 12 nm or
.. more. SR

t'he controll ed

27 The process as rec1ted in. Clalm 25 whereln said
average apparent crystallite size is about.14 nm or
20. more. . .. L o _ L
. . 28. The procesa as rec1ted in Clalm 25 wherein sazd,
,meltlng point is about 265°C or less. o
29. The process. as recited in Claim 25 whereln said
& o degree of polymerlzatlon is about 10 to about 25. _
25 30. The process as recited 1n Claim 29 where1n said
average apparent crystallite size is about 12 nm or
more, and said melting point is about 265°C or less.
31. The process as recited in Claim 25 wherein an
initial temperature is about 230°C or more..
30 32. The process as recited in Claim 25 wherein an
initial temperature is about 240°C or more. _
33. The process as recited in Claim 30 wherein an
- initial temperature is about 230°C or more.
~ 34. The process as recited in Claim 30 wherein an
35 inltlal temperature is about 240°C or more.
35, A polymer product comprlslng polyethylene
terephthalate. polymer hav1ng an intrinsic VlSCOSlty of

26 | - This Sheet Has Been Repl
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160-200[ err}C there were—no_pr_eneu_r_ng_en@therrrs in the .  DSC traces.

Processing conditions and particle 5 analyses are listed in Table I.
Iﬁumm ""lmmlﬁp —DSC Peak MEI t| ng—[errj Herr]

ACS[err] .. . . No. [err] (['err]C) ( 92 nm

1 160 WO 96122388 0.9 s"’ﬂ“”“ 160

23 - 254.1 _ 53. 4 -3 170 23

535'55 ' 10, éj-s@ or gloreo %té averagée fgparégt cry té{’]ilte size 3155 S

12. 0 : 6 .0 Izgroor moreggand a heat of,fysion‘o 23 @/g or lqs?.5 . 7

200 . 36. TRe4pdlymer pro'ﬁc]: as recife@ in Claifin 35 200 60

254. 2 \WPLE 4
PET with an I@% %hohﬁ éﬁ/ .@ntrz. 1sc s:.t]y 36 ab?)%tooEw ﬂﬁ err i ~whi ch
had been p?oduced3By 'Ehﬁemlma’mduc‘ipépy%ﬁ-%a@rm Grige S and whi ch :
ccontained - whaRP BYsEhChYerdde HPPaYerts cayeahalycé, siee dbldlshtand
processed thr. 49 amPrl sr%%G mmtw n.screw extruder. and . dropped onto a
heat ed t ur nt aBe *a®"da85c"Ph2y in 15 Exanpl e 3. .Processing conditions and
particle anal yses38. Therpolymew Produrshre recited in Claim 35

'_[I?SC Pear : w_?:.ch hg: dunasehbe ftusJ.-BrE%fO]aﬁout i@' II)’@Q:[;r le]ss Run
enperatu urnta era ure:lert err _ No.
([err] Q) {g (seS% ﬁe pof ezjéroduc afJfé ifea :.ncé(ﬁhafﬁm 35

-120- h@va.ng an 1261.1.1951c viss®sgty of abggt3o 70 or more, an

average apparent crystallite size of about 10.0 nm or
more, and a heat ‘of fudion of about 90 T/g or less.
40. The polymer product as recited in Claim 35 or _
15 40 in the form of partlcles ' e :
41. The polymer as. rec1ted in ‘Claim 40, whereln the
- particles are spherxcal, semi - spherlcal cyllndrlcal
‘or pancake-like in shape. -
42. The product of the process of Claim 25.
20 43. The product of the process of C1a1m 25 whlch
o product ‘has an 1ntr1n51c viscosity of 0 65 or more, an
" average apparent crystalllte gize of 9. O nm or more,
" and a heat of fusion of 95 J/g or less. '

—_——
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2 120 o 28 - -~ 251.9 56. 8 11.7 3

120 o a51 5 551 11 4 4 160
28 | 251.8 ' 58.0 13.6 5 160 60
251.9 Wibosh2319 16. 2 6 170 - 52.6
54. 8 13.4 7 2000 - 60 . . . 255 gUSIANE;
15.2 | 20 WO 96/ 22319

PCT/ US96/ 00330 : PET wih an IV of 0.18 dl/g and COCH ends of

132.1 Eq/10[err] g, which was produc&d by a nelt-phase 5 polynerization’
process and whi ch contai ned approxi mately 275 ppm Sb as a catal yst, was
prilled to form cl ear anor phous particles. About 100 g of - :
particles were placed on a piece of Kapton polyimnde film(3 ml

thi ck) which was placed on a room 10 tenperature ceramc plate. The
particles  film and pl'ate were then placed in a Fisher Scientific
nmodel 497 hi.gh tenperaturé oven for.15 seconds at 500[err]C. The
particles were renoved fromthe oven and allowed to cool to room
‘tenperature. The oven dlnenS|ons were 15 30.5 cm X 30 5 cm X 35 6 cnland

the ceramc plate was

llll'l.lll-llllillltl'llll‘llll

FIG.1
SCATTERING ANGLE (26)

'l'rlr'lll'llllll"llll'T"'l"
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pl aced in the center of the oven. The crystallized particles showed

n he—-BSG——~ e
were | oaded into a glass tube (5.1 cmD x-40.6 cmH) that was
surrounded w@osid1er | ar ger di ameter glass tube. A control petusesnoo33o
~volunetric flowrate and tenperature of nitrogen passed t hrough a
porous disk distributor at the bottomof the - col um and then through
the 5.1 cmD reactor. Heated qai r passed through the outside glass _
tube to insulate 25 the reactor fromheat |oss. Wen necessary to provide
particle notion, as when conventional crystallization was occurring,
an agi tator shaft with three propeller bl ades at vari ous hei ghts
w thin the colum was slowy - rotated. 30 Program
for 0.16 IV, TSC, SSP [err]210[err]C Duration N err] Flow Air Fl ow
N err] Tenp Air Temp . - (mn) (1/mn)- (1/ mn) ([err]O . ,
“([err] O Agi t at or 15 200 150 - 25to0 210 25 to
210 on 1440 40 150 g 210 . 210 _
of f 15 200 150 . 210 to 25 210 to 25 of f
Sanpl es were taken at 0, 6 and 24 hours for anal ysi s: :
21 WO 96/ 22319 ' o
PCT/ US96/ 00330
1 3 2 t‘ﬂ 1 9_)
. S E
. £+7 L -
. +F ol -
- ++F 3 ® o~
++ <t - @
e < ;| S
1 = o w
. '++++ § L g
o~ T =
— o - 2
L ++ =1
ey o
7 . - Lad
’ J |:: { . | .'.: .
. . +-h|..++ i g
+++ . N
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Anal ysis of 0.18 Particles TSC, SSP [err]210[err]C ' Tine

rv DSC Peak™ METTT Nng [errTJHerr] ACS[err] ) Car7gm
Tenperature ([err]C (J/9) (nm _ 0 . 0.18
254. 5 WO 96/223196. 5 10.7 6 ~0. 19 PCT/USI6/00330 553 5
83.3 -- 24 0. 46 ' 267.8 _ 94. 2
13.5 50 gmof th8 TSC particles were also solid state
pol ymeri zed at 240[err] C under the follow ng conditions: _
Program for 0.18 TV, TSC, SSP [err]240[err]C Duration N err]
Flow Ar Flow Nerr] Tenp Al r Tenp : (mn) (1/ mn)
(/mn) ([err]QO ([err] O Agi tator. 15 200
150 25 to 240 25 to 240 on _ 1440 40 150
240 240 - off 15 . -~ 200 150 240 to 25
240 to 25 of f -5 ‘Sanpl es were taken at 0, 6 and
24-hours for anal ysi s: - AnaIyS|s of 0.18 -
Particles TSC, SSP [err]240[err]C : Ti me _ DSC
Peak Melting . [err]H err] ACS[err] . - (hr) (dI/gn) _
TamaaUMe([mT]Q (d/9) . - (nm S 0 . 0.18 :
254.5 66 : 10.7 N ' 6 -0.53 --
-- -- 24 o 1.14 ' 282.0 83.3
- 12. 2 10 About 50 g of the ‘sane annrphous mat erial were
crystallized for 16 Ryet=Safe PSo—ad- j—REt-6 r-shomed a smal |
crystallization peak gt 117[err]C that _ : ext nded fo the main
mel ting endothernt_innlcatlng t hat : he par i cl es [were stil
partially anmorphous. 4The main 15 el q peakfiwas af 255.5[err]C.
This material” was furfher - . cres#3 Iqud andYsol i dfstate
~pol ynerized at 210[er_]C under o = [ -
‘ : - ; {
- . | [0} ~
i - <
42% ‘ ' ‘ f N
< .; -
: Job by
m o \\ ,// [ g
. n S ‘ 8
&) - | 77N -~ .
= AN} [F¢g
L 4 \ P _ EE
) 'E;-i 1 I t:'
- !
1. , . O
72
] 1 - ©
- -
{
- ‘ -
o { ' -
q | [
L] ] T. 4 L] ¥ .2
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the foll owi ng conditions: : : =
22 VO 96/ 22319 ANNVEX . 7 (VS 9/ 2330
PCT/ US96/ 00330 Progran1for 0.18 1V, COnventlonaIIy ystal 11 zed
SSP [err]21OC Duration Nerr] Flow Air Flow  Nerr] Tenp. Al r
;Sirr}t)at'or f;_%ﬁ arﬁglé;mcﬂ)s dro@luﬂsﬁ‘)mto dd esgddje So—ld[ECﬁ]:@)

60 200 it was jg@Rque ‘The metgl s3Pface %% el S = a%81§440 o
40 150te norleddfsl so the patBicle wowkd slide offfs and cool2

210 to_. 25 oLt . \ napad re taken
at 0, 6 and 24tﬁoﬁ?gnf5?m°er(léé£ The EL ticles were s i

S hemispheres, apprcx;nately 4.5 mm in diameter and
5.4 mm thlck. DSC analysis of the crystallized sampile
indicated no pre-melting endotherms. The peak melting
temperature wzs 258.7°C. The AHy was 351.35 J/g. Two
particies formed by this method were placed one on top
10 . of the other in a quazti sample holder in the TMA and -2
| load cof Q.S-N'wés applied on them with the probe. The
particles showed no signs of adhesion after being held
for 30 mlndtes at ¢40°" under this load. '
EXAMPLE 3
5 PET with an IV of 0.21 dl/g and COOH ends of
141.0 Eq/106 g, which had beer preduced by a melc-phase
polymeri~atidn'prdc%ss and which contained
approximately 275 ppm Sb as a catalyst, was me‘t 2d and
- processed at 255- 280°C thcough a 16 mm twin screw
20 extruder at 0.23 &g/nr (0.5 lb/hr). The mell extruded
through a 1.0 mm die forming iqdividual droplets that
fell 1.3 cxm through room temperature air onto a heated
-turntable. The turntable provided precise regulation
. of surface témperature and residernce time cn the heated
25 surface, with continuous particle formation-from'thé
extruder. The device consisted of a rotary actuator
driven by a stepper motor, a rotating stainless steel
furntable in contact with a stationary heated vlate.
The temperature of the curn:ablé surface was controlled
30 through manipulation of the temperature of the
stationary plate, A calibration curve was generated
for the controlled measured temperature of the
_statlonary plate versus the surface temper*care of the
turntable so that a thermocouple did rot have to be
35 attached to the rotating turntable during the
cryszallizaéion. Aftecr about  300° of rotation on the
' turntable the crystallized particles hit a block of
Teflon® fluoropolymer which knocked them off the

19
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analy5|s. Anal ysis of 0.18 Par ti cl es CbnventlOﬁa++y—€¥ysLaLLLzed_S ] =l
[err] 210 Ti me |V DSC Peak Mel tii err]Herr]
ACS[@+9607-8 . (hr)  (dI/gm Tenper at ur e ([er ;mmm”! IH"HI,”“'

(nm) . 0 0.18 255.5 !

anor phous inle i oaPli ia: ... _ 2518 75. 3

24  Whag 38 claimed is: 551 7 88.3 8.8, 8.5 5

1. A composition, comprising, modified or
unmodified poly(ethylene terephthalate] having a .degree
of polymerization of about 5 to about 35, an average

5 . apparent crystallite size of 9 am or more, and a
~ melting point of 270°C or less,

2. The composition as recited in Claim 1 wherein
said average apparent crystallité size is about 12 =m
or more. -

10 3. The composition as recited in Claim 1 wherein
said average apparent c'ystal-lte s;ze is abour 14 nm
or more. | _ _ _

4. The composition as recited in Claim 1 wherein
said melting point ig 265°C or legs. '

15 5. The composition as recited in Claim 1 wherein

. said degree of polymerization is about L0 to abour 25.

6. The composition as recited in Clair 5 wherein
sald average apparent crystallite size is about 12 nm
or more, and said melting pecint is 265°C or less.

20 7. The composition as recited ia Claim 1 whé:éin
said modified poly(ethylene terephthalate) comprises up

to 5 percent of ccmonomers other than ethylene |
zerephthalate repeat units. ' :

8. The compasition as recited in Cla;m L wherdin

25 bald poly(ethylene ‘terephthalate) having up to 10 mele
percent co-repeat units comprises ccmonomers selected
from the group consisting of isophthalic acid, '
triethylene glycol, 1,4-cyclonexane dimethanol,.
2,6-napthalene dicarboxylic acid, adipic acid,'es:érs

30 of the foregoing, diethylene glycol, and mixtures
theresof. ' '

9. °articles of-the composition of Claim 1.
10. Particles of poly(ethYlene'terephthalate)
having up. to LolmoLe'percent co-repeat units and having

35 a degree of polymerization of about 3 to about.35, an
‘average appacent crystall*te gize of 9 nie or mere, and
a meltlpg point of 270°C or less

‘—————-——————-__“____f : ' THIS SHEET HAS BEEN
This Sheet Has Bee 24 REPLACED
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clained is ) 1. A conposition, conprisin I_ed or
unnodi fi ed pol y(ethyl ene terephthalate) having a degﬂ M tlon
of about 5 to about 35, an average apparent crystalli

he’

nmore, and a nelting point of 270[err]C or |ess.
conposition as reci éd The Parmclasaseiln §éﬁéna¢8r%§%l%¢mhﬂwwﬂg emystallite

size is about 12v@¥a@k HRhReter of 500 micrometers to 2 cm.
12. The palecles as recited in Claim 10 or 11
wherein sald average apparent crystallite size is about
S5 12 nm or more, _
13. The part cleg as recxted in Claim 10 or Li.
wherein said average apparent crystallite size is about
14 nm or more,
14. The particles as recited in Claim 10 or 11
10 wherein said melting point is about 265°C or less.
 18. The particlés as recited in Claim 10 or 11
wherein said degree of polymerization is about 10 to
~about 23. . '
17. Tke particies as recited in Claim 10 or 11,
15 wherein the particles are spherical, semi-spherical,
~cylindrical, or pancake-like in_shape. |
18. A process'for crystaliizing a poly(ethylere.
terephtialate) composition of Claim 1, comprising,
cooling at a rate sufficient o cool a molten

20 poly(ethylene terephthalate), or heating at a

o sufficient rate to heat a glassy poly(ethylere
terephthalate), tc a temperature of about 120°¢C to
about 210°C. -

19. mhe process as recited in Claim 18 wherein said f

25 temperature is apout 1530°C tao about 190°C. _ _

20. The process as recited in Claim 18 wherein sald
degree of polymerization is about 10 to about 25, said
average apparent c ystailite size is about 12 nm ox
more, and said melting point is about 26=°C or less.

30 21. The process as recited in Claim 18 wherein said
cryatallizing is carried out in about 2 minutes or
less. | . . . _ o

22. The process as recited in Claii 18 wherein said
-pcly(ethyiene te:ephthalate) is in the form a particie.

35 23. The process as recited in Claim 18 comprising
‘the additional step of sdlid-state golymerization of
said cryétalline'poly(ethylene terephthalare).
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3. The conposition as recited in Caim1 V\,herevibr? Sai-da go. apparentre 48’
crystallite size i's about 14 nmor nore. . The conp05|t|on as
recited in laim1l wherein said nelting point is 265[err” ”lmm
5. The conposition as recited in Caim1l wher e| n said '""I’””",
pol ymerization is about 10 to about 25. : The conposi'ti dn as

recited in Claim Szmehahnf.@ae@ls@w age: %Iélaaﬁ.ﬁntl.awszal hhé Lot 2@ i S about

12 d
The Conposi 1 | brb YAk SEBGF AL G A1 H 124AFb 31t e 20 0B VBB (% hyl e

t erepht hal at e) mmm@BtﬂﬁCthSmwcent of conpnoners other than ethylene
terephthal ate repeals URl b$ocess for the solzﬁh@teﬁﬁpﬁswmaﬁlﬁ&ticﬁﬁ'dLEd in

G aim1 wherein sald [ pol ne

conononers Sel Y & %emetﬁfﬁﬁ%'(lb%}%‘l |né]'l 0 sop %ﬁ% ses
triethyl ene gl yomiprilses,cychobérdnel th rashprasihy 2206 ﬁ&ﬁ?ﬁal:éﬁed@ﬁ!)car boxylic
acid, adipic aGAaRné-F‘gSta‘?{ %VQEBQS Eﬁ%fﬂé%?]@%rﬁ*%tlhwt%n%i%%@' 9 ﬁtﬂ%fﬂ Xtures

t her eof . e conposition o

es
10. Parti cl ediae medivrslEdngr PAARBAIPE i P ﬁol%‘( éﬁ'?;?l'eﬁé‘dt Br gﬁ‘ﬁfﬁ%ll%ft e)
having a degr eepdfymd iyasioaabitosbedt abotd dodur @iout 35, an average

apparent Cr%Stalllté% S“%% 8&08e991as recited in Claim 25 wherein said
average apparent crystallire slze is about 12 nnm or
more. , ' ' : '
27. The process as_recited in Claim 25 wherein said
average appérént'crystalLite size is about 14 am or
15 merze. _
28,'The'process'as-recited in Claim 25 wherein said
melting point is about 265°C or less.
29. The process as recited in Claim 25 wherein said
-degree of polymerization is about 10 to about 25.
20 30. Tre p:ocessfas recited in Claim 2% wherein said
average apparent crystallite size is about 12 mum or
more, and said melting point is about 265°C or less. .
31, The procgss as cecited in Claim 25 wherein an
initial temperature is about 230°C or more.
25 32. The process as recited in Claim 25 wherein an
iritial temperature is about 240°C or more.
' 33. The process as recited in Claim 30 wherein an
initial temperature is about 230°C cr moze.
| 4. The=nroceSs as recited in Claim 30 wherein an
30 initial temperature is aoout 240°C or more.
35. A polymer praduct comprising polyethylene
terepht ba;ate polymer raving an inherent viscosity of
0.65 or more, an average apparent cryszallLLe size of
9.0 rm Or more, and a heat of fusion of 9% J/g or less.
- 35 - 36. The polymer product as recited in Claim 35
which has an inherent viscosity of about 0.70 or more.
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25 or nore, and a nelting- p0|nt of 270[err]C or less.

The particles as in Claim10 having an average dlaneter ““ﬁ[&“ﬂrs
to 2 cm ' 12. The particles as recited in. E \m
wherein said average apparent crystallite size is about am br *tor'.

13. The partlc!?g.Si éegéaggstsagiﬁﬁﬁilo or é% ghereb9a§ghgsaver$%:

apparent crystalli

particles as rediiad hars, @kaawet@geraﬁﬁam&mnennysﬁahd-MElEumg poi abcws about
265[err]C or | &S0 2m or mor The particles as recited in Caim 10,

11 or 12 con5|st|ng@ess$nt|all% of particles in an anmount over 10 kg.

16. The -parti cl LePPLERCT PIIMGR 2F0 t§FIEEdtar ELAIRaPY degree of

pol ymeri zat 6on wistabdsts kO heatabdufuion of about 9L7.7/g ofhgeparticles as

recited in Gaim1Gqr w4l JWRGHEL HINRAALS FelTcRWe 1RPRELE KA S
having an inharent #iscosity of about 0,70 or more, an
average apparent crystallize size of about 10.0 om or
more, and a heat of fusion of about 90 J/g or less.

10 40. The'polymer preduct as recited in Claim 35 or
40 in the form of particles;

41. The polymer as recited in Claim 4C, wherein the
particles are spher rical, semi-spherical, cyiindrical,
or pancake-like in shape. '

15 42, The product of the process of Claim 25.
" 43. The oroduc:t of the process of Claim 23 which
product has an inherent viscosity of 0.65 or more, an
avarage appar#nt ccystallite size of 9.0 nm or more,
ard a heat of fusion of 95'J/g or less.

20
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semi - spheri cﬁr,- cylindrical, or pancake-like in shape. 18, A

process for cr 4 | t hyl ene terephthal ate), - ' Y]

at arate suff““‘ﬂ“lllmnﬂmmmmﬂ ten poly(ethylene tene AMS st )

heating at a suffi€ient frate to heat a gl assy pol y(ethyl gne terepht hal at &),
o biollil: 9%

to a tenperature of about 120[err] C to24bout 210[err]C, :
crystal line poly(ethylene terephthalate) having an averfage _crystallite]s}ze

%)

of 9 hmor nore ang, a.melting point of 270[err]C or |eg¢s, provided tnat

sai d pol y(et hyl enen‘gt"’él‘ggﬂf‘ﬁ%?seft e) has a degree of pol ykew ' out 5
to about 35. 19. The process as recited in Caim18 wherein
said tenperature is about 150[err]C to about 19Q[err]C. 20. .
The process as rechted |n°°@p8¥‘f’r?’i8°%?é'ls’€$’n "é"&fﬁfgd%rgr‘@@%‘ﬁe‘bo?"}ﬁfﬁm’li@tion i s

about 10 to abeptithatdte) havihgla degRe ofilyhicriaitivh of 4bButs 18 Bboub3 F BPMeragdappilely NI €,
and said neltin ' I s ,about 265[err]C or less.

o 26 oi nt, y
21. The pr%gaggeggep%%pmé)&n}opp, aﬂ;? Reliing pefat ofi 20 Gedesr ystal 1 zing i s

carried out in about 2 mnutes or |ess. 22. The process as
[ [ [ [ ' I hyl ene terepht hal ate
recited in daim ]28 Wh&l[:heeI c%m%gslitqonp gs }/egi?etd 1¥1 (?laim 1 whePein sﬁd averglge apparent

crystallite size is about 12 nm or more.

3. The composition as recited in Claim 1 wherein said average apparent '

crystallite size is about 14 nm or more.

4, The composition as recited in Claim 1 wherein said melting point is 265°C

or less.

5. The composition asrecited in Claim 1 whérein said degree of polymerization
is about 10 to about 25.

6. The composition as recited in Claim 5 wherein said average apparent

crystallite size is about 12 nm or more, and said melting point is 265°C or less.

7. The composition as recited in Claim 1 wherein said modified poly(ethylene

terephthalate) comprises up to 5 percent of comonomers other than ethylene terephthalate
repeat units.

8. The composition as recited in Claim 1 wherein said modified
poly(ethylene terephthalate) comprises comonomers selected from the group consisting of
isophthalic acid, triethylene glycol, 1,4-cyclohexane dimethanol,
2,6-napthalene dicarboxylic acid, adipic acid, esters of the foregoing, diethylene glycol, and

mixtures thereof.
9, Particles of the composition of Claim 1.

10. Particles of modified or unmodified poly(ethylene terephthalate) having a

degree of polymerization of about S to about 35, an average apparent crystallite size of 9 nm



S mtheforW 23. The process as recited in daim
18 conprising the addi pof solid- state p -

sai d- rcnrjyst alli gﬂ“\ \ H“Qﬁ“w er epht hal at e). WWWN’P”SV écess
as recited in- &l n+*an initial tenperaturfefin in said SO|I sfate
pol ymerdi zation i s about 230[ err] C or noras. 29. 13 SUpriggess for
the selid- state pol ymeri zation of poly(ethylene terephthal ate) Wne efn the
i nprovement conprises, starting wth poly(ethylene tler epAT frat=tey—havi ng an
average crystat inpteBamilazmeltiﬁg Pointrof@70%ardess.a nel ti ng |poi nt _of 270[err] L or

| ess, and a degree of polynerization of about 5 to about 35. 26.

The process as recited in Claim25 wherein said average crystallite size is
about 12 nm or norH. The particle9as. inClahﬂ‘HHmpingmemragsdiamﬂéﬁ@dodmicﬂrmtem 25

wherein said gvwelage crystallite size is about 14 nmor nore. 28.
The process as recited in d a| m 25 wherein said nelting point is about
265[err] C or |ess. The process as recited in Claim?25

wherein said degreﬁ of 'ﬂﬁlpggﬁfek%% 1h%lla§19qﬂtorjl9 v&hgreﬁl é ?pptargn 30.

The process as recited I'n erern said averag e cr size is
about 12 nm ocrystallite sizaiisckbeutild nmedrtrhorg poi nt i s about 265[err] C or less.

13. The particles as recited in Claim 10 or 11 wherein said average apparent

crystallite size is about 14 nm or more.

14, The particles as recited in Claim 10 or 11 wherein said melting point is about
265°C or less.

15. The particles as recited in Claim 10, 11 or 12 consisting essentially of

particles in an amount over 10 'kg.

16. The particles as recited in Claim 10 or 11 wherein said degree of
polymerization is about 10 to about 25.

17. The particles as recited in Claim 10 or 11, wherein the particles are spherical,

semi-spherical, cylindrical, or pancake-like in shape.

18. A process for crystallizing poly(ethylene terephthalate), comprising, cooling
at a rate sufficient to cool a molten poly(ethylene terephthalate), or heating at a sufficient rate
to heat a glassy poly(ethylene terephthalate), to a temperature of about 120°C to about 21 0°C,
to produce a crystalline poly(ethylene terephthalate) having an average crystallite size of 9 nm
or more and a melting point of 270°C or less, provided that said poly(ethylene terephthalate)
has a degree of polymerization of about 5 to about 35.

19. The process as recited in Claim 18 wherein said temperature is about 150°C
to about 190°C.

20. The process as recited in Claim 18 wherein said degree of polymerization is

about 10 to about 25, said average crystallite size is about 12 nm or more, and said melting



31. The DW Claim25 wherein an initial tenperature is
about ° err] C or nore. 3]
REBLM&%WEH ET

recited in Cla|m25 |n|t|al tenperature i 4 )]
nor e. s as recited in Caimj3Q wherein an | i al
tenperature |s erSr]Cor more. 26 34. Thesp,mtgém_m

recited in Clai m 30 V\/nerel nan initial tenperature i 4 gdbout 240[err] € pr
nore. ‘ 35. . A polyner product conprising pollyetrtmyreme
t er epht hal at epopwlis/abent 268% nglessn i ntrinsi c viscosity Jf Q.65 or nore, ap
average apparent crystallite size of 9.0 nmor nore and a heat of fusion of
95 J/ g or |ess. 36. The pol yner product as recited in Caim35
whi ch has an intri2isi c Thepoarssistayrecitedzip Claim 08 Wherein said cxystallizing is carried out

in about 2 minutes or less.

e

7

22, The process as recited in Claim 18 wherein said poly(ethylene terephthalate)

is in the form a particle.

23, The process as recited in Claim 18 comprising the additional step of solid-
state polymerization of said-crystalline poly(ethylene terephthalate).

24, The process as recited in Claim 23 wherein an initial temperature in said solid

state polymerization is about 230°C or more.

25. A process for the solid-state polymerization of poly(ethylene terephthalate),
wherein the improvement comprises, starting with poly(ethylene terephthalate) having an
average crystallite size of 9 nm or more, a melting point of 270°C or less, and a degree of

polymerization of about 5 to about 35.

26. The process as recited in Claim 25 wherein said average crystallite size is

about 12 nm or more.

27. The process as recited in Claim 25 wherein said average crystallite size is

about 14 nm or more.

28. The process as recited in Claim 25 wherein said melting point is about 265°C

or less.

29. The process as recited in Claim 25 wherein said degree of polymerization is
about 10 to about 25.

30. The process as recited in Claim 29 wherein said average crystallite size is

about 12 nm or more, and said melting point is about 265°C or less.

31. The process as recited in Claim 25 wherein an initial temperature is about



37. The paolyner product as recited in Caim35 which has an average
apparent crystal lite size of about 10.0 nm or nore. ; BER

ol ymer produ C ai m 35 which has a hedREBLACEY
5 31 of |estrllllﬁllﬂlfﬂlﬂﬂﬂlaﬂlll The pol ymer product as |1 4G

havi ngan intri'nsfc Vi stosity of about ®770 or nore, : i ,
crystallite size of about 10.0 nmor nore, and a heat jof} fusion of ab
J/g or |ess. 40. The pol yner product as re 3
39 in the ford30% opmerei cl es. 41. The pol ymé
40, wherein the particles are spherical, sem - spherical, cylindrrcar, or

pancake-1i ke in shape. L . i
32. The process as recited in Claim 25 wherein an initial temperature is about

240°C or more.

33. The process as recited in Claim 30 wherein an initial temperature is about
230°C or more.

34, The process as recited in Claim 30 wherein an initial temperature is about
240°C or more.

35. A polymer product comprising polyethylene terephthalate polymer having an
intrinsic viscosity of 0.65 or more, an average apparent crystallite size of 9.0 nm or more and

a heat of fusion of 95 J/g or less.

36. The polymer product as recited in Claim 35 which has an intrinsic viscosity
of about 0.70 or more.

37. The polymer product as recited in Claim 35 which has an average apparent
crystallite size of about 10.0 nm or more.

38. The polymer product as recited in Claim 35 which has a heat of fusion of
about 90 J/g or less. .

39. The polymer i)mduct as recited in Claim 35 having an intrinsic viscosity of
about 0.70 or more, an average apparent crystallite size of about 10.0 nm or more,
and a heat of fusion of about 90 J/g or less.

40. The polymer product as recited in Claim 35 or 39 in the form of particles.

41. The polymer as recited in Claim 40, wherein the particles are spherical, semi-

spherical, cylindrical, or pancake-like in shape.



