WD 97/ 25364

RCT/ US96/ 20931 TITLE

PRODUCT! ON. ONOP25368 THYLENE. 2, 6- NAPHTHALATE) PCT/US96/20931
FI ELD OF THE | NVENTI ON This invention concerns an inproved
process for producing |ow nolecular 5 wei pol y( et hyl ene

2, 6-naphthalate) and its use in solid-sta | ymerization to obt ain

a higher nol ecul ar wei BRODVCYION OFPOLYETHYLENEI2,6-NAPHFHADATE)

pol y(et hyl ene 2, 6- napht hal ate) i s s SE-GRR A

TECHNI CAL BACKGROUND ory yiene 2, o-napht hal ate), herein

abbrevi ated PEN, is uJbisinventionaoncems animpeved process dosprednringlowdnelscular

fP E:\Ims% i ndustg: a ef}éh?ﬁélg(eﬂﬁﬂgeéﬂ,Gdlﬂﬁlﬁumﬂepﬂ?iiﬁ?i:s?iit solid-statef polyBriamien té r om
, for exanple,, K have been found superipr to,fi _

pol y( et hyl ene tePBBH’t41}3gﬁ?’éﬁ‘?k‘f’l’éﬁ"’é’l’ﬂaﬁlgﬁfy&ﬁr’afqéﬁ’vg%fyf@%&%f?@qfi | n5 nade

from PEN epbiylethyleng2,6nephthatate) isalsprdisslosed.es, hydrol ytic stability

and barrier properti es. 15%“2&%*%@5% for PEN require a

pol ymer of relatively high nolec gnt. ouch |.ymers have been

comercial |y nmade by Pelyésthyjene2.6-naphthalatg) herejs abbreviat S usefyldn many

po: ymerizati wt)l, h{a&rﬁy a%atﬁa&rucw?mntas mmgliﬁmmﬁmu!cammwna packaging.

pol ymer, soneti referre as_a._pr

pol yneri zati on "Films "Eﬁeﬁﬁwﬁ’gNr@’éSﬁgﬂﬁg‘ﬁ”&gﬁéee@ﬁf’%@ A\thig‘g?ﬁ'{‘% ,ﬁ&{ﬁ%\;f\}ea\c}eep,oml s

nore difficult tpely(cEiylerfeaereplithalate),hereimabbs¢viated, BERsbecquse filns made &repsity of

PEN at a given i ?Pﬁe%&:rbtit\'ik@?&%httéhsile pmpe&ﬂes,\ﬁvhrdlﬁid%ﬂiggiaﬂ@ﬂim‘khan PET,

making it nore di rocess.  Typically, Nis nelt
pol ynmeri zed to aRroPeRieS.r angi ng from about 0.50 to 0.70, and then, if
hi gher 1V s gse desir Rbst 6fxhé asesdorsPEN eequirk yiipelyimee df relatively high molecilar

oo B SR S e o B ey i
products are solidrssaterpalymerizations thermelpenlarvusiety oba EF%“\? "B{‘“ Wstehht i on in
t Ihe f : naL agoglygg 5olymerr, s?rﬁa@ﬂﬁﬁg?éﬂ:larto s Qﬁtbﬁ?@n&ﬂﬁ{bl;@nﬁ&(e&i pplymiyém&ora N :
P’ Gener ai el ¢ obRAY e rema Preh asi et eiap GRREVr Rothe AfEuh UARPEY B0 0C
nore likely 20 cansmberadfyreasonsicBermeltviscasity of BENata given ipherent viseosityjui pnent .
Sol i d-state pol y[f?\{j'b &%&&ﬂﬁgﬁ:&r@hﬁcﬁﬁf,ﬁxﬂkinﬁ RiorSaficdult 15 proceds. T9PRANAL | over
:E grmer atures. S0 PII:‘,N-is? En%}t%opymgi/'{;gcri Itozéar;[ II\(?n rsangilng ?rorr;la%%utt (pg() %dd{?&tagg ?lien? Bn‘p ared . g
higher IV's are desired, is solid-state polymerized. -
An additional problem associated with the melt polymerization of PEN is
25 that color development in the melt phase is very rapid. Degradation products are
formed in the melt that can produce color formation in the final polymer.
Degradation products such as DEG (diethylene glycol) can also lower the physical
properties of the final product.
In general, melt polymerizations require higher temperatures, which are
30  more likely to cause polymer decomposition and require expensive equipment.
Solid-state polymerizations, in contrast, are usually run at somewhat lower
temperatures. Solid-state polymerizations also have the advantage, compared to
melt polymerizations, that very high molecular weights, where melt viscosities
would otherwise be extremely high, can be more readily obtained. In commercial
35  use, however, solid-state polymerizations may be relatively slow. U.S. Patent
Nos. 4.963, 644; 5,449,701; 5,331,082; and 5,391,694 describe various aspects of
solid-state polymerization and/or the preparation of PEN for use in solid-state

polymerization.
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references disclose or teach the novel crystalline form of PEN; and its associated
properties, produced by the present process and claimed herein. :
This invention coricerns a composition cbmj:rising, poly(ethylene
25  2,6-naphthalate) having an average apparent crystalll'ite size of at least 10.0 nm
determined from th'c"i 10 reflection. S
This inve:itidn also concerns a process for crystallizing poly(ethylene
2,6-naphthalate), comprising cooling at a rate sufficient to lower the temperature
of a molten poly(ethylene 2, 6-naphthalate) mass or, alternatively, heating at a rate
30 sufficient to increase the temperature of a glassy poly(ethylene 2,6-naphthalate)
mass to a temperature of about 130°C to about 250°C:to produce a crystalline
poly(ethylene 2,6iﬁa'phthalate) having an average apparent crystallite size of 10.0
nm or more determined from the 110 reflection.- More particularly, disclosed.
herein is a process :f"or the crystallization of pellets of poly(ethylene 2, 6-
35  naphthalate), comprising: R ' -
heating a gﬁssy poly(ethylene 2, 6-naphthalate) mass to-a bulk average
" temperature within the range of 130°C to about 250°C within a specified
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- Figure 1 is an illustration of a wide-angle X-ray diffraction pattern
of a sample of PEN polymer produced according to the present invention.
Figure 2 is an illustration of the region of interest of the diffraction
pattern shown in Figure 1. _
25 ~ Figure 3 is an illustration of the wide-angle X-ray diffraction
pattern of Figure 2 after being deconvoluted into a Pearson VII peak.
A novel process for making of poly(ethylene 2,6-naphthalate), also
referred to as PEN, is disclosed herein. A novel composition of PEN |
"~ 30 characterized by a certain kind of crystallme morphology and other desirable
characteristics is also disclosed. By PEN or poly(ethylene 2, 6-naphthalate) herein
is meant poly(ethylene 2,6-naphthalate) that may be modified with small amounts,
less than 10 mole percent. and more preferably less than 5 mole percent of the
polymer repeat units, of copolymerized monomers (or "co-repeat units"), so long
35 as the crystallization behavior of the polyester is substantially the same as
"homopolymer" PEN.
The present PEN has an average apparent crystallite size of about 10.0 nm
or more, preferably 11.0 nm or more, more preferably about 12.0 nm or more, and
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PCT/ US96/ 20931 of each powder pattern, a straight line extending from 25.5° to 28.5° 20 is defined .
and subtracted, as shown in Figure 2. This region of the diffraction pattern has
been found to contain a crystalline reflection at approximately 27.0° 26, that has .~ -

20  been defined as the 110 reﬂectlon by Mencik, Z., Chem Prum., vol. 17, n0. 2, p.
78 (1976). B

Figures 1 and 2 show the diffraction patterns, corrected as detalled above
collected over the 29 range 5-35° and 25.5-28.5°, respectively. In addition to the
Miller indices of thc_ reflection of interest, the local "artificial" background

25  between 25.5° and 28.5° 20, labeled "b", and described above, is shown.

‘The 25.5-28.5° region is then deconvoluted into a Pearson VII peak
corresponding to the'-c_rystallin_e reflection, and the position, width, height, and
exponential“Pearsoﬂ VvII ﬁttlng'parameter of the peak is extracted. See Equation
2.3.3.16 on page 67 from the standard reference by A. J. C. Wilson, ed.,

30 hmﬂlgﬂﬁ_m_cmnggmnhx, Vol. C, pubhshed for The International
Union of Crystallography by Kluwer Academic Publishers, Dordrecht (1992). An
example of this deconvolutlon is shown in Figure 3. Below the deconvoluted
peak is plotted the residuals, i.e., thc observed minus calculated intensity as a
function of angle. The apparent crystalhte size for the 110 reflection (herein

35  sometimes also referred to simply as épparént crystallite size); ACSjyq, is
calculated from the reflection's position and full width at half height using the
Scherrer equation. as for instance described by L. E. Alexander, X-Ray

p
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- polymerization of poly(ethylene 2,6-naphthalate) has an average apparent
© 25 crystallite size of 10.0 nm or more, determined from the 110 reflection, degree of

polymerization (DP) of at least 4, preferably at least 5, and an inherent viscosity
(I.V.) of less than about 0.4 dl/g, preferably less than about 0.3 dl/g. Finally, a
PEN polymer product of a solid-state polymerization process is disclosed which
product has an average apparent crystallite size of 10.0 nm or more, as determined

30 from the 110 reflection, an inherent viscosity (I.V.) of at least 0.5, preferably
about 0.6 to 2.0 dl/g. Inherent viscosity (I.V.) is used to determine molecular
weight (specifically, a viscosity average weight My,) over most of the range of
interest for PEN. DP as determined by NMR end-group analysis is used to
determine the molecular weight (specifically, the number average molecular

35  weight Mp) at the lower end of the PEN molecular weight range because of the

S
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heat of fusion of "pure"” crystalline PEN.- By a "molten PEN" is meant a PEN in

the liquid (not glassy) state. Preferably it contains less than 10%, more preferably

less than 5%, and most preferably. less than 1.0% by. weight crystalline PEN. Itis

preferred if the initia_l témperatuf_e of the molten PEN is-about 290°C or higher,

preferably about 300°C or higher, since this is approximately at or above the- -

common melting point of PEN. In order to obtain a large average apparent . *

20  crystallite size, it is preferred to have as little crystallinity in the starting PEN as

15

possible. L L . _ i e

It has been found that the desired PEN crystalline morphology may be
formed by rapidly heating or cooling amorphous PEN to a preselected temperature
range, which process step may be referred to as thermal shock crystallization. A

25  temperature range of 130°C to about 250°C, preferably about 140°C to about.
230°C, has been found to produce the desired result. The preferred temperature
range may depend on the molecular weight or DP.or the PEN being crystallized.
For example, PEN having a DP of 6 (I.V. of 0.12) has a preferred range of 130 to
230°C, while PEN having an L.V. of 0.4 has a preferred range of 170 to 250°C.

30  This range, in each case, is centered on the point of mgximum rate of
crystallization or T;. See S. Buchner et al., "Kinetics of Crystallization and
Melting Behavior of Polyethyléne Naphth__alene-2,6fD§¢_arboxy!ate," Polymer,
1989, vol. 30, March on pp. 480-487. .

Accordingly, in this process, not only must a temperature gradient be

35 imposed between the PEN and its surroundings, but heat (or another appropriate
form of energy) should be removed or added to the polymer at a relatively high
rate. If heating, conductive and/or radiant heat as obtqined in conventional ovens
may be employed. For example, ovens in which heat flows primarily by radiation

6



20 readily stick to other particles when heated, usually at or around the
t.enper.at ure of a prenelting endotherm: V\/m ch I's very undesirable in
sol id-state WO972%8f ynerization. ~ “ The PEN of the BFEAISH§20931
invention, as a starting matéfial for solid-state pol ymeri zati on of
poly(ethylene 2, 6 e I e
size of 10.0 nm of wﬁé?épﬂ ﬁ{”ngrn%%?gﬁ%?g‘\r{@?% T%B?g? ﬁa’g%éml of éﬁltfged‘é

pol ymeri zati on (ma)emﬁlomd Ieast 4, preferably at least 5 and an inherent

\al.lb 33?36 t)é i (F : n;/ )THS regfives thitafe aRthdifg éloflécx){a/ggmﬁé:ﬁfoﬂmt#m bease tan
pol yneri zat i og pritae 5}&%&?% ?E}d&egegﬁﬁq%%nﬁe ss—ﬁzg g&ﬁﬁggﬁ%’t"é@e

apparent crysbal Inot be so hegeahatlﬂe ¢hange aftempemturaef ﬂiePEbhs redatively rapidromthé he

110 refl ecti on. Qhﬁ{ ls | east 0.5, preferably
about 0.6 to 2. O%Hff% ! vﬁgécgcl)lol‘vt'g |s used to determ ne
nol ecul ar wei ghtwbgb‘é’bﬁtﬂilélag ixpm gro P%B%%I nMﬂﬁ!‘g}@ opraingiapid\agnt over

mogt of the r?ngQraﬁHer into tclile![niﬁlﬁﬁ@EN gﬁf pﬁﬂked@ﬁhawwafsl %deﬂ%bn@tt wiira
end-group analysis is used to e ecu

(specifically, t gef matetial, that l??ﬁlaéﬁ gﬁgth dﬁ?‘%ﬂ‘}c“\gﬁd%?’édlf%r
end of the PEOI mbbﬁcntd mass\and its acmalrhyat dapmmyg) endthetnal conductance. Metals are

5 WO 97/ 25 1 fort 1 tal i
PCT/ US96/ 20931 %@élcularlylusefu or X'lls %%rf:?se espe?a yme swuth hl)%h cgsN ur:rngtg &fj | ar

wei ghts. Measur ehgfitzangfer. Iﬁm&?"qﬁ@a&d metals.mlag*ﬁesrar@rmhqsmm@lﬁﬂm ¥l ecul ar
wei ght range, as ed@n@femfmehnﬁfeﬂmgl‘ll& to@AGIRAPEN during &ystﬂﬁﬁktmbec ause of t he

ol yrer | 2at i on or 0P 116 SRR io! el P Y B sxiied tog combitfiih oF nga
pol yneri c or 13l i grensfei matenaledof exampies alpast ofi thessurfach may berenposad tof masalecul ar
vei ghts. , surface ana-laﬁotﬁﬁ%aﬁfof HREUPRESRRY be B¥séd RN foFeXanifle, HRER. DY
rapi dly heating %@%z @hgeusedtotr cgﬁ%@rn teg_Ber tgﬁﬁ rgn e or by | '
cooling nolten P h 7 g¢s ans, 4P oF siheBfaty) a5y PEN
is nmeant a PEN beamasities of gdses arp relitistelyc low, andso suthb codﬂmmﬂdthe sloodifficult
wei ght percent ¢y g alveit)GisElENLiqRids aP iR ApYropfiste iriitatdRGidy also be used, but
. 20 may be less preferred because of concerns that contamination may occur and.
because of the need to separate the liquid from the PEN. Thus. it is preferred to at
least partially cool the molten PEN.by contact with a heat conductive solid.
Conversely, when starting with glassy PEN instead of molten PEN, the
- glassy PEN should be rapidly heated instead of cooled. One way to accomplish
25  this is to expose the glassy PEN to a very high temperature environment. about
300°C to 800°C or higher for up to about 120 seconds. Generally speaking, the
higher the temperature or the smaller the cross section of the PEN being treated,
the less time that will be needed. In forming the desired crystalline form of PEN
by heating or cooling, it is preferred that the entire crystallization process, i.e.,
30  heating or cooling and crystal formation, be complete in less than 5 min, more
preferably less than 3 min, more preferably less than 2 min, and most preferably
about 3 to about 60 sec. When crystallizing molten PEN, the particles may be
maintained at the temperature of crystallization for longer periods of time. When
crystallizing glassy PEN, however, prolonged exposure to the temperature of
35  crystallization may be detrimental to the desired result.
The maximum linear distance from any point in a particle to its surface is
important in determining how fast the bulk of the PEN is heated or cooled.
Generally speaking, it is preferred if the maximum linear distance for the PEN



wei ght percent, nost preferably less than 1 weight percent. The anmount of
crystalline PEN present can be determ ned by standard methods using DSC to
determ ne tywg oh@sesOf fusion of the crystallites present andpe@fiagéids; t hat
with the ~heat of fusion of "pure" crystalline PEN. By a "nolten PEN'
is meant a PEN in 15 the liquid (not glassy) state. Preferably it
contai ns | ess tpagticldsOogbe hcated pr esfoladzipabout I cm or lessgmoretpaefenibly about bt
_p][ eIﬁra_bI y | elssc,ﬁ&a;gssl. 0% by wei ght crystalline PEN. It is preferred
| e initial tenpeLature of the nolt PEN is about 290[err]C or higher,
preferably about 30 r#‘fﬁ? qjjﬁhﬁ?rgﬂg&}ecgm‘gﬂ&)’h",ag’,iagéjgﬁgig&lﬁﬂg]t Bpbon, ¢ gr
above the partiviesofivatiens shagespetc.nin afe préifdtred emboditaent; the PENbisrin ehel ar ge
aver age. appar.e : 1.1 ' kb all S fe Q. - Jittle
o ystal 11 py o o8 ALPaFEIEF [ e Blrily, ihall 3isBERWEIE, Thackh, BPUSPRI i, 12
been found t hatthe meoémoheml’gﬁw erystalline RENbinthe fore of partielgs ipparticularly f or ned
%nrg éelpl SIVL y Eeatdsem ﬁfso«tﬁa%td;@ﬂol ﬂiﬁ@ﬂ.SIxPﬁﬂeiaq-pa‘n%leest Elldteprefepdler at ure

: ich process ste e rr t 0 as .t her shock
crystal li zati oH?avﬁgﬁgver?é@ﬁfru?{éﬁi%gﬁgf%gﬂ 26y e ‘2%5{515 adgf err] G,
pre](‘:I er abl y abousized &fi{particleS aresphinical particles with@liametér€of 0.85 chter.Yound to -
produce thgpdes) - T Y AT W a1 < 1} 5 ' Lt

IRe" SEpERnpER bf berfpheRt fgRhicRS Wil BYRL BT 0.1 om0 (PG fE

depend on e no PEN bei ng créstal [1zed,

For exanpl e, PEghheiculay cylingery,with adjameter of 005 cm to{h3 cip agd adlengthef 0-hnge of
130 to 238 /0.6 6m. IHapesinbh Boflinbdraibbons\are irmed Ahérpif desired! thkgr r ed

range of 170 to 250ferr]C 30 . Thi h,ca ' d
e poi nt of R R e ing; S, or GheludsdRfied BioSARET 30 ab i GAECC O
Buchner et al . forsdlidetate polymexizapiona Sirice iiis preferred if the pelloippreiprpusedioni or  of
I\P/glr é’ﬁt 2%' Sgg Egg%%g@ﬁ@ﬁ%ﬁam Qéiég\ﬁinéic?l scalt kbe _@Il?ts_would- prefgsbly vl . - 3?);

. - . ccordingl v, l.n this pracess,, not or
nust a t_errperatPl'R‘_E"CE)‘?ﬁm%cfﬁ%m\%thefwg%ﬂﬂgbﬁgﬂﬁu?ﬁ g r%i%t' po oY
sEr r logngl ngs, nhore pheferably @reaterchanci0 kep (Fhepellets may be used inrthe samepiantgy ) :
shou e reno | = ok 1o i i an; ~rate..

\égﬁ% ?flierqaggﬁgy%d% %tgl?{d RS 14t8F biseBbr packdped Fortitn¥pd, altin.  ~ rate |

I f heating, con ve Lor . I ant heat as obtained in conventional
ovens nay‘oﬁ’é"eéﬂﬂ‘w‘éﬂmsi:or exanpl e, ovens in which heat flows
primarily R9 radi at iBefore reaching a stable shape, molten or crystallizing PEN may be 6

affected by the shébe of the means into which it can flow or within which itis
confined before solidification, whether such means employs physical or other
forces. . ‘ -
Glassy PEN. for use as a starting material in a crystallization process

25  according to amiethod of the present invention, may be made by very rapidly
cooling the appropﬁ_ate molecular weight molten PEN to below the glass
transition temperature of PEN. This can be done in bulk or while forming
particles of the PEN. The PEN itself can be made from appropriate methods
known to the artisan. For methods of polymerizing: such polyesters, see, for

30 instance, B. Elvers. ét al., Ed., Ullmann's Encyclopedia of Industrial Chemistry,
Vol. A21, p. 232-237 (VCH VcrlagSgesellschaﬁ mbH-, ‘Weinheim, 1992).

" Processes for obtaining PET polymers are applicable to PEN to some extent.
Such a glassy po'ljmer may be stored or shipped (preferably in a relatively dry
state) for later polymerization to higher molecular weight, whether a solid-state

35  polymerization. melt polymerization, or other processing.
In an integfatéd'plant for producing PEN from monomeric materials. low
molecular weight PEN will usually be available as a molten material. Thus. it is
preferred if the instant process starts with molten -PEN_, which is then cooled. Itis
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Conversely, when starting with glassy PEN instead of nolten P t

gl assy PEN shoul 8BS} %‘P‘S}erﬁ’@g{aéﬂfrg?? Laee cl&@‘@?’é‘ﬁ’.’w ev<ligglly align :
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envi ronment . abopjiated. 300[err]Cto 800[err]C or higher for up to about
120 seconds. Generaﬁ S ei\aki ng, the ) hi_ gher the tenperature or the
smal ler the ¥4 oss seci‘m}% I¥s mofien pHKesteriis gansfetred dojthe inner contaigey fshe ¢ j e

L ha}] will be neephls_dllatbnngd;)mdengre‘sme,deais:saﬂe&ﬁms b abrificesuétDisa ﬁnvE}EﬁJ belt

y heating or co q | < r h . cryst l,zat i on
process, i.e., 3 dn?%ggtah?bﬁ%’&":altq)’kidﬁgﬂ%tilg}%&r%@?lg_lpa#’éolfe}ﬁaﬁgqﬁ:ﬁos ecorrpl ete
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t enper at ur e c?aﬁgﬁﬁ?PﬁEwéﬂ'{f?%Wg?hi 'S%‘ﬁ"a’é ﬁ%ﬁ%ﬁsg gems{Totpyg, Qr more
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- CR-9623). Conventional kinds of rotoformers may be modified and adapted for
use in a process according to the present invention.

30 The PEN portions or particles can be conveniently cooled by contacting

them with a metal surface, preferably in a controlled temperature environment,
such as a conveyor belt or moving table held at the proper temperature to achieve
the desired crystalline morphology. It is preferred that the PEN initially contacts
this metal while still largely molten, since contact with a liquid will usually

35  provide better heat transfer than with a solid of the same material. A regulated
flow of an inert gas may be passed over the particles to increase the overall rate of
cooling. '



The maxi mum | inear distance fromany point in a particle to its surface is
i nportant in determning how fast the bulk of the PEN is heated or cooled.
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20 whereinm,, is the mass of the water, t:pw is the heat capacity of the water, in, is -
the mass of the pellets, cpp is the heat capacnty of the pellets Teis the equilibrium
temperature, and T, is the mmal temperature of the water, and X represents
multtphcatlon “This equatlon can be solved to determme T, the butk temperature
of the pellets. ' '

As will be appreciated by one of ordinary skill in the art, the bulk average
temperenxre of the pellets, under varioué conditions, ¢ can be estimated witha -
reasonable degree of accuracy and preclslon based on standard heat transfer
equations. The skilled artisan wn]l be farmhar with such calculations, including
numerical and/or computer techmques for 1mproved efficiency and accuracy.

30 For example, if one knows the heat transfer coefficient of the environment
and the process condxtxons then an estxmate of the change in bulk average
temperature of the pamcle w1th time can be obtamed from the equatlons:

%)
W

_ _ dT
Qe dt = hA(T-Tp)

T, _ _M. 1)

dt cp P



G assy PEN. for use as a starti ng materl aI iI'h~a crystallization process 25
according to a nethod of the presept:*-nventi:on. nmay be nmade by very rapidly
cool i ng the WPImsBe4t e nol ecul ar “wei ght nol'ten PEN to bel ow tPETAS.20931
transition tenperature of PEN. This can be done in bulk or while formng
particles of the PEN. The PEN itself cgybe nmade from appropriate nethods
known to the artisan. For nethods of pclafrﬂek'l'ak'ﬁg :such polyesters, see,

for 30 instance, B. Elvers..et al., Ed U | mann' sxEncycl opedi a of

| ndustrial Chem stry, "ol . A21, p. 232- Zﬁg (VCH Ver | agsgesel | schaft
nmbH, Wei nheim 1992). Processes kﬂkﬂgpa ng PET pol yners are
applicable to PEN to sone extent. Such &p§passy pol yner may be stored
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pol yneri zation to hi gher nol ecul ar wei ¢rmheuher a solid-state 35
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nol ecul ar wei ght PEN wi ||l usually be avB Iable as a nolten material. Thus.
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is then cooled. It is V[)97/2536ﬂn(-£-£) kt

PCT/U896/20931 conveni ent, and theigfwre preferred if the PENis
formed into "particles" just before or essentially simultaneously
with the cooling of the nolten PEN t$eﬂpFﬂﬂ}froXe*%he desired crystalline
nor phol ogy. The preferred eventual srzes and shapes of such
particles are as given above. ekt HE(rekgen PEN may be forned
into particles (or, if nolten, perhébs #% accurately "portions" or
"droplets” of PEN) by a variety of nethods, i ncl udi ng pastillation,

(see, for exanple, U. Thiskeguation ifdigne; thadf the heatpmmsliencpnstantybinis known for a

d I a§wH .
zCi:SR.Sbggg) agggl]cag;vg ?C#HS | (l:g% ﬁhg?}x%ﬁ er? ffﬂfga?nﬁeat eJ{e tel?ée)nce
en

in 10 thei lerongﬁnr,rtmgh% ul égeﬁsqofswprwt%ﬁg&s@mﬁ@taé ﬁtfgnvéweh as
U.S. Patent No. oftime carfbelédbculalé whertih nyy s thexgassdfitpnpeligt, ¢ ahdhaarpl e 1| -

bel ow), - or extr Ug:lpgf% ty of the pellet, tis time, iR l&e’a?&ﬁr&?er cgéﬁ’” g%hy?f thie ce bf he

enpl oyed for par
present inventi ogas tpadhich the pelint x&syhjeetad.l Te ténhﬂ tempergtyre of the surﬁaqc er gas to

rotating, cylindivhichlthepelletisabjedtediafd@l Ads Bleliréd whith & contdcteld ©F Subjected to

20  the heat source, whether a solid surface or a gas. For example, a hemispherical -
particle dropped on a steel belt may have a flat area A in touch with the belt,
which area can be readily estimated as (n)(radius/2)2. Alternatively, an average
value A of a sample of pellets can be physically measured for use in the above
equations. These equations can be solved for Tp, the bulk average temperature of

25 thepellet.

As mentioned above, the thermal shock can be imposed on PEN pellets so

that the temperature gradient experienced by the pellets occurs in either direction,
that is as a result of either heating or cooling. However, it is preferable that the

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

In an integrated process for producing high molecular welght PEN, the low
molecular weight PEN having the morphology described above may be further
polymerized to higher molecular weight. The low molecular weight PEN may be
melted and melt polymerized, but the crystalline PEN described herein is

35  especially suitable for use in solid-state polymerization. Solid-state
polymerization is well known to the artisan. See, for instance, F. Pilati in G.

11
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temperature, defl Na%aa8 & ndY GhiefakelPer ature of the
- Prior to crystalltzatton, PEN also typically requtres a devolatthzatton step, .
20 torid the polymer of trapped gases that usually evolve when heating to'a -
temperature near or at the crystalltzatnon temperature These difficuities or*-
problems tend to make the solld-state polymenzatton process more expensive to
run. A conventional process for makmg high molecular weight PEN miay involve
six or more steps (transestertﬁcatton polycondensatlon, pellet formation,
25  devolatilization. t,rystalhzatton and sohd-state polymenzatton) See, for example.
U.S. Patent No. 5 449 701.
: Advantageously and surpnsmgly, the PEN polymer with the crystalline
morphology dzsclosed herein does not need devolatilization and/or further
crystallization steps, and may ‘be more drrectly polymenzed The need for a
30 devolatxhzatxon step anda lengthy annealmg step, which lengthens the overall
process time, can thereby be avo:ded Also, because the present process involves
pellets of relatively lower molecular wetght PEN, the conventlonally separate
transestertﬁcatton and polycondensatton steps may bé combined in one
embodiment of the present process. Asa result two separate catalysts, of which
35 the firstor transestenﬁcatlon catalyst is conventtonally deactivated by a
phosphorous compound before employmg the second or polycondensation
catalyst, may be avoided. Fmally, because it'is possible to combine the pellet
- formation and crvstallxzatton steps accordmg to the present process, the above-
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mass (or pellet) or the averagé'Of t he terrpé:'ratur'e' in every location of the

mass (or pellet). To determ.gexthebulk;average tenperature of
pellets. for WoxamNps3é4 the 5 measur enent of .bul k average canPETHIS8EIIL
follows. Quickly collect a sanple of the pellets fromthe solid

f , which | | et
e at el y pl ac EPfgRdabr BER Soryenfiohal Biioamsar BERRETIAN Fediesd 1n Biry S
evacuat ed. Pref ethues lyaswtsmp% fofirst stsp,ivavhish 4 low mphgul.‘: pweightREN is fopraed, aa
t her mocoupl e. second\kdept o ""ieumhe&geﬂepf&ﬁaﬁomd' Sy RallibdtioR! Ard'R third

tenperature and recoyd t k average tenperat ure.
Alternately, a bSeR fgrsqlidetate p of pel | ets being processed can be
cal cul ated as5foll omsmepiobesstfo:eomﬁmg&ngﬁer triotecplat weight PENuectrdingitothel ace

th I | et , .
torperatur b, i Breoohs broSLRYBNES PR e pofiiiriant Gt ol BSORET
mass. Cbserve t heolshsjatle m}ynmtmmpaﬂawm BENmglless having a lewayPondv¥r age

E ﬁ{me)re;iag U;(e(g{ e: 8 fefticAPHOcRes. [Bince melt pdlPnk:2itiBA iCGually Al ab ove
Terr]) 20 %Eﬁﬁ%}@%@m&e e ‘{é{'eﬁb"@f éid“ﬁ%%ré heat
capacity of !(he validestate pplyme}ization is less likélp toyproducsfdepgladationl preducts thwme)t i s

the heat capaci t}fql bnehi oﬂetl"ﬁgrteﬁxre E%&bdl&uf&@e&ﬂi‘i’#ﬂ%{rﬁ%?sgg amounts,

tenperature, and® I{err atu

represents gradation: profugts cambespreémd by theRreseREPTeensy.c Jhisds &bt er ni ne
Tlerr], thg EU| kuﬁ ﬂivuiit&ge, becaus®lledritiatioe b iroﬂhé’ts i’PEN can have signfficant | | be
appreci ated by o inar the art ave _

t enper at ure of t%g“gse‘?ﬂ Bropg ﬁé?k&éﬁ?@f}s SBW!" Eggr? nl?éoc{é“gg ed W th
a reasb’nabPENdEbﬂ‘w cast ath@mhe@ffccaﬂ!a dpvd@mﬂmnfMBwﬁhanqmasd heat
transfer eﬂéeeiga%r s&bfﬁc%ﬁa Iukésbpaa"caﬁ&ﬁrafmaidalwsn&ﬁea PERTilld, SéichSadCh

cal cul ati ons, | ud mga 8 merl an [or computer techniqués for

i npr oved eff|C| e imensingal stability '9"“‘%%’ For exanple, if one knows

the heat transfer coelnfadditien]the PENmrﬁdvs produged iccording tcethel presentprasees s
OO0, ST 5B a0 Spt BB T o sl e
advantageous where PEN particles, in a sohd-state polymerization apparatus tend
to wear against each other or the apparatus itself. '

In any polymerization of low molecular weight PEN to higher molecular
weight PEN, normal additives, such as transesterification and polycondensation
catalysts and phosphorous compounds, may be present. These may have been
25  added when the low molecular weight PEN was formed. Conventional catalysts

and their relative activity are disclosed by S.S. Park et al., Journal of Polymer
Science: Part A: Polymer Chemistry, Vol. 32, pp. 2873-2881 (1994).
Certain analytical 'procedures are used in this application and in the
Examples. Aside from X-ray diffraction, which is described in detail above, these
30 procedures are described below. References herein to these types of analyses, or
their results, correspond to these exemplary procedures.
Ind Viscosity (LV.
A solvent is made by mixing one volume of trifluoroacetic acid and three
volumes of methylene chloride (TFA/CH,;Cl, 25/75). PEN, in the amount of 0.25
35 g, is then weighed into a clean dry vial, and 25.0 ml of the solvent 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 PEN is dissolved. The solution is
poured into the large tube of a #50 Cannon-Fenske viscometer, which is placed in
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[err] 10 WO 97/ 25364

PCT/ US96/ 20931 [err] Thi s equati on i

i ndi cat es t g oidsstre heat transfer constant, k. is known for i ven
systemas well as the initial tenperature of the particle andl’(?lr']lgssmos
tenperature 15 of the environnent, then the bulk average tenperature of
the particle asa30?@materbath and allowed toteqnﬂ:bcaatdlbamahperht&feedh&lm;ﬁtxmeﬂ[ err]

th f { t
B R N e i
gas to which t hagrpeMmithi0.4 secs dojimdlaemeaspeement is ehﬂxsrva‘tcgmeteofortﬂxe surface

or gas to solvent alone. The LV. is then calculated by the followmg equation:
5 _ _
solution time
LV l ( solvent time )
- concentration

Molecular Welght Determination by '"H NMR . _
The deegree of polymenzatton (DP) or number average molecular weight
of poly(ethylene naphthalate) oligomer was esttmated by ’H NMR spectroscopy
10 (300 MHz) in d-hexaﬂuoro-l-propanol solvent The estimation was calculated by
comparing the integrals of the aromatxc naphthalate (multtplet, 7.8-8.8 ppm, 6H),
the internal ~-OCH,CH,0- groups (smglet 4.8 ppm, 4H) and the -OCH,CH,0H
end groups (d_oub_le_t_ 4.5 and 4.0 ppm, 4H). For example, a perfect dimer would
have an integral ratio of 12 H : 4H : 8H for aromatic : internal aliphatic : end
15 group aliphatic. A perfect pentamer would have an mtegral ratioof 30 H: 16 H:
8 H. Unlikely contributions from non-transestenfied -OCH3 end groups from the
dtmethylnaphthalate monomer w.e_re_.not conmdered in this analysis.
Melting Poi .
Melttng pomt was determmed by thferenttal Scanmng Calonmetry (DSC)
20  and all samples were analyzed usmg a TA Instmments DSC 910. The instrument
was calibrated w1th indium cons:stent w1th the system documentauon The
samples were analyzed as recelved with no pre-gnndmg, usmg 5-10 mg +/- 0.005
mg. The samples were sealed in alummum pans, then heated from room
temperature to 300°C at 10°C/min in a mtrogen purged environment. Glass |
25  transition temperature, melting point temperature and heat of fusion calculations
were done with tlte :l_‘A Instrument §0ﬁv_vare The rep,orted DSC peak melting
temperature is the corresponding tempera_ture of the peak in the main melting

-3

endotherm. :
In the following Examples SSP means solld-state polymerization.
30 EXAMBLEJ. . _

This Example illustrates 2 method of forming a PEN prepolymer and its
thermal shock crystallization according to the present invention. Poly(ethylene
2,6-naphthalate) (PEN) was melt polymenzed from dlmethyl
2,6-naphthalenedicarboxylate (NDC) and ethylene glycol (EG) according to the

35  procedure outlined in Techmcal Bullettn GTSR-A Amoco Chemical Company,
Chicago, IL, dated May 1, 1994 The preparatnon of PEN from dimethyl 2,6-
naphthalenedicarboxylate (NDC) is similar to the preparatton of PET from DMT.
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which the pellet is subjected. and gis=the—area—wi=h i s contacted or
subjected to 20 the heat source, mnetHi8ISHEESHIASH ce or a_gas. For
exanpl e, a h&¥PSpRB6s cal partjicl e REYFKLEDN a dt eel bel P 96{20931

flat area Ain touch with the belt,~ —whT CIT ar ea can be readily

estimated as er. r adi . | . al ue
A o:‘ a sanpl e(E)f I\ééﬁ@%?ﬁ?\ié}&%%ﬁ%%@ﬁ?&{l %r@&gg%@d‘n? gﬁﬁ’r\égeé:@?ﬁf% he ab\(;veu
equati ons. These tougeestérifivstiomentalyst svatmesphictie preseure. pnd elpeated lerperatiiresfo
tﬁrrpﬁr aturg of 25rodilte aagll_:i Sﬁiéxi\ivitl%adegree ofpolﬁﬁerj?ﬁ;gﬁaﬂ%d, Aewemiriedl yt her rrfll
shock can be i e N pellets so a e, t enqperature qgradien
experi enced byTM%W&&‘M@S‘VW%‘%P‘Bf*ﬂieefqd&}ﬁ‘,"g & low m ﬁ:&arig@&g a
result of eitser premilymer with a degresnaf poljanerization off 5-6 ang are1.¥t afd.£2.t T lowhe

el lets be cryst i ' I ' ' eed to
Iroe heat 30 c)cgol Z}é&lﬁgalggri x?%ﬁg@t%g%#g ﬂg%éryvﬂdt?g&%dr g;edqltr'\’glrt g@eg?r?ayg?deiﬁ:tm?ﬂ&
In an integrat ed Rotyssersisipped owrof thewrifige k! awm insdiameter undes itsrawnoppight: e | ow
mo: ecul ar \Qle't gh}] _lBENaE@dUiV@&dltvhﬁi d'nY Eﬁ?hi@ﬁteélqﬁl %i“aieéla%lb@mcmﬁfﬁ%% Klrt her ]

olyneri zed to hi r ecyl ar, wei . e low nol ecu ght. may be
ol T q and et gesnaf Mednel e B embrpre o Berfitred by St i n 12 35
especi al | y subt abkhemnfooouple kept in itinatt-contacewith therstael platel dihe nBiten golytmeer e

polymer zati o @ﬁg@é&&ﬂ%&%&ﬂ]ﬁa@w%ﬁﬂ the Gifffacé Rnpelik@Wag204°C. Pi | ati

PCT/ US96/ 2093  Crystallization wasmepitoredehy obserying theelgar amorphgus deap tupming,into
Vol . 5, p. gog- ZJaﬁfobE@Iegb%nagoln_ce it wabbpdifae tdthetalbut8Ovas tifpet lat arbaripts ﬁbly |
|ncorporate y Lel.er ce. .Q-S . t lcularly
useful for naki né’oﬁf rirsc’r%‘f é%%dﬁﬁsr‘k@}el?f]‘me g%eé%wotb%ﬁn#g@%%@éﬁ?f%art icles
of PEN are hdat egaiticlesrwere shaped)like spherigabeaps4samirspherical paticles inrwhiekthertep
bel O\t/)v the m%ljt i nguﬂﬁerwas rEeﬁde@sadrmt eQowd sdfﬁict ORss fldif u;a;brb%ﬁ,nmtély amﬂ,i% g
my € passed, usua C curre Yy contln us O .atj on, . arqQun an
over the o e ad 14 i Bicky TSk abistl QS rymaliond SplSpaiREd 38, i on
and pol ycondensaiptremelting endotherntsi dhe ppakomelddg tempirative wpa25t%h Aeviderphgie ed
to carry away the_voliatl 0 : as
enpl oying a vacugrrr]\‘/l Qgéﬁyﬁé}gonﬁrsvggxﬁ)? at%eﬁ? gﬁéﬁ_le?jgg?%roﬁégﬁglﬁg%%é(ljrnlf‘\l/*filﬂg
hi gher the PERI mdibstaw)accasdingiie the method described abpve. EheAverage apragrnb srysl
problems or diffisekACSywasueermtin focn ow Riteding dfthe 110 crystallographic plane.

The ACSj;o was 13.8 nm.

EXAMPLE 2
This Example illustrates that the novel crystalline morphology created by
25  the thermal shock crystallization can be preserved when the low molecular weight
prepolymer is solid state polymerized to higher molecular weight. About 30 of
the particles (Sample 1) from Example 1 were solid-state polymerized at 220°C
for 23 hours to produce higher molecular weight PEN (Sample 2). The SSP batch
unit consisted of a metal tube (23.5 mm diameter, 19 cm long) with a2 mesh screen
30 onthe bottom. Nitrogen, preheated to the set temperature, heated the outside of
the tube and went up through the screen heating the particles. As shown in Table
1 below, the ACSj;o was 13.2 nm and the L.V. was 0.35.
COMPARATIVE EXAMPLES 3-5
Three samples of varying molecular weights were prepared by a
35 conventional process to show that they do not have the novel crystalline
morphology obtained by the present invention. Poly(ethylene 2.6-naphthalate)
(PEN) was melt polymerized from dimethy! 2,6-naphthalenedicarboxylate (NDC)
and ethylene glycol (EG) according to the procedure outlined in Technical
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the solid-state polynerization of PEN. In. particular, the particles to be
pol ymeri zed usual |y have had to undergo an annealing or crystallization .
process, wooyhdie’ der that they do no undergo partial meltpg 9/[395}2@5*

t oget her when they are 15 heat ed during solid-state polynerization
alternatively, the polynerization occurs at a relatively | ower

t enper at ur e t o Balietis! GTSReA| Athocd Themival\Compariy; €hﬁ:egd WE.dated Ma}od)l Vaodr i zat i on

time, since theysreac proceed
faster at hi ghj?l ﬁ?ﬁ%‘é‘? Wﬁﬂéﬁﬁfﬁn&’ﬂly&&%&t@ Ué:ﬁ cry s aI | ization, PEN
al so typi cal I 'y transesterificationatepoincthe mezwpeﬁamsterzﬁcwpa%% Rt pol yner of
trapped gases bidsphéritiprbssuft/anld\efevaled e m&gfdlmwadbyapolyrceﬂmaﬁaaioure near
?énﬁttéhﬁaﬁéyf%@'gé%q?%éléﬁs&@% Ieiaate 37 e et B e¥Sesofe o
run. A convent polyabnqcnmwnsathlyst maki ng hi gh nol ecul ar WEI ght PEN may

i nvol ve six o &gygg‘psatl on,
pellet formation. ?ﬁp{;g;/%fﬁﬁ?%g@gﬁé&ﬂ%y???gl?%I on, ~and solid st ate
pol yneri zat i onfam BbeC4 way olgizgd by solid-state pojymeripig dhn polymert fap

Advaﬂt ?geous ly aﬁtw Sﬂo B8 dp." Shnip letdBE’wt %ﬁwﬁémwmumwmmaﬁbng\ et )
nor phol ogy s not, \Ae er
crystalli zé& eroﬁax@geyég \Z S%I’ @Slayég#égﬂebéﬂgﬁ&&ﬁg for a

30 devol ati I snzaformaclsswjplatsdlsacdlleﬂ‘gblhy h;lm'ea ampjesseomgspapdingtto| engt hens

t he overall ?&egéﬂp‘éggreﬁaﬁagehgg,gbw fefivoi ded. Al so, because the
present process |ﬁvo ves lets of relatively |ower nolecular weight
PEN, the conventionally separate transesterification and

pol ycondensation steps may be conbi ned Tablede - enbodi nrent of the
present process. As ult, two separ talysts, of wggch the -
first or transesterif on catal yst fg}—ge-l?léentlonally d-ea-c%-'-gr(gi-t-ﬁgd by a

phosphor ous conpound bqfore enpl oyi ng the.1gecond or pol ycondéh8at i on
catal yst, may be avoided. Finally, becau gslt i s possible tojgenmbine the

pel | et formati on~and crystallization steps.according tqg the present
process, the above- C3 - 058 . o2
WD 97/ 25364 _ C4 ) 0.68 - 83

PCT/ US96/ 20931 Cs | 0.76 | : 79 -
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rfEﬂthﬂEd”lIl“l Illull MHMM“L onal .procgss car=tse_patentially reduced to as

few as * Cthtee bdsi ¢ steps (a i 1318 %‘i@]‘;—p{dﬂB A a | ow nol ecul ar

wei ght PEN | wéerzs3es a ... secong __te_immgt/g_@g- bi ned PETAUS6/20931
formati on and crystallization; and a thiro : =stepJ/ for solid-state

pol ymeri zation) . 5 . . The process for obtaini ng hi gher nol ecul ar
wei ght PEN accorﬂhﬁg.mmﬂ.li present process involves relatively |ess

pol yneri zation ti rre i 1, t Aoffipbiition coafprisiag modified or nnriodified oky (ethylene
pol yneri zation C S{htﬁ{?gg i‘gﬁ'ﬁggﬁ’ ﬁ‘gek,',g%%?%k{q ki hite YR of 10.0%m br More

than in convent| ynerization is usually run
above 280ﬁaem}xﬁmaﬁdmsb¢ 1 1) eeflettionpol yneri zation is typically run at

about 220[errfC to 279[@?§Jé&mpo%ﬁx nsaelrécfi'ze&mcﬁumlmﬁsaahaé}agéaﬂp&%ﬁt

likely to produce degiadat]on pro uc han nelt pol ymeri zati on.
Theref ore, hi ghefrysiliisesizais aRaytg:0 F‘EN"H&’&‘F ng | esser anounts of
degradation products. sarrrmcmpwmmsbmﬂedhm Olaizs ¢ wheprinsaid sverdgs appantin

i mpor t ant advanta cause oducts in PEN can have

si gni fi cant '@p’lfg% @Rg‘s‘ﬁlgadjro Ser ol%es of the PEN. For exanpl e,

degr adat i on products #n Thmcomposltwnragqueqi%W%&MMW%%@OWP&W%M%
use appl | cat Fons o e s 1o on i mens onal
stability during sol dé fﬁﬁ" P°s‘tl°“”r°°lted?%ti§%|l "'fﬂ%“ygﬁ.ﬁﬁlart icles
produced accor di pety(ethyléne 26-asphthalgte oeoasprises up to Seycent of athergeprat vaitsat

| cast. be more 1 eST St RNt Pedalsion R rechl T S wiRHGh b Boaifed

advant ageous where PE a solid-stat rization

appar atus, tend pOIY(eth}tl@e\%ﬂalﬂ'@hﬂ 31e) COmPrISeEPRAL Upjfs ‘i)q"n’(’—‘!e Gpm - compuomessy | 1
I'n aﬂy rFJ)EII\IyH?SI Z gd1c06H PEm i erolp e&uisﬁhgwisemmaﬁmcmmwe giydobcul ar

wei ght nor ma t|ve sest cati of.

pol ycondensat i on 4":3":% ﬁg;g?tsar}%lée tg Iot© ga%g:rfa%i)dun: r,b%?fathf fBreegglr Exent .
These may have bdiethvine gl)@dljaddmwnreslﬂ!;mrfw rml ecul ar wei ght PEN was

formed. Conventional gat ﬁirtiflk?ofmodaﬁeaafiminas‘dxﬁecrﬁhy@ﬂl\y&naczte-uamaw@
di sclosed by S. S, Par

Jour nal nce: rt A
Pol yner Cheni st r having,an a@geﬁgpar%fg g’f s(z_fgéﬁ[)nmor mord, S ée:: 8 n
anal ytical paocetherian refleetiosed in this application and in the

Exanpl es. Aside from - rﬁolgdl‘ﬁéléﬂésahw nw'nhgq?é&ggﬁggumtérrbfmﬁsad,ﬂt@bove

t hese 30 procedures are bel ow. erences herein to these types
of analyses, or 2cm. their results, correspond to these exenplary

procedures. | nher eThe Mrﬁél@ésdstr&cxfeu it Claim 7 or 8 wherein saifl avetage apparent nade
by m xi ng one volune, of .triflu etlc acid and three vol unmes of

ar
net hyl ene chl on&'@?‘f’lﬁ?‘%ﬁ—'{s l]'t(’}lq[ SPPPTO¥IS5) . PEN, in the amount of 0.25
35 g is tR®n wei ghed Tie particles mcxmdynﬁlmm7qr&r~lzgem spid ayerage aPRAKNY ent

|s added 10 It  crysullifolipfisabdd! MPkhloE et te. The vial is closed (to
prevent evapor at |'g sol ve t)lcfimd 5 asken Lton essenq}aﬂ unti |
the PEN i s dissol ved. lTh'g“’sRﬁ'E‘le%?f'F%’te i Claim 7 or & consising yo
particles in an amount over 10 kg.
12. - The particles as recited in Claim 7 or 8 wherem said particles have an
30 inherent viscosity of 0.05 to 2 dl/g.
13. The particles as recited in Claim 7 or 8, wherein the particles are
spherical, semi-sphericél, cylindrical, or pancake-like in shape.
14. A process for crystallizing poly(ethylene 2,6-naphthalate), comprising
cooling at a rate sufficient to cool a molten poly(ethylene 2,6-naphthalate), or
35 heating at a sufficient rate to heat a glassy poly(ethylene 2,6-naphthalate), to a
temperature of about 130°C to about 250°C, to produce a crystalline poly(ethylene

2,6-naphthalate) having an average apparent crystallite size of 10.0 nm or more, as
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13 WO _
97/ 25364 97125364 = REPLACED ‘ .
PCT/ US96/ 20051 a 30[erT] bath and al l owed to eﬁq‘iﬁ"i’?’ﬁ?&?“é to

- that tenperature. The drop tines bet ween the upper and | ower mar ks
‘are then neasur deteiniintd frpmi thed H) reﬂadwinhmtl lhving a degre%gif @6lydiekiRatidbn{DPS

| . | t | .
The 1 v, 1ot ho RdristPERL 4 ebyifherdsi VARG of Bh e oo g4 5 <" o one
Mol ecul ar Wi ght Detlér nThmpfpms psrecitednrClaim 14 wherein saiditiemperatuge seabotﬁt

pol ynmeri zation (44 @rabgwjggqsc aver age nol ecul-ar wei ght . of

pol y(ethyl e napht .ol i omer sti d. by NVR spectroscopy 10
(300 MHz) Hsed hexagguo ?mfﬁs Bpegite '8@ w‘f’ﬁ%‘%l@?é’ﬁ@&ﬁamal cul at ed

by conparcmgaﬂiwsxwisagmalla .0odm fohmoes axdetennined fvnithe 10 refledtibd,i p! et

7.8-8.8 ppm 6H), err] O groups (S|ngl et,
4.8 ppm 4H) anéi%ahdcry%ﬁ P&? ernr %E@p%ﬂ&%d groups. (doubl et,- 4.5 and
4.0 ppm 4H). For eXZnpllhe praceseas reiteddnlaimptstiwherein crystdllization is qama;igr al

. ratio of 12 H &.jﬂmgsb,_ﬁgrm,ﬁﬁ@gra“egs internal aliphatic: end 15 group
al i phati c. perfec t arer woul d. ral r.a f 30 3 16 H
8 H Unlik Q/ cont r:i ‘feF%?ﬁ Wfdﬁpgﬁ ‘QWﬁ&F’@&a‘d@h[( Ylfn"e - groups

fromthe Mphﬂialayé)napfndmmnﬂlerfomupmmhre not considered in this

anal ysi s. Mel g4 n mE dg;m ned by
Dfferential Scannl rrll9 g'r?rﬂ rcrzgs?sre?ggésx Cé% ¢ SP‘% eon \(%/eﬂrgg%al yzed
using a TA | nstSol eg?mwnvﬁéalﬁ ﬁatsta!}wmoly(ethylen%@mphthﬁmal ed with

i ndi um cons i st ent \MZQ h A bﬁ)csss&bﬂhib déli‘dimtpalynﬁihzaffd}ﬁbf poly(ethylene 2,6-

- 15 naphthalate) compnsmg heating particles of poly(ethylene 2,6—naphthalate) to
above their T, but below their meltmg pomt thei 1mprovement comprising starting
with poly(ethy]ene 2,6-naphthalate) pamcles havmg an average apparent
crystallite size of 10 0 nm or more, as determined from the 110 reflection, a
degree of polymenzatxon (DP) of at least about 4 and an inherent viscosity of less

20 than about 0.4 dt/g, wherein solid state polymerization proceeds until the
poly(ethylene 2,6-naphthalate) reaches an inherent visocity of 0.5 to 2.0 dl/g.

21. The brpc:ss as recited in Claim 20 wherein said average apparent
crystallite size is about 11.0 nm or more. :
22. The process as recited in Claim 20 wherein said average ‘apparent

25  crystallite size 1s about 12.0 nm or more. :

23. A process for the solid-state polymerization of poly(ethylene 2,6-
naphthalate), compﬁsing: : -

(a) prodtiéipg a prepolymer of PEN having a degree of polymerization of
at least about 4 and an inherent viscosity of less than about 0.4 dl/g;

30 (b) forming the prepolymer of step (a) into pelléts having an average
apparent crysta'llité’ size of 10.0 nm or more, as determined from the 110
reflection; (c) heatlng particles of poly(ethylene 2 6-naphthalate) in an inert gas
flow or vacuum to above their T but below their meltmg point, to produce a
polymer having an inherent visocity (I.V.) of 0.5 to 2.0 di/g.

35 24. The process of claim 23, wherein the prepolymer of step (2) is
produced by a transesterification reaction or by a transesterification reaction
|
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sanpl es were anal yzed as r ﬂEre grinding; using 5-10 ng +/ -
0. 005, ng. The sanpl ejmniﬂmmmm“ I l'um num pans,” then heated from
room t SMPATAséAe to 300[&rrtC it %0[err]C/min in a nitroBERASA6/ZMa
environment. Gass 25 transition tenperature, nelting p0| nt tenperature

and heat of fusion cal.culations with.the T str rrent
software. The reporta7 @B@&ﬁssr‘?\gfﬂﬂ'ﬂég w erem?léergspoﬂlm Eprz Tormed

cor respondi ng t eimenathendrapiEts arel solidified into Iaecormosm;’_j ‘baulngan average apphveriter m

In the follown I it By 30
EXAVPLE 1 gc@ééﬁ%gﬁeﬁgﬂm‘i“i@? dggrf%"ﬁh@d mattﬁ@éﬂ@?e[ﬂ &Ebm ng 3 PEN
prepol ymer and its 26. W%P‘F?ﬁ?ssﬁﬁlél{“ aijyghemmﬂﬂqﬂsw%%ﬂm tlizgd and,
present invensi Opfterihé Eéllﬁd‘ﬁﬂe ﬁﬁﬁxed in step(t); 428 A6E dhabalédbior RPN cryaallizelidn

pol ymeri zed from di rre % 6- napht hal enedi car boxyl ate (NDC) and
et’hyl ene gl ycol af& cm:h ng to the 35 procedure outlined in Techni cal
Bull etin GISR-A, Am)co Chem cal Conpany, Chicago, IL, dated My 1,

1994. The preparation of PEN from di nmethyl 2,6-

napht hal enedi car boxylate (NDC) is simlar to the preparation of PET from
DIMT. 14 NDC was
transesterified wth ethylene glycol (EG in the presence of a
transesterification catal yst at atnospheric pressure and el evated
tenperatures to produce an oligoner with a degree of pol ynerization of
2-3, as determ ned by NMR. The system was evacuated to 1 nm Hg (133
Pa), producing a low 5 nol ecul ar wei ght prepolyner with a degree of

pol ynmeri zation of 5-6 and an |. V. of 0.12. The | ow nol ecul ar wei ght
prepol yner was heated in a nelt indexer at 290[err]C until the

pol ymer dripped out of the orifice (1 nmin dianeter) under its own
weight. A hot plate covered with a 1.9 cmthick steel plate was placed 20
cm under the orifice of the nelt indexer. The tenperature was
nonitored by a 10 thin-wire thernocouple kept in intimte contact with the
steel plate. The nolten pol ymer dripped onto the hot steel plate of
whi ch the surface tenperature was
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205[err]C. Crystallization was nonitored by observing the clear anorphous.
dr op t‘w) @%d nto an opaque solid. Once it was opaque t 1mBéssi20931
surface was B’B At ~an angle to horizontal sp the particles would
slide off and cool to room 15 tenperature. The particles were shaped |ike
spherical caps (sem -spheri cal particles in which the top surface was
rounded and the | ower surface was flat), approximately 7 mmin '
- dianeter and 1.8 mmthick. DSC anal ysis of the crystallized sanple

i ndi cated no pre-nelting endotherns. The/@Fak nelting t enper at ure was
251 [err]C. A wide angle x-ray diffraction (WAXD) pattern was 20

collected for the sanple (Sanple 1 in Table 1 below) according to the

met hod descri bed above. The average apparent crystal size (ACS) was
determ ned from the scattering of the 110 crystall ographic plane. The
ACS 1 10 was 13.8 nm : ' EXAVPLE 2

This Exanple illustrates that the novel crystalline norphol ogy created by
25 the thermal shock crystallization can be preserved when the | ow

nol ecul ar wei ght prepol yner is solid state polynerized to higher

nol ecul ar wei ght. About 30, of \ the pagticles (Sanple ) fromoFxanple 1

were solid-state polyneriz at 220[err]C for 23 hours to p?ooduce

hi gher nol ecul ar wei ght PEN (Sanple 2). The SSP bat ch un consi sted
of a nmetal tube (23.5 mmdtaneter, 19 cmlong) with a nesh scrg 30 on
the bottom N trogen, prehgated to the set tenperature, heated e outside
of the tube and wentdup through the screen heating the ga %I es. As
shown in Table 1 belpw, the ACS[err] was 13.2 nmand ghep .V. was
0. 35. ' . COVPARATI VE EXAMPLES _3- 3 =}
Three sanples of varying ndl ecul ar wei ghts we : 2 N
conventional process to shdw that they 85 not have the novyl crystalli e
nor phol ogy obt ai ned by thed{present invention. Poly(et . Y
2, 6- napht hal at e) (PEN) was nelt pepynerized : i L_',"
2, 6- napht hal enedi carlexyl afe ( NDC) QLand et hyleme (E§ acco ng
to the procedure outli.ned 4n Techni cal K <
15 WO 97/ 253640 y -Q o
PCT/ US96/ 20931 = 1 R E
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Bul letin GTSR—A, Anmoco Chem cal Conpany, Chicago, IL, dated May 1. 1994.
The'sreaction of NDC with ethylene glycol (EG was carried out in a
transesteri fi W97@83@&tep, in the presence of a transesterifi catpc¥mses20931

catal yst, at at nospheric pressure and el evated tenperature, followed
by a pol ycondensation 5 step acconplished at higher tenperature and high
vacuumin the presence of a polycondensation cat al yst.
Sampl e C3 was pol ynerized to an |. ?yﬁg dl /g and crystallized.
Sanmpl e C4 was obt ai ned by solid- state po rizing the polymer of Sanple C3
to an I.V. of 0.68 dl/g. Sanple C5 was obtained by further solid-state
polymerizing 10 the polyner of Sanple C3 to an IV. of 0.76 dl/g. The
average apparent crystallite size for each sanple is listed in Table 1
bel ow. Sanpl es corresponding to conparati ve exanples are indicated by
a.C' prefix. Table 1
Sanmpl e l.V. (dl/g) ACS[err] (nm
1 0.12 13.8
2 0. 35 13.2
c3 0. 58 7.1
c4 . 088 : : 8.3 v
c5 0476 7.91 | D

.

Y
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FIG.2
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16 e What is clainedis: 1. A conposition,

conprising nodified or unnodified poly(ethylene 2, 6- napht hal at e)

havi ng an avewWe®p32&darent crystallite size of 10.0 nm or norePCT/USI6/20931
determned fromthe 110 reflection. 5 2. The conposition as
recited in Claim1l wherein said average apparent crystallite size is
about 11.0 nm or nore. 3. The conposition as recited in Claim
1 wherein said average apparent cr53/d§lite size is about 12.0 nm or
nor e. 4. The conposition as recite in daim1 wherein the
pol y(et hyl ene 10 2, 6-naphthal ate) has a DP of at |east 4 and an inherent
viscosity less than 2.0 dl/g (trifluoroacetic acid/chloroform 25/ 75;
1.0 g/100 m; 30[err] Q). : 5. The conposition as recited in
Claim1 wherein said nodified pol y(et hyl ene 2, 6- napht hal at e)
conprises up to 5 percent of other repeat units. 6. The

conposition as recited in Claim1l wherein said nodified 15 pol y(et hyl ene
2, 6-napht hal ate) conprises repeat units derived from cononomers

selected fromthe group consisting of isophthalic acid, triethylene glycol,
1, 4- cycl ohexane di net hanol, terephthalic acid, adipic acid, esters of the
f or egoi ng, di et hyl ene j , 2
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%. Particles of nodi gaed or unnodi fi éql- pol y(et hyl ene@ly 6--napht, hal at e). 20 :
havi ng'-an average apparent crystal|ite. size of 10.0 or. fore, determ.ned .
Lro_m t he 110dref | ection. . ' 8. The particles as.in Caim.7’
-avi ng an aver, | anet e f 0.05 cmto . C 9. The
particles as ﬁﬁtv@&%seéeﬁww&eﬂg%ﬂ?&l&%@g H‘%gfease%ceaoggarent 25
- crystal lite sitmasésteridioatinn datalpst atratorospherie pressure and elevated tegmperauresaet i cl es
as recited in ' 6L § Bors : L : stallite
size is about P %@r%ogémgr%r €. &‘h@géé‘bf’pcﬁ—yﬁéﬁl 0%%%%?% ic_lgtleggmggt) ecited in
Eal m7 or 8 OOME.sThersystemswanqvasyajeddp 1 mm Hg k33 ha)) rredveinga loount over 10
g. 30 leddar W&l E3d1Fh&SyitPa BE&ES 8Fpd1PmEHRitivn HGLG SndWEL VI N sai d
particles ﬁavem%ﬁ . gﬁlﬁéeﬁ? vi.slﬁ?)si@? ofp09m5 % .2 dl/g. '
13. The parti @féslZasThedevmaeleriarcyeighhpreRgtyracr SN l?ﬁén‘ﬂglflfl?’ﬂ@% are
izhex cal , Ser%%s@hﬁﬁlmaﬁlymér_ idﬁﬂpdidaﬂitofﬂfe opidice §K ennh itk diaimetesapler its

: process for cryst 1Zin 0 et h ne - I Si ng
35 ool i ng AP A gpt PeRinbert Wbt SRRk A PRI e AR
2, 6-napht hal atumder the orifice of the aeltrindexer. aThafefriperature wagtneonitorddebita a gl assy
pol y(et hyl.gne .2. G- Qs b err]C

3807 Sy elte B Dkept § Bimate conlaELRRAL Fd i plar OPHE mbHA

t o about stalline
2, 6- napht hal atpe}ymendripged anta\the hejsteshplateaftwhich desnrfa¢edempsatge way 0 nm or
nmore, as 205°C. Crystallization was monitored by observing the clear amérbhous drop '

(o o Ctuping B GEOHE SO pcR VR e TR EBLTE D par BERed fan
aﬁg ;Jtei (I’)l g :jld/ %hél angie t? hrorizc_)ntal solﬁxz pﬁhdeymﬁl;df?idasffradicbehtoi oot ai m 14
16. The pﬁé c estgrglggra ui ﬁé%js agfu‘gie SﬂP%A}éﬁ? esi)ﬁéryél? épgégé?%g%hg%%%?;\% ©°
crystallite sipaeticdés infwhich thettep Surfage pas yquaded hedthe doge ehwesflel), i s about
11.0 nm_ oRFoxHRERIAP il il bR ardd PR enilkODSEf dssisutmand sai d |
crystalline poal g{ﬂyﬁ%m s ) .

crystallizéd sample indicated no pre-melting endotherms. The peak melting

temperature was 251°C. A wide angle x-ray diffraction (WAXD) pattern was
20  collected for the sample (Sample 1 in Table 1 below) according to the method

described above. The average apparent crystal size (ACS) was determined from

the scattering of the 110 crystallographic plane. The ACSj;o was 13.8 nm.

EXAMPLE 2 ,
This Example illustrates that the novel crystalline morphology created by

25  the thermal shock crystallization can be preserved when the low molecular weight

prepolymer is solid state polymerized to higher molecular weight. About 30 of '

the particles (Sample 1) from Example 1 were solid-state polymerized at 220°C

for 23 hours to produce higher molecular weight PEN (Sample 2). The SSP batch

unit consisted of a metal tube (23.5 mm diameter, 19 cm long) with a mesh screen
30  onthe bottom. Nitrogen, preheated to the set temperature, heated the outside of

the tube and went up through the screen heating the particles. As shown in Table

"1 below, the ACS{ ;o Was 13.2 nm and the L.V. was 0.35.
. COMPARATIVE EXAMPLES 3-5
Three samples of varying molecular weights were prepared by a

35  conventional process to show that they do not have the novel crystalline

morphology obtained by the presént invention. Poly(ethylene 2,6-naphthalate)

(PEN) was melt polymerized from dimethy! 2,6-naphthalenedicarboxylate (NDC)

and ethylené glycol (EG) according to the procedure outlined in Technical

15
AMENDED SHzeT



2, 6-napht hal ate) .- ess as r ted in daim1l4
ngﬁ? b crystalli zatl nis H“l“' |m Imﬂmlmm in about.|5 m nutes or |ess.
e process as recited inh @ aitm ¥4 #®hetein said poly(ethylene 2,6-.
- mapht hal ate) i roc{uce .in the forma particle. 19. The
process as re ‘'m 14 conprising the additional step of

solid-state poI ynerli. z & ¢ompositionaécanprisirg modifine op vhmodifies ipelygethylene

2, 6- napht hal at, ? Phﬁ%la(t%)tt}?v n§ anzdgergéé Batént ﬁwrs&zl%th Igfig of ?llb @ rﬁﬁ 8f fore

polyrrerlzatlono npri sing
heating parti db@mmﬂd@@w@eﬂh&)r@l@l@ 6- napht haI ate) to above thei r

Tlerr] butsbel ow t hei mleebﬁlpﬂauﬂpas%cwetdhﬁ CIAR! PWRERIN s£@ FRrhad aggaeher ting

with poly(ethy IeaglﬂZ 6- na | at e articles having an average apparent
crystallite scostallitesigeds %hﬁ“&?l Prﬁf”emlﬁ%redet ermned fromthe 110 reflection,

a 20 degree of pg, yrmébaﬁpbsaﬁvor(m):clfa‘d iACl4ians wheleinl§aid adeiioeddpphrtier ent

viscosity of dI/g wherein solid state
pol yneri zat i oﬁryﬁfayé@é{fg liéh‘ﬁuf ?fﬁém Ormorey I’y et hyl ene 2, 6- napht hal at e)
reaches an i nherent4. vﬂ‘hecomposmﬁorﬂas&edutedZn@laﬂd pwherein the poly(ethyl2ghe The

process ag,regid Sﬂa&x‘u{%a%ﬂag‘]a_%% yhe rle%{h Er?d %ﬁ@feﬁgﬁs@ogﬂgiégm 0dV

crystallite siZze proc%ss as
recited in C émﬂummawdﬁcwmoﬁom%ﬁ/@el (hg/dﬁﬁéﬂt 30°C). crystallite size is

about 12.0 nm or rrqreThe comFosmonasre&%d 13‘0?5199?%&6.% sdifldhouitidad- st at e
pol yneri zati on ene apht hal at rising

(a)  produci ngPal Y.s?fgﬂsp%ér kthﬁiem) FORIPTRES 3Pl PEB<BE Offféhifﬁén‘}l)ai%‘%n of 30
at | east about 4 ad Thecompositidn as reciediin Clain | edereimsdid atedified0. 4 dl / g;

b) f ' h ol | 1.

() o0 19 L B REGRhY TR o BhupBh P iBblel e RPU B BB WO A BKRERO® |
reflection; (sgled:te«éfmnghpgrduetcsnsistiqgcﬂfy{cwhﬁmxeneldztrﬁ’—th)émgim@ot e) in an
inert gas flogu %ycloheQ{m L@n&loﬁ?é\;ﬂﬁﬁh& Qaur%(ﬁglctaufd Qﬁeg‘ﬁfttﬁlel‘;ofe\gg@gﬂ' ng

point, to prodl ng_an in ent visocity ( “of 0.3
to 2.0 dl/g. dlethyleneglycol,@dnnﬁalriﬁtberégé of O aim23, wherein the

prepol yner of step 7% apaitiles ofmodEIeGdiﬂQ@HloHLﬁea ﬁdlﬂ@ﬁl@ﬁdne QLff-hép'ithha@ﬂe)r eaction
or by a tg@nsgst .erification reag ftﬁH) g g &Hensat i on
reaction. aving an average apparen crystalhte size 0 nm or mdre, d ‘i@}l‘ne
the 110 reflection. _
8. The particles as in Claim 7 having an average diameter of 0.05 cm to

2 cm.
9. The particles as recited i;‘l Claim 7 or 8 wherein said aver:lge apparent
25  crystallite size is about 11.0 nm or more. _ '
10. The particles as recited in Claim 7 or 8 wherein said average apparent
crystallite size is about 12.0 nm or more.
11. The particles as recited in Claim 7 or 8 consisting essentially of
particles in an amount over 10 kg.
30 12. The particles as recited in Claim 7 or 8 wherein said particles have an
inherent viscosity of 0.05 to 2 d/g.
13. The particles as recited in Claim 7 or 8, wherein the particles are
spherical, semi-spherical, cylindrical, or pancake-like in shape.
14. A process for crystallizing poly(ethylene 2,6-naphthalate), comprising
35  cooling at a rate sufficient to cool a molten poly(ethylene 2,6-naphthalate), or
heating at a sufficient rate to heat a glassy poly(ethylene 2,6-naphthalate), to a
temperature of about 130°C to about 250°C, to produce a crystalline poly(ethylene
2,6-naphthalate) having an average apparent crystallite size of 10.0 nm or more, as

AMENDED SHEET



: \2/\15) 9‘7’4}253?;1%35 of cI aim 23, ”!/!L'!u&‘”r"llum,ﬂ oI ymer ' st gﬂ g)sgfs/szgg?#ed

- knto nolten droplets and solidified into a conposi tion having an average.

~ dpparent defeHiinel Fohfths %E@re?l%ct}éh gn&'ﬁ&wﬂ# C@P%x%e o§§ol9§&t§ fe elOﬁﬁﬁfX gg} | ;P S

110 reflectlon rocess 0

are not devol &f atleastabemtd, arslanlahqr@ntwwemﬁeoﬂles%thm sbaupPredl/g n step (b)),
are not anneal ed figl fTHe bhREssGk Y&kl b 2Rih A3 whereinREd¥mpGattER abbit

140°C to about 230°C. '
5 16. The process as recited in Claim 14 Wherein said average apparent ¢
crystallite size of the crystalline poly(ethylene 2,6-naphthalate) is about 11.0 nm
or more as determmed from the 110 reflection, and said crystalline poly(ethylene
2,6-naphthalate).
17. The process as recited in Claim 14 wherein crystallization is carried

10 outin about 5 minutes or less.

18. The process as recited in Claim 14 wherein said poly(éthylene 2,6-
naphthalate) is produced in the form a particle.

19. The process as recited in Claim 14 comprising the additional step of
solid-state polymerization of said crystalline poly(ethylene 2,6-naphthalate).

15 20. A process for the solid-state polym'erization of poly(ethylene 2,6-
naphthalate), comprising heating particles of poly(ethylene 2,6-naphthalate) to
above their T, but below their melting point, the improvement comprising starting
with poly(ethylene 2,6-naphthalate) particles having an average apparent
crystallite size of 10.0 nm or more, as determined from the 110 reflection, a

20  degree of polymerization (DP) of at least about 4 and an inherent viscosity of less .
than about 0.4 dl/g, wherein solid state polymerization proceeds until the -
poly(ethylene 2,6-naphthalate) reaches an inherent visocity of 0.3 to 2.0 dl/g.

21. The process as recited in Claim 20 \:vherein said average apparent
crystallite size is about 11.0 nm or more. _

25 22. The process as recited in Claim 20 wherein said average apparent
crystallite size is about 12.0 nm or more.

23. A process for the sohd-state polymenzatlon of poly(ethylene 2, 6—
naphthalate), comprising: -
(a) producing a prepolymer of PEN having a degree of polymenzatwn of

30  atleast about 4 and an inherent viscosity of less than about 0.4 dl/g;

(b) forming the prepolymer of step (a) into pellets having an average
apparent crystallite size of 10.0 nm or more, as determined from the 110
reflection; (c) heating pellets of poly(ethylene 2,6-naphthalate) in an inert gas flow

 or vacuum to above their Ty but below their melting point, to produce a polymer

35  having an inherent visocity (I V.) of 0.3 to 2.0 dl/g.

24.  The process of Claim 23, wherein the prepolymer of step (a) is
produced by a transesterification reaction or by a transesterification reaction
followed by a polycondensation reaction.

] . L

1 8 — ;\IAEE
AMENC - - '



19

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
' Intemnational B

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :
CO8G 63/80, 63/88,-C08J 3/12 Al

(11) International Publication Number:

{43) International Publication Date:

WO 97725364 |

17 July 1997 17.07.97)

{21) Internationat Application Number:

PCT/US96/20931

'(22) Internationsal Filing Date: 31 December 1996 (31.12.96)
(30) Priority Data:
08/583,365 S January 1996 (05.01.96) us

n) Applicanf: E.I. DU PONT DE NEMOURS AND COMPANY
[US/US); 1007 Market Street, Wilmington, DE 19898 (US).

(72) Inventors: STOUFFER, Jan, M.; 204 Marian Court, Hockessin,
DE 19707-9781 (US). BLANCHARD, Elwood, Neal; 106
Jayson Road, Wilmington, DE 19803-4918 (US). LEFFEW,
Kenneth, Wayne; 295 Hickory Drive, Kennett Square, PA
19348-1551 (US).

(74) Agent: SIEGELL, Barbara, C.; E1. du Pont de Nemours and
Company, Legal Patent Records Center, 1007 Market Street,
Wilmington, DE 19898 (US).

{81) Designated States: AL, AM, AU, AZ, BA, BB
CA, CN, CU, CZ, EE, GE; HU, n., IS, JP, KG, KP; KR;
KZ, LG, LK, LR, LT, LV, MD. G, MK, MN, MX; NO,
'NZ, PL, RO; RU, SG; SI, SK, U
VN, ARIPO patent (KE, LS, MW, sn. s
patent (AM, AZ, BY, KG, KZ, MD; RU, TJ, TM), European
patent (AT, BE, CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE), OAP! patent (BF, BJ, CF, CG,
CM, GA, GN, ML, MR, NE, SN, TD, TG).

w
Q
w
»
w
]

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

{54) Title: PRODUCTION OF POLY(ETHYLENE 2,6-NAPHTHALATE)

(57) Abstract

Disclosed herein is a novel crystalline form of low molecular weight poly(ethylene 2,6-naphthalate). This crystalline form may be
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