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polymerization is preceded by a crystallization step utilizing temperatures
which are higher than, or equal fo, the femperature at which the solid state
polymerization is ‘carried out.

20 U.S, Patent No. 5,540,868 describes a process for forming uniform,
crystalline low molecular weight polyester particles in size ranges suitable for
mass handling. Such particles, or pellets, which have a degree of

. crystallinity greater than about 15%, are especially advantageous for use as
a pre-polymer feestock for solid state polymerization. The particles can be

25  introduced into the SSP reactor within 10 minutes after the particles are
formed. Alternatively, it is also possible to store the pellets for an indefinite

~period of time before feeding them to the SSP reactor.

Despite the ability to produce uniform, crystalline low maolecular
_ weight polyester particles which can be directly polymerized in the solid state
30 - without further crystallization or annealing, there is a need to reduce the
generally long processing time, e.g., up to 30 hours or longer, which is
typically required using conVentionally known SSP techniques to increase
the molecular weight of these particles to the minimum requnsne level for
commercial use.
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particles to a temperature in the range of from about 205°C to 240°C in less

than 10 minutes with the result that the time at which the particles are within
the temperature range of 100°C to 205°C is minimized,

{b) maintaining the temperature achieved for the pariicles in step (a)
20 for at least one hour by subjecting the particles to a continuously moving
stream of inert gas at elevated temperature and at a mass of gas to mass of
solids ratio which can be as low as 6.05 whereby the progress of

polymerization of said particles is preferred over the progress of
crystallization, and then

25 (c) subjecting the particles to a countercurrently moving stream of
heated inert gas at a mass of inert gas to mass of solids ratio which is less
than the mass ratio maintained in step (b), but the total mass of inert gas to
mass of solids ratio for step (a) and step (b) is equal to or greater than 0.6.

The low molecular polyester particles are essentially-crystaliine,
30 meaning that they have a crystallinity content greater than about 15%,
| which corresponds; for polyethylene terephthalate (PET), to a density
greater than about 1.36 g/cc. In addition, the heat transfer medium is a
. stream of inert gas at elevated temperature, and the particles are
contacted in step (a) at a mass of gas to mass of solids ratio in the

35
range from 4:1 to 15:1 to effect a rapid rise in
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- 15 The polyester polymer particles which comprise the feedstock to the

SSP reactor according to the instant invention are essentially-crystalline
particles, or pellets. According to one embodiment of the invention, they are
obtained by thermal shock treatment of conventionally-formed, essentially
. amorphous, hon-molten, polyester pellets at about ambient temperatures, or
20 they can be produced from essentially amorphous molten polyester droplets
by rapidly subjecting the droplets to thermal shock, according to the process
_described in U.S. Patent No. 5,540,868, the teachings of which are
incorporated herein by reference. During the imposition of the thermal
shock, the polymer droplets, or peliets, are exposed to a temperature
25  ranging from about Ty, to Ty, for at least a period of about 3 seconds. By
way of an example, when making pellets of polyethylene terephthatate
- (PET), an essentially-crystalline PET pellet may be formed from an
essentially-amorphous (i.e., having less than 10% crystalline confent) melt of
_ a PET oligomer at a temperature T4 wherein T1 is at least 260°C. The
30 molten droplets are then crystallized by placing them in contact, for at least
3 seconds, with a solid, preferably metallic, surface which is at a
temperature within the rangé of T, to T max Wherein T is at least 80°C up
- to 150°C. and Tiyay is between about 180°C and 220°C. The thus-obtained
essentially crystalline PET polymer pellets, or particles, are characterized by
35 having a degree of poymerization of about 5 to about 35, an average
apparent crystallite size of 9 nm or more, and a melting point of 270°C or

- 3 -
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_ polymer polyester pe!!ets to a thermal environment such that the pellets

20~ achieve an elevaied temperature which is below the meiting point for the
polymer under an inert gas blanket or vacuum. The particles must remain
within the selected temperature region for a sufficient period of time, e.g., up
to 30 hours or longer, for a minimum amount of polymerization to occur for
the resulting particles to have practical utility, i.e., be of high enough

25  molecular weight fo be useful in downstream processing.

Polymerization in the solid state according to the invention involves

~ subjecting the pellets to a series of thermal environments in a specific
sequence such that the pellets rapidly achieve a minimum temperature of at
least 205°C, and preferably 230°C, with minimum time spent in the 100°C to

30  205°C temperature range, i.e., the pellets should spend no more than 10

minutes in the 100°C to 205°C femperature range, and preferably no more

“than 5 minutes. When that is achieved, the particles undergo polymerization
without the tendency to undergo further crystallization, i.e., the progress of

- . polymerization of said particles is preferred over the progress of
35 crystallization. The time the particles spend in the 100°C to 205°C

temperature range may exceed the 5 - 10 minute range, but there will be a

- corresponding increase in fotal time required for polymerization. Although
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- 20 Polyesters of the type which are useful according to the invention are
polymers generally comprised of one or more diacid or diester components
and one or more dicl components. The process of the invention is useful for
most aromatic or aliphatic-ring-containing (for example, pheny! or
cyclohexyl-containing) polyesters. This would include, for example,

25  poly(ethylene terephthalate) (PET), poly(ethylene napthalate) (PEN),
poly(butylene naphthalate) (PBN), poly(trimethylene terephthalate) (3G-T),
and poly(trimethylene naphthalate) (3G-N), poly(cyclohexyl terephthalate)
(PCT), and the like. Génerally, polyesters having a glass transition
temperature, Tg, above about 25°C, and a melt temperature, Ty, ranging

30 - from about 200°C fo about 320°C are best suited for the method of this
invention. '

- The approximate Ty and Tyy, values for some useful polyesters are
listed below in degrees Celsius.




spherical particles with dianmeters of 0.05 mmto 0.3 n’ggﬁ%?er[ps%,laﬁ I cal
particles with a maxi num cross section of 0.1 nmto O I é
circular cylinders with a dianeter of 0.05 mMmmto 0.3 nmand a Iength of
0.1 cmto 15 0.6 cm Since, preferably, the pellets are produced on the
nost economically efficient equipnent, the pellets could conveni ently be

pr oduced ected together in comrercial quanti reater than
30 kg. Thewo ﬁ))n%s may be used in the sanme plant soo ﬂdﬁ%t gel ng made,

stored for Iat er use, or packaged for transport, all in commrericial
quantities. 20 Polyesters of| tthe type [wpi ch are useful according to the
I nvention are polynoers gene y condri®ed of one or nore diacid or
di ester conponents |Bld one bf0 nore di{@0conponents. The process of the
invention is useful|FEN nosf1zaromat1 d2gp al | phatic-ring-containing (for

exanpl e, phenyl or | ohexyfgLromtarm '23\ pol yesters. This woul d incl ude,
for exanple, 25 pc%ﬁy—t@nﬂ terephtihalate) (PET), poly(ethylene
napt hal ate) (PEN) ol y( but );‘jfsene naphzﬁgl ate) (PBN), poly(trimethylene
terepht hal ate) (3 (tTrimet iyl ene napht hal ate) (3G N),

pol y(cycl ohexyl g"%fﬁcﬂ 'Jg‘i'es){?rlﬁéﬁ"?one& oqthgpply@ersgw@ply IS, pol yesters
havi ng a gl asievmtlemmrtamsmormﬁlmmtmieml dickghoxgivaceisdtaoing 426C, and a nelt
tenper at ure, %Barm%rﬁkg d?e@.teisr&rm@bd%&rb&%%cto% r@bﬂ&h@&@&‘ara&? best sui ted

for the neth Tm val ues for

sone usef ul Oag? %MF@@P’Q’Y&P?@ﬁ@[}c%g?fﬁw?ﬁﬁmééngéggf &P s. 6 February
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carbon atbngromi o 23 C@E’G}OB Glaps. Eraferr é‘iaf{ﬂﬂ Fj@ﬁrb@&fﬁﬁaplﬁls £PAN §oMo 20 car bon
at ons, 4 to 12 carbon atoms. Some representative examples of such alkyl
dicarboxylic acids include glutaric acid, adipic acid, pimelic acid and the like.
Preferred diesters of alkyl dicarboxylic acids contain from 6 to 12 carbon
atoms. A representative example of such a diester of an alkyl dicarboxylic -
15 acid is azelaic acid. Preferred aryl dicarboxylic acids contain from 8 to
16 carbon atoms. Some representative examples of aryl dicarboxylic acids
are terephthalic acid, isophthalic acid and orthophthalic acid. Preferred
diesters of aryl dicarboxylic acids contain from 10 to 18 carbon atoms.
Some representative examples of diesters of aryl dicarboxylic acids include
20 diethyl ferephthalate, diethyl isophthalate, diethyl or orthophthalate, dimethyl
naphthalate, diethyl naphthalaie and the like. Preferred alkyl substituted ary}
dicarboxylic acids contain from 9 to 16 carbon atoms and preferred diesters
of alkyl substituted aryl dicarboxylic acids contain from 11 to 15 carbon
atoms. : '

25 The diol component for polyestets used in the invention suitably
include glycols containing from 2 to 12 carbons atoms, glycol ethers
contammg from 4 to 12 carbon atoms and polyether glycols having the

- structural formula HO-(AO)nH, wherein A is an alkylene group containing
from 2 to 6 carbon atoms and wherein n is an integer from 2 to 400.

30  Generally, such pdlyether glycols will have a molecular weight of about 400

to 4000.

Preferred glycols normally contain from 2 to 8 carbon atoms with
preferred glycol ethers containing from 4 to 8 carbon atoms. Some




di esters of aryl dicarboxylic acids which contain from%g to Z%P«ﬁgr bon
atons, alkyl sustituted aryl dicarboxylic acids whi ch SEPRHEN mo9 to 22
carbon atons, or diesters of alkyl substituted aryl dicarboxylic acids
which contain io from1l1l to 22 carbon atons. Preferred al kyl dicarboxylic
acids contain from 4 to 12 carbon atons. Sone represent ative exanpl es of
such al kyl arboxyllc acids include glutaric acid geacid, pinelic
acid and tﬁ%o?# Preferred diesters of alkyl di car]‘i")oxyFi S %ci ds cont ai n

;Log} Eylt © d}ga&g@%&an@e%gtea of oY ﬁé\tc%ﬁg"%y?zéggg#h&q‘?g dsgfgl ad?l:gf;g;ylof .

aci ds cont ai ncqmqg%t/gapgt ipQudeetinians glycak bprorslsne olvepl bermpenee exanpl es of
~aryl di car boxglyéat, 2@ didthyl-B3-propencedgibl haldimetayi1B-propargiidad-éthylaci d and _
or t hopht hal i Cblﬁﬂhcb—pl%b@ﬁeedléleﬁieth Blﬁftﬁ 19:’fpr9 éﬂe o‘f]dlciaﬁ B@éé{é &?l aci ds contain
from10 to_18 ﬁ%r on agq% esent a es di esters of
aryl di carboxyfodaned ”Lﬂﬂ? ?’ﬁ‘?? dto ?@p‘?ﬁ”ﬁ!ﬂﬂ‘é’{'@ h&?‘%ﬂehyl

i sopht hal at e, didli &8toytlolmaxans dimefilantial Atcycloletixamd dipkthanapht hal at e, di et hyl

napht hal at e apd sl4etrhhéRyl-1F3-8jcRblfde alok hd fiafird.i tuted aryl  di carboxylic
acids contain from9 to 16 carbon atons and preferred diesters of alkyl

substituted aryl dghepolpestss beoligomds of detpaésent in@ntidd mapbd S carbon atoms. 25
The diol comagiited bPUntGoRES 3l i %%%oh@PélﬂEe&%rSQ}o?yﬂ[e{iu'tably | ncl ude

gl ycol s containing from bons a ers containing

| ]from|4 tochngAcar bPama&reﬂigﬁjseﬁmcmh&efamére%mﬁéospmgiewmihtbﬁ arét][ucturza' .
cg; ggnaat om(; %s\é\f?eén%mﬂdlﬁid wih HWFP@E%?"%?&%‘."%I@B° %tﬁ‘%%n{?n ne; glml Y, t guch
pol yet her gl ydriess indigatechetberwiseny the tdrmr*polpsistgit is ofeanfboedifiedd® t o 4000.
Preferred gl ygmodifie® poédiet poRficad. MSimla By the nEnteH S pamicamd W th preferred
gl ycol et heg%o%g%? g?éégméle%ﬁlstn?el c?r%n atg § E? 6 February 2006 WO
03/ 014185 P £ epreSenta | anp! 3? 8 ycol s that can be
utilized s tGRNQAoBIErs eapripriietie |quoepﬁﬁ)éﬁ@hk§l¢'}ﬂﬂi!’00' 1, 3- propyl ene
gl ycgl : 1,hZ| propwdlcemeanegi:melhfmol Ascphthalid dud (-5‘24)3[]2: BrrRpAfiget oI diol
2, 2-di-met hy ﬁb“%ibe bit acid 2nG b Rk ViErequattp LORANE d1 O
2-ethyl-2-i Sotc:ﬂ:mo omers orp po? eatﬁﬁen% tem al§te) :nclude O-S‘flly weight IPA

and 0-3% by weight DEG.

20 The polyester pre-polymers or cligomers comprising the pellets
commercially useful according to the present invention can optionally be
pre-polymerized from monomers, oligomers, or mixtures thereof. This
optional pre-polymerization step may be accomplished using known

. methods and apparatus, as will be readily appreciated by the skilled artisan.

25  Polymerization of polyesters is well known in the art. Polyesters are often
formed as a melt by combining a diacid or diester with a diol to produce a
monomer, and heating to polymerize the monomer. A convenient method of
polymerization to achieve a low molecular weight polyester is to carry out the
polymerization reaction using a pipeline reactor.

30 Polymerization is conducted_to reach a desired degree of
- polymerization. Generally, the polyester used to make low molecular weight
pre-polymer pellets has a degree of polymerization ranging from about 2 to
about 40. By degree of polymerization (DP) is meant the average number of
repeat units in a polymer chain and therefore may not necessarily be an
35 integer. For example, the repeat unit of poly(ethylene terephthalate) (PET)
is




5 1,4-butane diol, 1,5-pentane diol, 1,6-hexane diol,
2,2,4-trimethyl -1, 6-hexane diol, 1,3-cyclohexane dineﬁ%gﬁ%y?yzooe

1, 4-cycl ohexane di net hanol, 2,2,4,4-tetranethyl-1, 3-cycl obutane diol, and
the like. The polyesters or oligonmers of the present invention nmay be
branched or unbranched, and may be honDponners or copolymers. 10

Particul ar [y Jegfal comrercially are "nodified pol yesfcgfifgo 3k ch are
defined as be| ng m)dlfled with up to about 10% by vvel ght of a conononer.

Unl ess indicated ot herw se, the tgrm"polyester” is meant nodified or
unnodi fi ed pol yester pol yrn::r_sG ér_(g_yoﬂ —bhe nention of a particular
pol yester, for exanple PET, is t unnodi fied or nodified PET. i5

Conpnoners can incl ude di et hyl ene gl ycol (DEG, triethylene glycol,
1, 4- cycl ohexane dTh@H’lafmbqumemantUealetmiaed UbeFﬁDe)rmeaticm napht hal ene

di car boxyl i ¢ Cﬁrf?cbrﬁ'a lfs.r@cadar&pﬂgte@aﬁa%@smél%ge@é of gof Q&Hohy used
conononer s for et h @5 hal atrﬁ) i.ncl !e éo B%vam ght 1PA and
0- 3% by wei g 62]?0?938 5’?'“%'?183 otf‘ H%?ns"p(())ye%"l' gl rs corrprl si ng

t he pel | etSs w&mcbﬂ%qf% Eﬂ"eﬁc&w@ahgatmj oftaboptelodiftis i nventi on can
optional |y berefeieHBIOPETRAEE 8 dellatToriBieHRESs Ohibgstiaos, AOr ni Xt ures

ther eof . Thi Sestil 8A3or oA AR AbYAMADHERY, BRCCOTP! | shed usi ng

known net hods™an paratus, ppreciated by the skilled
artisan. 25 PBMpiESs |aﬁé’9te(5ﬁ°'3#'"9'd¥'§f‘ef§lf eass The oyjisf FONWBWOﬁaF?St he art.
Pol yest ers armeunil Ta&lhnef contankras alownz litifoby asoniti af thegpodynelir aedltdo or  di est er

Conveni oA meray e Wa’aﬁre‘%aﬁ@g"’@ac D o e o e ght
pol yester is iieod?"a%{?tﬁff’r l“¥ ?Hﬁ" ‘?5& é&iréﬂ%ﬂl Eeactlon using a pipeline

t 30 Pol ti d f
CHE el T Ao o
pre- pol yner pldaceiesweight of adrolyester oﬁzﬂrmwrﬁaﬁherm%w@rwg@m@m about 2 to
about 40. By tibsgtfiRge Aécdsiy YRS tAabdirer( PR examphs apoly{dieylenser age number  of
repeat unl ts ér@prﬁ'he]‘i’é?é)y@me?rﬁg{nﬂ? ap (EquJé & %&id@%e%t yigfgssarily be an 35

I nt eger. | 'ene terephthal ate) (PET)
i's 6 Febr uar Vansgp gom about 0.05 to about04d|ig when tested with a solution of one

part volume of triflucroacetic acid and three paris volume of methylene
chloride.

An [V may be determined according to the following example: 0.050 g

20 of a polyester such as, for example, PET is weighed into a clean dry vial and
10 ml of solvent is added using a volumetric pipette. The vial is closed (io
prevent evaporation of the solvent) and shaken for 30 min or until the PET is
dissolved. The solution is poured into the large tube of a #50
Cannon-Fenske viscometer, which is then placed in a 25°C water bath and

25  allowed to equilibrate to that temperature. The drop times between the

' upper and lower marks are then measured in triplicate, and should agree

within 0.4 seconds. A similar measurement is made in the viscometer for
the solvent alone. The IV is then calculated by the equation: IV = [n[(solution
time/solvent time)/0.5).

30 EXAMPLES

A series of three experiments was performed to examine the effect of
crystallinity on SSP reaction rate. The experiments included a control
experiment (Trial 1), an experiment whereby the heating and pretreatment
step occurred faster than the control (Trial 2), and one experiment which

.35 - used a comonomer fo suppress crystallization in the SSP. (Trial 3) The
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C- O CH2CH2-0 The DP, pf, a &%@ger can be
determ ned by Gel Perneation Chromatography using appr%g?t?rﬂ? ndar ds.
The degree of polynerization can be influenced by the pellet-form ng neans

that is enployed and the s anticipated use of the final pellets. Generally,
a DP of about 5to 35 is preferred for PET when the pellet formation neans
is a pastillator. A pastillator is a commercially avgi

dr opl et-fo?”rﬂoﬁ]&“f‘?éans whi ch conprises an outer cont alladr?/e[r%mﬁg%sﬁ orifices.
The outer contaginer r.otates round..an inne copagai per t? EI | ow a uni form
amount  of thQOFSEﬂ‘ﬁ’FP@F‘mﬁE‘i“t’ast'ﬂ‘ PHCUHIPIIN ydich cpisallFationwuidipays) ot s are

col | ect ed on beerctamwrey over makatiar weightbuild h Mok meplicedaslyf ibe centtdl ne sufficient to

solidify thteﬁsd;sém{e;ﬁfﬁas J&iﬁu&e@wtﬂwte?ﬁpeWri&mrd raAgd eAmeriteﬁ nerely one }Na%/hof
expressi ng e . hol.ecul ar. r.. Anot her neasure o e
nmol ecul ar mef;a'ﬁ&amlg%uon?(l?gb?s\r,\vtﬁérrlgR%Vpgedvoﬁgg%glyti%;ﬁ/tkﬁfe%& of the polyner. For
exanpl e, pol y( at el { of 2 to 40
shoul d ha\%e an | 3‘6\%]% gﬂﬁoﬁhnathgsa 81? ?Iﬁgﬁfé@%ﬁ%th@?%%ﬁ?%ol g[g%dtaﬂg%%%l /g when
tested with R9587Hhen 'aﬁh%?tharrfgmewa%fs YeteHsed ir SUPPTESE GBFEHERONA aci d and
three parts te RERindTiah®t Tridlsehend 2 berpedermetirusing anepntibeoud &S ni ned

accor di ng 1t Opfdigsd. ooRbrBLAiRETRoId 1 BRI froffoth odab ¥ep! er such as, for
exanpl e, S .weighed info.a ¢ n Vi a . . vent is adde
usi ng a vol uprjﬁ?[r"ji"&aspi?eﬂgf'?géfusﬂ%a {’ﬁE@T 3?%¥EOF%%S§B§*?@B"1298T'&%§4{PC§%Vapor ation of
t he sol vant) Therdfoshaklybegioning endrerding samplegs| covlddepmiiested anfl ssol ved. The
solution is Qﬁé{*&dfﬂoﬁ{[ﬂjﬂbe | arge tube of a #50 Cannon-Fenske vi sconeter,
which is then placed in a 25C water bath and 25 allowed to equilibrate to

t hat tenper at ur e.ThéRearihgapateiiate for thettivee triststead thpfollowimpd | ower marks are

t hen measur e@o%é}@es‘itfohgl icate, and should agree wthin 0.4 seconds. A
simlar neasurenent 1s nmade in the visconeter for the solvent alone. The
IV is then calculated by the equatipledV = I n[(solution

ti me/ sol vent

time)/0.5]. 30 _EXAMPIES
' Trial 1 Trial 2 Trial 3
Initial IV {dl/g) 0.242 0.232 0.246
IPA (% w/w) 2.22 2.21 2.04
DEG (% w/w) 1.51 1.50 2.56
Catalyst Type Antimony | Antimony | Antimony
Catalyst
Concentration 275 275 275
{ppmw)
AH: (J/9) 55.05 54.10 48.66
15 :

Each of the trial materials was processed in a SSP (Solid State

Polymerization Reactor), which used a fluidized bed heater, a first stage of

reaction, a second stage of reaction, and either a static bed or fluidized bed

cooler. The process conditions for each of the trials are shown below in

20 Table 2



A series of three experinents was perfornmed to exani ne
y on SSP reaction rate.

crystallinit
experiment (

step occurred faster than the control
35 used a conononer to suppress crystallization in the SSP.

Trial 1),

February 2QQ6:M@ 93/ 014185 PCT/ US02/ 24886

conditions .in which crystallization would have

(Trial

The experinents in
an experinment whereby the heating and pretreatnment
and one experinent which

2),

contr ol

c(% E%b '&%@hgt r ol

(Trial 3) The 6

e iukdiRidks Was under

been favored over

nol ecul ar

wei-ght build. Mre particularly, thgpRontrol experinent was conducted with
tenperatures_in a range where crystallization kinetics were favored over
reaction kineticsProeess&pationst i sophtTial 1 ¢ [adiia 2( | PAalénd| di et hyl ene gl ycol
(DEG that Wi ggu Ly thanm i the other gxperiments were used to suppress
crystal lizatli.on-in he PET in Tripl 3 Trilals | and 2 wefe performed using
a conti nuoug Gaso- SBPQ?cPe?é@(mﬁ%érefore 184nplles8dould be co| | ected from each
process stef Gasﬁfeh\%braﬁ.lré"(?"% perTorned ggpng ja psg cii SSP prpcess that
fluidized theparticles. t0 Therefpre _only beginhing.and endi ng sanpl es
coul d be coll Selidsderiidempergtse (53d f om2¥%i al| 3230The startihg materials for
the three trl@bﬁeﬁ@dr[maynh%g)ow ng| cogposSiftiqps: [Table T| Trial 1Tri al
2Trial 3 | nittial—V—(dl-/g)0-2420-2320 246 PA-{oW w2220 212. 04 DEG (s
w w) 1. 511. 507 %%ﬁ‘%ﬁﬂ%’t TypeAnt i ppnyAnt i fony Ant m)ny Cal al yst
Concentr at i ¢ Ga2{>2d6fhid Katib ppges) aHf | (J/0g) 55.|05f4 1048. 66 15

Gas Temperature (°C) - 240 -

Solids Exit Temperature (°C) 232 240 -

Residence Time (minutes) 72 160 -

2" Stage Reaction

Gas-to-Solids Ratio (mass) 1.25:1 15:1 >20:1

| Gas Temperature (°C) 232 229 230
Solids Exit Temperature (°C) 225 230 230
Residence Time {minutes}) 1800 720 1440

The heats of fusion and intrinsic viscosities for each trial and each
process step product is shown below:

Table 3
Process Step Trial 1 | Trial | Trial 3
2

Fluid Béd Heater Product
v {di/qg) 0.247 0.239 -
|28 (a79) 56.20 | 57.45 -
1% Stage Reaction Product '
IV {di/q) 0.305 0.421 -
AHe (J/q) 65.39 60.10 -
2nd Stage Reaction Product _
IV (dl/g} 0.769 0.820 | 1.052
AH: (J/q) 76.45 | 67.10 | 63.89

- 10 -




Each of the trial materials was processed in a SSP (Sol] {
Pol yneri zation Reactor), which used a fluidized bed heaé[ e?bﬁu%%’%opgt st age
of reaction, a second stage of reaction, and either a static bed or
fluidized bed cooler. The process conditions for each of the trials are
shown below in 20 Table 2: 6 February 2006 WO 03/ 014185 Table 2

PCT/ USO2/ 24¢3BniRcess ConditionsTrial [ Trial 2Trial gpfdsthdssbed Heater
Gas-to-Solids Ratio (mass)10: 18:1- Gas Tenperature (C)240235- Solids Exit

Tenper at ure (C) 21528€:n iRaabld e/ wal IViithebatriaty ) ibkselylcobbgRl Reaction

Tenper at ur (80 3000 B AL GRS i i ARG Dl of 01 RC2 o

( X %gfse React i on
Gas- t 0- Sol i dSHRIEAINEY ke 89l polymen o fachdhe triehwithiriba el fapdstqi¥ 32229230
Solids Exit Vessppelyataived ﬁ@é@ﬁ&%@&ﬁtﬁdﬂgl@hﬁml ™. ri‘mm(enémm_iQQ) 18007201440
T cnast S oL S B ot by B bl coch
B TarS 5 B uPueia et Sbdtn Als blus e s GoastonSHpes gbr20 inutes
: ‘ compared to 1800 and 1440 minutes residence times for Trials 1 & 3,
respectively.

Another way one may examine the data is fo use the change in IV per
10 change in heat of fusion as shown below in Table 4:

Table 4

Parameter Trial 1 Trial 2 Trial 3

AIV/A(AHg) (dl/g/T/q) 2.44x107% | 4.52%x1072 | 5.29x1072

According to the data in Table 4, Trials 2 and 3 have reaction rates
that are 4.5 to 6.5 times faster than their rate of crystallization. The polymer
15 pellets in Trial 1 never reached the goal IV because too much crystallinity
was built which retarded the polymeration.

Referring now fo the Figures, Fig. 2 illustrates IV build as a function of
the heat of fusion for the steps in the process described in Table 2. The
graph illustrates that polymer from Trial 1 builds more crystallinity than the

20  other two trials, while Trial 2 accomplished a higher reaction rate according
1o the process of the invention.

Referring to Fig. 1, the graph illustrates the effect of number average
degree of polymerization (DP;) and temperature on crystailization growth
rate. As polymer chain length increases, the rate of crystallization

25 decreases. Itis also evident from the graph that as temperature increases
- above approximately 175°C, the rate of crystallization decreases
ﬁgniﬁcantly. The process conditions of Trial 2 resulted in the rapid
- movement of solids femperature into the 225-230°C range. At these
temperatures the rate of crystallization is very low compared to that at
30 175°C. Atthese temperatures the inherent kinetic rates of reaction are also
very high. Therefore, process conditions that result in the rapid increase of
solids temperature to about 230°C would favor the progress of reaction over
the progress of crystallization. B

...11_




~AHf (J/g)56.2057. 45- 1st Stage Reaction Product |V (d'9250'3052K@§1' AHf
(J/ g) 65. 3960. 10- 2" Stage Reaction Product IV (dI/g)0. 76558”83208 A
(J/g)76.4567.1063.89 - 10 6 February 2006 WO 03/014185 PCT/ 1JS02124886 As
seen in Table 3, final IVin these trials was inversely correlated wth
the heat of fusion of the product, which is a neasure of the anmount of
crystal | i nivieyosioyagshe solid polyner. In fact, the tri alcpwishipadshe | onest
feedstock IV was polynerized in the solid state to the highest final [V.
However , | Trih al 2, TrialBiuséd aiserdonnes @ssuppriss ih&gﬁystaﬂizaﬁ&ﬁretéanf@ElfI‘aSt L eact ijon
rate, only ; I I i us the 2n
‘ﬁ%e@m?%%é%woddﬁ%%Qﬂﬂ%ﬁg&lﬁﬁ% ?%m%g%ﬁ;%ﬁﬁ@s%ﬂggﬁxp

reaction staqﬁg 0 gﬁn%teg ared. nm nut es residence
times for Trita| LPREESIAY the rate grerystglidalion, higheHerctighyatsh@eeysiieani ne t he dat a
is to use thescieamipetable4.v- per 1o change in heat of fusion as shown bel ow
in Tabl'e 4: Table 4 ParameterTrial 1Trial 2Trial 3 Al V/ A(AH)

(d1/ g/ Jd/g) 2. 44x10-24. 52x10- 25. 29x10-2 According to the data in Table 4,
Trials 2 and 3 have reaction rates that are 4.5 to 6.5 times faster than
their rate of crystallization. The polyner 15 pellets in Trial | never
reached the goal |V because too nmuch crystallinity was built which
retarded the polyneration. Referring nowto the Figures, Fig. 2 illustrates
IV build as a function of the heat of fusion for the steps in the process
described in Table 2. The graph illustrates that polynmer from Tri al

builds nore crystallinity than the 20 other two trials, while Trial 2
acconpl i shed a higher reaction rate according to the process of the
invention. Referring to Fig. 1, the graph illustrates the effect of nunber
aver age ' '
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degree of polynerization (DP') and tenperature on cryst EI i zatigp growt h
rate. As polyner chain length increases, the rate of cr‘isll ?%[F?’P’g ?on 25
decreases. It is also evident fromthe graph that as tenperature increases
above approximately 175C, the rate of crystallization decreases
significantly. The process conditions of Trial 2 resulted in the rapid
novenment ofwe®lmgds tenperature into the 225-230C r anggpindbydifzese
tenperatures the rate of crystallization is very |low conpared to that at 30
175C. At these tenperatures the inhgrQpis kinetic rates of reaction are also
very high. Therefore, process conditions that result in the rapid increase
of solids tanpsfiatididi® about 230C woul d favor the progress of reaction
over the progress of crystallization. - 11 6 February 2006 WO 03/014185

PCT/ US02/ 24886 Tr i al A Brassssdorspohomaviaing tw finblesulMeags pblgstérr yst al | i zati on
rate of PET. pr ﬁlﬁy 'rgnﬁﬁeg@i%mﬁiﬁﬁg%@weg_pol ymer ﬁas a slowrate of

crystallization. y suppressing e rate of crystallization, higher
reaction rsates ar g)la@.%aﬂa fhe p%&ic%%%h!arhe-gr‘%rﬁfe?lmeﬁiuﬁﬁgrhgé‘trtﬂe 200680
e .

03/ 014185 PCT/ 24886 CLAI M5 What is_clal LS., 1, A process for
pol ymeri zi ng plag\'/%vper%? gg‘ﬂ?pﬂa Weiyihe %Piéff"@rab%&@ﬁ"?ﬁ P L F‘r{estshe solid state
whi ch conpr i $eat 1Empngies wdth theoesulighatiiee fime ef whigsthepatticles aeatithir ansf er medi um

to heat the tipsiehipelaite tahga of EOPERAPOB"E id Mirkriged, ange of from about 205C to
240C in less than 10 mnutes with the result that the tine at which the

particles are wit{h) maintdiing thepemnmratne achiogei fof thd OfEcleoind@eQa) S M ni m zed,
(b) i ntgl gt 1dag: drRIREH Gl b RoAENhEUEHEOL 4 BRURRLLY foiRg! N Step () 1o
| the particles to

for at |east pne hour by s ect p conti nuously novi ng
st r eam of in@&?a 8 '"S'Etgéﬁ %t\?g%v@ﬁdf%ﬁ%?taw ahA frage 0bgasde 8138 Olgas to mass of
sol i ds rat i oseldsgatia efaé leastlaboyt (0508hantmrikdpropiess pf mlymesizatioh gbol ymeri zat i on

of said par bhialpaficics iNrEbAEd Bfbr 16TodR EcRBImBSOA aref YSt al | i zation, and

(c) subjecting the particles to a countercurrently moving stream of
15 heated inert gas at a mass of inert gas to mass of solids ratio which is less
than the mass ratio maintained in step (b), but the total mass of inert gas to
mass of solids ratio for step (a) and step (b) is equal fo or greater than 0.6.

2. The process of claim 1 wherein the low molecular weight
polyestenl' pre-polymer particles have a volume fraction of crystallinity of at
20 least about 15% and an intrinsic viscosity of at least about 0.20 di/g.

3. The process of claim 2 wherein contacting the particles with a
stream of inert gas at elevated temperature according to step (a) occurs in a
fluidized bed, the particles are heated to a temperature in the range of from
at least 230°C up to 240°C in less than 5 minutes, and the particles reside in
25 the temperature range of 100°C to 220°C for less than 5 minutes.

4. The process of claim 2 wherein the temperature of the heated
particles introduced into step (b) is raised and maintained at a value in the
range of from 235°C to 240°C. -

5. The process of claim 3 wherein the temperature of the heated
30 particles introduced into step (b) is raised and maintained at a value in the
range of from 235°C to 240°C.

6. The procéss of claim 1 wherein said heat transfer medium is a
‘stream of inert gas at elevated temperature, and the particles are contacted
at a mass of gas fo mass of solids ratio in the range of from 4:1 fo 15:1.

- 13 -




(c) subjecting the particles to a countercurrently nnvi@g stre f 15
heated inert gas at a mass of inert gas to mass of soli GWH@W ichis

|l ess than the nass ratio naintained in step (b), but the total mass of
inert gas to nmass of solids ratio for step (a) and step (b) is equal to or
greater than 0.6. 2. The process of claim|l wherein the | ow nol ecul ar

wei ght  polywesioesisspr e- pol ynmer particl es have a vol unepdm@eiiage of
crystallinity of at 20 |east about 15% and an intrinsic viscosity of at

| east about 0.20 I/ o clocel5+ BAAERA | ) GrlBERElnCERt 20t N9 Che

particles with a streamof i1nert gas a ) Pe according to
step (a) occL?P?afnrf’?é{“aﬁﬂaﬁPml?égedt;@%?e@%ef@ﬂﬁhﬁﬂ@'eéraée prdeded to a
‘t enper at ur e gt atrrssiohpaetoofass phenlidatatibémthie rARRGF figm 4ol B48G.in | ess than 5
m nutes, and the particles reside in 25 the tenperature range of 100C to
220C for |ess thaf 5T Rieess of chimfwhereipseiidiest trankier mediumbisaei n t he

t enper at urse atretinef nefigasiat disvatodabmBeratiirs, amY a'rt{é'léé o é‘&te&!@édTLS rai sed ang
mai nt ai ned a - 0 . e process o
claim3 mherg?%r¥ %Qf%%%8?£§%?@§@§§¥ﬁé"ﬂ@%?@@go ‘"BgﬁﬁPgﬁgs introguced into

step (b) is raised and maintained at a value in the range of from235C to
240C. 6. The process of claim 1l wherein said heat transfer. nediumis a
streamof inert gas at elevated tenperature, and the particles are
contacted at a mass of gas to nmass of solids ratio in the range of from
4:1 to 15:1. - 13 6 February 2006 WO 03/ 014185 PCT/ US02/ 24886 7. The
process of claim4 wherein said:heat transfer nediumis a streamof inert
gas at elevated tenperature, and the particles are contacted at a mass of
gas to mass of solids ratio in the range of from4:1 to 15:1. 8. The
process of claim5 wherein said heat transfer nmediumis a 5 stream of inert
gas at elevated tenperature, and the particles are contacted at a nass of
gas to mass of solids ratio in the range of from4:1 to 15:1.
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