PROCESS FOR MANUFACTURI NG MEDI UM AND HI GH MOLECULAR W\EI GHT POLYESTERS
5 Field [0001] This invention relates to polyester manufacturing.

Backgroundwg,%m[s,ag‘gg; Li near polyesters typically are pr%f[%g()ﬂt))bﬂg]l
e I ds

ol i goners ma y reacting together one or nore dicarboxylic ac

and one or nore diols via direct esterification, by reacting together
one or nore dinethyl esters and one or nore diols via
transesterification, or by carrying out both direct esterification
and transesterification in a single reaction m xture. Water evol ves
fromthe reaction mxture in the case of direct esterification, and
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Branched pol yesters nay be made by introducing tri- or
higher5functional reactants in place of sonme of the dicarboxylic
acids, diols or dinethyl esters. [00C lél:ﬂow nol ecul ar wei ght '

pol yesters normal 'y are prepared in ngl e stage 20 reaction that
acconpl i shegw1pot IThil iheGtior sdled thippBtit@mantcidingcondensati on. The
reaction typically is carried out at atnospheric pressure and at
tenperatures near the normal boiling point for the diol (e.g., at

t enperatures of about 170-210 C for reactions using ethylene glycol).
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. resulting oligomers may be converted to higher molecular weight polyester polymers via
polycondensation. Branched polyesters may be made by introducing tri- or higher-
funcﬁonal reactants in place of some of the dicarboxylic acids, diols or dimethyl esters.
[0003] Low molecular weight polyesters normally are prepared in a single stage
20  reaction that accomplishes both direct esterification and polycondensatibn. The reaction
typically is carried out at atmospheric pressure and at temperatures near the normal boiling
point for the dibl (e.g., at temperatures of about 170-210° C for reactions using ethylene
glycol). A large diol excess normally is employed. A small quantity (e.g., about 3%) of
xylenes may be added near the end of the reaction to assist in distilling water from the
25  reaction mixture. The end product is a low molecular weight polyester which after cooling
to room temperature may be a liquid or in some cases an amorphous solid.
[0004]  Medium and high molecular weight polyesters typically are made via a two .
stage process. The first stage typically is a direct esterification or transésteriﬁcation

reaction to form a liquid low molecular weight oligomer and the second stage typically is a

30  polycondensation reaction to convert the oligomer to a polymer with a targeted molecular
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wei ght. Considerable tinme nmay be required to conplete the two stages.
The Ent stage esterification reaction may for exanple be carried out
usi ng condwizomsiogissi | ar to the | ow nol ecul ar wei ght pagrEsszer/dizect
esterification reaction conditions described above. The second stage
pol ycondensati on reaction typically is performed using nelt or solid
state 5 polynerization, together with vacuum (e.g., about 0.1-1 nmm
pressur e) vesighthCepsidesshletime maz be eeqyired @éﬁw@lesﬁ the égo gegey.e Tharbiseriage
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pr oduct typlca ly 1s pelletized prior to shipment to an end user. The
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for pelletized polyester resins. 15 Summary_ of the |nvention [0005] W
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ester oligoner; mer to ester mer by
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nol ecul ar wei ght pol yester polyner in the nonreactive carrier.

[ 0006] Theterephntatanesips)aepresst 4 yerahigh Nelumespefor peidatietd paysstes resinssy r u_ps
conprising a

Summary of the Invention :
[0005]  We have found a process for preparing medium or high molecular weight
polyester syrups, which process comprises:
- a) providing or forming an ester oligomer;

20 b) - converting the oligomerto a polyéster polymer by stirring at elevated
pressure and elevated ’cemperatur_c a solution of the oligomer in a nonreactive
carrier ca;ﬁable of forming an azeofrope with water; and
¢)  removing water from the mixture via azeotropic reflux to provide a syrup
comprising a medium or high molecular weight polyester polymer in the -

25 nonreactive carrier.

[0006] The invention provides in another aspect novel polyester syrups cdmprising a
nonreactive. carrier and a linear polyéster polymer having a number average molecular
weight (Mn) of 6,000 to 20,000 amu and a hydroxyl number of 5 to 20, the polymer having

a backbone free of or substantially free of ethylene oxide or propylene oxide groups and



nonreactive carrier and a |inear polyester polynmer having a nunber
average nol ecul ar wei ght (M) of 6,000 to 20,000 anmu and a hydr oxyl
nunber of he pol ynmer havi ng a backbone free ,
substanti a\%f);z@(}s%geezs%f et hyl ene oxi de or propyl ene oxi dceijcg]fﬁéﬁ%’g’“%ﬁ
the syrup being free of or substantially free of alcohols, glycols or
esters that react with the polynmer at polycondensation tenperatures.
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azeot r opeciith water. 15[ 0009] The di scl osed process offers rapid
reaction conpletion_and_may enable greater flexibility in the choice
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enbodi mentyapf, t he di scl osed process. [0012]Fig. 3 is a perspective

cutaway view of a shipping container filled with the disclosed
pol yedd er [0PPLip. Thspizolosdinraasss effess whidaeastinheqmplptipn avd mayrenale greater.

figures Oheﬁﬂﬁtﬂﬁ% (ﬁx%icic %ﬂe%@t%ﬁts.l jI’he.erﬁ:sulting liqﬁid polyester product can more

conveniently be used to manufacture polyester coatings and other liquid polyester products

than is the case when using pelletized solid polyester starting materials.

20 : Brief Description of the Drawing
[0010] Fig. 1is a schematic view of one embodiment of the disclosed process.
[0011]  Fig. 2 is a schematic view of another embodiment of the disclosed process.
[0012]  Fig. 3 is a perspective cutaway view of a shipping container filled with the
disclosed polyeste; syrup.

25  [0013] Like reference symbols 1n the various figures of the drawing indicate like

elements. The elements in the drawing are not {o scale,

Detailed Description
[0014]  Unlessthe context indicates otherwise the following terms shall have the
30  following meaning and shall be applicable to the singular and plural:



el enents. The elenents in the drawing are not to scale. Detailed
Description [0014] Unl ess the context indicates otherw se the

foll ow ng Wwenimnsids! have the 30 foll ow ng neani ng andeagd2b00083241
applicable to the singular and plural: WO

2009/ 100235PCT/ US2009/ 033241 [0015] The ternms "a," "an," "the," "at

1 east one," and "one or nore" are used interchangeably. Thus, for
exanpl e, §0WSht i richecempds’ Cagh“the i ‘atdenst erie’smd Sorte ardetire’] areusedans t hat
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conmpounds i Clatthé SaBh@ cSRRSEIRAMAIThIdRI0RO b thomd! ¥ddifiws. [ 0017] The.
term"el evated tenperature”™ neans a tenperature of at |east 120 C.

[ 0018] The [@l6M " ddicderny fageatiope” means emxiues ofj tive ©F MO BYG sqreneundsiwkyeh
transesterification.. | sed with respect to a polyner, the
term"?owf%ae%oﬁjf%ﬁtbﬁ'gf%%%ﬂ%ln%m;gt#' a polynmer whose Mh is | ess than
4,000 anujogimpdi Urhensrheeldvated weipghinire hienss aderifergtoteyaiar leydn 020° Qh i s

4,000 up to 7,000 amu and "high nolecul ar weight" means a pol yner
whose Mh (0018} o atRie et estorieption agTers 9ehigptrsie W'OHH?HSE%&A%BOH-
carrier” a v, ‘ ' | ' »

di sperse gﬂrﬁ gfherv\?mﬂésneﬁg%lw%lr%%% angﬁ(gg#lﬁrmth\gg&%}éﬁar@ooﬁiéggﬁ?g}%\%i%eﬁ%.ls
pol yest er atpolyfrer whodeaVinlissledsalsamch, (8} apes tmedingmugeculdn veight smeass aa
react %] t ggl'yg]'ei' \.vﬂc?s:[e 1\211 %'2,’6:0%@1; tI) %Ub %{I%Ed “high molecular weight” means a

polymer whose Mn is greater than 7,000 amu,

[0020]  The term “nonreactive carrier” means a solvent or other carrier which can
dissolve, disperse or otherwise solubilizé a medium or high moleculér weight polyester to
form the disclosed polyester syrup, which is not a reactant (e.g., not a glycol) from which

15  the polyester is formed, and which will not react with the polyester (e.g., will not
transesterify with the polyester) at polycondensation temperatures.

{0021]  The term “non-viscometric technique” means a method for monitoring the
progress of a polymer-forming ;eaction without requin"ng a Visbosity measurement.
[0022] The term “polycondensation temperatures” means temperatures of at least 200°

20 C.

[0023] = The term “polyester” refers to linear and branched polyesters.

[0024]  The term “polyester syrup” means a liquid which is readily. pourable at room
temperature and which contains a medium molecular weight or high molecular weight
polyester polymer in a nonreactive carrier.

25  [0025] The terms “preferred” and “preferably” refer to embodiments of the invention
that may afford certain benefits; under certain circumstances. However, other ‘
embodiments may also be preferred, under the same or othef circumstances. Furthermore,
the recitation of one or more preferred embodiments does not imply that other
elﬁbodjments are not useful, and is not intended to exclude other embodiments from the

30 scope of the invention.



15 the polyester is fornmed, and which will not react with the

pol yester (e.g., wll not transesterify with the polyester) at
pol yconde eratures. [0021] The term "non-vis |

t echni que%?r)\tezgdr%é%%gﬁth d for nonitoring the progress WS%O%S”M
pol ymer-form ng reaction wthout requiring a viscosity neasurenent.
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i nvention. WO 2009/ 100235PCT/ US2009/ 033241 {JO 26 V\he used with
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t he conponent Based on t he recitation of a
nuner il@al drieemgdsy ausotogl riﬂ-pﬁxoma]sllstﬂlahmde:ﬂumm 20 enabize regnoval of water through

outlet 22. Inert gas sﬁpply 24 is regulated by valve 26 and fed to reactor 12 through

conduit 28. A carboxylic acid reactant stored in vessel 3¢ (typically in solid form) may be
melted using extruder 32 and fed to reactor 12 through conduit 34. Extruder 32 may be
omitted for reactants (e.g., isophthalic or terephthalic acid) that may be degraded in an

15  extruder and which may simply be added in solid form to reactor 12. Extruder 32 may
also be omitted for reactants (e.g., phthalic anhydride) whose melting behavior is such that
they may be melted in vessel 30 and fed directly to reactor 12 through conduit 34. A
glycol reactant stored in vessel 36 (usually in liquid form) is regulated by valve 38 and fed-
to reactor 12 through conduit 40. A catalyst solution stored in vessel 42 is regulated by

20  valve 44 and fed to reactor 12 through conduit 46. At the completion of the esterification
reaction, an oligomer or low molecular weight polyester product 50 is removed from
reactor 12 by opening valve 52 and fed through conduit 54 to polycondensation reactor 60.
[0029] | Reactor 60 is a pressurizable vessel equipped with an impeller 62 mounted on
.shaft' 64 and driven by motor 66. Reflux distillation column 68 removes reaction

25  byproducts and evaporated nonreactive carrier from reactor 60 and passes them through
conduit 70 to condenser 72. Condénscd nonreactive carrier 73 is collected in the bottom
of condenser 72 and reaction byproducts are removed via port 74. Drain conduit 76, pump
78 and return conduit 80 enable condensed nonreactive carrier 73 to be returned to column
68. Nonreactive carrier stored in vessel 84 is regulated by valve 86 and fed to reactor 60

30  through conduit 88. A catalyst solution stored in vessel 90 is regulated by valve 92 and



5subsunmed within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75,
3, 3.80, 4, 5, etc.). [0028]Fig. 1 shows an exenplary schematic view
of one enbg@ig®alooRs the di scl osed process in which a tpeorsdage3zz4l
reaction is perforned. Apparatus 10 includes an esterification
reactor 12 for formng an ester oligomer by direct esterification or
transesterification. Reactor 12 is equipped wth an inpeller 14

mount ed orfedtoaticickGoalmdudicondaiveh The mlyrotdmsadidn réactan is paddrmed under

distillation col u(gn 20 enabl es rerquaﬁlapof te througgyo let.22.
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44 and fed to reactor 12 through conduit 46. At th c%et%o& o& t he
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[ 0029] Reaciayrtale(@lacs imrepeias@lir i zabl e vessel equi pped with an inpeller
62 nounted on.shaft 64 ,and driven by notor 66. Refl|lux distill.ation
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carrier fromyepst SthAR ARdcRARSAShAIIVIAW SiindOREstbE erfibdirent of the
condenser 72. Condensed nonreactive carrier 73 is collected in the

bot t o of disclogeipreresy 2A pnachtusc0tindvdel p preseiizalkle sgagtor 207manippod withant

74. Drain,.conduit, 76 7/ d turn_conduidned . nsed
nonr eact i y@peggf ?%@%&%ﬁ’%ﬁ F@F 3?41 o % YENU ?rrniog 8 %rq%gﬁlfag glé | é\}g’% _
carrier stomgam 310 MA3&EeEmSEdh] bSwhteomltigh duthst 22l Mnert 86 apply2ed idegulated
reactor 60 30 through conduit 88. A catalyst solution stored in

vessel 90 by galvedif enddfad teyreqcion2d? droughronduit21% Retlyx distilagionaqiusmmPR0
duit 94, Th | d ' i on. i S: .
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conduit 1047to shipping drunt 106. : _ - ,
' carrier 225 to be returned to column 220. A carboxylic acid reactant stored in vessel 240
is melted using extruder 242 and fed to reactor 202 through conduit 244, As is the case for
25  the Fig, 1 embodiment, extruder 242 may be omitted for carboxylic reactants that can be
added in solid form directly to reactor 202 or melted in vessel 240. A glycol reactant
stored in vessel 246 is regulated by valve 248 and fed to reactor 202 through conduit 250.
An esterification catalyst solution stored in vessel 252 is regulated by valve 254 and fed to
reactor 202 through conduit 256. At the completion of the esterification reaction, an

30  oligomer or low molecular weight polyester product is obtained and is further reacted to
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[ 0030] The esterification and pol ycondensati on reactions outlined in
Fig. 1 my be referred to as first and second stages respectively

I nvol vi ng i Lzation and polyner formation. It wl

appreci ate bggﬂggézg%ns having ordinary skill in the artIJCt atmotgﬁ?ész‘fo
dividing Iine between oligonerization and pol ynmeri zation may be
somewhat hard to draw, and that sone polynmer formation may take place
I n react olg,30 &P SRup) mgar&ﬁk;é HEdPBY intvR KR 73836 Roliiel BF R 266)-
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distillation colum 210 enabl es renoval "of water through outlet 212.
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nonreactive carrier 225 is collected in the bottom of condenser 224

and 1 eact [832by prHigidehews solics peverlary shivpsg comsiger 30 frirasmding ho 28,
230 t ' |t ' \
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i n vesgel tid4Qlyiesterinnbrdadtivt ogriex tSynee30424a wncknieacly bousedas isap f@HP
through conduit 244. As is the case fqor 25 the Fig, 1 enbodj nent,
ext ruder PAFeSREFOHREHM]Q a ge 9Pr°éuffé»é>efe§ﬁ#%c%‘ape<€@ﬁn%§r
added in ol f. § QB QF §86d thikel) WitlEREd: QitARAiRAd mbﬁ@ﬁlgkeaie\sm%uewa

A glycol reactant stored in vessel 246 is regul ated by val ve 248 an
fed to reficst baviD® bemedtad br coorbdnddiwittbdcarder. est eri fi cati on cat al yst

. solution d i,n vessel,.252 i.s regul gt ed val ve 254 and fed tp
Foaot or BB o AYHERTE diraTe e by el SR o S g e ' e
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pol yester product is obtained and is further reacted to forma
pol yest er reggtiong inchysig bakase potdingitad e satugted cagoricpeids amsapugte garboxylic
regul at ed ?ﬁ@ ed .1 0 ' 2. A
pol ycondezrl\és?%%f ?ﬂlglr{\égh a gsgtggqs%n%]#%ﬁﬁgﬁg#gg a%%%s%ging#gg(gg%%%a é%lgat ed
by val ve 2fiGataddr isdtutated mdyettor. ThRdicibaxydib acidnohay be a6Matid abiphatic or

ol ycondensat [.on reactiqn i arrjed,out upder pressure, and.i.ts.
Br Oé ress wﬁaahghaﬁlﬁn g{nap gy d?ca%boxyfm aclc?sumclmﬂsq:ut aI% not l?m{ted to maleic acid,
20  chloromaleic acid, fumaric acid, itaconic acid, citraconic acid, mesaconic acid, malic acid,

succinic acid, glutaric acid, d-methylglutaric acid, adipic acid, sebacic acid, pimelic acid,
o-phthalic acid, isophthalic acid (IPA), terephthalic acid (TPA), dihydrophthalic acid,
tetrahydrophthalic acid, hexahydrophthalic acid, tetrachlorophthalic acid, chlorendic acid,
dodecanedicarboxylic acid, cis-5-norbornene-2,3-dicarboxylic acid, 2, 6-naphthalene

25  dicarboxylic acid, dimethyl-2,6-naphthenic dicarboxylic acid, 1,4-cyclohexane
dicarboxylic acid and their anhydrides. Preferred dicarboxylic acids include terephthalic
acid, isophthalic acid, o-phthalic acid, glutaric acid, adipic acid, 1,4-cyclohexane
dicarboxylic acid, 2, 6-naphthalene dicarboxylic acid, hexahydrophthalic acid, adipic acid
and their anhydrides and esters. Esters (e.g., methyl esters) of any of the above

30 dicarboxylic acids may be employed in transesterification reactions. The reaction mixture



5 by withdrawi ng sanpl es at sanpling port 270 when valve 272 is _
opened. The pol ycondensation reaction product syrup 274 is renoved
from r eactWwp 286dA0tds openi ng val ve 276 and feedi ng the reantd2009/033241
product 274 through conduit 278 to shipping tote 280. [0032]Fig. 3
shows anot her exenpl ary shi ppi ng container 300 for transporting the
di scl osed pol yester syrup. Rail tank car 302 contains pol yester syrup
304 as a swlyuf deftedfonidh miver p@bies bEmondtarbosylizacids veestas oi reinor Syourps
304 may conveniently be used as is taq form polyester coatings, and
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di car bdxyPT&t&i ds for use in direct esterification reactions include
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carboxylic acids, their anhydri and conbi nations thereof, and the
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di carboxyli'c acids include terephthalic acid, Lic acid,
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20 or CHDM, B.P. 283° C), 2,2-dimethyl heptanediol, 2,2-dimethyl octanediol, diethylene

glycol (DEG, B.P. 245° C), triethylene glycol (TEG, B.P. 285° C), dipropylene glycol

(B.P. 229-232°C), tripropylene glycol (B.P. 273°C), polyethylene glycol (PEG),

hydroquinone bis(2-hydioxyethy1)ether, diethylene ether glycol (B.P. 197°C),

poly(ethylene ether) glycol, 2,2-bis-(p-hydroxycyclohexyl)-propane, 5-norbornene-2,2-

25  dimethylol, and 2,3-norbornene diol. The reaction mixture may be prepared without or
substantially without the use of EG or PG and instead prepared using higher boiling point
glycol(s) which in conventional polyester polymer syntheses might normally not be
employed alone. For example, the reaction mixture may be prepared using only glycols
having atmospheric pressure boiling points of at least about 196° C, at- least about 200° C,

30  atleast about 204° C or at least about 208° C. This may enable the synthesis of novel



of tri- or higher carboxylic acids or esters, including but not
limted to for exanple, et hyl hexanoi ¢ acid, propionic acid,
trimelliti nzoi ¢ acid, 4-nethyl benzoic acid,
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and their anhydrides 5or esters. [0034]A variety of glycols may be
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aery
and about 1.2:1, between about 0.9:1 and about 1.1:1, between about 0.95:1 and about

1.05:1 or between about 0.98:1 and about 1.02:1. Preferably an excess of hydroxyl is
30 employed, and preferably the hydroxyl:acid or hydroxyl:ester mole ratio is between about



[ 0035] A variety of catalysts may be enpl oyed for esterification and
will be famliar to persons having ordinary skill in the art.

Exenpl ary wabhgdondsss i ncl ude but are not limted to i norgainigRemngs241
organi ¢ conpounds of titanium tin, |anthanum zinc, copper,

magnesi um cal ci um manganese, iron and cobalt, including oxides,
car bonat es and phosphorus 15 conmpounds, al kyl conpounds, aryl

conpounds 1 angqaby 29€ bitkakA Mht 1:35ndEbdut 5: 16 BEtbaPdbotN 1 @hd dbbat DL:1,
nore thereof. Representative catalysts include but are not limted to
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Dot 3 1 avasagedelstulAs GUNEH Wil EKE SRS VE S e B o estet S
about 1.2y fo&gB%E%@?E;laMug%&e@Qﬂoﬁﬁﬁﬂ% ofithd ratio REhYRRRo@ROBEHA : 1

and about et ween about 1:1 and about 1.02:1. The desired
rati olfray efterifivatibn teetton willdelpavbidovarshonting p targeter] fusnbed py@ege molecular
esterification where a substantial excess of glycol typically is
enpl oyed. *F tdi scl osed process thus permts a reduction in the

amount of rgsypol mpplieMRA nidy HeliRrfointddtusi atbaRh@s t@ttinhinsatiction process.
reaction, and permts the reaction to be performed using glycols with
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may speed the.reaction rat ' Ghakig or
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final polyester product. The end product nunber average nol ecul ar,

wei ght wi Irdaciimciemasetusdsar pbont 380-2HE Goug repeyimendsdd e epfprfiention reagtieny
hes, 1: 1. and Thus

nol e rati o approac ar e . . )

dur ng-t hEoBBEIEEE BEY PRt PERECHEPT AR B B0 PG tegp of Bl

over shgot iRdsfes Al Bt 3NHIFRES pi)gs BABOUTLDSEPLALS put), ghita about 200 KPa
(29_ psi) orup to about 300 KPa (44 psi). The use of elevated pressure may provide an

increased reaction rate, and the use of elevated pressure together with temperatures lower

than those employed in the absence of pressure may limit the number of side reactions.
The esterification reaction preferably forms a hydroxylifunctional and optionally acid-
30 functional oligomer having a greater hydrdxyl number than acid number. Unlike typical
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[ 0037] Esterification may be perfornmed using a batch or continuous
reacti on process. Heating may be enployed prior to feeding, during

f eedi ng, i 1.xl ng, or conbinations thereof. The t y
be hel d agwgz?:%ﬁs zg%t val ue or nmay be varied during th?@g{:sg@r%%zo
esterification. The reactants desirably are nmaintained at a
tenperature sufficient to pronmote rapid reaction and evolution of
water, ”ehga%{i@ foP&anJQ%Iid%ﬂfe@t@ﬂ%&c%Hie%is%lb@édjés%iﬁ@ﬁﬁﬁrf%ﬁbﬁ g bof
the oligomer. For polyesters derlved_frrom et hyl ene gl ycol, reaction
t enper at uperforoied akiog b c2tier widGe Greagnse irethe fnal paediict Wordd asttherobfecenablsn

ti ) i il b . t Ned | | t ed
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reacti on pmetionsabbnitobing may e bardedoytldesnita che presehcearfdamiptsi vdnet! dlter thei d-
30 functional oljgonmer having a greater hydroxyl nunber than acid
‘nunber . UFPFRED TFBI@ ¥SCoSi¥-acti ce for making solid pol yester products,
the di SCW@@‘] Sty drielyC R o hPiRrsHER Weultl, MRYudRR RERIRERRBE disidd@didcussed
carrier ose presence 1 n the firnal product would not be

obj ecl® onlohere detdil ibalgwa Feactiphad distillationgnayl hegserbioirerae eowaterotietharg! nd

make it difficult, to.use,typically-enplo L Ntrinsic vi. i 1
measur enefitet WRMGREH Som the %sﬁw%ﬁg*gqrﬁé@?reaéggq Sr "bgfgﬁorl %nsd i? éga(%\é/ea\’/er ,
by enpl oyhdifesti ROBmNdry RAnRichdtor. TR PLIdasRyH scitivgtht exiaiflcdiiGriessnd may
nore detail bel OWL to nmonitor one or both of the oli georreri zation and
pol ycondefs axane peerstiedits n lepvihanationtS. hesy thae abat iog S%ﬁ*@ﬂﬂmﬁﬂ’@“fﬁhe
presence I I f Is

0033] A vaF|GRE ¥ SgMATiONL el 4R e il GpPBOploer,
carri 8 s ThoendteroliPmeric prdectoeydinmediztedynbe donaateddm bighetimselpduffaat | on
may be used to renove. water, nethanol and ot her. byproducts fromthe
oo er 11 CHPIEIPEREY TS Hob o s DR COf S QR i3 AT COBT 5y daehion as
nonr eact i §&irc@4dd 18%) cdneddde reactor. In a production setting, the
esterification reaction may for exanple be carried out in |ess than

about 8, [083%Y t hZhe pidpesndensafion rearsion man baputied euthna dxterant reaetpngomi me

ired h b i ncl udi i -
or oduct. B8 hRE: pied vt FRETBoR (Rir 1R bl BhBY st Bl GRS o feHorm
convesd edesteRifidhtihgE.glyas BOtEA). Thé giifonies is/@aibiicd whihl asufiiblé bathlgdt andr

may be cooled or stored in any convenient fashion as _desired and
| at er conRaweagtive carrier at elevated pressure and elevated temperature. Water and glycol are

removed via azeotropic reflux with the nonreactive carrier. The end product preferably is
a syrup rather than a solid. By avoiding production of a solid end product, a wider array of
diol reactants may be employed, including higher-boiling diols whose unreacted residuum
25  might otherwise be difficult to remove using vacuum and heat. For examplé, the disclosed
process enables use of diols whose boiling points approach or exceed temperatures at
which the polyester product might decompose. The end product typically contains
appreciable quantities (e.g., 5 wt. % or more) of nonreactive carrier. Adding a carrier
would be undesirable in the conventional approach for manufacturing medium or high

30  molecular weight polyester resins, since the added carrier would have to be removed to
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[ 0039] The pol ycondensation reaction may be carried out in a different
reactor fromthe reactor used for esterification (e.g., as in Fig.

1), or in {Bs.mAdRsseactor used to perform 20esterifi caidpms20@/083241 S
in Fig. 2). The oligonmer is conbined with a suitable catalyst and

nonreactive carrier at elevated pressure and el evated tenperature.
Water and glycol are renpoved via azeotropic reflux with the

nonr eact i \BGithe hevnallJlassiRadold afGbAYRE €A yis¢ositpralyting cargithiiring
than a solid. By-avoidin roduction of a solid end product, a w der
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to be renoved to bt al. he .nqr | v- desi,, i t
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techni ques to nonitor the 80| mer-form ng reaction. However, b

enpl oyP ng 700hene;8ave 8i0H0 fe %m%m@h&qoﬁém?oﬁaﬁﬁ%emwrﬂ%? ?9780(1%9“’%
carried o | t C ' '

Feact | on IOPPERELSOUEES, RO BOERTA, R ol .00 S00 S L 16000 BR5000
wei ght f omma. medi um nol ecul ar wei ght pol yester may for exanple be

4,000 to 7,000 anu, 5,000 to 7,00 . .5,000 {0, 6, 000 000
07,000 HRIO] ThARaFidabete R e denvabagRemIPLblira R S FRRTE gn

mol ecul ar gl he:1MVhdbOfucR T8 bafmbePRRragU
(e.g., at e%%?&.%}%%&f@%ﬁ%% 7,001utco 30,6;061 awﬂfﬁ%m to 25,6 0 anu,

10 7, 001 nol@0l0oeighnen igraeorapslizoWbenioaning hishopoleewarymeighpokypgiers or
R RERT G T DR MR M TR X
 be all too easy to overshoot the desired reaction endpoint. Alternative monitoring methods
such as the use of gel permeation chromatography to determine number average molecular
weight, or titrations to determine hydroxyl number may likewise be too timé consuming
20  when the polymer-forming reaction is underway. Progression or completion of one or b'Oﬂl
of the disclosed ester oligomerization and polycondensation reactions preferably employs a
non-viscometric monitoring technique. A variety of such techniques may be employed,
with the maiﬁ criteria being rapid availability of measurement results and accuracy as good
as or preferably better than the accuracy obtainable using intrinsic viscosity measurements.
25  The use of near-IR analysis to monitor the disappearance of hydroxyl and acid groups is
aﬂ especially preferred technique. Nuclear magnetic resonance as described in U.S. Patent
No. 6,887,953 B2 may also be employed. The measurement results may be used to -
determine whether additional starting material (e.g. additional diacid or glycol) should be

added to the reactor during the ester oligomerization or polycondensation reactions in

30  order to correct the reaction mixture and assist in reaching a targeted number average
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[ 0040] As noted above it nmay be desirable to enploy hydroxyl:acid or
hydr oxyl : ester nole ratios approaching 1:1. Under such circunstances
t he pol yn%or}hlmﬁﬁﬁgverage 15 nol ecul ar wei ght can i ncrﬁﬁ%ﬁﬂgﬂj&ﬂ«lﬂy'
When form ng "hi"gh mol ecul ar wei ght pol yesters or when using

vi sconmetric nmeasuring techniques to nonitor the reaction progress,
and may be all too easy to overshoot the desired reaction endpoint.
Alternati YoIdERR %@{%ha %ig&ﬂ%ﬁ@%@&xﬁﬁé A8y H8EbOfontithedREIMBRchRRc
chromat ography to determ ne nunber average nol ecul ar wei ght, or
titrati ongechuiqust(gchianthe myedswsmeént ofinrinsiomascosifkavhesmonitoring of stirres
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Progr essi SHIEY CBANFA EHeSStH LGRS TGR NG PSP I LGB L ] > e st er

ol i'goner i gejspn amd pERLNGPOHAIRS Alal 08 firRamitddas shRinahgesdbispertind slier a
non-vi scometric nonitoring technique. A variety of such techni ques
may be5 enfhabywodecular whight er teenbtpin pioperfipsat el veg THEBETRVERET Malsrilag yeight

e er e e RS A poaker L yhip e e

the accur e usin I'CVI'sco measurements. 25The
use of negubclals GipipestSpdlAer® tdritains lideer shlgarppeymasdadhg hycnberyl and

s onanG o ReEses SapBEeIaht (Y of DR 2N IO BEbH Sy THEYPORF g
| oyed. - | '
enpl oye thgﬁ?ﬁgk%ﬁﬁég ot Sr YRR $RE of AhfiSlerdiie? );;Mgﬁehsr

addi ti ona e.g. additional diacid or glyc
shoul #0 beoxidelgmupo Ltihear pelsestay polymeisnygithim suchstienlass pidyeaving azaaibsn  or

pol ycondensati on .reacti o in 30 o r to correct reacti o

m xt ure aﬁ%?r%él?‘g?cufaﬁ WF@E@WF%& "ga’i é@g@?@doﬁﬁﬁﬁgﬁn ]g[vdgjﬁé"&él’ 01}1]8?3315% ar
wei ght. Nonewl QRS didcCprtRaEd)| AbfBer Phdferaddsabdlass ©OPdl ey p¥llyindrs has a Tg
visconmetric techni ques (such as the nmeasurenent of i1ntrinsic

vi scosi t yaisater than Adend lessithan 49 Coand arambergvgtags moleeareight of {04 49 or

ol i gomeri i [ [ . 4 t

pol yrror ey oL ERPRlel GAPAER SR e SR ChiRine LRI RE Y ERIRE
mol ecu$ ar thae BSE arecalsotpoefaibédai For pxampede, ttheeBg mby be chiosarsorsamprovideer age
nmol ecul ar ight that _are not available in co rcial | y=suppl j.ed

pol yest er P%ﬁ?ﬁﬁﬂ?@@eﬁﬁl@t 13 PRI BT RY TAQTR Lmapstatiye %WW@%F@W;%B@%@?’QMG
contains g oBf3he/BadAlsinRQhe/ ey it eradki AP TRELZ BURHABBntTDf e C Ul ar
wei ght (Néhd)ﬂﬂgtg%,oo% to fggo,ooﬁa;ﬁrrﬁerand a_?\ dr oxgl n]%nber oIfl 5 to 20,
t he pol ynatlsapicfored sbhsilasg of padeestst pelymens bsdeyived pmyat fops sore aemalie ene
oxi de or propylene .10 oxid r s. Linear polyester polynmers within
such subc&gggggﬁlaaﬁéﬁ”ﬁﬁ&éﬁﬁﬁﬁ%%? aver age nol ecul ar wei ght greater

t han £900[0p42], O Yagis§ df baalydtdmaPBe adiployalin iggljcbadendatiol Bécasniandar e
al so preferred. Another preferred, subclass of polye ol yrmer z%s

t
a Tg gr eavdhbafmiiaty pastens baung erdinaokd g At rﬁﬁ%@fﬂfgr ¥gyeinclude bu
mol ecul ar . wel Ol Qi 1o zhoggi]neht@oxég a0H i@%&%ﬁﬁﬁfﬁé eﬁ&‘iﬁégﬁ&?rcwtfoﬂ' n
S a n 25 an

such subci'gs avi ng g greater tha ess 15 than 35 C are
al so pr ef esed édamdroits sflivigut & promete Toe paycobdensdimaaeaction, for axampleabowted a
ol yest er I r that is non-tacky at, room erature but which is
guf 1¥i Ci enf[o|p oﬁ/tﬁz),goh PRI cat%.lyst ased on epolyes(t)er weE@rtTP
25 [0043] A variety of nonreactive carriers may be employed. Representative nonreactive

carriers include but are not limited to hydrocarbons, fluorocarbons, ketones and mixtures |
thereof. The chosen nonreactive carrier may be selected based on a variety of parameters
including its azeotropic boiling point characteristics when mixed with water, any

contemplated later processing steps or storage considerations, volatile organic compound

30  (VOC) considerations, or the intended end uses for products which may be made from the
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so that a coating nmade using the polynmer resists cracking or crazing
when bent. Yet another preferred subclass of polyester polyners is
~derived frQp,gdo b@ast sone aromatic dicarboxylic acid, @hiyEbdodss 201
ester. 20 00421A vari ety of catalysts nay be enployed in the

pol ycondensation reaction and will be famliar to persons having
ordinary skill in the art. Exenplary catal ysts include but are not
limted tQistiaQagoREk: SR THeQWArehdlive QAFEChkpfor Wkdniblé hve a boiling point
esterffication reaction, 'used in anounts sufficient to p‘rom)%e thﬁ]

pol ycondegwater than thedighiesiexpecind tesapgrpiues 24 pbinh the palvesiss BXTUR 8120 0B S'BYS
catal yst - egg g% Ilgagt- Fhe ke |%§§E%F%§%1gﬂés§és bl QS el YerPeratures at

nonr eact i rrers nmay presentative nonreactive

carriers iyhidhublepdiytsteapdueimihtietanpdse (i dipcto ar bonsesshof 081°d5266D0s,
ket ones and c,m' Xt ur es t hereof. The chosen nonreactjve ﬁ)alr]ri er. bbet
sol oot 80 BAEAd0BIN0S O af pregmple: (D5 PSREEEVS CHTHEN ek TYS APSLIRS BORY GrADe

boi 11 g P} B o IRFIHE (S hih 1 86t 4BER Fob*Eapbluf 15048486ut 300%C 6PAioarTIsabed

| ater proceéssing step$ or storage consi derations, volatile organic
conpound 3Bout YEC)C.cRuefrably the inomrsactive cartier las p bpidiagl peintigugafesthiper equal

products -whi ch be fr.omthe Lscl 0 e
nonr eact i %tﬁleraquyg‘épe%&;@o@rang%%?@feﬁ%@}ég 3&%??#%%&%%?@ Ehagérﬁfaa %sre;gt] han
the hi ghegisgexyeeiasbliemBarcadtive Qardibrs\Myhade alkagegatly aslieptans YB.RPOSTG), be
stored (e.g., at |east about 60 C) up to temperatuyres g]sé hi %? as, or
even aRceedaryBRABET ) mrinaalspiripiBR 1¥A30P0 Y 8ad Brxtpes Higtaet: ue
deconpose Q.| . 1 O ‘ i 0f0-

C) . For e;?g(%f) el,)on? Ene(:h%ou%tgglgﬁe éﬁ?zpr?)é%?gn%%(%ig\?% Ogc%gli%%i?]ﬁéﬁ;gbdi;on?&gf
about 60 ), coh@usrciABOailatieniatetidB stch aabimtARDIATICA rmgt 1088 (¢®, about

300 C or about 175 to about 30 . Preferably ft. nonreactd | er
bas & boi ARGMASIC L CrihebrEi o) b Brepoblonr A RERIEEL LR
and more Fé&&%ﬁl@ké{g;ggﬁﬁtﬁsommoeﬁd SAEBl SOD AlibeY fréh Skell Oh@ieal (Chend
C). Exenplary nonreactive carriers include al kanes such as hept ane

(B. P. 198 @ixturks theso&mstrolgum solves gycludingnealeuns saphitha, V&P naphiha, 300

C.) and mxtuyres thereof: a th& G i of

T e e S A
commer ci a‘iﬂcl/udﬁ%&hxgp@ﬁlhﬁ (BH, 250-a86° GriRdtoms iichelitgRAMATELF] ketensd @sP.f800i ds
(e.g., AROMATI C 150 and AROVATI C 200) from Ex (i)(anb'é_ECf P.~ an tlhe.
SHEL L SOL TD-gaethd dsoppiy] ketored Be- 1175 ¢n msgy] 159@'@3 gieBe G4y ‘@o@ﬂ%@’j
from Shel | ' : ognd ] tifags pofi4 R yey, s

i ncl udi ngmgg];&gqn(eégi?ﬁphcg% ?ﬁécﬁ%:@%%ﬁg%ﬁﬂé%sggéﬁgﬁgl Eégél)ventl?qger osene
( B. P. 2050 pfejhyhhekyhketoner(BP. 1 Az @pmethyl baptyl detohe @HP IOV Enard mixgwredi ng

t ti B, P. .150-180.Q).. ket i di ng.. met hyl ket
(B P50 Betcatspd e ot ierab LR eiapes B Hepi e, Zhbag ™ PN
l{gt g nelg gh%roézﬂﬁbn@ﬂe prErthyd nowreakiieadaarites, (fffsiert BOn)ctive yatiehdnsald e e

i sobutyl ketone (B.P. 168 C), 20 ngt h%:lﬁlheé(ﬁll ,kef)rggbe
(B. P. 173em@ployediotpyovidrmpitiprableaeastion pitpre apd o pryvids g tinpharedustinthieiouss ;
and m xtures aof differe i e ;
Arommt 1 ¢ R APOEEBOHEP i be ARV ARRE nl ERRUERE MR B Bloporton
nonr east i y&g. Ciarakioghits sbivespondisg wrapbutysétiort morey abeitd Y osmpiey atvle] 5% or
reaction m xture ané:l to provide g final Birlﬂa%ld%t in the f0{$ﬁé,;)f a
pol yest er 9y apout 2% 9 5Hire 489407400 1qrey 2 fOT FR%UE OF b, PRETVE y
hi gh propgegi | NeiSHl Ut enonRhabiBRRAAR Ry £ caltaple bBYS Mlich
nor e, abogfﬁ]%@?i?b%oﬁfgs,mfb‘gﬁ 5% or rrgre, about )2(0% or nore, ab%ut
30% or noaeaboabith, AO%H WL, mbous 86%, stmutiB0%.0tpel 70fp abow 0¥ e abey 0% of

pol yester syru ight). The nreactiv arrier. -fo be
as nuch aéheérH@EP&e%%or SQJB%WP%Q&&&IWW%?&/?O%B%%F%/%gggougs 9 Y
about 60% or about 50% of the final polyester syrup weight. Large
anounts of nonreactive carrier generally help increase the :
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[ 00441The pol ycondensation reaction may be perfornmed at any

conveni ent el evated tenperature so long as the polynmer forns at a
suitable r es not undesirably 5 degrade. The rgiqﬁ{ b &9,
tenperatur@b%g@ﬂﬁ%zsgexanpl e be about 200 to about 260 C, asout 0%3%1 to
about 250 C or about 225 to about 235 C (as determ ned by neasuring
the tenperature of the reactants thensel ves rather than the headspace
above the iﬁ&%@é ABbSlyconlibsafiSitrehdtRR rBYshbRer8E hElyetRdeRhiid reastioh efcle
above atnospheric pressure, for exanple at gauge pressures from about
34 KPa (5 tipmior reduce the adswired o0ngRaquel5 psi), up to about 200 10 KPa

(29 psi), 0 out. 300, KPa (44 psi up. t (o] 4 i)
or up to é@%ﬂi 5 el?ﬁg’c?%ﬂsﬁg? ?eaﬁtﬁ’@ I%%'I W@Sﬁgré%s aat&l%n&'n(%?l‘ééég‘fq"lt (%%gat&?

proceeds mrd@issllongat tipglieter FRip of Dduitas ratd aithdea hotr@desirhbigbout
210 to about 250 C an§ nore preferably abqut 210 to about and

235 C
pr essuf es degraden dibe reagtion smppghwre Bapiogpsample beakoup0dg apegt 2B%I Gebpu 5

derived f H? oeéblaw 50 C%r%ﬁ&lt 2251% %ovgﬂ’ Agu @t(fj.p&te?ﬁlﬁeh %? gn ing the

pol ycondensati on reaction nay or exanple be carr out “in | ess

t han aboutenferdt@s of the asachislienkelyes tades thah the hebdspsce@birethsreagants).

counting time to heat, the reactants or _cool th roduct. .These ;ci{’res
r

are consi d&F EBFYOITAT hederiorasd at pesyyrsraboyg Ao C p&ssre &g R

conventi o géﬂ cSskiffesStéth ShaRbY RPh ¢S pPhY©eBERNSBKIPATLS pHNdploSibaaE200he
final product "preferably will be a polyester syrup rather than_a

p ]
sol i d120( &Pg.(29 pd), hptd abeu) 300d{ Rac(44 psi), upheshoupsd S8asipr et abpet | n

fact sever dyv.ant ag associ.at e % . I . D For
exarmi o - 300 KBE LA v Ee PRERGEkRlutitdishylaPhe MgE BRI B0,
Tor e CONV @fRfnkrs. UERihetMrBPetubag200 € o250 € andeadire pgeratipabdus2 he
case when starting froma pelletized soljd. B% conduct%geglrft he

pol ycondetsahorbid St Eastd pyesshies ef aherdd0 fp @bgul SHLK e Aig pref; oy BRIYRSIFS

the pol yc 8&%@%@&&50 158K o nm.ragjrgdugﬁé(n ge&ﬁfg?ﬁﬁ ?S?Eéoﬂ#glgsa’gél Y& oR nidy®

may shorten. corftrensati on reacti on m X be stirred,
t hus fifirt ferexahge be carrigd eytdh kst tharshouTHidess thapcbond &g desk than ebeyd Hihonrs

may be perforned at redquced te ratur co r tQ. a conventi ognal
ol yoon eRAFRBME R B e 1B TP ge PRACE Qe s T BTy
react i ons ghoHaeHHS the@fmdRHIGS RMkeRebRtchfired 0AEbrvaRioNAD s8lid kta@ pblyester

pol ycondensati on reaction may al so reduce overall capital or

oper at i ngpelyemdensagonyvacuum 30 reactors can be nore expensive to build

or nore diffLcul to.t 040 AE b
ot ed. howbV4pT ¢ oS ARRREbSNRARRAT S he EfoiycsREEED Rruck it A0 B°
usi ng20 he (¢l spilesad) pilpses shadyre (b pasita and hrfattceveed iadvantagberssiciated
wei ght pol yester preparation) requjre us f a Shl ar ged '

pol ycondenBaieisclassd proges K Ber 8 igle: #4iofg AhBrome St galgrT R
tenper at urogmﬁa@ﬁl%fc%n%fﬁénﬁyhb&ﬁo nfutaBare§RBR6ef doauhRfihdd ik fRERR WHen

ot her

starting from a pelletized solid. By conducting the polycondensation reaction under
pressure rather than under vacuum, the polycondensation reaction rate may increase or the
25  cycle time may shorten. The polycondensation reaction mixture may be stirred, thus
further shortening cycle times. The polycondenéation reaction may be performed at
reduced temperatures compared to a conventional polycondensation reaction, thus limiting
the occurrence of side reactions. The use of pressure rather than vacuum during the
polycondensation reaction may also reduce overall capital or operating costs, as vacuum

30  reactors can be more expensive to build or more difficult to operate than pressurized
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5 purging gas through the reactor, quicker neasurenent of

pol ycondensati on reacti on progress, or a conbination of these

measur es. Woddelibbmsr esul ti ng pol yester syrup may for epc@msze0omestiai n
about 5 to about 95 wt. % pol yester solids and about 95 to about 5
wt. % nonreactive carrier, with the desired amounts of pol yester and
nonreactive carrier nornmally dependi ng somewhat on the 10-pol yester
nunber aveemtpes. Mpslenid Hrnoted piteverAhatpdipamtiombSdgh snolearlagheigiglolyestersr
syrup mght. for about .40 to out ster

t
col i ds andls’é's&ﬁ‘? S rorea vty U eompmicon 4 RedRgube R eid PSR 5o
to about 80 ‘Matmrﬁ’r@!jﬂﬂéﬁﬁ& Bf arSQldrSR] R oARALH! 0B PedcBorPRAMK stiz@nghotoda

nonreactive carrl er. hi gh nol ecul’ar wei ght pol yester_ syrup m ght
for exanpllengeventdgher Mtaﬂse reactidnonyelegimnenan H%ep%ﬁﬁ\}@\t efritsegen g5 otherd
about 95 to about % nonyeact i ve (A about
R T O e R S R D
carrier orr@g%ggtora(}ommaﬁ&u@ftﬁ&emeam%spoI yester soI i ds and about 80
to about 40 wt. % nonreactive carrier. |f desired, iadditional

carriers ([0013@ udi Thy reetfingaoliester YRIPIaT oy expmploroniairiaheut 3 1q fﬂ)@ut 05 wt.
pol yest er o2YLALLEd: £ IRLELS ?d‘ab%fn §0e wgé)ﬁfs&ﬁd@@@a& Qi fRakkiAN.

For exanple carrier added once 20

t he syrup ahmants oﬁpcﬂszlesmbﬁd mrmm:h\ys cmmmsonmllghdsp@ﬁmg;emcwhaitondms with
the polye ver, r eferre odi

Subsh Rt | 3P Dgster RS bierags AN FIEHT o BIFIRG TP SO S D P e

Wi th the pabyest Sample RRIHCHRIEMSBEDAR 95 SHPRBYEESs0(i8s £hd.abdit GOhe
actual tenpérature or tenperatures at which the pol ycondensation

reaction ebeusSrddys HWGWESW abputrfl§) tooabousiwa §o pddyestsr sdidgand about
duct t for .
g:lgt Egr S % S 150, ?gﬂa}zvli e; 901@? cglﬁ? %{51"1%; %C%%]E ﬁl?)}]egﬂlg} %g’ ght{#o’fg%stgf sy'rl.'il) mlght

i ncl udi ng f&fd;tﬂﬁpﬁwﬁﬂaﬁsabbﬁtei tdraboat B0 Gvtshotyestar Solids anll, abbettoSso sbreih 2@s
the tote 280 shown jn Fig rail tank cars such a gdthe t.ank ar 300
shown 1fn mitghe nsnre@th&@mtnah@bwap tepbout (G- v Pollsfzﬂe{ﬁ Sae%‘éoug Bhet s

and ot her .g801;BBA%,G Qﬁxteéétﬁxé ﬁm{eﬂ&laﬁ%t'iod?ﬁb 6t o BEIGEE: shRIE dnbiar t o

persons having ordinary s e art. The chosen $hi pping
cont ai ner ablesigd ababoutdd wi. e etnre0tinpepiricalbl desiresly addidonaheasridre EmCIHdlng

interstate shi nent .an fire codes for sto e,

20061 1002 38PEIUR ST 850 A FBR e ePBee SR ity SEPEEEpEIEoy (¢ om
the pol yegbEtoriéhdaRon RabtHAe Fapiéxatiple, RAbtive dﬁlﬁe%'(etgo ektets) nay byyadded once
non-sol i d products such as paints and priners ‘

cor r 02Ponheyrupthantogied wificientlyise a3 o) %@omawemoaé m@ﬂ%@l@ﬁ@f

2oL Yoo " oy FOBAER DAl A RO, B
or esters that could react with the polyester at polycondensation temperatures (¢.g., at the

actual temperature or temperatures at which the polycondensation reaction occurreél).
[0047]  The syrup may be used as is to form products or stored or shipped for use at
25  another time or in another place. A variety of shipping containers may'be used, including

drums such as the drum 106 shown in Fig,. 1, totes such as the tote 280 shown in Fig. 2,
rail tank cars such as the tank car 300 shown in Fig. 3, truck tank trailers, trucks, bottles,
cans, sachets and other'shiﬁping containers that will be or will become familiar to person;sr
having ordinary skill in the art. The chosen shipping container desirably will meet | |

30 applicable requitements for interstate shipment and applicable fire codes for storage.
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5carriers, coal escing agents, pignments, dyes, fillers, thickeners,
di spersing aids, flow nodifiers, viscosity nodifiers, antifoam

agents, %??ﬁ@Flﬁ S, inhibitors, binders, crosslinki nq"ﬁ?@%“ﬁ’e"%ﬂ

initiators I'ng photoinitiators) my be conbined w
pol yester syrup. The anounts and types of such additives will be or
wi |l becone famliar to persons having ordinary skill in the art.

10[ 0049] Tgﬂ&pve HrbRidts vhisHnb B folBSTH bR B folyebiLsyrs)) inonlid Bt Eeawe! es,
i n which parts and percentages are by wei ght unless otherw se
i ndi cat ed linfited tinisially Porpelidarpdistssicinastiiagts aug| peissr e QsPTPRIOPESiEst er

Resi 15[ 0Q50] A mi xi . | i. i i i illati
oot um, canmersapetpfgbRRRan S HARTER LMD, B0 AHE, Yot bl 1) 21
3.2 nol esﬂagckﬁﬁﬁ@%aﬁiagﬁs&lﬁmjﬁdﬂmsiveﬁ- Bditredsasclidide g foemation

di carboxylic acid and 0.8 grans FASTCATTm 4201 di (%utyl,ti n o>ﬁi de
catal y8t ~ cHrisin walestipg 25ats) pigments, dyess fillere.dhigkencss, qispiagng aids, tlow

hydr oxyl : agi i i The. was

1 tshed wiEREeRE YR thell bl Bhu i a5, B oo BRI IR o
renovi ng wabksinkinglageaandinitietopairtuding phatidigdtrs pnap BS@mbindd wiinthaci d
nunber of 18-25 was hi eved, as determ ned.by addin T C 150
fluid (f rBiJ)}'V.%@EéﬁWBb' 3%?%?5)“365’1%?? Pgi@éﬁ‘g“%%gﬁﬂg%g?’ﬁﬁ%\%{“%@ﬁ%ed
by titrat idRrank RainglotinaBieanalhearKOH sol ution to a pH 12 endpoi nt.
The bat ch hydroxyl nunber "was al so determ ned in under 30 m nutes, by

addi ng0 AR{B0AT) C Tho irfvientian is Surthiet deseribeddn e dollawvinsExamplese in whigh plbparts
reacting the OH groups,w th, excess . .anhydrj o convert themto acid
groups, fgﬁl(f}?ﬁ%e&%ﬁef %?W‘évﬁgl&ﬁun\(/iﬁstq ﬁm%ﬂxﬂn%lg%ﬁ%nol ic KOHto a pH 12

endpoi nt. The reaction tenperature was |owered to 180C and additi onal
1, 3- benzene dicarboxylic acid was added to adjust the hydroxyl:acid
ratio to 1.03: 1. Pol ycondensation vigspmpled ¢ ed usi ng azeotropic

carrier) 10 30 provi L AT shtbalte wloht PRRANERE | Tt l e
a5, BSOS A B P AR i g Tl B8 i,
vas al | owdgrha@netérs end inert 843 iKlPawgslchargsd Wwith Bifemblas 2metlyinbSrmenanediolas
T G b A G5 e BH A R P AL BB,
The col or &de ERAFH (B QBKIMEMER UREleadtid I1dWEIS046: 1 hydroxyl:acid ratio and did
not include EG or PG. The reactor was flushed with inert gas and heated to 235°C over 4
20  hours while removing water. The batch temperature was held at 235°C until an acid
number of 18-25 was achieved, as determined by adding AROMATIC 150 fluid (from
- ExxonMobil Corp.) to dilute and cool the sample, followed by titration with 0.1 N
methanolic KOH solution to a pH 12 endpoint. The batch hydroxyl number was also
determined in under 30 minutes, by adding AROMATIC 150 fluid to dilute and cool a
25  further sample, reacting the OH groups with excess anhydride to convert them to acid
groups, followed by titration with 0.1 N methanolic KOH to a pH 12 endpoint. The
reaction temperature was lowered to 180°C and additional 1,3-benzene dicarboxylic acid
was added to adjust the hydroxyl:acid ratio to 1.03:1. Polycondensation was started using
azeotropic distiliation and sufficient AROMATIC 150 fluid (as nonreactive carrier) to

30  provide 17% aromatic hydrocarbon and 83% nonvolatile reactor contents in the distillation
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5 and the resin was free from haze. The product nunber average
nol ecul ar wei ght was Mh = 9,087 as determ ned by CGel Perneation

Chr omat agry@Bhyeeksagpl e 2 Preparation of a Medi um Ml egdiagsadrogidhi
Pol yester Resin 10 [0051] A m xi ng vessel equi pped with an agitator,

di stillation colum, condenser, thernoneter, and inert gas inlet is
charged with 3.2 noles 2-nethyl 1, 3-propanediol, 3.06 noles

1, 3- benzegqfxidiec amboxislibteapbdtvddttadinCregiea 162 FFAS hadThed 2 tionlidasdly | tin .
oxi de catal yst. The reactants have a 1.046:.1 hydroxyl:acid ratiQq d

do not i notessiee wes Alovpdio meeto 1BA KPR (1 reik | Thehalgh (frinstatye pias gautal

heat ed t 4 h ' L0
tenper at uPEARSC Rt e Olet G fad STRE B8R T fing 475 pUEb s 29
achi eved. addie fiRalclydeskyl @ilRf 64¢18.. The bolmessanbaswed B(he facinaristiatei veasal

1, 3-benzene di carboxylic acjd are added to_adjust thf ydr axybaci
ratio o andthe 1osin wimolrgrconme st he AOHYCt SUEPEIAYCTRgE Pgleqy BV FIBHY; %as

distillatL Sa,rég dg{gﬁhhg&&ggg}%%gbgﬁgﬁgg to provide 17%

aromati ¢ hydrocarbon and o NONV rea r contents in the
distillation mxture. The reaction 20 tenperature is increased to
235C and the reaction vessel pressu‘EI’E(?ﬁisl ﬁl lowed to rise to 100 | CPa
(15 psi). The batch tenperature is 8“ned at 215C until an acid

nunmber | ess than 3pQ,apdiod dfaMEdien ViBleSstdt Wei Wﬁ;es@l/ﬁbﬁﬂe
nol ecul ar wei ght of g 500 anu are achi eved. [0052] Havi ng t hus

descrijped g?!sﬂ pr ef BhtiRsva s eglipRANALn dgfiStoR dREERAton JOURI, CotitlenstB,

t hose of [ inthe art will readily, agprem ate that the teachi ngs
f ound her giermemgtenh endipptt gesiniebisybargest Wisth 3 2rmelas Zrmethy] {w pronqnediel. 386 pe
of the cl ai eto attached T 1 ' . .

pat ent s, B’é’ﬁ% A?’e é‘%’@ﬁ‘?ﬁa ?ag?ongjﬁ%acpl)%%rrdfdéggl}a%lg?Aﬁl?%ﬁ%lg%@g%% k)ﬁg?ei n
by ref er epggly@s Thé rdabidhte hekeal 1.946: Nyl qol:adié thtio avé do hei intlude BGpr BGess

corpr | 5o The eactof s fughcapyiiner ot 2BR ERBH o S noWS OOPUB B APOIRE
15  water. The batch temperature is held at 235°C until an acid number of 18-25 is achieved.

The reaction temperature is lowered to 180°C and additional 1,3-benzene dicarboxylic acid
are added to adjust the hydroxyl:acid ratio t0 1.04:1.0.. Polycondenéation is started using

azeotropic distillation and sufficient AROMATIC 150 fluid to provide 17% aromatic '

hydrocarbon and 83% nonvolatile reactor contents in the distillation mixture. The reaction

20 temperature is increésed 10 235°C and the reaction vessel pressure is allowed to rise to 100

KPa (15 psi). The batch temperature is maintained at 215°C until an acid number less than

3.0 and a targeted molecular number average molecular weight of 5,500 amu are achieved.

[0052] Having thus described the preferred embodiments of the present invention,
25  those of skill in the art will readily appreciate that the teachings found herein may be

applied to yet other embodiments within the scope of the claims hereto attached. The

complete disclosure of all patents, patent documents, and publications are incorporated

" herein by reference as if individually incorporated.
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b) converting the oligoner to a polyester polynmer by stirring at an
el evated pressure of about 34 KPa gauge to about 100 KPa gauge and

el evated tenperature a reaction m xture containing the oligonmer and 5
wt.% or nore of a nonreactive carrier capable of form ng an azeotrope
with water and having a boiling point greater than that of xylenes;
and c) renoving water fromthe reaction m xture via
azeotropic reflux to provide a syrup conprising a nedium or high

nol ecul ar wei ght pol yester polyner in the nonreactive carrier. 2. A
process according to claim11 further conprising using a

non- vi sCONWETi ¢ techni que to nonitor the conversion of oligomer to
pol ymer. 3. A process accorgding to,claimz2 wherein near-I|Ft anal ysis
e Yeedt o mORIEES 1 REnins A dak S ude sRySHRG AP RSP GRS 4. A
process accokdi NQgprbvidity c¥dinthg 6OEEEEr biigomer; f or m ng the ester ol i goner
from at Ieasé one ﬁl colhh Vi ng, a b iIing oint greater, than 196C.
5. A process ccory S EIMHT 1° ABHBY 'S lﬁ%eﬁ‘bdf PRt P Elevated gressure of

ol i gonmerbdut 84K gajlgy edbo10gkBeGaldd afdelévatea anit@ratur® ®ichitiog mp@ir&tongiirdat er
than 200C. 6. A process according to clajm1 conprising formng the
ot or - oRTEsuRt e o e Pt e G BEP A TIE &Y BETIPRYpUF R
gr eat er ahdigning §0STing PoiAt gdda00 B tIAE6YIeHea:Gn 0 cl aim 1 conpri si ng
forming the ester oligoner frogma glycol or glycols_each having a
boi | ng poi nf) gr dAPRATEAFIRS oRARE earton Bityieiastent OB SO PIVER APRIPL
wher ei ncérw@isiy & hpdict eshighGhole0lai wdight pdleelaodcbmeginyi:todretitiveSte.S t hat
coul d react at pol ycondensation tenperatures with the pol yner.

2. A process according to claim 1 further comprising using a non-viscometric technique to monitor

the conversion of oligomer to polymer.

3. A process according to claim 2 wherein near-IR analysis is used to monitor the disappearance of

hydroxyl and acid groups.

4, A process according to claim 1 comprising forming the ester oligomer from at least one glycol

having a boiling point greater than 196°C.

5. A process according to claim 1 comprising forming the ester oligomer from a glycol or glycols

each having a boiling point greater than 200°C,

6. A process according to claim 1 comprising forming the ester oligomer from a glycol or glycols

each having a boiling point greater than 200°C.

7. A process according to claim 1 comprising forming the ester oligomer from a glycol or glycols

each having a boiling point greater than 204°C.

8. A process according to claim 1 wherein the syrup does not contain alcohols, glycols or esters

that could react at polycondensation temperatures with the polymer.
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9. A process according to claim1 conprising formng the polyner at a
hydroxyl : acid or hydroxyl:ester nole ratio fromO0.9:1 up to about
1.1:1. 10. A process according to claim1l conprising formng the

pol ymer at a hydroxyl:acid or hydroxyl:ester nole ratio from about
0.9:1 up to about 1.92:1. 11. A process according to claim1l wherein
t he pol yner has nunber average nol ecul ar wei ght of 4,000 to 7,000
amu. 12. A process according to claim1l wherein the polyner has
nunber avera nmol ecul ar wei ght of 7,001 to 30,000 a nu. A
process “acco rfrf@ﬁ?efo@rngit?ﬁ'alm&ﬁ@mswgf%'n%wawwerﬁb%hVHm%@wd S er age
nol ecul a?,d,\am,ggmm@ie retidXRfh .91 3PecQ8Atam.  14. A process according to
claim1 further conprising formng the ester oligoner in the
nonreactive carrier. 15. A process according to claim1l wherein the

nonr eactipve AgkdcksbecE@MREd GhA 1@6}n;ﬁ=is'|ﬁ§-ﬁﬂ'mn@lrh9 BBrhdr alWiHREAEBPE
petrol eum sol vent, plant-derived solvent, ketone or m xture thereof.

16. A pWM@B@éeS%WPdFtWWbEF%%Lftﬁlﬁlé’t“bjr??Jche nonreactive carrier
has a boiling point of about 140 to about 300C. 17. A process

accor di ng to claim1 wherein the nonreactive carrier has a boiling

poi nt oftlabofPrors®ageerdiapiafaimpyberein i Pola&mﬁrrfta&@g%bea%@sﬂm@wiabwes*&.% 1
wher ei n glda@tdyupbeacti ve carrier is about 10% or nore of the final
syrup wei ght. 19. A process according to claim1l wherein the

el evated tenperature i s about 200 to about 260C. 20. A process
according to claim1 wherein the el evated tenperature is about 215 to
about 23BC. ARmcespaqotipeitdam g wherpin depplyingi hagnanter avesge pokepksweight of
pol yrer 7 g#g) {]M[.Tber aver age nol ecul ar wei ght of 10,000 to 20, 000
amu and a roxy nunber of 5 to 20°in at least 5 w.%of a
nonreactive carrier having a boiling point greater than that of the
xyl enes, the polyner having a backbone free of or substantially free
of ethyl ene oxide or propyl ene oxide groups and the syrup being free
of or sibst afpiosdsh ccdrdipptogfaingl wheteih the pglyperdiasnumberaye@gsmelbrytar weight of

wi th the  pPl%eBe Afy. POl ycondensati on tenperatures.

14. A process accotding to claim 1 further comprising forming the ester oligomer in the nonreactive

carrier.

15. A process according to claim 1 wherein the nonreactive carrier comprises an alkane, aromatic

hydrocarbon, petrolaum solvent, plant-derived solvent, ketone or mixture thereof,

16, A process according to claim 1 wherein the nonreactive carrier has a boiling point of about 140
to about 300°C.
17. A process according to claim 1 wherein the nonreactive carrier has a bolling point of about 150

to about 300°C,

18, A process according to claim 1 wherein the nonreactive carrier is abotit 10% or more of the final

syrup weight.
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22. A polyester syrup according to claim21 wherein the polyner has a
nunber average nol ecul ar wei ght of 10,000 to 15,000 anu, the
nonreactive carrier conprises an al kane, aromati c hydrocar bon,
petrol eum sol vent, plant-derived solvent, ketone or m xture thereof,
and the nonreactive carrier has a boiling point of about 140 to about
300C. 23. A packaged pol yester product conprising a container
suitable for interstate or export shipnent within which is stored a
pol yest ef, syr, L S] i I od N
B oy cagt e Wb IRl Aot d Rl B e Bl RO B! R0 RO G
having a boiling point greater than that of the xylenes, the

pol yest pol i ] . i 0, foaeo
oast 130000 st ag o M TR AGRe TR e AL MRUPHS flboll e
al cohols, glycols or esters that react with the polyner at

pol ycondensati on tenperatures and containing at |east about 5 wt. %
or nore 20f t Aot syrGPDinbNShg@dhEdr BolyestePfblyrr RAGY 3 9GRhdP BleyR8 klecular

pr oduct acﬁordéq% tQ clain12g wherein the container is a shipping
drum t StEBM ¢ PEPYOSP 20 AimamuaPe Bbydray!nuinbssRf 11920 In ablsast Awh % of appagpactive

pol yest esrriprhadhed boribg pdictigh@tel thah that sftRRyiafetRd fblVinteehddk ¥ BEIkbdna $redof or
nunber avera I%cgJar meight of 12,000 to 30,000 anu, the

nonr eacEHaTETEalY ireg e BT PEE ST RIAPYIANR FAide EruPRRA Ry NG A BERRI90 Y,

pet r ol eutibseotialgfite of plctols; ghebls Yrattemahat ekt with€hedRmeF atfbbidotide@sdtbgr eof |
and the nonreactive carrier has a boiling point of about 140 to about
300C. WP A'"Buckaged pol yester product according to clai m 23
wherein the polynmer has a nunber average nol ecul ar wei ght of 12,000

to 15,0 a t he nonreactive carrier conprises an al kane, aromatic
hydr ocalBon. X BRSPGT UM -COrUAETE < 4 P Rl EE & AT bok BEEHRE POl
m Xt ur e weigktred 0f,000a th,t00@mn AR RMedattive cadricorRrisétas aRarlepdrbiit@ hpdbdatbon)f
about 140 to abput 300C. .  27. ackaged | yest er. product X
Conpri s PRESmEaRE shtp Tuiyed Bhen P SRR it bR st spminias
wi t hi n wéiliglpoinsofsbaut e4h ta ajmok y@8¢.er syrup consi sting essentially of
hi gh nol ecul ar wei ght pol yester polyner in a nonreactive carrier for
t he pol yner capable of form ng an azeotrope with water and having a
boi | i ng2poi na pgkazed privetthigmodubtaomefisingyalcemaisar siifable fo iny@shte br @obry shyment

having a.nu t he

umher. avera | ecul ar wei ght o t least 12 000 amnu
syrup béing %P[rc Lig St 5%@5%%( FTHRPY 85ﬁ'"§%5£’ mcgfsefuzarrs‘," e'tgﬁta%"'yfsi%{c?f’ BWTW t he
pol ymer natreqoibleyersattepebletol ormiteameedatope esh watel, admtang togingpoit@gaster than
b SO kARl b8 o e R S Rab oo
a) for nimg tigersyms being freeohvaulseatilly dme mﬁaicbhursegl'ﬂ:onabedsteirsrtgatmaet with thor e

oy o or Rty yclIRe Rafl SN ARNEL 26k iR 0 QUL RS, QTnRPU RS

t her eof | m Xt ure-hydroxyl:acid or
hydr oxyhoneestiive carpére rati o to approach 1:1; c) formng an
ester oligoner fromthe adjusted reaction m xture; d)

converting the ester oligonmer to a polyester polymer by stirring the
ol i gone4.at Achackegedydblypstegsasiud aaudtingl te dained whelp éveab otri@enis 4 dhipaing drum,

nonr eact i Ve Gl &F oSaP3kl &, of formng an azeotrope with water; and

25. A packaged polyester product according to claim 23 wherein the polymer has a number average
molecular weight of 12,000 to 30,000 amu, the nonreactive carrier comprises an alkane, aromatic
hydrocarbon, petroleum solvent, plant-derived solvent, ketone or mixture thereof, and the nonreactive

carrier has a boiling point of about 140 to about 300°C.
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renoving water via azeotropic reflux to provide a syrup conprising a
hi gh nol ecul ar wei ght pol yester polyner in the nonreactive carrier.

26. A packaged polyester product according to claim 23 wherein the polymer has a number average
molecular weight of 12,000 to 15,000 amu, the nonreactive carrier comprises an alkane, aromatic
hydrocarbon, petroleum solvent, plant-derived solvent, ketone or mixture thereof, and the nonreactive

carrier has a boiling point of about 140 to about 300°C,

27. A packaged polyester product comprising a container suitable for interstate or expo'rt shipment
within which is stored a polyester syrup consisting essentially of high molecular weight polyester
polymer in a nonreactive carrier for the polymer capable of forming an azeotrope with water and having
a boiling point greater than that of xylenes, the polyester polymer having a number average molecular
weight of at least 12,000 amu, the syrup being free of alcohols, glycols or esters that react with the

polymer at polycondeﬁsation temperatures and containing at least about 5% of the nonreactive carrier.

28, A process for preparing high molecular weight polyester syrups, which process comprises:

a) forming an ester from a reaction mixture containing one or more diols and one or more

dicarboxylic acids or anhydrides or esters thereof;

b} adjusting the reaction mixture hydroxyl:acid or hydroxyl:ester male ratio to approach
1:1;

c) forming an ester oligomer from the adjusted reaction mixture;

d) converting the ester oligomer to a polyester polymer by stirring the oligomer at

elevated pressure and elevated temperature with a nonreactive carrier capable of forming an azeotrope

with water; and

removing water via azeotropic reflux to provide a syrup comprising a high molecular weight polyester
polymer in the nonreactive carrier.
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