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BACKGROUND OF THE INVENTION

As the business of manufacturing polyesters becomes more competitive,
alternative processes have become highly desirable. Relevant background for this
invention is given in a U.S. patent application related to the present one and filed

15 the same day entitled "Polyester Process Using a Pipe Reactor" with the inventor,
Bruce Roger DeBruin.

Another related U.S. patent application filed the same day as the present
one and entitled, "Polyester Process Using a Pipe Reactor”, with the inventors,
Richard Gill Bonner and Bruce Roger Debruin.

20 In addition are the related cases U.S. Application Serial No. 10/013,318
filed December 7, 2001, and U.S. Provisional Application Serial No. 60/254,040
filed December 7, 2000.

SUMMARY OF THE INVENTION
25 It is an object of this invention to provide polyester processes using a pipe
reactor. Thus, this invention relates to a process for making a pre-polyester
comprising: providing an esterification pipe reactor comprising a pipe, the pipe
having an inlet and an outlet; adding a solubilizing agent into the pipe; and reacting
one or more reactants flowing in the pipe towards the outlet under esterification

30 reaction conditions to form the pre-polyester.



having an inlet and an outlet; adding a solubilizing agent into the pipe;
and reacting one or nore reactants flowng in the pipe towards the outl et
under esterification 30 reaction conditions to formthe pre-polyester. WO
2004/ 110616 PCT/ US2004/ 016578 -2 The invention also relates to simlar
processes WRHWHOHAe pipe also has a recircul ation r RSHVEAMA6HS (RR zone)
and a plug reaction profile reaction zone (PRPR zone) with the RR zone
being closer to the inlet than the PRPR zone is. Further, the invention
relates to any of these processes wherein the average 5 solids content of
the material flow ng through the outlet of the RR zone of the pipe is |less
than 2.5 wei ght percent and operating condftions in the pi pe are such that
conversion at the outlet of the PRPR zone is greater than or equal to 1.08

times the conversi t f: R _zaonpne., Simlarly, the invention
relates to a pr ocesgﬂ? %&eé}aﬁiaﬁé rlélg{ﬁ%ﬁ)yseléﬂﬁérpl?oTﬁs Sélwlh rglrlrlenﬁr'“,3 pgeﬁls&}%gt er orb
oth ¢ onpri si ngecigpelfiar réactipnazoyie gRR Zose)aanticr plup nticdme grofild ces@esofeor maki ng

a pre-pol yester,; d reacti.n he pr.e-pol yester and gptj | l'y. other
reactants, undéPRggr"WgW H?g}‘{ﬁ?eggﬁ%@%‘%mc ﬁﬂﬂﬁt%ﬂg%ﬂﬁ?ﬂ“ﬁﬁhe pol yest er
ol igoner, the polyegtuHer,Qhe MOértion feldtel thREY oPBERGIroREset WhereintHEMerPR 1S tO
provi de apparatuses for Ft)‘ ester processes usin pe reactor. Thus,

| 15
t he ‘i nvent Pon rselidfcesicrty %&éﬁ%‘ﬁ'f%g@é’iﬂgé@w@ébﬁ)ﬂ'&]eh@f g%%%%@_é?@@s _
described here.j; R fin %%ﬁ%%t%dﬁ?ﬁameﬁ%@?ﬁé@@W& gtdr awi ngs,

which are incorporated I n and constitute a 20 part of s specification,
illustrate seveaenversonsdhernutetsf dre RRPR 70m¢ exareater thaschr eqendjéa he8 tiwes thet he

description Serye ohforSif edulletloPBe ¥R RGLP! €s of the invention. FIG 1 shows
typi cal enbodi ment's of e polyester processes and appdratuses of the

present invention. Similartly, the invention relates to a process for making a polyester
10 oligomer, a polyester or both comprising: p erforming any o f the a forementioned
processes for making a pre-polyester; and reacting the pre-polyester and optionally
other reactants, under polycondensation reaction conditions, to form the polyester
oligomer, the polyester or both,
A further object of this invention is to provide apparatuses for polyester
15 processes using a pipe reactor. Thus, the invention relates to apparatuses

corresponding to the processes described here.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute a
20 part of this specification, illustrate several embodiments of the invention and

together with the description serve to explain the principles of the invention.

FIG. 1 shows typical embodiments of the polyester processes and
apparatuses of the present invention.
25
Key to Number Designations in Fig. 1
1 tank (optional)
1A line from tank to pipe (optionai)
3 pipe inlet
30 4 RR zone



25 Key to Nunmber Designations in Fig.1 1 tank (optional) 1A line fromtank
to pipe (optional) 3 pipe inlet 30 4 RR zone WO 2004/ 110616

PCT/ US2004/ 016578 -3- 4A RR zone recycle line 4B RR zone outlet 4C vapor
di sengager ' ) 4D vapor line (optional) 5 4E solids detector
(optional)“&ﬂﬁﬁggag esterification pipe reactor 6 PRPECTBREMPIETHor

di sengager (optional) 7A vapor line (optional) 10 9 solids detector
(optional) 11 pipe outlet 15 polycondensation reactor (optional and shown
as a pipe reactor) 15A line from pol ycondensati on reactor to pipe
(optional) 15 DETAI LED DESCRI PTION OF THE ILNVENTION In this disclosure and
the clains that follow unless otherw se Fﬂdicated, the termpolyester is
used in a broad sense and refers to a polyner containing nore than 100

ester |inkages {Or MG{&nkhaYcIdfif corresponding linkages in thef case of
derivatives of "straight” of "pure" polyesters such as pol yetheresters,

pol yester 20 amBles Rdhepnpotlest herester amides). Similarly, polyester
monorer s woul d Ita"e Vgtpog'(aisengager (optional)

4D vapor line (optional)
5 4E  solids detector (optional)
pipe of esterification pipe reactor

6 PRPR zone
7 vapor disengager (optional)
7A vapor line (optional)

10 9 solids detector (optional)
11 pipe outlet
15 polycondensation reactor (optional and shown as a pipe reactor)

15A  line from polycondensation reactor to pipe (optional)

15 DETAILED DESCRIPTION OF THE INVENTION
In this disclosure and the claims that follow, unless otherwise indicated, the
term polyester is used in a broad sense and refers to a polymer containing more
than 100 ester linkages ( or more than 100 corresponding linkages in thercase of
derivatives of "straight" or "pure" polyesters such as polyetheresters, polyester
20 amides and polyetherester amides). Simtilarly, polyester monomers would have 1 to
2 such linkages, polyester dimers 3 to 4 such linkages, polyester trimers 5 to 6 such
linkages and polyester oligomers 7 to 100 such linkages. Pre-polyester refers to
polyester monomers, dimers, trimers, oligomers and combinations of these.
For simplicity, polyester processes will be understood to include processes
25 for making pre-polyesters when used in this disclosure and the claims that follow,
unless indicated otherwise.
The processes according to the present invention include a process for
making a pre-polyester comprising: providing an esterification pipe reactor

comprising a pipe, the pipe having an inlet and an outlet; adding a solubilizing



2 such linkages, polyester dinmers 3 to 4 such |inkages, polyester trinmers 5
to 6 such |inkages and pol yester oligonmers 7 to 100 such |inkages.

Pre-pol yester refers to polyester nononers, dinmers, trinmers, oligoners and
conbi natiopns .of, these. For sinplicity, polyester processes wll be
under st ood "Co*Mi2P8e processes 25 for nmaking pre-pol yESVEFH04HENS used in
this disclosure and the clains that follow, wunless indicated otherw se. The
processes according to the present invention include a process for naking a
pre-pol yester conprising: providing an esterification pipe reactor
conprising a pipe, the pipe having an inlet, and an outlet; adding a

sol ubi i zing WD 2004/ 110616 PCT/ 1 352004/ 018578 -4 agent into the pipe; and
reacting one or nore reactants flowing in the pipe towards the outlet under
esterification f2aGhi Rk Gﬁga%& tABhglde Bpﬁlmetrgfctdﬁfseﬂm%ﬁls&@i:i etSwde
reaction syste covere y the processes of the present i1nvention, there
may be s ol ubi | the gutlet wisleresterifinativinveagtionoeadibens t famethe pretodyestsr. For exanpl e,

5 terephthalic acidyj yer ' t col making it
i tioalt to ger tnds MEiSieybFatud ke b} SRR o st BNAER, O
Thus, the procetheremayfbe stohiljty geabidmsiinveving one onmlovcheeactaists NBpra xamplepi | i zi ng
agent into_the pipe .For.. purposes re sol ubi l'i zi ng ,agent,. es one or
more reactants tﬁﬁﬁ@h@’(ﬂ Al 18 nf’ﬁvelr}‘lé‘)htbg? H"e?'%éﬁne(ﬁliycto;'léﬁ sgﬂ@gﬁ%ﬁ q‘r@@ﬁ %
general ly; int %Bt $heCiB1te Xéacl inmilehEepalidtityléne tdreptBidlathi THus | 1he pRGesks bf

e

reactants will taken as only those that are_precursors for  polyester
monomers (as soinfHireseati myentige indudg, adding: 2 splukiliging cagenlo idy  thespinea piFar

sol ubi |'i zi ng agﬁﬁ%o%eé 12ed, HYQubiARE ageRIMRENES bitlor FndR A GRS noPPRMBRE in 6l MET
and/or trimer; those conprising a polyester oligoner; those conprising a
pol yest er; thosehertshrsrthgi eactiongeiintere seeneraki sins i ceptesh (o irefererat &y omati cs
(l'ike trichl oro e ] L ocar bons
(like tet rltabchl o@@?‘?&%@?“@%%ﬁ‘%mﬁggﬂ@ggpgi’%gﬁsﬁﬁ%ﬁﬁ gg%“g‘g"‘@gg‘r wel | as
t hose conpri si npplyestebimeaomens s(apfsolubilizing agents are not such precursors). Suitable

solubilizing agents include those comprising a polyester monomer, dimer -and/or
trimer; those comprising a polyester oligomer; those comprising a polyester; those
comprising organic solvents such as chlorinated aromatics (like trichlorobenzenes),

15 mixtures of phenol and chlorinated hydrocarbons (like tetrachloroethane)
tetrahydrofuran or dimethy! sulfoxide; as well as those comprising combinations of
these. Such agents comprising a polyester oligomer, especially of the type being
produced in the process, are often preferred. These agents may be mixed with
reactants prior to addition to the pipe or added to the pipe separately in whole or in

20 part. If mixed with reactants (here polyester monomer precursors) in any way, the
solubilizing agent would be considered to be the mixture less any such reactants.

For simplicity, esterification is taken to include, throughout this disclosure
and the claims that follow, not only its common meaning, but ester exchange as
well.

25 More specifically, the pipe may also have a recirculation reaction zone (RR
zone) and a plug reaction profile reaction zone (PRPR zone) with the RR zone
being closer to the inlet than the PRPR zone is. The pipe may be substantially
empty; that is, substantially free of mechanical or structural internals (reactants and
the like not included of course). The pipe is understood to be hollow in the context

30 of this disclosure and the claims that follow.



t hese. Such agents conprising a polyester oligonmer, especially of the type
being produced in the process, are often preferred. These agents may be
m xed, with reactants prior to addition to the pipe or added to the pipe

separatel y,i le or in 20 part. If mxed with reactants (here pol yester
nmonomer prgd(&woé\@{r)lgﬁﬁi n any way, the solubilizing agentP%Eﬁ(’%ﬂ“%‘EG%ani der ed

to be the mxture |ess any such reactants. For sinplicity, esterification
is taken to include, throughout this disclosure and the clainms that follow,
not only its conmon neani ng, but ester exchange as well. 25 More
specifically, the pipe may al so have a reciéculation reaction zone (RR

zone) and a plug reaction profile reaction zone (PRPR zone) with the RR zone
being closer to the inlet than the PRPR zone is. The pipe may be

substantially enptyj, hhaksciosure aﬁung,e %ﬁ{ié@ﬁaéfgﬁ&ewfzo 1SR on8%n a

structural internals (reactants an I'ke not included of course). The
pi pe i s under st pipd reagtapa Hersin they preduchef rgantioe Kin vgidlo pr ithpat)difdbt esnerie and t he

claims that fol l%\g{bul@ ﬁg&%{cwgﬂi%g‘ SE'E(%}]OS&Q%&%QEJ gc?ne! Port?laba%sgi fefe, OSUr €

and the cl ains { zone re S tO0O a zone 1n a plpe reactor
wher ei n t he pr othecionofind gmildat and pitiet wiealefnal byi the peasence ahd ddratiaoofsck

recircul ated (recycl.ed) fromthe outlet to e inlet of .the.zone; for
purposes hete, TFHEWS e[% cqﬂg@mg?ﬁ CEHQW@ fg{'}'f'?%tcogl}né Eﬂlgft'he térlg?’brﬁmf’ﬁ’g

P_r Iesengze and | F_@ﬁh&;@ﬂd@s;i]dlﬁu_fdict)ﬁmr @aaiﬁmxliaio'ﬂ)?ner biyeh sratbmghglrﬂ@ean(siamal udi ng
iltering, cooling.an eating), removal of vapor, residyal] reaction,

addi tion of pol gadtien ofZpgHicrs (Wekiam Joresh Rl %Hdstﬂbalsa%ﬁfﬁiwolwgn@aifiers

(such as toners recGabdmhtdsal ans RhAR teZ BRI ahd pAbY k) ArrtAE at HRC YiAkesle Mt eri al
after leaving the'outlet and prior to arrival at the inlet are acceptable.

10 In contrast, ategptebles di scl osure and the clains that foll ow, PRPR zone

refers tojg zone | nmacogﬁ'%? ifi BR800 MGG kb éiﬁm%f)aft iﬁﬁﬁu@“PRﬁﬁ%ﬁS%}‘ Lon

product of "any part of thé zone is recirculated back td the zZone, but the
product is inst éxnalzinsd apipdreaptdl wherein no portion of the reaction product of any part of

the zone is recirculated back to the zone, but the product is instead isolated.and/or
sent on to other process equipment. It is possible that PRPR zone reaction product
that has been compositionally changed could be fed back into the PRPR, however,
15 but the change would have to be such to allow for a reaction profile that is at least
substantially plug type. This reaction profile is the hallmark of a PRPR zone;
generally, no special requirements other than those given here are required.to
generate the profile.
The processes according to the present invention also include processes for
20 making a polyester oligomer, a polyester or both comprising performing (the steps
of) any of the processes for making a pre-polyester previously described and
reacting t he pre-polyester and optionally o ther r eactants, under p olycondensation
reaction conditions, to form the polyester oligomer, the polyester or both. This last
mentioned step of reacting under polycondensation reaction conditions may be
25 carried out in a polycondensation pipe reactor or other type of reactor for
polycondensation.
Going back to the solubilizing agents previously discussed, these agents can
be thought to at least reduce the likelihood of plugging by the compositions to
which they are employed. It has been found that a preferred range for the ratio of

30 the mass flow rate of solubilizing agent added to the pipe to the mass flow of the



sent on to other process equipnent. It is possible that PRPR zone reaction
product that has been conpositionally changed could be fed back into the
PRPR, however, 15 but the change would have to be such to allow for a

reaction p ' t is at least substantially plug type. This reaction
profile is“ﬁ%@hﬁg%ﬁﬁark of a PRPR zone; generally, no éggyﬁﬁwmpgaﬁirenents
ot her than those given here are required to generate the profile. The
processes according to the present invention also include processes for 20
maki ng a pol yester oligoner, a polyester or both conprising performng (the
steps of) any of the processes for meking_g_pre-polyester previously

descri bed and reacting the pre-polyester and optionally other r eactants,
under p ol ycondensation reaction conditions, to formthe pol yester

ol i goner, the pahytesal tavidp thopiPe addhét HedfglrecytRAtbacln eOths i Rifrdr@adt iong under
pol ycondensation, reactjon conditions naf be 25 carried out in a
pol ycondensat i org3ph peethes seqhganggs 3 (0: 1 J\peregyeledback gy thissontext means not

pol ycondensat i Ongiretsy) N@cRARK Habk;! Rar S Ukit! irddybiBd 28R Suns€V kigHiBlkdhntly.
di scussed, these agents can be thought to at | east reduce theé |IkeFIhOOd of
pl uggi ng by t he coawpotnellpeiangsd. which they are enployed. It has been found

Sol ubi 11 21 ng agent - agiaifry . B S (ol P pretre e et o Bopast 110616
PCT/ US2004/ 0165M®w raie nfisanbilizing egenit ngdedite the PR aoe toothe beasadloneofydieed back
2 BB 1, TR g TR B8 e e P o
recycl ed back url:pas2si guiilf dnothei huyeh ramgebeiag Bilaoablly. Thepgest, nbt Styaiddar |y, it
nas been, found gl 2 puelel Lefahge Lol s L2 of (hs Ias, law rate
| eavi ng t haoRR zpheicamt; dsipokifbially cReYEd. eaddea ¢iers @ tHatwiRich ZedfotiehitefedOm
from the previous zone in the pipe or pipe inlet if the zone is first.
Depending on the solubilizing agent, some heating or cooling:.may. be
required; these agents being related to solubility as opposed to freezing and boiling
point changes of what they are added to.
15 Many different types of reactants or mixtures of reactants may be used in
forming polyesters and pre-polyesters according to the processes of the present
invention, the types or mixtures of reactants comprising a dicarboxylic acid
(abbreviated here as a diacid), a diol, a diester, a hydroxy ester, a carboxylic:acid
ester ( abbreviated here as an acid ester), a hydroxy carboxylic acid (abbreviated
20 here as a hydroxy acid) or combinations thereof. It is possible that related materials
such as tricarboxylic acids and other such multiﬁmctional materials could also be
employed. It should be understood that acid in this context would include
corresponding mono, di or higher order salts. Of course, the pre-polyesters and
polyesters being formed may be in turn reactants themselves.
25 More specific reactants or mixtures of reactants of interest comprise
aromatic dicarboxylic acids preferably having 8 to 14 carbon atoms, aliphatic
dicarboxylic acids preferably having 4 to 12 carbon atoms, or cycloaliphatic
dicarboxylic acids preferably having 8 to 12 carbon atoms. Such comprise
terephthalic acid, phthalic acid, isophthalic acid, naphthalene-2,6-dicarboxylic acid,
30 cyclobexanedicarboxylic acid, cyclohexanediacetic acid, diphenyl-4,4'-dicarboxylic



2:1to 25:1 (with another such range being 3:1 to 20:1). The phrase, not
recycled back, is as before, not directly recycled back; that is not
recycl ed back unless 10 significantly conpositionally changed. Added refers

to that “hhﬁhz t entered fromthe previous zone in the pipe or pipe
inlet if the fgﬁéoﬁg first. Depending on the sol ubilizi ﬁ%T/HEfQEi"BG%"Brre

heating or cooling.my. be required; these agents being related to
solubility as opposed to freezing and boiling point changes of what they
are added to. 15 Many different types of reactants or m xtures of reactants
may be used in form ng polyesters and pre-polyesters according to the
processes of the present invention, the types or mixtures of reactants
conprising a dicarboxylic acid (abbreviated here as a diacid), a diol, a

diester, a hydraxy, @iphédy.3,8-EAMMNW kédagiddirRElRl 3(REMNeY] akiedbhglie as an
acid ester), a hydroxy carboxylic a0|d_(abbreV|ated,2 here as a hydroxy
aci d) or combi natiflonecinig @eidoglutarie apid, yinmie pejfcazelgist acidssehasis asid arixtaies such

as tricarboxyli ' ot ' ' ' d al so
be enpl oyed. I?hs g’(t}lﬁ%ﬁ’gglkgn erasc% Illt a%éggﬁagmpg%@@%%%%ﬁo%%#d

i ncl ude cor r espowih dignethyhtsrepbithalate. hi gher order salts. O course, the
pre-pol yestgrs and S S I-Ng d_may. be in turn reactants
§ R it g‘geg{ﬂéntr éagﬂé{r;@ 5 xgléesof"f r BREPUR ¢ SORISE ¢ er est

t hensel ves.” 25 More specific r Xt ur
conpri se ar omakydoaliphaic bdiely | preferably dmvipg ef e 2Dl carbloa \strgs Br tatipHadic cdisloon

atons, aliphatic _di.carbaoxyl,ic .acids preferably having_ 4.to 12 on at ons,
or cycl oal Pphat P’E?ferﬁtﬁ% é?‘%%ﬂ? a‘@f%fé‘pﬂﬁ?'gﬁ"egﬁﬂ%f’%? %G‘Véenfogjlﬂo?f Zéﬂg on
atoms. Such congfettytene ttyce] hiibdllege @Bisl, 1phambeinedinttthinsD pitbpuakil 3-aci d,

napht hal ene- 2, 6-di car boxyli ¢, acid, 30 cycl ohexanedi carboxylic acid,
cycl ohexanedi ac89hc SuipRf: 1'ﬁ'ﬁiﬁ’ﬁen??“-@?ﬂ"g‘g‘?]ear*t%wr]i@ 20enpentytsbeel,

PCTI US20044§165%8nethylpeatahéhioldR Af) @etBylfem e QYY1 2 8-tBmb@ylpentane-diol-
2,2,-dinethyl -1, 3-propandi ol , dicarboxylic acid, succinic acid, glutaric
acid, adipic ackb3) azefhylhexane 'al,-(lééba?efiéie%ip@pm-déplﬁle’a, hexanediol-(1,3), -
1,4-di-(hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-propane,
2,4-dihydroxy-1,1,3,3-tetramethyl-cyclobutane, 2,2,4,4 tetramethylcyclobutanediol,
2,2-bis-(3-hydroxyethoxyphenyl)-propane, ~  2,2-bis-(4-hydroxypropoxyphenyl)-
15 propane, isosorbide, hydroquinone, BDS{Z,Z-(suLfo-nylbis)4, 1-
phenyleneoxy))bis(ethanol), mixtures thereof, and the like. Pre-polyesters and
polyesters may be prepared from one or more of the above type diols. |
Some preferred comonomers comprise terephthalic acid,.. dimethyl
terephthalate,  isophthalic = acid, dimethyl isophthalate, dimethyl-2,6-
20 naphthalenedicarboxylate, 2,6-naphthalenedicarboxylic acid, ecthylene glycol,
diethylene glycol, 1,4-cyclohexane-dimethanol (CHDM), 1,4-butanediol,
polytetramethyleneglyocl,  trans-DMCD  (trans-dimethyl  1,4-cyclohexane
dicarboxylate), trimellitic anhydride, dimethyl cyclohexane-1,4-dicarboxylate,
dimethyl decalin-2,6 dicarboxylate, decalin dimethanol, decahydronaphthalane
25 2,6-dicarboxylate, 2,6-dihydroxymethyl-decahydronaphthalene, hydroquinone,
hydroxybenzoic acid, mixtures thereof, and the like. Bifunctional (A-B type where
the ends are not the same) comonomers, such as hydroxybenzoic acid may also be
included.
Some specific reactants or mixtures of reactants of very special interest

30 comprise terephthalic acid (TPA; understood to include crude, punified (PTA) or
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thereof, and the |ike. The acid conponent can be fulfilled by the ester
thereof, such as with dinethyl terephthalate. 5 Further nore specific
reactants or mxtures of reactants conprise cycloaliphatic diols preferably
having 6 to 20 carbon atons or aliphatic diols preferably having 3 to 20
carbon at oMQ 208486 onpri se et hyl ene glycol (EG), di et PgTARMO4ItgsI6| |
triethylene glycol, 1,4-cyclohexane-dinethanol, propane-1,3- diol,
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dinethyl terep | a i i c acid, dinethyl isophthalate,
di et hyl - 2, g ng’ﬁgméﬁgﬁlgﬁ‘ggﬁjﬁi@xyl ate, 2, 6-napht hal enedi carboxylic acid,
it Zylbetne gljyclol , di eREerersategl mcmhs dikclésuﬁg/l @ﬂlcblﬂﬁ’xalﬂmsdthﬁftfdﬂwghdlﬂﬂt'lw

, 4- but anedi ol , r ene oc rans- di me
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cycl ohexane- 1, 4- eﬂé:g}ﬁé Rissokae efmeda.getohuho sifvaRd betakenGo @pdedidany Misabe 2, decal i n

A0

di et hanol , decah ronapht hal ane 25 2,6 dlcarboxylate

2, 6- di hydr oxy met2y Bodidd Argdial pipauses sebsumpd i Bigirargs and nnyulﬁfo%asbmzou c
2010, X023 AR sl | KB (I ARBY B WA B pt e e
i ncl uded. Sone s;wcﬁcfdmloswaof sottoslydi] and XiSihydrwocarbonsebt alsn 0§ C@;fC?u @nq,'Cé peci al
I nt er_eSt hydrocarbons; ranges that are clearly meant to be ranges of integers shotild: be
understood correspondingly.
Solubility problems, especially relating to polyester monomer forming
15 reactants as previously mentioned, may occur. This can be troublesome for reasons
other than decreases in conversion. If the solids content of a process stream is high
enoﬁgh, damage can occur in many common types of pumps as well as other
process equipment. For purposes here, solids should be understood .as referring to
particles larger than 1 pm (micron) in diameter at their widest point. Thus, it is one
20 preferred operating zone in the processes of the present invention where the
average solids content of the material flowing through the outlet of the pipe is less
than 2.5 weight percent; another such zone is where the average solids content of
the material flowing through the outlet of the pipe is less than 0.5 weight percent.
Of course, no solids might be ideal in many instances. These solids limits may also
25 be applied in reference to the outlet of the RR zone of the pipe.
Surprisingly, it has been found that unlike most conventional esterification
systems, such as multiple continuously stirred tank type reactors in series, where
the series reactors are of about the same efficiency, an esterification system with an

RR zone combined with a later PRPR zone according to the present invention does

30 not usually have close to the same efficiency throughout. Specifically, the PRPR



30 conprise terephthalic acid (TPA; understood to include crude, purified
(PTA) or WD 2004/110616 PCT/ US2004/016578 8 that in between), dinethyl
terepht hal ate (DMI), cycl ohexane di net hanol (CHDM), isophthalic acid (IPA),
et hyl ene g or conbi nations thereof. Many types of polyesters may
be nmade us%%ﬁﬁbﬂéﬁg%ocesses of the present invention. W%BU%EWQ%Qg?a
I nterest are pol yethylene terephthalate (PET) and PETG 5 (PET nodified with
CHDM). Ranges stated in this disclosure and the clainms that foll ow shoul d be
understood to disclose the entire range specifically and not just
endpoi nts(s). For exanple, disclosure of tlge range O to 10 should be taken
to specifically disclose 2, 2.5, and 3.17 and all other nunbers subsuned in
the range and not just 0 and 10. 10 Further a disclosure of C to C5 (one to
five carbon) hydiope sy beaasy ‘ﬁ?;lii'ﬂd rfore SaPfdidnl itkanOihe Wrogeee of tiotorddty C and
C5 hydrocarbons, but also of G2, and C4 hydrocarbons; ra%%es_that are
clearly meant t cffaency iy @sroent infTeased Fanvelsion| REr UBK reaghpd Sioliitesnd Thus, it 1s
correspondi ngl y. ,qpkddRblsi inYsueh QithdiiShs _t@%ﬁﬁciowaﬁ’n{aﬁiﬁiiﬁ%&oﬁ&rs@ﬂ HE eC!
nononer formng 15 reactants as previously nentioned, y occur. This can
be troubl esone fRRPR gensoniie pyedvases nbrardiegetor be present incephiowe therefors indludehe
sol i ds cont gnt . | i Ure I n many
cormon types.of BeBEvAHR 2pRkbER e Hethy RGN H e MATRRS (ERRIGRS O
here, solids shah¢ gipeds Fider %t packnaor 186fterdsSi peyceno or [Bartd i 30 pecdnaripethist han 1
pm (mcron) in diapeter at_ thei.r w de oint. Thus, it i.s one 20 preferred
operating zone i HtREpH c‘é}ss‘@m%m‘%h@h%‘g’e?élﬁ?“ﬁ"ﬂxf&f?ﬁ E)‘h B ByrEenfaeg Of:ver age
solids content atactibeendaaps &l the liQwid phest fymesgired Mraholotdtioh spdcifiddehddaRe i S
less than 2.5 meiggt percent; another such zone is where the average solids
content of the §i&HEs al flowi ng through the outlet of the pipe is |less than
0.5 wei ght jpercent. Sg'nilﬁ]?,uﬂfé%,rod%&@Gfﬂtﬂ%ré&ﬂhhvéﬂﬁoﬁ ARAlde k RosePRWidust ances.
al so

These solids limts may al ) ) )
described wherein the solids content of material leaving the outlet of the RR zone is

2.5 weight percent or less (or 0.5 weight percent or less, with no solids ofterrideal)
and operating conditions in the pipe are such that conversion at the outlet of the
PRPR zone is greater than or equal to 1.08 (or 1.10 or 1.15) times the conversion at

15 the outlet of the RR zone. The solids content is included here as it is often a
constraint of sorts in actual systems.

The reactions taking place as part of the processes according to the present

- invention ordinarily produce water (and perhaps other types of) vapor, which

unless removed, may significantly reduce product yield. Thus, the processes of the

20 present invention may further comprise removing vapor from inside the pipe and/or
from the inside of the RR zone of the pipe.

It is often advantageous for certainlﬂow regimes to be present in the zones
of the esterification pipe reactors of the present invention. Thus, the processes of
the present invention include those previously described wherein at least one of the

25 RR and PRPR zones has froth or stratified flow appearing. For this purpose,
stratified flow may be defined as a flow patternin a pipe in which liquid flows
along the bottom and vapor flows over a liquid-vapor interface, while froth flow
may be defined as a flow pattern in a pipe in which bubbles of vapor are widely

dispersed in the liquid.



25 be applied in reference to the outlet of the RR zone of the pipe.
Surprisingly, it has been found that unlike nost conventional esterification
systens, such as multiple continuously stirred tank type reactors in series,
wher e thevﬁfih@f ﬁgactors are of about the sane efficiency, an
esterification €/ €mwith an RR zone combined with a PEVEPORPREBone
according to the present invention does 30 not usually have close to the
sanme efficiency throughout. Specifically, the PRPR WO 2004/ 110616

PCT/ US2004/ 016575 -9 zone is usually significantly nore efficient than the
RR zone. In this context, efficiency is pejgent increased conversion per
unit reactor volune. Thus, it is advantageous in such situations to push
toward maxi m zi ng conversion in the PRPR zone. The processes according to

t he present Inventlonh&h@beéseéseomﬁku%gseﬁt tilM@EGorP rigdtidel thoke d ¥h6reinb @k Wher ei n
the conversion in the product of the zone of the pipe is 75 to 95
percent or 80 tosogiblmg@éﬁﬂt ippddsd at lsashdn past GerAm tank, 1§ #fjleast ¥y Ay Hamtke and t he
clainms that foll eh Rl r t n r end
groups in the I|ﬁ%&bgPﬁ§sgﬁagﬁﬁegéﬁ$€&gg%l§ﬁgaf3ﬁ§t%gﬁﬁgggéfffgﬁh?ﬁgi are
esterified. 10 pakycp tiop ppactpr.ocesses of the p resent i nvention include t
hose previously des aV|ng
the out1 et of the R Bsag-r e e pSe? B itn RS Hord bortBbSifs

percent or | ess,prasesdes 0 thegbrestst fverdion, hhaaltt)culaarmh appmaalslfmgnmhnglatprens in
the pipe are such t hat canver5|on .S greater
than or equal toPlYeSE PEPPIE mfoagres%nﬁ?}:w% Pr rPgsreﬁclluoé' 08}?5'51?15 oﬁ’p'&t i?lﬁ’ehe

outl et of the RRhaingean ihleg &Obitits aadmheand fdrSaddjtmh wded sdietiRziAg agént] sndof ten a
constraint of sorfs.in acb’ HH? stens. The reacfions takla pl ace as part of
the processes actyFyRRGROGH g Leaptants arg pRSTLRWaTds e au 3y produce wat er

(and perhapg ot her t \WiQss fok AddiFdHUT thealu®ilizin F@kﬁﬁlcﬁﬂ%@endﬁ&(‘{aﬁdﬂmﬁlcan“y

reduce product yield. Thus, the processes o
RR zone (especially at or near the outlet of the RR zone) and/or connection to a

polyester polycondensation reactor.
. More specifically, the pipe may also have a recirculation reaction zone (RR
zone) and a plug reaction profile reaction zone (PRPR zone) with the RR zone

15 being closer to the inlet than the PRPR zone is. The pipe may be substantially
empty (as previously defined).

The apparatuses of the present invention also include those. for making a
polyester oligomer, a polyester or both comprising any of the apparatuses
previously described and a polycondensation reactor connected to the outlet of the

20 pipe. This last mentioned polycondensation reactor may be a polycondensation pipe
reactor or of any type suitable for polycondensation.

In reference to the apparatuses of the present invention connected means
directly or indirectly (through bridging piece(s) of process equipment) in fluid
comiunication.

25 As discussed previously, it is often important to remove vapor from inside
the pipe, so the apparatuses of the present invention may further comprise means
for removing vapor from inside the pipe at at least one point along the pipe. This
point along the pipe could include the inlet or the outlet and may specifically be
along an RR zone of the pipe, including its inlet and outlet. In addition or instead

30 of removal from the pipe, vapor could be removed outside of the pipe, generally



20 present invention may further conprise renoving vapor frominside the
pi pe and/or fromthe inside of the RR zone of the pipe. It is often
advant ageous for certain flowregines to be present in the zones of the
esterificaé} gﬂ m’ ﬁ@ reactors of the present invention. Thus, the processes
of the pr&SMP¥ I Ention include those previously descPSHEMRIHUIEEN at

| east one of the 25 RR and PRPR zones has froth or stratified flow
appearing. For this purpose, stratified flowinay b e d efined a s a flow
pattern i n a pipei nwhich |l iquid flows along the bottom and vapor
flows over a |iquid-vapor interface, while firoth flow nmay be defined as a
flow pattern in a pipe in which bubbles of vapor are widely dispersed in
the liquid. WO 2004/110616 PCT/ US2004/016578 -10 The processes of the

present inventi GadibPeridi48 pblpesnBendhtenGindiot BingRlyebhdensatinnl 8RR fol Suchdded at
| east in part froma tank, 1s at least in part fromthe outlet of an RR

zone, and/or i s vaporremmemal ingludeyapordisngersrs; Y%"fs ﬂ&dp&epw‘@ﬁ knoysm b @Ensat i on
reactor. 5 The apPRLALYUTESMRE Eflindate Heibob) VRIEA OFp | IS8 LIEEL 14.59 SR reb

corresponding to the " processes of the present invention. In partictlar, an
appar at us for nekdormpratedhyaefepsnre/fosthispuemespri si ng: an esterification pipe

reactor conprising a~pLRE. ' | Lol.et. : means
for additigﬁ of a soPﬁ%P’??az‘%"ﬁg’“g%gﬁ??”p%%épgmgrdé%ﬁg‘p‘?‘%@g‘é’ 3%%5?%1? ?%]g'rem ng
reactants are paddidon tofveatadk fohdoldingl siubilizthgMpents (winch ankyi be omixaf withe

solubilizing agent inclyde connection to tan an .zone (especgially at
o hoar | L he ont ibteupR el IRRE Raror bt terEn B8 4 comer il e
pol ycondensat i Ompigea e b6iht otherMinahSHARt fwhichlcbid bk Rea phipEin YRR 6 diane a

recircul ati on reaction _zone ‘RR zone} and a plug reaction profile reaction
Zoh

zone (PRPR zone)lg) ariputletd eecyele lippeangectipg digrpipgatiapoimt{waichcadd t he

PRPR zone i1§. ThR aPh PSni R Y¥he’RR SHRSEARIHIR dr¥butiet) nearer to the outlet than the inlet
with the pipe at a point (which could be at a point in the RR zone or its inlet or
outlet) nearer the inlet than the outlet could be employed at least for addition of
recycle as a solubilizing agent to the pipe. Similarly, a flow line from the
polycondensation reactor to the pipe at a point (which could be at a point in the RR

15 zone or its inlet or outlet) other fhan the outlet could also be added. These all
represent means for addition of solubilizing agent.

The apparatuses according to the present invention may further comprise a
solids detector connected to the pipe, especially at outlet of the pipe or outlet of the
RR zone. Connected in this context means attached such that solids may be

20 detected inside the pipe or RR zone at the point of connection. Depending on the
device chosen, the connection could be direct or indirect as to fluid communication.
For this purpose, solids are particles larger than 1 um (micron) in diameter at their
widest point. Specific solids detectors useful here include those based on light
scattering, and high energy radiation scattering, as well as the coriolis density
25 meter.

Fig. 1 illustrates the apparatuses of the present invention as well as the
corresponding processes. Optional tank 1 is for storage of solubilizing agent which
may be mixed with fresh reactants. It is connected by 1A (if present} to the pipe of
the esterification pipe reactor 5. Pipe inlet 3 is where fresh reactants are ordinarily

30 charged to the reactor and is a reference point for flow through the pipe 5. Pipe 5 is



enpty (as previously defined). The apparatuses o f the present invention

al so include those. formaking a polyester oligoner, a polyester or both
conprising any of the apparatuses previously described and a

pol yconden ctor connected to the outlet of the 20 pipe. This |ast
ment i oned %ﬁy@gﬂiﬁ sation reactor may be a pol ycondens%@T’Hgm&f%@"sreactor
or of any type suitable for polycondensation. In reference to the
apparatuses of the present invention connected neans directly or indirectly
(through bridging piece(s) of process equipnent) in fluid comunication. 25
As di scussed previously, it is often inporHQnt to renove vapor frominside
the pipe, so the apparatuses of the present“invention may further conprise
means for renoving vapor frominside the pipe at at |east one point along
the pipe. This wﬁb%wgogsmfe BEABHER Vil LAELURRbAS LBligk HagtdByout | €t
and may specificall RR zone of pi pe, 1ncludin g I nl et
and outlet. In mmllhvndSomdl ﬁstlel&ms&bdﬁwrtbwmlomlpbﬂd timglovatps, Dysippr coul d
be renmoved OUtSI 016578
-11 and/or prior %@g%b%gﬁmg%gﬁgégﬁgﬁ{%%h%ogq%ﬁggégﬁ%%ﬁé%§ﬁg§ﬁ§§@?gﬁé

for such vapor shmmixe@dhmmglandﬁlmp@mndih?&ﬁ@agm&g althmrgh&hjaﬂmhomtdqaﬁecdew ces

1482 10 145 06, 1iet BE{Pey REURGOPLPLI Iy PUfHe B RE 2PBF RO WisibPMAga 5 ne

variation on thaAaNiprﬁbﬁ!ﬁiQﬁp&fdldeﬁﬁg&ﬁﬁ&l@d’lm{lﬂaﬁ@mst@ﬁrnpx@ﬂg by With ide
addition of a tank for holding solubilizing agent (which may be mxed with

reactants (pol yaspaptedtinoRy aSp?xeBmeé QF%’“’I‘I@V’e‘)aP?IT b‘H]é‘s‘}Pr’éEB} negaively affecinnect ed
to the pipe at ﬁ)dﬂ&'y&tld ﬁttﬁ@feaétm%t&rh QXIP(&HHBE:II s 'd@d%ctﬁpfék ﬁleﬁ’s‘ﬁnﬁé sélid@oi Nt in

the RR zone or |ts I'nl'et or outlét). Further, a recycle |ine connecting the

pi pe at a poi nt iy theioutet o thedRR gorsch tshewipasi 4R atithe outlet pixheRRozene 4B @si nl et or
outlet) Negg er tdeL,JQ&i Q:ths %cy[:]gfﬂﬁe RS Afows for RR zone output to be recycled

back as shown). Shown near the pipe outlet 11 is an optional vapor disengager 7

and vapor line 7A for discharge of vapor from the flow in the pipe. Flow,through
the pipe 5 leaves at the pipe outlet 11. An optional solids detector 9 is shown at the
pipe outlet 11 for determination of solids content in the material flowing through
15 the outlet 11. Flow from the pipe outlet 11 optionally enters the polycondensation
reactor 15 (if present) which may be a polycondensation pipe reactor as shown.
Optionally, some flow from the polycondnesation reactor 15 may be sent back to
the pipe 5 through the line 15A as shown. Flows through 4A and 15A may act as

solubilizing agents as discussed above.

20
Examples
The invention can be further illustrated by the following examples, but it
should be understood that these examples are included merely for purposes of
illustration and are not intended to limit the scope of the invention unless otherwise
25 specifically indicated. Titles in the examples are given for convenience and should

not be taken as limiting. .

Example 1
Using ASPEN modeling, exemplary volumes and pipe diameters were

30 calculated for a commercial scale pipe reactor system for esterification of purified



with the pipe at a point (which could be at a point in the RR zone or its
inlet or outlet) nearer the inlet than the outlet could be enpl oyed at

| east for addition of recycle as a solubilizing agent to the pipe.
Simlarly, a flowline fromthe polycondensation reactor to the pipe at a
poi nt (whi ¥R 2WiBe at a point in the RR 15 zone or iRGE/VRPBOIEYS out | et)
other than the outlet could al so be added. These all represent neans for
addi tion of solubilizing agent. The apparatuses according to the present
invention may further conprise a solids detector connected to the pipe,
especially at outlet of the pipe or outlet gg the RR zone. Connected in
this context neans attached such that solids’imay be 20 detected inside the
pi pe or RR zone at the point of connection. Depending on the device chosen,
the connection Cludfinltic £tid OFFADI dfiine SHooPEA)CABPENG 1GOPEMBH GR1I0R  FOT
this purpose, s are particles lar m cron) in dianeter at
their widest poPmme@é’ﬁlmﬂé\SfﬁN oRET Céml@gsswmﬁ | Thaesterifigatibm thactohose

he cori ol i o denti Tyteiaf Lerikor GSTEREN G mbady Bh0PR BY EMEOR0ally T, °°

present inventi omodd Tl fesudts of He mqﬂmhnmp@rrdpmznpg fic essres. of Gphiiftadalowt ank 1

is for stor e of, solu i en

react ants. i sP %ﬁ%&@fseﬂ %%/g’fa%] |lfsm5rp8§'8“ﬁ?r rX?r{Sm}eﬁgechBge%%m&tﬁ%em
esterifi catl On pbPhe MRAGH redotofftionthe bittagte o the fivd iR felicorhasie adliikdlify ar e
ordinarily 30 charge to th?) reactor an% IS a referenc point for flow

t hrough the pi pe3&ntfor i fosd PTAgrr sheowan/in 1ehda Wi g pptimizations nown j n
a one possible 05&&&&@% %"re\‘élréd’l‘atﬁ;ﬁ\sﬁlﬁr%k reﬁ&iédmngoﬁibﬂﬁ?e&iceﬂ@ akd § WPy
upward bends and the inle IS below the pipe outlet 11 in elevation.

During operati oreacticageafidnwith ne ereireation ghmueheas pogsdl® f or mi ng pre- pol yester.
The pipe 5is shown here having an RR zone 4 and a PRPR zone 6; although
this is not required, 5 it is a preferred enbodi nent of this invention. The
RR zone recycle line is shown at



4A. An optional vapor disengager in the RR zone is shown at 4C along with
its associated |line 4D, as expl ai ned previously, vapor build up may
negati vel roduct yield in the reactor system i ol i ds
det ect or o(?EJr?g)gisog%qong solids in the outlet of the RR zgﬁg&gﬁqogfag&ﬁo at 4E
at the outlet of the RR zone 4B (as 10 demarked by the recycle Iine 4A which
allows for RR zone output to be recycled back as shown). Shown near the

pi pe outlet 11 is an optional vapor disengager 7 and vapor line 7A for

di scharge of vapor fromthe flowin the pipe,, Flow, .through the pipe 5

| eaves at the pipe outlet 11. An optional s“oH'ds detector 9 is shown at the
pi pe outlet 11 for determ nation of solids content in the material flow ng
through 15 the outlet 11. Flow fromtheny utlet 11 optionally enters the
pol ycondensation reactor 15 (if present Ich may be a pol ycondensati on

pi pe reactor as shown. Optionally, sonme flow fromthe pol ycondnesati on
reactor 15 may be sent back to the pl peCachlbtichddor sikie teciiulhthfy Fipe Shopwn.
Fl ows through 4A and 15A may act as solpbii it Eveepit BikestidfoRewedsyl pbove.
20 Exanples The. jnyention can be fatherlilh g Yed 381t Q Vb RMANT
exanpl es, but if ot-o—pe—tngerstood—t 5 '
merely for purpq 5F ! =y -OR--BhE ehded—to—1+-+mt—t+he{ scope
of the inventi offfeGKe %@ndﬁ%@\%%%e‘?g:’aé‘ cifically indicated. Titles injthe
exanpl es are gi yfpradse:conveni ence and dhould not he #8ken as liniting.
Exanpl e 1 Usi ng |fééRmdle mobelmalgyEGéraeapl arly vol unes and pi pe di aneters wer
30 cal cul ated f(prTA): commercial scale pipge reactor systkfm for esterification
of purified WO 2H04MEIGERIST abldldnde20lpd/ 016578 - 13 tergghg halic acid (PTA) in
et hyl ene glycol [TEG A SPENPIUS VvV ersijon 11. T W N

nt
11T

-
— o
—_

Temperature (°C): 285
imaximum pressure (psig):’ 52.1

recirculating reactor liquid volume

(cu. ft): 318

plug flow reactor liquid volume (cu.

ft): 353

mumber of parallel pipes in

recirculating reactor: 8

recirculating reactor diameter (in): 16

recirculating reactor maximum

liquid superficial velocity (ft/s): 0.07

recirculating reactor maximum vapor

superficial velocity (fi/s): 5.5

number of paralle] pipes in plug flow

[reactor: - - 6
lug flow reactor diameter (in): 12

plug flow reactor maximum liquid

superficial velocity (ft/s): 0.03

plug flow reactor maximum vapor
[superficial velocity (ft/s): 1.8




Pol ymers Plus and ASPEN s PET Technol ogy was used. The esterification
reactor is nodeled as a series of 5 CSTR reactor nodels foll owed by a plug
flow reactor nodel. The results of the nodeling and a pipe sizing for a

series of i flow 5 pipe reactors for esterification using polyester
nononer regﬁégﬁyg?gg fromthe exit of the first pipe rBatP8YstRe
entrance of the first pipe reactor as a solubilizing agent for the feed PTA
are shown in Table 1. This exanple shows the optimzation effects of using
recirculation only as required for solubility concerns and using plug
reaction profile with no recirculation as mich as possible. WO 2004/ 110616
PCT/ US2004/ 016578 -14 TABLE 1 Cal cul ations for single recircul ating pipe
reactor with two vapor takeoffs followed by Exanple: plug flow pipe

optimzed for t@RAMPIBNES-HdeliBRParisake v k9/s) 31320 Recirculation ratio
(Ou~of recirc/8 us~ of product): 4.0 feed nole ratio (nmole EG nol e PTA :

1.6 36 conver simp selic @edcfbrend groups: 96% Tenperature ('C): 285 maxinum
pressure si : 52.1 recirculating reactor liquid volunme (cu. ft): 318 plug

fllow reactos |iquid yOhjEafC Usteriﬁcaﬁonsﬁﬁe ﬁme(wapfbuﬁta'i@ldeﬁllonﬂa&e}?ucihn
esterification of PTA and EG in a laboratory setting. The lab unit consisted of a
pipe reactor made of 664.75 inches of 0.5” 18 BWG stainless tubing heated by
electric tracing, a 1200 ml receiver with agitator for receiving the output of the pipe
reactor and acting as a disengagement zone to allow the removal of vapors, a
10 recirculating monomer gear pump which pumps liquid oligomer from the receiver
back into the inlet of the pipe reactor, and a PTA/EG paste feed system which feed
raw materials into the recirculating loop.
The reactor was started by charging a PTA based CHDM modifiéd: (2.5
weight percent) oligomer of approximately 96% conversion into the receiver (C01)
15 and filling the pipe reactor with this oligomer in recirculating mode. After
recirculating the oligomer at temperature, a PTA/EG paste feed was introduced into
the recirculating flow. After the reactor reached steady state, samples were taken
from the C-01 receiver at a rate equal to the product generation rate .
These samples were analyzed for percent conversion by proton. NMR
20 analysis to determine the extent of reaction that took place in the pipe reactor. %
Conversion based on Esters was determined by Proton NMR using a
Trifluoroacetic Anhydride Method.
Ten mg of the sample to be analyzed is dissolved in 1 ml of a solvent
mixture of chloroform-d with 0.05% Tetramethylsilane (TMS)/trifluoroacetic acid-
25 d/trifluoroacetic anhydride in a 72/22/8 volume ratio. The mixture is heated to
50°C and stirred as needed to completely dissolve the sample to be analyzed.
The appropriate amount of the sample solution is transferred into 2 5 mm
NMR tube and the tube is capped. The proton NMR signal is recorded using an
average of 64 signals collections. The NMR signal using a 600MHz NMR and a
30 NMR pulse sequence is collected which gives quantitative proton NMR signals and
also decouples the carbon 13 NMR frequencies. The NMR spectrum is analyzed by



recirculating reactor: 8 recirculating reactor dianeter in : 16
recirculating reactor maximum|iquid superficial velocity fins : 0.07
recircul ati ng reactor nmaxi num vapor superficial velocity (ftls): 5.5 nunber
of paralle plug flow reactor: - 6 plug flow reactor dianeter in
12 lug f|3“??@§§?@? maxi mum | i qui d superficial velocit{yCHUPHNIETB3 | ug

fl ow reactor maxi num vapor superficial velocity ft/s : 1.8 WD 2004/ 110616
PCT/ US2004/ 016578 -15 EXAMPLE 2 Lab- Model Conparison Lab Scale Reactor 5 A
| ab scal e esterification pipe reactor was built to denonstrate such
esterification of PTA and EGin a |aborataqny _setting. The lab unit consisted
of a pipe reactor nmade of 664.75 inches of 0.5" 18 BWG stainless tubing
heated by electric tracing, a 1200 ml receiver with agitator for receiving
t he out put of t h@aduripg the @detoire@dndhdarlculagng theaotionesngag efmacid gtape tho al | ow

t he renoval of va ors, O recirculati.n nomer gear punp which punps
liquid ol i gomer SHFERYPS yg’\?ééqa%%‘}dcat?a]é °‘gr1?f°ng “ he inlet of the pipe reactor,

and a PTA/ EG paste feed systemwhich feed raw materials into the
recirculating loop. The reactor was started by charging a PTA based CHDM

modi fied: (2.5 AmaisQmweﬂetheEcrhlpylns|cilgalﬁ§rsh@fpoa}5w&ﬁnﬁaéte@@e% conver si on
into the regei Ve, (& dnd % conversion calculated using the formula.

Area A =792 ppm to 8.47 ppm
Area B =5.01 ppm to a valley between 4.82 and 4.77 ppm
Area C =4.82 ppm to a valley between 4.74 and 4.69 ppm
10 Area D = A valley between 4.28 ppm and 4.18 ppm to a valley between 4.10 and
4.16 ppm
Area E = A valley between 4.10 ppm and 4.16 ppm to a valley between 4.0 and#'
4.08 ppm
Area F=8.6 ppm to 8.9 ppm
15 Area G="7.55 ppm to 7.8 ppm
% Conversion = 100*(B + (0.5*C) + D + (0.5*E))/(A + F + G)

The samples were also analyzed by gas chromatograph for percent DEG by
mass to determine the rate of the side reaction. The effect of residence time and

20 recirculation ratio was seen by varying the feed rate of the paste.

Results from laboratory runs can be seen in Table 2 below.



15 and filling the pipe reactor with this oligonmer in recircul ati ng node.
After recirculating the oligoner at tenperature, a PTA/EG paste feed was

i ntroducedyé BéoR/11d6¢ recirculating flow After the reactg?ThgﬁﬁﬂﬁﬂFgéeady
state, sanples were taken fromthe C-01 receiver at a rate equal to the
product generation rate. These sanples were anal yzed for percent conversion
by proton NMR 20 analysis to determ ne the extent of reaction that took
place in the pipe reactor. % Conversion based on Esters was determ ned by
Proton NMR using a Trifluoroacetic Anhydride Method. Ten ng of the sanple
to be analyzed is dissolved in |1 m of.ja solvent mxture of chloroformd
Wi th 0.05% Tetranethyl silane (TM5)/trifluoroacetic acid- 25
d/trifluoroacetic anhydride in a 72/22/8 volune ratio. The m xture is heated
to 50C and stirred as needed to conpletely dissolve the sanple to be

anal yzed. The appropriate ampunt of the sanple solution is transferred into
a 5 mm NWR tube and tpe |tubegis . h br pt on [NMR signal is recorded
using an average of 64 sig1aE Q i ' NVRR si gnal using a 600MHz
NVR and a 30 NWR pul se squanggﬁ ghﬁives guantitative proton
NMR signal s and al so peqo@pl gf~t elequenci es. The NWR
spectrumis anal yzed by V[§E0 /] 016578 -16 neasuring the
correct areas and cal cplatin hd adqid groups to ester
groups by the areas anfl dal gulgat i bet ween the foll ow ng
chem cal shift points fefleBgn Q: & Eired, and % conver si on
cal cul ated using the erAu 1.2 ¥ £ My 0<g. 47 ppm Area B = 5.01
ppmto a valley betweeh 4.82 zp& S & £|4.82 ppmto a valley
bet ween 4.74 and 4.69 ppmIp g ed D3 A vall ey Petm&en 4.28 ppmand 4.18 ppm
to a valley between 4. f0{and
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Model Comparison

An ASPEN model was used to simulate the lab apparatus previously
In this case, ASPEN 11.1 with Polymers Plus, and
ASPEN's PET Technology was used for the modeling with a model configuration

described in this example.
similar to the one described for Example 1. Neither model configuration nor
software were significantly different from that used in Example 1. In order to
correctly simulate the dissolution of PTA into the oligomer at different conditions
in the lab, it was sometimes necessary to add dissolution kinetics to the model.
Table 3 shows three comparisons of lab runs with the model without dissolution
kinetics included; this model was found to be of reasonable accuracy when the
experimental conditions resulted in completely dissolved PTA as in these. runs.
Table 3 also shows two examples of comparisons of lab runs with themodel
including the dissolution kinetics; this model including the dissolution kinetics
closely matches the measured conversion when free PTA is present at the end of
the lab scale pipe reactor as in these runs. Conversion is defined in this context as
the percentage of reactive (acid if use PTA as here) end groups in the liquid phase

that are esterified as measured at the outlet of reactor.

TABLE 3

Completely Dissolved PTA - No Dissolution Kinetics in Model

Paste | Monomer | Temp. Paste Unreacted Mode! Measured
feed | Circulation °C Mole PTA, Predicted %
(g/min) | (g/min) Ratio Weight % % Conversion
(EG/PTA) Conversion
8 507 263.2 1.8 0.00 97.053 95.170
8 507 253.9 1.8 0.00 96.645 93.750
15 507 265.5 1.8 0.00 96.269 91.630

4.16 ppm Area E = A valley between 4.10 ppmand 4.16 ppmto a valley between
8.6 ppmto 8.9 ppm 15 Area G = 7.55 ppmto 7.8
ppm % Conversion = 100*(B + (0.5*C) + D+ (0.5*E))/(A + F + G The sanples
% zed by gas chromatograph for percent DEG by
The effect of HIEWREHOST8 ne and
past e.
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PCT/ US2004/ 016578 -18- Moddel Conparison An ASPEN nodel was used to sinulate
the lab ap eviously described in this example, In this case, ASPEN
11.1 with gg{?%ﬁgaél us, and 5 ASPEN s PET Technol ogy VGXUSRMPI6RE ¢ he
nodel ing with a nodel conflguratlon simlar to the one described for Exanple
1. Neither nodel configuration nor software were significantly different
fromthat used in Exanple 1. In order to correctly sinulate the dissolution
of PTAinto the oligoner at different condijpLons in the lab, it was
sonetinmes necessary to add dissolution kinetics to themode]. 10 Table 3
shows three conparisons of lab runs with the nodel w thout dissolution

ki netics included; this nodel was found to be of reasonabl e accuracy when

the experinental CO”%’#A@”F%%Q@&H&EPSSOQ esélgéo%%na{cﬁn%vgg PTA as in

these. runs. Table 3a conparlso | ab runs
wi th the--nodel including the d| ssol ution kinetics; this m)del i ncl udi ng
the di ssol uti op—kineti-cs—15-el-asely maiehes—the rpastted—conversionyhen
free PTAis pr s Baste ot Mopamer, TS’F’p §4“ft§b Sggfﬁ:eﬁ' M"aﬁ kot orMgasuped {hese
runs. Conversi SJnFF§' drirmitor h thi s Plext| ad ohg éqdlf’é‘?‘?t dage &f rehctive
(acid if use PTAYBEher@mBhd| gr oupk Wicﬁmé phasé onversion
(EG/PTA) Conversion
19 507 261.5 1.8 2.93 90.935 86.500
15 507 261.5 1.8 334 90.228 85.490
5

The specific embodiments described and shown in the specification and
drawings should be taken as illustrative of the present invention and.-not. for

purposes of limiting the claims that follow, unless specifically indicated otherwise.



that are esterified as nmeasured at the outlet of reactor. 20 TABLE 3
Conpl etely Di ssol ved PTA - No Dissolution Kinetics in Mdel Paste Mononer
Tenp. Paste Unreacted Mbdel Measured feed Circulation C Mole PTA, Predicted
% (g/mn) (g/mn) Ratio Weight % % Conversi on EG PTA Conversion 8 507
263.2 1.8 0.00 97.053 95.170 8 507 253.9 1.8 0.00 96.645 93.750 15 507
265.5 1.8 0.00 96.269 91.630 25 WO 2004/110616 PCT/US2004/016578 _19_ PTA
Not Conpl etely Dissol ved/ Di ssol uClaimi netics in Mdel Paste Mnomer Tenp.
Paste Unreacted Mbdel Measured Feed Circulation C Mole PTA, predicted %
(g/nlin) (g/mn) Ratio Weight % % Conversi on EG PTA Conversion 19 507 261.5
1.8 2.93 90.935 86.500 15 507 261.5 1.8 3.34 90.228 85.490 5 The specific
enmbodi ment s deqcrA pecksaesmmivdyn i n the specification and drawi ngs should be
taken as illustrative_ of the gresent i hvention and - not., for purposes of
limting the cli fEeRiYA8 ¥ Srachon miMiedlovape areued it ipiRs TattetzaeHer wi se.
G aims.  linerbbyPloRt 85 SstérfitbRfibiSteRion product;
(b) separating said esterification reaction product into a recycle portion and a
non-recycle portion at a separating location, wherein said separating is carried out in a
manner such that the weight ratio of said recycle portion to said non-recycle portion is in
the range of from 2:1t0 25:1; and
{c) introducing at least a portion of said recycle portion into at least a portion of

said reaction mixture at a location upstream of said separating location.

2. The process of claim 1 wherein said esterification reaction product has a

conversion in the range of from 75 to 95 percent.

3. The process of claim 1 wherein said recycle portion contains less than

2.5 weight percent solids.

4. The process of claim 1 wherein said reaction mixture comprises a reactant in
the form of solid particles, wherein said recycle portion helps dissolve said solid
particles.

5. The process of claim 1 further comprising subjecting said non-recycle portion
to further reaction.

6. The process of claim 5 wherein said further reaction comprises esterification

and/or polycondensation.

7. The process of claim 6 wherein said further reaction comprises esterification in

a second pipe reactor zone.



(a) esterifying a reaction mxture flowing through a first pipe reactor zone
to thereby forman esterification reaction product; (b) separating said
esterification reaction product into a recycle portion and a non-recycle
portion at a separating |location, wherein said separating is carried out in
a manner such that the weight ratio of said recycle portion to said
non-recycle portionis in the range of from2:1 to 25:1; and (c)
introducing at |l east a portion of said recycle portion into at |east a
portion of said reaction mxture at a |ocation upstream of said separating
l'ocation. 2. Tite ThHeQe®Sss offclaiindd WhéreiREiE @ktariScition asifd sddofd@pipaRedcRACt | ON
product has a_ conversion in the range of from 7&590$][0 95 percent. 3. The
process of ZoBf BIOMIdEs JBrERIER Gon¥ersign F@E%&@W‘PBW"—‘ FLAS [92EI95Z9M8an 2. 5

wei ght percent solids. 4. The process of claim1l wherein said reaction

m xture conprises a reactant in the formof solid particles, wherein said
recycl e portiof hlegsoathselbtlaim § aihdrelothe donvigesion) ashisyed B saitheecpndpipss of
claiml f r_COOnSi.Si Lact id. racyele.portjon to further
Feact | on. EeiafOR Bt e SR B R Ol h R B bB Bk compr 1 ses
esterification and/or polycondensation. 7. The process of claim®6 wherein
said farther reaction conprises_esterification in a second pjipe reactor

zone. fit) S. Thelireessoioflam Aiwherem, i WIShPiRa Factos FeAs Siadatiraftion sai d
second. Pl DeackibR ZbR! (RIE A0) R SafdCRodhd0fiftebiof DMK Sl B! BRRoR Prlhile

esterifying in sard first pipe reactor zone. 9. The p ess o Im8
wher ei n t hieactiomzane<PRPR agie).eved i n sai d second pipe reactor zone is at
| east 1.08 tines the conversion achieved in the first pipe reactor zone.
10. The process of claim7 wherein said first pipe reactor zone is a
recircul ation 11, The process of claim 7 wherein said reaction mixture flows through at least a

portion of said first pipe reactor zone in stratified or froth flow, wherein said reaction.
mixture flows through at least a portion of said second pipe reactor zone in plug,

stratified,  or froth flow.

12, The process of claim 1 wherein said reaction mixture contains one or more
reactants selected from the group consisting of dicarboxylic acids, diols, diesters,
hydroxyl esters, carboxylic acid esters, hydroxyl carboxylic acids, tricarboxylic acids,

and combinations thereof.

13. The process of claim | wherein said reaction mixture contains TPA and EG.

14. A process comprising:

(a) providing an esterification pipe reactor comprising a pipe, wherein said pipe
has a pipe inlet, a pipe outlet, a recirculation reaction zone (RR zone), and a plug reaction
profile reaction zone (PRPR zone), wherein said. RR zone is located closer to said pipe
inlet than is said PRPR zone;

(b) adding a solubilizing agent into said pipe; and

H



reaction zone (RR zone) and said second pipe reactor zone is a plug reaction
pr ot T : — The process of claim7 wherein said
reaction mxture. flows through at |least a portion of said first pipe
reactor zone in stratified or froth flow, wherein said reaction mxture
flows through at | east a portion of said second pipe reactor zone in plug,
stratified, ordiroth,flomﬁ 12. The process of claim 1l wherein said reaction
m xture cont ai f€) SHEIRE ONGSF Borg agitiheoutained dnp egctiqnoReding flgvdrginsaidsi sti ng
of di carboyiyk kdwaddsl 48 pifk Ohtfet, Wheléih @eSproduldy S QXY RROSHETEs a CaTRAIN ihC aci d
esters, hydroxyl carboxylic acids, tricarboxylic acids, and conbinations

t her eof . 1§Frﬂﬁé05ﬁ688§§*85“bﬁ%?ﬁﬁﬁpqwm%ein said reaction m xture contains
TPA and EG  14. A process conprising: (a) providing an esterification pipe
reactor conprising a pipe, wherein said pipe has a pipe inlet, a pipe
outlet, a reci ridul Hiei ppocesseaictlaion! 4 wheeig Rigeratmg yondiitls dn pdid gipeaste huchn

profile reaction zone (P ne),, wherei n.sai.d, RR zone is |ocated closer to
sai d pi pe %ftn';h&protdﬁgtndi(séﬁpsﬁlgf ﬁ?{g@af&r@?"e(%?“ Q&Hfsnﬁaaﬂ%éi@mmqszarﬁ&r agent
into said PhpPe céd\@rsiohlof () pré®AEHS A KAl NDre reactants contained in a

reaction nmediumflowng in said pipe towards said pipe outlet, wherein the
product of said RR zone has a conversion in the range of fromabout 75 to

about 95 percent, r i e| i ondi tions
in said pipe apteﬁ' gé‘gﬁro-g?%é’?c@ﬁg%%r“glfﬁﬁegiﬁ%&%a%e\émg%rﬁﬁ%ggfﬁé augto version
that is atsaddRReoik i©Rstthaes gr2ameight pdrzent.t he conversion of the product of

said RR zone. 16. The process of claim 14 wherein the average solids content
of the product of said RR zone is less than 2.5 weight percent. 17. The

process of claiim The brocéssof claiRd P4 AhBiompisiAg itioRteidg 8 981uklity dg¥ntaggnt into

said reaction medium upstream of said PRPR zone.

18. The process of claim 17 wherein the ratio of the mass flow rate of said
solubilizing agent introduced into said reaction medium to the mass flow of the material
leaving said pipe and not being recycled back to said pipe is in the range of from
21to 25:1.

19. The process of claim 17 wherein said solubility agent comprises at least a

portion of the product from said RR zone.

20. The process of claim 19 wherein at least a portion of said solubility agent is
introduced into said RR zone, wherein the ratio of the mass flow rate of said solubilizihg
agent added to said RR zone to the mass flow of the product leaving said RR zone and

not being recycled back to said RR zone is in the range of from 2:1to 25:1.

21. The process of claim 14 wherein said reacting causes the formation of a

reaction product comprising a polyester oligomer and/or a polyester polymer.



sai d reaction nmedi um upstream of said PRPR zone. 18. The process of claim17
wherein the ratio of the mass flow rate of said solubilizing agent
introduced into said reaction nediumto the nmass flow of the materi al

| eavi ng said pipe and not being recycled back to said pipe is in the range
of from2:1 to 25:1. 19. The process of claim 17 wherein said solubility
agent conprises at least a portion of the product fromsaid RR zone. 20.
The process of 22 dahnpi&ewhofreim 2& furtlea sdmprispngrdolyetndehsiagiatlesnlaypbitlont y agent
is introduﬁgglinto sai,d RR zone, wherein the ratio of the mass flow rate of
sai d sol ubPI PHRTECLBRAN added to said RR zone to the mass flow of the
product |eaving said RR zone and not being recycled back to said RR zone is
in the range of from2:1 to 25:1. 21. The process of claim 14 wherein said
reacting causes3t Hdemspaess ofsipimfl4avherdin said 8¢ orrBoKg deactavisois iselesied ool yest er
ol i goner apd/or ; RO . , e 118 further
conprisingﬁggﬁvggw%%%égﬁgﬁggaﬁgégﬁH%“%%T?%@ﬁwgﬁgﬁsgﬁ%gégggg?ghg%?g%uct. 23.
The pr ocessandabomblnatitnstiersdfer ei n sai d one or nore reactants is selected from
t he group consisting of diacids, diols, diesters, hydroxy esters, acid
esters, hydroxy acids, and conbinations thereof. 24. The process of claim

14 wherein sai h40nge BfocbRE cLRPE4 FhérSinisBidlonlSSmdrRAeRB s iFRIdRTIPA and
EG.
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