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SUMMARY OF THE INVENTION
It is an object of this invéntion to provide pblyester processes using a pipe
reactor. Thus, this invention relates to a process for making a pre-polyester
25 comprising: providing an esterification pipe reactor comprising a pipe, the pipe
having an inlet and an outlet and constructed such that flow inside the pipe from the
inlet to the outlet follows a path that is not totally vertical nor totally horizontal;
and reacting one or more reactants flowing in the pipe towards the outlet under
esterification reaction conditions to form the pre-polyester.
30 The invention also relates to similar processes wherein the pipe is

constructed such that flow inside the pipe from the inlet to the outlet follows an



esterification reaction conditions to formthe
pre-pol yester. 30 The invention also relates to

wa@ 2ovsloas6pr ocesses wherein the pipe is constrpcr/@d2004/016465

5

10

15

20

25

30

such that flow inside the pipe fromthe inlet to the
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BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute a
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.

Key to Number Designations in Fig. 1
1 tank (optional)

1A line from tank to pipe (optional)
3 pipe inlet



25 the present invention. Key to Nunmber Designations
in Fig. 1 1 tank (optional) 30 1A line fromtank to
w@e@e/o¢apt i onal ) 3 pipe inlet WO 2005/ 000461 PCT/US2004/016465
PCT/ US2004/ 016465 3 5 pipe of esterification pipe
reactor 7 vapor disengager (optional) 7A vapor line
(optional) 9 recycle line (optional) 5 11 pipe
outl et 15 pol ycondensati on reactor (optional and shown
as a pipe reactor) 15A line fr3om pol ycondensati on
reactor to pipe (optional) 10 DETAI LED DESCRI PTI ON OF
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mononers, diners, trinmers, oligonmers and conbi nati ons
of these.. For sinplicity, pol yester processes wll be
understood to include processes 20 for making

10pr e- pol yest erBETABDEDBESCRIRTION OFSTHEINVENTIONhe

clalms T ht il Qisciostre and the chaime that folloy, Galess 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 the case of

derivatives of "straight" or "pure" polyesters such as polyetheresters, polyester

15 amides and polyetherester amides). Similarly, 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

20 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 and constructed such that

25 flow inside the pipe from the inlet to the outlet follows a path that is not totally
vertical nor totally h orizontal; and reacting one or more reactants flowing in the
pipe towards the outlet under esterification reaction conditions to form the pre-
polyester.

More specifically, the pipe may be constructed such that flow inside the

30 pipe from the inlet to the outlet follows an overall upward (outlet higher than inlet),
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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.

Given space limitation normally present at manufacturing sites, it may be
convenient for the pipe to be serpentine; that is, having at least one bend. One
preferred orientation for the pipe in accordance with this is shown in Fig. 1. The
pipe 5 has several horizontal zones joined by bends.

25 In the reaction systems covered by the processes of the present invention,
there may be solubility problems involving one or more reactants. For e xample,
terephthalic acid is not very soluble in ethylene glycol, thus making it difficult to
get the two to react in making polyethylene terephthalate. Thus, the processes of
the present invention may further comprise adding a solubilizing agent into the

30 pipe. For purposes here, a solubilizing agent makes one or more reactants more
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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 multifunctional 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 cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyl-4,4'-dicarboxylic
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added. to the pipe separately in whole or in part. If
m xed with reactants (here pol yester nononer
precursors) in any way, the solubilizing agent would
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naphthalenedicarboxylate, 2,6-naphthalenedicarboxylic acid, ethylene 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 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

comprise terephthalic acid (TPA; understood to include crude, purified (PTA) or
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of standard engineering design techniques with reference to the disclosures herein.
In the systems considered here, operation so that stratified flow appears in

25 the pipe will produce two, three or more phase systems.

Given different pipe designs, it may be desirable to operate with stratified
flow in a certain given percentage or section(s) of the pipe. Calculations to
determine needed parameters may be performed by those of ordinary skill in the art

using standard engineering tools after consultation of the disclosures herein.
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Two parameters of interest in the art relating to the present invention are the

Baker plot parameters, By and By. These are defined as

=(GLA ¥)/Gg, dimensionlessand.
By =(Go/ 1), Ib/(sec ft)

where, A = (p'cpL N2 =1/ o) K ! L/(p’L)Z)”3 :Gg = vapor mass velocity; G =
liquid mass velocity; o' L = ratio of liquid viscosity to water viscosity,
dimensionless; p’. = ratio of vapor density to air density, dimensionless; p'L =
ratio of liquid density to water density, dimensionless; 0"’ = ratio of liquid surface

tension to water surface tension, dimensionless; and air and water properties are at



In the systens considered here, operation so that
stratified flow appears in 25 the pipe will produce
wo wm5/00dasee or nore phase systens. G ven diff epenuSpopelcdos
designs, it may be desirable to operate with
stratified flowin a certain given percentage or
section(s) of the pipe. Calculations to determ ne
needed paraneters nmay be perforned by those of
ordinary skill in the art usifig standard engi neering
tools after consultation of the disclosures herein. WO
2005/ 000461 PCT/ US2004/ 016465 8 Ester|f|cat|on p|P ) .
rea@br&(@ﬂﬁeﬁ)aar@ll@b?’ dPedUdd Ibfleni)-d SeqpRernisc Cagmical Engineers
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stratified flowreginme, at least _in part.
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i s rT?li processes according to the present invention also include: those

corresponding to those described above wherein the pipe is constructed such that

20 flow inside the pipe from the inlet to the outlet follows an overall downward (outlet

lower than inlet), but not totally vertical path and such path may be in addition
generally non-upward, non-vertical.

The apparatuses according to the present invention include those

corresponding to the processes of the present invention. In particular, an apparatus

25 for making a pre-polyester comprising: an esterification pipe reactor comprising a

pipe, the pipe having an inlet and an outlet and constructed such that flow inside

the pipe from the inlet to the outlet follows a path that is not totally vertical nor

totally horizontal, and wherein pre-polyester forming reactants are passed towards

the outlet.



Two paraneters of interest in the art relating to the
present invention are the 20 Baker plot paraneters,

wad2005a0d6By. These are defined as B,, = (GL A RVUISHN4/016465
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di mensi onl ess and. By= (Gd |b/(sec ft2) 25 where, 7

= (PchkPi )lIn;,ba)( /1 "L/(PL)2)1/3 ;G = vapor

mass velocity; GL = liquid mass velocity; L =ratio

of liquid viscosity to water viscosity,

di mensionless; P c = ratio of \u@por density to air

density, dinmensionless; P L = ratio of liquid density

to water density, dinensionless; Q = ratio of liquid
surface 3Yoreespstidinallyy thiapwe mar baceustraeisd sich that flow inside the

20057 Bo0RB1 Bt LB by B ot S5RRERbLEE P RaPtpflyerica
ot s ey sk e, e v
pi Bemf"%gl’é? g‘? §“b8ﬁ8§?aé{§ge&‘p§%@ﬁ%?’ﬁ‘5§ pé?"'i‘???}bess than 4.0

whil e By T aph@8fisdshidbording t®the BrosertSm@nBar Mo indRRAe Mose for
equal to 4.0 while (log 10 By) is less than or 5

equanakipg 2 polygster Qbigomer, B polyesteroriuth enmprisingany of treoapparatuses

any . .

por gendruty BaRpba BB (ResbRaRbRE 1o oy gutet of he
(at pipetthis lsssmentsmed polyyondehdatiompipe rgactommaydfe at gudycondensation
systens_considered herein be in a stratified flow

i MR TR0 ATy ARELYPE suiahls Ty PSR P gi e

present Shaufefbnbe taeeppaitBes dihe , presehCinPEREASTRARed means
the present invention include thaose previously ) )
des C‘EWB@H opHestirerthy (throgeh ajbgidgings ieaehs) o4 PoossRs ¢ uippentyin fluid
| esscolifthicatidn OF B., is greater than or equal to 4.0

while (log to By) is less than or equal to -0.677(! og
10 B,,) -+AQdisd8sedrpremiaushgét iaoftes smpatmt foutelmoge @sor from inside

R L L R T H—
sectfop FemoviAg/eiporl frbineih€laé theiise &les i1gond foifteilodethe pipe. This
desirable to operate wth B,, and B )
point along the pipe could include the inlet or tXe outlet. In addition or instead of
removal from the pipe, vapor could be removed outside of the pipe, generally
and/or prior to polycondensation and/or during polycondensation. Means for such
vapor removal include vapor disengagers, vents and other devices known in the art.
See Perry's Chemical Engineers' Handbook.

Also as discussed previously, the pipe may be serpentine.

One variation on the apparatuses of the present invention possible is the
addition of a tank' for holding solubilizing agent (which may be mixed with
reactants (polyester monomer precursors here) if desired) that is connected to the
pipe at a point other than the outlet. Further, a recycle line connecting the pipe at a
point nearer to the outlet than the inlet with the pipe at a point 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 other than the outlet could also be added.



15 as above in a certain given percentage or
section(s) of the pipe. Calculations to determ ne

woemdea4par anet ers may be perfornmed by those OPCT/US2004/016465
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ordinary skill in the art using standard engi neering
tools after consultation of the disclosures herein.

The processes according to the present invention also

i ncl ude- those corresponding to those described above
wherein the pipe is constructed such that 20 flow

inside the pipe fromthe inlet to the outlet foll ows

an overall downward (outlet [ower than_inlet), but not
total |y Vetdppatiatusest hecarding e Hhe Freseniajnveetiqn alsg dinelude those
gener al | on- upwar n ' . :

accoparmindBE i ool KL viBlein HuPIAPRACALURAR such that
cor rfpspReide fig: pipe fom he daleswoehe ofitldt Hellgpwsemeonterall downward, but

invention, In_ particular, an a atus,..25 for Kin

2 prit (M okerinal DEATISHY Pota DO Por] PR BFfepiTygon-upward
reaghRlveRRPri sing a pipe, the pipe having an inlet

and an outlet and constructed such that flow.inside

t he pi pe Gneospetiak congideration forcthisulaptemeptipnedyglag phapparatuses
that is.not totall ritcal . t [ |

ana et B o BReSsist BEphidirts Kiing WE Bkl s RbLHAE pipp from
t owatififing tdiye whieh |tké pipdQs2@QehGRH 4Bilis,PUE/ App2008£0 6465 present

10 More specjfically, the pipe may be constructed.suc .

{ hatmYRER RbraEosh Bt et B Riias FRFEROVEE (4pgY Fot the pipe
out |aeh 128t dne WenPAhdOVIRIéth khel{fdyedik derpénitine AAd hdsdt ddasy/one weir at an
vertical Eath and this path may al so be generall

A
non-effieeingetistance iemabanidc ieans fakvapppremoyais a3 Ri§VIowsly discussed.
substanty akily, QBRI Me GRS ¢ {?I HGe% Waﬁl‘féaﬂ#%kﬁéﬁve%&?&e to achieve
appar atuses according to the prgsent I hvention al so
i nclthiglebjedios ef kexpingnthk upger pipeckstams domgdigpmtally dry; this can be

pol yest er ot h conpri sing. f the a rat.uses

P eieteng s it bty 900 DY aft e SRBRE pRkHES e methods
conngrdwide bRy BEmedlistBuref hdrdie. - pi pe; this |ast

nment i oned pol ycondensati on pipe reactor may be a

pol ycondensati on pipe reactor or of any other type
sui t abl e Figrl pbistraton thenanpeiagises of the present invention ‘as well as the

corresponding processes. Optional tank 1 is for storage of solubilizing agent which
may be mixed with reactants. It is connected (if present) by 1A to the pipe of the
esterification pipe reactor 5. Pipe inlet 3 is where fresh reactants are ordinarily
charged to the reactor and is a reference point for flow through the pipe 5. Pipe 5 is
shown in a preferred orientation such that several horizontal sections are bridged by
upward bends and the inlet 3 is below the pipe outlet 11 in elevation. During
operation, reactants flow through the pipe 5 forming pre-polyester. Shown here
near the pipe outlet 11 is an optional vapor disengager 7 and v apor line 7A for
discharge of vapor from the flow in the pipe; as explained previously, vapor build
up may negatively affect product yield in the reactor system. Flow through the pipe
5 leaves at the pipe outlet 11. Optionally, flow may be recycled through the recycle
line 9. 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 to the pipe 5 through



10 In reference to the apparatuses of the present

i nvention connected neans directly or indirectly

w@ edvsooght a b ridging piece(s) o f process equPQITESIN4/016465
in fluid communication. As discussed previously, it

is often inportant to renove vapor frominside the

pi pe, so the apparatuses of the present invention may
further conprise neans 15 for renoving vapor from

inside the pipe at at |east onel2point al ong the pipe.
Thi s point along the pipe could include the inlet or

the outlet. In addition or instead of renoval from

t he pheane Mapdilowniiraigh® anddddanayoast 8¢ shdutnlizing eganises discussed
gener, and/ or prior to polycondensation and/ or

during pol ycondensati on. Means for such vapor renoval

i ncl ude vapor disengagers, vents and other devices

kno in Ehe art. 20 See Perry's Chem cal Engi neers'
Hand5d8RP%Al so as di scussed previously, the pipe may

e serpenthigvefdih dAMdefuns MstHQ BPRR RIMSES Q{an‘fpa%, but it
an

present invention possible is the addition of "a
for Hetud Ry vwderstiopd ithat rihesa geampleatire inokeded baeralyxfod purposes of

with. L ] rs.: her i .
desi FRFEROR B RELNETRETp FRAIEN:oRY SEHE BRER GGy blherwise
ot hespecifmally ielicatedl Ay tHies tith elie, exampdasyart gitennfdr convenience and
connect | h i pe.at. a point nearer to the outlet
thanQFWQH%ﬁkgg*g?gﬁ“PW@gpipe at a point nearer the

10 nlet than the outlet could be enployed at |east for
addition of recycle as a solubilizing agent to the

pipe. Simlarly, a flowline fromthe pol ycondensati on
reactor to the pipe at a point other than the outl et

could al so be added. WO 2005/ 000461 PCT/ US2004/ 016465

11 The apparatuses according to the present invention

al so include those corresponding to those descri bed

above wherein the pipe is constructed such that flow
inside the pipe fromthe inlet to.the outlet follows

an overall downward, but not totally vertical path

and such path nay be in addition generally non-upward,



5 non-vertical. One special consideration for this

| ast nmentioned class of apparatuses according to the
w@e@s®eoid46i nventi on i s keepi ng the upper secti oPST/U820041€16465

pi pe from running dry when the pipe is serpentine.

Thus, the apparatuses of the present invention

i ncl ude those further conprising neans for renoving

vapor fromthe pipe 10 at a | east one bend and wherein

the pipe is serpentine and hasikat | east one weir at an

effective distance froma bend. Means for vapor

renmoval is as previously discussed. Effective

di stExwmpledr the weir refers to a hydraulically

effectiv dlst hi e tiye

keepi ng 6%‘2’%&3 ggl(i: 18, te\{(gm aF}? g?n%‘rgelg négn t%@gl (ihameters were

dry; caldﬂla$ed0ﬁﬂ a Remniediflrseale 9ﬂ3ehyactdm;§'ﬁemffonesnier[fma§lon of purlﬁed

skill in the art_using stand engi.n ' nmet hod
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as t correspondi ng processes. ggtlonal t ank
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m xed th reag e r
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sections are upward bends and the inlet 3

is below the plpe outlet 11 in elevation. During
operation, reactants flow through the pipe 5 formng
pre-pol yester. Shown here 25 near the pipe outlet 1 1
is an optional v apor d isengager 7 and v apor |ine
7A for discharge of vapor fromthe flow in the pipe;
as expl ained previously, vapor build up my
negatively affect product yield in the reactor system
Fl ow t hrough the pipe 5 |leaves at the pipe outlet 11.
Optionally, flow may be recycled through the recycle
line 9. Flow fromthe pipe outlet 11 optionally enters
t he pol ycondensation reactor 30 15 (if present) which
may be a pol ycondensation pi pe reactor as shown.
Optionally, some flow fromthe pol ycondnesati on
reactor 15 may be sent to the pipe 5 through
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Fl ows through 9 and 15A may act as solubilizing agents
wa@soodivemessed above. Exanples 5 The inventi oPCT/ES200€016465

further illustrated by the foll ow ng exanples, but it
shoul d be understood that these exanples are included
nmerely for purposes of illustration and are not

intended to limt the scope of the invention unless
otherwise specifically indicated. Any titles in the
exanpl es are given for converlidence and should not be
taken as limting. 10 WD 2005/ 000461 PCT/ US2004/ 016465
13 Exanple 1 Using ASPEN nodel i ng, exenplary vol unes
and pipe dianeters were calculated for a comerci al
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Example 2

Using ASPEN modeling, exemplary volumes and pipe diameters were

5 calculated for a commercial scale pipe reactor system for esterification of purified
terephthalic acid (PTA) in ethylene glycol (EG). A SPEN Plus version 11.1 with
Polymers Plus and ASPEN’s PET Technology was used. The esterification reactor

is modeled as a series of 5 CSTR reactor models followed by a plug flow reactor

model. The results of the modeling and a pipe sizing for a stratified flow pipe

10 reactor for esterification using polyester monomer recirculated from the exit to the
entrance as a solubilizing agent for the feed PTA are shown in Table 2. This
example shows the efficiency effects of a single vapor takeoff added in the middle

of the reactor length.

15
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Exanpl e 3 5 Usi ng ASPEN nodel i ng, exenplary vol unes

and pi pe dianmeters were calculated for a commercia

scal e pi pe reactor systemfor esterification of

purified terephthalic acid (PTA) in ethylene glycol

(EG. ASPEN Plus version 11.1 with Polymers Plus and

ASPEN s PET Technol ogy was used. The esterification

reactor is nodeled as a series of 5 CSTR reactor

nodel s foll owed by a plug flow reactor

Example 3

5 Using ASPEN modeling, exemplary volumes and pipe diameters were
calculated for a commercial scale pipe reactor system for esterification of purified
terephthalic acid (PTA) in ethylene glycol (EG). ASPEN Plus version 11.1 with
Polymers Plus and ASPEN’s PET Technology was used. The esterification reactor
is modeled as a series of 5 CSTR reactor models followed by a plug flow reactor

10 model. The results of the modeling and a pipe sizing for a series of stratified flow
pipe reactors for esterification using polyester monomer recirculated from the exit
of the first pipe reactor to the entrance of the first pipe reactor as a solubilizing
agent for the feed PTA are shown in Table 3. This example shows the optirization
effects of using recirculation only as required for solubility concerns and using plug

15 reaction profile with no recirculation as much as possible.
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5 EXAMPLE 4 Lab-Model Comparison
Lab Scale Reactor |
A lab scale esterification pipe reactor was built to demonstrate such
10 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
recirculating monomer gear pump which pumps liquid oligomer from the receiver
15 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 modified 2.5
weight percent) oligomer of approximately 96% conversion into the receiver
(C-01) and filling the pipe reactor with this oligomer in recirculating mode.. After

20 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

analysis to determine the extent of reaction that took place in the pipe reactor.
25 Percent Conversion based on Esters were 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-
d/trifluoroacetic anhydride in a 72/22/8 volume ratio. The mixture is heated to

30 50°C and stirred as needed to completely dissolve the sample to be analyzed.

The appropriate amount of the sample solution is transferred into a 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 600 MHz NMR and a
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the receiver (C-01) and. fi I ling the pipe reactor with
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analysis to determne the extent of reaction that took

pl ace in the pi g%‘WF%‘h@tlgi‘m 4.3&6PPBr cent  Conver si on

based on IS
Trifluor o%%g? [ cAﬁgiydﬁgénwa@%&){nfi ?Z?ng&“ M Vméggrrpl e

to be anal yzed b@WdﬁlséﬁlaméﬁIOBppm m" of a sol vent
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(Tl\/S)/trléIIeﬁgr 8§a§ (,glpgm d/trifluoroacetic

15anhydr i deAneGa=7.25§ﬁm80V£8lpprﬁe ratio. The m xture is
heated to

Percent 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
20 mass to determine the rate of the side reaction. The effect of residence time and

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

Results from laboratory runs éan be seen in Table 4 below.
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Model Comparison

An ASPEN model was used to simulate the lab apparatus previously

5 described in this example. In this case, ASPEN 11.1 with Polymers Plus, and
ASPEN's PET Technology was used for the modeling with a model configuration

similar to the one described for examples 1-3. Neither model ¢ onfiguration n or
software were significantly different from that used in examples 1-3. In order to
correctly simulate the dissolution of PTA into the oligomer at different conditions

10 in the lab, it was sometimes necessary to add dissolution kinetics to the model.
Table 5 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 5 also shows two examples of comparisons of lab runs with the model

15 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.

20
TABLE 5
25 Completely Dissolved PTA - No Dissolution Kinetics in Model
Paste Monomer | Temp. | Paste Unreacted | Model Measured
feed Circulation | °C Mole - PTA Predicted | %
(g/min) | (g/min) Ratio Weight % | % Conversion
(EG/PTA) Conversion
8 507 2632 | 1.8 0.00 97.053 95.170
8 507 2539 | 1.8 0.00 96.645 93.750
15 507 2655 |18 0.00 96.269 91.630
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5

10

15

20

25

Tenp. Paste Unreacted Mddel Measured Feed Circul ation
C Mole PTA predicted % (g/mn) (g/mn) Ratio Weight %
Conversion (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 enbodi nehts descri bed and shown
in the specification and draw ngs should be taken as
illustrative of the present invention and- not::for
purposes of limting the clains that follow, unless
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process for making a pre-polyester conprising: 5

t tl t
o1 pel- Ao SE AEpey e BT B TRHG A out Lot and

const r ucthesidbie in tehéxﬁﬁ(fah@idvpiﬁé&bﬁ%rtddﬁlpﬁbﬁg af pipEN th& Bipe having
inlet to the outlet follows a path that I's not

t ot &riigletandiancattiehsnd qagstactsd et theb Apw|insidmthe pipecfromghe inlet
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out | et un er est I cati on reaction condit’ions
f or m t he rqac@agpaieyaster reaGn. floftiag pr the ggw tofvards dhawiitlet under
such that flow inside

wher ei n.t he e is nst

the 5Tzt p Bblork iR Lot e3P | one an

overal | upward, but not totally, vertical
2. The process of claim 1 wherein the pipe is constructed such that flow inside the
pipe from the inlet to the outlet follows an overall upward, but not totally: vertical

path.
3. The process of claim 2 wherein the pipe is substantially empty.

4. The process of claim 2 wherein the pipe is constructed such that flow inside the
pipe from the inlet to the outlet follows an overall upward, but not totally vertical

path, with this path being also generally non-downward, non-vertical.
5. The process of claim 4 wherein the pipe is substantially empty.

6. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 2, 3, 4 or 5 to make 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.
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substantially enpty. 4. The process of claim2 wherein
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pipe fromthe inlet to the outlet follows an overal

upward, but not totally vertical path, with this path

bei ng al so general ly non-downward, non-vertical. 20 5.

The process of claim4 wherein the pipe is

substantially enpty. 6. A proc2ss for nmeking a

pol yester oligomer, a polyester or both conprising:

perforn1ng the process according to claim2, 3, 4 or 5

to nakdeprpgess ogslapnlq/%ﬁr@m theriiepr efEsarting urder polycondensation

pre rpﬁklgﬁésragno%@% QR LNRI Yo D lierl SAFARE Ruci 0"

pol ycondensat1 on reac ion c

pol yester oligoner, the polyester or both. WO

200 0461 PCT/ US2Q04/016465. 25 The raocess of

cl a%/ Q‘ge RIPEFSS0f SRR 25 P-eh0n osfg“lrt@%rc‘iomé‘sﬁ'ﬁd oving vapor from inside
5 pol weopigensati on reaction conditions is carried out

in a polycondensation pipe reactor. 8. The process of

claim2, 3, 4 or 5 further conprising renoving vapor

fro ' s

pol yeataret b mhlfe 8RRt o boBieb A TRRHEl o T B ising:

per form pgerrhnng)tthe pawsssacowdidg tgclbim &tcamke& pre pmig}eetea and
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the pol yester or both. 10. The process of claim2, 3,

4 oP*Bherein the pipe is serpentine. 15 11. The

process of claim2, 3, 4 or 5 further conprising

addi ng a sol ubilizing agent
10. The process of claim 2, 3, 4 or 5 wherein the pipe is serpentine.

15 11. The process of claim 2, 3, 4 or 5 further comprising adding a solubilizing agent
into the pipe.

12. A process for making a polyester oligomer, a polyester or both,comprising:
performing the process according to claim 11 to make a pre-polyester; and
20 reacting the pre-polyester and optionally other reactants, under
polycondensation reaction conditions, to. form the polyester oligomer, the polyester
or both.

13. The process of claim 11 wherein the solubilizing agent comprises a polyester

25 oligomer.

14. A process for making a polyester oligomer, a polyester or both comprising:

performing the process according to claim 13 to make a pre-polyester; and
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pre-pol yester; and 20 reacting the pre-polyester and
optionally other reactants, under pol ycondensation
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wherein the sol ubilizing agent26conpri ses a pol yester
25 ol i goner. 14 A process for meking a polyester

ol i goner, a ester og/both conp risi

the proc&&t c di MG PPYeYEfai ?ﬂdl Ripn ogler "G under
Pr epBRYRREhfion adacti MR oadHohs) A0 4hh ﬁ@ﬁbl&&%&%{g@ﬂﬁﬂﬁ& polyester
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condltlons to formthe polyester oligonmer, the

pol yester or both. 5 15. The process of claim2, 3, 4
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conprjse a diacid, .a diol ter, Xy . £8s
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ol i goner, a pol yester or both conprising: 10

perform ng the process according to claim15 to nake a

pre IBOA)f)F&te&rf r ARn gﬁ@ﬁ%ﬁé}%ﬁg@?@ b goﬂlgét&%tb%’fh nsmg

opt i onally ot her T e . ~pol'ycondensat |
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combi nations thereof. 18. A process for neking a
poI@éb@@r ol i goner, a polyester or both conprising:..

17. The process of claim 2, 3, 4 or 5 wherein the reactants forming the pre-

polyester comprigse TPA, DMT, CHDM, IPA, EG or combinations thereof.

18. A process for making a polyester oligomer, a polyester or both comprising:.
performing the process according to claim 17 to make 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.

19. The process of claim 2, 3, 4 or 5 further comprising adding a solubilizing agent
comprising a polyester oligomer into the pipe and wherein the reactants forming

the pre-polyester comprise TPA, DMT, CHDM, IPA, EG or combinations thereof.

20. The process of claim 8 further comprising adding a solubilizing agent
comprising a polyester oligomer into the pipe and wherein the reactants forming

the pre-polyester comprise TPA, DMT, CHDM, IPA, EG or combinations thereof.
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pre-pol yester; and 20 reacting the pre-pol yester and
wo@piosooabl y ot her reactants, under pol ycondenset1/0s2004/016465

reaction conditions, to formthe polyester oligoner,

t he polyester or both. 19. The process of claim2, 3,

4 or 5 further conprising adding a solubilizing agent

25 conprising a polyester oligoner into the pipe and

wherein the reactants form ng 2% he pre-pol yester

conprise TPA, DMI, CHDM | PA, EG or conbinations

thereof. 20. The process of claim@8 further

conpri sing adding a solubilizing agent conprising a

po| S i . ¥ i <.

Foactanrio i SPAREL Rbfly el Mol dp oML bl eppppising

DMT, CHDiptrférRdng th&Sparcessantuirdiag toelsint hetoanfke alPe-polyester; and

2005/000461.PCT/USZOO4/8}6465 7 21. @ypr cess for

maki ng a'B6i%%stEr BFPEEREF, %{“‘;2) o?élﬁ?&? 8ihehofgpetants, under
5 CONpblysbritidnsatiBe Fdablidh dimditidhs, 6 BsASHe EISBItEH dMFoker, thedpdlVester
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preﬁbbwyester and optionally other reactants, under 5

pol ycondensation reaction conditions, to formthe

pol yester oligonmer, the polyester or both. 22. The
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PETG 10 23. The process of claim2, 3, 4 or 5 wherein

stratified flow appears in the pipe. 24. A process
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conprising:;,.,. performng the process according to
claim23 to nake a pre-polyester; and reacting the
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pol ycondensati on reacti don condition o formthe
pol yest eperfiringngtbe procése agrording toedlaimo?3 toandke a2be-pdliyester; and
process of claim2, 3. 4 or 5 erein.the liquid
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25. The process of claim 2, 3, 4 or 5 wherein the liquid superficial velocity is
between 0.01 and 0.15 m/s and the vapor superficial velocity is between 0.6 and 3.0
20 m/s across any full cross sectional area inside the pipe perpendicular to the flow

path in the pipe.

26. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 25 to make a pre-polyester; and
25 reacting the pre-polyester and optionally other reactants, under
polycondensation reaction conditions, to form the polyester oligomer, the polyester
or both.

27. The process of claim 2, 3, 4 or 5 wherein By is less than 4.0 while B, is less than

30 2.0 or B, is greater than or equal to 4.0 while (log 19 By) is less than or equal to -
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cross sectional area inside the pipe perpendicular to

f Ki
ol FBsRErRGHs grakne aBpSFyuaTisp st *BESR s Fe RgTise
5 per f or n Berférhfinihe pR%6ssa6ERdid) Ruclhitn 27 @il & prepdBkerd and
pre-pol yester; and reacting the pre-polyester and

opt i onal F%ﬁ'%‘t&}eiher éﬁ%‘?%ﬁ%ﬂ u@%’d‘er(’Ptﬁ@BPl%oﬁ@éhsWFféﬂts under
r ea
%B%@éhe%?%?bﬁ F&ABtton {?‘ﬁdftlgﬁ%ng hﬁ'mf:’tﬁ_l_he % ?gl?gfcgr iy blg@xg?ﬁrﬁ poglyester
V\heroebqsthst ratifi ed fI ow appears in the pipe. 30. A
process for making a pol yester oligonmer, a polyester
or both conprising:., performng the process
10 accQpdTkeprbcesCofaldiin2P virdin keatHied Towdppyas irethe piped
reacting the pre-polyester and optionally other
react ants, under 15 pol ycondensation reaction
@btAgﬁﬁ;e f@rr‘h%ﬂéﬁ?@ly&@ér%ﬁ%&ﬁér 2bbgediE or bbﬂﬁ:ompnsmg
poI yest or both The process of claim1l
wher ei n ptréorpmpgthﬁ BroSens png(ﬂmgtoa:ﬁdngz%tgtma‘lqe@darqi-p@mster and

appears L1 actt'mhge ReP pre-polyester and optionally other reactants, under

15 polycondensation reaction conditions, to form the polyester oligomer, the polyester

or both.

31. The process of claim 17 wherein the pipe is serpentine and stratified flow

appears in the pipe.
20

32. The procesé of claim 20 wherein the pipe is serpentine and stratified flow

appears in the pipe.

33. The process of claim 19 wherein the pipe is serpentine and stratified flow

25 appears in the pipe.

34. The process of claim 33 wherein the step of reacting under polycondensation

reaction conditions is carried out in a polycondensation pipe reactor.



20 32. The process of claim 20 wherein the pipe is
serpentine and stratified flow appears in the pipe.

w@3005Deepr ocess of claim 19 wherein the pi pe PST/US2004/016465
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serpentine and stratified flow 25 appears in the

pi pe. 34. The process of claim33 wherein the step of
reacti ng under polycondensation reaction conditions

is carried out in a polycondensation pipe reactor. WO
2005/ 000461 PCT/ US2004/ 016465 299 35. The process of
claim 21 wherein the pipe is serpentine and stratified
flow appears in the pipe, the step of reacting_ under

pol yéodtemseressonf ¢laime 2l owheroindhe inippsis jespepting ped sefified flow

in ol ycopnden ' j r | ..
0 BeRSRGRSRE B 80, 0% 5 po DR 08 B Loncions
i s doeostiediait@da pelgdtontdbrahtidd wipe reastodznd thepolpespe if P

the inlet to the outlet follows an overall downward,
but not totally vertical path. 37. The process of

cl aizg Bl MOELEbIc14iRL] RhBRin tﬁg\ﬁi}b@% edmbtiradtddysuiEtay flowliflside the
38. The process of claim 36 erein thepflpe IS

congipeufromdths unlst thahe puttsl fohewvyan qveallpdoymvrardpbytot totally
i nl outlet follows an overall downward, but
notq%gkg“%@% vertical path, with this path being al so
general ly non-upward, non-vertical. 15 39. The process

of cl.aiym 38 whefei.n e pi. i s substantially enpty.
%0, S8 Brero® plsfifhada VR i St it rao Sy

pol yester or both conprising: performng the process
according to claim36 or 37 to nake a pre-pol yester;

and 3BoThepweragt el phevisery da wipe anepoapishaich phat flow inside
‘ot 3?&{ P%ﬁ?%ﬁf?glte?inleyfb E oufl l%ﬁ%?%ﬂ?}_@&’a@ Qlo{vﬁt@v&ltg, B not-totally

con ormthe polyester oligoner,
pol westicelrpath, with this path being also generally non-upward, non-vertical.

39. The process of claim 38 wherein the pipe is substantially empty.

40. A process for making a polyester oligomer, a polyester or both comprising:
pérfonning the process according to claim 36 or 37 to make 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.

41. The process of claim 40 wherein the step of reacting under polycondensation

reaction conditions is carried out in a polycondensation pipe reactor.

42. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 38 or 39 to make a pre-polyester;

and



or both. 41. The process of claim40 wherein the step
of reacting under polycondensation 25 reaction

w@oondibi4seons i s carried out in a pol ycondensat i pOT/psmpe4/016465
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reactor. 42. A process for nmaking a pol yester

ol i gonmer, a polyester or both conprising: performng

the process according to claim38 or 39 to nake a

pre-pol yester; 30 and WD 2005/ 000461

PCT/ US2004/ 016465 30 reacting3Qhe pre-pol yester and
optionally other reactants, under polycondensation
reaction conditions, to formthe pol yester oligoner,

the polyester or both. 5 43. The process of claim42

wher ei n tré&wtisd € fheof preg@abiestery it e bptixmlallg oRdenS atdceints, under
reaction conditions is carried _out in p )

pol yRobisardrasation seastiprecondiions,to form thepalyssterligomsy, the polyester
claigipa@, 37, 38 or 39 further conprising renoving

vapor from 10 inside the pipe. 45. A process for

maki ng a pol yester oligonmer, a polyester or both

comppy si.ng. . . perform h. ] .
cl o T iporsdd Ll g B SEFET (BRGRE thdld phBicandensation
pr e-rpakiye séreliticnn ¢ capiddamain apadydoadernsadnt Hpd actonder 15

pol ycondensati on reaction conditions, to formthe

pol yester oligoner, the polyester or both. 46. The

Pr 0CRSThOProtdsdloltidfn 36 37, 38 0PBY ABtHeH EdSHsiEORRIoBigN@por from
renovi ng vapor from the pipe at a | east one bend and
wherigdide thapipgi pe is serpentine and has at |east one

20 weir at an effective distance froma bend. 47. The
process of claim 36, 37, 38 or 39 further conprising
addi4sgAgreeebaabt making g pobygeatoligotner, talpelyestpreor both comprising::

performing the process according to claim 44 to make 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.

46. The process of claim 36, 37, 38 or 39 further comprising removing vapor:from
the pipe at a least one bend and wherein the pipe is serpentine and has at least one

weir at an effective distance from a bend.

47. The process of claim 36, 37, 38 or 39 further comprising adding a solubilizing
agent into the pipe.

48. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 47 to make 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.



25 48. A process for nmaking a pol yester oligoner, a
pol yester or both conprising: performng the process
wa@ewsnaiseg to claim47 to nake a pre-pol yest erPCEIS2004/016465
reacting the pre-polyester and optionally other
react ants, under polycondensation reaction conditions,
to formthe polyester oligoner, the polyester or
both. 30 WD 2005/ 000461 PCT/ US2004/ 016465 31 49. The
process of claim47 wherein td sol ubilizing agent
conprises a pol yester oligoner 50 A process for
maki ng a pol yester oligoner, yester or
conyPi Ehenprocs o elabn 7 igherein ﬂitﬁ' %%‘@%%Zlﬁ% agrn F?@Pltl%?S a polyester
clalﬁg Lo make a pre-polyester; and reacting the
pre-p ?yester and optionally other reactants, under
pol ycondensat i on reactlon conditions, to forn1the

pol y er oli o yest er he
P oS0 Placbesi e & BBl 0 Er o RREY R cdbiprl i

5 react ant gefrqfiiig@ ebﬂﬁegaraecor&ﬁ Y& higt 4T RRdke 26répolyester; and
diacid, a diol, a diester, ydroxy ester, an acid

ester, arcapijisy o§b9 i EOIUFSt‘%fo ridn aentionally hethelf reagipnts,y under
pr °%8§r§£d%ﬁwﬂ8% kdaGridh @th}ﬁ%?; €8 £ 180 gﬁgesté} JRBbMES ¥R polyester
or bBo I'si ng performng th rocess

acceortothg to cIa|n151 to make a pre-pol yester; and
reacting the pre-polyester and optionally other

reactants, under pol ycondensation reaction

10 condi { TR Srocésd of @latth 1363 RAIRy@SIE Wherkingheesactahiseforming the pre-
pol yester or both. 2Q 53, The_process of claim 36
37 pebyesier qomppise rfefliacifha diddadtdisttd IPHIMY K5 Bt é‘ﬂd ester, 2

3&?&}0?? ali@ Hi%1 z%ﬁ%ﬁs e, CHDM | PA, EG or
conb nations thereo
52. A process for makmg a polyester oligomer, a polyester or both comprising:
15 performing the process according to claim 51 to make 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.
20
53. The process of claim 36, 37, 38 or 39 wherein the reactants forming the pre-
polyester comprise TPA, DMT, CHDM, IPA, EG or combinations thereof.
54. A process for making a polyester oligomer, a polyester or both comprising:
25 performing the process according to claim 53 to make 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.



54. A process for making a polyester oligoner, a

pol yester or both conprising: 25 performng the
w@r@smessicaccording to claim53 to nmake a pre- ppCYES1084/016465

and reacting the pre-polyester and optionally other

reactants, under pol ycondensation reaction

conditions, to formthe pol yester oligonmer, the

pol yester or both. WD 2005/000461 PCT/ US2004/ 016465

32 55. The process of claim363237, 38, 39 or 44

further conprising adding a solubilizing agent

conmprising a polyester oligoper, into tgh pi pe a
wherd8i The nerocese fEt @i 3pofhi A% Sher 14 rﬁ@rf@mpéﬁmg adding a

) hgﬁéigﬁﬁlzﬂpgéée gCIBe ?l #)(ﬁfesté:*%h gmglcglg@ilﬂegg}%%t?% wherein the
ol i geaveants ﬁ)rmuigyézstmc—po}yenm toneispr TRANGMT, pedDdf, niPdg EG or
t he %ceﬁ %ﬁc |ng to claim55 to nake a
pre- 88\ Pt reacting the pre-polyester and
5opt|onally other reactants, under polycondensation
reaction conditions, to formthe polyester gomer
t he SoPypEaqess for makigg apalygsterphigomer awpky@%tggorgwﬂw%mﬂsmg
40, 41, 4 [ tsen .
PETG g)grf in t:f’le esgg g@c&rﬁﬁfg %g)é@ 3?? ’to gn%k‘g ;Ebr%agﬁolyester, and
wher ei n stacamg f th@d ﬁrBWyaﬁgeamsi i eptionelly 18thgr pecac®gts, Aunder

proce es oI| r

o OS50k B a8 BR8Pl ARHEE Y poivese
10t 0 @rabfn 55 to make a pre-polyester; and reacting the

pre-pol yester and optionally other reactants, under 20

pol ycondensati on reaction conditions, to formthe

POl Vs§STHY Bt ds OO & Aim 40)21,R0! éﬁe@tﬁﬁerelﬁrthé}%l%steﬁg PEMNG: PETG

process of claim 36, 37, 38 or 39 wherein the Ii qui d

superficial velocity is

58. The process of claim 36, 37, 38 or 39 wherein stratified flow appears in the

15 pipe.

59. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 55 to make a pre-polyester; and
reacting the pre-polyester and optionally other reactants, under

20 polycondensation reaction conditions, to form the polyester oligomer, the polyester

or both.

60. The process of claim 36, 37, 38 or 39 wherein the liquid superficial velocity is
between 0.01 and 0.15 m/s and the vapor superficial velocity is between 0.6 and 3.0
25 m/s across any full cross sectional area inside the pipe perpendicular to the flow

path in the pipe.

61. A process for making a polyester oligomer, a polyester or both comprising:

performing the process according to claim 60 to make a pre-polyester; and



between 0.01 and 0.15 m's and the vapor superficial
velocity is between 0.6 and 3.0 25 ml's across any

wo pdos/0e465s sectional area inside the pipe PCT/US2004/016465
perpendicular to the flow path in the pipe. 61. A
process for making a pol yester oligoner, a polyester
or both conprising: performng the process according
to claim60 to nake a pre-polyester; and WO
2005/ 000461 PCT/ US2004/ 016465 333 reacting the
pre-pol yester and optionally other reactants, under
polycondensatlon reacti n condlilons ho forn1the

pol yest ere&Hngotes p‘ieﬁ’é’ X58tey e 80 OPlipnaiy; ipthes goactapts, under
pr Ocﬁﬁﬁzoﬁ&enﬂt%h%éiﬁon %ndlﬁﬁls 0b f&dn m%%{o%}e@teﬁohgdn%er | tﬁé Polyester
than 4.0 while By is less than 2.0 or B, is great
thanﬁépﬂbqual to 4.0 while (log 10 By) is |less than or
equal to -0.677(log jo B,) + 0.700 on average across
any full cross sectional area inside the pipe
5per p2ndhe lphﬁ:ésstdf didim 36 GW 3&bh39 whtxl&ex Bi imelessltﬂarﬁao while By is
process fo ester 99 ster
b CHESH A Shlg e e raneie - broite Dob s ara sy than or
to GlghluG8. 6t7mdga]lg B, 7+ FooP& h‘\%‘i&g‘%racrcﬁ,E‘Qny ﬁﬁa@ﬂogmch&% area
pre- polyester and optionally other reactants;;; under
pol yiaadrida pweiperpendiewer te sheckinvipath énthe pins- f or m t he
pol yester oligoner, the polyester or both. 15 64. The
process of claimb55 wherein stratified flow appears in

10t he 31 peprodeSs foﬁmakmg epslyesger otmkiney aq:ob@btyﬁ&tmh comprising:
ol i goner, ster or both erfor
the pr océ’§§ ‘g‘}fﬁ% |pﬁ‘§efs&°8?r$ %{4@‘ g%g%@ a pre-powest(g:r and
pre- pol yt%édcﬁﬁ% ard préolyeast | il t bftidaRBy POIEESt@lktadRY under
optional | er reactants, under gPlycondensatlon

r eadiolysANGeaEAtion TeAsEON eqnditionsn 1o herhe pelyewer Qigogsiahe polyester
the(pghﬁgster or both.

15
64. The process of claim 55 wherein stratified flow appears in the pipe.
65. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 64 to make a pre-polyester; and
20 reacting the pre-polyester and optionally other reactants, under

polycondensation reaction conditions, to form the polyester oligomer, the polyester
or both.

66. The process of claim 54 or 55 wherein the pipe is serpentine and stratified flow

25 appears in the pipe.

67. The process of claim 66 wherein the step of reacting under polycondensation

reaction conditions is carried out in a polycondensation pipe reactor.



66. The process of claim54 or 55 wherein the pipe is
serpentine and stratified flow 25 appears in the

w@R@s/00@61 The process of claim66 wherein thePct/@p200§/016465
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reacti ng under polycondensation reaction conditions
is carried out in a polycondensation pipe reactor. WO
2005/ 000461 PCT/ US2004/ 016465 34 68. The process of
clai m56 wherein the pipe is serpentine and stratified
flow appears in the pipe, thé4step of reacting under
pol ycondensation reaction conditions is carried out

in a polycondensation pipe reactor and the pol yester

i s PBTThe pegessppf elpiwan St vkersia thepkaenty ssmspHos,and, é@%tkffed flow
co

o B g ] SR B o)A R el Bhaiions
consd camdddemht sucpolydvatiedshiom pipsiedeort dnd the pedydstenns REB

inlet to the outlet follows a path that is not

totally vertical nor totally horizontal; and wherein

5 Pr ePoAY aisaeitud for Aakiglg b pachelpéster ab@ppidsged towards the
outl et. 0 70. The apparatus of .claim 69 wherei.n the

pi pe is @BAYEHIFEHHPIDEERCIORSYMPIHNE 3 WBF-dBe PIPRbaYppan mlet and

fr o%ghﬁ tianl %anttr‘ﬁct‘é@@ QUhhSow Bisl d@Vl‘ﬁ’e ﬁlﬂe %ﬁf ﬁ.E Imlet to the outlet
%ut not 11 verti cal .

ap pziolhiw,ssa p}lth khlatas not7totai/1)h wertical nt)h@t&}’ri@ﬂil@tal and

subst ant u

wher ei n é}pﬁg%o e%[%rﬁrg??lu %gaglﬁ'@ﬁ I?aﬁ‘ etd t?‘%’%\(/lvm T

t he pi pe fromthe inlet to the outlet follows an

overal |l upward, but not totally . vertical th

¢ hi 0 BerArBERIg o Flai G IT € Risg it evmsas B Such il o imsie
non+y eegfgb QR R0l to THE cARRAARbWE R oveldl IBWAI BRI RitRotally
t he pi is substantially enpty. 74. An apparatus for
makivegica padl. yest er ol i goner, a pol yester or both
conprising: the apparatus of claim 70; and

71. The apparatus of claim 70 wherein the pipe is substantially empty.

72. The apparatus of claim 70 wherein the pipe is constructed such that flow inside

the pipe from the inlet to the outlet follows an overall upward, but not totally

vertical path, with this path being also generally non-downward, non-vertical.

73. The apparatus of claim 72 wherein the pipe is substantially empty.

74. An apparatus for making a polyester oligomer, a polyester or both comprising:
the apparatus of claim 70; and

a polycondensation reactor connected to the outlet of the pipe.

75. The apparatus of claim 74 wherein the polycondensation reactor is a

polycondensation pipe reactor.

76. An apparatus for making a polyester oligomer, a polyester or both comprising:



25 a pol ycondensation reactor connected to the outl et
of the pipe. 75. The apparatus of claim 74 wherein the
w@elogoanredensati on reactor is a pol ycondensat i BET/psme4/016465
reactor. 30 76. An apparatus for nmaking a pol yester
ol i goner, a polyester or both conprising: WO
2005/ 000461 PCT/ US2004/ 016465 35 the apparatus of
claim71l; and a pol ycondensatigy react or connected to
the outlet of the pipe. 77. The apparatus of claim 76
wherei n the pol ycondensation reactor is a 5
pol ycond%éf}&)h&ﬂxs@f@ﬁhﬁ‘??ﬁatnﬁr- 78. An apparatus for
maki ng a pol'yester ollgoner, a polyester or both
conpr i si ragrolycohdensgiparedctes cadnected itarthé 2ptlatrod the pipe.
pol ycondensati on reactor connected to the outlet of
the pipe. 10 79. The apparatus of claim 78 wherein
t he Tl PreongeRsas | N clhRACIO fwhefei@ thDOpAIGEANEEREREH QBactor is a
pi pe reactor. 80. An apparatus for nmeking a pol yester
Sol i ROMSPIdeRSHION PESITBICYr bot h conprising: 15 the
apparatus of claim73; and a pol ycondensati on reactor
connected to the outlet of the pipe. 81. The apparatus
of cl8aAmagprrathefoe nrkinge pobleytenslgeneata wiyesenat toth tamprising:
pol ycondensat i on pi.pe. reactor. 20 82. The apparat us of
claim72 eu@?ﬁ@ﬁlsggﬁlﬂwgl’ 8means for renoving vapor
from i naipdBcbfiienitipe raktoatonneasd e ot Bf thalpgeg t he
pi pe. 83. The apparatus of claim 73 further conprising
10 eans for renovi ng vapor from 25 inside the pipe at

at  |78asfheORShaPRh lor 2LIHRY ANGHRIAE the polycondensation reactor is a

polycondensation pipe reactor.

80. An apparatus for making a polyester oligomer, a polyester or both comprising:
15 the apparatus of claim 73; and

a polycondensation reactor connected to the outlet of the pipe.

81. The apparatus of claim 80 wherein the polycondensation reactor is a
polycondensation pipe reactor.

20
82. The apparatus of claim 72 further comprising means for removing vapor from

inside the pipe at at least one point along the pipe.

83. The apparatus of claim 73 further comprising means for removing vapor from

25 inside the pipe at at least one point along the pipe.
84. The apparatus of claim 70 wherein the pipe is serpentine.

85. The apparatus of claim 72 further comprising a tank for holding solubilizing
30 agent connected to the pipe at a point other than the outlet.



84. The apparatus of claim 70 wherein the pipe is
serpentine. 85. The apparatus of claim 72 further

w@oosnoesng a tank for holding solubilizing 3PCEHYSI4/016465
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connected to the pipe at a point other than the
outlet. W 2005/000461 PCT/ US2004/ 016465 36 86. The
apparatus of claim72 further conprising a recycle
line connecting the pipe at a point nearer to the
outlet than the inlet with the3®ipe at a point nearer
the inlet than the outlet. 5 87. The apparatus of
claim78 further conprising a flowline fromthe

pol ycondensati on reactor to the pipe at a point other

t harget fige Hiphlafls of 8Bim TP EurdHep asripriking0d recyde Hh@&)rmhﬁﬁtgl the pipe
the pipe i's constructed such that flow.inside 10t

pi pet f Pglm néreerite ther outlgt thawm theuplebwith he BRS afa%pweﬁw&rqr The inlet
dovvq Fg;{ not totally vertical path. 89. The

appar a us of claim88 wherein the pipe is

substantlally enpty 15 90. The apparatus of claim 88

mgrgcélr g@‘t he qsangnstJééJ %@ggﬁgﬁﬁ{’ft‘?‘% L'f?w 'A% 9Bm the

Over@lﬂcoﬁﬁfh%ﬁ gbacfotfo thepipk @t &pdikt oth@thidnahe ogrit.h, Wi th
this path being also generally non-upward,
non-vertical. 91. The apparatus of claim90 wherein

t he 4 E e 4 aﬁﬂg%tf@mrh Bb WheRAPIhY piped? c&?stru&@d m%ﬁtﬂb%v inside

a polyester oligonmer, a polyester or both
Corrphe pipadtom theanizp paﬂaatqugetoﬁollevvanamoseall slewnward, but not totally
pol ycondlen ation reactor connected to the outlet of
the V5Ttsa P 2‘?5 93. The apparatus of claim92 wherein the
pol ycondensation reactor is a polycondensation pipe

reactor. 94. An apparatu for making ol yester
of | 9nBhe aRREIgBE PSR b FOESIHE BiRG 1§ LPsigally cmpty.

90. The apparatus of claim 88 wherein the pipe is constructed such that flow inside
the pipe from the inlet to the outlet follows an overall downward, but not totally

vertical path, with this path being also generally non-upward, non-vertical.
91. The apparatus of claim 90 wherein the pipe is substantially empty.

92. An apparatus for making a polyester oligomer, a polyester or both comprising:
the apparatus of claim 88; and

a poiycondensation reactor connected to the outlet of the pipe.

93. The apparatus of claim 92 wherein the polycondensation reactor is a

polycondensation pipe reactor.

94. An apparatus for making a polyester oligomer, a polyester or both comprising:
the apparatus of claim 89; and

a polycondensation reactor connected to the outlet of the pipe.



the apparatus of claim89; and 30 a pol ycondensati on
reactor connected to the outlet of the pipe. WO
wWQ@e@SHaReM61 PCT/ US2004/ 016465 37 95. The appedEBUS®00016465
cl ai m 94 wherein the pol ycondensation reactor is a
pol ycondensati on pi pe reactor. 5 96. An apparatus for
maki ng a pol yester oligoner, a polyester or both
conprising: the apparatus of g%ai m 90; and a
pol ycondensati on reactor connected to the outlet of
the pipe. 97. The apparatus of claim96 wherein the
pol ycondensation reactor is a 10 pol ycondensati on
pi pe reactor. 98. An apparatus for neking a pol yester
ol i gBmelhe @ppvﬁ%s@%wlm Bét whareinp thies polycondehsation reactor is a
appar at us «oand a pol ycondensati on reactor
conn (;C}?'CO&dff‘ngatf%é’l%?ﬁefm? "of the pipe. 15 99. The
apparatus of claim98 wherein the polycondensation
reactor is p ycondensatl on pipe reactor. 100, The
appa§§ﬁgap8?ra@ﬁ g‘?rrﬁl@‘é)“& LPAlysier eBEqIAGTs3 PRJYFRA 95 beth comprising:
removi ng aRNarduiYPclabd doNfgde the pipe at at |east
one point al’ong the pipe. 101. The apparatus of claim
91 f urt hexpadynepdénsition reastorsofinpcted éorthgiontjetod terpipe. om
inside the pipe at at |east one point along the pipe.
25 102. The apparatus of claim88 further conprising
meandy.f Dhe rapparwtus gofVafaith 96 ovherdifethpi psly@indensh@@s tre@i6t is a
bend nd erE|n t he e is serpentine and has at
10, easli.’0 I\?@‘rolnpéﬁ‘erﬁi‘fdp%‘pf ective distance froma bend.
WO 2005/ 000461 PCT/ US2004/ 016465 38

9]

98. An apparatus for making a polyester oligomer, a polyester or both comprising:
the apparatus of claim 91; and
a polycondensation reactor connected to the outlet of the pipe.
15
99. The apparatus of claim 98 wherein the polycondensation reactor is a

polycondensation pipe reactor.

100. The apparatus of claim 90 further comprising means for removing vapor from

20 inside the pipe at at least one point along the pipe.

101. The apparatus of claim 91 further comprising means for removing vapor from

inside the pipe at at least one point along the pipe.

25 102. The apparatus of claim 88 further comprising means for removing vapor from
the pipe at a least one bend and wherein the pipe is serpentine and has at least one

weir at an effective distance from a bend.



103. The apparatus of claim89 further conprising
renmovi ng vapor fromthe pipe at a |least one bend and

wob@s®edwet he pipe i s serpentine and has at | eaBCT/O8®04/016465
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weir at an effective distance froma bend. 5 104. The
apparatus of claim90 further conprising renoving
vapor fromthe pipe at a | east one bend and wherein
the pipe is serpentine and ha?ga | east one weir at an
effective distance froma ben 105. The apparat us of
claim90 further conprising a tank for hol di ng

sol uBk | il PpParathd oPAGRM 8 ﬁﬁfh@ﬁé@%ﬂsﬂlgtrblﬁoﬁhg) @apthr fidm the pipe at
poi nt other than the outl et The apparatus of c

| ai rdlgasponiaipandend ovheraim thei g i SP@éW}eean valdsath Qe wei at an
the e{f@ctgl%ﬁ%i%%eﬁghrgbéﬁgar er to the outlet than the

W tTh at a point nearer the inlet than
the outlet. 15 107 The apparatus of claim96 further

(r: gggl{()%? ri‘l{ég?p?ﬂémg\fl)v{)‘élgg% 9@1%@;@1@%& O C 20 Helgl? ﬁgpog Jiqmthe pipe at

20  a2ast 8 bend and wherein the pipe is serpentine and has at least one weir at an

effective distance from a bend.

105. The apparatus of claim 90 further comprising a tank for holding solubilizing

agent connected to the pipe at a point other than the outlet.

106. The apparatus of ¢ laim 9 0 further c omprising a recycle line c onnecting the
pipe at a point nearer to the outlet than the inlet with the pipe at a point nearer the

inlet than the outlet.

107. The apparatus of claim 96 further comprising a flow line from the

polycondensation reactor to the pipe at a point other than the outlet.



