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SUMMARY OF THE INVENTION
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

reaction conditions to form the pre-polyester.
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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

4 RR zone
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PCT/ US2004/ 016578 -3- 4A RR zone recycle line 4B RR
zone outl et 4C vapor disengager (optional) 4D vapor
line (optional) 5 4E solids detector (optional) 5 pipe
of esterification pipe reactor 6 PRPR zone 7 vapor

di sengager (optional) 7A vapor-gine (optional) 10 9
solids detector (optional) 11 pipe outlet 15

pol ycondensati on reactor (optional and shown as a pipe
read%or)RRbﬁAehkydeﬁnmn1polycondensation reactor to
plp% onal)wi§ DETAI LED DESCRI PTI ON OF THE
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d ha

7 vapor disengager (optional)

7A  vapor line (optional)

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)

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
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
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
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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.

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

of this disclosure and the claims that follow.
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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 the pre-polyester and o ptionally 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
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t 0 t lisbbreximed heosvaoh disni), 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 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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20 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
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, purified (PTA) or
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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
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w@ Tea11aencler st ood to include crude, purified (RTBYSIN/016578
WD 2004/ 110616 PCT/ US2004/ 016578 -8 that in between),
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1¢ r oubl esoRRnifAly, (1RPTOESses VFNBE p febérh i theptiepmffude hose previously
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flow ng throu t of e p| e ls less .
0. 5 \imiegtidn pﬂintamhy .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 certain‘ﬂow 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 pattern in 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.
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constenityas previgyply defipedict yal systens. The reactions

taki ng pl age ,35.rRkds 0Ffthi BRestH QRRDEES aR6 §A1Add WGhobd forheaking a
present invehtion ordinarily produce water (and

per hgpiyesteheligomprsa gfolyesigpor, bethi ednprising any of the apparatuses
previously described and a polycondeﬁsation 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
communication.

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
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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 pm (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
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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
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illustrates the apparatuses of t he present i nvention
as well as the corresponding processes. Optional tank
1 is for storage of solubilizing agent which nay be
m xed with fresh reactants. It is connected by 1 A (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
WO 2004/ 110616 PCT/ US2004/ 016578 -12 shown in a one
possi bl e orientation with several horizontal sections
bri dged by upward bends and the inlet 3 is below the
pi pe outlet 11 in elevation. During operation,
reactants flow through the pipe 5 formng

pre-pol yester. The pipe 5 is shown here having an RR
zone 4 and a PRPR zone 6; although this is not
required,
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recirculating reactor: 8

recirculating reactor diameter (in): 16

recirculating reactor maximum

liquid superficial velocity (ft/s): 0.07

recirculating reactor maximum vapor

superficial velocity (ft/s): 5.5

number of parallel 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




terephthalic a cid (PTA) in ethylene glycol (EG. A
SPEN P lus v ersion 11.1 with Polyners Plus and
WASREMI®1PET Technol ogy was used. The esteri fiPeL/UsW04/016578
reactor is nodeled as a series of 5 CSTR reactor
nodel s followed by a plug flow reactor nodel. The
results of the nodeling and a pipe sizing for a series
of stratified flow 5 pipe reactors for esterification
usi ng pol yester nononer recirculdbed fromthe exit of
the first pipe reactor to the entrance of the first
pi pe reactor as a solubilizing agent for the feed PTA
are EXAMPLR 21zt Mode! Comipsriggtanpl e shows t he
optim zation effects of using recirculation only as
requiLakfcdloRessirubi | ity concerns and using plug
reaction profile with no recirculation as nmuch as

5p0ssi bl e. AVRH2QAK/ dtEHIGLHACTINMS2E0t OWES BEilt td 4lemaBstfte such
1 Calcul ations_for singl [

| e recircul atin j react or
Wi © NCHSRATERLPL P RIS i TaRGSRIOR Stk ThE dab if, Gomisted of a
flow 1?Je EachRtnh MMeZ&06 44075 fnBhad! ofV@EUNE BWEAsthiBREs i heated by
(Ib/ﬁ %1320 Recirculation ratio (Ilbs of recirc/lb

of pelechic tacing a0l 200 ewldeasisier WithaBHAtpTOF Eccegngheoysmiof the pipe
b % SRR Sl L TR o
10° eac k@irchlatiig ondhdsrgear mump which Bas liquig dligower &aqur the receiver
: qUibgckvigtloutﬂginSe% lEI)'f thfetpil:)e r?égc?for, 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 (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'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 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
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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

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

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

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



wei ght percent) oligomer of approximtely 96%
conversion into the receiver (COL) 15 and filling the
w@eme/1twact or with this oligoner in recircul at PEUIMIL016578

After recirculating the oligonmer at tenperature, a
PTA/ EG paste feed was introduced into the
recirculating flow After the reactor reached steady
state, sanples were taken fromthe C-01 receiver at a
rate equal to the product generation rate . These
sanpl es were anal yzed for péftent 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 usi ng ar—t+tHupreagettq Anhydriperivet hod. Ten ng

1
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transferred|in AR FebeS b o Be tube is
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aver age of $4 I'lleqtifons. TEe NVR si gnal
usi ng a 600\VHz 30 pul se_sequence i s
col I ected whig ntijtatiyve| pfoton NVR signals
and al so decd é arhon 183 NMR {requencies. The
NMR spect rumgy yo WD 2001* 1 POEFL6
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Pressure
(psig)
0
0
0
0
0
0
0
0
0
0

Temp
(°C)
285
285
285
285
285
285
285
285
285
285

Experiment
1
2
3
4
5
6
7
8
9
10




10 Area D = A valley between 4.28 ppmand 4. 18 ppmto

a vall ey between 4.10 and 4.16 ppm Area E = A val l ey
wheimaaniél. 10 ppm and 4.16 ppmto a vall ey betpreRpOS200016578

and 4.08 ppmArea F = 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 were al so

anal yzed by gas chromat ograph for percent DEG by nass

to deternmine the rate of the sil8e reaction. The effect

of residence time and 20 recirculation ratio was seen

by varying the feed rate of the paste. Results from

| aboMaddGpmpgrisorcan be seen in Table 2 bel ow. WD
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-1 --~ JAD ASPEN mbdeD wasivhsedptopsimulate the datp appayatgs reviously

0 Nyl et uPlf B R0y 9 e,
500 OASPEN'sPET Fechndlopy Mas ysedFor-therfibdelng @ithQ modél@onfguration
| s%/imilar 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.
10 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 thermodel
including the dissolution kinetics; this model including the dissolution kinetics
15 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 3

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
8 507 263.2 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
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PCT/ US2004/ 016578 -18- Mddel Conparison An ASPEN
nodel was used to sinulate the | ab apparatus
previously described in this exanple. In this case,
ASPEN 11.1 with Polynmers Plus, and 5 ASPEN s PET
Technol ogy was used for the nodel9ng with a nodel
configuration simlar to the one described for Exanple
1. Neither nodel configuration nor software were
significantly different fromthat used in Exanple 1.

In order tgruC R/ HiBRiorIahstids MMIdePTA
into the O%Tﬁﬁé{r atf)%tleﬂlggééﬁ conditions in the |ab,
it was sonetimes necessary to add dissolution ki netl cs
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al sp sWovg t widlexafpids of cofparli sar of| | 88%ang| >36.500

thig del| i nTl udi | di ssol utli on ki netics 15
cl osely matches the nmeasured conversi on when free PTA

is present at the end of the |ab scale pipe reactor

5as in these runs. Conversion is defined in this

cont ext § Bi 0 SRR ARG Qéscfiﬁé"épﬁﬂd/ €hdvaf indthief spd6iication and
PTA as heree) ggroups in the (%w d phase, that are
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purposes of limiting the claims that follow, unless specifically indicated otherwise.
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TABLE 3 Conpl etely Di ssol ved PTA - No Dissol ution
Kinetics in Mdel Paste Mnoner Tenp. Paste Unreacted

wobmeh1dbaasured feed Circul ation C Mol e PTA, REBUSDILE657S

5

10

15

20

25

30

% (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 WD 2004/110616 PCT/ US2004/ 016578
-19 PTA Not Conpl etely Di ssol ve@OBi ssol uti on Kinetics
in Mbdel Paste Mononmer Tenp. Paste Unreacted Model
Measured Feed Circulation C Mdle PTA, predicted %
(g/mn) (g/mn) Ratio Weight % % Conversi on (EG PTA)
Con i 61.5 1.8 2.93 90.935 86.500 15
So7 VBHATS CrehyB 60T 2 1el 260”2 e specific
enbodi nents descri bed and shown in the specification

and . draw ngs shoul d. be takc()elneS srci H ustrat ive of the
predent YRFBFRSS g 2 HGPOYeSI 5P ppur%’oses of

Lim tingptRfdisd & BRterttttatiod pipk euictditbepsisiapeaqiipe, diad pipe having
i ndi cated otherw se. WD 2004/110616 PCT/ US2004/ 016578
- 20-anVWE RGN oUtVED |1S: 1. A process for making a

pre- pol y%&&ﬁé a g&{]ﬂﬁhﬁé Qgént into the pipe; and
reacting one or more reactants flowing in the pipe towards the outlet under

esterification reaction conditions to form the pre-polyester.

2. The process of claim 1 wherein the pipe is substantially empty.

3. The process of claim 1 with the pipe also havinga 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.
4. The process of claim 3 wherein the pipe is substantially empty.

5. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 1, 2 or 3 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.

6. The process of claim 5 wherein the step of reacting under polycondensation

reaction conditions is carried out in a polycondensation pipe reactor.

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

performing the process according to claim 4 to make a pre-polyester; and



5 providing an esterification pipe reactor conprising
a pipe, the pipe having an inlet and an outlet;

wa@daingeds sol ubi | i zing agent into the pipe; anBCT/US2004/016578
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reacting one or nore reactants flowing in the pipe
towards the outlet under esterification reaction
conditions to formthe pre-polyester. 10 2. The
process of claim1l wherein the pipe is substantially
empty. 3. The process of claim-Blwith the pipe al so
having a recircul ation reaction 15 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. ing € tHal Q4rE: terC| #dM Sptitaglei Bthiehe rgacfAts] S under
substantf%??%yeﬁ%t3%€§§%§ /\procgés f&f maki ng a l
pol yebkendeosatigonneciioracapditipas e foray thp pelyegtgRligpaieh ghe polyester
perform ng the process according to claiml, 2 or 3 1to
wak@rggbre-polyester; and reacting the pre-polyester
and optionally other reactants, under
pol ycondensati on reaction condition ta formth .
pol est erThepragee! clamd "E}Eﬂr"g}‘é g'leesrtep %’geaé:?m% 8{1‘%& p@fycﬁcg'nsatlon
Pr 0GES5ioR LorfdhtfindlisaWiarott i 4 pidycohedhsion ipeiehdtor. under
polyconaensatlon reaction conditions is carried out
in a polycondensation pipe reactor. 30 7. A process
for Ki a paol er L 0hi - L. ;
corpt T si e PBETERR g prian nainREt KR P gL upriscs
4 t golyrkter dligeker.pol yester; and WD 2004/ 110616
PCT/ US2004/ 016578 -21 reacting the pre-pol yester and
optionally other reactants, under polycondensati on
r eacfg on Ag?l%gésg IfYHRakirfgta plyedtel BRgdInerypdl9estedlor Yotredbmprising:
t he polyester or both. 5 ,

performing the process according to claim 9 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.
11. The process of claim 10 wherein the step of reacting: under

polycondensation reaction conditions is carried out in 2 polycondensation pipe

reactor.

12.  The process of claim 9 wherein the ratio of the mass flow rate of the
solubilizing agent added to the pipe to the mass flow of the material leaving the

pipe and not being recycled back to the pipe is from 2:1 to 25:1.

13. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 12 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.



8. The process of claim7 wherein the step of reacting

under pol ycondensation reaction conditions is carried
Wwo@i04i1meas pol ycondensati on pi pe reactor. 9. ThECPUSDEE616578

of claiml1, 2, 3 or 4 wherein the solubilizing agent

conprises a 10 polyester oligoner. 10. A process for

maki ng a pol yester oligoner, a polyester or both

conprising: performng the process according to claim

9 to nmake a pre-polyester; and-22eacting the

pre-pol yester and optionally other reactants, under 15

pol ycondensation reaction conditions, to formthe

pol yester oligonmer, the polyester or both. 11. The

Proggss q’?le g)lr@c] 0 1P g rehede R thet @Bo Off theakdsk Mibw rate of the

under” poly ondensation reaction conditions is carried

out sbhubidizinglagenaddedsattiedR pinsdo thrgnass Sl theympatenpldeaving the

f claim9 wh ' ' | il
ot dbronind RGPS B Rl SR TR RS, 0

sthe mass flow of the material |eaving the pipe and
not being recycled back to the pipe is fropwz:%tho —
25: 15. 25 Augoceas fiir mraking FRAYeRigk PHEP TR EEIeL Pt both comprising:
ol i gorrer eﬂorﬂﬁﬁ%ﬁ%%ﬁfceé&racmaiﬂg@@ﬂﬂi&ﬁ $4 {d0nakeRATE @oIYiektgr; and
the process according to claim112 to nake a
pre- pol yesictng thed prepabyestery e prtionaly yetee, reagtnts, under
optional ly other react j
g dEaing e b, A B2 pHERILAIRBHICE The polyeste
10t he pobgester 30 or both. WO 2004/ 110616
PCT/ US2004/ 016578 -22 14. The process of claim?9
wherein the ratio of the mass flow rate of the

sol ufgy | Z%@%r@&%f@l@ﬁ@ﬁ, 3 B bhe Wikréange f ctah® foBamg theipre-
flow of the material |eaving the RR zone and not

bei nplyestey comprissat Kiactl, ph&olRR digsier, jashydresy oster, @p acid ester, a
25: ]}iydrsoxy acid or combinations thereof.
15
17. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 16 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

20 or both.

18. The process of claim 17 wherein the step of reacting under
polycondensation reaction conditions is carried out in a polycondensation pipe

reactor.

25

19.  The process ofclaim 1,2, 3 or 4 wherein the reactants forming the pre-

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

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

30 performing the process according to claim 19 to make a pre-polyester; and



15. A process for nmaking a pol yester oligoner, a

pol yester or both conprising: performng the process
waemandieng to claim 14 to nmake a pre-pol yest erPCEHOS2004/016578

reacting the pre-polyester and optionally other

react ants, under polycondensation reaction conditions,

to formthe polyester oligoner, the polyester 10 or

both. 16. The process o f claiml1, 2, 3 or 4 wherein

the reactants formng the pre- P3lyester conprise a

diacid, a diol, a diester, a hydroxy ester, an acid

ester, a hydroxy acid or conbinations thereof. 15 17.

A process for making a polyester oligoner, a polyester

or both S| t €3thefC QBRI under

to clalng%%R@% LS éﬁe%ggéggg}ﬁggtgguﬂ%ﬁ% %ggacggh ﬂ%e

pre pp@lcyﬁ&hmmmnﬂcmqm canditiohy, to farer the pakyesien adigomed éhe polyester

pol yc ansatlon reaction conditions, to formthe

polﬁégP r oligonmer, the polyester 20 or both. 18. The
sprocess of claim17 wherein the step of reacting under

pol ycondensation reactigon conditions |s carrlgd out. in

a pQ@lycodlengmcesn ¢fi paimy i}t Whereis the  SipRo of - spagting o under

f cl t
the p%i}wor}dengﬁ’tlot’% rg%c?wg oé{gg;ﬁ:hgfé@ ;Igpg\ﬁné@ 6t ﬁf‘%ﬁdﬁﬁ%ﬁﬂ&ﬁatlon pipe

or &amhnnatlons thereof. 20. A process for making a
pol yester oligomer, a polyester or both conprising:
30 performng the process according to claim19 to

10 mekepa prie gﬁicmsif elaim 3FheWdth 28Q6lyEe6IE ®ET or PETG.
PCT/ US2004/ 016578 -23 reacting the pre-pol yester and
optionally other reactants, under polycondensati on

reack on Qgi’dckés%@%lanh@ WiRFR tHeoRRb¥ES PET RIPETGES
t he "pol yest bot h.
24.  The process of claim 1 wherein the average solids content of the material

15 flowing through the outlet of the pipe is less than 2.5 weight percent.

25.  The process of claim 2 wherein the average solids content of the material

flowing through the outlet of the pipe is less than 2.5 weight percent.

20 26. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 24 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
27. The process of claim 26 wherein the step of reacting under

polycondensation reaction conditions is carried out in a polycondensation pipe

reactor.



5 21. The process of claim20 wherein the step of
reacti ng under polycondensation reaction conditions

WO g00aanteiied out in a pol ycondensation pipe reRCT/O82004/016578
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22. The process of claim5 wherein the polyester is
PET or PETG  23. The process of claim7 wherein the
pol yester is PET or PETG 24. The process of claiml
wherein the average solids content of the material 15
flowi ng through the outlet of tBé-pipe is |ess than
2.5 weight percent. 25. The process of claim2 wherein
the average solids content of the nmateri al

) f.l ow n
t hr 2Righ Theeprogessetl dtint Redrpf peherain (1% 8VErffensONdg ﬁ%&&hf’f the
per Ce{%téi?l ﬁggwi%lg'thl%u ?k‘fee&ihefé ?)E tRERRNEbrR dT0hY PHieefs less than 2.5

ol i B8 I'yester or conprising: performng
t hewgighegssnaccording to claim 24 to nmake a

pre-pol yester; and reacting the pre-polyester and
optionally other reactants, under pol ycondensation

reaggi on A?q)&ggstﬁ)pﬂ@dnga pbBester dligomet, yestyestendri bptnenmprising:
the polyester or both. 25 27. The process of cl elim2,6 d
wher ei n’ pérformsinghepropess asqorHng M 23dP AR A BHSBR Y BTED an
reaction_canditjhons i i OWntibAal® other reactants, under
pol ycond%eﬁ%qg%i oérl?gpi%ﬁéeﬁdggsg%t ga?ld \L/%tlgoo /110616
PCThbiS2saénsat Gbwaction2endigionsT efopndberayester oliapmers thsrpolyester
wherej n the average solids content of the naterial

fl oWh%}ht hrough the outlet of the RR zone of the pipe

is less than 2.5 weight percent. 5 29. A process for

maki ng a pol yester aoligomer, a polyester or bpth .
conmpBPi si ﬂgi? PigEPS 01oki ﬁgﬁuphewpr‘ﬁ}&‘“é?é 0% ofteR nﬁPt fragiing mder

s?e&,ggg&%ﬁ{lﬁﬁgﬁ ‘?%a‘lﬁbﬁ/ Rsh@fions3cari@P6ht #M0a tpdBycondensation: pipe

yester and optionally other reactants, under
reactor.

31.  The process of claim 3 or 4 wherein the conversion in the product of the RR

zone of the pipe is 75 to 95 percent.

32. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 31 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.

33, The process of claim 32 wherein the step of reacting under
polycondensation reaction conditions is carried out in a polycondensation pipe

reactor.

34,  The process of claim 19 wherein the conversion in the product of the RR

zone of the pipe is 75 to 95 percent.



pol ycondensati on reaction conditions, to formthe

pol yester oligoner, the polyester or both. 10 30. The
w@e@sasw160f claim 29 wherein the step of reactPOmUSINA€016578

pol ycondensati on reaction conditions is carried out in

a pol ycondensation pipe reactor. 15 31. The process

of claim3 or 4 wherein the conversion in the product

of the RR zone of the pipe is 75 to 95 percent. 32. A

process for making a pol yester -@i-gonmer, a pol yester

or both conpri sing: perforning t he process according

to claim31 to make a pre:polyester,; an? 20 r(gh g
t he3pr e pairgesss for makiag @;le(ﬁﬁgl] cplggogleﬁélrpo Yes{eT 9 paih comprising:

under é&f ﬁ@ £oBeks a@&?&h@fb QRaRME4 t ke atpi’e E)ngeéter and
er

t he pol yes mer, the polyester or both
The pr oc&astmgf ﬂnbalpm ﬁQlyWh@r eind topsionalbp ether erragtaply, under

under condensat i a |
car PPESER SnoTycongane I i U B SEERL? e poyester
s The ppggess of claim 19 mhereln the conversion in the

product of the RR zone of the pipe is 75 to 95
per cent. 30 WD 2004/110616 PCT/ US2004/ 016578 -25 35.

Pi3pCes %’hén‘gfoc% ki ehifd j%o\lvﬂé?éh pefatihg OoRiitiond iR he/Bipt @fe such

both conprising perform ng the process accordln%
to achaiconv@rkidnmt m‘twkceltlat cpfrtb;e PRPK: @gnesis gregied thap o5 eanad do 4 R8 times

pre est.er d o her reactants, under
poI§@Uﬁ%¥ﬁ§@?F% PgﬁﬁPfgh cong%tlons to form the
10 pol yester oligoner, the polyester 5 or both. 36. The
process of claim 28 wherein oPeratln%v ? { iogﬁhin Ce
t he 3di pe Acpracess; foi making a polyester oligomer,™a polyester or both comprising:
performing the process according to claim 36 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

15 or both.

38. The process of claim 37 wherein the step of reacting under

polycondensation reaction conditions is carried out in a polycondensation pipe

reactor.

20
39. The process of claim 37 wherein the step of reacting under
polycondensation reaction conditions is carried out in a polycondensation pipe
reactor.

25 40.  The process of claim 14 wherein the reactants forming the pre-polyester

comprise TPA, DMT, CHDM, IPA, EG or combinations thereof.

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

performing the process according to claim 40 to make a pre-polyester; and



that conversion at the outlet of the PRPR zone is
greater than or equal to 1.08 tines the conversion at

wa bwsouwsiet of the RR zone. 10 37. A process ferT/usdon4ianes7s
a polyester oligonmer, a polyester or both conpri sing:
perform ng the process according to claim36 to nmake a
pre-pol yester;.and reacting the pre-pol yester and
optionally ot her react ants, under pol ycondensati on
reaction conditions, to forn1thé6polyester ol i goner,
the polyester 15 or both. 38. The process of claim 37

wherein the step of cting un condensat i on
react i onreegtigi tenPre- E‘ﬁé‘%ﬁtetrl Lﬂpt‘f’ﬁ‘ﬁ;ﬁy Gther™"reactants,  under

p0| %ﬁl&g&%\?ﬁ e{lérplréa& R&ondifidss, & forAhS3folydkh ofpeaes sheqfolyester

rern t e step of reacting under
polyﬁbmﬂensatlon reaction conditions is carried out in
a pol ycondensation pipe reactor. 25 40. The process
of claim 14 wherein the reactants formng the
5 pre4pol Ygné flocess @fplairs @0 WireiDME, avetdpb/solide&on®@® off the material

o enii Sumch it by RERSES et 2. v

perforgi,ng the process according to claim40 to nake a
preppo yester and WO 2004/ 110616 PCT/ US2004/ 016578

-26 reacting the pre-polyester and optionally other

react ant unde T b th

Coné%tl O APTOGESS {o&rpa?clr% }E}tgg{)ﬁ Hle %355)5 T or bo comprising:
10 pol yeste erf@fmﬂg]hhprdiesﬁzcco'fhag mdmes@ f@fmrdqeamw -polyester; and

wher ei n the aver age solli ds content  of

f1 owi ng F98€kREghthen PTERPIYETCTof 210, cORYRN %1 he Eci)%? F}eag{antﬁé under
I's lp%ﬁl%oﬁc{%ﬁﬁtlgn Pea¥Gddnditiefs, @6 férm the polyester oligomer, the pelyester

or both.

15 44.  The process of claim 40 wherein the conversion in the product of the RR

zone of the pipe is 75 to 95 percent.

45. A process for making a polyester oligomer, a polyester or both comprising:
performing the process according to claim 44 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.

46.  The process of claim 42 wherein operating conditions in the pipe are such
25 that conversion at the outlet of the PRPR zone is greater than or equal to 1.08 times

the conversion at the outlet of the RR zone.

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

performing the process according to claim 46 to make a pre-polyester; and



43. A process for nmeking a polyester oligoner, a
pol yester or both conprising: 10 perform ng the

w@emsaswi@according to claim42 to make a pre- ppdHES1004/016578
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and reacting the pre-polyester and optionally other
react ants, under polycondensation reaction conditions,
to formthe polyester oligoner, the polyester or
both. 15 44. The process of claim 40 wherein the
conversion in the product of t t¢’/RR  zone of the pi pe
is 75 to 95 percent. 45. A process for nmeking a

por ! or m Frgcute. BoameeSReE: ity trrtill OB | Bkl junder

pr e ppByREhSition dabtion2ébndRiaas, it Gorinthe polgesdal ofigsiner, tiknpblyester

optionally other reactants, under pol ycondensation

rea® Pt conditions, to formthe pol yester oligoner,

the polyester or both. 46. The process of claim42

wherein operating conditions in the pipe are such 25

t hat8conibe piooessatf davm Huwhereinghe chryePRPRINZGA@roduct of the RR

greater fté{;ar} or @qug& ter%en]t' 08 tines the conversion at

t he “8Ut 9'61° BP° e ‘RO PGE 47. A process for making a

pol yester oligomer, a polyester or both conprising:

performng the process accordi to claim46 to ke a .

or A0l y dsireress Rn e sqoReTEbR s TSE OSSO PORE samprising:

- 27 1 eaChiGnidlehP bRcPRl¥ &3 4i8E t PN o Rela)pr&bbEEster; and

reactants, under pol ycondensation reaction

condi t i oreactingo ther rre-pelypuéry eader opsiongbirepther heeactants, under

pol yester, ot both. 5 " | i

neransoisatlign Dapigncsytiiofilo BrBRE poie i cBefld te polvestr

of tokhbothi pe is 75 to 95 percent. 49. A process for

maki ng a pol yester oligonmer, a polyester or both

conprising: performng the process according to claim

48 59 Mekfe apRIcBssPALY i8I ;492NTherdil MRACEtEMIof Neeacting  under

pre-pol yester and optionally other reactants, under
polycondensation reaction conditions is carried out in a polycondensation pipe

reactor.

51.  The process of claim 3 or 4 further comprising removing vapor from inside

the pipe.

52.  The process of claim 3 or 4 further comprising removing vapor from inside

the RR zone.

53.  The process of claim 3 or 4 wherein at least one of the RR and PRPR zones
has froth or stratified flow appearing.

54.  The process of claim 3 or 4 wherein the solubilizing agent is added at least

in part from a tank.



pol ycondensati on reaction conditions, to formthe
pol yester oligoner, the polyester or both. 50. The

w@emsasw1®©f claim49 wherein the step of reactPemUsIVIE016578
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15 pol ycondensati on reaction conditions is carried out
in a polycondensation pipe reactor. 51. The process
of claim3 or 4 further conprising renoving vapor from
inside the pipe. 20 52. The prg ess of claim3 or 4
further conprising renoving vapér frominside the RR
zone. 53. The process of claim3 or 4 wherein at | east
one

orese! o U PRATSL T FOF SRy Fapenbashh s i

or fomhke @itlet 6fitke RBIzobé.l | zi ng agent is added at | east
in part froma tank. WO 2004/110616 PCT/ US2004/ 016578
-28 55. The process of claim3 or 4 wherein the

sol gbi | 1 PR GoRGEHH clhifn Rbr 4 @Asfeir fhe Ralbilizing @FRAtheat least in part
outlet of the RR zone. 56. The process of claim3 or 4

whet pioduetieé a pelyedseripobicapdeaspdion 1¢a§toit | east in part 5

a product of a polyester polycondensation reactor. 57.

An apparatus for naking a pre-polyester conprising:

an &&t er Af apatdtonfopmpling e pot-polyestarpompiisigeg:a pi pe, the

pi pe hav%g% ag inlet, an outlet. and means for addition

of a sol MFPIEFLFHED PIRS TEHCORAFIGAEIS n pre- pol yest er
form ng ﬂhs?fﬂeaﬁbﬁg&hqme@aﬁ Qdtlétamarsent he adattbetof a ofibilizing
The apparatus of claimb57 wherein the pipe is
subageah@ndl |y enpty. 15 59. The apparatus of claim57

Wi th they pipg ol SayRY kiihify fefGhdtS b BhdsOitdwaAE thOButlet.

58.  The apparatus of claim 57 wherein the pipe is substantially empty.

59.  The apparatus of claim 57 with the pipe also having 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.
60.  The apparatus of claim 59 wherein the pipe is substantially empty.

61. An apparatus for making a polyester oligomer, a polyester or both
comprising:
the apparatus of claim 59 or 60; and

a polycondensation reactor connected to the outlet of the pipe.

62.  The apparatus of claim 61 wherein the polycondensation reactor is a

polycondensation pipe reactor.

63.  The apparatus of claim 59 or 60 further comprising means for vapor

removal along the pipe.
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claim59 wherein the pipe is substantially enpty. 20
61. An apparatus for making a pol yester oligoner, a

pol yester or both conprising: the apparatus of claim
59 or 60; and a pol ycondensation_reactor connected to
the outlet of the pipe. 25 62.”"“%he apparatus of claim
61 wherein the polycondensation reactor is a

pol ycondensati on pi pe reactor. 63. The apparatus of
claimb59 or 60 further conprising neans for vapor 30
renmal  @lmongpdrites phpanakiy 20p4lyede6 bigomer, a polyester or both
PCT/ US2004/ 016578 -29 64. An apparatus for making a
pol VEBWEFNG] | goner, a pol yester or both conprising:
the appan@d #paafus 6F it 68:an@nd 5 a pol ycondensation
reactor connected to the outlet of the ?ip . 65. The

e
appar at ug pofycendsnsatisg resetop conpieted fathe petlaiabihe pirsy
addition of a solubilizing agent is into the RR zone.
10 66. An apparatus for maeking a polyester oligoner, a
pol ygsst erTherappatfas afostini $9 ng: 60 lnvdeseiap slireatnesnsoforcaddition of a
65; a %.ahﬁplgconden ation reactor connected to the
out IS8UbYzingRgeiis o g REZongh e 5hharatus of cl ai m 59
or 60 further conprising a solids detector connected

to the outlet of the RR zone. ,
66. An apparatus for making a polyester oligomer, a polyester or both

comprising:
the apparatus of claim 65; and

a polycondensation reactor connected to the outlet of the pipe.

67. The apparatus of claim 59 or 60 further comprising a solids detector

connected to the outlet of the RR zone.

68. An apparatus for making a polyester oligomer, a polyester or both
comprising:
the apparatus of claim 67; and

a polycondensation reactor connected to the outlet of the pipe.

69.  The apparatus of claim 60 further comprising a solids detector connected to
the outlet of the RR zone and means for vapor removal along the pipe and wherein

the means for addition of a solubilizing is into the RR zone.

70.  An apparatus for making a polyester oligomer, a polyester or both
comprising:
the apparatus of claim 69; and

a polycondensation reactor connected to the outlet of the pipe.



68. An apparatus for making a pol yester oligoner, a
pol yester or both conprising: 20 the apparatus of
webk@dm®@i¢G and a pol ycondensati on reactor. CcONPETUSZNOY/016578
the outlet of the pipe. 69. The apparatus of claim60
further conprising a solids detector connected to the
outl et of the RR zone and neans for vapor renoval
al ong the pipe and wherein 25 the nmeans for addition
of a solubilizing is into the RR0zone. 70. An
apparatus for neking a polyester oligoner, a polyester
or both conprising: the apparatus of claim69; and 30
a polycondensatlon react or connected to the outlet of
the Ri peqy gQr?é{s 1306360 PRTAHSRAO M0 $O9dchdensdflor Feactor is a
The apparatu$ claim 70 wherein the pol ycondensati on
r eagbbicondensatioppipgceasthensat i on pi pe reactor. 5 72. The
apparatus of claim57 or 58 further conprising a
solids detector connected to the outlet of the pipe.
5 72.  The apparatus of claim 57 or 58 further comprising a solids detector

connected to the outlet of the pipe.



