
WO 2004/110616 PCTIUS2004/016578  -1 POLYESTER PROCESS USING A PIPE REACTOR
FIELD OF THE INVENTION The invention relates to polyester processes using a
pipe reactor and to  5 corresponding apparatuses. More particularly, the
invention relates to processes and  to corresponding apparatuses including
an esterification pipe reactor with a  recirculating reaction zone (RR zone)
and a plug reaction profile reaction zone  (PRPR zone), especially when
operated with a significant part of the overall  conversion taking place in
the plug reaction profile reaction zone (PRPR zone). 10 BACKGROUND OF THE
INVENTION As the business of manufacturing polyesters becomes more
competitive,  alternative processes have become highly desirable. Relevant
background for this  invention is given in a U.S. patent application related
to the present one and filed 15 the same day entitled "Polyester Process
Using a Pipe Reactor" with the inventor,  Bruce Roger DeBruin. Another
related U.S. patent application filed the same day as the present  one and
entitled, "Polyester Process Using a Pipe Reactor", with the inventors,
Richard Gill Bonner and Bruce Roger Debruin. 20 In addition are the related
cases U.S. Application Serial No. 10/013,318  filed December 7, 2001, and
U.S. Provisional Application Serial No. 60/254,040  filed December 7, 2000.
SUMMARY OF THE INVENTION 25 It is an object of this invention to provide
polyester processes using a pipe  reactor. Thus, this invention relates to a
process for making a pre-polyester  comprising: providing an esterification
pipe reactor comprising a pipe, the pipe  



having an inlet and an outlet; adding a solubilizing agent into the pipe;
and reacting  one or more reactants flowing in the pipe towards the outlet
under esterification  30 reaction conditions to form the pre-polyester. WO
2004/110616 PCT/US2004/016578  -2 The invention also relates to similar
processes wherein the pipe also has 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. Further, the invention
relates to any of these processes wherein the average  5 solids content of
the material flowing through the outlet of the RR zone of the pipe  is less
than 2.5 weight percent and operating conditions in the pipe are such that
conversion at the outlet of the PRPR zone is greater than or equal to 1.08
times the  conversion at the outlet of the RR zone. Similarly, the invention
relates to a process for making a polyester  10 oligomer, a p olyester orb
oth c omprising: performing any oft he a forementioned  processes for making
a pre-polyester; and reacting the pre-polyester and optionally  other
reactants, under polycondensation reaction conditions, to form the polyester
oligomer, the polyester or both. A further object of this invention is to
provide apparatuses for polyester  15 processes using a pipe reactor. Thus,
the invention relates to apparatuses  corresponding to the processes
described here. BRIEF DESCRIPTION OF THE DRAWINGS The accompanying drawings,
which are incorporated in and constitute a  20 part of this specification,
illustrate several embodiments of the invention and  together with the
description serve to explain the principles of the invention. FIG. 1 shows
typical embodiments of the polyester processes and  apparatuses of the
present invention. 



25 Key to Number Designations in Fig.1  1 tank (optional) 1A line from tank
to pipe (optional)  3 pipe inlet 30 4 RR zone WO 2004/110616
PCT/US2004/016578  -3- 4A RR zone recycle line 4B RR zone outlet 4C vapor
disengager (optional)  4D vapor line (optional) 5 4E solids detector
(optional) 5 pipe of esterification pipe reactor  6 PRPR zone 7 vapor
disengager (optional)  7A vapor line (optional) 10 9 solids detector
(optional)  11 pipe outlet 15 polycondensation reactor (optional and shown
as a pipe reactor)  15A line from polycondensation reactor to pipe
(optional) 15 DETAILED DESCRIPTION OF THE INVENTION In this disclosure and
the claims that follow, unless otherwise indicated, the  term polyester is
used in a broad sense and refers to a polymer containing more  than 100
ester linkages (or more than 100 corresponding linkages in thef case of
derivatives of "straight" or "pure" polyesters such as polyetheresters,
polyester 20 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  25 for making pre-polyesters when used in
this disclosure and the claims that follow,  unless indicated otherwise. The
processes according to the present invention include a process for  making a
pre-polyester comprising: providing an esterification pipe reactor
comprising a pipe, the pipe having an inlet and an outlet; adding a
solubilizing WO 2004/110616 PCT/IJS2004/016578  -4 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. In the
reaction systems covered by the processes of the present invention,  there
may be s olubility problems involving one or in ore reactants. For example,
5 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 include adding a solubilizing
agent into the pipe. For  purposes here, a solubilizing agent makes one or
more reactants more soluble in the  other(s) or the reaction mixture
generally; in this context (in reference to 10 solubilizing agents),
reactants will betaken as only those that are precursors for  polyester
monomers (as solubilizing agents are not such precursors). Suitable
solubilizing agents include those comprising a polyester monomer, dimer
and/or  trimer; those comprising a polyester oligomer; those comprising a
polyester; those  comprising organic solvents such as chlorinated aromatics
(like trichlorobenzenes), 15 mixtures of phenol and chlorinated hydrocarbons
(like tetrachloroethane)  tetrahydrofuran or dimethyl sulfoxide; as well as
those comprising combinations of  



these. Such agents comprising a polyester oligomer, especially of the type
being  produced in the process, are often preferred. These agents may be
mixed, with  reactants prior to addition to the pipe or added to the pipe
separately in whole or in 20 part. If mixed with reactants (here polyester
monomer precursors) in any way, the  solubilizing agent would be considered
to be the mixture less any such reactants.  For simplicity, esterification
is taken to include, throughout this disclosure and the claims that follow,
not only its common meaning, but ester exchange as  well. 25 More
specifically, the pipe may also have a recirculation reaction zone (RR
zone) and a plug reaction profile reaction zone (PRPR zone) with the RR zone
being closer to the inlet than the PRPR zone is. The pipe may be
substantially  empty; that is, substantially free of mechanical or
structural internals (reactants and  the like not included of course). The
pipe is understood to be hollow in the context 30 of this disclosure and the
claims that follow. WO 2004/110616 PCT/1JS2004/016578  In this disclosure
and the claims that follow, RR zone refers to a zone in a pipe reactor
wherein the product of reaction (in whole or in part) of the zone is
recirculated (recycled) from the outlet to the inlet of the zone; for
purposes here,  the zone and its inlet and outlet are defined by the
presence and location of such 5 recirculation. Physical changes (including
filtering, cooling and heating), removal  of vapor, residual reaction,
addition of polyester monomer forming reactants and  addition of modifiers
(such as toners, catalysts and stabilizers) involving the  recycled material
after leaving the outlet and prior to arrival at the inlet are  acceptable.
10 In contrast, in this disclosure and the claims that follow, PRPR zone
refers  to a zone in a pipe reactor wherein no portion of the reaction
product of any part of  the zone is recirculated back to the zone, but the
product is instead isolated.and/or  



sent on to other process equipment. It is possible that PRPR zone reaction
product  that has been compositionally changed could be fed back into the
PRPR, however, 15 but the change would have to be such to allow for a
reaction profile that is at least  substantially plug type. This reaction
profile is the hallmark of a PRPR zone;  generally, no special requirements
other than those given here are required to  generate the profile. The
processes according to the present invention also include processes for  20
making a polyester oligomer, a polyester or both comprising performing (the
steps  of) any of the processes for making a pre-polyester previously
described and  reacting the pre-polyester and optionally other 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 WO 2004/110616
PCT/US2004/016578  -6 material leaving the pipe and not being recycled back
to the pipe is from 2:1 to  25:1; another such range is 3:1 to 20:1. Not
recycled back in this context means not  directly recycled back; that is not
recycled back unless significantly  compositionally changed. 5 Similarly, it
has been found that a preferred range for the ratio of the mass  flow rate
of solubilizing agent added to the RR zone to the mass flow of the  material
leaving the RR zone and not being recycled back to the RR zone is from  



2:1 to 25:1 (with another such range being 3:1 to 20:1). The phrase, not
recycled  back, is as before, not directly recycled back; that is not
recycled back unless 10 significantly compositionally changed. Added refers
to that which has not entered  from the previous zone in the pipe or pipe
inlet if the zone is first. Depending on the solubilizing agent, some
heating or cooling.may. be  required; these agents being related to
solubility as opposed to freezing and boiling  point changes of what they
are added to. 15 Many different types of reactants or mixtures of reactants
may be used in  forming polyesters and pre-polyesters according to the
processes of the present  invention, the types or mixtures of reactants
comprising a dicarboxylic acid  (abbreviated here as a diacid), a diol, a
diester, a hydroxy ester, a carboxylic acid  ester (abbreviated here as an
acid ester), a hydroxy carboxylic acid (abbreviated 20 here as a hydroxy
acid) or combinations thereof. It is possible that related materials  such
as tricarboxylic acids and other such 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 WO 2004/110616
PCTIUS2004/016578  -7 acid, dipheny-3,4'-dicarboxylic acid,
2,2,-dimethyl-1,3-propandiol, dicarboxylic  acid, succinic acid, glutaric
acid, adipic acid, azelaic acid, sebacic acid, mixtures  



thereof, and the like. The acid component can be fulfilled by the ester
thereof, such  as with dimethyl terephthalate. 5 Further more specific
reactants or mixtures of reactants comprise  cycloaliphatic diols preferably
having 6 to 20 carbon atoms or aliphatic diols  preferably having 3 to 20
carbon atoms. Such comprise ethylene glycol (EG),  diethylene glycol,
triethylene glycol, 1,4-cyclohexane-dimethanol, propane-1,3- diol,
butane-1,4-diol, pentane-1,5-diol, hexane-1,6-diol, neopentylglycol, 10
3-methylpentanediol-(2,4), 2-methylpentanediol-(1,4),
2,2,4-trimethylpentane-diol- (1,3), 2-ethylhexanediol-(1,3),
2,2-diethylpropane-diol-(1,3), hexanediol-(1,3),
1,4-di-(hydroxyethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-propane,
2,4-dihydroxy-1,1,3,3-tetramethyl-cyclobutane, 2,2,4,4
tetramethylcyclobutanediol,.  2,2-bis-(3-hydroxyethoxyphenyl)-propane,
2,2-bis-(4-hydroxypropoxyphenyl) 15 propane, isosorbide, hydroquinone,
BDS-(2,2-(sulfonylbis)4,1- phenyleneoxy))bis(ethanol), mixtures thereof, and
the like. Pre-polyesters and  polyesters may be prepared from one or more of
the above type diols. Some preferred comonomers comprise terephthalic acid,,
dimethyl  terephthalate, isophthalic acid, dimethyl isophthalate,
dimethyl-2,6- 20 naphthalenedicarboxylate, 2,6-naphthalenedicarboxylic acid,
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 WO 2004/110616 PCT/US2004/016578  8 that in between), dimethyl
terephthalate (DMT), cyclohexane dimethanol (CHDM),  isophthalic acid (IPA),
ethylene glycol (EG) or combinations thereof. Many types of polyesters may
be made using the processes of the present  invention. Two of special
interest are polyethylene terephthalate (PET) and PETG  5 (PET modified with
CHDM). Ranges stated in this disclosure and the claims that follow should be
understood to disclose the entire range specifically and not just
endpoints(s). For  example, disclosure of the range 0 to 10 should be taken
to specifically disclose 2,  2.5, and 3.17 and all other numbers subsumed in
the range and not just 0 and 10. 10 Further a disclosure of Cl to C5 (one to
five carbon) hydrocarbons would be a  specific disclosure of not only Cl and
C5 hydrocarbons, but also of C2, C3, and C4  hydrocarbons; ranges that are
clearly meant to be ranges of integers should. be  understood
correspondingly. Solubility problems, especially relating to polyester
monomer forming  15 reactants as previously mentioned, may occur. This can
be troublesome for reasons  other than decreases in conversion. If the
solids content of a process stream is high  enough, damage can occur in many
common types of pumps as well as other  process equipment. For purposes
here, solids should be understood.as referring to  particles larger than 1
pm (micron) in diameter at their widest point. Thus, it is one 20 preferred
operating zone in the processes of the present invention where the  average
solids content of the material flowing through the outlet of the pipe is
less  than 2.5 weight percent; another such zone is where the average solids
content of  the material flowing through the outlet of the pipe is less than
0.5 weight percent.  Of course, no solids might be ideal in many instances.
These solids limits may also  



25 be applied in reference to the outlet of the RR zone of the pipe.
Surprisingly, it has been found that unlike most conventional esterification
systems, such as multiple continuously stirred tank type reactors in series,
where  the series reactors are of about the same efficiency, an
esterification system with an  RR zone combined with a later PRPR zone
according to the present invention does 30 not usually have close to the
same efficiency throughout. Specifically, the PRPR WO 2004/110616
PCT/US2004/016575  -9 zone is usually significantly more efficient than the
RR zone. In this context,  efficiency is percent increased conversion per
unit reactor volume. Thus, it is  advantageous in such situations to push
toward maximizing conversion in the  PRPR zone. The processes according to
the present invention therefore include 5 those previously described wherein
the conversion in the product of the RR zone of  the pipe is 75 to 95
percent or 80 to 95 percent or 80 to 90 percent. In this  disclosure and the
claims that follow, conversion refers to the percentage of  reactive end
groups in the liquid phase as measured at the location specified that are
esterified. 10 Similarly, the processes of the p resent invention include t
hose previously  described wherein the solids content of material leaving
the outlet of the RR zone is  2.5 weight percent or less (or 0.5 weight
percent or less, with no solids often ideal)  and operating conditions in
the pipe are such that conversion at the outlet of the  PRPR zone is greater
than or equal to 1.08 (or 1.10 or 1.15) times the conversion at 15 the
outlet of the RR zone. The solids content is included here as it is often a
constraint of sorts in actual systems. The reactions taking place as part of
the processes according to the present  invention ordinarily produce water
(and perhaps other types of) vapor, which  unless removed, may significantly
reduce product yield. Thus, the processes of the 



20 present invention may further comprise removing vapor from inside the
pipe and/or  from the inside of the RR zone of the pipe. It is often
advantageous for 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 in ay b e d efined a s a flow
pattern i n a pipe i n w hich l iquid 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. WO 2004/110616 PCT/US2004/016578  -10 The processes of the
present invention include those wherein the  solubilizing agent is added at
least in part from a tank, is at least in part from the  outlet of an RR
zone, and/or is at least in part a product of a polyester  polycondensation
reactor. 5 The apparatuses of the present invention include those
corresponding to the  processes of the present invention. In particular, an
apparatus for making a pre- polyester comprising: an esterification pipe
reactor comprising a pipe, the pipe  having an inlet, an outlet and means
for addition of a solubilizing agent, and  wherein pre-polyester forming
reactants are passed towards the outlet. 10 Means for addition of the
solubilizing agent include connection to a tank, an  RR zone (especially at
or near the outlet of the RR zone) and/or connection to a  polyester
polycondensation reactor. , More specifically, the pipe may also have a
recirculation reaction zone (RR  zone) and a plug reaction profile reaction
zone (PRPR zone) with the RR zone  15 being closer to the inlet than the
PRPR zone is. The pipe may be substantially  



empty (as previously defined). The apparatuses o f the present invention
also include those. form aking a  polyester oligomer, a polyester or both
comprising any of the apparatuses  previously described and a
polycondensation reactor connected to the outlet of the 20 pipe. This last
mentioned polycondensation reactor may be a polycondensation pipe  reactor
or of any type suitable for polycondensation. In reference to the
apparatuses of the present invention connected means  directly or indirectly
(through bridging piece(s) of process equipment) in fluid  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 WO 2004/110616 PCT/US2004/016578
-11 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, 7th ed., pp.
14-82 to 14-95, hereby  incorporated by reference for, this purpose. 5 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 (which could be at a point in
the RR zone or its  inlet or outlet). Further, a recycle line connecting the
pipe at a point (which could 10 be at a point in the RR zone or its inlet or
outlet) nearer to the outlet than the inlet  



with the pipe at a point (which could be at a point in the RR zone or its
inlet or  outlet) nearer the inlet than the outlet could be employed at
least for addition of  recycle as a solubilizing agent to the pipe.
Similarly, a flow line from the  polycondensation reactor to the pipe at a
point (which could be at a point in the RR 15 zone or its inlet or outlet)
other than the outlet could also be added. These all  represent means for
addition of solubilizing agent. The apparatuses according to the present
invention may further comprise a  solids detector connected to the pipe,
especially at outlet of the pipe or outlet of the  RR zone. Connected in
this context means attached such that solids may be 20 detected inside the
pipe or RR zone at the point of connection. Depending on the  device chosen,
the connection could be direct or indirect as to fluid communication.  For
this purpose, solids are particles larger than I m (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 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 PCTIUS2004/016578  -12 shown in
a one possible orientation with several horizontal sections 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.
The pipe 5 is  shown here having an RR zone 4 and a PRPR zone 6; although
this is not required, 5 it is a preferred embodiment of this invention. The
RR zone recycle line is shown at  



4A. An optional vapor disengager in the RR zone is shown at 4C along with
its  associated line 4D; as explained previously, vapor build up may
negatively affect  product yield in the reactor system. An optional solids
detector for measuring solids  in the outlet of the RR zone 4 is shown at 4E
at the outlet of the RR zone 4B (as 10 demarked by the recycle line 4A which
allows for RR zone output to be recycled  back as shown). Shown near the
pipe outlet 11 is an optional vapor disengager 7  and vapor line 7A for
discharge of vapor from the flow in the pipe. Flow,.through  the pipe 5
leaves at the pipe outlet 11. An optional solids detector 9 is shown at the
pipe outlet 11 for determination of solids content in the material flowing
through 15 the outlet 11. Flow from the pipe outlet 11 optionally enters the
polycondensation  reactor 15 (if present) which may be a polycondensation
pipe reactor as shown.  Optionally, some flow from the polycondnesation
reactor 15 may be sent back to  the pipe 5 through the line ISA as shown.
Flows through 4A and 15A may act as  solubilizing agents as discussed above.
20 Examples  The invention can be father 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 WO 2004/110616 PCTIUS2004/016578  -13 terephthalic acid (PTA) in
ethylene glycol (EG). A SPEN Plus v ersion 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
series of stratified flow 5 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 1. This example shows the optimization  effects of using
recirculation only as required for solubility concerns and using plug
reaction profile with no recirculation as much as possible. WO 2004/110616
PCT/US2004/016578  -14 TABLE 1 Calculations for single recirculating pipe
reactor with two vapor takeoffs followed by  Example: plug flow pipe
optimized for total volume  PTA feed rate v k9/s) 31320 Recirculation ratio
(0u~of recirc/8 us~ of product): 4.0  feed mole ratio (mole EG/mole PTA :
1.6  36 conversion of acid end groups: 96%  Temperature ('C): 285  maximum
pressure si : 52.1  recirculating reactor liquid volume (cu. ft): 318  plug
flow reactor liquid volume (cu. ft : 353  number of parallel pipes in 



recirculating reactor: 8  recirculating reactor diameter in : 16
recirculating reactor maximum liquid superficial velocity fins : 0.07
recirculating reactor maximum vapor superficial velocity (ft1s): 5.5  number
of parallel pipes in plug flow reactor: - 6  plug flow reactor diameter in :
12  lug flow reactor maximum liquid superficial velocity ft/s : 0.03  lug
flow reactor maximum vapor superficial velocity ft/s : 1.8 WO 2004/110616
PCT/US2004/016578  -15 EXAMPLE 2 Lab-Model Comparison  Lab Scale Reactor 5 A
lab scale esterification pipe reactor was built to demonstrate such
esterification of PTA and EG in a laboratory setting. The lab unit consisted
of a  pipe reactor made of 664.75 inches of 0.5" 18 BWG stainless tubing
heated by  electric tracing, a 1200 ml receiver with agitator for receiving
the output of the pipe  reactor and acting as a disengagement zone to allow
the removal of vapors, a 10 recirculating monomer gear pump which pumps
liquid oligomer from the receiver  back into the inlet of the pipe reactor,
and a PTA/EG paste feed system which feed  raw materials into the
recirculating loop. The reactor was started by charging a PTA based CHDM
modified: (2.5  weight percent) oligomer of approximately 96% conversion
into the receiver (Col)  



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 I 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 50C 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 WO 2004/110616 PCTIUS2004/016578  -16 measuring the
correct areas and calculating the % conversion of acid groups to  ester
groups by the areas and calculations below: Areas between the following
chemical shift points referenced to TMS are  5 measured, and % conversion
calculated using the formula. Area A = 7.92 ppm to 8.47 ppm Area B = 5.01
ppm to a valley between 4.82 and 4.77 ppm  Area C = 4.82 ppm to a valley
between 4.74 and 4.69 ppm 10 Area D = A valley between 4.28 ppm and 4.18 ppm
to a valley between 4.10 and  



4.16 ppm Area E = A valley between 4.10 ppm and 4.16 ppm to a valley between
4.0 ands'  4.08 ppm Area F = 8.6 ppm to 8.9 ppm  15 Area G = 7.55 ppm to 7.8
ppm % Conversion = 100*(B + (0.5*C) + D + (0.5*E))/(A + F + G) The samples
were also analyzed by gas chromatograph for percent DEG by  mass to
determine the rate of the side reaction. The effect of residence time and
20 recirculation ratio was seen by varying the feed rate of the paste.
Results from laboratory runs can be seen in Table 2 below. WO 2004/110616
PCT/US2004/016578  -17- W Q e o o e o \ o o e  0 .--~ a 0 ~O t- N ~D M M  N
3 C  .d O e o 0 0 0 0 0 o o r N m eq rq T N N c T V c0,` 0 a, 0, T 000 b b
vl n  4 00 e~ d ; 00 00 DD 00 00 00 00 00 00 00  V 114 



N W ~ -Im .. h in vi  N N M m~ r~i  F, a u ~~~~~e~e~~  y y o 0 0 0 0 0 0 0 0
0  N N N N N N N N N  E ^+ N M V V 'O N 00 ON  LU WO 2004/110616
PCT/US2004/016578  -18- Model Comparison An ASPEN model was used to simulate
the lab apparatus previously  described in this example. In this case, ASPEN
11.1 with Polymers Plus, and  5 ASPEN's PET Technology was used for the
modeling with a model configuration similar to the one described for Example
1. Neither model configuration nor  software were significantly different
from that used in Example 1. In order to  correctly simulate the dissolution
of PTA into the oligomer at different conditions  in the lab, it was
sometimes necessary to add dissolution kinetics to them ode]. 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 the--model  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 WO 2004/110616 PCT/US2004/016578  _19_ PTA
Not Completely Dissolved/Dissolution Kinetics in Model Paste Monomer Temp.
Paste Unreacted Model Measured  Feed Circulation C Mole PTA, predicted %
(g/nlin) (g/min) 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
embodiments described and shown in the specification and  drawings should be
taken as illustrative of the present invention and - not., for  purposes of
limiting the claims that follow, unless specifically indicated otherwise.
Claims.  1. A process comprising: 



(a) esterifying a reaction mixture flowing through a first pipe reactor zone
to  thereby form an esterification reaction product; (b) separating said
esterification reaction product into a recycle portion and a  non-recycle
portion at a separating location, wherein said separating is carried out in
a  manner such that the weight ratio of said recycle portion to said
non-recycle portion is in  the range of from 2:1 to 25:1; and (c)
introducing at least a portion of said recycle portion into at least a
portion of  said reaction mixture at a location upstream of said separating
location. 2. The process of claim 1 wherein said esterification reaction
product has a  conversion in the range of from 75 to 95 percent. 3. The
process of claim I wherein said recycle portion contains less than  2.5
weight percent solids. 4. The process of claim 1 wherein said reaction
mixture comprises a reactant in  the form of solid particles, wherein said
recycle portion helps dissolve said solid  particles. 5. The process of
claim I further comprising subjecting said non-recycle portion  to further
reaction. 6: The process of claim 5 wherein said further reaction comprises
esterification  and/or polycondensation. 7. The process of claim 6 wherein
said farther reaction comprises esterification in  a second pipe reactor
zone. fit) S. The process of claim 7 wherein said esterification in said
second pipe reactor  zone provides a greater conversion than said
esterifying in said first pipe reactor zone. 9. The process of claim 8
wherein the conversion achieved in said second pipe  reactor zone is at
least 1.08 times the conversion achieved in the first pipe reactor zone.
10. The process of claim 7 wherein said first pipe reactor zone is a
recirculation 



reaction zone (RR zone) and said second pipe reactor zone is a plug reaction
profile  reaction zone (PRPR zone). 11. The process of claim 7 wherein said
reaction mixture flows through at least a  portion of said first pipe
reactor zone in stratified or froth flow, wherein said reaction  mixture
flows through at least a portion of said second pipe reactor zone in plug,
stratified, or froth flow. 12. The process of claim 1 wherein said reaction
mixture contains one or more  reactants selected from the group consisting
of dicarboxylib acids, diols, diesters,  hydroxyl esters, carboxylic acid
esters, hydroxyl carboxylic acids, tricarboxylic acids,  and combinations
thereof. 13. The process of claim l wherein said reaction mixture contains
TPA and EG.  14. A process comprising: (a) providing an esterification pipe
reactor comprising a pipe, wherein said pipe  has a pipe inlet, a pipe
outlet, a recirculation reaction zone (RR zone), and a plug reaction
profile reaction zone (PRPR zone), wherein said.RR zone is located closer to
said pipe  inlet than is said PRPR zone; (b) adding a solubilizing agent
into said pipe; and  11 (c) reacting one or more reactants contained in a
reaction medium flowing in said  pipe towards said pipe outlet, wherein the
product of said RR zone has a conversion in  the range of from about 75 to
about 95 percent, 15. The process of claim 14 wherein operating conditions
in said pipe are such  that the product of said PRPR zone has a conversion
that is at least 1.08 times greater  than the conversion of the product of
said RR zone. 16. The process of claim 14 wherein the average solids content
of the product of  said RR zone is less than 2.5 weight percent. 17. The
process of claim 14 further comprising introducing a solubility agent into  



said reaction medium upstream of said PRPR zone. 18. The process of claim 17
wherein the ratio of the mass flow rate of said  solubilizing agent
introduced into said reaction medium to the mass flow of the material
leaving said pipe and not being recycled back to said pipe is in the range
of from 2:1 to 25:1. 19. The process of claim 17 wherein said solubility
agent comprises at least a  portion of the product from said RR zone. 20.
The process of claim 19 wherein at least a portion of said solubility agent
is  introduced into said RR zone, wherein the ratio of the mass flow rate of
said solubilizing  agent added to said RR zone to the mass flow of the
product leaving said RR zone and  not being recycled back to said RR zone is
in the range of from 2:1 to 25:1. 21. The process of claim 14 wherein said
reacting causes the formation of a  reaction product comprising a polyester
oligomer and/or a polyester polymer. 22, The process of claim 21 further
comprising polycondensing at least a portion  of said reaction product. 23.
The process of claim 14 wherein said one or more reactants is selected from
the group consisting of diacids, diols, diesters, hydroxy esters, acid
esters, hydroxy acids,  and combinations thereof. 24. The process of claim
14 wherein said one or more reactants includes TPA and  EG. 63 


