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MULTI-LEVEL TUBULAR REACTOR WITH DUAL HEADERS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to reactors for processing liquid-containing
reaction mediums. In  another aspect, the invention concerns
polycondensation reactors used for melt-phase production of polyesters.

2. Description of the Prior Art

Melt-phase polymerization can be used to produce a variety of
polyesters, such as, for example, polyethylene terephthalate (PET). PET is
widely used in beverage, food, and other containers, as well as in synthetic
fibers and resins. Advances in process technology coupled with increased
demand have led to an increasingly competitive market for the production and
sale of PET. Therefore, a low-cost, high-efficiency process for producing PET
is desirable.

Generally, melt-phase polyester production facilities, including those
used to make PET, employ an esterification stage and a polycondensation
stage. In the esterification stage, polymer raw materials (i.e., reactants) are
converted to polyester monomers and/or oligomers. In the polycondensation
stage, polyester monomers exiting the esterification stage are converted into
a polymer product having the desired final average chain length.

In many conventional melt-phase polyester production facilities,
esterification and polycondensation are carried out in one or more
mechanically agitated reactors, such as, for example, continuous stirred tank
reactors (CSTRs). However, CSTRs and other mechanically agitated
reactors have a number of drawbacks that can result in increased capital,
operating, and/or maintenance costs for the overall polyester production
facility. For example, the mechanical agitators and various control equipment
typically associated with CSTRs are complex, expensive, and can require

extensive maintenance.
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Thus, a need exists for a high efficiency polyester process that
minimizes capital, operational, and maintenance costs while maintaining or

enhancing product quality.

SUMMARY OF THE INVENTION

In one embodiment of the present invention, there is provided a
process comprising subjecting a reaction medium to a chemical reaction in a
reactor comprising a pair of horizontally spaced vertically elongated headers
and a plurality of vertically spaced horizontally elongated tubular members
coupled to and extending generally between the headers. The reaction
medium flows through the headers and the tubular members as the reaction
medium travels through the reactor.

In another embodiment of the present invention, there is provided a
process for making polyethylene terephthalate (PET), the process comprising:
(a) introducing a polycondensation feed into a polycondensation reactor,
wherein the polycondensation feed forms a predominately liquid reaction
medium in the reactor, wherein the polycondensation feed comprises PET
having an average chain length in the range of from about 5 to about 50; (b)
subjecting the reaction medium to polycondensation in the reactor, wherein
the reactor comprises a pair of horizontally spaced vertically elongated
headers and a plurality of vertically spaced horizontally elongated pipes
coupled to and extending generally between the headers, wherein the
reaction medium flows through the headers and the pipes as the reaction
medium travels through the reactor, wherein the reaction medium flows in
generally opposite directions in vertically adjacent ones of the pipes, wherein
the reaction medium flows downwardly through the headers as the reaction
medium travels from one of the pipes to another of the pipes; and (c)
recovering a predominately liquid polycondensation product from the reactor,
wherein the polycondensation product comprises PET having an average
chain length that is at least about 10 greater than the average chain length of
the PET in the polycondensation feed.

2
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In a further embodiment of the present invention, there is provided a
reactor for processing a reaction medium flowing therethrough. The reactor
comprises a pair of horizontally spaced vertically elongated headers, a
plurality of vertically spaced horizontally elongated tubular members coupled
to and extending generally between the headers, and a plurality of flow
diverters at least partly disposed in the headers. Each of the tubular
members has an inlet located at one of the headers and an outlet located at
the other of the headers. The flow diverters are configured to direct the flow
of the reaction medium downwardly from the outlet of one of the tubular

members to the inlet of another of the tubular members.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain embodiments of the present invention are described in detail
below with reference to the enclosed figure, wherein:

FIG. 1 is a schematic depiction of a multi-level tubular reactor
configured in accordance with one embodiment of the present invention and
suitable for use as a polycondensation reactor in a melt-phase polyester

production facility.

DETAILED DESCRIPTION

FIG. 1 illustrates an exemplary multi-level tubular reactor configured in
accordance with one embodiment of the present invention. The configuration
and operation of the reactor depicted in FIG. 1 are described in detail below.
Although certain portions of the following description relate primarily to
reactors employed in a melt-phase polyester production process, reactors
configured in accordance with embodiments of the present invention may find
application in a wide variety of chemical processes. For example, reactors
configured in accordance with certain embodiments of the present invention
may be advantageously employed in any process where chemical reactions
take place in the liquid phase of a reaction medium and a vapor byproduct is

produced as a result of the chemical reaction. Further, reactors configured in
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accordance with certain embodiments of the present invention may be
advantageously employed in chemical processes where at least a portion of
the reaction medium forms foam during processing.

Referring now to FIG. 1, one embodiment of a multi-level tubular
reactor 10 is illustrated as generally comprising a pair of horizontally spaced
vertically elongated headers 12a,b and a series of horizontally elongated
vertically spaced tubular members 14a-e coupled to and extending generally
between headers 12a,b.

Headers 12a,b generally comprise an upright tubular shell 16a,b, a pair
of end caps 18a,b and 20a,b coupled to opposite ends of shells 16a,b, a feed
diverter 21 disposed in header 12a, and a plurality of flow diverters 22a-d
disposed in headers 12a,b. A first vapor gap 24a is defined between flow
diverters 22b and 22d, while a second vapor gap 24b is defined between flow
diverters 22a and 22c. A feed inlet 26 is defined in upper end cap 18a of
header 12a. A liquid product outlet 28 is defined in lower end cap 20b of
header 12b. Vapor outlets 30a,b are defined near the tops of headers 12a,b.
Headers 12a,b each define a plurality of generally aligned openings that
provide fluid communication between the internal volume of headers 12a,b
and the series of tubular members 14a-e coupled and extending between
headers 12a,b.

In the embodiment illustrated in FIG. 1, shells 16a,b of headers 12a,b
are substantially identical, substantially vertical, substantially cylindrical pipes.
In an alternative embodiment, shells 16a,b can be vertically elongated tubular
members having a variety of cross-sectional configurations (e.g., rectangular,
square, or oval). Further, shells 16a,b need not have a perfectly vertical
orientation. For example, the central axis of elongation of shells 16a,b can
extend within about 30, about 15, or 5 degrees of vertical.

In the embodiment illustrated in FIG. 1, headers 12a,b have a
maximum internal height (H) that is greater than their maximum internal width
(W). In one embodiment, headers 12a,b have a height-to-width (H:W) ratio in
the range of from about 2:1 to about 20:1, about 4:1 to about 15:1, or 5:1 to

4
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10:1. In one embodiment, H is in the range of from about 8 to about 100 feet,
about 10 to about 75 feet, or 20 to 50 feet, and W is in the range of from about
1 to about 20 feet, about 2 to about 10 feet, or 3 to 5 feet.

In the embodiment illustrated in FIG. 1, the series of tubular members
14a-e are directly coupled to and extend generally between headers 12a,b.
The series of tubular members 14a-e includes an uppermost tubular member
14a, a plurality of intermediate tubular members 14b-d, and a lowermost
tubular member 14e. Each tubular member 14a-e has one end directly
coupled to header 12a and the other end directly coupled to header 12b.
Tubular members 14a,c,e each have an inlet 32a,b,c located at and in fluid
communication with header 12a and an outlet 34a,b,c located at and in fluid
communication with header 12b. Tubular members 14b,d each have an inlet
36a,b located at and in fluid communication with header 12b and an outlet
38a,b located at and in fluid communication with header 12a. Reactor 10 can,
optionally, employ weirs 40a-e couple to and extending upwardly from the
bottom of tubular members 14a-e proximate their respective outlets 34a, 38a,
34b, 38b, and 34c.

In the embodiment illustrated in FIG. 1, tubular members 14a-e are
substantially horizontal, substantially cylindrical pipes. In an alternative
embodiment, tubular members 14a-e can have a variety of cross-sectional
shapes (e.g., rectangular, square, or oval). Further, tubular members 14a-e
need not have a perfectly horizontal orientation. For example, the central axis
of elongation of tubular members 14a-e can extend within about 30, about 15,
or 5 degrees of horizontal.

In the embodiment illustrated in FIG. 1, each tubular member 14a-e
has a maximum internal length (L) that is greater than its maximum internal
diameter (D). In one embodiment, each tubular member 14a-e has a length-
to-diameter (L:D) ratio in the range of from about 2:1 to about 50:1, about 5:1
to about 20:1, or 8:1 to 15:1. In one embodiment, L is in the range of from
about 10 to about 200 feet, about 20 to about 100 feet, or 30 to 50 feet, and D
is in the range of from about 1 to about 20 feet, about 2 to about 10 feet, or 3

5
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to 5 feet. In one embodiment, the ratio of the diameter (D) of one or more of
tubular members 14a-e to the maximum internal width (W) of one or both of
headers 12a,b is in the range of from about 0.1:1 to about 2:1, about 0.25:1 to
about 1:1, or 0.4:1 to 0.9:1. In the embodiment illustrated in FIG. 1, each
tubular member 14a-e has a éubstantially identical configuration. In an
alternative embodiment, tubular members 14a-e can have different lengths,
different diameters, and/or different orientations.

In operation, a feed, which can be in a predominately liquid form, is
introduced into reactor 10 via feed inlet 26 of header 12a and is directed to
inlet 32a of uppermost tubular member 14a via feed diverter 21. In uppermost
tubular member 14a, the feed forms a reaction medium 42 that flows
generally horizontally on the bottom of tubular member 14a from inlet 32a to
outlet 34a. As reaction medium 42 flows through tubular member 14a, a
chemical reaction takes place within reaction medium 42. A vapor 44 can be
formed in tubular member 14a. Vapor 44 can comprise a byproduct of the
chemical reaction carried out in tubular member 14a and/or a volatile
component of the feed to tubular member 14a. At least a portion of vapor 44
is disengaged from and flows generally over reaction medium 42 as reaction
medium 42 flows through tubular member 14a.

As depicted in FIG. 1, in one embodiment of the present invention, the
chemical reaction carried out in reactor 10 causes foaming of reaction
medium 42, thereby producing a foam portion 46 and a predominately liquid
portion 48 of reaction medium 42. The chemical reaction can take place in
the liquid of both foam portion 46 and predominately liquid portion 48. In fact,
the presence of foam can actually enhance certain chemical reactions,
especially those reactions that are facilitated by increased liquid surface area
and reduced pressure. Thus, in one embodiment of the present invention, the
internal volume and flow area of tubular members 14a-e are sufficiently large
so that the maximum amount of foam formation is permitted. As depicted in
FIG. 1, the amount of foam produced by the reaction may decrease as

reaction medium 42 progresses through reactor 10. Thus, the portion of

6



WO 2009/009031 PCT/US2008/008337

10

15

20

25

30

reaction medium 42 located in uppermost tubular member 14a may comprise
more than 50, 75, or 90 volume percent gas, while the portion of reaction
medium 42 located in lowermost tubular member 14e may comprise less than
20, 10, or 5 volume percent gas.

Referring again to FIG. 1, after flowing through uppermost tubular
member 14a, reaction medium 42 passes out of uppermost tubular member
14a via outlet 34a. If weir 40a is employed, reaction medium 42 flows over
the top of, around the edges of, through openings in, and/or under weir 40a as
it exits tubular member 14a and enters the internal volume of header 12b.
Weirs 40a-e can be employed in reactor 10 to help maintain the desired depth
of reaction medium 42 in tubular members 14a-e. In one embodiment of the
present invention, the maximum depth of the predominately liquid portion 48
of reaction medium 42 in each tubular member 14a-e is less than about 0.8D,
less than about 0.4D, or less than 0.25D, where D is the maximum vertical
dimension of the respective tubular member 14a-e.

As reaction medium 42 passes out of tubular member 14a and flows
downwardly into header 12b, vapor 44 flows upwardly into header 12b. In
header 12b, vapor 44 from uppermost tubular member 14a can be combined
with the vapor produced in tubular members 14b-e. The resulting combined
vapor can exit header 12b via vapor outlet 30b. Upon exiting tubular member
14a, reaction medium 42 flows downwardly in header 12b and is directed by
flow diverter 22a to inlet 36a of tubular member 14b.

In tubular member 14b, reaction medium 42 flows generally
horizontally on the bottom of tubular member 14b from inlet 36a to outlet 38a,
as the chemical reaction in reaction medium 42 proceeds. As depicted in FIG.
1, the direction of flow though tubular member 14b is substantially opposite to
the direction of flow through tubular member 14a. After flowing through
tubular member 14b, reaction medium 42 passes out of tubular member 14b
via outlet 38a. If weir 40b is employed, reaction medium 42 flows over the top
of, around the edges of, through openings in, and/or under weir 40b as it exits
tubular member 14b and enters the internal volume of header 12a. As

7
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reaction medium 42 passes out of tubular member 14b and flows downwardly
into header 12a, the vapor byproduct generated in tubular member 14b flows
upwardly into header 12a. In header 12a, the vapor from tubular member 14b
can be combined with the vapor produced in tubular members 14c-e. The
resulting combined vapor can exit header 12a via vapor outlet 30a. Upon
exiting tubular member 14b, reaction medium 42 flows downwardly in header
12a and is directed by flow diverter 22b to inlet 32b of tubular member 14c.
The flow of reaction medium 42 through the remaining tubular
members 14c-e can proceed substantially the same as described above with
reference to flow through tubular members 14a,b. In summary, reaction
medium 42 proceeds back-and-forth though reactor 10 as it passes through
tubular members 14a-e. Reaction medium 42 passes downwardly between
vertically adjacent tubular members via flow diverters 22a-d in headers 12a,b.
When reaction medium 42 exits lowermost tubular member 14e it collects in
the bottom of header 12b. This final reaction medium 42 is withdrawn from
header 12b as a predominately liquid product via liquid product outlet 28.
Multi-level tubular reactors configured in accordance with certain
embodiments of the present invention require little or no mechanical agitation
of the reaction medium processed therein. Although the reaction medium
processed in the multi-level tubular reactor may be somewhat agitated by
virtue of foaming, flowing through the reactor segments, and falling from one
reactor segment to another, this foaming agitation, flow agitation, and
gravitational agitation is not mechanical agitation. In one embodiment of the
present invention, less than about 50 percent, less than about 25 percent,
less than about 10 percent, less than about 5 percent, or 0 percent of the total
agitation of the reaction medium processed in the multi-level tubular reactor is
provided by mechanical agitation. Thus, reactors configured in accordance
with certain embodiments of the present invention can operate without any
mechanical mixing devices. This is in direct contrast to conventional
continuous stirred tank reactors (CSTRs) which employ mechanical agitation

almost exclusively.
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As indicated above, multi-level tubular reactors configured in
accordance with embodiments of the present invention reactors can be used
in a variety of chemical processes. In one embodiment, a multi-level tubular
reactor configured in accordance with the present invention is employed in a
melt-phase polyester production facility capable of producing any of a variety
of polyesters from a variety of starting materials. Examples of melt-phase
polyesters that can be produced in accordance with embodiments of the
present invention include, but are not limited to, polyethylene terephthalate
(PET), which includes homopolymers and copolymers of PET; fully aromatic
or liquid crystalline polyesters; biodegradable polyesters, such as those
comprising butanediol, terephthalic acid and adipic acid residues;
poly(cyclohexane-dimethylene terephthalate) homopolymer and copolymers;
and homopolymers and copolymers of 1,4-cyclohexane-dimethanol (CHDM)
and cyclohexane dicarboxylic acid or dimethyl cyclohexanedicarboxylate.
When a PET copolymer is produced, such copolymer can comprise at least
90, at least 91, at least 92, at least 93, at least 94, at least 95, at least 96, at
least 97, at least 98 mole percent of ethylene terephthalate repeat units and
upto10,upto 9, upto 8, upto7,upto6, upto5 upto4, upto 3, orupto2
mole percent of added comonomer repeat units. Generally, the comonomer
repeat units can be derived from one or more comonomers selected from the
group consisting of isophthalic acid, 2,6-naphthaline-dicarboxylic acid, CHDM,
and diethylene glycol.

In general, a polyester production process according to certain
embodiments of the present invention can comprise two main stages — an
esterification stage and a polycondensation stage. In the esterification stage,
the polyester starting materials, which can comprise at least one alcohol and
at least one acid, are subjected to esterification to thereby produce polyester
monomers and/or oligomers. In the polycondensation stage, the polyester
monomers and/or oligomers from the esterification stage are reacted into the
final polyester product. As used herein with respect to PET, monomers have
less than 3 chain lengths, oligomers have from about 7 to about 50 chain

9
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lengths (components with a chain length of 4 to 6 units can be considered
monomer or oligomer), and polymers have greater than about 50 chain
lengths. A dimer, for example, EG-TA-EG-TA-EG, has a chain length of 2,
and a trimer 3, and so on.

The acid starting material employed in the esterification stage can be a
dicarboxylic acid such that the final polyester product comprises at least one
dicarboxylic acid residue having in the range of from about 4 to about 15 or
from 8 to 12 carbon atoms. Examples of dicarboxylic acids suitable for use in
the present invention can include, but are not limited to, terephthalic acid,
phthalic acid, isophthalic acid, naphthalene-2,6-dicarboxylic acid,
cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyl-4,4'-
dicarboxylic acid, dipheny-3,4'-dicarboxylic acid, 2,2,-dimethyl-1,3-propandiol,
dicarboxylic acid, succinic acid, glutaric acid, adipic acid, azelaic acid, sebacic
acid, and mixtures thereof. In one embodiment, the acid starting material can
be a corresponding ester, such as dimethyl terephthalate instead of
terephthalic acid.

The alcohol starting material employed in the esterification stage can
be a diol such that the final polyester product can comprise at least one diol
residue, such as, for example, those originating from cycloaliphatic diols
having in the range of from about 3 to about 25 carbon atoms or 6 to 20
carbon atoms. Suitable diols can include, but are not limited to, 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, 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 Atetramethyl-cyclobutanediol, 2,2-bis-(3-hydroxyethoxyphenyl)-propane,
2,2-bis-(4-hydroxy-propoxyphenyl)-propane, isosorbide, hydroquinone, BDS-
(2,2-(sulfonylbis)4,1-phenyleneoxy))bis(ethanol), and mixtures thereof.

10
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In addition, the starting materials can comprise one or more
comonomers. Suitable comonomers can include, for example, comonomers
comprising terephthalic acid, dimethyl terephthalate, isophthalic acid, dimethyl
isophthalate, dimethyl-2,6-naphthalenedicarboxylate, 2,6-naphthalene-
dicarboxylic acid, ethylene glycol, diethylene glycol, 1,4-cyclohexane-
dimethanol (CHDM), 1,4-butanediol, polytetramethyleneglyocl, trans-DMCD,
trimellitic anhydride, dimethyl cyclohexane-1,4 dicarboxylate, dimethyil
decalin-2,6 dicarboxylate, decalin dimethanol, decahydronaphthalane 2,6-
dicarboxylate, 2,6-dihydroxymethyl-decahydronaphthalene, hydroquinone,
hydroxybenzoic acid, and mixtures thereof.

Both the esterification stage and the polycondensation stage of a melt-
phase polyester production process can include multiple steps. For example,
the esterification stage can include an initial esterification step for producing a
partially esterified product that is then further esterified in a secondary
esterification step.  Also, the polycondensation stage can include a
prepolymerization step for producing a partially condensed product that is
then subjected to a finishing step to thereby produce the final polymer
product.

Reactors configured in accordance with certain embodiments of the
present invention can be employed in a melt-phase polyester production
system as a secondary esterification reactor for carrying out a secondary
esterification step, as a prepolymer reactor for carrying out a
prepolymerization step, and/or as a finisher reactor for carrying out a finishing
step. A detailed description of the process conditions for the present
invention employed as an esterification reactor, a prepolymer reactor, and/or
a finisher reactor is given below with reference to FIG. 1. It is understood that
reactors configured in accordance with embodiments of the present invention
can generally be employed as esterification reactors, prepolymer reactors,
and/or finisher reactors and that these process conditions are not limited to

the embodiment described in FIG. 1,

11



WO 2009/009031 PCT/US2008/008337

10

15

20

25

30

Referring again to FIG. 1, when reactor 10 is employed as a secondary
esterification reactor in a melt-phase polyester production process (e.g., a
process for making PET), more than one chemical reaction can be carried out
in reactor 10. For example, although esterification may be the primary
chemical reaction carried out in reactor 10, a certain amount of
polycondensation may also occur in reactor 10. When reactor 10 is employed
as a secondary esterification reactor, the feed introduced into feed inlet 26 of
header 12a can have a conversion in the range of from about 70 to about 95
percent, about 75 to about 90 percent, or 80 to 88 percent, while the
predominately liquid product withdrawn from liquid product outlet 28 of header
12b can have a conversion of at least about 80 percent, at least about 90
percent, at least about 95 percent, or at least 98 percent. When reactor 10 is
employed as a secondary esterification reactor, the chemical reaction(s)
carried out in reactor 10 can increase the conversion of reaction medium 42
by at least about 2 percentage points, at least about 5 percentage points, or at
least 10 percentage points between feed inlet 26 and liquid product outlet 28.
Further, the average chain length of the feed introduced into feed inlet 26 can
be less than about 5, less than about 2 or less than 1, while the predominately
liquid product withdrawn from liquid product outlet 28 can have an average
chain length in the range of from about 1 to about 20, about 2 to about 12, or
5to 12. Generally, when reactor 10 is employed as a secondary esterification
reactor, the average chain length of reaction medium 42 can increase in the
range of from about 1 to about 20, about 2 to about 15, or 5 to 12 between
feed inlet 26 and liquid product outlet 28.

When reactor 10 is employed as a secondary esterification reactor, the
feed to reactor 10 can enter feed inlet 26 at a temperature in the range of from
about 180 to about 350°C, about 215 to about 305°C, or 260 to 290°C. The
predominately liquid product exiting liquid product outlet 28 can have a
temperature within about 50°C, 25°C, or 10°C of the temperature of the feed
entering feed inlet 26. In one embodiment, the temperature of the liquid

product exiting liquid product outlet 28 can be in the range of from about 180
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to about 350°C, about 215 to about 305°C, or 260 to 290°C. In one
embodiment, the average temperature of reaction medium 42 in reactor 10 is
in the range of from about 180 to about 350°C, about 215 to about 305°C, or
260 to 290°C. The average temperature of reaction medium 42 is the
average of at least three temperature measurements taken at equal spacings
along the primary flow path of reaction medium 42 through reactor 10, where
the temperature measurements are each taken near the cross sectional
centroid of predominately liquid portion 66 of reaction medium 42 (as opposed
to near the wall of the reactor or near the upper surface of the predominately
liquid portion). When reactor 10 is employed as a secondary esterification
reactor, the vapor space pressure in reactor 10 (measured at vapor outlets
30a and/or 30b) can be maintained at less than about 70 psig, in the range of
from about -4 to about 10 psig, or in the range of from 2 to 5 psig.

When reactor 10 is employed as a secondary esterification reactor, it
may be desirable to heat the feed prior to introduction into reactor 10 and/or it
may be desirable to heat reaction medium 42 as it flows through reactor 10.
The heating of the feed prior to introduction into reactor 10 can be carried out
in a conventional heat exchanger such as, for example, a shell-and-tube heat
exchanger. The heating of reaction medium 42 in reactor 10 can be carried
out by external heating devices that contact reactor 10, but do not extend into
the interior of reactor 10. Such external heat exchange devices include, for
example, jacketing and/or heat-tracing. Generally, the cumulative amount of
heat added to the feed immediately upstream of reactor 10 plus the heat
added to reaction medium 42 in reactor 10 can be in the range of from about
100 to about 5,000 BTU per pound of reaction medium (BTU/Ib), in the range
of from about 400 to about 2,000 BTU/Ib, or in the range of from 600 to 1,500
BTU/Ib.

Referring again to FIG. 1, when reactor 10 is employed as a
prepolymer reactor in a melt-phase polyester production process (e.g., a
process for making PET), more than one chemical reaction can be carried out

in reactor 10. For example, although polycondensation may be the

13



WO 2009/009031 PCT/US2008/008337

10

15

20

25

30

predominate chemical reaction carried out in reactor 10, a certain amount of
esterification may also occur in reactor 10. When reactor 10 is employed as a
prepolymer reactor, the average chain length of the feed introduced into feed
inlet 26 can be in the range of from about 1 to about 20, about 2 to about 15,
or 5 to 12, while the average chain length of the predominately liquid product
withdrawn from liquid product outlet 28 can be in the range of from about 5 to
about 50, about 8 to about 40, or 10 to 30. When reactor 10 is employed as a
prepolymerization reactor, the chemical reaction carried out in reactor 10 can
cause the average chain length of reaction medium 42 to increase by at least
about 2, in the range of from about 5 to about 30, or in the range of from 8 to
20 between feed inlet 26 and liquid product outlet 28.

When reactor 10 is employed as a prepolymer reactor, the feed can
enter feed inlet 26 at a temperature in the range of from about 220 to about
350°C, about 265 to about 305°C, or 270 to 290°C. The predominately liquid
product exiting liquid product outlet 28 can have a temperature within about
50°C, 25°C, or 10°C of the temperature of the feed entering feed inlet 26. | In
one embodiment, the temperature of the liquid product exiting liquid product
outiet 28 is in the range of from about 220 to about 350°C, about 265 to about
305°C, or 270 to 290°C. In one embodiment, the average temperature of
reaction medium 42 in reactor 10 is in the range of from about 220 to about
350°C, about 265 to about 305°C, or 270 to 290°C. When reactor 10 is
employed as a prepolymer reactor, the vapor space pressure in reactor 10
(measured at vapor outlets 30a and/or 30b) can be maintained in the range of
from about 0 to about 300 torr, in the range of from about 1 to about 50 torr, or
in the range of from 20 to 30 torr.

When reactor 10 is employed as a prepolymer reactor, it may be
desirable to heat the feed prior to introduction into reactor 10 and/or it may be
desirable to heat reaction medium 42 as it flows through reactor 10.
Generally, the cumulative amount of heat added to the feed immediately
upstream of reactor 10 plus the heat added to reaction medium 42 in reactor
10 can be in the range of from about 100 to about 5,000 BTU/Ib, in the range
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of from about 400 to about 2,000 BTU/Ib, or in the range of from 600 to 1,500
BTU/Ib.

Referring again to FIG. 1, when reactor 10 is employed as a finisher
reactor in a melt-phase polyester production process (e.g., a process for
making PET), the average chain length of the feed introduced into feed inlet
26 can be in the range of from about 5 to about 50, about 8 to about 40, or 10
to 30, while the average chain length of the predominately liquid product
withdrawn from liquid product outlet 28 can be in the range of from about 30
to about 210, about 40 to about 80, or 50 to 70. Generally, the
polycondensation carried out in reactor 10 can cause the average chain
length of reaction medium 42 to increase by at least about 10, at least about
25, or at least 50 between feed inlet 26 and liquid product outlet 28.

When reactor 10 is employed as a finisher reactor, the feed can enter
feed inlet 26 at a temperature in the range of from about 220 to about 350°C,
about 265 to about 305°C, or 270 to 290°C. The predominately liquid product
exiting liquid product outlet 28 can have a temperature within about 50°C,
25°C, or 10°C of the temperature of the feed entering feed inlet 26. In one
embodiment, the temperature of the liquid product exiting liquid product outlet
28 is in the range of from about 220 to about 350°C, about 265 to about
305°C, or 270 to 290°C. In one embodiment, the average temperature of
reaction medium 42 in reactor 10 is in the range of from about 220 to about
350°C, about 265 to about 305°C, or 270 to 290°C. When reactor 10 is
employed as a finisher reactor, the vapor space pressure in reactor 10
(measured at vapor outlets 30a and/or 30b) can be maintained in the range of
from about 0 to about 30 torr, in the range of from about 1 to about 20 torr, or
in the range of from 2 to 10 torr.

Reactors configured in accordance with embodiments of the present
invention can provide numerous advantages when employed as reactors in
the esterification and/or polycondensation stages of a polyester production
process. Such reactors can be particularly advantageous when employed as

secondary esterification, prepolymer, and/or finisher reactors in a process for
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making PET. Further, such reactors are well suited for use in commercial
scale PET production facilities capable of producing PET at a rate of at least
about 10,000 pounds per hours, at least about 100,000 pounds per hour, at
least about 250,000 pounds per hour, or at least 500,000 pounds per hour.

In one embodiment of the present invention, there is provided a
process comprising subjecting a reaction medium to a chemical reaction in a
reactor comprising a pair of horizontally spaced vertically elongated headers
and a plurality of vertically spaced horizontally elongated tubular members
coupled to and extending generally between the headers. The reaction
medium flows through the headers and the tubular members as the reaction
medium travels through the reactor.

In one example, the headers extend substantially vertically (i.e., the
central axis of elongation for each of the headers is essentially vertical).
Alternatively, at least one of the headers can extend within about 30, about
15, or 5 degrees of vertical. In one example, the tubular members extend
essentially horizontally. (i.e., the central axis of elongation of the tubular
members is essentially horizontal). Alternatively the tubular members can
extend within about 30, about 15, or 5 degrees of horizontal. In another
example, the reactor comprises no mechanical mixing device.

In one example, the reaction medium flows generally horizontally
through the tubular members. In another example, the reaction medium flows
in generally opposite directions in vertically adjacent ones of the tubular
members. In one example, the reaction medium flows downwardly through at
least one of the headers as it travels from an upper to a lower one of the
tubular members.

In one example, the chemical reaction generates a vapor byproduct.
At least a portion of the vapor byproduct generated in at least two, at least
three, at least four, at least five, at least six, at least seven, or more tubular
members is combined in at least one of the headers and exits a vapor outlet
located near the top of at least one of the headers. In another example, the

liquid product exits the reactor near the bottom of at least one of the headers.
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In one example, each of the tubular members comprises a substantially
straight, substantially horizontal pipe. In another example, each of the
headers comprises a substantially straight, substantially vertical pipe. The
reactor can comprise at least two, at least three, at least four, at least five, at
least six, at least seven, or more tubular members.

In one example, each of the tubular members has a length-to-diameter
(L:D) ratio in the range of from about 2:1 to about 50:1, about 5:1 to about
20:1, or 8:1 to 15:1 and each of the headers has a height-to-width (H:W) ratio
in the range of from about 2:1 to about 20:1, about 4:1 to about 15:1, or 5:1 to
10:1. Examples of the present invention include, in addition to the previously
recited L:D and H:W, L in the range of from about 10 to about 200 feet, about
20 to about 100 feet or 30 to 50 feet and D in the range of from about 1 to
about 20 feet, about 2 to about 10 feet, or 3 to 5 feet; D:W ratio in the range of
about 0.1:1 to about 2:1, about 0.25:1 to about 1:1, or 0.4:1 to 0.9:1; and/or
the maximum depth of the reaction medium in the tubular member less than
about 0.8D, less than about 0.4D, or less than 0.25D. The maximum depth of
the reaction medium on bottom of each tubular member can be about 1 to
about 40 inches, about 1 to about 32 inches, or 1 to 24 inches.

In one example, each of the tubular members defines an inlet located
at one of the headers and an outlet located at the other header. The reaction
medium can flow downwardly through the headers as the reaction medium
travels from the outlet of an upper one of the tubular members to the inlet of a
lower one of the tubular members. In one example, the reactor comprises at
least one, at least two, at least three, at least four, at least five, at least six, at
least seven, or more flow diverters at least partially disposed within at least
one of the headers to direct the flow of the reaction medium from the outlet of
an upper one of the tubular members to the inlet of a lower one of the tubular
members. In another example a plurality of flow diverters are disposed in
each header. In another example the chemical reaction generates a vapor
byproduct, wherein a vapor gap is defined between vertically adjacent ones of

the flow diverters in at least one of the headers, wherein the vapor byproduct
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generated in at least one tubular member passes out of the tubular member,
through the vapor gap, and out of at least one of the headers via a vapor
outlet located near the top of at least one of the headers.

In another example the reaction medium comprises a foam portion and
a predominately liquid portion, each comprising the liquid. In one example, a
portion of the reaction medium located in an uppermost one of the reactor
segments comprises at least 50 volume percent vapor and a portion of the
reaction medium located in a lowermost one of the reactor segments
comprises less than 20 volume percent vapor.

In one example, the chemical reaction comprises polycondensation
wherein the average chain length of the reaction medium increases by at least
10 in the reactor and the reaction medium comprises a polyester polymer or
copolymer that is at least partly formed by the polycondensation. In one
example, the polyester polymer or copolymer comprises polyethylene
terephthalate,  Additionally, the process can comprise introducing a
polycondensation feed into the feed inlet of the reactor, wherein the
polycondensation feed forms the reaction medium in the reactor. The
polycondensation feed can have an average chain length in the range of from
about 5 to about 50, about 8 to about 40, or 10 to 30.

In another example of the present invention, there is provided a
process comprising subjecting a reaction medium to an esterification and/or
polycondensation reaction in a reactor comprising a pair of horizontally
spaced vertically elongated headers and a plurality of vertically spaced
horizontally elongated tubular members coupled to and extending generally
between the headers. The reaction medium flows through the headers and
the tubular members as the reaction medium travels through the reactor. The
detailed description of FIG. 1 reactor 10 employed as a second stage
esterification, prepolymerization, and/or finisher reactor given above applies to
this example of the present invention. Specifically the feed characteristics

(e.g., conversion and/or chain length), temperature, pressure, conversion
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increase, average chain length increase, product characteristics, and any heat
input all apply to this example of the present invention.

In one example, a product is removed from a product outlet of the .
reactor, wherein the reaction medium forms the product in the reactor.
Additionally, when the chemical reaction comprises polycondensation, the
product can be a polycondensation product. The It.V. of the product or
polycondensation product can be in the range of from about 0.3 to about 1.2,
about 0.35 to about 0.6, or 0.4 to 0.5 dL/g. In one example, It.V. of the
product or polycondensation product is in the range of from about 0.1 to about
0.5, about 0.1 to about 0.4, or 0.15 to 0.35 dL/g. In one example, a feed is
introduced to a feed inlet of the reactor to form the reaction medium and the
It.V. of the feed is in the range of from about 0.1 to about 0.5, about 0.1 to
about 0.4, or 0.15 to 0.35 dL/g.

The Intrinsic viscosity (It.V.) values are set forth in dL/g units as
calculated from the inherent viscosity measured at 25°C in 60% phenol and
40% 1,1,2,2-tetrachloroethane by weight. Polymer samples can be dissolved
in the solvent at a concentration of 0.25 g/50 mL. The viscosity of the polymer
solutions can be determined, for example, using a Rheotek Glass Capillary
viscometer. A description of the operating principle of this viscometer can be
found in ASTM D 4603. The inherent viscosity is calculated from the
measured solution viscosity. The following equations describe such solution
viscosity measurements and subsequent calculations to Ih.V. and from |h.V.
to It.V:

Ninh = [IN (ts/t)/C

where ninh = Inherent viscosity at 25°C at a polymer concentration
of 0.5 g/ 100 mL of 60% phenol and 40% 1,1,2,2-
tetrachloroethane by weight
In = Natural logarithm
ts = Sample flow time through a capillary tube
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to = Solvent-blank flow time through a capillary tube
C = Concentration of polymer in grams per 100 mL of
solvent (0.50%)

The intrinsic viscosity is the limiting value at infinite dilution of the

specific viscosity of a polymer. It is defined by the following equation:

Nint=lim  (ng/C) = lim (In n,)/C
C-0 C—-0

where Nint = Intrinsic viscosity
nr = Relative viscosity = tg/t,

nsp = Specific viscosity = n, - 1

The intrinsic viscosity (It.V. or nit) may be estimated using the Billmeyer

equation as follows:
Nint= 0.5 [ ¥V — 1]+ (0.75 x Ih.V.)

The reference for estimating intrinsic viscosity (Billmeyer relationship) is J.
Polymer Sci., 4, pp. 83-86 (1949).

The viscosity of the polymer solutions can also be determined using a
Viscotek Modified Differential Viscometer (a description of the operating
principle of the differential pressure viscometers can be found in ASTM D
5225) or other methods known to one skilled in the art.

In another embodiment of the present invention, there is provided a
process for making polyethylene terephthalate (PET), the process comprising:
(a) introducing a polycondensation feed into a polycondensation reactor,
wherein the polycondensation feed forms a predominately liquid reaction
medium in the reactor, wherein the polycondensation feed comprises PET

having an average chain length in the range of from about 5 to about 50,
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about 8 to about 40, or 10 to 30; (b) subjecting the reaction medium to
polycondensation in the reactor, wherein the reactor comprises a pair of
horizontally spaced vertically elongated headers and a plurality of vertically
spaced horizontally elongated pipes coupled to and extending generally
between the headers, wherein the reaction medium flows through the headers
and the pipes as the reaction medium travels through the reactor, wherein the
reaction medium flows in generally opposite directions in vertically adjacent
ones of the pipes, wherein the reaction medium flows downwardly through the
headers as the reaction medium travels from one of the pipes to another of
the pipes; and (c) recovering a predominately liquid polycondensation product
from the reactor, wherein the polycondensation product comprises PET
having an average chain length that is at least about 10, at least about 25, at
least 50 greater than the average chain length of the PET in the
polycondensation feed.

In one example, the pipes are substantially horizontal and each of the
headers comprises a substantially vertical pipe. In another example, the
reactor comprises at least three, at least four, at least five, at least six, at least
seven, or more of the pipes, each directly coupled to the headers. In one
example, each of the pipes has a length-to-diameter (L:D) ratio in the range of
from about 2:1 to about 50:1, about 5:1 to about 20:1, or 8:1 to 15:1 and each
of the headers has a height-to-width (H:W) ratio in the range of from about 2:1
to about 20:1, about 4:1 to about 15:1, or 5:1 to 10:1. Additionally, L can be in
the range of from about 10 to about 200 feet, about 20 to about 100 feet, or
30 to 50 feet and D can be in the range of from about 1 to about 20 feet,
about 2 to about 10 feet, or 3 to 5 feet.

In one example, the reactor comprises at least three, at least four, at
least five, at least six, or at least seven pipes and has a diameter-to-width
(D:W) ratio in the range of from about 0.1:1 to about 2:1, about 0.25:1 to
about 1:1, or 0.4:1 to 0.9:1.

In one example, the reactor comprises a plurality of flow diverters at

least partially disposed within each of the headers, wherein the flow diverters
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direct the flow of the reaction medium downwardly from one of the pipes to
another of the pipes.

In another example, the polycondensation causes the formation of a
vapor byproduct, wherein the vapor byproduct is discharged from the reactor
via vapor outlets located near the top of each of the headers, wherein the
polycondensation product is recovered from a liquid outlet located near the
bottom of at least one of the headers.

In one example, the polycondensation feed comprises PET having an
average chain length in the range of from about 8 to about 40, wherein the
polycondensation product comprises PET having an average chain length that
is at least about 25 greater than the average chain length of the PET in the
polycondensation feed.

In one example, the polycondensation feed is maintained at a
temperature in the range of from about 265 to about 305°C, wherein the vapor
space pressure in the reactor is maintained in the range of from about 1 to
about 20 torr.

In one example, the It.V. of the polycondensation feed is in the range of
from about 0.1 to about 0.5, about 0.1 to about 0.4, or about 0.15 to about
0.35 dL/g. In one example, the It.V. of or polycondensation product is in the
range of from about 0.3 to about 1.2, about 0.35 to about 0.6, or 0.4 to 0.5
dL/g.

In a further embodiment of the present invention, there is provided a
reactor for processing a reaction medium flowing therethrough. The reactor
comprises a pair of horizontally spaced vertically elongated headers, a
plurality of vertically spaced horizontally elongated tubular members coupled
to and extending generally between the headers, and a plurality of flow
diverters at least partly disposed in the headers. Each of the tubular

members has an inlet located at one of the headers and an outlet located at

_the other of the headers. The flow diverters are configured to direct the flow

of the reaction medium downwardly from the outlet of one of the tubular

members to the inlet of another of the tubular members.
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In one example, the reactor is configured such that the reaction
medium flows in generally opposite directions in vertically adjacent ones of
the tubular members. In one example, the reactor comprises at least three, at
least four, at least five, at least six, at least seven, or more of the tubular
members.

In another example, each of the tubular members comprises a
substantially straight, substantially horizontal pipe. Additionally, each of the
headers can comprise a substantially straight, substantially vertical pipe.

In one example, each of the tubular members has a length-to-diameter
(L:D) ratio in the range of from about 2:1 to about 50:1, about 5:1 to about
20:1, or 8:1 to 15.1. Additionally, each of the headers can have a height-to-
width (H:W) ratio in the range of from about 2:1 to about 20:1, about 4:1 to
about 15:1, or 5:1 to 10:1. In one example, L is additionally in the range of
from about 10 to about 200 feet, about 20 to about 100 feet, or 30 to 50 feet
and D is in the range of from about 1 to about 20 feet, about 2 to about 10
feet, or 3 to 5 feet. In another example the reactor also has a D:W ratio in the
range of from about 0.1:1 to about 2:1, about 0.25:1 to about 1:1, or 0.4:1 to
0.9:1.

In one example, the reactor defines a vapor outlet located near the top
of at least one of the headers and a liquid outlet located near the bottom of at
least one of the headers. In another example, each of the headers defines a
vapor outlet located near the top of the headers. The reactor can define a
feed inlet near the top of at least one of the headers.

In one example, a plurality of the flow diverters are disposed in each of
the headers. In one example, a vapor gap is defined between vertically

adjacent ones of the flow diverters in at least one of the headers.

Numerical Ranges
The present description uses numerical ranges to quantify certain
parameters relating to the invention. It should be understood that when

numerical ranges are provided, such ranges are to be construed as providing
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literal support for claim limitations that only recite the lower value of the range,
as well as claim limitations that only recite the upper value of the range. For
example, a disclosed numerical range of 10 to 100 provides literal support for
a claim reciting “greater than 10" (with no upper bounds) and a claim reciting

“less than 100" (with no lower bounds).

Definitions

” o«

As used herein, the terms “a,” “an,” “the,” and “said” means one or
more.

- As used herein, the term “agitation” refers to work dissipated into a
reaction medium causing fluid flow and/or mixing.

As used herein, the term “and/or,” when used in a list of two or more
items, means that any one of the listed items can be employed by itself, or
any combination of two or more of the listed items can be employed. For
example, if a composition is described as containing components A, B, and/or
C, the composition can contain A alone; B alone; C alone; A and B in
combination; A and C in combination; B and C in combination; or A, B, and C
in combination.

As used herein, the term "average chain length" means the average
number of repeating units in the polymer. For a polyester, average chain
length means the number of repeating acid and alcohol units. Average chain
length is synonymous with number average degree of polymerization (DP).
The average chain length can be determined by various means known to
those skilled in the art. For example, 1TH-NMR can be used to directly
determine the chain length based upon end group analysis, and light
scattering can be used to measure the weight average molecular weight with
correlations used to determine the chain length. Chain length is often
calculated based upon correlations with gel permeation chromotagraphy
(GPC) measurements and/or viscosity measurements.

As used herein, the terms “comprising,” “comprises,” and “comprise”

are open-ended transition terms used to transition from a subject recited
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before the term to one or more elements recited after the term, where the
element or more elements listed after the transition term are not necessarily
the only elements that make up the subject.

As used herein, the terms “containing,” “contains,” and “contain” have

” @

the same open-ended meaning as “comprising,” “comprises,” and “comprise,”
provided below.

As used herein, the term “conversion” is used to describe a property of
the liquid phase of a stream that has been subjected to esterification, wherein
the conversion of the esterified stream indicates the percentage of the original
acid end groups that have been converted (i.e., esterified) to ester groups.
Conversion can be quantified as the number of converted end groups (i.e.,
alcohol end groups) divided by the total number of end groups (i.e., alcohol
plus acid end groups), expressed as a percentage. ’

As used herein, the term “directly coupled” refers to a manner of
coupling two vessels in fluid flow communication with one another without the
use of an intermediate connector having a substantially narrower diameter
than the two vessels.

As used herein, the term “esterification” refers to both esterification and
ester exchange reactions.

As used herein, the terms “having,” “has,” and “have” have the same

open-ended meaning as “comprising,” “comprises,” and “comprise,” provided
above.

As used herein, the term “horizontally elongated” means that the
maximum horizontal dimension is larger than the maximum vertical
dimension.

As used herein, the terms “including,” “includes,” and “include” have

” i

the same open-ended meaning as “comprising,” “comprises,” and “comprise,”
provided above.

As used herein, the term, “mechanical agitation” refers to agitation of a
reaction medium caused by physical movement of a rigid or flexible

element(s) against or within the reaction medium.
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As used herein, the term “open flow area” refers to the open area
available for fluid flow, where the open area is measured along a plane that is
perpendicular to the direction of flow through the opening.

As used herein, the term “pipe” refers to a substantially straight
elongated tubular member having a generally cylindrical sidewall.

~ As used herein, the terms “polyethylene terephthalate” and “PET”
include PET homopolymers and PET copolymers.

As used herein, the terms “polyethylene terephthalate copolymer” and
“‘PET copolymer” mean PET that has been modified by up to 10 mole percent
with one or more added comonomers. For example, the terms “polyethylene
terephthalate copolymer” and “PET copolymer” include PET modified with up
to 10 mole percent isophthalic acid on a 100 mole percent carboxylic acid
basis. In another example, the terms “polyethylene terephthalate copolymer”
and “PET copolymer” include PET modified with up to 10 mole percent 1,4-
cyclohexane dimethanol (CHDM) on a 100 mole percent diol basis.

As used herein, the term “polyester’ refers not only to traditional
polyesters, but also includes polyester derivatives, such as, for example,
polyetheresters, polyester amides, and polyetherester amides.

As used herein, “predominately liquid” means more than 50 volume
percent liquid.

As used herein, the term “reaction medium” refers to any medium
subjected to chemical reaction.

As used herein, the term “residue” refers to the moiety that is the
resulting product of the chemical species in a particular reaction scheme or
subsequent formulation or chemical product, regardless of whether the moiety
is actually obtained from the chemical species.

As used herein, the term “vapor byproduct” includes the vapor
generated by a desired chemical reaction (i.e., a vapor coproduct) and any
vapor generated by other reactions (i.e., side reactions) of the reaction

medium.

26



WO 2009/009031 PCT/US2008/008337

10

As used herein, the term “vertically elongated” means that the
maximum vertical dimension is larger than the maximum horizontal

dimension.

Claims Not Limited to Disclosed Embodiments

The exemplary embodiments of the invention described above are to
be used as illustration only, and should not be used in a limiting sense to
interpret the scope of the claimed invention. Various modifications to the
above-described exemplary embodiments could be readily made by those
skilled in the art without departing from the scope of the invention as set forth

in the following claims.
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What is claimed is:

1. A process comprising: subjecting a reaction medium to a
chemical reaction in a reactor comprising a pair of horizontally spaced
vertically elongated headers and a plurality of vertically spaced horizontally
elongated tubular members coupled to and extending generally between said
headers, wherein said reaction medium flows through said headers and said
tubular members as said reaction medium travels through said reactor.

2. The process of claim 1, wherein said tubular members are
pipes, wherein said reaction medium flows through said headers and said
pipes as said reaction medium travels through said reactor, wherein said
reaction medium flows in generally opposite directions in vertically adjacent
ones of said pipes, wherein said reaction medium flows downwardly through
said headers as said reaction medium travels from one of said pipes to

another of said pipes.

3. The process of claims 1-2, wherein said reaction medium
comprises a polycondensation feed, wherein said polycondensation feed

comprises PET having an average chain length in the range of from 5 to 50.

4. The process of claims 1-3, wherein said reactor comprises at

least three of said tubular members.

5. The process of claims 14, wherein said chemical reaction
generates a vapor byproduct, wherein at least a portion of said vapor
byproduct generated in at least two of said tubular members is combined in at
least one of said headers and exits a vapor outlet located near the top of said
at least one of said headers.

6. The process of claims 1-5, wherein a liquid product of said
chemical reaction exits said reactor via a liquid outlet located near the bottom

of at least one of said headers.
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7. The process of claims 1-6, wherein each of said tubular
members has a length-to-diameter (L:D) ratio in the range of from 2:1 to 50:1,
wherein each of said headers has a height-to-width (H:W) ratio in the range of
from 2:1 to 20:1, wherein L is in the range of from 3.05 to 61 meters (10 to
200 feet) and D is in the range of from 0.31 to 6.1 meters (1 to 20 feet).

8. The process of claims 1-7, wherein said reaction medium
comprises a liquid within which said chemical reaction is carried out and
wherein said liquid comprises a foam portion and a predominately liquid
portion.

9. The process of claims 1-8, wherein said chemical reaction
comprises polycondensation, wherein the average chain length of said

reaction medium increases by at least 10 in said reactor.

10. The process of claims 1-9, wherein a portion of said reaction
medium located in an uppermost one of said reactor segments comprises at
least 50 volume percent vapor and a portion of said reaction medium located
in a lowermost one of said reactor segments comprises less than 20 volume

percent vapor.

11.  The process of claims 1-10, wherein PET is produced by said
reactor.

12. The process of claims 3-11, wherein said PET is a PET
copolymer comprising at least 90 mole percent ethylene terephthalate repeat
units and up to 10 percent of added comonomer repeat units.

13.  The process of claim 12, wherein said added comonomer repeat
units are derived from an added comonomer selected from the group

consisting of isophthalic acid, 2,6-naphthaline-dicarboxylic acid, 1,4-
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cyclohexane-dimethanol, diethylene glycol, and combinations of two or more

thereof.

14. The process of claim 13, wherein said added comonomer

comprises isophthalic acid.

15.  The process of claims 3-14, wherein said polycondensation feed
is maintained at a temperature in the range of from 220 to 350°C, wherein the
vapor space pressure in said reactor is maintained in the range of from 0 to
3999.6 Pa (0 to 30 torr).

16. The process of claims 1-16, further comprising a recovering a
predominately liquid polycondensation product from said reactor, wherein said
polycondensation product comprises PET having an average chain length that
is at least 10 greater than the average chain length of the PET in said

polycondensation feed.

17. The process of claims 3-16, further comprising removing a
product from a product outlet of said reactor wherein said reaction medium
forms said product in said reactor wherein the It.V. of said product is in the

range of from 0.3-1.2 dL/g.

18. A reactor for processing a reaction medium flowing
therethrough, said reactor comprising: a pair of horizontally spaced vertically
elongated headers, a plurality of vertically spaced horizontally elongated
tubular members coupled to and extending generally between said headers,
and a plurality of flow diverters at least partly disposed in said headers,
wherein each of said tubular members has an inlet located at one of said
headers and an outlet located at the other of said headers, wherein said flow
diverters are configured to direct the flow of said reaction medium downwardly
from the outlet of one of said tubular members to the inlet of another of said

tubular members.
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