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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U. S. Pro-
visional Application No. 60/606,729 filed September 2,
2004.

1. Field of the Invention

[0002] The invention pertains to processes for sepa-
rating a slurry comprised of polymeric particles such as
polyester particles from a liquid such as water and drying
the particles while maintaining the pressure on the par-
ticles above the vapor pressure of the liquid.

2. Background of the Invention

[0003] Thermoplastic synthetic polymer particles,
such as polyester (or copolyester) pellets, are generally
supplied to converters in a semi-crystalline form. Con-
verters desire to process semi-crystalline pellets rather
than amorphous pellets because the semi-crystalline pel-
lets can be dried at higher temperatures without agglom-
erating. A typical commercial process for providing crys-
tallized pellets involves forming the polyester polymer via
melt phase polymerizing up to an intrinsic viscosity (It.V.)
ranging from about 0.5 to less than 0.70 dl/g, extruding
the melt into strands, quenching the strands, cutting the
cooled polymer strands into solid amorphous pellets,
which are then often stored for entry into a second phase
known as solid state polymerization to further increase
the It.V. of the pellets suitable for end use applications.
The pellets are re-heated to above their Tg and then crys-
tallized under a flow of hot nitrogen gas or hot air to pre-
vent the pellets from sticking in the solid stating polym-
erization reactor, and subsequently further heated in the
solid state to higher temperatures under a nitrogen purge
(or vacuum) in order to continue to build molecular weight
or It.V. (i.e. solid stating). Thus, crystallization is neces-
sary to avoid agglomeration of the pellets during solid
stating and during the drying step prior to extruding the
melt into bottle performs.
[0004] Instead of crystallizing pellets in a stream of hot
gas, we have discovered that thermally crystallizing the
polyester polymer under a fluid provides numerous ad-
vantages. A continuous process for crystallizing either a
polyester polymer in the form of molten droplets or
spheres or in the form of solid pellets or spheres (collec-
tively "polymer particles") in a hot fluid such as water can
be attained if the temperature of the fluid is hot enough
to not only crystallize the polymer particles in a short res-
idence time, but to crystallize the polymer particles at a
high temperature sufficient to prevent the particles from
sticking to each other in a dryer feeding an extrusion de-
vice. The temperature required to both crystallized and
prevent the particles from sticking in these dryers is well
above the boiling point of water at atmospheric pressure,

and would typically range from about 130°C to 180°C.
Other fluids which boil at higher temperatures can be
used, but these fluids require an extra step of washing
the particles to remove any residual fluid remaining on
the surface of the particle after separating the fluid from
the particle. Other fluids which do not tend to stick to the
particle surface can be used, but these fluids tend to have
lower boiling points such that their boiling point, like that
of water, is also exceeded.
[0005] Accordingly, the crystallization process is con-
ducted under pressure to prevent the liquid from fully
vaporizing, thereby keeping the particles in the liquid
phase where they can be easily transported and crystal-
lized at the temperature of the liquid. The thermal crys-
tallization of the particles in a liquid will generate a liq-
uid/particle mixture. At some point in the process, it is
necessary to separate the particles from the fluid. This
separation should be achieved without having to sub-
stantially reduce the pressure in the under-liquid crystal-
lization zone. Several disadvantages would result by re-
ducing the pressure either in the crystallization line or in
the separation zone. One such disadvantage would be
increase energy consumption to continuously pressurize
the crystallization line to keep the fluid in the liquid phase.
Another disadvantage is that a sudden depressurization
will flash the liquid into the vapor phase, resulting in fluid
loss or equipment to re-condense the vapor. In the case
of water which has a high heat of vaporization, a release
of pressure will flash or vaporize the water from both the
surface and beneath the surface of the particle, thereby
quickly cooling the temperature of the particle.
[0006] This latter disadvantage may be of no conse-
quence, except that we have made a discovery that it
would be highly desirable to maintain the temperature of
the particles after separation close to the temperature of
the particles before separation. Upon releasing the pres-
sure on the particles during separation, the water on
and/or in the particles will quickly vaporize, thereby re-
ducing the particle temperature.
[0007] We have discovered that is would be desirable
to separate the particles from the liquid while maintaining
the system pressure, and to substantially dry the particles
without also significantly reducing the particle tempera-
ture.
[0008] EP1402942 discloses in combination all the
features present in the preamble of claim 1, namely a
separation and drying method involving only one stage.
This single stage method results in a high energy con-
sumption, since the same drying and separation tech-
nique is used all along the process independently of the
water content of the slurry, which decreases along the
process.
[0009] EP 1522395 discloses a process for crystalliz-
ing a polyester polymer into a liquid medium at a liquid
medium temperature greater than the glass transition
temperature of the polyester polymer and allowing the
molten polyester polymer to reside in the liquid medium
for a time sufficient to crystallize the polymer under a

1 2 



EP 1 789 742 B9

3

5

10

15

20

25

30

35

40

45

50

55

pressure equal to or greater than the vapor pressure of
the liquid medium.

3. Summary of the Invention

[0010] There is now provided a process comprising
providing a pressurized slurry comprising thermoplastic
synthetic polymer particles in combination with a liquid
at a liquid temperature greater than the normal boiling
point of the liquid and under a pressure equal to or greater
than the vapor pressure of the liquid at the liquid temper-
ature, feeding the pressurized slurry to a separation
zone,, and within the separation zone:

a) separating the liquid from the particles, and
b) drying the particles;

while under a high pressure equal to or greater than the
vapor pressure of the liquid, and wherein the separating
step is conducted in two steps, in accordance with claim
1.
[0011] Preferably the particles are decoupled from the
separation zone comprising depressurizing the particles
to a low pressure below the vapor pressure of the liquid
while maintaining a high pressure on the particles prior
to depressurization at above the vapor pressure of the
liquid.
[0012] The particles are preferably polyester polymer
particles, preferably dried before decoupling to a mois-
ture level of 0.5 wt% or less, the liquid is preferably water,
and the pressure is desirably reduced to less than 344
kPa (50 psig) and most preferably down to atmospheric
after decoupling.
[0013] In another preferred embodiment, the temper-
ature of the liquid in the slurry is above 130°C, and the
temperature of the particles upon decoupling is above
100°C.
[0014] In the process of the invention, by first drying
the particles before decoupling, the thermal energy of
the particles is substantially retained in the particle since
less water remains on or in the particle to vaporize once
the particles are de-pressurized upon decoupling the par-
ticles from the separation zone.
[0015] The are also provided embodiments describing
the apparatus used to carry out the solid/liquid separation
and drying under pressure with a subsequent decoupling
step.

4. Brief Description of the Drawing

[0016] Figure 1 is a process flow diagram for separat-
ing liquid and polymeric particles from each other and
drying the particles while under a vapor pressure equal
to or greater than the vapor pressure of the liquid at the
liquid temperature.

5. Detailed Description of the Invention

[0017] The present invention may be understood more
readily by reference to the following detailed description
of the invention, including the appended figures referred
to herein, and the examples provided therein. It is to be
understood that this invention is not limited to the specific
processes and conditions described, as specific proc-
esses and/or process conditions for processing plastic
articles as such may, of course, vary.
[0018] It is also to be understood that the identification
of a test method, or an equation which a process or com-
position satisfies, whether or not expressed in the claims,
does not have to be practiced in a commercial embodi-
ment in order for the invention as claimed to be practiced.
Test methods and equations are convenient measure-
ment techniques applied if necessary to answer a ques-
tion of whether the invention as practiced is within the
scope of a claim.
[0019] The intrinsic viscosity values described
throughout this description are set forth in dL/g units as
calculated from the inherent viscosity measured at 25°C
in 60/40 wt/wt phenol/tetrachloroethane according to the
calculations expressed below.
[0020] There is now provided a process comprising
providing a pressurized slurry comprising thermoplastic
synthetic polymer particles in combination with a liquid
at a liquid temperature greater than the normal boiling
point of the liquid and under a pressure equal to or greater
than the vapor pressure of the liquid at the liquid temper-
ature, feeding the pressurized slurry to a separation
zone, and while maintaining the pressure on the liquid at
a level equal to or greater than the vapor pressure of the
liquid at the liquid temperature:

a) separating the liquid from the particles, and
b) drying the particles;

In a further embodiment, the particles are subjected to a
decoupling step in which the pressure on the dried par-
ticles is reduced to a level below the vapor pressure of
the liquid applied to the slurry.
[0021] The pressurized slurry comprises a combina-
tion of thermoplastic synthetic polymer particles and a
liquid under a pressure greater than the vapor pressure
of the liquid at the liquid temperature. In this manner, the
liquid is prevented from boiling.
[0022] The shape of the particles is not limited, and
can include particles, spheres, pellets, discontinuous or
chopped fibers, cylindrical, irregular, pastilles, stars,
flake, or any other shape. In a preferred embodiment,
the particles are substantially spherical, as would be ob-
tained from cutting molten polymer under-liquid where
the particles have an average aspect ratio of 1.5 or less.
The size of the particle is also not limited, so long as the
process is capable of performing the desired separation,
drying, and depressurization functions. Suitable average
particle sizes range from 0.1 mm to 25 mm, preferably
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from 1 to 4 mm, in largest dimension.
[0023] The state of the polymer in the slurry can be as
a melt, semi-solid, or solid, provided that the polymer
takes the shape of particles in the liquid. Thus, a slurry
in the process of the invention is not restricted to a sol-
id/liquid mixture, but also includes molten particle/liquid
mixtures and semi-solid/liquid mixtures. Prior to separat-
ing the particles from the liquid, however, the temperature
of the liquid is preferably beneath the low peak melting
point of the polymer if one exists, and if one does not
exist, then below the high peak melting point of the-pol-
ymer, as determined by DSC at 20°C/min. More prefer-
ably, the liquid temperature at any point while the parti-
cles are undergoing crystallization, and more preferably
the temperature of the liquid fed to the separation zone,
and/or the temperature of the liquid separated from the
particles at the liquid outlet of the solid/liquid separator,
is above 100°C, or at least 120°C, or at least 130°C, or
at least 140°C, and up to 190°C, or up to 180°C.
[0024] The method for making the slurry of particles in
the liquid is not limited. One such method is to force a
molten stream of polymer through a die, continuously cut
the molten polymer stream at the die as it is forced
through the die under a stream of liquid, and allow the
cut polymer to entrain the stream of liquid thereby pro-
ducing a slurry of polymer particles and liquid. Alterna-
tively, one may merely obtain a supply of virgin or PCR
polymer particles and mix them with a liquid, either at
atmospheric followed by pressurizing the slurry, or by
entraining the supply of particles into a pressurized
stream of liquid. In yet another method, molten thermo-
plastic synthetic polymer may be forced through a die
into a liquid bath under pressure to form strands, which
strands are sent through an in-line chopper or pelletizer,
thereby forming a slurry of particles and liquid.
[0025] The thermoplastic synthetic polymer is any pol-
ymer obtained by polymerizing monomers, and which is
thermoplastic such that the polymer can be converted
into particles and then a useful article, such as a fiber, a
molded article, or a sheet which can be thermoformed.
The polymers preferably do not include liquid crystal pol-
ymers which obtain an ordered structure upon melting.
Preferred thermoplastic polymers are condensation pol-
ymers polymerized by condensing monomers, or by a
combination of condensation and addition reactions, as
well as graft polymers in which the backbone of the pol-
ymer is a condensation polymer.
[0026] Examples of condensation polymers include
polyesters, polyamide, polycarbonate, and copolymers
and graft polymers thereof. The polymers desirably have
a number average molecular weights ranging from 1000
to 500,000, and typically from 2000 to 50,000.
[0027] The polyester polymer contains repeating units
of ester linkages. The polyester polymer may be aliphatic
or partially aromatic. Preferred polyester polymers con-
tain alkylene terephthalate repeating units or alkylene
naphthalate repeating units in an amount of at least 60
mole% based on the total moles of units in the polymer.

The polyester polymer may optionally be isolated as
such.
[0028] More preferred are polyester polymers compris-
ing:

(a) a carboxylic acid component comprising at least
80 mole%, or at least 85 mole%, or at least 90 mole%,
or at least 96 mole%, of the residues of terephthalic
acid, derivates of terephthalic acid, naphthalene-2,6-
dicarboxylic acid, derivatives of naphthalene-2,6-di-
carboxylic acid, or mixtures thereof, and
(b) a hydroxyl component comprising at least 60
mole%, or at least 90 mole%, or at least 96 mole%,
of the residues of ethylene glycol or propane diol,
more preferably ethylene glycol,

based on 100 mole percent of carboxylic acid component
residues and 100 mole percent of hydroxyl component
residues in the polyester polymer.
[0029] All the compounds containing carboxylic acid
group(s) or derivative(s) thereof that are in the product
comprise the "carboxylic acid component." The mole %
of all the compounds containing carboxylic acid group(s)
or derivative(s) thereof that are in the product add up to
100. The "residues" of compound(s) containing carbox-
ylic acid group(s) or derivative(s) thereof that are in the
product refers to the portion of said compound(s) which
remains in the oligomer and/or polymer chain after the
condensation reaction with a compound(s) containing
hydroxyl group(s).
[0030] More than one compound containing hydroxyl
group(s) or derivatives thereof can become part of the
polyester polymer product(s). All the compounds con-
taining hydroxyl group(s) or derivatives thereof that be-
come part of said product(s) comprise the hydroxyl com-
ponent. The mole % of all the compounds containing hy-
droxyl group(s) or derivatives thereof that become part
of said product(s) add up to 100. The residues of hydroxyl
functional compound(s) or derivatives thereof that be-
come part of said product refers to the portion of said
compound(s) which remains in said product after said
compound(s) is condensed with a compound(s) contain-
ing carboxylic acid group(s) or derivative(s) thereof and
further polycondensed with polyester polymer chains of
varying length.
[0031] The mole% of the hydroxyl residues and car-
boxylic acid residues in the product(s) can be determined
by proton NMR.
[0032] The reaction of the carboxylic acid component
with the hydroxyl component during the preparation of
the polyester polymer is not restricted to the stated mole
percentages since one may utilize a large excess of the
hydroxyl component if desired, e.g. on the order of up to
200 mole% relative to the 100 mole% of carboxylic acid
component used. The polyester polymer made by the
reaction will, however, contain the stated amounts of ar-
omatic dicarboxylic acid residues and ethylene glycol
residues.
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[0033] Derivates of terephthalic acid and naphthalane
dicarboxylic acid include C1-C4 dialkylterephthalates and
C1-C4 dialkylnaphthalates, such as dimethylterephtha-
late and dimethylnaphthalate
[0034] In addition to a diacid component of terephthalic
acid, derivates of terephthalic acid, naphthalene-2,6-di-
carboxylic acid, derivatives of naphthalene-2,6-dicarbo-
xylic acid, or mixtures thereof, the carboxylic acid com-
ponent(s) of the present polyester may include one or
more additional modifier carboxylic acid compounds.
Such additional modifier carboxylic acid compounds in-
clude mono-carboxylic acid compounds, dicarboxylic ac-
id compounds, and compounds with a higher number of
carboxylic acid groups. Examples include aromatic di-
carboxylic acids preferably having 8 to 14 carbon atoms,
aliphatic dicarboxylic acids preferably having 4 to 12 car-
bon atoms, or cycloaliphatic dicarboxylic acids preferably
having 8 to 12 carbon atoms. More specific examples of
modifier dicarboxylic acids useful as an acid compo-
nent(s) are phthalic acid, isophthalic acid, naphthalene-
2,6-dicarboxylic acid, cyclohexanedicarboxylic acid, cy-
clohexanediacetic acid, diphenyl-4,4’-dicarboxylic acid,
succinic acid, glutaric acid, adipic acid, azelaic acid, se-
bacic acid, and the like, with isophthalic acid, naphtha-
lene-2,6-dicarboxylic acid, and cyclohexanedicarboxylic
acid being most preferable. It should be understood that
use of the corresponding acid anhydrides, esters, and
acid chlorides of these acids is included in the term "car-
boxylic acid". It is also possible for tricarboxyl compounds
and compounds with a higher number of carboxylic acid
groups to modify the polyester.
[0035] In addition to a hydroxyl component comprising
ethylene glycol, the hydroxyl component of the present
polyester may include additional modifier mono-ols, di-
ols, or compounds with a higher number of hydroxyl
groups. Examples of modifier hydroxyl compounds in-
clude cycloaliphatic diols preferably having 6 to 20 car-
bon atoms and/or aliphatic diols preferably having 3 to
20 carbon atoms. More specific examples of such diols
include diethylene glycol; triethylene glycol; 1,4-cy-
clohexanedimethanol; propane-1,3-diol; butane-1,4-di-
ol; pentane-1,5-diol; hexane-1,6-diol; 3-methylpentane-
diol- (2,4); 2-methylpentanediol-(1,4); 2,2,4-trimethyl-
pentane-diol-(1,3); 2,5- ethyl hexanediol-(1,3); 2,2-die-
thyl propane-diol-(1, 3); hexanediol-(1,3); 1,4-di-(hydrox-
yethoxy)-benzene; 2,2-bis-(4-hydroxycyclohexyl)-pro-
pane; 2,4- dihydroxy-1,1,3,3-tetramethyl-cyclobutane;
2,2-bis-(3-hydroxyethoxyphenyl)-propane; and 2,2-
bis-(4-hydroxypropoxyphenyl)-propane.
[0036] As modifiers, the polyester polymer may pref-
erably contain such comonomers as such as Isophthalic
acid, naphthalane dicarboxylic acid, cyclohexanedimeth-
anol, and diethylene glycol.
[0037] The polyester pellet compositions may include
blends of polyalkylene terephthalates and/or poly-
alkylene naphthalates along with other thermoplastic pol-
ymers such as polycarbonate (PC) and polyamides. It is
preferred that the polyester composition should comprise

a majority of the polyester polymers, more preferably in
an amount of at least 80 wt.%, or at least 95 wt.%, and
most preferably 100 wt.%, based on the weight of all ther-
moplastic polymers (excluding fillers, inorganic com-
pounds or particles, fibers, impact modifiers, or other pol-
ymers which may form a discontinuous phase). It is also
preferred that the polyester polymers do not contain any
fillers, fibers, or impact modifiers or other polymers which
form a discontinuous phase.
[0038] The polyester compositions can be prepared by
polymerization procedures known in the art sufficient to
effect esterification and polycondensation. Polyester
melt phase manufacturing processes include direct con-
densation of a dicarboxylic acid with the diol, optionally
in the presence of esterification catalysts, in the esterifi-
cation zone, followed by polycondensation in the prepol-
ymer and finishing zones in the presence of a poly-
condensation catalyst; or ester exchange usually in the
presence of a transesterification catalyst in the ester ex-
change zone, followed by prepolymerization and finish-
ing in the presence of a polycondensation catalyst, and
each may optionally be solid stated according to known
methods.
[0039] Other methods for the manufacture of conden-
sation polymer and thermoplastic addition polymers are
conventional and described in Kirk Othmer Encyclopedia
of Chemical Technology by John Wiley & Sons.
[0040] A suitable It.V. of the thermoplastic synthetic
polymer from the melt phase can range from 0.55 dl/g to
1.15 dl/g. However, one advantage of the process is that
the solid stating step can be avoided. Solid stating is com-
monly used for increasing the molecular weight (and the
It.V) of the pellets in the solid state, usually by at least
0.05 It.V. units, and more typically from 0.1 to 0.5 It.V.
units. Therefore, in order to avoid a solid stating step, a
polymer obtains an It.V. in the melt phase preferably of
at least 0.7 dL/g, or at least 0.75 dL/g, and up to about
1.2 dL/g, or 1.15 dL/g. The It.V. of the polymer made in
the melt phase can be conveniently measured by sam-
pling particles obtained from a pelletizer associated with
the melt phase polymer.
[0041] Once the thermoplastic synthetic polymer is
manufactured in the melt phase polymerization, it is so-
lidified. The method for solidifying the thermoplastic syn-
thetic polymer from the melt phase process is not limited.
For example, molten thermoplastic synthetic polymer
from the melt phase may be directed through a die, or
merely cut, or both directed through a die followed by
cutting the molten polymer. A gear pump may be used
as the motive force to drive the molten thermoplastic syn-
thetic polymer through the die. Instead of using a gear
pump, the molten thermoplastic synthetic polymer may
be fed into a single or twin screw extruder and extruded
through a die, optionally at a temperature of 190°C or
more at the extruder nozzle. Once through the die, the
thermoplastic synthetic polymer can be drawn into
strands, contacted with a cool fluid, and cut into pellets,
or the polymer can be pelletized at the die head, option-
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ally under-liquid. The thermoplastic synthetic polymer
melt is optionally filtered to remove particulates over a
designated size before being cut. Any conventional hot
pelletization or dicing method and apparatus can be
used, including but not limited to dicing, strand pelletizing
and strand (forced conveyance) pelletizing, pastillators,
water ring pelletizers, hot face pelletizers, underwater
pelletizers and centrifuged pelletizers. Examples of un-
derwater pelletizers are set forth in US Patent Nos.
5,059,103, 6,592,350; 6,332,765; 5,611,983; 6,551,087;
5,059,103, 4,728,276; 4,728,275; 4,500,271; 4,300,877;
4,251,198; 4,123,207; 3,753,637; and 3,749,539.
[0042] The source of the polymer used in the slurry is
not limited. Described above is a method for obtaining
the polymer from a melt phase process for making virgin
polymer. Alternatively, the molten polymer may obtained
from scrap trimmings, or from post consumer recycled
("PCR") polymer. The history of the polymer is not limited
and the polymer can undergo any history and any state
prior to converting the polymer into a particle or adding
the polymer as a particle to the liquid to make the slurry.
[0043] The method for introducing the molten conden-
sation into the liquid is not limited. For example, in one
embodiment, the molten polymer, obtained from any
source and whether virgin or PCR, Is directed through a
die, or merely cut, or both directed through a die followed
by cutting the molten polymer. In another example, the
thermoplastic synthetic polymer may melt extruded with
a single or twin screw extruder through a die, optionally
at a temperature of 190°C or more at the extruder nozzle,
and cut into particles or extruded into strands or any other
die shape. In yet another alternative embodiment, the
molten thermoplastic synthetic polymer is pumped direct-
ly or indirectly from a melt phase finisher vessel with a
gear pump, forced through a die and cut into particles or
shaped into a strand, sheet or other die shape.
[0044] The particular liquid used is not limited. A liquid
composition which causes an undesirable high loss in
the It.V. under all operating conditions should be avoided.
Examples of liquids which are suitable for use in the proc-
ess include water; polyalkylene glycols such as diethyl-
ene glycol and triethylene glycol; and alcohols.
[0045] In one embodiment, the particles are contacted
with the liquid at high temperature in order to partially
crystallize the polymer. In this case, it is desired to use
liquids that have a high heat capacity to optimize heat
transfer to the pellets at the lowest possible residence
time. Liquids which have low vapor pressures are also
desirable to further reduce equipment costs since a ves-
sel with a lower pressure rating can be used. However,
a significant and sometimes overriding factor to consider
in the selection of the liquid is the ease with which the
liquid is separated from the particles, the ease with which
the liquid is volatized from the particle, and the costs as-
sociated with handling, heating and recirculating the sep-
arated liquid back to contact a fresh feed of particles to
be entrained into the liquid. The heat capacity of water,
4.19 J/g/°C (1 cal/g/°C), is attractive and the ease with

which water is separated from the pellets and volatized
from the pellets is excellent. If desired, a mixture of water
with other substances (e.g. liquids or salts) which de-
press the vapor pressure of the liquid can be used. For
example, water can be mixed with other glycols in an
amount not exceeding the solubility of the glycols In water
under the operating conditions In the liquid zone. It is
preferred to use liquids which are water soluble so that
excess liquid can be removed from the pellets by water
washing.
[0046] The slurry of particles and liquid is under a pres-
sure at a level which equals or exceeds the vapor pres-
sure of the liquid. The pressure on the liquid exceeds the
vapor pressure of the liquid in order to ensure that the
fluid remains in the liquid state . Accordingly, the pipe or
vessel containing the slurry may have a positive pressure
on the slurry which exceeds 101325 Pa [one (1) atmos-
phere]. This is the case where, for example, an aqueous
medium is used at the temperature of the liquid is at or
exceeds 100°C. The particular pressure on the slurry
chosen will depend on the liquid composition and the
desired temperature applied by the liquid to the particles.
However, in one embodiment, at a minimum, the liquid
has a boiling point at 1 atmosphere which is less than
the temperature of the liquid contacting the particles. And
conversely, the temperature of the liquid contacting the
particles is higher than the boiling point of the liquid at 1
atmosphere.
[0047] The pressure may be induced by way of intro-
ducing a pressurized inert gas such as nitrogen, or air,
any other suitable gas, or by pumping a greater amount
of liquid into the liquid zone. Or, a combination of the
aforementioned pressure Inducing means may be used.
[0048] The vapor pressure of a liquid is normally de-
termined experimentally from the pressure exerted by its
vapor when the liquid and vapor are in dynamic equilib-
rium. However, it is possible in actual practice that the
liquid and vapor in the liquid zone may not be in equilib-
rium at any single point in time or location within the fluid
because of variations In pressure from perturbations in
the system well known to those skilled in the art, such as
pressure differentials across piping, valves, weirs, etc.
and non-uniform heating. As a result, it is possible that
less static pressure on the liquid is needed to keep the
liquid from boiling compared to the static pressure need-
ed to keep that same liquid from boiling in a closed system
in dynamic equilibrium. Accordingly, the pressure a liquid
zone is also deemed to be at or above the vapor pressure
of the liquid if the liquid does not boil, even though the
actual static pressure in the liquid zone may be slightly
less than the theoretical pressureweeded to exceed the
dynamic vapor pressure of the liquid.
[0049] The pressure in a liquid zone containing the
slurry of particles is set above the vapor pressure of the
liquid at the liquid temperature, which along with the flow
rate is a function of the desired residence time. Using
water as an example, its boiling point at 359 kPa (52 psia)
is 140°C, and at 476 kPa (69 psia) is 150°C, 793 kPa
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(115 psia) at 170°C, 1000 kPa (145 psia) at 180°C. Ac-
cordingly, the pressure can be set high to increase the
boiling point of water and decrease the residence time
of the particles in the hot liquid. Pressures exceeding 172
(25), exceeding 345 (75), or exceeding 517 (75), or ex-
ceeding 690 (100), or exceeding 1034 (100), or exceed-
ing 1379 kPa (200 psia), and up to about 2069 kPa (300
psia) are contemplated as suitable for most applications.
[0050] The liquid can be static so as to allow a molten
shaped polymer to be pulled through the liquid (as in the
case of strands) or to allow particles to fall through the
liquid for the desired residence time to induce the desired
degree of crystallization. Alternatively, the liquid may
have a flow to carry the particles to a desired destination,
or if not to carry the particles, at least to impart sufficient
flow or turbulence to keep the particles from sticking to
each other.
[0051] Preferably, the liquid has a flow, and the flow
rate and type of flow is set to submerge the particles. The
particular flow rate will depend on the liquid medium zone
volume and the particle feed rate. A particle is considered
submerged in the liquid when the liquid envelops the en-
tire particle. However, the particles are considered sub-
merged if the bulk of the particles are enveloped in the
fluid at any point during crystallization of the particles,
even though some if not all particles at any one point in
time are temporarily on or above the surface of the liquid,
which may occur in a turbulent environment. Preferably,
the particles are submerged over substantially the entire
time the particles are crystallized.
[0052] The residence time of the particles to obtain the
desired degree of crystallization is desirably short to limit
the cycle time, reduce the equipment cost, and to mini-
mize It.V. loss if this is a concern. The residence time is
the time lapse which the thermoplastic synthetic polymer
experiences commencing from the introduction of the
particle into the hot liquid (above the Tg of the polymer)
to either the time when the temperature of the thermo-
plastic synthetic polymer drops and stays below the Tg
of the thermoplastic synthetic polymer prior to separation
from the liquid, or when the thermoplastic synthetic pol-
ymer is removed from the liquid, whichever is shorter. In
a preferred embodiment, the residence time, along with
other operating conditions, is not so long as to substan-
tially increase or decrease the It.V. ,which can be corre-
lated to the weight average molecular weight, of the ther-
moplastic synthetic polymer. Although the process of the
invention allows one to keep the particles in contact with
the hot liquid for a time sufficient to increase the It.V. of
the pellets, it is more preferred to reduce the residence
time to that necessary to impart the desired degree of
crystallization to the polymer, and as noted below, by
crystallizing a polymer having a high It.V. from the melt,
a solid stating step can be altogether avoided.
[0053] The residence time of the particles in the liquid
is not limited. However, an advantage of the process al-
lows one to shorten the residence time to 15 minutes or
less to impart to the particle a degree of crystallinity of

20% or more, or 25% or more, 30% or more, and even
up to 40% or more as measured in the resulting particle
taken immediately after its separation from the liquid. For
most applications, a degree of crystallinity ranging from
25% to 45% is suitable. The residence time can even be
as low as more than 0 seconds to 10 minutes depending
upon the crystallization temperature. At temperatures
ranging from 140°C to 180°C, the crystallization time to
obtain a degree of crystallinity of 25% or more and even
30% or more ranges from greater than 5 seconds to about
8 minutes or less.
[0054] In a more preferred embodiment, crystallization
is conducted in the absence of rotating mechanically in-
duced agitation in the liquid zone. Horizontal liquid filled,
rotating paddle agitated vessels are known to provide
the necessary motion to prevent pellets from agglomer-
ating during crystallization. In this embodiment, however,
capital and operating costs are reduced by avoiding ro-
tating mechanically induced agitation during crystalliza-
tion while also avoiding agglomeration. This may be ac-
complished in several ways. Particles fed into a non-hor-
izontally oriented liquid zone filled or nearly filled with a
liquid are allowed to settle through the fluid toward the
bottom of the vessel while providing the particles and
optionally resulting pellets with the buoyancy and neces-
sary residence time through an upflow of liquid and/or by
controlling the density difference between the pellets and
the liquid. Alternatively, the particles may be fed through
a pipe acting as a liquid zone under a flow of fluid to keep
the particles moving through the pipe. Desirably, the flow
rate and type of flow of liquid through the pipe prevents
or contributes toward the prevention of particle agglom-
eration or sticking to the pipe walls.
[0055] In one embodiment, the use of costly pressure
rated crystallization tanks may be avoided by crystallizing
particles in a pipe. The particles may be crystallized in a
pipe by directing a flow of particles in a liquid through a
pipe having an aspect ratio L/D of at least 15:1, wherein
the particles are crystallized in said pipe at a liquid tem-
perature greater than the Tg of the thermoplastic synthet-
ic polymer. A pipe may be distinguished from conven-
tional vessels in that a pipe has an aspect ratio of length
to diameter of greater than 15:1, preferably greater than
25:1, more preferably greater than 50:1. The length of
the pipe having an aspect ratio of at least 15:1 is inclusive
of a series of pipes joined by couplings, elbows, u-turn,
bends, etc.
[0056] In a pipe design, the liquid temperature is suit-
ably about 90°C or more, preferably 100°C or more, more
preferably 130°C or more, and most preferably 140°C or
more. It is also desirable to pressurize the pipe at or above
the vapor pressure of the liquid.
[0057] The pipe may be designed to provide partial or
incomplete crystallization, or to finish off crystallization.
The degree of crystallization imparted to the particles in
the pipe is preferably at least a 20%, more preferably to
at least 30%, and most preferably at least 40%. The par-
ticles can be crystallized to 25% or more at a residence
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time of 15 minutes or less, or 10 minutes or less, and
even 7 minutes or less. In one embodiment, the particles
are crystallized in the pipe to a degree of crystallization
of 30% or more within 10 minutes or less, or 5 minutes
or less, or 3 minutes or less, or a degree of crystallization
of 40% or more within 10 minutes or less, or 5 minutes
or less, or about 3 minutes or less.
[0058] The pipe is preferably devoid of internal devices
such as mechanically rotating paddles, and more pref-
erably is devoid of in-line mixers, weirs, or baffles, and
the flow of the liquid is desirably in the same direction as
the flow of the pellets. The pipe may be filled with a slurry
of liquid and particles. Alternatively, the pipe may be filled
with a vapor, the liquid and the particles. The pipe may
be oriented horizontally, sloped down to allow gravity to
assist the flow of particles, oriented upward against grav-
itational forces and in an upflow of high pressure fluid to
induce a high degree of turbulence, or a combination of
these features. The flow through the pipe will comprise
molten and /or crystalline polymer, liquid, and optionally
vapor or gas flow.
[0059] Significant sticking of the particles to each other
in the pipe or to the pipe may be avoided even in the
absence of rotating mechanically induced agitation by
creating a continuous flow of pellets through the pipe.
The liquid velocity should be adjusted to reduce pellet
agglomeration in the pipe. While sporadic or minor ag-
glomeration may occur in the pipe, the frequency or
number of particles agglomerating does not interfere with
the dewatering equipment, and the particles or pellets
ejected from such equipment are discrete.
[0060] A liquid flow velocity of 0,3 m/s (1 ft/s) or more
is suitable to provide a continuous flow of particles in the
pipe while reducing the tendency of the particles to roll
along the pipe walls in mass and stick to each other. At
a residence time ranging from 30 seconds to 20 minutes,
the pipe length and diameter may range from 9 m to 2900
m (30 ft to 9600 ft) at a diameter ranging from 0.025 m
to 0.36 m (1 inch to 14 inches) with a liquid velocity rang-
ing from 0.3 m/s to 2.4 m/s (1 ft/s to 8 ft/s). Other pipe
lengths and diameters are suitable as well, and the op-
timal pipe design will depend upon balancing such factors
as the cost of pipe based on its length, diameter, material
of construction and pressure rating, the energy required
to pump the liquid, the thermal energy applied to crystal-
lize at a desired temperature, the polymer IV loss, and
the desired residence time.
[0061] Once the particles have been crystallized to the
desired degree, the particles or the resulting pellets are
separated from the liquid. The particles may be separat-
ed as such from the liquid because at temperatures rang-
ing from 100°C to 180°C, the particles, once crystallized,
have sufficient strength and rigidity and are under suffi-
cient pressure on discharge to avoid unduly clogging the
separation equipment or sticking to each other during or
after separation. Alternatively, prior to separation, the
particles may be allowed to cool to a temperature below
their sticking point, or to a temperature below the Tg of

the polymer to form pellets in order ease the task of sep-
arating the liquid from the polymer. Allowing the polymer
to cool to form pellets prior to separation reduces the risk
of the polymer sticking to the separation equipment or to
other polymer particles.
[0062] The above described methods for forming par-
ticles and for crystallizing are only a few non-limiting ex-
amples of the methods available to form a slurry of par-
ticles in a liquid under a pressure equal to or greater than
the vapor pressure of the liquid. Whatever process is
chosen, at the stage for separating the particles from the
liquid and for drying the particles (for convenience re-
ferred to as the "separation zone"), the particles are under
a vapor pressure equal to or greater than the vapor pres-
sure of the liquid. Thus, the process of the invention pro-
vides for a pressurized slurry comprising thermoplastic
synthetic polymer particles in combination with a liquid
at a liquid temperature greater than the normal boiling
point of the liquid and at a pressure equal to or greater
than the vapor pressure of the liquid at the liquid temper-
ature, feeding the pressurized slurry to a separation
zone, and within the separation zone:

a. separating the liquid from the particles, and
b. drying the particles;

while under a high pressure equal to or greater than the
vapor pressure of the liquid further in accordance with
claim 1.
[0063] In the process of the invention, the particles un-
der a vapor pressure equal to or greater than the vapor
pressure of the liquid are separated from the liquid and
dried before the pressure on the particles is reduced be-
low the level of the vapor pressure of the separated liquid.
A drying process is the reduction of residual moisture on
or in the particles. Merely reducing the liquid level in a
slurry of particles is not drying step. In the process of the
invention, the particles are being dried when the particles
are not submerged in a liquid and do not reside in a bath
or pool of liquid or in a continuous phase of liquid between
particles, and the moisture content on or In the particles
is reduced.
[0064] In a preferred embodiment, the particles are
dried while under the high pressure to a degree such that
the moisture content of the particles prior to decoupling
is 5 wt.% or less, or 3 wt.% or less, or 2 wt.% or less, or
1 wt.% or less, or 0.65 wt.% or less, or 0.5 wt.% or less,
or 0.4 wt.% or less. The moisture content of a particles
prior to decoupling is not directly measured since the
particles are under pressure. However, the moisture con-
tent can be correlated to the temperature differential be-
fore and after decoupling. The moisture content of the
particles is calculated by the following test method: The
temperature of the particles in front of or upstream from
the decoupling zone, or in front of or upstream from the
valves used to decouple the particles from the separation
device, and the temperature immediately behind the de-
coupling zone, are both measured. The temperature drop
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on the particles upon decoupling is a direct indicator of
the maximum level of moisture on or in the particles. The
temperature of the particles before and after decoupling
can be determined by any conventional means, including
inserting a temperature probe into the gas/particle mix-
ture. The temperature drop is correlated to the moisture
level of the particle before decoupling by the following
equation: 

where:

fmax = maximum possible fraction of liquid in the par-
ticles before decoupling
Cp = heat capacity of the polymer at temperature
before decoupling
ΔHvap = heat of vaporization of the liquid at the tem-
perature before decoupling
ΔT = temperature drop: temperature of the particles
after decoupling subtracted from the temperature of
the particles before decoupling.

[0065] The moisture content of the particles after de-
coupling is not an indicator of the moisture content of the
particles before decoupling because upon decoupling,
the moisture flashes from the particles, leading to evap-
orative cooling. Thus, in this preferred embodiment, the
object is not only to produce particles at atmospheric
pressure which are dry (e.g. to a level of less than 1 %),
but also to ensure that the moisture level of the particles
before decoupling is sufficiently low to minimize evapo-
rative cooling of the particles upon decoupling to produce
a particle stream which is both hot and dry.
[0066] A pressure equal to or greater than the vapor
pressure of the liquid is maintained within the separation
zone. Allowing the pressure to fall below the vapor pres-
sure of the liquid during separation requires a corre-
sponding amount of energy to re-pressure the slurry en-
tering the separation zone. Maintaining the pressure on
the particles during separation but not during the drying
operation will cause the residual moisture on or in the
particles to either flash or evaporate. Allowing the resid-
ual liquid to evaporate or flash from the particles results
in fluid losses or requires equipment to re-condense the
flashed vapor. Thus, both the separation and drying of
the pellets are conducted under pressure.
[0067] The method for separating the particles from
the liquid is not limited. Suitable methods include the ap-
plication of centrifugal forces such as by a centrifugal
dryer; feeding the slurry into a screened cage or passing
the slurry over or through a porous barrier to allow the
liquid but not the particles to flow through the barrier; or
by the application of impact forces to disengage the liquid
from the surface of the polymer.
[0068] The method for drying the partides is also not

limited. Suitable methods include applying centrifugal
forces to the particles, applying impact forces to disen-
gage the liquid from the surface of the polymer, applying
a flow of gas or dried gas over the surface of the particles,
or by squeezing the moisture from the particles.
[0069] The separation zone includes the operation of
both separating and drying the particles. The separation
of liquid from particles and drying the particles may occur
in discrete steps, virtually simultaneously, or over a con-
tinuum where the separation gradually proceeds to a dry-
ing operation. Any vessel which can both separate liquid
from the particles, and dry the particles under high pres-
sure and high temperature is suitable. Alternatively, a
series of vessels which individually perform each function
may be in fluid communication with each other. If desired,
a series of vessels which collectively perform one func-
tion (e.g. separation) in fluid communication with each
other may be connected to a second sole vessel or series
of vessels which collectively perform another function
(drying). The configuration and design to separate and
dry the particles is not limited so long as the separation
and drying are conduced under a pressure greater than
the vapor pressure of the liquid used in the slurry.
[0070] A centrifugal dryer is one non-limiting example
of a vessel capable of both separating particles from a
liquid and drying the resulting particles. Examples of cen-
trifugal dryers can be found U.S.Pat.No. 3,458,045; DE
1953741A1; DE4330078A1; USP 4,218,323; USP
5,611,150; DE2819443A1; USP 4,565,015; and USP
5,265,347. In a typical centrifugal dryer, a rotor turns with-
in the space of a stationary cylindrical screen. However,
other designs are also suitable and preferred if one de-
sires to further decrease the residual moisture level on
the particles. Examples of such other vessels include
centrifuges such as a solid or screen bowl decanter cen-
trifuge in which both the rotor and basket spin, vertical
axis basket centrifuges in which the basket spins, and a
pusher centrifuge; or draining the liquid followed by dry-
ing with an air knife (a gas flow method); or draining fol-
lowed by belt pressing (a squeezing method). Preferred
are centrifugal dryers and centrifuges.
[0071] In a preferred embodiment of the invention, a
pressurized slurry, comprising thermoplastic synthetic
particles and a liquid, is fed to a centrifugal dryer in which
the liquid is separated from the particles and the particles
are dried while under a high pressure equal to or greater
than the vapor pressure of the liquid, wherein centrifugal
forces and/or impact forces, preferably at least centrifu-
gal forces are applied to the particles during separation
and during drying. The centrifugal forces and/or impact
forces can be applied during a part of the separation and
drying operation, or during the entire time the liquid is
being separated from the particles and the particles are
being dried within the centrifugal dryer. If desired, addi-
tional mechanisms explained further below can be used
to enhance drying.
[0072] In another embodiment, the temperature of the
particles separated and dried in the separation zone is

15 16 



EP 1 789 742 B9

10

5

10

15

20

25

30

35

40

45

50

55

close to the temperature of the liquid in the slurry entering
the separation zone. In this optional embodiment, we
have found it advantageous to produce a discharged
stream of dried hot particles to lower the energy require-
ments for reheating the particles in subsequent process-
ing operations. By contrast, if the particle temperature is
allowed to drop significantly during drying, more energy
is required to reheat the particles in subsequent opera-
tions. Thus, an integrated system can be provided with
lowered energy consumption rates if the thermal energy
in the particles is not allowed to escape to the atmos-
phere. To minimize the temperature drop of the particles,
the pressure on the particles during drying is maintained
above the vapor pressure of the liquid on or in the parti-
cles. Since many liquids have high heat of vaporization
and absorb much of the thermal energy in the particle,
maintaining the pressure on the particles to keep the
moisture on or in the particles in the liquid state prevents
the liquid from evaporating and removing the thermal en-
ergy stored on or in the particles. This embodiment pro-
vides another reason for maintaining the pressure on the
particles above the vapor pressure of the liquid during
separation and drying.
[0073] Some amount of heat loss is expected in the
separation zone, particularly If a flow of air is directed
over the particles. However, such temperature drops
would be more drastic if a pressure drop across the par-
ticles were allowed during separation and drying. In this
embodiment, the temperature of the particles upon de-
coupling (immediately after the pressure is reduced be-
low the vapor pressure of the liquid) is within 80°C, or
within 60°C, or within 40°C, or within 20°C, or within 10°C
of the temperature of the liquid entering the separation
zone, preferably without the application of heat energy
from a source other than the liquid between the time the
slurry enters the separation zone and decoupling. In
more preferred embodiments, the temperature of the liq-
uid in the slurry fed to the separation zone is at least
120°C, and the temperature of the decoupled particles
upon decoupling is at least 70°C, or at least 90°C, or
greater than 100°C, or at least 110°C, as measured upon
decoupling. In yet another embodiment, the temperature
of the liquid in the slurry fed to the separation zone is at
least 140°C, and the temperature of the decoupled par-
ticles upon decoupling is at least 80°C, or greater than
100°C, at least 120°C. In each of these embodiments,
the temperature of the particles upon decoupling, regard-
less of the temperature drop, is above the normal boiling
point of the liquid.
[0074] Once dried to the desired degree of moisture,
the particles are preferably decoupled from the separa-
tion zone by depressurizing the particles to a low pres-
sure below the vapor pressure of the liquid at the liquid
temperature while maintaining a high pressure on the
particles prior to depressurization at above the vapor
pressure of the liquid at the liquid temperature. The pres-
sure inside the separation zone should not drop and stay
below the vapor pressure of the liquid at the liquid tem-

perature. Pressure fluctuations within the dryer (or sep-
aration zone) are acceptable provided that the pressure
does not continuously drop or remain below the vapor
pressure of the liquid at the liquid temperature during
separation or drying. More preferably, the pressure drops
within the separation zone do not fall below the vapor
pressure of the liquid at the liquid temperature. As ex-
plained further below, however, it is preferred to provide
a pressure regulator and controller to inject compressed
gas into the system at a convenient location to maintain
a pressure above the vapor pressure of the liquid and to
more preferably maintain a constant +/- 20 psig pressure
within the separation zone or within the dryer.
[0075] Thus, there is provided another embodiment in
which thermoplastic polymer particles, preferably poly-
ester polymer particles, containing a level of liquid mois-
ture and at a pressure greater than atmospheric pressure
at a temperature of at least 130°C are decoupled com-
prising depressurizing the particles to a low pressure of
less than 50 psig, wherein the particle temperature upon
decoupling is greater than 100°C, preferably at least
110°C.
[0076] Particles discharged from the separation zone
are decoupled from the separation zone by conventional
equipment known to maintain a high pressure on one
side of a zone and reduced pressure on the other side
of a zone. For example, the dried particles may be dis-
charged from the separation zone into a chute, holding
tank, vertical pipe, or any suitable container allowing the
particles to accumulate to a height, following which at
measured intervals, a series of valves, such as gates or
ball valves, are actuated with a first gate or ball opening
to receive the dried particles into an air lock chamber
while a second gate downline remains closed. Once the
air lock chamber is filled to a desired level, the first gate
or ball closes and the second gate or ball opens, thereby
decoupling the particles from the separation zone while
maintaining the pressure in the separation zone above
the vapor pressure of the particles. Other suitable valves
include conventional in-line rotary valves which operate
much like a revolving door to receive particles into a quad-
rant which spins and seals against a housing and con-
tinues to spin toward the low pressure side of a pipe re-
leasing the particles. The rotary valve is segmented into
several chambers and spins continuously to rapidly se-
quentially receive, seal, and discharge particles contin-
uously at the rate corresponding to the rotor revolutions.
[0077] At least a portion of the liquid separated from
the separation zone is preferably re-circulated directly or
indirectly as a feed for the manufacture of the slurry where
the particles are entrained into the liquid. The re-circu-
lated liquid may be fed first through filters to remove fines
and particles, and may be re-heated or cooled.
[0078] It is expected that some pressure loss and pres-
sure leaks will be experienced around seals or in the
separation zone due to the decoupling mechanisms,
which do not perfectly maintain the same pressure on
either side of the mechanism. Accordingly, the pressure
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within the separation zone can be maintained relatively
constant by re-pressurizing the liquid at any point, such
as in the re-circulation line, in the crystallization zone, at
the means used for entraining the particles in the liquid,
or in the separation zone. Providing a pump on the liquid
re-circulation line is a convenient method for re-pressu-
rizing the liquid. Alternatively, the flow of air in the sepa-
ration zone can also be a flow of pressurizing air, thereby
providing the means for re-pressurizing the liquid. In the
process of the invention, however, much less energy is
required to maintain the pressure of the liquid in the sep-
aration zone above the vapor pressure of the liquid than
in methods which allow the pressurized slurry to be vent-
ed to the atmosphere prior to separating the liquid from
the particles.
[0079] The temperature of the separated liquid may
optionally be slightly re-heated, not heated at all, or even
cooled. For example, if the particles are entrained into
the slurry by forcing a melt through a die and cutting the
melt into particles underfluid, the temperature of the melt
may very well exceed the desired crystallization temper-
ature. In this case, the temperature of the incoming liquid
fed to the underfluid cutter must be lower than the tem-
perature of the melt to ensure that the molten particles
cut underfluid sufficiently cool to the desired crystalliza-
tion temperature. Thus, the heat losses throughout the
system which lower the temperature of the re-circulated
fluid fed to the underfluid cutter may be adequate and
the correct desired temperature to cool the melt to crys-
tallization temperatures. Alternatively, the temperature
of the re-circulated fluid may yet be too hot, despite the
heat losses throughout the system, requiring the fluid to
be cooled to allow for the heat transfer of the molten
polymer cut underfluid to be transferred to the liquid. In
the event that the re-circulated liquid is cooled, a heat
exchanger may be provided which transfers some of the
heat from the recirculated fluid to provide thermal energy
for other processes in a plant setting.
[0080] A centrifugal dryer is illustrated in Figure 1. Slur-
ry under a pressure greater than the vapor pressure of
the liquid is fed through pipe 1 to a centrifugal drying
vessel 10. The slurry in line 1 may optionally be shunted
to a line an agglomerate catcher which removes large
agglomerates or globs of polycondensation particles or
other large particulate matter. During start-up when the
system parameters have not yet reached a steady state
of operation, it is possible that some of the thermoplastic
synthetic polymers may agglomerate. The agglomerate
catcher may simply consist of a large pored screen al-
lowing all but the larger sized agglomerates to pass
through. The slurry continues is path back to line 1 and
flows to the centrifugal dryer 10.
[0081] If the slurry flow is large, it is preferred to sep-
arate the liquid from the particles in two stages, a first
dewatering stage wherein a bulk of the liquid is separated
from the particles without the use of centrifugal forces
and a second stage wherein at least centrifugal forces
are applied to separate the remainder of the liquid from

the particles. As illustrated in Figure 1, there is provided
an optional first stage wherein the bulk of the water is
separated from the particles in dewatering zone 5
through gravitational forces. The dewatering zone 5 is
part of and within the separation zone since the pressure
on the particles in the dewatering zone is maintained
above the vapor pressure of the liquid. The slurry in the
pipe flows into the dewatering zone where the bulk of the
liquid 6 flows by gravity through a screen 7 into a vessel
8 sealed to the pipe 1, thereby allowing the remainder of
the particles to flow along with residual water into the
centrifugal dryer 10. Alternatively, the optional dewater-
ing zone can be completely dispensed with whether or
not the flow of the slurry is large, and the entire slurry
flow can be directed into the centrifugal dryer without first
separating a portion of the liquid from the particles.
[0082] The slurry flowing through pipe 1 is fed to the
dryer through a slurry inlet 9 conveniently located any-
where in fluid communication with the dryer housing 12
oriented vertically, but if desired, can be oriented hori-
zontally. In this illustration, the slurry inlet 9 is located
close to the bottom and as a side-entry to the dryer hous-
ing 12. Alternatively, the slurry can be fed through the
bottom of the housing through slurry inlet 11, and flow
up through the core of longitudinally oriented porous rotor
shaft 13 such that the slurry is distributed tangential to
the rotor shaft and along the length of the hollow rotor
shaft. Any conventional technique for feeding the slurry
to the dryer is acceptable.
[0083] The slurry enters the dryer housing equipped
with a longitudinally oriented rotor 13, lifters 14 attached
to the rotor 13, and a cylindrical screen 15 forming an
inner annulus 16 defined as a space between the rotor
shaft 13 and the screen 15, and an outer annulus 17
defined as the space outside of the screen 15. The rotor
13 and the lifters attached to the rotor are rotated at high
speed by a pulley or sheave 18. More than one screen
may be provided.
[0084] The slurry enters the inner annulus 16 by any
conventional means. The liquid is separated from the par-
ticles by the centrifugal forces exerted on the slurry
through the high speed rotation of the rotor 13 and the
action of the lifters 14 flinging the slurry against the cy-
lindrical screen 15 having pores sized to contain the pel-
lets while allowing the liquid to pass through. The rotor
may spin at revolutions ranging from 200 rpm to 4000
rpm. Liquid thrown from the particles is forced through
the screen and into the outer annulus, as shown by ar-
rows, drains to the bottom of the housing 12, and is dis-
charged through any one or more of outlets 19. Option-
ally, the liquid separated from the particles in the housing,
and the liquid separated from the particles in an optional
dewatering zone 5, are combined, 23, and fed to a water
tank, 32. If present, it is preferably to control the level of
the water in the tank, 35, by means well known in the art.
A pressure equalization line, 34, is provided between the
water tank 32 and the gas inlet to the housing 21. The
liquid separated from the particles in the housing, and
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the liquid separated from the particles in an optional de-
watering zone 5, are combined and optionally re-circu-
lated as a source of liquid in the slurry fed to the dryer
10. If water tank 32 is present, outlet line 33 is optionally
recirculated.
[0085] The particles within the inner annulus rise to the
top in a flow pattern dictated by the lifter 14 design. The
lifters are vanes or blades configured to elevate the par-
ticles upward generally in a helical pattern as the rotor
13 spins. Usually, the particles are flung back and forth
between the screen and lifters by centrifugal forces and
have an upward force applied by the configuration of the
lifter blades. As the particles rise through the inner an-
nulus, they are discharged from the dryer housing 12
through the particle outlet 20.
[0086] The lifters 14 are optionally shaped inward to-
ward the rotor and their orientation and placement de-
signed to reduce the tendency of the particles to strike
the screen 15 so that the tendency is for the particles to
strike each other, the rotor, and the next succeeding lifter
blades. Alternatively, or in addition, deflector strips may
be arranged on the cylindrical screen facing the inner
annulus to bounce the particles off of the screen surface
and back onto the lifter blades.
[0087] A supply of pressurized air or other gas to main-
tain pressure is desirably fed into the housing through a
gas inlet 21. Any gas inlet location is suitable. The intro-
duction of the gas keeps the housing pressurized to a
desired and preferably constant level above the vapor
pressure of the liquid. The pressure within the vessel can
be monitored by a probe within the vessel leading to a
controller 24 for actuating a compressor 25 to force a
flow of gas into the housing 12 through pipe 21. Since a
high pressure environment is desirable in the housing,
the housing preferably does not have exhaust fans or
outlets dedicated to exhausting gas. If desired, the hous-
ing pressure can be controlled by introducing gas into
pipe 1, pipe 23, or anywhere in the closed loop system
to repressurize and maintain the pressure on the pres-
surized slurry above the vapor pressure of the liquid at
the liquid temperature.
[0088] To accommodate a high pressure environment,
conventional dryers, or for that matter centrifuges as well,
are housed in an ASME (or other suitable pressure vessel
code) pressure vessel. Preferably, access ports, de-
signed according to applicable pressure vessel codes,
are provided to allow for cleaning of the screens, other
maintenance or inspections. A suitable shaft sealing
mechanism is provided to isolate the high pressure en-
vironment inside the pressurized dryer from the sur-
roundings. A gas lubricated, mechanical seal may be the
preferred design, but many sealing arrangements could
be used. The motor is sized with sufficient available pow-
er to turn the rotor in the pressurized dryer or centrifuge.
[0089] Once the particles are discharged from the dry-
er through line 20, they are decoupled from the separa-
tion zone by, as illustrated in Figure 1, ball valve air lock.
As noted above, any conventional particle dispensing

system for maintaining pressure on one side of a vessel
or pipe and discharging the particles to a lower pressure
on the other side of the dispenser is suitable. As illustrat-
ed, the pressurized dried particles are fed to a first ball
valve 26 having a passage 27 in the open position to
allow the particles to flow through the passage into the
air lock chamber 29. While the particles are filling the air
lock chamber 29, the second ball valve 30 remains in the
closed position to prevent the pressure on the dried par-
ticles from falling below the vapor pressure of the liquid
separated in the dryer. At a predetermined level, time,
density, weight or any other measure, the first ball valve
26 rotates and seals to the closed position, shutting off
the flow of further particles into the air lock chamber and
maintaining the pressure on the dried particles in front of
the first ball valve 26 above the vapor pressure of the
liquid separated off in the dryer. After the first ball valve
26 seals, the second ball valve opens and releases the
contents of the air lock chamber to the atmosphere. At
this point or thereafter, the pressure on the particles is
reduced to below the vapor pressure of the liquid sepa-
rated in the dryer and is effectively decoupled from the
separation zone. Once the contents of the air lock cham-
ber are voided, the second ball valve rotates to the closed
position, following which the first ball valve 26 opens back
up to allow more particles to fill the air lock chamber 29.
This sequence is continuous.
[0090] The particle level in the air lock chamber 29 is
not limited. It is desirable to fill the chamber to a height
of greater than 80% of the chamber height in order to
reduce the volume of air escaping from the system once
the second ball valve 30 opens.
[0091] If desired, a hold up vessel 31 may be provided
between the particle outlet 20 and the first valve of what-
ever type used to allow the particles to accumulate and
provide a continuous flow of particles to the ball valve
without any surges in particle flow or to regulate the rate
at which the particles are decoupled.
[0092] A certain amount of pressure on the particles is
lost during each decoupling event where the particles are
received into the air lock or the valve and released to the
atmosphere. To compensate, a pressure regulator as
noted above on the system ensures that a flow of com-
pressed gas is introduced at some point in the system,
whether to line 23, in the dryer 10, to line 1, or at any
suitable location.
[0093] At the point the particles are decoupled from
the separation zone, moisture remaining on or in the par-
ticles is expected to evaporate or flash, especially if the
particles are hot. This evaporation or flashing is accept-
able and expected in at least some embodiments of the
invention. In contrast to a process in which particles are
only separated under pressure and dried after the pres-
sure is reduced to below the vapor pressure of the liquid,
a larger volume of moisture remains on the particles dur-
ing de-pressurization, thereby requiring either a subse-
quent drying step where external heat energy is applied,
typically a convective flow of hot air. Moreover, in such
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a process, fluid losses to the atmosphere are experi-
enced or fluid recovery equipment is required. And, as
mentioned above, the more moisture on the particles
which flashes, the greater the heat loss to the particle
itself, thereby requiring a corresponding amount of heat
energy applied to the particles for subsequent process-
ing.
[0094] In a preferred embodiment, the It.V. of the par-
ticles in the separation zone is not increased. The parti-
cles obtained after decoupling are preferably at their final
molecular weight. Thus, there is provided an embodiment
where there is provided pressurized thermoplastic poly-
mer particles having a degree of crystallinity of at least
20%, an It.V. of at least 0.70 dL/g, containing a level of
liquid moisture, at a temperature of at least 130°C, and
under a pressure above atmospheric pressure, and the
pressurized particles are decoupled by depressurizing
the particles to a pressure of less than 50 psig, and the
decoupled particles are packaged into a shipping con-
tainer, wherein the particles are not polymerized in the
solid state prior to being packaged into the shipping con-
tainer. Preferably, the high It.V. thermoplastic polymer in
the range of 0.70 to 1.15 dL/g is produced in the melt
phase, and is contacted in the form of particles with a
liquid for a time and at a liquid temperature sufficient to
induce crystallinity to the particles under a pressure equal
to or greater than the vapor pressure of the liquid. The
liquid is separated from the particles and the particles
are dried under said pressure in a separation zone to
produce a stream of dried particles. The dried particles
are decoupled from the separation zone, preferably to
about atmospheric pressure. The shipping containers
are thereafter shipped to a customer or distributor. With
the exception of solid state polymerization, the particles
may be subjected to numerous additional processing
steps in-between any of the expressed steps, such as
in-between the decoupling step and the step of packag-
ing the particles into shipping container.
[0095] Shipping containers are containers used for
shipping over land, sea or air. Examples include railcars,
semi-containers, Gaylord boxes, and ship hulls.
[0096] The particles are suitable to make a variety of
articles, including fibers, pipes, films, sheets and molded
articles such as bottles and trays, and in particular water
can carbonated beverage bottles.

Working Example

[0097] An experiment was carried out with the objec-
tive of centrifugally separating and drying a mixture of
water and about polyethylene terephtalate (PET) parti-
cles crystallized to about 34-37%. The PET-water mix-
ture contained 0.75% by volume of PET pellets and the
mixture was heated to a temperature of 165 °C under a
pressure of 1069 kPa (155 psia). The PET particles were
nearly spherical in shape with a diameter of approximate-
ly 2.8 mm and their inherent viscosity was 0.80.
[0098] The apparatus consisted of a vertical centrifugal

dryer of the type depicted in Figure 1, running at a rotor
speed of 1750 rpm. The PET-water mixture was fed on
the side-bottom of the dryer. The water was drained from
the dryer to a tank connected to the bottom of the dryer
by pipe. The vapor space of the tank and the vapor space
of the dryer were connected by pipe in order equalize the
pressure between both pieces of equipment. In this pres-
sure equalization pipe high pressure air was injected in
order to control the pressure of the system at 1069 kPa
(155 psia). The dried pellets came out the side-top of the
dryer and went into a decoupler where the pressure let
down occurred. The decoupler consisted of a Rotary Air
Lock (RAL). The PET pellets were discharged from the
RAL into a drum at atmospheric pressure and ambient
temperature. The temperature of the discharged spher-
ical particles was measured as 132 °C. It was assumed
that the temperature drop for the pellets from 165 °C to
132°C was all due to evaporating the un-removed water,
and we concluded that the %water on the pellets before
decoupling was 2.15% maximum.

Claims

1. A process comprising providing a pressurized slurry
comprising particles in combination with a liquid at
a liquid temperature greater than the normal boiling
point of the liquid and at a pressure equal to or greater
than the vapor pressure of the liquid at the liquid
temperature, feeding the pressurized slurry to a sep-
aration zone, and within the separation zone:

a. separating the liquid from the particles, and
b. drying the particles;

while under a high pressure equal to or greater than
the vapor pressure of the liquid, the process being
characterized in that:

- the particles are thermoplastic synthetic poly-
mer particles;
- the process of separating the liquid from the
particles is conducted in two stages, a first de-
watering stage wherein a bulk of the liquid is
separated from the particles without the use of
centrifugal forces and a second stage wherein
at least centrifugal forces are applied to separate
the remainder of the liquid from the particles.

2. The process of claim 1, wherein the particles com-
prise polyester polymers.

3. The process of claim 2, wherein the particles com-
prise:

a. a carboxylic acid component comprising at
least 80 mole% of the residues of terephthalic
acid, derivates of terephthalic acid, naphtha-
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lene-2,6-dicarboxylic acid, derivatives of naph-
thalene-2,6-dicarboxylic acid, or mixtures there-
of, and
b. a hydroxyl component comprising at least 60
mole% of the residues of ethylene glycol or pro-
pane diol, based on 100 mole percent of carbox-
ylic acid component residues and 100 mole per-
cent of hydroxyl component residues in the pol-
yester polymer.

4. The process of claim 2, wherein the liquid comprises
water, and the temperature of the liquid is at least
130°C.

5. The process of claim 1, wherein the separation zone
comprises a screen or bowl decanter centrifuge, and
wherein the liquid comprises water at a temperature
of at least 130°C.

6. The process of claim 2, further comprising decou-
pling polyester particles from the separation zone by
depressurizing the particles to a low pressure below
the vapor pressure of the liquid at the liquid temper-
ature within the separation zone while maintaining a
high pressure on the particles prior to depressuriza-
tion at above the vapor pressure of the liquid at the
liquid temperature.

7. The process of claim 6, wherein the particles are
dried before decoupling to a moisture content of 2
wt. % or less.

8. The process of claim 6, wherein the particles are
decoupled from the separation zone through a valve,
and wherein the valve comprises ball valves, knife
gate valves, cup valves, butterfly valves, or a rotary
valve.

9. The process of claim 6, wherein the temperature of
the liquid in the slurry fed to the separation zone is
at least 120°C, and the temperature of the decoupled
particles is greater than 100°C.

10. The process of claim 2, wherein the separation zone
comprises a centrifugal dryer or a centrifuge, and
wherein centrifugal forces are applied to the particles
during separation and during drying.

11. The process of claim 10, wherein the particles are
dried to a moisture level of 0.5 wt. % or less.

12. The process of claim 10, further comprising decou-
pling the dried particles from the high pressure to a
low pressure less than the vapor pressure of the liq-
uid while maintaining the vapor pressure of the par-
ticles prior to decoupling equal to or above the vapor
pressure of the liquid at the liquid temperature within
the separation zone.

13. The process of claim 10, wherein the particles com-
prise polyester polymers, and the liquid comprises
water, and the intrinsic viscosity of the particles is at
least 0.70 dL/g.

Patentansprüche

1. Verfahren, welches das Zurverfügungstellen einer
unter Druck gesetzten Aufschlämmung umfasst,
welche Teilchen in Kombination mit einer Flüssigkeit
bei einer Temperatur der Flüssigkeit größer als dem
normalen Siedepunkt der Flüssigkeit und bei einem
Druck gleich oder größer dem Dampfdruck der Flüs-
sigkeit bei der Temperatur der Flüssigkeit umfasst,
Zuführen der unter Druck gesetzten Aufschlämmung
zu einer Trennzone, und in der Trennzone:

a. Trennen der Flüssigkeit von den Teilchen,
und
b. Trocknen der Teilchen;

unter einem hoher Druck gleich oder größer dem
Dampfdruck der Flüssigkeit, wobei das Verfahren
dadurch gekennzeichnet ist, dass:

- die Teilchen thermoplastische synthetische
Polymerteilchen sind;
- das Verfahren des Trennens der Flüssigkeit
von den Teilchen in zwei Stufen durchgeführt
wird, nämlich einer ersten Entwässerungsstufe,
in der ein Großteil der Flüssigkeit von den Teil-
chen ohne die Anwendung von Zentrifugalkräf-
ten abgetrennt wird, und einer zweiten Stufe, in
der mindestens Zentrifugalkräfte angewendet
werden, um den Rest der Flüssigkeit von den
Teilchen zu trennen.

2. Verfahren nach Anspruch 1, wobei die Teilchen Po-
lyesterpolymere umfassen.

3. Verfahren nach Anspruch 2, wobei die Teilchen um-
fassen:

a. eine Carbonsäurekomponente umfassend
mindestens 80 Mol-% der Reste von Tereph-
thalsäure, Derivaten der Terephthalsäure,
Naphthalin-2,6-dicarbonsäure, Derivaten der
Naphthalin-2,6-dicarbonsäure, oder Gemische
davon, und
b. eine Hydroxylkomponente umfassend min-
destens 60 Mol-% der Reste von Ethylenglykol
oder Propandiol,

bezogen auf 100 Mol-% der Reste der Carbonsäu-
rekomponente und 100 Mol-% der Reste der Hydro-
xylkomponente im Polyesterpolymer.
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4. Verfahren nach Anspruch 2, wobei die Flüssigkeit
Wasser umfasst, und wobei die Temperatur der
Flüssigkeit mindestens 130 °C beträgt.

5. Verfahren nach Anspruch 1, wobei die Trennzone
eine Sieb-Dekantierzentrifuge oder eine Trommel-
Dekantierzentrifuge umfasst, und wobei die Flüssig-
keit Wasser bei einer Temperatur von mindestens
130 °C umfasst.

6. Verfahren nach Anspruch 2, weiter umfassend das
Entkoppeln der Polyesterteilchen von der Trennzo-
ne durch Druckentspannen der Teilchen auf einen
niedrigen Druck unterhalb des Dampfdrucks der
Flüssigkeit bei der Temperatur der Flüssigkeit in der
Trennzone, während ein hoher Druck der Teilchen
vor der Druckentspannung aufrechterhalten wird,
der über dem Dampfdruck der Flüssigkeit bei der
Temperatur der Flüssigkeit liegt.

7. Verfahren nach Anspruch 6, wobei die Teilchen vor
dem Entkoppeln bis zu einem Feuchtigkeitsgehalt
von 2 Gew.-% oder weniger getrocknet werden.

8. Verfahren nach Anspruch 6, wobei die Teilchen von
der Trennzone durch ein Ventil entkoppelt werden,
und wobei das Ventil Kugelventile, Absperrschieber,
Cup-Schieber, Drosselklappen oder einen Dreh-
schieber umfasst.

9. Verfahren nach Anspruch 6, wobei die Temperatur
der Flüssigkeit in der Aufschlämmung, die der Trenn-
zone zugeführt wird, mindestens 120 °C beträgt, und
die Temperatur der entkoppelten Teilchen größer als
100 °C ist.

10. Verfahren nach Anspruch 2, wobei die Trennzone
einen Zentrifugentrockner oder eine Zentrifuge um-
fasst, und wobei die Zentrifugalkräfte auf die Teil-
chen während der Trennung und während des
Trocknens angewandt werden.

11. Verfahren nach Anspruch 10, wobei die Teilchen bis
zu einem Feuchtigkeitsgehalt von 0,5 Gew.-% oder
weniger getrocknet werden.

12. Verfahren nach Anspruch 10, weiter umfassend das
Entkoppeln der getrockneten Teilchen vom hohen
Druck zu einem niedrigen Druck, der geringer als
der Dampfdruck der Flüssigkeit ist, während der
Dampfdruck der Teilchen vor dem Entkoppeln auf-
rechterhalten wird, so dass er gleich oder über dem
Dampfdruck der Flüssigkeit bei der Temperatur der
Flüssigkeit in der Trennzone ist.

13. Verfahren nach Anspruch 10, wobei die Teilchen Po-
lyesterpolymere umfassen, und wobei die Flüssig-
keit Wasser umfasst, und wobei die intrinsische Vis-

kosität der Teilchen mindestens 0,70 dL/g beträgt.

Revendications

1. Procédé consistant à utiliser une suspension pres-
surisée comprenant des particules en combinaison
avec un liquide à une température du liquide supé-
rieure au point d’ébullition normal du liquide et à une
pression supérieure ou égale à la pression de vapeur
du liquide à la température du liquide, alimenter la
suspension pressurisée dans une zone de sépara-
tion, et à l’intérieur de la zone de séparation :

a. séparer le liquide des particules, et
b. sécher les particules ;

tandis que sous une pression élevée supérieure ou
égale à la pression de vapeur du liquide, le procédé
étant caractérisé en ce que :

- les particules sont des particules de polymère
synthétique thermoplastique :
- le procédé de séparation du liquide des parti-
cules est réalisé en deux phases, une première
phase de déshydratation dans laquelle une
grande partie du liquide est séparée des parti-
cules sans utiliser de forces centrifuges et une
seconde phase dans laquelle au moins des for-
ces centrifuges sont appliquées pour séparer le
reste du liquide des particules.

2. Procédé selon la revendication 1, dans lequel les
particules comprennent des polymères de polyester.

3. Procédé selon la revendication 2, dans lequel les
particules comprennent :

a. un composant acide carboxylique compre-
nant au moins 80 % en moles des résidus d’aci-
de téréphtalique, de dérivés d’acide téréphtali-
que, d’acide naphtalène-2,6-dicarboxylique, de
dérivés d’acide naphtalène-2,6-dicarboxylique,
ou de mélanges de ceux-ci, et
b. un composant hydroxyle comprenant au
moins 60 % en moles des résidus d’éthylène
glycol ou de propane diol,

par rapport à 100 % en moles des résidus de com-
posant acide carboxylique et 100 % en moles des
résidus de composant hydroxyle dans le polymère
de polyester.

4. Procédé selon la revendication 2, dans lequel le li-
quide comprend de l’eau, et la température du liquide
est d’au moins 130 °C.

5. Procédé selon la revendication 1, dans lequel la zo-
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ne de séparation comprend une centrifugeuse dé-
canteuse à bol plein ou perforé, et dans lequel le
liquide comprend de l’eau à une température d’au
moins 130 °C.

6. Procédé selon la revendication 2, consistant en outre
à découpler les particules de polyester de la zone
de séparation par dépressurisation des particules à
une faible pression inférieure à la pression de vapeur
du liquide à la température du liquide dans la zone
de séparation tout en maintenant une pression éle-
vée sur les particules avant la dépressurisation au-
dessus de la pression de vapeur du liquide à la tem-
pérature du liquide.

7. Procédé selon la revendication 6, dans lequel les
particules sont séchées avant le découplage à une
teneur en humidité inférieure ou égale à 2 % en
poids.

8. Procédé selon la revendication 6, dans lequel les
particules sont découplées de la zone de séparation
à travers une vanne, et dans lequel la vanne com-
prend les vannes à billes, les vannes à guillotine, les
vannes tasses, les vannes à papillon ou les vannes
rotatives.

9. Procédé selon la revendication 6, dans lequel la tem-
pérature du liquide dans la suspension introduite
dans la zone de séparation est d’au moins 120°C,
et la température des particules découplées est su-
périeure à 100°C.

10. Procédé selon la revendication 2, dans lequel la zo-
ne de séparation comprend un séchoir centrifuge ou
une centrifugeuse, et dans lequel des forces centri-
fuges sont appliquées aux particules pendant la sé-
paration et pendant le séchage.

11. Procédé selon la revendication 10, dans lequel les
particules sont séchées à un taux d’humidité infé-
rieur ou égal à 0,5 % en poids.

12. Procédé selon la revendication 10, consistant en
outre à découpler les particules séchées de la pres-
sion élevée à une faible pression inférieure à la pres-
sion de vapeur du liquide tout en maintenant la pres-
sion de vapeur des particules avant le découplage
supérieure ou égale à la pression de vapeur du li-
quide à la température du liquide dans la zone de
séparation.

13. Procédé selon la revendication 10, dans lequel les
particules comprennent des polymères de polyester,
et le liquide comprend de l’eau et la viscosité intrin-
sèque des particules est d’au moins 0,70 dl/g.
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