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VERFAHREN UND VORRICHTUNG ZUM ERHOHEN DER GRENZVISKOSITAT EINER

(57) Abstract: In a method and an apparatus for increasing
the intrinsic viscosity of a polycondensate melt at negative
pressure, the melt enters a chamber (25), in which a negative
pressure of less than 20 mbar prevails, through a perforated
plate or a screen (16) having a plurality of openings (26) with
a diameter of less than 0.5 mm. The melt passes through this
chamber (25) in free fall in thin threads and remains in a
reservoir (19) beneath the chamber (25) for at least one
minute. The melt is moved constantly in the reservoir (19),
and discharged from the reservoir (19), by a helical mixing
and discharge part (27).

(57) Zusammenfassung: Bei einem Verfahren und einer
Vorrichtung zum FErhéhen der Grenzviskositdt einer
Polykondensatschmelze unter Unterdriick tritt die Schmelze
durch eine Lochplatte oder ein Sieb (16) mit mehreren
Offhungen (26) mit einem Durchmesser kleiner 0,5 mm in
eine Kammer (25) ein, in der ein Unterdriick kleiner 20 mbar
herrscht. Die Schmelze passiert diese Kammer (25) in
diinnen Faden im freien Fall und verweilt in einem
Sammelbehélter (19) unterthalb der Kammer (25) fiir
wenigstens eine Minute. Im Sammelbehélter (19) wird die
Schmelze von einem schneckenfdrmigen Misch- und
Austragsteil (27) stindig bewegt und von diesem aus dem
Sammelbehélter (19) ausgetragen.
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Method and apparatus for increasing the intrinsic viscosity of a polycondensate melt

The invention relates to a method for increasing the intrinsic viscosity of a polycondensate
melt under negative pressure, in which the melt enters a chamber through a perforated plate or
a screen with a plurality of openings with a diameter of less than 0.5 mm, in which chamber
there is a pressure of less than 20 mbar, in which the melt passes through said chamber in free
fall in the form of thin threads and in which the melt remains in a reservoir below the cham-

ber.

The invention also relates to an apparatus for increasing the intrinsic viscosity of a polycon-
densate melt comprising a chamber under negative pressure with at least one opening, through
which the melt enters into the chamber and which the melt can pass through without contact-
ing the chamber wall, wherein a perforated plate or a screen with a plurality of openings with
a diameter of less than 0.5 mm is arranged above the chamber and there is a pressure of less
than 20 mbar in the chamber and a reservoir is arranged below the chamber in which reservoir

there is also a vacuum.

Polycondensates (PET, PBT, PEN, PC etc.) are thermoplastics produced by polycondensa-
tion. During the polycondensation monomers link together by separating off reaction products
(e.g. water) by means of a stepped reaction to form polycondensates. Polycondensation is thus
associated with chain growth. Said molecule chain length substantially determines the me-
chanical properties of products, i.e. polycondensates. Said procedure is not only significant in
relation to the production of e.g. new PET products, but is particularly important for the recy-

cling of such products.

EP 1 302 501 A2 describes a method for promoting the post-polycondensation of polycon-
densation products and for removing volatile by-products present in the raw product. By
means of an extrusion process the raw product is heated to a temperature 30°C to 40°C above
the melt temperature. The melt prepared in this way is subsequently conveyed through an ex-
trusion plate with a plurality of holes in order to give the melt a threaded form. In order to
vaporize the volatile by-products a ratio of the usable free surface to the volume of the prod-

uct to be processed as melt of at least 40 is selected. The melt strands with a thread form enter
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a chamber with reduced pressure in which the pressure is less than 0.1 bar. Below the cham-
ber a reservoir is arranged in which a melt bath is formed from the melt threads. A portion is
removed from said melt bath and fed to the supply line of the melted raw product. Said mix-
ture of melt of raw product and the melt product already processed in the container is again
fed through the extrusion plate with the plurality of holes to the chamber with reduced pres-

sure.

WO 00/78524 A1 describes an apparatus for degassing melt, comprising a melt nozzle, which
comprises an input connection point for connecting to a melt supply and a melt outlet opening
which opens into a degassing chamber defined by essentially gas-impermeable walls. The
degassing chamber communicates with a vacuum source and comprises a discharge opening
for the essentially sealed connection with a following melt processing system. To the dis-
charge opening of the degassing chamber a melt pump in the form of a gear pump is connect-
ed which conveys the melt. Upstream of the meshing section of the gears of the melt pump a
melt distributor is arranged. The melt entering the degassing chamber enters as a continuous
hose. Instead of the melt hose the melt can also be divided into a plurality of “spaghetti-like”

part flows. The negative pressure in the degassing chamber can be selected freely.

From DE 22 43 024 A1 an apparatus is known for the continuous production of high-
molecular polyethylene terephthalate (PET). The latter consists of a vertically arranged, cy-
lindrical container with a melt inlet at its upper end. A product outlet is arranged at the bottom
end. Furthermore, outlet connections for volatile materials open into the cylindrical container.
Furthermore, in the middle of the container a shaft is arranged vertically, about which verti-
cally fixed material exchange plates are arranged. Furthermore, above said material exchange
plates there is distribution chamber and below the latter a reservoir, wherein between a distri-
bution chamber and the reservoir of the overlying step a connecting pipe is attached through
which the shaft is guided. The shaft is formed on the parts projecting through the connecting

pipe as an extruder shaft conveying into the distribution chamber.

WO 2012/119165 Al describes both a method and an apparatus for removing impurities from
a plastic melt under negative pressure. In addition, the plastic melt enters through at least one
opening into a chamber in which there is negative pressure, preferably pressure of less than 50

mbar. The entry of the plastic melt into the chamber is performed through a perforated plate
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or a screen with a plurality of openings, wherein the diameter of the openings can be less than
1.5 mm to 0.05 mm. After the passage of the plastic melt through the chamber in vertical di-
rection the latter is collected at the bottom end in a reservoir and fed via an outlet opening of a

melt pump for conveying further.

Polyesters are known to be hygroscopic and moisture binding. When processing e.g. PET in
extrusion machines the presence of water causes hydrolysis, i.e. polymer chains are split,
which reduces the intrinsic viscosity. In order to minimize this damage to the material it is
usual to dry PET prior to processing in extruders. However, it cannot be completely prevent-
ed.

It is also known that leaving polyester to dwell at a high temperature and in a vacuum or inert
gas causes polycondensation and in this way the viscosity of the polyester is increased. The
known methods of melt polycondensation or solid phase polycondensation or a combination
of both are usually used for the production of high-molecular polyester from low-molecular
starting material. During the solid phase polycondensation the output material has to be pro-
vided in solid form as granulate or cleaned ground material with sufficient bulk weight. Other
forms of PET such as for example fibers or films have to be brought into granulate form by
means of a material-damaging and high energy-consuming extrusion process in order to be
subjective to solid phase condensation. For further processing the starting material has to be
heated, wherein at the crystallization temperature (80°C - 120°C) there is adhesion between
the granulate grains. To prevent this the material is firstly fed into so-called crystallizer in
which it is heated under continuous stirring above the so-called crystallization temperature.
The now pourable material can then be fed into the solid phase condensation container, where
it is heated further to about 190°C to 250°C and remains under negative pressure or insert gas
for several hours until the desired intrinsic viscosity is reached. Said processes are designed to

be discontinuous, semi-continuous and continuous.

In existing methods of melt polycondensation polyester melt dwells at temperatures of about
265°C to 300°C and under a high vacuum of about 1 mbar often for several hours in order to
achieve the desire intrinsic viscosity. Said methods are mainly used for the production of new

products and are not suitable for recycling polyester.



10

15

20

25

30

CA 02887775 2015-04-08

-4-
The aim of plastic recycling in terms of reusing material is in the broadest sense to produce a
new product from existing waste materials. Thermoplastics are generally reshaped to form
recycled materials and then shaped again into the final product. Each reshaping generally in-
volves a heating and cooling process. For many plastics each heating process causes irreversi-
ble damage to the polymer and said heating and cooling processes use a large amount of ener-

gy and result in a lower quality polymer.

The underlying objective of the invention is to provide an energy-saving process for recycling
polycondensates such as polyester, by means of which the quality of the polycondensate can
be improved and which enables the production of high-quality polymers from low-molecular

waste materials.

Said objective is achieved by a method of the aforementioned kind in that the melt remains in
the reservoir for at least one minute and wherein the melt in the reservoir is moved continu-
ously by a preferably helical mixing and discharge element under vacuum and aligned in a
horizontal position and in that the mixing and discharge element in the reservoir is not com-
pletely covered by the melt and the surface of the melt is continually torn up by a rotational
movement of the mixing and discharge element and repeatedly renewed and in that the poly-
condensation started on the thin threads is continued in the melt bath with the dwelling period
and continuous movement and thereby polymer chain growth occurs and thereby there is a
further increase in the intrinsic viscosity, and the melt is discharged out of the reservoir by the

mixing and discharge element

In an apparatus of the aforementioned kind said objective is achicved in that in that in the res-
ervoir a preferably helical mixing and discharge element is arranged which is aligned in a
horizontal position, which is arranged for tearing up and repeatedly renewing the surface of
the melt by a rotational movement of the mixing and discharge element (27) in the reservoir
(19) and in that and the reservoir forms a reaction chamber for the melt and in that in convey-
ing direction of the mixing and discharge element a collecting line is arranged adjoining the

reservoir..

In the method according to the invention and the apparatus according to the invention for in-

creasing the intrinsic viscosity (iV) of polycondensates by means of melt polycondensation
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the melt is inserted into a reaction chamber via a perforated plate or a perforated screen, satd
reaction chamber being under negative pressure or filled with an inert gas, and left to remain
there for a specific period until the melt has a desired intrinsic viscosity, and is then dis-

charged e.g. via a perforated plate or a shaping plastic tool.

An increase in the molecular weight is influenced by parameters such as temperature, vacuum
pressure, dwelling time and the melt surface and its continuous renewal. In order to make said
reaction as economical as possible an optimum technical solution comprising the correct co-

ordination of the influencing factors is significant.

By means of the method according to the invention and the apparatus according to the inven-
tion it is possible to separate from the plastic melt not only impurities such as water but also
other impurities such as e.g. solvents, cleaning agents or in general moisture and vaporizing

components and/or air which occur during the production or recycling of plastic materials.

The advantages of the invention are described in the following by way of example with regard
to recycling PET, however the invention should not be considered to be restricted to recycling

and/or PET or the specifically described construction of the apparatus.

During recycling PET materials are firstly chopped up, possibly cleaned, melted, degassed
and filtered as known from the prior art. After the filtration the melt is conveyed via a temper-
ature-controlled melt line e.g. to a perforated plate. By setting the optimum temperature and
by means of the established pressure the melt is pushed through the perforated plate. In the
perforated plate there is a variable number of small holes corresponding to the required flow-
rate. For PET the latter have a diameter of e.g. 0.3 mm. The perforated plate could however
also be configured for example as a screen, grid or the like. Particularly good results are
achieved with a diameter of the openings that is less than 0.5 mm, preferably between 0.05
and 0.5 mm, particularly preferably between 0.1 and 0.3 mm, according to the desired
throughput and result. For holes that are not round the area of the latter corresponds to the

area of holes with the aforementioned diameters.

After the perforated plate the threads, which become even thinner under the effect of gravity,

pass into a chamber which is under negative pressure, preferably vacuum. The chamber can
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also be filled with dried gas or rinsed with dried gas. Depending on the desired intrinsic vis-
cosity the vacuum in the chamber can be selected to be higher or lower. Preferably, the pres-
sure used is between 0.5 and 20 mbar, as good results can be achieved at these pressures, said
pressures can also be produced by commercially available vacuum pumps. The reaction takes
place in said chamber. The water diffuses through the vacuum from inside the melt to the sur-
face. By means of the vacuum and the temperature the water is converted into water vapor
and solvents or the like can be vaporized and/or air can escape from the melt and be removed
from the chamber. If the apparatus according to the invention is arranged after an extruder for
example, the shortened molecular chains can be lengthened again. The resulting plastic quali-

ty can be influenced by a suitable configuration of the apparatus and the method.

For example, the apparatus according to the invention can be configured for processing PET
so that a perforated plate is used with 3000 holes each with a 0.3 mm diameter and a free fall-
ing height of 2 meters in the chamber under a negative pressure of 3 mbar. This produces
from the effect of gravity and vacuum a melt thread diameter of about 0.2 mm, which results

in very good purification or degassing of the melt.

Of course, according to the desired flow-rate more or fewer than 3000 holes can be used,
preferably between 1000 and 5000 holes, for example 2000 or 4000 holes can be used per
perforated plate or screen. Larger or smaller heights than 2 meters can also be used. Prefera-

bly, heights of 1.5 m to 4 m, in particular heights of 2 m, 2.5 m, 3 m or 3.5 m.

The melt falls downwards in the form of thin melt threads through the chamber and impurities
such as water diffuse to the surface and vaporize because of the temperature and the negative
pressure. Because of the unhindered downwards vertical movement of the thin melt threads in

the chamber there is a significant increase in the active melt surface.

By removing water from the PET-melt the short molecules chains link together to form longer

chains which increases the molecular weight and thus increases the intrinsic viscosity.

The melt collects at the lower end of the chamber in a reservoir and is conveyed e.g. by a dis-
charge extruder after a dwelling period of preferably at least one minute, preferably at least

three or four minutes, to a granulating apparatus, a forming tool or into a further chamber with
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the same or similar structure, wherein a heating device can be arranged at the end of
the first or at the beginning of the next chamber or at some point on the route between
said two chambers, by means of which heating device the plastic can be kept at melt

temperature, i.c. a temperature, at which the plastic flows plastically.

The method according to the invention and the apparatus according to the invention
can be easily adapted and manufactured or configured individually to customer
requirements, wherein existing systems can also be equipped or retrofitted for the

production or recycling of plastics.

In yet another aspect, the present invention provides a method for increasing the
intrinsic viscosity of a polycondensate melt under negative pressure, the method
comprising: entering the melt into a chamber via a connection opening and through a
perforated plate or a screen with a plurality of openings with a diameter of less than
0.5 mm, the chamber having a pressure of less than 20 mbar, passing the melt through
said chamber in free fall in the form of thin threads, and returning the thin threads to a
melt bath, maintaining the melt in a reservoir below the chamber for at least one
minute and continuously moving the melt in the reservoir by a mixing and discharge
element under a pressure of less than 20 mbar, the mixing and discharge element
being aligned in a horizontal position, and discharging the melt from the reservoir
laterally by the mixing and discharge element, wherein a height of the melt bath in the
reservoir is selected to be so high that the mixing and discharge element in the
reservoir is not completely covered by the melt and thereby the surface of the melt is
repeatedly torn up by a rotational movement of the mixing and discharge element and
repeatedly renewed, and the polycondensation started with the thin threads is
continued in the melt bath during a dwelling period and continuous movement, and

thus causes polymer chain growth and thereby increases the intrinsic viscosity further.
In one embodiment, the pressure in the chamber is below 10 mbar.

In one embodiment, there is a dried gas or an inert gas in the chamber.

In one embodiment, the diameter of the openings is between 0.05 and 0.5 mm.

In one embodiment, the dwelling period of the melt in the reservoir is in a range of 1

to 2 minutes.

CA 2887775 2020-03-27
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In one embodiment, the dwelling period of the melt in the reservoir is up to twelve,

fourteen or sixteen minutes.

In one embodiment, the method further comprises, after the mixing and discharge
element, performing an in-line viscosity measurement of the melt and controlling the

intrinsic viscosity of the melt by changing the negative pressure.

In one embodiment, said passing the melt comprises passing the melt through at least

two said chambers consecutively.

In one embodiment, the melt between said two chambers is kept at the required melt

temperature by a temperature control device.

In one embodiment, the mixing and discharge element discharges the melt from the
reservoir into a collecting line, and wherein the mixing and discharge element extends

into the connecting line.

Further features and advantages of the invention are explained in the following
description of preferred example embodiments of the invention with reference to the

accompanying drawings. In the latter:

Fig. 1 shows a system for recycling plastic with an apparatus according to

the invention in elevation,

Fig. 2 shows the system of Fig. 1 in plan view,

Fig. 3 shows a container according to the invention in cross-section

Fig. 4 shows a cross-section of the container of Fig. 3 along the line IV-IV,
Fig. 5 shows a diagram, which shows the effect of the dwelling time in the

reactor on the iV value, and

Fig. 610 12 shows alternative embodiments of helical mixing and discharge

elements.

Fig. 1 and 2 show a recycling system by way of example which comprises in the
assembly denoted by the number 1 an apparatus for chopping up and extruding
polycondensates, for example fibers, films, PET thermoforming films or other

polycondensates. Said assembly can be built in a manner known from the prior art and

CA 2887775 2019-11-22
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is not the subject matter of the present invention. The recycling system described is

for recycling PET for example but is not restricted to this plastic.

CA 2887775 2019-11-22
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For example PET recycling products or even PET new material granulate can be fed into an
extruder as required through a loading system (single-shaft shredder, cutter compactor, silo,
metering system for granulates etc.). Depending on the loading system the output material
(fibers, starter lumps, bottle flakes, films, granulate, etc.) is chopped up by a single-shaft
shredder or cutter compactor, compacted and optionally the surfaces are dehumidified or the

granulate is fed into the extruder through the metering system.

It has been shown to be very advantageous if the extruder described above is equipped with a
degassing device known from the prior art. As the water bound into the PET in a non-predried
state causes hydrolytic degradation during the extrusion, it is necessary to dehumidify the
PET as soon as it reaches the melt state. The reduction of the intrinsic viscosity by hydrolysis
which has already taken place during the melting process can no longer be compensated but
by removing any existing water from the melt further iV degradation can be largely prevent-
ed. It is even more advantageous if immediately after the degassing device of the extruder a
further degassing device is arranged and if there is a negative pressure of 2 to 5 mbar in the
degassing areas. Following the extrusion there is a filtering unit which filters the PET-melt to

the required degree of purity and homogeneity.

The melt pressure required for feeding the now following melt reactor is applied by a melting

extruder or by a melt pump 9, which can be arranged after the filtering unit.

The components of the system described above are not absolutely necessary for the invention,
although they have a positive influence on the effect of the method according to the invention

and the apparatus according to the invention.

To the output 2 of the extruder or the filtering unit, a screen changer 8§ comprising a screen
and the melt pump 9 an apparatus 3 according to the invention is connected for removing im-
purities from the melt coming from the extruder via a supply or melt line 4. The melt line 4,
depending on the system, requirements or available space runs either horizontally directly to

one or more containers 5 or at first vertically upwards along a container 5.

The apparatus 3 in the shown example embodiment consists of a total of two containers 5,

which are arranged next to one another in parallel. A distribution line 6, 7 leads from the sup-



10

15

20

25

30

CA 02887775 2015-04-08

-9-
ply line 4 to a respective container 5. After the two containers 5 a collecting line 10 runs to a
granulating device 12. The granulating device 12 can be constructed in a manner known from

the prior art and is not the subject matter of the present invention.

The containers 5 are constructed for example as represented in Fig. 3 and consist of a prefera-
bly cylindrical pipe 13. By varying the length of the cylindrical pipe 13 different falling
heights can be produced in the container 5 in a simple manner. At the upper end of the pipe 13
a head part 14 is attached and at the bottom end of the pipe 13 there is a foot part 15 with a

reservoir 19 forming a reaction chamber.

In the head part 14 in the area connecting to the pipe 13 a perforated plate or a screen 16 is
arranged with a plurality of openings 26. In flow direction before the perforated plate or the
screen 16 there is a distribution chamber 17, which is connected via a connection opening 18
to one of the distributing lines 6 or 7. In the distribution chamber 17 in front of the perforated
plate or the screen 16 a not shown pressure distributor screen can be installed in order to dis-

tribute the pressure as evenly as possible on the whole perforated plate or screen 16.

The melt, e.g. PET-melt, is pushed by means of the pressure generated by the extruder or the
melt pump 9 through the perforated plate or the screen 16. When the melt is pressed through
the perforated plate or the screen 16 the thin melt threads fall down freely due to gravity with-
out contacting the wall of the chamber 25 formed in the pipes 13. The perforated plate or the
screen 16 comprises, according to the flow-rate, a variable number of small openings. With a
hole diameter of about 300 um and a mass flow-rate of about 70 kg/h for example about 2000

holes are necessary to achieve good results.

The dwelling time of the melt in the chamber 25 can be influenced by the length of the con-
tainer 5 and in particular of the reservoir 19, wherein also the diameter of the thin melt
threads, which become thinner under the effect of gravity, and thus their weight influences the
dwelling period as well as the temperature which influences the viscosity of the melt. As a
rule the higher the temperature the faster the polycondensation. For PET the ideal temperature
in the reservoir 19 is for example preferably between 270° and 300°C. By means of a parallel

arrangement of the containers 5 the flow-rate of the apparatus according to the invention can
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be changed. The quality of the polycondensation and also the purification of the melt can also

be improved for example by two or more containers 5 arranged behind one another.

A very high surface-to-volume ratio of the melt is achieved by the large number of small
holes. Under the effect of gravity the melt threads become even thinner depending on the
height of the container 5, whereby the surface-to-volume ratio is increased considerably fur-
ther. In perfect coordination with the large melt surface, the dwelling time, the high tempera-
ture and the vacuum the purification of the melt and also the polycondensation reaction of the
melt is excellent. The effect of the temperature and vacuum causes the threads to be drawn

individually in a melt state to the reservoir 19 of the container 5.

Owing to the high surface-to-volume ratio of the melt, the high vacuum and the high tempera-
ture in the reactor e.g. water molecules, other reaction products or volatile materials can dif-
fuse in a short period into the surface of the melt threads. In the gaseous state said materials

can be removed rapidly by the vacuum applied to the reactor.

During the polycondensation reaction the molecule chains lengthen and reaction products

separate off which leads to an increase in the intrinsic viscosity.

As the falling time of the melt threads in the chamber 25 may not be long enough for a suffi-
cient degree of polycondensation, the threads in the reservoir 19 located in the foot part 15 are
returned to a melt bath. In the melt bath there is a helical, mixing and discharge element driv-
en by a motor 28, e.g. a discharge extruder 27, which is preferably configured so that in addi-
tion to the conveying effect and building up of pressure for further processing a good mixing
result is achieved by repeatedly renewing the surface of the melt. Instead of a discharge ex-
truder a discharge screw or the like can be provided. As the melt is continually in motion the

thermal degradation of the melt is reduced to a minimum.

The melt is pumped to the collecting line 10 from the discharge extruder 27. By means of
subsequent strand granulation 12 the melt can be processed into high-quality granulate. By
means of a tool following the discharge extruder 27 products such as strapping tapes, fibers,

films etc. can easily be made directly from the recycled PET. An application of this kind has
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the advantage that the recycled PET can be processed directly into high-quality products
without predrying and without SSP (solid state polymerization) by melting only once.

The head part 14 and the foot part 15 are connected, e.g. screwed, to the pipe 13. On the pipe
13 there are also additional connection points 22 to a not shown vacuum pump and possibly

assembly or service openings 23 and/or inspection glasses 24.

Instead of a vacuum pump lines can also be connected to the connection points for the contin-
ual or intermittent supply and removal of possibly inert dried gas in order to remove the sepa-

rated impurities.

In trials it has been established that the polycondensation of PET occurs most rapidly at a
negative pressure of 0.5 to 5 mbar and a temperature of preferably 270° to 300°C. In each
case the negative pressure should be less than 20 mbar. As the negative pressure has a very
significant effect on the intrinsic viscosity of the PET produced, by means of a device 11 ar-
ranged after the discharge extruder 27 for measuring in-line viscosity the intrinsic viscosity
can be controlled very easily and rapidly by changing the negative pressure. By means of the
particular design of the foot part 15 the dwelling time of the melt under vacuum can be influ-
enced by the filling level in the reservoir 19. Longer dwelling times bring about greater poly-

mer chain growth and thus a further increase in the intrinsic viscosity.

The filling level of the melt bath in the reservoir 19 is controlled by a suitable sensor, which
in turn controls the discharge extruder 27. The polycondensation of the thin melt threads start-
ed by high vacuum and temperature is then continued in the melt bath by a dwelling time and
keeping the melt in motion by the mixing und discharge element 27. According to the re-
quirements the melt bath can be so high that the discharge extruder 27 is covered completely
or only partly by melt. However, it is an advantage if the helical mixing and discharge ele-
ment 27 is not fully covered by melt, if by means of the rotational movement of the discharge

element the melt is continually torn up and the surface has to be renewed.

By means of the device located after the discharge extruder 27 for measuring inline viscosity
11, as described above, the desired intrinsic viscosity can be adjusted or controlled by means

of the corresponding filling level in the reservoir 19 and the resulting dwelling time.
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Trials have shown that the combination of melt threads and melt bath results in an extremely
efficient polycondensation and thus even with comparatively short dwelling times substantial

increases in the intrinsic viscosity are possible.

Fig. 5 shows the effect of the dwelling time in the container 5 on the iV value. At lower or
higher iV output values there is a comparable improvement. It should be noted that from a
dWelling time of about 1 minute there is an increase in the intrinsic viscosity. Substantial im-
provements are achieved after only a few minutes, in particular from three or four minutes.
According to the desired result or improvement of the iV value dwelling times of six, eight,
ten or more minutes up to 12, 14 or 16 minutes are possible or advantageous. In comparison
known melt reactors operate with dwelling times of 30 min to several hours to achieve similar

results.

By means of the particular configuration of the helical mixing and discharge element 27 in the

reservoir 19 the reaction process can be optimized even further.

Thus a small bore diameter of the shaft 29 in relation to the total diameter and a specially de-
signed spiral, for example with holes or recesses 31 on the webs 30 in the region of the cham-
ber 19 as shown in Fig. 6 results in a raised surface and thus surface renewal of the PET melt.
In this way the diffusion process for removing the separated products (e.g. water) is made

considerably easier and the polymerization process is thus accelerated.
Fig. 7 to 12 show further preferred embodiments of shafts.

In the embodiments of Fig. 7 and 8 the webs 32, 33 wind in the form of a double helix about
the core 34 of the shaft and are held at a distance from the latter by means of spokes 35. By
means of additional, axially parallel webs 36, 37 not only is the shaft reinforced as a whole
but also the mixing of the melt is improved and the surface is raised. Whereas the shaft shown
in Fig. 7 has continuous webs 32, 33, in the embodiment of Fig. 8 the webs 32, 33 are discon-
nected (twice in the embodiment shown). Into the thus formed, preferably substantially radial-
ly aligned, slits 38 not shown pins or the like can project from the outside, for example from a

screw tube, which improve the mixing of the melt further.
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The embodiments of Fig. 9 and 10 are constructed in a similar way to those of Fig. 7 and 8
but the webs 39, 40 wound in the form of a double helix about the core 41 of the shaft go up
to the core 41 of the shaft and have part-circular openings 42, 43. Instead of the axially paral-
lel running webs 44, 45 in the embodiment of Fig. 9 in the embodiment of Fig. 10 there are

slots 46 for pins or the like projecting from the outside between the disconnected webs 39, 40.

Figs. 11 and 12 show a shaft without a core, in which webs 47, 48 are arranged in the form of
a double helix, which are connected to one another by means of axially parallel webs 49, 50
and are connected to end discs 51, 52. In the discs 51, 52 there are openings 53 for the pas-
sage of melt and axial pins 54, 55, by means of which the shaft can be mounted or connected

to adjoining shafts.

The helical mixing and discharge element 27 in the reservoir 19 according to the embodiment
of Fig. 3 and 4 can be configured exclusively like the embodiments of shafts shown in Fig. 6
to 12, but can also comprise any combinations of the latter. For example, the embodiments of
Fig. 7 and 9 can be used at the beginning and end of the helical mixing and discharge element
27 as entry an& conveying elements, whereas the embodiments of Fig. 8 and 10 are used in

the middle part of the helical mixing and discharge element 27 as mixing segments.

By means of the invention individual or all of the following advantages can be achieved:

o Recycling of various different kinds of input materials (fibers, films, bottle flakes,
straps, starter material cakes etc.);

¢ In addition to granulate by using shaping tools a high quality plastic product can also
be produced directly;

e Adjustable intrinsic viscosity for e.g. polyester;

o Intrinsic viscosity and purity of the output product can be higher than that of the input
product (upcycling);

e No crystallization and predrying of polyester input material is necessary;

e No subsequent treatment of polyester material by SSP is necessary;

¢ Relatively low system costs;

e Very short processing time for the material;



10

CA 02887775 2015-04-08

-14 -
High energy efficiency of the whole process in relation to the output material quality
compared to known processes, as heating is only required once;
Existing recycling systems can still be used without many adjustments and can be ret-

rofitted with the apparatus according to the invention.
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We Claim:

1. A method for increasing the intrinsic viscosity of a polycondensate melt under
negative pressure, the method comprising:

entering the melt into a chamber via a connection opening and through a
perforated plate or a screen with a plurality of openings with a diameter of less than
0.5 mm, the chamber having a pressure of less than 20 mbar,

passing the melt through said chamber in free fall in the form of thin threads,
and returning the thin threads to a melt bath,

maintaining the melt in a reservoir below the chamber for at least one minute
and continuously moving the melt in the reservoir by a mixing and discharge element
under a pressure of less than 20 mbar, the mixing and discharge element being aligned
in a horizontal position, and

discharging the melt from the reservoir laterally by the mixing and discharge
element,

wherein a height of the melt bath in the reservoir is selected to be so high that
the mixing and discharge element in the reservoir is not completely covered by the
melt and thereby the surface of the melt is repeatedly torn up by a rotational
movement of the mixing and discharge element and repeatedly renewed, and the
polycondensation started with the thin threads is continued in the melt bath during a
dwelling period and continuous movement, and thus causes polymer chain growth and

thereby increases the intrinsic viscosity further.

2. The method as claimed in claim 1, wherein the pressure in the chamber is

below 10 mbar.

3. The method as claimed in claim 1, wherein there is a dried gas or an inert gas

in the chamber.

4, The method as claimed in claim 1, wherein the diameter of the openings is

between 0.05 and 0.5 mm.

5. The method as claimed in claim 1, wherein the dwelling period of the melt in

the reservoir is in a range of 1 to 2 minutes.

CA 2887775 2020-03-27
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6. The method as claimed in claim 5, wherein the dwelling period of the melt in

the reservoir is up to twelve, fourteen or sixteen minutes.

7. The method as claimed in claim 1, wherein the method further comprises, after
the mixing and discharge element, performing an in-line viscosity measurement of the
melt and controlling the intrinsic viscosity of the melt by changing the negative

pressure.

8. The method as claimed in claim 1, wherein said passing the melt comprises

passing the melt through at least two said chambers consecutively.

9. The method as claimed in claim 8, wherein the melt between said two

chambers is kept at the required melt temperature by a temperature control device.

10. The method as claimed in claim 1, wherein the mixing and discharge element
discharges the melt from the reservoir into a collecting line, and wherein the mixing

and discharge element extends into the connecting line.

CA 2887775 2020-03-27
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