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TITLE OF THE INVENTION

System and method for producing a polycondensation
polymer
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a system for pro-
ducing a polycondensation polymer. More particularly,
the present invention is concerned with a system for
producing a polycondensation polymer, comprising (A) an
inert gas absorption device for causing a molten poly-
condensation prepolymer to absorb an inert gas to
thereby obtain (a) a molten prepolymer having the in-
ert gas absorbed therein, (B) a polymerizer device for
polymerizing the inert gas-absorbed molten prepolymer
(c) under a reduced pressure, and (C) a pipe for
transferring the inert gas-absorbed molten prepolymer
(o) from absorption device (A) to polymerizer device
(B), wherein absorption device (A) and polymerizer de-
vice (B) are arranged in this order and connected to
each other through pipe (C). The present invention is
also concerned with a method for producing a polycon-
densation polymer, which comprises: treating a molten
polycondensation prepolymer with an inert gas in an in-
ert gas absorption zone to cause the molten polyconden-

sation prepolymer to absorb the inert gas, thereby ob-
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taining an inert gas-absorbed molten prepolymer (a);
subsequently transferring the inert gas-absorbed molten.
prepolymer (o) to a polymerization reaction zone; and
subjecting the inert gas-absorbed molten prepolymer

(o) to polymerization in the polymerization reaction
zone under a specific reduced pressure, to thereby
polymerize the inert gas-absorbed molten prepolymer

(o) to a predetermined degree of polymerization. By
the use of the system or the method of the present in-
vention, it has become possible to produce a colorless,
high quality polycondensation polymef at high polymeri-
zation rate even without using a large amount of an in-

ert gas.

Prior Art

As methods for producing polycondensation polymers,
such as polyesters, polyamides and polycarbonates,
there are known an interfacial polycondensation process
which uses a solvent and a melt polycondensation proc-
ess which uses no solvent. In general, a process which
uses a solvent has problems in that not only is a great
deal of labor required to remove the solvent from the
produced polymer, but also a small amount of the
solvent remaining in the produced polymer adversely

affects the properties of the polymer.
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In the case of a melt polycondensation process, a
polycondensation reaction involved in this process is
an equilibrium reaction and, hence, a polycondensation
polymer is generally produced while removing by
-product(s) formed in the polycondensation reaction
from the equilibrium polycondensation reaction system
so as to displace the equilibrium to the product side.
For example, water and ethylene glycol are removed from
the reaction system in the production of polyethylene
terephthalate, and water is removed from the reaction
system in the production of hexamethylene adipamide
(6,6 nylon). An efficient removal of the by-product(s)
is important for efficiently producing a polycondensa-
tion polymer by the melt polycondensation process.

Various apparatuses and methods for producing
polycondensation polymers by the melt polycondensation
process have been known. For example, Examined Japane-
se Patent Application Publication No. 46-34083, Exam-
ined Japanese Patent Application Publication No. 50
-19600 (corresponding to GB-1007302) and Examined Ja-
panese Patent Application Publication No. 3-14052 dis-
close a horizontal agitation type polymerizer vessel
equipped with a revolving shaft. In each of the above
-mentioned publications, the horizontal agitation type

polymerizer vessel equipped with a revolving shaft is
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used to renew the surface of the polymer by rotary agi-
tation so as to promote the separation of the by
-product(s) of the polycondensation reaction from the
reaction system. However, this technique has the fol-
lowing problem. Generally, in order to remove the by
-product(s) of the polycondensation reaction from the
reaction system, the polycondensation reaction is con-
ducted under a high vacuum. However, a polymerizer
having a revolving shaft, in which the gap between the
casing of the polymerizer and the revolving shaft is
sealed, for example the horizontal agitation type
polymerizer vessel mentioned above, has a problem in

that air leakage is likely to occur at the sealed por-

‘tion of the polymerizer. In addition, the quality of

the produced polymer is lowered by the shear heat gen-
erated by the revolution of the revolving shaft.
Further, as polymerizers used for producing a
polycondensation polymer, polymerizers which do not use
a revolving shaft and, instead, allow a prepoclymer to
fall freely therein so as to effect the polymerization
of the prepolymer during the free fall thereof have al-
so been known. For example, Examined Japanese Patent
Application Publication No. 48-8355 describes a polym-
erizer comprising a polymerizer casing containing

therein a porous body extending in the substantially
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vertical direction, wherein the porosity of the porous
body increases as from an upper end of the porous body
toward a lower end of the porous body: a distribution
device for the feedstock mixture fed into the polymer-
izer casing, which is disposed in the polymerizer
casing at an upper portion thereof; an exhaustion means
for removing gas generated during the reaction in the
polymerizer casing, which is provided in association
with the polymerizer casing; and a withdrawal means for
the produced polymer, which 1s provided at a lower por-
tion of the polymerizer casing. Unexamined Japénese
Patent Application Laid-Open Specification No. 53-17569
describes an apparatus comprising a hollow body con-
taining: a number of linear guides extending in the
vertical direction; a nozzle for feeding a highly vis-
cous prepolymer, which is provided above the linear
guides; and a withdrawal means for the produced polymer,
which is provided below the linear guides. Further,
Examined Japanese Patent Application Publication No. 4
-14127 discloses a continuous polycondensation method
in which a prepolymer having an intrinsic viscosity of
at least 0.1 is extruded through a slit orifice into a
heated reactor vessel, and the resultant film of the
prepolymer is held between two wires extending down-

wardly from the slit orifice and allowed to move con-
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tinuously in a downward direction. In the above
-mentioned patent documents, it is attempted to remove
efficiently the by-product(s) of the polycondensation
reaction from the reaction system by increasing the
surface area of the prepolymer during the fail thereof
in the apparatus (i.e., by improving the surface
renewal of the prepolymer during the polymerization).
However, by the techniques disclosed in the above-men-
tioned patent documents, the surface renewal of the
prepolymer is not always satisfactory and the polymeri-
zation rate is disadvantageously low.

Unexamined Japanese Patent Application Laid-Open
Specification No. 63-104601 describes a method for re-
moving vo;atile substances from a liquid by using an
apparatus having disposed therein a belt conveyer,
wherein a belt (carrier means) of the belt conveyer is
moved at a predetermined speed, and a liquid to be
treated is fed onto the belt at an upstream end portion
of the belt conveyer, wherein the liquid forms a thin
film on the belt and the volatile substances are re-
moved by evaporation from the thin £ilm of the liquid
during the movement thereof on the belt conveyer. When
this method is employed fof the polycondensation reac-
tion, the surface renewal of a prepolymer is improved

as compared to that in the case of the above-mentioned
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apparatuses in which the polymerization of a prepolymer
is effected during the fall of the prepolymer. However,
since the belt conveyer in the above-mentioned appara-
tus needs to be driven by an outside power source, the
apparatus necessarily has a sealed portion at which the
gap between the casing of the apparatus and a means for
transmitting the power provided by the outside power
source to the belt conveyer is sealed. Therefore, as
in the case of the horizontal agitation type polymeriz-
er vessel mentioned above, this apparatus, having dis-
posed therein a belt conveyer, has a problem in that
air leakage is likely to occur at the sealed portionm,
and the air leakage causes a lowering of the quality of
the produced polymer.

On the other hand, with respect to the melt poly-
condensation process for producing polycondensation
polymers, it is widely known to effect a polymerization
in the presence of an inert gas so as to remove by
-product(s) from the reaction system. For example, Un-
examined Japanese Patent Application Laid-Open Specifi-
cation No. 6-206997 (corresponding to U.S. Patent No.
5,384,389) describes a method in which an aromatic
polycarbonate is produced by performing the equilibrium
polycondensation reaction while continuously introduc-

ing an inert gas, togéther with a molten oligocarbonate,



10

15

20

25

8

into a heated polymerizer under atmospheric pressure or
under superatmospheric pressure in an amount of 1 m3 or
more per kg of the oligocarbonate, and removing by dis-
tillation phenol or the like (which is by-produced in
the equilibrium polycondensation reaction) in such a
form as entrained by the inert gas. However, such a
method (in which the production of an aromatic polycar-
bonate is conducted while reducing the partial pressure
of the by-produced phenol in the polymerizer by using a
large amount of the inert gas) has a problem in that,
for recycling the inert gas used in the polymerization
reaction, a large separation device is necessary to
separate the phenol from the inert gas. Each of the
above-mentioned Examined Japanese Patent Application
Publication No. 4-14127 and Unexamined Japanese Patent
Application Laid-Open Specification No. 63—10460i also
discloses a method for producing a polyester under the
flow of an inert gas. In this method also, it is ne-
cessary to use a separation device for removing fhe by
-produced ethylene contained in the inert gas. There-
fore, this method has the same problem as mentioned
above in connection with Unexamined Japanese Patent Ap-
plication Laid-Open Specification No. 6-206997.
Further, in Unexamined Japanese Patent Application

Laid-Open Specification No. 8-325373, the present in-
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ventors proposed a method in which the polymerization
of a prepolymer is conducted by allowing the prepolymer
to fall along and in contact with the surface of a
guide, wherein the ratio of the partial pressure of the
aromatic monohydroxy compound contained in the inert
gas to the partial pressure of the inert gas is con-
trolled within such a specific range that the recovery
of the inert gas can be conducted even without using a
large apparatus. However, in this method, it is 4iffi-
cult to achieve a sufficiently high polymerization rate.
In conventional methods in which an attempt is
made to produce a polycondensation polymer by effi-
ciently withdrawing by-product(s) from the polymeriza-
tion reaction system by using an inert gas, as in the
case of the above-mentioned Unexamined Japanese Patent
Application Laid-Open Specification No. 6-206997, Exam-
ined Japanese Patent Application Publication No. 4
-14127 and Japanese Patent Application Laid-Open Speci-
fication No. 63-104601, the inert gas is continuously
introduced into a polymerizer so as to reduce the par-
tial pressure of the by-product(s) in the polymerizer,
to thereby advance the polymerization reaction. In the
above-mentioned conventional methods, however, for ef-
fectively increasing the polymerization rate, it is ne-

cessary to use a large amount of the inert gas.
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SUMMARY OF THE INVENTION

In this situation, for solving the above-mentioned
various problems accompanying the melt polycondensation
process using an inert gas for producing a polycdnden-
sation polymer, the present inventors have made exten-
sive and intensive studies. As a result, they have un-
expectedly found that, by using a system for producing
a polycondensation polymer comprising (A) an inert gas
absorption device for causing a molten polycondensation
prepolymer to absorb an inert gas to thereby obtain
(a) a molten prepolymer having the inert gas absorbed
therein, (B) a polymerizer device for polymerizing in-
ert gas-absorbed molten prepolymer (o), and (C) a pipe
for transferring inert gas-absorbed molten prepolymer
(o) from absorption device (A) to polymerizer device
(B)., wherein absorption device (A) and polymerizer de-
vice (B) are arranged in this order and connected to
each other through pipe (C), a polycondensation polymer
can be produced at high polymerization rate even
without using a large amount of an inert gas. The pre-
sent invention has been completed, based on this novel
finding.

Accordingly, it is an object of the present inven-

tion to provide a system for producing a polycondensa-
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tion polymer by the melt polycondensation process which
is free from the problem of separating the polymer from
a solvent, wherein the system is commercially very ad-
vantageous in that a colorless, high quality polycon-
densation polymer can be produced at high polymeriza-
tion rate even without using a large amount of an inert
gas.

It is another object of the present invention to
provide a method which uses the above-mentioned system,
and which is commercially very advantageous in that a
colorless, high quality polycondensation polymer can be
produced at high polymerization rate even without using
a large amount of an inert gas.

The foregoing and other objects, features and ad-
vantages of the present invention will be apparent from
the following detailed description and appended claims

taken in connection with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

Fig. 1(a) is a diagrammatic view of one form of
the system of the present invention;

Fig. 1(b) is a diagrammatic cross-sectional view
of the system of Fig. 1(a), taken along line I(b) -

I(b) of Fig. 1(a);
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Fig. 1{c) is a diagrammatic cross-sectional view
of the system of Fig. 1(a), taken along line I(c) -
I(c) of Fig. 1(a); and

Fig. 2 is a diagrammatic view of another form of
the system of the present invention.

(Description of Reference Numerals)

1: Inert gas absorption device
la: Absorption casing
2: Inlet for molten polycondensation prepolymer
3: Molten polycondensation prepolymér feeding zone
4: Molten polycondensation prepolymer distribution
plate
-5 Inert gas absorption zone
6; Introduction port for inert gas
7: Pressure control valve for inert gas absorption
device
8: Pump for transferring inert gas-absorbed molten

prepolymer (o)

9: Pipe for transferring inert gas-absorbed molten

prepolymer (o)

10: Inlet for inert gas-absorbed molten prepolymer
()

11: Polymerizer device

lla: Polymerizer casing

12: Inert gas-absorbed molten prepolymer feeding
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zone

13: Inert gas-absorbed molten prepolymer distribu-
tion plate

14: Wire net guide

15: Molten polycondensation prepolymer to be caused

to absorb an inert gas

15a: Inert gas-absorbed molten prepolymer (o) to be

polymerized
16: Guide-wetting fall polymerization reaction zone
17: Fixing metallic member for fixing the guide
18: Evacuation device
19: Pressure control valve for polymerizer device
20: Vacuum pump
21: Polycondensation polymer
22: Withdrawal pump for polycondensation polymer

23: Outlet for polycondensation polymer
23a: Outlet for inert gas-absorbed molten prepolymer

(a)
24, 25, 26, 27, 28, 29: Jacket

30: Valve for transferring inert gas-absorbed molten

prepolymer (o)
31: Hole of distribution plate 13

DETAILED DESCRIPTION OF THE INVENTION

In one aspect of the present invention, there is
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provided a system for producing a polycondensation
polymer, comprising:

(A) an inert gas absorption device for causing a
molten polycondensation prepolymer to absorb an inert
gas to thereby obtain (o) a molten prepolymer having
the inert gas absorbed therein,

(B) a polymerizer device for polymerizing inert
gas-absorbed molten prepolymer (o), and

(C) a pipe for transferring inert gas-absorbed
molten prepolymer (o) from absorption device (A) to
polymerizer device (B), pipe (C) being provided with
means for controlling the flow rate of inert gas
-absorbed molten prepolymer (o) passing therethrough,

absorption device (A) and polymerizer device (B)
being arranged in this order and connected to each oth-
er through pipe (C),

absorption device (A) comprising an absorption
casing having an inlet for the molten polycondensation
prepolymer, an introduction port for the inert gas, an
inert gas absorption zone for causing the molten poly-
condensation prepolymer to absorb the inert gas to
thereby obtain inert gas-absorbed molten prepolymer
(o), and an outlet for inert gas-absorbed molten pre-
polymer (a),

wherein inert gas-absorbed molten prepolymer (o)
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is adapted to be withdrawn from absorption device (3)
through the outlet for inert gas-absorbed molten pre-
polymer (o), and transferred to polymerizer device {(B)
through pipe (C),

polymerizer device (B) comprising a polymerizer
casing having an inlet for inert gas-absorbed molten
prepolymer (o), an inert gas-absorbed molten pre-
polymer feeding zone positioned subsequent to and com-
municating with the inlet for inert gas-absorbed molten
prepolymer (o) and a polymerization reaction zone
positioned subsequent to the inert gas-absorbed molten
prepolymer feeding zone, and an evacuation device
provided in association with the polymerization reac-
tion zone,

the polymerizer casing being provided with an out-
let for a polycondensation polymer through a withdrawal
device positioned subsequent to the polymerization re-
action zone,

wherein inert gas-absorbed molten prepolymer (o)
is adapted to be transferred to the polymerization re-
action zone through the inert gas-absorbed prepolymer
feeding zone and polymerized under a reduced pressure
produced by means of the evacuation device, to thereby
obtain a polycondensation polymer, and the obtained

polycondensation polymer is adapted to be withdrawn
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from polymerizer device (B) through the outlet for a
polycondensation polymer by means of the withdrawal de-
vice.

For easy understanding of the present invention,
the essential features and various preferred embodi-
ments of this aspect of the present invention are enu-

merated below.

1. A system for producing a polycondensation polymer,
comprising:

(A) an inert gas absorption device for causing a
molten polycondensétion prepolymer to absorb an inert
gas to thereby obtain (o) a molten prepolymer having
the inert gas absorbed therein,

(B) a polymerizer device for polymerizing inert
gas-absorbed molten prepolymer (a), and

(C) a pipe for transferring inert gas-absorbed
molten prepolymer (o) from absorption device (A) to
polymerizer device (B), pipe (C) being provided with
means for controlling the flow rate of inert gas
-absorbed molten prepolymer (o) passing therethrough,

absorption device (A) and polymerizer device (B)
being arranged in this order and connected to each oth-
er through pipe (C),

absorption device (A) comprising an absorption
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casing having an inlet for the molten polycondensation
prepolymer, an introduction port for the inert gas, an
inert gas absorption zone for causing the molten poly-
condensation prepolymer to absorb the inert gas to
thereby obtain inert gas-absorbed molten prepolymer
(o), and an outlet For inert gas-absorbed molten pre-
polymer (o),

wherein inert gas-absorbed molten prepolymer (o)
is adapted to be withdrawn from absorption device (a)
through the outlet for inert gas-absorbed molten pre-
polymer (o), and transferred to polymerizer device (B)
through pipe (C),

polymérizer device (B) comprising a polymerizer
casing having an inlet for inert gas-absorbed molten
prepolymer (o), an inert gas-absorbed molten pre-
polymer feeding zone positioned subsequent to and com-
municating with the inlet for inert gas-absorbed molten
prepolymer (o) and a polymerization reaction zone
positioned subsequent to the inert gas-absorbed molten
prepolymer feeding zone, and an evacuation device
provided in association with the polymerization reac-
tion zone,

the polymerizer casing being provided with an out-
let for a polycondensation polymer through a withdrawal

device positioned subsequent to the polymerization re-
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action zone,

wherein inert gas-absorbed molten prepolymer (o)
is adapted to be transferred to the polymerization re-
action zone through the inert gas-absorbed prepolymer
feeding zone and polymerized under a reduced pressure
produced by means of the evacuatlon device, to thereby
obtain a polycondensation polymer, and the obtained
polycondensation polymer is adapted to be withdrawn
from polymerizer device (B) through the outlet for a
polycondensation polymer by means of the withdrawal de-

vice.

2. The system according to item 1, wherein the polym-
erization reaction zone is a guide-wetting fall polym-
erization reaction zone which has at least one guide
fixedly held therein and extending downwardly there-
through, and the guide-wetting fall polymerization re-
action zone is separated from the inert gas-absorbed
molten prepolymer feeding zone through an inert gas
-absorbed molten prepolymer distribution plate having
at least one hole, through which the inert gas-absorbed
molten prepolymer feeding zone communicates with the
polymerization reaction zone, the guide being arranged
in correspondence with the hole of the distribution

plate, and
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wherein inert gas-absorbed molten prepolymer (o)

is adapted to fall along and in contact with the guide,
to thereby effect a guide wetting-fall polymerization

of inert gas-absorbed molten prepolymer (o).

3. The system according to item 2, wherein the guide
is a wire.
4. The system according to item 2, wherein the guide

is a perforated guide which has a plurality of through-
holes, each extending substantially in a thicknesswise
direction of the guide, to thereby form openings in

both surfaces of the guide.

5. The system according to item 4, wherein the perfo-

rated guide is a wire net.

6. The system according to item 4, wherein the perfo-

rated guide is a punched plate.

7. The system according to any one of items 1 to 6,
wherein the polycondensation polymer is selected from
the group consisting of an aliphatic polyester, an
aliphatic polyamide, an aliphatic polycarbonate, an

aliphatic aromatic polyester, an aliphatic aromatic
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polyamide, an aromatic polyester, and an aromatic poly-
amide.

The present invention is described below in detail.

Conventionally, in any of the methods for produc-
ing a polycondensation polymer in which an attempt is
made to remove efficiently by-product(s) of the poly-
condensation reaction from the polymerization reaction
system by using an inert gas, the inert gas is fed di-
rectly to a polymerizer which has an introduction port
for the inert gas. However, it has unexpectedly become
clear that, by using a system for producing a polycon-
densation polymer in which an inert gas absorption de-
vice for causing a molten polycondensafion prepolymer
to absorb an inert gas to thereby obtain inert gas-
absorbed molten prepolymer (o) is provided separately
from a polymerizer device for polymerizing inert gas-
absorbed molten prepolymer (o), wherein the absorption
device and the polymerizer device are arranged in this
order and connected to each other, a polycondensation
polymer can be produced at a remarkably improved poly-
merization rate by feeding only a small amount of the
inert gas to the inert gas absorption device even
without feeding the inert gas directly to the polymer-
izer device.

In the conventional methods, an inert gas is con-
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tinuously fed to and f£lowed through the inside of the
polymerizer in an attempt to increase the polymeriza-
tion rate. However, by such conventional methods, the
polymerization rate cannot be satisfactorily increased.
Apart from this defect of the conventional methods, the
reason why the polymerization rate can be increased by
such conventional methods is understood to be as fol-
lows. The polymerization reaction for producing a
polycondensation polymer is an equilibrium reaction.
Therefore, by removing the by-product(s) of the poly-
condensation reaction in such a form as entrained by
the inert gas from the equilibrium reaction system, the
partial pressure of the by-product(s) in the polymeriz-
er is lowered, so that the equilibrium of the reaction
is displaced to the product side to thereby advance the
polymerization reaction. The above-mentioned conven-
tional methods, however, are disadvantageous in that,
for increasing the polymerization rate, an inert gas
needs to be fed to the polymerizer in a large amount,
so that various problems inevitably occur due to the
use of such a large amount of inert gas.

On the other hand, by using the system of the pre-
sent invention, it has unexpectedly become possible.to
increase the polymerization rate by using only a small

amount of inert gas.
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In the present invention, even when the amount of
inert gas which is caused to be absorbed in a molten
polycondensation prepolymer in the inert gas absorption
device is very small as compared to the amount of inert
gas used in the conventional methods, the polymeriza-
tion rate can be increased. In such a case, the lower-
ing of the partial pressure of the by-products in a
polymerizer device is not sufficient for achieving a
high polymerization rate. Therefore, the mechanism as
to how the inert gas used in a small amount effectively
serves to exert the excellent effects in the present
invention has not yet been elucidated. According to
the study made by the present inventors, it has sur-
prisingly been observed that, when a molten prepolymer
having an inert gas absorbed therein is polymerized,
vigorous foaming of the molten prepolymer continuously
occurs in the polymerizer, whereby the surface of the
molten prepolymer is effectively renewed. Therefore,
it is presumed that the above-mentioned foaming, which
occurs throughout the molten prepolymer in the polymer-
izer to thereby effectively facilitate the surface re-
newal of the molten prepolymer, is effective for in-
creasing the polymerization rate.

In the present invention, the "“polycondensation

polymer” means a polymer having a structure in which
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monomers of at least one type, each containing two or
more functional groups capable of condensation, are
bonded to each other through a linkage formed by the
condensation of the functional groups. Each of the
above-mentioned monomers can be either a monomer com-
posed of an aliphatic hydrocarbon group having func-
tional groups directly bonded thereto or a monomer com-
posed of an aromatic hydrocarbon group having function-
al groups directly bonded thereto. Specific examples
of polycondensation polymers include aliphatic polymers
(in which aliphatic hydrocarbon groups are bonded to
each other by condensation of the functional groups),
such as an aliphatic polyester, an aliphatic polyamide
and an aliphatic polycarbonate; and aliphatic aromatic
polymers (in which aliphatic hydrocarbon groups and
aromatic hydrocarbon groups are bonded to each other by
condensation of the functional groups), such as an
aliphatic aromatic polyester, an aliphatic aromatic
polyamide and an aliphatic aromatic polycarbonate; and
aromatic polymers (in which aromatic hydrocarbon groups
are bonded to each other by condensation of the func-
tional groups), such as an aromatic polyester and an
aromatic polyamide. Each of the above-mentioned poly-
condensation polymers can be a homopolymer or a coO-

polymer. Further, the polycondensation polymer can be
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a random or block copolymér containing different types
of linkages, such as an ester linkage, a carbonate
linkage and an amide linkage. As specific examples of
such a copolymer, there can be mentioned a polyester
carbonate and a polyester amide.

In the present invention, the "molten polyconden-
sation prepolymer” means a molten low molecular weight
polycondensation polymer which has a polymerization de-
gree which is being increased by polycondensation and
has not yet reached a desired level. Needless to say,
such a molten prepolymer may be an oligomer.

The aboveFmentioned molten polycondensation pre-
polymer can be prepared by conventional methods. For
example, a polyester prepolymer can be produced by sub-
jecting a hydroxyl group-containing compound and a car-
boxyl group-containing compound to polycondensation; a
polyamide prepolymer can be produced by subjecting an
amide group-containing compound and a carboxyl group
-containing compound to polycondensation; and a poly-
carbonate prepolymer can be produced by subjecting a
compound comprisingla carbonyl group having at both
sides thereof a substituent bonded thereto (wherein the
substituent is selected from the group consisting of an
aryloxy group and an alkoxy group) and a hydroxyl

group-containing compoﬁnd to polycondensation. Illus-
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tratively stated, various polyester prepolymers can be
produced as follows: an aliphatic polyester prepolymer
can be produced by a polycondensation reaction between

a monomer comprised of a C,-C3p aliphatic hydrocarbon

group having at both sides thereof hydroxyl groups 4i-

.rectly bonded thereto (e.g., ethylene glycol) and a

monomer comprised of a C;-C3¢ aliphatic hydrocarbon
group having at both sides thereof carboxyl groups di-
rectly bonded thereto (e.g., adipic acid); an aliphatic
aromatic polyester prepolymer can be produced by a
polycondensation reaction between a monomer comprised
of a C5-C3p aliphatic hydrocarbon group having at both
sides thereof hydroxyl groups directly bonded thereto
(e.g., ethylene glycol) and a monomer comprised of a
Cg-C39 aromatic hydrocarbon group having at both sides
thereof carboxyl groups directly bonded thereto (e.g..
terephthalic acid); and an aromatic polyester pre-
polymer can be produced by a polycondensation reaction
of a monomer comprised of a Cg-C3g aromatic hydrocarbon
group having at both sides thereof hydroxyl groupé ai-
rectly bonded thereto (e.g.. bisphenol A) and a monomer
comprised of a Cg-C3g aromatic hydrocarbon group having
at both sides thereof carboxyl groups directly bonded
thereto (e.g., terephthalic acid). Various polyamide

prepolymers can be produced as follows: an aliphatic
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polyamide prepolymer can be produced by a polycondensa-
tion reaction between a monomer comprised of a C;-Cj3g
aliphatic hydrocarbon group having at both sides there-
of carboxyl groups directly bonded thereto (e.g.,
adipic acid) and a monomer comprised of a C;-C3p ali-
phatic hydrocarbon group having at both sides thereof
amino groups direcfly bonded thereto (e.g., hexa-
methylene diamine); an aliphatic aromatic polyamide
prepolymer can be produced by a polycondensation reac-
tion between a monomer comprised of a Cg-Cjzgp aromatic
hydrocarbon group having at both sides thereof carboxyl
groups directly bonded thereto (e.g., terephthalic
acid) and a monomer comprised of a C,-C3p aliphatic
hydrocarbon group having at both sides thereof amino
groups directly bonded thereto (e.g., hexamethylene
diamine); and an aromatic polyamide prepolymer can be
produced by a polycondensation reaction between a mono-
mer comprised of a Cg-Cj3g aromatic hydrocarbon group
having at both sides thereof carboxyl groups directly
bonded thereto (e.g., terephthalic acid) and a monomer
comprised of a Cg-C3p aromatic hydrocarbon group having
at both sides thereof amino groups directly bonded
thereto (e.g., paraphenylene diamine). An aliphatic
polycarbonate prepolymer can be produced by a polycon-

densation reaction between a monomer comprised of a
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C,-C3g aliphatic hydrocarbon group having at both sides
thereof hydroxyl groups directly bonded thereto (e.g.,
1,6-hexanediol) and a monomer comprised of a carbonyl
group having at both sides thereof a phenoxy group
(e.g., diphenyl carbonate). An aliphatic aromatic
polycarbonate prepolymer can be produced by a polycon-
densation reaction between a monomer comprised of a
C,-C3zg aliphatic hydrocarbon group having at both sides
thereof hydroxyl groups directly bonded thereto (e.g.,
1,6-hexanediol), a monomer comprised of a Cg-C3p aro-
matic hydrocarbon group having at both sides thereof
hydroxyl groups directly bonded thereto (e.g., bis-
phenol A), and a monomer comprised of a carbonyl groups
having at both sides thereof phenoxy groups bonded
thereto {(e.g., diphenyl carbonate).

Further, a molten mixture obtained simply by heat
melting the above-mentioned monomers together can be
used as a molten polycondensation prepolymer.

With respect to specific methods for producing the
prepolymers mentioned above, reference can be made to,
for example, "Polymer Synthesis, vol. 1, second edi-
tion”, 1992 (published by Academic Press, Inc., U.S.A.).

The polymerization of the molten polycondensation
prepolymer is caused by polycondensation between the

functional groups at both terminals of each of the pre-
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polymer chain. The terminal functional groups which
undergo a polycondensation reaction may be the ‘same or
different. For example, the polymerization of a molten
polycondensation prepolymer produced by reacting ethyl-
ene glycol and terephthalic acid may involve a poly-
condensation reaction between a terminal hydroxyl group
and a terminal carboxyl group of each of the prepolymer
chains, wherein water is by-produced, and/or a poly-
condensation reaction between both hydroxyl-terminals
of each of the polymer chains, wherein ethylene glycol
is by-produced.

The melt viscosity of the molten polycondensation
prepolymer is preferably at least 0.001 Pa‘'s, more
preferably Q.Ol Pa's, and preferably not more than
5,000 Pa‘'s, more preferably not more than 2,000 Pa’s.
In the present invention, the “melt viscosity” means a
melt viscosity as measured at the polymerization tem-
perature employed while applying a shear rate of 1.
When a molten polycondensation prepolymer having a melt
viscosity of less than 0.001 Pa‘*s is polymerized by us-
ing a guide-wetting fall polymerizer which is described
below in detail, the time for the prepolymer to fall
along and in contact with a guide becomes short (that
is, the reaction time becomes short) and, hence, it is

likely to becomes difficult to achieve a satisfactorily
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high polymerization degree.

In addition, a polycondensation polymer produced
by using the system of the present invention can be
used as a molten polycondensation prepolymer, so that a
polycondensation polymer having a further increased mo-
lecular weight can be obtained. A specific explanation
on such a method is made below.

The term "inert gas" used in the present specifi-
cation means a gas which has no reactivity with the
molten polycondensation prepolymer and is stable under
the conditions employed for the inert gas absorption
and the polymerization. Specific examples of inert
gases used in the method of the present invention in-
clude nitrogen, argon, helium and carbon dioxide. Fur-
ther examples of inert gases include orgdnic compounds
which are in a gaseous state at temperatures at which
the prepolymer maintains the molten state, such as a
gaseous lower hydrocarbon having 1 to 8 carbon atoms.
Of the above-mentioned inert gases, nitrogen is espe-
cially preferred.

Hereinbelow, an explanation is made on the system
of the present invention for producing a polycondensa-
tion polymer.

With respect to the type of the devices used as

inert gas absorption device (A), there is no particular
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limitation as long as it can be used for causing the
molten prepolymer to absorb the inert gas. Examples of
absorption devices used in the system of the present
invention include conventional devices described in
"Kagaku Souchi Sekkei-Sousa Shiriizu No. 2, Kaitei Gasu
Kyushu (Design and Operation of Chemical Apparatus, No.
2, Gas Absorption (Revised Version))", pp. 49-54 (pub-
lished on March 15, 1981 by Kagaku Kogyosha, Inc., Ja-
pan), such as a packed column type absorption device, a
tray-containing column type absorption device, a spray-
ing device-containing column type absorption device (in
which a liquid is sprayed in a gas to be absorbed in
the liquid), a turbulent contact absorption device, a
gas-1liquid film cross-contacting type absorption device,
a high-speed rotary flow type absorption device, an ab-
sorption'device utilizing mechanical force (such as
agitation force), and a device in which the molten pre-
polymer is allowed to fall along and in contact with
the surface of a guide in an atmosphere of an inert gas
to thereby cause the molten prepolymer to absorb the
inert gas during the fall thereof. In the present in-
vention, it is especially preferred to use a spraying
device-containing column type absorption device or a
device in which the molten prepolymer is allowed to

fall along and in contact with the surface of a guide
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in an atmosphere of an inert gas, to thereby cause the
molten prepolymer to absorb the inert gas during the
fall thereof.

Further, as inert gas absorption device (A), a de-
vice which is generally used as a polymerizer can also
be used. However, when such a device (generally used
as a polymerizer) is used as inert gas absorption de-
vice (A), the device is generally operated under condi-
tions wherein the polymerization of the mélten pre-
polymer hardly proceeds, so that the device does not
function as a polymerizer.

In the present invention, there is no particular
limitation with respect to the material used for inert
gas absorption device (A). The material is generally
selected ffom the group consisting of stainless steel,
carbon steel, Hastelloy, nickel, titanium, chromium,
other alloys, and a polymer having a high heat resis-
tance.

With respect to the type of device used as poly-
merizer device (B), there is no particular limitation.
Examples of devices usable as polymerizer device (B)
include an agitation type reactor vessel, a wiped film
type reactor, a centrifugal wiped film evaporation type
reactor, a surface renewal type twin-screw kneading re-

actor, a twin-screw horizontal agitation type reactor,
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a wall-wetting fall reactor, a free-fall polymerizer
device having a perforated plate (distribution plate),
and a polymerizer device designed for performing a
polymerization by allowing a prepolymer to fall along
and in contact with the surface of a guide (hereinafter,
frequently referred to as a "guide-wetting fall poly-
merizer device”). These various types of reactors can
be used individually or in combination. As one of the
preferred modes for producing a polycondensation
polymer by using the system of the present invention,
there can be mentioned a mode in which the molten pre-
polymer is prepared by polymerizing the raw material
monomers by using a vertical agitation type reactor
vessel, and the polymerization of the molten prepolymer
is performed by using a surface renewal type twin-screw
kneading reactor, a twin-screw horizontal agitation
type reactor, a wall-wetting fall reactor, a free-fall
polymerizer device having a perforated plate, or a
polymerizer device designed for performing a polymeri-
zation by allowing a prepolymer to fall along and in
contact with the surface of a guide (guide-wetting fall
polymerizer device).

As polymerizer device (B), it is especially
preferred to use the above-mentioned guide-wetting fall

polymerizer device (with respect to the polymerization
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which is conducted by using this polymerizer device,
reference can be made to, for example, U.S. Patent No.
5,589,564). That is, in the present invention, it is
preferred that the polymerization reaction zone of
polymerizer device (B) is a guide-wetting fall polymer-
ization reaction zone which has at least one guide
fixedly held therein and extending downwardly there-
through, and the guide-wetting fall polymerization re-
action zone is separated from the inert gas-absorbed
molten prepolymer feeding zone through an inert gas
-absorbed molten prepolymer distribution plate having
at least one hole, through which the inert gas-absorbed
molten prepolymer feeding zone communicates with the
polymerization reaction zone, the guide being arranged
in correspondence with the hole of the distribution
plate, and wherein inert gas-absorbed molten prepolymer
(a) 1s adapted to fall along and in contact with the
guide, to thereby effect a guide-wetting fall polymer-
ization of inert gas-absorbed molten prepolymer (a).

It has been found that, when the above-mentioned inert
gas-absorbed molten prepolymer (o) is subjepted to
polymerization by using the guide-wetting fall polymer-
izer device, vigorous foaming of inert gas-absorbed
molten prepolymer (a) constantly occurs during the

fall thereof in the polymerizer device, so that the
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surface of the molten prepolymer is very effectively
and efficiently renewed. For this reason, in the pre-
sent invention, it is most preferred to use as polymer-
izer device (B) the guide-wetting fall polymerizer de-
vice, wherein the molten prepolymer falling along and
in contact with the surface of the guide maintains a
foaming state throughout the prepolymer polymerization.
The above description reading "the molten prepolymer
falling along and in contact with the surface of the
guide maintains a foaming state throughout the pre-
polymer polymerization" means that the foaming qontinu—
ously occurs with respect to the whole of the molten
prepolymer falling along and in contact with the guide
from the upper portion of the guide through the lower
portion of the guide. With respect to the foaming
state of the molten prepolymer in polymerizer device
(B), the foaming state can be, for example, visually
observed through a sight glass provided on polymerizer
device (B).

Hereinbelow, an explanation on the system of the
present invention is made with reference to the accom-
panying drawings.

Inert gas absorption device (A) used in the system
of the present invention is described in detail below,

referring to Fig. 1(a). Inert gas absorption device 1
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of Fig. 1(a) is a device in which a molten polyconden-
sation prepolymer is allowed to fall from the upper
portion of the device to the lower portion of the de-
vice to thereby cause the molten polycondensation pre-
polymer to absorb the inert gas during the fall thereof.
Inert gas absorption device 1 comprises absorption cas-
ing la having inlet 2 for molten polycondensation pre-
polymer, molten polycondensation prepolymer feeding
zone 3, molten polyéondensation prepolymer distribution
plate 4, inert gas absorption zone 5 and introduction
port 6 for inert gas. Molten polycondensation pre-
polymer 15 is fed to molten polycondensation prepolymer
feeding zone 3 from inlet 2 and allowed to pass down-
wardly through distribution plate 4 into inert gas ab-
sorption zone 5. In inert gas absorption zone 35,
molten polycondensation prepolymer 15 is allowed to
fall in a droplet form or a thread-like form while ab-
sorbing the inert gas during the fall thereof. Absorp-
tion casing la has introduction port 6 for introducing
inert gas into inert gas absorption zone 5, and pres-
sure control valve 7. Using pressure control valve 7,
the inert gas can be fed into inert gas adsorption de-
vice 1 while constantly maintaining the inner pressure
of inert gas absorption device 1 at a desired level.

The amount of the inert gas absorbed in the molten
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polycondensation prepolymer in inert gas absorption de-
vice 1 can be controlled by changing the pressure of
inert gas absorption zone 5. The higher the pressure
employed in the inert gas absorption zone, the larger
the amount of the inert gas absorbed in the molten
polycondensation prepolymer.  Inert gas-absorbed molten
prepolymer (o) is withdrawn from outlet 23a.

There is no particular limitation with respect to
the amount of the inert gas absorbed in the molten
polycondensation prepolymer, but the amount of the'in-
ert gas absorbed in the molten polycondensation pre-
polymer is generally 1 to 10,000 ppm by weight, pref-
erably 3 to 8,000 ppm by weight, most preferably 5 to
6,000 ppm by weight, based on the weight of the molten
polycondensation prepolymer. Furthe;, it is preferred
that the polycondensation prepolymer is caused to ab-
sorb the inert gas in such an amount as constantly
maintains inert gas-absorbed molten prepolymer (o) in
a foaming state throughout the polymerization thereof
to thereby efficiently effect the surface renewal of
the prepolymer. The pressurelof the inert gas absorp-
tion zone for causing the molten polycondensation pre-
polymer to absorb the inert gas in the above-mentioned
amount may vary depending on the type of the polycon-

densation polymer to be produced, but such a pressure
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is generally 5,000 to 3,000,000 Pa, preferably 10,000
to 2,000,000 Pa, more preferably 20,000 to 1,500,000 Pa.
It is preferred that inert gas absorption device 1 has
a resistance to the pressures in the above-mentioned
range. In the production of the polycondensation
polymer by using the system of the present invention,
in many cases, the temperature employed for causing the
molten prepolymer to absorb the inert gas is similar to
the polymerization temperature employed, and it is gen-
erally from 100 to 350 °C. Inert gas absorption device
1 can be heated by using jackets 24 and 25.

As a preferred inert gas absorption device which
is capable of causing a molten prepolymer to absorb an
inert gas in high efficiency, there can be mentioned a
device in which inert gas absorption zone 5 has therein
at least one guide, such as wire or a wire net, and the
molten polycondensation prepolymer is adapted to fall
along and in contact with the guide to thereby cause
the molten polycondensation prepolymer to absorb the
inert gas during the fall thereof.

Next, polymerizer device (B) used in the system of
the present invention is described in detail below,
referring to Figs. 1(a), 1(b) and 1(c).

In polymerizer device (B), inert gas-absorbed

molten prepolymer (o) is polymerized to a predeter-
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mined degree of polymerization.

Polymerizer device 11 of Fig. 1(a) comprises
polymerizer casing lla having inert gas-absorbed molten
prepolymer feeding zone 12 and polymerization reaction
zone 16 positioned below inert gas-absorbed molten pre-
polymer feeding zone 12. Inert gas-absorbed molten
prepolymer feeding zone 12 is separated from polymeri-
zation reaction zone 16 through inert gas-absorbed
molten prepolymer (o) distribution plate 13. Polymeri-
zation reaction zone 16 has guides 14, which are fixed
to either one or both of distribution plate 13 and the
inner wall surface of polymerizer device 11, and ex-
tends downwardly through polymerization reaction zone
16. In polymerization reaction zone 16, inert gas
-absorbed molten prepolymer (o) is allowed to fall
along and in contact with guides 14 to thereby effect a
guide-wetting fall polymerization of inert gas-absorbed
molten prepolymer (a) (that is, polymerization reac-.
tion zone 16 is a guide-wetting fall polymerization
zone). In addition, polymerizer device 11 has evacua-
tion device 18 provided in association with polymeriza-
tion reaction zone 16, which is used for conducting the
polymerization reaction under a reduced pressure, and
withdrawal device 22 for withdrawing the polycondensa-

tion polymer from polymerization reaction zone 16 which
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has a reduced pressure.

Molten prepolymer feeding zone 12 functions to
distribute inert gas-absorbed molten prepolymer (a)
15(a) uniformly to the holes of distribution plate 13.
When molten prepolymer feeding zone 12 cannot uniformly
distribute inert gas-absorbed molten prepolymer (o)
15(a) to the holes of distribution plate 13, it is
likely that the molecular weight of the obtained poly-
condensation polymer becomes ununiform, and the
mechanical properties of the obtained polymer is low-
ered. The volume (m3) of molten prepolymer (a) feeding
zone 12 is generally in the range of from 0.001 x F to
10 x F (m3), preferably from 0.003 x F to 5 x F (m3),
more preferably from 0.005 x F to 2 x F (m3), wherein F
means the flow rate (m3/hr) of inert gas-absorbed
molten prepolymer (a) 15a being passed throﬁgh molten
prepolymer (o) feeding zone 12. When the volume of
molten prepolymer (o) feeding zone 12 is less than
0.001 x F (m3), it becomes difficult to distribute in-
ert gas-absorbed molten prepolymer (o) 15a uniformly |
to the holes of distribution plate 13. When the volume
of molten prepolymer (o) feeding zone 12 is more than
10 x F (m3), a problem is likely to arise that side re-
actions (such as a branching reaction and a gelation)

occur, thereby lowering the quality (such as color) of
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the obtained polycondensation polymer. The pressure of
inert gas-absorbed molten prepolymer (o) feeding zone
12 is generally in the range of from 10,000 to
5,000,000 Pa, preferably from 30,000 to 3,000,000 Pa.
When the pressure of inert gas-absorbed molten pre-
polymer (o) feeding zone 12 is less than 10,000 Pa, it
sometimes becomes difficult to distribute inert gas-
absorbed molten prepolymer (o) 15a uniformly to the
holes of distribution plate 13. There is no particular
limitation with respect to the material used for a part
of polymerizer device 11 which corresponds to feeding
zone 12. The material is generally selected from
stainless steel, carbon steel, Hastelloy, nickel, tita-
nium, chromium, other alloys, and a polymer having a
high heat resistance.

The surface of distribution plate 13 is generally
selected from a flat surface, a corrugated surface, and
a surface which is thick at a central portion thereof.
The shape cof the distribution plate is generally se-
lected from a circle, an ellipse, a triangle, a polygon
and the like. The thickness of the distribution plate
is generally in the range of from 0.1 to 300 mm, pref-
erably from 1 to 200 mm, more preferably from 5 to 150
mm. The distribution plate needs to have a resistance

to the pressure of inert gas-absorbed molten prepolymer
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(o) feeding zone 12. Further, when the guide(s) is
(are) fixed to the distribution plate, the distribution
plate also needs to have a toughness sufficient to sup-
port the total weight of the guide(s) and inert gas
-absorbed molten prepolymer (o) falling in contact
with the guide(s). It is preferred that the distribu-
tion plate is supported by ribs and the like. The
shapes of the openings of the holes of the distribution
plate is generally selected from a circle, an ellipse,
a triangle, a slit, a polygon, a star and the like.

The area of each hole of the distribution plate is gen-
erally from 0.01 to 100 cm2, preferably from 0.05 to 10
cm2, more preferably from 0.1 to 5 cm?. The distance
between mutually adjacent holes is generally from 1 to
500 mm, preferably from 25 to 100 mm, as measured be-
tween the centers of the mutually adjacent holes. The
hole of the distribution plate may be a through-hole
formed in the distribution plate or a hollow portion of
a tube which is attached to the distribution plate and
has an opening thereof in the upper surface of the dis-
tribution plate. Further, the holes of the distribu-
tion plate may have a tapered configuration wherein the
diameter of the hole decreases in the direction from
the upper portion thereof to the lower portion thereof

or in the direction from the lower portion thereof to
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the upper portion thereof. It is preferred that the
size and shape of the holes of the distribution plate
are selected so that the pressure loss of inert gas
-absorbed molten prepolymer (o) passing through the
distribution plate is geherally in the range of from
10,000 to 5,000,000 Pa, preferably from 30,000 to
3,000,000 Pa. The material used for the distribution
plate is generally selected from stainless steel, car-
bon steel, Hastelloy, nickel, titanium, chromium and
other alloys.

Polymerization reaction zone 16 has guides 14 for
effecting guide-wetting fall polymerization of inert
gas-absorbed molten prepolymer (o), which are fixed to
either one or both of distribution plate 13 and the in-
ner wall surface of polymerizer device 11. It is
preferred that guide 14 is a body which has a large
magnitude in respect of the ratio of the length of the
body (as measured in the direction perpendicular to the
cross-section) to the average perimeter of the cross-
sections of the body. The above ratio is generally
from 10 to 1,000,000, preferably from 50 to 100,000.
Specific examples of guides include a wire, a chain and
a plate. Further, it is preferred that the guide is a
perforated guide comprising two surfaces separated by a

distance equal to a thickness of the guide, wherein the
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guide has a plurality of through-holes, each extending
substantially in a thicknesswise direction of the guide,
to thereby form openings in both surfaces of the guide.
Specific examples of perforatéd guides include a wire
net and a punched plate. Generally, the morphology of
the cross-section of the guide is selected from a cir-
cle, an ellipse, a triangle, a quadrangle, a polygon
having five or more sides, a star and the like. The
morphology of the cross-section of the guide may be
uniform or may vary along the length of the guide. The
guide may be hollow. The guide may be made of a single
strand of a wire or the like, or made of a plurality of
strands, wherein, for example, the strands are twisted
together. The surface of the guide may be smooth or
rough or may have a protruding portion. In the system
of the present invention, the polymerization reaction
zone may have one guide or a plurality of guides, but
it is preferred that the polymerization reaction zone
has a plurality of guides. The number of guide(s)
provided in the polymerization reaction zone is gener-
ally from 1 to 100,000, preferably from 3 to 50,000.
When the polymerization reaction zone has a plurality
of guides, it is preferred that a spacer or the like is
provided between the guides so as to prevent the guides

from being in contact with each other.
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Guides 14 shown in Figs. 1l{(a) to 1l(c) are four
wire net guides. Guides 14 and the holes of distribu-
tion plate 13 may or may not be in contact with each
other. Preferred examples of guides 14 include a guide
which extends downwardly through the hole of distribu-
tion plate 13 around the center of the hole; a guide
which is in contact with the wall of the hole of dis-
tribution plate 13; and'a guide having an upper end
thereof positioned 1 to 100 mm below the lower surface
of the distribution plate. The lower end of the guide
may or may not be in contact with the liquid at the
bottom of the polymerization reaction zone. In Fig.
1(a), guides 14 are not in contact with the liquid at
the bottom of the pélymerization reaction zone. Guides
14 are fixed to either one or both of distribution
plate 13 and the inner wall surface of polymerizer de-
vice 11. In Fig. 1(c¢), guides 14 are fixed to dis-
tribution plate 13 by means of fixing metallic members
17 for the guides.

Polymerizer device 11 has evacuation device 18
which is provided in association with polymerization
reaction zone 16 so as to conduct the polymerization
reaction under a reduced pressure. Evacuation device
18 comprises pressure control valve 19 and vacuum pump

20. There is no particular limitation with respect to
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the type of vacuum pump used in the system of the pre-
sent invention. Examples of vacuum pumps include vari-
ous conventional wet vacuum pumps, such as a liquid
-sealed pump, an oil rotary pump, a jet pump, a steam
ejector, an oil ejector, an oil-diffusion ejector and
an oil-diffusion pump; and dry vacuum pumps, such as a
mechanical booster, a reciprocating pump and a gas
ejector. If desired, the above-mentioned vacuum pumps
can be used in combination. For condensing the by
-product(s) of the polycondensation reaction, it is
preferred that a cooler or a scrubber is provided be-
tween the vacuum pump and the polymerization reaction
zone.

The polymerization in polymerization reaction zone
16 is conducted under a reduced pressure and, hence, a
withdrawal device, such as withdrawal pump 22, is ne-
cessary for withdrawing the obtained polycondensation
polymer 21 from polymerization reaction zone 16. .There
is no particular limitation with respect to the type of
the withdrawal device used in the system of the present
invention, but generally, it is preferred to use a
screw-type withdrawal device or a gear pump. The ob-
tained polycondensation polymer is withdrawn from
polymerizer device 11 through outlet 23.

There is no particular limitation with respect to
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the material used for a portion of polymerizer device
11 which corresponds to polymerization reaction zone 16.
The material is generally selected from stainless steel,
carbon steel, Hastelloy, nickel, titanium, chromium and
other alloys.

The polymerization in polymerization reaction zone
16 is preferably conducted at a pressure in the range
of from 30 to 4,000 Pa. It is desired that the poly-
merizer device is designed to have a capability to pre-
vent air leakage under a reduced pressure in the above-
mentioned range. When the polymerization pressure is
higher than 4,000 Pa, the polymerization rate is likely
to be disadvantageously lowered. Surprisingly, it has
been found that the polymerization rate is also disad-
vantageously lowered when the polymerization pressure
is less than 30 Pa. In the conventional methods for
conducting the polycondensation reaction, the lowering
of the polymerization pressure is advantageous from a
viewpoint of ease in removing the by-products of the
polycondensation reaction from the reaction system to
thereby increase the polymerization rate. However, it
has unexpectedly been found that, in the present inven-
tion, the polymerization rate is lowered when the
polymerization pressure becomes too low. The reason

for this has not yet been elucidated, but is considered
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to be as follows. When the polymerization pressure is
less ﬁhan 30 Pa, the inert gas in inert gas-absorbed
prepolymer (o) escapes from the prepolymer at an upper
portion of the polymerizer device and, hence, the sur-
face renewal of the inert gas-absorbed prepolymer (a)
during the fall thereof becomes unsatisfactory. It is
presumed that the unsatisfactory surface renewal of the
prepolymer causes the lowering of the polymerization
rate.

In the system of the present invention, the poly-
merization temperature is generally in the range of
from 100 to 350 *C. Polymerizer device 11 can be heat-
ed by using jackets 27, 28 and 29.

In the system of the present invention, absorption
device (A) and polymerizer device (B) are connected to
each other through pipe (C) for transferring inert gas
-absorbed molten prepolymer (o) from absorption device
(A) to polymerizer device (B), wherein pipe (C) is

provided with a transfer device for inert gas-absorbed

-molten prepolymer (o). In Fig. 1(a), pipe 9 is provid-

ed with transfer pump 8 as a transfer device. There is
no particular limitation with respect to the type of
the transfer pump used, but generally, a gear pump, a
Moineau pump or the like can be used. When the pres-

sure of inert gas absorption device (A) is higher than



10

15

20

25

48

that of inert gaé-absorbed prepolymer (o) feeding zone
of polymerizer device (B), the transfer device may be
control valve 30 as shown in Fig. 2. In this case,
transfer of inert gas-absorbed prepolymer (o) can be
controlled simply by opening or closing the valve.

There is no particular limitation with respect to
the material used for the pipe (C). The material is.
generally selected from stalinless steel, carbon steel,
Hastelloy, nickel, titanium, chromium and other alloys.
As shown in Fig. 1(a), the pipe can be heated by using
jacket 26.

The polycondensation reaction for producing the
polycondensation polymer can be performed without using
a catalyst. However, if desired, the reaction can also
be performed in the presence of a catalyst for the pur-
pose of increasing the polymerization rate. With re-
spect to the catalyst, there is no particular limita-
tion as long as the catalyst is conventionally used in
the art.

In the present invention, it 1s preferred that the
system of the present invention comprises a plurality
of inert gas absorption devices (A) and a plurality of
polymerizer devices (B). In this case,. it, of course,
is possible that the number of polymerizer devices (B)

used is larger than the number of inert gas absorption
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devices (A) used. There may be various arrangements of
a plurality of inert gas absorption devices (A) and a
plurality of polymerizer devices (B). As examples of
the specific arrangements, there can be mentioned an
arrangement in which inert gas absorption devices (a)
and polymerizer devices (B) are arranged in the order
of “an inert gas absorption device, a polymerizer de-
vice, an inert gas absorption device, a polymerizer de-
vice, an inert gas absorption device, a polymerizer de-
vice...", and an arrangement in which inert gas ab-
sorption devices (A) and polymerizer devices (B) are
arranged in the order of "“an inert gas absorption de-
vice, a polymerizer device, a polymerizer device, an
inert gas absorption device, a polymerizer device...".
When the production of the polycondensation polymer is
conducted by using the system of the present invention,
instead of repeating the polymerization by using a plu-
rality of polymerizer devices as mentioned above, the
polycondensation polymer produced in a single polymer-
izer device may be recycled to the polymerizer device.
As apparent from the above, the technique compris-
ing treating a molten polycondensation prepolymer with
an inert gas in an inert gas absorptlion zone to cause

the molten polycondensation prepolymer to absorb the

inert gas, thereby obtaining inert gas-absorbed molten
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prepolymer (o), subsequently transferring inert gas-
absorbed molten prepolymer (o) to a polymerization re-
action zone, and subjecting inert gas-absorbed molten
prepolymer (a) to polymerization in the polymerization
reaction zone under a specific reduced pressure, to
thereby polymerize the inert gas-absorbed molten pre-
polymer (o) to a predetermined degree of polymeriza-
tion, is completely novel. By this novel technique, it
has become possible to produce a colorless, high qual-
ity polycondensation polymer at high polymerization
rate even without using a large amount of an inert gas.

Such excellent effects are unexpected and surprising.

Accordingly, in another aspect of the present in-
vention, there is provided a method for producing a
polycondensation polymer, which comprises the steps of:

(1) treating a molfen polycondensation prepolymer
with an inert gas in an inert gas absorption zone to
cause the molten polycondensation prepolymer to absorb
the inert gas, thereby obtaining inert gas-absorbed
molten prepolymer (&),

(2) transferring inert gas-absorbed molten pre
polymer (o) to a polymerization reaction zone, and

(3) subjecting inert gas-absorbed molten pre-

polymer (o) to polymerization in the polymerization
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reaction zone under a pressure of 30 to 4,000 Pa, to
thereby polymerize inert gas-absorbed molten prepolymer
(o) to a predetermined degree of polymerization.

For easy understanding of the present invention,
the essential features and various preferred modes of
another aspect of the present invention are enumerated

below.

8. A method for producing a polycondensation polymer,
which comprises the steps of:

(1) treating a molten polycondensation prepolymef
with an inert gas in an inert gas absorption zone to
cause the molten polycondensation prepolymer to absorb
the inert gas, thereby obtaining inert gas-absorbed
molten prepolymer (o),

(2) transferring inert gas-absorbed molten pre
polymer (o) to a polymerization reaction zone, and

(3) subjecting inert gas-absorbed molten pre-
polymer {(a) to polymerization in the polymerization
reaction zone under a pressure of 30 to 4,000 Pa, to
thereby polymerize inert gas-absorbed molten prepolymer

(a) to a predetermined degree of polymerization.

9. The method according to item 8, wherein the poly-

merization reaction zone is a guide-wetting fall poly-
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merization reaction zone having at least one guide
fixedly held therein and extending downwardly there-
through, and inert gas-absorbed molten prepolymer (o)
is allowed to fall along and in contact with the guide,
to thereby effect a guide-wetting fall polymerization

of inert gas-absorbed molten prepolymer (o).

10. The method according to item 9, wherein the guide

is a wire.

11. The methéd according to item 9, wherein the guide

is a perforated guide which has a plurality of through

-holes, eéch extending substantially in a thicknesswise
direction of the guide, to thereby form openings in

both surfaces of the guide.

12. The method according to item 11, wherein the per-

forated guide is a wire net.

13. The method according to item 11, wherein the per-

forated guide 1s a punched plate.

14. The method according to any one of items 8 to 13,
wherein the molten polycondensation prepolymer is

caused to absorb the inert gas in the step (1) in such
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an amount as constantly maintains the inert gas

-absorbed molten prepolymer (o) in a foaming state

throughout the step (3) for polymerization.

15. Then method according to any one of items 8 to 14,
wherein the step (1) for inert gas absorption is per-

formed under a pressure of 5,000 to 3,000,000 Pa.

16, The method according to any one of items 8 to 15,
wherein the polycondensation polymer is selected from
the group consisting of an aliphatic polyester, an
aliphatic polyamide, an aliphatic polycarbonate, an
aliphatic aromatic polyester, an aliphatic aromatic
polyamide, an aromatic polyester, and an aromatic poly-

amide.

The method of the present invention can be prac-
ticed advantageously by using the system of the present

invention.
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BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be de-
scribed in more detail with reference to the following
Examples and Comparative Examples, which should not be
construed as limiting the scope of the present inven-
tion.

In the following Examples and Comparative Examples,
the measurement of melt viscosity is conducted by using
a capillary rheometer (manufactured and sold by Toyo
Seiki Co., Ltd., Japan) wherein the shear rate applied

in the measurement was 1.

Exampie 1

An aliphatic aromatic polyester was produced by
using a production system shown in Fig. 1 (a), which
comprises cylindrical, inert gas. absorption device 1,
cylindrical polymerizer device 11 and pipe 9. Absorp-
tion casing la of inert gas absorption device 1 has
therein molten polycondensation prepolymer distribution
plate 4 which has a thickness of 3 cm and has ten holes
each having a diameter of 1.5 mm. Inert gas absorption
zone 5 has a diameter of 0.2 m and a height of 4 m.
Polymerizer casing 1la of polymerizer device 11 has

therein inert gas-absorbed molten prepolymer feeding

zone 12 having a volume of 0.00035 nﬁ. Guide-wetting
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fall polymerization reaction zone 16 has a diameter of
0.3 m. Polymerization reaction zone 16 has therein
four wire net guides 14, each made of a SUS304 wire
having a diameter of 3 mm. Each of wire net guides 14
has a width of 21.3 cm, a height of 8 m and a line
pitch of 3 cm. Wire net guides 14 are respectively
fixed to inert gas-absorbed molten prepolymer distribu-
tion plate 13 by means of fixing metallic members 17
for the guides (see Fig. 1 (C)). Four wire net guides
14 are arranged in parallel to each other at intervals
of 4 cm. The upper end of guide 14 is positioned 3 cm
below inert gas-absorbed molten prepolymer distribution
plate 13, and the lower free end of guide 14 is at a
level at which the profile of the polymerizer casing
1la changes from the cylindrical shape to the conical
shape as seen from Fig. 1(a). Inert gas-absorbed
molten prepolymer distribution plate 13 has a thickness
of 3 cm and has twelve holes which are arranged so that
four sets of three holes are positioned above four
guides 14, respectively (see Fig. 1 (b)). In each of
the four sets of three holes, the holes are arranged at
intervals of 7 cm. Each of the holes has a diameter of
1.5 mm.

To inert gas absorption device 1 was fed, through

inlet 2 for molten polycondensation prepolymer, a
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molten aliphatic aromatic polyester prepolymer which
had been produced from ethylene glycol and terephthalic
acid, and which contained diantimony trioxide as a
catalyst in an amount of 200 ppm and had a melt viscos-
ity of 0.5 Pa‘*s at 280 °C, wherein the feed rate of the
molten aliphatic aromatic polyester prepolymer was 40
kg/hr. Nitrogen gas was fed to inert gas absorption
zone 5 through introduction port 6 for an inert gas.
The pressure in inert gas absorption zone 5 was main-
tained at 150,000 Pa by pressure control valve 7 for
inert gas absorption device. The temperature of the
molten prepolymer fed to inert gas absorption device 1
was 280 °C. Inert gas absorption device 1 was heated
to 280 °C by jackets 24 and 25, The amount of the ni-
trogen gas absorbed in the molten prepolymer was 50 ppm
by weight, based on the weight of the molten prepolymer
(the nitrogen absorption rate: 1.6 N liters ({)/hr) (N{

means { as measured under the normal temperature and

pressure conditions). During the operation of the sys-
tem of Fig. 1, the molten prepolymer having the nitro-
gen gas absorbed therein was fed to polymerizer device
11 by means of pump 8 for transferring inert gas-absor-
bed molten prepolymer (o) so that the amount of molten
prepolymer at the bottom of inert gas absorption zone 5

was constantly maintained at a predetermined level.
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Pipe 9 for transferring inert gas-absorbed molten pre-
polymer (o) was heated to 280 °C by jacket 26. The
pressure in guide-wetting fall polymerization reaction
zone 16 was adjusted to and maintained at 200 Pa by
evacuation device 18. Polymerizer device 11 was heated
to 280 °C by jackets 27, 28 and 29. The molten pre-
polymer fed to polymerizer device 11 was allowed to
fall along and in contact with guides 14 for performing
a polymerization reaction of the molten prepolymer to
thereby obtain an aliphatic aromatic polyester. During
the polymerization reaction, the produced aliphatic
aromatic polyester was withdrawn by means of withdrawal
pump 22 for polycondensation polymer so that the amount
of aliphatic aromatic polyester at the bottom of poly-
merization zone 16 was constantly maintained at a pre-
determined level. In polymerization zone 16, the sur-
face of the ligquid (aliphatic aromatic polyester) at
the bottom of polymerization zone 16 was below the low-
er ends of wire net guides 14. The melt viscosity of
the aliphatic aromatic polyester withdrawn through out-
let 23 for polycondensation polymer was 320 Pa‘'s at

280 °C.

Comparative Example 1

An aliphatic aromatic polyester was produced in



10

i5

20

25

58

substantially the same manner as in Example 1, except
that the molten prepolyemr was not passed through inert
gas absorption device 1 but fed directly to polymerizer
device 11 through inlet 10 for inert gas-absorbed
molten prepolymer. The melt viscosity (at 280 °C) of
the aliphatic aromatic polyester withdrawn through out-
let 23 was 160 Pa's. By comparing Comparative Example
1 with Example 1 with respect to the melt viscosity, it
becomes clear that the difference between the melt vis-
cosity before the polymerization and that after the
polymerization in Comparative Example 1 is small,
namely, the polymerization rate in Comparative Example

1 is low.

Comparative Example 2

An aliphatic aromatic polyester was produced in
substantially the same manner as in Example 1, except
that the molten prepolyemr was not passed through inert
gas absorption device 1 but fed directly to polymerizer
device 11 through inlet 10 and that nitrogen gas was
fed to polymerizer device 11 through an introduction
port (not shown) for introducing an inert gas into
guide-wetting fall polymerization reaction zone 16 (the
nitrogen absorption rate: 16 N//hr). The melt viscos-

ity (at 280 °C) of the aliphatic aromatic polyester
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withdrawn'through outlet 23 was 230 Pa-s. By comparing
Comparative Example 2 with Example 1 with respect to
the melt viscosity, it becomes clear that the differ-
ence between the melt viscosity before the polymeriza-
tion and that after thé polymerization in Comparative
Example 2 is small, namely, the polymerization rate in
Comparative Example 2 is low, in spite of the fact that
the nitrogen gas was uéed in a large amount, as com-

pared to that in Example 1.

Example 2

An aromatic polyester was produced in substantial-
ly the same manner as in Example 1, except that a
molten aromatic polyester prepolymer, which had been
produced from phenyl terephthalate, phenyl isophthalate
and bisphenol A (wherein the phenyl terephthalate/
phenyl isophthalate molar ratio was 1:1), and which
contained 5 ppm of NaOH (as a catalyst) and had a melt
viscosity of 2 Pa‘'s at 300 °C, was fed to inert gas
absorption device 1, that the temperature of the molten
prepolymer fed to inert gas absorption device 1 was
changed to 300 °C and the temperature of each of jack-
ets 24, 25, 26, 27, 28 and 29 was changed to 300 °C and
that the polymerization pressure was changed to 40 Pa.

The melt viscosity (at 300 °C) of the aromatic poly
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ester withdrawn through outlet 23 was 3,200 Pa‘s.

Example 3

An aliphatic aromatic polyester was produced in
substantially the same manner aé in Example 1, except
that a molten aliphatic aromatic polyester prepolymer,
which had been produced from 1,4-butanediol and tere-
phthalic acid, and which contained 200 ppm of antimony
trioxide (as a catalyst) and had a melt viscosity of
0.8 Pa*'s at 280 °C, was fed to inert gas absorption de-
vice 1. The melt viscosity (at 280 °C) of the aliphat-
ic aromatic polyester withdrawn through outlet 23 was

360 Pa-’s.

Example 4

An aliphatic aromatic polyester was produced in
substantially the same manner as in Example 1, except
that a molten aliphatic aromatic polyester prepolymer,
which had been produced from ethylene glycol and
5,9-dicarboxynaphthalene, and which contained 200 ppm
of antimony trioxide (as a catalyst) and had a melt
viscosity of 1.5 Pa*s at 310 °C, was fed to inert gas
absorption device 1 and that the temperature of the
molten prepolymer fed to inert gas absorption device 1

was changed to 310 °C and the temperature of each of
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jackets 24, 25, 26, 27, 28 and 29 was changed to 310 °C.
The melt viscosity (at 310 °C) of the aliphatic aro-
matic polyester withdrawn through outlet 23 was 1,100

Pa's.

Exampie 5

An aliphatic polyamide was produced in substan-
tially the same manner as in Example 1, except that a
molten aliphatic polyamide prepolymer, which had been
produced from hexamethylenediamine and adipic acid and
had a melt viscosity of 1 Pa*s at 290 °C, was fed to
inert gas absorption device 1, that the temperature of
the molten prepolymer fed to inert gas absorption de-
vice 1 was changed to 290 °C and the temperature of
each of jackets 24, 25, 26, 27, 28 and 29 was changed
to 290 °C and that the polymerization pressure was
changed to 300 Pa. The melt viscosity {(at 290 °C) of
the aliphatic polyamide withdrawn through outlet 23 was

120 Pa-s.

Example 6

An aliphatic aromatic polyester was produced in
substantially the same manner as in Example 1, except
that the polymerization pressure was changed to 40 Pa.

The melt viscosity (at 280 °C) of the aliphatic aro-
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matic polyester withdrawn through outlet 23 was 350

Pa's,

Reference Examples 1 and 2

(In each of these Reference Examples, the system
of the present invention was employed; however, the op-
eration of the system was inappropriate with respect to
the polymerization pressure)

In Reference Examples 1 and 2, aliphatic aromatic
polyesters were respectively produced in substantially
the same manner as in Example 1, except that the poly-
merization pressures were 25 Pa (Reference Example 1)
and 5,000 Pa (Reference Example 2), respectively. The
melt viscosities (at 280 °C) of the aliphatic aromatic
polyesters withdrawn through outlet 23 were 250 Pa‘s
(Reference Example 1) and 230 Pa‘'s (Reference Example

2), respectively.

Example 7

An aliphatic polycarbonate was produced in sub-
stantially the same manner as in Example 1, ekcept that
a molten aliphatic polycarbonate prepolymer, which had
been produced from ethylene carbonate and 1,4-butane-
diol (1,4-butanediol/ethylene carbonate molar ratio =

1:1.13), and which contained 10 ppm of lead acetate (as
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a catalyst) and had a number average molecular weight
of 400, as measured by gel permeation chromatography
(GPC), was fed to inert gas absorption device 1, that
the temperature of the molten prepolymer fed to inert
gas absorption device 1 was changed to 145 °C and the
temperature of each of jaqkets 24, 25, 26, 27, 28 and
29 was changed to 145 °C and that the polymerization
pressuré was changed to 250 Pa. The number average mo-
lecular weight (as measured by GPC) of the aliphatic

polycarbonate withdrawn through outlet 23 was 2,020.

Example 8

An aliphatic polycarbonate was produced in sub-
stantially the same manner as in Example 1, except that
a molten aliphatic polycarbonate prepolymer which had
been produced from ethylene carbonate, 1,5-pentanediol
and 1,6—hekanediol (1,5-pentanediol/1l, 6-hexane-
diol/ethylene carbonate molar ratio = 1:1:2.2), which
contained 10 ppm of lead acetate (as a catalyst) and
had a number average molecular weight (as measured by
GPC) of 400, was fed to inert gas absorption device 1,
that the temperature of the molten prepolymer fed to
inert gas absorption device 1 was changed to 160 °C and
the temperature of each of jackets 24, 25, 26, 27, 28

and 29 was changed to 160 °C and that the polymeriza-
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tion pressure was changed to 250 Pa. The number aver-
age molecular weight (as measured by GPC) of the
aliphatic polycarbonate withdrawn through outlet 23 was

2,210.
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INDUSTRIAL APPLICABILITY

In the production of polycondensation polymers by
the melt polycondensation process which can be prac-
ticed without a need for the separation of polymer pro-
ducts from solvents, by using the system and method of
the present invention, colorless, high quality polycon-
densation polymers can be produced at high polymeriza-
tion rate even without using a large amount of an inert
gas. Therefore, the system and the method of the pre-

sent invention are commercially very advantageous.
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CLATIMS

1. A system for producing a polycondensation polymer,
comprising:

(A) an inert gas absorption device for causing a
molten polycondensation prepolymer to absorb an inert
gas to thereby obtain (o) a molten prepolymer having
said inert gas absorbed therein,

(B) a polymerizer device for polymerizing said in-
ert gas-absorbed molten prepolymer (o), and

(C) a pipe for transferring said inert gas-absor-
bed molten prepolymer (o) from said absorption device
(A) to said polymerizer device (B), said pipe (C) being
provided with means for'controlling the flow rate of
said inert gas-absorbed molten prepolymer (o) passing
therethrough,

said absorption device (A) and said polymerizer
device (B) being arranged in this order and connected
to each other through said pipe (C),

said absorption device (A) comprising an absorber
casing having an inlet for said molten polycondensation
prepolymer, an introduction port for said inert gas, an
inert gas absorption zone for causing said molten poly-
condensation prepolymer to absorb said inert gas to

thereby obtain said inert gas-absorbed molten pre-

A
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polymer (o), and an outlet for said inert gas-absorbed
molten prepolymer (o),
wherein said inert gas-absorbed molten prepolymer
(o) is adapted to be withdrawn from said absorption
5 device (A) through said outlet for inert gas-absorbed
molten prepolymer (o), and transferred to said poly-
merizer device (B) through said pipe (C),
said polymerizer device (B) comprising a polymer-
izer casing having an inlet for said inert gas-absorbed
10 molten prepolymer (o), an inert gas-absorbed molten
prepolymer feeding zone positioned subsequent to and
communicating with said inlet for inert gas-absorbed
molten prepolymer (a) and a polymerization reaction
zone positioned subsequent to said inert gas-absorbed
15 molten prepolymer feeding zone, and an evacuation de-
vice provided in association with said polymerization
reaction zone,
said polymerizer casing being provided with an
outlet for a polycondensation polymer through a with-
20 drawal device positioned subsequent to said polymeriza-
tion reaction zone,
wherein said inert gas-absorbed molten prepolymer
(o) is adapted to be transferred to said polymeriza-
tion reaction zone through said inert gas-absorbed pre-

25 polymer feeding zone and polymerized under a reduced

A0
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pressure produced by means of said evacuation device,
to thereby obtain a polycondensation polymer, and the

obtained polycondensation polymer is adapted to be

- . withdrawn from said polymerizer device (B) through said

outlet for a polycondensation polymer by means of said

withdrawal device.

2. The system according to claim 1, wherein said
polymerization reaction zone is a guide-wetting fall
polymerization reaction zone which has at least one
guide fixedly held therein and extending downwardly
therethrough, and said guide-wetting fall polymeriza-
tion reaction zone is separated from said inert gas
-absorbed molten prepolymer feeding zone through an in-
ert gas-absorbed molten prepolymer distribution plate
having at least one hole, through which said inert gas
-absorbed molten prepolymer feeding zone communicates
with said polymerization reaction zone, said guide be-
ing arranged in correspondence with the hole of said
distribution plate, and

wherein said inert gas-absorbed molten prepolymer
(a) is adapted to fall along and in contact with said
guide, to thereby effect a guide-wetting fall polymeri-

zation of said inert gas-absorbed molten prepolymer

(a).

O
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3. The system according to claim 2, wherein said

guide is a wire.

5 4. The system according to claim 2, wherein said
guide is a perforated guide which has a plurality of
through-holes, each extending substantially in a thick-
nesswise direction of said guide, to thereby form open-
ings in both surfaces of said guide.

10
5. The system according to claim 4, wherein said per-

forated guide is a wire net.

6. The system according to claim 4, wherein said per-

15 forated guide 1s a punched plate.

7. The system according to any one of claims 1 to 6,
wherein said polycondensation polymer is selected from
the group consisting of an aliphatic polyester, an

20 : aliphatic polyamide, an aliphatic polycarbonate, an
aliphatic aromatic polyester, an aliphatic aromatic
polyamide, an aromatic polyester, and an aromatic poly-

amide.

25 8. A method for producing a polycondenéation polymer,

A
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which comprises the steps of:

(1) treating a molten polycondensation prepolymer
with an inert gas in an inert gas absorption zone to
cause sald molten polycondensation prepolymer to absorb
said inert gas, thereby obtaining an inert gas-absorbed
molten prepolymer (a),

(2) transferring said inert gas-absorbed molten
prepolymer (o) to a polymerization reaction zone, and

(3) subjecting said inert gas-absorbed molten pre-
polymer (a) to polymerization in said polymerization
reaction zone under a pressure of 30 to 4,000 Pa, to
thereby polymerize said inert gas-absorbed molten pre-

polymer (o) to a predetermined degree of polymeriza-

tion.

9,  The method according to claim 8, wherein said
polymerization reaction zone is a guide-wetting fall
polymerization reaction zone having at least one guide
fixedly held therein and extending downwardly there-
through, and said inert gas-absorbed molten prepolymer
(a) is allowed to fall along and in contact with said
guide, to thereby effect a guide-wetting fall polymeri-
zation of said inert gas-absorbed molten prepolymer

(a).

-

AT
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10. The method according to claim 9, wherein said

guide is a wire.

11. The method according to claim 9, wherein said

guide is a perforated guide which has a plurality of

“through-holes, each extending substantially in a thick-

nesswise direction of said guide, to thereby form open-

ings in both surfaces of said guide.

12, The method according to claim 11, wherein said

perforated guide is a wire net.

13. The method according to claim 11, wherein said

perforated guide is a punched plate.

14. The method according to any one of claims 8 to 13,
wherein said molten polycondensation prepolymer is
caused to absorb said inert gas in said step (1) in
such an amount as constantly maintains said inert gas-
absorbed molten prepolymer (o) in a foaming state

throughout said step (3) for polymerization.

15. Then method according to any one of claims 8 to 14,
wherein said step (1) for inert gas absorption is per-

formed under a pressure of 5,000 to 3,000,000 Pa.

—

AV
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16. The method according to any one of claims 8 to 15,
wherein said polycondensation polymer is selected from
the group consisting of an aliphatic polyester, an

5 aliphatic polyamide, an aliphatic polycarbonate, an
aliphatic aromatié polyester, an aliphatic aromatic
polyamide, an aromatic polyester, and an aromatic poly-

amide,

e
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