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TI TLE OF THE | NVENTI ON Syst em and

met hod for producing a pol ycondensation pol ymer
BACKGROUND OF THE I NVENTION 5 Field of the Invention
present invention relates to a systemfor pro- ducing a

pokycondensati on

pol ymer. More particularly, t he present invent

I's concerned with a systemfor prod&cing a pol ycondensati on
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t hereby obtain ([
absor bed therein,

ng (A) an 10 i nert gas absorption device for caus
condensat iITITLE OpoMYiBe INVENEBONrb an i nert gas t

err]) a nolten prepolyner having the in- ert
( By st qwlante metdrodd dwirc pribducing a polpebpdensatiept he

i nert gas-absorbed nolten prepol yner 15 ([err]) under a reduced

pressure, and (O
nol ten prepol ynmer
devi ce

t hrough pi pe (CO).

(B), wherein abBACKEROUNDQF cBHE A

vice (B) are arranged in this order and connected to 2

a pujgangor transferring the inert gas-absorbe
(a) from absorption device (A to polynerizer

Wﬂs}&“ yneri zer de-

0

each ot her
Fipddppfsthe IRVeRtienm s al so concerned with

met hod for producing awgolycon- densation polyner, whic

conprises: treat
inert gas in an i
pol yconden-

10

15

20

25

ng a

Pt BResent invenign SFRIEHSH itéh PHrjih TWPR~a
gﬁcing a polgégnggﬁngigﬁpééf?héSPew%%eF%%%%i%ﬁia¥9§Ee“
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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25 sation prepolyner to absorb the inert gas, thereby ob-

2 taining an inert gas-absorbed nolten prepolyner (a);
subsequently transferring the inert gas-absorbed nolten.

prepolymer (a) to a polynerization reaction zone; and subj ecti ng
th& inert gas-absorbed nolten prepolyner 5 ([err]) to polynerization
i n the polynerization reaction zone“under a specific reduced
pressure, to thereby pol ymeri ze the inert gas-absorbed nolten

prepol ymer taibahgt @naipeedeyss arssrsey mesl tafn palepmiyineat (o) ; By

the use of the systemor the nethod of the present in- 10 vention, it
has becone possi bsebsegpeandlyetransfertisg,the inert ddsglabggabiedymolten.

pol ycondensati on pol yrmer at high polyneri - zation rate even

wi thout using a | prepoayment (af) a0 anpolymerization mmsstion Eone: anBri or
Art As met hods for producing pol ycondensati on polyners,

such as pol yest er subgelcyamgdsbeahdept| gaar doserked molten prepedy@ezre known
an interfacial polycondensation process whi ch uses a sol vent and a
mel t pol ycandensat(iodn tor polyme@izatiorsinwbhe hpekpeerizaidiope meactipn
general, a process which uses a solvent has problens in_that not

only is a great zone undg&ap §Periafbe Fedured PELFFH RV LA A&edsVent from

t he
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-
10 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.

15 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-

20 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

25 affects the properties of the polymer.



produced polymer, but also a snmall anount of the sol vent remai ni ng
I n the produced pol yner adversely 25 affects the properties of the
polymer. 3 In the
case of a nelt polycondensation process, a pol ycondensati on
regction involved in this process is an equilibriumreaction and,
hence, a pol ycondensati on pol ymer i 3 general |y produced whil e
renovi ng by 5 -product(s) formed in the pol ycondensation reaction
fromthe equilibrium phydosdeasatobra meddt ippiyspstiemsation progesas &o

di spl ace the equilibriumto the product side. For exanpl e, water
and et hyl ene gl ycpblpcendenwaetod romaction invallwed dactthdss PFocensi ASt he
production of polyethylene 10 terephthal ate, and water is renoved from
t he reaction an egsybtibnium r$nptmthnnd1Mh&nﬁeheﬁamﬁﬂhmwxmignéétéaﬁlde
(6,6 nylon). An efficient renoval of the by-product(s) IS

i mportant for effPQlEmeryi@rng@r¢@#¥iE%ﬂ@ﬂﬁﬂﬂkﬁh%%ﬁ removing H¥on pol yner
by the nelt pol ycondensati on process. Vari ous apparatuses and
met hods fob producbngduct(s) fOp@¢@cb%d@@%éEQkYPqRﬂ%ﬂﬁ§§§°@yrFﬁ& Pt

pol ycondensati on process have been known. For examl e, Exan1ned
Japane- §§mpatbﬁteg@%libﬁ%?%hp¢%mﬁ?Q§ﬁﬂﬁﬂ¥¥Q9 TERCTAGRS § Ef&W}

i ned Japanese Patent Application Publication No. %% %

(cor r espondi ng toSGBa§0893@?§P%ﬂBeE§%%1ﬁ%ﬂi%%Prium to the product side.

For example, water and ethylene glycol are removed from
the reaction system in the production of polyethylene

10 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.

15 Various apparatuses and methods for producing
polycondensation polymers by the melt polycopdensation
process have been known. For example, Examined Japane-
se Patent Application Publication No. 46-34083, Exam-
ined Japanese Patent Application Publication No. 50

20 -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

25 polymerizer vessel equipped with a revolving shaft is



panesé Pat ent Application Publication No. 3-14052 dis- cl ose a

hori zontal agitation type polynerizer vessel equi pped with a
revol ving shaft. In each of the above -mentioned publications, the
horizontal agitation type 25 pol ymeri zer vessel equipped with a
revol ving shaft is

used to renew the surface of the pol ynmer by ?otary agi - tation so
as to pronote the separation of the by - product (s) of the

pol ycondensat i on ugadt tonrénew the surface afedite @olypereby EHoheveradihis
techni que has the fol- 5 | ow ng problem Generally, in order to
renove the by tation- poodscté¢sprafotéctipol sapamedisat iodn theabyi on from

t he reaction system the polycondensation reaction is con-

ducted under a hi ghreduct(s)Hofietee , pal yedndrsrdatdon reactlonhgvpmgthe
revol ving shaft, in which the gap between the 10 casing of the

pol yneri zer and theactiohvsygtemaf tHawever, this feghedgquechasxth®lEkhe
hori zontal agitation type pol ynmeri zer vessel nentioned above, has
a probl em Bn lowinghQFOBienwexﬁ@ggralim |R@lVrﬁéroﬁeuFeﬁ?V?h%h%é%Yed

por - tion of the polynerizer. In addition, the uallt¥

t he produced ponnEFOﬁECﬁéﬁéreﬁ et pRl¥pRRGenfAk 1QRﬂ¥ea° on f °@r§P8d by
the revolution of the revol ving shaft urth

[,
pol yneri zers usedtPBPLHPBIEESHEMa fhe- P°1Y°?Rﬂ§%%ﬂaﬁﬂbéi 1881?ﬁe??n'
polymerizers whicy d%eao nger a high vacuum. However, a polymerizer

having a revolving shaft, in which the gap between the
10 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
15 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
20 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

25 therein a porous body extending in the substantially



a revolving shaft and, instead, allow a prepolyner to 20 fall freely
therein so as to effect the polynerization of the prepol yner
during the free fall thereof have al- so been known. For exanpl e,
Exam ned Japanese Patent Application Publication No. 48-8355
degcri bes a polym erizer conprising a polynerizer casing
containing 25 therein a porous body extending in the substantially

5 vertical direction, wherein the porosity of the porous

body i ncreases asvértivah djppectiom, ofheteipdiheupdrodity of thet pamedsa

| ower end of the porous body; a distribution device for the

f eedst ock ni xt ur ebd¢@yl imecreases pas yfeom arp upper jengk ofadhegpowhiishbpdy

di sposed in the polynmnerizer casing at an upper portion thereof; an
exhaustion means toward aflbewernend nef gehe grarous &@d¥ur endiskeibugéenon in
t he pol ymeri zer casing, which is provided in association

wi th the pol ymerigevieasfeoy: thedfeeds toek aukiturenfed dntojfhe polymer-
produced polymer, which is provided at a | ower por- tion of the
pol yneri zeP casi n§zetnexshndedWhiphnts Aisposed irmpihenPoAyEeErdZeion

Lai d- Open Specification No. 53-17569 _describes an ap%aratus
conprising a hol | 63fbBgyatodn upper portipnmthereoti,afe exaustien, MgaPdes
extending in the _15 vertical directjon;_ a nozzle for feedin hi ghly
Vis- CouOBI EFBPYIRS , I SFPFRAtRb AP fiR RS iPReaR The

polymerizer casing, which is provided in association
with the polymerizer casing; and a withdrawal means for

10 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

15 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

20 -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-

25 wardly from the slit orifice and allowed to move con-



gui des; and a wi thdrawal neans for the produced pol yner, which is
prqvi ded bel ow the |inear guides. Further, Exam ned Japanese

Pat ent Application Publication No. 4 20 -14127 di scl oses a conti nuous
pol ycondensati on net hod in which a prepolynmer having an intrinsic
vi §cosity of at least 0.1 is extruded through a slit orifice into
a heated reactor vessel, and the re€ultant filmof the

prepol yner is held between two wires extendi ng down- 25 wardly from
the slit orifice timuehsdbyeiinta dowevard-direction. In the above

6 tinuously in a dowward direction. In the above

-nmenti oned pat ent-memtheneéd, patent @dcwumpiter, tit remateéempted to eéhoeeently
t he by-product(s) of the polycondensation reaction fromthe
reaction system hgfficientlygthéeby-product (®ir feefcehar palytonfenpatpoh yner
during the fall thereof in the apparatus (i.e., by inproving the
surface yeaelhon ofrohethe epeigtieon daprstregn tiye ipoirgasingathen) .
However, by the techni ques disclosed in the above-nen- - tioned

pat ent docqnment s, Sukkageranea o£nthwl pxdpalymer]@uring ghepbfh}iethesenbt

al ways satisfactory and the pol yneri - zation rate is

di sadvant ageous| y11 otfie apparatus (1.enexeilmproydpandbe pardaceApplication
Lai d- Open Specj fication No. 63-104601 describes a nethod for re-
novi ng vol atil e stAREEREeEf Elen Rrepelieenduring the polymerization).

However, by the techniques disclosed in the above-men-
tioned patent documents, the surface renewal of the

10 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

15 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

20 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

25 as compared to that in the case of the above-mentioned



15 apparatus having di sposed therein a belt conveyer, wherein
a belt (carrier neans) of the belt conveyer is noved at a
predet erm ned speed, and a liquid to be treated is fed onto the
belt at an upstream end portion of the belt conveyer, wherein the
liguid forms a thin 20 filmon the belf and the volatile substances
are re- noved by evaporation fromthe thin filmof the liquid
during the novenent thereof on the belt conveyer. Wen t his met hod
i s-enpl oyed for tappapayaseasensavhibeh regse-polymerizattiomn oft e prepbdywer
renewal of a prepolyner is inproved 25 as conpared to that in the
case of the aboveiseaeffentedd during the fall of the prepolymer. Howevery
apparatuses in which the polynerization of a prepol yner is effected
during the fall ofibbe phepbéyteconveyewein the abovesimeand lomedp@pPagsnveyer
i n the above-nenti oned appara- tus needs to be driven by an outside
power source, thetus needsappabat@slﬁeméﬁzaﬁnIqutﬁ%QQ1RﬁﬁﬁIé§°ﬁ6PP|oﬁ &t

whi ch t he gap between the casing of the apparatus and a neans for
transnitti g the ppmrapusvnqgaswrxlﬁé RS 53 e fportion at shdchethg the
belt conveyer is sealed. Therefore, n the case, of the

hori zontal agit at P8R P?E@eﬁblyﬁﬁrPQSiDQOOf theeﬁPRﬂﬁﬂﬁHsrﬁ§ﬂ|4mm9§n§b39§

this apparatus, having dis- osed t her bel t Sanveyer has a
probl emin that transmitgppg|§g§aggw$§ P??%*@ef E%Hﬁ %

portion, source to the belt conveyer is sealed. Therefore, as
in the case of the horizontal agitation type polymeriz-

10 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.

15 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-

20 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-

25 ing an inert gas, togéther with a molten oligocarbonate,



and the air | eakage causes a |lowering of the quality of . the
produced polyner. 15 On the other hand, with respect to the nelt
pol’y- condensati on process for produci ng pol ycondensati on
polymers, it is widely knowmn to effect a polynerization in the
presence of an inert gas so as to renove by -product(s) fromthe
reaction system For exanple, Un- 20 efani ned Japanese Pat ent
Application Laid-Open Specifi- cation No. 6-206997 (corresponding
to U S. Patent Nointo a heat&d3Bd17bé&rizes cindes atmosiphedt iicn preisshranor
aromatic , pol ycarbonate is produced by performng the equilibrium

pol ycondensat i on nfderi sipehatRosphéricopBéysir rafdum amidunt of ilng3aor

i nert gas, together with a nolten oligocarbonate,

8 into a memtegepokynefi the ohilgocatbhospter iand meswviagoby dis-
under superatnospheric pressure in an anmount of 1 nferr] or nor e
per kg of the oliybdddabdont phenoll oenthentiby Owlsich is by-prddugeidoAnphenol
or the like (which is by-produced in 5 the equilibrium

pol yconden®at i on kbacedvhlibnivmchoiycondensatien rireactdmn)ailieueh ehe

I nert gas. However, such a met hod (i n which the production of an
aromati c pol ycar- form as enggaipedi BY cbhguiReHt \#as ¢ HOWEVEEg FHEDRpArti a
pressure of the by-produced phenol in the polynerizer by using a
10 | arge ano®gthed (A8 Whérh he)pradugtienPemd AEmatic polycar=

bonate is conducted while reducing the partial pressure
of the by-produced phenol in the polymerizer by using a

10 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

15 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

20 -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

. 25 Laid-Open Specification No. 8-325373, the present in-



for recycling the inert gas used in the polynerization reaction, a
| arge separation device i s necessary to separate the phenol from
thé inert gas. Each of the above-nmenti oned Exam ned Japanese

Pat ent Application 15 Publ i cati on No. 4-14127 and Unexam ned Japanese
Pat.ent Application Laid-Open Specification No. 63-104601 al so

di scl oses a nethod for producing a pol yesterZunder the fl ow of an
inert gas. In this method also, it is ne- cessary to use a

separ ati on devi cevkfitorenprbpgseélcabyetR6d in whimhodihee podiymerdzatdont ai ned
in the inert gas. There- fore, this nmethod has the sanme problem
as nentioned of a plbepelimerohseconducted Hoywrelaviimad thep arepolpaeent
Ap- plication Laid-Open Specification No. 6-206997.

Further, in UnexatbnédllapdnpgeaRdt éntcéppictaritn tirxs surfaqegiof- @en

Speci fication No. 8-325373, the present in- _

9 vent or sgpridposwhezennt hhe ratiwief the pauntieds ipnassyre of the of
a prepolymer is conducted by allow ng the prepol yner to fall along
and in contact wi aromagicumpaobydrosy compoundgertaiged dim thee ingmto of
the partial pressure of the 5 aromat i ¢ nonohydr oxy conpound cont ai ned
in the inert gas &gsthe pPREtpalt PEESPRERSeE ctRE It (3% IH I con-
trolled within such a _specific range that the recovery of the inert
gas can be conduct®&@lde8nwiithABufughi Agspecific range "that the recovery

of the inert gas can be conducted even without using a
large apparatus. However, in this method, it is 4iffi-
10 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
15 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
20 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-

25 cessary to use a large amount of the inert gas.



| arge apparatus. However, in this nmethod, it is diffi- 10 cult to
achieve a sufficiently high polynerization rate. I n
conventional methods in which an attenpt is made to produce a

pol ycondensati on pol yner by effi- ciently w thdraw ng by-product(s)
fram the polyneriza- tion reaction systemby using an inert gas, as
in the 15 case of the above-mentioned UhBxani ned Japanese Pat ent
Application Laid-COpen Specification No. 6-206997, Exam i ned
Japanese Patent Application Publication No. 4 -14127 and Japanese
Pat ent Application Laid-OQpen Speci - fication No. 63-104601, the

I nert gas is continuously 20 SUMMARYO @FCc #HEI ANVENTPONyeri zer so as to
reduce the par- tial pressure of the by-product(s) in the

pol yneri zer, In thisebytuasvhome fore gulwirg ithet iabovesgentdanefn

t he above- nenti oned conventional nethods, however, for ef-
fectively increasvagivhe pobbiemszaccompamyingitheé snekt paiycondensgdd@ny to
use a |large amobunt of the inert gas. ~

10 5 process using§UsNARYeCE JaE foANToQReing a polycondepn thijs
situation, for solving the above-nenti oned vari ous probl ens
acconpanyi ng t he setiopoppdymesnsiheopresent inyenkess havednagde iexden-gas

for producing a pol yconden- sation polymer, the present inventors
have nade 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
10 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
15 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
20 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-

25 tion to provide a system for producing a polycondensa-



sive and intensive studies. As a result, they have un- expectedl y
found that, by using a systemfor producing a pol ycondensati on
pol’ymer conprising (A an inert gas 10 absorption device for causing
a nol ten pol ycondensati on prepol yner to absorb an inert gas to

t hereby obtain (a) a nolten prepolyner having the inert gas

absor bed therein, (B) a polynerizerlaevice for polynerizing in-
ert gas-absorbed nolten prepolynmer (a), and (C) a pipe 15 for
transferring inertigaspabgpepedymeheemept epolydtidensation pmdcefssomhich
absorption device (A to polynerizer device (B), wherein
absor pti on devi ce igAfread fpohythei peoblém of separatvime tHe) parlemen wged i n
this order and connected to each other through pipe (O, a

pol ycondensat i on polsyi®ent?0whereinathbespsbemcrsl comniemiigidly memyz adi-on
rate even W thout using a |large anmount of an inert gas. The pre-
sent invention havahtageomspliat ¢datbasedlonless s mighelquality polfyigedi-ng.
Accordingly, it is an object of the present inven- 25 tion to provide
a system fd& proddensgtdopoppdyméensan be produced at high iRl yRSIBARE- by

the nmelt pol ycondensation process which is free fromthe problem of
separating the poltjesr ratemeven withgu§ohgdng, awkdres PNk \f &R jlpert
comercially very ad- vantageous in that a colorless, high quality
pol ycon- gas.
It is another object of the present invention to
provide a method which uses the above-mentioned system,

10 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-

15 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

20 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) -

25 I(b) of Fig. 1(a);



5 densation pol yner can be produced at high polyneriza- tion
rate even w thout using a |large anobunt of an inert gas.

It i s another object of the present invention to provi de a net hod
whi ch uses the above-nentioned system 10 and which is comrercially
very advantageous in that a colorless, high quality

pol ycondensati on pol yner can be proaaced at high polynerization
rate even w t hout using a |large anmount of an inert gas.

The foregoing and ot herigbj B¢ed, i eatdiegrammbhtatt cridss-sectdomadjeview t he
present invention will be apparent from the follow ng detail ed
description and appetHedsgkaemsof Fig. 1(&apketaken cakorartliore Wli(td) t-he
acconpanyi ng draw ng. BRI EF DESCRI PTI ON OF THE
DRAWNGS 20 - I(c) ofnFtibe difawm nasd Fig. 1(a) is a

di agrammati c view of one form of the system of the present

i nvention; FigFi . ib( b) diagpamhaiamieey oL ramntheae thagmaiofyi ew
of the systemof Fig. 1(a), taken along line I(b) - 25 | (b) of Fig.
1(a); 5 the system of the present invention. Fig. I(c)

is a diagrammtic cross-sectional view of the systemof Fig. 1(a),
taken along |ine KPepcription of Reference Numerals)
1: Inert gas absorption device
la: Absorption casing
2: Inlet for molten polycondensation prepolymer
10 3: Molten polycondensation prepolymér feeding zone
4: Molten polycondensation prepolymer distribution
plate
-5 Inert gas absorption zone
6; Introduction port for inert gas
15 73 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
20 prepolymer (o)
10: Inlet for inert gas-absorbed molten prepolymer
()
11: Polymerizer device
lla: Polymerizer casing

25 12: Inert gas-absorbed molten prepolymer feeding



I (c) of Fig. 1(a); and Fig. 2 is a diagramuatic view of

another formof 5 the system of the present invention.
(Déscription of Reference Nunerals). 1 | nert gas absorption
devi ce | a: Absor ption casing 2: Inlet for nolten
pol:ycondensation prepolymer 10 3: Mol t en pol ycondensati on
prepol yner feedi ng zone 4. Mol t &R pol ycondensati on prepol yner
di stribution pl at e 5: | nert gas absorption zone
6: I ntroduction portzéne inert gas 15 7: Pressure control
val ve for inert gas absorption devi ce 8: Pu
for transferring iBert gasembsgadbedbsmittiech molten prepolymerpdagbrybuvr (a)
9: Pipe for transferring inert gas-absorbed nolten 20
prepol yner (a) tfon platdet for inert gas-absorbed nolten
pr epol yner (a) 11: Pol yneri zer device
lla: Pol ynmeri zefl4casi ngir@5net guide I nert gas-absorbed nolten
pr epol yner feeding 13

5 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
10 17: Fixing metallic member for fixing the guide

18: Evacuation device

19: Pressure control valve for polymerizer device

20: Vacuum pump

21: Polycondensation polymer
15 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
20 30: Valve for transferring inert gas-absorbed molten
prepolymer (o)

31: Hole of distribution plate 13

DETAILED DESCRIPTION OF THE INVENTION

25 In one aspect of the present invention, there is



zone 13:
tion plate

| nert gas-absorbed nolten prepolynmer distribu-
14 Wre net guide 5 15: Mol t en

pol’ycondensati on prepol ynmer to be caused to absorb an inert

gas 15a:

polzymeri zed

| nert gas-absorbed nolten prepolyner (a) to be
16: Qui de-wetting fall polynerlzatlon reaction zone

10 17: Fixing nmetallic nenber for fixit iI'ng the guide 18:

Evacuati on devi ce

19: Pressure control valve for polynerizer

devi ce 2provifeduanspebtpm for prodeding a Rullxmmmfersatiion pol yner
15 22: Wt hdrawal punp for polycondensation pol yner 23:
Qutl et for pol ycopddymeri ocopprystng: 23a: CQutlet for inert

gas- absorbed nolten prepol yner (a) 24, 25, 26, 27,

28, 29: Jacket

nol t en

plate 13

I n one aspect of
5

10

15

20

25

20 (A30an 1nentvga$oabs¢£@$ﬁqnrdag}qeuﬁqx‘gﬁ%ﬁﬁﬁ@bﬁ%ed

prepol yner (a) 31: Hol e of distribution
molten polycDERAREEDLORSTREPIIYIGIOR O IORIENR deris
the present invention, there is
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 (o),

wherein inert gas-absorbed molten prepolymer (o)



14 provi ded a system for. produci ng a pol ycondensati on

pol ymer, conpri sing: (A) an inert gas absorption device for
cadsing a nol ten pol ycondensati on prepol yner to absorb an inert 5
gas to thereby obtain (a) a nolten prepol ynmer having the inert gas
absorbed therein, (B) a polynerizer device for polynerizing

I nert gas- absorbed nolten prepolyne%s(a), and (O a
pi pe for transferring inert gas-absorbed 10 nol ten prepol yner (a)
from absorption deyi g8apfedti®o be withdRedy Hronz @bsdeypitden( BpyipepéA] C)
bei ng provided with means for controlling the flowrate of inert
gas - abstnbedgnothenont Bedl forerinent passiabgotrbedembilbeghpre-
absorption device (A) and polynerizer device (B) 15 bei ng arranged in

this order and coppegwet t{8)¢aghdothansferred teipdlymeadizem device, (B)
absorption device (A) conprising an absorption casi ng having an

inlet for the nol tenopghypbpeel€aii on prepol yner, an introduction
port for the inert gas, an 20 inert gas absorption zone for causing
t he nol t enspol y- polymenizes adévicer @holgomprisd ngb§oPRlYMEriAaeFt gas
to t hereby obtain inert gas-absorbed nolten prepol yner
(a), and an out| ecasbdngi havingasnabsbebetonpinant gas-absorbed mgdteRer (a),
25 wherein inert gas-absorbed nolten prepol yner (a)
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

10 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,

15 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)

20 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

25 polycondensation polymer is adapted to be withdrawn



15 I s adapted to be withdrawn from absorption device (A)

through the outlet for inert gas-absorbed nolten pre- pol ymer
([€rr]), and transferred to polynerizer device (B) t hrough pi pe
(O, 5 pol ymeri zer device (B) conprising a polynerizer

casing having an inlet for inert gas-absorbed nolten pr epol yner
([err]), an inert gas-absorbed nolten pre- pol yner feeding zone
positioned subsequent to and com municating with the inlet for
i nert gas-absor bedréml penyméPizer devepel yBErtimjugindthse mpoltyiredr ifoat |on
reaction zone posi ti oned subsequent to the inert gas-absorbed
nmol t en ppephgtyndentatdongpabymer aoyl mearesy arfl dtheowidhdrawal de-
provi ded in association with the polynerization reac- tion zone,
15 t he pdkgneri zer casing being provided with an out-

| et for a polycondensation pol yner through a w thdrawal devi ce
posi ti oned subsequent Forthaspohpderstandbmg ref the presendctlinyientdea,
wherein inert gas-absorbed nolten prepolynmer (a 20 I s_ adapted to be
transferred to th&hpokegsentiali §aatvres and varieus drefarratremhgdicrhe

I nert gas-absorbed prepol yner f eedi ng zone and poh%QFrized under a
reduced pressure ments of ghiguasnesy ffahbe PresRNEVARBRTIAN AR &8t o

t her eb
y merated below.

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

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

15 (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

20 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),

25 absorption device (A) comprising an absorption



obtain a pol ycondensati on polyner, and the obtained 25

pol ycondensati on polyner is adapted to be w t hdrawn

16° from pol ynmeri zer device (B) through the outlet for a

pol ycondensati on pol yner by means of the w thdrawal de- Vi ce.

For easy understanding of the present inventign, 5 t he essenti al
features and various preferred enbodi - ments of this aspect of the
present invention are enu- nmer at ed bel ow. 1. A system
for producing a psdgtegdeashigoan phiyeierfor ithe moldemppodiyagndensation

(A) an inert gas absorption device for causing a nmol t en
pol ycondensat i on prepolymer, t anabstorddwtiorergort for thegdpert gher edy
obtain (a) a nolten prepol yner having the inert gas absorbed
therein, 15 inert ¢& abgorpuion zzonelcforedusingotisemoiital PALYt
gas- absorbed nolten prepol yner (a), and (©) a pipe for
transferring i nercondensptiboheprepolymer twlakagomy diel \mert( GRSt £6m
absorption device (A to pol ymeri zer device (B), pipe_(C being
provi ded wbth 20therebyeabtainrivent rorsaksanked Mok tes: STSPOLYBPE gas
-absorbed nolten prepolyner (a) passing therethrough,
(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)
10 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
15 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
20 prepolymer feeding zone, and an evacuation device
provided in association with the polymerization reac-
tion zonmne,
the polymerizer casing being provided with an out-

let for a polycondensation polymer through a withdrawal

25 device positioned subsequent to the polymerization re-



absorption device (A and polynerizer device (B) bei ng arranged in

this order and connected to each oth- er through pipe (O, 25
absorption device (A) conprising an absorption

17 casing having an inlet for the nolten pol ycondensation

prepol yner, an introduction port for the inert gas, an I nert gas
absorption zone for causing the nolten poly- condensati on

prepol yner to absorb the inert gas to 5 t hereby obtain inert

gas- absor bed nol t &6t pée pedryerer (a), and an outlet for inert

gas- absorbed nolten pre- pol ymer (a), wherein inert
gas- absorbed nolten prgpatederidedt gas-absorb2dadapted poepelymehdta@n from
absorption device (A 10 through the outlet for inert gas-absorbed
mol t en pre- is afapyedrtd He tarshsfeansfdertoedheo podyperizasiodevéce (B)
t hrough pipe (O, pol ymeri zer device (B) conprisin

pol yneri zer acticmsiomprmhﬁaqghutheﬂkneﬁtngasn@bﬁ0g@§dabgﬁpﬁgﬁmﬁ§Iten
15 prepol yner (a), an inert gas-absorbed nolten pre- | yner
f eedi ng zobe p03|fee@edgsu@@@qwmdanlYMﬁni&§ﬂnunder a redﬁﬁﬁﬂc&FPﬁguﬁPth t he
inlet for inert gas-absorbed nolten prepol yner (a)

pol yneri zati on reprofegedope means of tssieqvasallam deydest FS FH@I?HXrt

gas-absorbed nolten
obtain a polycondensation polymer, and the obtained

polycondensation polymer is adapted to be withdrawn
from polymerizer device (B) through the outlet for a
10 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-

15 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

20 -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

25 plate, and



20 prepol ynmer feeding zone, and an evacuati on device provi ded
in association with the polynerization reac- tion zone,

t hé pol yneri zer casing being provided with an out- let for a

pol ycondensati on polynmer through a withdrawal 25 devi ce positioned
subsequent to the polynerization re- action zone,

wherein i nert gas-absorbed nolten prepolynerl?[err]) is adapted to
be transferred to the polynerization re- action zone through the

inert gas-absorbed prepgdyeEs irfert gad-esicidemonolted pekpbbymeed(ander a
reduced pressure produced by neans of the evacuation device, to

t her eby obs aadiapt @il e ofalkhselomm qool yimercondiact tt we tbbthengdide,

pol ycondensati on polynmer is adapted to be w t hdrawn from

pol yneri zer devi ceo (Bhlerébpughfedic auguixde fwettdngtFall podyimgrdrdEhsnti on
pol ymer by means of the w thdrawal de- Vi ce. 2. The
system accordi ng ¢H6 inent lgasvebbsorbdédanq@btegmprepolymer dii)zati on reaction
zone is a guide-wetting fall polym 15 erization reaction zone which
has at | ea8t one guide fixedly held therein and extending

downwardl y there- t hrough, and the gui de-wetting fall .
pol yneri zation re3-. The system according to item 2, wherein the guide

is a wire.

4. The system according to item 2, wherein the guide
10 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.

15 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.

20
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

25 aliphatic aromatic polyester, an aliphatic aromatic



action zone is separated fromthe inert gas-absorbed nol t en

prepol yner feeding zone through an inert gas 20 -absorbed nolten
prepol yner distribution plate having at | east one hole, through
whi ch the inert gas-absorbed nol ten prepol yner feeding zone
communi cates with the polynerizatiog reaction zone, the guide
bei ng arranged I n correspondence w % the hole of the distribution
25 pl ate, and 19

wherein inert gaspebgembéd, nan t &tormd o Ipoisrest@®)r, and an aremadapt pdlyvo
fall along and in contact with the guide, to thereby effect a

gui de wetting-fal ampaéyneri zati on of inert gas-absorbed nolten
prepol yner ([err]). 5 3. The system according to item 2
wher ei n the guide The piresentiimvention is des¢ribefhbedpyt ém detatdi ng
toitem2, wherein the guide 10 Is a perforated guide which has a
plurality of through- Conventiomalks, kmcnyeafertdienyedbodsakeraPredia-a

t hi cknessw se direction of the guide, to thereby form openings in

both surfades of fhg gubddycondessation spolymee iy sthdigha @0 AditegPto 18t em 4,
wherein the perfo-
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

10 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-

15 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

20 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.

25 In the conventional methods, an inert gas is con-



rated guide is a wire net. 6. The system according to item 4,

wherein the perfo- rated guide is a punched plate. 20 7.
The system according to any one of itens 1 to 6, wherein the
pol ycondensation polymer is selected from t he group consi sting of
an_ aliphatic polyester, an al i phati ¢, pol yam de, an aliphatic
pol ycar bonate, an 25 aliphatic aronatiglpolyester, an aliphatic

aromatic 20 pol yani de,
an aromatic pol yesimiousy £¢d aroraid cEjuwed through tiwei dgside of the
The present invention is described belowin detail.

Conventional |y, ipobkyyenfzéheimeamoaistémpt prooduwrease thei pglymeriza-
pol ycondensation polyner in which an attenpt is made to renove
efficiently by-protlomttajeof Hdweveal,yby such coovrdtheonailoneteads i othe r om
the pol ynerization reaction system by using an inert gas, the_inert
gas is fed di- polymerizatjonoratpotymmet A silafasderddyi Abcsgasefon
port 10 for the inert gas. However, it has unexpectedly_ becone
clear that5 by ushparh §yemebhisrdefecticofgthe prmiantional methodensiPPon
polymer in which an inert gas absorption de- vi.ce for cau igg a
nol t en pol ycondens@ason ﬁhﬁpghyngplymerization rate can be increase
such conventional methods is understood to be as fol-
lows. The polymerization reaction for producing a
polycondensation polymer is an equilibrium reaction.
10 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
15 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,
20 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

25 amount of inert gas.



to absorb an inert gas to thereby obtain inert gas- 15 absor bed
nol ten prepolyner (a) is provided separately froma polynerizer
device for polynerizing inert gas- absor bed nolten prepol yner (a),
wherein the absorption devi ce and the polynerizer device are
arranged in this order and connected to each other, a

pol ycondensati on 20 pol ymer can be proddced at a renarkably inproved
pol y- merization rate by feeding only a snall anount of the

inert gas to the inert Igaghabpeepéhdnighean€ioryaven when thel ahountf e€di ng
the inert gas directly to the pol yner- | zer device. 25

I n the conventi ondneatt lgads whachi her tagaesdi o C-absorbed in a molten
21 tinuously fed to and flowed through the inside of the
pol ymeri zer in anpailyeoptiensaitthonepseptdhpemeol inethe ainert gas abisorptdbs.
However, by such conventional nethods, the pol ynmeri zation rate
cannot be sati sf adewsiicley isnveegsenallbas compgeed o drhe mouwdf oft iokrthe
conventional methods, the reason why the polynerization rate can be
i ncreased By gas ugeld don¥bet convénbibomatgnethadrlertdteo @plymeyd zas f ol -
| ows. The pol ynerization reaction for producing a pol ycondensati on
pol yner is an equitilioBr iraver east benincreased. Thesaichr @ cpger efibei hgWvehe
by- product(s) of the poly- condensation reaction in such a form as
entrai ned by 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
10 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
15 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
20 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

25 polymer” means a polymer having a structure in which



the inert gas fromthe equilibriumreaction system the partia
pressure of the by-product(s) in the polyneriz- er is lowered, so
that the equilibriumof the reaction 15 is displaced to the product
side to thereby advance the pol ymeri zation reaction. The
abgve-nenti oned conven- tional nethods, however, are

di sadvant ageous in that, for |ncrea%?ng t he polynerlzatlon rate,
an inert gas needs to be fed to the polynerizer in a |arge anount,
20 so that \wonemesrrebl etrslédrty idmbltypeccwactiueohtiatinéng two or use
of such a | arge anmobunt of inert gas. On the other hand, by
usi ng the systemmdrd hfumpeiional groupsserdpdbiecwifi condenshésoonerpect edl y
beconme possible to- i ncrease the polynerization rate by using only
a snmall 25 omded 06 eash totfesr through a linkage formed by the

22 In the present invention, even when the anount of

i nert gas whi ch icondemsation bef atfwrbmttionalgrogps. Each of the

pol ycondensati on prepolymer in the inert gas absorption device is
very smal I5as congkeee-mentieneguieonongrs wan be Bither gaaopempgri FOMhe
conventional nethods, the polyneriza- tion rate can be increased.
In such a case, tPrSeédyef-an aliphatigirqaarhes grauPphaydise fypcrhe
by-products in a pol ymeri zer device is not sufficient for

achi eving a tion%Ag%r%%9§n%$¥9§ﬁ1¥nP9QﬁQ9 theasedroPE, 3 RENRBERafPSM as

posed of an aromatic hydrocarbon group having function-
al groups directly bonded thereto. Specific examples
10 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
15 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
20 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-

25 polymer. Further, the polycondensation polymer can be



10 to how the inert gas used in a small anount effectively

serves to exert the excellent effects in the present I nvention has
not yet been el ucidated. According to the study nade by the
present inventors, it has sur- prisingly been observed that, when
a nolten prepolyner 15 havi ng an inert gas absorbed therein is

pol yneri zed, vi gorous foam ng of t h8%nol t en pr epol yner

conti nuously occurs in the polynerizer, whereby the surface of the
nol t en prepol yner ai santibmacbrvblyck esepelymeihereaftaining different types
presuned that the above-nentioned foam ng, which 20 occurs throughout
t he nol ten prepol phelinkaghs, pehgheas an ester limkageo tehewasbpnateectively
facilitate the surface re- newal of the nolten prepolyner, is
effective for in-linkage andreansamyde hbigkdgerer Asaspeaificeexamples of

In the present invention, the "pol ycondensation 25 pol ymer" neans a
pol ynmer having a suchcBucePPAYMAFchthere can be mentioned a polyester

23 nononers of at |east one type, each containing two or

nmore functPonal gfegponeigasnd af Pebyeetent awie ar bonded to each
ot her through a Iinkage fornmed by the condensat.i on of _t he
functional groups. EacﬁnthFhEre§ent i%Xﬁﬁﬁ$9ﬁﬂnqQﬂua?Q%E%BnBPéyeaﬂdE%‘

ei ther a nononer com posed of an aliphatic hydrqcar
havi ng func- SathPoR§PP@F¥ﬂﬁ§"dW?%E?I?‘th ‘Wéﬂ@ﬁ@’&&
com polycondensation polymer which has a polymerization de-
gree which is being increased by polycondensation and
10 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-

15 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-

20 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

25 group-containing compoﬁnd to polycondensation. Illus-



posed of an aromatic hydrocarbon group having function- al groups
directly bonded thereto. Specific exanples 10 of pol ycondensati on
pol’ynmers include aliphatic polyners (in which aliphatic

hydr ocar bon groups are bonded to each ot her by condensation of the
functional groups), such as an alipgﬁtic pol yester, an aliphatic
pol yam de and an aliphatic polycarb6hate; and aliphatic aromatic
15 polymers (in which aliphatic hydrocarbon groups and

aronmati ¢ hydrocar bpatgvelpssaatedondardiows epclyerttear fnepolymers can be

condensation of the functional groups), such as an

ali

phatic

aromati ¢ pol yest eprodncefli phafotlawsmaancaliphatic pediestiede paepodiymer

al i phatic aromatic pol ycarbonate; and 20 aromatic polynmers (in which
aromati ¢ hydrocar ban beoppeduced by aapelpooridensat i iresdidonppetween
condensation of the func- tional groups), .such as_an aronptic

pol yester and an @ monomeraeeMArisedofl afi Gz:Canalipbhatie REGYECRERPPONed
pol y- condensati on polynmers can be a honmopol yner or a co- 25

pol ymer. Burther grphp bavjsenaénbathofides ykeer hydroxyl groups di-

24 a random or bl ock cogolyner contai ning different types

of |inkages, suchrastaw bepded| t

am de |inkage. As specific exagglgs gf
be nentioned a pol*y8SMEF CEMPTiSEfp

oRafe- St A BAHHvo

RRPEC heedr bopih¥lene glycol) @uth@ and an

Bhere can

group having at both sides thereof carboxyl groups di-

rectly bonded thereto (e.g., adipic acid); an aliphatic

10 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

15 Cg-C3¢ 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

20 group having at both sides thereof hydroxyl groups di-

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

25 prepolymers can be produced as follows: an aliphatic



In the present invention, the "nolten pol yconden- sation

prepol ymer" neans a nolten | ow nol ecul ar wei ght " pol ycondensati on
pol ymer which has a polyneri zation de- gree which is being

i ncreased by pol ycondensation and 10 has not yet reached a desired

| eyvel . Needl ess to say, such a nolten prepol yner nmay be an

ol i goner. The above- mentioned 4l t en pol ycondensati on pre-

pol ymer can be prepared by conventional nethods. For exanple, a

pol yest er prepol peryamidd prepeiaet @ans e prbuced byeat poyyeomdensney|

gr oup- cont ai ni ng conpound and a car - boxyl group-contai ni ng
conmpound to pol ycoirierseadion between a mosioperi gemprapefyadracéar duo
produced by subjecting an am de group-containing conpound and a
carboxyl group aliphatiedmydirocaxpaogmupd havipgl atohdthsaides; thexea
poly- 20 carbonate prepol yner can be produced by subjecting a
conmpound conpri sioly cackexphydreups iredtiy dondedhthereto (es@des t her eof
a substituent bonded thereto (wherein the . Substituent is selected
fromthe gfoup cAdiRi¢ Reid) and a monomex \HogwyFigeduptardCantao KXy group)

and a hydroxyl 25 gr oup- cont ai ni ng conpound to pol ycondensati on.
Il us- phatic hydrocarbon group having atohoth sidestF%g;%%ﬁy

stated, various polyester prepolyners can be Eroduced as follows:
an al i phatic pol yaBIRe PFrawRs dbrectly bonded, thergtaqeed - pyPg*a-

ol ycondensati on reacti on between
poly methylene giamine): an aliphatic aromatic polyamide

prepolymer can be produced by a polycondensation reac-

10 tion between a monomer comprised of a Cg-C3p 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

15 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

20 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-

25 densation reaction between a monomer comprised of a



a nmononer conprised of a C2-C30 aliphatic hydrocarbon 5 group having
at both sides thereof hydroxyl groups di- rectly bonded thereto
(e.g., ethylene glycol) and a nononer conprised of a C2-C30

al i phati c hydrocarbon group having at both sides thereof carboxyl
graqups di - rectly bonded thereto (e.g., adipic acid); an aliphatic
10 aromati c pol yester prepol yner can be Broduced by a

pol ycondensati on reacti on between a nononer conprised of a C2-C30
al i phati ¢ hydrocacheg;gralpphaviachydrdocatbon group heviay altebedh Bjdesxyl
groups directly bonded thereto (e.g., ethylene glycol) and a
nononer conpri sedthkreoflhydroxyT6g€3ipar atreéctlyyobrobst bdrermgptoud ehavi,ng at
bot h si des t her eof carboxyl groups directly bonded thereto (e.g.,
t erepht hal i ¢ aci d]1;, 6ahéxaneddoiit andpal yestmer pcamprised of galagbemydan be
produced by a pol ycondensati on reaction of a nonomer conprised of
a C6- C30 aronati cgmpdpobavting a20both sgdesptheveed) atPhendKSiq@R her eof
hydr oxyl groups di - rectly bonded thereto (e.g., bisphenol A) and
a nononer 5 (ecgnpr ddphienylacasboBatea) endtn @liphaddsr B&emgtddp havi ng
at both sides thereof carboxyl groups directly bonded thereto
(e.g., terephthal Polycaapongiei prsPpadVpari €an pg produgrd oy el YCaR be
produced as follows: an aliphatic

26 pol yanide@sptdes Feactdqn betpesaudHORYMET ARG LOL a
C,-C3p aliphatic hydrocarbon group having at both sides

thereof hydroxyl groups directly bonded thereto (e.g.,
10 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
15 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

20 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

25 functional groups at both terminals of each of the pre-



tion reaction between a nononer conprised of a (Jerr]-Cerr]

al i phatic hydrocarbon group having at both sides there- of carboxyl
groups directly bonded thereto (e.g., 5 adi pic acid) and a nononer
conprised of a C2-C30 ali - phati c hydrocarbon group having.at both
si des thereof am no groups directly_bonded thereto (e.g., hexa-
net hyl ene diam ne); an aliphatic aromatic po?@anide pr epol yner can
be produced by a pol ycondensation reac- 10 ti on between a nononer
conpri sed of a CohdBfneér ofdi. The termiydfiofanbbhopabugrdiys nghixh bot h

si des thereof carboxyl groups directly bonded thereto (e.qg.
terephthalic underg@ei a) pahycendemsmteror araadtsion oliyabe2tizgs0sane ph@ti c
hydr ocar bon group having at both sides thereof amno 15 gr oups

directly bonded tdiffé¢reft. g Forhexampleyl dhe polymerizatbomnedf a sraltan
aromati c pol yam de prepol yner can be produced by a
pol ycondensat i on pehytondeheatien prewyiymer producededycsepetdng efhgl-
C6- C30 aromati ¢ hydrocarbon group havi ng at both _si des thereof
car boxyl gboups déemecglycoRoand tetﬁ?hﬁhﬁliﬂwﬁﬁké%@ﬁ@iPVPéﬁépﬁtBSFYG aci d)
and a nononer congrised of a C6-C30 aromatic hydrocarbon 8roug
havi ng acondensatden reagbben beteen Gujed bydgerddg9rou
thereto (e.g., paraphenylene diamne). An aliphatic ol ycar bonat e
prepol ymer can beaRdodubermbpal garheenl goeup of eaghs af 5Rer8§8P¥8¥mer
bet ween a nononer conprised of a

chains, wherein water is by-produced, and/or a poly-

condensation reaction between both hydroxyl-terminals
10 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

15 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

20 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

25 likely to becomes difficult to achieve a satisfactorily



27 C2-C30 aliphatic hydrocarbon group having at both sides

t her eof hydroxyl groups directly bonded thereto (e.g.,

1, 6- hexanedi ol ) and a nononer conprised of a carbonyl group havi ng
at both sides thereof a phenoxy group 5 (e.g., diphenyl carbonate).
An _al i phatic aromatic pol ycar bonat e ggepolyner can be produced by a
pol ycon- densati on reacti on between nononmer conprised of a

C2- C30 aliphatic hydrocarbon group having at both sides t her eof
hydroxyl groups dihigltp9lypoedezatien etagree.g., 10 1, 6- hexanediol ), a
nmononer conprised of a C6-C30 aro- mati ¢ hydrocarbon group having
at both sides thereof In additigmir oxypolycengengiatden poBymesdpradueed
(e.qg., bis- phenol A), and a nononer conprised of a carbonyl groups
havi ng at both sid¥sushegebhe psysesy off dips p@sead inyention: gapebd (e. g.,
di phenyl carbonate). Further, a nolten m xture obtained
sinply by heat used aspa|Behten ROERANIGRSAL IO PLAPIINEET -t §§ethaf 8an
be used as_a nolten pol ycondensati on prepol yner.

Wth respedt to sPetYFPRARRSABLRN (RRLPMGKI WS fe fursher ingregsednBps
menti oned above, reference can be nad

e to, . for exanpl e, "Po]yner
Synt hesis, vol. 1leculghrqvelght can be °9§Q%Pﬁd"19§25PﬁﬁB$?§Hgﬁp%?nﬁEﬁﬁbnic

Press, Inc., US A). The | yneri zation of the nolten
pol ycondensat i on such agpethod 1s W%F%? sél by pol ycondensation bet ween
the 25 functional, groups &, ot N ter N $:°neP e eBbnt EpRESE1 -

cation means a gas which has no reactivity with the

10 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-

15 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-

20 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

25 inert gas absorption device (A), there is no particular



28 pol ymer chain. The term nal functional groups which

undergo a pol ycondensation reaction may be the sane or different.
For exanple, the polynerization of a nolten pol ycondensat i on

prepol yner produced by reacting ethyl- 5 ene glycol and terephthalic
aci.d may involve a poly- condensati op.reaction between a term na
hydr oxyl group and a term nal carboxgp group of each of the

pr epol yner chai ns, wherein water is by-produced, and/or a poly-
condensati on reaciinihtaeioreas bbding hysirioxydan dremiusadds £or0 causingf thach of

t he pol yner chains, wherein ethyl ene glycol I s by- produced.

The nelt viscosi tjpobtenhprepdlvmepoty carslers dtieoinert gas. pExgoplesrof s
preferably at |east 0.001 Pa's, nore preferably 0.01 Pa's, and
preferably not no2esehphionsdevices 0D Rn sthensmys herefodr Abley piresenbre t han
2,000 Pa's. In the present invention, the "nelt viscosity" neans a
mel t vi scosi ty asimgemtien énclmﬂﬁ;ﬂnqwﬁnttgnakndqwiqes deSGrlbeéeﬁature
enpl oyed whil e applylng a shear rate of 1. a nolten

pol ycondenBat i on pKage ynﬁﬁuﬁﬁkl$@#Eﬁiﬁﬁqusqxﬁhiriiﬂﬂ:NQosﬂbyxﬁﬁtPés§a§ﬁan
0.001 Pass is polynerized by us- ui de- mettlng fal

pol yneri zer whic YESBEséP?ﬁéﬂn and °Per%R%QRM9 @W@aF?ﬁESfowothe

prepol yner to fa in contact w.th ge bec nes short
eftds?

a
(t hat "2 fas, BBEPTRRASh AR e R o SHRhA) Mo B
lished on March 15, 1981 by Kagaku Kogyosha, Inc., Ja-

pan), such as a packed column type absorption device, a
10 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,
15 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
20 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

25 fall along and in contact with the surface of a guide



25 |ikely to becones difficult to achieve a satisfactorily

29 hi gh pol yneri zati on degree. In addition, a

pol ycondensati on pol ymer produced by using the system of the
present invention can be used as a nolten pol ycondensati on

prepol yner, so that a 5 polycondensatiog pol ymer having a further

I ncreased no- | ecul ar wei ght can be dbt ai ned. A specific

expl anati on on such a nethod is made bel ow. The term
"inert gas" used in aheapmespherepefi &mn-inert gas, dal ithenabgncamsgashehi ch
has no reactivity with the 10 nol t en pol ycondensati on prepol yner and
is stabl e under molten prhpotymeittonsbsoph ofieal fnartt lgas daningadhe
absorption and the pol ynerization. Specific exanples of inert
gases used in thefmdihsbegeofhe present invention in- cl ude

ni trogen, argon, helium and carbon di oxide. Fur- 15 t her exanpl es of

i nert gases include or§antBeronpoubeert gas absagpidipnadevilges (ddsedudest ate
at tenperatures at which _ t he prepol ymer maintains the nolten
state, sucl® as a Vice whichadgogsnebabty WeRGRE FoPHIMETE ZeT £3® @SBon

at ons. O the above-nentioned inert gases, nitrogen is espe- 20
cially preferred. be used. H°WeV?¥weﬂnﬂﬂﬂ§H&h-énd@YBpénéHPgﬁrﬁélﬁang n the

system of the esent invention for oduci ng a_pol ycondensa-
y as a pgaymer zZer) 1is used asp{nert gas a sofg%ion e-

vice (A), the device is generally operated under condi-
tions wherein the polymerization of the mélten pre-

10 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

15 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-

20 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-

25 actor, a twin-screw horizontal agitation type reactor,



tion polyner. Wth respect to the type of the devices used as
25, I nert gas absorption device (A), there is no particular

30 limtation as long as it can be used for causing the

nol ten prepolynmer to absorb the inert gas. Exanpl es of absorption
devices used in the system of the present I nvention include
conventional devices described in 5 ﬁgbaku Souchi Sekkei Sousa
Shiriizu No. 2, Kaitei Gasu Kyushu (Design and Operation of

Cheni cal Appar at as walld.-wetting fall @aacﬂbsorptfnae(ﬁehlsnmﬂxm¢sizﬁ9)", pp.
49- 54 (pub- |l i shed on March 15, 1981 by Kagaku Kogyosha, Inc., Ja-
pan), such as a [gecke® deivimg ﬁym@ribsempﬁlphauev(dbstaleUlon plate),
tray-containing colum type absorption device, a spray- i ng

devi ce- cont ai ni n@nsblaumelyyes izeso device désig@eélﬁor performipg ch a I|qU|d
IS sprayed in a gas to be absorbed in the Iiquid), a_ turbulent

cont act absorptlmwlﬂmﬁnﬁ¥aﬁion bY allogé§glPqQFéPPiYﬁ?ErB@sf%%%t%kQQQQ type
absorption device, 15 h-speed rotary flow type absorption
device, arf ap- and in qgﬂﬁﬁq |V ithe §PFf?EPn@fn§cﬂ3ﬁ@€a( ?ng%??E%Eh as
agitation force), and a deV|ce i n which the nolten @ g ynmer is
al lowed to fall HA%aereRid %ﬁ%@t th @ 2 guide-yaEtingrEall ROLY Jui de

in an at nosphere of an |nert to,there cause the nolten
prepol yner to abgﬁpﬁ.qﬁa evi é£#3 These various tygé E reactors can

be used individually or in combination. As one of the
preferred modes for producing a polycondensation

10 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

15 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-

20 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

25 polymerizer device (with respect to the polymerization



inert gas during the fall thereof. In the present in- vention, it

Is especially preferred to use a spraying devi ce-cont ai ni ng col um
type absorption device or a ' device in which the nolten prepol yner
is allowed to 25 fall along and in contact with the surface of a
gui_de 31 In an

at nosphere of an inert gas, to thereby cause3? he nol t en prepol yner
to absorb the inert gas during the ~ fall thereof.

Further, as inertwhashabsocphfaoted Wy ar{ilg thidepolymerizeyi devibech is
generally used as a polynerizer can al so be used. However, when
such a devi ce (geneferépceisean be made aso 2 flud \envampider,) Ui.§.uBetlent Noert
gas absorption de- vice (A, the device is generally operated under
condi - ti Bn88ALB64) n tThmtpdlsynedmi thei pmesént hinvehtion prist 110

pol ynmer hardly proceeds, so that the device does not function as a
pol yneri zer. preferred that htherpskmer iraditcnoreacitdos Egnﬂooﬁarticular

limtation with respect to the naterial used for inert

absor pti on5devi cepp eﬁéeﬁaﬁévi@@ (B) geher udyde-wetting §éﬂécp@élym¢6mthe
group consi sting of stalnless st eel , carbon steel, Hastell oy,

ni ckel , tltanlun1léﬁFéﬁﬂuﬁ?a°tl°n zongiekchy hasy at deask poEyEEidRaving a

hi gh heat resis- . ta
fixedly held therein and extending downwardly there-

through, and the guide-wetting fall polymerization re-
action zone is separated from the inert gas-absorbed

10 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

15 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).

20 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

25 fall thereof in the polymerizer device, so that the



Wth respect to the type of device used as poly- 20 merizer device
(B),, there is no particular limtation. Exanpl es of devi ces usabl e
as polynerizer device (B) i nclude an agitation type reactor
vessel, a wiped film type reactor, a centrifugal wped film
evagporation type reactor, a surface renemal type tw n-screw
kneading re- 25 actor, a thn screm/hoPlzontaI agitation type
reactor, 32

wal | -wet ti ng fal |l suecfgcerofatheemoltén poépomiymercris very ef(f@mtdeveﬂxvu ng a
perforated plate (distribution plate), and a pol ynerizer device
desi gned for perfandi @fficiently r9@$wm®rif@@i&hibyraasgmmngnatbeepn$yner
to fall along 5 and in contact with the surface of a guide
(hereinafter, sent jipegubheny ibfbsreest eraferreflitte nne Gisn§olamerpol v-
neri zer deV|ce") These vari ous Ag es of reactors can be used

i ndi vi dual |y or hzﬁ§nﬁﬂﬁ§99063) %n@u%ﬁeTWﬁ$t1n9 fallpporlgmesd 205468 f or

produci ng a polycondensatlon E%n usi ng .t he system of _the

present in%entionvice. WhereiﬂeFBecﬁﬂl ) Nigh adiemish aPfe

nol ten pre- ) 8 ¥ IS pregared polyner|2|n the raw materi al

nonomers by usi ngtd GeRrt Eﬁlwéﬁptﬁ? ot ¥§?é§r?§uﬁ4ﬁ guide mainfadag a gnq

t he polynerizatio of .the gte r epol i S perfor a& u5|ng

a surface renewal *? 9ﬂ%n9mfﬂb 8r£&£ H%m%ﬁﬁl SFRBR/L e RS, %aﬁ S8rew

hori zont al ag'tat%ﬁe above description reading "the molten prepolymer

falling along and in contact with the surface of the

10 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

15 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).

20 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,

25 '+ referring to Fig. 1(a). Inert gas absorption device 1



type reactor, a wall-wetting fall reactor, a free-fall pol ymeri zer
device having a perforated plate, or a pol yneri zer devi ce desi gned
for performng a polyneri- 20 zation by allowing a prepolyner to fal
along and in contact with the surface of a guide (guide-wetting
fall pol ymeri zer device). As pol ynerizer device (B)
It is especially preferred to use Pﬁe above- nenti oned

gui de-wetting fall 25 pol ymeri zer device (with respect to the

pol ymeri zation of Fig. 1(a) is a device in which a molten p®lyconden-yhj ch
IS conducted by using this polynerizer device, ref erence can be
made to, for exaspitdonUpgepPdymer Me. allowed tg, HBUL Sopm theafubPeXr in t he
present invention, it is preferred that the polynerization reaction
zone of 5 poattyienr iofethgedevdceBfoi the lewer-pertiqy dfhithepSeyner -

I zation reaction zone which has at | east one guide fixedly held

therein and ext eidicey t@oirTedyy cedepethe molten pol¥gRpensatione pre-

gui de-wetting fall polynerization re- action zqne js separated
fromthe Bnert gROI¥BES &g abserd thepdnerh gae Spiing ?rbeec#aﬁ'gl %‘%e‘f’ rough
an inert gas -absorbed mol t en gregolyner dj stri utio%.plate havi ng
at |east one hol &nedtr §agh ahFoRtinRe ARELE 9539%mg{4§ﬁﬁja SOrptlon, §fSen

prepolyrer | eodl 19 29 SSRTIE3LE0 A hPeen poryooRPIILGHGAY

polymer, molten polycondensation prepolymer feeding
zone 3, molten polyéondensation prepolymer distribution

10 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-

15 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

20 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.

25 The amount of the inert gas absorbed in the molten



15 i n correspondence with the hole of the distribution pl at e,
and wherein inert gas-absorbed nolten prepol yner ( [err]) is
adapted to fall along and in contact with the gui de, to thereby
effect a guide-wetting fall polyner- i zation of inert gas-absorbed
nol,t en prepolynmer (a). 20 It has been und that, when the
above-nentioned i nert gas- absor bed | ten prepolyner (a) is

subj ected to pol ymeri zati on by using the guide-wetting fal

pol yner - porypcond@enset iom gureptsl Yoo i1y iofertngats gdbsoxpsdobede-

nol ten prepolynmer (a) constantly occurs during the 25 fall thereof in
t he pol ynerizer deicee]l santbatcoimerolled by changing the pressure of

34 surface of the nolten prepolymer is very effectively and
efficiently renewktterfogashabsorpsbon Zone he. pfbe higher thenprésswerei on,

It is nost preferred to use as pol yner- | zer device (B) the

gui de-wetting fal émpbpyedrinectheleiners gas ahsarptiesr gione.hdhgolazger
prepol yner falling al ong and in contact with the surface of the
gui de mai nBai ns athe amount cafi Hee sirert (FaEPRARDath dnptdgompdden

pol yneri zati on. The above description reading "the nolten

pr epol yner POLYFPRAGNSR bHOD PEEPHLYMRE ac IDRFEhIRRcaBEPFRE] BPLEeR 10
guide maintains a foam ng state throughout the pre- pol yrer

pol yneri zati on" nREABOLWAETt h@) f bBrWhEh@eawn nfrom outlet 238.y occurs with

r he whol h | ten
espect to the ore O%hérg fg ﬁg particular limitation with respect to

the amount of the inert gas absorbed in the molten

10 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

15 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

20 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-

25 densation polymer to be produced, but such a pressure



prepolyner falling along and in contact with the guide fromthe
upper portion of the guide through the Iower 15 portion of the guide.
Wth respect to the foaning state of the nolten prepolyner in

pol ymeri zer device (B), the foam ng state can be, for exanple,
visually observed t hrough a sight glgss provi ded on pol yneri zer
device (B). 20 Her ei nbel ow, an explanation on the system of the
present invention is made with reference to the accom panyi ng

dr awi ngs. is generakly Hasoabsordiiam, vk @hefesathlynlPhe08ystem
of the present invention is described in detail below, 25 referring
to Fig. 1(a). |ntot2gas0abeorpai omodevprefdrably 20,000 to 1,500,000 Pa.

35 of Fig. 1(a) is a device in which a nolten pol yconden-

sation prepol ynerItsial poefdrredf dhatfinert hgasipgheorption deydcei dnhaé t he
device to the | ower portion of the de- vice to thereby cause the
mol t en pol ycondensareshspapce o the poegseres olmidw [@boye -meatioggsd duri ng
the fall thereof. | nert gas absorption device 1 conprises
absorption5cas- range. Imgthe peedugtion &f XbeopodyreaAepsfryé8Rdensati on
pre- pol ymer, nolten pol ycondensati on_ prepol yner feedin%_

zone 3, nolten poP9iymesEnbyt nsAngr Ehe| sHeken of rhe (RrgFerto inventiphve 4,

i nert gas absorption zone 5 and introduction .
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-

10 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

15 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

20 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

25 molten prepolymer (o) is polymerized to a predeter-



port 6 for inert gas. Mol ten pol ycondensation pre- polymer 15 is
fed to nolten pol ycondensati on prepol yner feeding zone 3 from
inlet 2 and allowed to pass down- wardly through distribution
plate 4 into inert gas ab- 15 sorption zone 5. In inert gas

absor pti on zone 5, nmol t en pol ycondensati on prepolymer 15 is
allowed to fall in a droplet formaP a thread-1ike form while ab-
sorbing the inert gas during the fall thereof. Absorp- tion casing
| a has introduct mime@degrekobfi poloneeingtiaf. inert gas into inert
gas absorption zone 5, and pres- sure control valve 7. Using
pressure control val vPolymerizer detvheei hérof gikgcah(de dawprises i nert gas
adsorption de- vice 1 while constantly maintaining the inner
pressure padfyniendizergaasdngoipai bavieygi trett agas- aksorkefl Imoidlen 25
The amount of the inert gas absorbed in the nolten

36 pol yc enubgesamean fieedioidy genei A2i andt pglyneptoapionrepction
vice 1 can be controlled by changing the pressure of i nert gas
absor pti orb zone ZONEhd éhingisditionedpbedour anert gas-abpeBhed MOLEe Bhfer t
gas absorption zone, the |arger 5 t he amount of the inert gas
absorbed in the msikyer feeding gengcdRdenk@¥orIdFaRAgHRSd Matd:

gas- absorbed nolten prepol yner éa)_is wﬁthdra&m fron1qftlet 23a.
There is no part RERRALYMER £oeiddno,izoner dpdst spparated from polymeri-

zation reaction zone 16 through inert gas-absorbed
molten prepolymer (o) distribution plate 13. Polymeri-

10 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

15 -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

20 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-

25 tion polymer from polymerization reaction zone 16 which



t he amount of the inert gas absorbed in the nolten 10
pol ycondensati on prepolymer, but the anount of the in- ert gas
absorbed in the nolten pol ycondensati on pre- polymer is generally
1 to 10,000 ppm by wei ght, pref- erably 3 to 8,000 ppm by wei ght,
nost preferably 5 to 6, 000 ppm by | ght, based on the wei ght of
the nolten 15 pol ycondensati on prepol r. Further, it is preferred
that the pol ycondensation prepolynmer is caused to ab- sorb the
inert gas in suctas anmbdiced moestuwrd. v mai ntai ns i nert
gas-absorbed nolten prepolymer ([err]) in a foam ng state

t hr oughout the pol yneMadternptdmarlanfer Feeding zonehéRebynetionsetn |y
effect the surface renewal of t he prepolynmer. The pressure of the
i nert gas absor p-distribute timeriz ayees falysoxdnesi mplitea pokpeoibymer (o)

pol ycondensati on pre- pol ymer to absorb the inert gas in the
above-mentioned 15(a) unifeumiy nky the ynd@seedi dgssmibpsieppplatet hd.

pol ycon- 25 densation polyner to be produced, but such a pressure

37 S5is gerBien IMoEteEEPS IR FRRdiag goaeedadbrpnpotoppiformly o
2,000,000 Pa, nore preferably 20,000 to 1,500,000 Pa. It is
preferred that i mqtﬁ&u%sléﬁ%ﬁt grasfahsarbedmplten prepglymers{@hce to
the pressures in t%&iabove-nentioned 5 r In the p[odgction of

_range.
the pol ycondensat}dfft) to the hples of,dighributionspdats df.t Ak pfesent

| nvention, likely that the molecular weight of the obtained poly-

condensation polymer becomes ununiform, and the

10 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

15 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-

20 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)

- 25 occur, thereby lowering the quality (such as color) of



I n many cases, the tenperature enployed for causing the nol t en
prepol yner to absorb the inert gas is simlar to t he pol yneri zation
tenperature enployed, and it is gen- 10 erally from 100 to 350
[err]C. Inert gas absorption device 1 can be heated by using

j ackets 24 and 25. As a preferr%d I nert gas absorption device
whi ch I s capabl e of causing a mol t eft prepol yner to absorb an

inert gas in high efficiency, there can be nentioned a 15 device in
whi ch inert gas alther pbitardinednpolybasdensation polymer. affheepyressneegofde,
such as wire or a wire net, and the nmol t en pol ycondensati on

prepol yner i s adapnedtt galakbsorbed molténnprepolymexcoitthcteadirty tdomegui de
to thereby cause t he nolten pol ycondensati on frepolyner to absorb
the 20 i nerl2gds denexgliyeinhathet hengefof from 10,000 tanext,

pol ymeri zer device %B) used in the system of the present invention
i s described in d&t&00.8800Ra. preferabi¥fEremnd0 tQOFi k. 3.190D. 000 FRr-and
1(c). In polynerizer device (B), inert gas-absorbed 25
nol t en prepol ymer WogpR ithepprpgsurecalt dnarpr g@erapsorved molten pre-

38 m ned degree of po&ynerization. ) Pol ynerizer device
11 of Fig. 1(a) c@ﬁgﬂm§és(03 eedipg| yABei arigakesy hap K RP iBfer dt

gas- absorbed Mol t el o imes vBEROE BEEr]SEHE Mo 288 Ao d0S ARl On
absorbed molten prepolymer (o) 15a uniformly to the
holes of distribution plate 13. There is no particular

10 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

15 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-

20 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

25 to the pressure of inert gas-absorbed molten prepolymer



5 zone 16 positioned bel ow iinert gas-absorbed nolten pre-

pol ynmer feeding zone 12. Inert gas-absorbed nolten pr epol yner
feeding zone 12 is separated from pol ynmeri- - zation reaction zone 16
t hrough inert gas-absorbed nol ten prepolynmer (a) distribution plate
13. Polymeri- 10 zation reaction zone %6 has gui des 14, which are
fixed to either one or both of dist$}bution plate 13 and the

i nner wall surface of polynerizer device 11, and ex- t ends

downwar dl y througi potde@Ing adore) T2acFuehé@)ewhen the gifde(s) is
pol ynmeri zation reaction zone 16, inert gas 15 -absorbed nol ten

prepol yner (a) is(satdpveikdéd falthe distributiomgpdadei,ntbendistribehioi des
14 to thereby effect a gui de-wetting fall polynerization of inert
gas- absor bed plate nmlsemezdpdo tave & Haughness, spsfjigdentatPodUPeac-
tion zone 16 is a guide-wetting fall polynerization 20 ° zone). In
addi ti on, pol ynmerpaet teeitetdll wakghdyafusdhe guide(s)t psd ABGrEcIes

provi ded in association with polyneriza- tion reaction zone 16,
which is used for-absorioéd ngolten prepolymem| (oderfiaddtingn inegontadtunder a
reduced pressure, and wi t hdrawal device 22 for w thdraw ng the

pol ycondensa- 25¢ith theogude (s fitomsperekerredt tBAtr Ehet LRSI 16

whi ch . 39 . has a reduced
pressure. tion plakeiis PHRRRFLARPY b Fvbider 3 1Knct T8hs to

shapes of the openings of the holes of the distribution
plate is generally selected from a circle, an ellipse,
10 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
15 500 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
20 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

25 or in the direction from the lower portion thereof to



distribute inert gas-absorbed nolten prepolymer ([err]) 15(a)
uniformy to the holes of distribution plate 13. 5 When nol ten
prepol yner feeding zone 12 cannot uniformy distribute inert

gas- absorbed nolten prepol yner (a) 15(a) to the hol es of
distribution plate 13, it is l'i kely that the nolecul ar wei ght of

t he obt ai ned pol y- condensati on pol§ﬁer becomes ununiform and the
10 mechani cal properties of the obtained polyner is | ow

ered. The vol une thkeupbpropopbibentheepot ynarn @(seprkfetreedi that the

zone 12 is generally in the range of fromO0.001 x F to 10 x F
(merr]), preferabhgef aamh 8hap8 sfFthe hoked qihitre |distribution plate
preferably from0.005 x Fto 2 x F (nferr]), wherein F 15 nmeans t he
flow rate (nferr] ame) sefLlechedt sgathabsthideplressure loswldferingrapglagner (a)
15a bei ng passed through nolten " prepolyner ([err]) feeding zone
12. Wien the vol urabsbrbed moltenvptrepolbymenl joerpdssineatinopgtorhel? i S
| ess than 0.001 x F (nferr]), it. becones difficult to distribute
in- 20 5 ert giastzibuitbed pbatenlprepotyakly () thea navgeoofl yrom

to the holes of distribution plate 13. \Wen the vol une of nolten
prepol yner (a) fed8i-A§028Re51000508BrBa; heweferably from 30500 &or]), a
problemis likely to arise that side re- actions (such as a

branchi ng reactiof-808- QOQePatlcﬁbe maferial @@@Grf°Fh§h§b91§§ﬁéPPﬁ§°¥he

quality (such as color)
plat is generally selected from stainless steel, car-

bon steel, Hastelloy, nickel, titanium, chromium and
10 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-

15 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-

20 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

25 distance equal to a thickness of the guide, wherein the



t he obt ai ned pol ycondensati on pol yner. The pressure of I nert

gas- absorbed nolten prepolyner ([err]) 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. 5 When the pressure of inert gas-absorbed nolten pre-
polymer ([err]) feeding zone 12 is |l ess than %0,000 Pa, it

sonetinmes becones difficult to distribute iné t gas- absor bed
nolten prepolynmer (a) 15a uniformy to the hol es of distribution
plate 13. There iguhdephasi aupduraldty of thrjugh-ihmies .t leadspadrenddnghe
material used for a part of polymerizer device 11 which
corresponds to feedbagantially ipoaethickoeeswiserdiaeqtiqemst dihey svddect ed
from stainl ess steel, carbon steel, Hastelloy, nickel, tita-

nium chromi um othetharebysfoamdopepingaein Hagthpsurfaoes of Hihsh gydde .
resi stance. The surface of distribution plate 13 is generally
sel ected from a fBRecdfiiraegamplesr pligaeEiosatedcguiqpsn include a ¥iLg f ace
which is thick at a central portion thereof, The shape  of th%

di stributi8n pl at Betsagdnar Bhpghed-plage. Genexaldy .f th® BOTPPOLRIYAA

ellipse, atriangle, a he |ike. The gﬁfkness.of t he

di stribution platé&he Cr%gLnggtéeﬂePglF?gpguiﬂ% IamRRiette P £ %9300
mm The di stri but PAR-pPE BLHSBEE 1 8 FAAVERElPect crUREEORe) 4 BHyHdE T
pressure of inerthg%ih%b%gggegrnghkgnsg&gg?lXn§£ar and the like. The
morphology of the cross-section of the guide may be
10 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
15 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)
20 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

25 from being in contact with each other.



41 (a) feeding zone 12. Further, when the guide(s) is

(are) fixed to the distribution plate, the distribution pl ate al so
needs to have a toughness sufficient to sup- port the total weight
of the guide(s) and inert gas 5 -absorbed nol ten prepolynmer ([err])
falling in contact with the gwde(s)4 Is preferred that the

di stribu- tion plate is supported b rlbs and the |ike. The

shapes of the openings of the holes of the distribution plate is
general |y sel ected frGuidesi 14| shown &b |Fjse, 10 to 1(g£) argngP8r a slit,

a polygon, a star and the |iKke. The area of each hol e of the

di stribution pl awdries nggnguides. Guigdes |34 fansintheoholgs108 EafFEFipu-
preferably from0.05 to 10 cn2, nore preferably fromO0.1 to 5
crierr]. The di sttdefeplate 13 mpgt aEemammekl by HjeRMERCHhIED €&Feneral | y
fromlto 15 500 mMm Ereferably from25 to 100 nm as neasuref be-
tween the cent er ther-hePReferred expeRkat Qﬁﬂgﬁideﬁhé4 include goguide {ne
distribution plate may be a through-hole

t
di stributiSn pl af@igh &xﬁ'@ﬂd@w‘iﬁUP?’?Sﬁlﬁf through th% 1}% qr}s'h ‘ﬂﬁ%b&t t ached

to the distributigon plate an has an ope thereof in .the upper
surface of the ditdon plate 13tPFSHPFoﬁhBIE?%te?lﬁ{néﬁg hét SMIEE ¢t he

di stri bu- t | at h fi t th
G ametor of the waiéhﬁ'ﬁe%s%e hontyf, LBE TR} roh, LRk R e 0 1N
portion thereof to tbéﬁtil[ O\é\l%é' (thl on tgeregulnghaving Oa[n'&bﬁé]:e eq{dr ection

fromthe | ower
thereof positioned 1 to 100 mm below the lower surface

10 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

15 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.

20 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

25 20. There is no particular limitation with respect to



42 t he upper portion thereof. It is preferred that the

si ze and shape of the holes of the distribution plate are sel ected
so that the pressure loss of inert gas -absorbed nolten prepol yner
([err]) passing through the 5 distribution plate is generally in the
range of from 10,000 to 5,000,000 Pp, preferably from 30,000 to
3,000,000 Pa. The material used for the distt1bution plate is
generally selected from stainless steel, car- bon st eel

Hast el | oy, ni ckelthd itype wh wdowom pumnedised0in theosheten| pHythe pre-

Pol ymeri zation reaction zone 16 has guides 14 for effecting

gui de- wet ti ng f alderpol ymwsTi tzixn on EzAmphest of vacuum prEpSbEtBEe MAltien
prepol yner (a), which are fixed to ei ther one or both of

di stribution plates Tementional welts vacuum umpsl.| sS8ghf a8eaot1@B8iYneri zer
device 11. It is preferred that guide 14 is a body mhlch has a

| ar ge megFealett PUND espeilofraltRryr MY of ﬂﬁé PURBt haoPte AR

body (as neasured in the direction perpendicular to th

cross-sect$on) toemfét(alver%rgembbrﬂﬁ;qfé?rofaq P?é»lcldé§§115199 ejecter #Mfns of
the body. The above ratio is generally m 10 to 1,00

preferably from 50 t@ihobifesion pump: afg oy, 868%§WpPB§PBf EHFgeQS'ﬁclude
awire, a chain and glate Furt her, referred that the

guide is a mechanieRhiRePH S Te %o‘?ﬁﬁ%pﬁ"rﬁ’@tﬁ\ﬁg PUFP.8RE Scf8Pated by a

ejector. If desired, the above-mentioned vacuum pumps
can be used in combination. For condensing the by

10 -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

15 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

20 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.

25 There is no particular limitation with respect to



25 di stance equal to a thickness of the guide, wherein the

43. guide has a plurality of through-holes, each extending
substantially in a thicknesswi se direction of the guide, to t hereby
form openings in both surfaces of the guide. Speci fic exanpl es of
perforated guides include a wire 5 net and a punched pl ate.

Ceneral ly, the norphol ogy of the créfss-section of the guide is
selected froma cir- cle, an ellipse, a triangle, a quadrangle, a
pol ygon ey imat dried arsebiforsiadgeortaont ef pollyhéei zékaleviloe

nor phol ogy of the cross-section of the guide may be 10 uni form or may
vary al ong t he | digtwhigth tdormpspmads Toe polymerizagion ereayt ben hadreows . The
gui de may be made of a single strand of a wire or the like, or
made of a plural ithe gfaterial is genamdd lywselechedf Hromxsibglmledhesteelands
are tw sted together. The surface of the guide may be snooth or

15 rough or q@gpbamateslpr dlaai¢ildgypontickal, thtambumyschromium and of
the present invention, the polynerization reaction zone may have
one guide or a plafhan t3LlYsyui des, but it is preferred that the
pol ynmeri zation reaction zone ] has a plurality of guides. The nunber
of guide(s) 20 Sy iRRIImeriZad 18| $RePPRmebhzabien | BRRGicn iz9ngener -
ally from1l to 1Q0, 000, preferably from3 to 50, 000. ] When t he

pol ymeri zati on r efcthHrP QP%¥19ﬂﬁd&P§PFt?t 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-
10 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-
15 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
20 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

25 for this has not yet been elucidated, but is considered



of guides, it is preferred that a spacer or the like is provi ded
between the guides so as to prevent the guides 25 frombeing in
contact with each other. 44

Qui des 14 shown in Figs. 1(a) to 1(c) are four W re net guides.
Qui-des 14 and the hol es of distribu- ion plate 13 nmay or nmay not
be in contact with each other. Preferred exanples of guides 14
include a guide 5 whi ch ext ends downwardly through the hol e of

di stri bu- tot benapl fiodlaws ar dhen tthe Podyoerdzathenhpressurguige
which is in contact with the wall of the hole of dis- tribution
plate 13; and a ghf88 BhanngOaRauppee Rt gas in inegite@RSyGHSOEHSEd 1 to
100 mm bel ow the | ower surface 10 of the distribution plate. The

| ower end of the puHelymer (o) e@gapes nEyomothe DFepGamesc @ tviaih upRer
liquid at the . bottom of the polynerization reaction zone. In Fig.
1(a), guides 14 aPRTh4PRj AfcEReRPlViNeRlfeE F¢HiGe apd. hence, thee sPgrt om
of the polynerizatjion reaction zone. Guides 15 14 are fixed to either
one or both of di §afephepewal of the hpert gasARFITREd MrSPoAIMeTs {fPace of
pol ynmeri zer de-

tribution plate 1§uﬁ§nﬁeﬁﬁécg?iii§$aﬁg%gi%%é$%¢§é§#é§§§sZ%égéagjiggf%g ?LZ-
guides. 20 presuld4) TRat?Ehe (§¥4 §€1 42 dE5r £ VARMAdL LedNa5C oFP the
prepolymer causes the lowering of the polymerization
rate.

10 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

15 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

20 -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-

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



which is provided in association with polynerization reaction zone
16 so as to conduct the polynerization reacti on under a reduced
pressure. Evacuation device 18 conprises pressure control valve 19
and vacuum punp 25 20. There is no particular limtation with
respect to 45 the type
of vacuum punp used in the system of the pre48 sent invention.
Exanpl es of vacuum punps include vari - ous conventional wet vacuum

punps, such as a thgti 6f inert gaseabsdrbefppréoBimer Qi) f gadihg 2opet
punp, a steam 5 ejector, an oil ejector, an oil-diffusion ejector and
an oil -di ffusi on péinpelamerdegrvdeviicep(Bps, thectrarsfer device mayhbei cal
booster, a reciprocating punp and a gas ejector. If desired, the
above- nenti oned vaeontwepunpdve 30 as showheimsBigi 2 codbi thisonasEor
condensing the by 10 -product (s) of the pol ycondensation reaction, it
is pr ef er kednefier afcdoket gasaabsoubd@rprepqlymanidd)bean be

tween the vacuum punp and the polynerization reaction zone.

The pol ynePi zat i oﬁonﬁrsértyﬁesmswohw epepipg 9Brelosimg the ¥@lve.conduct ed
under a reduced pressure and, hence wi t hdrawal device, such as
wi t hdrawal punp 22, isTRere is no Pa€5§§%}§rf%ﬁm¥ﬁﬁqiﬂﬂnm¥¥§ feEP8statAed

pol ycondensati on g yner 21 fron1po|gner|zat|on reaction zone 16.
Ther e the mater al used for the pipe (C) material is

generally selected from stalinless steel, carbon steel,
Hastelloy, nickel, titanium, chromium and other alloys.

10 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

15 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.

20 In the present invention, it is 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)

25 used is larger than the number of inert gas absorption



Is no particular limtation with respect to the type of 20 t he

w t hdrawal device used in the system of the present I nvention, but
generally, it is preferred to use a screw-type w thdrawal device
or a gear punp. The ob- tai ned pol ycondensation pol yner is

wi .t hdrawn from pol ynmeri zer device 11 through outlet 23. 25

There is no particular imtation wth respe to

46 the material used for a portion of polynerizer device

11 whi ch correspaiedsides pdl)y meseidzat There epay i be vanious arrangementpghef
material is generally selected fromstainless steel, carbon steel,
Hast el | oy, nickela pliumadiihy ofhroeirdmgasdabssrptionodaeices| by and a

The pol ynerization in polynerization reaction zone 16 is
preferably condugletralkity mfepniymenizeye deyiges (B). As gxanpl@s3@L o
4,000 Pa. It is desired that the poly- merizer device is designed
to have a capabi |the speqgific amrangemepdst iberee§RBghe MERE1IGNELRRed
pressure in the above- . nentioned range. \Wen the olxneriagiion
pressure i% arrangeant i ahodnsxt BBEGRREL9Tt PERIFEE e

likely to be di sadvant ageously | owered. Surpri '.gl¥heigrgg§

been found that t3R4 RALVRETIZAY W%ﬂﬁ?iﬂg)aPEG 3F§ﬁggg Hg
50 Pa In the comfendbrieniuditabas b tion devis! & polymerizbf agSS AN
vice, an inert gas absorption device, a polymerizer de-
vice, an inert gas absorption device, a polymerizer de-
10 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...".
15 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-
20 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

25 inert gas, thereby obtaining inert gas-absorbed molten



conducting the pol ycondensation reaction, the |owering of the

pol yneri zati on pressure is advantageous froma vi ewpoi nt of ease
in"removing the by-products of the 20 pol ycondensation reaction from
the reaction systemto t hereby increase the polynerization rate.
However, it has unexpectedly been ngnd that, in the present

I nven- tion, the polynerization rate€”is | owered when the

pol ymeri zati on pressure becones too | ow. The reason 25 for this has
not yet been el ucptepellymént (&$, cousseguently transferring inert gas-

47 to be as follows. When the polynerization pressure is

| ess than 30 Pa, abesorbedtmgatennprepslymes- &bsordhed polymerizatdosl yeer (a)
escapes fromthe prepolynmer at an upper portion of the polymerizer
devi ce and, henceacthensapne,5and subieetirhelngriofdasraiseabedyaeliBlor bed
prepol yner (a) during the fall thereof becones unsatisfactory. It
i s pr esupedpohymerhéadntat belymeniyatied ake he Qollymer izgs ion
prepol ynmer causes the |owering of the polynerization rate. 10

In the sysbem of ERACHLEBeRPRLNVRAET of, SPARLELF reduced Pre&gsures;iton

tenperature is generally in_the range of from 100 to 350 [err]C
Pol yreri zer devi cEherep¥nrpdvResize the inegy gRs1RPSRFLeR ML er; PT8g 4ng

29. In the system of the gresent i nvention abso&Ption
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-
10 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-
i5 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
20 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-

25 polymer (o) to polymerization in the polymerization



15 device (A) and pol ynerizer device (B) are connected to

each other through pipe (O for transferring inert gas - absor bed
nol ten prepolymer (a) from absorption device (A) to polynmerizer
device (B), wherein pipe (O is provided with a transfer device
far inert gas-absorbed 20 nol t en prep%lyner (a). In Fig. 1(a), pipe
9 is provid- ed with transfer punp as a transfer device. There
S no particular limtation with respect to the t%?e of

the transfer punpessdd,onbwongemadair p, pregearepafip30ato 4,000 Papiteau punp
or the like can be used. Wen the pres- 25 sure of inert gas

absor ption devi c&hexelys pulymerizieainert gas-absorbed molten prepolymer

48 that of inert gas-absorbed prepolyner (a) feeding zone

of polymerizer ded)ed B predeteraisiedr dégreecofimpobpnerizationcontr ol
valve 30 as shown in Fig. 2. In this case, transfer of inert

gas- absor bed prepol yn¥Foq #asyamnderstandingcefit Eae| RELSPHh INHRP RN ng or
cl osing the val ve. . There is no particular linmtatjon v%th
fespect 1 . the aRsqnkial fealysass 8nd NECAPRE PESTETHER A0S % | o

generally selected fromstainless steel, carbon

) steglb Hast%?} oy,
ni ckel, titani umanHhsH FRRaRE Gthdheaprepent 1pvention ary GRUner e
1(a), the pipe cag be heated by using j acket 26. The
pol ycondensati on &85 on for produci ng the

8. A method for producing a polycondensation polymer,
10 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

15 molten prepolymer (a).

(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

20 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-

25 merization reaction zone is a guide-wetting fall poly-



pol ycondensati on polynmer can be perforned w thout using a

catal yst. However, if desired, the reaction can also 15 be perforned
in the presence of a catalyst for the pur- pose of increasing the
pol yneri zation rate. Wth re- spect to the catalyst, there is no
particular limta- tion as long as e catalyst is conventionally
used in the art. 20 In t present invention, IS
preferred that the system of the present invention co rlses a
plurality merdfzatnen mpectdlosozpneohavdngces leastinang @ %Ilty of
pol yneri zer devices (B). 1In this case,. it, of course,

possi bl e that t h&Eimadiar hﬁquﬁhﬁm@ﬂmz@mdd@xkcaéips)dowswardlYug@ﬂr$s | ar ger
t han the nunber of inert gas absorption

49 devi cashroighusethd Tinemd: gy la@swa*bedumoélteang@ﬁmlm%t (a) a
plurality of inert gas absorption devices 3 plurality of

pol yneri zer devi des gigowesy 1’é%<afrﬂﬂ-lle§l@lng and in Fﬁét§ﬁ§c?’”€ E}F?aﬁ?l ts,

t here can be nentioned an arran%@gent in which inert gas absorptlon
devi ces (A to thareky ﬁﬁfﬁ%ra gidesyething: £add RAGERCTAZRFECRr der

of "an inert gas absorption device, a polynerizer de- vice, an
inert gas absor ptaforifsk @as Ahsashad ixr@é.,te@e;prepolymerv'(gé an inert gas

absorption device, a polynerizer de- 10 vice.. .", and an arrangenent
in which inert gas ab-

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

10
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

15 both surfaces of the guide.

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

forated guide is a wire net.

20 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

25 caused to absorb the inert gas in the step (1) in such



sorption devices (A) and polynerizer devices (B) are arranged in
the order of "an inert gas absorption de- vice, a polynerizer
device, a polynerizer device, an i nert gas absorption device, a
pol ymeri zer device...". 15 When the production of the polycondensation
polyner is conducted by using the sgsten1of the present invention
i nstead of repeating the polynerization by usfng a pl u- rality of
pol ymeri zer devices as nentioned above, the pol ycondensat i on

pol ymer produced an amsunglaspobysﬁantlﬁCmaintainaﬂthﬁeﬁm@etna?Sbe recycl ed
to the polynerizer device. As apparent fromthe above, the

t echni que conpri s-absorbed mbohgehr paépobymeno{dkenipd yrandags sttade

prepol yner with an inert gas in an inert gas absorption zone to
cause t héhmolugboupoktheoatieps b3 ) ofoprepmandizatdoisorb the 25
inert gas, thereby obtaining inert gas-absorbed nolten

50 prepol yner (a), subsequently transferring inert gas-

absorbed nolten prepolyner (a) to a polynerization re- actlon zone
and subj ectSi ng i nddt- gZheabmetbed ﬂ@¢@ ng to anyhQavlofmditems) 8 o 14,

pol yneri zation in the polynerization reacti on zone under, a specific
reduced pressure, wp@rein the SFﬁBréB} BBFyh%?FEéQQQK?qﬁﬂﬁﬂtﬁﬁﬁsiﬁbéﬁ?bed

nol ten pre- a) to a predeterm ned ee of pol yneriza-
tion, is conpleteﬁ?rm@@epndsy th§eﬁ69£? PECh? Fﬁggoo'dﬁ Ba.

16, The method according to any one of items 8 to 15,
10 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-

15 amide.

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

20



has beconme possible to produce a colorless, high qual- 10 ity
pol ycondensati on pol ynmer at hi gh pol ynerization rate even w t hout
using a large anount of an inert gas. Such excellent effects are
unexpected and surpri sing. Accordingly, in another aspect
of .the present in- 15 vention, there i§4provided a nmet hod for
produci ng a pol ycondensati on pol ynef,; whi ch conpri ses the steps
of : (1) treating a nolten pol ycondensati on pregol mer
with an inert gas in an iBREST MDDE FOR0CARRYANGoAETt BHE INVENTIOM,se t he
nol ten pol ycondensati on prepol yner to absorb 20 the inert gas,
t her eby obt ai ni ng i nerHegetnbetowbethe present rigiventigmne pdilimbe %&)‘,
)

(2) transferring inert gas-absorbed nolten pre polyner (a) to a
pol yneri zati on reacribadzénemoxaddetail with refqrpnagtiediiendq ing

gas-absorbed nolten pre- 25 polgner éa) to polynerization in the
pol yneri zati on Examples and Comparative Examples, which should not be

reaction zone under a pressure_of 30 to 4,000 P

C a, to there%&
pol ymeri ze5i nert §98sk5¥6Apas AbMLEHng ERG| §FRpe of the prgsent Jnven-

predet erm ned degree of polynerization. For easy under st andi ng
of the present i nféRPiron, 5 the essential features and various
gﬂﬁzgﬁgfgdnodes of In thgn BTféwfﬁgeﬁéaﬁgléé“%&H‘fé%Bafé%%%E'é%éﬁyi s,

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

in the measurement was 1.

Example 1

An aliphatic aromatic polyester was produced by

15 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

20 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

3

25 zone 12 having a volume of 0.00035 m”. Guide-wetting



bel ow. 8. A nethod for producing a pol ycondensation polyner, 10
whi ch conprises the steps of: (1) treating a nolten

pol ycondensati on prepol yner with an inert gas in an inert gas
absorption zone to cause the nolten pol ycondensati on prepolynmer to

absorb the inert gas, thereby obtain%gg I nert gas-absorbed 15
nol ten prepol yner (a), (2) transferring inert gas-absorbed
nolten pre polymer (a) to a polynerization reaction zone, and
(3) subjecting intallgpsiphent bethoml teactpioer zone 16 hagohyddamebtyrtof
pol yneri zation in the polymerization 20 reaction zone under a
pressure of 30 to043080 Mplymerization rehetdbn pohgnkéibas|Ekexein

gas- absorbed nolten prepol yner (a) to a predeterm ned degree of
pol ymeri zation. four wire fSet JFubdesthbd emyvmbidey ofoa SEABE4L WhERei n t he
poly- 25 merization reaction zone is a guide-wetting fall poly-

52 ner i zahavhngeacdiametencofia¥imm. atacbasf wheeghekeguides 14
fixedly held therein and extendi ng downwardly there- t hr ough, and
i nert gas-ébsorbebaﬁnﬂtﬁﬁdphepﬁl%ge3 ¢m) a height jof § moRed folfBPI al ong

and in contact with the qguide, . .
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

10 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

15 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

20 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

25 inlet 2 for molten polycondensation prepolymer, a



5 to thereby effect a guide-wetting fall polynerization of

I nert gas-absorbed nolten prepolyner (a). 10. The net hod
according to item9, wherein the guide is awre. 10 11.
The nethod according to item 9, wherein the guide is a perforated
gui de which has a plurality of through 5 -hol es, each extending
substantially in a thicknessw se difection of the guide, to
thereby formopenings in 15 bot h surfaces of the guide.

12. The met hod amodteénngliiphiatdm dromaticepolyéstererprepolymer whhich ed
guide is a wire net. 20 13. The nethod according to item 11,
wherein the per- had been prrodaced fupneetbyiepengheeobland terephthalic 14,
The net hod according to any one of itens 8 to 13, wherein the

mol t en pol ycondemsdd.oangr wpdichmeenitgingd diantimemedt¥xA®ras the inert
gas in the step (1) in such

an anmount as conSEAYEtndined AeouRE pPlePPOgaRm and had-%m%é@%%%‘eﬁ3
prepolyne% ([errh%; %fadﬂ%ag%n% %Eaggo °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-
10 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-
15 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-
20 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

25 was constantly maintained at a predetermined level.



t hroughout the step (3) for polynerization. 5 15. Then net hod
according to any one of itens 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 itens 8 to
15, 10 wherein the pol ycondensation polyner is selected from

the group consisting of an aliphatic polyesté , an al i phatic

pol yam de, an aliphatic pol ycarbonate, an al i phatic aromatic

pol yester, an al iphpti 2 Bopnatansferring inexty yasdabsarbadomaiitenpptrgest er,
and an aromatic poly- 15 am de. The nethod of the

present inventionpehymée paiCwas heated to CEBL adyait ggemkes! R6by Tise ng t he
system of the present i nvention. 20

54 PreESurd/ODE FORICARRYL NG Gldl 1T B LyNeENZRC on reaction
Her ei nbel ow, the present invention will be de- scribed in nore
detail with referzoee 16 vase adfinsbedgto and maimtaipleds adnd0CoRpabiti ve
Exanpl es, which should not be 5 construed as Iiniting'the scope of
t he presend invenevacuation 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
10 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-
15 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
20 the aliphatic aromatic polyester withdrawn through out-
let 23 for polycondensation polymer was 320 Pa‘'s at

280 °C.

Comparative Example 1

25 An aliphatic aromatic polyester was produced in



tion. In the foll ow ng Exanpl es and Conparative Exanpl es,
the nmeasurenent of nelt viscosity is conducted by using a
capillary rheoneter (manufactured and sold by Toyo 10 Sei ki Co.,
Ltd., Japan) wherein the shear rate applied in the neasurenent was
. Exanmple 1 An alighatic aromati c pol yester was
produced by 15 using a production syst fh shown in Fig. 1 (a), which
conprises cylindrical, inert gas.absorption device 1, cylindrica
pol ynmeri zer devi ceubdétantdipipg Ohe Abame pranner as in iEwampdss rig lexcepti nert
gas absorption device 1 has t herein nolten pol ycondensati on
prepol yner di stri bhatothe2fiolten prepeldemhiwds hast padseskidgough Inemtand
has ten hol es each having a dianeter of 1.5 nm Inert gas
absor ption gaszeheobphienadevicet brbwt 2@ dizentily He gelyoerdzer
Pol ynmeri zer casing l1lla of polynerizer device 11 has therein inert
gas- absor bed nol t éavipcepdlyhbronghdinget 250 for imgrt gasrakserbedvol une of
0.00035 nferr]. Guide-wetting
fall pol yndrizati ®alteacprenotsmeric Thes meldi awcosidy (at 280 HCR af

Pol yrmeri zation reaction zone 16 has therein four wire net guides
14, each nmade of 4heuaddphatie 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-
10 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.

15 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

20 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-

25 ity (at 280 °C) of the aliphatic aromatic polyester



having a dianeter of 3 nm Each of wire net guides 14 5 has a w dth
of 21.3 cm a height of 8 mand a |ine pitch of 3 cm Wre net

gui des 14 are respectively fixed to inert gas-absorbed nolten
prepol yner distri bu- tion plate 13 by neans of fixing netallic
menbers 17 for the guides (see Fig. (©). Four wire net guides

10 14 are arranged in parallel to each her at intervals of
4 cm The upper end of guide 14 is positioned 3 cm bel ow i nert
gas- absor bed nol wérthgmepml ybieroughs tonitetti @3 was 230 Palat e By3 comparting

| ower free end of guide 14 is at a | evel at which the profile of
the polynerizer &@vparatiye Exanmplle ehavidgdsEkaoplehd eythndespedt stmape to

t he coni cal shape as seen fromFig. 1(a). Inert gas-absorbed

mol t en prepol ymerthd sedith wiissosditat.e 1it3 begomgst hleanetbat the diffigr3 cm
and has twel ve hol es which are arranged so that four sets of three
hol es are positi &R sFneenothe selt visggisdsy baforespeetpekimerizse Fig.
1 (b)). In each of the four sets of three holes, the holes are
arranged & tion jandthats aditer dhe padimeriepbion| t8 Gemparakiifet er of
1.5 mm To inert gas absorption device 1 was fed, through 25
inlet 2 for nol t &AL IndénSHEldn BeEsdiyndhe Rolymerization rate in

56 ol te%o%{ga%%q}iivce %rx%tmn%[liec Zpg.lsy ?L%Eve,}r igr SBS% rrgir? t écfhact that
the nitrogen gas was uéed in a large amount, as com-
pared to that in Example 1.
10
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
15 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
20 - 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.

25 The melt viscosity (at 300 °C) of the aromatic poly



had been produced from et hyl ene glycol and terephthalic acid, and
whi ch contai ned diantinony trioxide as a catal yst in an anmount of
200 ppm and had a nelt viscos- 5 ity of 0.5 Pa s at 280 [err]C;
wherein the feed rate of the nolten aliphatic aromatic pol yester
prepol yner was 40 kg/ hr. Nitrogen gag was fed to inert gas

absor ption zone 5 through introducti ﬂ port 6 for an inert gas.

The pressure in inert gas absorption zone 5 was main- 10 tai ned at
150, 000 Pa by preestee whbhdpawnathveough cputlet 23 wasnér.t20§aPadlssor pti on
device. The tenperature of the nolten prepolynmer fed to inert gas
absorption device 1 was 280 [err]C. Inert gas absorption device 1
was heat ed to 280 C by jackets 24 and 25. The ampunt of the ni-

15 trogen gaBxampdebd8d in the nolten prepolyner was 50 ppm by
wei ght, based on the weight of the nolten prepoly (the nitrogen
absorption rate: 1.6 NPPl@éiEhQE%9r§§qmﬁ§lqrHQ%ﬂﬂSter was DPregyged| épr] as
measur ed under the nornmal tenperature and ©pressure condltlons)
During the operatFBHSBPHFﬁéléysthe2%ﬁme maﬂQﬁﬁ(ﬁsFi%;EXPm@ﬂﬁb moeEERPL

prepol ymer having the nitr n:gas absor hed thereln Mﬁ' fed to
pol ymeri zer devi cthat a mOltﬁﬂ %&iPﬁﬁﬁ%Pcﬁ ML B BYY S teTs PEAPCHI PRer t

ety oot RIS RS ™

constantly na'nta'ﬂggaﬁac ag ete r%%kl E;cained 200 ppm of antimony

trioxide (as a catalyst) and had a melt viscosity of

10 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.

15 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

20 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

25 was changed to 310 °C and the temperature of each of



57 Pipe 9 for transferring inert gas-absorbed nolten pre-

polymer (a) was heated to 280 [err] C by jacket 26. The pressure in
gui de-wetting fall polynerization reaction zone 16 was adjusted to
and mai ntained at 200 Pa by 5 evacuati on device 18. Polynmnerizer
device 11 was heated to 280 [err]C ?ﬁ j ackets 27, 28 and 29. The
nol ten pre- polynmer fed to polynerizéer device 11 was allowed to
fall along and in contact with guides 14 for performng a

pol ynmeri zati on redatketisoR4f h2snok6en2p; epd| gmidr29 orad changed Her SdY OBt ai n
an aliphatic aromatic polyester. During t he pol yneri zation

reacti on, the proftheenedli phacpsity (at 31arodhtot Pud yelsimratdas agio-hdr awn
by neans of withdrawal punp 22 for pol ycondensation pol yner so
that the anount matic podyesatephwitbdzavnathropoh yeustlast 23 twas Botl0®m of
poly- 15 merization zone 16 was constantly maintained at a pre-
determi ned | evel . PBASpol yneri zati on zone 16, the sur- face of the
liquid (aliphatic aromatic pol yester) at t he bottom of

pol ymeri zabi on zone 16 was bel ow the | ow er ends of wire net

gui des 14. The nelt viscosity of 20 the aliphatic aromatic pol yester
W t hdr awn thrOugh§§éﬂﬂl§;§ | et 23 for polycondensation polynmer was 320

Pa s at ' 280 Jerr]C Conpar ati ve a el 5
An aliphatic aronatic[pépiéé?BPaﬁég B?ﬁﬁﬁ%gaeiWPs prg%%égﬁ in subbtan-

tially the same manner as in Example 1, except that a
molten aliphatic polyamide prepolymer, which had been

10 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

15 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.

20
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.

25 The melt viscosity (at 280 °C) of the aliphatic aro-



58 substantially the same manner as in Exanple 1, except

that the nolten prepolyemr was not passed through inert gas
absorption device 1 but fed directly to polymnerizer device 11
through inlet 10 for inert gas-absorbed 5 nol ten prepol yner. The nelt
viscosity (at 280 [err]C) of t he augghatic aromati c pol yester

wi t hdrawn t hrough out - | et 23 was Pa[err]s. By conparing
Conpar ati ve Exanpl e 1 with Exanple 1 with respect to the nelt
viscosity, it matic pelyessteriwdhdrasn theodghf euthet B3twesndihe nel t
vis- 10 cosity before the polynerization and that after the

pol yneri zation i PP@ohparative Exanple 1 is snmall, nanmel y, the

pol ynmeri zation rate in Conparative Exanple 1is |low 15
Conpar ati ve Exanple 2 An aliphatic aromatic pol yester was
produced in substantlally t he sanme manner as in Exanple 1, except
that the nolten Fekerencs Exemmles daaddd 2t hr ough |nert gas
absorption_device 1 but fed dlrectly to _pol ymeri zer device 11

through infet 10 and tHeh efdh Qfethgse ﬁ§§eren°e Exameae%o Poe yREf ey
device 11 through an i ntroduction not shomn%ﬁfor I ntroduci ng

an inert gas intdt the Pre'%ﬁﬂtdei%”tﬁir?& f"’élsl eBBﬁ'?WéiinB?W eF eath® AP zone

16 (the SLL099 #0900 R AL 3 (A8 MERELADL) i TR B oY 8505

the polymerization pressure)
In Reference Examples 1 and 2, aliphatic aromatic
10 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
15 polyesters withdrawn through outlet 23 were 250 Pa‘s
(Reference Example 1) and 230 Pa‘'s (Reference Example

2), respectively.

Example 7
20 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 =

25 1:1.13), and which contained 10 ppm of lead acetate (as



25 ity (at 280 [err]C) of the aliphatic aromatic pol yester

59 w t hdrawn through outlet 23 was 230 Pa s. By conparing
Conparative Exanple 2 with Exanple 1 with respect to the nelt
viscosity, it beconmes clear that the differ- ence between the nelt
viscosity before the polyneriza- 5 tion and that after the

pol yneri zation in Conparative Exaon% 2 is small, nanely, the

pol ynmeri zation rate in Conparative Exanple 2 is low, in spite of

the fact that a catalyet )i an@dead gaShitsert! S8k dayeld modleg latowatighds com
pared to that in Exanple 1. 10 Exanpl e 2 An
aromati ¢ pol yest esf£ WaG0 pr aslutealsuned Ubgtgell ipdrmeation chrowmatbgraahy manner
as in Exanple 1, except that a nolten aromati c pol yester

prepol yner, whi ch(Ged) bewas fied to imeswdursed drsempiiemy|detvdicepiit hdhate,
phenyl isophthal ate and bi sphenol A (wherein the phenyl

t er epht hal at e/ the tempéreatfrée s hthemlmltarparepadymerndedl to) inand which
contained 5 ppmof NaOH (as a catal yst) and had a nelt Vi scosity
of 2 Pa[erP]s at 989 fkporrtionsdéeeiice ol iwas tchpnged®dFo 145 46s@ngdt itba
device 1, that the tenperature of the nolten prepol yner fed to
inert gas absor pt FempeEatere 10fagach of jackgim g ﬂ@r3@@ [ @7r] 28 aRé t he

tenperature of each of jack-
29 was changed to 145 °C and that the polymerization

pressure was changed to 250 Pa. The number average mo-
lecular weight (as measured by GPC) of the aliphatic

10 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
15 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
20 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

25 and 29 was changed to 160 °C and that the polymeriza-



ets 24, 25, 26, 27, 28 and 29 was changed to 300 [err] C and t hat
the pol ynerization pressure was changed to 40 Pa. 25 The nelt
viscosity (at 300 [err]C) of the aromatic poly

60 ester withdrawn through outlet 23 was 3,200 Pa's.

Exanpl e 3 An aliphatic ar orrati§4 pol yester was produced in 5
substantially the sane manner as in Exanple 17 except that a
nolten aliphatic aromatic pol yester prepol ymner, whi ch had been
produced from 1, 4tbob speels shrandad esteanged to 250pRehal Tlte amumbemrabeati ch
cont ai ned 200 ppm of anti nony trioxide (as a catalyst) and had a
melt viscosity ofageOmoleculas walghtat(&8Mmdasuried bwaSPLedofothaert gas
absorption de- vice 1. The nelt viscosity (at 280 C) of the

al i phat - altphathet pelyctshanate wiitthdrawn tthrough outlet 23 was
360 Pa's. 15 Exanpl e 4 An aliphatic aromatic

pol yester was produdd@d-in substantially the sane manner as in
Exanpl e 1, except that a nolten aliphatic aromatic pol yester

pr epol yner, whi ch had been produced from et hyl ene glycol and 20

5, 9-di car boxynapht hal ene, and whi ch contai ned 200 ppm



of antinmony trioxide (as a catalyst) and had a nelt vi scosity of
1.5 Pa's at 310 [err]C, was fed to inert gas absorption device 1
and that the tenperature of the nolten prepolynmer fed to inert gas
absorption device 1 25 was changed to 310 [err]C and the tenperature
of . each of 61 j ackets
24, 25, 26, 27, 28 and 29 was changed to 310%Ferr]cC The nelt
viscosity (at 310 [err]C) of the aliphatic aro- mati ¢ pol yester
wi t hdrawn t hrough outl et 23 was INDOUOSTRIAL APPLPEABILITY Exampl e 5
An al i phatic pol yam de was produced in substan- tially the sane
manner as in Exanpl e 1Inethemradimitizon of polycenideasaiiiophpolymposybwi de
prepol yner, which had been 10 produced from hexanet hyl enedi am ne and
adi pic acid and the melthpolycomdensdticysinnoasfssl which gen2de pzrcrC, was
fed to inert gas absorption device 1, that the tenperature of

the nol ten prepolyheed fetthout nernegfdstamddreptsepanggion of polypeEepPIowas
changed to 290 [err]C and the tenperature of 15 each of jackets 24,
25, 26, 275 28 ar@n@Ls wEEomhg@heents., by using Ahe systen apd meihodhef

pol yneri zati on pressure was changed to 300 Pa. The nelt viscosity
(at 290 [err]C) ofhe presentinpventifmt ioliesf J&igh HYadHh Yt RPEYGAT-

outl et 23 was

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-

10 sent invention are commercially very advantageous.



120 Pa's. 20 Exampl e 6 An aliphatic aromatic

pol yester was produced in substantially the sane manner as in
Exanpl e 1, except that the polynerization pressure was changed to
40 Pa. 25 The nelt viscosity (at 280 [err]C) of the aliphatic aro-

62 matic polyester wi thdrawn through outlet 23 was 350

Pa[err]s. Ref erence Exanples 1 a 2 5 (I'n each of

t hese Reference Exanples, the system of the present invention was
enpl oyed; however, the op- erat iCLATIMS t he system was i nappropriate
Wi th respect to t he pol ynerization pressure) In

Ref erence Exanples 1 and 2, aliphatic aromatic 10 pol yesters were
respectively produced in substantially the sane manner as in
Exanpl e 1, exceptlt hatA tswstmm for producingeri palyoongersatien nekwneas Pa
(Reference Exanple 1) and 5,000 Pa (Reference Exanple 2),
respectively. Thecomprisingmnelt viscosities (at 280 [err]C) of the

al i phatic aromatic 15 pol yesters withdrawn through outlet 23 were 250
Pa' s 5  (Referend® Briflart] gagn@bzouphipar Ap¥icRefeF PrES G| e

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-

10 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

15 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),

20 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

25 thereby obtain said inert gas-absorbed molten pre-

A



2), respectively. Example 7 20 An aliphatic
pol ycar bonate was produced in sub- stantially the sane manner as
in Exanpl e 1, except that a nolten aliphatic pol ycarbonate
pr epol yner, which had been produced from et hyl ene carbonate and
1, 4- but ane- diol (1, 4-butanediol/ethyl ene carbonate nolar ratio =
25 1:1.13), and which contained 10 ppm | ead acetate (as
63 a catalyst) and had a nunber average nol ecul ar wei ght
of 400, as neasur pdlbmegel aper grat ainoabletetfegr ey inert gas-@HECrbedas
fed to inert gas absorption device 1, that the tenperature of the
mol t en prepol yner mbedenhopirapollymed (o), gas absorption device 1 was changed
to 145 [err]C and the tenperature of each of jackets 24, 25, 26,
27, 28 and 29wherethasgtd inetdSgderahsOrhed mediterh@repolymer
pol ymeri zati on pressure was changed to 250 Pa. The nunber average
no- | ecular) wei gliapted teaber wiithgr&Rl) fodm tdaidldgEoatptdonl 0
pol ycarbonate withdrawn through outlet 23 was 2, 020. Exanpl e 8
An al i phat Bc pol ydevbesafd)whbrpughusaddi auslet for inert Gagmabforpedhe
same manner as in Exanple 1, except that
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



15 a nolten aliphatic polycarbonate prepol yner which had been
produced from et hyl ene carbonate, 1,5-pentanedi ol and

1, 6- hexanedi ol (1, 5-pent anedi ol /1, 6- hexane- di ol / et hyl ene
carbonate nolar ratio = 1:1:2.2), which cont ai ned 10 ppm of | ead
acetate (as a catalyst) and 20 had a nunber average nol ecul ar wei ght
(as neasured by GPC) of 400, was fef8to inert gas absorption
device 1, that the tenperature of the nolten prepolyner fed to

I nert gas absor ptposssiere cerdduesd dhangshd @flGaideevhCuandon device, t he
tenperature of each of jackets 24, 25, 26, 27, 28 25 and 29 was
changed to 160 [ eto]theneby halhtaiwe pgokprdmdensation polymer, and the

64 tion pressure was changed to 250 Pa. The nunber aver- age nol ecul ar
wei ght (as neasurchitain&P@obfcomdensd t jmatpolypelry dar bdaptedwtohde awn

t hrough outlet 23 was 2, 210.

65 - . withdrawn f£froUSTRI AolaRidniGeRl device (B) through said he
production of pol ycondensati on polymers by the nelt

pol yconden8at i on pabketsfoni @ hpebycordensation polymert pyetieanshofit saiteed

for the separation of polyner pro-
withdrawal device.

2. The system according to claim 1, wherein said
polymerization reaction zone is a guide-wetting fall
10 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-
15 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
20 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

25 ().

O



5 ducts from solvents, by using the system and net hod of t he
present invention, colorless, high quality polycon- densati on

pol ymers can be produced at high pol yneri za- tion rate even

wi t hout using a | arge anmount of an inert gas. Therefore, the
system and the nethod of the pre- 10 sggt I nvention are comrercially
very advant ageous. 66

CLAI M5 1. A systemfor producing a pol ycondensati on polynmner,
conpri si ng: 5 (A) an inert gas absorption device for causing a
nol ten pol ycondensati on prepol yner to absorb an inert gas to

t hereby obtain (a}.a nDhe¢esyptepoagyoerdirgyity claim 2, whareéinneatidgas
absor bed t herein, (B) a polynerizer device for polynerizing
said in- 10 guifegas-abwbreéed nolten prepol yner (a), and

(C a pipe for transferring said inert gas-absor- bed nol ten
prepol yner (a) from said absorption device (A) to said polynerizer
device (B), said pipe (C being provi ded with neans for

control ling the ffew rthe gystam according tn«alaign2.apheredd saiden

prepol ymer (a) passing . therethroggh, sai d absorption
devi ce (A) and saPf@ifg| fedj peFforated 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



device (B) being arranged in this order and connected to each

ot her through said pipe (O, 20 sai d absorption device (A
conprising an absor ber casing having an inlet for said nolten
pol ycondensati on prepol yner, an introduction port for said inert
gas, an I nert gas absorption zone f%r causing said nolten poly-

condensati on prepolyner to absorb said i nert’ gas to 25 t hereby obtain

said inert gas-absorbed nolten pre-

67 pol ywhidch| eompxisasdthe stiepstofor said inert gas-absorbed

nol ten prepolynmer (a), wherein said inert gas-absorbed nolten
prepol ymer ([(@nr Ereasiadapt mdltenbpolycomientafkambRen® 1¥B$sr pt i on
5 device (A) through said outlet for inert gas-absorbed nol t en
prepol yner (a), smidht eandhemtedasoisand pokyt gas absomekiohrzqié/it®e (B)

t hrough said pipe (O, said polynerizer device (B) conprising
a pol ymer - causiez gaidamodgenapodycandensation PEGRRLYRRY tt QAL Do hed
10 mol ten prepol ymer (a), an inert gas-absorbed nolten

pr epol ymer f eedi $§4 eﬁ%sE@ﬁoné§e§99§e89§ﬁ#ni69aﬂﬂ inert gas-ahfarhedating
with said inlet for inert gas-absorbed nol ten prepolyner (a) and a
pol ymeri zati on r &@ditiegn prepolymerzdfd :positi oned subsequent to said inert

as-absorbed 15 | ten prepolyner feedi ng, zone, .and .an. evacuati on de-
J (g% tran%fegriﬁg said gnegt gas-absorbed méﬁ%en

prepolymer (o) to a polymerization reaction zone, and
(3) subjecting said inert gas-absorbed molten pre-

10 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.

15 '
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-

20 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).

25

-

AT



vice provided in association with said polynerization reaction
zone, sai d polynerizer casing being provided with an

outlet for a polycondensation polyner through a with- 20 dr awal

devi ce positioned subsequent to said polyneriza- tion reaction
zone, wherein said inert gas-absorbed nolten prepol yner
([err]) is adapted to be transferred to sai d’ ol yneri za- tion
reaction zone through said inert gas-absorbed pre- 25 pol yrmer feeding
zone and pol yneri zed urHermethedusecbrding to claim 9, wherein said

68 pressure produced by neans of said evacuation device,

to thereby obtai ngaigel ysoadehsati on pol yner, and the obt ai ned
pol ycondensati on polynmer is adapted to be wi t hdrawn from said

pol ynmeri zer device (B) through said 5 outl et for a polycondensation
pol ymer by neans of said wi t hdrawal devi ce. 2. The
system accordi ng 1&.cl Ehen hethpéra¢oonding to claim ol yimerieint sgddr eacti on
zone is a guide-wetting fall 10 pol ymeri zati on reaction zone which
has at | eadSt one guide is gupdsferated ygunedel witesleihasard rdyaraddityg of
downwar dl y _ t her et hrough, and said guide-wetting fall polyneriza-
tion reaction zonthreugbphpiesd ezemm estending ;syhgtantially in a thick-

nesswise direction of said guide, to thereby form open-

ings in both surfaces of said guide.

10 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.
15
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-
20 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-

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

———.
.
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-absorbed nolten prepol yner feeding zone through an in- 15 ert

gas- absorbed nolten prepol ymer distribution plate havi ng at | east
one hol e, through which said inert gas -absorbed nolten prepol yner
f eedi ng zone conmmuni cat es with said polynerization reaction zone,
sai,d gui de be- ing arranged in correspondence wi th the hol e of
said 20 distribution plate, and 72 . wherein said inert

gas- absorbed nolten prepol yner ~([err]) is adapted to fall along
and in contact with said guide, to thereby effect a guide-wetting
fall polyneri- zation of said inert gas-absorbed nolten prepolyner
25 ([err]). 16. The method according to any one of claif@ 8 to 15,

3. The system according to claim2, wherein said guide is a wre.
5 4. The sybéereincsaidi pglycondensaliomiprlmersdisd selected fgoinde i s
a perforated guide which has a plurality of t hr ough- hol es, each
ext endi ng subst anthel gyoup eondisking of an alipiwiiise philyesttean ah said

gui de, to thereby form open- ings in both surfaces of said guide.
10 5 5. Tadiphatim neitvewide, tan cibiphatiginolsigareing iger an

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

amide.

/
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forated guide is a wire net. 6. The system according to claim
4, wherein said per- 15 forated guide is a punched pl ate.
7. The system according to any one of clains 1 to 6, wherein said
pol ycondensati on polynmer is selected from t he group consi sting of
an aliphatic polyester, an 20 - al i phati,g pol yam de, an aliphatic
pol ycar bonate, an aliphatic aronatﬁ% pol yester, an aliphatic
aromatic pol yam de, an aromatic pol yester, and an aronatic poly-
am de. 25 8. A et hod for pro@®BITRACE pol ycondensati on pol yner,
70 whi ch conprises the steps of: (1) treating a
nol t en pol ycondensati on prepol yner with an inert gas in an inert
gas absorption zone to cause sai d nolten pol ycondensati on
prepol yner to absorb Disclosedaiid ansysteasfox lerahicigig & makycendeer t
gas- absor bed nol ten prepolyner (a), (2) transferring
sai d inert gas- alsadvitsad pedlymexr comprisipgefd) yaRrinent tgas JRSARTC At i on
reaction zone, and (3) subjecting said inert gas-absorbed

y

mol ten pré 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 inert gas-absorbed
molten prepolymer (o) under reduced pressure, and (C)

10 a pipe for transferring inert gas-absorbed molten pre-
polymer (o) from absorption device (A) to polymerizer
device (B), wherein absorption device (A) and polymexr-
izer device (B) are arranged in this order and connect-
ed to each other through pipe (C). Also disclosed is a

15 method for producing a polycondensation polymer by us-
ing the above-mentioned system. By the use of the sys-
tem or method of the present invention, it has become
possible to produce a colorless, high gquality polycon-
densation polymer at high polymerization rate_even

20 without using a large amount of an inert gas.



10 polymer ([err]) to polynerization in said polynerization

reaction zone under a pressure of 30 to 4,000 Pa,

pol ynmeri ze said inert gas-absorbed nolten pre-
predet er mi ned degree of polyneriza-

met hod according to claim@8, wherein sgj

zone is a guide-wetting fal

to t her eby
polynmer (a) to a

tion. 15 9. The

pol ynmeri zation reaction

neri zation reaction zone having

pol'y
at | east one guide fixedlyEﬁfK@%tger E% nd ext endi ng downwardly
there- 20 t hrough, and said i hert™gas-a bed nol ten prepol yner
(a) is allowed to fall along and in contact with said guide, to
thereby effect a guide-wetting fall polyneri- zation of said inert
gas- absorbed nolten prepol yner (a) . 25
71 10. The net hod accor ggng toZlaim9, wherein said gui de
is a wre. 11. The nmetRod_gcgording to claim9, wherein said 5
guide is a perforated gui de whi ch\hgd/a uralfity of t hr ough- hol es,
each extending substantial l i N g il nesswi se direction of said
gui de, to thereby form open- \\\' } —15
/5
24 7




ings in both surfaces of said guide. 10 12. The nethod according

to claim1l, wherein said perforated guide is a wire net.

13. The method according to claim11l, wherein said perforated guide
i s.a punched plate. 15 14. The met hod according to any one of
clains 8 to 13, wherein saicl%?zgten polycondensatlon prepol yner is
caused to absorb said inert gas in said step such an anount
as constantly naintains said inert Fét(gLZE { bsorbed nol ten prepol ynmer
([err]) in a foam ng state ou id step (3) for

pol yneri zati on. 15. Then nethod accordlng to any one of clains 8
to 14, wherein said step (1) for inert gas absorption is per- 25
formed under a pressure of 5,000 to 3,000,000 Pa.

72 16. The nmethod according to any one of clainms 8 to 15,

selected from the group
al i phatic pol yam de, an

wherein said pol ycondensation poly
consi sting of an aliphatic polye
al i phatic polycarbonate,zyh“
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an

pol yam de,
am de.
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an aliphatic aromatic

and an aronmatic poly-

al i phatic aromatic pol yester,
X pol yester,

aromati c
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