DESCRI PTI ON DEVOLATI LI ZI NG EXTRUDER, AND DEVCLATI LI ZI NG EXTRUSI ON METHOD
OF POLYMER COWPCSI TI ON USI NG THE SAME AND METHOD OF 5PRODUCI NG PCLYMER
Techni cal Field [0001] The present invention relates to a

devol atilizing extruder to be used in a production of a polyner, and a
10net hod for devolatilizing extrusion of a polyner conposition using the
sane, and a nethod for producing a polyner. Background Art [0002] 15There
have been known, as a nethod for producing a polyner such as a
(meth)acrylic polyner, nmethods in which a polynmer conposition containing a
pol ymer and a vol atil e conponent i sp@diraiphednby a sol ution pol ynmeri zation
nmet hod or a bul k polynerization nmethod, and then the obtai ned 20pol yner
conposition is supplied to a screw type devolatilizing extruder to renove a
vol ati |l e conponent, thus obtaining a polyner (see, for exanple, Patent
Docunents 1 apRV@ATIPELLONG AXITRDDERTEANIS DEVOLATILIZING EXTRUSION

METHOD QF POLYMER CCMPOSITION USING THE SAME AND METHOD OF
5 PRODUCING POLYMER
Technical Field
[0001]
The present invention relates to a devolatilizing
extruder to be used in a production of a polymer, and a

10 method for devolatilizing extrusion of a peolymer
composition using the same, and a methed for producing a
polymer.

Background Art
[0002]

15 There have been known, as a method for producing a
pelymer such as a {(meth)acrylic polymer, methods in which a
polymer composition containing a polymer and a volatile
component is obtained by a solution polymerization methed
or a bulk polymerization method, and then the obtained

20 polymer composition is supplied to a screw type
devolatilizing extruder to remove a volatile component,
thus obtaining a polymer (see, for example, Patent
Documents 1 and 2).

Prior Art Documents

25 Patent Documents



25Pat ent Docunments [0003] Patent Docunent 1: JP-A-3-49925 Patent Docunent
2: JP-A-2003-96105 Disclosure of the Invention 5Problens to be Sol ved by
the Invention [0004] In a screwinserted into a devolatilizing
extruder, a shaft portion is supported by a shaft seal bearing portion of
the devolatilizing extruder and a shaft seal portion is 10provi ded around
the shaft portion of the screwin the shaft seal bearing portion. A

devol atilizing extrusion nethod using a conventional devolatilizing
extruder had a problemthat, when an operation is continuously carried out
over a long pesdpd, an unreacted nononmer or a polyner thereof in a

15pol yner conposition adheres to this shaft seal bearing portion and poor
rotation of theSGreweahdses,: apdathusdots becones difficult to operate the

devol atilizing extruder. [0005] In light of the problemof the prior art,
t he present 2fitwmntboamdrad 2hegn-mer3avd1ah obj ect thereof is to provide a
devol atilizing extruder that can prevent an unreacted nononmer and a pol yner
t her eof from =dhdrisnget of tthhe Shagéhtswal bearing portion during operation,
and a nethod for devolatilizing extrusion of a polyner conposition using
t he 5 Problems to be Solved by the Invention
f0004]
In a screw inserted into a devolatilizing extruder, a
shaft portion is supported by a shaft seal bearing portion
of the devolatilizing extruder and a shaft seal portion is
10 provided around the shaft portion of the screw in the shaft
seal bearing portion. A devolatilizing extrusion method
using a conventional develatilizing extruder had a problem
that, when an operation is continucusly carried out over a
long period, an unreacted monomer or a polymer thereof in a
15 polymer composition adheres to this shaft seal bearing
portion and poor rotation of the screw arises, and thus it
becomes difficult to operate the develatilizing extruder.
[0005]
In light of the problem of the prior art, the present
20 invention had been made and an object thereof is to provide
a devolatilizing extruder that can prevent an unreacted
monomer and a polymer thereof from adhering to the shaft
seal bearing portion during operaticn, and a method for

devolatilizing extrusion of a polymer composition using the

25 same and a method for producing a polymer.



25sanme and a nmethod for producing a polyner. Means for Solving the

Probl ens [ 0006] In order to achieve the aforenentioned object, the
present invention provides a devolatilizing extruder 5conprising: a
cylinder having a polynmer conposition supply port, a gas discharge port, a
pol ymer outlet and a through-hole; a rotatable screwinserted into the
cylinder through the through-hole; and a shaft seal bearing portion
supporting a shaft portion of the screw extending fromthe 10t hrough-hol e
to the outside of the cylinder; wherein the shaft seal bearing portion
includes a shaft .seal @fﬁg_gnthg S é& portion formed between the shaft
seal portion and the cy i nd |qU|d i ntroduction port for

i ntroduci ng ajddowyi d containing a polynerlzatlon i nhibitor 15into the
cavity portion, and also the shaft seal bearing portion has a gap that
serves as a flow pahthorddyr avghcibd€h thel bgutshdrtticaduceashddit,othbe cavity
portion through the liquid introduction port is discharged into the
cyl i nder, betmesenaninhvergrionablkofadess af dehelétiwlouwghghekernaist a 20surface of

the shaft portion of the screw. [0007] A conventional devol atilizing
ext ruder Shad mpréobiesm tahatyl inden faa‘ﬁmgyﬁepolmmmomma@u%i% pueglzed over a
| ong period, an unreacted nononer, pol ynmer thereof and the 25like

contai ned i n BPSFol at 7% Qﬁﬁﬁ&@ﬁéﬁtP%ﬁﬂwe@ePPﬁY@?ﬁaO@§let and a through-

hole; a rotatable screw inserted intoc the cylinder through
the through-hole; and a shaft seal bearing portion
supporting a shaft portion of the screw extending from the
10 through-hole to the outside of the cylinder; wherein the
shaft seal bearing portion includes a shaft seal portion, a
cavity portion formed beiween the shaft seal portion and
the cylinder, and a liquid introduction port for
introducing a liquid containing a polymerization inhibitor
15 into the cavity portion, and also the shaft seal bearing
portion has a gap that serves as a flow path, through which
a liquid introduced intc the cavity portion through the
ligquid introduction port is discharged into the cylinder,
between an inner wall face of the through-hcle and a
20 surface of the shaft portion of the screw.
10G07]
A conventional devolatilizing extruder had a problem
that, when a polymer is continuously produced over a long
period, an unreacted monomer, a polymer thereof and the

25 like contained in a volatile component adhere in the



vicinity of a shaft seal bearing portion in a devolatilizing extruder, thus
causi ng poor rotation of a screw. It is considered that the unreacted
nononer contained in the volatile conponent adheres in the vicinity 5of the
shaft seal bearing portion and thus the nononmer is converted into a pol yner
as a result of polynerization due to heat. In the devolatilizing extruder
of the present invention, since a liquid introduction port for introducing
aliquidinto a cavity portion between a shaft seal portion 10in the shaft
seal bearing portion and a cylinder is provided, the introduced liquid

passes through a.gap betweenra throygh-hole,and R shaft portion of a screw,

and then the litquidiis introduced into thé cylinder. Therefore, flow of the

liquid towar didReaeylindgr kienudhe shaf basealy Pobearbid iper biron is forned,
and thus it becones difficult for the unreacted nononer to reach in the

vicinity of tdweshafit seabobetddrrg phatioie unhikeadekd immmomgirnce the liquid
introduced into the cylinder contains a polynerization inhibitor, a
pol ymeri zat i orentedced oim dfhet helatntleaciegofEmpraimeregnit hdheyivédchantyy of shaft
seal bearing portion is also suppressed. As a result, adhesion of the
unr eact el nordmiheapble &t pelaynbeatring eortian tand whgpnthy winogigaf LSseal
bearing portion is sufficiently suppressed and it becones paossible to
sufficiently SHFress Poor ar BPAYTVN 6F 2t Aes2eEs AfeRCEVRAT1A7ddGR BHe
operation is continuously carried .
P to heat. In ¥he devéiat?H321ng extruder of the present
invention, since a liquid intreduction port for introducing
a liquid into a cavity portion between a shaft seal portion
10 in the shaft seal bearing portion and a cylinder is
provided, the introduced liquid passes through a gap
between a through-hole and a shaft portion of a screw, and
then the liquid is introduced into the cylinder. Therefore,
flow of the liquid toward the cylinder from the shaft seal
15 bearing portion is formed, and thus it becomes difficult
for the unreacted monomer to reach in the vicinity of the
shaft seal bearing portion. In addition, since the liquid
introduced into the cylinder contains a polymerization
inhibitor, a polymerization reaction of the unreacted
20 menomer in the vicinity of shaft seal bearing portion is
also suppressed. As a result, adhesion of the unreacted
monomer and a polymer thereof in the vicinity of shaft seal
bearing portion is sufficiently suppressed and it becomes

possible to sufficiently suppress poor rctation of the

25 screw even though the coperation is continuously carried cut



over a long period. [0008] In the devol atilizing extruder of the
present invention, the shaft seal portion is preferably fornmed of a
5nmechani cal seal. Thereby, degradation of the shaft seal portion does not
ari se and thus continuous operation can be stably carried out even at a

hi gh tenperature over a |long period. [0009] 10The present invention also
provides a nethod for devolatilizing extrusion of a polynmer conposition,
conpri sing: supplying a polynmer conposition containing a polynmer and a

vol atil e component into the cylinder through the polymer conposition supply
port in the deyol athhigifig-skaextruder of the present invention and also
supplying liquid to the cavity portion through the liquid introduction port
to di scharge tdmwavol atil e conmponent through the gas discharge port and to
di scharge a polyner after devolatilization through the polynmer outlet,
respectively. 20[ 0040the devolaBcroiidigngxtousschfatdevpkaddrdtd zi ng extrusi on
nmet hod, since the devolatilizing extruder of the present invention is used,
it is possiblitegtdohf i diemhlaytsappr gegtannuis gactfedabhbnofmemedacpoh ymer

t hereof and the |like contained 25in a volatile conponent from adhering in

t he vici Ai ty ®chanisphf3cadeal Thmblivngdperadancof o4 Hew gihatfitl peahg ext ruder,
and to continuously carry out a devolatilizing extrusion treatnent of a

pol ymer conpd¥ihii6h 898F Y 6AGSHerrDFNEt ROBEIMYS AGSEE HBbIcEm Stich as

oor rotation_of .a screw. .
P stably carried out even at a high temperature over a long

period.
[0009]

10 The present invention also provides a method for
devolatilizing extrusicon of a polymer composition,
comprising: supplying a polymer composition containing a
polymer and a volatile component into the cylinder through
the polymer composition supply port in the devolatilizing

15 extruder of the present invention and also supplying liguid
to the cavity portion through the liquid introduction port
to discharge the volatile component through the gas
discharge port and to discharge a polymer after
devolatilization through the polymer outlet, respectively.

20 [0C10]

According to such a devolatilizing extrusion method,
since the devolatilizing extruder of the present invention
is used, it is possible to sufficiently suppress an
unreacted menomer, & polymer thereof and the like contained

25 in a volatile component from adhering in the vicinity of a



5[ 0011] The present invention also provides a nethod for producing a
pol ymer, conprising the steps of: continuously supplying a raw nmateri al
contai ning a nononer, a radical polynerization initiator and a chain
transfer agent into a 10pol yneri zation reaction vessel; polymerizing the
mononer in the polynerization reaction vessel to obtain a pol yner
conposition containing a polyner and a volatile conponent containing the
unr eact ed nononer; and supplying the polynmer conposition into the cylinder
t hrough the pol ymer 15conposition supply port into the devolatilizing

extruder of the, present LOvent ian.and & S0syppLyIng hiaukd-ipthe cavity

portion through e liqui uction port to arge fhe vdlatile

conponent thrgugh d hengasudischangey Part Ardyhoadi SChag9exarpolyrer af ter
devol atilization 20t hrough the polymer outlet, respectively. [0012]

According to theatieinkodsforpduaeuctogodsiRAloymBler S NGAGt perdayol ati | i zi ng
extruder of the present invention is used, it is possible to sufficiently
suppress an 2buriesacicadsmnorerobaepodyterast beseofotantd ohhef | 4 kecreant ai ned
in a volatile conponent fromadhering in the vicinity of a shaft sea
bearing Porti 6¥00EI a devol atilizing extruder in the step of carrying out a
devol atilizing extrusion treatnment, and to continuously produce a pol yner
S5conposi tion over &FoREEHE déVﬁPF¥Rﬁna%§§u§Fﬁ§1??ﬁa@oﬁ?§§?§Lﬁﬂf as poor

rotation of a screw. [0013 . )
producing a polymer, comprising the steps of: continucusly

supplying a raw material containing a monomer, a radical
polymerization initiator and a chain transfer agent into a

10 polymerization reaction vessel; poelymerizing the monomer in
the polymerization reaction vessel to obtain a polymer
composition containing a polymer and a volatile component
containing the unreacted monomer; and supplying the polymer
composition into the cylinder through the polymer

15 composition supply port into the devolatilizing extruder of
the present invention and also supplying liquid to the
cavity portion through the liguid introduction port to
discharge the volatile component through the gas discharge
port and to discharge a polymer after devolatilization

20 through the polymer cutlet, respectively.
[0012]

According to the method for producing a polymer,

since the devolatilizing extruder of the present invention
is used, it is possible to sufficiently suppress an

25 unreacted monomer, a polymer therecf and the like contained



In the aforenmenti oned nethod for devolatilizing extrusion of a polyner
conposition and nethod for producing 10a polyner of the present invention,
the liquid supplied through the liquid introduction port is preferably a
l'iquid prepared by dissolving the polynerization inhibitor in a nononer
used as a raw material of the polyner. In such the liquid, the nononer,

that is the sane conponent as that of 15an unreacted nononer contained in a
pol ymer conposition, is used as a solvent that dissolves a polynerization

i nhibitor. Therefore, when conpared with the case of using the other

solvent, it is,pOSIhhterd &IBRESS SedAPYULAELE %y fihOhET ¥ NiG1ith L e, obtai ned
pol ynmer. 20Effects of the Invention [0014] According to the present

invention, itshsrtpPessibb&tiggPpevi de 3 rdavebadiddiziingn@Xdstudaert hat can
suppress an unreacted nononer and a pol ynmer thereof from adhering to a
25shaft seal tearstag porddrayidygrbmg Operaleon,iAnd aksougiaom continuously
operate over a long period w thout causing poor rotation of the screw, and
a nethod for tdemedlani| i zdgeextnusiwmsdy arpdlomer pobywpasi tion using the
sanme, and a nethod for producing the polynmer. 5Brief Description of the
Dr awi ngs5[001gqmpositi0n over a long period without causing a problem
such as poor rotation of a screw.
[0013]
In the aforementiocned method for devolatilizing
extrusion of a polymer composition and method for producing
16 a polymer of the present invention, the liquid supplied
through the liguid introducticn port is preferably a liquid
prepared by dissolving the polymerization inhibitor in a
monomer used as a raw material of the polymer. In such the
liquid, the monomer, that is the same component as that of
15 an unreaclted monomer contained in a polymer composition, is
used as a solvent that dissolves a polymerizaticon inhibitor.
Therefore, when compared with the case of using the other
solvent, it is possible to suppress impurities from mixing
in the obtained peclymer.
20 Effects of the Invention
[0014]
According to the present invention, it is possible to
provide a devolatilizing extruder that can suppress an

unreacted monomer and a polymer thereof from adhering to a

25 shaft seal bearing portion during operation, and also can



Fig. 1 is a schematic view showing an internal structure of a

devol atilizing extruder according to preferred enbodi nent of the present
invention. 10Fig. 2 is a partial sectional view of a shaft seal bearing
portion of a devolatilizing extruder according to preferred enbodi nent of
the present invention. Fig. 3 is a schematic bl ock di agram show ng a
production system of a polyner using a devolatilizing 15extruder of the
present invention. Mdde for Carrying Qut the Invention [0016]

Preferred enbodi nents of the present invention will be described in detai

Wi th 1 eference, g hig, A7 CoThanK 6. 200hannas. e s sagR: UIRLALS are used

for the sanme or i1dentical "portions in the aw ngs, and repetifive

descriptions ar& Quibtedh A $8e dirmnsi:gnal fatHes ot 4be1drawi ngsy are not
limted to the illustrated ratios [0017] 25Fig. 1 is a schematic view

showi ng an i néarmakonSéF UCtidneomed corgReakabi lizimg taxt sager saacarding to
preferred enbodi nent of the present invention. As shown in Fig. 1, a
devol ati | i zi ngetexidr dderpAQhiding| tike oA vaglki nder 10 t hat i ncludes a pol yner
conposition supply port 12 for 5supplying a polynmer conposition containing
a pol yneb andBmief Description of the Drawings
[0015]
Fig. 1 is a schematic view showing an internal
structure of a devolatilizing extruder according to
preferred embodiment of the present invention.
10 Fig. 2 is a partial sectional view of a shaft seal
bearing portion of a devolatilizing extruder according to
preferred embodiment of the present invention.
Fig. 3 is a schematic block diagram shewing a
production system of a polymer using a devolatilizing
15 extruder of the present invention.
Mode fcor Carrying Out the Invention
[0016]
Preferred embodiments of the present invention will
be described in detail with reference to the accompanying
20 drawings. The same numerals are used for the same or
identical porticns in the drawings, and repetitive
descriptions are omitted. Also, dimensional ratios of the
drawings are not limited to the illustrated ratios

{0017]

25 Fig. 1 is a schematic view showing an internal



vol atil e conponent, a gas discharge port 14 for discharging a volatile
conponent, a polyner outlet 16 for discharging a polyner after

devol atilization, and a through-hole 18; a rotatable screw 20 inserted into
the cylinder 10 through 10t he through-hole 18; and a shaft seal bearing
portion 30 that supports a shaft portion 20a of the screw 20 extending from
the through-hole 18 to the outside of the cylinder 10. The cylinder 10 is
provided with four gas discharge ports 14, and one gas di scharge port (back
vent) 14a is provided 15at the side of the shaft seal bearing portion 30

when vi eved 11amLgePOL VIR 600D08] 1100 (SUBRLY: RAKL.d2nq andl thr oo gas

di scharge ports (fore ven are respectively provided at the

side of the polymmr-QULlRiail@n:The shafdre3eal NRANIAGHPOME 9RoBP iMcl udes a
shaft seal 20portion 32, a cavity portion 34 fornmed between the shaft seal

portion and tiwey.cyl,i Adesvciiciandiag | d:auivdelrni s@ductinass pordyl36idter
introducing a liquid containing a polynerization inhibitor into the cavity
portion 34. [DD18lat25ktudes iaspalpast icadmpsetti@naluppilewoft d2shiakt seal
bearing portion of a devolatilizing extruder according to preferred

enbodi meft ofsurrd ypneserpoivmgentooprsitionheopteyemg enbotlimientindt Ae shaft
seal portion 32 is formed of a nechanical seal. Between the shaft sea
portion 32 antPBBttHdecypiprientioa ghe HarheyIportiton 4340F sdksiheedinThe
interior of the shaft seal bearing portion 30 and the interior of the

cylinder 10 &t &'ComMett EFRMBlgh PUEEGRYhDTe 1f8 t4Rd E SHeH "BoP ti on 20a
osouns 1 or SoRBRFSRErHE BRI PRV SR8 futSl Bl OB A Lppost

10shown) for ¥0 i Sprovi de on 't fe opposite

si de of the cyldnde 10, e 808 {opaal PRRL | AN 32 -ASe SN FI G, 2,
in a boundary portion between the shatft seal bearing portion 30 and the
cylindenol0, @hdamBYLELRREIWEEHnAN: IdNeh WBk] Ja68ngl pbheideugh-
that supports a shaft portion 20a of the screw 20 extending
from the through-hole 18 to the outside of the cylinder 10.
The cylinder 1C is provided with four gas discharge ports
14, and one gas discharge port ({back vent} l4a is provided
15 at the side cf the shaft seal bearing portion 30 when
viewed from the polymer composition supply port 12, and
three gas discharge ports (fore vents) 14k, 1ldc, l4d are
respectively provided at the side of the polymer outlet 16.
The shaft seal pearing portion 30 includes a shaft seal
20 portion 32, a cavity portion 34 formed between the shaft
seal portion and the cylinder 10, and a liquid introduction
port 36 for introducing a ligquid containing a
polymerization inhibitor intc the cavity portion 34.
[0018]

25 Fig. 2 is a partial sectiocnal view of a shaft seal



15hol e 18 and a surface of the shaft portion 20a of the screw 20, and the
| i quid containing a polynerization inhibitor introduced into the cavity
portion 34 fromthe liquid introduction port 36 is discharged into the
cylinder through this gap as a flow path FP. The liquid di scharged 20into
the cylinder 10 is discharged out of the cylinder 10 through the gas

di scharge port 14, together with the volatile conponent in the pol yner
conposition. A part of the polynerization inhibitor in the liquid is

di scharged through the gas discharge port 14, and also remains in the

25pol ymer a”%é&i@%g?gﬁ%{j otfhéoé%ﬁgofatﬁg'ﬁﬁﬁ& QUL 8L r18:cordiQ g tol 0gEt her

with the polyner. shaft seal portion 32 may be forned in

a formof a kpawe shaf trseBheandok sy @frekahl yidwinrednof 1@ rrehani cal 5seal
since a problem such as seal failure is less likely to arise due to an

i nfluence of phesdnitquntodian@duerd $nda tsheicpyitiynport L onfd3tedTBere i s no
particular limtation on the type of the nechanical seal, and a known type
mechani cal sealmec@anbealsethl . FoBetowamplkbe sisaftheealipofign B02and he
mechani cal seal includes a rotating ring 32a fixed on the side of a screw
20 and a>fi xehe iaydi82er filkedhoncahet sirdetopn a3bshaf ttoswadl- bédaei ng portion
body (casing), and is constituted so that the rotating ring 32a and the

fixed ring 324 tfrdopr e§sEte Baatgpeh HegréBIuRP TR SBr My ot 15shown) or

he |ik n h h i ghtl her h
the e and Enégii%regfttéétc iggeg fbtéieeggnnected through a

throcugh-hole 18 and a shaft portion 20a of the screw 20
passes through this through-hole 18. A driving device (not
10 shown) for rotationally driving the screw 20 is provided on
the opposite side of the cylinder 10 of the shaft seal
portion 32. As shown in Fig. 2, in a boundary portion
between the shaft seal bearing portion 30 and the cylinder
10, a gap exists between an inner wall face of the through-
15 hole 18 and a surface of the shaft portion 20a cof the screw
20, and the ligquid containing a polymerization inhibitor
introduced into the cavity portion 34 from the ligquid
introduction port 36 is discharged into the cylinder
through this gap as a flow path FP. The liquid discharged
20 into the cylinder 10 is discharged out cf the cylinder 10
through the gas discharge port 14, together with the
volatile component in the polymer composition. A part of
the polymerization inhibitor in the liquid is discharged
through the gas discharge port 14, and also remains in the

25 polymer and is discharged through a polymer outlet 16,

- 10 -



other. In order to decrease friction of a contact surface between the
rotating ring 32a and the fixed ring 32b, a nmechanical seal liquid 32c is
filled into the mechanical seal 32. In Fig. 2, a constitution of a
mechani cal seal 20including two pair of conbinations of the rotating ring
32a and the fixed ring 32b, nanely, a double nechanical seal is shown.
Usual Iy, the nmechanical seal liquid 32c is continuously supplied through a
mechani cal seal liquid introduction port (not shown) using a punp or the

| i ke, and 25t hen continuously discharged through a nechanical seal |iquid

di scharge por{,{nofe SHoW)end Lol $mPreferred that the nechanical seal 1iquid
is circulatorily supplied. Thée filling pressure is appropriately set

according to tdweisi ze, extrusion conditions and the |ike of the

devol atilizing 5extruder, and is set to a pressure higher than that of the
liquid to be introdueeghaftd Geepsanidry 3pomky de FbrmpO0AD]a form oflt IS
possible to use, as the nmechanical seal liquid 32c, a known nechani cal sea
l'iquid withouwt laypwnl shifatdaed. ad0Speafdie rekanpfemetihef eofmddaicinddel an

adi pate ester, a phthalate ester, a diisobutyrate ester, acetyl ated

gl yceri dé andsade slinke. a Beuigleas soth tdfe sgdilphe bl st dp Lags Udgely to

bi s(2-et hyl hexyl ) adi pate, diisononyl adipate, diisodecyl adipate and the
li ke. Exanpl %ot HE bﬁtqﬁﬂ%ggéuence of the liquid introdiiced into the

cavity portion 34. There is n¢ particular limitation on
the type of the mechanical seal, and a known type
mechanical seal can be used. For example, as shown in Fig.

10 2, the mechanical seal includes a rotating ring 32a fixed
on the side of a screw 20 and a fixed ring 32b fixed on the
side of a shaft seal bearing portion body {casing), and is
constituted so that the rotating ring 32a and the fixed
ring 32b are pressed by a given force using a spring (not

15 shown) or the like and thus they tightly adhere to each
other. 1In order to decrease friction of a contact surface
between the rotating ring 32a and the fixed ring 32b, a
mechanical seal liquid 32c¢ is filled into the mechanical
seal 32. 1In Fig. 2, a constitution of a mechanical seal

20 including two pair of combinations of the rotating ring 32a
and the fixed ring 32b, namely, a double mechanical seal is
shown. Usually, the mechanical seal liguid 3Zc is
continuously supplied through a mechanical seal liquid
introducticon port {(not shown) using a pump or the like, and

25 then continuocusly discharged through a mechanical seal

- 11 -



15est er include bis(2-ethyl hexyl) phthal ate, diisononyl phthal ate,

di i sodecyl phthalate and the |ike. Exanples of the diisobutyrate ester
include 2,2,4-trimethyl-1, 3- pentanedi ol diisobutyrate and the |ike.
Exanpl es of the acetylated glyceride include glycerin diacetononol aurate,
20gl ycerin di acet ononostearate, glycerin diacetononool eate, glycerin

di acet ononol i nol eate, glycerin diacetonono 12- hydroxystearate, glycerin
di acet onononyri state, glycerin diacetononopal mtate, glycerin

nonoacet ononost earate, glycerin nonoacet onononyristate, glycerin

25monoacet ononopalMhRate, - Ul %eeE i fhJPRARGRT OMRAOK LCH AN LALE, thad? -

gl yceri n nonoacet onono 12-"hydroxystearate, glycerin nonoacet ononobehenate,

gl ycerin monogeetRERARA Lat@a10t Y§€Id N sMenpacaiiangl aufsteq. gl weerin
nonoacet odi ol eate, glycerin nonoacetodiricinol eate, glycerin

5nonoacet odi capnyhat preg weefisnappigadetedi | sy aleorgiygetd nthe size,
nonoacet odi stearate and the |ike. Anong these, an adipate ester and a

di i sobut yr at eexgstuercareomptiefiens ealpd arid ankade patte estetatslipamgi cul arly
preferred. The adipate ester has a nmerit that, when a (nmeth)acrylic

pol ymer , S10paaxtiredear | gnpdlsymet hyd ansrisgsrye at eyhePMVARR | Bhagr eduébe as a

pol yner, the adi pate ester does not accelerate a pol yperization reaction of
an unreacted:Hﬁﬁ%ﬁeFoé%éﬁthoﬁPi%ﬁi%Q$Qatbﬁl?ﬁ%ﬁﬁtéﬁﬁééP?i%ﬁn and is al so
less likely to se an adverse influence such as coloration of the

150bt ai ned poM?%@g.

It is possible to use, as the mechanical seal ligquid

32c, a known mechanical seal liguid without any limitation.

10 Specific examples thereof include an adipate ester, a
phthalate ester, a diisobutyrate ester, acetylated
glyceride and the like. Examples of the adipate ester
include bis(2-ethylhexyl) adipate, diisononyl adipate,
diisodecyl adipate and the like. Examples of the phthalate

15 ester include bis(2-ethylhexyl} phthalate, diisononyil
phthalate, diisodecyl phthalate and the like. Examples of
the diisobutyrate ester include 2,2,4-trimethyl-1,3-
pentanediol diiscbutyrate and the like. Examples of the
acetylated glyceride include glycerin diacetomeonolaurate,

20 glycerin diacetomonostearate, glycerin diacetomonooleate,
glycerin diacetomonolincleate, glycerin diacetomono 12-
hydroxystearate, glycerin diacetomonomyristate, glycerin
diacetomonopalmitate, glycerin monoacetomonostearate,
glycerin monoacetomonomyristate, glycerin

25 menoacetomonopalminate, glycerin moncacetomonoricinoleate,
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[ 0021] The shaft seal portion 32 can also be forned of, in addition
to a nechani cal seal, a gland packing, a Wlson seal, an oil seal, a

| abyrinth seal, an o-ring seal, a 20bellows seal and the |ike. [0022]

The liquid to be introduced into the cavity portion 34 through the liquid
introduction port 36 is preferably a liquid containing a polynerization

i nhibitor, which is 25prepared by dissolving a polynerization inhibitor in
a - 13 - solvent that does not accelerate a polynerization reaction of an
unreact ed nmononer. Exanples of the solvent include organic solvents such as

Lol uene, xy! egicsstivhbenzaneyciet iyl aolylyl. kelong, etiy! al cohol,

et hyl al cohol] Soct ane ecane exan acetate and

pentyl acetaiﬁbndﬁ@ét@m@%%EHH@ha%@'C&hyééﬂ%%eﬂoﬁéaébﬂéﬁwhﬁgié%ﬂéﬂ of a pol ymer
to be produced. Anpbng these, a nonormer, which is used as a raw material of

a polymer to @@dérﬁduﬁ&%ad&o%%ﬁglanlﬂ:éW@Qf}EéruWﬂioﬁBabét&&Qﬁe@%e?— raw
10material of a polynmer to be produced, is usually liquid. Wien the nononer

i s used as thglwelnianhenédcdtodpossimdieadte, pgeyentin npurities fromm xing in
t he obtai ned polyner. Since the liquid contains a polynerization inhibitor,
a pol ynepi zathawacedctioirnflathe gbymem asnehestsoliventrats, glycerin

monoacetodistearate and the like. Among these, an adipate
ester and a diisobutyrate ester are preferred, and an
adipate ester is particularly preferred. The adipate ester
has a merit that, when a {(meth)acrylic polymer,

10 particularly polymethyl methacrylate (PMMA) is produced as
a polymer, the adipate ester does not accelerate a
polymerization reaction of an unreacted monomer even if
mixed in a polymer composition, and is also less likely to
cause an adverse influence such as coloration of the

15 obtained polymer.

[0021]

The shaft seal portion 32 can also be formed of, in
addition to a mechanical seal, a gland packing, a Wilson
seal, an oil seal, a labyrinth seal, an o-ring seal, a

20 bellows seal and the like.

[0022]

The ligquid to be introduced into the cavity portion
34 through the liquid intreduction port 36 is preferably a
liquid containing a polymerization inhibitor, which is

25 prepared by dissolving a polymerization inhibitor in a
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15prevented even in the liquid. [0023] Exanpl es of the

pol ymeri zation inhibitor include hydroqui none, hydroqui none nononet hyl
ether, tert-butyl catechol, 4-nethoxy-I|-naphthol, 1,4-naphthoquinone, 2, 4-
20di met hy1l- 6-tert - butyl phenol, phenot hi azi ne, benzophenot hi azi ne,

di ni trobenzene, p-phenyldi am ne, dinethyldithiocarbamc acid salt and the
|l i ke. Anpbng these polynerization inhibitors,

2,4-di methyl-6-tert-butyl phenol is preferred fromthe viewpoint of being
less likely to 25exert an adverse influence such as coloration even if it -

L4 - remains. it he pol YIRL, ohe, pol IR 2at i on 0Bi LAY Lo begised 1

appropriatel y selected accordi ng € po r‘to be produced, and the

monormer to beoﬁJsa%dmeg%{e%Nm%m&al kDb 8 05kA024d1vent incThE content of
the polynerization inhibitor inthe liquid is preferably from5 to 2,000

ppm by nmass, @nfnier opraf@r abky 4£ ap1llnk SPGRHMebYy BSSenkased on the
entire liquid anount. Wien the content is nore than the 10aforenenti oned

range, the prieporili scwittihecpohy makdzatli ancomdl bietayl cohtaialed i n t he

pol ymer increases and thus the polymer may be slightly colored. In
contrast 5 whercttane, cdat®m, icycllelsxarwmn debel &f orerrgit hodeat e amge, t he

ef fect of suppressing a polynerization reaction of an unreacted 15nmononer
in the vicinirgntofl shafatseandpbeareirpgiorhioh B0 upey déct e and al so the

effect of suppressing a polynerization reaction of the nononmer may decrease
when t he nondwErTiglugtd RS WRET sbP VhPTOPpcedo fong these, a

moncmer, which is used as a raw material of a polymer to be
produced, is used. The moncomer, which is used as a raw

10 material of a polymer to be produced, is usually liquid.
When the monomer is used as the solvent, it is possible to
prevent impurities from mixing in the obtained polymer.
Since the liquid contains a polymerization inhibkitor, a
polymerization reaction of the monomer as the soclvent is

15 prevented even in the liquid.
[0023]

Examples of the polymerization inhibitor include
hydroquinone, hydrogquinone monomethyl ether, tert-butyl
catechol, 4-methoxy-l-naphthol, 1,4-naphthoquinone, 2,4-

20 dimethyl-6-tert-butyiphenol, phenothiazine,
benzophenothiazine, dinitrobenzene, p-phenyldiamine,
dimethyldithiocarbamic acid salt and the like. Among these
polymerization inhibitors, 2,4-dimethyl-6-tert-butylphencl
is preferred from the viewpoint of being less likely to

25 exert an adverse influence such as coloration even if it

- 14 -



20The flowrate of a liquid to be introduced is appropriately set according
to the size, extrusion conditions and the |ike of the devolatilizing
extruder, and is usually from0.01 to 5 L/mn, and preferably from0.1 to 3
L/ mn, per one screw. Wien the flowrate of a liquid is 25nore than the

af orenenti oned range, the proportion of the - 15 - pol ynerization

i nhibitor contained in the polyner increases and thus the polynmer may be
slightly colored. In contrast, when the flowrate is |l ess than the

af orenenti oned range, the effect of suppressing an unreacted nononer and a

Spol ymer from penetrating ijshonthe %h@f{;oﬁﬁ@&igggio%mtrﬁﬂﬁo&itsp 30y

decrease. [0026] In the devolatilizing extruder e cavity portion 34

is provided widdny tikeapi i d dical foskcdd-an peEdrBGigleaNghd R ilyngyi g1 s _
i ntroduced, thereby enabling the interior of the cavity portion 34 to be in
a pressuri zetbhstmtcauaad, eftablthBgnéinddr €5Sbé eud<l he hi ghemdthanathat of the

gas di scharge port 14a of the devolatilizing extruder 100. Therefore, it is
possi bl e t o siHdidepifent|y suppress an 15unreacted nononer and a polyner from
penetrate into the

5 [0024]

The content of the polymerization inhibitor in the
liquid is preferably from 5 to 2,000 ppm by mass, and more
preferably from 10 to 500 ppm by mass, based on the entire
liquid amount. When the content is more than the

10 aforementioned range, the proportion of the polymerization
inhibitor contained in the polymer increases and thus the
polymer may be slightly colored. In contrast, when the
content is less than the aforementioned range, the effect
of suppressing a polymerization reaction of an unreacted

15 monomer in the vicinity of shaft seal bearing pertion 30
may decrease and also the effect of suppressing a
pelymerization reaction of the monomer may decrease when
the moncmer is used as the sclvent.

[00O01]

20 The flow rate of a liquid to be introduced is
appropriately set according to the size, extrusion
conditions and the like of the devolatilizing exiruder, and
is usually from 0.01 to 5 L/min, and preferably from 0.1 to

3 L/min, per one screw. When the flow rate of a liquid is

25 more than the aforementioned range, the propcrtion of the
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shaft seal bearing portion 30 through a flow path FP. The pressure within a
preferred range in the cavity portion 34 is appropriately set according to
the size, extrusion conditions and the |i ke of the devolatilizing extruder,
and 20the pressure is made hi gher than that of the gas discharge port 1l4a
of the devolatilizing extruder 100 and is also nmade |lower than a filling
pressure of the nechanical seal liquid 32c. It is preferred that a liquid
delivery punp body is provided with a safety device such as a relief
25val ve so as to prevent the pressure fromexcessively - 16 - increasing.

Al so, since “ng[)&?e‘é‘l'zQHJa& Zﬂri%&b%&f»“&ﬁ{taii%elir%{iﬁ?ed W iR A R ESSULE gauge

and a safety e according to a nmaxi numworking pressure, the pressure in

cavity portiognd4ius $8L SO kRat nhhersafigbyryYal d8gdeas not eperate, 5[0027]
The di stance between an inner wall face of a through-hole 18 and a surface

of a shaft pogkdronh20816F BISCREWLE2Es ithaRPPhOPET@leyit S6tedCtOid, Ng t0 the
size, extrusion conditions and the |ike of the devolatilizing extruder, and
10i s usual |y thomiGettt of 2suppressang pr eherabtyd fuagwmérlatd &l. 5 nm When
this distance is nore than the aforenentioned range, the unreacted nononer
and pol yder neglyyer fkehyparptiratindeintwt ¢hehehdfowesdt heHRnd n contrast,
when the distance is |ess than the aforenentioned range, it nmay
portion 30 may decrease.
[0G26]
In the devolatilizing extruder 100, the cavity
portion 34 is provided with the liquid introduction port 36
10 and the liquid is introduced, thereby enabling the interior
of the cavity portion 34 to be in a pressurized state and
enabling the pressure to be higher than that of the gas
discharge port 1l4a of the devolatilizing extruder 100.
Therefore, it is possible to sufficiently suppress an
15 unreacted monomer and a polymer from penetrate into the
shaft seal bearing portion 30 through a flow path FP. The
pressure within a preferred range in the cavity portion 34
is appropriately set according to the size, extrusion
conditions and the like of the devolatilizing extruder, and
20 the pressure i1s made higher than that of the gas discharge
port 1l4a of the devolatilizing extruder 100 and is also
made lower than a filling pressure of the mechanical seal
liquid 32c. It is preferred that a liquid delivery pump

body is provided with a safety device such as a relief

25 valve so as to prevent the pressure from excessively
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15beconme difficult to discharge the liquid introduced into the cavity
portion 34 into the cylinder 10 and thus the effect of suppressing the

pol ymer of the unreacted nononer fromadhering in the vicinity of shaft
seal bearing portion 30 may decrease. 20[0028] In the devolatilizing
extruder 100, the polynmer conposition is supplied fromthe pol yner
conposition supply port 12. At this tine, a liquid polyner conposition is
converted into a vapor mi st by adjusting the pressure in 25the vicinity of
the polyner conposition supply port 12, and - 17 - at |east a part of the

volatile compgpent, coptai ’1%% 'Sléqlee 5l y %o%a%%%%'% O ) B di gehar ged

t hr ough gas di $¢ arge por § 143 4b " cl osSe ymer conp05|t|on

supply port 12 .hed o d Jhak,is deIngeOQHSGQ éﬁe‘l’;’rg@ai\?@ ddcehgy

Sintroduction port 36 and pass through the cavity portion 34 and then

di scharged i ntd he rexhnideloAQ nhhp esgd dd)e th ome b eFPn &svigi nly
di scharged through a gas di scharge port (back vent) 14a, together with a

part of the vedadidne3eonpaiantse Ther poleyBREcEPMpASiet Ho8s goas dvetrwaed to the
10si de of the polynmer outlet 16 by rotation of the screw 20 and nost of the
vol ati | e 5conpbiEt] contai ned in the polyner

The distance between an inner wall face of a through-
hole 18 and a surface of a shaft portion 20a of a screw 20
is appropriately set according to the size, extrusion
conditions and the like of the devolatilizing extruder, and

10 is usually from 0.1 to 2.0 mm, and preferably from 0.1 to
1.5 mm. When this distance is more than the aforementioned
range, the unreacted monomer and polymer may be likely to
intrude into the flow path FP. In contrast, when the
distance is less than the aforementioned range, it may

i5 become difficult to discharge the iiquid introduced into
the cavity portion 34 into the cylinder 10 and thus the
effect of suppressing the poiymer of the unreacted monomer
from adhering in the wvicinity of shaft seal bearing portion
30 may decrease.

20 [0028]

In the devolatilizing extruder 100, the polymer
composition is supplied from the polymer composition supply
port 12. At this time, a liquid polymer composition is
converted inteo a wvapor mist by adjusting the pressure in

25 the vicinity of the polymer composition supply port 12, and
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conposition is vaporized until the polyner conposition reaches the pol yner
outlet 16, and then discharged through gas di scharge ports 14b, 14c, 14d.
In addition to the 15unreacted nononer, a solvent and additives being used
optionally and a vol atil e by-product being produced during the

pol yneri zation process are contained in the volatile conponent that is

di scharged through the gas discharge port 14. Thus, it is possible to
obtain a devolatilized polynmer 20through the polyner outlet 16, from which
nost of the volatile conponent has been renoved. The pol ymer can be

ObtainEda_fonﬁﬁﬁﬁ%ﬁkea_éékﬁly% tREMOfs QElggﬁpodé%QZ%Lntained in the Ihe
af orenenti oned devol atilizing extruder 100 can be 25suitably used to

produce a (meddihaekykbbipRaltidar i§hatsdisirged8ihroudiit ahbegi dhdpekyneri zing a
nononer m xture containing nethyl (neth)acrylate as a main conponent anong
pol yners. [003%tsl natheldewdloati to ztheg pexiyhederork@Bi ti berseupgs ynport
Sparticular limtation on the nunber of gas discharge ports 14 fornmed in
the cylinder 10, V|l quid, const ristingmodwcaphitblrofighirtiggad idinisdhar ge ports
14 are provided was described in Fig. 1, the nunber of gas discharge ports
14 may bé frofRAtFodgClion I topbnpke . Pasoint Aedly i tdipsRmi tvfPorgephi efent | y

di scharging the |iquid. introduced throu%h t he
and then discharged in the cylinder 10 through the flow

path FP, is mainly discharged through a gas discharge port
(back vent) l4a, together with a part of the volatile
component. The polymer composition goes forward to the

16 side of the polymer outlet 16 by rotation of the screw 20
and most of the volatile component contained in the polymer
composition is wvaporized until the polymer composition
reaches the pelymer outlet 16, and then discharged through
gas discharge ports 14b, ldc, 14d. In addition to the

15 unreacted monomer, a solvent and additives being used
optionally and a velatile by-product being produced during
the polymerization process are contained in the volatile
component that is discharged through the gas discharge port
14. Thus, it is possible to obtain a devolatilized polymer

20 through the polymer outlet 16, from which most of the
volatile component has been removed. The polymer can be
obtained, for example, in the form of pellets.
[00291]

The aforementioned develatilizing extruder 100 can be

25 suitably used to produce & (meth)acrylic polymer that is
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liquid introduction port 36 and the volatile conponent in the pol yner
conposition, the cylinder 10 preferably includes one or nore of gas

di scharge ports (back vents) provi ded between the pol yner conposition
supply port 12 and 15 the shaft seal bearing portion 30, and one or nore
of gas discharge ports (fore vents) provided between the pol yner
conposition supply port 12 and the polyner outlet 16, and nore preferably
one back vent and one to three fore vent. [0031] 20There is no particular
limtation on the nunber of screws 20 used in the devolatilizing extruder

100. The nunbest Qhe3CHEVS0 1 el 8f 85 aDINbrBREr 1R 1M BPH:4MIiGgPr ef erably
two. A twin-screw devolatilizing extruder including two screws 20 is

preferred sinterdy1( MREM) BCIaCe25pal yiEh eampdheref bihnehenddwmei-educed.
There is no - 19 - particular limtation on the dianeter of the screw 20,
and i s usual | pod30dm MO0 to 450 nm [0032] The nmet hod for

devol atilizing extrusion of a polynmer 5conposition and the nethod for
produci ng a pol yneErothe mevedeseht zimyentirodeni 140, bshdescrd bed bel ow.

[ 0033] The met hod for producing a polyner of the present invention
is a netRod cPlicdlag Hnitehion evntinasibery ADARFoPY ALY BRTNEt eri al

contai ning a yppnoner, a radical . , o .
14 formed in the cylinder 10. While the constriction in

which four gas discharge ports 14 are provided was
described in Fig. 1, the number of gas discharge ports 14
may be from 1 to 3, or 5 or more. From the viewpoint of

10 efficiently discharging the liquid introduced through the
liquid introduction port 36 and the volatile component in
the polymer composition, the cylinder 10 preferably
includes one or more of gas discharge ports (back vents)
provided between the polymer composition supply port 12 and

15 the shaft seal bearing portion 30, and one or more of gas
discharge ports (fore wvents) provided between the polymer
composition supply port 12 and the polymer ocutlet 16, and
more preferably one back wvent and one to three fore wvent.
[0031]

20 There is no particular limitation on the number of
screws 20 used in the devclatilizing extruder 100. The
number of screws 1s preferably one to two, and more
preferably two. A twin-screw deveolatilizing extruder
including two screws 20 is preferred since a (meth)acrylic

25 polymer can be efficiently produced. There is no
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pol ynerization initiator and a chain transfer agent into a polynerization
reaction vessel; a step of polynerizing the nononer in the polynerization
reaction vessel to obtain a polymer conposition containing a polynmer and a
vol ati |l e 15conponent containi ng an unreacted nononer; and a step of

suppl ying the polymer conposition into a cylinder through a pol yner
conposition supply port in the devolatilizing extruder of the present

i nvention, and al so supplying a liquid containing a polynerization
inhibitor to a cavity 20portion through a liquid introduction port, and to

di scharge the,yglatile £qrmonent Lhraloh;Lhe. gas diachacas part gad to

di scharge the pol'yner arter devol atilizatiron throug pol'ynmel outlet

respectively.; Jhe Lespeetdvei18heps Md e described in detail below.
25[0034] - 20 - Fig. "3 is a schematic block diagram showi ng a production

system of a palgsyer. As shown in Fig. 3, first, an initiator conposition
and a nononer conposition are blended in an initiator blending vessel 101
and a nononer 5bl endengettess€br 1&or@speei hy edxytruEheniof td abaymedNpOSi ti on
is prepared by mxing a radical polynerization initiator, a nonomer and a
chai n tr ansf eromgent iod tendrehemeetliooingogi brodudigprepat vty fnitkeng a
nononmer and a chain transfer agent. Then, the blended initiator

10conposi t i orPEafENFDABTETL iconpost thorfemce Lboat haivvus| vy

[0033]
The method for producing a polymer of the present

invention is a method comprising a step of continuously

10 supplying a raw material containing a monomer, a radical
polymerization initiator and a chain transfer agent into a
polymerization reaction vessel; a step of polymerizing the
monomer in the polymerizaticon reaction vessel to obtain a
polymer composition containing a polymer and a volatile

15 component containing an unreacted monomer; and a step of
supplying the polymer composition into a cylinder through a
polymer composition supply pert in the devolatilizing
extruder of the present invention, and alsc supplying a
liguid containing a polymerization inhibitor to a cavity

20 portion through a ligquid introduction port, and to
discharge the volatile component through the gas discharge
port and to discharge the polymer after devolatilization
through a polymer cutlet , respectively. The respective
steps will be described in detail below.

25 [0034]
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supplied to a polynerization reaction vessel 103, where a pol ynerization
reaction is carried out. [0035] Herein, the nononer, the radical

pol ymeri zation 15initiator and the chain transfer agent are sel ected
according to a polyner to be produced. The case where a (neth)acrylic

pol ynmer such as pol ynethyl nethacrylate is produced wll be described bel ow
as preferred enbodinent. In the present description, "(neth)acryl" neans
"acryl" and 20"net hacryl" correspondi ng thereto. [0036] There is no
particular limtation on the nonomer used as a raw naterial of a

(meth)acrylic pol yner gxlag’rpdl %%E&J{?ﬂi%ofblo ¢l él%r%% gh{gﬂng( rget h) acryl at e

al one (an al kyl 259r8up havi ng carbon ato one a mxture of

- 21 - not |g553dhann800atn @S 9f1aRk Al kyd s(hmhhmcmdbat:se eansal kyl
group having to 4 carbon atons) ‘and not nore than 20% by mass of the

other vinyl menomakithat dsngorpel yedizabhenyhdh ddrgoal kydn (a7t h) acryl at e.
Exanpl es of 5the al kyl of the alkyl (meth)acrylate (an al kyl group having 1
to 4 carbon abbsrrled nal ade mietibybr etdndingnvpsopyl101i sopropdnemarbut yl ,
t-butyl and the |like and, anmong al kyl (neth)acryl ates, nethyl

(et h) acibyl atleldrslipgefessed. 1 02008F5pdOENaApl eShef inheliadopol yneri zabl e vi nyl

nononer i ncl ude _
composition is prepared by mixing a radical pelymerization

initiator, a monomer and a chain transfer agent. The
monomer composition is prepared by mixing a monomer and a
chain transfer agent. Then, the blended initiator
10 composition and moncmer composition are continuously
supplied toc a polymerization reacticon vessel 103, where a
polymerization reaction is carried out.
[0035]
Herein, the moncmer, the radical polymerization
15 initiator and the chain transfer agent are selected
according to a polymer to be produced. The case where a
{methyacrylic polymer such as polymethyl methacrylate is
produced will be described below as preferred embodiment.
In the present descripticn, “(meth)acryl” means “acryl” and
20 “methacryl” corresponding thereto.
[0036]
There is no particular limitation on the monomer used
as a raw material of a (meth)acrylic pelymer. Examples
thereof include an alkyl (meth)acrylate alone (an alkyl

25 group having 1 to 4 carbon atoms) alone, or a mixture of
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(meth)acrylate other than the al kyl (meth)acrylate (an al kyl group having 1
to 4 carbon atons), such as benzyl (nmeth)acrylate and 2-ethyl hexyl
(meth)acryl ate; unsaturated carboxylic acids or acid anhydri des thereof,
such as 15acrylic acid, nethacrylic acid, maleic acid, itaconic acid,

mal ei ¢ anhydride and itaconi c anhydride; hydroxyl group-containing nononers
such as 2-hydroxyethyl acrylate, 2- hydroxypropyl acrylate, nonoglycerol
acrylate, 2- hydroxyethyl methacryl ate, hydroxypropyl nethacrylate and
20monogl ycerol nmethacryl ate; nitrogen-containing nononers such as

acryl am de, ”Etthiggxlehg]aﬁ%O%aﬁgangyg tye 'aﬁi agglhha&rex OnLELid8 (an

diacetoneacrfFénl e and di net hyl am noet hy acrylate;” epoxy

gr oup- cont ai ni 11g,1MRRGNEN S, S WG 1880 8 lehr8hYSt W) ahhekot Glotel dyhnacryl ate
25and gl yci dyl rret hacryl ate; "and styreni c nononers such as - 22 - styrene

and a- et hyl sioy @Renaf9038lthe other WieR 1t Renfi@samkti pyention is applied to
t he production of (nmeth)acryl ate-based pol yner, exanples of the

5pol yneri zat i @pdlgmbrat a5l d avibe shppligd toedhy=eaginoa. vEsssplénafude a
radi cal polynerization initiator. Exanples of the radical polynerization
initiatob incthedelazd chnpgreuadsysutietds agzpbatss siEbubykphi aadupe,

azobi sdi net hyl val eronitril e, azobiscycl ohexanenitrile,

101, 1' - azobi sfa-iaget oky-4-phéay| etdde)incdidettgiany2, 2ethaboBi-#rsBBYt yl at e
and 4, 4' -azobj s-4-cyanoval eri.c acid; and organjc peraoxides su&gyis benzoyl

per oxi de, | aukSBRATOBEF oxt R Vae et yPUper @)’E’Fidrégec]&difyfnﬁer%‘&‘?%,a
quhlorObenzoxﬁat 28§§f§%e§,5%2¥£¥1 f§g£ %gggylate is preferred,.
| {0037]

10 Examples of the copolymerizable vinyl monomer include
(meth)acrylate other than the alkyl (meth)acrylate (an
alkyl group having 1 to 4 carbon atoms), such as benzyl
(meth)acrylate and 2-ethylhexyl (meth)acrylate; unsaturated
carboxylic acids or acid anhydrides thereof, such as

15 acrylic acid, methacrylic acid, maleic acid, itaconic acid,
maleic anhydride and itaconic anhydride; hydroxyl group-
containing monomers such as 2-hydroxyethyl acrylate, 2-
hydroxypropyl acrylate, monoglycerol acrylate, 2-
hydroxyethyl methacrylate, hydroxypropyl methacrylate and

20 monoglycercl methacrylate; nitrogen~containing moncmers
such as acrylamide, methacrylamide, acrylonitrile,
methacrylonitrile, diaceloneacrylamide and
dimethylamincethyl methacrylate; epoxy group-containing
monomers such as allyl glycidyl ether, glycidyl acrylate

25 and glycidyl methacrylate; and styrenic monomers such as
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15acet yl cycl ohexyl sul fonyl peroxide, t-butyl peroxypival ate,

t - butyl peroxy-2-ethyl hexanoate, 1,1-di-tbutyl peroxycycl ohexane,

1, 1-di -t-butyl peroxy-3,3,5- trinethylcycl ohexane,

1, 1-di -t- hexyl peroxy-3,3,5- trinethylcycl ohexane, i sopropyl

per oxydi car bonate, isobutyl 20peroxydi carbonate, s-butyl peroxydicarbonate,
n- butyl peroxydi carbonate, 2-ethyl hexyl peroxydi carbonate,

bi s(4-tbutyl cycl ohexyl) peroxydicarbonate, t-anyl peroxy-2-ethyl hexanoate,
1,1, 3,3-tetranet hyl butyl peroxy-ethyl hexanoate, 1,1, 2-trinethyl propyl

per oxy- 2- ethylhexanog%g(xnmgH ¥ t25 eroxylsopropyl nonocar bonat e, t-anyl
peroxylsopropfl honocar b Tt butyl peroxy-2-ethyl
hexylcarbonatﬁ) sk butyI peroxyaIIyI carbonate, t-butyl peroxyisopropyl
carbonate, 1,1, 3 % tetramet hyl butyl peroxyi sopropyl nonocarbonat e,

1,1, 2- trl”Ethy|prOﬁWénRﬁk@éYE§@@EQ@%@n@ﬂQﬂQﬁﬁr NALE, to the
1,1, 3, 3-tetranet hyl butyl peroxyisononanoate, 1,1, 2-tri nethyl propyl

per oxyi sononaneatec and df Qukyh) peroxhenzoad epomﬂ@se PRdnpIRS 2at Lign
initiators may be used alone, or a mxture of two or nore kinds nay be

used. [0839] ctQTherezatsiamo ipatidioest aro benst@tiien an &heeddtemd anount of the
radi cal polynerization initiator, and the blend anount is usually from
0.001 to 1 paEsshy mpsHidsasedadhcadD@ogamesipytimmsdndtiater -nononer as a raw
material. When a m xture of two or nore kinds of radical pol{nerization

15i ni ti at or s 5*Mases, of Héet sedicas e lamsunta ey Belhie®h tKilsdeange. The
pol ynmeri zation initiator sugglled into the reaction_vessel is selected

accordlng t()%QQeCBB? s 4 as azobisisobutyronitrile,

azcbisdimethylvaleronitrile, azobiscyclohexanenitrile,

10 1,1'-azcbis{i~acetoxy~l~phenylethane}, dimethyl Z2,2’-
azcbisisobytylate and 4,4’ -azobis-4-cyanovaleric acid; and
organic peroxides such as benzoyl peroxide, lauroyl
percxide, acetyl peroxide, capryl peroxide, 2,4-
dichlorcbenzoyl peroxide, isobutyl peroxide,

15 acetylcyclohexylsulfonyl peroxide, t-butyl peroxypivalate,
t-butylperoxy-2-ethyl hexanoate, 1,1-di-t-
butylperoxycyclohexane, 1,1-di-t-butylperoxy-3,3,5-
trimethylcyciohexane, 1,1-di-t-hexylperoxy-3,3,5-
trimethyicyclohexane, iscoprcopyl peroxydicarbonate, isobutyl

20 peroxydicarbonate, s-butyl peroxydicarbonate, n-butyl
percxydicarbonate, 2-ethylhexyl peroxydicarbonate, bis(4-t-
butylcyciohexyl) peroxydicarbonate, t-amylperoxy-Z-ethyl
hexanocate, 1,1,3,3-tetramethylbutyl percxy-ethyl hexancate,
1,1,2-trimethylpropyl peroxy-2-ethylhexanoate, t-butyl

25 percxylsopropyl monocarbonate, t-amyl peroxyisopropyl
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produced and the kind of a raw nononmer used and is not particularly limted
in the present invention. For exanple, 20the radical polynerization
initiator is preferably a radical polynerization initiator in which a
half-1ife at a polynerization tenperature is within 1 m nute. Wen the
half-1ife at the polynerization tenperature is nore than 1 mnute, the
reaction rate decreased, and thus the radical 25polynerization initiator
may be unsuited for the - 24 - polynerization reaction in a continuous

pol yneri zati on device. A relationship between the tenperature of the

radi cal polynerizat on?{nltl tgggand thezh%LL-ilfe S dgscrlbe in various

-~ = h 1 nate, L- .
docunents and technica %hfh o} nanutacturers for ‘eac %ln of  the radi cal

pol yreri zat i it I nt, _i t escribed in a

enown pr oduct 2" Sat 5T 56 261 Vs oy e CHer SaL Y| rdaer? SeP B kavAKU AKZO

CO., LTD. or thedrizke, Were ﬂ%e@etfrgrﬁ’él@]yl%g\é\pﬁn%éﬂﬁ(g&%‘é gsbyi nvention is
-base

applied to the production of a (neth)acrylate polymer, a chain
transfer agentorcaarbenbtended,cntaikreasiip®bpyesselox3asapré®yadj ust the

nol ecul ar wei ght of the polymer to be produced. The chain transfer agent
may be eist hermanamambbuacs, dndl, 30B-ispoinsthatbiionalpechay hstnansfoateagent .
Speci fic exanpl es thereof include al kyl nmercaptans such as propyl nercapt an,
but yl mer capt ah, 1 Rexyinetcapranylopeydrmiscaprancate agcdhytheswd mer capt an and
dodecyl ner capt an; aromati c nercaptans such as phenyl mercaptan and

thi ocresol ; ZOMPYEFRAAR hav TAEShoe nBeslthaPm 8 nd AL BB AfBiYs Pesuch as

et hyl ene thioglycol; polyhydric al cohols such as ethyl ene glycol, neopentyl
gl yeol , trimottiH GrBPBpatio.o BEAEBE yThrioPE B Fert Py By i 1olised-

tripentaerythfééég] and sorbitol; those obtained by esterifying a hydroxyl
group

io0 There is no particular limitation on the blend amount
of the radical polymerization initiator, and the blend
amount is usually from 0.001 to 1 part by mass based on 100
parts by mass of the monomer as a raw material. When a
mixture of two or more kinds of radical polymerization

15 initiateors is used, the total used amount may be within
this range. The polymerization initiater supplied into the
reaction vessel is selected according to the poclymer to be
produced and the kind of a raw monomer used and is not
particularly limited in the present invention. For example,

20 the radical polymerization initiator is preferably a
radical polymerization initiator in which a half-life at a
polymerization temperature is within 1 minute. When the
half-life at the polymerization temperature is more than 1
minute, the reaction rate decreased, and thus the radical

25 poelymerization initiator may be unsuited for the
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25w th thioglycolic acid or 3-nercaptopropionic acid, 1,4- - 25 -

di hydronapht hal ene, 1, 4,5, 8-tetrahydronapht hal ene, pterpinene, terpinolene,
1, 4-cycl ohexadi ene, 1, 4- cycl ohexadi ene, hydrogen sulfide and the |ike.
These chain transfer agents nay be used alone, or two or nore 5kinds may be
used in conbination. [0041] Since the blend anmount of the chain
transfer agent varies depending on the kind of the chain transfer agent
used and the like, there is no particular Iimtation on the 10 blend
anount. For exanple, when nercaptans are used, the blend anount is
preferably frqgg0.0l tg.S partg.q%.nass, agd nor.e Bief§¥f¥§5{0£r0"10-05 to 1
part by nass,Pbad&d R 1Ub Parts by mdss  oF e Snbnofer 4S a“raw materi al
The use amounte Wi n, L5 (8NG8 $PLELETHRA ShBEE, datheEmDgL abi ity s
satisfactorily maintai ned wthout inpairing nmechani cal properties of the

po'YUT”-_ Whenréd%aaqrp@?&ﬁ%ﬂﬂz@g§oﬁfiﬂﬁyya@02r§ﬁ§fﬁﬂé ﬁg@ﬁ;ﬁ&ﬂﬁfgsUSEd in
conbi nation, the total use anmobunt nmay be adjusted within this range.

20[ 0042] descAipehy®rizabhends@ashitenan@sseinnl@31 usadh ior t he present
enbodi ment is a vessel type reactor equipped with a stirrer. The stirrer
enabl es a8 solmddudackoreryeksekat kionyelft thatmd calbpt anid@lzlyiconpl et el y
m xed state. It is 25possible to use, as a stirring inpeller, a Maxblend -
26 - initiator. In the present invention, values described in a

known products catalog of Wako Pure Chemical Iandustries,

Ltd., KAYAKU AKZO CC., LTD. cor the like were used.

{0040]

10 When the present invention is applied to the
production of a (meth)acrylate-based polymer, a chain
transfer agent can be blended in a reaction vessel sc as to
adjust the molecular weight of the polymer to be produced.

The chain transfer agent may be either a monofunctional or

i5 polyfunctional chain transfer agent. Specific examples
thercof include alkylmercaptans such as propylmercaptan,
butylmercaptan, hexylmercaptan, octylmercaptan, 2-
ethylhexylmercaptan and dodecylmercaptan; arcmatic
mercaptans such as phenylmercaptan and thiocresol;

20 mercaptans having not more than 18 carbon atoms, such as
ethylene thioglycol; polyhydric alcohols such as ethylene
glycol, neopentyl glycol, trimethylolpropane,
pentaerythritol, dipentaerythritol, tripentaerythritol and

sorbitol; those obtained by esterifying a hydroxyl group

25 with thiocglycolic acid or 3-mercaptopropionic acid, 1,4-
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i npel |l er manufactured by Sumitonp Heavy Industries, Ltd., a paddle

i npel l er, a double helical ribbon inpeller, an MG inpeller, a full zone

i npel | er manufactured by Shinko Pantech Co Ltd. and the |ike, however,
there is no Sparticular limtation. It is preferred to attach a buffle so
as to increase the stirring effect. [0043] As a matter of course, it
is preferred that the stirring efficiency is as high as possible. The
stirring 10power that is nore than the necessity is not preferred since
only surplus heat is applied to a reaction vessel. Therefore, the stirring
power is fromQ.5 to 20 kWnB, an referably.fra to 15 KWnB. It is
necessary tharqlqiyﬁjirgn%?'?bfallﬁ&epogea %)’sgwitr%?‘ﬁ%% Cie’ﬂ)nﬁg)}l%ﬁaef%?es'c sity of a
content L1511 Gl QR0P! Yo, diN81600! ehly O LR POLXRRY begomes larger. [0044]

The pol yneri zati'on reaction vessel 103 is preferably in a state of being

filled with a.Jdiguedsa WHEN Hivarsybstantd:akl Yarfd @8ef 10 a vapar phase. \Wen
the 20pol ynerization reaction veSsel is in a state of being filled with a

l'i quid, adhesiin randapsaeticlieansofay) e pebdMeIo) arveperophase portion and
a vessel inner wall face as a gas-liquid interface are suppressed, and thus
deteriorati onkimisqualiby el ta svxsirgitabnt hemin the 25product can be
suppressed. Moreover, since the entire - 27 -
{0041]
Since the blend amount of the chain transfer agent
varies depending on the kind of the chain transfer agent
used and the like, there is no particular limitation on the
10 blend amount. For example, when mercaptans are used, the
blend amount is preferably from 0.01 to 3 parts by mass,
and more preferably from 0.05 to 1 part by mass, based on
100 parts by mass of the monomer as a raw material. The
use amount within this range is preferred since
15 thermostability is satisfactorily maintained without
impairing mechanical properties of the polymer. When two
or more kinds of chain transfer agents are used in
combination, the total use amount may be adjusted within
this range.
290 [0042]
A polymerization reaction vessel 103 used in the
present embodiment is a vessel type reactor equipped with a
stirrer. The stirrer enables a solution in a vessel to

convert into a substantially completely mixed state. It is

25 possible to use, as a stirring impeller, a Maxblend
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vol une of the polynerization reaction vessel 103 can be effectively
utilized, productivity can be inproved. [0045] In order to fill the

pol ymeri zation reaction vessel 5103 with a liquid, it is nost sinple to

di spose an outlet of a solution in a vessel on the top portion of a
reaction vessel. In this case, a supply port of a raw material (an
initiator conposition and a nononmer conposition) is preferably provided at
the | ower portion of the 10pol ynerization reaction vessel 103. It is
desired to prevent a gas of a nononer fromgenerating in the polynerization

reacti on vessel 3. For that rposg, it is preferred to adjust the
pressure in tH& §§epa?%&530§%§rB%r%%@ﬁfgoo? avrengFS%r%%%bgﬁngr% of a
content |i qui 5Thi sure | ralbhy, . kg/ cn2.
[ 0046] Bagt! dnBe PLESCH BlS SRRl r L0 00U L0, o BeT0s T

preferably in;an.qjnsul at echstahe (Had11s sHRsEantdR ¥yf s8g s om
i nfl ow outflowof heat fromthe 20outside. Nanely, it is preferred to

adj ust the teppeyatuee Leal hedr eaction vessebeanddie tenperature on the
side of the reaction vessel outer wall face to about the sane tenperature.

Specifical ly, parjiackar Lsmili:sposed,1tf as pxafgplimed ab sbteai debaffide
reaction vessel outer wall face 25and the tenperature of the reaction
vessel outer walds ite increase the stirring effect.

[0043]

As a matter of course, it is preferred that the

stirring efficiency is as high as possible. The stirring

10 power that is more than the necessity is not preferred
since only surplus heat is applied to a reaction vessel.
Therefore, the stirring power is from 0.5 to 20 kW/m’, and
preferably from 1 to 15 kW/m’. It is necessary that this
stirring power is increased as the viscosity of a content

15 liquid, namely, the content of the polymer becomes larger.
[0044]

The polymerization reaction vessel 103 is preferably
in a state of being filled with a liquid, which is
substantially free from a vapor phase. When the

20 polymerization reaction vessel is in a state of being
filled with a liquid, adhesion and production of the
polymer on a vapoer phase portion and a vessel inner wall
face as a gas-liquid interface are suppressed, and thus

deterioration in quality due to mixing of them in the

25 product can be suppressed. Moreover, since the entire
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- 28 - allowed to follow the tenperature in the reaction vessel using
steam other heat nediumor the |like, and thus nearly the sane tenperature
can be achieved. [0047] 5The polynerization reaction vessel 103 is kept in
an insulated state since a formation of a polynmer on the reaction vessel
inner wall face can be prevented and self-controllability of being capable
of suppressing a runaway reaction by stabilizing the polynerization
reaction is 10inparted. It is not preferred to adjust the tenperature of

t he reaction vessel inner wal | face to a tenperature that is excessively

hi gher than that of conten% L Sur g 8 hfﬁ% J_s gpplied to the
i nterior of t%e reac |on esge s pre erre % enperature

di fference 15@@5@@%%19%11ﬂtl%aorppéd&éa?w&@gbéar%evgﬁ £lyand the reaction
vessel outer wall is as small as ‘possib wever e tenperature nmay be

actual ly adjuggedito a variation within a range of about 5C. [0048] 20In
the present enbodi nent, heat generated in the polynerization reaction
vessel 103, nanel yInpetddeitioz @t l DneHegbl anelr Sddtibhngedeaton scpeef erably
wel | - bal anced with quantity of heat taken by a liquid (syrup-Ilike) polyner
5 103 with a2 liquid, it is most simple tc dispose an outlet
of a solution in a vessel on the top pertion of a reaction
vessel. In this case, a supply port of a raw material {an
initiztor composition and a monomer composition) is
preferably provided at the lower portion of the
10 polymerization reaction vessel 103. It is desired to
prevent a gas of a monomer from generating in the
polymerization reaction vessel 103. For that purpose, it
is preferred tc adjust the pressure in the wvessel to a
vapor pressure or more at a temperature of a content liguid.
15 This pressure is generally from about 10 to 20 kg/cm?®.
[0046]
The interior of the polymerization reaction vessel
103 is preferably in an insulated state that is
substantially free from inflow/outflow of heat from the
20 outside. Namely, it is preferred to adjust the temperature
in the reaction vessel and the temperature on the side of
the reaction vessel outer wall face to about the same
temperature. Specifically, a jacket is disposed, for

example, at the side of the reaction vessel cuter wall face

25 and the temperature of the reaction vessel outer wall is
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conposition that is discharged fromthe polynerization 25reaction vessel
103. Quantity of heat taken by the polyner - 29 - conposition is
determ ned by the anount, specific heat and tenperature (polynerization
tenperature) of the polynmer conposition. [0049] 5The pol ynerization
tenperature vari es depending on the kind of the radical polynerization
initiator used and is preferably fromabout 120 to 180C, and nore
preferably from 130 to 180C. Wen this tenperature is too high, the
obt ai ned pol yner exhibits | ow syndiotacticity, and thus the 10anount of

ol i gorer pr Odélffcgqe]@@}{oi f‘&lrleo_%a%héngeﬂ%atﬁgéi $1 aNge Akt g, rvee%isgﬁrray

deteriorate. [0050 e average residence tine in the polynerization

reaction vesselis03tbsmprafrar-abby: ndqaihessrt had 1L%en BHb eskoneE fPre than
2 hours, and nore preferably not | ess than 20 mnutes nor nore than 1.5

hours. Wen tiie: avekragensasitdenceat ive dchikoager than the necessity, the
anount of an oligonmer such as diner or trimer produced increases and thus
heat resistant@®4f] the product may deteriorate. The 20average residence
time can be adjusted by changi ng the supply anount of the nonomer per unit
time. 5 The polymerization reaction vessel 103 is kept in an
insulated state since a formation of a polymer on the
reaction vessel inner wall face can be prevented and self-
controllability of being capable of suppressing a runaway
reaction by stabilizing the polymerization reaction is
10 imparted. It is not preferred to adjust the temperature of
the reaction vessel inner wall face to a temperature that
is excessively higher than that of the content ligquid since
surplus heat is applied to the interior of the reaction
vessel. It is preferred that a temperature difference
15 between the interior of the reaction vessel and the
reaction vessel cuter wall is as smali as possible.
However, the temperature may be actually adjusted to a
variation within a range of about 15°C.
(60481
20 In the present embodiment, heat generated in the
polymerization reaction vessel 103, namely, polymerization
heat and stirring heat iz preferably well-balanced with
guantity of heat taken by a liquid (syrup-like) polymer

composition that is discharged from the polymerization

25 reaction vessel 103. Quantity of heat taken by the polymer
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[ 0051] It is possible to use, as the initiator blending vesse

101 and the nononer bl ending vessel 102 used in the 25present enbodi nent, a
bl endi ng vessel equipped with the - 30 - sanme stirrer as that of the

af orenmenti oned ol yneri zation reaction vessel 103. In the initiator blending
vessel 101, a radical polynerization initiator is conpletely dissolved in a
nmononmer to obtain an initiator solution. The Stenperature in the initiator
bl endi ng vessel 101 is mainatiend at a tenperature at which a

pol ymeri zation reaction does not proceed, and preferably maintained at -20

to 10C In CQQ%&%%%%iégghg%ﬁgggﬁ%ﬁ%ﬁk%%?hgeaﬂaﬂﬂﬁE%PQEfﬂﬂi@%a%egﬁgl 102 is

mai nati end at erature at e nonomeér s not volatrlized, and

s preferabl v dipiatal nedi Ak 120: 10 A0C Ao EDb LA B €QEMRSIben and a

nononer conposition as raw materials of the polymer are continuously
supplied int a-dpespelyneri zati on reaction vessel 103 fromthe initiator
bl endi ng vessel 101 and the 15nononer bl endi ng vessel 102 by a punp or the
i ke. [0052] [0049] The anmount of the initiator conposition supplied from
the initiator blending vessel 101 to the polynerization reaction vessel 103
vari es dépendi ng ofih¢ heoloapadcbyior tedmpe28tike wiriehedgrdnydimgi zat i on
reaction vessel 103 and the
the kind of the radical polymerization initiator used and
is preferably from about 120 to 180°C, and more preferably
from 130 to 180°C. When this temperature is too high, the
obtained polymer exhibits low syndiotacticity, and thus the
i0 amount of oligomer produced may increase and heat
resistance of the resin may deteriorate.
[0050]
The average residence time in the polymerization
reaction vessel 103 is preferably not less than 15 minutes
15 nor more than 2 hours, and more preferably not less than 20
minutes nor more than 1.5 hours. When the average
residence time is longer than the necessity, the amcunt of
an oligomer such as dimer or trimer produced increases and
thus heat resistance of the product may deteriorate. The
20 average residence time can be adjusted by changing the
supply amount of the monomer per unit time.
[0051]
It is possible to use, as the initiator blending

vessel 101 and the monomer blending vessel 102 used in the

25 present embodiment, a blending vessel eguipped with the
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anount is, for exanple, preferably fromO0.1 to 10 kg/ hr, and nore
preferably from0.5 to 5 kg/hr, when the capacity of the polynerization
reaction vessel 103 is 10 L. The anount of the nononer conposition supplied
fromthe nononmer 25bl ending vessel 102 to the pol ynerization reaction
vessel - 31 - 103 varies dependging on the capacity or the like of the

pol yneri zation reaction vessel 103 and the anmount is, for exanple,
preferably from4 to 40 kg/hr, and nore preferably from10 to 30 kg/ hr,
when t he capacity of the 5pol ynerization reaction vessel 103 is 10 L.

LPgﬁggng vessé?eiﬁglrr%f %%qglg ??é@ﬁp%gnggégggﬁ%FFndEBm%Fﬂ%igﬁg?nggggrated
and recoveredréﬂﬁﬁ%n”Qé&&&h%%310$ﬁ9%%ea§n§@1gﬂg'%%thin%te¥£§@ {he monomer

is blended, it I's conmobn at an 1 nert gas | € nononer

bl endi ng Vess@ﬁm&ﬁ%aQrp&ﬁﬁﬁﬁh&%ngﬁxﬂﬁ&lb%oEeﬂP%ﬁﬁmﬁﬁtgiﬁﬁﬁ%%%l%@QUC'ng
deaeration, so as to prevent an influence by dissolved oxygen. t he

met hod of thelrpraesf@ﬂbmééemm%a@ﬂtan tniitS aRet HEBLSSALI IDha equi red to
strictly renove di ssol ved oxygen, and a pol ynerization reaction can be
stably carri eckrguiraevea ihaighiabotdtdr Dlead3npprasefeldissolyed oxygen

exi st. Wien the bl ended nononer conposition is supplied into the

pol yneri zat i omim@adendna R0y gsgpbrdb3ie jat wbipara irllvaekyzprigfrerred to
filter wwth a filter having an appropriate size sel ected accordlng to the
pur poses so a&seadirendoes ffottePgached+ s pRefpeallas 826Rty519y athe<Bbt ai ned

polymer in the material for an optical equipnent.
‘ to 10°C. 1In contrast, the temperature in the monomer

blending vessel 102 is mainatiend at a temperature at which
10 the moncomer is not volatilized, and is preferably

maintained at -20 to 10°C. 2An initiator composition and a

moncmer composition as raw materials of the polymer are

continuously supplied into the polymerization reaction

vessel 103 from the initiator blending vessel 101 and the
15 monomer blending vessel 102 by a pump or the like.

f0052]

The amount of the initiator composition supplied from
the initiator blending wvessel 101 to the polymerization
reaction vessel 103 varies depending on the capacity or the

20 like of the polymerization reacticn vessel 103 and the
amount is, for example, preferably from 0.1 to 10 kg/hr,
and more preferably from 0.5 to 5 kg/hr, when the capacity
of the polymerization reaction vessel 103 is 10 L. The
amount of the monomer composition supplied from the menomer

25 blending wvessel 102 to the polymerization reaction vessel
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25[ 0054] - 32 - In the nmethod for producing a polymer of the
present enbodi nent, as descri bed above, an initiator conposition and a
nononer conposition as raw materials of the polymer are continuously
supplied into the polynerization reaction 5vessel 103 fromthe initiator
bl endi ng vessel 101 and the nononer bl ending vessel 102, and then at | east
a part of a nononer is polynerized in the polynerization reaction vessel
103 to obtain a polyner conposition containing the polyner and the
unreacted nononer. In the polynerization 10reaction vessel 103, a

po! ymeri zat | Sgbn%TE%??gs O%elpl.ﬁnl g%yﬁgrnerthe %a 1et3} r«:‘)?‘r e bi'”]Te po%l ¥HE” zation
(0]

usi ng no sol ynerlza fon using a solvent, and a bul k

pot yrer | Zat | 00, 7RL000. 8, PALLbEMLAT e el 65 otk (0090l ASTE <o,

pol yneri zat i carrie y a continuous solution yneri zation

nethod in thesane Wg@f@eﬁ%wnfm@ Afor @Uﬁﬂémﬂe@naozﬂ@f@wem)ky
pol ymeri zation net ho except "that the solvent is used in the

pol yneri zati ofxdreact t&Mmo Kyghso! v trsedapiicihie ookyseri zati on reaction
20may be appropriately set according to a raw nononmer of the continuous

sol uti onspol ywEnmeat & ani sreaebicobowrvddsell 1 ke andi &.not particularly
limted, and exanpl es thereof include toluene, xylene, ethyl benzene, nethyl
i sobutyl ket oif®53det hyl al cohol, ethyl alcohol, octane, decane,

cycl ohexane, _
There may be used, as the monomer blended in the

monomer blending vessel 102, not only a fresh moncmer, but
also a monomer separated and recovered in an unreacted

10 state as shown in Fig. 3. When the monomer is blended, it
is common that an inert gas is bubbled inte the monomer
blending vessel 102 or dissolved oxygen is removed by
pressure reducing deaeration, so as to prevent an influence
by dissclved oxygen. In the method ¢f the present

15 embodiment, it is not necessarily required to strictly
remove dissolved oxygen, and a polymerization reaction can
be stably carried out even though about 1.5 to 3 ppm of
dissclved oxygen exist. When the blended monomer
composition is supplied into the polymerization reaction

20 vessel 103, it is particularly preferred to filter with a
filter having an appropriate size selected according tc the
purposes so as to remove foreign matters in the case of
using the obtained polymer in the material for an optical
equipment.

25 {0054]
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25decal in, butyl acetate, pentyl acetate and the |ike. Anbng - 33 - these
sol vents, toluene, nethanol, ethylbenzene and butyl acetate are preferred.
The sol vent can be added to one or both of an initiator composition and a
nmonomer conposition. There is no particular limtation on the proportion of
the 5solvent, and the proportion is preferably from5 to 30% by mass, and
nore preferably from1l to 20% by nass, based on the entire pol yner
conposition. [0056] The content of the polyner in the pol yner conposition
10is preferably from40 to 70% by nmass. Wien the content of the polyner is

too high, efficien f mxin nd heat transfer nmay decrease and thus

stabi:?ty naylb;coﬁ%'aﬁ?ggéh?ﬁ %8h%?8§??lﬂ%éhPF%¥m8%n3§%F60Pf?ﬁ%%bo|§ner i's
too low, it i fii r a . il nent
Lovont e ni ng RoRERONE, df Heeklind SE08) AP SudLEN | Spppenent

pol ymer conpogid LORoRERAUCSHALLE: £ 115 RA! xgﬁrrhgﬁﬂigmsrsmﬂeo@o\zgﬁéﬁl 103 is
conti nuously extracted fronlghe pol yneri zation reaction vessel 103 and 20

then optionaldnt keadit @@ iReatgr1l#A.inkB the feaieri18diomd rlehgyién pol ymer
conposition is preheated for the purpose of increasing efficiency of
subsequent dexgisati lozatdcamnchs anievalat blézding extsader011@@d Abet his tine,
the preheating tenperature is preferably adjusted within a range of 180 to
25220C. When ndremprebeatdimg vespel dtQfreand thaghert flhast tthepart of a

monomer is polymerized in the polymerization reaction
vessel 103 to obtain a polymer composition containing the
polymer and the unreacted monomer. In the polymerization

10 reaction vessel 103, a polymerization method of the polymer
may be either a bulk polymerization using no solvent or a
solution polymerization using a solvent, and a bulk
pelymerization method is particularly preferred.

[0055]

15 The polymerization is carried out by a continuocus
solution pelymerization method in the same manner as in the
aforementioned continuous bulk polymerization method,
except that the solvent is used in the polymerization
reaction. The solvent used in the polymerization reaction

20 may be appropriately set according to a raw monomer of the
continuous solution polymerization reaction or the like and
is not particularly limited, and examples thereof include
toluene, xylene, ethylbenzene, methyl isobutyl ketone,
methyl alcohol, ethyl alcohol, octane, decane, cyclohexane,

25 decalin, butyl acetate, pentyl acetate and the like. Among
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- 34 - aforenentioned range, a volatile conponent may be gasified and thus
it may becone difficult to deliver a liquid at a given flow rate. [0058]
5Next, the polynmer conposition is supplied to the devolatilizing extruder
100. As the devol atilizing extruder 100, the aforenentioned devolatilizing
extruder 100 of the present invention is used. The devol atilizing extrusion
is carried out by continuously supplying a 10pol yner conposition into a
cylinder 10 through a polynmer conposition supply port 12 in the

devol atilizing extruder 100, and al so supplying aliquid containing t he

| i zati i nhi bi t t t ti d
nt T oduct | on PEFE S8LE i RAPGRa VATALT o SSEGRBOREN EnCAFRT

nmponent contail HI ng an

unr eact ed ONQIRE8%, 2. TAICAURONSRE LOroURh 2,085 diaehecospart 14 and

to di scharge a polyner &vol atilization throu a polynmer outlet 16,

respectivel y.pcthe Jki pgd ﬂﬁ%ltata%rfé&iiisdsqtt@oﬁf ahd& oAUy t kR sSupphi ed are
as described previously. 20[ he devolatilizing extrusion is

carried out by deatingo apa&Qllinér Cpﬁi{l@;%itﬁ.b@rbrﬁ a-rlee peepbniupusiEy tsappl i ed at
200 to 290C thereby continuously separating and renovi ng nost of the

vol at i | e sconpasierhtcoatdi tiengrapo 25001 dacpedfemaidyefras @ tmiddscoyponent .
Wth respect to the - 35 -
mass, and more preferably from 1 to 20% by mass, based on
the entire polymer composition.
[0056]
The content of the polymer in the polymer composition
10 is preferably from 40 to 70% by mass. When the content of
the polymer is too high, efficiency of mixing and heat
transfer may decrease and thus stability may become worse.
In contrast, when the content of the polymer is too low, it
may become difficult to separate a volatile component
15 containing an unreacted monomer as a main component.
{0057]

The polymer composition produced in the
polymerization reacticon vessel 103 is continuocusly
extracted from the polymerization reaction vessel 103 and

20 then optionally lead to a heater 104. In the heater 1i04, a
liguid polymer composition is preheated for the purpose of
increasing efficiency of subsequent deveolatilization in a
devolatilizing extruder 100. At this time, the preheating

temperature is preferably adjusted within a range of 180 to

25 220°C. When the preheating temperature is higher than the
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pressure condition at the tinme of devolatilizing extrusion, the pressure of
a gas discharge port (back vent) 14a is adjusted within a range of about
-0.05 to 0.15 MPaG (in ternms of gauge pressure) and the pressures of gas

di scharge 5ports (fore vents) 14b, 14c, 14d are respectively adjusted
within a range of about -0.09 to -0.02 MPaG (in terns of gauge pressure).
The gasified volatile conponent and pol yner enter into the devolatilizing
extruder 100 through the pol ymer conposition supply port 12. At this tineg,
when 10t he pressure of the back vent is decreased to -0.05 MPaG an

entrai nment phenonenon arjses at the.back vent n referred to
adj ust the pr O§ﬁ?8n5&?ﬂ|$ fﬁgg%Toréﬁ%ﬁ?|g%eémpgﬁgeg +ﬁy déas fpfinnve t he

vol atile compopeqt, the pLegsuses U@fff auf ¢ VNS 1366, PY efief,aR! ¥y 15adj ust ed

within the aforementione range y, a pressure regulating valve is
di sposed bet weent e heatrer 104 and the devol atilizing extruder 100,
thereby adjusting the pressure at the tinme of devolatilizing extrusion.

[ 0060] 200n orppakter the aforementioned devol atilizing extrusion,

| ubricants such as hi gher al cohols and higher fatty acid esters, an

ul travi obet absorbeext,a theabosimad ldomepsiai@olier sngpagehtto &heanti static
agent and the |i ke can be added to the polyner. 25[0061] - 36 - The

vol ati | e conpimvedettbitiginiengrateiOfactAs the devolatilizing

extruder 100, the aforementioned devclatilizing extruder
100 of the present invention is used. The devolatilizing
extrusion is carried out by continuously supplying a

10 polymer composition into a cylinder 10 through a polymer
composition supply port 12 in the devolatilizing extruder
100, and also supplying a liquid containing the
polymerization inhibitor to a cavity portion 34 through a
liquid introduction port 36 to discharge a veolatiie

15 component containing an unreacied monomer as a main
component through a gas discharge port 14 and to discharge
a polymer after devolatilization through a polymer outlet
16, respectively. The kind and the flow rate of the ligquid
to be supplied are as described previously.

20 [0059]

The devolatilizing extrusion is carried out by
heating a polymer composition to be continucusly supplied
at 200 to 290°C thereby centinuously separating and
removing most of the volatile component containing an

25 unreacted monomer as a main component. With respect to the
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nononer as a mai n conponent di scharged through the gas discharge port 14 is
sent to a nononer recovery tower 105. The vol atil e conponent containing an
unreacted nononer as a 5mai nh conponent contains inpurities contained
originally in a nononer, oligoners such as a dinmer and a triner, and
inmpurities such as a radical polynerization initiator residue. Wen the

pol yneri zation is carried out by the continuous solution polynerization

nmet hod, a solvent can be 10contained in addition to these inpurities. \Wen
inmpurities are accunul ated, the obtained pol yner undergoes col orati on.
Therefore, inpurities are renoved.fromthe_unre 2d. D . 4 nmeans
such as di stifi%ti"6h of" &ggpp?F&ﬁK?%lFﬁeoﬁnﬁﬁﬁQ%E?g%%be Ggﬁggé% ‘05, and

then the Obt%hﬂ?? éggRRQQE;ajéage&@géﬂgéggspéEﬂn%%%%Ervéﬁ%ﬁ Ralkyqeri zation.
For exanple, 1N the nonomer r&covery tower 105, the nononer is recovered as

a distillat Oré/dflgltklgi@ﬁkffrp@ 2.houelr LeRuef-¢ e wenomes Meeoveny tower 105
by continuous distillation, and then recycled to the nononer bl ending

vessel 102. 2Q#RUbkt iasgd @rR¥edré N drfde tHBNErEsUreeo¥eryad aMerhd bfe are

di scarded as wastes. The volatile conponent containing an unreacted nononer
as a nai B companaent fusaaldntsyelebs 14v,t Nodeare naspeht hotly esigusham 30% by
mass of the unreacted nononer is contained in the volatile conponent.

25[ 0062] - 3Wwithin a randen afhebeet hdd MotodeVdatiPrFzi iy wamsusfon of a

pol ymer conposition and the nethod for producing a pol yner described above,
it is possibleuds pueFsEIOnt | s @ssidsed afplatile component and

polymer enter into the devolatilizing extruder 100 through
the polymer composition supply port 12. At this time, when

10 the pressure of the back vent is decreased to -0.05 MPaG,
an entrainment phenomenon arises at the back vent, and thus
it is preferred to adjust the pressure wihin the
aforementioned range. In order to remove the volatile
component, the pressures of four vents are preferably

15 adjusted within the aforementioned range. Usually, a
pressure regulating valve is disposed between the heater
104 and the devolatilizing extruder 100, thereby adjusting
the pressure at the time of devolatilizing extrusion.
(0060]

20 On or after the aforementioned devolatilizing
extrusion, lubricants such as higher alcohols and higher
fatty acid esters, an ultraviolet absorber, a heat
stabilizer, & coloring agent, an antistatic agent and the
like can be added to the polymer.

25 [CO61]
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unreacted nononer, a polyner thereof and the |ike from 5adhering in the
vicinity of shaft seal bearing portion of the devolatilizing extruder, and
t hus a pol ynmer can be continuously produced over a |ong period wthout
causing a problem such as poor rotation of a screw. [0063] 10The

af orenenti oned nethod for devolatilizing extrusion of a polyner conposition
and net hod for producing a polyner can be suitably used in the production
of a (meth)acrylic polyner anong polyners, and can be particularly suitably
used in the production of a 15(neth)acrylic polymer obtained by

pol ymeri zi ng a non r_mxt.ure containin thyl (meth ylate as a main
conponent. [0064] %ﬁg %%‘%ﬁgf qite mgglacgﬂg$h3%¥¥%Pi8n%%%§ﬁ%$ obt ai ned 20by

the afor enent fgned. et hod, £an Bgpshli ARk chE-yal lalisubhetils puch as

iIlum nations, signboards and ve es since excellent transparency and
weat herabi | i ty; cap e ghtaimneds Iber (tRth)dabndt G-RRNVYIRI c&A: hesused

particularly suitabl'y 1n materials for an optical disk substrate; materials
for 25an optital @QULRPIBNMorgeRnaScHhiesRehgl ensyndcartauhatodeangs a 38 -
5 main component contains impurities contained originally in
a monomer, oligomers such as a dimer and a trimer, and
impurities such as a radical polymerization initiator
residue. When the polymerization is carried out by the
continucus solution polymerization method, & solvent can be

10 contained in addition to these impurities. When impurities
are accumulated, the obtained pclymer undergoes coloration,
Therefore, impurities are removed from the unreacted
menomer by a means such as distillation or adsorption in
the monomer recovery tower 105, and then the obtained

i5 monomer is recycled as a monomer for polymerization. For
example, in the monomer recovery tower 105, the monomer is
recovered as a distillatory solution from a tower top of
the monomer recovery tower 105 by continuous distillation,
and then recycled to the monomer blending vessel 102.

20 Impurities removed in the monomer recovery tower 105 are
discarded as wastes, The volatile component containing an
unreacted monomer as a main compeonent usually refers to
those in which not less than 30% by mass of the unreacted

monomer is contained in the volatile component.

25 [(0062]



a light guide plate and a diffuser panel used in a backlight systemof a
liquid crystal display, and a protective front panel of a liquid crystal
di spl ay; vehicle nmenbers such as a tail |anp cover, a head |lanp cover, a
5visor and a neter panel; and the |ike. Description of Reference Synbols

[ 0065] 10: Cylinder

12: Pol ymer conposition supply port 1014: Gas di scharge

port 16: Polyner outlet 18: Through-hole 20: Screw 20a: Shaft portion 1530:
Shaft seal bearing portion 32: Shaft seal portion 34: Cavity portion 36:
Liquid introduction port 100: Devolatilizing extruder - 39 -

In the method for devolatilizing extrusion of a

polymer composition and the method for producing a polymer

described above, it 1s possible to sufficiently suppress an

unreacted monomer, a polymer thereof and the like from

5 adhering in the vicinity of shaft seal bearing portion of

the devolatilizing extruder, and thus a polymer can be

continuously produced over a long period without causing a

problem such as poor rotaticn of a screw.

[0063]

10 The aforementioned method for devolatilizing

extrusion of a polymer composition and method for producing

a polymer can be suitably used in the production of a

(meth)acrylic polymer among polymers, and can be

particularly suitably used in the production of a

15 (meth)acrylic polymer obtained by polymerizing a monomer

mixture containing methyl (meth)acrylate as a main

component.

[0064]

The polymer such as a (meth)acrylic polymer obtained

20 by the aforementioned method can be suitably in variocus

fields such as illuminations, signboards and vehicles since

excellent transparency and weatherability can be obtained.

The (meth)acrylic polymer c¢an be used particularly suitably

in materials for an optical disk substrate; materials for

25 an optical equipment such as Fresnel lens, lenticular lens,
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CLAI M5 1. A devolatilizing extruder conprising: a cylinder having a
pol ymer conposition supply port, 5a gas discharge port, a polyner outl et
and a through-hole; a rotatable screw inserted into the cylinder through

t he t hrough-hol e; and a shaft seal bearing portion supporting a
shaft portion of the screw extending fromthe through-hole to the 10outside
of the cylinder; wherein the shaft seal bearing portion includes a

shaft seal portion, a cavity portion formed between the shaft seal portion
and the cylinder, and a liquid introduction port for introducing a liquid

containing a palynerization 15 i nhibitar into the . cayity. portion, and also
the shaft sed?gﬁéggiﬁﬁlﬁ%ﬁgﬁ%ﬁ A4S %f%ggugng?%Eﬂagsgdf}%ﬁ?path, t hr ough

which a |i qm@aéﬂﬁ%ﬁ‘éu&g%hémp%? ghficgﬁﬁ]tec)fgg %fnid%%ptl%%ou% the liquid

i ntroduction port I's di arged int fmeen_an i nner wal
face of 20t he,ldyeughs holgrandna: st 108 40l a L b8, 3haf biBordy,0Rpl cibe screw.

2. The devolatilizing extruder according to claiml1, wherein the shaft seal
portion is faoidmedref sacheghankedl lamp cover, a head lamp cover, a
5 visor and a meter panel; and the like.
Pescription of Reference Symbols
[0065]
10: Cylinder
12: Polymer composition supply port
10 14: Gas discharge port
16: Polymer outlet
18: Through-hole
20: Screw
20a: Shaft portion
15 3C: Shafi seal bearing portion
32: Shaft seal portion
34: Cavity portion
36: Liguid introduction port

100: Devolatilizing extruder



25seal . - 40 - 3. A nethod for devolatilizing extrusion of a polyner
conposition, conprising: supplying a polyner conposition containing a

pol ymer and a vol atile conponent into a cylinder through a polyner
conposition supply port in the devolatilizing extruder according to claim1l
or 2 and also supplying a liquid to the cavity portion through the |liquid

i ntroduction port to discharge the volatile conponent through the gas

di scharge port and to discharge a polyner after devolatilization through
the polyner outlet, respectively. 4. The nethod for devolatilizing
extrusion of a polyner conposition ac &g to claim 3, wherein the liquid
is aliquid prepared by dissolving thé polynerization inhibitor in a
nononer used as a raw naterial of the polyner. 5. A nethod for producing a
pol ymer, conprising the steps of: continuously supplying a raw
material contfini ng a-fONQATEY ;i Aqradi¢akrpebdpErdiagtion initiator and a
chain transfer agent into a polynerization reaction vessel; polynerizing

t he monomer in theapelyimidrz aki-ong re£aeliyear vesselsitoopbéiaiplyappot y mer
conposition containing a polymer and a vol atil e conponent containing an
unreact ed nomaEr diaddarge port, sappllyimeg thelgolaywer tlormpodi-ticdasinto the
cylinder through the polyner conposition supply port in the devolatilizing
extruder accordi ngat potdtEbhel sore® imvdrakrdolstupplbyi Ayl BndgEhdcreR t he
cavity portion through the liquid introduction port to discharge the

vol ati |l e conpdrrerhrenpbuhia’né"gas di scharge port and to discharge a

pol ynmer after devolatjlization through the polyner outlet, respectively.
6. The method for pPodtRtngeaipBFyhet 5@55F8$HE&F§rEF3?n? $haft

portion of the screw extending from the through-hole to the
10 outside of the cylinder; wherein
the shaft seal bearing portion ilncludes a shaft seal
portion, a cavity porticn formed between the shaft seal
portion and the cylinder, and a liquid introduction port
for introducing a liquid containing a polymerization
15 inhibitor into the cavity porticn, and also
the shaft seal bearing portion has a gap serving as a
flow path, through which a ligquid introduced into the
cavity portion through the liquid introduction port is

discharged into the cylinder, between an inner wall face of

20 the through-hole and a surface of the shaft portion of the
screw.
2. The devolatilizing extruder according to claim 1,

wherein the shaft seal portion is formed c¢f a mechanical

25 seal.
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5, wherein the liquid is a liquid prepared by dissolving the polymerization
I nhibitor in the nononer.

3. A method for devolatilizing extrusion of a polymer
composition, comprising: supplying a polymer composition
containing a polymer and a volatile component into a
cylinder through a polymer compeosition supply port in the
devolatilizing extruder according to elaim 1 or 2 and also
supplying a liguid to the cavity portion through the

liquid introduction port to discharge the volatile

component through the gas discharge port and to discharge a
polymer after devolatilization through the polymer ocutlet,

respectively.

4. The method for devolatilizing extrusion of a polymer
composition according to claim 3, wherein the liquid is a
liquid prepared by dissolving the polymerization inhibitor

in a monomer used as a raw material of the polymer.

5. A method for producing a polymer, comprising the
steps of:
continuously supplying a raw material containing a
monomer, a radical polymerization initiator and a chain
transfer agent into a polymerization reaction vessel;
polymerizing the monomer in the polymerization
reaction vessel to obtain a polymer composition containing

a polymer and a volatile component containing an unreacted
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monomer; and

supplying the polymer composition into the cylinder
through the pclymer composition supply port in the
devolatilizing extruder according to claim 1 or 2 and also
supplying a ligquid to the cavity portion through the
liquid introduction port to discharge the volatile
component through the gas discharge port and to discharge a
polymer after devolatilization through the polymer outlet,

respectively.

6. The method for producing a polymer according to claim

5, wherein the liquid is a liquid prepared by dissclving the

polymerization inhibitor in the monomer.
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