1 DESCRI PTI ON APPARATUS AND PROCESS FOR PRODUCI NG POLYMER Technical Field
5[ 0001] The present invention relates to an apparatus and process for
produci ng a pol yner. Background Art 10[ Q002] As a process for
produci ng a pol yner such as (neta)acryli’c polynmer, a nethod is known
wherein solution polynerization or bul k polynerization is conducted to give
a polynmer conposition conprising a polyner and an unreacted 15 nononer in
a reactor, and then volatile conmponents mainly containing the unreacted
nononer are renoved fromthe pol yner. conposition using a devolatilizing
extruder to give the polyner as an 8d%aterial (for exanple, see

Patent Literatures 1-4). 20 Gtation List [0003] Patent Literature
APPARATUS AND PROCESS FOR PRODUCING POLYMER

Technical Field
5 [0001]
The present invention relates to an apparatus and

process for producing a polymer.

Background Art
10 [0002]

As a process for producing a polymer such as
(meta)acrylic polymer, a method is known wherein solution
polymerization or bulk polymerization is conducted to give
a polymer composition comprising a polymer and an unreacted

15 monomer in a reactor, and then volatile components mainly
containing the unreacted monomer are removed from the
polymer composition using a devolatilizing extruder to give
the polymer as an extruded material (for example, see
Patent Literatures 1-4).
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Citation List
[0003]
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Patent Literature 1: JP-A-50-40688

25 Patent Literature 2: JP-A-2003-96105



Patent Literature 1: JP-A-50-40688 25Patent Literature 2: JP-A-2003-96105

2 Patent Literature 3: JP-A-2000-211010 Patent Literature 4:

JP- A- 2005- 112870 Sunmary of | nvention SEFchnicaI Probl em [ 0004] In
such process for producing a polymer, a“pressure-regulating valve is used
to regulate a pressure in the reactor, and a pol ynmer conposition obtained
by passing 10t hrough the pressure-regulating valve is supplied to the

devol atilizing extruder (see Patent Literature 4). [0005] However, the
conventi onal apparatus for producing a ROl mer using t he usual
pressur e- r egul afphgnvaliechatuge 3: JP-A-2000-21101

Patent Literature 4: JP-A-2005-112870

Summary of Invention
5 Technical Problem
[0004]

In such process for producing a polymer, a pressure-
regulating valve is used to regulate a pressure in the
reactor, and a polymer composition obtained by passing

10 through the pressure-regulating valve is supplied to the
devolatilizing extruder (see Patent Literature 4).

[0005]

However, the conventional apparatus for producing a
polymer using the usual pressure-regulating valve has a

15 problem that if the apparatus is continuously operated for
a long time, the movement of the pressure-regulating valve
becomes awkward, so that the continuous operation for a
long time is impossible.

[0006]

20 The object of the present invention is to provide an
apparatus for producing a polymer which is able to be
operated stably and continuously for a long time and a
process for producing polymer conducted by wusing the
apparatus.

25



15 problemthat if the apparatus is continuously operated for a long tine,
t he novenent of the pressure-regul ating val ve becones awkward, so that the

continuous operation for a long tine is jnpossible. [0006] 20The object of
the present invention is to provide an é%paratus for producing a polyner
which is able to be operated stably and continuously for a long tine and a
process for producing polynmer conducted by using the apparatus. 3 Sol ution
to Probl em [0007] In the usual pressure-regulating valve, a stemfor
supporting and controlling a valve elenent is inserted into 5 a guide for
sl i dably gfPdihtgonh&osPE@Pe8r et hrough. It is considered that a pol yner
conposition enters a gap between the surface of the stemand the internal
surface of [0R@7¢ui de, and an unreacted nononer in the pol yner conposition
is polynerized (for exanple, by heat) on the site and the 10 resulting

pol ynmer is attadhedth® tismast eprandiove-rhgufatideg Treekve.i t ai sstererfsirood
that, when the apparatus for producing a polynmer continuously is operated
for a | ongstipperttiheg ahtached redllymer ai rhilliet & lsmetitng sofinskeerteidemnticher eby
t he novenent of the pressure-regul ating valve 15 becone awkward (in other

wordsg it BeeRiiRR | fgosSsibhsbly giBatihby teentsdm t brRevatNeovRIBOL dS:
i ntended). The inventors have consi dered earnestly on an apparatus for

produci ng acpekyEREWHGER 5 bl End P BERYEHLt dbh ashaent af ghpe Healws®r to
the stem and/ or the guide of the pressure- 20regulating valve, and finally

conpl eted the pi&seMe i B¥eHMHONstem and the internal surface of the

‘guide, and an unreacted monomer in the polymer composition
is polymerized (for example, by heat) on the site and the
10 resulting polymer is attached to the stem and/or the guide.
Then, it is understood that, when the apparatus for
producing a polymer continuously is operated for a 1long
time, the attached polymer inhibits sliding of the stem,
thereby the movement of the pressure-regulating valve
15 become awkward (in other words, it becomes impossible to
smoothly control the valve element as intended). The
inventors have considered earnestly on an apparatus for
producing a polymer which is able to prevent attachment of
the polymer to the stem and/or the guide of the pressure-
20 regulating valve, and finally completed the present
invention.
[0008]
The present invention provides the following [1] to
[6].

25 [1] An apparatus for producing a polymer provided



[ 0008] The present invention provides the following [1] to [6] . 4 with a
reactor, a pressure-regulating valve and a devolatilizing extruder so that
a polymer conposition obtained fromthe reactor is supplied to the

devol atilizing extruder through the pres%ure-regulating val ve, 5wherein the
pressure-regul ati ng val ve conprises a valve el enent, a body having a space
for housing the valve elenent, a stemfor supporting and controlling the
val ve elenment, a guide for slidably guiding the stem and a fluid feed port
t hrough which a fluid conprising a polynerization 10 inhibitor is fed into
a gap bet wddiha surf 4€8cEPTthe Bt eRF8AGUHR-FREBAAGENSUr FEREE ®f BRE @ de,
and the gap is communicated with the space in the body so that the fluid
fed from t Heviolgitd figddgporextiugies | o thh@tspace polymer composit2jomThe
apparatus for producing a polynmer according 15 to the above [1l], wherein

t he pressucbtedgeldatiimog hlevecaargom ses sfprtlhed &d ateerdevalrgilnizaiseal i ng
part between the stemand the guide, and the fluid feed port is |ocated

adj acent | y ek@ riulde ! ahtrexughr ithg pressure-regulgtingAvarieesss for producing a
pol ymer by using the 20apparatus for producing a polyner according to the

aboves[ 1] or thenabeve [ Zhe Wigle@istiride dfuacRSHoC ORRITNGES (ccuitiiedd NG r aw
mat eri als conprising a nononer and a
valve element, a body having a space for housing the wvalve
element, a stem for supporting and controlling the wvalve
element, a guide for slidably guiding the stem, and a fluid
feed port through which a fluid comprising a polymerization
10 inhibitor is fed into a gap between a surface of the stem
and an internal surface of the guide, and the gap is
communicated with the space in the body so that the fluid
fed from the fluid feed port flows into the space.
[2] The apparatus for producing a polymer according
15 to the above [1], wherein the pressure-regulating valve
comprises further a lantern ring in a sealing part between
the stem and the guide, and the fluid feed port is located
adjacently to the lantern ring.
[3] A process for producing a polymer by using the
20 apparatus for producing a polymer according to the above
[1] or the above [2], wherein the process comprises:
subjecting raw materials comprising a monomer and a
polymerization initiator to a polymerization reaction in

the reactor with regulating a pressure in the reactor by

25 the pressure-regulating wvalve, and taking out a polymer



pol ynerization initiator to a polynerization reaction in t he reactor
with regulating a pressure in the reactor by 25the pressure-regul ating

val ve, and taking out a polyner 5 conquition conprising a polynmer and an
unreact ed nmononer fromthe reactor; passi ng the pol yner conposition
taken out fromthe reactor to the space in the body of the
pressure-regulating 5 valve with feeding a fluid conprising a

pol ynmeri zation inhibitor fromthe fluid feed port in the
pressure-regul ati ng valve to obtain the pol yner_conposition which is m xed
with the flCor@osindosupuRTieite poPprefegorgtsi &7 oN WRRAERSHs MARGIETM t h
10 the fluid obtained by passing through the pressure-regulating valve to

t he devol affirbimzithg exectder;, and taking out fromthe devol atilizing
extruder an extruded material in which volatile conponents conprising the
unr eact ed nononpesaiegat theagtolparer ycpmpoeed ibnontaken polugnmefrom the
15conposition to obtain the polyner as the extruded material. [4] The

process fotrepraducitng thepappmer iac chiedibegiyt @ft fehealpmess e - nekprlast ridhe
fluid conprising the polymerization inhibitor is a fluid which is fornmed by

di ssolsvi ngvhheepOoly BRI | Zodd Diy i hi B1LeA | BohpeiRAGMES . pc2Qmid]i zHiE dpr ocess
for producing a polyner according to the above [3] or the above [4],

wherein a gemtientokat irfgorf e PE1ARN | 2PN Jort biitrpr dhe t hrdddiined -
conprising the polynerization inhibitor is 5-2,000 ppm by wei ght based on

the total weightt9hqt Re1MAUicd, 2REEL The RAGRRS fQngyOdueim G A JiPlETer
according to
mixed with the fluid, and
supplying the polymer composition which is mixed with

10 the fluid obtained by passing through the pressure-
regulating valve to the devolatilizing extruder, and taking
out from the devolatilizing extruder an extruded material
in which volatile components comprising the unreacted
monomer are at least partly removed £from the polymer

15 composition to obtain the polymer as the extruded material.

[4] The process for producing a polymer according to
the above [31, wherein  the fluid comprising the
polymerization inhibitor is a £luid which is formed by
dissolving the polymerization inhibitor in the monomer.

20 [5] The process for producing a polymer according to
the above [3] or the above [4], wherein a content ratio of
the polymerization inhibitor in the fluid comprising the
polymerization inhibitor is 5-2,000 ppm by weight based on
the total weight of the fluid.

25 [6] The process for producing a polymer according to



6 any one of the above [3] to [5], wherein a ratio of a supplying flow rate
of the polyner conposition to a supplying flowrate of the fluid conprising
t he pol ynerization inhibitor, both to tng pressure-regul ati ng 5val ve, is
within a range of from80:20 to 99.9:0.17 Effect of Invention [0009]
According to the present invention, there is provided 10 an apparatus for
produci ng a polyner which is able to prevent attachnment of a polyner to a
stemand/or a guide in a pressure-regulating valve, thereby being able to
be operated stably and continuously for a long tine. Additionally, a
process foRNpr cei A§ LRl wevecohducted 1Bby dieA§ithe? appaiar ueti &

provi ded. Brief Description of Drawings [0010] Fig. 1 shows a schenmatic
sectional eupplyfing pféswur gatep0 ofeglhet | PPlvalere ¢OEWOSE td®nappar attus for
produci ng a polyner in one enbodi nent of the present invention. Fig. 1(a)
shows the puppdwuregr egfilavi ngrated ve dfn amhepenfivade, eowpEigind (b)thshows
the pressure-regulating valve in a close state. 25Fig. 2(a) shows a
schemati c palimalrieakabgedintw todr, both to the pressure-regulating

5 valve, is within a range of from 80:20 to 99.9:0.1.

Effect of Invention
[0009]
According to the present invention, there is provided
10 an apparatus for producing a polymer which is able to
prevent attachment of a polymer to a stem and/or a guide in
a pressure-regulating valve, thereby being able to be
operated stably and continuously for a 1long time.
Additionally, a process for producing a polymer conducted

15 by using the apparatus is provided.

Brief Description of Drawings
[0010]
Fig. 1 shows a schematic sectional view of a pressure-

20 regulating valve used in an apparatus for producing a

polymer in one embodiment of the present invention. Fig.

1l(a) shows the pressure-regulating valve in an open state,

and Fig. 1(b) shows the pressure-regulating valve in a

close state.

25 Fig. 2(a) shows a schematic partial enlarged view of



7 the pressure-regulating valve shown in Fig. 1. Fig. 2(b) shows a
schematic partial enlarged view of a nodification of the

pressure-regul ating valve of Fig. 2(a). Fig. 3 shows a schematic
vi ew of an apparatus for 5producing a pd?yner i n one enbodi nent of the
present invention. Fol | owm ng reference signs denote the foll ow ng

el enents: 1lval ve el enent 103space 5body 5a seat part 7a inlet port 7b
outlet port 159stem 11 gap

the pressure-regulating valve shown in Fig. 1. Fig. 2(b)
shows a schematic partial enlarged view of a modification
of the pressure-regulating valve of Fig. 2(a).
Fig. 3 shows a schematic view of an apparatus for
5 producing a polymer in one embodiment of the present
invention.

Following ©reference signs denote the following

elements:
1 valve element
10 3 space
5 body

5a seat part
7a inlet port

7b outlet port

15 9 stem
11 gap
13 guide

15 sealing part
15a packing
20 15b lantern ring
17 fluid feed port
19 driving part
20 pressure-regulating valve
31 raw material monomer fluid tank

- 25 33 polymerization initiator fluid tank



13gui de 15 sealing part 15a packing 2015b lantern ring 17fluid feed port 19
driving part 20 pressure-regul ating valve 31 raw material nononer fluid
tank 2533 polynerization initiator quiqgtank 8 35, 37punp 39 raw nateri al
supply line 40reactor

35, 37 pump

39 raw material supply line

40 reactor

41la supply port
5 41b effluent port

43 jacket

45 stirrer

50 preheater

51 polymerization inhibitor containing fluid tank
10 53  pump

60 devolatilizing extruder

61 supply port

65 discharge line

67 recovery tank

15 100 apparatus for producing a polymer

Description of Embodiments
[0011]
The apparatus for producing a polymer of the present
20 invention has at least a reactor, a pressure-regulating
valve and a devolatilizing extruder. Hereinafter, first,
the pressure-regulating valve is explained, then the
apparatus for producing a polymer of the present invention
using the pressure-regulating wvalve, and a process for

25 producing a polymer of the present invention which is



41a supply port 541b effluent port 43jacket 45stirrer 50 preheater

51 polynerization inhibitor containing fluid tank 1053 punp 60

devol atilizing extruder 61 supply port 65discharge |ine 67 recovery tank
15100 apparatus for producing a polyner scription of Enbodinents [00111

conducted by using the apparatus are explained.
[0012]
The pressure-regulating valve 20 used in the apparatus
for producing a polymer of the present invention comprises,
5 for example as shown in Fig. 1, the valve element 1, the
body 5 having the space 3 for housing the valve element 1,
the stem 9 for supporting and controlling the valve element
1, the guide 13 for slidably guiding the stem ¢ therein (in
other words, the guide 13 for guiding the slidable stem 9),
10 and the fluid feed port 17 through which a fluid comprising
a polymerization inhibitor (hereinafter also referred to as
a polymerization inhibitor containing £luid) is fed into
the gap 11 between the surface of the stem 9 and the
internal surface of the guide 13. The gap 11 is
15 communicated with the space 3 in the body 5 so that the
polymerization inhibitor containing £fluid fed from the
fluid feed port 17 flows into the space 3 in the body 5.
[0013]
The pressure-regulating valve 20 is used to regulate
20 the pressure in a reactor which 1is described below. The
polymer composition obtained from the reactor is supplied
from-the inlet port 7a of the body (or valve box) 5, passes
through the space 3 in the body 5, and flows out through
the outlet port 7b (in Fig. 1, the flow direction of the

25 polymer composition 1is shown by the open arrow). The



The apparatus for producing a polymer of the present 20 invention has at

| east a reactor, a pressure-regulating valve and a devolatilizing extruder.
Hereinafter, first, the pressure- regulati g valve is explained, then the
appar at us for prodUC|ng a polynmer of the gresent i nvention using the
pressure-regul ati ng val ve, and a process for 25producing a polynmer of the
present invention which is 9 conducted by using the apparatus are
expl ai ned. [0012] The pressure-regul ating valve 20 used in the
apparatus for RFOdUCIng a polynmer of the present invention conprises, 5
for exanpl @u&§lsoWoviits Pifg. t11e PR YPSI eCRMRABREIQN (O oY 5 Fbdisty t he
space 3 for housing the valve elenent 1, the stem9 for supportlng and
controlI|nQOFﬁe7@aP@etéﬁe@@ﬁﬁsyretﬁégydﬁéénBBVﬁdﬂespﬂdéﬁlyeﬁﬂi ity fhe stem
9 therein (in other words, the guide 13 for guiding the slidable stem?9),
10 and t hetheuiklead qd@nterm fhr aghawhirebudtf | it compeegireg 0 the

pol yneri zation inhibitor (hereinafter also referred to as a polynerization
i nhi bitor eeatabmi ng fregudptiesi.fed into the gap 11 between the surface of
the stem9 and the internal surface of the guide 13. The gap 11 is
15comsuni cdabed4nM th the space 3 in the body 5 so that the polynerization
inhibitor containing fluid fed fromthe fluid feed port 17 flows into the

space 3 in the bady 21dlMEHndie poesade)r agu at bpgriabdebz0 disdised to
regulate 20 the pressure in a reactor which is described below The

pol ymer copp@siddean @bé%ﬂﬁd theomAder-i£ackQtrhéesuppldrd fuomethg iy et
port 7a of the body (or valve box) 5, passes through the space 3 in the

3??gcfioﬁngPE{%§QVQHb Haughy the, outd eLnB8a imdRe (5Rofh9inlribhe of | oy

moving the stem 9 up and down in an axial direction of the

10 stem 9). The valve element 1 is maintained in a state to be

supported by the stem 9 during the stem 9 is operated by
sliding.

[0015]

Fig. 1 shows the pressure-regulating valve 20 so-

15 called as a globe valve type. The stem 9 is moved up and

down within the guide 13 by the driving part 19, thereby

the valve element 1 which is supported at the tip of the

stem 9 is also simultaneously moved up and down. When the

valve element 1 is placed at the bottom (see Fig. 1(b)),

20 the valve element 1 is engaged with (or pressed against)

the seat part (or valve seat) 5a in the body 5, and stops

the flow of the polymer composition through the space 3

(close state). When the valve element 1 is placed at the

top (see Fig. 1(a)), the polymer composition is passed

25 through the space 3 flowing between the valve element 1 and



25pol ynmer conposition is shown by the open arrow). The 10 outflow rate of
the pol yner conposition fromthe outlet port 7b in the pressure-regul ating
valve 20 is regul ated by the valve ele 1, as aresult, the pressure in
the reactor is regulated. 5[0014] e valve elenment (or disk) 1 is
operated by sliding the stem9 along the internal surface of the guide 13
by the driving part 19 (in the enbodi nent shown in Fig. 1, by noving the
stem9 up and down in an axial direction of the 10 stem9). The val ve
elenent 1 is maintained in a state to be su%Rorted by the stem 9 during the
stem9 is &pérd&Asat BRLF| 8PngloHOD ISR R l: ThSRowdRtheP Py BEMr E2FEg@Rfat i ng
valve 20 so- 15 called as a globe valve type. The stem 9 _is noved up and
down Wit hi fheh@qguimes 1PmgesHel ot | 1oy phft PTessukereBgULRE 1RGl Ve ldl%enent
1 which is supported at the tip of the stem9 is also simltaneously noved
up and dowd0 whénthhe thlvprelsemaet ih ithepraeedoat e bsotegml@aiesl Fyy.
1(b)), 20 the valve elenent 1 is engaged with (or pressed against) the
seat part (egulaliegsegh¢ Hwositide bddytbe aramllwt opdeamentf | dw of tHe
pol ymer conposition through the space 3 (close state). Wen the val ve
el emest 1 isnphiacadnal the tap{E&em)Fi gird¢alon tlopepol Jepreconpesittieon i s
passed 25t hrough the space 3 fl owi ng between the valve elenent 1 and 11
stem 9. The seat part 5a may be integrated in the body 5 or
be a separate part from it.
[0016]
However, the pressure-regulating valve which is able
10 to be used in the present invention is not limited thereto,
any appropriate constitution can be applied as long as the
valve element 1 supported by the stem 9 can be operated by
sliding the stem 9 in the guide 13, as a result, the
outflow rate of the polymer composition from the pressure-
15 regulating valve 20 and thus the pressure in the reactor
can be regulated. For example, in the pressure-regulating
valve 20 shown in Fig. 1, the inlet port and the outlet
port may be used in reverse (i.e. the inlet port 7a and the
outlet port 7b are changed to and used as the outlet port
20 and the inlet port, respectively), and the polymer
composition may be flowed in the opposite direction of that
indicated by the open arrow in Fig. 1. Also, for example,
other constitution such as so-called gate valve, needle

valve (in these constitutions, a stem £for supporting a

25 valve element is moved up and down in the axial direction)



the seat part 5a (open state). Then, the outflow rate of the pol yner
conposition fromthe pressure-regulating valve 20 and thus the pressure in
the reactor can be regul ated by regul ati the position of the valve
elenent 1 in the 5 longitudinal (up-and-down) direction (open degree) by
the stem 9. The seat part 5a may be integrated in the body 5 or be a
separate part fromit. [00161 However, the pressure-regul ating val ve which
is able 10 to be used in the present invention is not limted thereto, any
appropriate constitution can be applied as |ong as the valve elenment 1
supported B§nt e St .9 ¥h B@eoﬁgﬁﬁﬁe&fbfhﬁiYﬂ#KFt%%e§%%H1é PRt AdSgui de
13, as a result, the outflow rate of the polyner conposition fromthe
pressure- styucggeatding-hal hedp0o5aaad M thkeressupbe EaPRIRPTiedEior can
be regul ated. For exanple, in the pressure-regul ating valve 20 shown in
Fig. 1, theeilpksedpdepeaddnghenotibleettopsitti tigyiome used in reverse (i.e. the
inlet port 7a and the outlet port 7b are changed to and used as the outl et
port 20 ardothé inlet port, respectively), and the polyner conposition may
be flowed in the opposite direction of that indicated by the open arrow in
Fig. & Al so, fohtexagdmecrotdiercitonstenudi @md e agusde cabl edhgatgapral ve,
needl e valve (in these constitutions, a stemfor supporting a 25val ve

el ement isiaoved giesuit dewWivddh t BBe@Xbal ttiateaiHednyterl 29 caBnbBelsad.q and

t he shape of the valve elenent 1 and the structure of the body 5 and the

|ike can bgiappr eREl ahekynst! geked deBendnRg oo dch€ 3Consid igeld an. 117]
5Wth respect fo the stem9 and the guide 13, the gap 11 i s present between

them so thatothe shem9opande,siddpl gagsthe idher pal HyhARE 9% dike, gui de
13. The gap T1 G150 has a function as g %FOM/passage o?ﬂ{%gﬁﬁblynerlzatlon
I nhi bi t or ERHE%E@EQQCEBEBQnE%g Eﬁ%qhtggdfkgkﬂlE@ngﬂ%ﬁ%.%éed port 17.
10 The size of the gap 11 (representatively, being the wvalue
obtained by subtracting the outer diameter of the stem 9
from the inner diameter of the guide 13 and being divided
by two) is, but not limited to, for example, 0.01-15 mm,
preferably 0.1-10 mm. When the gap size is not more than
15 the above upper limit, the stem 9 can be adequately slid in
the guide 13. When the gap size is not less than the above
lower limit, the polymerization inhibitor containing fluid
fed from fluid feed port 17 into the gap 11 is facilitated
to flow to the space 3 and the effect to inhibit the entry
20 of the polymer composition to the gap 11 can be ensured.
[0018]
The gap 11 between the stem 9 and the guide 13
generally 1is sealed with the sealing part 15 at the

opposite end of the wvalve element 1. By providing with the

25 sealing part 15, the pressure in the space 3 in the body 5



10 The size of the gap 11 (representatively, being the val ue obtai ned by
subtracting the outer dianeter of the stem9 fromthe inner dianmeter of the
gui de 13 and being divided by two) is, bﬁ% not limted to, for exanple,
0.01-15 mm preferably 0.1-10 nm Wen t gap size is not nore than 15

t he above upper limt, the stem9 can be adequately slid in the guide 13.
When the gap size is not |less than the above lower limt, the

pol ymeri zation inhibitor containing fluid fed fromfluid feed port 17 into
the gap 11 is facilitated to flowto the space 3 and the effect to inhibit
the entry 268 enhdFidisaigiet ovpd st PR oANEETPREAGARTL PLc AR & H ¢dtq 0018]
The gap 11 between the stem 9 and the guide 13 generally is sealed with the
seal i ng pathelPodiymeie oppeses tel@ndivpmt AetoafeecaneEnPTEVEBESS-0VETE ng
with the 25sealing part 15, the pressure in the space 3 in the body 5 13
can be mai navwmedhafd tdealeoreon abe oarpliedplei thes sieatld ncheapdl yirker
conposition from outside can be prevented. The known shaft sealing can be
appl i ed toInhheclsieal empogament’. dan shosnednodiigent 1 andhbig. i A (Bl g. al and
Fig. 2(a), a gland packing is used in the sealing part 15, but not limted
thereto, theaneal pagkpagt ilb caedbeinndsd r egranng- pang 963! i bgt adael | ows
sealing and the like in place of the gland packing. [0019] 100ne or nore of
the fluid figed tRer thekétedn the MRMIGRM wirtanys dird A endensifiddn a8 d-ong as
t he polynerization inhibitor containing fluid can be fed into the gap 11

bet ween thejsur face Qigthe slamodanskd hend nhggNahesurfiace; Af Ftla%eglﬁﬂe 13.
For exanple, @ shown1n Fig. 1 and Fig. 1 2(a), the fluid feed port 17

can be | ocated We thesealing part 15 and the space 3. Additionally,
for exanplg, agggﬁbmﬁgfn %Fﬁ. 2(b), when the sealing part 15 conprises the

packi ng 1530%&g]the | antern ring 15b (as shown in the figure, the lantern
ring 15b can bé |l ocated between the 20packi ngs 15a, but not |limted

ther%%o), the fb%gdo&e%% ep%& the fluid feed ports 17 can be provided

at any suitable position as 1long as the polymerization
inhibitor containing fluid can be fed into the gap 11
between the surface of the stem 9 and the internal surface
of the guide 13. For example, as shown in Fig. 1 and Fig.
15 2(a), the fluid feed port 17 can be located between the
sealing part 15 and the space 3. Additionally, for example,
as shown in Fig. 2(b), when the sealing part 15 comprises
the packing 15a and the lantern ring 15b (as shown in the
figure, the lantern ring 15b can be located between the
20 packings 15a, but not limited thereto), the fluid feed port
17 can be located adjacently to the lantern ring 15b.
[0020]
By using such pressure-regulating valve 20 for
regulating the ©pressure in the reactor, since the

25 polymerization inhibitor containing £luid fed £from the



17 can be | ocated adjacently to the lantern ring 15b. [0020] By
usi ng such pressure-regulating valve 20 for regulating the pressure in the
reactor, since the 25polynerization i nhii)' tor containing fluid fed fromthe
14 fluid feed port 17 flows into the spacé 3 in the body 5 through the gap
11, the flow of the polynerization inhibitor containing fluid effectively
prevents the polynmer conposition fromentering the gap 11. Furthernore, the
5 polynerization inhibitor in the polynerization inhibitor containing fluid
prevents the unreacted nononer contained in the polynmer conposition from
bei ng pol y#Briged /Rl PPERaly. fhawa fBSAI (the hEPate aéhr%éhtt}é‘F PREYPS yner
to the stem9 and/or the guide 13 can effectively be prevented 10 to allow
the pressurdreegll atthey F@mve 2D t otReepfdper apifng Hheef @lbmendizatonn
fixing even when it is continuously operated for a long tine. [0021]
Next, an appadatiterf eonedduciond laigblefiferctgfvetlye pispreagenttien ity usi ng
such pressure-regul ating valve 20 wll be described. [0022] The
appar at us tomppsddionngfaopol gmeeriNg ofhd hgapr esent Fuwendimore s iwvi ded
with at |east the reactor 40,
5 polymerization inhibitor in the polymerization inhibitor

containing fluid prevents the unreacted monomer contained

in the polymer <composition from being polymerized

additionally. As a result, the attachment of the polymer to

the stem 9 and/or the guide 13 can effectively be prevented

10 to allow the pressure-regulating valve 20 to keep operating
preferably without fixing even when it is continuously
operated for a long time.

[0021]
Next, an apparatus for producing a polymer of the

15 present invention using such pressure-regulating valve 20
will be described.

[0022]
The apparatus for producing a polymer 100 of the
present invention is provided with at least the reactor 40,

20 the pressure-regulating valve 20 and the devolatilizing
extruder 60 as shown in Fig. 3, and is made up so that the
polymer composition obtained from the reactor 40 1is
supplied to the devolatilizing extruder 60 through the

pressure-regulating valve 20.

25 [0023]



20 the pressure-regul ating valve 20 and the devol atilizing extruder 60 as
shown in Fig. 3, and is made up so that the polynmer conposition obtained
fromthe reactor 40 is supplied to the olatilizing extruder 60 through
the pressure-regul ating val ve 20. 25[ 00 15 In this enbodi nent,

t he apparatus for producing a polynmer 100 can be provided with further the
raw material nmononmer fluid tank 31 and the polynerization initiator fluid
tank 33. These tanks 31 and 33 are connected to the 5 supply port 4la of
the reactor 40 via the pumps 35 and 37, respectively, and the_raw materi al
supply line 39. Ipoobljs embodipenfeactidl® 46PPETRLEFer ABFy REFENCIE & a
conplete mxing type. Specifically, the reactor 40 is provided with 10 the
suppl y porpOAYmeamiQQM?%nfbﬁe@ﬁoﬁéﬁ?d4ﬁithnﬁpﬁﬁhﬁ%rEgﬁyrﬁwrWﬁ&eﬁﬁ%hided
with the jacket 43 as a tenperature regulating neans for regulating a

t enper at ur moobmam ofiletdsurdmice 33f &hd rehet @wokymeriratsion r dmids Fftor
stirring a content therein. The effluent port 41b is 15 preferably | ocated
at a top ofluhed reakt @3 . athdsaghahkies 3antzodi MEhtare notnkcketied o Hareet 0.
On the other hand, the supply port 4la nmay be generally | ocated at an
appropri at gupesiyt ipdrrtofs1a lcfvethgardadfot heoreast ehe pumpeugs tands 37,
enbodi nent is not limted thereto. Furthernore, the reactor 20 40 nay be

provi ded withpacteneekat uhe %8Rs ehwl maekrdeliechiopd va ltierparat ure in the
reactor and a pressurée sensor P for detecting a pressure inside the

reactor. Theedafecting part of the pressure sensor P is not necessarily
| ocated inside the reactor as long as it can detect the 25pressure in the

reactor. The detgeling Rt p§ §BEPLeeTULly B reactor of a complete

mixing type. Specifically, the reactor 40 is provided with
10 the supply port 4la and the effluent port 41b,' and
preferably further provided with the jacket 43 as a
temperature regulating means for regulating a temperature
of an outer surface of the reactor and the stirrer 45 for
stirring a content therein. The effluent port 41b is
15 preferably located at a top of the reactor, although this
embodiment ig not limited thereto. On the other hand, the
supply port 4la may be generally located at an appropriate
position of a lower part of the reactor, although this
embodiment is not limited thereto. Furthermore, the reactor
20 40 may be provided with a temperature sensor T for
detecting a temperature 1in the reactor and a pressure
sensor P for detecting a pressure inside the reactor. The
detecting part of the pressure sensor P is not necessarily
located inside the reactor as long as it can detect the

25 pressure in the reactor. The detecting part of the pressure



sensor P may be | ocated outside the reactor 40, for exanple, adjacent to
the effluent port 41b on the connecting |ine which connects the effl uent
port 41b to downstream devi ces (shown by %he synbol P encl osed by a dotted
line in Fig. 3). 5[0025] Addi ti onaf y, in this enbodi nent, the
apparatus for producing a polyner 100 may be further provided with the
preheater 50 between the reactor 40 and the pressure-regul ating val ve 20.
The effluent port 41b of the reactor 10 40 is connected to the inlet port
of the preheater 50, and the outlet port of the preheater SO is connected
to the inl €ENSEM P7@33F behd ospded calteddla dtinFepdtry AP, Aoy Ife3sRfoat er
50, any appropriate heater can be used as long as it can heat a viscous
fluid Werddkeeamspaiat tBef ¢ffliengr gt ngle Ul yree TOONEStangvildee with
the preheater 50, the pressure sensor P may be | ocated adjacent to the

ef fl uent pamicmlb:a)madt@ ddmeef f hgeht neowhi ékbc don estveisttheeaaf fdarsitespor t
41b to the preheater 50 (shown by the synbol P enclosed by a dotted line in
Fig. 3). 2Q[shoa6] by theTkembodsfureeralegddatbiyng Wdtte@Airse an deser ided
above. The outlet port 7b of the pressure-regulating valve 20 is connected
to the supglow2port 61 of the devolatilizing extruder 60. Additionally, in
this enbodi nent, the 25apparatus for producing a polyner 100 nmay be further

17 provided W t hdahe iR@LYTRY,i zahi ehiigheRbbaimenn! al’d}lélgafvb!;llrgthénkf&cl
This tank 51 is connected to the fluid feed port 17 of the

pressure-r g)gltUd%.tC'l@lgj val ¥8198e ¥ @Lotoh%ﬁme5%uﬁtq{gr7] pPbvidbe dvel alid i zing

ext ruder a single or nulti screw devolatilizing extruder can be used.

The extrud %gr&al gbtgénﬁgeﬁftfﬂ dq¥g#%k%}|§%tlgﬂ I st ak ggcwnthe
|ne

di schar ge Furthernnre in t is e ment e appara t

produci ng %é@%f@ygng(¥%f$g'gg.pﬁﬂglgﬁ%fﬁéﬂi port 41b of the reactor

10 40 is connected to the inlet port of the preheater 50, and
the outlet port of the preheater 50 is connected to the
inlet port 7a of the pressure-regulating valve 20. As the
preheater 50, any appropriate heater can be used as long as
it can heat a viscous fluid. When the apparatus £for

15 producing a polymer 100 is provided with the preheater 50,
the pressure sensor P may be located adjacent to the
effluent port 41b on the connecting line which connects the
effluent port 41b to the preheater 50 (shown by the symbol
P enclosed by a dotted line in Fig. 3).

20 [0026]

The pressure-regulating valve 20 is as described above.
The outlet port 7b of the pressure-regulating valve 20 is
connected to the supply port 61 of the devolatilizing
éxtruder 60. Additionally, in this embodiment, the

25 apparatus for producing a polymer 100 may be further



10 the recovery tank 67 for storing the nononer which is separately
recovered fromthe volatile conponents (mainly containing the unreacted
nononer) which are separated in the dev L?tilizing extruder 60. [0028]
15Next, a process for producing a polynmer’ conducted by using such apparatus

wi |l be described. [0029] The process for producing a pol yner of
the present invention uses the above apparatus for producing a pol yner
20100 and conpri ses, subj ecting raw materials conprising a nononer

and a polynerization initiator _to a polynerization reaction in the reactor
40 with reBUPHiFPRE Wiphe§88r POLNTERE 2RO A Y O T ces @ e ingy dilatichg

val ve 20, and taking out a pol ynmer 25conposition conprising E pol ynmer and
atp

an unr eact sdnko®dnerThiks 3w bheipescrvred@q the BotyAbEL

66 PO

passi ng the pol yner conposition taken out fromthe reactor 40 to the space
3 in the bddyos thet hreprugsuregudgtliag Nglval @ 0 awnittle feedi 7§ -t he

pol yneri zati on

5 inhibitor containing fluid fromthe fluid feed port 17 in

t he pressurfeoegqul ati ng valve 20 to obtain the polymer conposition which is

m xed with the

pol yneri zation inhibitor containing fluid (the

pr essgr e-r egul ahsngheal devdpsisi Nz fiepextatder 60, a single or multi

screw devolatilizing extruder can be used. The extruded

10

15

20

25

material obtained after devolatilization is taken out from
the discharge line 65. Furthermore, in this embodiment, the
apparatus for producing a polymer 100 may be provided with
the recovery tank 67 for storing the monomer which is
separately recovered from the volatile components (mainly
containing the unreacted monomer) which are separated in
the devolatilizing extruder 60.

[0028]

Next, a process for producing a polymer conducted by
using such apparatus will be described.
[0029]

The process for producing a polymer of the present
invention uses the above apparatus for producing a polymer
100 and comprises,

subjecting raw materials comprising a monomer and a
polymerization initiator to a polymerization reaction in
the reactor 40 with regulating a pressure in the reactor by
the pressure-regulating valve 20, and taking out a polymer

composition comprising a polymer and an unreacted monomer



10suppl yi ng the pol yner conposition which is mxed with the polynerization
i nhibitor containing fluid obtai ned by passing through the

pressure-regul ating valve 20 to the devq{

out an extruded material, in which volat|$é conponents conprising the

unreact ed nononer are at
fromthe devolatilizing extruder

mat eri al

5

10

15

20

25

(the devolatilizing and extruding step). [0030] 20Hereinafter,
preparation of the raw material and the polynerization inhibitor containing
fluid, andf&RFhtELepeRFIPThHE 0ddStiei BPodYMRTderAIPn BFSPhiis embodi nent,
case of conducting continuous polynerization of a nmethacrylic_ester

mononer, in ot hBPRSEBAgs, the c@sd Yole 2 5pPBHAELREOR etRitr Plitc E5P®r 586 yner
as a polymer will be 19 described as an exanple, although the present
i nvention krsantbrl 46 ted ther speceAddi inokhkl podyn & WE shbodinessuret-hough
the polynerization step may use a bul k pol ynerization or a solution
pol yneri zategnlaaiongse wflvrisi g awiilhk pbdedierg zathen widlhyoerizse ich a
solvent will be described. [0031] Preparation of a raw nateri al

inhibitor containing fluid from the fluid feed port 17 in
the pressure-regulating valve 20 to obtain the polymer
composition which is mixed with the polymerization
inhibitor containing fluid (the pressure-regulating valve
passing step), and

supplying the polymer composition which is mixed with
the polymerization inhibitor containing fluid obtained by
passing through the pressure-regulating wvalve 20 to the
devolatilizing extruder 60, and taking out an extruded
material, 1in which volatile components comprising the
unreacted monomer are at least partly removed from the
polymer composition, from the devolatilizing extruder 60 to
obtain the polymer as the extruded material (the
devolatilizing and extruding step).

[0030]

Hereinafter, the preparation of the raw material and
the polymerization inhibitor containing fluid, and each
step will be described in detail. In this embodiment, a
case of conducting continuous polymerization  of a
methacrylic ester monomer, in other words, a case of

producing a methacrylic ester polymer as a polymer will be

a

tilizing extruder 60, and taking

15

| east partly renoved fromthe polynmer conposition,
60 to obtain the polyner as the extruded

t he



At first, a nononmer as the raw material, the 10polynerization initiator and

the like are prepared. [0032] As the raw material nononer, a

met hacrylic ester nononer is used in this, enbodi nent. Exanples of the

met hacrylic ester nononer are 15- al kyl thacryl ate (of which al kyl group
has 1 to 4 carbons) al one, or - a mxture of not |ess than 80% by

wei ght of al kyl nethacrylate (of which alkyl group has 1 to 4 carbons) and
not nore than 20@6by wei ght of other vinyl nononer 20copol yneri zabl e
t herew t h. anpl es of al kyl nethacrylate (of which al kyl, group has
1to 4 car§6ﬁ§Flbﬁ@|ﬁﬁa%ﬁn¢ﬁﬂmﬁkﬁha%}9¢%%%h ERRyPTREEREC APVEIE 198 Proopy |
met hacryl ate, isopropyl nethacrylate, n-butyl nmethacrylate, t-butyl
met hacryl anet sésmpaedl thereprem Aedhyiomethacr it Ehis preéfké?drlétﬂfnt‘l'he
above descri bed exanpl es of al kyl nethacrylate nay be used alone or in
conbi nat i obhofight | ¢ast t wolymerhiemt iBranplsésrof oepol ywess zaldl e WU
nmononer i ncl ude, for

polymerization or a solution polymerization, a case of

5 using a bulk polymerization without use of a solvent will

be described.

[0031]
¢« Preparation of a raw material
At first, a monomer as the raw material, the
10 polymerization initiator and the like are prepared.
[0032]

As the raw material monomer, a methacrylic ester
monomer is used in this embodiment.

Examples of the methacrylic ester monomer are

15 - alkyl methacrylate (of which alkyl group has 1 to 4
carbong) alone, or

- a mixture of not less than 80% by weight of alkyl
methacrylate (of which alkyl group has 1 to 4 carbons) and
not more than 20% by weight of other vinyl monomer

20 copolymerizable therewith.

Examples of alkyl methacrylate (of which alkyl group
has 1 to 4 carbons) include methyl methacrylate, ethyl
methacrylate, n-propyl methacrylate, isopropyl methacrylate,
n-butyl methacrylate, t-butyl methacrylate, sec-butyl

25 methacrylate, isobutyl methacrylate, and the 1like. Among



5 exanpl e, nethacrylic esters such as benzyl nethacrylate and 2-ethyl hexyl
nmet hacryl ate (except for the above described al kyl nethacrylate (of which
al kyl group has 1 to 4 carbons)); acrylifbesters such as nethyl acrylate,
et hyl acrylate, propyl acrylate, butyl &crylate, and 2-ethyl hexyl 10
acryl ate; unsaturated carboxylic acids or acid anhydrides thereof such as
acrylic acid, nethacrylic acid, nmaleic acid, itaconic acid, maleic acid
anhydride, and itaconic acid anhydride; hydroxy group-containing nononers
such as 2- hydroxyeth{ acryl ate, 2-hydroxypropyl acrylate, 15 |
monogl ycer 6PeHer FRAW! PeRVACEXyELRy L SnPRs{ERFISE-e TR apTSodfRRdped

met hacryl ate, and nonogl ycerol nethacrylate; nitrogen-containing nononers
such as aceyPERILlEs, @kt lFddml aﬁﬁﬁb@gﬁyiaéﬁi Y ePRet HRE y PSRTEr | PE, 10

di acet oneacryl am de, and di net hyl am noet hyl nethacryl ate; 20epoxy

gr oup- cont abmicngariponets asudkags gwoy'ofgltheindyl et her, gl ycidyl acryl ate,
and glycidyl nethacrylate; styrene based nononmers such as styrene and

a- met hyl st yr eneExdhplabooé depoliymed ieedhel osnyfl copomere rimxdbide ,viiop

nononer may be used alone or in conbination of at |east two 250f them
5 example, methacrylic esters such as benzyl methacrylate and
2-ethylhexyl methacrylate (except for the above described

alkyl methacrylate (of which alkyl group has 1 to 4
carbonsg)); acrylic esters such as methyl acrylate, ethyl
acrylate, propyl acrylate, butyl acrylate, and 2-ethylhexyl

10 acrylate; unsaturated carboxylic acids or acid anhydrides
thereof such as acrylic acid, methacrylic acid, maleic acid,
itaconic acid, maleic acid anhydride, and itaconic acid
anhydride; hydroxy group-containing monomers such as 2-
hydroxyethyl acrylate, 2-hydroxypropyl acrylate,

15 monoglycerol acrylate, 2-hydroxyethyl methacrylate, 2-
hydroxypropyl methacrylate, and monoglycerol methacrylate;
nitrogen-containing monomers such as acrylamide,
methacrylamide, acrylonitrile, methacrylonitrile,
diacetoneacrylamide, and dimethylaminoethyl methacrylate;

20 epoxy group—containing monomers such as allyl glycidyl
ether, glycidyl acrylate, and glycidyl methacrylate;
styrene based monomers such as styrene and o-methylstyrene.

The above described examples of copolymerizable vinyl

monomer may be used alone or in combination of at least two

25 of them.



21 [0033] As the polynmerization initiator, for exanple, a radical
initiator is used in this enbodi nent. Exanpl es of a radical
initiator include azo conmpounds 5 such azobi si sobutyronitrile,

azobi sdi net hyl val eronitril e, azobiscycl ohexanenitrile,

1,1' -azobi s(1- acet oxy- 1phenyl et hane), di nethyl 2,2'-azobi si sobutylate, and
4,4' - azobi s-4-cyanoval eric acid; organi c peroxides such as benzoyl

per oxi de, |auroyl peroxide, acetyl peroxide, 10 caprylyl peroxide,

2, 4- dlchlorobenzoyl per oxi de, isobutyl peroxide, acetyl cycl ohexyl sulfonyl
peroxi de, tLO888yl peroxypival ate, t-butyl peroxyneodecanoate, t-butyl

per oxyneohept anoate, t-butyl peroxy-2-ethyl hexanoate, 1, 1-

di (t - butyl per oxyscy dihshexemkymar h1zaf (@0 bul B pearbRY) - 3f8r5. example, a

15t ri met hyl cycl ohexane, 1, 1-di (t - hexyl per oxy) - 3, 3, 5-
trinethylcyeﬁdh@ﬂadaidﬁbsmpwdpwh@@xbx@mﬁﬁhﬂﬂuﬁmhﬂﬂimﬁﬁﬁsobutyI

per oxydi car bonate, di-sec-butyl peroxydicarbonate, di-n-butyl

per oxydi car bonatEzamples2-ofetdhytddkyd) peidxydorarboiatie, azo compounds

bi s(4-t-butyl cycl ohexyl) 20 peroxydi carbonate, t-anyl

per oxyp- 2- ekliyhhexaseald s ikcbhbudydFodietrianst ydoiddimguaryaxeleidtyditeddaroat e,
1,1, 2-trinmethyl propyl peroxy-2-ethyl hexanoate, t-butyl peroxy isopropyl

nmonocar bonakep kgl bhr&zeey 1itsaRegpy| nmonocarbanatsodidut-Heetoxy-1-
per oxy- 2- et hyl hexyl carbonate, t-butyl peroxy allyl 25carbonate, t-butyl

per oxy Isogh%x,he%%%mat €dimteihpl 32, 222 A3 RIdBUtALd, PEh@X Y issapr opyl
nonocar bonate, 1,1, 2- trimethyl propyl peroxy i sopropyl nonocar bonat e,

1,1,3,3- tebrgyet QM' gfa&a@aalré%%xya Qponate %axjr %esgékbﬁ‘i‘&%' RELeRY! as

per oxy-i sononat e, butyl “per oxybenzoat
benzoyl peroxide, lauroyl ©peroxide, acetyl peroxide,

10 caprylyl peroxide, 2,4-dichlorobenzoyl peroxide, isobutyl
peroxide, acetyl <cyclohexylsulfonyl peroxide, t-butyl
peroxypivalate, t-butyl peroxyneodecanocate, t-butyl
peroxyneoheptanoate, t-butyl peroxy-2-ethylhexanocate, 1,1-
di (t-butylperoxy)cyclohexane, 1,1-di(t-butylperoxy)-3,3,5-

15 trimethylcyclohexane, 1,1-di(t-hexylperoxy)-3,3,5-
trimethylcyclohexane, diisopropyl peroxydicarbonate,
diisobutyl peroxydicarbonate, di-sec-butyl
peroxydicarbonate, di-n-butyl peroxydicarbonate, bis(2-
ethylhexyl) peroxydicarbonate, bis (4-t-butylcyclohexyl)

20 peroxydicarbonate, t-amyl peroxy-2-ethylhexanoate, 1,1,3,3-
tetramethyl butyl peroxy-ethylhexanoate, 1,1,2-trimethyl
propyl peroxy-2-ethylhexanoate, t-butyl peroxy isopropyl
monocarbonate, t-amyl peroxy isopropyl monocarbonate, t-
butyl peroxy-2-ethylhexyl carbonate, t-butyl peroxy allyl

25 carbonate, t-butyl peroxy isopropyl carbonate, 1,1,3,3-



S5pol yneri zation initiators may be used alone or in conbination of at |east
two of them [0034] The polynerization initiator is selected
dependi ng on the kinds of the pol yner tﬁ%ge produced and the raw 10
mat eri al nononer used. For exanple, alt gh the present invention is not
particularly limted, those of radical polynerization initiator having a
hal f-1ife not nore than one mnute at the polynerization tenperature are
preferable. Wien the half-life at the polynerization tenperature is not
15nore than one mnute, the reaction rate is not too slow, thus the
initiator tetxamesbyd flvtyhe RRIISHIEr LEQPIFORY e dRPRRFRTPPREFES codtilnFous
pol ynmeri zati on apparatus. [0035] The supply amount of the polynerization
initiator tzOméthgilcabrépili peorkyi sisdanomot panereubanayel i titled, 3-
generally 0.001 to 1 weight parts with respect to 100 wei ght parts of the
raw mat er i aktmameiray 1( tthee ylavwenadey | abononater événRuakliyesbppl ipecbtyd t he
reactor 40). Wen two or nore polynerization initiators are used in
conbi nat i operbhe-25babakteei ghtanshoultd gy t hipe ridxs/balea tteange Thezd
[ 0036] :
5 polymerization initiators may be used alone or 1in
combination of at least two of them.
[0034]
The polymerization initiator is selected depending on
the kinds of the polymer to be produced and the raw
10 material monomer used. For example, although the present
invention is not particularly 1limited, those of radical
polymerization initiator having a half-life not more than
one minute at the polymerization temperature are preferable.
When the half-life at the polymerization temperature is not
15 more than one minute, the reaction rate is not too slow,
thus the initiator is suitable for the polymerization
reaction in the continuous polymerization apparatus.
[0035]
The supply amount of the polymerization initiator
20 (radical initiator) is, but not particularly limited,
generally 0.001 to 1 weight parts with respect to 100
weight parts of the raw material monomer (the raw material
monomer eventually supplied to the reactor 40). When two or

more polymerization initiators are used in combination, the

25 total weight should be within the above range.



In addition to the raw material nononer and the polynerization initiator
descri bed above, any appropriate other conponent(s), for exanple, a chain
transfer agent, a 5 nold rel ease agentzgg rubbery pol ymer such as

but adi ene and styrene-but adi ene rubber (SBR), and the |ike may be used. The
chain transfer agent is used for adjusting a nolecul ar weight of the

pol ynmer to be produced. The nold rel ease agent is used for inproving

nol dability (or processability) 10of an obtai ned pol yner. [0037] As
the chain transfer agent, either nonofunctional or polyfunctional chain
transfer adé®B86édan be used. Specifically, exanples thereof include alkyl
nmercaptans 15 such as n-propyl nercaptan, isopropyl nercaptan, n-butyl
mer capt an, t-butljl aedégpran, ta- hekel nevcdpreerial odegpomer caicn, the

2- et hyl hexyl mercaptan, n-dodecyl nercaptan, and t-dodecyl mercaptan,;
aromat i ¢ npodapearigasion asnphbmydr ndesaptibrdarmbavs ocaeyolgppmdsttans
having 18 or less 20 carbons such as ethylene thioglycol; polyal cohols

such as et byhere aggimpeoient@)peniod «tymple, tai nbbhyl arpmefare agent, a
pentaerythritol, dipentaerythritol, tripentaerythritol, and sorbitol; those

of whisch hydnaxHe1eaeep aigenest er ifiedr o ltficaglyrel iz anithdilene and
3-ner captopropionic acid, 1,4-

25di hydr onaphthalenthad ene8-taivahydsorpphtial @M [Bike 2day be used.
t er pi nene, t er pi nol ene, 1, 4- cycl ohexadi ene, hydrogen sul fide and the |ike.

These may heused 3] A& rd N LU NAs i 0BeQ! £HYO a0 uERAAGOT B 10038
5The supply anount of the chain transfer agent is not
weight of the polymer to be produced. The mold release
agent is used for improving moldability (or processability)
10 of an obtained polymer.
[0037]

As the chain transfer agent, either monofunctional or
polyfunctional chain transfer agent can be used.
Specifically, examples thereof include alkyl mercaptans

15 such as n-propyl mercaptan, isopropyl mercaptan, n-butyl
mercaptan, t-butyl mercaptan, n-hexyl mercaptan, n-octyl
mercaptan, 2-ethylhexyl mercaptan, n-dodecyl mercaptan, and
t-dodecyl mercaptan; aromatic mercaptans such as phenyl
mercaptan and thiocresol; mercaptans having 18 or less

20 carbons such as ethylene thioglycol; polyalcohols such as
ethylene glycol, neopentyl glycol, trimethylolpropane,
pentaerythritol, dipentaerythritol, tripentaerythritol, and
sorbitol; those of which hydroxyl group is esterified with
thioglycolic acid or 3-mercaptopropionic acid, 1,4-

25 dihydronaphthalene, 1,4,5,8-tetrahydronaphthalene, B-



particularly limted since it varies depending on the kind of the chain
transfer agent used and the |like. For exanple, in a case of using
nmercaptans, it is preferably 0.01 to 3 wﬁ%ght parts, and nore preferably
0.05 to 1 weight parts 10 with respect 100 wei ght parts of the raw
materi al nononer (the raw material nononer eventually supplied to the
reactor 40). The used anmount within this range is preferable because it
does not inpair the mechanical property of the polyner and maintain the
thermal stability 15 preferably. Wen two or nore chain transfer agents
are used | BSEBHBERE I on, FRTRIAVtENE mei ght 45RBELAREERHLEREN t hEWYABFREE™ ange.
[0039] Although the nold release agent is not particularly 20 limted,
exanpl es t Redéatlei nenddetleet ekkof HihfRes Man ybgci Hsedhi gheref f¥y in

al cohol s, higher fatty acids, higher fatty acid am des, netal salts of

hi gher f at tpmadindsiendotfthéwoi ke, mPre @fl dhegl.ease agent may be used al one
or in conbination of two or nore of them 25[0040] 25 As the esters
of hi gher flabBglacids, specifically, exanples thereof include saturated
fatty acid al kyl esters such as nethyl |aurate, ethyl |aurate, propyl

| aur ake, butyl Iraer agplectatholmtir afe theetdhdipatmatiafer aybyk is not
palmtate, propyl palmtate, butyl palmtate, octyl palmtate, nethyl
stearate, ghhylcshaangt ainitepylsistiaarat evabuéyl dgspeatahg, cbcttte Hiert ate,
stearyl stearate, nyristyl nyristate, nethyl behenate, ethyl behenate,

propyl behgpaige bubyh ReBeRzks 34 t0cids RekenalelunsatpyisdnAald,y acid
10 al kyl esters such as nethyl ol éate, ethyl ol eate, propyl oleate, butyl

ol eate, octyl a0|c&aa§é3’ofmﬁ%q{q?l_]iml%%%gtt%ns@'t h 14 ngl-eateanpiopyb1! icaoleate,

butyl linoleate, and octy ol eate; saturated fatty acid glycerides such

as |auric wegggly@gf&gs% p%ﬁam%r%i QACELILe | BUBEC dd 1 ! mﬁgg Cparks

palmtic non mtic diglycer palmtic trig eri

steari.c nono ceride, stearic.diglyceride, _steari.c gl i i
m)nogloycer f”&g,hybjéﬁgﬁ?gtdi %?ycleqclgdg“feyl & bé)ﬁé:%sc ?i g%{}%gr%{%’gr |ngaﬁ:§ﬁeal1em :
unsaturated fatty aci.d gl ycerides such as ol ei c nonogl.yceride, _ol ei 20
di gl yceri dBORGMSTC ql'l'i‘eglg§%gr MRS THb | F18nf?{5‘ﬁ6lg|‘%}€:ee“rn? LY Roppaied to
diglyceride, linolic triq!yceride. Anmong them nethyl stearate, ethyl

stearate, blifyl TeReEPEt 0)oct iNest BEFSt ANV RG iYE glFydér i BR1M9St ddti ¢

di gl yceride, stearic triglyceride, and the |ike are preferred. )
preferable because it does not impair the mechanical

property of the polymer and maintain the thermal stability
15 preferably. When two or more chain transfer agents are used
in combination, the total weight should be within the above
range.
[0039]
Although the mold release agent 1is not particularly
20 limited, examples thereof include esters of higher fatty
acids, higher fatty alcohols, higher fatty acids, higher
fatty acid amides, metal salts of higher fatty acids and
the like. The mold release agent may be used alone or in
combination of two or more of them.

25 [0040]



25[ 0041] 26 As the higher fatty al cohols, specifically, exanples

t hereof include saturated fatty (or aliphatic) alcohols such as |auryl

al cohol, palmtyl alcohol, stearyl alco %, i sostearyl al cohol, behenyl

al cohol, nyristyl alcohol, and 5 cetyl ‘alcohol; and unsaturated fatty (or
al i phatic) al cohols such as ol eyl alcohol, and linolyl alcohol. Anong them
stearyl alcohol is preferred. [0042] As the higher fatty acids, nore
specifically, exanples 10 thereof include sat ur at ed fatty aci ds such as

caproic acid, caprylic acid, capric acid, lauric acid, nyristic acid,
palmtic acid, 4Fearie &STETSar AEhitFP i d2HhoheRFtIsci ﬁpelcikfrﬁféé%yc aci d,

and 12- hydroxyoctadecan0|c acid; and unsaturated fatty acids such as

pal ni t ol e exaEpdesoltdierefacintludeorieraked, LrEhyl eRitd adkyl GRtELS ¢

acid, erucic acid, and ricinoleic acid. [0043] As the higher fatty

acid am despcbpe@’sf inesthyl eamsites t lkEhadf lacrate, sRuPRYbd faamateaci d

am des such 20 as lauric acid amde, palmtic acid am de, stearic acid

anm de, andbhefréni ¢daachdean detyinsdiemrmted f atetbhydci gpadmidedesucletdy ol ei ¢

acid am de, linoleic acid am de, and erucic acid am de; and am des such as

et hyl ene- bpaihateice,aci prapyde, petlmitertes bi shpakdi tipaheltaaa) de,octyl

et hyl ene-bi s- 25stearic acid am de, and N-ol eyl stearam de. Anong them
palmitate, methyl stearate, ethyl stearate, propyl stearate,
butyl stearate, octyl stearate, stearyl stearate, myristyl
myristate, methyl behenate, ethyl behenate, propyl behenate,
butyl behenate, and octyl behenate; unsaturated fatty acid

10 alkyl esters such as methyl oleate, ethyl oleate, propyl
oleate, butyl oleate, octyl oleate, methyl linoleate, ethyl
linoleate, propyl linoleate, butyl 1linoleate, and octyl
linoleate; saturated fatty acid glycerides such as lauric
monoglyceride, lauric diglyceride, 1lauric triglyceride,

15 palmitic monoglyceride, palmitic diglyceride, palmitic
triglyceride, stearic monoglyceride, stearic diglyceride,
stearic triglyceride, behenic  monoglyceride, behenic
diglyceride, and behenic triglyceride; and unsaturated
fatty acid glycerides such as oleic monoglyceride, oleic

20 diglyceride, oleic triglyceride, 1linolic monoglyceride,
linolic diglyceride, 1linolic triglyceride. Among them,
methyl stearate, ethyl stearate, butyl stearate, octyl
stearate, stearic monoglyceride, stearic diglyceride,

stearic triglyceride, and the like are preferred.

25 [0041]



27 stearic acid am de and ethyl ene-bis-stearic acid am de are preferred.
[0044] As the netal salts of higher fatty acids, exanples 5 thereof

i ncl ude sodiumsalts, potassiumsalts, calciumsalts and barium salts of

t he above-described higher fatty acids, and the |ike. [0045] A used anount
of the nold rel ease agent is preferably 10adjusted in a range fromO0.01 to
1.0 parts by weight, and nore preferably adjusted in a range fromO0.01 to
0.50 parts by weight, with respect to 100 parts by wei ght of a pol yner
contained in a E%Iyner conposition to be obtained 0046& 15Wth reference
to Fig. 3, the P&w Thit ePig eﬁDﬁﬁﬁEqu%ﬁ?PQ%ﬁerQ?ﬁg éFa &¥st FREITGTo

is prepared by appropriately m xing the above nononer (one or a nlxture of

two or nor ERIRES) WREhUde hevalebipforbnttadioh 48Tt el BMRd i ¢ ) afdicaidgent i f

necessary. This is charged to the raw 20 material nononer fluid tank 31.
On the ot heprchams, Yeherypolyheehokht i BalnhtYl asdrohpli d s¢erprilsiadgadiod east
the polynerization initiator is prepared by appropriately m xing the above
pol yner i zatsosternirtyilatadrcakidlh thehemnionelcopel pnaykystahd adicohodt hemd
conponent such as the chain
5 cetyl alcohol; and unsaturated fatty (or aliphatic)
alcohols such as oleyl alcohol, and linolyl alcohol. Among
them; stearyl alcohol is preferred.
[0042]
As the higher fatty acids, more specifically, examples
10 thereof include saturated fatty acids such as caproic acid,
caprylic acid, capric acid, lauric acid, myristic acid,
palmitic acid, stearic acid, arachidic acid, behenic acid,
lignoceric acid, and 1l2-hydroxyoctadecanoic acid; and
unsaturated fatty acids such as palmitoleic acid, oleic
15 acid, linoleic acid, linolenic acid, cetoleic acid, erucic
acid, and ricinoleic acid.
[0043]
As the higher fatty acid amides, specifically,
examples thereof include saturated fatty acid amides such
20 as lauric acid amide, palmitic acid amide, stearic acid
amide, and behenic acid amide; unsaturated fatty acid
amides such as oleic acid amide, linocleic acid amide, and
erucic acid amide; and amides such as ethylene-bis-lauric

acid amide, ethylene-bis-palmitic acid amide, ethylene-bis-

25 stearic acid amide, and N-oleyl stearamide. Among them,



25transfer agent if necessary. This is charged to the 28 polynerization
initiator fluid tank 33. The polynerization initiator fluid may be the
pol ymeri zation initiator alone, or a niég re of the nmononmer and the

pol ymeri zation initiator (further may c ngise ot her conponent (s) such as
5 the chain transfer agent if necessary). In the latter case, the
polynerization initiator fluid is preferably a polynerization initiator
solution which is forned by conpletely dissolving the pol ynerization

initiator in the nmononer. 10[ 0047] Preparati on of . the |,
pol ymer i zaBEBATLRhAGICORATHGR A1 RFYifRe-Pis-skpethe 8fher aMAAE, 3fe
pol ynmeri zation inhibitor containing fluid is prepared. 15[0048] The

pol ymer i zaPkefeirigAbi tor containing fluid is any fluid as long as it
contains the polynerization inhibitor, but is preferably a fluid which is
formed by dipé4dlving the pol ynmerization inhibitor in a solvent which does
not 20facilitate the polynerization reaction of the unreacted nononer.

[ 0049] AsThehexaspbés sfltdheosol Wiegher nfhatdy, foidexamplasplesgani c
sol vents such as toluene, xylene, ethyl benzene,
5 thereof include sodium salts, potassium salts, calcium

salts and barium salts of the above-described higher fatty
acids, and the like.
[0045]

A used amount of the mold release agent is preferably

10 adjusted in a range from 0.01 to 1.0 parts by weight, and
more preferably adjusted in a range from 0.01 to 0.50 parts
by weight, with respect to 100 parts by weight of a polymer
contained in a polymer composition to be obtained.

[0046]

15 With reference to Fig. 3, the raw material monomer
fluid comprising at least the monomer 1is prepared by
appropriately mixing the above monomer (one or a mixture of
two or more kinds) with other component such as the chain
transfer agent if necessary. This 1is charged to the raw

20 material monomer fluid tank 31. On the .other' hand, the
polymerization initiator £fluid comprising at least the
polymerization initiator 1is ©prepared by appropriately
mixing the above polymerization initiator with the monomer
optionally, and with other component such as the chain

25 transfer agent 1f necessary. This 1is charged to the



25met hyl isobutyl ketone, nethyl alcohol, ethyl alcohol, 29 octane,
decane, cycl ohexane, decalin, butyl acetate, and pentyl acetate; and a
nononer used as a raw nmaterial of the paqg ymer to be produced, in
particul ar, the nononmer used as a raw erial of the polynmer to be
produced is preferably 5 used. The nononer used as a raw material of the
polymer to be produced is usually a liquid form Wen the above nononer is
used as a solvent, the incorporation of the inpurity into the produced

pol yner can be prevented Addi ti onal | t he poI meri zation inhibitaor

cont ai ni ngPPLyMgrizetaenpdinddd ates 1yw%r?%%E| ﬁ i ARELRCGYeH&REAG e, t he

pol yneri zati on of the nononer as a solvent in this fluid is also inhibited.
[ 0050] Exanplitdasbrt fdusdl yreer ibaat tlod PabyBerdrataenudaitigtorislengnypl e,
hydr oqui none, hydroqui none nononet hyl ether, tertbutyl catechol,
4-nethoxy-brnaphtmamxukﬁ4-n&bhtﬁ@quim@n@mez,4adﬂneth$1-GXiwmmaﬂhﬂaﬂipmenol,
phenot hi azi ne, benzophenot hi azi ne, di ni tr obenzen, p- phenyl di am ne,

di net hyl di thiet¢atbam (Euacihetrsaldy anehpiiesd | &eheAnongpbhent (s20such as
2,4-dimethyl-6-tert-butyl phenol is preferred fromthe viewpoint of being

| ess ki kel yhkoca¥ehnt taanadver agenif hifeneecsitelives ol ahat ilettenerade it
remains in the polynmer. The polynerization inhibitor to be used is

appropri at ghy sebeched-depensh ng 198 thike oRol yreaido ke 25predesglland & he
nononer to be used ‘as a raw material .
polymerization initiator solution which 1is formed by
completely dissolving the polymerization initiator in the
monomer.
10 [0047]

. Preparation of the polymerization inhibitor
containing fluid

Oon the other hand, the polymerization inhibitor
containing fluid is prepared.

15 [0048]

The polymerization inhibitor containing fluid is any
fluid as long as it contains the polymerization inhibitor,
but is preferably a fluid which is formed by dissolving the
polymerization inhibitor in a solvent which does not

20 facilitate the polymerization reaction of the unreacted
monomer.
[0049]
The examples of the solvent include, for example,

organic solvents such as toluene, xylene, ethyl benzene,

25 methyl isobutyl ketone, methyl alcohol, ethyl alcohol,



30 [0051] The content of the polynerization inhibitor in the

pol ynmeri zation inhibitor containing fluid is preferably 5- 2,000 ppm by

wei ght, nore preferably 10-500 ppm by wg%ﬂht 5 based on the total weight of
the fluid. When the content is not nore an the above upper limt, the
proportion of the polynerization inhibitor contained in the pol yner becones
not too high, thereby the coloration of the polyner finally obtained (the
extruded material) can be effectively avoided. 10 Additionally, when the

content is not |less_than the above lower |imt, th olLynerization _of, the
unr eact ed ﬁﬁﬁéﬁéviQ?Q%ﬁ?gaﬁyfiopﬁxﬁﬁgqN@ﬁﬁﬁﬁ%ﬂregﬁﬁgirﬁf%@?V%'zﬁnéan be

effectively inhibited, furthernore, when the nononmer is used as a sol vent,

the pol ynePeRaViioncetatRe ABAORERCBSRCISHSSE BE &f Fakt Mesry 1pdhhi &8

[ 0052] Wth reference to Fig. 3, the polynerization inhibitor is

added to thelmbevetsobgemradiqadpate PHEtpoLieri EAEi BANPHARFDIEEH 2as

containing fluid. This is charged to the 20pol yrmeri zation inhibitor

cont ai ni ngaf kkaivd maduel 151, D038 pFoywerertgabeonreduped is preferhdlyononer

and the polynerization initiator are continuously supplied to the reactor

40 foem t haseaw Zhaatmenocalermancrerad |ali davankt8tiahdofhéhpolppiwmezatticon 31
be produced is wusually a 1liquid form. When the above
monomer is used as a solvent, the incorporation of the
impurity into the produced polymer can be prevented.
Additionally, the polymerization inhibitor containing fluid

10 comprises the polymerization inhibitor, therefore, the
polymerization of the monomer as a solvent in this fluid is
also inhibited.

[0050]
Examples of the polymerization inhibitor include, for

15 example, hydroquinone, hydrogquinone monomethyl ether, tert-
butylcatechol, 4 -methoxy-1-naphthol, 1,4-naphthogquinone,
2,4-dimethyl-6-tert-butylphenol, phenothiazine,
benzophenothiazine, dinitrobenzen, p-phenyldiamine,
dimethyldithiocarbamic acid salt and the like. Among them,

20 2,4-dimethyl-6-tert-butylphenol 1is preferred from the
viewpoint of being less 1likely to exert an adverse
influence such as coloration even if it remains in the
polymer. The polymerization inhibitor to be wused is

appropriately selected depending on the polymer to be

25 produced and the monomer to be used as a raw material.



initiator fluid tank 33 via the supply port 4la. Specifically, the raw

mat eri al nononer fluid containing the nononer is supplied fromthe raw

mat eri al nononer fluid tank 31 by the pug@ 35, and the pol ynerization
initiator 5 fluid containing the polynmertzation initiator is continuously
supplied fromthe polynerization initiator fluid tank 33 by the punp 37,
and they pass through the raw material supply line 39 together, and are
continuously supplied to the reactor 40 via the supply port 4la. 10[ 0054]
Wth respect to_supplying the polynerization initiator to the reactor 40,
when the nib®OP!d of the nonomer and the pol ymerization initiator is
supplied fromthe polynerizationinitiatorfluidtank33asthe 15 pol ynerization
initiator fluidThe fenpeeferabl éheo pejvserization Ambikitenw ahge theom
80:20 to 98:2 wherein A represents the supply flowrate (kg/h) of the raw
mat eri al mPpedymerfizgitd oty dmhtiel tew ceneriaingohbued fisuiptdafzdady, =nd B
represents the supply flowrate (kg/h) of the 20 polynerization initiator
fluid (thi€,i090t hpurxy uweightt heoren e farabIpol yores o @ appan biynivdiafad ,  of
which content ratio of the polynerization initiator is 0.002-10% by wei ght)
from pol ymbaiszat oan thei tioatdr widight toamnkhd3.£ AeH S5 Wwhehl i draaiedn @ nids
polyneri zation initiator supplied to 32 the reactor 40 as descri bed above
are subj echet tere ROHTBIHZ Adb&Re I €854+ ONinDt ] hEhéeﬁ%?bx‘EQont har ehye at

| east part of the nmonomer is polynerized to give the polymer. In this
enbodi ment poli hrePQUFRLNZ AL SESP E8neaRNALA! 8% bynd@ p31BHLE becomes

pol yneri zation, but the present invention is not |Iﬁ1tgd her et o. e
content inpphe tE%aﬁti?g,A'Qh'e%e A ied do e 94 errth%5pcﬁ.ré/2r{e%r v 1%,

conpletely mxed sta [ 0056] "I nt hepol yneri zati onstep,t ont i'nuous
obtained (the extruded material) can be effectively avoided.
10 Additionally, when the content is not less than the above
lower limit, the polymerization of the unreacted monomer in
the gap 11 in the pressure-regulating valve 20 can be
effectively inhibited, furthermore, when the monomer is
used as a solvent, the polymerization of the monomer can
15 also be effectively inhibited.
[0052]
With reference to Fig. 3, the polymerization inhibitor

is added to the above solvent to prepare the polymerization

inhibitor containing fluid. This is charged to the
20 polymerization inhibitor containing fluid tank 51.
[0053]

* Polymerization step
The monomer and the polymerization initiator are
continuously supplied to the reactor 40 form the raw

25 material monomer fluid tank 31 and the polymerization



10 pol ynerization can be conducted under a condition in which the reactor
is filled with the reaction mxture while substantially no gas phase is
present (hereinafter referred to as the %gl ly filled condition). \Wen the
effluent port 41b of the reactor 40 is |otated at the top of the reactor,
15 the fully filled condition is conveniently realized sinply by conducting
the supply to the reactor 40 and the taking out fromthe reactor 40,
continuously. [0057] Furthernore,in the polynerization step,the 20

conti nuous pol ynerization is conducted under the adiabatic condition. The
adi abati ¢ dFAEGRT cahl B r ehPiFed By miking Wife teWPREWt UPSTSf t4e2 i nsi de
of the reactor 40 and the tenperature of the outer surface thereof

appr oxi mat SPgcddusially eddle sehematSuaalf imaglamer Thialixdliedritd nigundihe on
25can be realized by adjusting the supply anmounts of the raw 33 materi al
conpri si ngmcmemegnoher sapgltilesl pblywertitrat raw inkittdEitadr tonbherr edotiod 40
with operating the punps 35 and 37 so that the tenperature of the outer
surface of tulmk rEacber the seimp oB5t harjdackied £31gmertilkettiempeiattiecomsi de
5the reactor 40 detected by the tenperature sensor T correspond to each
other 5 [00%8luid  cddwaireimer atthie of pbhgmeenthaiods paryirmEEtzati ond n the
pol yneri zation step is understood as the tenperature in 10 the reactor 40

(detected byntheu-Rer akupp13easotrdh- dhe R rZ24 ¢ OOn StePid Sator
conducted, for exanpl é, at a tenperature from 120-180C, nore preferably at

a tenper at gne;fy Q_@n_a,@@-sl%q,cthteh?ﬁ% I3ty deRRNAS RN Jes WS ke ussd
polyneri zation initiator. "When this tenperature
material supply line 39 together, and are continuously
supplied to the reactor 40 via the supply port 4la.
10 [0054]

With respect to supplying the polymerization initiator

to the reactor 40, when the mixture of the monomer and the

polymerization initiator is supplied from the
polymerization initiator £luid tank 33 as the
15 polymerization initiator fluid, it is preferable to adjust

a ratio A:B in a range from 80:20 to 98:2 wherein A
represents the supply flow rate (kg/h) of the raw material
monomer fluid from the raw material monomer f£luid tank 31,
and B represents the supply flow rate (kg/h) of the
20 polymerization initiator £fluid (this is the mixture of the
monomer and polymerization initiator, of which content
ratio of the polymerization initiator 1is 0.002-10% by
weight) from polymerization initiator fluid tank 33.
[0055]

25 The monomer and polymerization initiator supplied to



15 is too high, the syndiotacticity of the produced polyner is decreased,
the generation of the oligoner is increased, and the heat resistance of the
polymer finally obtained (the extruded %erial) tends to be decreased.
However, it should be noted that the tegg rature in the reactor may
20change depending on various conditions until it reaches a static state.
[ 0059] The pressure of the continuous polynerization in the
pol ymeri zation step is understood as the pressure in the 25reactor 40
(detected by the pressure sensor_ P). This 34 pressure is regulated by the
pressur e- r &§8 at PRGEQAI vEC 2R anF eSS ik s sy o rRessUPhaatadvapadr
pressure of the raw material nononer at the tenperature in the reactor to
prevent theotaperizatiion srachdonawnrder indadiniorfd, ithauebsrdaciesst The
pressure is generally about 1.0-2.0 MPaG preferably 1.2-3.5 MPaG (G gauge
pressure). PROO6EIE the momguesy oik gpolymerdbrednbiougipel yimer ippdtyim@n .i Mt he
pol yneri zation step is understood as an average residence 10 tinme in the
react or 40thibe embexddgentesitdengeolymerizathenr eaepols4@onduchedsety a
depending on the productivity of the polynmer in the pol yner conposition and
the | ske, Bodki spofigheexagplien,frpatlbStaenupessént 6 howsst i@t efias ablor from
20 mnutes to 2 hours, but not limted thereto. Wen the

limited thereto. The content in the reactor 40 is stirred

by the stirrer 45, preferably is completely mixed state.

[0056]
In the polymerization step, the continuous
10 polymerization can be conducted under a condition in which

the reactor is filled with the reaction mixture while
substantially no gas phase is present (hereinafter referred
to as the fully filled condition). When the effluent port
41b of the reactor 40 is located at the top of the reactor,
15 the fully filled condition is conveniently realized simply
by conducting the supply to the reactor 40 and the taking

out from the reactor 40, continuously.

[0057]
Furthermore, in the polymerization step, the
20 continuous polymerization is conducted under the adiabatic

condition. The adiabatic condition can be realized by
making the temperature of the inside of the reactor 40 and
the temperature of the outer surface thereof approximately
equal to each other. Specifically, The adiabatic condition

25 can be realized by adjusting the supply amounts of the raw



15 period is nore than necessary, the generation of the oligoner such as a
dimer and trinmer is increased, and the heat resistance of the polynmer
finally obtained (the extruded naterial%atends to be decreased. The average
residence time in the reactor 40 can be adjusted by 20 changi ng the supply
anount (supply flow rate) of the nononmer or the like to the reactor 40 with
the use of the punps 35 and 37. [0061] As descri bed above, the
pol ymer conposition is 25continuously taken out fromthe effluent port 41b
of the 35 reactor 40. The obtained pol yner conposition conprises the
produced pBRyAEL2ANICPRBT §RtBECt Blde noMIMRERSTY arfRdray-eur PREYMESHFALIOM he
unreacted polynerization initiator, deconposed substance of the

pol yneri zatndhiphPri BPoFheangarher| fRewikh Phergdindyshgt PuEPSoRPoR&ESt in

t he pol yner conposition is the unreacted nonomer. [0062] The

pol ymeri zadVorsa atbatn the pehlprentuoeposttithe isyutdnr sexdapke, 040 the 70%
by wei ght, although this enbodinent 10 is not limted thereto. The

pol yneri zateaatoat @0i bethéopokyirer ackrpodint bad &bpr apmpatealtyreonnsdgends t o
the content ratio of the polynmer in the polynmer conposition. \Wen the

contept rathe ofehbeopol yoer degseteedhi By, the eftkmpeentcyrel exisog amd heat
transfer is decreased and the 15 stability tends to be decreased. Wen the

content ratberefpbhe pel ¥gBh bsnkeQ | ow, the separation of the volatile
conponents in which the unreacted nononer is main conponent tends to becone

difficult. ([g883] 20 Preheating step
The temperature of the continuous polymeriiation in
the polymerization step is understood as the temperature in
10 the reactor 40 (detected by the temperature sensor T). The
polymerization step 1is conducted, for example, at a
temperature from 120-180°C, more preferably at a
temperature from 130-180°C, though it depends on the type
of the used polymerization initiator. When this temperature
15 is too high, the syndiotacticity of the produced polymer is
decreased, the generation of the oligomer is increased, and
the heat resistance of the polymer finally obtained (the
extruded material) tends to be decreased. However, it
should be noted that the temperature in the reactor may
20 change depending on various conditions until it reaches a
static state.
[0059]
The pressure of the continuous polymerization in the
polymerization step is understood as the pressure in the

25 reactor 40 (detected by the pressure sensor P). This



Wth reference to Fig. 3, the polyner conposition taken out fromthe
reactor 40 as described above is fed into the preheater 50 and preheated if
necessary, but it is not necessary int present invention. 25[0064] 36
The preheater 50 is used for the purpose bf i ncreasing efficiency of the
devol atilization in the devolatilizing extruder 60. The pol yner conposition
acquires a part or all of the quantity of heat required to volatilize the
vol atile conponents by preheating. [0065] The preheating tenperature
in the preheater 50 is preferably 180-220C. Wen the preheating_tenperature
i s not nor é’rteﬁéHrﬁhelsabB@%uh%E%ﬁi PYmithe tPecspor 1 ST F bRt SRI 1U2LKHE A atil e
conmponents in the pol ymer conposition can be avoided and the pol ymer
conposi ti oANgaASha PressiEer 8@t A esive thidguisd vaPere Pae sEUEeh stfarithef 1% r at e.
[ 0066] ' Pressure-regul ating val ve passing step (Qutflow rate
15regul at i pgtesrap)l monomiextatwithe r seaperedure Fiig. Bhet heegpuigmerto
conposi tion obtained as descri bed above (the pol yner conposition taken out
fromthe rpaeventd4@hepreperdlziar ittme ofoltyre rago madasirtiiadn memionter sirpredteeat ed
in the preheater SO 20is passed through the pressure-regul ati ng val ve 20.
[0067F Therpakyoer. cDhpospiesuodt disnedensrdedqri dieduabovenis.0 MPaG,
preferably 1.2-3.5 MPaG (G: gauge pressure).
[0060]
A period of the continuous polymerization in the
polymerization step is understood as an average residence
10 time in the reactor 40. The average residence time in the
reactor 40 can be set depending on the productivity of the
polymer in the polymer composition and the like, and is,
for example, from 15 minutes to 6 hours, preferably from 20
minutes to 2 hours, but not limited thereto. When the
15 period 1s more than necessary, the generation of the
oligomer such as a dimer and trimer 1s increased, and the
heat resistance of the polymer £finally obtained (the
extruded material) tends to be decreased. The average
residence time in the reactor 40 can be adjusted by
20 changing the supply amount (supply £flow rate) of the
monomer or the like to the reactor 40 with the use of the
pumps 35 and 37.
[0061]

As described above, the polymer composition is

25 continuously taken out from the effluent port 41b of the



continuously supplied to the space 3 in the body 5 of the
pressure-regul ating valve 20 via the inlet port 7a with
25cont i nuousl yf eedi ngt hepol yneri zationinhibitor 37 containing fluid into
t he pressure-regul ating valve 20 from the pol ynerization inhibitor
containing fluid tank 51 via the fluid feed port 17 by the punp 53 (see
Figs. 1(a) and (b)). 5[0068] The supply amount (feed rate) of the
pol ymeri zation inhibitor containing fluid to the pressure-regul ating val ve
20 is appropriately regul ated depending on the size of the .
pressur e- r E§ACACEnG Ovalthe 2htaheed | BALYEEE 6PMPRELFSPPMSOTPE iS6fpddiai on
the desired pressure, and so on. It is preferable to adjust a ratio XY in
a range froFcg0ced Pelygeg: antd WwWher siny R ctesy avaemen, hansupelyy Furhbearat e
(kg/ h) of the polyner conposition to the pressure-regul ating valve 20, and
Y repr esentconphrd seuppley ubirewcitate polyhielr igk thilee IS igdlanrer,i Zetdaopdssd bi t or
containing fluid. The supply flowrate X (kg/h) of the polyner conposition
i s under st sathsasntke ¢t ahef lppil ynatrel A2%ei)n ointhéasoppl yarfd osheatlda k& .( kg/ h)
of the raw material nononmer fluid fromthe raw nmaterial nononmer fluid tank
31, asd thehsupplin Yavatile Bohmlghbntofin2GHdepPDIWSEr codtpbeAtibnt iigf or
fluid (this is the mxture of the nononer and the polynerization initiator,
of whi ch cenkenhreati-edohohbaepol ynerization initiator is 0.002-10% by
wei ght) fromthe polynerization initiator fluid tank 33. Wen the supply
amount of tlagepgl ynmerization inhibitor 25containing fluid is within the
above range, the proportion 38 of the polynerization inhibitor contained
in the pol yner 0 : .hig here t i f. .t he .pol yner
3@& BBIyREL LaF i BR0D. cENSLERNC! BR15R10 2idnid Ll S1he 1RO

finally obtaine tru material) can b ectively avoi , 'and

the effethEQ %&gh%h%,tQ% Q&§aﬁp?3@§ Qéi&ﬁ@, although this embodiment

10 is not limited thereto. The polymerization rate in the
polymer composition appropriately corresponds to the
content ratio of the polymer in the polymer composition.
When the content ratio of the polymer is too high, the
efficiency of mixing and heat transfer is decreased and the

15 stability tends to be decreased. When the content ratio of
the polymer is too low, the separation of the wvolatile
components in which the unreacted monomer is main component
tends to become difficult.

[0063]
20 * Preheating step
With reference to Fig. 3, the polymer composition
taken out from the reactor 40 as described above is fed
into the preheater 50 and preheated if necessary, but it is
not necessary in the present invention.

25 [0064]



5polynmer to the stem9 and/or the guide 13 can be ensured. [0069] In
the pressure-regul ati ng val ve 20, when the pol yner conposition is passed

t hrough the space 3, the outflow rate of _the polymer conposition is

regul ated by the valve 10 el enent 1, the?gby, the pressure in the reactor
40 | ocated upstreamis regul ated. Morre specifically, for exanple, the
position of the valve elenent 1 in the |ongitudinal (up-and-down) direction
(open degree) is regulated by the stem9 so as to provide the desired
pressure (at upstream from 15t he pressure-regul ating valve). [0070]

The pressure of Tfe BFERARETERT Gfbos t4gafl i £OT Hilte MBIrP9es t@ld increasing
upstream side of the pressure-regul ati ng valve 20, for exanple, 1.0-4.0
MPaG, pref @fdislgiency 306 ahavrdevedangeipredsnreln The opmrolyikizioigt he
pressure-regul ating valve 20 is regulated so that the pressure in the

react or 40 edétraciced afy. (The pradssnare censoritRdrs ddmiipredet granmest plEssur e.
When the pressure of the polyner conposition at the upstreamside is within
t he above rdEngde 2btalme iprve sfurtedtn ddwuiest oy Al @il hes e arqitessiy e 39
sui t abl ef or conducti ngt hepol yneri zati onstep. Additionally, the pressure at

t he dewnst iceaposiedt Ofbyt Re-dieeaSiuie-regul ating valve 20 is regulated by a

pressure-
[0065]

The preheating temperature in the preheater 50 is
preferably 180-220°C. When the preheating temperature is
not more than the above upper limit, the vaporization of

10 the volatile components in the polymer composition can be
avoided and the polymer composition can be transferred in
the liquid state at a constant flow rate.

[0066]

* Pressure-regulating valve passing step (Outflow rate

15 regulating step)

Next, with reference to Fig. 3, the polymer
composition obtained as described above (the polymer
composition taken out from the reactor 40, preferably the
polymer composition which is preheated in the preheater 50)

20 is passed through the pressure-regulating valve 20.
[0067]

The polymer composition obtained as described above is
continuously supplied to the space 3 in the body 5 of the
pressure-regulating valve 20 via the inlet port 7a with

25 continuously feeding the polymerization inhibitor



regul ati ng val ve (not shown in the drawings) |ocated on a 5 vent |ine (not
shown in the drawi ngs) of the devolatilizing extruder 60, for exanple, at
-1.2to 0.4 MPaG preferably - 0.09 to 0,35 MPaG (gauge pressure). \Wen the
pressure of the polyner conposition at t% downstream side is within the
above range, the devolatilization of the devolatilizing 10extruder 60 can
ef fectively conducted. [0071] Additionally, in the

pressure-regul ati ng valve 20, the pol ynerization inhibitor containing fluid
fed fromthe fluid feed port 17 flows to the space 3 through the gap 11, 15
and ni xed FPORERATG0MYMEA dafpodhe P SSsURe IEadetdngsivace e R from

pol yneri zation inhibitor containing fluid is fed fromthe fluid feed port
17, the inshée Reflymeyrigas iion | $npikssaredonfhdngngssilid d ntamle §ap viR i s

hi gher than that in the space 3 in the body 5, and therefore the entry of
20 the pol gher fdempbsidednpdet g17t by urneegotrgr $dnOsee Bndst hé (pol ywier) to
the gap 11 fromthe space 3 can be sufficiently inhibited. Wth respect to
t he suitabl(®)nange of the pressure in the gap 11 is appropriately set
depending on the size of the pressure-regulating valve 20, the flow rate
250f the pgbyeen conposition and the desired pressure. It is 40 preferable
to provide a body of a feeding punp for the polymerization inhibitor

contai ning flui gnbank,ppth amsahet v @aceaﬁeyh@ @héepoqum@ll\é%ﬂlrbrprder
to make the pressure not too high. 5[ 72] he “pol yner

conposi ti oRRWRLGR oS chXed Winkh ftm%ap%lovr{@fé {oazte's%rlenmewl%l% tv%elwg

fluid is supplied fromthe space 3 of the pressure-regulating

through th§o°&%|%bﬁ%yﬁrig%efgnéégﬁﬂabed depending on the size of the

pressure-regulating valve 20, the flow rate of the polymer
10 composition, the desired pressure, and so on. It is
preferable to adjust a ratio X:Y in a range from 80:20 to
99.9:0.1 wherein X represents the supply flow rate (kg/h)
of the polymer composition to the pressure-regulating valve
20, and Y represents the supply flow rate (kg/h) of the
15 polymerization inhibitor containing fluid. The supply flow
rate X (kg/h) of the polymer composition is understood as
the total flow rate (A+B) of the supply flow rate A (kg/h)
of the raw material monomer fluid from the raw material
monomer fluid tank 31, and the supply flow rate B (kg/h) of
20 the polymerization initiator fluid (this is the mixture of
the monomer and the polymerization initiator, of which
content ratio of the polymerization initiator is 0.002-10%
by weight) from the polymerization initiator fluid tank 33.
When the supply amount of the polymerization inhibitor

25 containing fluid is within the above range, the proportion



Devol atilizing extrusion step Next, with reference to Fig. 3, the

pol ymer conposition obtained as descri bed above (the pol ynmer conposition

m xed with the polynerization inhibitor %? containing fluid which is
obt ai ned by passing through the pressure=Tegul ating valve 20) is
continuously supplied to the devolatilizing extruder 60 via the supply port
61, and subjected to a devolatilizing extruding process. [0074] 20ln the
devol atilizing extruder 60, the volatile conponents conprising the
unreacted nmononer is _at least partjially renmoved fromthe pol yner

conposi ti off afle dPednacFddafiigna Vb1t ere CABLadnedn it the REWMRIS) as
a gaseous substances, and the residual extruded material is 25fornmed into
pel | et s bybgcomesenotndtocs Mg i rrheirebyr dlien gl ot iicn e ddwamplvarat
di scharged fromthe discharge line 65. [0075] As a method using a
devol ati | i Ziimgléyt ohderinegny tde teattlhreidest medsdal )bearsdiy eSifidchilve et hods
described in, 5for exanple, JP-A-3-49925, JP-B-51-29914, JP-B-52-17555,
JP- B- 1- 5368 pidledh- GhBITHhE arfdedte o kénhfBA¥6]the attachment of the

5 polymer to the stem 9 and/or the guide 13 can be ensured.

[0069]

In the pressure-regulating valve 20, when the polymer
composition is passed through the space 3, the outflow rate
of the polymer composition 1is regulated by the wvalve

10 element 1, thereby, the pressure in the reactor 40 located
upstream is regulated. More specifically, for example, the
position of the valve element 1 in the longitudinal (up-
and-down) direction (open degree) is regulated by the stem
9 so as to provide the desired pressure (at upstream from

15 the pressure-regulating valve).

[0070]

The pressure of the polymer composition is, but not
limited to, at the upstream side of the pressure-regulating
valve 20, for example, 1.0-4.0 MPaG, preferably 1.2-3.5

20 MPaG (gauge pressure). The open degree of the pressure-
regulating valve 20 is regulated so that the pressure in
the reactor 40 detected by the pressure sensor P is the
predetermined pressure. When the pressure of the polymer

composition at the upstream side is within the above range,

25 the pressure in the reactor 40 can become a pressure



General ly, the devolatilizing extrusion process is conducted by extruding
the continuously supplied polynmer 10 conposition with a screw under

heati ng, for exanple, to 200-290C to con %nuously separate and renove at

| east part of, preferably nost of, nore % eferably substantially all of the
vol atil e conponents contained in the polynmer conposition. The pressure of
the devol atilizing extrusion 15process is, for exanple, about -1.2 to 0.4
MPaG (gauge pressure) as a vent pressure. [0077] Thus, the pol yner
can be obtained as the extruded material after the devolat|I|2|ng

ext rusi on. SHHERAEr uddPR20 nEPIVEF1R%bst BREi al PPlyBwdiigedion t heSts® yner,
and may possibly conprise other conponents, for exanple, the residue of the
pol yrer i zafided tilepeBilter .ti®0OP8ESsure at the Fownsémesre, sbds ops, the i ng
or after devol atilization 250f the polyner conposition in the

devol ati | | pregsexeruggrulatdd ubrlcantd suehraguhpgkdr laf cehgresd-er gher
fatty acid esters, an ultraviolet absorbing agent, a heat stabilizing
agent, a cakgudatingn vaiiviest ahott ahewh admd tHee drieimgs) becadded ta tahe
polynmer, if necessary. 5[0079] On the other hand, the volatile
conpogent s veaoledel (nble sthewel ab thal 1g-aingidelo 6A eamdio IaayIGl£Athas a

raw materi al nononmer for polynerization. The volatile conponents conpri ses

the unreactgdriawrmgber ifah ERBAGMRE, A8t -1.2 to 0.4 MPaG, preferably -
0.09 to 0.35 MPaG (gauge pressure). When the pressure of
the polymer composition at the downstream side is within
the above range, the devolatilization of the devolatilizing

10 extruder 60 can effectively conducted.

[0071]

Additionally, in the pressure-regulating valve 20, the
polymerization inhibitor containing fluid fed £from the
fluid feed port 17 flows to the space 3 through the gap 11,
15 and mixed with the polymer composition in the space 3.
Since the polymerization inhibitor containiné fluid is fed
from the fluid feed port 17, the inside of the gap 11 is
pressured. The pressure in the gap 11 is higher than that
in the space 3 in the body 5, and therefore the entry of
20 the polymer composition (e.g. the unreacted monomer and the
polymer) to the gap 11 from the space 3 can be sufficiently
inhibited. With respect to the suitable range of the
pressure in the gap 11 is appropriately set depending on
the size of the pressure-regulating valve 20, the flow rate

25 of the polymer composition and the desired pressure. It is



10 a maj or conponent, and conprises other volatile conponents, for exanple,
inpurities originally contained in the raw material nononer, additives used
if necessary, volatile byproduct(s) geneigted in the process of
pol yneri zation, oligonmer such as dinmer and triner, deconposed substance of
15 the polynerization initiator, and the like, as well as inpurities such
as the polynerization inhibitor and the solvent (in particular, nononer)
contained in the polynerization inhibitor containing fluid. In general,
since a Iar%er anpunt of the inpurities nake the_obtained 20 resin
conposi ti oORTESEEPRAE (%0 | BIRYETSr et ePMiYe. OFhéh, FeRE1HEI AU EBRpSHent s
renoved in the devolatilizing extruder 60 (which includes the unreacted raw
mat eri al nPReNBELTAZ2A1RE ol nédMidsent cantadindd ndlvdes it i (Widdh as
descri bed above) may be passed through a nononer recovery col umm (not
25shown i nsehetdr daividgs) suail 28 eat e¢lipfmy@isreofin 48rdest £bl apken the
adsorption and the like in the nononer recovery columm to renove the
i mpuriti espfreesutrkenaboteodésghi.bed vol atil e conponents. Thereby, the
unreacted raw materi al nmononer can be recovered with high purity, so that 5
it cas be daovably reused as the raw material nononer for polynerization.
For exanple, continuous distillation is conducted in the nononer recovery
col um to recovehukhe ther gaatyetk ayoipb el t Bbn NPROSE! ivi AxBAgkipwr idhe as a
distillate liquid fromthe top of the nonomer recovery 10 columm, and it
may be trapshemeedzandoneayHied ey thentaim Id efial aMeRoERELhlikind fapk 31
after it is reserved in the recovery tank 67 once, or it may be transferred
and recycl edgt a ri RRATBL fil Wi id Ut e
reserved ig ?hgp%ggosepgn?gﬁkb%%éggh th?ggﬁﬁégnﬁgﬁﬁf%%%?ﬁi I npu |t?%§
renmoved inchggegnﬁgggr7ggcovery colum may be di sposed as a waste. [0080]
In order to prevent the recovered raw nmaterial nononer from causing the
polyggrizaﬁbgg Leaction in the recovery 20 tank 67 or the raw nmateri al
nonoier fl ul P nk 31, it is preferable that a pol ynerization inhibitor
exists in these.tﬁgks a&.i.ratio of,r far ex& le, 2 to 8 ppmby weight with
respect to the raRt¥BEBFLalrZA0H0fEr I SHE M5 &Por eferably, in addition to
this, an oxygen_concentration i% a gas phase _,

Next, with reference to Fig. 3, the polymer

composition obtained as described above (the polymer
composition mixed with the polymerization inhibitor

15 - containing fluid which is obtained by passing through the
pressure-regulating valve 20) is continuously supplied to
the devolatilizing extruder 60 via the supply port 61, and
subjected to a devolatilizing extruding process.

[0074]

20 In the devolatilizing extruder 60, the volatile
components comprising the unreacted monomer is at least
partially removed from the polymer composition, and
discharged via a vent line (not shown in the drawings) as a
gaseous substances, and the residual extruded material is

25 formed into pellets by a cutter (not shown in the drawings)



25in these tanks is set at 2 to 896 by volune. If the 44 recovered raw

mat eri al nononmer is wanted to be stored in the recovery tank 67 for a | ong
time, it is preferable to store it at a.4fm/tenperature of, for exanple, O
to 5C. [0081] 5Therefore, as understood om t he above descri pti on,
according to the apparatus for producing a polyner of the present invention
and the process for producing a polynmer conducted by using the apparatus,
attachnment of the polymer to the stem 9 and/or the guide 13 of the
pressure- 10reqgul ating val ve 20 can efficiently be prevented, therefore,

t he oper at t6nRE4RSSRAB| y 2BGh CiLRGEGeda freRy tiendischegge 1ine 65 this
enbodi nent, a case of conducting the bul k polynerization in the

pol ymeri zatlPB8A5$t ep is described. 15 However, the present invention is not
limted thereto, the solution polynerization may be conducted in the

pol yneri zati on 8sepa Imethedl endoudnent ,devalst bl spinentextsrudssd f emyt he
sol ution polynerization, the apparatus for producing a polyner is provided,
i n addi ti oautibablsi metapds2@Ganoivel guseat,i euittabilye mepbadat e stesidradbed,i n
the above with reference to Fig. 3, with a solvent tank and a supply line
and aspunpfasgsoskanplew tdpihes sopyenf taErkei31 -saggulyy, t lv@-6!s50ennt7455 ,t he
reactor 40. The sol vent can be supplied to the reactor 40 after being m xed

ﬁﬁth the raw-pateskak2250PRaNen -@RGAON aide tpel YARki.zation initiator, or can
e
[0076]
Generally, the devolatilizing extrusion process is
conducted by extruding the continuously supplied polymer
10 . composition with a screw under heating, for example, to
200-290°C to continuously separate and remove at least part
of, preferably most of, more preferably substantially all
of the volatile components contained in the polymer
composition. The pressure of the devolatilizing extrusion
15 process 1is, for example, about -1.2 to 0.4 MPaG (gauge
pressure) as a vent pressure.
[0077]
Thus, the polymer can be obtained as the extruded
material after the devolatilizing extrusion. The extruded
20 material substantially consists of the polymer, and may
possibly comprise other components, for example, the
residue of the polymerization inhibitor.
[0078]

Furthermore, before, during or after devolatilization

25 of the polymer composition in the devolatilizing extruder,



45 supplied to the reactor 40 directly. The polynerization step is
conducted simlarly to the polynerization step described above, except that
the solvent is used in the polynerizatiqa reaction. The solvent can be
appropriately 5 selected depending on t % raw materi al nonomer of the
solution polynerization reaction and the |ike, and includes, but not
limted to, for exanple, toluene, xylene, ethyl benzene, nethyl isobutyl
ket one, methyl al cohol, ethyl alcohol, octane, decane, cycl ohexane,
decalin, butyl 10 acetate, pentyl acetate, and the like. In this case, a

ratio C D R&PTHGADGEt FUGRted teIhGt akarprés POBOIghes: fathyefatihl v
80:20 to 90: 10, wherein C represents a supply flow rate (kg/h) of the raw
materi al nBREFES . f |A1 R FFRTiINe APserernal agenbmer fiegitd staiki Bizinghd D
15represents a supply flow rate (kg/h) of the solvent to the reactor 40.
Exanpl es [ 8083t ,2@Har@iaxrstter ,aexampl sisavic t Agept ogsds ther lpkedyamdea
pol ymer of the present invention are shown bel ow, although the present
i nventi on msidedt tlo rmiheegollgmiches é fexanplsesnry{.0084] (Exanple 1) 25In this
exanpl e, generally, the process for producing

5 [0079] -

On the Other:héhd, the volatile componénts removed in
the devolatilizing extruder 60 can be recycled as a raw
material monomer for polymerization. The volatile
components comprises the unreacted raw material monomer as

10 a major component, and comprises other volatile components,
for example, impurities originally contained in the raw
material monomer, additives used if necessary, volatile by-
product (s) generated in the process of polymerization,
oligomer such as dimer and trimer, decomposed substance of

15 the polymerization initiator, and the 1like, as well as
impurities such as the polymerization inhibitor and the
solvent (in particular, monomer) contained in the
polymerization inhibitor containing fluid. In general,
since a larger amount of the impurities make the obtained

20 resin composition colored, it is not preferable. Then, the
volatile components removed in the devolatilizing extruder
60 (which includes the unreacted raw material monomer as a
major component and also includes impurities as described

above) may be passed through a monomer recovery column (not

25 shown in the drawings) , and treated by means of



46 a pol yner as described above was conducted to produce a polyner in the
formof pellets. Mre specifically, this was as expl ai ned bel ow. [0085]
5The raw material nonomer fluid having t foll owi ng conposition was
prepared. nethyl nethacrylate 98.718% by wei ght nethyl acrylate 0.908% by
wei ght a chain transfer agent (n-octylnercaptan) 0.261% by 10wei ght a
nol d rel ease agent (stearyl alcohol) 0.113% by wei ght On the other
hand, the polynerization initiator fluid having the follow ng conposition
was prepared 15- nmethyl nethacrylate 99.520% by wei ght
polynerlza@FSﬁPﬁﬂﬁF&P&n[1a@§@FPF1°But§P§e 6%?30ﬁé¢€heﬁéhthﬁi486@¥8Vﬂveight

recovery column to remove the impurities from the above

described volatile components. Thereby, the unreacted raw

material monomer can be recovered with high purity, so that

5 it can be suitably reused as the raw material monomer for

polymerization. For example, continuous distillation is

conducted in the monomer recovery column to recover the

unreacted raw material monomer with high purity as a

distillate 1liquid from the top of the monomer recovery

10 column, and it may be transferred and recycled to the raw

material monomer fluid tank 31 after it is reserved in the

recovery tank 67 once, or it may be transferred and

recycled to the raw material monomer £fluid tank 31 without

being reserved in the recovery tank 67. On the other hand,

15 the impurities removed in the monomer recovery column may
be disposed as a waste.

[0080]

In order to prevent the recovered raw material monomer

from causing the polymerization reaction in the recovery

20 tank 67 or the raw material monomer fluid tank 31, it is

preferable that a polymerization inhibitor exists in these

tanks at a ratio of, for example, 2 to 8 ppm by weight with

respect to the raw material monomer, and more preferably,

in addition to this, an oxygen concentration in a gas phase

25 in these tanks is set at 2 to 8% by wvolume. If the



Furthernore, 2, 4-di net hyl-6-tert-butyl phenol as a pol ynerization inhibitor
wasdi ssol ved in nethyl 20nethacrylate at 50 ppm by weight to prepare the
pol ymeri zation inhibitor containing fl ui% [ 0086] For producing a
polymer in this exanple, the apparatus f it produci ng a pol yner shown in
Fig. 3 was used. A 25conplete m xing type reactor having a capacity of 13
47 litters was used as the reactor 40. The nononmer raw material fluid and
the polynerization initiator fluid which were prepared above were charged
to the raw material. nononer fluid tank 31 and the pal ynerization initiator
5fluid tanIEeSSVG’F§§pé”&W v‘é@?er-’l:%l?‘t ReFOmERe Jﬁ‘ol V%F?gattloorpf? nffFeFredr in
containing fluid prepared above was charged to the pol ymerization inhibitor
cont ai ni ngtheuirgcoaerys Larfo087] fFhear dwndatiemal HondfePreFarabard tohe
pol ymeri zati on

store it at a low temperature of, for example, 0 to 5°C.

[o081]

5 Therefore, as understood from the above description,
according to the apparatus for producing a polymer of the
present invention and the process for producing a polymer
conducted by using the apparatus, attachment of the polymer
to the stem 9 and/or the guide 13 of the pressure-

10 regulating valve 20 can efficiently be prevented, therefore,
the operation can stably continue for a long time.
[0082]
In this embodiment, a case of conducting the bulk
polymerization in the polymerization step 1is described.
15 However, the present invention is not limited thereto, the
solution polymerization may be conducted in the
polymerization step. In such embodiment, since a solvent is
used for the solution polymerization, the apparatus for
producing a polymer is provided, in addition to a similar
20 configuration to the apparatus described in the above with
reference to Fig. 3, with a solvent tank and a supply line
and a pump associated with the solvent tank to supply the
solvent to the reactor 40. The solvent can be supplied to
the reactor 40 after being mixed with the raw material

25 monomer and/or the polymerization initiator, or can be



10 initiator fluid were supplied to the reactor 40 via the supply port 4la
fromthe raw material nononer fluid tank 31 and the pol ynerization
initiator fluid tank 33, respectively. [0088] 15The supply of the nonomner
raw material fluid and the polynmerizatiofminitiator fluid to the reactor 40
was performed so that a ratio of flow rates of themwas 17.6:1 (by weight),
and an average residence tine in the reactor 40 was 26 m nutes. The
tenperature in the reactor 40 and 20t he tenperature of the jacket 43 were
175C. [0089] The pressure in the reaction systemwas automatically
control | edSHPPE3FAg Ehe tﬁ%ees’EG@@tPégLﬂoat PFhgeghilve JBhehem ymemHizgtipso
that the pressure in the reactor 40 is 1.60 25MPaG (gauge pressure). The
pol yneri zaBkeRr i héi amstucusl cormdilgimdy f Eai dthds RobMmeiticiast o edtish o t he
pressure-regul ating valve 20 fromthe pol ynerization inhibitor containing
fluid tankdegcviibethelidusg d tsedpporthalt?. thhe fadertrviasiperdsmdredn s ghiehat
the ratio of the flowrate of 5 the polynerization inhibitor containing
fluid to tpelpmegdivneipagueatdmigprval Tee2@clochlie daot abef lappropird adfe1tyhe raw
mat eri al nononer fluid and the polynerization initiator fluid to the
reacter 40swascted9 {byemeigdt )on[ AIR0] rd@ThRateathl omethother e dn the

reactor 40 was
solution polymerization reaction and the like, and includes,
but not 1limited to, for example, toluene, xylene, ethyl
benzene, methyl isobutyl ketone, methyl alcohol, ethyl
alcohol, octane, decane, cyclohexane, decalin, butyl
10 acetate, pentyl acetate, and the 1like. In this case, a
ratio C:D is, but not limited to, for example, 70:30 to
95:5, preferably 80:20 to 90:10, wherein C represents a
supply flow rate (kg/h) of the raw material monomer f£luid
from the raw material monomer fluid tank 31, and D

15 represents a supply flow rate (kg/h) of the solvent to the

reactor 40.

Examples
[0083]

20 Hereinafter, examples of the process for producing a
polymer of the present invention are shown below, although
the present invention is not limited to these examples.
[0084]

(Example 1)

25 In this example, generally, the process for producing



continuously taken out as a polyner conposition via the effluent port 41b.
The pol yner conposition thus obtained was preheated by passing through the
preheater 50 set at 200C. After passing %%e pol ymer conposition through the
15 pressure-regul ating valve 20, the volatile conponents such as the
unreacted raw material nononer were renoved in the devolatilizing extruder
60 set at 240C and the residue was extruded in a nolten state and cool ed
with water and cut into pellets, and then the pellets were discharged from
t he 20d|scharge | ine 65. Thus, the polynmer was prqoduced in the form of
pel lets. [@0Hglymer as d%%‘l%r?‘?&f’?oﬁ“’%sat@O{l‘ﬁ@%e%l%t?rﬁﬁgce a
determ ned fromthe supply wei ghts per hour of the raw material 25nmononer
fluid and PReYpErydsr ithgt ifeoam @ift Peldet .uMPreamipecad iaed Ipt.oddits ores
(di scharge) wei ght per hour of the pellets. The polynerization rate was
56% by weeghexpled22]d below. The above production operation of a pol yner
was continued for 10 days. During this operation, the pressure in the
react or 40 [oasshe regulated in the range of 1.60 + 0.01 MPaG (gauge
pressure). [0093] (Conparative Exanple 1)
5 The raw material monomer fluid having the following
composition was prepared.
- methyl methacrylate 98.718% by weight
- methyl acrylate 0.908% by weight
- a chain transfer agent (n-octylmercaptan) 0.261% by
10 weight
-a mold release agent (stearyl alcohol) 0.113% by
weight
On the other hand, the polymerization initiator fluid
having the following composition was prepared.
15 - methyl methacrylate 99.520% by weight
- polymerization initiator [1,1-di(t-
butylperoxy) cyclohexane] 0.480% by weight
Furthermore, 2,4-dimethyl-6-tert-butylphenol as a
polymerization inhibitor was dissolved in methyl
20 methacrylate at 50 ppm by weight to prepare the
polymerization inhibitor containing fluid.
[0086]
For producing a polymer in this example, the apparatus

for producing a polymer shown in Fig. 3 was used. A

25 complete mixing type reactor having a capacity of 13



10A polymer was produced simlarly to Exanple 1, except for using nethyl
net hacryl ate in place of the polynerization inhibitor containing fluid.
[ 0094] The above production of a pol yner yas continuously 15 perforned. As
aresult, at 3 days after starting the %eratlon si nce the novenent of the
pressure-regulating val ve 20 becane awkward, and the pressure in the
reactor 40 was increased to 1.65 MPaG (gauge pressure), then the operation
was stopped. 20 Industrial Applicability [0095] The present
i nvention can be used for producing a polyner such as (neta)acrylic
pol yners. 158tpggoeyas use¢hea%re%@%t Bppfieat i th clBis WG y Ty
Japanese Patent Application No. 2011-173503 filed on August 9, 2011,
entitled "MPPARATLS FANDIPROGESS SRR LPREDUSANG FPOLVER 2t OB THA Udsh tHch of
that application are incorporated herein by

were prepared above were charged to the raw material

monomer fluid tank 31 and the polymerization initiator
5 fluid tank 33, respectively. Further, the polymerization
inhibitor containing fluid prepared above was charged to
the polymerization inhibitor containing fluid tank 51.
[0087]
The raw material monomer fluid and the polymerization

10 initiator £luid were supplied to the reactor 40 wvia the
supply port 4la from the raw material monomer fluid tank 31
and the polymerization initiator fluid tank 33,
respectively.

[0088]

15 The supply of the monomer raw material fluid and the
polymerization initiator £luid to the reactor 40 was
performed so that a ratio of flow rates of them was 17.6:1
(by weight), and an average residence time in the reactor
40 was 26 minutes. The temperature in the reactor 40 and

20 the temperature of the jacket 43 were 175°C.

[0089]

The pressure in the reaction system was automatically
controlled by using the pressure-regulating valve 20 shown
in Fig. 1 so that the pressure in the reactor 40 is 1.60

25 MPaG (gauge pressure). The ©polymerization inhibitor



the reference thereto in their entirety. 51 CLAIMS 1. An apparatus for
produci ng a polyner provided with a reactor, a pressure-regul ating val ve
and a devol atilizing extruder so that a.$?lyner conposition obtained from
the Sreactor is supplied to the devolatilizing extruder through the
pressure-regul ati ng val ve, wherein the pressure-regul ating val ve
conprises a valve elenent, a body having a space for housing the val ve

el enent, a stem for supporting and controlling the valve 10 elenent, a
gui de for slidably guiding the stem and a fluid feed ort t hr ough mhlch a
fluid conmpFPBLAGRARH0l §HEt] z ¥BSorF PHRBIAWTLY stedd 1|1'H:t% NG apPAFESNEET a
surface of the stemand an internal surface of the guide, and the gap is

comuni cat s89Wlekinge ypdve | R0t h&Ensady Wi t RElYe 1ai@n SHERifiGAL he
fluid feed port flows into the space. 2. The apparatus for producing a
pol ymer accondenging dilaiid 1tankepai rvitthetpe efduid- rfepd apdny Udl vdhe
conprises further a lantern ring in a sealing part between the stem 20and
t he gui de, fard s fperfiofreed portthax | Uoat edtad) adertley fbowheakantaes n
ring. 3. A process for producing a polynmer by using the apparatus for
produsi ng ahpol pyaafmRGCtotikg t cithEbimdr orcontaining £luid to the
pressure-regulating valve 20 to the total flow rate of the
raw material monomer f£luid and the polymerization initiator
fluid to the reactor 40 was 1:79 (by weight).
[0090]

10 The reaction mixture in the reactor 40 was
continuously taken out as a polymer composition via the
effluent port 41lb. The polymer composition thus obtained
was preheated by passing through the preheater 50 set at
200°C. After passing the polymer composition through the

15 pressure-regulating valve 20, the volatile components such
as the unreacted raw material monomer were removed in the
devolatilizing extruder 60 set at 240°C and the residue was
extruded in a molten state and cooled with water and cut
into pellets, and then the pellets were discharged from the

20 discharge line 65. Thus, the polymer was produced in the
form of pellets.

[0091]
A polymerization rate (% by weight) was determined

from the supply weights per hour of the raw material

25 monomer fluid and the polymerization initiator £luid, and



25claim 2, wherein the process conprises: 52 subj ecting raw
mat eri als conprising a nononer and a pol ynerization initiator to a
pol ymeri zation reaction in the reactor v&éh regulating a pressure in the
reactor by the pressure-regulating valve,” and taking out a polyner
5conposition conprising a polyner and an unreacted nononmer fromthe
reactor; passi ng the polyner conposition taken out fromthe reactor to
the space in the body of the pressure-regulating valve with feeding a fluid
conprising a polynerization 10 inhibitor fromthe fluid feed port in the
pressur e- r B§aIl BEPAYCFIOTe (- sshadias )t Hee Bty e cBAPBsPEi ShewRisdH St -ni xed
wth the fluid, and supplying the polynmer conposition which is m xed
with the fThedrebvaekédalyopasaitegWelr Baghbvheeggddsure- 15 regul ating
valve to the devol atilizing extruder, and taking out fromthe
devol atiliZPAg2éxt ruder an extruded material in which volatile conponents
conprising the unreacted nononer are at |east partly renoved fromthe
pol ymer conposi Then tbowkt apmotihe tpohny nepeasttilba extfr uded podtymeiral waz0
4. The process for producing a polyner according to claim3, wherein the
f 1 ui dsconpebathgukle fpel yirerdaaasd | apat iy bthos bpeaatlhiohd whiecressiaemed by
di ssol ving the polynerization inhibitor in the nononer.

in the reactor 40 can be regulated in the range of 1.60 +

0.01 MPaG (gauge pressure).
[0083]
(Comparative Example 1)

10 A polymer was produced similarly to Example 1, except
for using methyl methacrylate in place of the
polymerization inhibitor containiné fluid.

[0094]
The above production of a polymer was continuously

15 performed. As a result, at 3 days after starting the
operation, since the movement of the pressure-regulating
valve 20 became awkward, and the pressure in the reactor 40
was increased to 1.65 MPaG (gauge pressure), then the
operation was stopped.

20
Industrial Applicability
[0095]

The present invention can be used for producing a
polymer such as (meta)acrylic polymers.

25



53 5. The process for producing a polyner according to claim3 or claimd4,
wherein a content ratio of the polynerization inhibitor in the fluid
conprising the polynerization inhibitor '$ 5-2,000 ppm by wei ght based on
the total 5weight of the fluid. 6. The % ocess for producing a polyner
according to any one of clainms 3-5, wherein a ratio of a supplying flow
rate of the polyner conposition to a supplying flowrate of the 10 fluid
conprising the polynerization inhibitor, both to the pressure-regul ating
val ve, is %%%g%? a range from80:20 to 99.9:0. 1.

The present application claims priority to Japanese

Patent Application No. 2011-173503 filed on August 9, 2011,
entitled "APPARATUS AND PROCESS FOR PRODUCING POLYMER."

5 The contents of that application are incorporated herein by

the reference thereto in their entirety.
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CLAIMS

1. An apparatus for producing a polymer provided with a
reactor, a pressure-regulating valve and a devolatilizing
extruder so that a polymer composition obtained from the
reactor is supplied to the devolatilizing extruder through
the pressure-regulating valve,

wherein the pressure-regulating valve comprises a
valve element, a body having a space for housing the valve
element, a stem for supporting and controlling the wvalve
element, a guide for slidably guiding the stem, and a fluid
feed port through which a fluid comprising a polymerization
inhibitor is fed into a gap between a surface of the stem
and an internal surface of the guide, and the gap 1is
communicated with the space in the body so that the fluid

fed from the fluid feed port flows into the space.

2. The apparatus for producing a polymer according to
claim 1, wherein the pressure-regulating valve comprises
further a lantern ring in a sealing part between the stem
and the guide, and the fluid feed port is located

adjacently to the lantern ring.

3. A process for producing a polymer by using the
apparatus for producing a polymer according to claim 1 or

claim 2, wherein the process comprises:
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subjecting raw materials comprising a monomer and a
polymerization initiator to a polymerization reaction in
the reactor with regulating a pressure in the reactor by
the pressure-regulating valve, and taking out a polymer
composition comprising a polYmer and an unreacted monomer
from the reactor;

passing the polymer composition taken out from the
reactor to the space in the body of the pressure-regulating
valve with feeding a fluid comprising a polymerization
inhibitor from the fluid feed port 1in the pressure-
regulating valve to obtain the polymer composition which is
mixed with the fluid, and

supplying the polymer composition which is mixed with

the fluid obtained by passing through the pressure-

regulating valve to the devolatilizing extruder, and taking

out from the devolatilizing extruder an extruded material
in which volatile components comprising the unreacted
monomer are at least partly removed from the polymer

composition to obtain the polymer as the extruded material.

4. The process for producing a polymer according to claim
3, wherein the fluid comprising the polymerization
inhibitor is a fluid which is formed by dissolving the

polymerization inhibitor in the monomer.
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53

5. The process for producing a polymer according to claim
3 or claim 4, wherein a content ratio of the polymerization
inhibitor in the fluid comprising the polymerization
inhibitor is 5-2,000 ppm by weight based on the total

weight of the fluid.

6. The process for producing a polymer according to any
one of claims 3-5, wherein a ratio of a supplying flow rate
of the polymer composition to a supplying flow rate of the
fluid comprising the polymerization inhibitor, both to the
pressure-regulating valve, is within a range from 80:20 to

99.9:0.1.



