DESCRI PTI ON APPARATUS AND PROCESS FOR PRODUCI NG POLYMER Techni cal Field

[ 0001] The present invention relates to an apparatus and process for
produci ng a pol yner. Background Art 10[ 0002] As a process for
producing a polyner such as (neta)acrylic polyner, 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 conponents nmainly containing the unreacted
nmonomner are renoved fromthe pol ynmer conposition using a devolatilizing

extruder to give the polyner as an terial (for exanple, see
Patent Literatures 1-4). 20 Citatioﬁé ?ggﬁﬁggg3]

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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A-200. 5- 112870 sunmary of Invention 5Technical Problem[0004] In such
process for producing a. polyner, a pressure

-regulating valve is used to regulate a pressure in the reactor, and a

pol ymer conposition obtained by passing. 10t hrough the presure -regulating
valve is supplied to the:

Patent Literature 3: JP-A-2000-211010
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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 1is supplied to the
devolatilizing extruder (see Patent Literature 4).

[0005]

However, the conventional apparatus for producing a
polymer using the wusual 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 continuocus operation for a
long time is impossible.

[0006]

20 The object of the present disclosure is to provide an
apparatus for producing a polymer which 1is able to be
operated stably and continuously for a long time and a
process for producing polymer conducted by wusing the
apparatus.

25



devol atilizing extruder (see Patent Literature 4), [0005] However . ,

t he conventi onal apparatus for producing a polyner using the usual
pressure-regul ati ng val ve has a 15problem that 5f the apparatus is
continuously operated for a long tinme, the novenent of the

pressure-regul ating val ve becomes awkward, so that the continuous operation
for long tine is inpossible. [0006] 20The object of the present disclosure
is to provide an apparatus for producing. a polymer which is able to be
operated stably and continuously for a long tinme and a process for
produci ng pol yner conducted using the apparatus, Solution to Problemcr;

nry-71 Sollut itdre usuatolprassure-regul ating valve., a stemfor'
supporting and controlling a valve elenent is inserted into
[0007]

In the usual pressure-regulating valve, a stem for
supporting and controlling a valve element i1s inserted into
5 a guide for slidably guiding the stem therethrough. It is
considered that a polymer composition enters a gap between
the surface of the stem 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, 1t is wunderstood that, when the apparatus for
producing a polymer continuously is operated for a long
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 embodiments of
the present disclosure.
[0008]

The present disclosure provides the following [1] to

25 [1] An apparatus for producing a polymer provided



; a guide for slidably guiding the stemtherethrough,. It is considered
that a polyner conposition enters a. gap between the surface of the stem
and the internal surface of the guide, and an unxeacted nononer in the

pol ymer conposition is polynerized for exanple, by heat.) on the site and
the 10 resulting polyner is attached to the stem and/or the guide. Then,
it is understood that, when the apparatus for producing a polyner
continuously is operated for a long tinme, the attached polynmer inhibits
sliding of the stem thereby the novenent of the pressure regul ati ng val ve

15 b Wk h ds, i thly
control the bhfve % gﬁétﬁFgégmﬁ]t&‘Znd!BH?SSﬁ‘%ge?ﬁlggﬁ%F?gh %E%S?aaﬁed a

earnestly on an_a ratus for duci n nmer mhlch is able to prevent
At achment ‘OFVCRECBOI HED ( B<ERESEFemana/BRY het oGS  RERRSLAS
20r egul ating, vaj vc. and flnall¥ npl et ed _t he enbodi ments of the
present. di SEF8snee. freBosheTRERS @éeﬁ€ FUPELdEF &PrtdiA devalnd #l6138W ng
[I] to 4 with a reactor, a pressure-regulating valve and a devolatilizing
extruder soS¥hERAGTpEhYREENC 6REOSIESENTEEAONAA HNGMVEHE S eact or i s
supplied to the devolatili7ing extruder through the pressure-regul ating
val ve, 55wher ei n vherpiasstibe- r pgasatireg reginie tdmypr ivedyea caimpe iglesnmerst, a
body having a space for housing the valve elenent, a stemfor supporting
and control vahyget béeveahte el dweint having de $pacs| Edabhpugindi rdnet healsteem
and a fluid feed port through which a fluid conprising a polynerization
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 £luid
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 valve, and taking out a polymer



10 inhibitor is fed into a gap between a surface of the stemand an
internal surface of the guide, and the gap is communi cated with the space
in the body so that the fluid fed fromthe fluid feed port flows into the
space, [ 2] The apparatus fog producing a polynmer according
15 to the above [1l], wherein the pressure-regul ating val ve conpri ses
further a lantern ring in a sealing part between the stem and the guide,
and the fluid feed port is |ocated adjacently to the lantern ring.

[3] A process for producing a polynmer by using the 20apparatus for

produci ng acgﬁ{ﬁ%g‘f{; 18(° %rC%r{pqg.[Stl g?[ :]% Vﬁg??ﬁr [11.0{ Lhe,abave tLegl] M8 N

the process conprises.: i als conprising a nonomer and
pplyner|zat%on |gh iator to a polynerization reaction in t he reactor
with regul aff R 5"pr£8§8GF8%Fn the reactor by 25the pressure-regul ating

val ve, and Lokl g out e BTt SQPOSLLOD, POTRN S0, Y YPEL, oG 1
reactor to the space in the body of the pressure-regulating
5 valve with feeding a £fluid comprising a polymerization
inhibitor from the fluid feed port in the pressure-
regulating valve to obtain the polymer composition which is

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 fluid 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



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 polynerization inhibitor fromthe fluid feed port in the
pressure-regul ating valve to obtain the polymer conposition which is m xed.
with the fluid, and supplying the pol yne conposition which is mxed with
10 the fluid obtained by passing through the pressure-regulating valve to
the devolatilizing extruder, and taking out fromthe devolatilizing
extruder an extruded material in which volatile conponents conprising the
unreacted nononer are at |east partly renmoved fromthe polymer conposition
to obtain tdey pohgnerf ashtehealexteuded. tat €iflal , wherein [#4] rTheoproktess for
produci ng a pol yner according to the above[3] ,wherein the fluid conprising
t he pol ynerdsz@abionmd nhi bov orriasea &fui dhwhi chliyseftor nedpbyidissol vbngat he
pol ynmeri zation inhibitor in the nononer. [5] The process for
produ-ing aspebyyeigaccordi ng rhe et heo@boveng 3] fruide abeve i[lng whenein a
content ratio of the polynerization inhibitor in the fluid conprising the

pol ymeri zatpOnyhdhi pit 06ni S nPi21000 , ppmdby wei ghie bpsedsancthegtiobalnyei ght
of the fluid. 25[6] The process for producing a polyner according to any

one ofsthe aboye [31 &Pt$§i1a“9§ﬁ§éno§ fE8hi 909bosuppPbyi Bgof how rate . of
the pol yner conposition to a supplyingflow rate ofthefiuid. conprising the

pol ymeri zation inhibitor, both to the pressure-regulating valve, is within
a range of from20:20 to 99.9:0.1. Effect of Invention

Effect of Invention
[0009]
According to the present disclosure, 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 long time.
Additionally, a process for producing a polymer conducted
15 by using the apparatus is provided.
According to one aspect, there is ©provided 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
20 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 valve

25 element, a guide for slidably guiding the stem, and a fluid



[ 0009] According to the present disclosure, there is provided 10 an
apparatus for producing a. polyner which is able to prevent attachnent of

a. polymer to a stemand/or a guide in a pressure-regul ating val ve, thereby
being able to be operated stably and. continuously for a. long tine.
Additional ly, a proceas for producing a P8l vncr conducted by using the
apparatus i s provided. According to one aspect, there is provided an
apparatus for producing a polyner provided with a reactor, a pressure
-.regulating valve and a. devoiatilizing extruder so that a. polyner
conposition obtained fromthe reactor is 20supplied. to the devolatili anp
extruder thrermylrate pPressur evregul at f hgivateveprising ahppéinerhgation
pressure-regul ati ng val ve conprises a valve el enent, a body having a. space
for housi ngiithiecadweiel émentinta st emah obesuppor bi g Eed-econt r ohéi agetnhe
val ve 25el enent, a guide for slidably guiding the stem and a fluid. 6Ps
feed port tdudugh whhebraafll usdrcooprist ngha pehyderi zahdonchahidaict ofsi s

fed into a gap between a surface of the stem and an internal

surface of

the gui de, @ngnihe-Haddi siepmiuai cled Wit hthbepspgced nithe bedyrsaithat

the fluid fed fromthe fluid feed port flows into the space,

According t@anetherciaspectiqdthetg psrorevbeed; acprosessphek . producing a
pol ymer by using the apparatus for producing a polyner as disclosed herein,

wherein the

According to another aspect, there 1is provided a

process for producing a polymer by using the apparatus for

producing a polymer as disclosed herein, wherein the

10 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

the pressure-regulating valve, and taking out a polymer

15 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

20 inhibitor from the fluid feed port in 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-

25 regulating valve to the devolatilizing extruder, and taking



10process conpri ses: subj ecting raw materials conprising a nononer
and a polynerization initiator to a polynecizaition reaction in the reactor
with regulating a pressure in the reactor by the pressure-regul ati ng val ve,
and raking out a polyner 15 conposition conprising a polyner and an
unreact ed nmononer fromthe reactor; Yhassing the pol yner conposition
taken out fremthe reactor to the space in the body of the
pressure-regul atinc valve with feeding a fluid conprising a polynerization
20 inhibitor fromthe fluid feed port in the pressure-regulating valve to
obtain the polyner conposition which is mxed with the fluid, and supplying
t he pol ymerogonposint itdre whtehla sl hi xedgwierdt ripdsirheatf | aktdrodedi medeyal
passi ng through the pressureregulatin value to the devolatilizing extruder,
and taking i61-g@hoah frohethéedevohpbnkenzingcexpbrudengan téxt r uded amdatelr i al
In which volatile conponents conprising the unreacted nononer are at |east
partly rennedofieom ihe pot ymesaconpositlion temobidi fride poley mpo lasmetrhe
extruded material, 5 Brief Description of Drawi ngs 1.0010]

composition to obtain the polymer as the extruded material.

5
Brief Description of Drawings
[0010]
Fig. 1 shows a schematic sectional view of a pressure-
regulating valve used 1in an apparatus for producing a
10 polymer in one embodiment of the present invention. Fig.

1(a) shows the pressure-regulating valve in an open state,
and Fig. 1(b) shows the pressure-regulating valve 1in a
close state.

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

15



g. 1 shows a schematic sectional view of a pressureregul ating valve used in
an apparatus for producing a 10pol yner in one enbodi nent of the present
inventien" Fig, 1(a) shows the pressure-regulating valve in an open state,
and Fig, 1.(b) shows the pressure-regul ating valve in a close state. Fig,
2(a) shows a schematic partial enlarged view of 15 7 the
pressure-regul ati ng valve shown in Fig. 1, Fig. 2(h) shows a schematic
partial enlarged view of a nodification of the pressure-regul ating val ve of
Fig. 2(a). Fig. 3 shows a schematic view of an apparatus for

2P1O0UCI N0 8B KIST i 98, STUOULIIL L LI SSPTRLIV T 805 2
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



lval ve el ement 103space body 5a seat part 7a inlet port 7b outlet port
9stem 11. gap 13gui de 15sealing part 1.5a packing 2015b lantern ring

10

15

20

25

8

35, 37 pump

39 raw material supply line
40 reactor

4la supply port

41b effluent port

43 jacket

45 stirrer

50 preheater

51 polymerization inhibitor containing fluid tank
53 pump

60 devolatilizing extruder
61 supply port

65 discharge line

67 recovery tank

100 apparatus for producing a polymer

Description of Embodiments
[0011]

The apparatus for producing a polymer of the present
invention has at 1least a reactor, a pressure-regulating
valve and a devolatilizing extruder. Hereinafter, first,
the pressure-regulating valve 1is explained, then the
apparatus for producing a polymer of the present invention
using the pressure-regulating wvalve, and a process for

producing a polymer of the present invention which is



17fluid feed port 19 driving part 20 pressure-regul ating valve 31 raw
materi al nmononer fluid tank 2533 polynerization initiator fluid tank 8 35,
37punp 39 raw naterial supply line 40reactor 4la supply port 541h effl uent

port 9

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 9 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 £fluid) is fed into
the gap 11 between the surface of the stem 9 and the
internal surface of the guide 13. The gap 11 1is
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 1is used to regulate
20 the pressure in a reactor which is 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 1s shown by the open arrow). The



j acket 45stirrer 50 preheater Si polynerization inhibitor containing fluid
tank 1053 punp 60devol atilizing extruder 61.supply port discharge |ine
67recovery tank 15100 apparatus for producing a polymer Description of
Enbodi ments [0011] 10

outflow rate of the polymer composition from the outlet
port 7b in the pressure-regulating valve 20 is regulated by
the valve element 1, as a result, the pressure in the
reactor is regulated.

5 [0014]

The valve element (or disk) 1 is operated by sliding
the stem 9 along the internal surface of the guide 13 by
the driving part 19 (in the embodiment shown in Fig. 1, by
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 1is 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



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

| east a reactor, a pressuze-regulating valve and a devol atilizing extruder.
Hereinafter, first, the pressure-regulating valve is explained, then the
apparatus for producing a. polynmer of thegqpresent invention using the
pressure-regul ating val ve, and a process for 25producing a polymer 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 producing a polynmer of the present invention conprises, 5 for

exanple as shown in Fig. 1, the valv | eme 1, the bod V] t
space 3 foréh%ugfaﬁ tq?gf%a?%qupgﬁerﬁ%a%ee)t'hgh'sl?%m 23_%160ro1"}s/t_'ufplE“Lpét}?t %ﬁgea%ﬁ
controlling the valve elenent .1, the gquide 13 for slidabl i.din he stem
6 ther ei n_ (FE oPPLYTRE: GO CdaPacath 1pe gBF AFRGF ERE ST aABIE SPdHeD) |
10and the fluid feed port 17 through,mhich a. fluid conprising_a

pol yner i zat? SrARRnFBYE o RE neF8FAdF et aF 86 F@PEFP@dCFBn§§ §e§%ﬂﬁﬁ§¥%fﬁﬁion
i nhibitor containing fluid) is fed into the gap 11 between the surface of
the stem 9 Be@lidelngt dlifal POFfAEE oPLt HERQYUIVHE VES. eTRBIegap 11 315 the
communi cated with the apace 3 in the body 5 so that the polynerization

i nhi bi%or chenaimidgndl ui(dpt-egd-comm) hedfretdiored opent Feowsby nttdret he

space 3 in the body 5. [0013]
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 wvalve, needle
valve (in these constitutions, a stem for supporting a

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



The pressure-regulating valve 20 is used to regulate 20 the pressure in a
reactor which is described below The pol ynmer conposition obtained fromthe
reactor is supplied fromthe inlet port 7a of the body (or valve box) 5,
passes through the space 3 in the body 5;-and flows out through the outl et
port 7b (in Ficx. 1, the flow direction of the 25pol yner conposition is
shown by the open arrow) The 10 outflow rate of the pol yner conposition
fromthe outlet port 7b in the pressure-regulating valve 20 is regul ated by
t he val ve eIenent 1, as aresult, the pressure in the reactor is regul ated.

[ 0014] e valv el_e (or di sk S rate S|I |n the stem
9 al ong t he ?Iht Fnidfe rﬁgg%&e %a%%ll ég fgl by t'he e de Nl parfi t?Len t he
enbodi nent shown in Fi Vi n he stem. 9 u domn in_an

di rection oft ??ﬁﬁ%ﬁ@s?gnFﬁflphdy) gﬁé FEﬁeﬁﬁkﬁ'%@%a ﬁtépﬁeﬁp?ﬁa§e ate
to be supported by the stem9 during the stem9 is operated by sliding.

[ 0015] selectéd ¢pRendingoor F%% pPRESLFELEBRul ati ng. valve 20 so 15
called as a globe valve type. The stem9 is noved up and down within the
guide 13 thBO@TVing part 19, thereby the valve element | whichis
supported at the tip of the stem9 is also sinmultaneously noved up and
down. 3Wen the Vidlvle seepenat 1o $hs axeamap fhd Bda guniceelFi gthe( BRP,

11 is present between them so that the stem 9 can be slid
along the internal surface of the guide 13. The gap 11 also
has a function as a flow passage for the polymerization
inhibitor containing fluid fed from the fluid feed 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 is sealed with the sealing part 15 at the
opposite end of the valve element 1. By providing with the

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



20 the valve elenent 1 is engaged with (or pressed against) the seat part
(or valve seat) 5a in the body 5, and stops the flow of the polyner
conposition through the space 3 (close state). Wen the valve elenent 1 is
placed at the top (see Fig. 1(a)), the poJymer conposition is passed

25t hrough the space 3 flow ng between the valve elenent 1 and 11 the seat
part 5a (open state). Then, the outflow rate of the polynmer conposition,
fromthe pressure-regulatina valve 20 and thus the pressure. in the reactor
can be regul ated by reaulating the position of the valve elenment 1 in the

| ongi t udi nal _(up-and-down irectian (open_degree) by_the stem.9. The seat
part 5a nay°© gﬁt@@ﬁ&&&#ﬁ%ﬁt HgH§ %889r88939§é5a¥5té“EEFPtFFEmﬁq.O

[ 0016) However, the pressure-requl ating valve which is able 10 to be _used
in the preseht PAVEREF o ORI 4 463 ¢ ek B 0 aRY Eﬁp%&r‘fieat@d- e
constitution can he applied as long as the valve el enment | supported by the
stem 9 can b@owﬁeﬁaﬁég Beading @31 Re st L ntPhEh§urgal139abP&sulS - t he
outflow rate of the polynmer conposition fromthe pressure-regulating valve
20 and. thudnt kdisr exshe@inent he aseadtorn can B Feqll 806d. FFor xampl & in
the pressure-regul ating valve 20 shown in Fig. 1, the inlet port and the
out | et 5por tghayd beparseichg nisevessé (in ethehes¢aléngparart7aland lbhie ot et
port 7b are changed to and used as the outlet port 20 and the inlet port,
respectivel yjmiaad therpobynehecenspdsing partmay Sbeai dsedade themoppogit e
direction of that indicated by the open arrowin Fig, 1. Al so, for exanple,
ot her constiritgi edaduely,asa sbetablved sgatle el aed needlle kel e pilackhese
constitutions, a stemfor supporting a valve elenent is noved up and down
in the axiathedglgﬁaipgkkiﬁg,can be used, and the shape of the valve
element 1 and the structure of the body 5 and the |like can be appropriately
sel ected depgpdbng on the constitution. [0017]

10 One or more of the fluid feed ports 17 can be provided
at any suitable position as long 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 1lantern 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 wusing such pressure-regulating valve 20 for
regulating the ©pressure in the reactor, since the

25 polymerization inhibitor containing £fluid fed from the



5Wth respect to the stem9 and the guide 13, the gap 11 is present between
themso that the stem9 can be slid along the internal surface of the guide
13. The gap 11 also has a function as a fl ow passage for the polynerization
i nhibitor containing Fluid fed fromthe fllauid feed port 17. 10 The size of
the gap 11 (representatively, being the value obtained by subtracting the
outer dianeter of the stem9 fromthe inner dianeter of the guide 13 and
bei ng divided by twd) is, but not limted to, for exanple, 0,01-15 nm
preferably 0,1-10 a, Wien the gap size is not nore than 15 the above upper

pmt.the L9220 e adequatsysiigdnehie Ude 13, Malk thsagan size
is not |ess an € above | ower '11mt, e polymerization inhibrto
containing fluid fed %ron1f|ui feeqi ort_17 into t ga %BJ faci.litated
to flow to tHeECSHacet eangapheq@?feclp of %Wbi?gth Egnt fﬁ 8%%%%%%%)yner
conposition to the gap 11 can be_ens reg. %g018 The p 11._between
the stem 9 %ﬁ%lPh%ogugaﬁtiénb@ﬂeﬁiPF pSte FgﬁikﬁPﬁe¥ﬁ8t§eggﬁn§CB§FFr15 at
t he opposite end of the valve elenent 1. By groviding wi th the 25sealing
part 15, tHeOpPesiuteni fie $PHEE AT nthre B8By 143 CAF WEIRGYRai 1&F and
the incorporation of inpurities into the polyner conposition from outside
can beS pr evedt waer Faet kadwil BHaF it Fealingthan el Wi %t 1 t Retd@abory
part 15. In this enbodi ment, as shown in Fig, 1 and Fig. 2(a), a gland
packi ng i s certhininge fdadld myreegntdsthbutuninaqtian t Benpher ecentefacd
sealing part 15 can be nade froman 0- ring sealing, a bellows sealing and
the like inipl adtheof tphdygleand pavkpagtip0019from 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]



100ne or nore of the fluid feed ports 17 can be provided at any suitable
position as long as the polynerization inhibitor containing fluid can be
fed into the gap 11 between the surface of the stem9 and the internal
surface of the guide 13 For exanple, as shyopwn in Fig, 1 and Fig. 15 2(a),
the fluid feed port 17 can be | ocated between the sealing part 15 and the
space 3. Additionally, for exanple, as shown in Fig. 2(b), when the sealing
part 15 conprises the packing 15a and the lantern ring 15b (as shown in the
figure, the lantern ring 15b can be | ocated between the 20packi ngs 15a, but

not limted thereto).. the fluigd feed port 17 can_be_lo e&) pace %} to
the lantern ri ng]e‘?LSbt;hJ[%Of(ﬂboc{jimenec’ %%‘f/e us ﬁ%régélﬁ plfg(g%s rlggé#lgcghﬁ ti%ng
valve 20 for regulating the pressure.in the reactqr, sjince_the .
25p0l yrrer | 240 LEREF nO8: (™ At BEAT AGSRI UG G risd (HaS 12 MAtE Fad
port 17 flows into the space 3 in_the hody 5 through the gap 11, the flow
of the pol yRBRPREEi onliHhi Fiar Sdnt &PAi N | B TR VENY prevet™% he
pol yrer conFosition fromentering the gag 11. Furthernore, the
pol yner i zat FbaldnkeBit 88 i TheRe pedyRer 2afién IhMHE t 6PRE8RE§FnitRy FHeui d
prevents the unreacted nononer contained. in the polymer conposition from
bei ng pol ynewpped mddrt #émaldfy thes neawti t40 thied athachHERE 8P e pol.yner
to the stem9 and/or the guide 13 can effectively be prevented 10 to all ow
t he pressureespgatavehy, vahdetRe tewkwepevpedasiupyglpr éficicalBl% wi t hout
fixing even when it is continuously operated for a long tinme, [0021]
[0024]
The reactor 40 is preferably a 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 41lb is
15 preferably located at a top of the reactor, although this
embodiment is 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 in 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



Next, an apparatus for producing a polymer of the 15present invention using
such pressure-regulating valve 20 wll be described. [0022] The
apparatus for producing a polyner 100 of the present invention is provided
with at |east the reactor 40, 20 the presgure-regulating valve and the
devol atilizing extruder 60 as shown in Fig. 3, and is nmane up so that the
pol ymer conposition obtained fromthe reactor 40 is supplied to the

devol atilizing extruder 60 through the pressure-regul ati ng val ve 20.

25[ 0023] In this enbodinent t he apparatus for producing a polyner

100 can be rOV|de W t the éh mat eri al no fl |d§§:q$ 1 and
t he polynergﬁﬁf?ﬁn i Y ?o O??é? ﬁ1§§ Eﬁ eggangn gﬁ f% ZHOKS
connected to_the supply port g% of the rea %@r 40 via the upps .and 37,
respectlvel?/dJ%ﬁﬁthg a}ﬁ?erra? ?ﬁ?nguﬁtﬂ]ﬁ}cl t\[{?ﬁ)zﬁﬁmngcggn% Hact or
40 is preferably a reactor of a conplete n1X|n%qtgg Specifical]y,. the
reactor 40 W%1%¥09PHEGCRFtﬁhEOQW§§WﬁHﬂMRP$Br4 aREERE TR TENE 56T t
41b, and preferably further grOV|ded with the jacket 43 as a tegperature
regul ating fehewnfby FegufelPay B cBApEFSEUPY 6f 98k t6Gt dlrsurifadd Jof 3t he
reactor and the stirrer 45 for stirring a content therein. The effl uent
port 44b isld82pleferably |located at a top of the reactor, although this
enbodiment is not limted thereto. On the other hand, the supply. port 4la.
may he general | yAfidtatedadtyan iapprbpei atdopdisnenion ¢hea dpperapast fofr t he
reactor, although this enbodinent is not limted thereto. Furthernore, the
react or producing a polymer 100 may be further provided with the
preheater 50 between the reactor 40 and the pressure-
regulating valve 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 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 41lb 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 1is
connected to the supply port 61 of the devolatilizing

extruder 60. Additionally, in this embodiment, the

25 apparatus for producing a polymer 100 may be further



20 40 may be provided with a tenperature sensor T for detecting a
tenperature in the reactor and a pressure sensor P for detecting a pressure
inside the reactor. The a detecting part of the pressure sensor P is
not necessarily located inside the reactof;as long as it can detect the
25pressure in the reactor. The detecting part of the pressure 16 sensor P
may be | ocated outside the reactor 40, for exanple, adjacent to the

ef fl uent port 4ab on the connecting |ine which connects the effluent port
41b to downstream devi ces (shown by the synbol P enclosed by a dotted |ine

in Fig. 3)._L002 o Add t [y, in.thi [ t, .the. t.us f
orodugi ng. PROTYAER 1B mhybBSLAPENGP b SEF WeLioH RS BrORiarer G0
bet th t 40 and th - lati I 20.. The effl t
port 41b of CEHE. FoaciBrELGaM: | St CORNGEFER LR A HEV1 Fhet (bR SFerheort

preheater 50, and the outlet port of the preheater 50 is connected to the
inlet port ¥4 of the pressure-regulating valve 26. VAS {thée prémeater SO any
appropriate heater can be used as long as it can heat a viscous fluid. Wen
t he apparat U8029F 15 producing a polymer 100 is provided with the preheater
SO, the pressure sensor P may be |ocated adjacent to the effluent port 41t
on. the connectihg Ithee dshiclatcionieions ekervfieruét, porsingbet ort malti
preheater 50 (shown by the synbol P enclosed by a dotted line in Fig. 3).
20[ 0026] scrdhe denesisrie ¥zind aextgudalrvec2f ilse asiseescrThed eadfoweledThe
outlet port 7b of the pressure-regulating valve 20 is connected to the
supply portméidepial hebdeavakadt idfitamgiextTameri 6t idddisi aarakhy puitn fivains
enbodi ment, the 25apparatus for producing a polynmer 100 nmay be further
the discharge line 65. Furthermore, in this embodiment, the
apparatus for producing a polymer 100 may be provided with
10 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]
15 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
20 100 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

25 composition comprising a polymer and an unreacted monomer



provided with the polynerization inhibitor containing fluid tank 51. This
tank 51 is connected to the fluid feed port 17 of the pressure-regul ating
val ve 20 via the punp 53. [0027] 5As the devolatilizing extruder GO a
single or nmulti screw devolati'izing extrygder can be used. The extruded
materi al obtained after devolatilization is taken out fromthe di scharge
line 65. Furthernore, in this enbodi nent, the apparatus for producing a
pol ymer 100 may be provided with 10 the recovery tank 67 for storing the
nononer which is separately recovered fromthe volatile conponents (mainly

contai ni ng the unreacted nonoger). whi re. ar at IR the devolatilizing
extruder 6 .r?%OQ%T réagtoﬁbgp?(gh8r8§g¥§e%6%gg%8 u%?ﬁg)a pol ymer conduct ed
by using such apparatus w.l |l be_described. [0029 Th rocess for
produci ng a pol yﬁ%?sblflgt H'r Bé’&ﬁﬂneirnv‘éﬂ‘f‘ﬁ)‘(’)%lﬁé‘éé tW%o?Btapgﬁ$%t i"ef or
produci ng a pol yner 20100 and conpri ses, subjecting raw material s
conpri si ng %e%%%ﬁeﬁoaﬁ(? ol §REFEza igh TRt Pﬁfiéf]r X PL pBPy REESSAS SN
reaction in the reactor 40 with regulating a pressure in the reactor by the
pressure-r eePatrhgngal ve0® ot t dRithg ARSH DI yRBE 25CdaPEsiiEedH on

conprising a polymer and an unreatted nonomer
5 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

10 supplying the polymer composition which is mixed with
the polymerization inhibitor containing fluid obtained by
passing through the pressure-regulating valve 20 to the
devolatilizing extruder 60, and taking out an extruded
material, in which wvolatile components comprising the

15 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]

20 Hereinafter, the preparation of the raw material and
the polymerization inhibitor containing f£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

25 producing a methacrylic ester polymer as a polymer will be



18 fromthe reactor 40 (the polynerization step); passi ng the pol yner
conposition taken out fromthe reactor 40 to the space 3 in the body 5 of
the pressure-regul ating valve 20 with feeding the polynerization inhibitor
containing fluid fromthe fluid feed portidl7 in the pressure-regul ating
valve 20 to obtain the polynmer conposition which. is mxed with the
pol ynmeri zation inhibitor containing fluid (the pressure-regul ating val ve
passi ng step), and 10supplying the pol ynmer conposition which is nmxed with
t he pol ynerization inhibitor containing fluid obtained by passing through
the pressure- i | v to t - i zi tr
t aki ng out §%£§§¥$%%e§g é%té%ﬁﬁ%lﬁ'n%ﬁ%éﬁ?@%ﬁ%%%lékggﬁgénéﬁgggﬁgﬁﬁrﬁggng.
the 15 unreacted, nononer_are at |east. partly renmoved fr.omth I r
conposi ti on*P¥ ofTLTpJEWet vor&ti§5 21 ng‘(jz%&'fju%‘-’f‘%@()’ t o ObtA R t ﬁg‘%ﬁﬁﬁg&’as
the extruded material_ (the devolatillzing and extrudi ng step), [0030
Fbreinafter?h?%%hprebaéatiBHEX?eFHEaFéRPnatEE?BI aW&yiheuﬁglynﬁrizg¥#ﬁh
i nhibitor containing fluid, and each step will be described in detail, in
this enbodi PehYMehR1ga8&CRoMMICE n§OLHHEPRUOBS  BEY AERL28F ondofcase ©f
met hacrylic ester nononer, in other words, a case of described as an
exanpl®, althbughat el seehimeniextieon VWitheut| use &f theFetyent will
Additionally, in this enbodi nent, though the polynerization step nay use a
bul k pol ynelp¢ zaesonibeda solut n. polynerization, a case of 5using a bulk
pol yneri zation w thout 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
carbons) 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



[0031] . Preparation of a raw materi al At first, a nononer as
the raw material, the 10polynerization initiator and the |ike are prepared.
[ 0032] As the raw material nononer, a nethacrylic ester nononer is
used in this enbodi nent. Exanples of theggpethacrylic ester nononer are 15-
al kyl nmeLthacrylate (of which alkyl group has 1 to 4 carbons) al one, or

- a mxture of not less than 80% by wei ght of al kyl nethacrylate (of which
al kyl group has 1 to 4 carbons) and not nore than 20% by wei ght of other

vi nyl nonomer 90copol yneri zabl e herew th, Exanpl es of al kyl

et Racr st oL enLg! SOLAT, SHEVpSEURLDAS !k dgarbons) LABISIIEL M

methacrylate, mpild'We "EIRSG A SactyPILY! (IR NEE AL 2386 Moz dn
combination of at least two of them.

Examples of copolymerizable vinyl monomer include, for

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

carbons)); 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.



20 them nethyl nethacrylate is preferred. The above descri bed exanpl es of
al kyl nethacrylate nay be used alone or in conbination of at |east two of

t hem Exanpl es of copol ynerizable vinyl nononmer include, for 5 exanple,

met hacrylic esters such as benzyl nethacry ate and 2-et hyl hexyl

met hacryl ate (except for the above described al kyl nethacrylate (of which

al kyl group has 1 to 4 carbons)); acrylic esters such. as nethyl acrylate,
ethyl acrylate, propyl acrylate, butyl acrylate, and 2-ethyl hexyl acrylate;
unsat urated carboxylic acids or acid anhydrides thereof such as acrylic

aci d, nethai6§%%g acid, maleic acid, itaconic acid, maleic acid anhydride,
and itaconi id anhydride; hydroxv group-containing nononers such as 2-

hydr oxyet hyl acryl ate, 2-hydroxypropyl acrylate,. 15 nonoglycerol .acryl.ate,
2- hydr oxyet hvl n%?ha@b?laﬁ%ﬁyﬁﬁxﬁfﬁﬁﬁf§bro +tﬁ%Fﬂ50ryES?e,e§ﬁEple' &
nonogl ycerol nethacrylete; nitrogen-cont fling nonomers such as

acryl ani de, TRt Raer yRARTaECRC I BRECY e thdth eS| e,

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

gr oup- cont ai ni ngEXBRBABEs Ofuch A3y i 18t yeRB9F éFﬁinﬂeglay"‘@i FAMRLRHAS L e,
and gl ycidyl nethacrylate; styrene based nononers such as styrene and

a- net hyl st ysenb. aFhazabogesabytirbad tevidmpl s obfi seops yvaviadasica iviniyile
nmononer may be used al one or in conbination of at |east two 250f them
0033] azobiscyclohexanenitrile, 1,1'-azobis(l-acetoxy-1-

phenylethane), dimethyl 2,2'-azobisisobutylate, and 4,4'-

azobis-4-cyanovaleric acid; organic peroxides such as
benzoyl ©peroxide, lauroyl ©peroxide, acetyl peroxide,
10 caprylyl peroxide, 2,4-dichlorobenzoyl peroxide, isobutyl

peroxide, acetyl cyclohexylsulfonyl peroxide, t-butyl
peroxypivalate, t-butyl peroxyneodecanoate, t-butyl
peroxyneoheptanoate, t-butyl peroxy-2-ethylhexanoate, 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-ethylhexanocate, 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-



As the polynerization initiator, for exanple, radical initiator is used in
t hi s enbodi nent, Exanpl es of a radical initiator include azo
conmpounds such as azobi si sobutyronitrile, azobiLtdi nmethylvaleronitrile,
azobi scycl ohexanenitrile, 1,1'-azobis(1-acetoxy-|phenylethane), dinethyl
2,2' -azobisisobut | ate, and 4, 4Fazobi s-4-cyanoval eric acid; organic

peroxi des such as benzoyl peroxide, |auroyl peroxide, acetyl peroxide, 10
caprylyl peroxide, ,4-dichlorobenzoyl peroxide, isobutyl peroxide, acetyl
cycl ohexyl sul fonyi peroxide, t-butyl peroxypivalate, t-butyl

per oxyneodecanoate,. t-butyl peroxyneoheptanoate, t-butyl

ber oxy- 2 ot KoF HERaHRRL e, PUSHT  @FEPRBuL § PPEF SRV cyloRteashinate, 1,1,2-

1, 1-di (t-butyl peroxy) -3, 3,5- ,

15t ri met hyl €§& %F%Xgné{rﬂpif-]di??Iﬂ’éXyllﬁérP&MlB,‘B?%Qcarbonatef 1.1,3,3-
trimet hyl cycl ohexane, ai i sopronyl per oxydi car bonate, diisobutyl

per oxydi car BoRatBetaY s Seithidt HeysEsnoxyereardeohat &, LdR-Rripgtyyl propyl
per oxydi carbonat e, bis(2- ethyl hexyl) peroxydi carbonate,

bi s(4-t - but§eE9xEY ohexyPRape, per argldi carbofsile, Peamplybenzoate. These
per oxy- 2- et hyl hexanoate, 1,1, 3,3- tetramethyl butyl peroxy-ethvl hexanoate,

1,1, 2-%ri mepdiymer opytiper oxyrit-iettortshexaapat e t - baeg! pdroomey | sopr gyl
nonocar bonat e, t-anyl peroxy isopropy.| nonocarbonate, t-butyl

per oxy- 2- etdwythihiexyt icar bbnateletstbutvgl opechxy.al | yi 25car bonate, t-butyl
peroxy isopropyl carbonate, 1,1,3,3- 22 tetranmethyl butyl peroxy isopropyl
nonocar bonaf@y34] 1, 2- trinmethyl pronyl peroxy isopropyl nonocarbonate,
1,1,3, tetramethyl butyl peroxy isononate, 1,1,2-trinmelLh 1 propyl

per oxy-i sononat ere@dpbi bbbyl z€R oxy BenzgaiteThesesSpet Y88r B2pkheing on

initiators may be used alone or in
the kinds of the polymer to be produced and the raw
10 material monomer used. For example, although the present
invention is mnot particularly limited, those of radical
polymerization initiator having a half-life not more than
one minute at the polymerization temperature are preferable.
When the half-1life 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 1limited,
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.



conmbi nation of at leas, two of them [0034] The pol yneri zation
initiator is selected depending on the kinds of the polyner to be produced
and the raw 10 material nononer used_ For exanple, although the present
invention is not particularly limted, thogse of radical polynerization
initiator having a half-life not nore than one mnute at the polynerization
tenperature are preferable. Wien the half-life at the pol ynerization
tenperature is not 15nore than one mnute, the reaction rate 3 not too
slow, thus the initiator is suitable for the polynerization reaction in the
cont i nuous Q§h¥?ﬁrization apparatus. [0035] The supply anmobunt of the

pol yneri zati itiator 20 (radical initiator) is, but not particularly

limted, generally 0.001 to 1 weight parts with respect to 100 wej ght. parts
of the raM/naterFél ﬂggbﬁé?n(tﬁg rgbfrmE%WieWa r ERARTAl 13RS ed

to the reactor 40). When two or, nore polynerization, initiators are used in
conbi nat i onPOLKBEE ERFIRBI ghtlt AN dIBECHPRFN IR SboBBY r ARRFOPBIRFH036]

other component (s), for example, a chain transfer agent, a
5 mold release agent, a rubbery polymer such as butadiene and

styrene-butadiene rubber (SBR), and the like may be used.

The chain transfer agent is used for adjusting a molecular

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~



In addition to the raw material nononmer and the polynerization initiator
descri bed above, any appropriate other conponent(s), for exanple, a chain
transfer agent, a nold rel ease agent, a rubbery pol yner such as butadi ene
and styrene-butadi ene rubber (SBR), and tdwe |ike nmay be used. The chain
transfer agent is used for adjusting a nol ecul ar wei ght of the polyner to
be produced. The nold rel ease agent is used for inproving noidability (or
processability) 10of an obtai ned polymer. [0037] As the chain
transfer agent, either nonofunctional or polyfunctional chain transfer

agent can b@e%§fHeF§pECiEE&Z%H%ﬂjﬁéﬁnplef &bggg?éﬁggﬁgggﬁealkyh%gg%%ﬁﬂ}ans

15 such as RA-propyl hercaptan, 1'sopropyl herc atyl ner
mer.capt an, . n-octyl._nercaptan, 2-eth IQﬁgyhn

t-butyl nercapta n- hexyl

ner capt an, ﬁ%ﬁ%ﬁ@%yla r At an T ind £rG8TecUPYmePEapt &R aF OPaT i ¢

mer capt ans such, as Ehengl nercagtan and _t hi ocresol ; mercaptans having 18 or
| ess 20 carBOREIBAERCAsCEL AYPeAE PRESGPYcHFe ™ol yal cohol s such as et hyl ene
gl ycol, neo ent%i gl ycol, trimethyl ol propane, pentaerythritol,

di pent aeryt hP?P#¢ tripentaerythritcl" and sorbitol; those of which
hydroxyl group is esterified with thioglycolic acid or_3-mercaptopropionic
aci d, 1,4- 25di hjafoRapRlalaarant @%,ghﬁeﬂhéﬁyurwwﬁ%l %ﬁ?{l‘? 2% not
t er pi nene, t er pi nol ene, 1, 4- cycl ohexadi ene, hydrogen sul fide and the |ike.
These may beausédudfvhe éimifiedomingst iidh Viriew éepapdénsf onhéie KIgEB]
of the chain transfer agent used and the like. For example,
in a case of using mercaptans, it is preferably 0.01 to 3
weight parts, and more preferably 0.05 to 1 weight parts
10 with respect to 100 weight parts of the raw material
monomer (the raw material monomer eventually supplied to
the reactor 40). The used amount within this range 1is
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 is 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]



The supply amount of the chain transfer agent is not 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 weight parts, and nore preferably 0.3b to 1 weight parts 10 with
respect to 100 wei ght parts of the rammaterial nononer (the raw materi al
nmononmer eventually supplied to the reactor 40). The used anmobunt within this
range is preferable because it does not inpair the nechanical property of
the polyner and maintain the thermal stability preferably. Wen two or nore

hai f [ ' [ h I [ - db
W thin the abovert aids. EOBSSY AT noUGH ThelRBF rii Sice SEENCT S adt” -
ticularly 20 |imted, I t h f t f . higher fatt
Bl s i QIPFSTRLTS BRERO o PRIGAET MG el dEt o RETa AFFY 'aBd oA es.

nmetal salts of higher fatty acids and the |ike. The nold release agent may
be used al oHeFdr 5 B&HYHat fLéHréFet'woeBPYFmrjea‘blfa’i%emprf?ﬂf‘@o4§]aur%§e'

As the esters of hiaher fatty acids specificallﬁ, exanpl es t hereof _include
saturated flEyl actausrkyl eQFEYS sheHrasemet RpEDYAur RReMisaR@. | &Chvat e,
propyl laurate, butyl laurate, octyl |aurate, methyl paimtate, ethyl

pai m tate, prbpitaal m sy but pelpdtaiteat e, PoEY )l RaHitREe . neokFy L
stearate, ethyl stearate, propyl stearate, butyl stearate, octyl stearate,
stearyl stemaietanyriseyhyhyetsaaaee, nethyll b&hemate, etbpylbeieazede,
propyl behenate, butyl behenate, and octyl behenate; unsaturated. fatty
acid 10 al kyhtest stsasuatch, ascamtlh\dtasdte, stdytyl| ehbarapeopylyrdlséatle,
butyl ol eate, octyl oleate, nmethyl linoleate, ethyl lincleate, propyl

l'inol eate, ptystdtapl vateyl andhentyk,| enbtlyeabehesatur, apedplat behatiate,

gl ycerides such as | auric nonoglyceride, lauric diglyceride, lauric

triglyceridgutyb pahahhte, managioassli deshdedte f i endhghyseeddeatpsl aicticc
triglyceride, stearic nonoglyceride, stearic diglyceride, stearic

triglygeride kpehenieaonaghycgsi dastiehesieadiyl waenildey1 aatde beheig1
triglyceride; and unsaturated fatty acid glycerides such as oleic

nnnoglyceri§E§a§¢9i§u@91d&?éaesrieetVQ'ehgakéh,%eeﬁyhdqinbh@g&EQ ethyl

nonogl yceri inolic diglyceride, finolic triglycéeride. Arong them

monodl yeer | He Skt Eh) ¢ BANE A AR S TR, TE B SR T e
preferred. linoleate; saturated fatty acid glycerides such as lauric
monoglyceride, lauric diglyceride, lauric 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. 2Among them,
methyl stearate, ethyl stearate, butyl stearate, octyl
stearate, stearic monoglyceride, stearic diglyceride,

stearic triglyceride, and the like are preferred.

25 [0041]



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

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

al cohol, paimtyl alcohol, stearyl alcohol, isostearyl alcohol, behenyl

al cohol, nyristyl alcohol, and cetyl alcohpl; and unsaturated fatty (or

al i phatic) al cohols such as ol eyl alcohol, and linolyl al cohol. Anong them
stearyl. alcohol is preferred. [0042] As the higher fatty acids, nore
specifically, exanples 10 thereof include saturated fatty acids such as
caproic acid, caprylic acid, capric acid, lauric acid, nyrist c acid,

pai m t1c aci d. S{eatig aci g ar aghidi ¢ acidy behepig, acidy 1) angsere aci d

and 12- hydr oxyoc acl d; "and unsatura y~aci sucC

pal mtoleic acid, oleic |gacid, linolei id, linolenic acid, cetoleic
acid, erucieEral aifty nc?lagiudfa%@ldg. %f‘ggXB] (or 2l gl j'ﬁr&"%ro y
arid am des, specifically, exanples thereof_include saturated fatt cid.
am nes suchS2o1ads| darre ladiF AR lde, PP HTY T c2AEPRCAm gE8agy a%i?%&i%

am de, and behenic acid anmi de; unsaturated fatty acid am des such as oleic
aci d ani de, 1$PREPRT ¢l apilgoBRLde Peditmyer (ROt d BUF HBEY AndlarPaés $i¢h as
et hyl ene-bis-lauric acid am de, ethylene-bis-palmtic acid am de,
et hyl ehe- hi set2bst edciokicdsi d 2 deUngaduNasrey| tdar anilare. 2AHPHG tilfem
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 12-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, linoleic 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,



27 stearic acid am de and et hyl ene-bis-stearic acid am de are pre-erred.

[ 0044] As the netal salts of higher fatty acids, exanples thereof

i ncl ude sodiumsalts, potassiumsalts, calciumsalts and barium salts of
the 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. polymer conposition to be obtained, [0046] 15Wth reference

to Fig. 3, the raw material, nononer fluid c rising at |least _the nononer
i's preparedSB?aEbBraﬁFﬁaF& %ﬂ%ﬁaifEﬁiﬂéﬂﬁﬁﬁggﬁﬁEﬁ§¥lfoﬁ81§raEl Sx e of
two or nore kinds) with other conponent such as the chain transfer agent if
necessary. BFF5e¥%€harged to the raw

[0044]
As the metal salts of higher fatty acids, examples
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 is 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 is charged to the raw

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

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



20 material nmonomer fluid tank 31. On the other hand, the polynerization
initiator fluid conprising at | east the polynerization initiator is
prepared by appropriately m xing the above polynerization initiator with

t he nononer optionally, and with other copgponent such as the chain
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 mxture of the nonomer and the

pol ymeri zation initiator (further may conprise other conmponen(s) such as 5

the chain tr%’l‘%%%:tilé‘gg%ni finrigcl%ﬁ;%%r y%luzl. Lhg! 3 terThCea:Reclblc}}rxfbeeri%al.t'on

ponnerizatPon Ini or flura’is preferably a polryneriz At ator

solution which_is _forned, coml etely dissolving, the polynerizati.on
ot ator | ok heShBRonari ) groq chd BoliRefiadoilp: ARG dithe,
pol ymeri zation i nhihitor containing fluid On the other hand, the
pol yrer i zat Phn ?nhmﬁﬁﬁﬂrQNnﬂéﬂrﬁ?é fPARPAMEE pABfar &t 1V Trizatiofe
pol yneri zation. inhibitor containing fluid is any fluid as long as it
cont ai ns t hépbEGREE| AAUTrSARSN M t NP HLES | SLPRES ePAPPrReR St FUM &F i s
formed by dissolving the polynerization inhibitor in a solvent which does
not 20Paci | that ehehe pERPAERIrzagEdN AdadsicePseirthe ihridwctlatter case,

the ©polymerization initiator £fluid is ©preferably a
polymerization initiator solution which is formed by
completely dissolving the polymerization initiator in the
monomer.

10 [0047]

. Preparation  of the polymerization inhibitor
containing fluid

On 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,



nmononer. [ 0049] The exanpl es of the solvent include, for exanple,
organi ¢ solvents such as toluene, xylene, ethyl benzene, 25nethyl isobutyl
ket one, nethyl al cohol, ethyl alcohol, 29 octane, decane, cycl ohexane,
decalin, butyl acetate, and pentyl acetaty; and a nononer used as a raw
material of the polynmer to be produced, in particular, the nononmer used as
a raw material of the polyner to be produced is preferably 5 used. The
nononer used as a raw naterial of the polyner to be produced is usually a
liquid. form V%en t he above nononer is used as a solvent, the

| ncor por at i gi o £ NI | %y ERLALOGED QlGEt: POI YR Cal: b, b evenled.

Addi tional Iy, 't e’ po ynerlzat on i1n for containing ui 10 conpri ses

t he polynerlza%y?n |nh|9éto$ndt e&gggﬁggingdpﬁﬁogp%%ﬁahgggrgfltgﬁ apRoner

as a sol verR<T hIS futd soI'n mpl es

f the pol hi bi include, f d
fyar ogul not® gty ”ebﬁé?i%r ot TH R HT EEHol ”ﬁﬂﬁemﬁgivg?”ﬁ%%ﬁ?ﬁ&

1, 4- naphthOQU|none
raw material of the polymer to be produced is preferably

5 used. The monomer used as a raw material of the polymer to
be produced is usually a liquid 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, hydroquinone monomethyl ether, tert-
butylcatechol, 4 -methoxy-1l-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 1less 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.



2,4-di met hyl-6-tert-butyl phenol, phenot hi asi ne,

benzophenot hi asi ne, di ni trobenzen, p- phenyi di am ne, di net hyl di t hi ocarbam c
acid salt and the like. Anong them 20 2,4-dimethyl-6-tert-butyl phenol is
preferred fromthe viewpoint of being lesgy likely to exert an adverse

i nfluence such as coloration even if it remains in the polynmer. The
polyneri zation inhibitor to be used is appropriately sel ected dependi ng on
t he pol yner to be 25produced and the nononer to be used as a raw nmateri al .
30 [0051] The content of the polynerization inhibitor in the
polynerlzatL8 £Ph|bitor containing fluid is preferably 5- 2,000 ppm by
wei ght @? erably 10-500 ppm wei ght 5 based on the total meight of

the fluid, When the content is_not. nore.than .the above e

proportion of the*polSARE Y at Pon Ffi tﬁqlwef&ﬁ%Wéﬁ FHHEEeEBSI 1:ﬁ)”fcorres
not too high, thereby the colgration of the polyner, finall bta ed (the
extrudednnﬁ%%Y%??lé%Elﬁﬁ éFPé@ﬂt95lWQQFﬁ%ﬂ%Pg]ﬁﬂ?&@l%?oﬁgﬁg§ a%ﬁ

content is not |less than the above lower |limt, the p merization of the
unreact ed ndndAerPPR e WRIENY, | HOtfe DEESEAR YT édln%ﬁ‘%lnlapma Pve weg 3n be

effectively inhibited, furthernore, when the nonomer is used as a sol vent,
the pobyneridagadion bhethetﬁﬁnWQeghéaﬁflshEsé1UedefW@@P{@@ﬁyCP@MQQQGaf

not more than the above upper limit, the proportion of the
polymerization inhibitor contained in the polymer becomes
not too high, thereby the coloration of the polymer finally
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 1is 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



[ 0052] Wth reference to Fig. 3, the polynerization inhibitor is added
to the above solvent to prepare the polynerization inhibitor containing
fluid. This is charged to the 20pol ynmeri zation inhibitor containing fluid
tank 51. [0053] . Polynerization step B The nononer and the

pol ynmeri zation initiator are continuously supplied to the reactor 40 form
the raw 25material nononer fluid tank 31 and the polynerization 31
initiator fluid tank 33 via the supply port 4la. Specifically, the raw

mat eri al nononer fluid containing t he mononer is supplied fromthe ram

material nonomer_ fluid g ﬁ by, th ;Punp, 35, ng at i Q!
initiator fi%ﬂ%ﬁ%ﬁ?ﬁlnl epo f%erlgatlgﬁinltla C ﬁginug§6¥§ sup%lled
fromthe pol ﬁiﬁg tiator fluid ank 33 gy g 37h'and hey
pass throu ?%% %Irgﬂpﬁ? eFFﬁ BeTPBGEt £ Pl §F€ 5% iTous! y
supplied to the reactor 40 via_the su ort 4la.
PP monomer is supplied frOHlthg p aw material monomer fluid
tank 31 by the pump 35, and the polymerization initiator
5 fluid containing the polymerization initiator is
continuously supplied from the polymerization initiator
fluid tank 33 by the pump 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]

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 fluid 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 £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 is 0.002-10% by
weight) from polymerization initiator fluid tank 33.
[0055]

25 The monomer and polymerization initiator supplied to



10[ 0054] Wth respect to supplying the polynerization initiator to
the reactor 4:0, when the m xture of the nononer and the pol ynerization
initiator is supplied fromthe Polynerization initiator fluid tank 33 as

the polymerization initiator fluid, it is;preferable to adjust a ratio A'B
in arange from80:20 to 982 wherein A represents the supply flowrate
(kg/h) of the raw material nononer fluid fromthe raw material nononer
fluid tank 31, and B represents the supply flow rate (kg/h) of the

20pol yneri zation initiator fluid (this is the m xture of the nononmer and

pol ymeri zatjion initiator, of which conte rati o of the pol ri.zation

Poi 11 ator 1536, ORR4G9 by Geitht FFLOMEES! y REPT Sat FER | AEI SEOFST 1 o & ank
33. [0055] 25The nmpnoner and polynerization initiator supplied to_ the
reactor 40 BSlYBRELFREYORLEFECELE S HR] E6Ced PG TR Y mtieAa Yot d&@Ston in
the reactor 40, thereby at |east part_of the nononer is polynerized to give

t he pol ynerParh Phi shenbedionast 1g HeebonghbFe2atPoAi¥eefhies

5bul k pol ynerization, but the present invention is not limted thereto.

cont ent

i n thésreabpdimgoti s tée rpeld/msr i3rt ke r peep45s grafieciisPy bys a

conpletely m xed state. [0056) I nthepolymerizationstenthecontinuous

5

10

15

20

25

bulk polymerization, but the present invention is not
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
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,
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
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

can be realized by adjusting the supply amounts of the raw

-ed’hy a

The



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 fully filled condition). Wen the
effluent port 4lb of the reactor 40 is |logated 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
continuous polynerization is conducted under the adiabatic condition. The

adi abatic condition can be.re Iiz€9 by %i the.t er at ; i nsi de
of the reac‘P%’feﬁbagndc?rﬁ%ﬁséﬁ% rature n(‘)?rqul %é;]gouafqédr gcur a%g‘iﬁg?cé()z%ﬂ%on
approxi mate|y,. equal to each other. Specificall he adiabatic cqndi_ti.on
25can be redttZEACRY Bﬁjﬁﬁ?iﬁ@afh8rsgng§t§n8€%F§I&P9t bergwmp§3%%af%¥%al
conprising the nononmer and the Bolgnerization indtator to the reagto 40
wi th operat?hg SthetPabpdiss BRUPSYASHTYEhART t St spethat GHETFLSt e Olk}g]@r
surface of the reactor 40 set for the jacket 43 and the tenperature inside
t he react orr2Rcie¥ etf egebyfPRethenparketr 83s8RS0ENT E6MPESPEHE St dTEACR
ot her. [0058] The tenperature of the continuous polynerization in the
pol yme¥ i zattlom srepcterundéler séebdchsdt hbyt efipér atgresiratiget héenéadt ol 40
(detected by the tenperature sensor T), The polynerization step is
conduct ed, ¢orrespopfletoataaht etperature from 120-180C, nore preferably at
a tenperature from 130-180C, though it depends on the type of the used
polyneri zat[@0ms8hitiator. Wien this tenperature
The temperature of the continuous polymerization in
the polymerization step is understood as the temperature in
10 the reactor 40 (detected by the temperature sensor T). The
polymerization step i1s 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



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 material) tends to be decreased.
However, it should be noted that the tenpgrature 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 2). This 34 pressure is regulated by the

ressure-regul ati I 2 d.i t | h
Pt cssur 6 of PLRECPRS Hat ST SOBnEY 0 N T oTer AT L1 L Phe a8t 8° to
prevent the vaporization of the r§m1na§ rial nononer in the 5r tor, The
pressure i s2gent?atl Hrapoure1Ret 2, 65fp E?‘npf_"effgpgﬁl il e e iée( &3 "gauge

pressure). [0060] A period of the continuous Eolynerizatibn. in the
pol yneri zatTdReEtap iORMIHF stdtod &S ahSAPEFagE T FesiBene® reactor to

prevent the vaporization of the raw material monomer in the
5 reactor. The pressure 1is generally about 1.0-2.0 MPagG,

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 1like, 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 is more than necessary, the generation of the

oligomer such as a dimer and trimer is increased, and the

heat resistance of the polymer finally obtained (the

extruded material) tends to Dbe 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 1is

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



10 tinme in the reactor 40. The average residence tine in the reactor 40 can
be set depending on the productivity of the polyner in the pol yner
conposition and the like, and is, for exanple, from1l5 mnutes to 6 hours,
preferably from 20 mnutes to 2 hours, bujgnot limted thereto! Wen the

15 period is nore than necessary, the generation of the oligoner such as a
dinmer and trinmer is increased, and the heat resistance of the polyner
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

anount (suppl EIOM/rat of .t.he nono or_the lik t r tQr W th
the use of ?ﬂéc Bhpé 935 dQ?fa%%ﬁéhﬁgiymer cgmpong§88e2§?F§§§ea(gﬁé t he
pol ymer conposition is_25continuously taken aut fromthe e quegil1 rt 4lb
of the 35n868@P8?34391Yﬂ@roBP iﬁﬁ& BF?HEFe%OHB&ﬂqﬁEN1 s 4ﬁh§r
produced pol ymer and the unreacted nononer,, and mgy further conprise the
unr eact ed pePYRELFEaERBNUPRPRFAESr POdEREHPGSed QSR EACE B (dfeompose
pol ynerization initiator, and the like. The main volatile conponent in the
pol ymer conpebEtpBAci £ hehankedomes iastcrst . ipdbsafor, andhghe like.
pol ynerization rate. in the polymer conposition is, for exanple, 40 to 70%
by weight, Fhehoagh tiilateinisodéampengt| $nndthe | pplEder hepBPesithen 1s
pol ynmeri zation rate in the pol yner conposition appropriately corresponds to
t he cont entthatunrebcthée pohymer.in the pol ynmer conposition. Wen the
content ratio of the polyner i.e too high, the efficiency of mxing and
heat transfeoosg]decreased and the stability tends to be decreased. Wen
the content ratio of the polynmer is too |ow, the separation of the volatile
g_o]m]?_onelrlts in whirab pbeymareaatednneneserin $heipdlgamro rentpdsendsort a hecome
ITricult_
for example, 40 to 70% by weight, although this embodiment
10 is not 1limited 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 volatile
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]



[ 0063] 20. Preheating step 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 in the
present invention. 25[0064] 36 Theypreheater 50 i.s used for the

pur pose of increasing efficiency of the devolatilization in the devol at
l'izing extruder 60. The pol yner conposition acquires a part or all of the
guantity of heat required to volatilize the volatile conponents by
preheating. [0065] The preheating tenperature in the preheater 50 is

proferably 180 220C nUUSLaLhE BOCUER(Lg Latperal ye ot ol LS LA e
pol yercorpont i enocan e proied and e, pOLYISL SOIpOLign o S
Pressure- é}?g Jlrjllgénlc ng 0 \./a'II‘%/lg Bgi%ggﬂ ?:to(r%%o(s?tj:tifolnova\.lcrc;[atlltiere]é;5 rae %%.Ira‘lct ioI}g asltlep)
of the quantity of heat required to volatilize the volatile
5 components by preheating.
[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]

e« 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



Next, with reference to Fig,the polynmer conposition obtained as descri bed
above (the polyner conposition taken out fromthe reactor 40, preferably

t he pol yner conposition which is preheated in the preheater 50) 20is passed
through the pressure-regul ating valve 20,54 0067] The pol yner

conposi tion obtained as descri bed above is continuously supplied to the
space 3 in the body 5 of the pressure-regulating valve 20 via the inlet
port 7a with 25conti nuousl yfeedi ngt hepol yneri zati oni nhibitor 27 containing
fluid into the pressure-regul ating valve 20 fromthe polynerization

inhibitor containing fluid.tank 51 via. the fluid feed port 17 the pu
53 (see Fi g%‘?n‘i"(‘h?“g%dkgﬁi?.l%FBoégf Pressufﬁérgﬁbléﬁslgﬁoﬁ’ﬁ‘tlvﬁf od frré)tng) g
the pol ynerization inhibitqr containing fluid to,.the pressure-regul at.in
val ve 20 i stBPpPEPYMEEeRAF treful Hied nGPHBabﬂlPﬁeéiQ&ﬁiﬁa?megg Via'o
pressure-requl ating valve 20, the flowrate of the polyner 10 _conposition,
the desiredtpfesduid, T864 RPWn. 17 tPYstheePd B t 5%d] H58Sa fafd 0 3R in
a range from80:20 to 99.9:0.1 wherein X represents the supply flow rate
(kg/ h) of the) bol ymer conposition to the pressure-regul ating. valve 20, and
Y represent? the]supply flowrate (kg/h) of the

5 0068

The supply amount (feed rate) of the polymerization

inhibitor containing fluid to the pressure-regulating valve

20 is appropriately regulated 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



15 polynerization inhibitor containing. fluid. The supply flow rate X
(kcilla) of the polynmer conposition is understood as the total flow rate
(A+B) of the supply flowrate A (kg/h) of the raw material nononer fluid
fromthe raw material nononmer fluid tanks3%l, and the supply flowrate B
_g/h) of 20 the polynerization initiator fluid (this is the mxture of the
nmononmer and the polynerization initiator, of which content ratio of the

pol ymeri zation initiator is 0.002-10% by weight) fromthe pol ynerization
initiator fluid tank 33. Wen the supply anpbunt of the polynerization

i nhi bitor coptainin luid. is.within.the above n t.he proporti 38
of the poly rgh%ié#iYWﬁﬁb%?§+O%oﬁP'4%%%%%\??%ﬁ%%ﬁgﬁeﬁ' eg%%egc%gﬁlgbo
hi gh, thereby the coloration,of th 0 finally obtaine t he _.ext ruded
material) c‘%%c%‘&e%f%EtF%l {)]lai?oi aﬁa?eﬁﬁﬁﬁeceip P8 h%ﬁﬁ% Hfgmer
attachnment of the polynmer to the stem 9 and/or the guide 13 can be ensured.
[ 0069] flmﬁl%}ﬁeO]Bg%é%ﬁiieiFB@uFéFFH@egaWé‘EeEé?l\)\héﬁnt ke Foltyrervely
conposition is_gassed t hrough the space the outflow rate of the polyner
conposi ti oreYeideqdul abdd Bye t RELearveclotrrht the tHdrapyertheChr éd€ur e
in the reactor 40 |ocated upstreamis regulated. Mre specifically, for
exanpl®/ theoppsérion ohet AeemaPvendl enerbelgnadend3| eagi bedieraured.
(up-and-down) direction (open degree) is regulated by the stem9 so as to
provi de the[des$led pressure (at upstream fromthe pressure-regul ating

val ve), [0070] The pressure of the polyner conposition is, but not
limted to, at the thst peaemssirde refgutllae ipgessiines r2Qul ehengthal welderf or
exanple, 1.0-4.0 MPaG preferably 1,2-3.5 20 MPaG (gauge pressure). The

open degr eecOhpbher PoRSSHI pakegdl ahirbgghakiie 2pace Begtthat edhtsd dwhatatiehe
pressure in the reactor 40 detected by the pressure sensor P is the

predet ermi nedl priessysEryien ddigods Bsseti € 0  theypel naer BemMoss tivenvat the
upstreamside is within the above range, the pressure in the reactor 40 can
becomgga PressHEiLr 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 Ilongitudinal (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



39 sui tabl ef orconducti ngt hepol yneri zationstep. Additionally, the pressure
at the downstream side of the pressure-regulating valve 20 is regul ated. by
a pressure-regul ating valve (not shown in the drawi ngs) |ocated on a vent
line (not shown in the drawi ngs) of the dgyolatilizing extruder 60, for
exanple, at -1.2 to 0.4 MPaG preferably - 0.09 to 0.35 MPaG (gauge
pressure). When the pressure of the polyner conposition at the downstream
side is within the above range, the devolatilization of the devolatil zing

10ext ruder 60 can effectively conducted. (0071) Addi tionally, in the
pressure-re uI val ve 20, ol yneri ion iLt.or ai fluid
fed fromthg" Eﬁ#ggf eeé port Wcﬁf& ﬁl?o t %éspa rl%&é:%%?’he nga 1, 15

and m xed Wiéathe brrer co osition i ace .. Sinc e%l
ol yrer | zat PORLERRPBRLYr - GO aPRERGUFFUIE | SoF oBOPPEREERE (7 LI Ped or
17, the inside of the E 11 |S\Fressured The 5 Essure I n the %ﬁ{
hi gher t hanP¥REFUFR-FREUSBEABIZ Yo the2Body® 5TCTHIAEREr H%r & t TS of
20 the pol ymer conpositioft (e.g. the unreacted ponomer and the polyner) to
the gap 11 FFewleRéngpyedve c%rwtbes%wn. dPelyy drarbreel. LoFRReleSPed to
the suitable range of the pressure in the gap 11 is appropriately set
dependbng ovenhelinge (Bptt RROpRedsuither dgavatiasg Wil e @levticHa i lgve it e
250f the polymer conposition and the desired pressure. It is 40 preferable
to provi de exbodygenf6a,f Eoti ryappip.f et t-Ae2pdloyerd 2@acon dudfidyiatory -
containing fluid tank wwth a safety device such as a relief valve in order
to make theoppessur e0 38 MPaGhi (fauge pressure). When the pressure of

the polymer composition at the downstream side 1is 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 containing 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



[ 0072] Thus, the polymer conposition which is mxed with the

pol yneri zation inhibitor containing fluid is supplied fromthe space 3 of
the pressure-regul ating val ve 20 through the outlet port 7b, 10[ 0073]

Devol atilizing extrusion step Next 4gMth reference to Fig. 3, the

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

m xed with the polynerization inhibitor 15 containing fluid which is
obt ai ned by passing through the pressure-regul ating valve 20) is
continuously supplied to the devolatilizing extruder 60 via the supply port

61, and subjected to a . devgl atilizing ruding p 4] i n.the
devol atiliz ﬁ%£%§??g egx%ogrsﬁéd$of%tP§é§céﬁ%o%9n%§g§%§%r&gﬁlg %ﬁg tne
unreacted nmonpner is_at partial renoved, fromthe pol.ymer conposition, and
i sohar ged WPTECTerECi PR’ LRBLPLHBEN FROFRAaFEw f0tthe (AT Baodaus ¥
Sty e A L e er SCEn e s, Teaget valve® & SrHES LO'QaRE' el VY

pressure not too high.
5 [0072]

Thus, the polymer composition which is mixed with the
polymerization inhibitor containing fluid is supplied from
the space 3 of the pressure-regulating valve 20 through the
outlet port 7b.

10 [0073]

+ Devolatilizing extrusion step

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) 1is 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)



i f necessary, and discharged fromthe discharge line 65. [0075] As a
nmet hod using a devolatilizing extruder, any suitable nmethods can be used,
sui tably methods described in, for exanple, JP-A-3-49925, JP-B-51-29914,
Jp- E-57- 17555, JP-B-1-53682, JP-A-62-89710 and the like. [0076]

Generally, the devolatilizing extrusion process is conducted by extruding
the continuously supplied polynmer 10 conposition with a screw under
heating, for exanple, to 200-290C to continuously separate and renove at

| east part of, preferably nost of nore preferably substantially all of the
vol atil e conponents contained.in the | voer npasi_tion. The pressure of
Uhe-devol atlTi DTG eRtTuerBh TaprBeessn £rep FRT alsreS asodirt 56 0
MPaG ( gauge &res ure) as a vent pressure. [0077] Thus, the pol yner
can be obt af %a5ﬁs the extruded material after the devolatilizing

extrusion. The extruded 20 nmaterial substantially consists of the polyner,
and may possi bl yYAEonpr iR herteporientEVFGT gl e, HEYES dud™@t t he

pol yneri zation inhibitor. EO0078] Furthernore, before, during or after
devol ati | i za¢ieab b PRENPEPyABR BENPESFYi 6H1FAPLHe "g&Perst IdeisAigEk tifuder ,
5 for example, JP-A-3-49925, JP-B-51-29914, JP-B-52-17555,

JP-B-1-53682, JP-A-62-89710 and the 1like.
[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,



42 | ubricants such as higher al cohols and higher fatty acid esters, an
ul travi ol et absorbing agent, a heat stabilizing agent, a colorant, an
antistatic agent and the |ike can be added to the polyner, if necessary.
5[ 0079] On the other hand, the vol gtd | e conponents renoved in the
devol atilizing extruder 60 can be recycled as a raw nmaterial nononer for
pol yneri zation. The vol atil e conponents conprises the unreacted raw

mat erial nononer as 10 a nmj or conponent, and conprises other volatile
conponents, for exanple, inpurities originally contained in the raw

mat eri al noponer agditiv s used.if necessary, volatil.e.bypr % t( .
gener at ed i#ﬂ?ﬁ]ec?)? eSS %%I gﬁfgillezrata%cn? Cyo]ﬁ g%rr%gr hsltﬁ:l'héllgsg ?ﬁ%r%)é:ﬁéi
triner, deconposed subst ance .of t15 t he pol nerizationhiniti@%@;q:and t he
ike, s veFPERES | nplr PEEE VaGR Cad it oIS M T34t | PR BLFGH Lid he
solvent (in particular, nononer) contained in the polynerization inhibitor
cont ai ni ng 39&REH: FnCGERERRL, SMNARHITANGS aFRINt3BE the LABEr CeFedSmake
the obtained 20 resin conposition colored, it is not preferable. Then, the
vol atile comdp@nte kFepobedyPari hefdBe6P&EREYzi ng extruder 60 (which
i ncludes the unreacted raw material nononer as a nmajor conponent and al so
includes i npUP72]l es as descri bed above) may be passed through a nononer
recovery colum (not 25shown in the draw ngs), and treated by neans of 43
distillation, addorpheontaed theed,i kKéd rvelet hbmoaenperenter yemolvedn itno
renove the inpurities fromthe above described volatile conponents.
: hereby, thehendesetied indwingt eexatudenoder can lbe reecyeted it ha hirglw,
purity, so that it can be suitably reused as the raw material nonomer for
pol yneri zath@ter FOI exaspbeercontbpuoupodiyseirization.i s abrductvedaitd liche
nmonomer recovery colum to recover the unreacted raw naterial nononer wth
hi gh puritycasp&hshts| abgipkigeid thieomrihe s ofal hea OAOERT mbABALET ¥is
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



10 colum, and it may be transferred and recycled to the raw materi al
nmononmer fluid tank 31 after it is reserved in the recovery tank 67 once, or
it my be transferred and recycled to the raw nmaterial nonomer fluid tank
31 without being reserved in the recoveryzs4ank 67. On the other hand, 15the
inpurities renoved in the nononer recovery colum may be di sposed as a
wast e, [0080] In order to prevent the recovered raw material nononer
from causing the polynerization reaction in the recovery 20 tank 67 or the
raw material nmonomer fluid tank 31, it is preferable that a pol ynerization
| nhi bi tor existeiin ihgse Lagks AL A a0 he fqnexamy e g ARm by
an in

wei ght with respec 0 the raw eri al ‘nonoier , nore preferably,

addition to this, an oxygen concentrati in, a, as. ha 25i p, t hese .t anks
s set at 2'TGOBSEVby £/ TS 43 e cHURPBHCH T, il | ARG i <
wanted to be stored_in the recovery tank 67 3%r long tine, it i%

pref erabl e £85stoPedi (VoA 41SuF? FRtEre T F%&%'e FpHParegcf§dsEaw

[0081] 5Therefore, _as understood fromthe above description, according to

t he appar atBH3tesiapr BEREPRY S3PoPFmErcorVerRe piidded Ihwhtiten &t &
process for producing a pol ynmer conducted by using the apiaratus,

attachhent &t £ha s \Fertally heeyser 9sarfdicorrafenghpdéai 3 menomee Fidssur e

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 volume. If the



10reqgul ating val ve 20 can efficiently be prevented, therefore, the
operation can stably. continue for a long tine. [0082] In. this
enbodi ment, a case of conducting the bul k polymnerization in the

pol yneri zation step is described. |Ic Howeyger, the present invention is not
limted thereto, the solution polynerization my be conducted in the

pol yneri zation stemlIn such enbodi nent, since a solvent is used. for the
sol ution polynerization, the apparatus for producing a polynmer is provided,
in addition to a simlar 20 configuration to the apparatus described in the

above with reference to Fig., 3,. Wt vent ngd _a.sup ;ne _and a
punp associ]é?%%vﬁr?ﬁ tr%é” J5 Veh awf aﬁﬁ%f%gguglgﬁt ngﬂgegolq\?enﬁe t g%ﬁ%&r gLélct or
40. The solvent can be supplied to the reactqr, 40 after being mxed with

t he raM/nat%??aFeﬁgﬁﬁﬁgnéﬁn§hé?6rB?Eeap&PﬁﬁérJfg?iohtiﬁ?tpﬁFg?Faﬁﬁecgﬁ be
45 supplied to the reactor 40! directly. The %ol merization step is

conduct ed sFrP¥arty &b BneCHoF§MBREZ5HFENCst ep Cde §EATRES  afo e, >Sxcept t hat

the solvent is used in the polynerization reaction. The solvent can be
appropriat ef99%1l] sel ect ed depending on the raw naterial nononer of the
solution polynerization reaction and the |ike, and includes, but not
limted to, for Branpferet olbgensdsysieped &rkyl Hehzeheve ndekdr ivddiomy|
ket one, nethyl al cohol, ethyl alcohol, octane, decane, cycl ohexane,
decal i n, buwgton@icet &ve thrermppaatat Eorapdodve inickes Palyhes eofséhe
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 is 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



ratio CDis, but not limted to, for exanple, 70:30 to 95:5, preferably
80:20 to 90: 10, wherein C represents a supply flow rate (kg/h) of the raw
material nononer fluid fromthe raw material nononer fluid tank 31, and
15represents a supply flow rate (kg/h) ofsd4 he solvent to the reactor 40,
anpl es [0083] 20Herei nafter, exanples of the process for producing a

pol ymer of the present invention are shown bel ow, although the present
invention is not limted to these exanples, [0084] (Exanmple 1) 25In this
exanpl e, generally, the process for producing 46

supplied to the reactor 40 directly. The polymerization
step is conducted similarly to the polymerization step
described above, except that the solvent is used in the
polymerization reaction. The solvent can be appropriately
5 selected depending on the raw material monomer of the
solution polymerization reaction and the like, and includes,
but not limited 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 ig, 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 £fluid
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



a. polymer as described above was conducted to produce a polyner in the
formof pellets. Mire specifically, this was as expl ai ned bel ow. [0085]
5The raw material nmonomer fluid having the foll owi ng conposition was
prepared. nethyl nethacrylate 98. 718% by,gwei ght - nethyl acrylate 0.908%
by weight a chain transfer agent (n-octylnercaptan) 0.261% by 10wei ght

-a nold rel ease agent (stearyl alcohol) 0.113% by wei ght On the ot her
hand, the polynerization initiator fluid having the follow ng conposition
was prepared. 15- nethyl nethacryl ate 99.520% by wei ght

pOIyneriZatéogJTQHégc%élﬂ£g¥§¥5éd above was conducted to produce a
polymer in the form of pellets. More specifically, this was
as explained below.

[0085]
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 wused. A

25 complete mixing type reactor having a capacity of 13



but yl per oxy) cybl ohexane] 0.480% by wei ght

Furt hernore, 2, 4-di net hyl-6-tert-butyl phenol. as a

pol ymeri zati oni nhi bi t orwasdi ssol vedi n net hyl 20net hacrylate at 50 npm by
wei ght to prepare the polynerization inhipjtor containing fluid. [0085]

For producing a polyner in this exanple, the apparatus for producing a

pol ymer shown in Fig. 3 was used. A 47 litters was used as the reactor 40.
The nononer raw material fluid and the polynerization initiator fluid which
wer e prepared above were charged to the raw material nononer fluid tank 31

and the polyperization initiator fluid tank jvely. Furth th
pol yrer i gat ?‘lbﬁt{e%ﬁi Ib'i”f‘%lr II(’:%‘I?] ai it ng&%‘? ui%g?)ég%g?g ;go ewg{‘im&%gér]bed%“b t he

pol ymeri zation inhibitor containing fluid tank Si. [.0087] , ,
material fluid and the Ppolymerization initiator fluid which

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 fluid were supplied to the reactor 40 via 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 fluid 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 raw material nononer fluid and the polynerization 10 initiator fluid
were supplied to the reactor 40 via the supply port 4la fromthe raw

mat erial nononer fluid tank 31 and the polynerization initiator fluid tank
33, respectively. [0088] The suppl y,of the nononer raw material fluid
and the polynerization initiator fluid to the reactor 40 was perforned so
that a ratio of flowrates of themwas 17.6:1 (by weiaht), and an average
residence tine in the reactor 40 was 26 minutes. The tenperature in the
reactor 40 and 20the tenperature of the jacket 43 were 175C. [0089]

The pressure in the reacti.on systemwas automatically controlled by using
the pr essur%g?gﬁﬁﬁlh?gn%cgew%ﬁ S rfl‘}'?LﬁOJd'. 5iego #ﬁ {:hg Err(?sss%’rr Jin
the reactor 40 js 1.60 25MPaG (gauge pressure). .The pol yneri zati on .

i nhi bitor #8I¢6AtERAI nG2tVEi d aas 55%Eiﬁ%@us@?%ﬂﬂ?ﬁiﬂﬁFHﬂﬂa bRalekl o R ey
pressure-regul ating valve 20 fromthe pol ynerization inhibitor containing

fluid tank SanbaaniRg flyid ek poitt ViR T féBddndSoskrPoFred’so Tifat

the ratio of the flowrate of 5 the polynerization inhibitor containing
fluid to thécpdeysgr @gripimead ngovahes 2the oraheot efalths ofl evt asf tIHe raw
mat eri al nonomer fluid and the polynerization initiator fluid to the
react of 40 wWas 1p3dytbyiweitgler) , inhibitor containing fluid to the

pressure-regulating valve 20 to the total flow rate of the
raw material monomer fluid 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 41b. 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 £fluid, and



[ 0090] 10The reaction m xture in the reactor 40 was 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 the polyner caqmosition through the
pressure-regul ating valve 20, the volatile conmponents such as the unreacted
raw materi al nononmer were renoved in the devolatilizing extruder 60 set at
240C and the residue was extruded in a nolten state and cooled with water
and cut into pellets, and then the pellets were discharged fromthe

20di scharge_J i ne_65. Thus, the r mas roduc nt Qr mgf ellets
[ 0091] s prﬂéﬁSF%ﬁErﬁ?&Fd%? §ie eg Was® geférnlne&' om t he

supply wei h16 $ i hour of .the raM/naterl 25nDnogEr fluid and the
polynerlzat N PA YWﬁFb?aFFBPdraEﬁdwaEQ5§ﬁe Br §§d€tion (di scharge) wei ght
per hour Of[égngeIIEts The polynerization rate was 56% by wei ght. [0092]

The above production operation of a polymer was
5 continued for 10 days. During this operation, the pressure
in the reactor 40 can be regulated in the range of 1.60 +
0.01 MPaG (gauge pressure) .
[0093]
(Comparative Example 1)

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



The above production operation of a polynmer was continued for 10 days.
During this operation, the pressure in the reactor 40 can be reaulated in
the range of 1.60 4- 0.01 MPaG (gauge pressure). [0093] (Conparative
Exanpl e 1) 10A polynmer was produced simlgsly to Exanple 1, except for
usi ng nethyl methacrylate in place of the polymerization inhibitor
containing fluid. [0094] The above production of a polynmer was continuously
15 performed. As a result, at 3 days after starting the operation, since

t he novenent of the pressure-regul ating valve 20 becane awkward, and the
pressure in bgg ieactor 40 was increased to 1.65 MPaG (gauge pressure),
then the opé Pon was stopped. 90 Industrial Applicability. [0095]

The present invention can be use ,for_producin% a.lpol,ner such_as
(meta)acrylic poF ferRresent 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.



[ 0096] The present application clains priority to Japanese Patent
Application No. 2011-173503 filed on August 9, 2011, entitled "APPARATUS
AND PROCESS FOR PRODUCI NG POLYMER " The contents of that application are
i ncorporated herein by the reference thergto in their entirety. CLAIMS 1.
An apparatus for producing a polyner provided with a reactor, a
pressure-regul ati ng val ve and a devol atilizing extruder so that a pol yner
conposition obtained fromthe 5 reactor is supplied to the devolatilizina
extruder through the pressure-regul ating val ve, wherein the
pressure-regul ati ng val ve conprises a ﬁéf@ el enent, a body having a space
for housing the valve elenent, a stem %pporting and controlling the
valve 10 el enent a guide for slidabl uiding the stem and.a_fluid feed
o ool £y

port through-whith & PEVCort sPhgHac pofy el Tn PRAYVBEEDr “itsHr &
into a gap between a surface of the stemand an internal surface of the
gui de, and ¥RRCHEH' i & COMRAHEATEITWM Th1EAe VadaCe 37 t Re BORFAE I ULUFAT he
fluid 15fed fromthe fluid feed port flows into the space, 2. The
appar at us fertprddicisng Bhapoky el Eedor 6PRGOE LéPai rRataird efHORhdhe
pressure-regul ating valve conprises further a lantern ring in a sealing
part bBtweeneaheoxt ém s2@Ppadi¢d He dguielededndathédifinpgd ekéatdear tthirouddcat ed
adj acently to the lantern ring.
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 valve
10 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

15 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
20 and the guide, and the fluid feed port 1is located

adjacently to the lantern ring.

2L A process for producing a polymer by using the
apparatus for producing a polymer according to claim 1 or

25 claim 2, wherein the process comprises:



3. A process for producing a polymer by using the apparatus for producing a
pol ymer according to claim1l or 25claim2, wherein the process conprises:
52 subjecting raw materials conprising a nononmer and a pol yneri zation
initiator to a polynerization reaction imng4he reactor with regulating a
pressure in the reactor by the pressure-regul ating valve, and taking out a
pol ymer conposition conprising a polyner and an unreacted nononer fromthe
reactor; passi ng the pol yner conposition taken out fromthe reactor
to the space in the body of the pressure-regulating valve with feeding a

fluid conprising agf)ol :rLreri zat i on %0 L nllﬂ bictoor f.r om t hg fn{ouioqngre\i%ngo[at in
the pressure- regﬂl1 Fhg Vel V&' 0" BbTAI A Thé S}ﬁ]ifr?elr %OI’T‘pOSIntI on ich’is
mxed with the fluid, and , .. . supplying the_polyner conposition which is
mi xed wi ¢ h BRLYRFER G2 bhoR et B isst Ry T hPEASREHEpretbureacson in
regul ating valve to the devolatilizing extruder, and taking out fromthe
devol ati | i ZFAy EREFGAEr YErFlextradbéatiBfed aPTERSWAE c ATV dHHt | FE2EbRPoRINt s
conprising the unreacted nononer are at |east partly renoved from_the
pol ymer conpdsi s S otiedh athidPoVpdee asaifle @k inftle@Uat2r PRILYMEF
The process for producing a pol ynmer according to claim3, wherein the fluid
conprisi ng tdrppel yheri zampad siimsi B t ppliwey fing damhiohepstedr meddper
di ssolving the polynerization inhibitor in the nononer.
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
10 inhibitor from the fluid feed port in 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-
15 regulating valve to the devolatilizing extruder, and taking
out from the devolatilizing extruder an extruded material
in which wvolatile components comprising the unreacted
monomer are at least partly removed £from the polymer
composition to obtain the polymer as the extruded material.
20
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.

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 is 5-2,000 ppm by wei ght based on
the total 5weight of the fluid. 6. The pysocess 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
valve, is within a range from80:20 to 99.9:0, 1.

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

5 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
10 fluid comprising the polymerization inhibitor, both to the
pressure-regulating valve, is within a range from 80:20 to

99.9:0.1.



