1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON CONTI NUOUS POLYMERI ZATI ON APPARATUS
AND PROCESS FOR PRODUCI NG POLYMER COWPCOSI TI ON 5 BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to a continuous
pol ymeri zati on apparatus, that is, an apparatus for 10 conducting
pol yneri zation, continuously. Further, the present invention also relates
to a process for producing a polynmer conposition conducted by using such
continuous polynerization apparatus. 15Description of Related Art
Resin compositions such as nethacrylic ester polyners are produced by
conti nuous pol ynerization in which a raw material polynmer, a polynerization
initiator and the |ike are contintBESEYIcappPNed to a reactor to be
pol yreri zed.

TITLE OF THE INVENTION

CONTINUQUS PCLYMERIZATION APPARATUS AND

PROCESS FOR PRODUCING POLYMER COMPOSITION

5
RACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a continuous
polymerization apparatus, that 1is, an’ apparatus for
10 conducting peolymerization, continuously. Further, the
present invention also relates to a process for producing a
polymer compeosition conducted by using such continuocus
polymerization apparatus.
15 Description of Related Art
Resin compositions such as methacrylic ester polymers
are produced by continucous polymerization in which a raw
material polymer, a polymerization initiator and the like
are continuously supplied to & reactor to be polymerirzed.
20 As such continuous polymerization processes, there are

known a continucus solution polymerization process using a
solvent (or a dispersion medium, which also applies
hereinafter} to conduct continuous polymerization, and a
continuous bulk polymerization process using no solvent to

25 conduct continuous polymerization.



20 As such continuous polynerization processes, there are known a

conti nuous solution polynerization process using a solvent (or a dispersion
medi um whi ch al so applies hereinafter) to conduct continuous

pol ymeri zation, and a conti nuous bul k pol ynmeri zati on process using no

sol vent to 25conduct continuous pol ynerization. 2 In general, a
conti nuous sol ution pol ynmerization procéss is not efficient since use of a
sol vent causes a |low productivity. In contrast, a continuous bul k

pol yneri zati on process has an advantage of being able to 5 produce a

pol ynmer conposition efficiently since the polynerization is conducted

wi t hout using aisol yentralPracta caldryiruverscont o huoissn bup&l pod yirezizati on,
however, has various problens conpared with the continuous solution

pol yneri zap+&PesSUEB asd hatfienstit oniaest nale i of dif fscdwlent Ifhuhes ta hi gh
viscosity of a reaction m xture, and when an inner surface of a reactor is
cool ed to 1&ROVerherl-thiramya reactiinon systeast thi 8 degradesiqual i bylibf a
pol ymer conposition and thus of a resin conposition obtained therefrom
Then, a pro&essict 5z Rt 0PASYHOMUEN WESsan akbrdraacior oof bringnplietle gbxing
type, fully fills the reactor with liquid to exclude a gas phase part

ther eérom,and.c9ndyct S, CORhd AUOHEMBYL K £ PBhY MRy FAadilcant 1undesimde adtabat i ¢
condition wWth no heat transfer to or fromthe outside (JP 07-126308 A).

Further, i]?g@fzﬂ@ii%é?t@éﬁuf?nssu%rﬁﬁj&@ii%i@%&@ndﬁéi@@, a cestisBHOUS bul k
pol ymeri zati on apparatus is proposed which controls a supply anount of a

raw materi gl . opROReRL and a, SUBRLYnABRYNL ANk aoPPINEE! tZaldN hBlkiakor so
as to make a tenperagure in the reactor equal to a setting tenperature of

?&ng%FENSHEEa%%r?%u%h%faﬁ¥gﬁg édﬁ%gﬁgpqﬁiéﬁ4@§3 AbntinWMYARY Oht THE

polymerization, such as that reaction control is difficult
10 due to high viscosity of a reaction mixture, and when an
inner surface of a reactor is cooled to remocve heat from a
reaction system, this degrades quality of a polymer
composition aﬁd thus of a resin composition obtained
therefrom. Then, a process 1s proposed which uses a
15 reactor of a complete mixing type, fully fills the reactor
with liquid to exclude a gas phase part therefrom, and
conducts continuous bulk polymerization under an adiabatic
condition with no heat transfer to cor from the outside (JP
07-126308 A). Further, in order to assure such adiabatic
20 condition, a continuous bulk polymerization apparatus is
propesed which controls a supply amount of a raw material
monomer and a supply amount of a polymerization initiator
so as to make a temperature in the reactor equal to a
setting temperature of an outer surface of the reactor (JP

25 2006-104282 A).



Techni cal ProblemIn recent years, applications of resin conpositions 5
such as nethacrylic ester polyners has been expanded furthernore, a demand
is increasing for nore efficiently producing a pol yner conposition which
has a variety of properties. However, it has been proved that the
conventional continuous polynerization apparatuses (JP 07- 10126308 A and
JP 2006- 104282 A) are not always sufficident to neet the denmand. The
pur pose of the present invention is to provide a novel continuous

pol ymeri zati on apparatus and to provide a process for producing a polyner
conposition, which process 15 is able to be conducted by using such

conti nuous polynerization apparatus and to nore efficiently produce a

pol ymer conposition having a variety of properties. Solution to Problem

20The i nvegywusreonsi tgr ethrughngoRt | east two reactors of a conplete m xing
type in conbination to conduct continuous polynerization. As to a

conti nuousysof 4t LN PRLYIELI zation process, apparatuses having two stages
of reactors are known, such as that the nost part of 25polynerization is

conducted in the,for®ydegehot, anbdiheations of resin compositions

5 such as methacrylic ester polymers has been expanded
furthermore, a demand is increasing for more efficiently
producing a polymer composition which has a variety of
properties. However, it has been proved that the
conventional continuous polymerization apparatuses (JP 07-

10 126308 A and JP 2006-104282 A) are not always sufficient to
meet the demand.

The purpose of the present invention is to provide a

novel continuous polymerization apparatus and to providé a

process for producing a polymer composition, which process

15 is able to Dbe conducted by wusing such continuous

polymerization apparatus and to more efficiently produce a

polymer composition having a variety of properties.

Solution to Problem

20 The inventors considered using at least two reactors
of a complete mixing type in combination to conduct
continuous polymerization. As to a continuocus solution
polymerization process, apparatuses having two stages of
reactors are known, such as that the most part of

25 polymerization is conducted in the former reactor and the



4 polynerization is conpleted in the latter reactor while renoving a

pol yneri zation initiator therefrom (JP 01-172401 A); and that

pol ymeri zation is conducted to sonme extent in the former reactor and a
solvent is added to the latter 5 reactor to conduct polynerization (JP

- 05-331212 A). In such apparatuses, however, renoval of heat froma reaction
systemis conducted by reflux cooling (4 raw materi al nononer or -the |ike
in the reactor is evaporated to be taken out of the reactor, and it is
returned to the reactor 10 again after subjected to cold condensation),
this brings about |ocal or rapid cooling of the reaction system which
causes gelpd Oyrashes£: tén and geompdatétie imnehesurdaver ofr celig oredet bke
Especially when the polynerization is conducted under conditions of a small
anount of @eHeF¥eRta 15 Dfm@r highi Pl ynetizadt obheatfooto(aPt @i nland0ol

i ncreased productivity, a mxture in the reaction system has an increased
Vi Scosi ty,nt hi sn&epdstt gocaHseikegabnor & apirdiaonid ng ofotdiecxeact i on
system and the adhering and growi ng of the gel on the inner surface of the
reactor 20.progeeds Signddiganthy. aThysiveher & s saaded obbemistichaaset hat
gel l ed substance is unm xed into a resultant polynmer conposition as

i mpurd ties,.,Further., aéoggﬁg.@d%cjlq;mé_m@zadmd}g agpologreg31corposi ti onIhavi ng
a bi nodal nol ecul ar wei ght distribution, there are known a nelt kneadi ng
met hod 25b I ' a I ofrandiiah 4omliecut arry@i ghtteandian 5

pol ymer ofX%gﬁoéPﬁéﬁggE?g?'mggéﬁﬁgﬁﬁiéﬁﬁ%ave been produced separately (JP

2008- 538794, &) o an, a JupySlAGe BR) VEREN LA | 080 TERYOU( n 4 Chadepobymer i s

prelimnary pr%@uced an en a polymer having a nol ecul ar weight 5

different Lherefroms,prodused (VO 30074G0SYL) 1 Howrygbraakls ofot hese

nmet hods merel'y use a conventional : comonl y-used pol yneri zation
apparat us. F;emgnl B‘lﬁ%”'é;?r %h@%%ﬁ%%ﬁl dered jeannestly, QR thovele Gerldtayous

pol ymeri zaton apparatus whichi's abl'e to nore efficiently produce a
10pol ymer compgsi 110N haying 3.¥ari £t Lok RQRRIHdAS0@Nd this brings
about local or rapid cooling of the reaction system, which
causes gel to adhere to and grow on the inner surface of
the reactor. Especially' when +the polymerization 1is
conducted under conditions of a small amount of a solvent
15 or a high polymerization ratic to attain an increased
productivity, a mixture in the reaction system has an
increased viscosity, this tends to cause local or rapid
cooling of the reaction system, and the adhering and
growing ¢f the gel on the inner surface of the reactorx
20 proceeds significantly. Thus, there is a problem such as
that gelled substance is immixed intc a resultant polymer
composition as impurities. Further, aé methods for
obtaining a polymer composition having a bimodal molecular

weight distribution, there are known a melt kneading method

2D by melt blending a polymer of a high molecular weight and a



finally conpleted the present invention. The present invention provides the
following [1] to [5] . [1] A continuous polynerization apparatus used for
15 continuously polynerizing a nmethacrylic ester nononmer, and conprising at
l east two reactors of a conplete nmixing type, characterized in that
each of the reactors is provided with a supply port and an effluent port;
20t he respective supply ports of the two reactors are independently
connected to a supply source of a raw material nononer and a pol ymerization
initiator; and the respective effluent ports of the two reactors are
connected to a common effluent line. 25[2] The continuous polynerization
appar at us [ROGEICH NYEf 2 low molecular weight which have been produced
separately (JP 2008-538794 a), and a two stage
polymerization method in which a .polymer is preliminary
produced and then a polymer having a mwmolecular weight
5 different therefrom is produced (WO 2007/060891). However,
all of these methods merely use a conventional and
commonly-used polymerization apparatus. The inventors have
considered earnestly on a novel continuous polymerization
apparatus which is able to more efficiently produce a

10 polymer composition having a variety of properties, and
finally completed the present invention.

The present invention provides the following [17 to
[5].
[1] A continuous polymerization apparatus used for

15 continuously polymerizing a methacrylic ester monomer, and
comprising at least two reactors of a complete mixing type,
characterized in that

each of the reactors is provided with a supply port
and an effluent port;

20 the respective supply ports of the two reactors are
independently connected to a supply source of a raw
material monomer and a polymerization initiator; and

the respective effluent ports of the two reactors are

connected to a common effluent line.

25 [2] The continuous polymerization apparatus according



to the above [1], wherein the effluent port of each of the reactors is

| ocated at a reactor's top. [ 3] The continuous pol yneri zation
apparatus according to the above [1] or [2], wherein the two reactors are
bot h 5used to conduct continuous bul k pol ymerizati on. [4] The

continuous pol ynerization apparatus according to any of the above [1] to
[3], wherein the two reactors have an ifiner volune which is different from

each ot her. [5] A process for producing a polymer conposition
10conduct ed by using the continuous polynerization apparatus according to
any of the above [1] to [4], which conprises a first polynerization

step of supplyhdgaidovaw] bht ewhakeimnoher eddd vanpolpprer icfatdash iafi tiag or to
a first reactor of said two reactors through the supply port of the 15
first reactedcidsom ihel suppry SoOW ceenftdhes riavp materi al mononer and t he
polymeri zation initiator to be subjected to continuous polynerization under
an adi abatic copglj tithe i FohhenddliStpseans of zaahdnt agpagatus esutdadtngir st
pol ymer fraction fromthe effluent port of the first reactor; 20 a second

pol yneri zagd opnst 8Bo9E $UPPbYi NQ13 RwrEerital twnoredctands aare both
pol yneri zation initiator fraction to a second reactor of said two reactors

t hrough t hessyppl Yepodtcof cdhe: $66980bE ERCHOI yhe oD BeosUpPpl y source of the
raw mat eri al nonomer and the polynerization initiator to be 25subjected to

continuous pol ypefi zatk ofoHpdehoad pdighatiation apparatus according
to any of the above [1] to {3], wherein the two reactors
have an inner volume which is different from each other.
[5] A process for producing a polymer composition
10 conducted by using the continuous polymerization apparatus
according to any of the above [1] to [4], which comprises
a first polymerization step of supplying a raw
material monomer and a polymerization initiator to a first
reactor of said two reactors through the supply port of the
15 first reactor from the supply source of the raw materieal
monomer and the polymerization initiator to be subjected to
continuous polymerization under an adiabatic condition in
the first reactor, and taking a resultant first polymer
fraction from the effluent port of the first reactor;
20 a second polymerization step of supplying a raw
material monomer and a polymerization initiator fraction to
a second reactor of said two reactors through the supply
port of the second reactor from the supply source cf the
raw material monomer and the polymerization initiator to be

25 subjected to continuous polymerization under an adiabatic



condition in the second reactor, and taking a resultant second pol yner
fraction fromthe effluent port of the second reactor; and a

bl endi ng step of blending the first polyner fraction 5and the second

pol ymer fraction to obtain a polyner conposition. Advantageous Effects of

I nvention According to the present invention, there is provided 10 a novel
conti nuous pol ynerization apparatus. Fufther, according to the present
invention, there is also provided a process for producing a pol yner
conposition, which process is able to be conducted by using such continuous
pol yneri zation apparatus and to nore efficiently produce a 15pol yner
conposi t i arohdvi Ngh aivarties y sefecpdopesd ¢ciesr, Banef Destng pti onesfl Dramwi ngs
Fig. 1 shows a schematic view of a continuous polynerization apparatus in
one enbodi gEbn®@f Jdigmesentac2Qioaventban. the effPoldrowi myntef efenclee si gns
denote the followng elenents: 1, |'raw material nononer tank (supply
source of sawoNEteLiatoRPNORET)

a blending step of blending the first polymer fraction
5 and the second polymer fraction to obtain a polymer

composition.

Advantageous Effects of Invention
According to the present invention, there is provided
10 a novel continucus polymerization apparatus. Further,
according to the present invention, there is also provided
a process for producing a polymer composition, which
process is able to be conducted by using such continuous
polymerization apparatus and tc more efficiently produce a

15 polymer composition having a variety of properties.

Brief Description of Drawings

Fig. 1 shows a schematic view of a continuous
polymerization apparatus in one embodiment of the present

20 invention.

Following reference signs denote the following
elements:

i, 1' --- raw material monomer tank (supply source of
raw material monomer)

25 3, 3' +-- polymerization initiator tank (supply source



253, 3

.-- polynerization initiator tank (supply source 8

polyneri zation initiator and, if necessary, of raw materi al

punp 7, 7' punp 58, 8 line 9, 9 raw nateri al

hééupply port |1lb

10

15

20

25

of

nononer) 5, 5

...effluent port 10l11lc ...another supply port

8

of polymerization initiator and, if necessary,

material monomer)
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13
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13
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21b
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25h
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27
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35

5 t
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pump
pump
line
raw material supply line
first reactor
supply port
reffluent port
-another supply port
jacket (temperature regulating means)
stirrer
- effluent line
-second reactor
supply port
effluent port
-another supply port
jacket (temperature regulating means)
stirrer
effluent line
mixer
common effluent line
preheater
develatilizing extruder

discharge line

of

supply line 10first reactor

raw



13 ... jacket (tenperature regulating nmeans) 14 ... stirrer 15 ... effluent
| ine 20second reactor 1521a ... supply port 21b ... effluent port 21c

...another supply port 23 ..- jacket (tenperature regulating neans) 24 ...
stirrer 2025 ..- effluent line 26 ... mxer 27 ... common effluent |ine

9

37 --- recovery tank

T --- temperature sensor (temperature detecting means)

DETAILED DESCRIPTION OF THE EMBODIMENTS
5 A continuous polymerization apparatus of the present
invention is used for continuocusly polymerizing a
methacrylic ester monomer, and comprises at least two
reactors, and continucus polymerization such as any of
continuous bulk polymerization and continuous sclution
10 polymerization is conducted in each of the reactors. N
continuous polymerization apparatus of the present
invention will be understood as a continuous bulk
polymerization apparatus when continuous bulk
polymerization is conducted in all of the reactors, and
15 understood as a continuous solution polymerization
apparatus when continuous solution polymerization is
conducted in all of the reactors. However, a continuous
polymerization apparatus of the present invention is not
limited theretce, but may be those wherein continuocus bulk
20 polymerization is conducted in one reactor (e.g. a reactor
for which polymerization ratio as a target or a guide is
low) and continuous solution polymerization is conducted in
another reactor (e.g. a reactor for which polymerization
ratic as a target or a guide is high).

25 Hereinafter, one embodiment of the present invention



31 ... preheater 33devol atilizing extruder 2535 .-. discharge line 9 37

--- recovery tank T --- tenperature sensor (tenperature detecting neans)
DETAI LED DESCRI PTI ON OF THE EMBODI MENTS 5A conti nuous pol yneri zation

apparatus of the present invention is used for continuously polynerizing a
met hacrylic ester nononer, and conprises at |east tw reactors, and
conti nuous pol ymeri zation such as any ofOcontinuous bul k pol ymeri zati on and
continuous solution 10 polynerization is conducted in each of the
reactors. A continuous polynerization apparatus of the present invention
wi |l be understood as a continuous bul k polynerization apparatus when
cont i nuousvill kepolgmeriltzed | on dstabhdiictled e FrEncofte Heldeact ors, and 15
understood as a continuous sol ution pol ynerization apparatus when
conti nuous sol U&i orcquol ymeriz at iped vire rdgaddcired ERPAFRTEF t hélr edelt by s.
However, a continuous polynerization apparatus of the present invention is
not |imteshitddiedsnt bdotpnmayebeathbdseswhéahe f igoit infdsiehulk and the
second reactor 20. These reactors 10 and 20 are both a
5 reactor of a complete mixing type, and used to conduct
continuous bulk polymerization in this embodiment.
More specifically, the first reactor 10 is provided
with a supply port 1la and an effluent port 1lb, and
preferably further provided with a Jjacket 13 as a
10 temperature regulating means for regulating a temperature
of an outer surface of the reactor and a stirrer 14 for
stirring (mixing) a content therein. Similarly, the second
reactor 20 is provided with a supply port 2la and an
effluent port 21b, and preferably further provided with a
15 jacket 23 surrounding an outer surface of the reactor as a
temperature regulating means for regulating a temperature
of the outer surface of the reactor and a stirrer 24 for
stirring (mixing) a content therein. The effluent ports
11b and 21b are located at a top of each of the reactors in
20 this enmbodiment, but not limited thereto. On the other
hand, the supply ports lla and 2la may be generally located
at an appropriate position of a lower part of each of the
reactors, although this embodiment is not limited thereto.

FEach of these reactors 10 and 20 may be provided with a

25 temperature sensor T as a temperature detecting means for



20 polynerization is conducted in one reactor (e.g. a reactor for which

pol yneri zation ratio as a target or a guide is |low) and continuous sol ution
pol ymeri zation is conducted in another reactor (e.g. a reactor for which
pol ynmeri zation ratio as a target or a guide is high). 25Hereinafter, one
enbodi nent of the present invention 10 will be described in detail with
reference to Fig. 1. A continuouslpol yneri zation apparatus in this
enbodi ment conprises at least the first reactor 10 and the second reactor
20. These reactors 10 and 20 are both a 5reactor of a conplete mxing type,
and used to conduct continuous bul k polynerization in this enbodi nent.

More specidéeatt yagthecéipstatenect Dn Afei seprovided with a supply port ha
and an effluent port 11b, and preferably further provided with a jacket 13
as a 10 tenperatps e fregwl aténgeaeans faidr epel addadwnd teapevrat tile ody an
outer surface of the reactor and a stirrer 14 for stirring (mxing) a

content thgreinchS Mdd | ¥yr thereeeond Ieast oro20mes faaviaath wothea. suppl y
port 2la and an effluent port 21b, and preferably further provided with a

15 j acket @3k sHEr eHAE RGN QUL D4 face Dirdherégactorams ehéebpeeature
regul ati ng means for regulating a tenperature of the outer surface of the

react gr angofuﬁ%iBEeEh%4§§Hbﬁaiﬂéédﬁbﬂrﬁi@f&ﬂeﬁtCﬂﬁ@@néaémebﬁh@r,The
effluéent ports Il b and 21b are |l ocated at a top of each of the reactors in

20 this e”’?gd%%%&blgukon%féééﬂfﬁéw her et oG dhe ptbpschande Ehessupply
a

ports ha an may be generally |dcated at an appropriate position of a
| ower partrgécgggh eh tdire@ﬁ%orgecggﬁhogggcgg&s embodipmeat, | svBekgki mted
ch o

thereto. Ea these reactors 10 and 20 may be provided with a
residence time.
The stirrers 14 and 24 are a member for substantially
10 attaining a complete mixing condition in the reactors.
These stirrers may have any appropriate stirring blade(s),-
for example, may have blades of MIG impeldler, MAXBLEND
impeller {registered trademark, manufactured by Sumitomo
- Heavy Industries, Ltd.), paddie impeller, dcuble helical
15 ribbon impeller, FULLZONE impeller ({registered trademark,
manufactured by Kobelco Eco-Solutions Co., Ltd.) and so on.
In order to increase stirring effect in the reactor, it is
preferable to ©provide the reactor with a baffle(s).
However, this embodiment is not limited theretc, but may
20 have any appropriate configuration in place of the stirrers
14 and 24 as long as a complete mixing condition can be
substantially attained in the reactors.
In general, the reactors 10 and 20 are more preferable
when they have a higher stirring efficiency. However, in

25 view of avoiding the reactors from being added with an



25t enperature sensor T as a tenperature detecting neans for
tenperature in the reactor. The first reactor 10 and

11 detecting a
t he second

reactor 20 nay have the sane or different inner volume from each ot her

Maki ng the inner volume of the first reactor and the inner

5 volune of the

second reactor different fromeach other, it is possible to effectively

differentiate between the first reactor120 and the second r
average residence tinme. The stirrers 14 and 24 are a nenber
substantially 10 attaining a conplete mxing condition int
These stirrers may have any appropriate stirring bl ade(s),

eactor 20 in an
for

he reactors.

for exanple, may

have bl adesnfcdd Giypahdent MXBLEND Y npled | 2l frayd stee ealt 1 emdentar ks
manuf actured by Sum tono Heavy Industries, Ltd.), paddle inpeller, double
helical 15rdébbesbiapaliar, sFUpLZENE bopedt errimegiist emed t mademarikan

manuf act ured by Kobel co Eco-Sol utions Co., Ltd.) and so on.

In order to

i ncrease Sﬁéééé§ﬁr¥ffecﬁhkn bbeeteastorstitrirsy prief enabl especpfvvitkyt he

reactor with a baffle(s). However, this enbodinent is not |

imted thereto

but may 20; have-any apRropyrictea0anf i gorati en i recpl agw/ml, thenstinoees 14
and 24 as long as a conplete mxing condition can be substantially attained

in the reaclofsraply 1 to |15 JRMARAl, hbear eAGl@Ss3 th0 @NdtRd aeectbog

pref erabl € when they have a higher stirring efficiency. However,

of avoiding, theyrgachpes HiQRAe Nor addednvehl aBtio of a polymer in

10

15

20

25

the reaction system becomes higher), it 1is preferable to
set the power of stirring at a larger level.

As shown in the drawings, the supply port 1lla of the
first reactor 10 is connected through a raw material supply
line 9 to a raw material monomer tank (a supply scurce of a
raw material monomer) 1 and a polymerization initiator tank
fa supply source of a peclymerization initiator and, if
necessary, of & raw material monomer} 3 wvia pumps 3 and 7,
respectively. Similarly, the supply port 2la of the second
reactor 20 is connected through a raw material supply line
G' to a raw material monomer tank (a supply source of a raw
material monomer) 1' and & polymerization initiator tank (a
supply source of a polymerization initiator and, 1if
necessary, of a raw material monomer) 3' wvia pumps 5' and
7', respectively. In this embodiment, the supply source of
the raw material monomer and the polymerization initiator
with respect to the first reactor 10 is the raw material
monomer tank 1 and the polymerization initiator tank 3, and

the supply source of the raw material monomer and the

in 25vi ew



12 unnecessary anmount of heat by the stirring operation, it is preferable
that a power of stirring is not nore than necessary. The power of stirring
is not specifically Iimted, but preferably 0.5 to 20 kWnB, and nore 5
preferably 1 to 15 kWnB. As a viscosity of the reaction system becones

hi gher (or a content ratio of a polyner in the reaction system becones
higher), it is preferable to set the powsr of stirring at a |arger |evel.
As shown in the drawi ngs, the supply port Ila of the 10 first reactor 10 is
connected through a raw material supply line 9 to a raw nmateri al nononer
tank -(a supply source of a raw material nononer) 1 and a pol ynerization
initiator pankméai suppby soutcecof aiphl yeepezattonthai seavod asdctof
necessary, of a raw material nononer) 3 via punps 5 and 7, 15 respectively.
Simlarly,z2the isUupptye poirhw2landf e £ €] seaondmeeacttyni20 18 cannect ede
through a raw material supply line 9" to a raw material nonomer tank (a
supply sousgevRbrazEavenas 8ftaht BRNGARK) 3I'. anHeaepokysrti pattoblbnobti at or
tank (a supply source of a polynerization initiator and, if 20 necessary,
of a raw npheri@l JPNRERE oS Vba HHPSNE' @ffl Jent r gspect 2viel bf | Bhkhis
enbodi ment, the supply source of the raw material nononer and the

pol yneri zaL LB, hnitl3k0n Wd My respeaheb@echne of id SéoiR@ct @E£10ehe LhAer aw
mat erial nononer tank 1 and the polynerization initiator tank 3, and 25t he

supply soukpse of ,hg LawipRLQS i3l JDnoes@ngs t hees33cPOVYIRY i Zaki @Ra
initiator with respect to the second reactor 20 is the raw material nononer

tank ' ang Eu%el%o'f%”%fr! Zﬁéeoeze}?x%cfﬁﬁl@ﬁ@rsﬁ% 3h. cAbeqebfkvent pemysl!b of

the first reactor 10 and uent port 21b of the 5 second reactor 20

are Connecliigg t%:L%S%OInggC%fOEl u?ﬁ@t 2|€|1'],%.e %%et hrS%l(.lg)rﬂdef frlelé%'ﬂtorl I Q@S Jséeand

25, respectively, and via a m xer in the enbodi mrent shown in the

drawi ngs. TR L8 Ghf sl J8achor 1hand 1he,see0ndnt §aGL0puARD Bhe the

connected I'n parallel. ere’is preferably no punp on’the
io effluent line 15 lying downstream of the effluent port 1lb
of the first reactor 10, and the effluent line 25 lying
downstream of the effluent port 21b of the second reactor

20, and the common effluent line 27.

It is not necessary for this embodiment, but the first
15 reactor 10 may be connected to the polymerization initiator
tank '3, separately from the raw material supply line 9.
For example, as shown by a dotted line in Fig. 1, an
additional line 8 may be located, and the first reactor 10
may be provided with another supply port llic, so that this
20 supply port 1lc is connected to the polymerization
initiator tank 3 via the pump 7 through the line 8 as shown
in the drawings. Also, the second reactor 20 may be
connected to the polymerization initiator tank 37,

separately from the raw material supply line B5'. For

25 example, as shown by a dotted line in Fig. 1, an additional



10 effluent line 15 |lying downstream of the effluent port lib of the first
reactor 10, and the effluent line 25 |lying downstream of the effluent port
21b of the second reactor 20, and the common effluent line 27. It is not
necessary for this enbodinment, but the first 15 reactor 10 may be
connected to the polynerization initiator tank 3, separately fromthe raw
materi al supply line 9. For exanple, asldhown by a dotted line in Fig. 1,
an additional line 8 nay be |located, and the first reactor 10 may be

provi ded with another supply port 11c, so that this 20 supply port 1lc is
connected to the polynerization initiator tank 3 via the punp 7 through the
i ne 8 as shoswnsgi' nnialye kilr albogsed Al sog e seeomk r eagcber 26 Cnanahebe
connected to the polynerization initiator tank 3', separately fromthe raw
mat eri al spippy ydéd neidOh. akoth2bexapple, castsitdwn o aldot tEdi$ i mepphyFi g.
1, an additional 14 line 8 may be |ocated, and the second reactor 20 may
be provi degsbit t h1anetheonseppky por tthidlgolpndhidativrs Suppl ytporta@ic is
connected to the polynerization initiator tank 3' via the punp 7' through
the |ine 83'agishowe i pulhpe Hdremiogsh Theselwdi Bi'catd onhoean ibe appl i ed
alone or in conmbination to this enbodi nent. In. this enbodi nent, the
supply sougsgyofigthe mawseateidiodi Janiey eafl bbe apgllyeer isZairiconot nihi at or
connected to the first reactor 10 (the raw naterial nononer tank 1 10 and

the pol ymegimathepi bii thatnist amkodinand. the supply source of the raw
mat eri al nononer and the polynerization initiator connected to the second

reactor 20 (theryaw i erddloMRQEr tark bupahd theupedynsy i zald OBaw
initiator tank 3') are shown as different ones in the draw ngs.

material monomer and the polymerization initiator connected

to the first reacter 10 (the raw material monomer tank 1

10 and the polymerization initiater tank 3) and the supply

source of the raw material monomer and the polymerization

initiator connected to the second reactor 20 (the raw

material monomer tank 1' and the polymerization initiator

tank 3') are shown as different ones 1in the drawings.

15 However, the present invention is not limited thereto, a

common supply source of the raw material monomer and the

polymerization initiator (a raw material monomer tank and a

polymerization initiator tank)} can be used as long as the

first reactor 10 and the second reactor 20 are connected to

20 the supply source of the raw material monomer and the

polymerization initiator, independently from each other (in

other words, each supply amount is adjustable for each of

the reactors, singularly). As to the supply source of the

raw material monomer and the polymerizaticn initiator, the

25 number of the supply source of the raw material monomer and



15 However, the present invention is not limted thereto, a common supply
source of the raw materi al nononer and the polynerization initiator (a raw
mat eri al nononer tank and a polymerization initiator tank) can be used as
long as the first reactor 10 and the second reactor 20 are connected to 20
the supply source of the raw material nononer and the polynerization
initiator, independently fromeach othet3(in other words, each supply
anount is adjustable for each of the reactors, singularly) As to the supply
source of the raw material nonomer and the polynerization initiator, the
25nunber of the supply source of the raw material nononer and 15 the

pol yrer i zathiornpdInjme mt xat; i drhel fidrimst of , ttHee riaovrmat ek i Gie oot et he

pol ymeri zation initiator (in a case of a mxture, for exanple, a

conposi ti amridereobhdantes ponyrarel Totiqar théalfiatby |iimi tedcasel ofg as the
raw material 5 nononer and the polynerization initiator can be separately
suppl i ed twitthe-d, rsdrreasiplelOaandmbbeiséoondheeactior a20) sppropriatel v.
The punps 5, 5 and 7, 7' are not particularly limted, but preferably
punps bei ngs@ablga ol etaflpw Iriaties=d r @m t RentOr aw maher i ashwnomaterisanks 1,
I' and the polynerization initiator tanks 3, 3' at constant val ues. Mre
speci i calhynomat t hpkechecippregatiing tpomMps rare gyef eraredoe anepapateely
preferred are pul sation-free controll ed-vol une punps such as a duplicate
pul sation-{age1 cont£o! Ligd- ¥ol yperdScpupprangna thepbexopdl sartoozfree
control | ed-vol unme punp. By using these, it is possible to control supply
anount s (ogpgygﬁfya{épﬁﬁrates, whi ch al so applies hereinafter) of the raw
mat eri al nononer and the polynerization initiator to the first reactor 10
and the secondrhgagh@ps2, 80 ahy 7s prekecahbe phatieathrdl Lheimedbers
described in the above with reference to Fig. 1 1s appropriately connected

to a ContrBhtUPEéféEQE1§h9W&pisnbfeh%gdra@/ﬂéﬁg__sa SO apléw exebkertbm enatrol
unit to control their operations. Thereby, in order to nake the tenperature
of thg outer 25surface of hhgereact s set for eaeh ©fet Beijaeketstion
initiator tanks 3, 3 at constant values. More
specifically, multiple reciprocating pumps are preferred,
and more preferred are pulsation-free controlled-volume
pumps such as a duplicate pulsation-free controlled-volume

15 punp and a triplex pulsation-free controlled-volume pump.

By using these, it is possible to control supply amounts
(or supply flow rates, which also applies hereinafter) of
the raw material monomer and the polymerization initiator
to the first reactor 10 and the second reactor 2C.

20 It is preferable that each of the members described in
the above with reference to Fig. 1 1is appropriately
connected to a control unit (not shown in the drawings) so
as to enable the control unit to control their operations.

Thereby, in order to make the temperature of the outer

25 surface of the reactor set for each of the Jackets



16 (tenperature regulating nmeans) 13 and 23 correspond to the tenperature
in the reactor detected by the tenperature sensor (tenperature detecting
nmeans) T with respect to each of the first reactor 10 and the second
reactor 20, the 5 apparatus is controllable by adjusting the respective
supply anmounts of the raw material nononmer and the polynerization initiator
to the first reactor 10 and the second #factor 20 with the operation of the
punps 5, 5 and 7, 7' or by regulating the tenperature of the outer surface
10of the reactor set for the jackets 13 and 23. The jackets 13 and 23
surround al nost the whole of the reactors 10 and 20, respectively to
“appropri at &l guhesa twre re¢aihat heg heaensf iReandadtbora @0 bythe

i ntroduci ng steam hot water, organic heat nmediumor the like froma 15
heat nedi ummsppptyursouties (kbe sheanton tdetadriesdd ndy) . the temperatwre of
the jackets 13 and 23 is able to be appropriately regulated with a

t enper at ure=goPr essurer af utdeddieat t itegi nean ®) BB vihth odeseect The decih

medi um introduced into the jackets 13 and 23 is renoved froma 20 heat

medi um di scharge routet (retcslawnld narlde diawisegsind Theatenperdt, urehand/ or
pressure of the jackets 13 and 23 is detected by a sensor such as a

t enpeg at ur go1S£ASOLs (NDE  shembrbNl dbke driayi ngsdj ubotagedtba thespeatimedi um
di scharge route. The point of |ocation of a sensor such as the

25t enper at g gp BENSAhoi1Bt HOt opar theul afdwy Inatdeidsl butondmerny add behe
| ocat ed, for exanple, on the heat nmedium supply route, or .in the jackets 13
and 23. polymerization initiator to the first reactor 10 and the
second reactor 20 with the operation of the pumps 5, 5' and
7, 7' or by regulating the temperature of the outer surface
10 of the reactor set for the jackets 13 and 23.

The jackets 13 and 23 surround almost the whole of the
reactors 10 and 20, respectively to appropriately heat or
retain the heat of the reactors 10 and 20 by introducing
steam, hot water, organic heat medium or the like from a

15 heat medium supply route (not shown in the drawings). The
temperature of the jackets 13 ‘and 23 is able to be
appropriately regulated with a temperature or pressure of
the heat medium to be introduced. The heat medium
introduced into the djackets 13 and 23 1is removed from a

20 heat medium discharge route (not shown in the drawings).
The temperature and/or pressure of the jackets 13 and 23 is
detected by a sensor such as a temperature sensor (not
shown in the drawings) located on the heat medium discharge

route. The point of location o©of a sensor such as the

25 temperature sensor is not particularly limited, but it may



For the polynerization reaction in the reactors 10 and 20, it is required
to proceed at a generally constant 5Stenperature in each of the reactors 10
and 20 in view of obtaining a polyner with a constant quality. Therefore,
t he above described tenperature regul ating neans (jackets 13 and 23) is
controlled at a constant tenperature which has been set beforehand, so that
the tenperature inside the 10reactors 187and 20 can be mai ntai ned
respectively at a generally constant tenperature. The setting
tenperature of the above described tenperature regul ating means (jackets 13
and 23) is transnmtted to a supply flow rate control neans, which 15
her ei naf t éve déscetbed, foo leiaugde asomathef brademecdum ey iet heutdnt r o
of the supply flowrate with the nononmer supply nmeans (punps 5, 5') and/or
the initiaborisuppdy]aeastss (poin@sd7237') is necessary or not. The setting
tenperature of the above described tenperature regulating 20 neans
(j ackets 13 andr23)tlcanpbeymegitat ednbyegoni ool 1nnght heetenpes al Ur endr
pressure of the above described heat medi um As to the supply flow
rate contrpd, meansisanrexanpee tther eabcesda sonta olgeneirtil(lyot cshesantn t he
drawi ngs) 25provided with CPU, ROM RAM and so on. 18
5 temperature in each of the reactors 10 and 20 in view of
obtaining a polymer with a constant quality. Therefore,
the above described temperature regulating means (jackets
13 and 23) is controlled at a constant temperature which
has been set beforehand, so¢ that the temperature inside the
10 reactors 10 and 20 can be maintained respectively at a
generally constant temperature.

The setting temperature of the above described
temperature regulating means (jackets 13 and 23) 1is
transmitted to a supply flow rate control means, which

15 hereinafter described, to be used as data for determining
whether control of the supply flow rate with the monomer
supply means (pumps 5, 5') and/or the initiator supply
means (pumps 7, 7') 1s necessary or not. The setting
temperature of the above described temperature regulating

20 means (jackets 13 and 23) can be regulated by controlling
the temperature or pressure of the above described heat
medium.

As to the supply flow rate control means, an example

therecf is a control unit (not shown in tThe drawings)

25 provided with CPU, RCM, RAM and so on.



The ROM of the control unit is a device for storing a program which
controls the punps 5, 5, 7, 7°'. The RAM of the control unit is a device
for tenporary storing data of the tenperatures in the reactors 10 and 20
detected by the 5 tenperature sensor T, data of the setting tenperatures
of the jackets 13 and 23 in order to execute the above program The
CPU of the control unit executes the prdgramstored in the ROM based on
data such as the data of the tenperatures in the reactors 10 and 20 and the
data of the 10 setting tenperatures of the jackets 13 and 23 stored in the
above RAM so that the supply flow rates of the raw material nonomer and/ or
t he pol yneri zatTha ROMt pat dhet oonlie oleactidr sislG awv 2@ i BSoxonteoldeda by the
nmononer supply nmeans (punps 5, 5') and/or the initiator supply nmeans (punps
7, 7'). 15pnoexampkkioh thetecohtr chebyutipe sSupp@'y f1,0W rat erconkald| cfreans
(control unit) wll be described bel ow. When the tenperature in the
react or 10Otdet echedobyuhhe tienperdatwiree sensotenipexceedstehengedstagot
tenperature of the jacket 13 as the tenperature regul ating neans, the CPU
20 execut eshtheeppegranren tihe tReMrieacdents dl drat Exadplestédebputpe 7 so
as to decrease the supply flowrate of the polynerization initiator into

t he rgact ofehfer¥benet Benkenparatdd€a i 6t hder eaaitim PO dnpeci edrdby bhe
tenperature sensor T exceeds the setting tenperature of the jacket 23 25as

the tenperahdr gakrgukal BngnAeaRsSint BedePUrexeguteset bRe19bptregpasyiAmt he
ROMto control, for exanple, the punp 7° so as to decrease the supply flow

rate of the pol yAerizeyi Q¥ i Rihki abehtikBLO ther r eacdaitdD. tBy cprdyetinng
such control, polynerization heat generated in the reactors 10 and/or 20
Scan be degtgasqd.iranghd heorbyalhe) teNPERALUTREH Nadhehe data of the
temperatures in the reactors 10 and 20 and the data of the
10 setting temperatures of the jackets 13 and 23 stored in the
above RAM so that the supply flow rates of the raw material
monomer and/or the polymerization initiator to the reactors
10 and 20 is controlled by the monomer supply means (pumps
5, 5') and/or the initiator supply means (pumps 7, 7').
15 An example of the control by the supply flow rate
control means {contrcl unit) will be described below.

When the temperature in the reactor 10 detected by the
temperature sensor T exceeds the setting temperature of the
jacket 13 as the temperature regulating means, the CPU

20 executes the program in the ROM to contreol, for example,
the pump 7 so as to decrease the supply flow rate of the
polymerization initiator into the reactor 10. When the
temperature in the reactor 20 aetected by the temperature

sensor T exceeds the setting temperature of the jacket 23

25 as the temperature regulating means, the CPU executes the



reactors 10 and/or 20 can be | owered. On the other hand, when the
tenperature in the reactor 10 is below the setting tenperature of the
j acket 13, the CPU executes the programin the ROMto control, for exanple,
10the punp 7 so as to increase the supply flow rate of the polynerization
initiator into the reactor 10. Wien the tenperature in the reactor 20 is
-bel ow the setting tenperature of the jadRet 23, the CPU executes the
programin the ROMto control, for exanple, the punp 7° so as to 15
increase the supply flow rate of the polynerization initiator into the
reactor 20. By conducting such control, polynerization heat generated in
t he react grsodfamnihokch20REOHN the domdreds ed o rarekarnygreebyt cheoumanper at@res in
the reactors 10 and/or 20 can be rai sed. 20For exanple, when the control
over the puspso? defrefacr tire: pohyweyi Zatwomarteactli omeé np¢heneehzaoien 10 and
20 results in remarkabl e decrease in the total supply flowrate into the
reactors 1lOnahtla?Or ittostpeetesabbe £0.noByonbydoohingl sthle ponpso¥, 7' so
as to decrease the supply 25flow rate of the polynerization initiator, but
also to 20otomérdkathenpHaps benbratespdct itved yreoc@asrd ol 0 nenéase 2he
supply flow rate of the raw material nononer at the sane tine. Further, as
anot her exaapl eof ddre-«eenid,ol anbdhethereby the temperatures in the

reactors 10 and/or 20 can be lowered.

On the other hand, when the temperature in the reactor

10 is below the setting temperature of the jacket 13, the

CPU executes the program in the ROM to contreol, for example,

10 the pump 7 so as to increase the supply flow rate of the
polymerization initiator into the reactor 10. When the
temperature in the reactor 20 is Dbelow the setting
temperature of the jacket 23, the CPU executes the program
in the ROM to control, for example, the pump 7' so as to

15 increase the supply flow rate of the polymerization
initiator into the reactor 20. By cdnducting such controli,
polymerization heat generated in the reactors 10 and/or 20
can be increased, and thereby the temperatures in the
reactors 10 and/or 20 can be raised.

20 For example, when the contrel over the pumps 7, 7' for
the polymerization reaction in the reactors 10 and 20
results 1in remarkable decrease in the total supply flow
rate inte the reactors 10 and 20, it is preferable to not

only control the pumps 7, 7' so as to decrease the supply

25 flow rate of the polymerization initiator, but alsc to



5 followng control is noted. That is, when the tenperature in the reactor
10 detected by the tenperature sensor T exceeds the setting tenperature of
the jacket 13 as the tenperature regulating nmeans, the punp 5 is controlled
to increase the supply flowrate of the raw material nononer, 10so that the
relative supply flow rate of the polynerization initiator into the reactor
10 i s decreased. Wen the tenperature i A0t he reactor 20 detected by the
tenperature sensor T exceeds the setting tenperature of the jacket 23 as
the tenperature regulating nmeans, the punp 5 is 15controlled to increase
the flowrate of the raw material nononmer, so that the relative flowrate
of the polsgmEricatilon Paipsaber Si' nEESPRETAESVOEREST SUTEETEE By
conducting such control, the tenperature in the reactor 10 and/or 20 can
al so be | ovwrely 208w atite off t heesappl Yyt &lat BoRPNEheak awhivat ¥l
nmononer and the supply flow rate of the polynerization initiator can be
appropri atelgpe set dependi ng on the kind of the polynmer generated, the kind
of the polynerization initiator used, and so on. 25Al so, degree of increase
or decrease in Fhetlsappl yas 2lahidomer atexafivide oAw nat er¢att pphonethand/ or
the supply flow rate of the polynerization initiator can be appropriately
set dependiayl owitdiecknhdodf isheopelymeTtgaenersat edhent hehki pelnpdra there
pol ymeri zation initiator used, 5 and so on. However, in a case what is
suppl i ed tDnt hther eashotsr10.(ande2@chydt Hey i ninki at enpsupphye neansoirs Tiot t he
pol ynmeri zation initiator only, but the raw materi al nononer conprising the
pol yreri zat @8 difi tthat ofsettindgs teepesaany et cofontiederackeatont 8ntasr athe of
the polynerization initiator in

temperature regulating means, the pump 5 is controlled to

increase the supply flow rate of the raw material monomer,

10 so that the relative supply flow rate of the polymerization
initiater into the reactor 10 is decreased. When the
temperature in the reactor 20 detected by the temperature
sensor T exceeds the setting temperature of the jacket 23
as the temperature regulating means, the pump 5' 1is

15 contrelled to increase the flow rate of the raw material
monomner, S0 that the relative flow rate of the
polymerization initiator intc the reactor 20 1s decreased.
By conducting such control, the temperature in the reactor
10 and/or 20 can also be lowered.

20 A ratio of the supply flow rate of the raw material
monomer and the supply flow rate of the polymerization
initiator can be appropriately set depending on the kind of
the polymer generated, the kind of the polymerization
initiator used, and so on.

25 Also, degree of increase or decrease in the supply



10 the raw material nononer conprising polynerization initiator to contro
the supply flow rare of the polynerization initiator. The m xer 26 is
to evenly m x polyner fractions taken out through the respective effluent
lines 15 and 25, and 15 may be | ocated at a confluent part of the effluent
lines 15 and 25 as shown in the drawings or on the comon effluent |ine 27.
Additionally, it is not necessary for thils enbodi nent, but a preheater 31
and a devol atilizing extruder 33 may be | ocated downstream of the common

20 effluent line 27. In a case where the preheater 31 presents, in place of
the m xer 26 and the preheater 31 shown as a separate apparatuses in the
drawi ngs, @ &enkhred @ppanat usswf mbberhkxemad@rand the/ pr eldat esu@ilguch as
a static mxer or the like nmay be used and | ocated at a 25position of the
shown prehepégr Zhden the drigvd ngpolihereza22omay heid Pr@ssucenadjisting
val ve (not shown in the draw ngs) provi ded between the preheater 31 and the

devol ati | ig'@ﬁoﬁﬁéwﬁﬁ 3%t ARecpxhruded obj esle akiga dewolaki | paryhen is
di scharged froma discharge line 35. 5 As the preheater 31, any

appFOPViat?e@@@é@édpaﬂhﬁeﬂ£ﬁﬁjé@ kﬁ@gg%ijdéﬁﬁ%dﬂﬂdhtihiﬁiﬁtétVﬁ§§@Hs
fluid. As the devolatilizing extruder 33, a single or nulti screw

devol atilizing extruder (can.-he-used. 5 case what FHrkhgpiikhers mMayebe a
recovery tank 37 for storing 10the raw material nonomer which is separated

and feC0V6£SQC£59§1fovgﬁatbbeb§0€ﬂen§ﬂ&tﬁgesprgﬁbggyumégagt@Q haw pRberi al
mai nl y) having separated wth the devolatilizing

polymerization initiator only, but the raw material monomer

comprising the polymerization initiator, it is necessary to

consider a content ratio of the polymerization initiator in

10 the raw material moncmer comprising polymerization

initiator to contrel the supply flow rare of the
polymerization initiator.

The mixer 26 is to evenly mix polymer fractions taken

out through the respective effluent lines 15 and 25, and

15 may be located at a confluent part of the effluent lines 15

and 25 as shown in the drawings or on the common effluent

line 27. Additionally, it is mnot necessary for this

embodiment, but a preheater 31 and a devolatilizing

extruder 33 may be located downstream of the common

20 effluent line 27. In a case where the preheater 31

presents, in place of the mixer 26 and the preheater 31

shown as a separate apparatuses in the drawings, a combined

apparatus of the mixer 26 and the preheater 31 such as a

static mixer or the like may be used and located at a

25 position of the shown preheater 31 in the drawings. There



ext ruder

33. 15Next, a process for producing a polymnmer conposition

conducted by using such apparatus will be described.In this
enbodi ment, acase of conducting continuous polynerization of a nethacrylic
ester nononer, in the other words, a case of producing a nethacrylic ester
pol ymer wi Il 20be described, although the present inventionis not limted

t her et o.

Prepar ati on At fRBBst, the raw material nononer,

pol ymeri zation 25initiator and so on are prepared. 23

10

15

20

25

may be a pressure adjusting valve (not shown in the
drawings) provided between the preheater 31 and the
devolatilizing éxtruder 33. An extruded object after
devolatilization is discharged from a discharge line 35.

As the preheater 31, any appropriate heater can be
used as long as it is able to heat a viscous fluid. As the
devolatilizing extruder 33, a single or multi screw
devolatilizing extruder can be used.

Further, there may be a recovery tank 37 for storing
t+he raw material monomer which is separated and recovered
from a volatile component (comprising unreacted raw
material, mainly) having separated with the devolatilizing

extruder 33.

Next, a process for producing a polymer composition
conducted by using such apparatus will be described. In
this embodiment, a case of conducting continuous
polymerization of a methacrylic ester monomer, in the other
words, a case of producing a methacrylic ester polymer will
be described, although the present invention is not limited

thereto.

» Preparation
At first, the raw material monomer, the polymerization

initiator and so on are prepared.

t he



As the raw material nononer, a nethacrylic ester nononer is used in this
enbodi nent. Exanples of the nethacrylic ester nononer are al kyl

nmet hacryl ate (of which alkyl group has 1 to 4 5carbons) alone, or a

m xture of not |ess than 80% by wei ght of al kyl methacrylate (of which

al kyl group has 1 to 4 carbons) and not nore that 20% by wei ght of other

vi nyl nmononer copol yneri zabl e therew t h2310Exanpl es of al kyl nethacryl ate
“(of which alkyl group has 1 to 4 carbons) include nethyl nethacryl ate,

et hyl nmethacrylate, n-propyl nmethacrylate, isopropyl nethacrylate, n-butyl
met hacryl ate, t-butyl nethacrylate, sec-butyl nethacrylate, isobutyl

met hacryl ate, am¢l sthon.rsAnongtiehdam: lhometdeyl, nmet haethhatelis preferred.
The above descri bed exanpl es of al kyl methacrylate may be used al one or in
conbi nat i gRodmét 1easted Won of hidesmmbodimenExanpl es of copol yneri zabl e

vi nyl nononer include nethacrylic esters such as benzyl nethacrylate and 2-
20 ethyl hexyl neihasiysate (excepthiorylhe abowe desontbedral kyl

met hacryl ate (of which al kyl group has 1 to 4carbons)); acrylic esters such

as nethyl acrylatgj;xeihybrBgryyahees Qo@Pwhiacr Wiatyd, dudud ey yl ate, 4and
2- et hyl hexyl acrylate; unsaturated carboxylic acids or acid anhydrides

25t het eof suyehoAs) agiyhiéc ggid, nmethacrylic acid, maleic acid, 24

- a mixture of not less than 80% by weight of alkyl
methacrylate {of ﬁhich alkyl group has 1 to 4 carbons) and
not more that 20% by weight of other wvinyl monomer
copolymerizable therewith.

10 Examples of alkyl methacrylate (of which alkyl group
has 1 to 4 carbons) include methyl methacrylate, ethyl
methacrylate, n-propyl methacrylate, isopropyl methacrylate,
n-butyli methacrylate, t-butyl methacrylate, sec-butyl
methacrylate, isobutyl methacrylate, and so on. Among them,

15 methyl methacrylate is preferred. The above described
examples of alkyl methacrylate may be used alone or in
combination of at least two of them.

Examples of copolymerizable wvinyl monomer include
methacrylic esters such as benzyl methacrylate and 2-

20 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 Z-ethylhexyl
acrylate; unsaturated carboxylic acids or acid anhydrides

25 thereof such as acrylic acid, methacrylic acid, maleic acid,



itaconic acid, naleic acid anhydride, and itaconic acid anhydride; hydroxy
gr oup- cont ai ni ng nononers such as 2- hydroxyethyl acrylate, 2-hydroxypropyl
acryl ate, nonoglycerol acrylate, 2-hydroxyethyl nethacrylate, 2-

5hydr oxypropyl nethacryl ate, and nonogl ycerol nethacryl ate;

ni t rogen- cont ai ni ngnononer ssuchasacryl am de, nethacryl am de, acrylonit
rile, nmethacrylonitrile, diacetoneacrylahi de, and di net hyl am noet hyl

nmet hacryl ate; epoxy group-containi ng nononers such as allyl glycidyl

10et her, glycidyl acrylate, and glycidyl nethacryl ate; styrene based
nononers such as styrene and a-net hyl styrene. As the polynerization
initiator,;fafoexanplad,a natletal daiid i ahbydirsdasedand tthiesovdbodd eretht .
Exanpl es of a radical initiator include azo conpounds 15such as

azobi si sohluipy@nidsj | eydzndi sdirpephybuabendnigt ribeomers such as 2-

azobi scycl ohexanenitrile, 1,1'-azobis(1-acetoxy-1phenylethane), dinethyl

2,2 -azobigjspbytiabe, antkdsyatadzobi s24hgvavayplrepyt aci dacoyganec
peroxi des such as benzoyl peroxide, |auroyl peroxide, acetyl peroxide,
20capryl ylnpesoxi8ero 2, 4adr¢hheepbenzoyid penedida, isotmdytylpereoxi desacetyl

cycl ohexyl sul fonyl peroxide,t-butyl
peroxypi va) ak Lok yPHb Y| PEREXReedeaaBoaled -bthydlycerol methacrylate;
nitrogen-containing monomers such as acrylamide,
methacrylamide, acrylonitrile, methacrylonitrile,
&iacetoneacrylaﬁide, and dimethylaminoethyl methacrylate;
epoxy group-containing monomers such as allyl glycidyl
i0 ether, glycidyl acrylate, and glycidyl methacrylate;
styrene based monomers such as styrene and a-methylstyrene.
As the polymerization initiatorﬁ‘ for example, a
radical initiator is used in this embodiment.
Examples of a radical initiator include azo compounds
15 such as azobisiscbutyronitrile, azobisdimethylvaleronitrile,
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,
20 caprylyl peroxide, 2,4-dichlorobenzoyl peroxide, isobutyl
peroxide, acetyl cyclohexylsulfenyl — peroxide, t-butyl
peroxypivalate, t-butyl peroxyneodecanoate, t-butyl
peroxyneoheptanoate, t-butyl peroxy-Z-ethylhexanoate, 1,1-
di (t-butylperoxy)cyclohexane, 1,1-di(t-butylperoxy}-3,3,5-

25 trimethylcyclohexane, 1,1-di(t-hexylperoxy)-3,3,5-



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

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

25t ri net hyl cycl ohexane, 1, 1-di (t-hexyl peroxy)-3, 3,5- 25
trimet hyl cycl ohexane, isopropyl peroxydi carbonate, isobutyl

per oxydi car bonate, s-butyl peroxydi carbonate, n-butyl peroxydi carbonate,
2- et hyl hexyl peroxydi carbonate, bis(4-tbutylcycl ohexyl) peroxydicarbonate,
t-amyl peroxy-2- 5ethyl hexanoate, 1,1, 3, 3-tetranet hyl butyl peroxy-

et hyl hexanoate, 1,1,2-trinethyl propyl peroxy-2- ethyl hexanoate, t-butyl
per oxy isopropyl nonocarbonate, t-amyl peroxy isopropyl nonocarbonate,
t-butyl peroyeZylaiyldexdnearbonatagylt -drtopyieradyors eyl icantbonat e, t-
10 butyl peroxy isopropyl carbonate, 1,1, 3,3-tetranethyl butyl peroxy

i sopropyl genesaihenaidhatle 1, 2-¢+huehy| gpropydipesr Oxynasopr opytbutyl
nonocar bonate, 1,1, 3,3-tetranmethyl butyl peroxy isononate, 1,1,2-trinethyl
propyl pergxysisonenaichavad 1-be ylhdaey Dxybenzpat €z rididese pod f4rer+ zat i on

“initiators nay be used alone or in conmbination of at |east two of them
The pol ymesizatd@m ity at or psrselectedbaaaeedi ng d-antie Kipetsoxof-2-he
pol ymer generated and the raw material nonomer used. For exanple, while the
preseqnt | nvgdiRddSoate, 1,1,3,3-tetramethyl butyl peroxy-
ethylhexanoate, 1,1,2-trimethyl propyl peroxy-2-
ethylhexanoate, t-butyl peroxy isopropyl monocarbonate, t-
amyl peroxy isopropyl monocarbonate, t-butyl pPeroxy-2-
ethylhexyl carbonate, t-butyl peroxy allyl carbonate, t-
10 butyl peroxy isopropyl carbonate, 1,1,3,3-tetramethyl butyl
peroxy isopropyl monocarbonate, 1,1,2-trimethyl propyl
peroxy isopropyl monocarbonate, 1,1,3,3-tetramethyl butyl
peroxy isononate, 1,1,2-trimethyl propyl peroxy-isononate,
and t—butYl peroxybenzoate.
15 These polymerization initiators may be used alone or
in combination of at least two of them.

The polymerization initiator is selected according to
the kinds of the polymer generated and the raw material
monomer used. For example, while the present invention 1is

20 not 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-life at the polymerization temperature is at most one

minute, the reaction rate is suitable, thus the initiator

25 is suitable for the polymerization reaction in the



20 not particularly Iimted, those of radical polynerization initiator
having a half-life not nore than one mnute at the polynerization
tenperature are preferable. Wen the half-life at the polynerization
tenperature is at nost one mnute, the reaction rate is suitable, thus the
initiator 25is suitable for the polynerization reaction in the 26

conti nuous pol ynerization apparatus. 26 The supply anmount of the

pol ymeri zation initiator (radical initiator) is not particularly limted,
but generally 0.001 to 1% by weight with respect to the raw materi al
nmononer (the raw material nonomer eventually supplied to each of the

reactors 1Q-anchi20)s ddieymieat i atofort heppotames i zation initiator to the raw
mat eri al nononer may be different between the first reactor 10 and the

second reactor 20 Xigp1addidnicemit oothethaw patl gnéal zabhomeriaiih & her
pol ynmeri zation initiator described above, any appropriate other

conponent (§)aqf &1 exanpt eatdrfhaiip t marsf gfaragentlamd y ubbieriytqubl ynewt such
as but adi ene and styrene-butadi ene rubber (SBR), and so on may be used. The

chain trangfes 1pagent obs usedifonadissyhngwa thol eespert webghtheof raie
pol ymer gener at ed. As to the chain transfer agent, either

nmonof ynctignal . or) polyfMpcti ongheChakn thanstesl agedhonan bevesedalMre
specitically, exanples thereoé i ncl ude al kyl nercaptans 20 such as n-propyl

mer capt an, shélgﬂ OBV} o MBLEAPLEN  hB- QU J¥Rr captam 4obut yihaereaps aot
n- hexyl mercaptan, n-octyl nercaptan, 2-ethyl hexyl nercaptan, n-dodecyl

nercaptan,tﬁgd %ﬂg@%%Q£ktqﬁﬁpaPﬁf@ia@&PnﬁkjCtm@r§ﬁﬂtam§téﬂﬂﬁl.&ﬁoﬁhﬁ6y|
mer capt an an i dcreso ; mercaptans having 18 or |ess
may be different between the first reactor 10 and the
second reactor 20.
10 Tn addition to the raw material monomer and the
polymerization initiator described above, any appropriate
other component(s), for example, a chain transfer agent, a
rubbery polymer such as butadiene and styrene-butadiene
rubber (SBR), and so on may be used. The chain transfer
15 agent is used for adjusting a molecular weight of the
polymer generated.

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

20 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

25 carbons such as ethylene thioglycol; polyalcohols such as



25car bons such as ethyl ene thioglycol; polyal cohols such as 27 ethyl ene

gl ycol, neopentyl glycol, trinethylol propane, pentaerythritol,

di pentaerythritol, tripentaerythritol, and sorbitol; those of which
hydroxyl group is esterified with thioglycolic acid or 3-nercaptopropionic
acid, 1,4- 5di hydronapht hal ene, 1, 4, 5, 8-t etrahydr onapht hal ene, p-

t er pi nene, t er pi nol ene, 1, 4- cycl ohexadi en&,’hydr ogen sul fi de and so on. These
may be used alone or in conbination of at |east two of them The supply
anount of the chain transfer agent is not 10 particularly limted since it
vari es depending on the kind of the chain transfer agent used and so on.
For exanpl ethyhenescagéyeblusi mpamrdapt ansly¢eli s prefrethblglprogare, 3% by
wei ght, and nore preferably 0.05 to 1% by weight with respect to the raw
mat eri al npaoteer¢theitraly, naipentbet$hbnotet , evehpeatbyryubpited, t endach of
the reactors 10 and 20). The ratio of the chain transfer agent to the raw
mat eri al - npaepetobmy thesdi biferérichhétwienkthegfoustis eastoriiDedndithe
second reactor 20.

thioglycolic acid or 3-mercaptopreopionic acid, 1,4~

5 dihydronaphthalene, 1,4,5,8~tetrahydronaphthalene, B—
terpinene, terpinolene, 1,4-cyclohexadiene, hydrogen
sulfide and so on. These may be used alone or in

combination of at least two of them.
The supply amount of the chain transfer agent is not
10 particularly limited since it varies depending on the kind
of the chain transfer agent used and so on. For example,
in a case of using mercaptans, it is preferably 0.01 to 3%
by weight, and more preferably 0.05 to 1% by weight with
respect to the raw material monomer (the raw material
15 monomer eventuallj supplied to each of the reactors 10 and
20) . The ratio of the chain transfer agent to the raw
material monomer may be different between the first reactor
10 and the second reactor 20.
In the raw material monomer tanks 1, 1', the raw
20 material moncomer (one kind or a mixture of two or more
kinds) as described above is appropriately ©prepared
{together with other component(s) such as the chain
transfer agent as the case may be}. In the polymerization
injtiator tanks 3, 3', the polymerization initiator as

25 described above 1is appropriately prepared with the raw



In the raw material nononer tanks 1, |', the raw 20 material nononer (one
kind or a mxture of two or nore kinds) as descri bed above is appropriately
prepared (together with other conponent(s) such as the chain transfer agent
as the case may be). In the polynerization initiator tanks 3, 3', the

pol ymeri zation initiator as 25descri bed above is appropriately prepared
with the raw 28 material nonomer if neé8ssary (together wth other
conponent (s) such as the chain transfer agent as the case nay be). The
polynmeri zation initiator tanks 3, 3 may store the polynerization initiator
alone or in the formof 5 the mxture of the raw material nonomer and the
pol yneri zatdtoarial t i atoorEray it hecesespni si higeeeHeer compdhentfE)eBuch as
the chain transfer agent as the case may be). The conposition of the raw
mat eri al nomopeneht($hesnatv ak0 tiet echialn nbnaneferankeltand tHe conposition
of the raw material nmononer in the raw material nononer tank |' may be the
same or difder ent) frormeachboatherizihéooonposttaonr oftanke pdl y@erimayi on
initiator in the polynerization initiator tank 3 and the conposition of the
pol yneri zatt®pe 1bhei pblliyaken zknibhe ipaltyreoirz atlicore icd tirattdre t Bokn 30fmay be
the sane or different fromeach other. In an exanple shown in the draw ngs,
the raw nmatgsi alpinpnoner bank theandrihe palpgaveirdlzat monomarti atmar tenk& 3 are
used for the first reactor 10, and the raw nmaterial nmononer tank |' and the
20 pol ynerpgaiineni katibat ointankt3r whingh aferdhbter esmptisimyheotaee used
for the second reactor 20. However, when the conposition of the raw

mat eri al npBRPBhehd (Lhe shaw e efhal chenANekahafle ] doerdthen satke agakbe
conposition of the raw material nononer in the raw naterial nononer tank
I*, the 25paw penoner tanks 1 and |' may be a common raw materi al

The composition of the raw material monomer in the raw

10 material monomer tank 1 and the composition of the raw
material monomer in the raw material monomer tank 1' may be

the same or different from each other. The composition of

the polymerization initiator in the polymerization
initiator tank 3 and the composition of the polymerization

15 initiator in the polymerization initiator tank 3' may Dbe
the same or different from each other. In an example shown

in the drawings, the raw material monomer tank 1 and the
polymerization initiator tank 3 are used for the first
reactor 10, and the raw material monomer tank 1' and the

20 polymerization initiator tank 3' which are different from
them are used for the second reactor 20. However, when the
composition of the raw material monomer in the raw material
moncmer tank 1 1s the same as the composition of the raw
material monomer in the raw material monomer tank 17, the

25 raw monomer tanks 1 and 1' may be a common raw material



29 mononer tank. Wien the conposition of the polynerization initiator in
the polynerization initiator tank 3 is the sanme as the conposition of the
pol ymeri zation initiator in the polynerization initiator tank 3', the

pol ynmeri zation 5initiator tanks 3 and 3' may be a comon pol yneri zati on
initiator. First polynerization Step The raw material nononer and the
pol ynerization 10 initiator are suppli@d to the first reactor 10 through
the supply port ha fromthe raw naterial nononmer tank 1 and the

pol ymerization initiator tank 3 as the supply source of the raw materi al
nmononmer and the polynerization initiator. Mre specifically, the raw

mat eri al noooaweri $askppl iWeen 18hér compheitagnnutieritkd pohwheritankon by
the punp 5, and the polynerization initiator (preferably, the m xture of
the raw naieitaktopndmer thad ddleympot yaedricnat iohtiatorattemk whi ¢is i shal so
sinply referred to as the polynerization initiator herein) is supplied from
t he pol ynesamat ben th20 doniptdsdttdront ank tShdypd henguimpa 7icanini heytoer ge

t oget her through the raw material supply line 9 into the first reactor 10
via the suppky gadntmddizzation initFerosuppinkd ng't hecltpol pokymzatzehion
initiator to the first reactor 10, when the m xture of the raw materi al
25monener andtthecpoltiaidrs zat izonl | Bi t matyorbe saprepaied pnlyherization

initiator.

* First polymerization Step
The raw material monomer and the polymerization
10 initiator are supplied to the first reactor 10 through the
supply port 1lla from the raw material monomer tank 1 and
the polymerization initiator tank 3 as the supply source of
the raw material monomer and the polymerization initiator.
More specifically, the raw material monomer 1is supplied
15 from the raw material monomer tank I by the pump 5, and the
polymerization initiator (preferably, the mixture of the
raw material monomer and the polymerization initiator,
which is alsoc simply referred to as the polymerization
initiator herein) is supplied from the polymerization
20 initiator tank 3 by the pump 7, and they merge tcogether
through the raw material supply line 9 into the first
reactor 10 via the supply port lla.
For supplying the polymerization initiator to the
first reactor 10, when the mixture of the raw material

25 monomer and the polymerization initiator is prepared in the



30 polymerization initiator tank 3 and supplied therefrom it is preferable
to adjust aratio A: Bin arange froma80:20 to 98:2 wherein A represents
the supply flowrate (kg/h) of the raw naterial nononer fromthe raw
materi al nononmer tank 1, and B represents the supply flow rate (kg/h) of
the m xture of the raw material nonomer and the pol ynerization initiator
(of which content ratio of the polyneriZ&ion initiator is 0.002 to 10% by
wei ght) fromthe polynerization initiator tank 3. 10The tenperature of the
raw mat erial nmononer and the polymerization initiator supplied to the first
reactor 10 is not particularly limted. However, this is one of factors

whi ch nay ehavigerihatponyhpitzation teakper &ng esuppliosi nghardiBatnbai aince in
the reactor, and therefore it is 15 preferable to adjust that tenperature
appropri at ebypbyfarhlebtetdcadiest (aotashowh inBt he dramnogsirbefdde2dhe
supply to the first reactor 10. The raw material nononer and the

pol ynmeri zatoohSi hi ¥haterinslippépedsentshehéi ssppigatior tbtas(kHegbribed in
20 the above are subjected to continuous polynerization, continuous bulk
pol ynmeri zathenram mhtsreabodonentr( Enont hee wewdsatpolyienvzaakheontwhkh no
solvent), under an adiabatic condition (condition with substantially no
heat ®ransier 4 oB foepmecutrsisdetné thgppgleactdey ivatide (kgyki refactpe 10.
25This first polynerization step is to subject the raw 31 material nonomner
and the pohyrenkzatifonhinirawatnert 4.0 LLonhdutos ol yorEi pal iyeer-andclieh the
pol ymeri zation reaction proceed to the desired polynerization rate, and a
first polypriciracti ofof{ Owhpehy nedmZatt OaSYioupyfi SHaKkpBlymerization

initiator is 0.002 Lo 10% by weight) from the
polymerization initiator tank 3.

10 The temperature of the raw material monomer and the
polymerization initiator supplied to the first reactor 10
is not particularly limited. However, this is one of
.factors which may change the polymerization temperature by
losing a heat balance in the reactor, and therefore it is

15 preferable to adjust that temperature appropriately by a
heater/cooler (not shown in the drawings) before the supply
to the first reactor 10.

The raw material monomer and the polymerization
initiator supplied to the first reactor 10 as described in

20 the above are subjected to continuous polymerization,
continuous bulk polymerization in this embodiment (in other
words, polymerization with no solvent), under an adiabatic
condition (condition with substantially no heat transfer to
or from outside of the reactor) in the first reactor 10.

25 This first polymerization step 1s to subject the raw



5fromthe effluent port IIb of the first reactor 10. In the first

pol yneri zati on step, the continuous polynerization is preferably conducted
under a condition in which the reactor is filled with the reaction m xture
whil e substantially no gas phase presents (hereinafter referred 10 to as a
fully filled condition). This is especially suitable to the continuous bul k
pol ymerization. The fully filled conditi3édn can prevent beforehand the

probl ems such as that gel adheres to and grows on the inner surface of the
reactor, and that this gel is imixed into the reaction 15 m xture to
degrade quality of a polyner conposition obtained in the end. Further, the
fully fillregteohdlti onnemabl esnal | tdfe t heol ymrerd 2l gre ofntheateactde to be
used as a reaction space, and thereby a high productivity can be attained.
20When t hecettiveots popkllye rafzattherf | randr edettor Wk i sphogmeedzatibhe
reactor's top as in this enbodinment, the fully filled condition is

conveni enttyateabhzpdoseapl yoby heondicitiary ddieyrsempipd ot ton analt ¢ heatdkeng
fromthe first reactor 10, continuously. The | ocating of the effluent

25port at thesteaellgmes tfyadts@spestalby ypeefienabbe forruld2 ceonteheously
pol ymeri zing a nmethacrylic ester nonomer. Further in the first

pol yneri zati-em shepeftheeconbbAyOUShpokyrREi Zakkanreaceorduoted under the
adi abatic condition. This is especially suitable to the continuous 5 bulk

pol yneri zati on. rfhetndi abatke cppdihkenzeanopr exeap, betarehandttihaopeobl ens
such as that gel adheres to and grows on the inner surface of the reactor,

and that tphbsyRekikstupAl xedpirBEerhbeyr eagtiencal xhuee tocdegradenqdal ity
of a polymer conposition obtained in the end.. Further, the
which the reactor is filled with the reaction mixture while
substantially no gas phase presents (hereinafter referred

10 to as a fully filled condition). This is especially
suitable to the continucus bulk polymerization. The fully
filled condition can prevent beforehand the problems such
as that gel adheres to and grows on the inner surface of
the reactor, and that this gel is immixed intc the reaction

15 mixture to degrade gquality of a polymer composition
obtained in the end. Further, the fully filied condition
enables all of the inner volume of the reactor to be used
as a reaction space, and thereby a high preoductivity can be
attained.

20 When the effluent port 1lb of the first reactor 10 is
located &t the reactor's top as in this embodiment, the
fully filled condition is conveniently realized simply by
conducting the supply to and the taking from the first

reactor 10, continuously. The locating of the effluent

25 port at the reactor's top 1is especially preferable for



10 adi abatic condition enables the polynerization reaction to becone
stable, and self regulating characteristics for suppressing a runaway
reaction can be brought about. The adi abatic condition can be
realized by making the tenperature of the inside of the first reactor 10
and the 15 tenperature of the outer surface thereof generally equal to
each other. Morre specifically, this can3Be realized, with the use of the
above described control unit (not shown in the draw ngs), by adjusting the
supply anmobunts of the raw material nononmer and the polymnerization initiator
to the 20 first reactor 10 with operating the punps 5 and 7 such that the
t enper at ureonfidhewoly epobyméateing 4 hrefhastyieactored Onewindior t he j acket
(tenperature regul ating nmeans) 13 and the tenperature in the first reactor
10 detected by Thethenperat urehsendadnr st enpel eherezaei ect | sgepeansihd
25correspond to each other. It is not preferable to set the 33 tenperature
of the outesnsimface pbliherieation Huclkdndhered haidhethenpaiabatieci n the
reactor since it adds extra amount of heat into the reactor. The smaller

t he differemceibetneen Thie tenpespitielin thétabaet an atick t benbieapesat ure
of the outer surface of the reactor is, the better it is.Mre specifically,

it issprefieipbl potigmadjiustibhe temper atibBaditf ererae iwint hiah theevange of
5C. The heat generated in the first reactor 10 such as

beforehand the problems such as that gel adheres to and

grows on the inner surface of the reactor, and that this

gel is immixed into the reaction mixture to degrade quality

of a polymer composition obtained in the end. Further, the

10 adiabatic condition enables the polymerization reaction to

become stable, and self regulating characteristics for
suppressing a runaway reaction can be brought about.

The adiabatic condition can be realized by making the

temperature of the inside of the first reactor 10 and the

15 temperature of the outer surface thereof generally egual to

‘each other. More specifically, this can be realized, with

the use of the above described control unit (not shown in

the drawings), by adiusting the supply amounts of the raw

material meonomer and the polymerizetion initiator to the

29 first reactor 10 with operating the pumps 5 and 7 such that

thé temperature of the outer surface of the first reactor

10 set for the jacket (ftemperature regulating means) 13 and

the temperature in the first reactor 10 detected by the

temperature Sensocr {(temperature detecting means) T

25 correspond to each other. It 1s not preferazble to set the



10 polynerization heat and stirring heat is generally carried away on
taking the first polynmer fraction fromthe first reactor 10. The anount of
the heat carried away by the first polyner fraction is determ ned by the
flowrate and the specific heat of the first polyner fraction, and the

15t enperature of the polynerization reaction. The tenperature of the
conti nuous polynerization in the first pélynerization step i s understood as
the tenperature in the first reactor 10 (detected by the tenperature sensor
T). This tenperature changes according 20 to various conditions until it
reaches a static state, and is not particularly limted, but for exanple,
about 100 tend80Cure of the Theter essufecofof heheontd ouousnpot yimegheat i on
in the first polynerization step is understood as the pressure in 25t he
first reactlman l@heThisnpresisure is alpr essureonotsiress 184 adasan exvapor
pressure of the raw material nononmer at the tenperature in the reactor to
prevent gasmofint heof awhmater iiaktononbrer daa@gmhaogener atihg i smdheer eachor, and
is generally about 1.0 to 2.0 MPa in gauge pressure.

5At i neper i @dsfib} ectedbetheeantinauotsnypotaterd zahi ahel reae o ratd the

pol yneri zation step is understood as an average residence tinme in the first
react®r 10terfberaveragefr eshdenaeeti NEuCBcdecsettipecoedengrt a 4,hethe
productivity of the polymer in the first 10 polyner fraction and so on,
and is notppatétcul@arhy . |imued Bgeciffocaexanpl er frompll reirawlies to 6
hours. This average residence tinme can be adjusted by using the punps 5 and
7 to changgq h§t3%@ yt@zﬁ@é‘f‘ét&lsélpB'lfffelr@Wc'éat»@J)thI thger aW iRt epfal+

nononer or t like to the first reactor
5°C..
The heat generated in the first reactor 10 such as
10 polymerization heat and stirring heat is generally carried

away on takihg the first polymer fraction from the first

reactor 10. The amount of the heat carried away by the

first polymer fraction is determined by the flow rate and

the specific heat of the first polymer fraction, and the
15 temperature of the polymerization reaction.

The temperature of the continuous polymerization in
the first polymerization step 1s understood as the
temperature in the first zreactor 10 (detected by the
temperature sensor T). This temperature changes according

20 to wvarious conditions until it reaches a static state, and
is not particularly limited, but for example, about 100 to
180°C.

The pressure of the continuous polymerization in the
first polymerization step is understood as the pressure in

25 the first reactor 10. This pressure 1s a pressure not less



15 However, since the average residence tine depends in a large part on the
i nner volunme of the first reactor 10, how the inner volune of the first
reactor 10 and the inner volune of the second reactor 20 are designed is
i nportant as hereinafter described. 20As described in the above, the first
pol ynmer fraction is taken fromthe effluent port Ilb of the first reactor
10. The obtained first polyner fraction3¢onprises the generated pol yner,
and may further conprise the unreacted raw nmaterial nononer, the unreacted
pol ynmeri zation initiator, 25deconposed substance of the pol ynerization
initiator, and 35 so on. Al t hough this enmbodinment is not limted
t hereto, tttempokyrepozatimassate ¢H the fiavstmpotyier mheaereon ats, theor
exanple, 5 to 90% by weight, and preferably 30 to 80% by 5 weight. The
pol yneri zatémpe rateré n itthe thier stepokymertér gotéammigenersal by core esponds to
the content ratio of the polyner in the first polyner fraction. The higher
t he pol ynehdzetion manemetrhef himgherenthe tpnoduct i vihey ofadther pokypreris but
al so the higher the viscosity of the polynmer 10 fraction, resulting in the
| ar ger 't hegye€eSBRY Valpower1 fortst2roimga Thegdoyerptdssyod ymeri zation rate,
the |l ower the productivity of the polynmer, resulting in the larger the | oad
for rgcovering gAhe ypheact pdriaw matedjact@nonmye Thetef orepniinisus
- preferable to set an appropriate 15polynerization rate as a target or a
gui de for é@?yﬁéf§£a@96ﬂ”eﬁjfra@ﬁéonfirst polymerization step is
understood as an average residence time in the first
reactor 10. The average residence time can be set
according to the productivity of the polymer in the first
10 polymer fraction and so on, and is not particularly limited,
but, for example, from 15 minutes to & hours. This average
residence time can be adjusted by using the pumps 5 and 7
- to change the supply amount (supply flow rate) of the raw
material monomer or the 1like to the first reactor 10.
15 However, since the average residence time depends in a
large part on the inner volume of the first reactor 10, how
the inner volume of the first reactor 10 and the inner
volume of the second reactor 20 are designed 1is important
as hereinafter described.
29 As described in the above, the first polymer fraction
is taken from the effluent port 1lb cf the first reactor 10.
The obtained first polymer fraction comprises the generated
polymer, and may further comprise the unreacted raw

material monomer, the unreacted polymerization initiator,

25 decomposed substance of the polymerization initiator, and



Second pol yneri zation Step The second pol ynerization step is
conducted in 20parallel to the first polynerization step.
Herei nafter, explanations simlar to those for the first polynerization

step apply unl ess ot herw se expl ai ned. The raw material nononer and
the polynerization initiator are supplied to the second reactor 20 through
the 25supply port 2la fromthe raw matepbPal nononer tank |' and 36 the

pol ymeri zation initiator tank 3' as the supply source of the raw materi al

nmononmer and the polynerization initiator. Mre specifically, the raw

mat erial nononer is supplied fromthe raw material nononer tank |' by the

punp 5 5'soarmd-the polynerization initiator is supplied fromthe

pol ymeri zation initiator tank 3' by the punp 7', and they nerge together

t hrough t he rawvihetewglal thupplepdddieedit iig onthe lsectrd redeotedro,20cha a t he

supply port 2la. For supplying the polynerization initiator to the 10

second r egod bym@0] zavhiewn t hetm Xthurcheof £1het r ppl pater ifalz choendrs ,antbit he

pol ymeri zation initiator is prepared in the polynerization initiator tank

3" and supptampdl4hebefioorgod tbiyswelieher, akirel torathusibla Batite Aoy By in a

range from80:20 to 98:2 wherein A represents the supply flow rate

5 weight. The polymerization rate in the £first polymer
fraction generally corresponds to the content ratio of the
polymer in the first polymer fraction. The higher the
polymerization rate, the higher the productivity of the
polymer, but also the higher the viscosity of the polymer
10 fraction, resulting in the larger the necessary power for

stirring. The lower the polymerization rate, the lower the
productivity of the polymer, resulting in the larger the
load for recovering the unreacted raw material monomer.
Therefore, it is preferable to set an appropriate

i5 polymerization rate as a target or a guide for the first

polymer fraction.

+ Second polymerization Step
The second polymerization step 1s conducted in
20 parallel to the first polymerization step.
Hereinafter, explanations similar tco those for the
first -polymerization step apply unless otherwise explained.
The raw material monomer and the polymerization
initjator are supplied to the second reactor 20 through the

25 supply port Z2la from the raw material monomer tank 1' and



15 (kg/h) of the raw material nononmer fromthe raw material nonomer tank
1', and B represents the supply flow rate (kg/h) of the m xture of the raw
mat eri al nononer and the polynerization initiator (of which content ratio
of the polynerization initiator is 0.002 to 10% by wei ght) from 20t he
pol ynerization initiator tank 3'. The tenperature of the raw materi al
mononer and the pol yneri zati on initiato§6supplied to the second reactor 20
is not particularly limted. However, this is one of factors which may
change the polynerization tenperature by 25l o0sing a heat bal ance in the
reactor, and therefore it is 37 preferable to adjust that tenperature
appropri ately PplympsaEaEiesolied HiFFOSHARE i ' t Ae FheW DL beF e he
supply to the reactor 20. The raw material nononer and the pol ynerization
5 initiatopfsuppki edaro thetsetvhd meaensr 2@ngs déwcribeldyiari hetbPove are
subj ected to continuous polynerization, continuous bul k polynerization in
t hi s enbodinkhiatonder Maneadipaisatiicaddndi thihen Hav ikt seicolhdnereivgbori 20.
This second pol ynerization step is to subject the raw naterial nononer 10
and the potypetizat foomi hhei aeer med cgdrtli meoysepolbam i Zath ontlandetep t he
pol ymeri zation reaction proceed to the desired polynerization rate, and a
seconsl pol yher ahdadtheorpdlormgpol yaeidzat ndohisyoupksi supgkderd riomn hehe
ef fl uent port 21b of the second reactor 20. 15Also in the second
pol ymeri zapobpmst epatibe dcantinuous jrolyneYizat itba psmpr 6f'er abohy tbaduct ed
under a fully filled condition. This is especially suitable to the
conti nuousmbubk pobytererzahroaghThief ublymbikkédl condplyyohinangpr eneat
bef orehand the problenms such as that gel adheres to

the second reactor 20 via the supply port 2la.

For supplying the polymerization initiator to the
10 second reactor 20, when the mixture of the raw material
monomer and the polymerization initiator is prepared in the
polymerization initiator tank 3' and supplied therefrom, 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
15 (kg/h) of the raw material mconomer from the raw material
monromer tank 1', and B' represents the supply flow rate
{({kg/h) of the mixture of the raw material monomer and the
polymerizaticon initiator (of which content ratic of the
polymerization initiator is 0.002 to 10% by weight) from

20 the polymerization initiater tank 3'.

The temperature of the raw material monomer and the
polymerization initiator supplied to the second reactor 20
is not particularly limited. However, this 1is one of
factors which may change the polymerization temperature by

25 losing a heat balance in the reactor, and therefore it 1is



20 and grows on the inner surface of the reactor, and that this gel is
inmm xed into the reaction m xture to degrade quality of the polyner
conposition obtained in the end. Further, the fully filled condition
enables all of the inner volune of the reactor to be used as a reaction
space, 25and thereby a high productivity can be attained. 38 When t he
effluent port 21b of the second reactor 20 is |ocated at the reactor's top
as in this enbodinment, the fully filled condition is conveniently realized
sinmply by conducting the supply to and the taking fromthe second 5
reactor 20, continuously. The locating of the effluent port at the
reactor's ropiiesabdpedial a¢jpref diall et¢bpetantFaueRPLYPEéyadYi Avhgaa
nmet hacrylic ester nononer. Al so, further in the second pol ynerization
step, the beatemdcouslpol ymeti zaviwonihstbenduewedgandeeivhe &Heabappdéy 10
condition. This is especially suitable to the continuous bul k
pol yneri zatbottheTheaadpabdti.c conditi on can prevent beforehand the probl ens
such as that gel adheres to and grows on the inner surface of the reactor,
and that this g&hei s damm xed-dmitad t heon@eet | oandi xthee poldegradetdoal ity
15 of the polyner conposition obtained in the end. Further, the adiabatic
condi bi on énahliesotr-heupelyrer ipathenseeaati aratcaoleCdmasstiableiband igsel f
regul ating characteristics for suppressing a runaway reaction can be
br ought abaetut., Ehevadi akati eubgedickidon tean doa tiealized phy yimekiing ttiba, 20
tenperature of the inside of the second reactor 20 and the tenperature of
the outer suhtaeeciukRebeok gengmalliyaequal iho t@ach eaiblerimeMar, e uspeei kincal |y,
this can be realized, with the use of the above described control unit (not
shown in thaidrawiRgSonday iat Ust itk thecstPpplyzappunts. of Thhe kawWond
25mat eri al nmonomer and the polynerization initiator to the

polymerization step i1s to subject the raw material monomer

10 and the polymerization initiater to continuous
polymerization and let the polymerization reaction proceed
to the desired polymerization rate, and a second pclymer
fraction ({or polymerization syrup) 1s taken from the
effluent port 21k of the second reactcr 20.

15 Aiso in the second polymerization step, the continuous
polymerization 1s preferably conducted under a fully filled
condition. This 1is especially suitakle to the continuous
bulk polymerization. The fully filled condition can
prevent beforehand the problems such as that gel adheres to

20 and grows on the inner surface of the reactor, and that
this gel is immixed inte the reaction mixture to degrade
gquality of the polymer composition obtained in the end.
Further, the fully filled condition enables all of the
inner volume of the reactor to be used as a reaction space,

25 and thereby a high productivity can be attained.



39 second reactor 20 with operating the punps 5 and 7' such that the
tenperature of the outer surface of the second reactor 20 set for the
j acket (tenperature regulating neans) 23 and the tenperature in the second
reactor 20 5 detected by the tenperature sensor (tenperature detecting
means) T correspond to each other. It is not preferable to set the
tenmperature of the outer surface of the38eactor nuch higher than the
tenperature in the reactor since it adds extra anount of heat into the
reactor. The smaller 10 the difference between the tenperature in the
reactor and the tenperature of the outer surface of the reactor is, the
better it is. Mihenspeei ¢féaheyt Perisipbepér bbkesesondj usacthe Eenperature
difference within the range of 5C 15The heat generated in the second
react or 20lsgaheas Fiol yher iredtdter 'lseatomndsstin r ithg shembedimgenar athy
carried away on taking the second polynmer fraction fromthe second reactor
20. The anbuhtyoffitlledheaindiarioredi awapnipntike tdecorchlpadedresitfhplhet bgn i s
determ ned by the flowrate and 20 the specific heat of the second pol ynmer
fraction, anddbhéeitenperat stppdf tdve podyrmdyel zadkiomg r €aotd drhe secondhe
tenperature of the continuous polynerization in the second pol ynerization
step bs undesstoed A5 t hentenpenatyre | Mhthel seconty r edctidie 28£fTheat
tenperature is, 25for exanple, about 100 to 200C. The tenperature in the 40
port at the reactor's top 1is especially preferable for
continuously polymerizing a methacrylic ester mononer.
Also, further in the second polymerization step, the
continuous polymerization is conducted under the adiabatic
106 condition. This is especially suitable tc the continuocus
bulk peolymerization. The adiabatic condition can prevent
beforehand the problems such as that gel adheres to and
grows on the inner surface of the reactor, and that this
gel is immixed into the reaction mixture to degrade quality
15 of the polymer composition obtained in the end. Further,
the adiabatic condition enables the polymerization reaction
to become stable, and self regulating characteristics for
suppressing a runaway reaction can be brought about.
The adiabatic condition can be realized by making the
20 temperature of the inside of the second reactor 20 and the
temperature of the outer surface thereof generally egual to
each other. More specifically, this canrn be realized, with
the use of the above described control unit (not shown in

the drawings), by adjusting the supply amounts of the raw

25 material monomer and the polymerization initiator to the



second pol yneri zation step may be equal to the tenperature in the first

pol yneri zation step, but preferably different fromit. The
pressure of the continuous polynerization in the 5second pol ynmeri zation
step is understood as the pressure in the second reactor 20. This pressure
is generally about 1.0 to 2.0 MPa in gauge pressure, and may be equal to
the pressure in the first polymerizatiortep.

At i meperi odsubj ect edt ot heconti nuous 10 pol ynerization in the second

pol ymeri zation step is understood as an average residence tine in the
second reactor 20. The average residence tine can be set according to the
product i vi sgcofndt heapbbym&C Wil theoretahtn@okhAeumpgctd 'orrthd’ s0SBAN and
is not particularly limted, 15 but, for exanple, from1l5 mnutes to 6 -
hours. Thethatr age reshgengeutrénei nthde csgconds pofyper cZattilon seepndny be
equal to the average residence tinme in the first polynerization step, but
preferabl yrdatferentOf rom i tfoThelayeragkatesi(denpe raitme el nrebelsécoad

pol ynmeri zation step 20 can be adjusted by using the punps 5 and 7' to
change t hemsapply Zhoant (Supplterdeowtatee) iof ttHwe sewondt erdattamndfier or
the like to the second reactor 20. However, since the average residence

ti me dependsténtadl angetipar teapetrheurenerenmiumet efipéhetseeoddteeadctigr 20,
how t he i nner 25vol unme of the first reactor 10 and the inner volunme of the
41 second measkor T2Qcaresgesdgnedebshi ppaetant Ias ikemeitnafrbde rdeser ithed.

set the temperature of the outer surface of the reactor
much higher than the temperature in the reactor since it
adds extra amcunt of heat into the reactor. The smaller

10 the difference between the temperature in the reactor and
the temperature of the outer surface of the reactor is, the
better it is. More specifically, it is preferable to
adjust the temperature difference within the range of =
5°C.

15 The heat generated in the second reactor 20 such as
polymerization heat and stirring heat 1s generally carried
away on taking the second polymer fraction from the second
reactor 20. The amount of the heat carried away by the
second polymer fraction is determined by the flow rate and

20 the specific heat of the second polymer fraction, and the
rtemperature of the polymerization reaction.

The temperature of the continuous polymerization in
the second polymerization step 1s understood as the
temperature in the second reactor 20. This temperature is,

25 for example, about 100 to 200°C. The temperature in the



As described in the above, the second polyner fraction is taken fromthe
effluent port 21b of the second reactor 5 20. The obtai ned second pol yner
fraction conprises the generated polyner, and may further conprise the
unreacted raw material nononer, the unreacted polynerization initiator,
deconposed substance of the polynerization initiator, and so on. 10Al t hough
this enbodiment is not limted thereto, 4he pol ymerization rate in the
second polyner fraction is, for exanple, 5 to 90% by wei ght, and preferably
30 to 80% by weight. The polynerization rate in the second polynmer fraction
generally corresponds to the content ratio of the 15 polyner in the second
pol ymer freetodnn. pThenarherichespebymen & iohdlate the hegheratnee
productivity of the polymer, but also the higher the viscosity of the
pol ymer fracttha, fiestl picdgmenr itded lcgr garert,hedwe cesste yalpbwed: fderentrri ng.
The | ower the polynerization rate, the |l ower the 20 productivity of the
pol ymer, re&soahting in the larger the |oad for recovering the unreacted raw
mat eri al nononer. Therefore, it is also preferable to set an appropriate
pol yneri zat i on Thtepassautrar get oneacgoicdeubor toheé wweoohtgainymer £hact i on
42 Bl ending Step The first polyner fraction taken out of the first
react®r 1Osébontigholtweceftbteoh ktap 15 andetheosdcendthol pressfiracinon
taken out of the second reactor 20 through 5 the effluent line 25 are
bl ended t oget hekchyd he=ddter 26.t 0 Tibiai praspakygners coapos:iivnabout
(pol ymerization syrup) fromthe common effluent |ine 27. Thus
obt ai ned polyrmees cQmpogid ion hasqgpr ppestiues, Wanch nane esedihed by casbi ni ng
(summ ng or conpoundi ng) the

pressure in the first polymerization step.

A time period subjected to the continuous

10 polymerization in the second polymerization step 1is
understocd as an average residence time in the second
reactor 20. The average residence time can be set
according to the productivity of the polymer in the second
polymer fraction and so on, and is not particularly limited,

15 but, for example, from 15 minutes to 6 hours. The average
residence time in the second polymerization step may be

equal to the average residence time in the first
polymerization step, but preferably different from it. The
average residence time in the second polymerization step

20 can be adjusted by using the pumps 5' and 7' to change the
supply amount (supply flow rate) of the raw material
monomer or the like to the second reactor 20. However,

since the average residence time depends in a large part on

the inner volume of the second reactor 20, how the inner

25 volume of the first reactor 10 and the inner volume of the



10properties of the first polymer fraction and the properties of the second
pol ymer fraction. Byconducti ngthecontinuouspol ynerization (continuous bul k
pol ymeri zation) in two lines as in this enbodi nent, the pol ynerization
reaction conditions, nore 15 specifically, the tenperature, the tine
period (average residence tine), the anpunt of the polymerization initiator
(a ratio of the polynerization initiatoflto the raw materi al nononer) and
so on can be set for the first polynerization step and the second
pol yneri zati on step, 20i ndependently. For exanple, it becones
possi ble by differentiating between the first reactor and the second
reactorirﬁ@¢@ﬂ@o¥§ﬁ@t©2a?goﬁrﬁeﬁﬁﬁkﬂ$Q9nkﬁtimﬁﬁﬁt%ﬁﬁeﬁ%p@%??%%%ﬁ??? t he
tenperature, the tine period (average residence tine), the 25anmount of the
pol yneri zat¢onripédi ator (a ratio of the 43 polynerization initiator to
- the raw material nononer) and so on, to differentiate a nol ecul ar wei ght
di stribution ofAsheéefcrsibepoiynenefaheréontheonracndl pelyaer wekghtion
di stribution of the second polyner fraction, and it becones 5 possible by
bl endi ng themte&eobtfaiom & ol yhieluennppsiti @abofowtiich setecdl aeanepyht
distribution is controlled. In general, the higher the nol ecul ar weight,
the hbgher2ohe nehbdanilcalirstd eagtbhndnddigater eSkstanoe, dswiprtieed onke t he
nol di ng processability. On the other hand, the |ower the

generated polymer, and may further comprise the unreacted

raw material monomer, the unreacted polymerization
initiator, decomposed substance of the polymerization
initiator, and so on.

10 Although this embodiment is not limited theretc, the
polymerization rate in the second polymer fraction is, for
example, 5 to 90% by weight, and preferably 30 to 80% by
weight. The polymerization zrate 1in the second polymer
fraction generally corresponds to the content ratic of the

15 polymer in the second polymer fraction. The higher the
polymerization rate, the higher the productivity of the
polymer, but also the higher the viscosity of the polymer
fraction, resulting in the larger the necessary power for
stirring. The lower the polymerization rate, the lower the

20 productivity of the polymer, resulting in the larger the
load for recovering the unreacted raw material monomer.
Therefore, it is also preferable to set an appropriate
poiymerization rate as a target or a guide for the second
polymer fraction.

25



10 nol ecul ar wei ght, the higher the nolding processability, but sufficient
nmechani cal strength and heat resistance can not be obtained. Thus, a

pol ymer fraction of a high nolecular weight and a polynmer fraction of a | ow
nol ecul ar wei ght are obtained as the first polyner fraction and the 15
second pol ynmer fraction described above and m xed (bl ended) together, so
that a pol ynmer conposition of a broad ofZbi nodal nol ecul ar wei ght

di stribution can be obtained. Therefore, a polyner conposition having good
nmol di ng processability (e.g. flowability, injection nolding 20formability,
and so on) and high nechanical strength and heat resistance.

According to thi Biembbdigreittspit is possible to obtain a polyner
conposition having a bi nodal nol ecul ar wei ght distribution, nore
effectively. |mide fnelstt kpeaginayg 25metthiosh déskenbedut n QP 2068-538¥94 A,
for exanple, a 44 polyner of a high nolecular weight and a polyner of a

| ow nol ecuteactvet ghty atlersepar atel yepfoddaned lant: mafe anmd anhapproprndat e
formfor blending (generally, pellets) beforehand, and they are subjected
to nelt blpndime; fihattidniszken xed: abf aclcer tatond ate¢acand Thatlgesgint 0 an
extruder to be nelt kneaded, and then arranged into a certain form

(geneg al | yyhpekketinzed) Lihe contamsthlacsed dibgetberhby emeodiingent ,26 he
first polyner fraction and the second pol ynmer fraction respectively
obt ai ned itvthecdim si pepghof cdfpendibe spcdpdereast Donaserdpy ectdy nm xed
together. Therefore, in conparison to the nelt kneading nethod in which

pol yners opge éonmed af €1 et ecied t».nelt bl ending foll owed by bei ng
formed again (repelletized), this enbodi nent can be conducted by | ess

nunber of stepsrh@fdobildi 680 BYOYMlet heoRPssiBibht Naof psbpghtigsl whing by
heating and of imm xing of a foreign material during the nelt kneadi ng, and

can conti nypasldeobti@aid the pehMIBEngONPOSHtifG ofr hicghpaualiity )W the good
productivity. Further, inthe two stage pol ynerization nethod described in
WO 2007/ 060891erfPLs of the first polymer fraction and the properties
of the second polymer fraction.
By cenducting the continuous polymerization
{(continuous bulk polymerization) in two lines as in this
embodiment, the polymerization reaction conditions, more
15 specifically, the temperature, the time pericd (average
residence time), the amount of the polymerization initiator
({a ratio of the polymerization initiator to the raw
material monomer} and so on can be set for the first
polymerization step and the second pelymerization step,
20 independently.
For example, it Dbecomes possible by differentiating
between the first reactor and the second reactor in the
polymerization reaction conditions, more specifically, the

temperature, the time period (average residence time), the

25 amount of the polymerization I1nitiater ({a zratio of the



20 exanple, a first stage polynerization is conducted by supplying a
certain raw material to a reactor and then a second stage pol ynerization is
conducted by adding a certain raw naterial to this reactor, and such two
stage pol ynerization nmethod is generally conducted by suspension

25pol yneri zation. I n the suspension polynerization, a 45 suspension
stabilizing agent is usually used, and &% aqueous sol ution of sulfuric aC|d
is sometimes added to dissolve and renove t he suspension stabilizing agent
after the polynerization. Also in the suspension polynerization, 5 a
polymer in the form of beads, which is obtained by dehydration and drying
after the polymerization, iingttietibe netd t thaeaded meic el ard¢retkin and
extruder. In contrast, according to this enbodi nent, continuous bul k

pol yneri zasbobni, s teontuftieatkritn difee f imslecebet oveapdt t Aestidbgetondor
reactor. Therefore, this enbodi nrent can avoid the use of additives such as
a suspensi gnest &iidstzi ngo agest andaabniagquedusmsolaut i onlefubat f uweéghci d,
and does not require operations such as dehydration and drying, and thus,
can avoi d Hhetposstbihi by @hei sBLyhAgpefl yackofekgnioat eandl idubectbeto

t hese additives and additional operations, and can continuously obtain the

pol ymer coppgsiibiien Bf Wi gy oupl thynwicbh gaed rprodueliMéty composithiow t he
pol ymeri zation reaction conditions are set for each of the first

pol yneri zabiforstcep itk dles seqengn L 28 ipekimRitizat 1100 SéeprdByeyary In

according to the properties and productivity desired, and so on.

Devol ati| i zahicoR1St e ThAPGhYFENGRNTIAST & 0T POLEABHIZ AtIRNSYI Ry r the
mechanical strength and heat resistance, but the lower the
moiding processability. On the other hand, the lower the

10 molecular weight, the higher the molding processability,
but sufficient mechanical strength and heat resistance can
not be obtained. Thus, a polymer fraction of a high
molecular weight and a polymer fraction of a low molecular
weight are obtained as the first polymer fraction and the

15 second polymer fraction described above and mixed (blended)
together, so that a polymer composition of a broad or
bimodal molecular weight distribution can be obtained.
Therefore, &a polymer compesition having good molding
processability (e.qg. flowability, injection molding

20 formability, and so on) and high mechanical strength and
heat resistance.

According to this embodiment, it is possible to obtain
a polymer composition having a bimodal molecular weight
distribution, more effectively. In the melt kneading

25 method descriked in JP 2008-5387%4 A, for example, a



250bt ai ned as described in the above may conprise the 46 unreacted raw
mat eri al nononmer and pol ynerization initiator and so on, in addition to the
generated pol yner. Although this enbodinment is not Iimted thereto, such
pol ymer conposition is preferably subjected to, for exanple,
5devol atilization to separate and recover the raw materi al nononer. Mre
specifically,the polynmer conposition i s4fransferred to the preheater 31
t hrough the common effluent |ine 27. The pol ymer conposition in the
preheater 31 is 10 added with a part or all of an anobunt of heat necessary
to volatilize the volatile conponent which is mainly conposed of the
unr eact ed PalWwhet epfak Modmsrolehieir Wl Pt yaee eoppesierori ¢ low
transferred to the devolatilizing extruder 33 via the pressure adjusting
val ve (notmshogmlin tied gb% deawi mgPRTaded vt hel 9@haed | @nconpoientin s2iat
| east partially renoved in the devolatilizing extruder, and a residual
ext ruded obperoprsater netbimt o Joul | etd cavdd ndi scHaegedatiogm t heedisehar ge
| ine 35. Thereby, the resin conmposition conprising a nethacrylic ester
pol ynmer i sbefodebaddi nankde 2GHorameof sthiepebfletts. melt blending, that
5 is, mixed at a certain ratio and charged into an extruder
to be melt kneaded, and then arranged into a certain form
(generally, pelletized). In contrast, according to this
embodiment, the first polymer fraction and the second
polymer fraction respectively obtained in the first reactor
10 and the second reactor are directly mixed together.
Therefore, in comparison to the melt kneading method in
which polymers once formed are subjected tc melt blending
folilowed Dby being formed again {repelletized), this
embodiment can be conducted by less number of steps, and
15 can avoid the possibility of slight coloring by heating and
of immixing of a foreign material during the melt kneading,
and can continuously obtain the polymer composition of high
quality with good productivity. Further, in the two stage
polymerization method described in WO 2007/0608%1, for
20 example, a first stage polymerization 1is conducted by
supplying a certain raw material to a reactor and then a
second stage polymerization 1is conducted by adding a
certalin raw material to this reactor, and such two stage

polymerization method is generally conducted by suspension

25 polymerization. In the suspension polymerization, a



As a nmethod for transferring the above pol yner conposition, a nethod
described in JP 4-48802 B is preferable. As a nethod of using a

devol atilizing extrude, mnethods described in, for exanple, JP 3-49925 A JP
51- 2529914 B, JP 52-17555 B, JP 1-53682 B, JP 62-89710 A and so 47 on are
pr ef er abl e. Further, during or after devolatilization of the pol yner
conmposition . in the devolatilizing extrudér described above, the pol yner
conposition or the extruded 5 object can be added with a | ubricating agent
such as hi gher al cohols and higher fatty acid esters, an ultraviolet
absorber, a heat stabilizer, a colorant, an antistatic agent and so on, in
order to i AGOPPDEACR t hEAPLALeinte RESNR cOHAPOBPURbAY | ESABcesdhfly. an0The
vol atil e conponent renoved in the devolatilizing extruder 33 consists
primarily sfuehesursdactied r aW rmatldhizic npadderisangoinatiudes ddgne i tPes
e.g. inpurities originally contained in the raw material nononer, additives
used i f necdéssalye weobatrdmevsy-groducifes)s gonesarediininhmeadsSproséssrof

pol ymeri zation, oligomer such as dinmer and trimer, deconposed substance of
the pol ynethzapbbpmenitibaton,. ahdssoianthkensgepenalionapbdygeriampunt,of the
inmpurities make the obtained resin conmposition colored, which is not

pref ecabl ea Thenhyméhe ivol ahiel efcompanentoea?id,r enbved st kebtdeavadat blvi zi ng
extruder 33 (which consists primarily of the unreacted raw material nonomer
and i ncl udaeshiyBpuribhesmas desoid betdtabover nmyl vive rpasgdad:t,hrioughoabrononer

recovery colum (not shown in the drawi ngs), and treated by neans of
distillatigaltads@plddOand pelietized in an extruder. In contrast,
according to this embodiment, continuous bulk
polymerization is conducted in the first reactor and the
10 second reactor. Therefore, this embodiment can avoid the
use of additives such as a suspension stabilizing agent and
an agueous solution of sulfuric acid, and does not regquire
operations such as dehydration and drying, and thus, can
avoid the possibility of immixing of a foreign material due
15 to these additives and additiconal operaticons, and can
continuously obtain the polymer composition of high quality

with good productivity.

How the polymerization reaction conditions are set for
each of the [irst polymerization step and the second

20 polymerization step may vary according to the properties

and productivity desired, and so on.

* Devolatilizaticn Step
The polymer composition (polymerization syrup)

25 obtained as described in the above may comprise the



25and so on in the nononer recovery columm to renove the 48 inpurities
fromthe above described volatile conponent. Thereby, the unreacted raw
mat eri al nononer can be recovered with high purity, so that it can be
suitably reused as the raw naterial nononer for polynerization. For
exanpl e, continuous distillation is conducted in the nononer recovery
colutm to recover the unreacted raw natéFfial nononer with high purity as a
distillate liquid fromthe top of the nonomer recovery colum, and it may
be transferred and recycled to the raw material nononmer tanks 10 1 and/or
|* after it is reserved in the recovery tank 37 once, or it may be

transf err echeeicted ycdedna et hel roonemter #af ROhBHRE L EARkeN 113her T

wi t hout being reserved in the recovery tank 37. On the other hand, the

i npuri ti esamé@nmewednj nithednondmer troeddveergeroolaifd Mgl Peedi spdseliowsh a
15wast e. In order to prevent the recovered raw material nononmer from
causi ng t hehpsl yembodahéon reacthon i himheedecbergtoanks@zhandpbymehie raw
mat eri al nononer tanks 1 and/or 11, it is preferable that a polynerization
i nhi bitor exihpstsitioR0 tibe peedeampliyanks @7 agrtdace taw nbeeri akamphdner
tanks 1 and/or |' at a ratio of, for exanple, 2 to 8 ppmby weight with
respest todéhelsawlipéeionl taonemenatandandr eeppeker aliley, ran mddetioh to
this, an oxygen concentration in a gas phase in the recovery tank 37 or the
raw mat erigbndhgenoner tanks 1 and/or |' is set at 2 to 8% by volunme. If
49 the recovered raw material nonomer is wanted to be preserved in the
recovery tank 3Moter ashongritaelyjt isherefriahler t 0 aegersieion at ia | ow

tenperature of, for exanple, 0 to 5C

transferred to the preheater 31 through the common effluent
line 27. The polymer composition'in the prehééter 31 is
10 added with a part or all of an amount of heat necessary to
volatilize the volatile component which is mainly composed
of the unreacted raw material monomer. Then, the polymer
composition is transferred to the devolatilizing extruder
33 via the pressure adjusting valve (not shown in the
i5 drawings), and the volatile component is at least partially
removed in the devolatilizing extruder, and a residual
extruded object is formed into pellets and discharged from
the discharge line 35. Thereby, the resin composition
comprising a methacrylic ester polymer is produced in the

20 form of the pellets.
As a method for transferring the above polymer
composition, a method described in JP 4-48802 B 1is
preferable. As a method of using a devolatilizing extrude,

methods described in, for example, JP 3-45%825 A, JP 51-

25 29914 B, JP 52-1755%5 B, Jp 1-53682 B, JP 62-8971C A and so



5 In this enbodi ment, the continuous bul k pol ynerizati on appar at us
wherein the first reactor and the second reactor are both used to conduct

t he conti nuous bul k polynerization is described. However, the continuous
pol yneri zati on 10 apparatus of the present invention is not limted
thereto, one or both of the first reactor and the second reactor nmay be
used to conduct continuous sol ution pol rferization. In such enbodi nent,
since a solvent is used for the solution polynerization, the continuous

pol yneri zati on apparatus is 15 provided, in addition to a sim|lar
configuration to the continuous pol ynerization apparatus described in the
above withorefeeeprefenalFlig. 1, with a solvent tank and a supply line and a
punp (supply mnmeans) associated with the solvent tank to supply the sol vent
to a certain refetohefpor @Ortogduecti ngithe sdeubtlohipokghepinzabEonthFhe
solvent tank and the supply line and the punp (supply neans) associ ated
with the spbVemért ankorspesiotopar tircul anHey | ideivicedt itthasegsi nekarutler
conventional ly used ones can be used. The solvent can be supplied to the
certain redaesoribed 2bcorjucthagpidigmsal utoomopodt yomr ozattilten aktendbdi ng

m xed 50 with raw material nononer and/or the polynerization initiator, or
can bg suppbiedtt eatheecedtiadinwieactolubeticeahdyctigrgtt bachobkt hagher

pol ynmeri zation, directly. In the above certain reactor, the polynerization
step i s coatdushels Samsd miaghyr (ufwkery amd@idi akatier sgondint | anx rhoithet

pol yneri zation step described in the above wth reference to Fig. 1, except
that the sgby¥efbers Usedthdat t heapallymer,zaki ofoIedeht pn.arAsah@ikhatsel vent,
it is appropriately selected according to the raw material 10 nononer of
the sol uti ggepel VWrRY i 238t i, I eactd 0 ANd oS 01 0Fs rpdieh 1ot thakt | Cat@r kyie
limted, but exanples thereof include toluene, xylene, ethyl benzene,

met hyl isobutyh kehpneitiBhhykraheebekargthyl al cohol, octane, decane,

cycl ohexane, decalin, butyl acetate, pentyl acetate, and so on. Aratio 15
C D g, for exagmpbeyol@t30 d 0c8RpEneAnd rRifRHaAD Y B8R:2Qik@13Q:11Q iyt not
limted thereto, wherein Crepresents a supply flowrate (kg/h) of the raw

material mMOERBRLO BRe QAN 4 get BFafory cCopgucthBg Lih@esekuhi 0B 4y
pol ymeri zation, and D represents a supply f¥0m1rate (kg/ h) of the sol vent

20to this geetaiBir Rffder and includes impurities; e.g. impurities

originally contained in the raw material monomer, additives

used if necessary, volatile by-product(s) generated in the

15 process of polymerization, oligomer such as dimer and
trimer, decomposed substance of the polymerization
initiator, and so on. In general, a larger amount of the

impurities make the obtained resin composition colored,
which is not preferable. Then, the volatile component
20 removed in the devolatilizing extruder 33 (which consists
primarily of the unreacted raw material monocmer and
includes impurities as described above) may be passed
through a monomer recovery column (not shown in the
drawings}, and treated by means of distillation, adscrption

25 and sc¢ on in the monomer recovery column to remove the



The conti nuous pol ynerizati on apparatus and the process for producing the
pol ymer conposition of the present invention are herei nbefore described

t hrough t he 25enbodi nent of the present invention in detail. According 51
to the present invention, there is provided the novel continuous

pol ymeri zati on apparatus, and the use of such continuous polynerization
appar atus can conduct the polynerizatiod8 n at least two lines in parallel
by using 5 at least the first reactor and the second reactor, so that the
pol ymeri zation reaction conditions, nore specifically, the tenperature, the
time period (average residence tine), the anount of the polynerization
initiator {mpuatiesf fidven poheneabeuei clresmiihest ovotlotibe rewwmpanent al
nononer) and 10so on can be set for the first polynerization step and the
second pol¥inerelzat | onhhst epnricedepehderdw y. mdheréby, monpeeanes:gosshdl e to
control a nol ecul ar wei ght distribution of the polyner contained in the
resin conpoestdvonedbtdithedhi ght heuweind;, and tithgr odicecamr éeef fuctabiyy the
pol ymer 15conposition which is suitable for obtaining the resin conposition
havi ng a vesheéy o phopestivstenbDae specinércabltypoyondrimbtiog. For
processability, high nmechanical strength, high heat resistance, and so on.
However , td&eampesent cbnventbas i sliketillismitced tic t heon@-addveienbedenent,
and various nodifications can be made. For exanple, three or nore reactors
can be usegohOm&ondustovdey pokyBinhzatbonreBoBreethe NMihecht0esd i Paw

parallel. For exanple, the effluent port may be | ocated on the reactor at
other posihiearifandohemeeactPin ShigR. purity as a distillate liquid
from the top of the monomer recovery column, and it may be
transferred and recycled to the raw material monomer tanks
10 1 and/or 1' after it is reserved in the recovery tank 37
once, or it may be transferred and recycled to the raw
material monomer tanks 1 and/or 1' without being reserved
in the recovery tank 37. On the other hand, the impurities
removed in the monomer recovery column may be disposed as a
i5 wéste.
In order to prevent the recovered raw material monomer
from causing the polymerization reaction in the recovery
‘tank 37 and/or the raw material monomer tanks 1 and/or 1°',
it is preferable that a peclymerization inhibitor exists in
20 the recovery tank 37 or the raw material monomer tanks 1
and/or 1' 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 concentratiocn in
a gas phase in the recovery tank 37 or the raw material

25 monomer tanks 1 and/or 1' is set at 2 to 8% by volume. If



52 Industrial Applicability The present invention can be used for
produci ng a polyner conposition which is suitable for obtaining a resin
conposition conprising a nethacrylic ester polyner(s). 5 The present
application clains priority to Japanese Patent Application No. 2011-14346

filed on January 26, 2011, entitled "CONTI NUOUS POLYMERI ZATI ON APPARATUS
AND PROCESS FOR PRODUCI NG POLYMER COMPQBIPTI ON. " The contents of that

10application are incorporated herein by the reference thereto in their
entirety. 53 WHAT IS CLAIMED | S: 1. A continuous polynerization
apparatus used for continuously polynerizing a nethacrylic ester nononer,
and conprishag atcbeastdt wrareaoctedres igfl a wompicet e ¥ Xi wtgpe, to  be
preserved in the recovery tank 37 for a long time, it is

preferable to reserve it at a low temperature of, for

example, 0 to 5°C.

In this embodiment, the continuous bulk polymerization
apparatus wherein the first reactor and the second reactor
are both used to conduct the continuous bulk polymerization
is described. However, the continuous polymerization

10 apparatus of the present invention is not limited thereto,
one or both of the first reactor and the second reactor may
be used to conduct continuous sclution polymerization. 1In
such embodiment, since a solvent is used for the solution
polymerization, the continuous polymerization apparatus is

15 provided, in addition to a similar configuration to the
continuous polymerization apparatus described in the above
with reference to Fig. 1, with a soclvent tank and a supply
line and a pump (supply means) associlated with the soclvent
tank to supply the solvent tc a certain reactor for

20 conducting the solution polymerization. The solvent tank
and the supply line and the pump (supply means) associated
with the solvent tank are not particularly limited, those
similar to conventionally used ones can be used. The
solvent can be supplied to the certain reactor for

25 conducting the solution polymerization after being mixed



5characterized in that each of the reactors is provided wth a supply
port and an effluent port; the respective supply ports of the two reactors
are independently connected to a supply source of a raw 10nmaterial nononer
and a polynerization initiator; and the respective effluent ports of the
two reactors are connected to a common effluent |ine. 2. The

conti nuous pol ymeri zati on apparatus acc8fding 15to claim 1, wherein the

ef fl uent port of each of the reactors is located at a reactor's top.

3. The continuous polynerization apparatus according to claim1l or 2,

wherein the two reactors are both used to 20conduct conti nuous bul k
pol ymeri zatitdn. raw material monomer and/or the polymerization

initiator, or can be supplied to the certain reactor for
conducting the solution polymerization, directly. In the
above certain reactor, the polymerization step is conducted
5 similarly {under an adiabatic condition) fto the
polymerization step described in the above with reference
to Fig. 1, except that the solvent 1s wused 1in the
polymerization reaction. As to the solvent, it is
appropriately selected according to the raw material
10 monomer of the sclution polymerization reaction and so on,
and not particularly limited, but examples thereof include
tocluene, xylene, ethyl benzene, methyl isobutyl ketone,
methyl alcchol, ethyl alcohol, octane, decane, cyclohexane,
decalin, butyl acetate, pentyl acetate, and so on. A ratio
15 C : D is, for example, 70:30 to 95:5, and preferably 80:20
to 90:10, but not limited theretc, wherein C represents a
supply flow rate (kg/h) of the raw material monomer to the
certain reactor for conducting the solution polymerization,
and D represents a supply flow rate (kg/h) of the solvent

20 to this certain reactor.

The continucus polymerizaticn apparatus and the
process for producing the polymer composition of the
present invention are hereinbefore described through the

25 embodiment of the present invention in detail. According



4. The continuous polynerization apparatus according to any of clains 1 to
3, wherein the two reactors have an inner volunme which is different from
each other. 54 5. A process for producing a polynmer conposition conducted
by using the continuous polynerization apparatus according to any of clains
1 to 4, which conprises a first polynerization step of supplying a raw 5
mat eri al nmonomer and a pol ynmerization idiltiator to a first reactor of said
two reactors through the supply port of the first reactor fromthe supply
source of the raw material nonomer and the polynerization initiator to be
subj ected to continuous polynerization under an adiabatic condition in

10t he firstoredot opre@sdtt akinmgnaipesul tharef i ¥st mpulvwuded f thet i apvétom t he
ef fluent port of the first reactor; a second pol yneri zation step of
suppl yi ng ecnawnuater ipall ymendrert iamd zppatyes i zanidornthai tpat ot t suahsecond
reactor of said two reactors through the supply port of the 15 second
reactor froomtheusuppl ypelowiee oft itdre r awpaabénisal c@monmerorandtt hethe
polynmeri zation initiator to be subjected to continuous polymerization under
an adi abatpel gnadi thonohnihhe tsenorsk r eact @b neand i gkd megl I Ir ésyl tahhgsecond
polynmer fraction fromthe effluent port of the second reactor; and 20 a

bl endgng sieplehshbl endi Ag rishe Adacdtorpalnyderhd reactood andctbe, sesondapol yner

fraction to obtain a polymer conposition.
the polymerization reaction conditions, more specifically,
the temperature, the time period (average resideﬁce time),
the amount of- the polymerization initiator (a ratio of the
pblymerization initiator to the raw material monomer) and
10 so on can be set for the first polymerization step and the
second polymerization step, independently. Thereby, it
becomes possible to control a molecular weight distribution
of the polymer contained in the resin composition cbtained
in the end, and to produce more efficiently the polymer
15 composition which is suitable for obtaining the resin
compositicon having a variety of properties, more
specifically, good molding processability, high mechanical
strength, high heat resistance, and so on.
However, the present invention is not limited to the
20 above embodiment, and various modifications can be made.
For example, three or more reactors can be used to conduct
the polymerization in three or more lines in parallel. For
example, the effluent port may be located on the reactor at
other position than the reactor's top.

25
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Industrial Applicability
The present invention can be used Zfor producing =&
polymer composition which is suitable for obtaining a resin

composition comprising a methacrylic ester polymer(s).

The present application claims priority to Japanese
Patent Application No. 2011-14346 filed on January 26, 2011,
eﬁtitled "CONTINUOUS POLYMERIZATION APPARATUS AND PROCESS
FOR PRODUCING POLYMER COMPOSITION." The contents of that
application are incorporated herein by the reference

thereto in theilr entirety.
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WHAT IS CLAIMED IS5:

1. A continuous polymerization apparatus used for
continuously polymerizing a methacrylic ester monomer, and
comprising at least two reactors of a complete mixing tfpe,
characterized in that

each of the reactors 1is provided with a supply port
and an.effluent port;

the respective supply ports of the two reactors are
independently connected to a supply source of a raw
material moncomer and a polymerization initiator; and

the respective effluent ports of the two reactors are

connhected to a common effluent line.

2. The continucus polymerization apparatus according
to claim 1, wherein the effluent port of each of the

reactors is located at a reactor's top.

3. The continuous polymerization apparatus according
to claim 1 or 2, wherein the twoe reactors are both used to

conduct continuous bulk polymerization.

4. The continuous polymerization apparatus according
to any of claims 1 tec 3, wherein the two reactors have an

inner wvolume which is different from each other.
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5. A process for producing a polymer composition
conducted by using the continuous polymerization apparatus
according to any of claims 1 to 4, which comprises

a first polymerization step of supplying a raw
material monomer and a polymerization initiator to a first
reactor of said two reactors through the supply port cof the
first reactor from the supply source of the raw material
monomer and the polymerization initiator to be subjected to
continuous polymerization under an adiabatic condition in
the first reactor, and taking a resultant first polymer
fraction from the effluentrport of the first reactor;

a second polymerization step of supplying a raw
material monomer and a polymerization initiator to a second
reactor of said two reactors through the supply port of the
second reactor from the supply source of the raw material
monomer and the polymerization initiator to be subjected to
continuous polymerization under an &adiabatic condition in
the second reactor, and teking a resultant second polymer
fraction from the effluent port of the second reactor; and

a blending step of blending the first polymer fraction
and the second polymer fraction to obtain a polymer

composition.



