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AND PROCESS FOR PRODUCI NG POLYMER COVPCSI TI ON 5 BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to

pol ymeri zati on apparatus, that is, an 10conducting pol yneri zati on,

conti nuously. 1

SPECIFICATION
TITLE CF THE INVENTION
CONTINUQUS POLYMERIZATION APPARATUS AND

PROCESS FOR PRODUCING PCLYMER COMPOSITION

5
BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a centinuous
polymerization apparatus, that 1is, an apparatus for
10 conducting polymerization, continuously. Further, the
present invention also relates to & process for producing a
polymer composition ‘conducted by wusing such continuous
polymerization apparatus.
15 Description cf Related Art
Resin compositions such as methacrylic ester polymers
are obtained from polymer compositicons produced by
continuous polymerization in which a raw material polymer,
a polymerization initiator and the like are continuously
20 supplied to a reactor to be polymerized. Ls such

continuous polymerization processes, there are known a
continuous solution polymerization process using a solvent
{or a dispersion medium, which also applies hereinafter) to
conduct continuous polymerization, and a continuous bulk

25 polymerization process using no solvent to conduct



present invention also relates to a process for producing a pol yner

conposi tion conducted by using such continuous polynerization apparatus.
15Description of Related Art Resin conpositions such as nethacrylic
ester polyners are obtained from pol yner_ conpositions produced by

conti nuous pol ynerization in which a raw mat eri al pol yner, a pol ynerization
initiator and the like are continuously 20 supplied to a reactor to be

pol ymeri zed. As. such continuous pol ynerization processes, there are known a
conti nuous solution polynerization process using a solvent (or a dispersion
medi um whifeRtanEevappPiEBckéréi A& t-er) to conduct conti nuous

pol yneri zation, and a continuous bul k 25pol yneri zati on process using no

sol vent to conddctcomptgumMihused Yelopner? 2 e bhzation RXOGHSThudls "8 uti on
pol yneri zation process is not efficient since use of a solvent causes a | ow
product i vi efficaessnBiase, UaecOit EnFOUYBH I€3pGIOPMSr i1P4t PGP Prdcesshas 5
an advant age of being able to produce a polyner conposition efficiently

si nce the pol yrmtizestionai sonshsuered il ol vies bz at kot verecePpadtdxal |y,
t he continuous bul k polynerization, however, has various problens conpared
wi th Bhe cent edwensagel vifi oripgl wrde Zat kowdusigcle 29 UART CRPREAGLT BN
control is difficult due to high viscosity of a reaction m xture, and when
an inner serffacéecotly reactorths codyewticatdmvel hegpnilvered reddidwn
system this degrades quality of a polynmer conposition and thus of a resin
conposi tionsiflken,a a pobeess.is prioposedahich usks acontinuous bulk

polymerization, however, has various problems compared with
the continuous solution polymerization, such as that
10 reaction control is difficult due to high viscosity of a
reaction mixture, and when an inner surface of a reactor is
cooled to remove heat from a reaction system, this degrades
quality of a polymer composition and thus of a resin
compcesition. Then, a process 1is proposed which uses a
15 reactor of a complete mixing type, fully fills the reactor
with iiquid. to exclude a gas phase part therefrom, and
conducts continuous bulk polymerization under an adiabatic
condition with no heat transfer to or from the outside (JP
07-126308 A). Further, in order to assure such adiabatic
20 condition, a continuous bulk polymerization apparatus 1is
proposed 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).



15 reactor of a conplete mxing type, fully fills the reactor with liquid
to exclude a gas phase part therefrom and conducts continuous bul k

pol ymeri zati on under an adi abatic condition with no heat transfer to or
fromthe outside (JP 07-126308 A). Furthﬁr, in order to assure such

adi abatic 20 condition, a continuous bufk polynerization apparatus is
proposed which controls a supply anount of a raw material nononer and a
supply anount of a polynerization initiator so as to make a tenperature in
the reactor equal to a setting tenperature of an outer surface of the
reactor (JP 252006-104282 A). 3 SUMVARY OF THE | NVENTI ON Techni cal Problem
In recent years, aeﬁ%ications of resin conpositions 5 such as nethacrylic

ester pol ymet8IAfes HedhlfexXpBided PUrt hernore, a demand is increasing for

nore efficiently producing a polyner conposition which is suitable for
obt ai ni ng d9esiifaclompudita™n of high quality (for exanple, a resin
conposi tion havi ng superior properties such as heat 10resistance and heat
stability, and |I8ssTaffilkedSALSr | APBLIERESPISHOWRVELS1Nt ¢RIBCDRERL PrDVed
that the conventional continuous polynerization apparatuses (JP 07- 126308
A and 2P 26061104282 mthma niotc alsflysr sufdi et tasredietihe ehpiipded

furthermore, a demand 1is increasing for more efficiently
producing a polymer composition which 1is suitable for
obtaining a resin composition of high guality (for example,
a resin compecsition having superior properties such as heat

10 resistance and' heat stability, and less immixed with
impurities). However, it has been proved tThat <the
conventional continucus polymerization apparatuses (JP 07-
126308 A and JP 2006-104282 A) are not always sufficient to
meet the demand.

15 The purpose of the present invention is to provide a
novel continucus polymerization apparatus and tc provide =z
process for producing a polymer composition, which process
is able to bke conducted by using such continuous
polymerization apparatus and to more efficiently precduce a

20 polymer composition suitabkle for obtaining a resin

composition of high quality.

Solution to Problem
The inventors considered using at least two reactors

25 of a complete mixing type in combination to conduct



15The purpose of the present invention is to provide a novel continuous

pol yneri zati on apparatus and to provide a process for producing a polyner
conposition, which process is able to be conducted by using such continuous
pol yneri zati on apparatus and to nore efficiently produce a 20pol yner
conposition suitable for obtaining a resifn conposition of high quality.
Solution to Problem The i nventors considered using at |east
two reactors 250f a conplete mxing type in conbination to conduct 4

conti nuous polynerization.As to a continuous solution polynerization
process, aﬁ%ﬁﬁéﬂﬂ§%§5hBQ?H&eF&63§98§es of*s to a continuous solution

polymerization process, apparatuses having two stages of

reactors are known, such as that the most part of

polymerization is conducted in the former reactor and the

5 polymerization is completed in the latter reactor while

removing a polymerization initiator therefrom (JP 01-172401

A); and that polymerization is conducted tc some extent in

the former reactor and a solvent is added to the latter

reactor to conduct polymerization (JP 05-331212 BA). In

10 such apparatuses, however, removal of heat from & reaction

system 1is conducted by reflux cooling {(a .raw material

monomer or the like in the reactor is evaporated to be

taken out c¢f the reactor, and it is returned to the reactor

again after subjected to cold condensation), this brings

15 about local or rapid cooling of the reaction system, which

causes gel to adhere to and grow on the inner surface of

the reactor, so that there is a problem such as that gelled

substance 1is immixed into a resultant polymer composition

as impurities. The inventors have considered earnestly on

20 a novel continuous polymerization apparatus whish is able

to more efficiently produce a polymer composition suitable

for obtaining a resin composition of high guality, and
finally completed the present invention.

The present invention provides the following [1] to

25 [(7].



reactors are known, such as that the nost part of polynerization is
conducted in the forner reactor and the 5 polynerization is conpleted in
the latter reactor while renoving a polynerization initiator therefrom (JP
01-172401 A); and that polynerization is_conducted to some extent in the
former reactor and a solvent is added to°the latter reactor to conduct

pol yneri zation (JP 05-331212 A). In 10 such apparatuses, however, renoval
of heat froma reaction systemis conducted by reflux cooling (a raw
materi al nmonomer_aor the like in the reactor is evaporated to be taken out
of the reactor, did it FeRFERUPHBAPPS YINRELIREEAPDr SRPATLT tart 7O RID} BE1®d t O
cold condensation), this brings 15 about |ocal or rapid cooling of the
reaction syt ehf2ihi diSduse’dgaieadhadheretess and gt oROBRIERE iTiTErNY
surface of the reactor, so that there is a problem such as that gelled
subst ance itRemiSaEd G e g shil ttahtt pol ymer conposition as inpurities.
The inventors have considered earnestly on 20 a novel continuous

pol ymeri zati on &H5ar a®his thi strdataihd el § o PrOVE defdf Wi dnt by spibediycepart

pol ymer conposition suitable for obtaining a resin conposition of high

qual i tyy, a®d iavald i lamn! ared tHel Pr dsentodanathtdtors Rectpre'sentod mvent i on
provides the followng [1] to 5 [1] A continuous polynerization
appar at us conprigiengumeleastrf igSttland sexomkacaet ors ofnmecompl et &

m xi ng type, characterized in that each of the reactors is provided with a
suppl y pormupply source of a raw material monemer and a

polymerization initiator; and
the effluent port of the first reactor is connected to
10 the supply port of the second reactor.

[2] The continuous polymerization apparatus according
to the above [1], wherein the first and the second reactors
are both used to conduct continuous bulk polymerization.

[3] The continuous polymerization apparatus according

15 to the above [1l] or [2], wherein said supply port of the
second reactor or ancther supply port provided to the
second reactor 1is connected to a supply source of an
additional peclymerization initiator. |

f4d] The continuous polymerization apparatus according

20 to any one of the above [l] to [3], wherein an inner volume
of the first reactor is different from an inner volume of
the second reactor.

[5] The continuous polymerization apparatus according
te any one of the above [1] to [4], wherein the effluent

25 port of the first reactor is connected to the supply port



5and an effluent port which is located at a reactor's top; t he supply
port of the first reactor is connected to a supply source of a raw nateri al
nmononer and a pol ynerization initiator; and the effluent port
of the first reactor is connected to 10 the supply port of the second
reactor. [ 2] The conti nuous pol ynéri zation apparatus according to
the above [1l], wherein the first and the second reactors are both used to
conduct continuous bul k pol yneri zati on. [ 3] The conti nuous
pol ymeri zati on appar atus accor di ng 15 to the above [1] or [2], wherein said
suppl y por Tofththe® & d $2aktbr P¥r 2afEPREF L4 aPpIy oM PristAHEH o @ he
second reactor is connected to a supply source of an additional
pol yrer i zatieHPaGftiR gregulating mEFarmrhe conti nuous pol ymeri zati on
apparatus according 20 to any one of the above [1] to [3], wherein an inner
vol ume of the fil&t rBEtTMLIPURYT ehMTToh farPl mre st uwer etorhigecond
reactor. 5] The continuous pol ynerization apparatus according to
any one of fthethpord®dvE (o] [ 4vhaitedrei phe hd lakf] ueeRCRSpodts abreweddd r st
reactor is connected to the supply port 6

5 with a temperature detecting means for detecting a

temperature in the first reacter; and

the temperature regulating means of the connection
line is controlled so that a temperature of the connection
line is at a substantially same temperature as the

10 temperature of the first reacter detected by the
temperature detecting means.

[7] A process for producing a polymer composition
conducted by using the continuous polymerization apparatus
acceording to any of the above [1] to [&], which comprises

15 a first polymerization step of supplying a raw
material monomer and a polymerization initiator to said
first reactor through the supply port of the first reactor
from the supply socurce of the raw material monomer and the
polymerization initiator to be subjected to continuous

20 polymerization under an adiabatic condition in the first
reactor, and taking a resultant intermediate composition
from the effluent port ¢f the first reactor; and

a second ©polymerization step of supplying the

intermediate composition to said second reactor through the

25 supply port of the second reactor to be further subjected



of the second reactor by a connection line provided with a tenperature
regul ati ng neans. [ 6] The continuous pol ynerizati on appar at us
according to the above [5], wherein the first reactor is provided 5 with a
tenperature detecting neans for detecting a tenperature in the first
reactor; and the tenperature regul ati ng neans of the connection line
is controlled so that a tenperature of the connection line is at a
substantially sane tenperature as the 10 tenperature of the first reactor

detected by the tenperature _detecting neans. [.7] A process, for

pr oduci ng éxboF9ﬁE%nE%Hﬁo§P9W8ﬁré&ﬁ&&@?ed”HVﬂas?Hgapﬁék@ﬁﬁﬁidﬁ%%%ltlon

pol ynmeri zati on apparatus according to any of the above [1% to [6], which
conprises 45 &P r §£CEBRYNERFFRET on ¥1%p teKidhpPyi AGSRLFan: mevekyeeT
‘mononer and a pol ynerization initiator to said first reactor through the
suppl y por tCHPIHe 91 shraeddivre FrbittherStippty Sourtkecotd t 1R ¢ee¥ mat eri al
nmononmer and the polynerization initiator to be subjected to continuous 20
pol ymeri zati on under an adi abatic condition in the first reactor, and
taking a resultant internediate conposition fromthe effluent port of the
first ¥eactistvardmpeous Effectsegondpolydmri zation step of supplying the
i nternmedi ate conposition to said second reactor through the 25supply port
of the second rdemtording beo f the heresabjredtegntion, there is provided

a novel continuous peolymerization apparatus. Further,
according to the present invention, there is also provided
a process for producing a polymer composition, which
10 process 1s akle to be conducted by using such continuous
polymerization apparatus and to more efficiently produce a
polymer composition suitable for obtaining a resin

composition of high quality.

15 Brief Description of Drawings
Fig; 1 shows a schematic wview of a continuous
polymerization apparatus in cone embodiment of the present
invention.
Following reference signs denote the following
20 elements:
1 -+ raw material monomer tank (supply source of raw
material monomer)
3 +++ polymerization initiator tank ({supply source of
polymerization initiator and, if necessary, of raw material

25 monomer)



7 to continuous polynerization under an adi abatic condition in the second
reactor, and taking a resultant polynmer conposition fromthe effluent port
of the second reactor. 5Advant ageous Effects of Invention Accordi ng
to the present invention, there is proviged a novel continuous

pol ymeri zati on apparatus. Further, according to the present invention,
there is also provided a process for producing a polyner conposition, which
10 process is able to be conducted by using such continuous pol ynerization
apparatus and to nore efficiently produce a polynmer conposition suitable
for obtaining a<esinfBHposition of high quality. 15Brief Description of

Dr awi ngs Fig. 1 shows a schematic view of a continuous pol yneri zation
apparatus in on€ enbodifht of the present invention.
Fol |l owi ng reference signs denote the foll ow ng 20el enents: 1 ... raw

mat eri al nonomer? t'ank Y&UFH HE Beur RTINS AVE YRR Y i BlR$rononer )

3pol ynerization initiator tank (supply source of
. first reactor’

5 lla ---+ supply port
1lb ---effluent port
1lc +++ another supply port
13 -+« jJacket (temperature reqgulating means)
14 --- mixer
10 15 --- connection line
17 «+- polymerization initiator tank (supply source of

additional polymerization initiator and, 1if necessary, of

raw material monomer)}

19 --- pump
15 20 +++ second reactor

2la +++ supply port

21k --+ effluent port

21c --- another supply port

23 +++ jacket (temperature regulating means)
20 24 +++ mixer

25 -+ effluent line

31 --- preheater

33 +-- devolatilizing extruder

35 +++ discharge line

25 37 -++ recovery tank



pol ynerization initiator and, if necessary, of raw material 25nononer)

punp 7punp 9raw material nononmer supply line 10 ... first reactor’
supply port |Ilb ...effluent port 1l1lc ... another supply port
9
T +++ temperature sensor (temperature detecting means)

10

15

20

25

DETATILED DESCRIPTION OF THE EMBODIMENTS

A continuous polymerization apparatus cf the present
invention comprises at least two reactors, and continuous
polymerization such as any of continuous bulk
polymerization and continuous solution peolymerization is
conducted in each of the reactors. 4 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 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 thereto, but may be those
wherein continuocus bulk polymerization is conducted in one
reactor (e.g. at least one former reactor) and continuous
solution polymerization 1s conducted 1in another reactor
(e.g. at least one latter reactor).

Hereinafter, one embodiment of the present invention

will be described in detail with reference to Fig. 1.

A continuous polymerization apparatus in this

embodiment comprises at least the first reactor 10 and the

second reactor 20. These reactors 10 and 20 are both a

85
5ha



13j acket (tenperature regul ating neans) 14m xer 1015connection line
17 .-- polynerization initiator tank (supply source of additional

pol ymeri zation initiator and, if necessary, of raw naterial nononer) 19 ...
punp 1520 ...

second reactor 2lasupply port 21b ... effluent port 21c

anot her supply port 23 ... jacket (tenpet8ture regulating nmeans) 2024 ...

m xer

10

15

20

25

reactor of a complete mixing type, and used to conduct
continuocus bulk polymerization in this embodiment.

More specifically, the first reactor 10 is provided
with a supply port 1la and an effluent port 1lk, and
preferably further provided with a Jacket 13 as a
temperature regulating means for regulating a temperature
of an outer surface of the reactor and a mixer 14 for
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 Jjacket 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 mixer 24 for
mixing a content therein. The effluent ports 1llb and 21b
are located at a top of each of the reactors. On the other
hand, the supply ports 1lla and 2la may be generally located
at an appropriate position of a lower part of each of the
reacters, although this embodiment is not limited thereto.
Each of these reactors 10 and 20 may be provided with a
temperature sensor T as a temperature detecting means for
detecting & temperature in the reactor.

The first reactor 10 and the second reactor 20 may
have the same or different inner volume from each other.
Making the inner volume of the first reactor and the inner

volume of the second reactor different from each other, it



25 ... effluent

line 31 ... preheater 33 ... devolatilizing extruder

35 ... discharge |line 2537recovery tank 9 T ... tenperature sensor
(tenperature detecting neans) DETAI LED DESCRI PTI ON OF THE EMBCDI MENTS

A conti nuous pol

ymeri zati on apparatus of _the present 5invention conprises

at | east two reactors, and conti nuous po%}nerlzatlon such as any of

conti nuous bul k

polynerlzatlon and continuous solution polynerization is

conducted in each of the reactors. A continuous polynerization apparatus of
the present invention will be 10 understood as a continuous bu

pol yneri zatli%orP

AP et Uk wWhBReEbAY R htiods TERFRNE6PYRe RS ASESN fhe c%%ﬁfct ed

in all of the reactors, and understood as a continuous sol ution
pol yrer i zatfiesr tgparidt uSnthert leontIaRfEUs ARt Oh pol yrigt i 2t | GveBage

conducted in al
resid

of the reactors.
ence time.

The mixer 14 and 24 are a member for substantially

10

15

20

25

attaining a complete mixing condition in the reactors.
These mixers may have any appropriate mixing blade(s), for
example, may have blades of MIG impeller, MAXBLEND impeller
{registered trademark, manufactured by Sumitomo Heavy
Industries, Ltd.), paddle impeller, double helical ribbcn
impeliler, FULLZQONE impeller (registered trademark,
manufactured by Kobelco Eco-Solutions Co., Ltd.) and so on.
In order to increase mixing effect in the reactor, it is
preferable to provide the reactor with a baffle(s).
However, this embodiment is not limited therete, but may
have any appropriate configuration in place of the mixers
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 mixing efficiency. However, in
view of avoiding the reactors from being added with an
unnecessary amount of heat by the mixing operation, it is
preferable that & power of mixing 1s not more than
necessary. The power of mixing is not specifically limited,
but preferably 0.5 to 20 kW/m®, and more preferably 1 to 15

kil /m>. As a viscosity of the reacticn system becomes



15 However, a continuous polynerization apparatus of the present invention
is not limted thereto, but nmay be those wherein continuous bulk

pol ynmeri zation is conducted in one reactor (e.g. at |east one fornmer
reactor) and continuous solution polymerjzation is conducted in another
reactor 20(e.g. at least one latter reac%%r) Herei nafter, one enbodi nent
of the present invention will be described in detail with reference to Fig.
1. A continuous pol ynerization apparatus in this enbodi nent conprises
at least the first reactor 10 and the 25second reactor 20. These reactors 10
and 20 are"B6Ta (A0 Pediorei BAESAPITt o2 MBHAE Ly pl! ah8 lfse@d:ttld’n
conduct continuous bul k polynerization in this enbodlne

speci fi cal IBysteie ¥55¥tes catderio £§ proBTRIE IR at%uEBFy Y&y tPCPré?rand an
effluent port 11b, and 5 preferably further provided with a jacket 13 as a
tamaaUH@ﬂ&N%%hﬁHwéﬁ%ﬁdﬁﬁwaUngatmmaauueofanOMer
surface of the reactor and a m xer 14 for m xing a content therein.
Sinilarly, the fécoitbweatt okhe0dravdngw-dedian THPRLSUPREY PéRt Fldhend an

ef fl uent port 21b,
5 first reactor 10 is connected through a raw material

monomer supply line 2 to a raw material monomer tank (a

supply source of a raw material monomer) 1 and a
polymerizatiorn initiator tank (a supply source of a
polymerization initiator and, i1f necessary, of a raw
10 material monomer) 3 via pumps 5 and 7, respectively. In

this embodiment, the supply source o¢f the raw material
monomer and the polymerization initiator 1is the raw
material monomer tank 1 and the polymerization initiator
tank 3, but the number of the supply source of the raw
15 material monomer and the polymerization initiator, the
forms of the raw material monomer and the polymerization
initiator (in a «case of a mixture, for example, a
composition thereof) and so on are not particularly limited
as long as the raw material monomer and the polymerization
20 initiator can be supplied tT¢ the first reactor 10,
appropriately. Although it 1is not necessary for this
embodiment, but another supply port 1llc may be provided to
the £first reactor 10 and this supply port 1lc may be
connected to the polymerization initiator tank 3 wvia the

25 pump 7 as shown by a dotted line in Fig. 1. The effluent



10 and preferably further provided with a jacket 23 surrounding an outer
surface of the reactor as a tenperature regul ating neans for regulating a
tenperature of the outer surface of the reactor and a mixer 24 for mxing a
content therein. The effluent ports IIlb f\gd 21b 15 are |ocated at a top of
each of the reactors. On the other hand,~the supply ports ha and 2la may be
generally | ocated at an appropriate position of a |ower part of each of the
reactors, although this enbodinment is not linmted thereto. Each of these
reactors 10 and 20 may be provided with 20t enperature sensor T as a

t enper at ur &°dét r?bfyr@énsﬁfr&rt d’@t%&qrhgma SR 5P (HE rBEtor .

The first reactor 10 and the second reactor 20 nay have the sane or.

di fferent PRfdr A& dife Fromssmdtd Asfsttonvedd A aHeh e VR U ol itife
first reactor and the inner 25volunme of the second reactor different from
each other 15t Il sepbkiaeht e s tef? et iOFel YR FREPBAL | ERF- 12 Ween the
first reactor 10 and the second reactor 20 in an average residence tine.
The mi xer 14nked 2 dre annehbbrcrbr 150Bstant i dy, Fha tfdinithg ol et e
m xing condition in the reactors. These m xers may have any appropriate

m xi ng bl adé( spndf orhex@fsiand napakaes bfddesrof CRRGeickpel | &R, FRRBLEND

i npel ler (registered trademark, manufactured by Sum tono Heavy I ndustries,
Ltd.), paddhenempek| epredoudbey hald calmpi bpon the connection line 15

between the effluént port 1lb of the first reactor 10 and

the supply port 2la of the second reactor 20.
It is not necessary zIor this embodiment, but the
10 second reactor 2C may be connected to a polymerization
initiator tank (a supply source of an additicnal
polymerization initiator and, if necessary, of a raw
material monomer) 17 via a pump 19. In this embodiment,
the supply source o¢f the additicnal ©polymerization
15 initiator i1s the polymerization initiator tank 17, but the
number of the supply source cof the additiocnal
polymerization initiator, the form of the polymerization
initiator (in a case of a mixture, for example, a
composition therecf) and so on are not particularly liimited
20 as long as the additional polymerizaticn initiator can be
supplied to the second reactor 20, appropriately. In a
case where the polymerization initiator tank 17 and the
pump 19 present, the supply pert 2l1la cof the second reactor
20 may be connected to the polymerizaticon initiator tank 17

25 via the pump 19 through the connection line 15 as shown by



10 inpeller, FULLZONE inpeller (registered trademark, manufactured by

Kobel co Eco- Sol utions Co., Ltd.) and so on. In order to increase m Xxing
effect in the reactor, it is preferable to provide the reactor with a

baffl e(s). However, this enmbodinment is not limted thereto, but may 15
have any appropriate configuration in pl%l e of the mxers 14 and 24 as | ong
as a conplete mxing condition can be substantially attained in the
reactors. In general, the reactors 10 and 20 are nore preferabl e when
t hey have a higher m xing efficiency. However, in 20 view of avoiding the
reactors frfonsbethgladbed i Fhe an luniécestar ¥ e&R0GEntE < Hat 2 By "éife 58 xi ng
operation, it is preferable that a power of mxing is not nore than
necessary. PHRY iskiferv ot nfRPREST s SHEP LEp@aTy cat ySPi mPeéd "t 1St ef abl y
0.5 to 20 kWnB, and nore preferably 1 to 15 25kWnB. As a viscosity of the
reacti on systiem bt ohesconpeatghet o §hea POdATeRt 23dticd offid Fdiieraih t he
reaction system becones higher), it is preferable to set the power_ of

m xi ng at a7 afigertheviepmp A5S shewahprnt Eéfrdrfém RESNtife FupPItgsbriing of
the 5 first reactor 10 is connected through a raw material nononer supply
line © to dwdwocatlerial nonomer tank (a supply source of a raw materi al
nononer) 1 and a polynerization initiator tank (a supply source of a

pol ynmeri zati on iHi¢ irtmrs dndgnd {7 rischssiar ywragfent + avre Ioammt et i afe novoner )
3 via punps 5 and 7, respectively. In this enbodi nent, the supply source of
t he raw natmri@lcuienoer Landtete poiltynerezatrabhyi miunirst opeingt heleawo

mat eri al nononer tank 1 and the polynerization initiator tank 3, but the
nunber of tdwet Siippt yresme cerodl dhwe rawvmaterial monomer tank 1 and the

polymerization initiator tank 3 and a flow rate from the

10 polymerization initiator tank 17, if present, &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-vclume - pump and a triplex pulsation-free

15 controlled-volume pump. By using these, 1t is possible to

control a supply amount {or a supply flow rate, which also

applies hereinafter) of the raw material monomer and the

polymerization initiator to the first reactor 10 and, if

necessary, an additicnal supply amount of the

20 polymerization initiator {or the raw material monomer and
the polymerization initiator) to the second reactor 20.

Further, it 1is not necessary for this embodiment, but

the connection line 15 for connecting the effluent port 1lb

of the first reactor 10 to the supply port 2Zla of the

25 second reactor 20 is preferably provided with a jacket or



15 material nononmer and the polynerization initiator, the fornms of the raw
mat eri al nononmer and the polynerization initiator (in a case of a m xture,
for exanple, a conposition thereof) and so on are not particularly limted
as long as the raw materi al nononer and the polynerization 20initiator can
be supplied to the first reactor 10, app?%priately. Al though it is not
necessary for this enbodi nent, but another supply port 11c may be provi ded
to the first reactor 10 and this supply port 1lc may be connected to the
pol ymeri zation jnitiator tank 3 via the 25punp 7 as shown by a dotted line

in Fig. 1. Chfe %% uéhPt $5oW8r tin | b df AFABIRYPE st SHEZOUSALNG i3 <YHfeet ed
to the supply port 2l1la of the second reactor 20 through a connection |ine
15. The effd Ceortf 2 of IHESEIHT riddtd ort 20 i35 | i hk StETRE - HFE
effluent line 25. Thus, the first reactor 5 10 and the second reactor 20
are connect®@dUlRGiéYd eseaTifer €0i's FPRELEPABIPINopuRPTBALERBIBondECtioh | i ne
15 between the effluent port Ilb of the first reactor 10 and the supply
port 2la ofcafeddcsnd imeactor Ahereby, it is passibipttmeeastery flog this
enbodi nent, but the 10second reactor 20 may be connected to a
pol ymer i zattiegwpamatirag orf ttdrk qensuppion sbreel of (egradibedohiadally, a
polyneri zation initiator and, if necessary, of a raw material nononer) 17
via a punp tEpdns s ehbddiemrermttet heusdippky soutbe coferties taddi tiomal
pol ymeri zati on
and thus a temperature in the connection line) depending on
the temperature of the first reactor 10 and/or the
temperature of the second reactor 20 and so on. 1In a case
10 where the first reactor 10 is provided with the temperature
sensor T as a temperature detecting means for detecting the
temperature in the first reactor 10 as in this embodiment,
the jacket (temperature regulating means) of the connection
line 15 can be controlled sc that the temperature of the
15 connection line 15 is at a substantially same temperature
as the temperature in the first reactor 10 detected by this
temperature sensor T.
It is preferable that each of the members described in
the above with reference to Fig. 1 is appropriately
20 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
surface of the reactor set for each o©¢f the Jackets

(temperature regulating means) 13 and 23 correspond to the

25 temperature in the reactor detected by the temperature



15initiator is the polynerization initiator tank 17, but the nunber of the
supply source of the additional polynerization initiator, the formof the
pol ymeri zation initiator (in a case of a mxture, for exanple, a
conposition thereof) and so on are not pirticularly limted 20as | ong as

t he additional polynerization initiator 4n be supplied to the second
reactor 20, appropriately. In a case where the polynerization initiator
tank 17 and the punp 19 present, the supply port 2la of the second reactor
20 may be connected to the polynerization initiator tank 17 25via the punp
19 t hr ough S5F& ConrtEFHR T4 I At SHOMFEHYS | 14 Wi idh 1e8R¢de F0 B 1,
or the second reactor 20 may be provided with another supply port 21c so
that this $SfppFyepdritrsF1creacésnne? edfo e FECPREr i AFoM i #ili atleR t ank
17 via the punp 19 as shown by, for exanple, a dotted line 5in Fig. 1.

The punps SPRMFEEHNALSi FOpEESeAtPlehd pudpludt bre Bbe pFamEloul @rpynts
limted, but preferably punps being able to set flowrates fromthe raw
mat eri al norforefhe anka¥ amdtayd 3ol yReRPRaE i oANAni thihe orpehike Bl adeien f | ow

rate fromthe 10pol ynerization initiator tank 17, if present, at constant
5 initiator to the first reactor 10 with the operation of the

pumps 5 and 7 or by regulating the temperature of the outer
surface of the reactor set for the jackets 13 and 23; and
also, in a case where the polymerization initiater tank 17
and the pump 19 present, the apparatus is controllable by
10 adjusting the additional supply amount of the
polymerization initiator (or the raw material monomer and
the polymerization initiator) to the seccond reactor 20 with
the operation of the pump 19. Further, in order to make
the temperature in the connection line 15 substantially
15 equal to the temperature in the first reactor 10 detected
by the temperature sensor (temperature detecting means) T,
the apparatus is contrcllable by adjusting the temperature
of the outer surface of the connection line 15 set for the
jacket (temperature regulating means, not shown in the
20 drawings) surrcunding the connection line 15. It is
preferable that the temperature in the connection line 15
is actually measured by the temperature detecting means for
detecting the connection line 15. However, in some cases
depending on the polymerization reaction conditions in the

25 first reactor 10, due to some causes such as that zll of



val ues. More specifically, multiple reciprocating punps are preferred, and
nore preferred are pul sation-free controll ed-vol unme punps such as a
duplicate pul sation-free controll ed-volunme punp and a tripl ex
pul sati on-free 15 controll ed-vol unme punp,_By using these, it is possible to
control a supply amount (or a supply roWrate, whi ch al so applies
hereinafter) of the raw nmaterial nononer and the polynerization initiator
to the first reactor 10 and, if necessary, an additional supply anmount of
the 20 polynerization initiator (or the raw nmaterial nonomer and the
pol yneri zatitén i AFEPAIBH) (RPUMESEINPTt eadt'or 1269 15 FGPFRér, i1%is
not necessary for this enbodi nent, but the connection |ine 15 for
connect i ng #¥HEBEAigdR FHMCIIH B R Firtt e rdo 1 HERuPPPY port
2la of the 25second reactor 20 is preferably provided with a jacket or 15
the like (rée skékruentt hecdkaw Heys)deqi r 6Wdi A§Tant b8t 61°S9 e of R he
connection line 15, as a tenperature regulating nmeans for controlling a
t enper at ur €sgictiig® cerpeeefonn | ke 15OMGStdRn Hines Ifossiibile 6 cofer ol
the 5 tenperature of the connection line 15 (nore specifically, a
t enperfat ur dedt t @€ duteer peliyhacezet iphe ToAmeEd oA S| | FRO e d hdg athe
tenperature in the connection |line) depending on the tenperature of the
first reactoomnkdrtamd ofindelbenpdratine ofashe sBeoRGmPEFEitvre20°fanthso on.
In a case 10 where the first reactor 10 is provided with the tenperature
sensor T asaxkegnpenataneddegedtiengcapanstion detrect 1hg itsheseenpgdr atiuiee in
the first reactor 10 as in this enbodinent, the jacket (tenperature
regul ati ng sesrtsinwifalthe eemaedtempreddnerdSasarttize teonpevitedesdnt haltet he
tenperature of the 15 connection line 15 is at a substantially sane
t enper at ur €iasstt heedenperldi ures ithathetlis rs¢empeaztore 10n dettectedndytibns
t enmperature sensor T.

10 line 15 can beccome the substantially same temperature as

the temperature in the first reactor 10, and considering
the temperature in the ceonnecticn line 15 as a
substantially same temperature as the temperature of the
jacket surrcunding the connection line 15 is allowable.

15 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 2C by introducing
steam, hot water, organic heat medium or the like from a
heat medium supply route (not shown in the drawings). The

20 temperature of the jackets 13 and 23 1is able to be
appropriately regulated with & temperature or pressure of
the heat medium to be introduced. The heat medium
introduced into the jackets 13 and 23 is remcoved from a
heat medium discharge route (not shown in the drawings).

25 The temperature and/or pressure of the jackets 13 and 23 1is



It is preferable that each of the nenbers described in the above with
reference to Fig. 1 is appropriately 20 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 nake thf tenperature of the outer surface
of the reactor set for each of the jacke g (tenperature regul ati ng nmeans)
13 and 23 correspond to the 25tenperature in the reactor detected by the
tenperature 16 sensor (tenperature detecting rreans) T with respect to each
of the first reactor 10 and the second reactor the apparatus is

control | abl®& W5 & uSYi iy /8 S&tppF Y MGt & d’fer‘EFP?erEi'téW%%FlFSF noHoer
and the polynerization 5 initiator to the first reactor 10 with the
operati on SA¥e PurdE ST Or WFAEFUICR | TRE thHRA T diftrut Wes et ide
outer surface of the reactor set for the jackets 13 and 23; and also, in a
case wher e A& ol yridts zBPEBH | P t HACGECENKOL7 ZandePRETpUEHEL0agr egemt |

the apparatus is controllable by 10 adjusting the additional supply am)unt
of the pol V\REHISARL G | FRITAE oF S (BPLt RarEafuAatéyi dimysGmewdnd & Heay

pol ynerization initiator) to the second reactor 20 with the operation of
the pup 1%e Fupediesd, | Roor ¢gpmpéepaka tilee t baper aedien rfurhd opdieiesi on
line 15 substantially 15 equal to the tenperature in the first reactor 10
det ect ed by hen t eppei ackressdasand tahper Hhane tiet esringg theans)ire ihe
apparatus is controllable by adjusting the tenperature of the outer surface
of the connectpoovided #Sthetheorjadieyacket (tehkperatturthe eguha¢ ¢ingomeans,
not shown in the 20 drawi ngs) surroundi ng the connection line 15. It is
pref er abl e ltimat 1hembgnperat i esinifihe comentumn tonéhéSei g aadtatad | Y3
nmeasured by the tenperature detecting neans for detecting the connection
line 15. Hewelve&¥3. in sone cases depending on the polynerization reaction
conditions in the 25first reactor 10, due to sone causes such as that all
of 10 For the polymerization reaction in the reactors 10 and

20, it 1is required to proceed at a generally constant

temperature in each of the reactors 10 and 20 in view of

obtaining a pclymer with a constant quality. Therefors,

the above described temperature regulating means {jackets

15 13 and 23) 1s controlled at a constant temperature which

has been set beforehand, sc that the temperature inside the

reactors 10 and 20 can be maintained respectively at a
generally constant temperature.

The setting temperature of the above described

20 temperature regulating means (jackets 13 and 23} 1is

transmitted to a supply flow rate control means, which

hereinafter described, to be used as data for determining

whether control of the supply flow rate with the monomer

supply means (pump 5) and/or the initiator supply means

25 (pump 7 and, 1f present, pump 19) is necessary or not. The



17 the supplied polynerization initiator is spent, an internedi ate
conposition (hereinafter described) taken fromthe effluent port |l b does
not | et the polynerization reaction proceed in the connection |ine 15, that
is, no 5 heat of the polynerization reaction is generated in the
connection line 15. In such case, the teﬁ%erature of the jacket surrounding
the connection line 15 is set at the substantially sane tenperature as the
tenperature in the first reactor 10, so that the tenperature in the
connection 10 line 15 can becone the substantially sane tenperature as the
t enper at ur S5 it¥e e IAdACEor °10, thRd BAYE detfFhgrt thec t A &S n t he
connection line 15 as a substantially same tenperature as the tenperature
of the j acREOESEFHAMITIY T héIe6KRESt iloh RPRe2P8 %l Pondsoalates fe
jackets 13 and 23 surround al nost the whole of the reactors 10 and 20,
respect i vel3PHF Apgpishr itatte| - RISt &ith thee hgsie of ok hetheacton s 10
and 20 by introducing steam hot water, organic heat nediumor the |ike
from a heatdefsdildncs issty meslit@ ( not shown in the drawings). The 20
tenperature of the jackets 13 and 23 is able to be appropriately regul ated
with @ tenperatdre v pressuprelyf fllew hezite nedikbnel omsenisnt rod e he
heat nedi umintroduced into the jackets 13 and 23 is renoved from a heat
medi um di s¢h@rgefr odte € notorshoin bhithe (deawi Hysyn 25Theheenperatng )

and/ or pressure of the jackets 13 and 23 is 18 detected by a sensor such
as a tenperatcrigiesensah ((Rt, SRdwn BAM tarel drawngs) | ocated on the heat
medi um di scharge route. The point of |ocation of a sensor such as the

t enper at ure sendtre iEOMotf pane i cohtrdy hnmit éd, abuteviitcemeior storing a

program which controls the pumps 5 and 7 and, if present,

10 the pump 19 and so on. The RAM of the control unit is a
device for temporary storing data of the temperatures in
the rectors 10 and 20 detected by the temperature senscr T,
data of the setting temperatures of the jackets 13 and 23,
data of, if present, the setting temperature of the jacket

15 of the connection line 15, and so on in order tc execute
the above program.

The CPU of the control unit executes the program
stored in the ROM based on data such as the data of the
temperatures in the reactors 10 and 20 and the data of the

20 setting temperatures ¢f the jackets 13 and 23 stored in the
above RAM so that the supply flow rates of the raw material
moncmer and/or the polymerization initiator to the reactors
10 and 20 is controlled by the moncocmer supply means (pump
5) and/or the initiator supply means (pump 7 and, if

25 present, pump 19). In & case where the connection line 15



5 be located, for exanple, on the heat nedium supply route, or in the
j ackets 13 and 23. Wen the connection line 15 is provided with the jacket,
the jacket of the connection line 15 may have a simlar structure to these
jackets 13 and 23. 10For the polynerizatjon reaction in the reactors 10 and
20, it is required to proceed at a gener%@ly constant tenperature in each
of the reactors 10 and 20 in view of obtaining a polyner wwth a constant
quality. Therefore, the above described tenperature regul ati ng means
(jackets 15 13 and 23) is controlled at a constant tenperature which has
been set béfordttahfed ot Hat thRe Je&Hser dtur BRF nsPHRSERE UEEactssrs 20- ehd 20
can be maintained respectively at a generally constant tenperature. The
setting temferatur'didf CEHe @botbedeserihed UDOtt hifETHt St e PBgWH ISR means
(jackets 13 and 23) is transmtted to a supp[g flow rate control means,
whi ch her eish&fesr idedérs B! {whibeh used BS datheror @erér mhnithe ihsirer
control of the supply flowrate with the nononmer supply neans (punp 5)
and/ or theFireidthiast 1T seippty AEaasamsGhgrp thamboys pregean) pemsdion s
necessary or not. The 19 setting tenperature of the above described
t enpebdat ur dateguvath ngs nelans dgjtackdt stHS aemreB8jtenas benr ad@l ateed-tinrs
controlling the tenperature or pressure of the above described heat nmedi um
5As to thelSuppld i0oandatthecotttal ofedis atekanpremperature of the
jacket (not shown in the drawings) of the connection line
15 stored in the above RAM so0 that the setting temperature
of the jacket of the connection line 15 can be controlled.
10 An example of the control by the supply flow rate
control means {control unit) will be described below.

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

15 executes the program in the ROM to control, for example,
the pump 7 so as to decrease the supply flow rate of the
polymerization initiator into the reactor 10, In a case
where the polymerization initiator tank 17 and the pump 19
present, when the temperature in the reactor 20 detected by

20 the temperature sensor T exceeds the setting temperature cf
the Jjacket 23 &as the temperature requlating means during
the pump 19 supplies the polymerization initiator to the
reactor 20 to conduct the polymerization, the CPU executes

the program in the ROM to control, for example, the pump 19

25 SO as to decrease the supply flow rate of the



thereof is a control unit (not shown in the draw ngs) provided with CPU,
ROM RAM and so on. The ROM of the control unit is a device for
storing a program which controls the punps 5 and 7 and, if present, 10 the
punp 19 and so on. The RAM of the control_unit is a device for tenporary
storing data of the tenperatures in the ftctors 10 and 20 detect ed by the
tenperature sensor T, data of the setting tenperatures of the jackets 13
and 23, data of, if present, the setting tenperature of the jacket 15 of
the connection line 15, and so on in order to execute the above program
The CPU of ROH&™EGHAAH1 i t 1RketateE t H& 5 oghlatn sE6REETN tHhé- ROM Bised on
data such as the data of the tenperatures in the reactors 10 and 20 and the
data of th&PFUEENT nFu¢nperattltes RFL I j2idddts 182hnde2sr&itéfedt n t he
above RAM so that the supply flow rates of the raw material nonomer and/ or
t he pol ymerfitZatieseiadia ildt od/en K redets Jarreait Do and G FRY ddidy t he
mononer supply neans (punp 5) and/or the initiator supply means (punp 7
and, if 25prERERatyR W0)the Fep e wherahdir cdhriget ish Javrred 20 is
provided with the jacket as the tenperature regul ati ng neans, the CPU of

t he céntrol uni tOrex@cutcediathdgngrdrmstigred s a1 ROV {whHileh meacther
either a part of the above program or other programthan the above progran)
based on ddtla suchehgwt hbedata téina Heenarperatares thet ieckeacticrs o2 and
20 and the data of the setting tenperature of the jacket (not shown in the
drawi ngs) GfPU hexegorinecttilon dhiouwrad ot orfed R0M the ayoviec RAM &0 ¢Xanpltae
setting tenperature of the jacket of the connection |ine 15 can be

control | ed.thE0Ammxafplse afs the dcoptreekebyheheswwuplpl yfibtewrrpaee of the

polymerization initiatocr into the reactor 10. In a case
10 where the polymerization initiator tank 17 and the pump 19
present, when the temperature in the reactor 20 is below
the setting temperature of the jacket 23 during the pump 19
supplies the polymerization initiator to the reactor 20 to
conduct the polymerization, the CPU executes the program in
15 the ROM to control, for example, the pump 18 so as to
increase the supply flow rate of the polymerization
initiator into the reactor 20. By conducting such ceontrel,
polymerization heat generated in the reactors 10 and/or 20
can be increased, and thereby the temperatures in the
20 reactors 10 and/or 20 can be raised.

For example, when the control over the pump 7 and, if
present, the pump 19 for the polymerization reaction in the
reactors 1C and 20 results in remarkable decrease in the
total supply flow rate into the reactors 10 and 20, it is

25 preferakble to not only control the pump 7 and, if present,



control neans (control unit) will be described bel ow. When t he
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 CPU 15 executes-the programin the ROMto control, for exanple,
the punp 7 so as to decrease the supply fFow rate of the pol ymeri zati on
initiator into the reactor 10. In a case where the polynerization initiator
tank 17 and the punp 19 present, when the tenperature in the reactor 20
detected by 20 the tenperature sensor T exceeds the _setting tenperature of
the jacket PP a®PWhe ténpéPat@fe regShiThF edls ddlirHg Fﬁgepu 1one
supplies the polynerization initiator to the reactor 20 to conduct _the
pol yner i zatd oM He? AP Ple ittt d e WHogt6if i Fo t HNROM tThe oni®l > $or
exanpl e, the punp 19 25so0 as to decrease the supply flow rate of the 21
pol yreri zatd%rE @ ninG 2T Mo T ricded o 200 By 0 ieRied T Hy STRMCBDAHt 7B |
pol ynerization heat generated in the reactors 10 and/or 20 can be
decr eased, @Rl gams ébyne he tenperatures in the reactors 10 and/or 20 can be
| owered. 5 On the other hand, when the tenperature in the reactor 10 is
bel owX he setti rfjpitdrmper atag e afothar | akari8, 2he TR execxel, t hehe
programin the ROMto control, for exanple, the punp 7 so as to increase
t he supply fdlowwwinte ofntihel potyneredat i Ghaitniits,atvdren ntloe t bempenatore 10.
In a case 10 where the polynerization initiator tank 17 and the punp 19
present, whien the tesperat ulé | dethetedadior tRe it ovuhe semnsiorg T
tenperature of the jacket 23 during the punp 19 supplies the polynerization
i-nitiator texddmds eabkorséA(ting coadpetratheepalfynehezatadaket thd GRU ekecut es
the programin

temperature regulating means, the pump 5 is controlled to

10 increase the flow rate of the raw material monomer, so that
the relative flow rate of the polymerization initiator into
the reactor 10 is decreased. By conducting such control,
the temperature in the reacteor 10 can also be lowered.

A ratio of the supply flow rate of the raw material

15 monomer and the flow rate of the polymerization initiator
can be appropriately set depending on kinds cof the polymer
generated, kinds o¢f the pclymerization initiator used, and
SO omn.

Also, degree of increase or decrease in the supply

20 flow rate of the raw material mcnomer and/or the supply
flow rate of the polymerization initiator can be
appropriately set depending on kinds of the poclymer
generated, kinds of the polymerization initiator used, and
so on. However, in a case what is supplied to the reactors

25 10 and 20 by the initiator supply means 1is not the



15 the ROMto control, for exanple, the punp 19 so as to increase the
supply flow rate of the polynerization initiator into the reactor 20. By
conducting such control, polynerization heat generated in the reactors 10
and/or 20 can be increased, and thereby e tenperatures in the 20reactors
10 and/or 20 can be rai sed. For ex | e, when the control over the
punp 7 and, if present, the punp 19 for the polynerization reaction in the
reactors 10 and 20 results in remarkabl e decrease in the total supply flow

rate into the reactors 10 and 20, it is 2%£{ef rable to not only contro
the punp 7 BShdMSH 3Rtehtin 1 B2 Punp il 13 dardald R Fi%9w rat e

of the polynerization initiator, but also to control the punp 5 so as to
i ncrease t KEMHTGWW It &GF RH MW FRet €1 al rforfdryr att the s $3he.T°
5Further, as another exanple of the control, the follow ng control is

noted. Thattar$idffer I teasrperdtit €1 FhheTedraorzab Jetetted HF tHe
tenperature sensor T exceeds the setting tenperature of the jacket 13 as
the tenperd®r e Féyul alphgriBans, MPRENHinp SOTRLEDHET ol IR W& T YR iR ease
the flowrate of the raw material nononer, so that the relative flowrate
of thé pol yimdrtiizdtdron @it icangrolnt occiithe FERELEr HOdvs dee¥eased. Byhe
conducting such control, the tenperature in the reactor 10 can al so be

| ower ed. Apcatyine wfzathersuppltidticow rate of the raw materi al

Further, as still anocther example of the control, the
following control is noted for & case where the connection
line 15 is provided with {the jacket as the temperature

10 regulating means. That 1s, when the temperature in the
reactor 10 detected by the temperature sensor T 1is
different from the temperature in the connection line 15
(conveniently, the setting temperature of the jacket of the
connection line 15) by a degree more than, for example, =

15 5°C, the setting temperature of the Jjacket of the
connection line 15 is regulated soc that the temperature in
the connection line 15 (conveniently, the setting
temperature of the Jjacket o¢f <tThe connection Iine 15)
becomes a substantially same temperature as the temperature

20 of the reactor 10.

Additionally, it is not necessary for this embodiment,

- but a preheater 31 and a devolatilizing extruder 33 may be
located downstream of the effluent line 25. There may be a
pressure adjusting valve (not shown in the drawings)

25 provided between the preheater 31 and the develatilizing



15 nmononer and the flow rate of the polynerization initiator can be
appropriately set depending on kinds of the polyner generated, kinds of the
pol ymeri zation initiator used, and so on. Al so, degree of increase or
decrease in the supply 20 flowrate of the raw material nononer and/or the
supply flow rate of the polynerization i ftiator can be appropriately set
dependi ng on kinds of the polyner generated, kinds of the polynerization
initiator used, and so on. However, in a case what is supplied to t he
reactors 2510 and 20 by the i nitiator supply means |s not the

pol yner i zaﬁX&'ﬁ%%.%%or %Pn §Xtpttethebr &l it ériTal dhHoterL W%.Jﬁg t he
pol yneri zatjon initiator, i S necessary to conS|der a content ratio of

t he polyneﬁ%EQHQﬁquNQHQ&(ﬁ FirF e Foavt It et3al mononer conpri si ng

pol ymerization Sinitiator to control the supply flowrare of the

pol ymeri zati on iAfi t FABoreheater i neranas aBPFPPraAGEhdreab@ipFanofbe he
control, the following control is noted for a case where the connection
line 15 i s YSsvidded W% 73 He jifcledtl casta Meeaterperreres G yegulla ity
means. That is, when the tenperature in the reactor 10 detected by the
tenpeﬁatur@@%ﬂ%ﬂﬁikﬁﬁkﬂqnfﬁ&ﬁ@ﬂﬂeﬁroh$theateﬁpégéﬁur@n|1mdk§hunﬁnﬂﬂwon
line 15 (conveniently, the setting tenperature of the jacket of the

connect i on dsivied altB)l Ipirg degreslamreant Fen,udst. exanpl e, -

Further, there may be a recovery tank 37 for storing
the raw material monomer which is separated and recovered
from a volatile component (comprising unreacted raw

10 material, mainly) having separated with the devolatilizing

extruder 33.

Next, a process for producing a poclymer composition
conducted by using such apparatus will be described. In
15 this embodiment, a case cf conducting continuous
polymerization ¢f a methacrylic ester monomer, in the other
words, a case of producing a methacrylic ester polymer will
be described as an example, although the present invention
is not limited thereto.
20
* Preparation
At first, the raw material monomer, the polymerization
initiator and so on are prepared.
As the raw material monomer, a methacrylic ester

25 monomer is used in this embodiment.



15 5C, the setting tenperature of the jacket of the connection line 15 is
regul ated so that the tenperature in the connection line 15 (conveniently,
the setting tenperature of the jacket of the connection |ine 15) becones a
substantially sanme tenperature as the tenperature 20of the reactor 10.
Additionally, it is not necessary for thgg enbodi nent, but a preheater 31
and a devolatilizing extruder 33 may be | ocated downstream of the effluent
line 25. There nmay be a pressure adjusting valve (not shown in the

drawi ngs) 25provi ded between the preheater 31 and the devolatilizing 24
extruder 33. AnfeaMrided Objldtd BFtercHelot #3152 RPDES dFScharged from a
di scharge |ine 35. As the preheater 31, any appropriate heater can be
used as long as 1t2ikvhpretkachebata vPEcobdchl aildy ASaw® Sehevol at® 1 #zi ng
extruder 33, a single or nulti screw devol atilizing extruder can be used.
Further, tHedqRs) Felagecovery tank 37 for storing the raw nmateri al
nmonomer which is separated and recovered froma volatile conponent
(conprising unreactkedirkawre of not less than 80% by weight of alkyl

5 methacrylate (of which alkyl group has 1 to 4 carbons) and
not more that 20% by weight of other wvinyl moncmer
ceopolymerizakle therewith.

Examples of alkyl methacrylate (of which alkyl group
has 1 to 4 carbons) include methyl methacrylate, ethyl

10 methacrylate, n-propyl methacrylate, isopropyl methacrylate,
n-butyl methacrylate, t-butyl methacrylate, sec-butyl
methacrylate, isobutyl methacrylate, and soc on. Among them,
methyl methacrylate 1is preferred. The above described
examples of alkyl methacrylate may be used alone or in

15 compbination of at least two c¢f them.

Examples o¢f copolymerizable vinyl monomer include
methacrylic esters such as benzyl methacrylate and 2-
ethylhexyl methacrylate (except for the above described
alkyl methacrylate (0of which alkyl group has 1 to 4

20 carbons)); acrylic esters such as methyl acrylate, ethyl
acrylate, propyl acrylate, butyl acrylate, and 2-ethylhexyl
acrylate; unsaturated carboxylic acids or acid anhydrides
therecf such as acrylic acid, methacrylic acid, maleic acid,
itaconic acid, maleic acid anhydride, and itaconic acid

25 anhydride; hydroxy group-containing monomers such as 2-



10material, mainly) having separated with the devolatilizing extruder 33.
Next, a process for producing a polyner conposition conducted by using such
apparatus will be described.In 15 this enbodi ment, a case of conducting
conti nuous pol ynerization of a nethacrylj¢ ester nmononer, in the other

wor ds, a case of producing a nethacrylic2§ster polymer will be described as
an exanpl e, although the present invention is not limted thereto. 20
Preparation At first, the raw material nononmer, the polynerization

initiator and so on _are prepared. As the raw material_ nononer,
a met hacr yYETEsE 5 mononeFridahsed i n tRPECERDYRFHERt . 2mcrylate,

monoglycerol acrylate, 2-hydroxyethyl methacrylate, 2=
hydroxypropyl methacrylate, and monoglycerol methacrylate;
nitrogen-ceontaining monomers such as acrylamide,
5 methacrylamide, acrylonitrile, methacrylonitrile,

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

10 As the polymerization initiator, for example, a
radical initiator is used in this embodiment.

Examples of a radical initiator include azoc compounds
such as azobisisobutyronitrile, azobisdimethylvalercnitrile,
azobiscyclohexanenitrile, 1,1'-azobis(l-acetoxy-1-

15 phenylethane), dimethyl 2,2'-azobisiscbutylate, and 4,4'-
azobis-4-cyanovaleric acid; organic peroxides such as
benzoyl yperoxlide, lauroyl ©peroxide, acetyl ©percxide,
caprylyl peroxide, 2,4-dichlorobenzoyl peroxide, isocbutyl
peroxide, acetyl cyclohexylsulfonyl peroxide, t-butyl

20 peroxypivalate, t-butyl peroxyneodecanoate, t-butyl
peroxyneoheptanocate, t-butyl peroxy-Z-ethylhexanoate, 1,1-
di{t-butylperoxy)cyclohexane, 1,1-di(t-butylperoxy)-3,3,5-
trimethylcyclchexane, 1,1-di(t~-hexylperoxy)=-3,3,5-
trimethylcyclchexane, isopropyl peroxydicarbonate, isobutyl

25 peroxydicarbcnate, s—butyl peroxydicarbonate, n-butyl



Exanpl es of the nethacrylic ester nononmer are alkyl nethacrylate (of which
al kyl group has 1 to 4 carbons) alone, or a mxture of not |ess than 80%
by wei ght of alkyl 5 nmethacrylate (of which alkyl group has 1 to 4
carbons) and not nore that 20% by wei ght ?f ot her vinyl nononer

copol yneri zabl e therew th. Exan% es of al kyl nethacrylate (of

whi ch al kyl group has 1 to 4 carbons) include nethyl nethacryl ate, ethyl
10net hacryl ate, n-propyl nmethacryl ate, isopropyl nethacrylate, n-butyl

nmet hacryl ate, t-butyl nethacrylate, sec-hutyl nethacrylate, isobut

|
nethacrylaﬁ@FQ%ﬁﬁ%ﬁfﬁﬁ?n%ﬁﬁmufTqﬁﬁﬁlqﬁﬁ%ﬂﬂp?ﬁﬂﬁﬁﬁﬁ%ﬁEﬁQQQE?1NQ§%?¥@HT The

above descri bed exanpl es of al kyl nethacrylate nmay be used alone or in
15conbi nat Pt YafC YAl qheastl )t wo BT eRER carPonaRanpl &s28¥ lcopAISARFY Z4bl e
vi nyl nononer include nethacrylic esters such as benzyl nethacrylate and 2-

et hyl hexyl SFOHAEHATREE Yrexcept: Frotr I e abovRt escr i Bad-ikyl mRFHREF vl at e

(of which alkyl group has 1 to 4 20 carbons)); acrylic esters such as
met hyl acr @tdtvd hearamaatdor yl at é, lpPopyrrgsiyllat e, BEPHYLlacr yIRREQXETHl
2- et hyl hexyl acrylate; unsaturated carboxylic acids or acid anhydrides
thered suchthad hecrayidadsaci oibwet-hapeybky aciowrowylleimermslad Pdntadeoni e aci d,
mal ei ¢ aci d anhydride, and itaconic acid 25anhydri de; hydroxy
gr oup- cont &milng pforoner sl sterst 2-monocarbonate,  t-butyl peroxy-2-
ethylhexyl carbonate, t-butyl peroxy allyl carbonate, t-
butyl peroxy isopropyl carbonate, 1,1,3,3-tetramethyl
buthyl peroxy isopropyvl monocarbonate, 1,1,2-trimethyl
10 propyl peroxy isopropyl monocarbonate, 1,1,3,3-tetramethyl
buthyl percxzy isononate, 1,1,2-trimethyl propyl peroxy-
isononate, and t-butyl peroxybenzoate.
These polymerization initiators may be used alone or
in combination of at least two of them.
i5 The poclymerization initiator 1s selected according to
the kinds of the polymer generated and the raw material
monomer used. For examplie, while the present invention is
not particularly 1imited, those o©of radical polymerizaticn
initiator having a half-life not more than one minute at
20 the polymerization Temperature are preferable. When the
half-life at the polymerization temperature is at most one
minute, the reaction rate 1s suitable, thus the initiator
is suitable for the polymerization reaction in the

continuous polymerization apparatus.

25 The supply amount of +the polymerization initiator



26 hydroxyet hyl acryl ate, 2- hydr oxypropyl acryl ate, nonogl ycerol acryl ate,

2- hydroxyet hyl nethacryl ate, 2- hydroxypropyl nethacrylate, and

nonogl ycerol nethacryl ate; nitrogen-contai ni ngnononer ssuchasacryl am de, 5
met hacryl am de, acrylonitrile, nethacrylgnitrile, diacetoneacrylam de, and
di met hyl am noet hyl nethacryl ate; epoxy gfoup-contai ning nononers such as
allyl glycidyl ether, glycidyl acrylate, and glycidyl nethacrylate; styrene
based nononmers such as styrene and a-net hyl styrene. 10As the pol ynerization
initiator, for exanple, a radical initiator is used in this enbodi nent.
Exanmpl es of (Z2Hdthlcal 11hi+7 826t ihélu&@taz@@ﬁﬁﬁﬁﬁmﬂ§4§uéﬂ@%ﬁedf but

azobi si sobutyronitrile, azobisdinethylvaleronitrile,

azobi scycl sifdérenix r P+ 8011 tr - b% obivs (Mo BElet oyt D- resPgHenyPettigneyaw

di met hyl 2, 2'-azobi si sobutyl ate, and 4,4'- azobis-4-cyanoval eric acid;
organi ¢ pertRGIEs SudPE benzoye pef ki de2 teaiR by | MpRPBXT desvarRetyl 1y
peroxi de, caprylyl peroxide, 2,4-dichlorobenzoyl peroxide, isobutyl

per oxi de, &@sdiad clivhexiisul forgioperbxi de, tIbutyl case where the

5 polymerization initiator tank 17 and the pump 19 present in
addition to the polymerization initiator tank 3 and the
pump 7, the polymerization initiator can be supplied
separately into the first reacter 10 and the second reactor
20. When the polymerization initiator tank 17 supplies the

10 mixture of the raw material monomer and the polymerization
initiator to the second reactor 20 by the pump 19, the
total supply amount of the polymerizaticen initiator
supplied to the reactor 10 and the reactor 20 1is made
within the above range with respect to the sum of the raw

15 nmaterial monomer eventually supplied to the reacteor 10 and
the raw material monomer additionally supplied %o the
reactor 20.

In addition to the raw material monomer and the
polymerization initiator described above, any appropriate

20 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
agent is used for adjusting a molecular weight of the
polymer generated.

25 As to the chain transfer agent, either monofunctional



20 peroxypival ate, t-butyl peroxyneodecanoate, t-butyl peroxyneoheptanoate,
t-butyl peroxy-2-ethyl hexanoate, 1,1- di(t-butyl peroxy)cycl ohexane,
1, 1-di (t-butyl peroxy)-3, 3,5- trimethylcycl ohexane,
1, 1-di (t- hexyl peroxy)-3, 3, 5- trinethylcyg&ohexane, i sopropyl
per oxydi car bonat e, isobutyl
25per oxydi car bonat e, s- but yl per oxydi car bonat e, n-butyl 27 peroxydi car bonat e,
2- et hyl hexyl peroxydi carbonate, bis(4-t-
but yl cycl ohexyl ) per oxydi car bonat e, t - anyl per oxy- 2-
et hyl hexan®at @At DAk angb Rt bGERYPHEFoRPent can be used. More
et hyl hexanoate, 1, 1, 2-tri nmet hyl propyl peroxy-2- 5 ethyl hexanoate, t-butyl
per oxy isoﬁ@@ﬁ}ﬁiﬁ@#édarb@ﬁé@@}eﬁ-aﬁgﬁr5€¥ox§n?§ﬁﬁ?op@}kﬁ%n&@£QﬁﬂﬁﬁQ§
t-butyl peroxy-2- ethyl hexyl carbonate, t-butyl peroxy allyl carbonate,
t-butyl pes®ep | 8dprOPYICRYAr bBRAEBPTANT | 3 PRI EANePRYF2BGERY| THeT kgt
i sopropyl nonocarbonate, 1,1,2-trinethyl 10 propyl peroxy isopropyl
nmonocar bonaegcabtRr3, 3trbtf se ¥ CamwitHy @é@@%ﬂlis@ﬁéﬁé?g?nlqJH??Q?X%EthyI
propyl peroxyi sononate, and t-butyl peroxybenzoate. These
pol yner i zatieareapriam atZores hyyh ey lu Seak GRS o TP AT TeR T G TN ataN®ast
two of them

t-dodecyl mercaptan; aromatic mercaptans such as phenyl

mercaptan and thiocresol; mercaptans having 18 or less
carbons such as ethylene thioglycol; polyalcohols such as
ethylene glycol, neopentyl glycol, trimethylolpropane,
10 pentaerythritol, dipentaerythritol, tripentaerythritol, and
sorbitol; those of which hydroxyl group is esterified with

thicglycelic acid or 3-mercaptoprepionic acid, i,4-

dihydronaphthalene, 1,4,5,8~tetrahydronaphthalene, (-
terpinene, terpinolene, 1,4-cyclohexadiene, hydrogen
15 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
particularly limited since it varies depending on the kinds
of the chain transfer agent used and so on. For example,

20 in a case of using mercaptans, it 1is éreferably 0.01 to 3%
by weight, and more preferably (.05 to 1% by weight with
respect to the raw material monomer (the raw materiail
monomer eventually supplied to the reactor 10).

In the raw material monomer tank 1, the raw material

25 monomer {one kind or a mixture of two cor more kinds) as



15The polynerization initiator is selected according to the kinds of the
pol ymer generated and the raw material nononer used. For exanple, while the
present invention is not particularly limted, those of radical

pol yneri zation initiator having a half-life not nore than one mnute at 20
the polynerization tenperature are prefe?%ble Wien the half-life at the
pol yneri zation tenperature is at nost one mnute, the reaction rate is
suitable, thus the initiator is suitable for the poI ymarization reaction in
t he conti nuous pol ynerjzati on apparatus. 25The sup anount of the

pol yner i zatds5iv4iMSS atbpve2ds (?EHF@EW?H?%VatRﬁE)PEI%e%Ot tﬁ&?ﬂ“@ﬁl d’H‘th
limted, but generally 0.001 to 1% by weight with respect to the raw
material nOHOWEr (UWRONERE (et eT A %nBH@rCE@éﬁt Géﬁwf%pﬁiqe@& % tiHee
reactor 10). In a case where the 5 polynerization initiator tank 17 and
the punp 1SdFcedit B% addiRi EhetBoﬁﬁﬁeﬁéﬁﬁﬁéppz&ﬁléﬁﬁtmrt it@rdr Yanks and
the punp 7, the polynerization initiator can be supplied separately into
the first REACEETIFRtARD t helséEdAdoreactd? 20 owrarbese poRprERi zati®n
initiator tank 17 supplies the 10 mi xture of the raw material nononer and
the pd yneripratdron atsilyi apoepevethevsdeondier endt omaG it heopampri%it he
total supply anpbunt of the polynerization initiator supplied to the reactor
10 and t he negacts®r20 (Eegrhberwivtin ofdegbovenpangetwit h Swedpest tohe he
sum of the raw 15 material nononer eventually supplied to the reactor 10
and the rawhwtreri aktanphener aackditt | omal | yrsupptéed t oatvhe behct or 2Zhe

In addition to the raw materi al nononer and the polynerization initiator
descri bed aydwene rsimatdppr oprimateiator tank 3 may store the

polymerization initiator alone c¢r 1in the form of the
10 mixture of the raw material monomer and the poelymerization
initiator (may further comprising other component(s) such
as the chain transfer agent as the case may be}. 1In a case
of using the polymerization initiator tank 17, 1in the
polymerization initiator tank 17, the polymerization
15 initiator as described above 1s appropriately prepared with
the raw material monomer if necessary (together with other
component (s} such as the chain transfer agent as the case
may be). The polymerization initiator tank 17 may store
the polymerization initiatcr alone or in the form of the
20 mixture of the raw material monomer and the polymerization
initiateor {(may further comprising other compcnent(s) such
as the chain transfer agent as the case may be}. Bowever,
in a case where the polymerization initiater tank 17 is
connected to the supply port Z2ic via the pump 19, storing

25 of the polymerization initiator alone raises a concern cof



20 ot her conponent(s), for exanple, a chain transfer agent, a rubbery
pol ymer such as butadi ene and styrene-butadi ene rubber (SBR), and so on may
be used. The chain transfer agent is used for adjusting a nol ecul ar wei ght
of the polyner generated. 25As to the chain transfer agent, either
nmonof uncti onal 29 or pol yfuncti onal chafh transfer agent can be used. Mre
specifically, exanples thereof include al kyl nercaptans such as n-propyl
mer capt an, isopropyl mercaptan, n-butyl nmercaptan, t-butyl nercaptan,
n- hexyl mercaptan, n-octyl 5 nercaptan, 2-ethyl hexyl mercaptan, n-dodecyl
mer capt an, 1&tdlt - BEAEEFAIREr capt die aPEHaSE IS dast ang2sidRMas pheryd
mer capt an and thi ocresol; nercaptans_having 18 or |ess carbons such as
et hyl ene t Hi€s§iGRdol 20potiftecolidls Rt asl et hyPrnd rglicdior négpettigly
glycol, trinmethylol propane, 10 pentaerythritol, dipentaerythritol,
tri pent aer PRAtiGId Bpdtaer Bieesiton se ofPtwhileh BYBEESRYY, gid@Fing 1in
esterified with thioglycolic acid or 3-nercaptopropionic acid, 1, 4-
di hydr onaphithifalfera ©4, Begmisttuatey driorddpht v emerial monomer and the
t er pi nene, t er pi nol ene, 1, 4- cycl ohexadi ene, hydrogen 15 sulfide and so on.
These Sy Ipe lused idadnieoror 1natéefbirnat Eonelofe attd eastl vewoseeht hepncern
The supply anmount of the chain transfer agent is not particularly limted
since it varings déperdhgnenizdel ki ndsibfathe dchaimixedamsftér sagentt used and
so on. For exanpl e,

the raw material monomer beforehand.

+ First polymerization Step
10 The raw material monomer &and the polymerization
initiator are supplied to the first reactor 10 through the
supply port l1lla 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.
15 More specifically, the raw material monomer is supplied
from the raw material moncmer tank 1 by the pump 5, and the
polymerization initiator (preferably, the mixture of the
raw material monomer and the polymerization initiator,
which is also simply referred to as the polymerization
20 initiator herein) 1s supplied from the polymerization
initiator tank 3 by the pump 7, and they merge together
through the raw material supply line 9 into the first
reactor 10 wvia the supply port 1la. Also, the
polymerization initiator may  be supplied from the

25 polymerization initiator tank 3 by the pump 7 tc the first



20 in a case of using nmercaptans, it is preferably 0.01 to 3% by wei ght,
and nore preferably 0.05 to 1% by weight with respect to the raw materi al
nononer (the raw material nonomer eventually supplied to the reactor 10).
In the raw material nmononer tank 1, the raw material 25nononer (one kind or
a mxture of two or nore kinds) as 30 deScri bed above is appropriately
prepared (together with other conponent(s) such as the chain transfer agent
as the case nay be). In the polynerization initiator tank 3, the

pol ynmeri zation initiator as_described above js propriately prepared
with the r &Rardcedridl WohokBR SHPReCeSSHY ¥ ]t%g%?hég t;?yot docted

conmponent (s) such as the chain transfer agent as the case may be). The

pol yner i zatlileWi ritt i¥at%r tlank3mayst or et he pol ynerization initiator al one or
inthe formof the 10 m xture of the raw material nononmer and the

pol yneri zation iffi%t | &GP LYHEP f EPEhePOBRBFFERAG Bt hePlebApBRent?s)ttuch as
the chain transfer agent as the case may be). In a case of using the

pol yneri zatfiigisti nrepater tHhk Yhen nthee “ﬁé‘lty#ﬁ@rl ot i | RN dhoretemk 17,
the polynerization 15 initiator as descri bed above is appropriately
prepared wintdnanteer reavl ridtee b @l yiohiohatrl 9 Heldelsssey ¥3 djearere v tth iher
conponent (s) such as the chain transfer agent as the case may be). The
pol yner i zatmadrynianitdadtiom tankt IFtemytanbré ehe polpplesc dthegedann. ator
alone or in the formof the

is preferable to adjust a ratio A : B in a range from 80:20

to 98:2 wherein A represents the supply flow rate (kg/h) of

the raw material monomer from the raw material monomer tank

10 1, and B represents the supply flow rate (kg/h) of the
mixture of the raw material monomer and the pclymerization
initiator (of which content ratic of the polymerization
initiator is 0.002 to 10% by  weight) from the
polymerization initiator tank 3.

15 The temperature of the raw material monomer and the
polymerization initiator supplied to the first reactor 10
is neot particularly Iimited. However, this 1s one of
factors which may change the polymerization temperature by
losing a heat balance in the reactor, and therefore it is

20 preferable to adjust that temperature appropriately by a
heater/cocler (not shown in the drawings) bkefore the supply
to the reactor 10.

The raw material monomer and the polymerization

initiator supplied to the first reactor 10 as described in

25 the above are subjected to continuous polymerization,



20 m xture of the raw material nonomer and the pol ynerization initiator
(may further conprising other conponent(s) such as the chain transfer agent
as the case nay be). However, in a case where the polynerization initiator
tank 17 is connected to the supply port 21c via the punp 19, storing 25of
the polynerization initiator alone raises“a concern of 31 |ocal proceeding
of the polynerization reaction in the reactor 20 since the polynerization
initiator is solely supplied to the reactor 20. On the contrary, storing in
the formof the mxture of the raw nmaterial mononer and the 5
pol ymer i zatFodT inwctisatosrl i PApme M adiare udh icorid@raftidisite tie other
polynmerization initiator is mxed with a part of the raw materi al nononer
bef or ehand. "o sy s tP Plomyaerd et Pronv Stlepn2 0FRE VERR mat@dedl aforrsher>dnids t he
pol ynmeri zation initiator are supplied to the first reactor 10 through the
supply por tcorglifiom tlsendive imit etitdl swdresmert talnky Mandeathe polshasr izt i on
initiator tank 3 as the supply source of the raw naterial nononmer and the
pol yneri zatdmonf¥emt pateidel1®f Mre spectbicaliny, thdefiantnaegcitalr Mdhoner
is supplied fromthe raw material nmonomer tank 1 by the punp 5, and the
pol yner i zatTihdrs | filrsat gpolprnefezablyn tdHepm kear ecwiyt He r anopatedr itdie
nmononmer and the polynerization initiator, which is also sinply referred to
as the pol ydnineatiizatiz; | nedcaion hereitweyv,s sappl i ed fromatesdiate
pol ymeri zation initiator tank 3 by the punp 7, and they nerge together
t hr ough t heampe sietier ak ssuppten | ifmem9 € o etfifd Uanrtst ppeactldrb 16£fvithd he
suppl y port ha. Also, the polynerization initiator may be supplied fromthe
first reactor 10.

In the first polymerization step, the ceontinucus
10 polymerization can be conducted under a condition in which
the reactor 1s filled with the reaction mixture while

substantially no gas phase presents (hereinafter referred

to as a fully filled condition). This 1is especially
suitable to the continucus bulk polymerizaticon. The fully
15 filled condition can prevent beforehand the problems such

as that gel adheres to and grows on the inner surface of

the reactor, and thet this gel is immixed intoc the reaction

mixture tTo degrade gquality of a polymer composition

obtained in the end. Further, the fully filled condition

20 enableé all of the inner volume of the reactor to be used

as a reaction space, and thereby a high productivity can be
attained.

Since the effluent port 1lb of the first reactor 10 is

located at the reactor's tecp, the fully filled condition is

25 conveniently realized simply by conducting the supply to



25pol yneri zation initiator tank 3 by the punp 7 to the first 32 reactor 10
via the supply port 11c as shown by the dotted line in Fig. 1. For
supplying the polynerization initiator to the first reactor 10, when the

m xture of the raw material 5 nononer apnd the polynerization initiator is
prepared in the polynerization initiator>fank 3 and supplied therefrom it
is preferable to adjust a ratio A: Bin a range from380:20 to 98:2 wherein
A represents the supply flow rate (kg/h) of the raw naterial nononer from
the raw materjal nongmer tank 10 1, and B represents the supply flow rate

(kg/h) of tRE mbe (&I tTHie™ dir et ord @l THstidter Smd VHe it ization
initiator (of which content ratio of the polynerization initiator is 0.002
to 10% by wei ght) 46 t helpol §iferi Fateén iBR YRR OF2aeH 3. SE5Pne the
tenperature of the raw material nononer and the polynerization initiator
suppl i ed t FEHETIT ST RREEtDF1AD 1N ndE FEPEREGREr M ATy T, 2 HotRekS this
is one of factors which may change the polynerization tenperature by |osing
a heat bal &feelitiarhe rEhéfors HRPIMerehvravitabse200 Frher ep@bl B14@2adj ust
that tenperature appropriately by a heater/cooler (not shown in the

dr awi rfigs) b@fﬁ?@@ﬁ@%@b@fiyi@@-th@hﬁaa@@b@béﬂ)ic conditioThegravie e et al
nononmer and the polynerization initiator supplied to the first reactor 10
as descri béwfiardtitiie aheveramtd enfj esthd aso thati Wmedusapotyaer itratdonh,

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

gel is immixed into the reaction mixture to degrade gquality

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

10 adiabatic condition enabkles the polymerization reaction to

become stable, and self regulating characteristics for
suppressing & runaway reacticon 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 egqual to

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

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

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

material monomer and the polymerization initiator to the

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

the temperature of the outer surface o¢f the first reactor

10 set for the jacket (temperature regulating means} 13 and

the temperature in the first reactor 10 detected by the

temperature 5enscr (temperature detecting means) T

25 correspond to each other. It is not preferable to set the



33 continuous bul k polynerization in this enbodinent (in other words,

pol yneri zation with no solvent), under an adiabatic condition (condition
with substantially no heat transfer to or fromoutside of the reactor) in
the first reactor 10. 5 This first polyngrization step has only to proceed
t he pol ynerization reaction partway, and=an i nt er nedi at e conposition is
taken fromthe effluent port |lib of the first reactor 10. In the first

pol ymeri zati on step, the continuous 10 polynerization can be conducted
under a condition in which the reactor is filled with the reaction m xture
whi | e subst@REHA Y 40 YashdE-$r TRt ICT het ef Mart e ef drrel 29t a
fully filled condition). This is especially suitable to the continuous bul k
pol yneri zatihsh Fhe faAMBReras14s | Led [dohdrERr6ROEarr fy&vent BECSr ebant t he
probl enms such as that gel adheres to and grows on the inner surface of the
reactor, ardPQHEt t®fs Heiti sinhfi xé8ei nttEAREr-eact iBIE ni SBUHLE o ©eYr ade
quality of a polymer conposition obtained in the end. Further, the fully
filled condlitiimirenge: dhabvesnalktheoftaeiaiare vl ukBCofr oERE Oreaitdrt®® be
used as a reaction space, and thereby a high productivity can be attained.
Since i he dfdnprratyport ofi Bhef ehéeki ruirfaggt of e sreeeheed i@, tHee
reactor's top, the fully filled condition is 25conveniently realized sinply
by conduct ibgfttdie sdppig-to More specifically, it 1is preferable to

adjust the temperature difference within the range of =X
5°C.

The heat generated in the first reacter 10 such as

10 polymerization heat and mixing heat 1is generally carried
away on taking the intermediate composition from the first
reactor 10. The amount of the heat carried away by the
intermediate composition is determined by the flow rate and
the specific heat of the intermediate compesition, and the

15 temperature of the polymerization reaction.

The temperature of the continucus polymerization in
the first polymerization step 1s understood as the
temperature in the first reactor 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 is a pressure not less



34 and the taking fromthe first reactor 10, continuously. Furt her

the first polynerization step, the continuous polynerization is conducted

under the adiabatic condition. This is especially suitable to the
continuous 5 bulk polynerization. The adiabatic condition can prevent
bef orehand the problens such as that gel Gdheres to and grows on the inner

surface of the reactor, and that this gel is immxed into the reaction
m xture to degrade quality of a polynmer conposition obtained in the end.

Furt her,

real i zed by 9REETHIe H&npé
15 tenperature of the outer surface thereof generally equal to -
each ot her maisTd aslpeBPRPBEK| Y ramhi gepanabénfealt z&4 W tHe ugedofig he

and the

in

the 10 adiabatic condition enables the polynerization reaction to
becone st ablé@nl ghdVaePt mERAStiShgPEhifactd™ sP3teridt Sappressiag &e
runaway reaction can be brou%ht about . The adi abatic condition can be

&t UFRABFCEhet P nHLRVITE t WSt i Pt FRACtHW 10

above described control unit (not shown in the drawi ngs), by adjusting the
suppl y anowfts 1gfl the ek nat@rial2 mbibieriadrede PotsSaEre zation initiator

to the

20 first reactor 10 with operating the punps 5 and 7 such that the

tenperfat ure of thhe ouime supgatedof sheifcitsd redst or WE setcdwiinkeus acket

(tenmperature regulating neans) 13 and the tenperature in the first

10 det ect ecdpdywntdrel 2adiipmr at tne sEnsor fitrewperrpelyredetatidmg wEaps) is
25correspond to each other. It is not preferable to set the 35
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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
intermediate composition and so on, and is not particularly
limited, but, for example, from 15 minutes to 6 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 mocnomer or the like to the first
reactor 10. 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
is important as hereinafter described.

As described in the above, the intermediate

compesition is taken from the effluent port 1lk of the

first reacteor 10. The obtained intermediate composition
comprises the generated polymer and the unreacted raw
material monomer, and may further comprise the unreacted

polymerization initiator, decomposed substance of the

react or



tenperature of the outer surface of the reactor nuch higher than the
tenperature in the reactor since it adds extra anmpbunt of heat into the
reactor. The smaller the difference between the tenperature in the reactor
and the Stenperature of the outer surface of the reactor is, the better it
is.Mre specifically, it is preferable t 7adjust the tenperature difference
within the range of 5C. The heat generated in the first reactor 10 such as
10 polynerization heat and m xing heat is generally carried away on taking
the internediate conposition fromthe first reactor 10. The anount of the
heat carri &@laRey Iy ke iMidifddTat €°¢bMsb$iion is determined by the flow
rate and the specific heat of the internmedi ate conposition, and the

15t enper at ure o HOUSH yiets z8FPeAIFEREL ilon. ot 1imFRgdt &bséctCur &1 t he
conti nuous polynerization in the first polynerization step is understood as
t he tenper @UnESH 23t o ST ddettdre 10 (adstattade IPrimRs tteifferatur®Sensor

T). This tenperature changﬁf according 20 to various conditions until it
reaches a st@mipdest at etca®d® s sbvovepaht cul B¢ yPPLFEEdZ2BLPTf G2 texarpl e,
about 100 to 180C. The pressure of the continuous pol ynerization

in the firsthepol yherhedidon sopoirsd tirderdttRith lasy t Herppessnde ite 2Bite
first reactor 10. This pressure is a pressure not |ess
content ratio of the polymer in the intermediate

composition.

¢« Second polymerization Step
10 The second polymerization step is conducted in series
with and following to the first polymerization step.

After the intermediate ccmposition obtained as
described in the above is taken from the effluent port 1llb
of the first reactor, it is supplied to the second reactor

15 20 from the supply port 2la through the connection line 15.
Then, the intermediate composition is further subjected to
continuous polymerization, continuous bulk polymerization
in this embodiment, under an adiabatic condition in the
first reactor 20. This second polymerization step is to

20 let the polymerization reaction proceed to the desired
polymerization rate, and a poclymer composition (ox
polymerization syrup) is taken from the effluent port 21b
of the second reactor 20.

Hereinafter, the second polymerization step will be

25 described mainly with respect to different points from the



36 than a vapor pressure of the raw material nononmer at the tenperature in
the reactor to prevent gas of the raw material nononer from generating in
the reactor, and is generally about 1.0 to 2.0 MPa i n gauge pressure.
5At i meperi odsubj ect edt ot hecont i nuous pol yperi zation in the first
pol yneri zation step is understood as an %erage residence time in the first
reactor 10. The average residence tine can be set according to the
productivity of the polymer in the 10 internediate conposition and so on,
and is not particularly limted, but, for exanple, from15 mnutes to 6
hours. Thi $idér age lvESirdéRde i mete€an balddj B¥PLa By 88FngSthel plinp<® 5 and
7 to change the supply anmount (supply flow rate) of the raw materi al
nononer or teS9 i Ko o e iRt PR heRitiora Wieon HoWester 2P hce WheeaVer age
residence time depends in a large part on the inner volume of the first
react or 10.cHewwiee iewrdreydidme of the first reactor 10 and the inner
volume of the second reactor 20 are designed is irrgqrtant as hereinafter
descri bed. 20Asddddyaused ih ihealodyar1qdnd IR nedi 40é Sc afesiimest i sthaken
fromthe effluent port Ilb of the first reactor 10. The obtained
i nt er fedi atee loorpusiatiiom conptiseert Hergend? atted pohy mmumndl $ haaynrieact ed
raw material nononer, and may further conprise the unreacted
25pol yner i zetdicon ihinee@osardecofiposedasgbstfancergf thwe polymerization
initiator tank 17 and the pump 19, the additional (or
fresh) polymerization initiator (preferably, the mixture of
the raw material monomer and the polymerization initiator)
10 is supplied from the polymerization initiator tank 17 by
the pump 19 through the connection line 15 toc the second
reactor 20 via the supply port 2la or the another supply
port 2lc, and thereby the intermediate composition is added
with the additional pdlymerization initiator. The
15 temperature of the polymerization initiator supplied to the
second reactor 20 from the polymerization initiator tank 17
is not particularly limited. However, this 1is one of
factors which may change in the polymerization temperature
by losing a heat balance in the reactor, and therefore it
20 is preferable To adjust that temperature appropriately by a
heater/cooler (not shown in the drawings) before the supply
to the reactor 20.
Also it is not necessary to this embodiment, but in a

case where the connection line 15 is provided with the

25 jacket as the temperature regulating means, it  is



37 polynmerization initiator, and so on. Al t hough this enbodi nent is
not limted thereto, the polynerization rate in the internedi ate
conposition is, for exanple, 5 to 80% by weight. The polynerization rate in
5 the internmedi ate conposition generally gorresponds to the content ratio
of the polymer in the internedi ate conpo% tion. Second polynerization Step
10The second pol ynerization step is conducted in series with and foll ow ng
to the first polynerization step. After the internediate conposition
obt ai ned as described in the above is taken fromthe effluent port |lb of
the first regdedebliet 1% &lippit et oSEhE188c SRAPLEELSE Cﬂ%'§ﬁ£f1%ﬁﬁ?$e
supply port 2la through the connection line 15. Then, the internedi ate

conposi ti o®fi FHuredEreSulrect B t 6°cBREPNLEES Foey sAPARABIES Ot *ious
bul k polynerization in this enbodi nent, under an adi abatic condition in the
first reactcoEFLITE disecdmd vl vkt | REROR St 115 The obtett tHeActor

pol yneri zation reaction proceed to the desired pol ynerization rate, and a
pol yner cori{QosiﬂtﬂP@haI(lbiangy@@F:irféﬁ%ﬂﬁi sY? uppchs atdlkeeir fr GRS Yef f TNt

port 21b of the second reactor 20.
5 supply temperature of the intermediate composition to the

second reactor 20 can be adjusted, and the continuocus
polymerization in the second polymerization step can be
conducted more stably by keeping the supply temperature,
constantly. It is preferable to adjust the temperature in
10 the cconnection line 15 at an equivalent temperature tc the
pelymerization temperature in the first polymerization step,
and thereby change in the pressure and the viscosity of the
intermediate composition in the connection line 15 can be
decreased, and the supply of the intermediate composition
15 to the second reactor 20 can be conducted more stably.

For supplying the polymerization initiator to the
second reactor 20, when the mixture of the raw material
monomer and the polymerization initiator is prepared in the
polymerization initiator tanks 3 and 17 and supplied

20 therefrom, it is preferable to adjust a ratio A : (Bi + B2)
in a range from 80:20 to 98:2 and a ratio By : Bz in a
range from 10:90 to 90:10 wherein A represents the supply
flow rate (kg/h) of the raw material monomer from the raw
material monomer tank 1, B; represents the supply flow rate

25 (kg/h) of the mixture of the raw material monomer and the



Hereinafter, the second polynerization step will be 25described mainly with
respect to different points fromthe 38 first polynerization step, and
explanations simlar to those for the first polynerization step apply

unl ess ot herw se explained. Although it is not necessary to this

enbodi nent, the 5 polynerization initia%@r tank 17 and the punp 19 may be
used, if necessary. In a case of using the polynerization initiator tank 17
and the punp 19, the additional (or fresh) polynerization initiator

(preferably, the mxture of the raw material nononer and the pol¥nerization
i ni tiator) Polomed igaddionedi Pt bhRERE pR Yy m¥EEat i O FRRt I 501 afk 17%y t he
punp 19 through the connection line 15 to the second reactor, 20 via the

suppl y por Po2yamegr zefd oan ot heriakppl ySpo? t0PA ctoadd % ney elgliché! Ifrom
internmedi ate conposition is added with the additional golynerization
i nitiator. tTite pabymenperbier e 1of ttikd oFol Yk Zat idH i Akt FEPEESSHPHl ied to
the second reactor 20 fromthe polynerization initiator tank 17 is not
particul ar lsyppil tiddw Hatewetkg il sof stbremaikthget efs thie civhelR edakie i n
the polymerization tenperature by |losing a heat balance in the reactor, and
t her effor e imonc2@r saipt efle abbbyner adpbsent hat tiewpar dodr evtalppy oprnt@=ty by
a heater/cooler (not shown in the draw ngs) before the supply to the
reactor 20ratio of tAks@dltyrierimstimmcessaryatort hiss enodi fentlO%ueyin a
case where the connection line 15 is provided with the
weight) from the polymerization initiator tank 17.
Also in the second polymerization step, the continuous
polymerization can be conducted under a fully filled
10 condition. This is especially suitable to the continuous
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 into the reaction mixture to degrade
15 quality 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,
and thereby a high productivity can be attained.
Since the effluent port 21b of the second reactor 20
20 is located at the reactor's top, the fully filled condition
is conveniently realized simply by cenducting the supply to
and the taking from the second reactor 20, continuously.
Also, further in the second polymerization step, the

continuous polymerization is conducted under the adiabatic

25 condition. This is especially suitable fo the continucus



25) acket as the tenperature regulating neans, it is 39 preferable to

adj ust the setting tenperature of the jacket of the connection line 15 such
that the tenperature of the connection line 15 and the tenperature in the
first reactor 10 substantially correspond to each other. Thereby, the 5
supply tenperature of the internedi ate cﬁhposition to the second reactor 20
can be adjusted, and the continuous pol ynerization in the second

pol ynmeri zati on step can be conducted nore stably by keeping the supply
tenperature, constantly. It is preferable to adjust the tenperature in 10
t he connecti'drf IRyt b2 BhCRqui VAlIfertdt et at GPBIE61PRe G581 YRRV i on
tenperature in the first polynerization step, and thereby change in the
pressure aﬁ@ﬁﬁﬁ?hﬁ%&o%h?yﬁﬂoﬁhﬁ?ﬁn@@@heﬁ%ﬂ%ﬁ%%nﬁ@étﬁ%%ﬁ??ﬁtﬁ@ and
connection line 15 can be decreased, and the supply of the internedi ate
conposi ti oWrEstso ¢hethecandaleatt®bfa® ein Be corriticted Abfe tSEdblyhis

For supplying the polynerization initiator to the second reactor 20, when
the m xtur @edf itshe mmiviaratieytcalthro iorast o ned ot yirerdestdadm quatitror is
prepared in the polynerization initiator tanks 3 and 17 and supplied 20

t herefr om aft tize ppelgmabl eompoadjtasn abrtatined in (Bhe+eB2) i nfartlaemge from
80:20 to 98:2 and a ratio Bl : B2 in a range from 10:90 to 90: 10 wherein A
repr esent s tthiee asligyidat ifd overrddittel (rk gfiigb Iof s ttee rraod yreg erd st 1 gmnosaect foom t he
raw material nmonomer tank 1, Bl represents the supply flow rate 25(kg/h) of
t he m xt ur ecofbebene awtahfer i andromwher rapdlehéng characteristics for

suppressing a runaway reaction can be brought about.
The adiabatic condition can be realized by making the
10 temperature of the inside of the second reactcor 20 and the
temperature of the outer surface therecf generally equal to
cach 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
15 material monomer and the polymerization initiator to the
second reactor 20 with operating the pumps 5 and 7 and, if
present, the pump 19 such that the temperature cof the outer
surface of the second reactor 20 set for the jacket
(temperature regulating means) 23 and the temperature in
20 the second reactor 20 detected by the temperature sensor
(temperature detecting means) T correspond to each other.
It is not preferable to set the temperature o¢f the ocuter
surface of the reactor much higher than the temperature in
the reactor since it adds extra amount of heat into the

25 reactor. The smaller the difference between the



40 polynerization initiator (of which content ratio of the pol ynerization
initiator is 0.002 to 10% by weight) fromthe polynerization initiator tank
3, and B2 represents a supply flow rate (kg/h) of the m xture of the raw
material 5 nononmer and the polynerization_ initiator (of which content ratio
of the polynerization initiator is 0.002%¢ 0 10% by weight) fromthe

pol yneri zation initiator tank 17. Al'so in the second pol ynerization
step, the continuous pol ynerization can be conducted under a fully filled
10condition. This is especially suitable to the continuous bul k

pol yner i zatieswe rRr& ey Ity T 1% S Do arr PRSI e fdr i PRI
probl ens such as that gel adheres to and grows on the inner surface of the
reactor, ardufigge tkifs Bk i $epRHPXedifnt otPRe PBREEFONIHI xtEire t &1USYr ade
15 quality of the pol yner conposition obtained in the end. Further, the
fully fill seesorfdiasldn -endbl € apreBfrankei freradbitie toe tHERTHEL D€ to be
used as a reaction space, and thereby a high productivity can be attai ned.
Si nce the efiffifiserenqeomt 2diln ofhet hearsgc arfd %eé@ﬁor 20 20 is located at the
reactor's top, the fully filled condition is conveniently realized sinply
by coriducting tféhesupprly tenamdtede irakihg Feemnther saciord 2eastish X5
conti nuously. Al so, further in the second polynerization step, the
cont i nuous pEdlyreeriizedtiicon heatorducteix undehetlie heli aleatire 12%5c opali 1 <h.
This is especially suitable to the continuous

away on taking the polymer composition from the second

reactor 20. The amount of the heat carried away by the
polymer composition is determined by the flow rate and the

10 specific heat o©f the polymer composition, and the
temperature 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,

15 for example, about 100 to 200°C. The temperature in the
second polymerization step may be egual to the temperature
in the first polymerization step, but preferably higher
than it.

The pressure of the continuous polymerization in the

20 second polymerization step is understood as the pressure in
the second reactor Z20. This pressure 1s generally about
1.0 to 2.0 MPa in gauge pressure, and may be equal to the
pressure in the first pelymerization step.

A time period subjected to the continuous

25 polymerization in the second polymerization step is



41 bul k pol yneri zation. The adi abatic condition can prevent beforehand the
probl enms such as that gel adheres to and grows on the inner surface of the
reactor, and that this gel is inmxed into the reaction m xture to degrade
quality 5 of the polymer conposition obtained in the end. Further, the
adi abatic condition enables the pol yneri 33tion reaction to become stabl e,
and self regulating characteristics for suppressing a runaway reaction can
be brought about. The adi abatic condition can be realized by making the 10
tenperature of the inside of the second reactor 20 and the tenperature of
the outer $\AFIEEQIer 86f §BNeR BT IR U S 1B H h WiFer 10MbFRE sp&G ¢ al 1y,
this can be realized, with the use of the above descrjbed control unit (not
shown in tHEadftt@# ngd)-, by Hef ustiTigiIhe SipplISPEhount®e ofcdhe haw sab
mat eri al nmononer and the polynerization initiator to the second reactor 20
wi t h oper atdagupaHe PRS- IB aPduand/1 iy Pf ddemtbok Hee purp A RRYIHat t he
tenperature of the outer surface of the second reactor 20 set for the
j acket (temreratrte qreguicatdinperneansd 28 motd Ravet @it by urEited 200t the
second reactor 20 detected by the tenperature sensor (tenperature detecting
means)> T cdraespsauprie, eathomt Heér . mitutesnoto pefepabbe toThet avmrage
tenperature of the outer surface of the reactor much higher than the
t enper at ur edgi derea eattner igi ntbei tseadsd epplamambgat iofr hebep i ey the
25reactor. The smaller the difference between the 42

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
10 can be adjusted by using the pumps 5 and 7 and, if present,
the pump 19 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 voclume of the second
15 reactor 20, how the inner volume of the first reactor 10
and the inner volume of the second reactor 20 are designed
is important as hereinafter described.
As described in the above, the polymer compesition is
taken from the effluent port 21lb of the second reactor 20.
20 The obtained polymer composition comprises the generated
polymer; and may further comprise the unreacted raw
material monomer, the unreacted polymerization initiater,
decomposed substance of the polymerization initiator, and
SO on.

25 Although this embodiment is not limited thereto, the



tenperature in the reactor and the tenperature of the outer surface of the
reactor is, the better it is. Mre specifically, it is preferable to adjust
the tenperature difference within the range of 5C. 5The heat generated in
t he second reactor 20 such as polynerization heat and m xing heat is
generally carried away on taking the polﬁﬁer conposition fromthe second
reactor 20. The anmount of the heat carried away by the pol yner conposition
is determned by the flowrate and the 10specific heat of the pol yner
conposition, and the tenperature of the polynerization reaction. The
t enper at ur @VfYHe: EtIThudasd Spof- e e ati DY IST t KETEEEdYd OPol Viter i 23 i on
step is understood as the tenperature in the second reactor 20. This
t enper at ur e%atplers 3Gr texdfpl &V atdiihtoo £6e200CYTPHd 23¢meer atdir®e 1h t he
second pol ynerization step nay be equal to the tenperature in the first
pol yneri zattiteh skepymut pPEPepABLyNhi §¥@CTERAN | tcorresponds  to Thghe
pressure of the continuous polynerization in the 20 second polynerization
step i s undwrstood astife it eSker @oilymeke Secbhdl REAMHT 200MTH$ st hpRssur e
is generally about 1.0 to 2.0 MPa in gauge pressure, and may be equal to
t he prlessurihd n bhehéir sthgol ymelrymwet i oat strep. rate, the higher the
At i meperi odsubj ect edt ot heconti nuous 25pol yneri zation in the second
pol yneri zatgmrdsttgpritsy of the polymer, but also the higher the
| viscosity of the composition from intermediate composition
to the polymer composition, resulting in the larger the
necessary power for mixing. The lower the polymerization
10 rate, the lower the productivity of the polymer, resulting
in the larger the load for recovering the unreacted raw
material monomer. Therefore, it 1is preferable to set an
appropriate polymerization rate as a target or a guide.
In generel, the Ifollowing tendency 1s c¢bserved: the
15 higher the polymerization temperature, the lower the
syndioctacticity of the obtained polymer, the lower the heat
resistance of a resin composition obtained in the end.
Thus, it is more preferable to conduct the polymerization
at a lower temperature 1in view of obtaining a resin
20 composition having a higher heat resistance. However, 1if
continuous polymerizaticon is conducted in one stage only at
a lower temperature with tThe use of the conventional
continuous polymerization apparatus (JP 07-126308 A and JP
2006-104282 A), it requires a long time periocd for

25 attaining the desired polymerization ratic, and therefore



43 understood as an average residence tine in the second reactor 20. The
average residence tine can be set according to the productivity of the
polymer in the polymer conposition and so on, and is not particularly
limted, but, 5 for exanple, from 15 mnutes to 6 hours. The average
residence tine in the second polynerizat? n step may be equal to the
average residence tine in the first polynerization step, but preferably
different fromit. The average residence tine in the second pol ynerization
step 10 can be adjusted by using the punps 5 and 7 and, if present, the
pump 19 t o YERAHdES e SUpE yranotnt %%GprySf Fow3rae) SRS He® rahf heter i al
nmononer or the like to the second reactor 20. However, since the average
resi dence tihfe degehd94varg arge® IO ¥HE i nn? Vidldfe F the seeond
15 reactor 20, how the inner volune of the first reactor 10 and the inner
vol ume of tH&isEcord r eadt Wit Y ar &TeRISi gHERl |3V TR t afftS E3STe? ei hbf¢ er
descri bed. As described in the above, the pol yner conposition is

t aken fromieronss | Wercpdrar 24 bPng heasBes/d Aeadttoro 2001 1 PPneheS ok ai ned
pol ymer conposition conprises the generated polymer, and may further
conprisse the udimact ethd awnimeer i 8¢ rEreEEtedheaihpdnct e geRgREn zati on
initiator, deconposed substance of the polynerization initiator, and so on.
25Al t hough ltdviesr lenbodileenthisiag noeskhisrered t héretbe thesing compositicon

obtained from the polymer composition.
In addition, the amount of the polymerization
initiatér can be determined according to other conditions
10 such as the polymerization temperature and the average
residence time. When the amount of the polymerization
initiator becomes large, a more amount of a polymerization
initiating end (polymer end) which is unstable is left in
the polymer composition, so that the heat stability of the
15 resin compesition obtained in the end tends to be lowered.
In contrast, by conducting the continuous
polymerization in two stages as 1in this embodiment, the
polymerization reaction conditions, more specifically, the
temperature, the time period (average residence time}, the
20 amount of the polymerization initiator ({(a ratioc of the
polymerization . initiator to the raw material monomer) and
so on can be set for the first polymerization step and the
second polymerization step, independently.
For example, 1t is possible 1in this embodiment to

25 conduct the continuous poelymerization in the first



pol ymeri zation rate in the polynmer conposition is, for exanple, 30 to 90%
by weight. The polynerization rate in the polyner conposition generally
corresponds to the content ratio of the polynmer in the polynmer conposition.
5 The higher the polynerization rate, the _higher the productivity of the
pol ymer, but al so the higher the viscosi?? of the conposition from

i nternmedi ate conposition to the polynmer conposition, resulting in the

| arger the necessary power for m xing. The | ower the polynerization 10
rate, the |lower the productivity of the polyner, resulting in the |arger
the | oad f&CIWBSHIGITHPR het einr 84ctied ¢hwr hateY i APWRBNSAFPC et o?ed it
is preferable to set an appropriate polynerization rate as a target or a
gui de. In gé&fer afo e T opREUEendEscyCPRt bBSRY §e @O e 1B tHioghet t he
pol ynmerization tenperature, the |ower the syndiotacticity of the obtained
pol ymer, tHéd owecanse Redtymeadizeitante 6Le® r é&i nacohpostivenyobtddmRE in
the end. Thus, it is nore preferable to conduct the polynerization at a

| oner tenpdradtingr@tivrasd ew of MSTE ni ngraci85¢alleo compesi tiaddhaiemryl a

hi gher heat resistance. However, if continuous polynerization is conducted
i n oneé st agelomgrigtatd dronenitéaperataddedii th tihe usecordt e acdwventional
conti nuous polynerization apparatus (JP 07-126308 A and JP 2006- 104282 A),
it requiredbmidongebowe peri dddlerr 25aempéndgre he odesithed pobyheniigasi on
ratio, and therefore 45 requires a |large reactor and thus a | arge space to
real i ze thedlomg=ivarEge resi denee stdommd spol bmeritaicsonotsedd i chemnt . a

Furt her, when the average residence tinme becones unnecessarily |long, a nore
anmount of dldngemrtistechof5tas diordrirand: 4 rpokymesigeneoat ed, tdrd sfhgsa
concern of lowering the heat resistance of the resin conposition obtained
from t he paloinefeciongrosit | ®ep. As a result, this embodiment can be

10 efficiently conducted in a smaller space compared with a
case of conducting the c¢ontinuous polymerizaticen in cone
stage at a 1low temperature, and can obtain the polymer
composition which is more suitable for obtaining a resin
composition of high heat resistance compared with a case of

15 conducting the continuocus polymerization in one stage at a
high temperature.

Further, for example, it is possible in this
embodiment to differentiate the time period subjected to
the continuous polymerization in the first polymerization

20 step from the time period subjected to the continuous
polymerization in the second polymerization step. More
specifically, designing of the inner wvolume of the first
reactor and the inner volume of the second reactor
different from each other can differentiate the average

25 residence time in the first reactor from the average



In addition, the anmount of the polynerization initiator can be determ ned
according to other conditions 10such as the polynerization tenperature and
t he average residence tinme. Wen the anmount of the polynerization initiator
becones | arge, a nore anount of a polynerization initiating end (polyner
end) which is unstable is left in the po?}ner conposition, so that the heat
stability of the 15resin conposition obtained in the end tends to be
| ower ed. In contrast, by conducting the continuous polynerization in
two stages as in this enbodi nent, the pol ynerization reaction conditions,
nore speci fieGaldeycet He Meenider Bt @ir 8SCPRe FPABTREri od T dversP st deiite
tinme), the 20 ampunt of the polynerization initiator (a ratio of the
pol yrrer i zattihen sdsiittiiererl R tvie Hias etrerdinal t ivproerddethdt 3 o-Toh *eFPHé set
for the first polynerization step and the second pol ynmerization step,
i ndependentiiepctor together pgrtlex&hpl eay t MpEepasdi BIRPNMEE hicdNebod? ment
to 25conduct the continuous polynerization in the first 46 polynerization
step at a Eiffeneaitidtenethicenpacaegce dr410Beget otiliet héh comeluctitsie
continuous polynerization in the second polynerization step at a relatively
hi gher> t enpereataare. fkbome thecidveaidy, ntdwidaidiei diale in the second
reactor. When the average residence time in the first
reactor 1is longer than the average residence time in the
second reactor, the ©polymerization initiator can be
supplied to the first reactor at a lesser amount, so that
10 the polymer composition which is suitable for obtaining a
resin composition of high heat stability can be obtained.
Instead, when the average residence time in the second
reactor 1is longer than the average residence time in the
first reactor, the polymerization initiater can be supplied
15 to the sgecond reactor at a lesser amcunt, so that the
polymer compoesition which is suitable for obtaining a resin
composition of high heat stability can be obtained.
How the polymerization reaction conditions are set for
each of the first polymerization step and the second
20 polymerization step may vary according to the polymer
generated, the raw material monomer and the polymerization

initiater wused, the healt resistance, heat stability and

productivity desired, and s¢ on.

25 * Devolatilization Step



5 polynerization initiator added to the second reactor can bring about a
hi gher tenperature of the continuous pol ynerization of the second
pol ymeri zation step than a tenperature of the continuous polynerization of
the first polynerization step. As a resulé, this enbodi rent can be 10
efficiently conducted in a smaller space4 onpared with a case of conducting
the continuous polynerization in one stage at a | ow tenperature, and can
obtain the polynmer conposition which is nore suitable for obtaining a resin
conposi tion of high heat resistance conpared with a case of 15 conducting
the continuous P& yRBEFZAPREN ih A€ stagESat Ahi GRIYBAPer @RS tion
Further,for exanple,it is possible in this enbodi nent to differentiate
the tine pefddmajZadticd tYTHe cbatfRusts™pbh§mefitiaendn ATt e i 95t
pol yneri zation 20 step fromthe tinme period subjected to the continuous
pol yneri zattiben isgeoorel seeasd opol iter P23t | BATBEEES MobRe speEFffeaf| yraw
designing of the inner volune of the first reactor and the inner volune of
t he second madasticrl dicfrfasraantard gre Jedesr Gt dieron a i ¥4 ep e @At 0 t e alier age
25residence tine in the first reactor fromthe average 47 residence tine
in thé secomdlirdant ortolt the supposedtefat Podemeddi t i ondl thelngker i Zat$ on
initiator added to the second reactor together with the raw materi al
mononer carensdesirirftf eérentdtatiel niee dvehegrt g esiwdncecl ymer i pompresiiien
5reactor fromthe average residence tine in the second

is preferably subjected to, for example, devolatilization

to separate and recover the raw material monomer.
More specifically, the polymer composition is
10 transferred to the preheater 31 through the effluent line
25. The polymer composition in the preheéter 31 is 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 monocmer. Then, the polymer
15 composition is transferred to the devolatilizing extruder
33 via ther pressure adjusting valve (noct shown 1in the
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
20 the discharge 1line 35. Thereby, the resin composition
comprising a methacrylic ester polymer is produced in the
form of the pellets.
As a method for transferring the above polymer
compositicn, a metﬁod described in JP 4-48802 B 1is

25 preferable. As a method of using a devolatilizing extrude,



reactor. \Wen the average residence tine in the first reactor is |onger
than the average residence tine in the second reactor, the polynerization
initiator can be supplied to the first reactor at a | esser anount, so that
10 the pol yner conposition which is SU|tabIe for obtaining a resin
conposition of high heat stability can b&”obt ai ned. | nstead, when the
average residence tine in the second reactor is |longer than the average
residence tinme in the first reactor, the polynerization initiator can be
supplied 15 to the second reactor at a |l esser anount, so that the polyner
conposi ti oM&iHI*HF i 286 i asfe ifor BBFaﬁﬁQﬂfkﬁweg?n 3c6%56i thon Y 3f$h

heat stability can be obtai ned. he olynerlzatlon reactlon

condi ti ons 2a9r%14se3 foF each’ o>t Re g?r%t‘%éﬁﬁn@m Z&t i SteP dhRitheSecond
20 pol yneri zation stzg may vary according to the polymer generated, the raw
mat eri al noHorfgre ahe Wist yeri zation initiator used, the heat

resi stance, heat stability and productivity desired, and so on. 48

As described in Fuwtheiove, Suta@ol girera Eerposie 7ok bl yaekezat 9 Hn §9¢ up)
taken fromthe effluent port 21b of the second reactor 20 may conprise the
unreact ed reod ymeter i alomporsdrtdrorand ipol yiveei zadevalepiliating angxsouedr in

5 addition to the generated pol yner. Although this enbodinent is not
limted thetsta;ilsethapolgperticonpodiynieon dangrdftgrabl grsihicecerdriesdf or
exanpl e, devolatilization to separate and recover the raw nmaterial nononer.
Mor e speci falcpddty,ddre lpoladbrd conposa t1woprisat 0yt zgmst esveld ¢o hhgher
preheater 31 through the effluent |ine 25. The pol ynmer conposition in the
preheater FHldshadedinw t hhigrhpart farctal | aofidaneameunt ofnhealtnaeéssaty to
vol atilize the volatile conponent which is nmainly conposed of the unreacted
raw mat eri alpgmrtoser . aThasatt hetpiol yireer, a colorant, an antistatic

10 agent and so on, in order to incorporate them into the
resin composition, if necessary.

The volatile component removed in the devolatilizing
extruder 33 consists primarily of the unreacted raw
material monomer and includes impurities; e.g. impurities

15 originally contained in the raw material monomer, additives
used if necessary, volatile by-product(s) generated in the
process of polymerization, o¢ligomer such as dimer and
trimer, decomposed substance of the polymerization
initiator, and so on. In general, a larger amount of the

20 impurities make the obtained resin composition colored,
which 1is not preferable. Then, the volatile component
removed in the deveolatilizing extruder 33 (which consists
primarily of the unreacted raw material monomer and
includes impurities as described above) may be passed

25 through a monomer recovery c¢olumn (not shown in the



15 conposition is transferred to the devolatilizing extruder 33 via the

pressure adjusting valve (not shown in the drawings), and the volatile

conponent
a residua

nmet hacryl i

is at least partially renmoved in the devolatilizing extruder,

and

extruded object is formed into_pellets and di scharged from 20
t he di scharge line 35. Thereby, the resiﬁoconposition conprising a

c ester polyner is produced in the formof the pellets.

As a nmethod for transferring the above polyner conposition, a nethod

descri bed

in JP 4-48802 B is 25preferable. a met hod of usin

devol ati | i &g idasiudend 4o saEttbdy destts b%%l %ﬁt%]ra%hrmaedaa@%l%gzs

A, JP 51- 29914 B, JP 52-17555 B, JP 1-53682 B, JP_62-89710 A and so on are
preferableamiwﬁﬁmondhﬁim$QNH@FP@?rdéﬁﬂQﬁ¢4Yz&Pﬂ@WWﬁtQhéemSV&MEW%
conposition in the devolatilizing extruder described above, the pol yner

conposi t i oAMPUTiHE et FHEB] BhfectoTEh e ssdddechi TRLATEUBr | AP IREHgent

such as hi
absor ber,

5

10

15

20

25

gher al cohols and higher fatty acid esters, an ultraviol et

Ahsembst abihé zennraacbkdr amaw armapersaht i BONQAgENt Gid sl on,
in order to incorporate theminto the resin conmposition, if necessary.

recovered with high purity, so that it can be suitably
reused as the raw material monomer for polymerization. For
example, continuous distillation is conducted in the
monomer recovery column to recover the unreacted raw
material monomer with high purity as a distillate liguid
from the top of the monomer reccovery column, and it may be
transferred and recycled to the raw material monomer tank 1
after it 1s reserved in the recovery tank 37 once, or it
may be transferred and recycled to the raw material monomer
tank 1 without being reserved in the reccvery tank 37. O©On
the other hand, the impurities removed in the monomer
recovery column may be disposed as a waste.

In corder to prevent the recovered raw material monomer
from causing the polymerization reaction in the recovery
tank 37 and/or the raw material monomer tank 1, it is
preferable that a polymerization inhibitor exists in the
recovery tank 37 or the raw material monomer tank 1 at a
ratioc of, for example, 2 to 8 ppm by weight with respect to
the raw material monomer, and more preferably, in addition
to this, an oxygen concentration in a gas phase 1in the

recovery tank 37 or the raw material monomer tank 1 is set



The vol atile conponent renpoved in the devolatilizing extruder 33 consists
primarily of the unreacted raw material nononer and includes inpurities;
e.g. inpurities 15 originally contained in the raw material nononer,
additives used if necessary, volatile by-product(s) generated in the
process of polynerization, oligoner such5£s dimer and trimer, deconposed
subst ance of the polynerization initiator, and so on. In general, a |arger
anount of the 20inpurities nake the obtained resin conposition col ored,
which is not preferable. Then, the volatile conponent renoved in the
devol ati | i Ztng2ext% udér BF (Vi const st £ i AEFPMFISE tFRY uMesdtiéd raw
mat eri al nononer and includes inpurities as described above) may be 3oassed
25t hr ough EORSHGRer & etdvery é@lmt%@n TG SIGWt 1} ntERe 256 VAF HwitigS) > ‘and
treated by nmeans of distillation, adsorption and so on in the nononer
recovery cdélogn® t boR@nbEetr hel i motir PERESTEPOR (e LRRRA Ueler fhed VidTatil e
conponent. Thereby, the unreacted raw material_ nononer can be 5 recovered
wi th high peripeyatsae iedt, itorcaramwlsyi thly T dused as the raw materi al
nononer for polynerization. For exanple, continuous distillation is
conduéted in the nmonomer recovery colum to recover the unreacted raw
mat eri al nonomer with high purity as a distillate liquid 10 fromthe top
of the nononer decdrdrsy apgiagimersnd tite mpnbarugndierl b lame Tieefel ®d t o
the raw material nononmer tank 1 after it is reserved in the recovery tank
37 once, orbdammEyhettemeisf erhedfandtr sepckted Eodt Héea @fanmmceried cimnoner
tank 1 without being reserved in the recovery tank 37. On 15 the other
hand, the iamputdtres:seehoveddmitdie Trononert rrecove riya dol iy ey det dirsposed
as a waste.

is described. However, the continuous polymerization

10 apparatus of the present invention is not limited thereto,
one cor both of the first rezactor and the second reactor may
be used to conduct continuous sclution polymerization. In
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 solvent tank and a supply
line and a pump {supply means) associlated with the solvent
tank to supply the soclvent to a certain reactor for

20 conducting the solution polymerization. The solvent tank
and the supply line and the pump (supply means) associlated
with the solvent tank are not particularly limited, thcse
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



In order to prevent the recovered raw material nononmer from causing the

pol yneri zation reaction in the recovery tank 37 and/or the raw materi al
nmononer tank 1, it is 20 preferable that a polynerization inhibitor exists
in the recovery tank 37 or the raw material nononmer tank 1 at a ratio of,
for exanple, 2 to 8 ppm by weight with r%%pect to the raw material nononer,
and nore preferably, in addition to this, an oxygen concentration in a gas
phase in the 25recovery tank 37 or the raw material nononmer tank 1 is set
51 at 2 to 8% by volune.If the recovered raw nmaterial nmonomer is wanted to
be preservedtn t W eBgleryalan'BPHYT a2 FBAGTL i FES | tPYSY PR ad® to
reserve it at a low tenperature of, for exanple, 0 to 5C. 5 In this
enbodi ment irtiid adonti nebusabulde pehpretedaticort Hppaf aEasWHERET-R 1t heP ¥ i r st
reactor and the second reactor are both used to conduct the continuous bulk
pol yner i zatdaPus- ides ceh dedolHbhene 0o ivie WEdiiniousd poe §hRbY i zatiMont1%
apparatus of the present invention is not limted thereto, one or both of
the first reeacteorcemic ithe sediond rideetior! yiesr e tusawt $loer onglueen@omtshiuous
solution polynerization. In such enbodi nent, since a solvent is used for
the sdl uti aringolamier i zaturoter t hearcontd st ol yneri@btion appae at ushés 15
provided, in addition to a simlar configuration to the continuous

pol yner i zatpwryrepparadtins: desepi bedciribele iaboviee wabbhveefrartdnceefordige 1,
with a solvent tank and a supply line and a punp (supply neans) associ ated
with the sadwertid.ankl t o supbty tthieetsol vent soleerertasn weadt ornf orhe

polymerization reaction. As to the solvent, it is
appropriately selected according to the raw material
10 monomer of the soluticn polymerization reaction and so on,
and not particularly limited, but examples thereof include
toluene, xylene, ethyl benzene, methyl isobutyl ketone,
methyl alcohol, 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 nct limited thereto, wherein C represents a
supply flow rate (kg/h} of the raw material moncmer 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 continuous polymerization 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



20 conducting the solution polynerization. The solvent tank and the supply
line and the punp (supply neans) associated with the solvent tank are not
particularly limted, those simlar to conventionally used ones can be
used. The solvent can be supplied to the_certain reactor for 25conducting
the solution polynerization after being nmixed 52 with raw material nononer
and/ or the polynerization initiator, or can be supplied to the certain
reactor for conducting the solution polynerization, directly. In the above
certain reactor, the polynerjzation step.is conducted . imlarl nder
an adi abat i®® c&H8i tPHRJEED tHE Pt YiRer i 245 Toh §Fepp88¥&a?§egk?ﬁ ﬁﬁ%§ ove
with reference to Fig. 1, except that the solvent is used in the
pol yner i zatd8Yt Festts ool YRe ¥ 522 REOB 0| ARRRE A GUS /i s2BPptdsr i Bt el P rset 't ed
according to the raw material 10 nononer of the solution polynerization
reaction amPrsdIPusandPROYIEALEREGOEr | yAPPRFIRES bR2Texafprescther gt
i ncl ude toluene, xylene, ethyl benzene, nethyl isobutyl ketone, nethyl
al cohol , etdpllymgrigidliorodimame Iddcdhd W etk are, sfekat ity butyd at
acetate, pentyl acetate, and so on. Aratio 15 C: Dis, for exanple,
70: 30 % 0 93:Bstardpridizataiepr GERRERD Y 1ECHd FRACT M 120 Tk el
wherein C represents a supply flowrate (kg/h) of the raw material nononer
to the cer trailywessictadyl drorreapdueti agnohelisobut oW spoiBameriiaioh, &l D
represents a supply flowrate (kg/h) of the solvent 20to this certain
reactor. tempeflsetoont i thousipel predbZaticoe raggarstsusicamt tthiengroceks for
produci ng the pol yner conposition of the present invention are herei nbefore
descri bed tdmeugh tlie 2henpediyvmentizftidre pnéséatornvéat imatin dét athe
Accordin

’ polymerization 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 syndiotacticity of the polymer
contained in the resin composition cobtained in the end, and
to produce more efficiently the polymer composition which

15 is suitable for obtaining the resin composition having high
heat resistance and heat stability.

However, the present invention is not limited to the
above embodiment, and various modifications can be made.
For example, three or more reactors can be used to conduct

20 the polymerization in three or more stages 1in series.
Further, the process for producing the pclymer composition
of the present invention may be conducted in a bath manner,
although it is preferable to conduct the process
continuously by using the <continucus polymerization

25 apparatus of the present invention.



53 to the present invention, there is provided the novel continuous
pol yneri zati on apparatus, and the use of such continuous polynerization
apparatus can conduct the polynerization in at |east two stages in series
by using at 5 least the first reactor apd the second reactor, so that the
pol ymeri zation reaction conditions, nDre5§pecificaIIy, the tenperature, the
time period (average residence tine), the anmount of the polynerization
initiator (a ratio of the polynerization initiator to the raw materi al
nononer) and 10so on can be set for the first polynerization step and the
second pol yneri zation step, independently. Thereby, it becones possible to
control syndiotacticity of the polyner contained in the resin conposition
obt ai ned | Fndsteridl FmPiticadriodice more efficiently the pol ymer
conposi tion which 15is suitable for.obtainin% the resin conposition having
hi gh heat resistHifcerargehéativyebiiphy.can be Hageierfol herppEsens 2
invention is not limted to the above enbodi nent, and various nodifications
can be mad@olRoreexampiasitinreervichoke Fehcaloles tan Petabelng od copdiuet 20
the polynerization in three or nore stages in series. Further, the process
f or prioduciamnpde oty mermoingiosd td orediachel e eseher i pukyineévhs hay be
conducted in a bath manner, although it is preferable to conduct the
process continuously by using the continuous pol ynerization 25appar at us of
the present invention.

The present application claims priority to Japanese

Patent Application No. 2010-249892 filed on November B8,
2010, entitled "CONTINUOUS POLYMERIZATION APPARATUS AND

10 PROCESS FOR PRODUCING POLYMER COMPOSITION.™ The contents
of that applicatioﬁ are Jdncorporated herein by the

reference thereto in their entirety.



54 Industrial Applicability The present invention can be used for
producing a polyner conposition which is suitable for obtaining a resin
5conposition conprising a nmethacrylic ester polynmer(s). The present
application clains priority to Japanese Patent Application No. 2010-249892
filed on Novenber 8, 2010, entitled "CONTI NUOUS POLYMERI ZATI ON APPARATUS
AND 10 PROCESS FOR PRODUCI NG POLYMER COWPCOSI TI ON. " The contents of that
application are incorporated herein bycthe reference thereto in their
entirety. 55 WHAT IS CLAIMED IS: 1. A process for producing a polyner
conposition

WHAT IS5 CLATMED IS:

1. A process for producing a polymer composition
conducted by using a continuous polymerization apparatus,

the polymer being a methacrylic ester polymer,

wherein the apparatus comprises at least first and second
reactors ¢f a complete mixing type, wherein

each of the reactors is provided with a supply post and
an effluent port which is located at a reactor’s top;

the supply port of the first reactor is connected to a
supply source of a raw material monomer and a polymerization
initiator; and

the effluent port of the first reactor is connected to
the supply port of the second reactor, and

wherein the process comprises

a first polymerization step of supplying a raw

material monomer and a polymerization initiator to said
first reactor through the supply port of the first reactor

from the supply source of the raw material monomer and the



conducted by using a continuous pol ynerization apparatus, the polynmer being
a methacrylic ester polyner, wherei n the apparatus conprises at | east
first and second reactors of a conple g m xi ng type, wherein each of
the reactors is provided with a suppl post and an effluent port which is

| ocated at a reactor'.s X y. port. of the fir ctor is
connectf&d ¥ Sréziﬁﬁﬁ1§n§%h$E%r 5?r jﬁﬁgggl% Cﬁ%ﬁéﬁ%?us 15% f%%r?%atlon
initiator, and uent ort.of the first QL ted to
the suppi¥y 58}?d%ﬁbﬁﬁh§%ﬂﬂ9 °f'edc or%l%ﬁﬁre erein°t Eg%ﬁgéesge%%ﬂ%gﬁées

a tirst, PONTRGLEALL AN SUER Q! ¢ SHPRILY DBr A ALHRL @Ler@mm?g{%la

polynerlzatlon FhTt T ator to sal i TSt reactor rough the supply port of
t he flrst reactor fromthe supply source of the raw naterial nononer and
t he 5€ipolyner|zat|on initiator to be subjected to continuous

pol yrrer i zat1 on under pan adi abatig eonditi on, {pothe o irsf, pesctoy, and
taking a resulta I nter Iate conposition fromthe effluent port of the
first fﬁ%%&ﬁgdlg%gjcomposition to said second reactor through the supply port
of the second reactor tobe further subjectedtocontinuocuspolymerization
under an adiabatic condition in the second reactor, and taking a

resultant polymer composition from the effluent port of the second

reactor.

2. The process according to claim 1, wherein the first and the

second reactors are both used to conduct continuous bulk polymerization.

3. The process according to c¢laims 1 or 2, wherein said supply
port of the second reactor or another supply port provided to the second
reactor is connected to a supply source of an additional polymerization

initiator.

4, The process according to any one of claims 1 to 3, wherein
an inner volume of the first reactor is different from an inner volume

of the second reactor.

5. The process according to any one of claims 1 to 4, wherein the
effluent port of the first reactor is connected to the supply port of
the second reactor by a connection line provided with a temperature

regulating means.



a second polynerization step of supplying the internedi ate

conposi tiontosai dsecond reactor through the supply port of the second
reactor to be further subj ected to continuous polynerization under an
adi abatic condition in the second reactor, and taking a resultant polyner

conposition fromthe effluent port of the second reactor. 2. The
process according to claim1l, wherein the first and the second reactors are
bot h used to conduct continuous bul k pél yrmeri zati on. 3. The process

according to clainms 1 or 2, wherein said supply port of the second reactor
or another supply port provided to the second reactor is connected to a
supply source of an additional polynerization initiator. 4. The
process accordifng tIhcapyosaesofcePafiia 1te ¢l imier Bhargan Wrerf MAtune of
the first reactor is different froman inner volune of the second reactor.
5. The preeesraccorgiagided anytione bbmpeabbsreé tetéctungr eisanshefef f | uent
port of the first reactor is connected to the supply port of the second
react or hjetRdamect itemddre yrovirdathanftirsa tresqaarcat;uramd egul ati ng nmeans.
57 6. The process according to claim5, wherein the first reactor is
provi ded with anteppgrpal st erdet&etl Mg MR aRs fObrdehectdige @ 16AMERRL Ure in
the first reactor; and the tenperature regul ati ng neans of the
connect 1 Q1 LORE b3 168NLE0LASE S0 dhaly A LRIBEr BhUr EofhioLhEofopnRetion Tine
is at a substantially same tenperature as the tenperature of the first

reactor %&Fgcgggspgn£leisnggﬁguégﬁié¥§éﬁ¥é'g% g%%ngémperature of the

first reactor detected by the temperature detecting means.



