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Field of the Invention The present invention relates to a continuous
pol ymeri zati on apparatus, that is, an apparatus for 10 conducting

pol yneri zation, continuously. Further, the present invention also relates
to a process for producing a polynmer conposition conducted by using such
continuous pol ynerization apparatus. 15Descri ption of Relatgd Artd f
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CONTINUOUS POLYMERIZATION APPARATUS AND

PROCESS FOR PRODUCING POLYMER COMPOSITION

5
BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a continuous
polymerization apparatus, that 1is, an apparatus for
10 conducting polymerization, continuously. Further, the
present invention also relates to a process for producing a
polymer composition conducted by using such continuous
polymerization apparatus.
15 Description of Related Art
Resin compositions such as methacrylic ester polymers
are obtained from polymer compositions 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. As 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



20 supplied to a reactor to be polynerized. As such continuous
pol yneri zati on processes, there are known a continuous sol ution
pol ymeri zati on process using a solvent (or a dispersion nedium which also
applies hereinafter) to conduct continug%s pol ymeri zation, and a conti nuous
bul k 25pol yneri zati on process using no | vent to conduct 2 continuous
pol ymeri zati on. A continuous solution polynerization process is not
efficient since use of a solvent causes a | ow productivity. In contrast, a
continuous bul k polynerization process has 5 an advantage of being able to
produce a §8P§ﬁE$OB§HBBEVPF5ﬁZ@EFPBFentIy since the polynerization is
conducted w thout using a solvent. Practically, the continuous bul k
pol ymeri zat i on, “hdvVer U HES FaHPGGS privht ¥heE toipated PRCER Sthel 8 ot thuous
sol ution polynerization, such as that 10 reaction control is difficult due
to high vi§5%%F%§n6fSé“F@aEF?oﬁfn?x?&ﬁ@?nén&a%ﬁéﬁ an 1oMn 8 oS Ftdce tof- a
reactor is_cooled to renove heat froma reaction system this degrades
qual ity of 18 pOIVHFEStconpoSPREFORVAHE UK o By st 77 totpoBEPFEAS Tien, a
process is proposed which uses a 15 reactor of a conplete mxing type,
ful lyofill&nt REVRBAGESr Ohi PRINEQERP St & CeRElPGdE ca 3gRS LpHESe AR stitierasf r om
and conducts continuous bul k polynerization under an adi abatic condition
wi th no he&ffiFamsfély torsre fElom PR YHGIsizad 1oPP 107- 228308t AY. vWHirhtdhver, in
order to assure such adiabatic 20 condition, a continuous bulk
pol yner i zabFdhJapFar at¥svest pr opoded aiicehl loont ridis acsupphyoasountuldf a
raw materi al nononmer and a supply anmount of a polynerization initiator so
as to makeralvesperatire i hovheereadisr vequalust prabsesi myprremser atiurte of
an outer surface of the reactor (JP 252006-104282 A).

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
composition. Then, a process 1is proposed which uses a

15 reactor of a complete mixing type, fully fills the reactor
with liquid to exclude a gas phase part therefrom, and
conducts continuous bulk polymerization under an adiabatic
condition with no heat transfer to 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).



3 SUMVARY OF THE | NVENTI ON Technical ProblemIn recent years, applications
of resin conpositions 5 such as nethacrylic ester polyners has been
expanded furthernore, a demand is increasing for nore efficiently producing
a polynmer conposition which is suitable for obtaining a resin conposition
of high quality (for exanple, a resin cd%position havi ng superi or
properties such as heat 10resistance and heat stability, and | ess inm xed
with inpurities). However, it has been proved that the conventi onal
conti nuous pol ynerization apparatuses (JP 07- 126308 A and JP 2006- 104282
A) are not always sufficient to neet the demand. 15The purpose of the
present invention is to provide a novel continuous polynerization apparatus
and to provPH¥ARYpPécéss fHVENLd&Nci ng a pol yner conposition, which process
is able to be conducted by using such continuous pol ynerization appar at us
and to nor éSeFPLEREnErPPPpLBduce a 20pol ymer conposition suitable for
obtaining a resin conposition of high quality.

In recent vyears, applications of resin compositions

5 such as methacrylic ester polymers has been expanded
furthermore, a demand 1is increasing for more efficiently
producing a polymer composition which 1s suitable for
obtaining a resin composition of high quality (for example,
a resin composition having superior properties such as heat

10 resistance and‘ heat stability, and less immixed with
impurities). However, it has been proved that the
conventional continuous 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 continuous polymerization apparatus and to provide a
process for producing a polymer composition, which process
is able to Dbe conducted by using such continuous
polymerization apparatus and to more efficiently produce a

20 polymer composition suitable for obtaining a resin

composition of high gquality.

Sclution to Problem
The inventors considered using at least two reactors

25 of a complete mixing type in combination to conduct



Solution to Problem The inventors considered using at | east
two reactors 250f a conplete mxing type in conbination to conduct 4
continuous polynerization.As to a continuous solution polynerization
process, apparatuses having two stages of reactors are known, such as that
the nost part of polynerization is conducted in the fornmer reactor and the
5 polynerization is conpleted in the latter reactor while renoving a

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

pol yneri zation.is conduc#ed to sone extent in the former reactor. and a

sol vent i s 88468185t Pt iR er?? bt or t05caruét POt yherP2at iseh Yt
05-331212 A). In .10 such apparatuses, however, renpval of heat from a
reaction syStEMEFd Ze5AGTCtREL DTS T of FERACESISRG (B8 VAW mitér i aF2@BRorRsr or
the like in the reactor is evaporated to be taken out of the reactor, and
it is retufFREETPESt hé Feadt G agai H At t ¢S subjiekt eliRto BEPE coRdénsatfi on),
this brings _15 about |ocal or rapid cooling‘of the reaction system which
causes gel PPoYRAREretEaRand gt ehtthelnnhée e btatherraacgt éhe so
that there is a problemsuch as that gelled substance is inmmxed into a
resul tant PELYREE1E8/POSI t1dn LIRS t iBs.tiFhe lpfent oFsadiave evrsiader ed
earnestly on 20 a novel continuous polynerization apparatus whish is able
to nore ef FREPEANPY 2pPOdUEEra Zzgslipitel nddipdsitt itdve redincabl @ H ol dbtZdi ng a
resin conposition of high quality, and finally conpleted the present
i nvention. 2); and that polymerization is conducted to some extent in
the former reactor and a solvent is added to the latter
reactor to conduct polymerization (JP 05-331212 A). In
10 such apparatuses, however, removal of heat from a reaction
system 1s conducted by reflux cooling (a raw material
monomer or the like in the reactor 1s evaporated to be
taken out of 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 quality, and

finally completed the present invention.

The present invention provides the following [1] to



The present invention provides the followng [1] to 5 [1] A
conti nuous polynerization apparatus conprising at |east first and second
reactors of a conplete mxing type, characterized in that each of the
reactors is provided with a supply port 5and an effluent port which is

| ocated at a reactor's top; the supply port of the first reactor is
connected to a supply source of a raw material nononmer and a pol ynerization
initiator; and the effluent port of the first reactor is
connected to 1 ﬁ e S%§ﬁ1 ort of %he second reactor. 2], The
conti nuous pol yneri z Ut uRCaERBT U R 2 £RBLBbYE [P itreré n t he

first and the second reactors are both used to conduct continuous bul k
pol yneri zafiton.€ast lrsfSF”*h SESHP?ndﬁﬁ§ﬁﬁﬁ??n%F|fht?%%péﬁbﬁréﬂﬁ§ng
according 15 to the above %, wherein said supply port of the
second reactBF of éﬁéﬁﬁéFl§ﬁﬁpPﬁ b At provided to the second reactor is
connected to a supgly source of an additional polynerization initiator.
[4] The conti nubGspAlyneh® z&EP6H C4pparat Bsoutesfdirgh & supply port

5 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

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 [1] or [2], wherein said supply port of the
second reactor or another supply port provided to the
second reactor 1is connected to a supply source of an
additional polymerization initiator. |
[4] The continuous polymerization apparatus according
20 to any one of the above [1] 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
to any one of the above [1] to [4], wherein the effluent

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



20 to any one of the above [1] to [3], wherein an inner volune of the first
reactor is different froman inner volunme of the second reactor.

[ 5] The continuous pol yneri zati on apparatus according to any one of the
above [1] to [4], wherein the effluent 25port of the first reactor is
connected to the supply port 6 of the second reactor by a connection line
provided with a tenperature regul ating neans. [ 6] The conti nuous
pol ynmeri zati on apparatus according to the above [5], wherein the first
reactor is %r%%%ded 5 with a teq?erature detecting neans for detecting a
t enper at ur 8% hé S99 T4t D ; %uﬁiConnec?h%nt%gﬁ%rQFBWédﬁggﬂﬁéﬁiﬁb
means of the connection line is controlled so that a tenperature of the
connect i on “FITRETRS UZE ZYBE{aREi BFFYSsane tenperature as the 10
tenperature of the first reactor detected by the tenperature detecting
nmeans. ﬂ?ﬂ ATPE0EEES LRGP UST BAIETRG 18 2SO nBPPESRPOST BicsiP Icoidct ed
by using the continuous polynerization apparatus according to any of the
above [1] {6 [B]® ®*RPE¥R cohlpri ¥BSrEEN &9 r 5 rpbl yiterGtAdt | &R Sy isted
suppl%ing a raw material nononer and a polynerization initiator to said
first oreactoflt hrougheTPRr 3tppty Perecdfinfhe Meanst reaet ofeteeiminge supply
source of the raw material nononer and the polynerization initiator to be
subj ect ed ftémeeHeitHE6usn the first reactor; and

the temperature regulating means of the connection
line is controlled so that a temperature of the connection
line 1is at a substantially same temperature as the

10 ftemperature of the first reactor detected Dby the
temperature detecting means.

[7] A process for producing a polymer composition
conducted by using the continuous polymerization apparatus
according to any of the above [1] to [6], 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 source 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 of 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



20 polynerization under an adi abatic condition in the first reactor, and
taking a resultant internediate conposition fromthe effluent port of the
first reactor; and a second polynerization step of supplying the
i nternedi ate conposition to said second {eactor t hrough the 25supply port
of the second reactor to be further subjected 7 to continuous

pol yneri zati on under an adi abatic condition in the second reactor, and
taking a resultant polyner conposition fromthe effluent port of the second
reactor. 5Advant ageous Effects of |npvention According to the present
i nvention, Therd!] n%ﬁ%ﬁingyﬁeﬁbG@Fl88nﬁ?ﬁﬁﬁhsa$oﬁ§ﬁ€ ?Eégi&WQﬂﬁﬁﬂ%ﬁus.
Furt her, accorgbng to the present inventionk,there is also provided a
process for " pr ﬁci%@c%ngolﬁﬁ?&t%npéé’idti GAFIRAI ch A0S prictEss Bl Eie to
be conducted by using such continuous pol yneri zati on apparatus and to nore

ef fici entl YOPFSTade OF BoINmer Sc GripdSictitom 0Ll C4bIte S e EBaitiatd & + esin

conposition of high quality. 15Brief Description of Draw ngs Fig. 1
shows a schematic view of a continuous pol ynerization apparatus in one
enbodi nent _of the present invention. Fol | ow ng reference

si gns “denof€ VeRe ASONSWERG €206 eferdtyention

According to the present invention, there is provided

a novel continuous polymerization apparatus. Further,
according to the present invention, there is also provided

a process for producing a polymer composition, which

10 process 1s able 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 view of a continuous
polymerization apparatus in one 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)



1...
3 ...
initia
mat er i

10

15

20

25

raw mat eri al

nononer tank (supply source of raw material nononer)

polynmeri zation initiator tank (supply source of polynerization

tor and, if necessary, of raw nmaterial 25npbnoner) 8 5punp 7punp 9raw
al nonomer supply line 10first rqutor 511asupply port |ib
...effluent port l1llcanother supply port

10

1la

1ib

1lic

13

14

15

17

pump

pump

raw material monomer supply line
first reactor

supply port

creffluent port

another supply port

jacket (temperature regulating means)
mixer

connection line

polymerization initiator tank (supply source of

additional polymerization initiator and, if necessary, of

raw material monomer)

19

20

2la

21b

21lc

23

24

25

31

33

35

37

pump

second reactor

supply port

effluent port

another supply port
jacket (temperature regulating means)
mixer
effluent line
preheater
devolatilizing extruder
discharge line

recovery tank



13 ... jacket (tenperature regulating nmeans) 14m xer 1015connection |ine
17 polynerization initiator tank (supply source of additional
pol ymeri zation initiator and, if necessary, of raw nmaterial nononer) 19punp

1520 ... second reactor 2la ... supply port 21b ... effluent port
21canot her supply port 23 ... jacket (tenperature regulating neans) 2024
mxer 25 ... effluent line 31 ... preheater
T -+ temperature sensor (temperature detecting means)

DETATILED DESCRIPTION OF THE EMBODIMENTS
A continuous polymerization apparatus of the present
5 invention comprises at least two reactors, and continuous
polymerization such as any of continuous bulk
polymerization and continuous solution polymerization is
conducted in each of the reactors. A continuous
polymerization apparatus of the present invention will be
10 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 1is conducted in all of the reactors.
15 However, a continuous polymerization apparatus of the
present invention is not limited thereto, but may be those
wherein continuous bulk polymerization 1s conducted in one
reactor (e.g. at least one former reactor) and continuous
solution polymerization i1s conducted in another reactor
20 (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

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



33devol atilizing extruder 35 ... discharge line 2537
recovery tank 9 T tenperature sensor (tenperature detecting neans)

DETAI LED DESCRI PTI ON OF THE EMBODI MENTS A conti nuous

pol yneri zati on apparatus of the present qtnvention conprises at |east two
reactors, and continuous pol ynerization Sch as any of continuous bul k

pol ynmeri zati on 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 bul k pol ynerization
appar at us WheR “€ént? hudusCBIP kS pBI yheriFat P8RS s FHhdUSEEd Fn AAnBICt he
reactors, and understood as a continuous solution polynerization apparatus
when cont i AG8GS "EGRStE PHR KpBLY BEIZERIEdRM & ¢ dhtdidc LW IR MEINE -of t he
reactors. 15 However, a continuous Bolynerization apparatus of the present

i nvention is notloFenm tRRFtheretby: bhfendhyl B t KedetRbier’dl nlgomtiaiisiad bul k
pol yneri zation is conducted in one reactor (e.%.f at | east one forner

reactor) ahdtEonti MUt %o itonlpal yiedi 24t i 64 filge@éndaeted ¥ andtser

react or 20(e.%. at least one latter reactor).
5 preferably further provided with a Jjacket 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,

10 and preferably further provided with a jacket 23

surrounding an outer surface of the reactor as a

temperature regulating means for regulating a temperature

of the outer surface of the reactor and a mixer 24 for

mixing a content therein. The effluent ports 1lb and 21b

15 are located at a top of each of the reactors. On the other

hand, the supply ports 1la and 2la may be generally located

at an appropriate position of a lower part of each of the

reactors, although this embodiment is not limited thereto.

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

20 temperature sensor T as a temperature detecting means for
detecting a 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

25 volume of the second reactor different from each other, it



Herei nafter, one enbodi nent of the present invention will be described in
detail with reference to Fig. 1. A conti nuouspol yneri zati on
apparatusin this enbodi nent conprises at |least the first reactor 10 and the
25second reactor 20. These reactors 10 agltdl 20 are both a 10 reactor of a
conplete m xing type, and used to condu continuous bul k polynerization in
t hi s enbodi nent. More specifically, the first reactor 10 is provided
with a supply port ha and an effluent port 11b, and 5 preferably further
provided wi.th a jacket 13 as_a tenperature regulating neans for regulating
a tenperat orfe p@féséf?lic?uttélr %ﬁ??%tc]evr%fyt Jeff%ﬁ%’gﬁjra‘é‘ﬁdgﬁtW?%r t%& ffort §f xi ng
a content therein. Simlarly, the second reactor 20 is provided with a
supply por £€2£4°and t8n 8PFI uéhe pSFEC2Th, TeBEtRTd plef éfably f GriTH&de
provided with a jacket 23 surrounding an outer surface of the reactor as a
t enper at ur 8°Pe§GP&E hgTfeans for regulating a tenperature of the outer
surface of the reactor and a m xer 24 for mxing a content therein. The
ef fluent ports FPE dhtkP1bl415 4 e2FocHi%ed2 at"qgp 6P edctP SR Hally
reactors. On the other hand, the supply ports ha and 2l1a may be generally

| ocat €d at 2&R2APPFREPr R atEHOST 1§ oMmicfl e | eReAisarn ofneddtt ofr qaveE atgact or s,
al though this enbodinent is not limted thereto. Each of these reactors 10
and 20 nayTb@Sﬁr@ﬁ&yy§\mqy1Q@ve 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 ribbon
10 impeller, FULLZONE impellexr (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 thereto, but may
15 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
20 view of avoiding the reactors from being added with an
unnecessary amount of heat by the mixing operation, it is
preferable that a 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

25 KW /m?. As a viscosity of the reaction system becomes



20t enperature sensor T as a tenperature detecting nmeans for detecting a
tenperature in the reactor. The first reactor 10 and the second
reactor 20 nmay have the sane or different inner volume from each ot her
Maki ng the inner volune of the first reacj or and the inner 25vol une of the
second reactor different fromeach other;"it 11 is possible to effectively
differentiate between the first reactor 10 and the second reactor 20 in an
average residence tinme. The m xer 14 and 24 are a nenber for substantially
5 attainin%‘a conp{ete m'xiq_%1 ondition in the ﬁeactors. These m xers may

have any appropri at® nixiThy Biadef3)0f O ekaRplémSfay ThaleSbIF&dsd 16 M G

i npel l er, MAXBLEND i npeller, (registered trademark, manufactured by Sum tono
Heavy Indu§tyrsi%§§‘, %Letcd?“)e,s S}%u%}@egl npefl éf, PFGHITE NS il St bbBR PRYST

i npel ler, FULLZONE i ellir gregistered trademar k, manufactured by Kobel co
Eco- Sol ut | 8fs™EE NILEE. }* aRd986 8RVEEn order to increase nixing effect in
the reactor, it _is preferable to provide the reactor with a baffle(s).
However, this efBodlrsimt % Hot FrAIVLBESY héP6t GUBUY ROt 151pavé d&Rp
appropriate configuration in place of the mxers 14 and 24 as long as a
conpl 8t e nitXFA§ cOHRAFEPSEN &8n be stBRIRETAl | 524 ned iGR% h@ateddtedr s.

In general, the reactors 10 and 20 are nore preferable when they have a
hi gher mi x"RECBEL| ity HoWBGer® td a raw material monomer tank (a

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

this embodiment, the supply source of 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 to the first reactor 10,
appropriately. Although it 1s 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



20 view of avoiding the reactors from being added wth an unnecessary
anount of heat by the m xing operation, it is preferable that a power of
m xing is not nore than necessary. The power of mixing is not specifically
limted, but preferably 0.5 to 20 kWn8,. and nore preferably 1 to 15
25kWnB. As a viscosity of the reaction system becones 12 higher (or a
content ratio of a polyner in the reaction system becones higher), it is
preferable to set the power of mxing at a larger level. As shown in the
drawi ngs, the. s ly port 1la of the 5 first reactor 10 i s connected
t hrough a PﬁﬁﬁnﬁﬁgrpgltﬁﬁnéﬁﬁﬁtsﬁﬁﬁFioFi&@ ¢ St GORTENSTattEY iTAS MoWtHer t ank
(a supply source_of a raw materi al nnnonek@ 1 and a polynerization
initiator PRAK €a2sQppityesSGEES Joft o8 POty rer itZEUGH itnidaraxesTt 1aid, L e
necessary, of a raw 10 material nononer) 3 via punps 5 and 7, resgeqtively.
In this enBodi mehte thiet Sifpt yPestr celof ot hehaws rapefi dieafdiioner Dand t he
pol ynmerization initiator is the raw material nmononer tank 1 and the
pol yneri zattdfernivP dtorat ghkf Blebut Lite Abnbefhef t KEesdPplSy JRaTe@of t he
raw 15 material nononer and the polynerization initiator, the fornms of the
raw mat eri al ndrdmerhangeckadpolyaBEPZatd Gn ainsi t FARBECLEA altaseifes
m xture, for exanple, a conposition thereof) and so on are not particularly
limted asThen§ asst Herafwmyatater ingl FONBNEID arfdiet heopokyephnzation 15
20initiator can be supplied to the first reactor 10, appropriately.
Al t hough i beirgenot thecesSaryerforpohislebbodi e , fbust anetheprsipplandort
11c may be provided to the first reactor 10 and this supply port 1lc nay be
connect ed toet Beppdlyy weritzatlieowfi rihtsl steoondamead twira 20he 25punp 7 as shown
by a dotted Iine in Fig. 1. The effl uent

It 1is not necessary for this embodiment, but the

10 second reactor 20 may be connected to a polymerization
initiator tank (a supply source of an additional
polymerization initiator and, 1f necessary, of a raw
material monomer) 17 via a pump 19. In this embodiment,

the supply source of the additional polymerization
15 initiator is the polymerization initiator tank 17, but the
number of the supply source of the additional
polymerization initiator, the form of the polymerization
initiator (in a case of a mixture, for example, a
composition thereof) and so on are not particularly limited
20 as long as the additional polymerization 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 port 2la of the second reactor
20 may be connected to the polymerization initiator tank 17

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



13 port

the second reactor 20 through a connection line 15. The effluent port
of the second reactor 20 is linked up to an effluent Iine 25. Thus, the
first
is preferably no punp on the connection ¥4 ne 15 between the effl uent port
lib of the first reactor 10 and the supply port 2la of the second reactor

20.

reactor 5 10 and the second reactor 20 are connected in series.

It is not necessary for this enbodi nent, but the 10

lib of the first reactor 10 is connected to the supply port 2la of

21b

Ther e

second reactor 20 nmay be connected to a polynerization initiator tank (a
suppl y soufce U Ant 588 tlorald pol ynéri Zdts oRSFARE &CGCtaRd, 20 f "A¥cdssary,

of a raw material nononmer) 17 via a pu

np 19. _
source of PREVAGEFt ivOridl PHIYHET i SBPPOY PSIRI t4lat ofC i §hehe tpéPy ettt at
initiator tank 17, but the nunber of the supply source of the additional
pol yneri zaPPék i2dit ildt gront e §br ke of e heCpolgREEREAPT A NLAILESOIE 1 a
case of a mxture, for exanple, a conposition thereof) and so on are not
particul ar by Mg tté¢ Zoa® |lohgasshdie dedi t foRarxpoPyfer Pz&Atdred ittt or

can be supplied to the second reactor 20, appropriately.

In this enbodi nent, the supply

i on

In a case where

t he pél ymeinzatidenli-nitiator tank 17 and the punp 19 present, the supply
port 2la of the second reactor 20 nay be connected to the polynerizati
initiator tank Ine2Buinast beapdng B8d, hridugh etslee tgorvec tivowp |1lihe rkb rast shown

by

10

15

20

25

particularly limited, but preferably pumps being able to
set flow rates from the raw material monomer tank 1 and the
polymerization initiator tank 3 and a flow rate from the
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-volume pump and a triplex pulsation-free
controlled-volume pump. By using these, it is possible to
control a supply amount (or a supply flow rate, which alsco
applies hereinafter) of the raw material monomer and the
polymerization initiator to the first reactor 10 and, if
necessary, an additional supply amount of the
polymerization initiator (or the raw material monomer and
the polymerization initiator) to the second reactor 20.
Further, it is not necessary for this embodiment, but
the connection line 15 for connecting the effluent port 1l1b
of the first reactor 10 to the supply port 2la of the

second reactor 20 is preferably provided with a jacket or

on



14 a solid line in Fig. 1, or the second reactor 20 nmay be provided with
anot her supply port 21c so that this supply port 21c is connected to the
pol ymeri zation initiator tank 17 via the punp 19 as shown by, for exanple,
a dotted line 5in Fig. 1. The punps_5 and 7 and, if present, the punp
19 are not particularly limted, but pre%%rably punps being able to set
flowrates fromthe raw material nononmer tank 1 and the polynerization
initiator tank 3 and a flowrate fromthe 10polynerization initiator tank
17, if presEgt,,at constant val ues. More specifically, nultiple

thG pumss et pPePefréd, H&ifd Wor el of eFFEEACAREIPEI $at i GH-9F ee

reci procati
control | ed-vol unme punps such as a duplicate pul sation-free

control | edSVSIFGRE p@ip 4RE a COPRSICEX 9Bul ddticon-ree 2515 Scortd 819 @ Wit une
punp. By using_these, it is possible to control a supply anount (or a

suppl y flowerfatétinki cRearso appl i esnhepel haft et) oF RN ¥ ave netleritdle
mononmer and the polynerization initiator to the first reactor 10 and, if
necessary, C&r&ddiitronalesdppl y TatsERy rofl tt He P2O sgélynerd Zatritored g at or
(or the raw material nmononer and the polynerization initiator) to the
secon® readedpezeture of thgr Ceenedtions lise Aecdswarey shscitthica ldibodi nent ,
but the connection line 15 for connecting the effluent port Ilb of the
first reactempredatarehecSuppky porer 2darbice he 258z ondnneatction 20inss,

preferably provided with a jacket or 15
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. In 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 so 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 1is appropriately

20 connected to a control unit (not shown in the drawings) so

as to enable the control unit to control their operations.

Thereby, 1in order to make the temperature of the outer

surface of the reactor set for each of the Jackets

(temperature regulating means) 13 and 23 correspond to the

25 temperature in the reactor detected by the temperature



the like (not shown in the drawi ngs) surrounding an outer surface of the
connection line 15, as a tenperature regul ating neans for controlling a
tenperature of the connection |ine 15. Thereby, it is possible to control
the 5 tenperature of the connection line 15 (nore specifically, a
tenperature of the outer surface of the onnecti on line, and thus a
tenperature in the connection |line) depending on the tenperature of the
first reactor 10 and/or the tenperature of the second reactor 20 and so on.
In a case 10 where the first reactor 10 is provided with the tenperature
sensor T asCASPEnPEFAPGre tdefeleithG TrBan&oFoS | ddt &dtiPng ke Arerfferstdt e in
the first reactor 10 as in this enbodinent, the jacket (tenperature

regul ati ngCheansy of Tthe toHMEREi 6N | #He 1B ecaheherontiesiied 46/t Hdte t he
tenperature of the 15 connection |ine 15 is at a substantially same

t enper at ur EPRSTERESt efpefat tif el t APt he Py sl WsdddiDrtil® depeétedrypnit s

t enperature sensor T. It is preferable that each of the nmenbers
descri bed PA t HeabovaWwi TRteEfietend®ntane g.and| stappr ¢ vatea iz a igpn
connected to a control unit (not shown in the drawings) so as to enable the
contrél uniititéagemt tel thieifd reperagricdns. 1Pheridlby then amedert itn meketltche
tenperature of the outer surface of the reactor set for each of the jackets
(t enper at upempegal aridng weaky) reExvdad 128 ddrer espored ato nehe 25thenpertagure in
the reactor detected by the tenperature 16 sensor (tenperature detecting
means) T wsthfpespedt tle eaehcodrt hetfiflost treaciorkd0s ahd the £8cormhd
reactor 20, the apparatus is controllable by adjusting the supply anpbunts
of the rawafsberiial anorroreerwliaedce t hiee ppbypeeirzabticonn Snilniikitatrorcad thie
first reactor 10 with the operation of the punps 5 and 7 or by regulating

t he tenperatdr ehef pilreo ouf eprsuehace tife tdepaeact ®r isetcoharctlieblacket s 13
and 23; and also, in a case where the polynerization initiator tank 17 and
the poOnp 18dpresent;, thehappardatusibsatont realdEbl e bymodft adj ust i ngcide
addi ti onal supply anmobunt of the polynerization initiator (or the raw

mat eri al nppogeerandttibe poliwerdiazatiion ichict adwrhatoeribhe seeond T eacd or 20
with the operation of the punp 19. Further, in order to nmake the

t enper at ur @ henpbhgmeennaetiioan ihiine atryuhst aMd aldapnd 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 controllable 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) surrounding the connection line 15. It 1is
preferable that the temperature in the connection line 15
is actually measured by the temperature detecting means for
detecting the connection line 15. However, 1n some cases
depending on the polymerization reaction conditions in the

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



15 equal to the tenperature in the first reactor 10 detected by the
tenperature sensor (tenperature detecting neans) T, the apparatus is
controll able by adjusting the tenperature of the outer surface of the
connection line 15 set for the jacket (t erature regul ati ng neans, not
shown in the 20 draw ngs) surroundi ng the connection line 15. It is
preferable that the tenperature in the connection line 15 is actually
nmeasured by the tenperature detecting neans for detecting the connection

|l ine 15. Fbﬁever, in sone cases depending on the Polynerization reaction
condi tions I'fi t HEPEI5F19St PRAUIGF 1T 18te to 50 Chauses suthtRs: t ha” al

of 17 the supplied polynerization initiator is spent,an internedi ate
conposi ti onFREFEFREFEeFORBEEHBER) (EREA PRESHTL RESEFFPGERt TSR 151 oes
not let the polynerization reaction proceed in the connection |line 15, that
is, no She&bcof ctheupdFymATZatlildh Fe56ti BAtI sl yendrist e@ilyMere 2dnmdct i on
line 15.1n such case, the tenperature of the jacket surrounding the
connecti onfERRELPY imre@edt iphghe connection line 15, that "is, no

5 heat of the polymerization reaction is generated in the
connection line 15. In such case, the temperature of the
jacket surrounding the connection line 15 is set at the
substantially same temperature as the temperature in the
first reactor 10, so that the temperature in the connection

10 line 15 can become the substantially same temperature as
the temperature in the first reactor 10, and considering
the temperature in the connection line 15 as a
substantially same temperature as the temperature of the
jacket surrounding 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 20 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 Jjackets 13 and 23 1s able to be
appropriately regulated with a temperature or pressure of
the heat medium to be introduced. The heat medium
introduced into the jackets 13 and 23 is removed from a
heat medium discharge route (not shown 1in the drawings).

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



substantially sanme tenperature as the tenperature in the first reactor 10,
so that the tenperature in the connection 10 |ine 15 can becone the
substantially sane tenperature as the tenperature in the first reactor 10,
and considering the tenperature in the connection line 15 as a
substantially sanme tenperature as the téﬁ%erature of the jacket surrounding
the connection line 15 is allowable. 15 The jackets 13 and 23 surround

al nost the whole of the reactors 10 and 20, respectively to appropriately
heat or retain the heat of the reactors 10 and 20 by introducing steam hot
wat er, or gdRitEChESt DediPuntBRSPhe JUKe fPor a tRBREIREYEM SEPPPY rdtte (not
shown in the drawings). The 20 tenperature of the jackets 13 and 23 is

abl e to beS&pPPopFi g@@ FrPEGINO&Y ed ORRIR Ca OPefpér &tdrte "6iX pie SSiid 919 he
heat nmediumto be introduced. The heat nmediumintroduced into the jackets
13 and 23 F8&Yténpved Fr orralhe&tt nmedfakianschar ge TOUIRr (H¥Chshadn Ghe t he
drawi ngs). 25The tenperature and/or pressure of the jackets 13 and 23 is

18 det ect edehpeaasEnSorsNFEN dss aQlenpet bt G basbnsoimihod, shown iitn mehe
drawi ngs) | ocated on the heat nedi um di scharge route. The point of |ocation
of a SensoPesucitadgsd hefeenperablee sanddre ikealotmpaipincghaply |dadteed, but
It my 5 be |located, for exanple, on the heat nmedi um supply route, or in
the jacket oridnande23iadienst he eonAnéét.i orilémetils tenpeotided ldintch ltthe

j acket, the jacket of the connection line 15 may have a simlar structure
to these j asketrovildleandv23h 10For athe tpolbreerjzateonof eatki arorimredthieon
reactors 10 and 20, it is required to proceed at a generally constant
tenperaturéing ddchmay hheer eactonsldd andu2@uire Wewldsebtaichkieng a3
polymer with a constant quality. Therefore, the above described tenperature
regul ati nganegaias .(j ackets

10 For the polymerization reaction in the reactors 10 and
20, it 1s required to proceed at a generally constant
temperature in each of the reactors 10 and 20 in view of
obtaining a polymer with a constant gquality. Therefore,
the above described temperature regulating means (jackets

15 13 and 23) 1is controlled at a constant temperature which
has been set beforehand, so 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, if present, pump 19) is necessary or not. The



15 13 and 23) is controlled at a constant tenperature which has been set
bef orehand, so that the tenperature inside the reactors 10 and 20 can be
mai nt ai ned respectively at a generally constant tenperature. The setting
tenperature of the above described 20 tenperature regul ating neans
(jackets 13 and 23) is transmtted to a %%pply flow rate control neans,
whi ch hereinafter described, to be used as data for determ ni ng whet her
control of the supply flowrate with the nononer supply neans (punp 5)
and/ or the |n|t|ator supply means _25(punp 7 and, if present, punp 19) is
necessary 6Ffhofd TE@mpﬁgagéf?lnﬁ £t ehfpRr ARPER of 193 1BV e [EIRGHBet ©
tenperature regul ati ng neans (jackets 13 and 23% can be regul ated by
controIIinéeﬂﬁgaﬁéﬁﬁeﬁéﬁﬂY% o712 pFeksurle ofnd hé3abse &é%c??ﬁééaﬁéétkﬁédlunl
5As to the supply flow rate control neans, an exanple thereof is a control
unit (not §ﬁ6%ﬁoﬁﬁlpﬁe GP&MAﬁ@@?e§ﬁ6VﬁGedeitWI@P@ufRCNPfRAMhﬁuj%ﬁ??ﬁ1
The ROM of the control unit is a device for storing a program which
control s tHespyApsdshaad medadm-if present, 10 the pump 19 and so on. The
RAM of the control unit is a device for tenporary storing data of the
t enpefat ures i nAshé&a édtorsupplandl2e dettectedn byt heceeaperat @mgesor T,
data of the setting tenperatures of the jackets 13 and 23, data of, if
present, théegerti ngst enperature obnthe [raeketshtbof the Yonnettdramds ne 15,
and so on in order to execute

provided with CPU, ROCM, RAM and so on.

The ROM of the control unit is a device for 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 sensor T,
data of the setting temperatures of the jackets 13 and 23,
data of, if present, the setting temperature of the Jjacket

15 of the connection line 15, and so on 1n order to 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 of the jackets 13 and 23 stored in the
above RAM so that the supply flow rates of the raw material
monomer and/or the polymerization initiator to the reactors
10 and 20 is controlled by the monomer supply means (pump
5) and/or the initiator supply means (pump 7 and, if

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



t he above program The CPU of the control unit executes the program
stored in the ROM based on data such as the data of the tenperatures in the
reactors 10 and 20 and the data of the 20 setting tenperatures of the
jackets 13 and 23 stored in the above RAM so that the supply flow rates of
the raw material nononer and/or the poly%%rization initiator to the
reactors 10 and 20 is controlled by the nononmer supply neans (punp 5)
and/or the initiator supply nmeans (punp 7 and, if 25present, punp 19). In a
case where the connection line 15 20 is provided with the jacket as the

t enper at ur &5r &FRVatieiy ‘WedhstREhé 2epEtofe St he" ¢ ohEFBF T BRPE CeXx&Cited e
program stored in the ROM (which may be either a part of the above program
or other pR8§Fam tHih FRE abovElpr SHraMC badedt o5 CcUf&tSa Shigh PAL I & dat a
of the tenperatures in the reactors 10 and 20 and the data of the setting

t enper at ur 6terefhén &dkkeRPhotvishowingd v 2hec Hr AW ngsPast Phe t&6nmdeticon

line 15 stored in the above RAM so that the setting tenperature of the
j acket of PHEJIEBRANERT iVMeF ner2Gr ednthencdmer @t RDAGr @Ranpreedf arhe
control by the supply flow rate control neans (control unit) will be
descr Pbed Bekewsuch as Wien theat edpartat urenperatiereeachoithe0 rdetdcted by
the tenperature sensor T exceeds the setting tenperature of the jacket 13
as the tenpéraryr e2¢ egufattieg daeanse 't e eCRY tE nexegupesa t hee prégrdm i n
the ROMto control, for exanple, the punp 7 so as to decrease the supply
flow rate obkckhé polomeshiati bn ithit icateoririgst)o ¢hetheactonetfiohn larcase
where the polynerization initiator tank 17 and the punp 19 present, when
t he tenperabuseoirrd e reactaoro2d R esdpedhby 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 reactor 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 of
the jacket 23 as the temperature regulating 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



20 the tenperature sensor T exceeds the setting tenperature of the jacket
23 as the tenperature regulating nmeans during the punp 19 supplies the

pol ymeri zation initiator to the reactor 20 to conduct the pol ynerizati on,
the CPU executes the programin the ROMto control, for exanple, the punp
19 25s0 as to decrease the supply flow rate of the 21 pol ymeri zati on
initiator into the reactor 20.By conducting such control, polynerization
heat generated in the reactors 10 and/or 20 can be decreased, and thereby
the tenperatures in the reactors 10 and/or 20 can be lowered. 5 On _the

ot her handPOwfBRTERE “teRperdtur e ¥ t hé"Feact'dt® 10*F&Chefow4the set t¥hg
tenperature of the jacket 13, the CPU executes the programin the ROMto
control, f6PTEXERPRE, FHE ptrdt70s0 RO LYESITACPESE tTHRF SuPPNGLRF6W rdt e of
the polynerization initiator into the reactor 10. In a case 10 where the
pol yner i zatt'6nTRACEPaE0r Ot aAK/ 7 &Rd CBRe PSuRS CIea5eesert’d WhER ¥te the
tenperature in the reactor 20 is below the settin% tenperature of the
jacket 23 deFPRgatHEcpuip I9esypplitesst RE Pty weEr KPatieen Penilawated t o t he
reactor 20 to conduct the polynerization, the CPU executes the programin
15 thé ROM t o cont itdk, otberekanpl e Whehe thenmser®esg taget N dreasa At
supply flow rate of the polynerization initiator into the reactor 20. By
conduct i ngl8uéls dontawl theobyheihzaticoweheat rgeret atfedd i ackhe Aéactidrs 10
and/ or 20 can be increased, and thereby the tenperatures in the 20reactors
10 and/ or 20Ucarcbateai $b¢. programFan éxanpiCd, twhewntthe lgortarole xgverl «,he
punp 7 and, if present, the punp 19 for the polynerization reaction in the
reactors 1@hang2@® résabt ssi na emarkabte deer eagelin thevtotad sdpplhe fl ow
rate into the reactors 10 and 20, it is 25preferable to not only control

t he punp 7pandmerfizptésentinitiator 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 19 so as to
increase the supply flow rate of the polymerization
initiator into the reactor 20. By conducting such control,
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 10 and 20 results in remarkable decrease in the
total supply flow rate into the reactors 10 and 20, it is

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



22 the punp 19 so as to decrease the flow rate of the polynerization
initiator, but also to control the punp 5 so as to increase the flowrate
of the raw material nononmer at the sanme tinme. 5Further, as anot her exanple
of the control, the following control is nhoted. That is, when the
tenperature in the reactor 10 detected Byzthe tenperature sensor T exceeds
the setting tenperature of the jacket 13 as the tenperature regul ating
nmeans, the punp 5 is controlled to 10 increase the flowrate of the raw
materi al nmpponer, so that the relative flow rate of the polynerization
initiator irAfo PHBPreatt 6i° 135 s ‘@ecF8558a5°By tRBNdtteY ngF&teh Tont™sl, the
tenperature in the reactor 10 can also be lowered. A ratio of the supply
flow rate BPLYRETFERTARPeral 1250 moREireR18Rd TPNEFIEERLr e dftthe SO

pol yneri zation initiator can be appropriately set depending on kinds of the
pol yner gefér &PedCKPAES &f et Rd Opolryiver PZafthén rigMi MEaLar ads EPnoaied $6 on

Al so, degree of increase or decrease in the supply 20 flow rate of the raw
mat eri al nNBABMERTENEAEE -t he supply flow rate of the pol ynmerization
initiator can be appropriately set depending on kinds of the polyner
gener at ed, ki nd§usthele pebymerniczaeironsxaimpilgt ocfusdde avdrgaon. Hdwever,
in a case what is supplied to the reactors 2510 and 20 by the initiator
suppl y neadslilowapy tdeetr23d is noted. That is, when the temperature

in the reactor 10 detected by the temperature sensor T
exceeds the setting temperature of the jacket 13 as the
temperature regulating means, the 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 reactor 10 can also be lowered.
A ratio of the supply flow rate of the raw material
15 monocmer and the flow rate of the polymerization initiator
can be appropriately set depending on kinds of the polymer
generated, kinds of the polymerization initiator used, and
SO on.
Also, degree of increase or decrease 1in the supply
20 flow rate of the raw material monomer and/or the supply
flow rate of the polymerization initiator can be
appropriately set depending on kinds of the polymer
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 1s not the



pol ymeri zation initiator only, but the raw materi al nononer conprising the
polyneri zation initiator, it is necessary to consider a content ratio of
the polynerization initiator in the raw material nonomer conprising

pol ymeri zation 5initiator to control the supply flow rare of the

pol ymeri zation initiator. Further,2%s still another exanple of the
control, the following control is noted for a case where the connection
line 15 is provided with the jacket as the tenperature 10 regul ati ng neans.
That is, when the tenperature in the reactor 10 detected by the tenperature
sensor T i ®cdivirEiéat 1PPornthéaterpernatyur ®itn thife réonAe¢EirdR I g oI ¢
(conveniently, the setting tenperature of the jacket of the connection |ine
15) by a degresimpre thanpofgmesiamplien Hnif5a30r .t HE Sét sy I@npertat ur e
of the jacket of the connection line 15 is regulated so that the

t enper at ur eéonAitke eonratensnrkitie 05 (oenwedivawtriyatiilpe setittiiggor in
tenperature of the jacket of the connection |ine 15) becones a

subst anti althy sanewt enpetatide asndiheng enpercatiuries 20pf  toed eacitzert 1kt
Additionally, it is not necessary for this enbodi ment, but a preheater 31
and aSdevoliatithieziomg exd rudent33lmayhze | vepped ddwoest r esamof bdlie efifd uent
line 25. There nay be a pressure adjusting valve (not shown in the

drawi ngs) 25proeirdedtbehweenttiheopr.eheater 31 and the devolatilizing 24
extruder 33. An extruded object after devolatilization is discharged froma
di scharge line Bhrther, as still another example of the control, the

following control is noted for a 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, =L
15 5°C, the setting temperature of the jacket of the
connection line 15 is regulated so that the temperature in
the connection line 15 (conveniently, the setting
temperature of the Jjacket of the connection line 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 devolatilizing



As the preheater 31, any appropriate heater can be used as long as it is
able to heat a viscous fluid. As the 5devolatilizing extruder 33, a single
or nmulti screw devolatilizing extruder can be used. Further, there
may be a recovery tank 37 for storing the raw material nononer which is
separated and recovered froma vol atile £€bnponent (conprising unreacted raw
10material, mainly) having separated with the devolatilizing extruder 33.
Next, a process for producing a polynmer conposition conducted by using such
apparatus will be described.In 15 this enbodi nent, a case of conducting
cont i nuous SPGIYREET Zat-i orfTof At et hAcPy D pETestEépTesoRe Rt Lila ZEfed ot Hey
words, a case of producing a nethacrylic ester polyner will be described as
an exanpl ediachhsggh tthempresiémichiemgentliiorr i3 -not linmited thereto. 20
Preparation At first, the raw material nononer, the polynerization
initiator and sésontl eppedpated. 31, any appropsithe r@gteat ecial be
nononer, a nethacrylic ester 25nmononer is used in this enbodi nent.

used as long as it is able to heat a viscous fluid. As the

5 devolatilizing extruder 33, a single or multi screw
devolatilizing extruder can be used.

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 polymer composition
conducted by using such apparatus will be described. In
15 this embodiment, a case of conducting continuous
polymerization of a methacrylic ester monomer, in the other
words, a case of producing a methacrylic ester polymer will
be described 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.



25 Exanples of the nethacrylic ester nononer are alkyl nethacrylate (of
whi ch al kyl group has 1 to 4 carbons) alone, or a mxture of not |ess than
80% by wei ght of alkyl 5 nethacrylate (of which alkyl group has 1 to 4
carbons) and not nore that 20% by wei ght of other vinyl nononer
copol yneri zabl e therew th. Exéﬁ%les of al kyl methacrylate (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-butyl nethacrylate, isobutyl
met hacryl ate, aR#28816/. CAMBRG TREmE CELAYI ereeHadyicard e preferred. The
above described exanples of al kyl nmethacrylate nay be used alone or in
15conbi nati on of &t Kvdasgte thas ofl attfemof which Ediapl egrefrcbpél yndrd Zabl e
vi nyl nononer include nethacrylic esters such as benzyl nethacrylate and 2-
et hyl hexyl casbraesr ykarae(eresept for the above described al kyl nethacryl ate
(of which alkyl group has 1 to 4 20 carbons)); acrylic esters such as
met hyl acryl ate; et hylxtaeryl afe nqr opgds athghatt®s bdut yveaghyl atfe,a ldnd
2- et hyl hexyl acrylate; unsaturated carboxylic acids or acid anhydrides
t her e6f suwhtascagiyltiec (@di dvhingt halcryl i erach drasml eko dcicd,rbicnadordrsd aci d
mal ei ¢ aci d anhydride, and itaconic acid 25anhydri de; hydroxy
gr oup- cont abtii ngomenomees sudl a®y2- weight of other vinyl monomer
copolymerizable 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 so 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 of them.
Examples of copolymerizable vinyl monomer include
methacrylic esters such as benzyl methacrylate and 2-
ethylhexyl methacrylate (except for the above described
alkyl methacrylate (of which alkyl group has 1 to 4
20 carbons)); acrylic esters such as methyl acrylate, ethyl
acrylate, propyl acrylate, butyl acrylate, and Z-ethylhexyl
acrylate; unsaturated carboxylic acids or acid anhydrides
thereof 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-



26 hydroxyet hyl acryl ate, 2- hydr oxypropyl acryl ate, nonogl ycerol acryl ate,
2- hydroxyet hyl methacryl ate, 2- hydroxypropyl nethacrylate, and
nonogl ycerol nethacryl ate; nitrogen-contai ni ngnononer ssuchasacryl am de, 5
met hacryl am de, acrylonitrile, nethacrylonit rile, diacetoneacrylam de, and
di met hyl am noet hyl nethacryl ate; epoxy j%%up-containing 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.
Exanpl es obyérpéd?ggwli nitiateYl#hel ude &ZFYBRIBITEPSuch agcrylate,
azobi si sobutyronitrile, azobisdi nethylval eronitrile,
azobi scycl BRERAAEAREEPILI e 2k yl'atgzobi ST deRtBxyR 1l 15°pheryréthgne) 2~
di nret hyl 2,2'-azobi si sobutyl ate, and 4,4'- azobi s-4-cyanoval eric acid;
organi ¢ pehgfRir@Egrsaeh las i ol e oxdte, NPRAEOYFeper oRicdea caceyie
peroxi de, caprylyl peroxide, 2,4-dichlorobenzoyl peroxide, isobutyl
peroxi de, aéerpbeeyecbohexpiadl f ongpnpeesdRi de, SEChut ylaR0 percemisinidcat e,
t-butyl peroxyneodecanoate, t-butyl peroxyneoheptanoate, t-butyl
per oxy- 2- emhyhhexaneatde, 1, 1- dietryBonyitpédexy) cycl oleddasaylonitrile,
1,1-di(t-butyl peroxy)-3,3,5- trinethylcycl ohexane,
1, 1-di (t - hexypkpéeporyprr3 13psdet ri ard hyd gyt lohlexanes e ilsopr opydhacrylate;
per oxydi car bonat e, isobutyl

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 azo compounds

such as azobisisobutyronitrile, azobisdimethylvaleronitrile,

azobiscyclohexanenitrile, 1,1'-azobis(l-acetoxy-1-
15 phenylethane), dimethyl 2,2'-azobisisobutylate, and 4,4'-
azobis-4-cyanovaleric acid; organic peroxides such as
benzoyl peroxide, lauroyl peroxide, acetyl peroxide,

caprylyl peroxide, 2,4-dichlorobenzoyl peroxide, isobutyl
peroxide, acetyl cyclohexylsulfonyl peroxide, t-butyl
20 peroxypivalate, t-butyl peroxyneodecanoate, t-butyl
peroxynecheptancate, t-butyl peroxy-Z-ethylhexanoate, 1,1-
di(t=-butylperoxy)cyclohexane, 1,1-di(t-butylperoxy)-3,3,5-
trimethylcyclohexane, 1,1-di(t-hexylperoxy)-3,3,5-
trimethylcyclohexane, isopropyl peroxydicarbonate, isobutyl

25 peroxydicarbonate, s—-butyl peroxydicarbonate, n-butyl



25per oxydi car bonat e, s- but yl per oxydi car bonat e, n-butyl 27 peroxydi carbonat e,
2- et hyl hexyl peroxydi carbonate, bis(4-t- butyl cycl ohexyl) peroxydi
car bonat e, t - anyl per oxy-2- et hyl hexanoate, 1, 1 3 3-tetranet hyl but hyl per oxy-
ethylhexanoate,1,1,2-trinethylpropylpero,y et hyl hexanoate, t-butyl
per oxy isopropyl nonocarbonate, t-anyl r oxy |sopropyl nonocar bonat e,
t-butyl peroxy-2- ethyl hexyl carbonate, t-butyl peroxy allyl carbonate,
t-butyl peroxy isopropyl carbonate, 1,1,3,3-tetranethyl buthyl peroxy
i sopropyl nonocarbonate, 1,1,2-trinethyl 10 propyl peroxy isopropy
nDnocarboné?éoxidicér?®PéF?an€rﬁ§PYBﬁ€ﬁYﬂ ﬁé?@%ydﬁ§6ﬁ88§? erlb}SZ4tF|nethyl
propyl peroxyi sononate, and t-butyl peroxybenzoate. These
pol yirer i zaPP&HLFRFLPEESYS) may HsE @B agre i n condiat i oRSE*at 4 east
two of them 15The polynerization initiator is selected according to the
ki nds of tRéhpdhgiarogener at ed and Bhéctanmgaberi al KYRGTEr us&Er o
exanple, while the present invention is not particularly limted, those of
radi cal pokyhElhgaeneatieni tiatbrlhavipgrathalf-|i frReqtl nor e AEF@x Yore
m nute at

5 ethylhexanoate, t-butyl peroxy isopropyl monocarbonate, t-

amyl peroxy 1sopropyl monocarbonate, t-butyl peroxy-2-
ethylhexyl carbonate, t-butyl peroxy allyl carbonate, t-
butyl peroxy isopropyl carbonate, 1,1,3,3-tetramethyl
buthyl peroxy isopropyl monocarbonate, 1,1,2~trimethyl

10 propyl peroxy isopropyl monocarbonate, 1,1,3,3-tetramethyl
buthyl peroxy 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.

15 The polymerization initiator i1s selected according to
the kinds of the polymer generated and the raw material
monomer used. For example, while the present invention is
not particularly limited, those of radical polymerization
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 1is at most one
minute, the reaction rate is suitable, thus the initiator
is suitable for the polymerization reaction in the
continuous polymerization apparatus.

25 The supply amount of the polymerization initiator



20 the polynerization tenperature are preferable. 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 polynerization reaction in
t he conti nuous pol ynerizati on apparatus. 25The supply anmount of the

pol ynerization initiator 28 (radical i4fitiator) is not particularly
limted, but generally 0.001 to 1% by weight with respect to the raw

mat eri al nononer (the raw nmaterial nonomer eventually supplied to the
reactor 10). In a_case where the 5 polynerization initiator tank 17 and
the punp 19rpFésent ilmiddditioron tics t heChol YakEigatpbAYi nittMat6F t afkt3 and
the punp 7, the polynerization initiator can be supplied separately into
the first Peaerserlyo GrftPl heosdcondy r @géoblt 20L thwhweRSPRET SIS neh e z&tEvon
initiator tank 17 supplies the 10 m xture of the raw material nononer and
t he pol ynmerpzariien i nonoatsr t(Ghehe reeicond tegactlor M2OOBE 1t he vistnpiald,y t he
total supply anobunt of the polynerization initiator supplied to the reactor
10 and thesppadtied 200i sthede raiechion t R€)above Inange wiatsle r edyeect ttdiet he
sum of the raw 15 material nononer eventually supplied to the reactor 10
and t he rawchmtreriiaktronomer taddiotri gaalkl y7/sappl itég tonphé o eactsem t20.n

In addition to the raw materi al nononer and the polynerization initiator
descri bed aboveéjioanyc@appheprpal gne20zat hen donporent( sjanko3 exadpltte a
chain transfer agent, a rubbery pol yner such as butadi ene and

styrene- bupadiené&,r ulbher ESBRnerdndtionon imey ke crsed.anThéechaupdirianst er
agent is used for adjusting a nol ecular wei ght of the pol ynmer generated.
25As to theephaiknetlivansfer tcagert rsei trerctmandfounctd amal 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 polymerization initiator
supplied to the reactor 10 and the reactor 20 is made
within the above range with respect to the sum of the raw
15 material monomer eventually supplied to the reactor 10 and
the raw material monomer additionally supplied to 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 1s used for adjusting a molecular weight of the
polymer generated.

25 As to the chain transfer agent, either monofunctional



29 or polyfunctional chain transfer agent can be used. More specifically,

exanpl es thereof include al kyl mercaptans such as n-propyl nercaptan,

i sopropyl nmercaptan, n-butyl nercaptan, t-butyl mercaptan, n-hexyl

mer captan, n-octyl 5 nercaptan, 2-ethyl hexyl nercaptan, n-dodecyl

mer capt an, and t-dodecyl nercaptan; aro i ¢ nercaptans such as phenyl

mer capt an and thiocresol; nercaptans having 18 or | ess carbons such as

et hyl ene thioglycol; polyal cohols such as ethylene glycol, neopentyl

gl ycol, trlnethylolpropane 10 pentaerythritol, dlpentaerythrltol

tri pent aer PEhFAHANL IS il ¢l 21 thé%léS%?fmﬁBéﬁtth&ﬂ gFedp i dlore

esterified with thloglycollc acid or 3-nercaptopropionic acid, 1,4-

di hydr onaphPRaliéneal s, 5, 8xpEPt ahydeonapht halenwgide alkyl mercaptans

t er pi nene, t er pi nol ene, 1, 4- cycl ohexadi ene, hydrogen 15 sul fide and so on.

These may B&chsers aloRE o 1i Meond it i oh SOPTaPYleaBe T ¢4 dR , t MetAutyl

The supply anmount of the chain transfer agent is not particularly limted

since it vaerespdependinguonl t e ddardsirof nheeghai neyertiat, agemctuded and

so on. For exanple, 20 in a case of using nmercaptans, it is preferably 0.01

to 3% by wekghtptand Roeéshpléfeyabingrga@sane Dtde@ewsilgme st amespest to

the raw material nononmer (the raw material nononer eventually supplied to

t he reactot-80@ypecyl mercaptan;| retdmeiriaw metreripdlansoneneh tank phertyhe raw

mat eri al 25nononmer (one kind or a mixture of two or nore kinds) as 30
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
thioglycolic acid or 3-mercaptopropionic acid, 1,4~
dihydronaphthalene, 1,4,5,8-tetrahydronaphthalene, B-
terpinene, terpinolene, 1,4-cyclohexadiene, hydrogen

15 sulfide and so on. These may be wused alone or in
combination of at least two of them.

The supply amount of the chain transfer agent 1is 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 breferably 0.01 to 3%
by weight, and more preferably 0.05 to 1% by weight with
respect to the raw material monomer (the raw material
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 or more kinds) as



descri bed above is appropriately prepared (together with other conponent(s)
such as the chain transfer agent as the case may be). In the polynerization
initiator tank 3, the polynerization initiator as described above is 5
appropriately prepared with the raw nmaterial nononer if necessary (together
Wi th ot her conponent(s) such as the chaii transfer agent as the case may
be). The polynerizationinitiatortank3maystorethe polynerization initiator
alone or in the formof the 10 m xture of the raw material nononmer and the
pol ymeri zation initiator (may further conprising other conponent(s) such as
t he chai n ErP&R$EELCagertvas IBhe? RREP byt By . PIfPE I€4se (BPIBERAG tHeD

pol ynmeri zation initiator tank 17, in the polynerization initiator tank 17,
t he pol ynepitZati eorperienittjsat sruds afeselrs belde aboveansfapprepritatd y-he
prepared with the raw material nononer if necessary (together w th other
conmponent ( Spssudlvadalhe chaimhe rapsieeragehtcasinhélesss waybe). thwre
polynmeri zation initiator tank 17 may store the polynerization initiator

al one or i potlhyaefrérmtont he 20ipixtore ofas he dawcraberdi al abaveer ar/ t he
pol ymeri zation initiator (may further conprising other conponent(s) such as
t he chai n epamsperaagént msephecdasse tmythe) . rdowevgreriied ameasecwherfe t he
polyneri zation initiator tank 17 is connected to the supply port 21c via
the punp 12ecstseriryg 260fcther poliyrier bzatironcéormanatofs al enehr aksesttee
concern of 31 local proceeding of the polynerization reaction in the
reactor 20csiance tteapofymer eganicon a9 t chkor dsssol by suppl i ed t d'hde
reactor 20. On the contrary, storing in the formof the m xture of the raw
mat eri al nmpeaRerrandttibe 5 joltyietdzati oankni tizat ormag abkeéotre solties such
concern since the polynerization initiator is mxed with a part of the raw
mat eri al nmpROREEhekaremandnitiator alone or in the form of the

10 mixture of the raw material monomer and the polymerization
initiator (may further comprising other component(s) such
as the chain transfer agent as the case may be). In a case
of using the polymerization initiator tank 17, in the
polymerization initiator tank 17, the polymerization

15 initiator as described above is 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 initiator alone or in the form of the

20 mixture of the raw material monomer and the polymerization
initiator (may further comprising other component(s) such
as the chain transfer agent as the case may be). However,
in a case where the polymerization initiator tank 17 1is
connected to the supply port 2lc wvia the pump 19, storing

25 of the polymerization initiator alone raises a concern of



First polynerization Step 10The raw material nononer and the pol ynerization
initiator are supplied to the first reactor 10 through the supply port 1la
fromthe raw materi al nononer tank 1 and the polynerization initiator tank
3 as the supply source of the raw nmaterial nononer and the pol ynerization
initiator. 15 Mre specifically, the raw material nmonomer is supplied from
the raw material nononmer tank 1 by the punp 5, and the polynerization
initiator (preferably, the m xture of the raw material nonomer and the
polynerization initiator, which is also sinply referred to as the
pol ymer i zatP6a120Pr pacefdaner der &) PSLEUBPLFEdIPRonT EAGT pBRy et i Zdts on
initiator tank 3 by the punp 7, and they nerge together through the raw
mat eri al sugplyori el 9 siimce t heef inshyrasiciaori A0 vina tihé oFuppd y Ssorelvila.
Al so, the polynerization initiator may be supplied fromthe
25pol yner i zappéacidnittd atlo? tankt8rbyG.he panpgl? teonheafyrsetod2npeddt or 10
via the supply port 11c as shown by the dotted line in Fig. 1. For
suppl yi ng the pokynerli zati on xitmirei atforthieo righve rfaitresti arle astnomel0 angherme he
m xture of the raw material nononmer and the polynerization initiator is
prepabed i potliyeepokypnecnzat nohianoti ator adrik 3ocandosuppl $wech t kerefamm it
is preferable to adjust a ratio A: Bin a range froma80:20 to 98:2 wherein
A representsnthe tsuwpplol videow zaatieor( kigii)iafot hes rawxedt eiical amprarerof r om
the raw material nononer tank 10 1, and B represents the supply flow rate
(kg/ h) of the maxt oeecafiatthechaweraberficalehaorianer and the pol yneri zati on
initiator (of which content ratio of the polynerization initiator is 0.002
to 10% by weight) fromthe polynerization initiator tank 3. 15The
tenperature of the raw material nonomer and the

* First polymerization Step

10 The raw material monomer and the polymerization
initiator are supplied to the first reactor 10 through the
supply port 1la 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 1s supplied
from the raw material monomer 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) 1is 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 1lla. Also, the
polymerization initiator may be supplied from the

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



pol ynerization initiator supplied to the first reactor 10 is not
particularly limted. However, this is one of factors which may change the
pol ynmeri zation tenperature by |osing a heat balance in the reactor, and
therefore it is 20 preferable to adjust_ that tenperature appropriately by
a heater/cooler (not shown in the drawi ngs) before the supply to the
reactor 10. The raw material nononmer and the pol ynerization
initiator supplied to the first reactor 10 as described in 25the above are
subj ected to continuous pol ynerization, 33 continuous bulk polynerization
in this enBedcient 10 vict hehe worBB Y psPyirerlilfatd onShpth AY §3I6vé5rﬁt)§e%nder
an adi abatic condition (condition with substantially no heat transfer to or
from out si dénéf iphé€ipeacdtor) in the first reactor 10. 5 This first
pol ynmeri zation step has only to proceed the polynerization reaction
partway, and anFiont eppedistagdcomposipebymesitakepn f riom thetef f |uenttsort
|1 b of the first reactor 10. In the first polynerization step, the
conti nuousfit@tpotsaerdzatliCon chanbefoconddetedeunder theconat ingrduiashi ch
the reactor is filled with the reaction m xture while substantially no gas
phase Spr esenhsmeherednaheepolefernred ttionas na thgltlor fiid lpedpeorsdi tirorhe Thi s
is especially suitable to the continuous bul k pol ynerization. The fully 15
filled condbfliyorrcantpoeventi theftarehand t heapdobheps isdclihas etfhratm,gelt
adheres to and grows on the inner surface of the reactor, and that this gel
i s i mm xediisnpbaetthe abéactticon diiusttue rtaa idedgr ade duala tryarafe & qeod yafer20
conposition obtained in the end. Further, the fully filled condition 20
enabl es al ltooBst:hie whererinvel e refserhe reactsaptly e asedit@s &g /gactdon
space, and thereby a high productivity can be attained. Since the
ef fl uent pant kbl efitkhe afli ksihoreactfatorl @ Hes da0C atza: rata It heorfaeat ardrsk t op,
the fully filled condition is

10 1, and B represents the supply flow rate (kg/h) of the

mixture of the raw material monomer and the polymerization
initiator (of which content ratio of the polymerization
initiator is 0.002 to 10% by welght) 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 not particularly limited. However, this 1s one of
factors which may change the polymerization temperature by
losing a heat balance in the reactor, and therefore it 1is

20 preferable to adjust that temperature appropriately by a
heater/cooler (not shown in the drawings) before 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,



25conveniently realized sinply by conducting the supply to 34 and the
taking fromthe first reactor 10, continuously. Further in the first
pol ymeri zati on step, the continuous pol ynerization is conducted under the
adi abatic condition. This is especially iuitable to the continuous 5 bulk
pol yneri zation. The adi abatic condition An prevent beforehand the probl ens
such as that gel adheres to and grows on the inner surface of the reactor,
and that this gel is immxed into the reaction mxture to degrade quality
of a polymer conposition obtained in the end. Further, the 10 adiabatic
condi tion ERABIESCHRe Pudty MEiEEEiER fleRe o G 580G stdbl €1 aid el f
regul ating characteristics for suppressing a runaway reaction can be
brought abd@tds: POLYFsd igditdinat it dondf t FORVERR) beUPESKI 28d I ahai iy t he
tenperature of the inside of the first reactor 10 and the 15 tenperature
of the out EPNSEIEREe (CREFEST Cgeiféitdl IS bsdRalt ited leacdty dtaver tnvorsfer to
specifically, this can be realized, with the use of the above descri bed
control unPft (™ shoWwhidn Ohe draawrarslor by 1adjust i hgrshersappioy anbunt s
of the raw material nononmer and the polynerization initiator to the 20
first oreacldis10fiksh dpvelratd Mgz atheorpuspsrs and Prsuchtthaproheetenper at ur e
of the outer surface of the first reactor 10 set for the jacket

(t enper at uPe lyeguligeitagneans) ciBandrehéwegnperatdir eahn timeg dimestiateact or
10 detected by the tenperature sensor (tenperature detecting neans) T

25cor r esponRgmpeseadhnot her taken stnon prief epdlilleent seerthélb of the

first reactor 10.
In the first polymerization step, the continuous
10 polymerization can be conducted under a condition in which
the reactor 1is 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 continuous bulk polymerization. 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 that this gel is immixed into the reaction

mixture to degrade quality of a polymer composition

obtained in the end. Further, the fully filled condition

20 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 1lb of the first reactor 10 is

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

25 conveniently realized simply by conducting the supply to



35 tenperature of the outer surface of the reactor much 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 1o adj ust 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 PRE HE&t Te&rPPed “afay by RS b AEeCedi dle CORFISIHAYEH Y s
determ ned by the flow rate and the specific _heat of the internedi ate
conposi tion, andVhéEctst elper &fGre birthe poIlyFHSTiZation r edkBPon. the
The tenperature of the continuous polynerization in the first .
pol yner i zafPok18HEeF si PUNTEEIZ3d s thecerppetaduredpn the fadistoatdact or
10 (detected by the tenperature sensor T). This tenperature changes
accordi ng C20%61¢ari oushtondpt iesws cdrtlilly ituitedthresta shat icordtigtwusand s
not particularly limted, but for exanple, about 100 to 180C. The
pressudre obPuthe reohtiaiuiciss ipol ymefheatdrpbat itchecéndstipol yaer irzatient st ep
is understood as the pressure in 25the first reactor 10. This pressure is a
pressure noefpgssand the problems such as that gel adheres to and
grows on the inner surface of the reactor, and that this
gel is immixed into the reaction mixture to degrade quality
of a polymer composition obtained in the end. Further, the
10 adiabatic condition enables the polymerization reaction to
become stable, and self regulating characteristics for
suppressing a runaway reaction can be brought about.
The adiabatic condition can be realized by making the
temperature of the inside of the first reactor 10 and the
15 temperature of the outer surface thereof generally egual to
each other. More specifically, this can be realized, with
the use of the above described control unit (not shown in
the drawings), by 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 of the first reactor
10 set for the jacket (temperature regulating means) 13 and
the temperature in the first reactor 10 detected by the

temperature sensor (temperature detecting means) T

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



36 than a

the reactor to prevent gas of the raw nateri al

vapor pressure of the raw material nononer at the tenperature in

the reactor, and is generally about 1.0 to 2.0 MPa i n gauge pressure.

5At i meper i

odsubj ect edt ot hecont i nuous pol rization in the first

pol yneri zation step is understood as an erage residence tine in the
reactor 10. The average residence tine can be set according to the
ty of the polymer in the 10 internedi ate conposition and so on,

producti vi

and is not particul arl

hours. Thi

imted, but, for exanple, from15 mnutes to

y |
SCRVEFAGE T PeSitdERte MtRE S THE Cadifudt’dd Ty USitng e

7 to change the supply anount (suppIXPfIOM/rate) of the raw materi al

nmonomer or ‘PRE 1k t8MPREAERFSt 115

nonomer from generating in

first

6
5 and

Bacdtscu®. Foheferlt sfrde e Bver age

residence tinme depends in a large part on the inner volunme of the first

react or 102TREWEt h@fi nd&tvol UHe® of thhe FERSECFeact of N80 SAG HSE i rier

vol une of

raw nmateri

t he second reactor 20 are designed is inportant as hereinafter
descri bed. 926Asdeseri badinftieabdv et ERERPARERHRdIIA & ONPBIFEPBNaNE thdken

fromthe effluent port lib of the first reactor 10. The obtai ned
i nt er fedi atéMPEHPESITEI ont cORPr iBEs=t heugéacrat®d pbPymacmy t he: urileact ed

al nononer, and may further conprise the unreacted

25pol yner i paticen i hitilator, Yertonpused Substhnce i6f the PRTIpoilyheritzati on

initiator,

10

15

20

25

and so on.
adjust the temperature difference within the range of =

5°C.

The heat generated in the first reactor 10 such as
polymerization heat and mixing heat 1s 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 composition, and the
temperature of the polymerization reaction.

The temperature of the continuous 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
to various 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 1s understood as the pressure in

the first reactor 10. This pressure is a pressure not less



Al t hough this enbodinent is not limted thereto, the polynerization rate in
the internedi ate conposition is, for exanple, 5 to 80% by wei ght. The

pol ynmeri zation rate in 5 the intermnmedi ate conposition generally
corresponds to the content ratio of the polynmer in the internedi ate
conposition. Second pol ynerization Ste %0The second pol ymeri zati on step
is conducted in series with and following to the first polynerization step.
After the internedi ate conposition obtained as described in the above is
taken fromthe effluent port Ilb of the first reactor, it is supplied to

t he secondtPéactéorValRSr 20 EESH ENE Ssulppt y TBYr e Fd ItHr JIJHCTPe E6nrett i on
line 15. Then, the internmedi ate conposition is further subjected to

cont i nuous tEBPYHBLEVESt | 6R, EoRt i TRASUSLDUIYe pBrgTeFitzalfdn ¢h tHis raw
enbodi ment, under an adiabatic condition in the first reactor 20. This
second pol FAEFEZat JRORIRPL | $ T8 20 r 2 henPoliynerh e atticdis togact #BA préoceed
to the desired polynerization rate, and a pol yner conposition (or

pol yneri zaBE8RTSYHUp LS tt dk@n tor @mbt HE aefifl gemgepdresZyeof t he second
reactor 20. Herei nafter, the second pol ynerization step wll
be 25d&escri bed Aai nltimg t h pesipett touki¢feeent poi nt $hfer omadiginuous

polymerization in the first ©polymerization step is
understood as an average residence time 1in the first
reactor 10. The average residence time can be set
according to the productivity of the polymer in the

10 intermediate composition and so on, and is not particularly
limited, but, for example, from 15 minutes to © hours.
This average residence time can be adjusted by using the
pumps 5 and 7 to change the supply amount (supply flow
rate) of the raw material monomer or the like to the first

15 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.

20 As described in the above, the intermediate
composition is taken from the effluent port 11lb of the
first reactor 10. The obtained intermediate composition
comprises the generated polymer and the unreacted raw
material monomer, and may further comprise the unreacted

25 polymerization initiator, decomposed substance of the



38 first polynerization step, and explanations simlar to those for the
first polynerization step apply unless otherw se explained. Athough it is
not necessary to this enbodinment, the 5 polynerization initiator tank 17
and the punp 19 nay be used, if necessa;y. In a case of using the

pol ymeri zation initiator tank 17 and th 'bunp 19, the additional (or fresh)
polyneri zation initiator (preferably, the mxture of the raw nateri al
nononer and the polynerization initiator) 10 is supplied fromthe

pol ymeri zation initiator tank 17 by the punp 19 through the connection |ine
15 to the BECHAGIHEACLOR 2014 Che SGFPIY P&rt 21a or the another supply
port 21c, and thereby the internediate conposition is added with the
addi ti onal pol yReri2aelor i t PaPefimahe 15 terpel el ofPERETO, the

pol ymeri zation initiator supplied to the second reactor 20 fromthe

pol yner i zaPP8N ™ eALZRALOR Fatk 17 itdendt tpamedddtar IGPMHARE®n HoneViers thi s
is one of factors which may change in the polynerization tenperature by

| 0si ng a héaeMpalance To €RéE rvactotIhland tTHer epotenexipptienprefterable to
adj ust that tenperature appropriately by a heater/cooler (not shown in the
drawi Bgs) BéPorievtsensdiply tomphelifeatt gen2gally corresggprdsi £oj sthrot
necessary to this enbodinent, but in a case where the connection line 15 is
provi ded wicthtehé 25Facket & t heheenperdtuge reégul atheg nedresnigdiate 39
preferable to adjust the setting tenperature of the jacket of the
connect i onchinpesisisuch that the tenperature of the connection line 15 and
the tenperature in the first reactor 10 substantially correspond to each

ot her. Thereby, the 5 supply tenperature of the intermnmedi ate conposition to
t he second reactor 20 can be adjusted, and the continuous polynerization in
t he second pol ynesSiezanhidopostyewe rdar thencendyct ed nore stably by keeping the
supply tenperature, constantly. It is preferable to adjust the tenperature
in 10 The second polymerization step is conducted in series

with and following to the first polymerization step.

After the intermediate composition obtained as
described in the above is taken from the effluent port 1lb
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 1is 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 polymer composition {or

polymerization syrup) 1is 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



10 the connection line 15 at an equival ent tenperature to the

pol yneri zation tenperature in the first polynerization step, and thereby
change in the pressure and the viscosity of the internedi ate conposition in
the connection line 15 can be decreased,_and the supply of the internediate
conposition 15to the second reactor 20 céh be conducted nore stably.

For supplying the polynerization initiator to the second reactor 20, when
the m xture of the raw material nonomer and the polynerization initiator is
pr epar ed |n the polynerization initiator tanks 3 and 17 and supplied 20

t her ef rom it Sits pP V@?éb?étFBHadFE§P'a ?%@l(ﬁ%@la%iﬂlqnis)S%Wﬂ£g¥aﬂ§é from
80:20 to 98:2 and a ratio Bl : B, in_a range from10:90 to 90: 10 wherein A
repr esent s HRESSUPPIty fh6w FAts T k ORISR 127 icw rfdtedt | APtohorEtL $3om t he
raw material nmonomer tank 1, Bl represents the supply flow rate 25(kg/ h) of
the m xtur @BEFRE S Sirhatdccal mononer and the 40 pol ymerization
initiator (of which content ratio of the polynerization initiator is 0.002
to 10% by wei gh®)l thogmht He& pb$ yReEi Agcies aimi tiat brisaskbldiarag tB2 the
represents a supply flowrate (kg/h) of the m xture of the raw materi al
nmonormer an@oﬂﬁ@egéﬂ?ﬁépmzaxﬂxﬁﬂﬁmwi|é@@k (bf whidchtloonrenp rldt i nagf e
polyneri zation initiator is 0.002 to 10% by weight) fromthe polynerization
initiator tamk,172f necessfirgo i nlt he sesendfpaolsymer itiat iron ysteep, z 4 thieon
continuous polynerization can be conducted under a fully filled
10condi t i oanthiigtios espeki ally aswi t abke pwong hé Sconthruoaddbul knal (or

pol yneri zation. The fully filled condition can prevent beforehand the

probl ens sdcksas thatyngeli zadhenes ntia iand rgr(@ws far e i nrier rsuwrthace of the
reactor, and that this gel is inmmxed into the reaction m xture to degrade
15 qualitytok ter poltyareralconposndtr oanobtaened liymetrie sendn Rurithersod)he
fully filled condition enables all of the inner volunme of the reactor to be
usedlds a reactuml spaceroandHehesebymar hi ghiprodudtdivitiop cesmibe 1at tigf ned.

the pump 19 through the connection line 15 to 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 polymerization 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 1is not necessary to this embodiment, but in a
case where the connection line 15 is provided with the

25 Jjacket as the temperature regulating means, it  is



Since the effluent port 21b of the second reactor 20 20 is |ocated at the
reactor's top, the fully filled condition is conveniently realized sinply
by conducting the supply to and the taking fromthe second reactor 20,
conti nuously. Al'so, further in the second polynerization step, the
continuous polynerization is conducted under the adi abatic 25condition. This
is especially suitable to the continuous 41 bulk pol ynerization. The

adi abatic condition can prevent beforehand the problens such as that gel
adheres to and grows on the inner surface of the reactor, and that this gel
is i mmi xedPFREGTERESr QAN S Xtitf €5 o~ teyr AGBPHEAFFEY ©5 &t B& PR tyner
conposition obtained in the end. Further, the adiabatic condition enables
the pol ymePfz&Pof PEESHIGR tio HfeconeS $tabf et ahiesEFFPREGHMEE g the
characteristics for suppressing a runaway reaction can be brought about.
The adi abafPERE6RAPYI dANEan Shélfedllicz GTHY fRdkitifg ithéhe first Treactor

10 substantially correspond to each other. Thereby, the
5 supply temperature of the intermediate composition to the
second reactor 20 can be adjusted, and the continuous
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 connection line 15 at an equivalent temperature to the
polymerization 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 : (B; + Bj)
in a range from 80:20 to 98:2 and a ratio By : B, in a
range from 10:80 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



10 tenperature of the inside of the second reactor 20 and the tenperature
of the outer surface thereof generally equal to each other. Mre
specifically, this can be realized, with the use of the above descri bed
control unit (not shown in the drawi ngs), by adjusting the supply anounts
of the raw 15 material nononer and the ‘{)%I ynmerization initiator to the
second reactor 20 with operating the punps 5 and 7 and, if present, the
punp 19 such that the tenperature of the outer surface of the second
reactor 20 set for the jacket (tenperature regul ating nmeans) 23 and the
t enper at ur 8°1HM36 Zehé “8ectihtt + 2508t or (90 HE%%gt &P by 1t he TPérper @t urd'Sensor
(tenperature detecting nmeans) T correspond to each other. It is not
pr ef er abl ePP6 YBEE 1ERE T PENpEHHt 1 'eP of 18hd -diter tQurfac e vf WEhEPFeadt ™ much
hi gher than the tenperature in the reactor since it adds extra amount of
heat into fheé ZBtedediorzathersmalrtélatng didter éncébet WeeRCPRESeR2s 2
tenperature in_the reactor and the tenperature of the outer surface of the
reactor i sSUPReYbétlcer haty s(kavdrle @bekl®i BakFyrei ofj §hgr efer alitetic ladj ust
the tenperature difference within the range of : 17 5C. 5The heat generated
in thé secBracreicteed e uehl wee pbtyeeh zani bhaheat (8Ad whilkingdngant s
generally carried away on taking the polyner conposition fromthe second
reactor 20rathe anouhhe obotliyachaat téany i vl bivayobyithd pél1dynee é0fpdsi ti on
is determned by the flowrate and the 10specific heat of the pol yner
conposi t i oWeandtt hé roenpércaedynef: izke iipol ymsrtiizdttiron anéadt’i-on. The
tenperature of the continuous polynerization in the second polynerization
step i s under st 8ddoasnt et emponat wprd vime ttilre tsecord appadtier 20t iThisus
tenperature is,

polymerization can be conducted wunder a fully filled

10 condition. This 1s 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 21lb of the second reactor 20

20 is located at the reactor's top, the fully filled condition
is conveniently realized simply by conducting 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 1s especially suitable to the continuous



15 for exanple, about 100 to 200C. The tenperature in the second
pol yneri zation step may be equal to the tenperature in the first
pol ynmeri zati on step, but preferably higher than it. The
pressure of the continuous polynerization in the 20 second pol ynerization
step is understood as the pressure in t hel second reactor 20. This pressure
is generally about 1.0 to 2.0 MPa in gauge pressure, and may be equal to
the pressure in the first polynerization step.
Atineperiogsggjectedtothecontinuous 43 understood as an average residence
time in th8UsEcft YAt Gt 20 - The avaHFP e depee  tine can peree@nt
according to the productivity of the polyner in the polyner conposition and
o) on,eﬂmkﬁ§oﬁ§@a&%t?%%lQFPFlﬁM%t%%Ehbéﬁ,t@??oﬂegxéﬁﬂ%ﬁe%rémiﬁpd
mnutes to 6 hours. The average residence tine in the second pol ynerization
step may b&Tre¥Falon ot bhe laPerage tiesidlente thEnE9artte RSt ‘Cg\@ltyr@ﬂi%ati on
step, but preferably different fromit. The average residence tinme in the
second pol ¥Rer ilFatiién xecep NtT0 tégn Hse cadjols fédk thyr cusiongladie purpsr Bl tand 7
and, if present, the punp 19 to change the supply anmount (supply flow rate)
of thé rawokattérd apo homorerooposheipnkebte itiesl seconde r eadt or R0 tiHonever ,
since the average residence tine depends in a large part on the inner
vol une of the sedemdtits qoedcttarom2@nalidwst Héva medrymes] ivree iofn ttemd i ot
reactor 10 and the inner volune of the second reactor 20 are designed is
i nportant &9 Hereinraf teabdescrinbedself regWsadesgr ichedaicnetrhe talbevefot he
pol ymer conposition is taken fromthe effluent port 21b of the second
react or 20sup2@e<Flse ngbtairmed waol yreerc tdempasirt iben toomyhitse dute. gener at ed
pol ynmer, and may further conprise the unreacted raw nmaterial nononer, the
unr eact ed pol ynFhiezatdiGbatmid i atroti t idecomposied sabdtarde bof ntdieing the
pol ynmeri zation initiator, and so on.

10 temperature of the inside of the second reactor 20 and the

temperature of the outer surface thereof generally equal to
each other. More specifically, this can be realized, with
the use of the above described control unit (not shown in
the drawings), by adjusting 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 of 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 1s not preferable to set the temperature of the outer
surface of the reactor much higher than the temperature in
the reactor since 1t adds extra amount of heat into the

25 reactor. The smaller the difference between the



25Al t hough this enbodinent is not limted thereto, the 44 polynerization
rate in the polynmer conposition is, for exanple, 30 to 90% by wei ght. The
pol ymeri zation rate in the pol yner conposition generally corresponds to the
content ratio of the polynmer in the poléﬂgr conposition. 5 The higher the
pol ynmeri zation rate, the higher the pro tivity of the polyner, but also
the higher the viscosity of the conposition frominternedi ate conposition
to the polynmer conposition, resulting in the larger the necessary power for
m xi ng. The | ower the pol¥nerization 10 rate, the | ower the productivity

of the pol yBPSIRELEFt g T £Hé AQrgérct fé'S J&dTedr THecover i tHeer
unreacted raw materi al nmonomer. Therefore, it is preferable to set an
appr opri at §UpSPyer Pzat F6R ratechsta targetl®r Beguite.1t n Gener alMotthe
foll owi ng tendency i.s observed: the 15 higher the polynerization
t enper at ur PSCRE HCEWEE /1t et sYAdIRH@ IS 6F taf8 Wist aFhed SraImart Uihe
| ower the heat resistance of a resin conposition obtained in the end. Thus,
it is noredpiéfarabice vidhéondbet repgepeifyver Pz8tion at a | ower tenperature
in view of obtaining a resin 20 conposition having a hi gher heat
resi stance. Howe\ér N4t coptehabad pol yire i 2aEPBA iTeachivduct @d surhores st age
only at a lower tenperature with the use of the conventional continuous
pol yner i zaPPenmgpparates (4e07a026308M@antedP 200694042821 1) canriaduires
a long time period for 25attaining the desired polynerization ratio, and
therefore @48y 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 of 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 1is,
15 for example, about 100 to 200°C. The temperature in the
second polymerization step may be equal 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 20. This pressure is generally about
1.0 to 2.0 MPa in gauge pressure, and may be equal to the
pressure in the first polymerization step.

A time period subjected to the continuous

25 polymerization in the second polymerization step is



requires a large reactor and thus a |l arge space to realize the |ong average
residence tine, so that it is not efficient. Further, when the average

resi dence tinme beconmes unnecessarily long, a nore anount of oligonmer such 5
as dinmer and trinmer is generated, arising a concern of |owering the heat
resi stance of the resin conposition obtained fromthe pol ynmer conposition.
In addition,the anount of the polynerization initiator can be determ ned
according to other conditions 10such as the polynerization tenperature and
t he average residence tine. Wien the anount of the polynerization initjator
becormes | aPJESTEtROe afouit GV RS yAEFT-EAC 6N FE?“Fi attn a}é%d SEpOMFver
end) which is unstahle is left in the polyner conposition, so that the heat
stability 6f2CheT15¢8si n cOmFosPticdR It &Cidd STt hé 18ifd éfds o FeT

| ower ed. In contrast, by conducting the continuous polynerization in
two stages2&§°FAPAi §CerbEdPHRORINC tiRE tpolfneticz RGloHSreddt it61F EoRdI™S ons,
nore specifically, the tenperature, the tine period (average residence
time), theC2OPOSRGLRE 6%t ke Pol yReF Z&t iNet Pitttilatdr (e rafiid st the
polynerization initiator to the raw material nononer) and so on can be set
for tRe fi£SF pdr§hrtszatfirom stép mhaithe $ecohd pvlsarer i ZBE¢ o VstrEse

i ndependent|y.
residence time in the second polymerization step may be

equal to the average residence time in the first
polymerization step, but preferably different from it. The
average residence time in the second polymerization step
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 volume 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 composition is
taken from the effluent port 21b 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 initiator,
decomposed substance of the polymerization initiator, and
so on.

25 Although this embodiment is not limited thereto, the



For exanple, it is possible in this enbodi nent to 25conduct the conti nuous
polynerization in the first 46 polynerization step at a relatively |ower
tenperature and then to further conduct the continuous polynerization in
the second pol ynerization step at a relqégvely hi gher tenperature. Mre
specifically, the additional 5 polynerization initiator added to the
second reactor can bring about a higher tenperature of the continuous

pol ynmeri zati on of the second polynerization step than a tenperature of the
continuous pol yner.i zati on of the first polynerization step. As a result,
Lhi's embodP it Gar b °T0 “8FFi ci'enti\ cBRUNEESA TR ShEl PBr Space oF
conpared with a._case of co cting the continuous._ polyperization in one
stage at aeﬁéﬁW9§Wp§Wéﬂﬁ?e$g%nhyc F1igbtai n e BB%g%%¥lE%Hb8§iFP5ﬁ wWhHi ch is
nore suitable for obtaining a resjin conposition of high heat resistance
conpar ed Wit'R aROASESH ISEHMUUCHIMNY tHeNebht  huoGST peFYRRFFzatCon 1 one
stage at a hi%h tenperature. Further,for exanple,it_is possible in this
enbodi ment PHLERFS erdEntT aPé (e tPPeYPRFi 68 sl eBPed™Es tAREREHHLE Iftibus
pol ynerization in the first pol{nerization 20step fromthe tine period
subjeéted f&et hé icBs nublug polymerization rate, the higher the

productivity 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 is preferable to set an
appropriate polymerization rate as a target or a guide.

In general, the following tendency is observed: the

15 higher the ©polymerization temperature, the lower the

syndiotacticity of the obtained polymer, the lower the heat

resistance of a resin composition obtained in the end.

Thus, 1t 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, if

continuous polymerization is conducted in one stage only at

a lower temperature with the wuse of the conventional

continuous polymerization apparatus (JP 07-126308 A and JP

2006-104282 A), it requires a long time period for

25 attaining the desired polymerization ratio, and therefore



pol ymeri zation in the second polynerization step. More specifically,

desi gning of the inner volune of the first reactor and the inner vol une of
the second reactor different fromeach other can differentiate the average
25residence tine in the first reactor fr the average 47 residence tine
in the second reactor. It is supposed th t he additional polynerization
initiator added to the second reactor together with the raw materi al
nononer can also differentiate the average residence tine in the first
S5reactor fromthe average resi dence ti in the second reactor. en the
aver age resrd8ncE St e TP HE T T %%éﬁ%?ﬁsi§ tdhger SPR&A Fﬁerﬁggﬁéﬁé
residence tine iin the second reactor, the polynerization initiator can be
suppl i ed t 6'FhePPPst 2FEAEE6T AESAF8SSer tabunt %0 TRet f0 tfe p&tyner
conposition which is suitable for obtaining a resin conposition of high
heat st abi Fiit'y Cd&R tbe obfaThéGr | n&'6ad, tWfien 2VR& 28Fer &G P& I Fendd ™S ne i n
the second reactor is longer than the average residence tine in the first
reactor, tRECHBEYNEVIEASSHR Hiditt iltol cardeS stpprPedot15tgoMee s8tdnd
reactor at a | esser amount, so that the pol yner conposition which is
suitabl e f6f obtBFHi #§ca FESPAL corfpoSPREEATER  hight hiedd St aBPFeyca&f be

obt ai ned. ' _
lowering the heat resistance of the resin composition

obtained from the polymer composition.
In addition, the amount of the polymerization
initiator 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 composition obtained in the end tends to be lowered.
In contrast, by conducting the continuous
polymerization in two stages as in this embodiment, the
polymerization reaction conditions, more specifically, the
temperature, the time period (average residence time), the
20 amount of the polymerization initiator (a zratio 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 1is possible in this embodiment to

25 conduct the continuous polymerization in  the first



How t he pol ynerization reaction conditions are set for each of the first
pol yneri zation step and the second 20 polynerization step may vary
according to the polyner generated, the raw material nonomer and the
pol yneri zation initiator used, the heat ggsistance, heat stability and
productivity desired, and so on. 48 As described in the above, the
pol ymer conposition (polynerization syrup) taken fromthe effluent port 21b
of the second reactor 20 nay conprise the unreacted raw naterial nononer
and pol ynerization iniitiator and so on, in addition to the generated
pol ymer . Alptoﬁrdﬂﬁﬁltzﬁitswé]nb%%‘?ﬁreﬁ{i Ps ot 4 Hted! PHEF eL6MPSHEH UYSS yaRed
conposition is preferably subjected to, for exanple, devolatilization to
separate andSPecoVerEhéeraf A af Rorfgirinuous  polymerization in
Mor especi fically, t hepol ynerconpositionis 10 transferred to the preheater
31 through e &fFPHENt PPLHBeP522Fha pofYfiRr @bnpdsitsoitiTeihe prerat er
31 is added with a part or all of an anmpbunt of heat necessary to volatilize
t he vol ati [(E"®EFFSNERt: whi ch M&TRai nlSPTohposedl vf t h&hgnr earddidt Fawe L
materi al nmononer. Then, the polyner 15 conposition is transferred to the
devol ati | i Porgrextirdddon33ing alaher predegr et adjtiist i TRl veeprsrshedmn in
the drawings), and the volatile conponent is at |east partially renoved in
t he devola%ﬂﬁ@ﬁruf@%ﬁ?ud@r,hé@@eé r dsinehifaia texte uded obsjhect dentfiorumeads i nt o
pell ets and di scharged from 20 the discharge |line 35. Thereby, the resin
conposi t i oodomgriigiong oa nef hdadreyl secestierppbyysretzdsiproduced thanhhea f orm
of the pellets. As a nethod for transferring the above pol yner
conposi ti ofrer@emetthiog descthbedoint 1R o454 8801 1 isz 25prref efalilhe. Asrat
met hod of using a devolatilizing extrude, 49

polymerization step. As a result, this embodiment can be

10 efficiently conducted in a smaller space compared with a
case of conducting the continuous polymerization in one
stage at a low 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 continuous 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 volume 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



met hods described in, for exanple, JP 3-49925 A, JP 51- 29914 B, JP
52-17555 B, JP 1-53682 B, JP 62-89710 A and so on are preferable. Further,
during or after devolatilization of the 5 polyner conposition in the
devol atilizing extruder described above, ;he pol ymer conposition or the
extruded object can be added with a Iubr?cating agent such as higher

al cohol s and higher fatty acid esters, an ultraviolet absorber, a heat
stabilizer, a colorant, an antistatic 10 agent and so on, in order to
incorporate theminto the resin conposition, if necessary. The
volatile cgﬁﬁ&ﬁgﬁfergﬁﬁﬁedWIFWqMF ST at F172Phg extr dder UBROSSRs s
primarily o%»the unreacted raw materi al nononmer and jncludes inpurities;

e.qg. inpuritifedddt5ioragi RRFHMPeCaReNed 1t tiRd Fraw Snece ticalt o igRsnd

additives used if necessary, volatile by-product(s£ generated in the
process of TFECYyREr i 72§ oL oMilGEmet N udh asaF fet 2 and XY TRET , C¥RcoFosed
substance of the polynerization initiator, and so on.ln general, a |arger
amount of fRéIsarRpaRiei e§hAakaVERBIBDE BF AEECRESI Nt EBRPOST t i6iF cdligred,
which is not preferable. Then, the volatile conponent renoved in the

devol ati | i ZEAGtekt r iHeR 33 ¢ Wi ansirsts demiorar FLyeof 11 het hir edstaed] r aw
mat eri al nononmer and includes inpurities as descri bed above) may be passed
25t hr ough &SAGhHRGFer r d&6Ver yheolawnradfot rsEoAANER thine 50n the first

reactor 1s 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 initiator can be supplied

15 to the second reactor at a lesser amount, so that the

polymer composition 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

initiator wused, the heat resistance, heat stability and

productivity desired, and so on.

25 * Devolatilization Step



drawi ngs), and treated by neans of distillation, adsorption and so on in

t he nononer recovery colum to renove the inpurities fromthe above

descri bed vol atil e conponent. Thereby, the unreacted raw material nonomner
can be 5 recovered with high purity, so,that it can be suitably reused as
the raw material nononer for polynerizaiﬁon. For exanpl e, conti nuous
distillation is conducted in the nononer recovery colum to recover the
unreacted raw material nononer with high purity as a distillate liquid 10

fromthe top of _the nononer . recove cqol um, dit be transferred and
recycl ed toptheAFaWF%%f%$$%? Hﬁhoﬁég toatk agggr ??{§%é?e§§wwgﬁﬁﬁ+9ﬂua

recovery tank_ 37 once, .or it may be transferred an ecycled to _the raw
mat eri al ROMEFSC AR “1 R FHH&%”béFHﬁ”%éé%?@eﬁh?negﬁgu?éE098F§ fank %47. on
15 the other hand, the inpurities renoved in the nononer recovery col umm
may be di sp8§edS85°amaseRCtOT 20| Y defORY Pieverite t iR ed daw
mat eri al nononmer from causing the _polynerization reaction in the recovery
tank 37 anBP6FTiRe FRRCRELerF Sl PRENBIFER P&tk 1N liad o T2 @Sy &CePdbl 1t hat a
pol ynmeri zation inhibitor exists in the recovery tank 37 or the raw materi al
nononer tafkditaPha rigti otbe, foneafst e, P21YBe8- ppm bfliePysk witth s
respect to the raw material nononer, and nore preferably, in addition to
this, an ofj§eAlBeAEertr APitor 1id tadgadephade iSH Chh® 25HEdov@mpP asdik 87 or
the raw material nonomer tank 1 is set 51 at 2 to 8% by volune.If the
recovered rawirgfEIH L hopeRRectedwddredt@d BrapPeser VY Al tiHe aaddwrer y
tank 37 for a long tine, it is preferable to reserve it at a | ow

t enper at ur Ecoferpoptexanpl eecOves 5Qe Faw material monomer.

More specifically, the polymer composition is
10 transferred to the preheater 31 through the effluent line
25. The polymer composition in the preheater 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 monomer. Then, the polymer
15 composition 1is transferred to the devolatilizing extruder
33 wvia the pressure adjusting valve (not shown 1in the
drawings), and the volatile component is at least partially
removed 1in the devolatilizing extruder, and a residual
extruded object 1is formed into pellets and discharged from
20 the discharge line 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
composition, a method described in JP 4-48802 B 1is

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



In this enbodi nent, the continuous bul k pol ynerization apparatus wherein
the first reactor and the second reactor are both used to conduct the
continuous bul k polynerization is described. However, the continuous
pol yneri zation 10 apparatus of the presg£g invention is not limted
thereto, one or both of the first reactor” and the second reactor nmay be
used to conduct continuous solution polynerization. In such enbodi nent,
since a solvent is used for the solution polynerization, the continuous
pol yneri zat i pparatus,.is 15 provided, in addition t simlar
confi gur at f“@%?‘fj S h%e%%?ﬂk?%oﬁg'poﬁ%e??‘?%i%n ajp?pa?éflgggaefcri Bed 34T t he
above with r%ﬁgrence to FH%. 1, with a solvent_ tank and a_supply line and a
punp (supply “Héans) Hssocifated it i & he3oP%ent  t ARk °EaS<uppl ¢ ERe s61 vent
to a certain reactor for 20 conducting the solution polynerization. The
sol vent tafk 4RG PRET&EEPILF 1 ine and the punp (supply neans) associ ated
with the solvent tank are not particularly Iimted, those simlar to
conventional |y G8édP6fes E3A1BE used. afi€Tsoloreit addn e tdwppl ivdd tida he
certain reactor for 25conducting the solution polynerization after being
m xed® 52 WPLHTEaw nEPEPPaltiBRonetn andilor t e Yol el Zdtd on sxtinidstor , or
can be supplied to the certain reactor for conducting the solution
pol yneri zafP6Rr 18EFfecttgve | nthRe rabavee cefpBPASEEAEROOT t hee painerdesat i on
step is conducted 5 simlarly (under an adi abatic condition) to the
pol yneri zaPPoRCEt epndescridbed ivathhe abbwe ogittitor efdeménceictho 3R duigherexcept
that the solvent is used in the polynerization reaction. As to the solvent,
it is appreperaréby sefechédhaccofding tacite asvemmt erdral UG neonenert of
t he solution polynerization reaction and so on, and not particularly
limted, bebsexasplesatHeraof sitrdliddedml| uenecokykene, ethylartengerns, c
nmet hyl 1 sobutyl ketone, nethyl alcohol, ethyl alcohol, octane, decane,
cycl éhexanegedécadna, sbutyd, adet abedepenvyl iacetaveatandsm ohntA ratd o 15
C: Dis, for exanple, 70:30 to 95:5, and preferably 80:20 to 90:10, but
not |imtedether eboposheienn Cfrepreseatry.a supply flow rate (kg/h) of the
raw material nononmer to the certain reactor for conducting the solution
pol yneri zati on, Tard v reapries eadspansupplrerfdvew rat etbhkg/devcafa tihe sielgrent
20to this certain reactor.

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 1f necessary, volatile by-product(s) generated in the
process of polymerization, oligomer such as dimer and
trimer, decomposed substance of the polymerization
initiator, and so on. In general, a larger amount of the
20 impurities make the obtained resin composition colored,
which 1s not preferable. Then, the wvolatile component
removed in the devolatilizing 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 column (not shown in the



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

t hrough t he 25enbodi nent of the present invention in detail. According 53
to the present invention, there is provided the novel continuous

pol ymeri zati on apparatus, and the use of”such continuous pol ynerization
appar atus can conduct the polynerization in at |east two stages in series
by using at 5 least the first reactor and the second reactor, so that the
pol ymeri zation reaction conditions, nore specifically, .the tenperature, the
time peri oa‘rea&&ﬁaée PES| defe&et ?Péf) MEPRE St 'oft Pite Pl VeI FAti Bh
initiator (a ratio of the polynerization initiator_to the raw materi al
monomer) afRd910%¥v 6R cHh Bgesé?O?%We¥héeFPW§pro?9ﬁ%??z§¥1oﬁe§?%% dME t he
second pol yneri zation step, independently. Thereby, it becones possible to
control synBPEEAELRS tyrof tHe péPywer eBAfaihed i FPtdel tesiPEEFESiti on
obtained in the end, and to produce nore efficiently the pol yner

conposi t i oAPRAFEEN 15 tHss st fabrecf or Tabt aitfi bRy tHe rBIRANEBNpESIt i GiF
havi ng hi gh heat resistance and heat stability. ‘ However, the present
i nventi on F&CRFETRCN TEEN t &ithe BBBYVEYentfstli FBAE, Hhd o@ar i Bos Svodidleat i ons
can be made. For exanple, three or nore reactors can be used to conduct 20
t he pol ynmefezaeidonsi fihehree datesrielsragesiein fear ines. yRritasdri o -he foitocess
for producing the polyner conposition of the present invention may be
conduct ed eAaarbarh rremiemucalst holight it1l4'sipr ef epabkentdscEsadudct t Hare

process continuously by using the continuous polynerization 25appar atus of
t he presentwonpvent | ggcovery column to recover the wunreacted raw

material monomer with high purity as a distillate liquid

10 from the top of the monomer recovery column, and it may be
transferred and recycled to the raw material monomer tank 1
after it is 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 recovery tank 37. On

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

In order to prevent the recovered raw material monomer
from causing the polymerization reaction in the recovery
tank 37 and/or the raw material monomer tank 1, it 1is

20 preferable that a polymerization inhibitor exists in the
recovery tank 37 or the raw material monomer tank 1 at a
ratio of, for example, 2 to 8 ppm by welight with respect to
the raw material monomer, and more preferably, in addition
to this, an oxygen concentration in a gas phase in the

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



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 polyner(s). The present
application clains priority to Japanese Patent Application No. 2010-249892
filed on Novenber 8, 2010, entitled " NUOUS POLYMERI ZATI ON APPARATUS

AND 10 PROCESS FOR PRODUCI NG POLYMER COWVPOSI TION. " The contents of that
application are incorporated herein by the reference thereto in their

tirety. 5 T I Al MED | S: 1. A continuo ol yner, at on
ggpgigtﬁs 83 gw#x BadtF st ahﬁfségﬁhdr?ﬁﬁé?g?g d$ y o %%

m xi ng type, characterlzed n t hat
g typ monomer 1S wanteé to be preserved 1in the recovery tank 37

for a long time, it is preferable to reserve it at a low

temperature of, for example, 0 to 5°C.

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

10 apparatus of the present invention is not limited thereto,
one or both of the first reactor and the second reactor may
be used to conduct continuous solution 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) assoclated with the solvent
tank to supply the solvent to a certain reactor for

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

25 conducting the solution polymerization after being mixed



5each of the reactors is provided with a supply port 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 nononmer and a

pol ynerization initiator; and 10the effluent port of the first reactor is
connected to the supply port of the seco reactor. 2. The

conti nuous pol ynerization apparatus according to claiml1l, wherein the first
and the second reactors are 15both used to conduct continuous bul k

pol ymeri zati. on. 3. The_conti nuous polgnerization appar at us accordi ng
to claim1Yr"2, iereMAtSatalsufpy™iort BFitte sEBBnd Headtsdr Gt bt her
supply port provided to the second 20reactor is connected to a supp

y
source of &Rad@iCrondtT peRymerS ZHtRRvN §hi tPatteye certain reagtogpdor

conti nuous pol ynerization apfaratus according . ,
conducting the solution polymerization, directly. In the

above certain reactor, the polymerization step is conducted
5 similarly {(under an adiabatic condition) to the
polymerization step described in the above with reference
to Fig. 1, except that the solvent is used in the
polymerization reaction. As to the solvent, it is
appropriately selected according to the raw material
10 monomer of the solution 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 1is, for example, 70:30 to 95:5, and preferably 80:20
to 90:10, but not limited thereto, wherein C represents a
supply flow rate (kg/h) of the raw material monomer to the
certain reactor for conducting the solution polymerization,
and D represents a supply flow rate (kg/h) of the solvent

20 to this certailn 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



to any one of clains 1 to 3, wherein an inner volune of the 25first reactor
is different froman inner volune of the 56 second reactor. 5. The
continuous pol ynerizati on apparatus according to any one of clainms 1 to 4,
wherein the effluent port of 5 the firs% reactor is connected to the
supply port of the second reactor by a cohnection |ine provided with a
t enperat ure regul ati ng neans. 6. The continuous polynerization
apparatus according 10to claimb5, wherein the first reactor is provided
with a tenperature detecting neans for tecting a te rature in the first
reactor; 228 tHE Q?ﬁ??%%pgfﬁFﬂFE‘Fbgu%&@?ﬁg an%r%$P$ﬁ§ CoRnedti6H 1 ne
is controlled so that a tenperature of the connecgganég line is at a

f

subst ant i aFPy tLame Ufe e dhur & Hst the 2PBAPEF 4fur & 455t OFeatt Ot

detected by the tenperature detecting neans.
continuous polymerization apparatus can conduct the

polymerization in at least two stages in series by using at

5 least the first reactor and the second reactor, so that the

polymerization reaction conditions, more specifically, the

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

amount of the polymerization initiator (a ratio of the

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 obtained in the end, and

to produce more efficiently the polymer composition which

15 i1s 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 in series.

Further, the process for producing the polymer composition

of the present invention may be conducted in a bath manner,

although it is preferable to conduct the process

continuously by using the continuous polymerization

25 apparatus of the present invention.



7. A process for producing a polynmer conposition 20conducted by using the
conti nuous polynerization apparatus according to any of clains 1 to 6,

whi ch conpri ses a first polynerization step of supplying a raw

mat eri al nononer and a pol ynerization in'{iator to said first reactor

t hrough the supply port of the first reactor 25fromthe supply source of
the raw material nononmer and the 57 polynerization initiator to be

subj ected to continuous polynerizati on under an adiabatic condition in the
first reactor, and taking a resultant internediate conposition fromthe
effluent port of the first reactor; and 5a second pol ynerization step of
supplying the internedi ate conposition to said second reactor through the
suppl y por tR6FSthé adebbRd 1Rt 0 be further subjected to continuous
pol ynmeri zati on under an adi abatic condition in the second reactor, and
taki ng a resul t aR€ pBF §RBF T 10CUIHPYSI A1 o2 oRft S f IFQENt PPBRLCHRTL He

second reactor. o . ' ’ o
polymer composition which is suitable for obtaining a resin

5 composition comprising a methacrylic ester polymer(s).

The present application claims priority to Japanese
Patent Application No. 2010-249892 filed on November 8§,
2010, entitled "CONTINUOUS POLYMERIZATION APPARATUS AND
10 PROCESS FOR PRODUCING POLYMER COMPOSITION.™ The contents
of that application are incorporated herein by the

reference thereto in their entirety.
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WHAT IS CLAIMED IS:

1. A continuous polymerization apparatus comprising
at least first and second reactors of a complete mixing
type, characterized in that

each of the reactors is provided with a supply port
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.

2. The continuous polymerization apparatus according
to claim 1, wherein the first and the second reactors are

both used to conduct continuous bulk polymerization.

3. The continuous polymerization apparatus according
to claim 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 continuous polymerization apparatus according
to any one of claims 1 to 3, wherein an inner volume of the

first reactor 1is different from an inner volume of the
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second reactor.

5. The continuous polymerization apparatus 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.

6. The continuous polymerization apparatus according
to claim 5, wherein the first reactor is provided with a
temperature detecting means for detecting a temperature in
the first reactor; 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
temperature of the first reactor detected Dby the

temperature detecting means.

7. A process for producing a polymer composition
conducted by using the continuous polymerization apparatus
according to any of claims 1 to 6, which 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
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polymerization initiator to be subjected to continuous
polymerization under an adiabatic condition in the first
reactor, and taking a resultant intermediate composition
from the effluent port of the first reactor; and

a second polymerization step of supplying the
intermediate composition to said second reactor through the
supply port of the second reactor to be further subjected
to continuous polymerization under an adiabatic condition
in the second reactor, and taking a resultant polymer

composition from the effluent port of the second reactor.



