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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
polynerization, continuously. Further, the present invention also relates
to a process for producing a polynmer conposition conducted by using such
continuous polymerization apparatus. 15Description of Related Art

Resi n conpositions such as nethacgykigresieroRol yners are produced by
continuous pol ynerization in which a raw material polyner, a polynerization

initiator @@@LﬁthlTﬁg ABEReRbinuously supplied to a reactor to be
pol yneri zed

CONTINUQUS POLYMERIZATION APPARATUS AND

PROCESS FOR PRODUCING POLYMER COMPOSITION

5
BACKGROUND OF THE INVENTION
Field of the Ianvention
The present invention relates to a continuous
polymerization apparatus, that is, 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 produced by continuous polymerization in which & raw
material polymer, é polymerization initiator and the like
are continucusly supplied to a reactor to be polymerized.
20 As such continucus polymerization processes, there are

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

25 conduct continuous polymerization.



20 As such continuous polynerization processes, there are known a

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

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

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

pol-yneri zation pfocgsgchas an advapagsffs beiapiapbe 801 pmdrodyceon
pol ynmer conposition efficiently since the polynerization is conducted

Wt hout usipg.a. sokyenio: Pragtirahl yoshbe Gal i oHous diilderpol yatesd zaki on.

however, vari ous problens conpared with the continuous sol ution

pol yrer | zai .gn, (sueh s Jia). reackion contsplci s dif fden fnud, dugyig hi gh

viscosity of a réaction mXture, and en an I nner surface of a reactor is

cool ed 10 Lefone, Noal; bLOMAJLACILO0 SySLaMadil, degr adasAualidy ol a

poI ynmer co I on an O_ a resin conposition obtal ne er ef rom
T 52 PrOSEReLS, B ORGEIIP CINERS Byofc SSBEKAL AN R COTRLE el no
condi t1 on BPLHRRELRESE SPr anet o A5BT ot r bt sy et 3 pe07 SDIRS0E Ay |
e By SEESEabeaTs e BHSh: BRI ORI 20y By gontl ags vl
v el o | oL TOAOTEL 200 SUPI o anun of 2 PRLYISLLARLLAD LBALLSLY o0
polymerization, such as that reaction control is difficult
10 due to high viscosity of a reaction mixture, and when an
inner surface of a reactor is cooled to remove heat from a
reaction system, this degrades guality of a polymer
composition and thus of a resin composition obtained
therefrom. Then, a process 1is proposed which wuses 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 tc or from the outside (JP
07-126308 A). Further, in order to assure such adiabatic
20 condition, a continuous bulk polymerization apparatus is
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 (JFP

25 2006-104282 A).



setting tenperature of an outer surface of the reactor (JP 252006-104282
QLbI'SUyNARY Cf THE | NVENTI ON Techni cal ProblemIn recegt years

i cations of resin conpositions 5 such as nmethacrylic ester pol ymers has
been expanded furthernore, a denand is 8ncreasing for nore effigie%tly
producing a polyner conposition which has a variety of properties. However
it has been proved that the conventional continuous polynerization ,
apparatuses (JP 07- 10126308 A and JP 2006-104282 A) are not al ways

sufficient to neet the denand. The purpose of the present

i nventi on-

is to provide a novel continuous polynerization apparatus and to provide a

process f
conductedqi

effi ciernl
Sol uti on to

5 such

Mﬁgﬁkﬂbﬁukgt[&Nu@&yl@@np05|t|on whi ch process 15 is able to be
y using such conti nuous polynerization apparatus and to nore

Hol y4frer conposition having a variet f
%ﬁdﬂ#ﬁ g y of properties.

m 20The i nventors considered using at |east two reactors
In recent years, applications of resin compositions

as methacrylic ester polymers has been expanded

furthermore, a demand is increasing for more efficiently

producing a polymer composition which has a variety of

properties. However, it has been proved that the

conventional continuous polymerization apparatuses (JP 07-

10 126308 A and JP 2006-104282 A) are not always sufficient to

meet the demand.

The purpose of the present invention is to provide a

novel continuous polymerization apparatus and to provide a

process for producing a polymer composition, which process

15 is able to be conducted by using such c¢ontinuous
polymerization apparatus and to more efficiently produce a
polymer composition having a variety of properties.
Solution to Problem

20 The inventors considered using at least two reactors
of complete mixing <type 1in combination to conduct
continuous polymerization. As to a continuous solution

polymerization process, apparatuses having two stages of

reactors are known, such as that the most part of

25 polymerization 1is conducted in the former reactor and the



of a conplete mxing type in conbination to conduct continuous

pol yneri zation. As to a continuous sol ution pol ynerization process,
apparatuses having two stages of reactors are known, such as that the nost
part of 25polynerization is conducted in the former reactor and the 4

pol ynerization is conpleted in the latter reactor while renoving a

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

pol ymeri zation is conducted to sonme extent in the former reactor and a

solvent i gri?a?%ﬂ%l gt eLhsRet ol ik cenduct z pad y Meekzabironwif J P
05- 331212 "A).”" I'n such appar atuses, however, renoval of heat froma reaction

_systemi S:%R&Sjﬁ% ed é’},%:ﬁée%i’%(%{?g&lli 0gi £ 83 £ 8W PREBEFBbm MOIPNBL-D720 0 | i ke

in.the redactofr 1S°evapor e taken out of the reactor, and it is

returned Lo, {he peagtor 19,4990, 2ELer ssublGehed dp ol shrondensat i on)

this brings about ['ocal “or “rapid cooling of the reaction system which
causes gel _to adhere to and gr on t ' r ;surfaseq ok ot he,d eagt e
tvﬁe%%Fﬁgﬂxﬁeac oL ?Wﬁ'h QSlbgﬂg 1 o} 1 r

Especial |y ynerization 1s conducted under conditions of a small

amount of a solvent 15 or .a high  polyresizationhatiQ 40 Attt apn an
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method 25by el t blending a palymer of 27 9 TRlgewlar aekaftt Andid,

10 again after subjected to cold condensation), this brings
about local or rapid cooling of the reaction system, which
causes gel to adhere to and grow on the inner surface of
the reactor. Especially when the polymerization is
conducted under conditions of a small amount of a solvent

15 or a high polymerization ratio lto attain an increased
productivity, a mixture in the reaction system has an
increased viscosity, this tends to cause local or rapid
cooling of the reaction system, and the adhering and
growing of the gel on the inner surface of the reacteor

20 proceeds significantly. Thus, there is a problem such as
that gelled substance is immixed into a resultant polymer
composition as impurities. Further, as methods for
obtaining a polymer composition having a bimodal molecular

weight distribution, there are known a melt kneading method

25 by melt blending a polymer of a high molecular weight and a



5 polynmer of a |ow nol ecul ar wei ght which have been produced separately (JP
2008-538794 A), and two stage polynerization nmethod in which a polyner is
prelimnary produced and then a polyner having a nol ecul ar wei ght 5
different therefromis produced (WD 200%/060891). However, all of these

met hods nmerely use a conventional and conmonl y-used pol yneri zation
apparatus. The inventors have considered earnestly on a novel continuous
“pol ymeri zati on apparatus which is able to nore efficiently produce a

10pol ymer | tipn, haying ac¥an ket YeQlghRr aRerdH esavanskdd naddducoqml et ed
t he preseﬁ%ggﬁgg%t+gn? %ﬁg %Pegentainvgngion proVidegfthe fopﬁimﬁng [1] to

[ 6] . [1].591%)9511_ us f)@éynajdozamgmgaﬂppa@géus used far lpysontdyarpusly

pol ymeri zing a me crylic ester nonomer, and conprising at |east two

reactors of A conplefe m xing type, Qhﬁ%ﬁ?téfi§6?§¢é&i'¥§ prelimB@ghyof the

reactors iBOpY v ded With a supply port and an e uent port; 20the
Cupply SouSeTBr A" T TP aF nRRBTGr L ari bl yor  2hCT ST Ty e Bt or
5 different therefrom is produced (WO 2007/060891). However,
all of these methods merely use a -conventional and
commonly-used polymerization apparatus. The inventors have
considered earnestly on a novel continuous polymerization
apparatus which 1is able to more efficiently produce a

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

The present invention provides the following (11 to
[6].
i1] A continuous polymerization apparatus used for

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

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

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

a flow control valve is installed on a raw material
supply line for supplying a mixture comprising the raw

25 material monomer and the polymerization initiator from the



a flow control valve is installed on a raw material supply line for
supplying a m xture conprising the raw 25material nononmer and the

pol ynmeri zation initiator fromthe 6 supply source of the raw materi al
nmononmer and the polynerization initiatod to the respective supply ports of

the two reactors; and the respective effluent ports of the two
- reactors are 5connected to a conmon effluent |ine. [2] The

cont i nuous pol ynerizati on apparatus according to the above [1], wherein the
ef fluent porto1qf eaah-of the reaet ons s rhooatied atmanoeact orhd t ope

[ 3] The continuous polynerization apparatus according 10to the above [1] or
[2], Wﬂer?dl SR TRACHOI 81 A & bod htusedebpecanductuppiti poots vl k

pol ymeri zati on. [ 4] The continuous pol ynerization apparatus according

to any 0f1ﬂﬂ§1ﬁﬁﬁ%%éé@oﬁé%[éﬂd wherein any of said supply ports of the two
reactors or another supply port provided 15to0 any of the two reactors is

connected to a SUPP)YsSOUE L& Of ¢ anyaddi benal opolchrertvzaticidrd iator .
[ 5] The conti nuous p&ﬁinerlzation apparatus according to any of the above

1] to [4]. phorely Lhe, tigursact of subiave e | nner vol ume whi ch is
different fiomeach ot her.

[2] The continuous polymerization apparatus according
to the above [1], wherein the effluent port of each of the
reactors is located at a reactor's top.

[3] The continuous polymerization apparatus according

10 to the above [1]1 or {2], wherein the two reactors are both
used to conduct continuous bulk polymerization.

[4] The continuous polymerization apparatus according
to any of the above [1] to [3], wherein any of said supply
ports of the two reactors or another supply port provided

15 to any of the two reactors is connected to a supply source
of an additional polymerization initiator.

[5] The continuous polymerization apparatus according
to any of the above [1] to [4], wherein the two reactors
have an inner volume which is different from each other.

20 [6] A process for producing a polymer composition
conducted by using the continuous polymerization apparatus
according to any of the above [1] to [5], which comprises

a dividing step of dividing a mixture comprising a raw
material monomer and a polymerization initiator supplied

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



20 [6] A process for producing a pol yner conposition conducted by using
the continuous pol yneri zati on apparatus according to any of the above [1]
to [5], which conprises a dividing step of dividing a m xture
conprising a raw materi al nononer and a7pol ynmerization initiator supplied
25from the supply source of the raw material nononer and the 7
polynerization initiator into at least a first raw material fraction and a
second raw material fraction by the flow control valve; a first

pol yneri zabhopmst €pa0f o UPRLYi ABothentbr st 1awsb saterbal riwashtoniad a
first reactor of said two reactors through the supply port of the first

reactor torbg-suBhecled £0 eRlHNULHS Rl EIFRELZaE ToN: Undebyartiadi abaki c
condition in the first reactor, and taking a resultant first pol yner

fraction frgmthe efiluent port of the first 10reactor; a second
pol yneri zation step of supplying the second raw material fraction to a

second reactor gof csaiLd twe feagtars hhreughottheusupphngpent ef -thersgcond
reactor to be sgbfectedﬁtoy@ont%nuoas polgngrizg?gog ugder an 15 adi abatic

condi ¢i on hgtgggaieggg%t&%%Ph9ﬁ1aa@§ﬁgek&%%c%o&6%ﬂit@@idseﬁenqeagkxqgr

fraction fromthe e uent port of the second reactor; and

P21l 20 PLFRGRGY SO 10,1 Sk ol 208 andthe segndgo yre
subjected to continuous polymerization under an adiabatic
con&ition in the first reactor, and taking a resultant
first polymer fraction from the effluent port of the first

10 reactor; |
a second polymerization step of supplying the second
raw material fraction to a second reactor of said two
reactors through the supply port of the second reactor to
be subjected to continuous polymerization under an
15 adiabatic condition in the second reactor, and taking a
resultant second polymer fraction from the effluent port of
the second reactor; and
a blending step of blending the first pelymer fraction

and the second polymer fraction to obtain a polymer

20 composition.

Advantageous Effects of Invention
According to the present invention, there is provided
a novel continuous polymerization apparatus. Further,

25 according to the present invention, there is also provided



Advant ageous Effects of Invention According to the present invention,
there is provided a novel continuous polynerization apparatus. Furt her,
25according to the present invention, there is also provided 8 process
for producing a polynmer conposition, whigch process is able to be conducted
by using such continuous pol ynerization apparatus and to nore efficiently
produce a pol yner conposition having a variety of properties. 5 Brief
Description of Draw ngs Fig. 1 shows a schematic view of a continuous
pol ymeri zagi op-gppatat sri Npepguenhgdi AeNho0imbhe porReepLtiaMent wBDch10F g.
2 shows a schematic view of various arrangenents of a flow control valve in

one e”bodiH?BFeQE, the presept iavendi@icted by T e ebenensgotkgns
denote the follow ng el enents: |

polymerization apparatus and to more efficiently produce a

polymer composition having a variety of properties.

5
Brief Description of Drawings

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

10 Fig. 2 shows a schematic view of various arrangements
of a flow control valve in one embodiment of the present
invention.

Fellowing reference signs denote the following
eleménts:

15 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
Mmonomer)

20 5 +++ pump

$a, 6b, 6c, 6d -++ line

7 -+ pump

§ --- flow control valve

9 --- raw material supply line

25 Sa -++ common part



151 . --

and, if

raw mat eri al

necessary,

punp 8fl ow contro

10

15

20

25

9b
Sc
10
11a,
11lb
i3
14
15

17

of

_ _ rial mononer tank (supply source of raw material nonomer)
3pol yneri zation initiator tank (supply source of polynerization initiator
raw nmat eri al nonomer) 205punp 6a, 6b, 6¢c, 6dline 7
val ve 9raw material gupply line 259a -.. conmon part

first part
second part

first reactor

1lc -+ supply port

. .

reffluent port

jacket (temperature regulating means)
stirrer
effluent line

polymerization initiator tank (supply source of

additional polymerization initiator and, if necessary, of

raw material monomer)

18

1%

20

2la

21b

Z21lc

23

24

25

26

27

31

33

35

line
pump

second reactor

supply port

effluent port

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

discharge line

é.



9b --.

5b ...effluent port 13jacket (tenperature regulating neans) 14 ..-

first part 9csecond part 10 ... first reactor ha, l1llcsupply port

t ank

second

stirrer 15 ... effluent line 17 -.. polynerization initiator
(supply source of 10additional polynerization initiator and, if necessary,
of raw material nononer) 18 ..- line 19 ... punp 20 -
reactor 1521a ... supply port

37 --- recovery tank

10

15

20

25

T --- temperature sensor (temperature detecting means)

DETAILED DESCRIPTION CF THE EMBODIMENTS

A continuous polymerization apparatus of the present
invention is used for continuously polymerizing a
methacrylic ester monomer, and 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 ©Dbe 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 o¢f the reactors. However, a continuous
polymerization apparatus of the present invention 1s not
limited thereto, but may be those wherein continuous bulk
polymerization is conducted in one reactor (e.g. a reactor
for which polymerization ratio as a target or a duide is
low) and continuous solution polymerization is conducted in
another reactor (e.g. a reactor for which polymerization
ratic as a target or a guide is high).

Hereinafter, one embodiment of the present invention



21beffluent port 21c .-- another supply port 23 ... jacket (tenperature

regul ating neans) 24 .-- stirrer 2025effluent line 26 ... mxer 27
comon effluent line 31 ... preheater 33 ... devolatilizing extruder 2535
.-- discharge line 10 11

will be described in detail with reference to drawings.
Referring to Fig. 1, a continuous polymerization
apparatus in this embodiment comprises at least the first
reactor 10 and the second reactor 20. These reactors 10
5 and 20 are both a reactor of & complete mixing type, and
used to conduct 'continuous bulk polymerization in this
embodiment.
More specifically, the first reactor 10 is preovided
with a supply port 1lla and an effluent port 1lb, and
10 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 stirrer 14 for
stirring {(mixing) a content therein. Similarly, the second
reactor 20 is provided with a supply pert 2la and an
15 effluent port 21b, and preferably further provided with a
jacket 23 surrounding an outer surface of the reactor as a
temperature regulatiﬁg means for regulating a temperature

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

stirring (mixing) a content therein. The effluent ports
20 11b and 21b are located at a top of each of the reactors in
this embodiment, but not limited thereto. 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 net limited thereto.

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



37recovery tank Ttenperature sensor (tenperature detecting neans) DETAILED
DESCRI PTI ON OF THE EMBODI MENTS 5A conti nuous pol ymeri zation apparatus of

the present invention is used for continuously polynerizing a methacrylic
ester nononer, and conprises at |east tw reactors, and continuous

pol yneri zation such as any of continuous bul k pol ynerization and conti nuous
solution 10 polynerization is conducted in each of the reactors. A
continuous pol ynerization apparatus of the present invention will be

under st 00 Gond n ulk pol ynegizat L ofArappakats nyher se@ntidqwous
bul k poIygﬁﬁﬁ%éﬁﬁcwlésg%%%%gc?e in all %f therreactors,ngﬂd 15 under st ood

as a contii%%%g%fﬁﬂtﬁ&ﬁéﬁégﬁggﬁg'zgﬁi@@%aﬂggéggy§ when continuous sol ution

pol ymeri zation i's inall of e reactors. However, a continuous

pol ymeri zation ﬂpgarg?tgg of . the prege r}(d %ﬁgt QL drsy NPLaLipited t eto,

but may be those Wwh in égﬁilnuous bu polymerization is conducted in
Ui do- s, LB aRBec A nutts "SREHEFDn ol er V5ot on T e eordie 2 h
oL LS 0 SRR el o B ANl St et
11wl bevgfggéig%dthg g%%%%b\gégégggeﬂf¥¥é}éﬁ%(¥f%%rgghh other, it
is possible to effectively differentiate between the first
reactor 10 and the second reactor 20 1in an average
residence tTime.
10 The stirrers 14 and 24 are a member for substantially
attaining a complete mixing condition in the reactors.
Tﬁese stirrers may have any appropriate stirring blade(s),
for example, may have blades of MIG impeller, MAXBLEND
impeller ({registered tradémark, manufactured by Sumitomo
15 Heavy Industries, Ltd.), paddle impeller, double helical
ribbon impeller, FULLZONE impeller (registered trademark,
manufactured by Kobelco Eco-Solutions Co., Ltd.) and_so on.
In order to increase stirring effect in the reactor, it is
preferable to provide the reactor with a baffle(s).
20 However, bthis embodiment is nct limited theretc, but may
have any appropriate configuration in place of the stirrers
14 and 24 as long as a complete mixing condition can be
substantially attained in the reactors.
In general, the reactors 10 and 20 are more preferabkle

25 when they have a higher stirring efficiency. However, in



Referring to Fig. 1, a continuous polynerization apparatus in this

enbodi nent conprises at least the first reactor 10 and the second reactor
20. These reactors 10 5 and 20 are both a reactor of a conplete m xing
type, and used to conduct 'continuous bykk polynerization in this

enbodi nment . More specifically, the first reactor 10 is provided with
a supply port Ila and an effluent port 11b, and 10 preferably further
provided with a jacket 13 as a tenperature regulating means for regul ating
a tenperat yr &, 0l AN, 9l 81 n §UIeACC AL LRE 57 CARLRT pRIA A Addsd Chiith To8
stirring (n1X|n§3 a content therein. Simlarly, the second reactor 20 is
provided with a supply.port.?2 ap, Llpe.efflhuent postr2dbenandt is
preferablyu?ﬂ??ﬁ%?gg o%ﬁggétm%?hgggfagﬁet %3 surrou%d?%gran %E er shrface
of the reactor as _a tenperature regulatin ns.forg regyl ating ach
tenperaturgrﬁfefﬁgfgut€$%%uf?a?gwb t%g rggg?gr %ng“% stitrer 24 for.
stirring (mxing) a content therein, .The e nt, po 2QLLh; and 21b are

| ocat ed atnﬁcﬁﬁggﬁV'eaCﬁﬁ5T FﬁgegéagForgt%%L%ﬁ§sJéﬁb%%?ne%#, but ﬁotg
limted thereto. On the other_hand, th uppl ts and Ry, ..ke
general |y LoRat&d: at Par aﬁﬁ?%&ﬁ?%gﬁé’po TSio%O%fggjloﬁﬁgmﬁartg%ﬁ eaéﬁ of the
reactors, although_this enbodi tsis pnot limted .thereto 5 f _these
reactors 1BY8A8T28 My Hé3p}ng§29 Wit Saa:ﬁfﬁ%ﬁﬁﬁﬁ%u?ﬁetgéngggg$98g a

tenperature detecting nmeans for detectin tenperature.in the reactor.
The first FESEEBr PECFOHRE tH&co ﬂrréaéggief% ﬁ%}%%ﬁ%ft%epgg mggrE%

different i nner volune from each ot her. . ) )
the reaction system becomes higher), 1t is preferable to

set the power of stirring at a larger level.
10 As shown in Fig. 1, the supply port 1la of the first
reactor 10 and the supply port 2la of the second reactor 20

are commonly connected to a raw material monomer tank f{a

supply source of a raw material monomer} 1 and a
polymerization initiator tank (a supply source of a
15 polymerization initiator and, 1if necessary, of a raw

material monomer) 3 (more specifically, through a common
part 9a of a raw material supply line 9 hereinafter
described) . In this embodiment, the supply source of the
raw material monomer and the polymerization initiator 1is
20 the raw material monomer tank 1 and the polymerization
initiator tank 3, but the number of the supply source of
the raw material monomer and the polymerization initiator,
the forms of the raw material monomer anad the
polymerization initiator (in a case of a mixture, for

25 example, a compositiocn thereof) and so on are not



5 Making the inner volunme of the first reactor and the inner volune of the
second reactor different fromeach other, it is possible to effectively
differentiate between the first reactor 10 and the second reactor 20 in an
average residence tinme. 10The stirrers 14 and 24 are a nenber for
substantially attaining a conplete mxing condition in the reactors. These
stirrers may have any appropriate stirring blade(s), for exanple, may have
bl ades of M G inpeller, MAXBLEND inpeller (registered trademark

manuf act ur 42 cHeawy 1| pdustyd eshe Li-dyw) mataddlae inpedbher,
doubl e heﬁ%%% y?l %%%Qr%ﬁégfgr, FULLZ Eainpel?er ?rgbistered t rademar Kk,

manuf act ur &g by, Kope) 6. Ee0: SoLit ans  GRor Il ocalilys o dan suderato
g ct

i ncrease stirrin inthe reactor, it is preferable to provide the

“reactor with a baffl . Howeyer, I S 8Mhodi Imeniodsndiot dhdn t e
thereto, Bbut™ u§eha5§&§%§sgg8ro§§¥atéx%ﬂn??gurag¥bnq%% pl ace of the °

stirrers 14 and 24 as.long as .a.c I 1. Xk ndi.ti o

subst anti aff y%?FéF%gao?nqtJgufgégggrgésrgbéiggeg9 q%f% g%ﬁggags:tﬁge

reactors 10 and 20_are_nor ef erabl e, 25when h aghi gher stirring
effic ency?°¥Bﬂﬁv8?F£i%a Tg g#%mf%y %%5? %ﬁg F&Eg¥¥ag¥§?sg fom bei ng added

W th an unnecessary anount of. heat he stirrin ration, . Jdt.i
preferabl e thatAaﬁé %%ﬁr%ﬁ%r??ﬁﬁgysaﬁgﬁ ﬁ%r%gt%gﬁgﬁggeégﬁfgﬁéﬁhghgomer
and Tor e pRENCRAREF LTt FUISTAR B AT §PLEORFEYTorotne eaaE o a5t em
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reactor 20 via the supply ports lla and 2Z2la, respectively.
More specifically, the raw material supply line 9 consists
of the common part 9a connected commonly with the raw
material monomer tank 1 and the polymerization initiator
15 tank 3, a first part 9b supplying a part of the above
mixture passing through the common part 9%a to the first
reactor 10 via the supply port 1lla, and a second port Sc
supplying other part of the above mixture passing through
the common part %a to the second reactor 20 via the supply
20 port 2la. At upstream of the raw material supply line 9,
more concretely, the raw material monomer tank 1 is
connected to the common part %a of the raw material supply
line 9 via a pump 5 and a line 6a, and the polymerization
initiator tank 23 is connected to the common part 9a of the

25 raw material supply line 9 via a pump 7 and a line 6b. The



15 polynerization initiator and, if necessary, of a raw material nonomer) 3
(nore specifically, through a comon part 9a of a raw material supply |ine
9 hereinafter described). In this enbodi nent, the supply source of the raw
mat eri al nononer and the polynerizationignitiator is 20 the raw materi al
nononer tank 1 and the polynerization initiator tank 3, but the nunber of
the supply source of the raw nmaterial nononmer and the pol ynerization
initiator, the forns of the raw materi al nonomer and the pol ymerization

initiator (10 Iﬁlag@égﬁfg a???%ﬁt WEGe BOK s258%AMRIR) WA 1FOMOSI du Odort hes e of )

and so on ‘are no _ cularly limted as long as the raw materia
monomer and, e POLYMELLZ a0 BALNs GaRPa iiRpld od diee formgen xture
conprising the raw rmaferi al “nonhoner and the pol ymerization initiator,
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line 9). aw naterial supply Tine 9 is |located so that the raw
Tonomer ARk Larde BB nERTEREFohC| P Ei SCOr Tank 5 are Sumali ST BotRe form
eact br 20-0Pa FhotBHBRPY Bor{ Eoha ahico1hS PEEnecc: varhe Nbrerys aa
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Phe. ool ymorz R1onTHAPE] A Sk | S7ortet B8t 00T Re COHoR part a. of
the 25ram,g%a%gkﬁgaiyegéytﬁéngf%lxggtap%%qpZzugqgfatkgn%eggthQ%actor
20, and the common effluent line 27.
It is not necessary for this embodiment, but the first
reactor 10 may be connected to the polymerization initiator
15 tank 3 without passing through the common part 9a of the
raw material suppily line 9. For example, as shown by a
dotted line in Fig. 1, a line 6c and/or a line 6d may be
located. In a case having the line 6c, the supply port lla
of the first reactor 10 may be connected to the
20 polymerization initiator tank 3 via the pump 7 through the
line 6b, the line 6c and the first part 9 of the raw
material supply line 9 as shown in Fig. 1. In a case
having the line 6d, the first reactor 10 may be provided

with another supply port 1lc so that this supply port 1llc

25 is connected to the polymerization initiator tank 3 via the



15 raw material supply line 9 is provided with a flow control valve 8 at
any appropriate position thereof. The effluent port |lb of the first
reactor 10 and the effluent port 21b of the second reactor 20 are connected
to a cormon effluent 5 Iine 27 through g&fluent |ines 15 and 25,
respectively, and via a mxer 26 in the enbodi mrent shown in Fig. 1. Thus,
the first reactor 10 and the second reactor 20 are connected in parallel.
There is preferably no punp on the effluent line 15 |ying downstream of the

ef fluent paris 14 B rbQy0fn thee fiHd deastoreid, 1 and dhesefddaantid imey 25
| yi ng downstream of the effluent port 21b of the second reactor 20, and the

common ef f{ uent line 27. It is not necessary for this enbodi nent,
but the first reactor 10 may be connected to the polymerization initiator

15tank 3 witho &@?Si@gjféhwyg@%é@@s&pw@@r paK t s 9896 ihent Avb Bt e é al

supply line 9. 'For ‘exanple, as shown by a dotted line in Fig. 1, a line 6¢C

d/ | 6 t | i he | ; 3 |
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e first reacto may be connected to the 2 pol ymeri zati on

I niti glto or Lanki S yia the pum. 7 tgusp&g%yt Beuiae 69e the |ipeqbeiandt he

first raw materi al 'ine 9 as shown in Fig. 1. In a

o vt oLl 76y, 18 L30T cBEHOT 10, TRUCEGBEDY, T8 it ncaaot e
P TTre” e e LRl ith ek d ™17 Y12 LMPund? PYIP rd NERLONeRBBALhBRLDD and
the supply soﬁrce of the additional polymerization
initiator is the polymerization initiator tank 17, but the
10 number of the supply source of the additional
polymerization initiator, the form of the polymerization
initiator (in a case of & mixture, for example, a
composition thereof) and so on are not particularly limited
as long as the additional polymerization initiator can be
15 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
via the pump 19 through a line 18 and the second part 9¢c of
20 the raw material supply line 9 as shown by a solid line in
Fig. 1, or the second reactor 20 may be provided with
another supply port 2lc so that this supply port 2ic 1is
connected to the polymerization initiator tank 17 wvia the
pump 19 as shown by, for example, a dotted line in Fig. 1.

25 The pumps 5 and 7 and, if present, the pump 19 are not



1. Also, it is not necessary for this enbodi nent, but the second
reactor 20 may be connected to a polynerization 5 initiator tank (a supply
source of an additional polynerization initiator and, if necessary, of a
raw material nmonomer) 17 via a punp 19.1%n this enbodi ment, the supply
source of the additional polynerization initiator is the polynerization
initiator tank 17, but the 10 nunber of the supply source of the additional
pol ymeri zation initiator, the formof the polynerization initiator (in a

case of 3 MXLULL O SXANPLE, BHAOTPOSELILBLYNGLARE) BithsOaBCaN® not

particul a imte ong as the additional polynerization initiator can

pol yrier | 2811 ot 10 1120t ARk 17 anl’ (R i 15 DT Ssent s i ne oupoly port
nitiator TAREAT Vg Thel BURSTLB L REalgh ol fng 18 And Lhe Second part oc
o the SedBi PRALEIZ0 hay BB Brovidad A h anbehSe Sipply Port 316 so
17°vi % e bR 15 oo SRk Sy L For tarl 6 TR Got o TR A B 25The
it ed, DS pr BEBFEBF P punBLChor i bl T Sate F| e 1 b ek Fronet he” aw

at o from PREEBOH AR TaLETonERRPE G (anid 100 THEpPeobt 86 SnBREeR 1 8"
Tor o pr of GFFEHLRL b BLT SHERBN: A CoRTFol | 0. VOIS punBe SaEhcae Aee
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control supply anmounts (or supply flow rates, ich also applies
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to the first reactor 10 and the second reactortZOﬁ ?nd i f necessary, an
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mat eri al .
polymerization initiator to the first reactor 10 and the
second reactor 20, and, if necessary, an additional supply
amount of the polymerization initiator (or the raw material

15 monomer and the polymerization initiator) to the second

reactor Z20.

The flow control valve 8 is not particularly limited
as leng as it is a valve being able to pass and divide the
mixture at a certain ratio into the first part 9b and the

20 second part 9c of the raw material supply line 9, wherein

the mixture comprises the raw material monomer and the
polymerization initiator and flows into the valve through
the common part 9%a of the raw material supply line 9 from
the raw material monomer tank 1 and the polymerization

25 initiator tank 3. such flow contrel valve 8 is installed



15nononmer and the polynerization initiator) to the second reactor 20.

The flow control valve 8 is not particularly limted as long as it is a

val ve being able to pass and divide the mxture at a certain ratio into the

first part 9b and the 20 second part 9ci1ef the raw material supply line 9,

wherein the m xture conprises the raw material nononer and the

polyneri zation initiator and flows into the valve through the conmon part

9a of the raw material supply line 9 fromthe raw material nononmer tank 1

and the polyneki zabhpHp 2Dk et Hat of i §ANKn 3chSuehy fhave eoat robpyay VEiBe i S

installed 18 at any appropriate position on the raw material supply line 9
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rates) of the above m xture passing the first part 9b and the second part
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val ve 8 may be Iocateg on a branching point at which the conmon part 9a of

the raw Lal ploy., |1 r i t first r d e
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first.part ng_ t 1 o] part, . 9c o] d apo r
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exanple, as shown'in gast ow control - valve 8 may be

| ocated on_the first par . rial _su Y ki 9 dgt her eby
t he rom1r%?e$8 a%ﬁ% § 0%e8%$§%5¥§8p§§2%ﬁ35?hgﬂ.Fﬁsgﬂgagkhggncgﬁﬁge95
controlled, _an therefq;§ér§. thepﬁggtég%etgplg%ggéﬂé% Qﬁ§§§s%%gef§gggnd

part 9c, sgftﬁaet & flow rate df ove ‘m Xt ure passing e second part

9c can also_ b ntrolled. In yef another e S kN Fi (c),

at | east oﬂargl§ ggﬁtFiﬁ val %BP ?tb%c1o%@@gég%ﬁgﬁ%eggégg%gwpggFe c of

the raw materi al suppl 20 line 9, and thereby.the flowrate of ,t above

m xture paSsinyg'% h@ggg%or{‘ﬂ“b%ﬁe ok2E5A e Tont %&rlsgd,paa]\fr,\%d t@%erae C(1:)rt(§%tehe

rest _of the m xture passes the first part 9b, that. the flow rate _of the
i 145R a1 o5 L

aboveOmi xt GPECREs &G t1e F37sPep&Pitel ba bRt T oFFEMP P (&t
anot her exgﬂg%ﬁ’fﬁ Fig. 2(b), at least one flow control wvalve 8 may

be located on the first part S8b of the raw material supply
line 9, and thereby the flow rate of the above mixture
passing the fi?st part %9b can'be controlled, and therefore
15 the rest of the mixture passes the second part 9c, so that
the flow rate of the above mixture passing the second part
9¢ can also be controlled. In yet another example, as
shown in Fig. 2(c), at least one flow control valve 8 may
be located on the second part %c of the raw material supply
20 line 9, and thereby the flow rate of the above mixture
passing the second part 9c can be controlled, and therefore
the rest of the mixture passes the first part %b, so that
the flow rate of the above mixture passing the first part
9b can also be controlled. In yet another example, at

25 least two embodiments of the three embodiments shown in



25| east two enbodi nents of the three enbodi nents showmn in 19 these Figs.
2(a) to (c) may be conbined. For exanple, as shown in Fig. 2(d), at |east
one flow control valve 8 nay be |located on the first part 9b of the raw
material supply line 9, and at |east onegsflow control valve 8 may be

| ocated on the second part 9c of the raw material supply Iine 9. The
‘nunber, | ocating position, and so on of the flow control valve 8 are not
particularly limted as |ong as the above m xture can be passed to the

first part_,9b @”91% be §eg§)nd:opa(rg W= Pt heohBuwnaBt er iFlr stppipid,ines 9 at a
10 certaln ratio al ves able to be used as the flow control valve 8

conpri se. {01, eXanple, 9l0hg Valwes.s gatgnyalyen, dakhoralnase litheyf|y
val ves, &% port I'ves, ‘reedl e val ves, stop val ves, diaphragm val ves,
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15val ves, port vaIves need e val ves, stop val ves, and di ragm

val ves are refegred g’m?%h |s BhgfeffgweCknﬁﬁxgecga@@ethe RRbers

descri bed 1h'The absV erence t ig. 1 1s appropriately connected
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cont rol i-ons ereby, 1n order to

tenperature of the ouyter surface.of the reacto t C foFh ackets
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as the above mixture can be passed to the first part %b and
the second part 9c of the raw material supply line 9 at a

10 certain ratio. Val#es able to be used as the flow control
valve 8 comprise, for example, globe valves, gate wvalves,
ball wvalves, butterfly valves, iambda port valves, needle
valves, stop valves, diaphragm valves, pinch wvalves, plug
valves, and so on. Among them, globe valves, butterfly

15 valves, lambda port valves, needle valves, stop valves, and
diaphragm valves are preferred.

It is preferable that each of the members described in
the above with reference to Figﬂ 1 is appropriately
connected to a control unit (not shown in the drawings) so

20 as to enable the control unit to control their operations.
Thereby, in order to make the temperature of the outer
surface of the reactor set for each of the jackets
(temperature regulating means} 13 and 23 correspond to the
temperature in the reactor detected by the temperature

25 sensor (temperature detecting means) T with respect to each



of the first reactor 10 and the second reactor 20, the apparatus is
control |l able by adjusting the respective supply anounts of the raw nmateri al
nononer and the polynerization initiator to the first reactor 10 and the 5
second reactor 20 with the operation of 2phe punps 5 and 7 and the fl ow
control valve 8 or by regulating the tenperature of the outer surface of
the reactor set for the jackets 13 and 23; and also, in a case where the
pol ymerization initiator tank 17 and the punp 19 present, 10 the apparatus

i s control bablg by aditistingddie gddizhconahe SuRRIGhRAMBLELOf DG  the
polymeri zation initiator (or the raw material nononmer and the

pol yneri z i at Qr) condreaghon<20nW thnt heropssatiohn of
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1 nd 23.
3 and 23 polymerization initiator tank 17 and the pump 19 present,

10 the apparatus is controllable by adjusting the additional
supply amount of the polymerization initiator (or the raw
material monomer and the polymerization initiator) to the
second reactor 20 with the operation of the pump 19.

The jackets 13 and 23 surround almost the whole of the

15 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
temperature of the Jjackets 13 and 23 1is able to be

20 appropriately regulated with a temperature or pressure of
the heat medium to be introduced.: The heat medium
introduced intc the jackets 13 and 23 is removed from a
heat medium discharge route (nct shown in the drawings).
The temperature and/or pressure of the jackets 13 and 23 is

25 detected by a sensor such as a temperature sensor (not



For the polynerization reaction in the reactors 10 and 20, it is required
to proceed at a generally constant tenperature in each of the reactors 10
and 20 in view of obtaining a polyner with a constant quality. Therefore,
10 the above described tenperature regukati ng neans (jackets 13 and 23) is
controlled at a constant tenperature which has been set beforehand, so that
the tenperature inside the reactors 10 and 20 can be nai ntai ned
respectively at a generally constant tenperature. 15The setting tenperature

of the aboyg dgseri ped H?gﬁgﬁagk‘rfoEQQQHthngh@Eﬁ@§t(Jﬂ@ﬁi@zh_sdig’c@élﬂg@?’) is
transmtted to a supply flow rate control neans, which hereinafter

described, .Lg.pe usaleas,data tor dslermaipg vhetherscionioh ofs thgesupply

flowrate W t he nono supply nmeans (punp 5) and/or the initiator
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~I's necessary e sefting tenperature of the above described
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control ling the tTenpérature pressure of t eaf

medi u 22 . As.to.the ppl ow rate control neans, an exanple
theredf is®& &BnFPSIjﬁﬁﬁ?tEngg gﬁéwégrn the drawi ngs) provided with CPU,

ROM RAM and so_on. ._The ROM of .t.he con I it devisce for
storing a 5progF&m WRECROLSREFSFS ERE parps 16" %%a%§% F%gﬁﬁgggn 0 gﬁg punp
19, and. the flow control valve 8. The RAM of .the control,unit, i evi ce
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obtaining a polymer with a constant quality. Therefore,

10 the above described temperature regulating means ({jackets
13 and 23) is controlled at a constant temperature which
has been set beforehand, so that the temperature inside the
reactors 10 and 20 can be maintained respectively at a
generally constant temperature.

15 The setting temperature of thé above described
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 contrcl of the supply flow rate with the monomer

20 supply means (pump 5) and/or the initiator supply means
{(pump 7 and, if present, pump 19) and the flow control
valve 8 1is necessary or not. The setting temperature of
the above described temperature regulating means (jackets
13 and 23) can be regulated by controlling the temperature

25 or pressure of the above described heat medium.



The CPU of the control unit executes the programstored in the ROM based on
data such as the data of the tenperatures in the reactors 10 and 20 and the
data of the setting tenperatures of the jackets 13 and 23 stored in the 15
above ‘RAM so that the supply flow rateszof the raw nmaterial nononer and/or
the polynerization initiator to the reactors 10 and 20 is controlled by the
nononer -supply means (punp 5), the initiator supply neans (punp 7 and, if
present, punp 19) and/or ‘the flow control -valve 8. 20An exanple of the

control "by the ﬁprEYthgogdﬁﬂf§(¥¥6ﬁ0£aﬂ@aﬂ§n€§@mth@bd@ﬂt&nV@iémémé
descri bed bel ow. VWhen 'the tenperature in the reactor 10 detected by

the tenpergiure sensor T exceeds thg SethbRg figoper atur enef dhesigeket 13
as the tenperafure regul ating neans, the CPU 25executes the programin the

ROM to control, .for exanpbe, n33 tREMPYUIR JoSonas to decrease the supply
f1ow rate Bf°Fhe pol i i

yierization initiator into the reactor 10. \WWen the

temperature in the ¢SACLOM 2D deteGlad Bt NG ILMRey ALAIM & Sehsoli Ty exceeds

the setting tenperature of e Jacket as the tenperature regul ating
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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
setting temperatures of the jackets 13 and 23 stored in the

15 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 moncmer supply means ({pump
5), the initiator supply means (pump 7 and, if present,
pump 19) and/or the flow control valve 8.

20 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

25 executes the program in the ROM to control, for example,



20 the supply flow rate of the polynerization initiator into the reactor 10
can be decreased by controlling the flow control valve 8 while controlling
the punp 7. Also, the supply flowrate of the polynerization initiator into
the reactor 20 can be decreased by contgolling the flow control 25valve 8
while controlling the punp 7 and/or the punp 19. 24 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

| owered. SQn.t t her;hand, rwheact-he skermer alwssly NELbe reaet orf thd s
bel ow t he sett?ﬁ%gtenﬁErature of fhe facket 1§%ﬁ$he CPU executes the

program i 59*% L Gont Lok, far exanpl enet hes Pirdr 719Q aswheni Ngiease
t he supplgm%?galra.%gb t%e p%Fyngrization initiator into the reactor 10.

When the 10 te u i _t 0% 20 o] 1h i rature
%”é‘;’ﬁgﬁée %lﬁultg)?egﬁetar 50 20ckacbehowt s et dhpdr 4 empe

of the jaéi%ﬁp es the programin the ROMto control, for

exanpl e, the punp.7_so_as.tq,inc he sHRPLY FLowsr atre ofadihe- 23
polynerizaf?% O%nFtF&FSF%fnﬁgk%H%gggg%%orEZ%. Inua case whe?&lthe 15

polynmerization initiator tank 17 and it 19 . present . handdeqn
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of the 25polymerization,! M aLeL, Q. Ney" €85! Uncl AN PE present,

10 when the temperature in the reactor 20 detected by the
temperature sensor T exceeds the setting temperature of the
jacket 23 as the temperature regulating means during the
puhp 19 supplies the polymerization d1nitiator to the
reactor 20 to conduct the polymerization, the CPU executes

15  the program in the ROM to control, for example, the pump 19
S0 as to degrease the supply flow rate of the
polymerization initiator into the reactor 20. The control
of the pump 7 and the pump 19 may be appropriately combined
with the control of the flow control valve 8. For example,

20 the supply flow rate of the polymerization initiator into
the reactor 10 can be decreased by contrelling the flow
control valve 8 while controlling the pump 7. Also, the
supply flow rate of the polymerization initiator into the
reactor 20 can be decreased by controlling the flow control

25 valve 8 while controlling the pump 7 and/or the pump 19.



25 increased by controlling the flow control valve 8 while controlling the
punp 7. Also, the supply flow rate of the polynerization initiator into the
reactor 20 can be increased by controlling the flow control valve 8 while 5
controlling the punp 7 and/or the punp 29. By conducting such control,

pol yneri zati on heat generated in the reactors 10 and/or 20 can be.

i ncreased, and thereby the tenperatures in the reactors 10 and/or 20 can be
rai sed. For exanple, when the control over the punp 7 and, if 10 present,
the punp 19, f ebntietpa y@Idrza&da@ﬂrdsgacbb@@mlemltzbelbaao-temts 3én argl 20
results in remarkabl e decrease in the total supply flowrate into the
reactors 10, apde20esktoks ROELEGIRIrE 20 ot Wl yecOsd, toded puiPrdband, if
present, the punp 19 so as to decrease the supply flow rate of the 15

pol ymeri zat,On diddafQireduti Al $0et Oregnthok the puay & seascha iperease
the supply flowrate of the raw material nononer at the sane tine.

Furt her, mﬁ - Vo) %ggr exanpl e of the control, the follow ng control is noted.
That is, en e tenperature 20 in the reactor 10 detected by the '

tenpecature sensor .o excReAsLLAg, Sﬁhéhnghéeﬂgﬁﬁ@EHEér@f ihhenbagkstcd3d as
the tenperature regu?atlng means, the punp 51i5s controlled to increase the

supply Tl oy Q ?% p2h NG AV IBE %ake QQHﬁﬁres%ﬂwﬁﬁetfﬁhﬁéﬂaiﬁvetﬁepp|y

flowrate © e polynerization initrator 1nto the reactor 10

decr eased. \pgn, &hsu 88 LROPELBLULE Lp the peacter cagt%&ec%eg @xafn{a@e,

t enper at ur € Sensor exceed e setting tenperature o fhe jacket 23"as

t he terrperg%lure regu7| aé ng. %nslnépeeasoém{)h% ﬁpﬁq_)gt ‘,Qedrg%lgfr%@ée t he

flowrate Faw naf err al NONONer , ere atlve ow rate of
t he polynerl ation_i |t|ator |nt h ac, e asedg,Jhegantro
of the punB Wﬁ the a8pr56Fﬂéé% % gﬁ%%néégan%%afﬁgchﬁfrol the | ow

cont (gl “val ve 8. For exanpl ey, the suaply oW [at g Lhe paw @%&%@I

nono in

temperature of the jacket 23, the CPU executes the program
in the ROM to control, for exampie, the pump 7 so as to
increase the supply flow rate of the polymerization
initiator into the reactor 20. In a case where the
15 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 peclymerization initiator_to the reactor 20 to conduct
the polymerization, the CPU executes the program in the ROM
20 to contrel, for example, the pump 19 so as to increase the
supply flow rate of the polymerization initiator into the
reactor 20. The control of the pump 7 and the pump 19 may
be appropriately combired with the control of the flow
control valve 8. For example, the supply flow rate of the

25 polymerization initiator into the reactor 10 can be



10reactor 10 or 20 can be increased by controlling the flow control valve 8
while controlling the punp 5. By conducting such control, the tenperature
in the reactor 10 and/or 20 can also be lowered. Aratio of the supply flow
rate of the raw material 15 nononer andzthe supply flow rate of the
pol ynerization initiator can be appropriately set depending on the kind of
t he pol yner generated, the kind of the polynerization initiator used, and
so on. Also, degree of increase or decrease in the supply 20 flow rate of
the raw matgrials@NQREr-GREILOT11Ne TuRp! ¥1éh owdnalre10f va hee pel yueriaat i on
dinitiator can be appropriately set _depending on the kind of the polymer
gener at ed, -t he ki nghof cfbe ALY Rr i Zaldn drdl tdglory Usesl ange Sef Obhe
However, in a case at is supplied to the 25reactors 10 and 20 by the
nitiator SUpphy. Bansehs DAt chBeor2T iRRLY Meiaatidftidy tizd orcanl Yoebut
the raw naterial nononer conprising the polymerization initiator, it is
necessary {gceonsider, 2 content iabi Gl Ehsypalomrdzahovel i tiatoe In
the raw material nonomrer conprising polynerization initiator to control the
supply flow rar f_the. pol ri | 9NN Lat Qb 19. Bhec-BhX8Ft28giS tO
evenl% nixC83 §§%?l?§agpgo S akéﬁé%g{o%hroug% tﬁe respec iSe efflue%t
lines 15 and 25, and may_be | : n{Lyent part ot nthe.gffLyent
Racallls 3h8%gyﬁﬁgg%§§l§ho§egg %h ef fluent 27

lines 15 10"& S e conmpbn e uent |ine

R R R R s ey

and a devol may "be 'l ocat e ownstream of the common
effluent line g7 L0c2:285¢0"08hToLNSoPLEReRLe a3 B esents, in place of
For example, when the control over the pump 7 and, 1if
i0 present, the pump 19 for the polymerization reaction in the
reactors 10 and 2C results in remarkable decrease 1in the
total supply flow rate into the reactors 10 and 20, it 1is
preferable to not only control the bump 7 and, if present,
the pump 19 so as to decrease the supply flow rate of the
15 polymerization initiator, but also to control the pump 5 so

as to increase the supply flow rate of the raw material

monomer at the same time.

Further, as another example of the contrcl, the
following control is noted. That 1s, when the temperature
20 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
increase the supply flow rate of the raw material monomer,
so that the relative supply flow rate of the polymerization

25 initiator into the reactor 10 1is decreased. When the



15 26 and the preheater 31 shown as a separate apparatuses in the draw ngs,
a conbi ned apparatus of the m xer 26 and the preheater 31 such as a static
m xer or the |ike may be used and | ocated at a position of the shown
preheater 31 in the drawi ngs. There may2be a pressure adjusting val ve (not
20shown in the drawi ngs) provided between the preheater 31 and the .

devol atilizing extruder 33. An extruded object after devolatilization is

di scharged froma discharge line 35. As the preheater 31, any appropriate

heater can e 28t @hey ol At ichieZ i@ UHRr d88ecaedi Byl aher athid raniaw
devol atilizing extruder can be used. Further, there may be a recovery tank

37 for stgdihr T exbBedsawHBtLLH BIndONOMBErMbhed bS Separatacant
recovered 5froma vol atil e conponent (conprising unreacted raw nateri al

mai nly) hayi ngygepatahgdrwitbet heedarakahyl i zicResext rauder p 5 is.
Next, a process for producing a polynmer conposition 10conducted by using

such appar@éﬁ@r&iiédb%od%§QQé¥§é|Ehe flow rate of the raw material

5 meonomer, S0 that the relative flow rate of the
polymerization initiator into the reactor 20 is decreased.
The contrcl of the pump 5 may be appropriately combined
with the control of the flow control valve 8. For example,
the supply flow rate of the raw material monomer into the
10 reactor 10 or 20 can be increased by controlling the flow
control wvalve 8 while controlling the pump 5. By
conducting such control, the temperature in the reactor 10
and/or 20 can also be lowered.
A ratio of the supply flow rate of the raw material
15 monomer and the supply flow rate of the polymerization
initiator can be appropriately set depending on the kind of
the polymer generated, the kind of the polymerization
initiator used, and so on.
Also, degree of increase or decrease in the suppily
20 flow rate of the raw material monomer and/or the supply
flow ratte of the polymerization initiator can be
appropriately set depending on the kind of the polymer
generated, the kind of the polymerization initiator used,
and so on. Eowever, in a case what is supplied tc the

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



this enbodi nent, a case of conducting continuous polynerization of a

net hacrylic ester nononer, in the other words, a case of producing a

nmet hacrylic ester polyner will be described, although the present invention
is not limted 15thereto. Preparation 27 At first, the raw materi al
nmononer, the polymerization initiator and so on are prepared. 20As the raw
nmat eri-al nononmer, a nmethacrylic ester nononer is used in this enbodi nent.
Exanpl es of the nethacrylic ester nononer are - al kyl nethacryl ate (of

whi ch al kybogkaupibhasidnt @ndreatbenshigl opar ehe2bawamft¥tuae @bnomkr! ess
than 80% by wei ght of al kyl 9
comprising the polymerization initiator, it is necessary to
consider a content ratio of the polymerization initiator in
the raw material monomer comprising polymerization
5 initiator to control the suppiy flow rare of the
polymerization initiator.
The mixer 26 is to evenly mix polymer fractions taken
out through the respective effluent lines 15 and 25, and
may be located at a confluent part of the effluent lines 15
10 and 25 as shown in Fig. 1 or on the common effluent line 27.
Additionally, it is not ngqessaryrfor this embodiment, but
a preheater 31 and a develatilizing extruder 33 may be
located downstream of the common effluent line 27. In a
case where the preheater 31 presents, in place of the mixer
15 26 and the preheater 31 shown as a separate apparatuses in
the drawings, a combined apparatus of the mixer 26 and the

preheater 31 such as a static mixer or the like may be used

and located at a position of the shown preheater 31 in the

drawings. There may be a pressure adjusting valve (noct
20 shown in the drawings) provided between the preheater 31
and the devolatilizing extruder 33. An extruded object

after devolatilization is discharged from a discharge line
35,
As the preheater 31, any appropriate heater can be

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



met hacryl ate (of which alkyl group has 1 to 4 carbons) and not nore that
20% by wei ght of other vinyl nonomer copol ynerizable therewth. Exanples of
al kyl methacrylate (of which alkyl group 5 has 1 to 4 carbons) include

met hyl nethacryl ate, ethyl nethacryl ateZ8n-propyl nethacrylate, isopropyl
met hacryl ate, n-butyl nethacrylate, t-butyl nethacrylate, sec-butyl

net hacryl ate, isobutyl nethacrylate, and so on. Anbng them nethyl

nmet hacrylate is preferred. The above descri bed 10exanpl es of al kyl

met hacryl af@ydmk bei dsef adonendXri n3dpnbienatiioglef atr | ewdttit wewfew hem
Exanpl es of copol yneri zabl e vinyl nononmer include nmethacrylic esters such

as benzyl Jqmidbostyl st enqnek2ru@ihytdexyd wetdacryl ate (except for the above
described 15 al kyl methacrylate (of which alkyl group has 1 to 4

carbons)); acryfi£irest er snsuehmas mei hyl racoytayeraekhyl’? acryl ste;ipy opyl
acrylate, butyl acrylate, and 2-ethyl hexyl acrylate; unsaturated carboxylic

aci ds or agﬁg anhydr-icdes stihefsofmsStichih ash agey ldepaatitdd netdhaceydveradi d,
mal eic acid, 20 itaconic acid, maleic acid anhydride, and itaconic acid

anhydg i deépﬁﬂr%y O S CQNt AL PP Bn ERAONELSNBHER iag 2-urhaianeet hybw
acrylate, 2-hydroxypropyl acrylate, nonoglycerol acrylate, 2-hydroxyethyl

met hacryl alrngte £ a@}’dﬁlgrﬂ{@g(?pyﬂav%tgh%ﬁal@ét%d antk irofegl yeesoht ikt basgyl at e;
30 net hacry anlée,acry onitrile, methacrylonitrile, diacetoneacrylam de, and

dinethylangggﬁﬁggk Aet hacryl ate; epoxy group-containing nononers such as .
allyl glycrdy er, glycidyl acrylate, and glycidyl nethacryl ate;
Mext, a process for producing a polymer composition
10 conducted by using such apparatus will be described. In
this embodiment, a case of conducting continuous
polymerization of a methacrylic ester monomer, in the other
words, a case of producing a methacrylic ester polymer will

be described, although the present invention is not limited

15 thereto.

* Preparation

At first, the raw materiazl monomer, the polymerization
initiator and so on are prepared.

20 As the raw material monomer, a methacrylic ester

monomer is used in this embodiment.

Examples of the methacrylic ester monomer are

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

25 - a mixture of not less than 80% by weight of alkyl



5styrene based nononers such as styrene and a-net hyl styrene. As the
polyneri zation initiator, for exanple, a radical initiator is used in this
enbodi nment . Exanpl es of a radical initiator include azo conpounds
such as azobi sisobutyronitrile, azobi sdi2®et hyl val eronitrile, 10

azobi scycl ohexanenitrile, 1,1'-azobis(1l-acetoxy-1- phenyl et hane), dinethyl
2,2' -azobi sisobutyl ate, and 4,4'- azobi s-4-cyanoval eric acid; organic

per oxi des such as benzoyl peroxide, |auroyl peroxide, acetyl peroxide,
caprylyl pesoxhdeyl2:d4- dochlvbiebenzayll pewoxi deys ilscbutdy/| cdSperoXi aed
acetyl cycl ohexyl sul fonyl peroxide, t-butyl peroxypival ate, t-butyl

per oxyneodgéanoabes ttrhutyl 2per oxynenseghanoate, othbut yvinyl monomer

per oxy- 2- et hyl hexanoate, 1,1- di(t-butyl peroxy)cycl ohexane,

1, 1-di (t-bytybpenexy)aBid, bheteivirehhyl cycl ohexane,

1, 1-di (t-hexyl peroxy)-3, 3,5- 20trinethyl cycl ohexane, isopropyl

per oxydi carbonat@amp$eBUIM alkyl methacrylate (of which alkyl group

per oxydi car bonat e, s- but yl per oxydi car bonat e, n- but yl peroxydi car bonat e,

2- et hyl hexyl sper oxydi garbonadesy biis4ulde methyl methacrylate, ethyl
but yl cycl ohexyl ) per oxydi car bonat e, t - anyl per oxy- 2- '

ethylhexanﬂ@&ﬁaér%igté}tﬁpb%BE§QYHQHE¥EB§&Q%E' isopropyl methacrylate,
25et hyl hexanoat e, 1, 1, 2-tri et hyl pr opyl per oxy- 2-
n-butyl methacrylate, t-butyl methacrylate, sec-butyl
methacrylate, isobutyl methacrylate, and so on. Among them,
methyl methacrylate is preferred. The above described
10 examples of alkyl methacrylate may be used alone or in
combination of at least two of them.
Examples of copolymerizable vinyl monomer Iinclude
methacrylic esters such as benzyl methacrylate and 2-
ethylhexyl methacrylate (except for the above described
15 alkyl methacrylate {(of which alkyl group has 1 to 4
carbons)); acrylic esters such as methyl acrylate, ethyl
acrylate, propyl acrylate, butyl acrylate, and Z2-ethylhexyl
acrylate; unsaturated cérboxylic acids or acid anhydrides
thereof such as acrylic acid, methacryliic acid, maleic acid,
20 itaconic acid, maleic acid anhydride, and itaconic acid
anhydride; hydroxy group-containing monomers such as 2-
hydroxyethyl acrylate, 2-hydroxypropyl acrylate,
monoglycerol acrylate, 2-hydroxyethyl methacrylate, 2=

hydroxypropyl methacrylate, and mcnoglycerol methacrylate;

25 nitrogen-containing monomers such as acrylamide,



31 et hyl hexanoate, t-butyl peroxy isopropyl nonocarbonate, t-anyl peroxy

i sopropyl nonocarbonate, t-butyl peroxy-2- ethyl hexyl carbonate, t-butyl
peroxy allyl carbonate, t-butyl peroxy isopropyl carbonate,
1,1,3,3-tetranethyl butyl 5 peroxy isomlopyl nonocarbonate,

1,1, 2-trinethyl propyl peroxy isopropyl nonocarbonate, 1,1, 3, 3-tetranethyl
butyl peroxy isononate, 1,1,2-trimethyl propyl peroxy-isononate, and
t-butyl peroxybenzoate. These pol ynerization initiators nay be
used al onemgthibirplenmgenati on gtratoheastitwo of thefhacrylonibeile,
polymeri zation initiator is selected according to the kinds of the pol yner
generat ed andckReneawriabRical, MNONMRYinsed:1 dnomexal enethhkeyl beepresent
invention is not particularly limted, those of radical polynerization

15i ni ti at oepBayi ngraupabbnthigingt ABEEMENAN SNen Mt @1ak1t NG1yeidyl:

pol yneri zation tenperature are preferable. Wien the half-life at the

pol yneri zagkga,t emperatiy e i spatyIRet On%dHr“%ﬁyci@flreﬁ%khgar&ib%ekS ,
suitable, thus the initiator is suitable for the polymeri zation reaction in

the 2@cont LRYQURPBLYLERN hEdAbhRRsaBRRhALYS styrene ER8 SURRLYyaERYRLLQEf the
pol ynerization initiator (radical |n|t|atory IS not partlcharIy l'imted,

but general |y 0,001 40 1% by, 6l gt L ha{r‘?f*@f&éo:!? t@srra&&gﬁh@%i al

nmononer (the raw nateri al noner eventually 25supplied to eac f the
reactors 19aa@ga§0£nk@i%t%%s§s used in this embodiment.

Exampies of a radical initiator inciude azo compounds

such as azobisisobutyronitrile, azobisdimethylvaleronitrile,

10 azobiscyclohexanenitrile, i,1'-azchis(l-acetoxy-1-
phenylethane), dimethyl 2,2'-azobisisobutylate, and 4,4'-
azobis-4-cyanovaleric acid; organic peroxides such as
benzoyl peroxide, lauroyl peroxide, acetyl peroxide,
caprylyl peroxide, 2,4—dichlorobenzoyl peroxide, 1scbutyl

15 peroxide, acetyl cyclohexylsulfonyl peroxide, t-butyl
peroxypivalate, t~butyl peroxynecodecanoate, t-butyl
peroxynecheptanoate, t-butyl peroxy-Z-ethylhexancate, 1,1-

di(t-butylperoxy)cyclohexane, 1,1-di{t-butylperoxy)}-3,3,5-

trimethylcyclohexane, 1,1~di(t~hexylperoxy)-3,3,5-
20 trimethylcyclohexane, iscpropyl peroxydicarbonate, isobutyl
peroxydicarbonate, s—butyl peroxydicarbonate, n-butyl

peroxydicarbonate, Z2-ethylhexyl peroxydicarbonate, bis(4-t-
butylcyclohexyl) peroxydicarbonate, t—amyl pPeroxy-2-
ethylhexanoate, 1,1,3,3-tetramethyl butyi peroxy-

25 ethylhexanoate, 1,1,2~trimethyl propyl peroxy—2-



32 where the polynerization initiator tank 17 and the punp 19 present in
addition to the polynerization initiator tank 3 and the punp 7, a ratio of
the polynerization initiator to the raw material nononmer in the second
reactor 20 can be 5 higher than that inmqthe first reactor 10. \Wen the
pol ynerization initiator tank 17 supplies the mixture of the raw nateri al
nmononmer and the polynerization initiator to the second reactor 20 by the
punp 19, the total supply anount of the polynerization initiator supplied

to the 10.¢roel0k.20ats MRAB AN e, ahoys: Sanmendhlbs peshEEL, Lo the

sum of the raw materi a nDnoner eventually supplied to the react or

In additio ? tgsrgﬁgfp”g Fgﬂvna bcaogohAgcpol xtrgutg@tlgarbgywator

described & any 150 er conponent ( exanple, a chain

rubbery po%gﬁ§?h§%§ as, g§n ene +ap g ggbﬁglninggi%gpd S001, Y, be_used.

transfer a yrene- adlene ans
butyl peroxy isopropyl carbonate, 1,1,3,3-tetramethyl butyl

5 peroxy isopropyl monocarbonate, 1,1,2-trimethyl propyl
peroxy isopropyl monocarbonate, 1,1,3,3-tetramethyl butyl
peroxy isononate, 1,1,2-trimethyl propyl peroxy-isononate,
and t-butyl peroxybenzoate.

These polymerization initiators may be used alone or

10 in combination of at least two of them.

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

15 initiator having & half-life not more than one minute at
the polymerization temperature are preferable. When the
" half-life at the peclymerization temperature is at most one
minute, the reaction rate is suitable, thus the initiator
is suitable for the polymerization reaction 1in the

20 continuous polymerization apparatus.

The supply amount of the polymerization initiator.
(radical initiator) is not particularly limited, but
generally (0.001 to 1% by weight with respect to the raw
material monomer {the raw material monomer eventually

25 supplied to each of the reactors 10 and 20). In a case



agent is used for adjusting a nol ecul ar wei ght of the pol yner generated.
20As to the chain transfer agent, either nonofunctional or polyfunctional
chain transfer agent can be used. Mre specifically, exanples thereof

i nclude al kyl nercaptans such as n-propyp nercaptan, isopropyl nercaptan,
n- butyl mercaptan, t-butyl nercaptan, n-hexyl nercaptan, n-octyl

25mer capt an, 2-ethyl hexyl nercaptan, n-dodecyl nercaptan, and 33 t-dodecyl
mer capt an; aromati c nercaptans such as phenyl nercaptan and thiocresol;

er capt a“%i d '\%éfﬂp&f, ﬂx@?z?z&@{&?”.%m?’e@@t@]? ebhyl ene ahbi @ley ¢alnp 19
pol yal cohol s such as et yl ene gl ycol, neopentyl glycol, trinethylol propane,

5 pent aer ﬁ] ‘Jhérh dlrﬁl&ﬁ@iéf&;w BB LAk, poliyRRRL BRIV itk sang Sorhi tol ;

t hose of oxyl “group is esterlfled with thioglycolic acid or
3-mer capt X L ti tiator to
d|hydrona§ﬁFﬁ lg%é&fﬁg g B%tetraﬁyé}onaphe%%iﬁﬂﬁfﬁia lon initia

ter pi nene, ter pingl ene. b4 cucl phexadi gne hy drggem 10sptide nd40 9. These
may be used'al bR% ¥ conblna ion o | east two of em
5 higher than that in the first reactor 10. When the

polymerization initiator tank 17 supplies the 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

10 reactor 20 is made within the above range with respect to
the sum of the raw material monomer eventually supplied to
the reactor 20.

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

15 other component (s), for example, a chain transfer agent, &
rubbery polymer such as butadiene and styrene-butadiene
rubber (SBR), and so on may be used. The chain transfer
agent is used for adjusting a molecular weight of the
polymer generated.

20 As to the chain transfer agent, either monofunctional
or polyfunctional chain transfer agent can be used. More
specifically, examples thereof include alkyl mercaptans
such as n-propyl mercaptan, isopropyl mercaptan, n-butyl
mercaptan, t-butyl mercaptan, n-hexyl mercaptan, n-octyl

25 mercaptan, 2-ethylhexyl mercaptan, n-dodecyl mercaptan, and



The supply amount of the chain transfer agent is not particularly limted
since it varies depending on the kind of the chain transfer agent used and
so on. For exanple, 15 in a case of using nercaptans, it is preferably
0.01 to 3% by weight, and nore preferabkg 0.05 to 1% by wei ght with respect
to the raw materi al nononer (the raw material nononer eventually supplied
to each of the reactors 10 and 20). 20In the raw material nononer tank 1,
the raw material nononer (one kind or a mxture of two or nore kinds) as

descri bed abgyg.is1 aRRIQHAHE! Y apbapared htpeshbens Widdtiot her seapenent (s)
such as the chain transfer agent as the case may be). In the polymerization

i nitiator ﬁ??gagtaﬁh%ﬂ%ﬁP%Mﬁ%ﬁ&%@%ﬁhonh@EEE?EQﬁ@sQ§§@iﬁQGQ§bO$QiSle§§
y p

appropriate epared with the raw material nonomer if necessary (together

with ot hercggggggeghgﬁ) abch gs1Lhe ehabpiLEanst ef138ankRa o e &asgs my

be). The polynerizationinitiatortank3maystorethe 5 polymerization initiator

al one or 1 Brhhechiormeot.che maddie, afy ther fau mmt ecl b ADROBEoBA.f he

ponneriza?Fo inrti st ng ot her conponent(s) such as

g2 0 bERPILEL APENL: 2oat DE,CaRE, TRV DR) | L01BChRsE,9LnoL00, thRa

pol y ri zabtonrn ator tan rization initirator tank

ot epar o wPYREERELt o APl HS ooty 1 HeCheady v ( t SgBLhor ort R o

pr epar ed wh faw material nono together w't t her

COMmOneN! (2SS -AR4Ee FLRL " 2" e PaLoBpobIEncace By o), Toe

pol yneri za Or € e polynerizati’on i hitiator

alone or in.the for he m xture ,of the raw materi r and.t he
polynerizaB?%HSFﬁP?gbggﬁifﬁﬁy fur%hé(5égﬁ%FFgﬁﬁnggghgghggﬁggﬁghf(s)B§uch as
the chain transfer agent as the case may be). wever, _In a cas e the
polynerizaF?SHlPﬁPFFatquﬁﬁﬁgéifqﬁy  BeLyc TBIENSRL LB, 3a-¥eh

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

The supply amount of the chain transfer agent is not
particularly limited since it varies depending on the kind
of the chain transfer agent used and so on. For example,

15 in a case of using mercaptans, it is preferably 0.01 to 3%
by weight, and more preferably 0.05 to 1% by weight with
respect to the raw material monomer (the raw material
monomer eventually supplied to each of the reactors 10 and
20) .

20 In the raw material monomer tank 1, the raw material
monomer f{one kind or a mixture of two or more kinds) as
described above is appropriately prepared (together with
other component (s} such as the chain transfer agent as the
case may be). In the polymerization initiator tank 3, the

25 polymerization initiator as described above is



20 connected to the supply port 21c via the punp 19, storing of the

pol yneri zation initiator alone raises a concern of |ocal proceeding of the
pol ynmeri zation reaction in the reactor 20 since the polynerization
initiator is solely supplied to the reagdor 20. On the contrary, storing in
25the formof the mxture of the raw material nononer and the 35

pol ynmeri zation initiator is able to solve such concern since the

pol ymeri zation initiator is mxed with a part of the raw material nonomner

bef orehand, & PisidiNg SbePoared Wit I @WelBiLF i ahteenatermamsnghe it
polynerizagﬁon Initiator supplied fromthe raw materi al nononer tank 1 and

the pol ymerd 28d.% | REbUBLAE- ! aNlesS 8enkhe suppbyesOlsce sabnt hes rae
n

mat eri al nononer pol ymeri zation initiator 10 are made in the form

of a nixturejgpnp£L§£Q%%£he%géﬁyitggs ebtai negdsdn xtkuke irse)di vi dedHay the

Cila . . .
rom1contr51 val ve re specifically, the raw material nononer is

supplied fnﬁn%§¥arfg#ﬂpterig#tfggﬁger tapk 1 by thgapunpsdorand tde
it era

polynerizéf? nin ator (pre y, the mxture of the 15 raw materi al

mononer and_ the pol ynerizati.on initiaton,. whi.chsis ahso sbpR! Yof efitged to
as t polweﬁ‘p S 28l Q:Olra e%e%A)%ne Wai,ch | 5

as tf 21 5%0m Gthi tiat I's supplied fromthe pol ynerization
o Sacorh 2 5L PR s Sty e aoeleredpgua sy gomon
Foact | on. SRR siBAYcan BE ‘Gordtit S By USTRg ™t K T ol ual ve 8
i vi oi on % tHRS AT 6" Kohor TSl FECT het o 257RT2TaT Rohomer aha” L he
p0|ynerizag%c”h;{géi%:%f Lg gmgggzation initiator tank 17, in the
10 polymerization initiator tank 17, the polymerization
initiator as described above is éppropriately 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
15 the polymerization initiator alone or in the form of the
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 is
20 connected to the supply port 2lc via the pump 19, storing
of the polymerization initiator alone raises a concern of
local proceeding of the polymerization reacticn in the
reactor 20 since the polymerization initiator 1s solely
supplied to the reactor Z0. On the contrary, storing in

25 the form of the mixture of the raw material monomer and the



36 first raw material fraction and the second raw material fraction is

adj ustable by the flow control valve 8. Aratio of a flowrate of the first
raw material fraction and a flow rate of the second raw material fraction
can be 5 appropriately set dependi ng onzgthe kind of the pol ynmer generated,
the kinds of the raw material nononmer and the polynerization initiator
used, respective inner volunmes of the first reactor 10 and the second
reactor 20, and so on. A conposition of each of the first raw materi al

fraction 10.ang.1he. second Jfiaw maherial fpastian ganvee subst andradhy sane
as that of the original mxture (the mxture just prior to the division).

For suppl ying.{ h?hgobéﬂﬂgﬁ\éh%EEQFoh”EhE%EH"torV@%nn{i&%d with M xde of the
an

raw nmat eri al nononer the polynerization 15initiator is prepared in the

pol ymeri zagj on_inifi apk. and, sppplied.therefrom it is preferable to
adj ust a ?%%?oriﬁ:$i?%%{%irange ¥0n180:20at0 98:2 wherein A represents the
supply flow rate (kg/h) of the raw materi al nmononer fromthe raw

mat eri al nononer tank 1, and B 20represents the supply flow rate (kg/h) of

the nixture of the.raw material nononmer and the polynerization initiator
(of a%ich contents%g %%Hgfgﬁﬁg pol ymeri zation initiator is

The raw material monomer and the polymerization
initiator supplied 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

10 are made in the form of a mixture comprising them, and thus

obtained mixture is divided by the flow control valve 8.

More specifically, the raw material monomer 1is supplied

from the raw material monomer tank 1 by the pump 5, and the

polymerization initiator (preferably, the mixture of the

15 raw material monomer and the pelymerization initiator,

which 1is also simply referred to as the polymerization

initiator herein) 1is supplied from the polymerization

initiator tank 3 by the pump 7, and they merge together

through the common part %9a of the raw material supply line

20 9, and then the mixture thereof is divided into a first raw

material fraction and a second raw material reaction. Such

division can be conducted by using the flow control valve 8
installed on the raw material supply line 9.

A ratio of division of the mixture comprising the raw

25 material monomer and the polymerization initiator into the



0.002 to 10% by weight) fromthe polynerization initiator tank 3.
Such ratio A: B is understood as a mxing ratio 25in the m xture just
before being divided with the flow 37 control valve 8. First

pol ynerization Step The first raw matergal fraction divided as described 5
in the above is supplied to the first reactor 10 via the supply port ha
through the first part 9b of the raw material supply line 9, and subjected
to continuous polynerization, continuous bul k polynerization in this

enbodi mente {4y other Wordss o Poleymeiizal i oy Wiche neesalyenty, rlamdar an
adi abatic condition (condltlon with substantlally no heat transfer to or

from OUFS'er L Of s ghesreackprd i d hef i#98 raaet dbodOeoThivslkiersg. 2
pol ymeri zation step is to subject the raw nmat eri al nonomer and the

_pol yrer | Zaﬁ%l@? o1 QEtlaEpL,,t aEQnﬁanIQé’SfPPéﬁ'nFaﬁwzﬁéﬁ@fhemf #si PG dheafd rst 15
raw materi raction and Tet the polynerization reaction proceed to the

desired poly A e n si.polyner ifnact i 98- {&F can be
polynerlza |gﬁ‘sy?%%?gléﬁia he g?%ﬁ%f&e %ff uenflgbrt l1'b of the first

reactor 10, The {orperatus ofde%@% AAbstog awmt ethal Jr achiong20ysyppl | od

to th iI's not partic I'mted. However his is one
of factors_which may change, t ri [ raturechy J.08i pgea heat
bal ance ing?ﬂ%r?gggto%% IF%ere orgﬁt E%% %gg%era gbtg adj ust  t hat

temper aturg, aper oprL at o1V BY .2, DE3 S1LtR0l S1a LN, ANOMMLS vorumes o

the first reactor 10 and the second reactor 20, and so on.

A composition of each of the first raw material fraction

10 and the second raw material fraction can be substantially

same as that of the original mixture (the mixture just
prior to the division).

For supplying the polymerizaticn initiator, when the

mixture of the raw material monomer and the polymerization

15 initiator is prepared in the polymerization initiator tank

3 and supplied therefrom, it is preferable to adjust a

ratio A : B in a range from 80:20 to ©98:2 wherein A

represents the supply flow rate (kg/h) of the raw material

monomer from the raw material monomer tank 1, and B

20 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 weight) from the polymerization initiator

tank 3. Such ratio A : B is understood as a mixing ratio

25 in the mixture just before being divided with the flow



25t he drawi ngs) before the supply to the first reactor 10. 38 Such
heat er/ cool er may be | ocated at any appropriate position fromthe raw

mat eri al nononer tank 1 and the polynerization initiator tankS 3 to the
first reactor 10. For supplying the pol gnerization initiator to the 5 first
reactor 10, when the m xture of the raw material nononer and the
polynerization initiator is prepared in the polynerization initiator tank 3
and supplied therefrom a ratio Al : Bl is equal to the above described A :

B, mhereincg$tfﬁpr@gf@g58ghe supply flow rate (kg/h) of the 10 raw materi al
nmononer suppl | fromthe raw materi al nononer tank 1 and divided into the

first raw material fraction, and Bl represents the supply flow rate (kg/h)
of the m xture of the raw material nononmer and the polynerization initiator

(of which conteppF{g%{o%§%ﬁ$g§i?9£yggrgg@ﬁion 15 initiator is 0.002 to 10%
ro e po

by wei ght) suppliéd ynerization initiator tank 3 and divi ded

into the first raw gaterial, fraction.) fracthByt bE fidst ol yaBeization
step, the continuous pol'ynerizatron is pre?era | y conducted under a
condition in t he_reactor

whi.ch is fil ; ¢ ; £i Cxt whi | e
subst ntia}?y%%g é%gﬂﬁ%a%% Syggeﬁ?gsgﬁ éﬁ%’f@EQt e Leact iien Xt URE

_ 'y pha _ ereinafter referred to as a fully
pol yrrer  ZaF PBRLYTHRS Tt 1575 | EREBnar 1 orf ot pravent Bor or ohand ¢ ha
problems such 25as that gel adheres to and orQus.ol-§hecnebntihhags of

polymerization, continuous bulk polymerization in this
embodiment {in other words, polymerization with no solvent),
10 under an adiasbatic condition (condition with substantially
no heat transfer to or from outside of the reactor) in the
first reactor 10. This first polymerization step i1s to
subject the raw material monomer and the polymerization
initiator to continuous polymerization by using the first
15 raw material fraction and let the polymerization reaction
proceed to the desired polymerization rate, and a first
pelymer fraction (or polymerization syrup) is taken from

the effluent port 1lb of the first reactor 10.
The temperature of the £first raw material fraction
20 supplied <to the first reactor 106 1is not particuilarly
limited. However, this is one of factors which may change
the polymerization temperature by losing a heat balance in
the reactor, and therefore it is preferable to adijust that

temperature appropriately by a heater/cooler (not shown in

25 the drawings) before the supply to the first reactor 10.



39 the reactor, and that this gel is immxed into the reaction m xture to
degrade quality of a polyner conposition obtained in the end. Further, the
fully filled condition enables all of the inner volune of the reactor to be
used Sas a reaction space, and thereby ashigh productivity can be attai ned.
When the effluent port |lb of the first reactor 10 is |ocated at the
reactor's top as in this enbodinment, the fully filled condition is
conveniently realized sinply by 10conducting the supply to and the taking
fromthe fdrst neagtor,ddhicontinpoust y.1dhecddcait ngarof theowdddiverd  port

at the reactor's top 1s especially preferable for continuously polynerizing

a_met hacr ylic; esier AMROMeLe Rl Nefaddtithe hbh&hepol ydm% | 2at ko8 Silep, the
15 continuous polynerization is conducted under the adiabatic condition.

This is especially, sulidable: {oothie continuauschul ki pol yresigal ixm, The

adi abati c co Ion can prevent forehand the problens such as that gel

adheres to and ws t i n SV A hereagter srard thattikdhis 20
gel is inmmxed %%43?4ﬁk%ig%éigﬁﬁai fh?@ﬁiozgégrgae qaaﬁ?ty of a pol yner

composi ti op, ob ained.J ). the, eNfhe FuLheln dile-adiabalie GaRdidiod: enabl es
the pdl ynert2ati on reacti on’to becone stable, and self regulating

O ShbFaet ST B TP AT et ox ebrpbeobroust aout

polymerization initiator tank 3 and supplied therefrom, a
ratio A; : Bi is equal to the above described 2 : B,
wherein A; represents the supply flow rate (kg/h) of the
10 raw material monomer supplied from the raw material monomer
tank 1 and divided into the first raw material fraction,
and B; represents the supply fiow rate {kg/h) of the
mixture of the raw material moncmer and the polymerization
initiator (of which content ratio of the polymerization
15 initiator is 0.002 to 10% by weight} supplied from the
polymerization initiator tank 3 and divided into the first

raw material fraction.
In the first polymerization step, the continuous
polymerization is preferably conducted under a condition in
20 which the reactor is 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

filled condition can prevent beforehand the problems such

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



40 tenperature of the inside of the first reactor 10 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 described control unit (not
shown in 5 the drawi ngs), by adjusting tbe supply amounts of the raw .

mat eri al nononer and the polynerization initiator to the first reactor 10
with operating the punps 5 and 7 and the flow control valve 8 such that the
tenperature of the outer surface of the first reactor 10 set for the jacket

10 (tenperafure regyl ating peapsinis gud {heiherpesalste tie theadtist
reactor 10 detected by the tenperature sensor (tenperature detecting neans)

T correspo ach ot he t 1 $2at; efgrabl e to1 rt heohgapet adnre of
t he outer €g¥ §E§ o?othg %gggtor%%hcﬁiﬁ{gher thaHéth%ﬁ%enperature in 15t he

reactor sigee.ifoadds @A & ADUNELaLyReal doat Ording I eACLON . cIheiLersh| er

the differ@hcsé ween the tenperature 1n the reactor and the tenperature

of the outer ggggﬁgﬁlo% t qg{ef%ﬁg£ L83 uhbeoketter ddadiSr MY epe used

specifical??? S preferabl e 1o adjust the tenperature 20difference
withip the range of_ .5C The h ner gt LhokherfLEst, keactar 10

such as pof§ndriZafFoR"h8BF8nd?S iFﬁ%%SgﬁegtﬁﬁgggEngrally ca?ried away on

taking the first aolyner fraction fromthe first reactor 10. The anount of

the heat c8FFP&B®8way by the 25first polymer fraction is determined by the
(Lowrate and a theshaydic ioa,of He direleppLIOeY sLigeliono 299 (e
located at the reactor's top as in this embodiment, the
fully filled condition is conveniently realized simply by
10 conducting the supply to and the taking from the first
reactor 10, continuousiy. The locating of the effluent
port at the reactor's top Iis especially preferable for
continuously polymerizing a methacrylic ester monomer.
Turther in the first polymerization step, the
15 continuous polymerization is conducted under the adiabatic
condition. This is especially suitable to the continuocus
bulk polymerizaticn. The adiabatic condition can prevent
beforehand the problems such as that gel adheres to and
grows on the inner surface of the reactor, and that this
20 gel is immixed into the reaction mixture To degrade quality
of a polymer compcosition obtained in the end. Further, the
adiabatic condition enables the polymerization reaction to
become stable, and self regulating characteristics for

suppressing a runaway reaction can be brought zabout.

25 The adiabatic condition can be realized by making the



The tenperature of the continuous polynerization in the first

pol yneri zation step is understood as the 5 tenperature in the first
reactor 10 (detected by the tenperature sensor T). This tenperature changes
according to various conditions until iggreaches a static state, and is not
particularly limted, but for exanple, about 100 to 180C. 10The pressure of
t he conti nuous pol ynerization in the first polynerization step is
‘understood as the pressure in the first reactor 10. This pressure is a

pressur € ”coémﬁee]?%t&@“o@ yaRor pressye ofe t hersaw-eatepiral omeneerhat the
tenperature I'n the reactor to prevent gas of the raw 15material nononer

from genertaetrhggr%&?ffgeof Caed 8%ut§9dsﬁ§f9@@eiﬁéfé’o§b@éﬁeﬁapl§ Ceduf) MR in

gauge pressur neper i odsubj ect edt ot hecont i nuous™ pol yneri zation in the

first pghxgg&%fgﬁﬁgg:s%ﬁgr%ssgggg&ikggg ﬁsgﬂlgmggﬁmﬁérf§ég§ﬂg§,t&f@hin t he

first eal average residence tinme can be set according to
and | not Uiar PPELPA 19 (AT CH, SBEP T TR R ERATaPE Trom 16 M At ch (5 6
LS T o SIS ST RNES R 30 P LBl 60 uitind.d by S and
material monomer and the polymerization initiator to the
first reactor 10 with operating the pumps 5 and 7 and the
fiow control valve § such that the temperature of the outer
surface of the first reactor 10 set for the Jjacket
10 (temperature regulating means) 13 and the temperature in
the first reactor 10 detected by the temperature sensor
(temperature detecting means} T correspond to each other.
It is not preferable to set the temperature of the outer
surface of the reactor much higher than the temperature in
15 the reactor since it adds extra amount of heat into the
reactor. The smaller the difference between the
temperature in the reactor and the temperature of the outer
surface of the reactor 1is, the better it 1is. More
specifically, it is preferable to adjust the temperature
20 difference within the range of &= 5°C.
The heat generated in the first reactor 10 such as
polymerization heat and stirring heat is generally carried
away on taking the first polymer fraction from the first

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

25 first polymer fraction is determined by the flow rate and



42 material nonomer or the like to the first reactor 10, or can be adjusted
by using the flow control valve 8 to change the supply anount (supply flow
rate) of the raw material nonomer or the like to the first reactor 10.
However, 5 since the average residence yhnme al so depends in a |large part on
the inner volunme of the first reactor 10, how the inner volume of the first
reactor 10 and the inner volune of the second reactor 20 are designed is

al so inportant as hereinafter described. 10As described in the above, the

first polyper tracticon i tiaken Eh@mﬁﬂk%éﬁ%éyﬁﬂérp@&bckkédﬁ ddie fhEst

reactor 10. The obtained first polymer fraction conprises the generated

pol ymer, ap @@yaéa£éh§£ £ROPLLESmb b BRI SACLEd AU Bt eri al mononer, - the
0 ator,

unreacted p merization init 15deconposed substance of the

pol yner i zat i on jrﬂlfthiet%téng{ o A SO PN - e con@hﬁg%?:‘&ﬁb@}e‘?{b&%@i@ﬁt ihs not

limted thereto, ynmerizatron rate rnt ynmer fraction is,

for exampl g, 5 9. 90% by Melaf.and brefgrably 3,10 80%by 20 weight —The

pol yneri zation rate in irst pol yner ion generally cortresponds to

the content ratio._of the polyner..in the first pal r,.tracti.on, The higher
t he pglyne%?%%??%%ufﬁte%ntﬁgx%ig%%ﬁs%tugﬁﬁg} Jétﬁ&?ggdgFegﬁgdpo ynegPebut

al so the higher the viscosity,of the, pol yaer. 2501 2ct RN, (LesULLLDY; b the
| arger the ESIS ?§ pSﬁEF for’ 43 b 9 g
to wvarious conditions until it reaches a static state, and
is not particulariy limited, but for example, about 100 fto.
180°C.

10 The pressure of the continuous polymerization in the
first polymerization step is understood as the pressure in
the first reactor 10. This pressure is a pressure not less
than a vapor pressure of the raw material monomer at the
temperature in the reactor to prevent gas of the raw

15 material monomer from generating in the reactor, and is
generally about 1.0 to 2.0 MPz in gauge pressure.

A time period subjected to the continuous
polymerization in  the first ©polymerization step is
understood as an average residence time in the first

20 reactor 10. The average residence time c¢an be set
according to the productivity of the polymer in the first
polymer fraction and so on, and is not particularly limited,
but, for example, from 15 minutes to 6 hours. This average
residence time can be adiusted by using the pumps 5 and 7

25 te change the supply amount (supply flow rate) of the raw



stirring. The |ower the polynerization rate, the | ower the productivity of
the polyner, resulting in the larger the | oad for recovering the unreacted
raw nmat eri al nononmer. Therefore, it is preferable to set an appropriate
5pol ynerization rate as a target or a gypde for the first polyner fraction.
Second pol yneri zation Step The second pol ynerization step is
conducted in 1l0parallel to the first polynerization step. ‘The second
raw material fraction divided as described in the above is supplied to the

second reagtof, 20 Viianbher SURPIthPOL fkelact hreugh: tde seeepdrpant, %er of the
raw material supply Iine 9 (if necessary, together with the

(
15pol ynerizat i,on é&‘i&é@é&rbimwdﬂé Of S e POt YHEI v ZBEd O i diaigs tank

17), and subjected 10 continuous pol ynerization, continuous bul k

pol yrer i zaf,on 8.4 B 5, £bod gg%ggflyn@_%warfaaa@)ab@fi Eneondit it nidhe

second reacto IS secon ol yherization step is to subject 20 the raw

nateria! nonone ragg:t@§ pqlyyxeri zathan %pigﬁa&gkﬁkgrpop@jnuoy@wever,
polynerlzdPlon y using fhe'Sécond raw material fraction and |et the

pol ynmeri zation reactiqn proce Lr I ization ya nd a
secon po|§h%?ef§§8u%§$§%%ap§$§%§?$§§t32%653g6§$ ?gs%%ﬁ%nlgréi1%§%%%

effluent p8££t2%g %%etQ§H§SPQH)lﬁﬁgcégrtgg'fi%%t reactor 10, how the

inner volume of the first reactor 10 and the inner volume
of the second reactor 20 are designed is also important as
hereinafter described.

10 As described in the above, the first polymer fraction
is taken from the effluent port 1lb of the first reactor 10.
The obtained first polymer fraction comprises the generated
polymer, and may further comprise the unreacted raw
material monomer, the unreacted polymerization initiator,

i5 decomposed substance of the polymerization initiator, and
so on.

Although this embodiment is not limited thereto, the
polymerization rate in the first polymer fraction is, for
example, 5 to 90% by weight, and preferably 30 to 80% by

20 welght. The polymerization rate in the first polymer
fraction generally corresponds to tﬁe content ratioc of the
polymer in the first polymer fraction. The higher the
polymerization rate, the higher the productivity of the
poclymer, but also the higher the viscosity of the polymer

25 fraction, resulting in the larger the necessary power for



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

unl ess 5ot herw se expl ai ned. The ggnperature of the second raw
material fraction supplied to the second reactor 20 (when it is mxed with
the polynerization initiator supplied fromthe polynerization initiator
tank 17, a mxture of them) is not 10 particularly limted. However, this
i's one of {@actefsyWishe MBYChange Ldeymot yrerigatiore | ereriadws e e | osi ng
a heat balance in the reactor, and therefore it is preferable to adjust
~that teﬁpeggaéakﬁ&mp%kat&{é/ ﬁ%{l?m@ﬁ,at Pkkegelier (N0t tEAOWA rige xt Nene

drawi ngs) before the supply to the second 15 reactor 20. Such heater/cooler

may be |ng(5 4 8l ANy apPLPPS L atid POoshtEaBtEROMANE ra@W rARY e h@ho@AOTer
tank 1 and the polynerization“initiator tank 3 to the second reactor 20.

Al t hough iigéﬁeﬁgienecg§sarystoEEgkgrggggdiqut,sg@e 2Q, polyseshzaston

initiator ahd tfhe punp 19 may used, if necessary. In a case of
usi ng t he rization initiator, tagk 17 and thg.puop el the additional
(or f?esh)gg%yﬁgﬁ%%gg ?%nE?E%tggio? ?prg%erably, ?ﬁe m xture of the raw

mat eri al nononer .a gat goﬁolynerization initiator) 25is supplied fromthe
polynerizaglo%mlni rator tank 17 by 45 the punp 19 through the second part
9c of the raw material supply line 9 to the second reactor 20 via the

supply port 2la or the another supply port 21c, and thereby the second raw

material fraction.is agded mﬁth.thgigngE%ﬁnal 5 polynerization initiator.
The tenperat ure” of StRBpBPy¥EFF 24EF6R"i nitlat or supplied to the second
reactor 20 fro %Qe pokynerizat'on initiator t

linited. Howevef €t hif§GCRDnP Bt YFRLt 57 5 Whi cﬁ%%ylzih%ﬁg%&ﬁ%&?%eéCumrly
pOlyg%riZaégggliggp%gagggef9¥st polymerization step.

The second raw material fraction divided as described
in the above is supplied to the second reactor 20_via the
supply port 2la through the second part 9c of the raw
material supply line 9 (if necessary, together with the

15 polymerization initiator supplied from the polymerization
initiastoer fank 17), and subjected to continuous
polymerization, c¢ontinuous bulk polymerization in this
embodiment, under an adiabatic condition in the second
reactor 20. This second polymerization step is to subject

20 the raw material monomer and the polymerization initiator
to continuous polymerization by using the second raw
material fraction and let the polymerization reaction
proceed to the desired polymerization rate, and a second

polymer fraction (or polymerization syrup) is taken from

25 the effluent port 21b of the second reactor 20.



10 losing a heat balance in the reactor, and therefore it is preferable to
adj ust that tenperature appropriately by a heater/cooler (not shown in the
drawi ngs) before the supply to the reactor 20. Such heater/cool er may be

| ocated at any appropriate position froguthe polynerization initiator
15tank 17 to the second reactor 20. For supplying the polynerization
initiator to the second reactor 20, when the m xture of the raw materi al
nononer and the polynerization initiator is prepared in the polynerization

initiator tanksydrangsideand t314pptéednd0 dhemnefionmtiidh i sty efverabliesto
adjust a ratio A2 : (B2 BSS in arange from80:20 to 98:2 and a ratio B2 :

B3 in a ra?ggcimgalﬁagﬁl w%@the\é@%chl A i e Rsentso tifes stifgh yriid ow
rate (kg/h) of the raw material nonomer supplied fromthe raw materi al

mononer tapk ﬁétaﬂgof&ﬂégfgatﬂ$9 thessecanti 23:aWamalkeinal Eiagihen, t&2
p

represents t low rate 46 (kg/h) of the m xture of the raw

material mppomer apd tPﬁepokXEEE'Zﬁ&&gﬂekmk&tﬁéﬁr é@&p“hh§ﬁ1§0nuﬁﬂés£at|0

of the polynerlzatlon Inirtiator is to 10% by wei ght) supplied from
t he pol yner gtank 3 and 5 divided into the second raw
natersal fr%@?%gg gbgggﬁépresents a supply flowrate (kg/h) of the

m xture of the raw Y frcﬂefm% L{g)e”OB?r 3 Lhe.po! .Vc%%”r%e?%é&rhl' Nethat opn (of

whi ch content ra ynerization initiator 1s 0.002 to 10% by

wei ght) fromthe ohynerﬂgag %Bnhn't%%kgf I ankndd. it is A S041 Rithe
second pol §REPI'Z5 |on s the contlnuous polynerlzatlon i's preferably

conduct ed gggerbﬁ?é % f|| lonconq_l (%?IS ﬁ?g pegi al |y, syi table to
S

the contin zation. condition can 15

prevent befoag%ggg&%ggﬁ rggégg%F%%gggaithatagghx@gggr%§ EgeﬁndlgrggQ on

the inner 8& at 'this s Fmiixed into the
el e 10, doo g pug | ol S0 poLyrer GoTRRa!ten labasa 1

which may change the polymerization temperature by losing a

heat balance in the reactor, and therefore it is preferable

to adjust that temperature appropriately by a heater/cooler

(not shown in the drawings) before the supply to the second

15 reactor 20. Such heater/cocler may be located at any

appropriate position from the raw material monomer tank 1

and the polymerization initiator tank 3 to the second

reactor Z20.

Although it is not necessary to this embodiment, the

20 polymerization initiator tank 17 and the pump 19 may be

used, if necessary. In a case of using the polymerization

initiator tank 17 and the pump 19, the additional (or

fresh) polymerization initiator (preferably, the mixture of

the raw material monomer and the polymerization initiator)

25 is supplied from the polymerization initiator tank 17 by



20i nner volume of the reactor to be used as a reaction space, and thereby a
hi gh productivity can be attained. Wen the effluent port 21b of the second
reactor 20 is located at the reactor's top as in this enbodi nent, the

fully filled condition is conveniently mealized sinply by 25conducting the

supply to and the taking fromthe second 47 reactor 20, continuously. The

| ocating of the effluent port at the reactor's top is especially preferable
for continuously polynerizing a nethacrylic ester nononer. Al so, further in

the second.pol YOREi 23t k@R $LEP tHch& e BrkO P RUGLS @O| YTt Zat h@bet Sal
conducted under the adi abatic condition. This is especially suitable to the

continuoussgggggpg-xge@i%%“ﬂﬂé sthe, adiabatd o condjid ophgaguppeyepbrt

bef orehand t roblems such as that gel adheres to and grows on the inner
surface szﬁgeoEe%%EO%nd%ﬂéf'yﬂpﬁﬂyfﬁort 21lc, and thereby the second

raw material fraction is added with the additional
5 polymerization initiator. The tempeiature of the
polymerization initiator supplied to the second reactor 20
from the polymerization initiator tank 17 is not
particularly limited. However, this is one of factors
which may change in the polymerization temperature by
10 losing a heat balance in the reactor, and therefore it 1is
preferable to adjust that temperature appropriately by a
heater/cooler (not shown in the drawings) before the supply
to the reactor 20. Such heater/cooler may be located at
any appropriate position from the polymerization initiator
15 tank 17 to the second reactor 20.

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 dinitiator tanks 3 and 17 and supplied

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

25 raw material fraction, B, represents the supply flow rate



10 gel is inmxed into the reaction mxture to degrade quality of the

pol ymer conposition obtained in the end. Further, the adiabatic condition
enabl es the pol ynerization reaction to becone stable, and self regul ating
characteristics for suppressing a runaway reaction can be brought about.

15 The adi abatic condition can be realized by nmaking the tenperature of the
inside of the second reactor 20 and the tenperature of the outer surface

t hereof generally equal to each other. Mre specifically, this can be

real i zed, t"itébhg hgrusgeoh ithe raboye descrihedacerttal mamichelnaindshave in
20 the draw ngs by adjusting the supply anmpbunts of the raw materi al

mononer ang.{ he. POl YABLA 2840 Jeid | aber W dihecsgeend reactdr o20 whd h
operati ng e punps 5 and 7, the flow control valve 8 and, if present, the

punp 19 S @QQL Lhe; £TPEE 2t Y5 o0 the quigen suid acepf Hhe secemd)
react or tor the j ac et tenperature regul ati ng neans) 23 and 48

the termeratgé L8 thesgecand neachel: 20 defected iy e LamRer 8t Ui sensor
ans rr

(tenperatur ectlng me espond to each other. It is not

preferable.to.set the temperature of opt eL syt faee of i d:he rgact @ nmuch
hi ghe 5th%ﬁ %%e&teﬁﬁg%agﬁgé F%qﬁﬁg rgggtor s%ﬁce it addslextra annu%t of

heat into the reactor. The nal r, th nc t ture
in the reabtBF 3R the fe 1 e f f%e&%ﬁgg (§Esﬁﬁgwﬁikﬁﬁ@% &ePene

2] ature o) r ace of the reactor is,

the bett t ficall t f
e oret B o LSy NOLG spechidoally, (b i RERharAR & o dhaditist (Be

hd range e heat generated in
e L D A g gl gt
second 0.002 to 10% by weight) from the polymerlzation initiator
10 _ tank 17.

Also in the second polymerization step, the continuous
polymerization is preferably conducted under a fully filled
condition. This is especially suitable to the continuous
bulk polymerization. The fully filled condition <can

15 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 the polymer composition obtained in the end.
Further, the fully filled condition enables all of the

20 inner volume of the reactor to be used as a reaction space,
and thereby a high productivity can be attained.

When the effluent port 21b of the second reactor 20 is
located at the reactor's top as in this embodiment, the

fully filled condition is conveniently realized simply by

25 conducting the supply to and the taking from the second



15 reactor 20. The anount of the heat carried away by the second pol yner
fraction is determned by the flowrate and the specific heat of the second
pol ymer fraction, and the tenperature of the polynerization reaction. The
tenperature of the continuous polynerization in 20 the second

pol ynmeri zation step is understood as the tenperature in the second reactor
20. This tenperature is, for exanple, about 100 to 200C. The tenperature in
t he second pol ynerization step may be equal to the tenperature in the first

pol ymeri zatk@prstepo butopt ehepably. di f treentoREfimoM bf. t49 effluedbe
pressure of the continuous polynerization in the second pol ynerization step

i's under stggdras,t hehpr esssEeot Nst hessecande £ 9861 911 20 priFics apnessese i s
generally about 1.0 to 2.0 MPa in gauge pressure, and nay be equal to the B

Spressure Lgntheubiiksy EQi¥H§£E%§B§OQ SbERacrylic ester monomer.
At i meperi odsubj ect edt 0t heconti nuouS pol yneri zation in the second

pol ymeri zation step i $.yndersStopdiRs 30 CRWEN 308 hesddance d i seepn the
second reactor 20. The average residence time can be set 10 according to

the PéodUC&bxkﬁxu8p3§ :&?l@ﬂllexf@%tii@unt he sesondkfal Yissefracti gniandese on,

and is not particu Fimte but, for exanmple, from 15 mnutes to 6

hours. The g8t a98,! esldanee; L1 BBpLRsLAgSecand i yégf%ﬂgt L8ntshep,uRy be

equal to tﬁe aver age residence ti inthe first olyneri zati on step,

but f i f-f t _fr. it. - i i i d
ut pre efgghx 'ola,?{e%qzﬁetflgogj.h Stgggea%ﬁ%ﬁo%qqc{]g&b%eoé' 'grgg,gn;zfecon

pol ymeri zatron step can by using t and 7 an

present, the punp. 3 1q,changg Lhe supaly.amunt. (supplythew ratelgf the
raw nateri aF nonomner or %hg %I I%e ?O e Ssecon
grows on the inner surface of the reactor, and that this

10 gel is immixed into the reaction mixture to degrade quality
©of the polymer composition obtained in the end.r Further,
the adiabatic condition enables the polymerization reaction
to become stable, and self regulating characteristics for
suppressing a runaway reaction can be brought about.

15 The adiabatic condition can be realized by making the
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

20 the drawings), by adjusting the supply amounts of the raw
material monomer and the polymerization initiater to the
second reactor 20 with operating the pumps 5 and 7, the
flow control valve 8 and, if present, the pump 19 such that

the temperature of the outer surface of the second reactor

25 20 set for the jacket (temperature regulating means} 23 and



20 reactor 20, or can be adjusted by using the flow control valve 8 to
change the supply anmount (supply flow rate) of the raw material nononer or
the like to the second reactor 20. However, since the average residence
time also depends in a large part on thegi nner volune of the second reactor
2520, how the inner volume of the first reactor 10 and the 50 inner vol une
of the second reactor 20 are designed is also inportant as hereinafter
descri bed. As described in the above, the second polynmer fraction is

taken fromypderebfLugphrRort 24h okbhagsacond Jreagh Onet8c204 The ©ht ai ned

second pol ynmer fraction conprises the generated polyner, and may further
conprise t Lacted raw qmt erialefRNRIe t hgorigagyed peLkygpri zation
initiator;g%g%%%posed subst ance éfeihe poliﬁ%rizgtign i%itiator, and so on.
- 10Al t hough, & hi s enbedi mrept s Rkl i Mited 4 hereto, o thepol werizatign rate
in the segﬁﬁ#%ﬁﬁyner ??acf?oﬁ ?sf for exanple“%??o 90% by wei ght, and
pr ef er abl ye 3oL £, 8020 by Vel 0N JBCCPPEYOET b ZaLhON LALEOL Ml RECRDM
pol yner fraction generally corresponds to the content ratio of the 15
pol yner in_the on ol r_fracti i.gher. I i zat rate,
t he E?ghert%%% %ﬁ%ddglﬁ%?%? ko ét%@'po‘@néggcgﬁg a:§%§%h29h¥b é% ?%EPQ
viscosity gl thie POEYMEL LI actian. gesultipg in the barger,iiig, peceggary
power -for Stirring. The 'ower the polynerization rate, the Tower the 20
producti vi f the polymer, resulting in the larger the | .oad
‘ recoveringé¥ﬁgeﬁ%?%%cggéw?§% %HF%ﬁééﬁﬁ&ﬁéﬁ.l$h%ﬁ&%§%§cﬁé}i%gglgge
preferable to set an agﬂgo $iate polyner%zati%% rate as_a.target or,a gui de
ra !

for the setBRBSpdtyher Fofuter “surtace

better it is. More specifically, it is preferable to
10 adjust the temperature difference within the range of =
5°C.

The heat generated in the second reactor 20 such as
polymerization heat and stirring heat is generally carried
away on taking the second polymer fraction from the second

15 reactor 20. The amount of the heat carried away by the
second polymer fraction is determined by the flow rate and
the specific heat of the second polymer fraction, and the
temperature of the polymerization reaction.

The temperature of the continuous polymerization in

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

25 from it.



51 Blending Step The first polyner fraction taken out of the first
reactor 10 through the effluent Iine 15 and the second pol yner fraction
taken out of the second reactor 20 through 5 the effluent line 25 are

-bl ended together by the m xer 26 to obtaisn a pol yner conposition

(pol ynerization syrup) fromthe comon effluent |ine 27. Thus obt ai ned
pol ymer conposition has properties which are resulted by conbi ni ng (sunm ng
or conpoundi ng) the 10properties of the first polynmer fraction and the

properties of thgesecerdupel YErthéacbh@Anuous pdByneandiictiiong imethe
continuous polynerization in tw lines as in this enbodi nent, the

pol yneri zatLeBnkep6l iAB-¢00di bhonsepMEeuspeektbeal kY, thheptenperat une, the
time 15 period (average residence FIHE), t he amount of the polynerization

initiator éger AR tdhe-polypBri zath oy bRebikatar i shesfam yatseual
nononer) and so on can be set for the first polynerization step and the

second pol ympri.zati on g3 ep; | fdependenthyr 20kl @AMbE, chbabecomese
possi bl e b%vgiﬁferentiaf?nbnbgtmgengthesfffstafeactor ande?h% second

react@r ing%ggﬁgggyggrkﬁgpEggfgsggggggrggg HBEOQQEPque specifically, the

t enperat ur e tinme perio e residence tine), the anmount of the

pol yreri zation pnitiator (3,JatdP of sihe. 25p9! yNeLi zatian i nigkatopuko the
raw nat eri al nononeF) and

polymerization in the second polymerization step 1is
understood as an average residence time in the second
reactor 20. The average residence time can Dbe set

10 according to the productivity of the polymer in the second
polymer fraction and so on, and is not particularly limited,
but, for example, from 15 minutes to 6 hours. The average
residence time in the second polymerization step may be
equal to the average residence time in the first

15 polymerization step, but preferably different from it. The
average residence time in the second polymerization step
can be adjusted by using the pumps 5 and 7 and, 1f present,
the pump 19 to change the supply amount (supply flow rate)
of the raw material monomer or the like to the second

20 reactor 20, or can be adjusted by using the flow control
valve 8 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 also depends
in a large part on the inner volume of the second reactor

25 20, how the inner volume of the first reactor 10 and the



52 so on, to differentiate a nol ecul ar weight distribution of the first

pol ymer fraction froma nol ecul ar weight distribution of the second pol yner
fraction, and it becones possible by blending themto obtain a polyner
conposition 5 of which nol ecul ar wei ghsodi stribution is controlled. In
general , the higher the nol ecul ar weight, the higher the nmechani cal
strength and heat resistance, but the |ower the nolding processability. On
the other hand, the |ower the nolecular weight, the higher the nolding
processabiijityy +Obyhe SHET Lekent coReharicalorstaEngid @t fread 1€siBsance
can not be obtained. Thus, a polyner fraction of a high nolecul ar wei ght

and a pol yesof£act i 00 0fr & hov OB @eykaipuei ght are obtained as the first
pol ymer fraction and the second pol yner fraction described above and m xed

(bl ended) 15 tgpgesber, 504t DAt RePRbYIB! €REPOSELEANLOL yite BT PAL-0F oI MDdal
nol ecul ar wei ght distribution can be obtained. Therefore, a pol yner
conposi ti on, hayi i S Elbhy & hd lovwebidi t¥actRlection
nol di ng fo?%ag¥k?gy?g§ﬁhﬁg%gon gﬁﬁgﬁigﬁpﬁegﬁgnipal?Etrengph andEEOheap

esi siancey, . TheCeUdlng 4 0sLOLA CIROGAINT £rhL L SnPASAIN B4 eRbaln a

pol yner conposition having a binoda cul ar weight distribution, nore

effectiveIgﬁg%g?éggrggh&g%@eaQLﬂg Hg%h%QIQ%ggnéﬁﬁhffkéF)ggo§ﬁg§§§%§dA’ for

exanple, a hi"gh nol ‘ecul ar wei ght a pol ymer ow 53
raw material monomer, the unreacted polymerization
initiator, decomposed substance of the polymerization

initiator, and so on.

i0 Although this embodiment is not limited thereto, the
polymerization rate in the second polymer fraction is, for
example, 5 to 90% by weight, and preferably 30 to 80% by
weight. The polymerization rate in the second‘ polymer
fraction generally corresponds to the content ratio of the

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

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

25



nol ecul ar wei ght are separately produced and nmade in an appropriate form
for blending (generally, pellets) beforehand, and they are subjected to
nelt blending, that is, mxed at a certain ratio and charged into an
extruder 5to be nelt kneaded, and then agmranged into a certain form
(generally, pelletized). In contrast, according to this enbodi nent, the
first polynmer fraction and the second polyner fraction respectively
obtained in the first reactor and the second reactor are directly m xed
together. 10 Thergf@rginknscgpparison to the nmelt kneadi ng method in which
pol ymers once fornmed are”subjected to nelt blending foll owed by being
formed again (repel | elizedboilhis erbadi ieat caRbegonduet ehby -l ss

nunber of steps, and can avoid the possibility of slight coloring by

heating ang_15.0f iygT Xing,gf AT 8i:gn JmRLer| ahe durd ngythe el & kpgadi ng,

and can continuously obtain”the polynmer conposition of high quality with

good pr0d“§éi¥@%%é£§%é%3§git5?8%hSuE“BFSEﬁgeFBQBXHEEEE@EEQ”zHEEHQQuPEn .

descri bed exanple, a tirst stage pol yneri zat

oot ol e 2 SRkl 4 B 80 (2LD ERNABLEL AR dPRslOrmaRd, D8N, o

second sta ol'ymeri zatii'on i's” conduc ing a certain raw materia

to this reacto and_such two stage L. yneri.zat | . ] i netal ]y
conduct ed 9 gégﬁéﬁsFoﬁop3W§ﬁeFP?§PF§ﬁ}g n(Pégygggﬁgﬁépgﬁ nggﬁér%%8 ion, a
255uspensigg stabilizigg aggnt (S uigally used, and an 54 aqueous sol ution
of sul furi E*8cFE™ 8 sSAEtFES Ad#Ed“Y 6 di ssol ve and renove the suspension
stabilizing age after the polynmerization. .A.so in the suspension.

bl ymer | zati on, TEUBoPPRELOEH BREFGE m SIeB8idd Ckeh bESESREAE Red By 5
dehydration and dryjng. after the palynerization, is to he nelt kneaded and
pel | eti zed®FH aﬁe%‘ijr?%‘éierk?y | FOEEHYES | (GREBAGPng T o ?%pso'ﬂgddbqlsrre%?‘?
cont i nuous bul k golynerization 'S cogducte in the firs%hreactor nd the
seconll reaPt8PET¥REPePSr &St AFE SEMBOdYRET “EAT tavsi G En& 181 8E “5r-S3

addi tives such_as a suspension stabilizing agent and an aqueous sol ution of
sul furic abfdthandedo8s ROt YFEquitF@CopErati ons such as dehydration and
drying, and thus, can avoid the possibility of innixingﬁg%la fo

( . , reign
material due toBP¥heSeNddafiNdesifd SRdditioNEl BPeYEEF aﬂdzﬂén%wo

lines as in this embodiment, the polymerization reaction
conditions, more specifically, the temperature, the time

15 .period (average residence time}, the amount of the
polymerization initiator (a ratio of the polymerization
initiator to the raw material monomer) and s0 on can be set
for the first polymerization step and the second
polymerization step, independently.

20 For example, it becomes possible by differentiating
between the first reactor and the second reactor in the
polymerization reaction conditions, more specifically, the
temperature, the time period (average residence time), the
amount of the polymerization initiator {a ratio of the

25 polymerization initiator to the raw material monomer) and



15continuously obtain the polymer conposition of high quality wth good
productivity. How t he pol yneri zation reaction conditions are set for
each of the first polynerization step and the second pol ynerization step
may vary according to the properties 208ad productivity desired, and so on.
Devol atilization Step Thepol ymerconposition(pol ynerizationsyrup)
obtai ned as described in the above may conprise the 25unreacted raw
materi al nononer and pol ymerization initiator 55 and so on, in addition to
the generat&dofg! ¥aEK fAkiRO®AA tehiss reythadiInantwd sgiotdi § ni Hed: ideref o,
such pol ymer conposition is preferably subjected to, for exanple,
devol atiliggti oRit-@rSeRy Bl ANds ¥ £EOVER t Reohawamatsladu Honose ght
distribution of the second polymer fraction, and it becomes
possible by blending them to obtain a polymer composition
5 of which molecular weight distribution is controlled. In
geﬁeral, the higher the molecular weight, the higher the
mechanical strength and heat resistance, but the lower the
'molding processability. On the other hand, the lower the
molecular weight, the higher the molding processability,

10 but sufficient mechanical strength and heat resistance can
not be obtained. Thus, a polymer fraction of a high
molecular weight and a polymer fraction of a low molecular

-weight are obtained as the first polymer fraction and the
second polymer fraction described above and mixed (blended)

15 together, so that a polymer composition of a broad or
bimodal molecular weight distribution can be obtained.
Therefore, a polymer composition having good molding
processability {e.qg. flowakbility, injection molding
formability, and so on) and high mechanical strength and

20 heat resistance.

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

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

25 polymer of a high molecular weight and a polymer of a low



More specifically,the polymer conposition is transferred to the preheater
31 through the common effluent [ine 27. The pol ynmer conposition in the
preheater 31 is added with .a part or all of an anpbunt of heat necessary to
10 volatilize the volatile conponent whiggh is mainly conposed of the
unreacted raw material nononer. Then, the polyner conposition is
transferred to the devolatilizing extruder 33 via the pressure adjusting
val ve (not shown in the drawi ngs), and the volatile conponent is at |east

partially méﬁeé@l@ﬂ’eae&@hﬁ:h%ﬂ@V@bPEHﬂtéﬂ@g Exdduteet , aadd readeesiduan
extruded object is formed into pellets and di scharged fromthe di scharge

l'ine 35. TMF(%yEiéthg I 684 CORRESI t LOBREORBN | SiHEnaraABLPACT yhd Xl easd er
pol ymer is produced in the formof the pellets. 20As a nethod for

transferr i@@fw@?@rb@,veaﬂel ¥IRY, GOMPOsitiofhe@ 0Bt hed tdescridied i st
4-48802 B is preferable. As a nethod of using a devolatilizing extrude,

met hods desgriRedoiina;faor example, r £ 3-48928h8rgdl Tt 29Ul Brdder
52- 17555 B, JP 1783682 B, JP 62-89710 A and so Zgon are preferable. 56

Further, duiing gc,af bt Aeol aldd | galhon 0kabbe RAYTR &anosi tiopni n the

devolatilizing extruder descr above, the polynmer conposition or the

extruded oblegl A\ be added Wt 2 | el iGald Ak agenkcsvaings 4y obels

embodiment, the first polymer fraction and the second
polymer fraction respectively obtained in the first reactor
and the second reactor are directly mixed together.
10 Therefore, in comparison to the melt kneading method in
which pélymers once formed are subjected to melt blending
followed by being formed again {repelletized), this
embodiment can be conducted by less number of steps, and
can avoid the possibility of slight coloring by heating and
15 of immixing of a foreign material during the melt kneading,
and can continuously obtain the polymer composition of high
quality with good productivity. Further, in the two stage
polymerization method described in WO 2007/060891, for
example, a first stage polymerization is conducted by
20 supplying a certain raw material to a reactor and then a
second stage polymerization ié conducted by adding a
certain raw material to this reactor, and such two stage
polymerization method is generally conducted by suspension
polymerization. In the suspension polymerization, a

25 suspension stabilizing agent 1is wusually wused, and an



5 al cohol s and higher fatty acid esters, an ultraviol et absorber, a heat
stabilizer, a colorant, an antistatic agent and so on, in order to
incorporate theminto the resin conposition, if necessary. The volatile
conmponent renoved in the devolatilizings54l0 extruder 33 consists prinmarily
of the unreacted raw material nononer and includes inpurities; e.g.
inpurities originally contained in the raw material nononer, additives used
if necessary, volatile by-product(s) generated in the process of '
pol ymeri zak;aBou@l | OB SUCBrass i ABFi @ndcidd 14 | BBhetdReaMOsRd suhst ance
of the polyrerization initiator, and so on. In general, a larger anount of
the inpurikigsoreke shive QAINGG L esih f EOIPOS| 5 OPi £0F Oh€dagWht CRfL 8 N0t
preferable. Then, the volatile conponent rermoved in the devolatilizing
extruder 3§h_(ewgb§§m%9@§b§&_§n_.ZOAQerW%I It_yleofsugggng%%a%@%@wzmeﬁl, al
nmononer and includes inpurities as described above) may bé passed through a
Monomer T eGovSEYy Aok ur, (el SRYR 18 LR Ldrawi fasky and Ldnaleik by pgeans
of distillation, adsorption and so on in f%e nononer recovery colum~to
renove the [ i.ties fyo a d rﬁﬁﬁ atddie,co nept 57
Ther eby, tﬁéﬁgggggé%gdégﬁa/%%%gf a 9%%%0%@% anqggg%éégbg}édnaftﬁghPSh
purlty. SOLLRAt o oA DS, FubLabLY; Leysed a5 g Saumt eihalnager ©or
pol ymeri zation. For exanple,” contrnuous distillTationis conducted in'the 5
nmonomer recovery,..colum_to recpver the dra er ] non L Wth
hi gh purity“as al§9StilFéte I?@ﬁ?d fr%ﬁﬁgﬂéﬁ%%g’of t éggéﬁ%ﬁﬁﬁ reggggry
colum, and i.t may be.transferred and recyc t he eri al noner
tank 1 aftgpl#FmﬁézﬁgégpvéﬁsiﬁOP%ECFSgofégyéfgnﬁgi?Qoﬁ%%%é%ggi%hglﬁ%%ay be
transferred and recycled to the_raw materi.al noner tank_1 w thaqut  being
reserved iﬁefﬁ@dréﬁ%V5¥V:TanE @?.%€ﬁefh§h6fhégﬁﬁi%ﬁe?%ec?%pﬁypfgeghﬁeaned
I

in tgﬁ nmononer recovery colum. my be di sposed as .a ste. In or e%n%p
t

preveRt t h&FeldvErtt TaR mital 4° Mordifar o ton Stapilizing agen

an agueous solution of sulfuric acid, and does not require

‘operations such as dehydration and drying, and thus, can

avoid the possibility of immixing of a foreign material due

to these additives and additional operaticns, and can

15 continuously obtain the polymer composition of high gquality
with gocd productivity.

How the polymerization reaction conditions are set for

each of the first polymerization step and the second

polymerization step may vary according to the properties

20 and productivity desired, and so on.

* Devolatilization Step
The polymer composition {(polymerization syrup)
obtained as described in the above may comprise the

25 unreacted raw material monomer and polymerization initiator



15 from causing the polynerization reaction in the recovery tank 37 and/or
the raw material nononmer tank 1, it is preferable that a pol ynerization
inhibitor exists in the recovery tank 37 or the raw material nononer tank 1
at aratio of, for exanple, 2 to 8 ppmI®p weight with respect to 20 the
raw material nmonomer, and nore preferably, in addition to this, an oxygen
concentration in a gas phase in the recovery tank 37 or the raw nateri al
nmononer tank 1 is set at 2 to 8% by volune. If the recovered raw materi al
monomer i saMankedch) he preseariwed id the §ecovetydtsakymdr 25f BI tAohgng
time, it is preferable to reserve it at a low 58 tenperature of, for
exanmpl e, Ot 9s5Cembodiment | Ast hhsrenbogdiireat , thheegont i BUeHS Pyl kmer

pol ymeri zati on apparatus wherein the first reactor and the second reactor
S5are both usgdot@r¢endugts t he LMHANUOUSs I &otod yes | zakben ksaflgser i bed.
However, the continuous polynerization apparatus of the present invention
i's not imytedibheretac;gne f hatdr-ofct BRgf idetloveeachiy anfl kheesegaeond
reactor may be used to conduct continuous solution polynerization. In 10
such enbodj pent ..since a solvent is used for the solution polynerization,

t he conti nuous pol ynerization apparatus is provided, in addition to a
simlar configu Lon : {,nuou ol y, Ehﬁino RRRATAL descgri bed
in the above MIF%EEefe%gﬁégg%gggIgf 1,§Q§th]%§£o ventQIank éﬁﬁkilsuggly 15
e and a-punBe(3yapl ¥ MeANS) 2530¢ka! &8 W he 30l Kefhohallt el deRitPPl Y

t he sol vent certaln reacto or conductingthe solutlon

I i i.on. t .t - Ly I'i I
noans) | ascOC R A i i A EnE A0 Tt U ER B kol b G TS Ty M edo {hose
20 sim| t rent i | 1 I
uppl | a1 BERE. ST Tarn WPBL(th Tor ConiicEig Ene s EaE o Coarhar i2at i on

after .bein 1 xed . with.raw t.erial _mononer, and/or the_polynerization
initﬁgtor,QSgggé “fe s&ﬁbﬁég}q%}?IﬁP%%??%?% Vgégﬁo%sfgglﬁé oﬁ:é%ﬁﬁﬁgthe

sol uti on pgkngﬁgZ@ﬁééﬁktégrgg%IXGE%rEg moncmer. Then, the polymer

composition is transferred to the devolatilizing extruder
33 via the pressure adjusting valve (not shown in the
drawings), and the velatile component is at least partially

15 removed in the develatilizing extruder, and a residual
extruded object is formed into pellets and discharged from
the discharge line 35. Thereby, the resin composition
comprising a methacrylic ester polymer is produced in the
form of the pellets.

20 As a method for transferring the above polymer
composition, a method described 1in JpP 4-48802 B is
preferable. As a method of using a devolatilizing extrude,
methods described in, for example, JP 3-49925 A, JP b51-
29914 B, JP 52-17555 B, JP 1-53682 B, JP 62-8971C A and sc

25 on are preferable.



59 above certain reactor, the polynerization step is conducted simlarly
(under an adiabatic condition) to the polynerization step described in the
above with reference to Fig. 1, except that the solvent is used in the 5
pol ymeri zation reaction. As to the solvemt, it is appropriately selected
according to the raw material nononer of the solution polynerization
reaction and so on, and not particularly limted, but exanples thereof

i ncl ude tol uene, xylene, ethyl benzene, nethyl isobutyl ketone, 10 nethyl
al cohol, ethyl alephet, oghangg deeangrteycl abeyaneildesalion, botythe
acetate, pentyl acetate, and so on. Aratio C: Dis, for exanple, 70:30 to
95:5, and prefreabl yo8Rp@9it 0o90: 1y buthanot deividitked 1tihenet o, ewheteen C
represents a supply flow rate (kg/h) of the raw material nonomer to the 15
certain reggkerifon GORANC! I PHet BR 1SRl | OBnPOL YRR 2@kl Othe aBdtPuded
represents a supply flowrate (kg/h) of the solvent to this certain
reactor. TbﬁjgeetbQHOHé RAkXAELk: zat hon,appanatug andnthgucRO=Rr acgss f or
produci ng the pol yner conposition of the present invention are herei nbefore

descrgbed 5@&8ﬁ8hsth§n3”b§9%ﬂ§PF fﬁtﬁﬂeeﬂﬁ&§ernkﬂ%ﬁnt%%n LA tdetabh et

According to the present invention, there i1s provided the novel continuous

pol yireri zaLhoB, BRRAr al Usie AND B :498.9f, SUCh-SRGRRNE NUOS BolyEREizati on
appar atus can condlct the 60 polymerization in at Teast two lines in
parall el bgggﬁkngnui so on, in order to incorporate them into the
resin composition, if necessary.
The volatile component removed in the devolatilizing
10 extruder 33 consists primarily of the unreacted raw
material monomer and includes impurities; e.g. impurities

originally contained in the raw material monomer, additives

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

process of polymerization, oligomer such as dimer and
i5 trimer, decomposed substance of the polymerization
initiator, and so on. In general, a larger amount of the

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

25 impurities from the above described volatile component.



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

pol yneri zation reaction conditions, nore specifically, the tenperature, the
time period (average residence tinme), 5 the anount of the pol ynerization
initiator (a ratio of the polynerizatios7initiator to the raw materi al
nononer) and so on can be set for the first polynerization step and the
second pol yneri zati on step, independently. Thereby, it becones possible to
control a nol ecular weight distribution 10 of the polymer contained in the

resin Conpp§éiép@'Obtﬁbne%ﬂﬂé4dﬁédﬂK&a@ndmeeEEQQUC@dﬂMMéﬁﬁfdéﬂenbéy t he
pol ymer conposition which is suitable for obtaining the resin conposition

having a vaLisbyrOf RHQRErhi g8, gFecppecis it yitgoesh nedi 8gitably
processability, high mechani cal 15strength, high heat resistance, and so

on. - FOMBNET »stPRe PEERCALLEPYSN 8ACKSrNObr| bBLYRE i 82t DEnaDOFEL
enbodi nent, and various nodifications can be nade. For exanple, three or

mor e react oL §6a0, be used,L8,condUGh itiNe tAQ)y Merd zatdeiudfed hr 88 OFnEDr e
lines in pardT el . For 20exanple, the effluent port may be | ocated on the

S g L N e M AN
whi ch is SH&%QPhglf%bdgﬁgyr%f@hahﬁgg'buéyty as a distillate liquid
from the top of the monomer recovery column, and it may be
transferred and recycled to the raw material monomer tank 1
after it 1s reserved in the recovery tank 37 once, or it
10 may be transferred and recycled to the raw material monomer
tank 1 without being reserved in the recovery tTank 37. On
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
15 from causing the polymerization reaction in the recovery
tank 37 and/or the raw material monomer tank 1, it is
preferable that a polymerization inhibitor exists in the
recovery tank 37 or the raw material monomer tank 1 at a
ratic of, for example, 2 to 8 ppm by weight with respect to
20 the raw material monomer, and more preferably, in addition
to this, an oxygen concentration in a gas phase in the
recovery tank 37 or the raw material monomer tank 1 is set
at 2 to 8% by volume. If the recovered raw material

monomer 1s wanted to be preserved in the recovery tank 37

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



conposi tion conprising a nethacrylic ester polymer(s). The present
application clains priority to Japanese Patent Application No. 2011-14342

filed on January 26, 2011, 5 entitled "CONTI NUOUS POLYMERI ZATI ON APPARATUS
AND PROCESS FOR PRODUCI NG POLYMER COVPOSBTI ON." The contents of that

application are incorporated herein by the reference thereto in their
entirety. 62 WHAT IS CLAIMED IS: 1. A continuous polynerization apparatus
used for continuously polynerizing a nethacrylic ester nononer, and
conpri si ng:@lpd £asird Wor | eest ossamb 1@, conpbes ®C i Xi ng type, 5Scharacterized
in that each of the reactors is provided wwth a supply port and an
effluent port; the respective supply ports of the two reactors are
comonly connected to a supply source of a raw material 1Onononer and a
pol ynmeri zati on tRithat Okmbodiment, the continuous bulk polymerization
apparatus wherein the first reactor and the second reactor
5 are both used to conduct the continuous bulk polymerization
is described. However, the <continuous polymerization
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
10 such embodiment, since a solvent is used for the solution
polymerization, the continuous polymerization apparatus is
provided, in addition to a similar configuraticn to the
continuous polymerization apparatus described in the above
with reference to Fig. 1, with a solvent tank and a supply
15 line and a pump {supply means) associated with the sclvent
tank to supply the solvent to a certain reactor for
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
20 similar to conventicnally used ones can be used. The
solvent can be supplied to the «certain reactor for
conducting the solution polymerization after being mixed
with raw material monomer and/or the polymerization

initiator, or can be supplied to the certain reactor for

25 conducting the solution polymerization, directly. In the



a flow control valve is installed on a raw material supply line for
supplying a m xture conprising the raw materi al nononer and the

pol ymeri zation initiator fromthe supply source of the raw material nonomner
and the 15polymerization initiator to tbe respective supply ports of the
two reactors; and the respective effluent ports of the two reactors
are connected to a common effluent |ine. 202. The continuous pol yneri zation
apparatus according to claim1l, wherein the effluent port of each of the

reactors ighdpsated-ain arsgacd oy ' Shé Opol pndhez&ONbh Nsioss ol yomduziatd on
apparatus according 63 conduct continuous bul k pol ynerizati on. 4.

The conti nuows1 el ymer (gaképn appar ahysanvgeor di ngoh@ianynpf ctai mstdeto 3,
wherein any of said supply ports 5 of the two reactors or another supply

port provigdet,horapyr Pbnt Be HWQIIRAGIAUS I8 eRBNRWRE i tth SHPPLYesedr ce of
an additional” polynerization initiator.
to TFig. 1, except that the solvent 1is wused in the
5 polymerization reaction. As to the sclvent, 1t 1is
appropriately selected according to the raw material
monomer of the solution polymerization reaction and so on,
and not particularly limited, but examples thereof include
toiuene, xylene, ethyl benzene, methyl isobutyl ketone,
10 methyl alcohol, ethyl alcohol, octane, decane, cyclohexane,
decalin, butyl acetate, pentyl acetate, and so on. A ratio
C : D is, 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
15 certain reactor for conducting the solution polymerization,
and D represents a supply flow rate (kg/h) of the solvent

to this certain reactor.

The continuous polymerization apparatus and the

20 process for producing the polymer composition of the
present invention are hereinbefore described through the
embodiment of the present invention in detail. According

to the present invention, there 1is provided the novel
continuous polymerization apparatus, and the use of such

25 continucus polymerization apparatus can conduct the



5. The conti nuous polynerization apparatus according 10to any of clains 1
to 4, wherein the two reactors have an i nner volune which is different from

each ot her. 6. A process for producing a polymer conposition
conducted by using the continuous pol ynei zati on apparatus 15according to
any of clains 1 to 5, which conprises a dividing step of dividing a

m xture conprising a raw materi al nononmer and a polynerization initiator
supplied fromthe supply source of the raw material nononer and the

pol yneri zapbDymépithaion it @tatldeast tmof iiaksr aw maiwerliladl 20§ rasihgn and
a second raw material fraction by the flow control valve; a first

pol ymeri zagtonesteptak supplyim@ddie fidstitiawansed i sdadtaefi o0 thad first
reactor of said two reactors through the supply port of the first reactor
to be 25suphected yie reontiBuous RAHrerd&adi Oibinderopd ageabatbe1164
the temperature, the time period {average residence time},
3 the amount of the polymerization initiator (a ratic 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. Thereby, it
becomes possible to control a molecular weight distribution
10 of the polymer contained in the resin composition obtained
in the end, and to produce more efficiently the polymer
composition which is suitable for obtaining the resin
composition having a variety of properties, more
specifically, good molding processability, high mechanical
15 strength, high heat resistance, and so on.
However, the present invention is not limited to the
above embodiment, and wvarious modifications c¢an be made.
For example, three or more reactors can be used to conduct
the polymerization in three or more lines in parallel. For
20 example, the effluent port may be located on the reactor at

other position than the reactor's top.

Industrial Applicability
The present invention c¢an be used for producing a

25 polymer composition which is suitable for obtaining a resin



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

pol ymeri zati on step of supplying the second 5 raw naterial fraction to a
second reactor of said two reactors thréagh the supply port of the second
reactor to be subjected to continuous polynerization under an adi abatic
condition in the second reactor, and taking a resultant second pol yner
fraction fromthe effluent port of 10the second reactor; and a

bl endi ng s¢eRo6f1ibl endidgot heifiyrstmpohyseyl f¢actton pobyhde(second pol yner
fraction to obtain a polynmer conposition.
The present application claims priority to Japanese
Patent Application No. 2011-14342 filed on January 26, 2011,
5 entitled "CONTINUCUS POLYMERIZATION APPARATUS AND PROCESS
FOR PRODUCING VPOLYMER 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 used for
continuously polymerizing a methacryliic ester monomer, and
comprising at least two reactors of a complete mixing type,
characterized in that

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

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

a flow control valve 1s installed on a raw material
supply line for supplying a mixture comprising the raw
material monomer and the polymerization initiator from the
supply socurce of the raw material monomer and the
polymerization initiator to the respective supply ports of
the two reactors; and

the respective effluent ports of the twoc reactors are

connected to a common effluent line.

2. The continuous polymerization apparatus according
to c¢laim 1, wherein the effluent port of each of the.

reactors is located at a reactor's top.

3. The continucus polymerization apparatus according

to claim 1 or 2, wherein the two reactors are both used to
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conduct continuous bulk polymerization.

4. The continuous polymerization apparatﬁs according
to any of claims 1 to 3, wherein any of said supply ports
of the two reactors or another supply port provided to any
of the two reactors is connected to a supply source of an

additicnal polymerization initiator.

5. The continuocus polymerization apparatus according
to any of claims 1 to 4, wherein the two reactors have an

inner volume which is different from each other.

6. A process for producing a polymer composition
conducted by using the continucus polymerizatiocn apparatus
according to any of cleims 1 to 5, which comprises

a dividing step of dividing a mixture comprising a raw
material monomer and a polymerization initiator supplied
from the supply source of the raw material monomer and the
polymerization initiator into at least a first raw material
fractiocn and a second raw material fraction by the flow
control valve;

a first polymerization step of supplying the first raw
material fraction to a first reactor of said two reactors
through the supply port of the first reactor to be

subjected to continuous polymerization under an adiabatic
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condition in the first reactor, and taking a resultant
first polymer fraction from the effluent port of the first
reactor;

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

a blending step of blending the first polymer fraction
and the second polymer fraction to co¢btain a pclymer

composition.



