1 DESCRI PTI ON METHOD FOR STOPPI NG CONTI NUOUS POLYMERI ZATI ON 5TECHNI CAL

FI ELD [ 0001] The present invention relates to a process for

di scontinuing a continuous polynerizatioh in the continuous pol ynerization
.of nmethacrylate ester polyners and the |ike. 10 BACKGROUND OF THE INVENTICN
[ 0002] There have been recently adopted continuous bul k

pol ynmeri zati onpr ocessesor conti nuoussol ution 15 pol yneri zati on processes in
whi ch nonomers, a polynerization initiator and the |ike are continuously
added to a polynerization reaction production of nethacryl ate
ester polyners, acrylate ester pol§%§%§%5§&§§lystyrene, an
acrylonitril e-butadi ene-styrene resin (ABS) 20or the |ike.

JP-07-126308A di scl oses a production of nethacrylate ester polynmers such as

a pol ynet hyl nethacnylate () ¥Jthe continuous_hul k_pol ynmeri zati on
process in which HOD F R STUPPING CONTINUOUS POLYMERIZATION

5 TECHNICAL, FIELD
f0001]
The present invention relates to a process for
discontinuing a continuous polymerization in the continuous

polymerization of methacrylate ester polymers and the like.

10
BACKGROUND OF THE INVENTION
[0002]
There have been recently adopted continuous bulk
polymerization processes or continuous solution
15 polymerization processes in which monomers, a polymerization
initiator and the 1like are continuocusly added to a
polymerization reaction vesgel for production of
methacrylate ester polymers, acrylate ester polymers, a
polystyrene, an acrylonitrile-butadiene-styrene resin (ABS)
20 or the like.

JP-07-126308A discloses a production of methacrylate
ester polymers such as a polymethyl methacrylate (PMMA) by
the continuous bulk polymerization process 1in  which

25 methacrylate ester monomers such as methyl methacrylate



~25net hacryl ate ester nononers such as nethyl nethacrylate 2 (MVA) and a
polynerization initiator are continuously fed in a polynerization reaction
vessel . [0003] 5Wien the polynerization #eaction of MVA and the like is
carried out by the continuous bul k polynerization process, PMVA, a reaction
product, is taken out froma reaction vessel as viscous polynerization
liquid (hereinafter referred to as "polynerization syrup”), then introduced
into, 10 for exanple a degas extruder to separate and renove unreacted

nononers a rth pelletized, for ex a pelletize n rovi ded
as a raM/ngﬁgéraﬁn v%?#%ﬁ% TR Pt %?tc?éf%' GoFPREIRuoUR yp?%gu i on of
t he above- nent trouble happened at a degas extruder or a
peIIetizeramﬁ?éﬁm3¥ézﬁF%%%s%ﬁﬁ%ﬁlQQNa 5ﬁﬁstrean1side of a pol ymeri zation
syrup flow fromthe reaction vessel, or when inspection and the 20 |ike are
carried out at the above-nentioned downstreamside, it is required to stop
t he influx[ggog?lynerization syrup to the downstream side. [0005] 3

5 When the polymerization reaction of MMA and the like is
carried out by the continuous bulk polymerization process,
PMMA, a reaction product, is taken out from a reaction
vessel as viscous polymerization liquid (hereinafter
referred to as "polymerization syrup"), then introduced into,
10 for example, a degas extruder to separate and remove
unreacted monomers and further pelletized, for example, by a
pelletizer, and provided as a raw material of various PMMA

products.

15 [0004]

At production of the above-mentioned PMMA, when trouble
is happened at a degas extruder or a pelletizer which are
disposed at the downstream side of a polymerization syrup
flow from the reaction vessel, or when inspection and the

20 like are carried out at the above—mentionad downstream side,
it is required to stop the influx of polymerization syrup to

the downstream side.

[0005]

25 As a method of stopping the influx of polymerization



syrup to the downstream side, there are a nmethod of equi pping a storage
tank capabl e of storing polynerization syrup, flow ng pol ynerization syrup
into the storage tank capable of storing3polynerization syrup, and a net hod
of 5stopping polynerization reaction at the upstream side. Since the
peri od capabl e of stopping the polynerization reaction is dependent on the
vol unme of a storage tank in the nethod of equipping the storage tank, the
storage tank with 10 a |large volune are required for an adequate tine for

i nspection, _repai ang the.like, and it.%s t hnical&y very di%f&cul% to
preserve tRETPBI yhBri 28%i cRCWF W t H Pievedtihs pétynefi zBFF8R%Y nOf he
storage tank. ,Further, the polymnerizati syrup collected_in the storage
tank al so EFHEBABE Be T &K dﬁﬁﬂioc?9§# nggsSﬁPrénﬁh@P&XWeE6FﬁﬁéPPzation
and the like at starage. [0006] On the other hand, in_ the nethod of

Stoppi ng 26YB8Py iy ArTorP TRART KR O™ He TR L FBEM Sittfe, SHRTAAY y LatFe f eed
of a polynerization initiafor to_a poLgnerization vesse|l is stopped and the
pol yrer i zafPBAPLRNIAS t BFCT et RELYIFER 23R RRA SYEHEneratd fed'qieipeEi t ut e
the inside of the reaction vessel with the MVMA nononer containing the
25po|§neri§59P5hn9nﬁ?%YT%ﬁ%Z%iﬂf§éd@%ﬁﬁqﬁﬂn-étsﬁﬁﬁiPP@ﬁﬁ?aFiﬁéde4 i's
necessary for stopping the polynerization reaction through the above
procedure, and the influx of nuch polynerization syrup to the downstream

si de cannot be . ,
Since the period capable of stopping the polymerization

reaction is dependent on the volume of a storage tank in the
method of equipping the storage tank, the storage tank with
10 a large wvolume are required for an adequate time for
inspection, repair and the like, and it is technically very
difficuit to preserve the polymerization gyrup with
preventing polymerizaticon in the storage tank. Further, the
polymerization syrup collected in the storage tank also can
15 not be reused due to influences of a thermal polymerization

and the like at storage.

[0006]
On the other hand, in the method of stopping
20 polymerization reaction at the upstream side, usually, the
feed of a polymerization initiator to a polymerization
vessel 1is stopped and the polymerization inhibitor together
with an MMA monomer is fed to substitute the inside of the
reaction vessel with the MMA monomer containing the

25 pelymerization inhibitor. Consequently, a significant time



i nmedi at el

pol yneri zati on reaction,

y stopped when it is necessary. Further, when 5resum ng the

a substitution of the MVA nononer containing the
pol ynmeri zation inhibitor with a MVA nono#&er containing a polymnerization

initiator is required and, a significant tinme is required for resunption of

t he pol yne
i ncreases

pol ymeri zati on m ght not be stably discontinued.

di scl oses
setting a
adj usting
reaction v
pr ol onged

to necessafP¥BeFaKRE AR 0pEY RER ontBf

rization reaction. Furthernore, in this nethod, 10 tenperature

in reaction vessels mght be observed, and the conti nuous

a met hod of stopping

t-Ep et At e & ‘%reac%Oé’rPJ\?gss 9 Nt HETSFES e EERGE 1R

t he s%%gl¥ flow rate of the nononer .into the above-nenti oned
2220

&Lgen

t he raw nononer_ depending on a tenperature in 5

10

15

20

25

immediately stopped when it 1is necessary. Further, when
resuming the polymerization reaction, a substitution of the
MMA monomer containing the polymerization inhibitor with a
MMA monomer containing a polymerization initiator is
required and, a significant time is reguired for resumption
of the polymerization reaction. Furthermore, in this method,
temperature increases in reaction vessels might be observed,
and the continuous polymerization might not be stably

discontinued.

[0007]

JP-2006-131847A discloses & method of stopping a
continuous  polymerization which comprises setting a
temperature of a reaction vessel into the specific range by
adjusting the supply flow rate of the monomer into the

above-mentioned reaction vessel.

[ooo08]

According to this method, a stoppage of prolonged time
is possible and the stop and the resumption are easy, but it
to necessary to make an operation of adjusting the supply

flow rate of the raw monomer depending on a temperature in

f15008P°Ve PIRCEGHEFng £8% hir&enetRbdd Xa SLopPHEE of
tinme is possible and the stop and the resunption are easy, but
usETYAY HHFES U AR 25RNBREr abe of

[ 0007] 15JP-2006-131847A
continugﬁf pol yneri zatiqQn whi ch cqnpri ses

it



the reaction vessel and a tenperature of an outer wall of the reaction
vessel . SUVMARY OF THE | NVENTI ON 5PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[ 0009] An object of the present inwvention is to provide a nmethod of
stopping a continuous polynerization with a sinple operation in which a
tenperature increase of a content in a 10 reaction vessel can be prevented
and the continuous polynerization can be stably stopped, when manufacturing
a pol ymer by the continuous polynerization. MEANS FOR SOLVI NG THE PROBLEMS

15[ 0010] The Aresent ven rOV|de hod of stop

cont i nuous “B§ iRASZ&0 ofF G q‘ ‘% ?@Beﬁﬁ Fﬁu8%sﬁ¢'§HB§F§lﬁﬁfg Rbnoner
and a ponnErlzatlon initiat |nto a reaction vessel to polynerize the
nmonomner fe TFESELPBNY2B%e sel and continuously renoving a

pol yneri zati on conposition froman inside of the reaction vessel to an
outside of the reaction vessel, wherein, the nethod conpri ses:

25di sconti nui n the sugg ¥ of the polynerlzatlon initiator
S Y OF T NVENTION

5 PROBLEMS TO BE SOLVED BY THE INVENTION
[0009]

An object of the present invention is to provide a
method of stopping a continuous polymerization with a simple
operation in which a temperature increase of a content in =a

10 reaction vessel can be prevented and the continuous
polymerization can be stably stopped, when manufacturing a

polymer by the continuous polymexrization.

MEANS FOR SOLVING THE PROBLEMS
15 f00190]

The present invention provides a method of stopping a
continuous polymerization which comprises continuously
supplying a monomer and a polymerization initiator into a
reaction vessel to polymerize the monomer in the reaction

20 vessel; and
continuously removing a polymerization composition from an
inside of the reaction wvessel to an outside of the reaction
vessel,
wherein, the method comprises:

25 discontinuing the supply of the polymerization initiator



6 into the reaction vessel, and continuously supplying a nononer-containi ng
raw materi al having a dissol ved oxygen concentration of O to 5 ppminto the

reacti on vessel

at aflowrate in a rangeg of 1/500 to 51/10 of a flow rate

of a raw material supplied at the polynerization reaction, in the state

that the s

tirring in the reaction vessel and the renoval of the

pol ynmeri zati on conposition to the outside out of the reaction vessel

conti nued.
of stoppin
i nventi on,

10

15

20

25

10 EFFECTS CF THE INVENTICN_[OOll] _ According to the
qp%getggn%ggggggnpgégggf)éﬁ&ion according to the present
continuously supplying a monomer-containing raw material
having a dissolved oxygen concentration of 0 to 5 ppm into
the reaction vessel at a flow rate in a range of 1/500 to
1/10 of a flow rate of a raw material supplied at the
polymerization reaction,
in the state that the stirring in the reaction wvessel and

the removal of the polymerization composition to the outside

out of the reaction vessel are continued.

EFFECTS OF THE INVENTION
foo11]

According to the method of stopping the continuous
polymerization according to the present invention, the
stoppage of the polymerization zreaction can be smoothly
performed in stopping the polymerization reaction for the
reasons of a trouble occurrence or a check work start.
Moreover, the method of the present invention can prevent
the content temperature increase of the reaction vessel by a
simple operation, and can stably discontinue the continuous

polymerization.

BRIEF DESCRPTTION OF DRAWING
[0012]

Fig. 1: an example of a continucus bulk polymerization

are

met hod



15 stoppage of the polynerization reaction can be snmoothly perforned in
st oppi ng the polynerization reaction for the reasons of a trouble
occurrence or a check work start. Mreoveér, the nmethod of the present
invention can prevent the content tenperature increase of the reaction
vessel by a 20sinpl e operation, and can stably discontinue the continuous

pol ynmeri zati on.

BRI EF DESCRPTI ON OF DRAW NG [ 0012] 25Fig. 1: an exanple of

a continuous bul k polynerization 7 apparatus used in the present

i nventi on. ENMBQOD

DUCTI NG, THE | NVENTI ON [ 0013] 5The conti nuous

NENTS(ECR
pol yner i zafPBRTPAYENES BT e58nt s et Ton THEGEE -a cont i nuous bul k

pol ynmeri zati on and a conti nuous sol ution pol ynerizati on.

EMBODIMENTS FOR CONDUCTING THE INVENTION

[0013]

The continuous polymerization in the present invention

includes a continuous bulk polymerization and a continuous

solution polymerization.

[0014]

In the present invention, the raw material monomer

10 includes a methacrylate ester monomer, an acrylate ester

monomer, styrene, acrylonitrile and the like. The monomer

may be used alone or in combination of two or more. Further,

rubber polymers such as polybutadiene and SBR can be also

used with dissolution.

15

[0015]

Hereinafter, the continuous bulk polymerization using a

methacrylate ester monomer as the monomer i1s illustrated

below as an example but it is not limited thereto. The

20 methacrylate ester monomer is not specifically limited, but

examplies include an alkyl methacrylate, an aryl methacrylate

and

the like. Among these, an alkyl methacrylate 1is

preferable.

25 [0016])



[0014] In the present invention, the raw material nmonomer 10 includes a
nmet hacryl ate ester nononer, an acrylate ester nonomer, styrene,
acrylonitrile and the like. The nononer 8y be used al one or in conbination
of two or nore. Further, rubber polyners such as pol ybut adi ene and SBR can
be al so used with dissolution. 15 [0015] Hereinafter, the continuous
bul k pol yneri zation using a nethacryl ate ester nononer as the nononer is
illustrated bel ow as an exanple but it is not limted thereto. The

20met hacryl ate ester oner |s not specifically limted, but exanples
i ncl ude an aIkthﬁeFHEQEyFQtEbeaﬁgﬁyﬁrmﬁﬁFh%%?@l%i%éiuﬁF%WﬁFqX%&§e Arfong
these, an al kyl nethacrylate is preferable. 8 , The Kyl .in the
above- ment PBhe8PEFkYF CRbt hatt Pt i 8Unot AR | E&?}%Aqq iafi]i%h,haomng
exanpl es include al kyl having 1 to 18 carbons. Nanely, the_ specifijc
exanpl es ot ERelll K§FPRI hadidfiedie itha GRECAEL Ry FXABPhaS 9T athe WA
met hacryl ate, 5 n-propyl nethacryl ate, isoprop%% nmet hacryl ate, n-butyl
net hacryl atethpgeplats e huls yreityl sechpgrylapdt hgeryl afethaeryidhif v
met hacryl ate, n-hexyl nethacrylate, n-octyl nethacrylate, |auryl

met haéryl aRePrepehr ymerBeRatigta e dfPPEREYIL ket AFfsHY Iefi€se, WeEtHML

nmet hacryl ate is preferable.
methacrylate, iscbutyl methacrylate, sec-butyl methacrylate,

tert-butyl methacrylate, n-hexyl methacrylate, n-octyl
methacrylate, lauryl methacrylate, stearyl methacrylate and
the like. BAmong these, methyl methacrylate is preferable.
10
[0017]
The above-mentioned methacrylate ester monomer may be

used alone or or in combination of two or more.

15 Further, the polymer obtained by poliymerizing the
above-mentioned methacrylate ester monomer may be a
homopolymer of the methacrylate ester monomer, or may be a
copolymer obtained by copolymerizing the monomer which

a,

contains at least 50 % by weight of methacrylate ester
20 monomer and at most 50 % by weight of another vinyl monomer
copolymerizable therewith. The copolymer is preferably a
polymer obtained by copolymerizing the monomer which
contains at least 80 % by weight of methacrylate ester

monomer and at most 20 % by weight of another vinyl monomer.

25



10 [0017] The above-nenti oned nethacryl ate ester nononer may be used
al one or or in conbination of two or nore. 15Further, the pol yner obtained
by pol ynerizing the above-nentioned nettacryl ate ester nonomer rmay be a
~honopol ymer of the nethacrylate ester nononmer, or nay be a copol yner
obt ai ned by copol yneri zi ng t he nononer which contains at |east 50 % by
wei ght of nethacrylate ester 20 nononer and at nost 50 % by wei ght of
anot her vinyl nonomer copol ynerizable therewith. The copolynmer is
preferably a EgLyner obt ai ned by copol yneri zi ng t he nononer whi ch contains
at |east 86994 wei ght of nethacrylate ester nononer and at nost 20 % by

wei ght of anot her vinyl namner . 9?$0018 . Ex | es, of _the ,
above-nentionedE§6B8£%ﬁeP'z§g§% IR 'Wﬁﬂ&ﬁﬁﬂeqrﬁﬁ?éi?ﬁﬁﬁ%ﬁ%ﬁ%? e such
as nethyl acrylate, ethyl acrylate, prop¥l acryl ate, b%%él acrylate and 2-
5 et hyl hexPPREREY| dE1UGRs R TFatdF c&PhEXSI iTidi 88 ety a §%es such
as acrylic acid, nethacrylic acid, maleic acid, itaconic_acid, maleic
anhydri de 8BBYIt aREA B hhy BEoBEL hgaFBkFe gr RF-ConP&HILAGEnDRABRerS such
as 2- hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 10 _nonoglycerol
acryl ate, ethydhexybt RFryhetRacrinsatair SR THA L et hadt y ot 2 @Hd
monogl ycerol nethacrylate; nitrogen-containing nononers such as acryl am de,
met hacr yl apnBEdraéey| 6HChr ide, agey hber frafi t Matdagirydécocishr yiaka¥e and
di met hyl am noet hyl nethacryl ate; epoxy group- 15 containi ng nononers such
as allyl gkhgéfldyl id@amemiqyl yerdgl ad®ledice apdhygliyedely| a@st hatF§Fare
styrene nononers such as styrene and al pha-net hyl styrene.

anhydride; hydroxyl group-containing monomers such as 2-

hydroxyethyl acrylate, 2-hydroxypropyl acrylate,

10 monoglycerol acrylate, 2-hydroxyethyl methacrylate,
hydroxypropyl methacrylate and monoglycerol methacrylate;
nitrogen-containing monomers such as acrylamide,
methacrylamide, acrylonitrile, methacrylonitrile,diacetone
acrylamide and dimethylaminoethyl methacrylate; epoxy group-

15 containing monomers such as allyl glycidyl ether, glycidyl

acrylate and glycidyl methacrylate; styrene monomers such as

styrene and alpha-methyl styrene.

[0019]

20 The polymerization initiator wused in the continuous
polymerization in the present invention is selected in
accordance with a polymer being an objective or a type of
the monomer used for polymerization reaction and is not
specifically limited, but for example, radical initiators

25 are mentioned.



[0019] 20The polynerization initiator used in the continuous polynerization
in the present invention is selected in accordance with a polynmer being an
objective or a type of the nonomer used ¥®r pol ynerization reaction and is
not specifically limted, but for exanple, radical initiators 25are
mentioned. 10 [0020] Exanpl es of the above-nentioned radica
initiator include azo conpounds such as azobi si sobutyronitrile,

5azobi sdi et hyl val eronitril e, azobiscycl ohexanenitrile, 1,1'-

azobi s(1- acet oxy-| - phenyl et hane), di met hyl 2, 2' - azobi si sobut yr at eand

4,4' -azobi s-4-cyanoval eric acid; organi c peroxi des such as benzoyl

peroxi de, |auraqyl peroxi de, acetyl peroxide, caproyl peroxide, 2,4- 10
dichlorobeﬁ?@%gieroxide i sobut yl per oxi de,

acet yl cycl ohexyl sul f onyl per.oxi t - butyl erox |vaI t t-butyl
peroxyneodecano§¥@mp? % o p&gﬁxy pFEEBéP@ tbﬁﬁaFﬁé}oxﬁnégé?E9¥

hexanoat e, 1 1 d|-t- . L
lude azo compounds such as azobisiscobutyronitrile,

5 azobisdimethylvaleronitrile, azobiscyclohexanenitrile, 1,1'-
azobis (l-acetoxy-1-phenylethane), dimeﬁhyl 2,2"-
azobisiscbutyrate and 4,4'-azobisg-4-cyanovaleric acid;
organic peroxides such as benzoyl peroxide, lauroylperoxide,
acetylperoxide, caproyl peroxide, 2,4-

10 dichlorobenzoylperoxide, isobutylperoxide,
acetylcyclohexylsulfonylperoxide, t-butyl peroxypivalate, t-

butyl peroxyneodecanoate, t-butyl peroxyneoheptanocate, t-

butylperoxy-2-ethyl hexanoate, 1,1-di~-t-
butylperoxycyclohexane, 1,1-di(t-butylperoxy)-3,3,5-
15 trimethylcyclohexane, 1,1-di{t-hexylperoxy)-3,3,5-
trimethylcyclohexane, isopropyliperoxydicarbonate,
isopropylperoxydicarbonate, isobutylperoxydicarbonate, s-
butylperoxydicarbonate, n-butylperoxydicarbonate, 2-
ethylhexylperoxydicarbonate, bis(4-t-
20 butylcyclohexyl) peroxydicarbonate, t-amylperoxy-2-ethyl

hexanoate, 1,1,3,3-tetramethylbutylperoxyethyl hexanoate,
1,1,2-trimethylpropylpercxy-2-ethyl hexanoate, t-
butylperoxyisopropyl monocarbonate, t-amylperoxyisopropyi
monocarbonate, t-butylperoxy-2-ethylhexyl carbonate, t-

25 butylperoxyallyl carbonate, t-butylperoxyisopropyl carbonate,



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

15tri met hyl cycl ohexane, 1, 1-di (t - hexyl per oxy) -3, 3, 5-

trimet hyl cycl ohexane, i sopr opyl per oxydi carlbonat e,

i sopropyl per oxydi carbonat e, isobutyl peroxydi carbonate, s-

but yl per oxydi car bonat e, n- but yl per oxydi car bonat e, 2-

et hyl hexyl per oxydi car bonat e, bi s(4-t- 20 butyl cycl ohexyl ) per oxydi car bonat e,
t-anyl per oxy- 2- et hyl hexanoate 1 1, 3, 3-tetranethy|butylperoxyethyl

h t 1,1, 2-t th 2-eth h
tgﬁﬁgﬁgeso}yﬁsap?oélne %%gx y&ﬁépﬁéyéx§§§§§$5§9?a5%hd%é%6%nate
t- butylpergygﬁé8g$£ q%é car%&patefyﬁ 259%%%Eg%£ Xgllyl Cfrfgpﬁgp

t - but yl per
1,1,3,3-tetraneth ut yl per oxyi sopr oyl nonocarbonate, 1,1, 2-
trlanethyIE?BB?W%€P5¥?¥ %W¥ fate, 1,1, 3,3- 1.1,2-
tetranethylbutylgeroxylsononate 1,1, 2- trlneth B gi ggro |sononate and
tert-butyl perBRyPEHRER PQQR¥Xiﬂ9ﬂﬁ§%t?aF¥¥%1ﬁe - P %@ %l one or

in conbination of two or npre. & | ,
5 The polymerization initiator may be wused alone or in

combination of two or more.

[0D021]
The amount of the radical initiator is not specifically
10 limited, but is usually 0.001 to 1% by weight, based on the
monomer contained in the raw material. When using two or
more of monomers, saild amount may be in the above-mentioned

range, based on the total amount of the monomers.

15 fooz22]

The radical polymerization initiators are not
specifically limited, but are preferably compounds whose
half-1ife time at the polymerization temperature 1is one
minute or less. When half-life is less than 1 minute, the

20 reaction velocity is fast so that the polymerization

reaction is performed especially satisfactorily.

(0023]
In the continuous polymerization in the present

25 invention, a chain transfer agent may be used for adjusting



[ 0021] The anmount of the radical initiator is not specifically 10 limted,
“but is usually 0.001 to 1% by wei ght, based on the nononer contained in the
raw material. Wen using two or nore of Ifonomers, said amount may be in the
above-nenti oned range, based on the total anount of the nmononers. 15[0022]
The radi cal polynerization initiators are not specifically limted, but are
preferably conpounds whose half-life tinme at the polynerization tenperature
is one mnute or less. Wen half-life is less than 1 mnute, the 20reaction

locity is, fast t-hat th I i zati i i f d
eapeci al |y Bg: YRRROAT WO ERoap T & POl AR B S e The
I i zatj in th t . 25i ion, hai n t f. t, b
Used for adPOYErAE ™ 12T he CHEL Bo HEAPAET GRS DY a"R0| TRer T he BVERAT ed. The
above-nentioned,chain #ransfer aﬁent na¥ be eitherla_'noigunctio al, chain
transfer a§BRESOPPA! pSRGLFuREEPEhaF GRS Farfsii? %S%%H? W s ped i

exanpl es include al k
P transfer %gent, and specific examples include alkyl

5 mercaptans such as propyl mercaptan, butyl mercaptan, hexyl
mercaptan, octyl mercaptan, 2-ethylhexyl ﬁercaptan and
dodecyl mercaptan; aromatic mercaptans such as phenyl
mercaptan and thlocresol; mercaptans having 18 or less of
carbon atoms such as ethylene thioglycel; polyhydric

10 alcohols such as ethylene glycol, neopentyl glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol,
tripentaerythritol and sorbitol; compounds whose hydroxyl
group 1is esterified with thioglycolic acid or 3-
mercaptopropionic acid; 1,4-dihydronaphthalene; 1,4,5,8-

15 tetrahydronaphthalene; beta-terpinen; terpinolene; 1,4-
cyclohexadiene; 1,4-cyclohexadiene; hydrogen sulfide and the
like. These may be used alone or in combination of two or

more.

20 [0024]

Since an amount of the chain transfer agent differs
depending on the type of the chain transfer agent to be used,
it is not specifically limited, but the amount is preferably
0.01 to 5 parts by weight, based on 100 parts by weight of

25 the monomer contained in the raw material. For example,



5 nmercaptans such as propyl nercaptan, butyl nercaptan, hexyl mercaptan,
octyl nercaptan, 2-ethyl hexyl nercaptan and dodecyl nercaptan; aromatic

mer capt ans such as phenyl nercaptan and it3hi ocresol ; nercaptans having 18 or
| ess of carbon atons such as ethyl ene thioglycol; polyhydric 10al cohols
such as ethyl ene glycol, neopentyl glycol, trinmethyl ol propane,
pentaerythritol, dipentaerythritol, tripentaerythritol and sorbitol;
conmpounds whose hydroxyl group is esterified with thioglycolic acid or 3-
mer capt opropioni c_acid; 1, 4-di hydronaphthal ene; 1.4 -, 15
t et r ahydr off ﬁﬂtﬂ%f%ﬁﬁﬁaﬁﬁn%5?<¥%%d (IR GO i pr??igab%%

i Hen; "t er prnol ene, cy I%H%&éﬁ?é%e;

1, 4-cycl ohexadi ene; hydrogen sul fide and-the | pLke. These be used al one
or in coanﬁﬁFFoﬂyoVegﬁBQOrmﬁﬁ?eprfgﬁ66giy ©.05 %ﬁ (x?%ﬁgfgknﬁﬁléﬁ%The
chain transfer _agent differs depending qon _the type of the chain transfer
agent to bgaﬁgﬂ o0 109 Pt e@FFﬁ@§1P§ Fﬁﬁi?g%gm%ﬁt the anount is
preferably 0.01 to 5 parts by weight, based on 100 parts by wei ght of 25the
nononer contained in the raw material . For exanple, 13 when nercaptans are
used, the anmount is preferably 0.01 to 3 parts by weight, nore preferably
0.05 Po 1 paPESby wei ght, based on 100 parts by wei ght of the mononer.

5[ 0025] A nol d rel ease agent can be used in the continuous

pol ymeri zati on fn tH& pFekedtei AFSALI it ThHE MASH réledd® ag@mtin 4hough
not specifically Iimted, includes a higher fatty acid ester, a higher

al i phati c BPEPROTIZatiyhbR Fhet Pregenti dnvanhigher S YA drelfaRe and a
hi gher fatty acid netal salt. In addition, the nold release agent nmay be
used al onea@enin 2bEBPWER | BAL ofPEGbE bPa hbf el iMHeehnotiftlwies e MEIREY el ease
agent is preferably adjusted so that the amount is fromO0.01 to 1.0 parts
by wei ght, fabke @@@deegﬁﬂghfq(hﬁgher aliphatic alcohol, a higher fatty

10 acid, a higher fatty acid amide and a higher fatty acid
metal salt. In addition, the mold release agent may be used
alone or in combinaticon of two or more. The amount of the
mold release agent is preferably adjusted so that the amount
is from 0.01 to 1.0 parts by weight, more preferably from

15 0.01 to 0.50 parts by weilght, based on the polymerized
product (the polymer) 100 parts by weight of the polymer

contained in a polymer compositicon obtained.

[0026]
20 Then, the ©present invention 1s illustrated with
referring to a continuous Dbulk polymerization apparatus

ghown in Fig. 1.

The continuous bulk polymerization apparatus shown in

25 Fig. 1 is equipped with;



15 0.01 to 0.50 parts by weight, based on the polynerized product (the

“pol ymer) 100 parts by weight of the polyner contained in a polyner
conposition obtained. [0026] 20Then, thel$present invention is illustrated
with referring to a continuous bul k pol ynerization apparatus shown in Fig.
1. The continuous bul k pol ynerization apparatus shown in 14 a reaction
vessel 10, a stirring blade 11 for stirring contents in the reaction vessel
10, rotational nunber detection neans 14 for detecting the

5rot ati onal nunb . _of the ring blade 11, a nononer feed neans

(speci fi caPl y&2§ ﬁﬁﬂoﬁﬁ? ?ge%épunp 20) for feeding the raw material nononer

to the react! an veselorae ' 2ot F13%h88Y IR RS HAEktYee

vessel 10,
rotational number detection means 14 for detecting the
5 rotational number of the stirring blade 11,
a monomer feed means (specifically, a monomer feed pump 20)
for feeding the raw material monomer to the reaction wvessel
10,
an initiator feed means (specifically, an initiator feed
10 pump 25) for feeding a polymerization initiator ({(or a
monomer solution containing the polymerization initiator)
(Hereinafter, these may be collectively called as
"polymerization initiateor and the 1like”) to the reaction
vessel 10,
15 a temperature detection means (specifically, a temperature
sensor 35) for detecting temperature in the reaction vesgsel
10,
a temperature adjustment means (specifically, a jacket 15)
for adjusting temperature of the external wall of the
20 reaction vessel 10,
an initiator feed flow rate control means 32 for controlling
the flow rate of the polymerization initiator and the 1like
fed to the reaction vessel 10 and for stopping the feed of
the polymerization initiator by the initiator feed means

25 (the initiator feed pump 25) when stopping the



10 punp 25) for feeding a polynerization initiator (or a nonomer sol ution
containing the polynerization initiator) (Hereinafter, these nay be
collectively called as "polynerization i¥atiator and the like") to the
reaction vessel 10, 15a tenperature detection neans (specifically, a
tenperature sensor 35) for detecting tenperature in the reaction vessel 10,
a tenperature adjustnent neans (specifically, a jacket 15) for adjusting
tenperature of the external wall of the 20reaction vessel 10, an initiator

f eed flom1rage control neans Bﬁ.for contrg{ligﬁ t he flomhiate f the

pol yner i zaPPOX™FRT £7 5P an82EheCTi kKEFEF o The PealtPBRVes 19*%and for
stopping the feed of th ol rization.nitiator by the initiator feed
means 25(tHBWPﬁ§F?3To?l$%5%‘%ﬂﬁﬁ“ﬁé?ﬁﬁ%ﬁc?tgﬁﬁﬁﬁg'the 15 pol yneri zati on
reaction caused b agﬁi§f2€f at the downstream si de ngf the re {ion
vessel . a AoRGHSRSTo Pt BAEONCPOF TREaRE 8 dr LoRt FORFFAGLINE 11 ow
rate of the raw.material nononer fed to the ,5.reaction vessel 10 and for
control | i n§hehef +@8d A6 PAt 8% (3R r IRCREL-ELI APOMIMOetShy FRe MWfhoner
feed nmeans (the nmononer feed punp 20) when _the polynerization reaction is

st opp&d be&gasEiPRoVBPEL] sLYettt diy cantied lddinsteeaRrdi 801 Bt et

reaction vessel, and .
the raw material monomer by the mcnomer feed means (the

monomer feed pump 20) when the polymerization reaction is
stopped because trouble is generated at the downstream side
D of the reaction vessel, and

10 a temperature adjustment and control means 33 for adjusting
the setting temperature of the temperature adjustment means

{the jacket 15).

[c027]
15 The continuous bulk polymerization apparatusg has:
monomer feed tanks 21, 51, and 56,
initiator feed tank 26, and
mixing wvessels 61 and 66 for preparing the raw material
monomer (namely, a monomer, or a monomer solution containing
20 an additive agent such as a chain transfer agent and a mold
release agent) supplied into the monomer feed tanks. Inert
gas introduction lines 21la, b5la, 56a, 26a, 6la, 66a, 71a?
and 76a are connected to each of the monomer feed tanks 21,
51, and 56, the initiator feed tank 26, and the wmixing

25 vessels €61, 66, 71, and 76.



10a tenperature adjustnent and control means 33 for adjusting the setting
tenperature of the tenperature adjustnent neans (the jacket 15). [0027]
15The conti nuous bul k pol yneri zati on appdratus has: nononer feed tanks 21,
51, and 56, initiator feed tank 26, and m xing vessels 61 and 66 for
preparing the raw materi al nononmer (nanely, a nononer, or a nononer
solution containing 20 an additive agent such as a chain transfer agent
and a nold rel ease agent) supplied into the nononmer feed tanks. lnert gas
introduction lines 2l1a, 5la, 56a, 26a, 6la, 66a, 7la, and 76a are connected
to each of the nononer feed tanks 21, 51, and 56, the initiator feed tank
26, and th?o 'xjng 25vessel s 61, 66, 71, and 76. 16 [0028]

Y
In the continuocus bulk polymerization apparatus shown

in Fig. 1, the reaction vessel 10 1is not specifically

5 limited, but preferably is a perfect mixing type reaction

vessel which can form substantially perfect mixing condition

in the reaction vessel.

[0029]

10 The stirring blade 11 £for stirxrring contents in the
reaction vessel 10 is not specifically limited, but examples
inciude a MIG Dblade, a MAX BLEND blade (a trade mark;
manufactured by Sumitomeo Heavy Industries Ltd.}, a paddle
blade, a double helical blade, a Full zZone blade

15 {manufactured by Shinko Pantec Co., Ltd.) and the like.
Preferably, baffles are installed in the reaction vessel in

order to improve stirring effect in the reaction vessel.

[0030]

20 The stirring motive energy during the polymerization
reaction and the polymerization discontinuation i1s not
specifically limited, but preferably is 0. 5 to 30 kW/m® and
more preferably is 1 to 15 kW/m’. The higher the stirring
efficiency of the stirring blade 11 is, the more preferable

25 it is. The stirring motive energy is preferably constant



In the continuous bul k polynerization apparatus shown in Fig. 1, the
reaction vessel 10 is not specifically 5 limted, but preferably is a
perfect mxing type reaction vessel whi &Y can form substantially perfect

m xing condition in the reaction vessel. [0029] 10The stirring blade 11 for
stirring contents in the reaction vessel 10 is not specifically limted,
but exanples include a MG bl ade, a MAX BLEND bl ade (a trade mark

manuf actured by Sum tonop Heavy Industries Ltd.), a paddle blade, a double

helical blade, a Full Zane bl.ade .15 manuf act ur ed Shinko Pantec Co.,
e S “and QHELRS K Eiep St DR HaTy | SO nEPaI INF | e LRt EARhoBh
vessel in 8rder to I nprove st'rr%n effect in the.reac%iggg¥esselu 0030]
20The sti r FHAGOADHFYAS fer gy TRGr ﬁghFﬁet§8|yﬁ§ﬁ°f&FVoﬁ r i o he
pol yneri zation discontinuation is not specifically limted, but preferably
is 0. 5 toSEBCRWHB Hd Thi Sishere i POl¥™eTt GORESRW HB. tHhe $f t he
stirring efficiency of the stirring blade 11 is, the npre preferable 25it
is. The stFYPIEE nbYlive Eifer LIS pr &48r aBFyTEOREt AHPELYT RRSHHY t HES

pol ymeri zation reaction and the polynerizatiaon discontinuation, The higher
t he vPscosP¥§feralhlie setadia &if sydtrekerablyr FHEIRFgRRE PRETRIVFRTLFbnt ent

in the reaction systemis), the larger the stirring notive energy is
reaction and the polymerization stoppage, the stiF¥ring

motive energy is almost the same and is kept constant.

{0031]
10 In the present invention, the stirring in the reaction
vessel is continuously performed during the polymerization

reaction (that is, a polymerization reaction step} and

during the polymerization stoppage (that is, a
polymerization stoppage step). The stirring blade 11 is
15 equipped with a rotational number detection means 14 for

adjusting its rotational number.

The monomer and the polymerization initiator are

supplied into the reaction vessel 10 during a polymerization

20 reaction. Said supply is performed by supplying the

polymerization raw material which contains the monomer, the

polymerization initiator, and, if necessary, the additive

agent such as the chain transfer agent and the mold release
agent.

25



5 preferably set to be. Preferably, during the polynerization reaction and
the pol yneri zation stoppage, the stirring notive energy is alnost the sane
and is kept constant. [0031] 10ln the prldsent invention, the stirring in

t he reaction vessel is continuously performed during the polynerization
reaction (that is, a polynerization reaction step) and

duri ngt hepol yneri zati onst oppage(thatis,a pol ynerization stoppage step). The
stirring blade 11 is 15equipped with a rotational nunber detection neans 14
for adjusting its ronﬁtional and_t

nunber . . The. nononer e
pol yneri zation iRi tPEE9r dr% SC‘ESBI i@‘alm‘?ﬁlﬁwhtel%ac%n \%IEEEV ¥ dfting a
pol ynmeri zation 20 reaction. Said supply.is perforpmed supplyi ng the
pol yner i zaPPOHPFRW et @t i AL WARERT c it & %@F?$%§ 'ner3%F§§ ﬁ§¥ Zation
initiator, and, if necessary, the addit{ive agent such as.the cpaiq:transfer
agent and PREVEST#23#el¥Pase BYgenfiisceptinuing™ the  supply o he

polymerization initiator, the raw material which contains
5 the monomer and, if necessary, the additlive agent such as
the chain transfer agent and the mold release agent is

supplied into the reaction vessel 10.

[0032]

19 The flow rate of the raw material during the
polymerization stoppage is 1/500 to 1/10, preferably 1/100
to 1/25 of the flow rate of the polymerization raw material
during the polymerization reaction. During the
polymerization reaction and during the polymerization

15 stoppage, the ingredients of the raw material may be the
same except for the presence or  absence of the
polymerization initiator, and, for example, the amount (or
the ratio) of the additive agent in the raw material is
preferably the same. Moreover, the supply flow rate of the

20 raw material during polymerization stoppage is preferably

constant.

[0033]
In the present invention, the raw material having the

25 dissolved oxygen concentration adjusted to 0-5 ppm,



In order to stop polynerization, the supply of a polynerization initiator
is discontinued. Wile stopping polynerization by discontinuing the supply
of the polynerization initiator, the ra@9mterial which contains 5 the
nononer and, if necessary, the additive agent such as the chain transfer
agent and the nold rel ease agent is supplied into the reaction vessel 10.

[ 0032] 10The flow rate of the raw material during the polynerization
stoppage is 1/500 to 1/10, preferably 1/100 to 1/25 of the flow rate of the
pol ymeri zation raw material during t ol yperization. r tion. r.ing the
pol yner i zaPF‘Bﬁe’r’%éJch ont A dut T C%‘%@’M ﬁ?@aﬁ o%upéﬁes oppEe S he
ingredients of the raw material may be the sane .except for the presence or
absence ofrFﬂétb%PyﬁﬁﬁﬁﬁétFBn%PﬁFFéaF ,IEHQTEF&FagigﬁpF CPPRESanD (or
the ratio) of the additive agent in the raw material is preferab t.he
same. Mor e69BRECERRN sHpply Hr6w % EWIXWE¥%ﬁﬁ%%ﬁ3nﬁQWRé%f%hﬂqr&ﬁ%at

pol yneri zati on stoppage is preferably constant. [0033& . I
present i nk8nt i dn, PRHEGTEFAFEOEr | 8V THRYI M t HE25dsE| vEANbRYEERT &

concentration adjusted to 0-5 ppm 19 .
5 resultant polymer and an unreacted monomer is extracted from

n the

the reaction vessel 10.

[0034]
The method  of adjusting the dissolved oxygen
10 concentration is not limited. Examples of the adjustment
method generally include removal of the dissolved oxygen:
by introducing the inert gas from an inert gas introduction
line into the raw material monomer (that i1s, the monomer or
the monomef solution containing the additive agent)
15 contained in the monomer feed tank or in the mixing vessel
for mixing the raw material monomer supplied into the
monomer feed tank, whereby bubbling the inert gas; or
by a vacuum deaeration. Furthermore, Qxamples of the
adjustment method include a mixing method which uses a line
20 mixer. Preferably, motionless mixers such as a static mixer,
are used as the line mixer. The line mixer may be installed
at the line which supplies the raw material monomer into the
mixing vessel or the monomer feed tank, or may be installed
at a monomer feed line (piping). The dissolved oxygen in

25 the raw material monomer can be removed by equipping a



‘preferably 0-4 ppm especially 0-3 ppmis supplied into the reaction vessel
10 during the polynerization stoppage. In connection with this, the

pol yneri zation conposition (that is, a pdynerization syrup and the |ike)
containing a 5resultant polynmer and an unreacted nonomer is extracted from
t he reaction vessel 10. (00341 The nethod of adjusting the dissolved oxygen
10concentration is not limted. Exanples of the adjustnent nethod generally
i ncl ude renmoval of the dissolved oxygen: by introducing the inert gas from
an inert gas Zﬂtrodﬁgtion | ine into. the raM/ngferia nononer %Ehat is, the

I
mononer or SPRé ARG Ter SR G cSHYACRT ng™ RV AdH t CPETAFEREY 1 5CHHt ai ned
in the nongner feed tank or. in the m,xing vessel. faor m.xing.the.raw
mter sl moREREr Shppikt FHT oltHE MunGher Febd IR SBiF bIBS T ¢ he
i nert gas; or a vacuum deaeration. Furthernpre, exanples of th
L ust nont SRSt ST FEPUBSAL St o SHETHBH i R 1. aEFTTRLE S0 i b
Preferably, notionless mxers sych as a static m.xer, are used as the line
m xer. TheilPRE APRer Fay9Fed FIEPPEH FPSrhé& 1N Whi%ET s HptsdE 132 raw

mat erial nongner into the m xing vessel or the nononer feed fank, or may be

i nst aPl ed &PdasRoRdPen 986d | iTeT§Hing) Cim Ao e d sk ygsir t rgas

is from 2 to 16 parts by volume, based on one part by volume

of the monomer contained in the raw material monomer.

[0035]

10 The state in the reaction wvessel 10 during the
polymerization reaction is not specifically limited, but the
state in which gas phase is not substantially included
(hereinafter, the state is referred to as "full liquid
gtate") is preferable. Problems that gels adhere and grow

15 on the inner wall face of the reaction vessel 10 or that the
quality of a polymer is lowered by mixing of the gels can be
prevented from occurring, by forming the full liquid state
in the reaction wvessel 10. Further, when the full 1liquid
gtate is formed in the reaction wvessel 10, the whole volume

20 of the reaction wvessel 10 can be effectively utilized for
preparation of the polymer; therefore, the production

efficiency of the polymer can be improved.

[0036]

25 With respect to a method for attaining the full liquid



25t he raw material nononer can be renoved by equipping a 20 gas/liquid
separation device, supplying continuously the inert gas into the line

m xer, and di scharging the insert gas frdmthe gas/liquid separation

devi ce. Exanples of the inert gas include a nitrogen gas, a heliumgas, a
neon gas 5 and an argon gas. Preferably, the amount of the inert gas is
from2 to 16 parts by volune, based on one part by volune of the nononer
contained in the raw material nononer. [0035] 10The state in the reaction

| 10 d t I t ed,
besel 10, SH5kB0theLROLIRELARU I n.LERek OByl Spek SBRFLLL B8 hebddd '
h ft th t at t d tat
érg;:LQgIeerﬁ45%$%ﬁ§9tﬁ§%ﬁﬁgléﬁgdﬁgFﬁggﬁﬁggf%mego t#ﬁg %he vwﬁqr face
f th t | 10 that.,th it I db
i X ng of ERESGEF SgarFtbe BPAVEREEEPT HOM GUEVRY| RGE P | SFR i@e%’% i
I|qU|d state in the reaction vessel 10. Furéh when the full UId state
is formed PHSERR pEalPFonPResuert1®orthenwrdi &k WFESen 5 %ﬁﬁ} Sction

vessel 10 can be effectively utilized for aration of the | ner
t her eBor e, FURBNPF odbRei BREBFYTR | BRcYROI TEH tb£¢yﬁ%§s bets IQERF

21
so as to be pressure which is the vapor pressure or more of

[ 0036]

the monomer at the temperature in the reaction vessel in
order not to generate the gas of the monomer in the reaction
vesgsel 10. The pressure is usually about 1 to 2 MPa.

10
[0037]

Further, it 1s preferable that the state in the
reaction wvessel 10 during the polymerization reaction is an
adiabatic state in which the incomings and outgoings of heat

15 does not substantially occur from the external portion of
the reaction wvessel. In order to let the state in the
reaction wvessel 10 be an adiabatic state, a temperature in
the reaction vessel may be set at nearly edqual temperature
to that of the external wall, and as a specific means for

20 obtaining the adiabatic state, for example, as described
later, temperature adjustment means such as a Jjacket 15
which can adjust temperature surrounding the external wall

of the reaction wvessel 10 is mentioned.

25 [0038]



state in the reaction vessel 10, the npbst convenient nethod includes a

nmet hod of arranging a renoval outlet 13 for extracting the polynerization
syrup out of the reaction system at the A%pernost portion of the reaction
vessel 10. 5 Further, the pressure in the reaction vessel 10 is adjusted
so as to be pressure which is the vapor pressure or nore of the nononer at
the tenperature in the reaction vessel in order not to generate the gas of
t he nononer in the reaction vessel 10. The pressure is usually about 1 to 2

MPa. 10 [0037] Further, it is.preferable that the state in the
reaction vesselPfabaﬁ??nﬁhﬁﬁegﬁ&ﬁyﬁgy%%é i&HPr%E@fi8ﬁ FéeaﬁjgﬁFhB§¥pE state
in which the incam ngs and out goings of heat 15does not substantially occur
ffom the eRPEFNGL b i REGE-PRe “POREL oI veTsaros: it dEPoLber ePlt 1o ot at o
in the reaction vessel. 10 b n adj abatic s%gte, 3 tenperatureir1t$i
reaction vBSLEISHayShd V&S edM U FERp&Faturd™ £% e wt

external wall, and as a specific neans for ogtaining t he adi abatic
state, for "EXBnPIE S Westy| bféHf“Fé‘(geth‘f’erfdéSat rEUAd) [EtiENt Tredn® such
as a %acket 15 which can_adjust tenperature surroundin% t he external _wall

of thé realtRehloRsyEESEd 0 nenfighbgr, Xy forming  plendldatlifBHe adhere
and grow on the inner wall face of the reaction vessel 10 or that the
qual i ty of Shap8| ¥ieblie steamietdY Wrsalkildy &Rt RelyBpsigahise HRaverted from
occurring by formng the full liquid state in the 5 reaction vessel 10.
Further, b§aRoPRi mfarRdiged andueelstaertraltatel bidaction §eRRESS0Y t he
pol yneri zation reaction can be stabilized and self controllability for
suppr essi nghehexegeesse veearelen otk & b Paed ed. Hewsiestor 14 t19 afot
preferable that the tenperature of the external wall of the 10 reaction
vessel is peefasabbe Whgh the corpeTabiran eh thepertainzl ivritheok ddgi on

vessel , because‘excessive heat is added in the reqction vessel. Thg | ess
t he fl€nper aeareidnf fugssitde Bet weeh tdfe troi deligh tive ceapbirdmovessidh and

the external wall of the reaction vessel is, the nore preferable
temperature in the reaction vessel, because excegsive heat

is added in the reaction vessel. The less the temperature
difference between the inside of the reaction vessel and the
external wall of the reaction vessel i1s, the more preferable
15 it is, and specifically, it is preferable to adjust the
temperature within a fluctuation width of about 5 at the

stationary state of the polymerization reaction.

[0039]

20 The polymerization heat and the stirring heat which are
generated in the reaction vessel 10 are usually removed when
polymerization syrup are extracted. The heat quantity
removed by the polymerization syrup is determined by the
flow rate of the polymerization syrup, specific heat and the

25 temperature of the polymerization reaction.



15 it is, and specifically, it is preferable to adjust the tenperature
within a fluctuation width of about 5 at the stationary state of the

pol ymeri zation reaction. [0039] 20The pd3¥ynerization heat and the stirring
heat which are generated in the reaction vessel 10 are usually renoved when
pol ymeri zation syrup are extracted. The heat quantity renoved by the

pol ynmeri zation syrup is determned by the flow rate of the pol ynerization
syrup, specific heat and the 25tenperature of the pol ynerization reaction.
23 [ 0040] The tenperature in the reaction vessel 10 during the

pol yneri zation reaction is fluctuated in accordance wth 5 various

condi tions until being stationary state and is not specifically limted,

but is set [§P4 ef erably about 125 to 200 degrees Celsius, nore preferably
about 130 to 180 degrees Cel sius. VWen the tenperature i s extremnely high,
for exanple, theh€yhEMBEIRLIERt yTofthf pbFYTetConVarfied g HBIowsr ed€ as a
result, fear_of |lowerjng the heat resistance prqoperty of aresinis

gener at ed. PPLEF@F AFA {10 h& Spehpenat 1 e SN CEHEPdact} 0RSFOLEBACE0 Wt ng t he

pol ymeri zati on stoppage is al nost _the sanme as the tenperature durinq:the
ponnﬁrizaVﬁéhO?%aéﬁp htigms until being stationary state and is no

specifically limited, but is set at preferably about 125 to
200 degrees Celsius, more preferably about 130 to 180
degrees Celsius. When the temperature is extremely high,
for example, the syndiotacticity of a polymer obtained is
10 lowered; as a result, fear of lowering the heat resistance
property of a resin 1s generated. Preferably, the
temperature in the reaction vessel 10 during the
polymerization stoppage is almost the same as the

temperature during the polymerization reaction.

15
[0041]

The average residential time of the monomer in the
reaction vessel 10 during the polymerization reaction is not
specifically limited, but is usually 15 minutes to 6 hours,

20 preferably 15 minutes to 3 hours and more preferably 20

minutes to 1. 5 hours. When the residential time of the
monomer is elongated Dbeyond necessity, the preparation
amount of oligomers such as a dimer and a trimer becomes
much and there is fear that the heat resistance property of

25 the polymer (methacrylate ester-based polymer) which is a



[ 0041] The average residential tine of the nononmer in the reaction
vessel 10 during the polynerization reaction is not specifically |imted,
but is usually 15 mnutes to 6 hours, 2®%referably 15 mnutes to 3 hours
and nore preferably 20 minutes to 1. 5 hours. Wien the residential tinme of
t he nononer is el ongated beyond necessity, the preparation anmount of
oligoners such as a diner and a triner becones nuch and there is fear that
t he heat resistance property of 25the polyner (met hacryl at e ester-based
polyner) which is a 24 reactlo pro [ red The, above- nenti oned
aver age r eSFaERtPA pFPf?'BCEar?-soe ‘ﬁ?]f% ﬁ'ﬁs‘? W DY CHARGISY TFerdERd f1ow
rate of the npnoner f a unit tine. 5% , Aﬁ é noner feed
means, for F&RaABRE1aL hEIRENGHY FRedlp ﬁ%lﬁoaﬁaPSFﬁ UG (R
material nonomer froma feed orifice 12 to the reacti on vessel 10 is

menti oned. TRE ABABNEILS R PP IPeE WS SpuBLFi EAPPy linited, but is 10
preferably a punp which can set the feed flowrate of the ram/naterlal
nononer into the reaction vessel 10 at a predeterm ned anount.

Specifically, nultiple-barreled reciprocal punps such as a doubl e-barrel ed
punp, 5a trilgPé2barrel ed punp and a qui ntupl e- barreled punp are preferably
15 nentioned, and non pul sation netering pu such as a doubl e-barrel ed
non pulsation masertihsy ponpnen teppl anasar el n@ﬁamﬁﬂ§atﬂ6ﬁ3n@@%@mﬁ@ punp

and a quintupl e-barrel ed non pulsation nmetering punp are nore preferably
ment i oned. £26d[ pagug] 20 for introducing the raw material monomer from a

feed orifice 12 to the reaction vessel 10 1s mentioned. The
monomer feed pump 20 1s not specifically limited, but is
10 preferably a pump which can set the feed flow rate of the
raw material monomer into the reaction wvessel 10 at a
predetermined amount. Specifically, multiple-barreled
reciprocal pumps such as a double-barreled pump, a triple-
barreled pump and a quintuple-barreled pump are preferably
15 mentioned, and non pulsation metering pumps such as a
double-barreled non pulsation metering pump, a triple-
barreled non pulsation metering pump and a quintuple-
barreled non pulsation metering pump are more preferably
mentioned.
20
[0043]
The feed flow rate of the raw material monomer by the
monomer feed pump 20 can be contrcoclled by a monomer feed
flow rate control means 31 in a control portion 30 described

25 later and can be suitably adjusted when the residential time



The feed flowrate of the raw material nononer by the nonomer feed punp 20
can be controlled by a nononer feed flowrate control neans 31 in a control
portion 30 described 25l ater and can be Zuitably adjusted when the
residential time 25 of the polynerization syrup in the reaction vessel 10
is to be changed. [0044] 5As shown in Fig. 1, a nononer feed tank 21
storing the raw material nononer is connected with the feed orifice 12 of
the reaction vessel 10 through a nononer feed channel (pipe) 23. The
nononer fee np 20 is 05|t|oned at a downstream side framthe, nononer
food tank 95 WHENDORENSE ARREMer STEaY ThnkiOIrFEC S| TRATE 0 arf dret r eam
side and the above-nentioned feed orifice 12 is considered as a downstream
side, and P& SP#BA%2d on the above-mentioned nmonomer feed channel 23.

15[ 0045] As the initiator feed neans, for exanple, the initiator feed
punp 25 for introducing the polynerization initiator and the like fromthe
feed orifice 12 into the reaction vessel 10 is nmentioned. 20 The

initiator flBB#4punp 25 is not specifically Iinited, but is preferably a
punp which can set the feed flow rate of the g merization initiator and
the | Pke into the pbarni b Tégsel 18 mpnampredeeedrbaed2 hnptpring the

Specifically, like the
raw material monomer is connected with the feed orifice 12

of the reaction wvessel 10 through a monomer feed channel
{(pipe) 23. The monomer feed pump 20 is positioned at a
downstream gide from the monomer feed tank 21 when the
10 monomer feed tank 21 is considered as an upstream side and
the above-mentioned feed orifice 12 1s considered as a
downstream side, and is arranged on the above-mentioned

monomer feed channel 23.

15 [0045]

As the initiator feed means, for example, the initiator
feed pump 25 for introducing the polymerization initiator
and the 1like from the feed orifice 12 into the reaction
vessel 10 is mentioned.

20

The initiator feed pump 25 is not specifically limited,
but is preferably a pump which can set the feed flow rate of
the pblymerization initiator and the like into the reaction
vessel 10 at a predetermined amount. Specifically, like the

25 above-mentioned monomer feed pump 20 a multipie-barreled



25above-nenti oned nononer feed punp 20 a nultiple-barreled 26 reciprocal
punp is preferably nentioned and a non pul sation netering punp is nore
preferably nmentioned. [0046] 5The feed fdéow rate of the pol ynerization
initiator by the initiator feed punp 25 can be controlled by the initiator
feed flow rate control means 32 in the control portion 30 described | ater.
When the pol ynerization reaction is to be stopped, or when the tenperature
in the 1l0reaction vessel 10 is to be adjusted and the like, it can be
suitably adjusted. Further, when_th ol ynerj zation reaction if t.o be
stopped, {RECTRECEST PYED pbFyREFFERTDA Tt 1o T OT | RETF K pped
by the initiator feed flow rate control _.neans 32. 15 [0047] As shown
in Fig. 1, "SReYHRYiREER ISAPHamEes6TaPdYi RGREREBB yieri zation initi ator
and the like is connected with the feed orifice 12 of the reaction vessel
10 through an 20 initiator feed channel (pipe) 28. The initiator feed punp
25 is positioned at a downstream side fromthe initiator feed tank 26 when
the initiatlBP4fked tank 26 is considered as an upstream side and the

above-nentioned feed orifice 12 is considered as a downstream side, and is
arranged on theThe feed flow rate of the polymerization initiator Dy

the dnitiator feed pump 25 can be controlled by the
initiator feed flow rate control means 32 in the control
portion 30 described later. ‘When the polymerization
reaction is to be stopped, or when the temperature in the
10 reaction vessel 10 is to be adjusted and the like, it can be
suitably adjusted. Further, when the polymerization
reaction is to be stopped, the feed of the polymerization
initiator and the like is stopped by the initiator feed flow

rate control means 32.

15
fo047]

As shown in Fig. 1, an initiator feed tank 26 storing
the polymerization initiator and the like is connected with
the feed orifice 12 of the reaction wvessel 10 through an

20 initiator feed channel (pipe} 28. The initiator feed pump

25 ig positioned at a downstream side from the initiator
feed tank 26 when the initiator feed tank 26 is considered
as an upstream side and the above-mentioned feed orifice 12
is considered as a downstream side, and is arranged on the

25 above-mentioned initiator feed channel 28.



25above-nentioned initiator feed channel 28. 27 [0048] Those whi ch
are stored in the above-nentioned initiator feed tank 26 and fed into the
reaction vessel 10 by the 5 initiator f2ed neans may not be a
pol ynmeri zation initiator alone but nmay be the nonomer sol ution containing
the polynerization initiator (or further containing other conponents (the
additive agent) such as a chain transfer agent). 10For exanple, when the
pol ymeri zation initiator alone is fed into the reaction vessel 10 by the
initiator feed nmeans, there is fear that the polynerization reaction
proceeds locally in the reaction vessel 10 depending on condition at feed,
but such a Broblen1can be solved by feeding those 15 prelimnarily
pr epar ed mlReEBE of the pol ynmeri zation initiator and the nonomer into the
reaction vessel 10 by the initiator feed neans. [0049}_20As shown in Fig.
1, a heating andhes®| ¥richiadeeEraolthédei RGOSR "BEBFL A t 1k hq%abl e
tenperature, the above-nmentioned polynerization raw material (that is, a
first raw fageéritank (3fhi eRdi FesupPri@dthat ae@Gtiing tYRESSII yher Prathiih
reaction (that is, the polynerization reaction step) and 25which conprises
t he mbnomeinitheteol faedi paanenmRy Mokt die & polymerization initiator
alone but may Dbe the monomer solution containing the
polymerization dinitiator (or further containing other
components (the additive agent} such as a chain transfer
agent) .

10 For example, when the polymerization initiator alone is fed
inteo the reaction vessel 10 by the initiator feed means,
there is fear that the polymerization reaction proceeds
locally in the reaction vessel 10 depending on condition at
feed, but such a problem can be solved by feeding those

15 preliminarily prepared mixture of the polymerization

initiator and the monomer into the reaction vessel 10 by the

initiator feed means.

[0049]

20 As shown in Fig. 1, a heating and cooling device 22 for
heating or cooling, to a suitable temperature, the above-
menticned polymerization raw material (that is, a first raw
material) (which is supplied into during the polymerization
reaction {that is, the polymerization reaction step) and

25 which comprises the monomer, the polymerization initiator



28 and, if necessary, the additive agent such as the chain transfer agent
and the nold rel ease agent) or the above-nentioned raw material (that is, a
second raw material) (which is supplied2during the polynerization stoppage
(that 5 is, the polynerization stoppage step) and which contains the
nononer and, if necessary, the additive agent such as the chain transfer
agent and the nold release agent) to be fed into the reaction vessel 10 is
positi oned between the above-nentioned feed orifice 12 and a part of
joining the above- 10nenti oned nononer, feed line 23 and the initiator feed
line 28. [B0S0] IFheneeRPHRREN ur EN6F IHE TPy nBIFR At FHA Y AF ndter idifed 15
into the reaction vessel 10 is not specifically limted, but since it may
be a factoFrﬁhﬁEﬁrcéBPQEségk%e%ﬁebﬁpgﬁcéqy¢%@%a%Q%RﬁﬁoﬁrvéQ%ﬂaQﬁﬁF'
fluctuates polynerization tenperature it is preferable to suitably adjust
t he tenper@eBEeohgdt Favhebdiakiahd (E88L nbS ded ceoC OFafhe™ditier® hand,
during 20 the polynerization stoppage, the tenperature of the raw materi al
can be set (vbigh| dw esunpéiadufier dhg athe gRoteRpelzatiel $eppragamitért n
order to intentionally decrease or increase, respectively, the supply flow
rate 6f thésraphespelyretslirdcars etanregs sédrsuppilyvhicl eantains dinged
25al so depending on the tenperature of the raw material to be 29

monomer and, if necessary, the additive agent such as the

chain transfer agent and the mold release agent) to be fed
into the reaction vessel 10 is positioned between the above-
mentioned feed orifice 12 and a part of joining the above-
10 mentioned monomer feed line 23 and the initiator feed line

28.

[0050]
The temperature of the polymerization raw material fed
15 into the reaction vessel 10 is not specifically limited, but
since it may be a factor which collapses heat balance in the
reaction vessel and fluctuates polymerization temperature it
is preferable to suitably adjust the temperature by the
heating and cooling deviece 22. On the other hand, during
20 the polymerization stoppage, the temperature of the raw
material c¢an be set to a low temperature or a high
temperature, for example, in order to intentionally decrease
or increage, respectively, the supply flow rate of the raw
material, because a required supply flow rate is changed

25 also depending on the temperature of the raw material to be



supplied, in the case where the supply flowrate of the raw material is
adjusted so that the tenperature in a reaction vessel can not be affected,
and so that a blockage in the inside of 2%he reaction vessel and piping can
not be caused. 5 [0051] As the tenperature detection neans for
‘detecting the tenperature in the reaction vessel, for exanple, a
tenperature sensor 35 is nentioned. Exanples of the 10 tenperature sensor
35 include a tenperature sensor which is positioned in the inside of the
reaction vessel 10 and can direct|ly detect the tenperature of the reaction
syst em st oPBBPLECEhelR eBREi BRST cCReTe 160 afPR e #nf%,racﬁﬁ g (i ed
position of the tenperature sensor and its 15detection nethod are not
linited thBpEesiajops2pdiustedTRe (&fferfdtUr T e edd iDNTRSSE™ 10
detected by the above-nentioned tenperature detection neans (the 20

t enper at ur BeEBAS0L£aB5NAts ke aGiRTtH 1314 heocbhtFoP PHAGKETE30- s i bed
| ater and becomes data for judging the necessity of controlling feed fl ow
rate by théngddenef teedsrdrioratiel aind ipingecdn mpahste @oised. As
the tenperature adjustnment nmeans for adjusting the tenperature of the
exterfal wall of the reaction vessel, for exanple, a jacket covering the
external wall of the reaction vessel, a heater positioned in the reaction
vessel andI[PhB&il5 |ike are nentioned. Anpng these, a jacket covering the
external wall of the reaction vessel is preferably nmentioned fromthe

vi ewpoi nt of | ekbi rdpet heeniprsiadeief déeecebon | vaavessolr betaditdlagt i tthest at e
and a jacket 15 covering the nearly whole external wall of the reaction

vessel 10 ismperature in the reaction vessel, for example, a
temperature sensor 35 1is menticned. Examples of the
10 temperature sensor 35 include a temperature sensor which is

positioned in the inside of the reaction vessel 10 and can
directly detect the temperature of the reaction system
stored in the reaction wvessel 10, and the 1like, but the
situated position of the temperature sensor and its

15 detection method are not limited thereto.

[0052]
The temperature in the reaction vessel 10 detected by
the above-mentioned temperature detection means (the
20 temperature sensor 35) is transmitted to the control portion
30 described later and becomes data for Jjudging the
necessity of controlling feed flow rate by the monomer feed

means or the initiator feed means.

25 [0053]



10preferably nentioned. [00541 The jacket 15 shown in Fig. 1 heats or
keeps the tenperature in the reaction vessel 10 by introducing heating 15
medi um such as steam hot water and orgam ¢ heating medi um from a heating
medi um f eed channel 16. The tenperature of the jacket 15 can be suitably
adj usted by the tenperature or pressure of the heating nmediumfed. The
heating mediumintroduced into the jacket 15 is renoved froma heating 20
medi um di scharge channel 17. Further, the tenperature and pressure of the
j acket 15 are detected by a sensor such as a tenperature sensar 36 | ocated
on the heating ABditlim FEFORAPGETEhARASS CIENETHEANSC dO&d 5589 G t he
sensor such as the tenperature sensor 36 _are not specifically 25limted,
but for exbeppberaheye pef dihea sre@nnsd wedilumtr 88 T9ACERERNEFSI% orf9™h t he
jacket 15. [0055] The polynerization reaction in the reaction vessel 10 5
i s preferapkgmpderi@ad ackehiIWRESS hfcarx&ensar yaeonst able t edfgeratur e
fromthe viewpoint of making the quality of a polymer prepared be constant.
Accor di ngl yessag, t enpepseyr @osdtisnaantinnmddies Yaafdjcackessed) angl g erabl y
controlled at a predeterm ned constant tenperature so that the tenperature
10i n Bhe rgakéi arrevessetidiedan bendept theael y aohsekeE. covering the
external wall of the reaction vessel is preferably menticned
from the viewpoint of letting the inside of the reaction
vegsel be adiabatic state and a jacket 15 covering the
nearly whole external wall of the reaction vessel 10 is more

10 preferably mentioned.

[0054]
The jacket 15 shown in Fig. 1 heats or Kkeeps the
temperature in the reaction vessel 10 by introducing heating
15 medium such as steam, hot water and organic heating medium
from a heating medium feed channel 16. The temperature of
the jacket 15 can be suitably adjusted by the temperature or
pressure of the heating medium fed. The heating medium
introduced into the jacket 15 is removed from a heating
20 medium digscharge channel 17. Further, the temperature and
pressure of the jacket 15 are detected by a sensor such as a
temperature sensor 36 located on the heating medium
discharge channel 17. The located positions of the sensor
such as the temperature sensor 36 are not specifically

25 limited, but for eXample, may be on a heating medium feed



[ 0056] The setting tenperature of the above-nentioned tenperature
adj ust nent neans (the jacket 15) is transmitted 15 to the control portion
30 described | ater and beconmes data for jldgi ng the necessity of
controlling feed flow rate by the nononer feedneans or the initiator

f eedneans. When the above-nentioned tenperature adjustnent neans is the
jacket 15, the setting tenperature of the tenperature adjustnent 20 neans
can be adjusted by controlling the above-nentioned tenperature or pressure

of heating diu t he. t enperat yr justnment and control neans 33
descri bed FESBP?T}g%5%T l%zgﬁ%éﬁgﬂ%ﬁlgg%trolling the feed flow rate of the
raw material nononmer and the feed flow rates of the polynerization

initiator and the like include a control portion equipped with CPU ROM
RAM and th% Iikf. 5 [0058] The ROM of the control portion 30 is a
device for QPEF'ng a programfor controlling the nononer feed punp 20 by
the nononer feed flow.rate control neans 31 and _for 10 storing a _program
for controllingtPfe BOHAeELERACEERITFARD98 BT (HE i TRAGHBY Feplk| rate
control neans 32, and_the RAM of the control portion 30 is_a device which

t enpofari | ySsPEFESTRRMBeFATLERAdatE VAL REhESERART | B3h FeBSRT LY oCeREEted by
the tenperature sensor 35, the data of setting 15 tenperature of the jacket
15 and t het8BPETBFUrfe frePatiienall A& o?f t RRk$RY r FPfig WradEY1Pidet ect ed

by rotational nunber detection nmeans 14 in order to performthe
above- ment POA¥BEPr BgFRATEd be constant. Accordingly, the temperature

adjustment means (the jacket 15) i1s preferably contrclled at
a predetermined constant temperature so that the temperature

10 in the reaction vessel 10 can be kept nearly constant.

[0056]
The setting temperature of the above-mentioned
temperature adjustment means (the jacket 15) 1is transmitted
15 to the control portion 30 described later and becomes data
for judging the necessity of controlling feed flow rate by
the moncmer feedmeans or the initlator feedmeans. When the
above-mentioned temperature adjustment means ig the Jjacket
15, the setting temperature of the temperature adjustment
20 means can be adjusted by controlling the above-mentioned
temperature or pressure of heating medium by the temperature

adjustment and control means 33 described later.

[0057]

25 Examples of the control portion 30 which ig a control



- 20[ 0059]
stored in

The CPU of the control portion 30 perforns the program

t he above-nenti oned ROM based on the data stored in the

above- nenti oned RAM and controls the feed flow rate of the raw materi al
nononer and/or the polynerization 25initiator into the reaction vessel 10
by the nononmer feed 33 nmeans (the nonomer feed punp 20) and/or the

initiator

feed neans (the initiator feed punp 25). [0060] 50ne exanpl

the controls by the nononer feed flow rate control means 31, the init
feed fl t trol 32 .and_th t j ust t d
LA b e b e L S e
| i ti ti I taq b d t ted at, th
Qounst r canfSPTEED, God T FealPrin bEotel “aPr Tspeet | BHLARE LHE 19

feed of a

st opped by

olyperizatiqQn initjator,info_the reactign vessel 10 is 15
PRLFToF it ngPEhe 5t $RCLRE aBovenl G ROV B i

above- nenti oned CPU and %é“fontrollin the initiator feed punp 25 whi

the initiatorRfe’d fddhs

means 32.
5

10

15

20

25

Uy 18KE-i nitiator feed flow rate con
20[ 0062]

[0058]

The ROM of the control portion 30 is a device for
storing a program for contrclling the monomer feed pump 20
by the monomer feed flow rate control means 31 and for
storing a program for controlling the initiator feed pump 25
by the initiator feed flow rate contrcl means 32, and the
RaM of the control portion 30 is a device which temporarily
stores temperature data in the reaction vessel 10 detected
by the temperature sensor 35, the data of setting
temperature of the jacket 15 and the data of the rotational
number of the stirring blade 11 detected by rotaticnal
number detection means 14 in order to perform the above-

mentioned program.

{0059]

The CPU of the control portion 30 performs the program
stored in the above-mentioned ROM based on the data stored
in the above-mentioned RAM and controls the feed flow rate
of the raw material monomer and/or the polymerization

initiator into the reaction vessel 10 by the monomer feed

e of

i at or
ntr ol
n the

e
e, the

ch is
trol



When a pol ynmerization reaction is stopped, the raw materi al

(containing the

nononer) adjusted to have the dissol ved oxygen concentration to 0-5 ppmis
supplied. Preferably, the raw material i3 a raw material consisting of

25t he nononer alone or a raw material consisting of the 34

nonomer and t he

chain transfer agent. [0063] During the polynerization

stoppage, the raw material 5may be supplied fromthe nononer feed |ine 23;

the raw material nmay be supplied fromthe polynerization initiator feed

line 28, in order, to event the poI nmerjzatiop initiator.fraomstaying in
ghf; s oy &

the initial'6F2Ped ngRen Laphi ? 4t ot

|1_Zt}ﬁ i ot 1fjt“ﬁLtthTat

nd the

10li ke is stoppeg for, the, st%lgp%ge of a poI ¥mer|zat|on reaction; or the raw

material nE§aBe SERpIIRHEARE

the nononer feed line 23 and the |n|t|ator feed line 28. 15

[0060]

aw nmat eri al nmononer from both of

5 Cne example of the controls by the monomer feed flow

rate control means 31, the initiator feed flow rate control

means 32 and the temperature adjustment and control means 33

in the control portion 30 is shown below.

10 [0061]

When the polymerization reaction is to be stopped by a

trouble generated at the downstream side D of the reaction

vegsel 10 or inspection and the 1like, the feed of a

polymerization initiator into the reaction wvessel 10 1is

15 stopped by performing the program in the above-mentioned ROM

by the above-mentioned CPU and by controlling the initiator

feed pump 25 which is the initiator feed means, with using

the initiator feed flow rate contrcl means 32.

20 [0062]

When a polymerization reaction is stopped,

the raw

material (containing the monomer) adjusted to have the

dissolved oxygen concentration to 0-5 ppm is

supplied.

Preferably, the raw material is a raw material consisting of

25 the monomer alone or & raw material consisting of the



[ 0064] Al t hough the feed flowrate of the raw material nononer is
greatly reduced at stoppage of the polynerization reaction as nentioned
above, the feed of the raw material 20 3noner to the reaction vessel 10
is successively carried out; therefore polynerization syrup with an anount
conparable to the feed flowrate are required to be extracted fromthe
reaction vessel 10. 35 The pol ynerization syrup and the |ike
(nanely the pol ynerization conposition) discharged during stoppage of the
pol yneri zation reaction are extracted. from for exanple, the renoval outl et
13 of the FEREIFONVEsERF 41 T %gen§anner as a conventi onal

treat nent nmethod agai nst the polynerization syrup which is prepared during
the pol ynerization reaction and is transferred and coll ected through a

pol yneri zati on_syrup derivation channel 40. 10Since an unreacted raw
material noA8fEf is contained in either of the polynerization syrup

di scharged during stoppage of_the pol ynerization reaction and the |,

pol ymeri zati on SrdpIextiacPedyBRFi Rt pbPYRRIF zal-P6n FacPprbRT1aL
treatnment for evaporating and separating volatile 15portions in which the
unreabt ed Fay Ret éﬂpﬁll‘ﬁ%n@ﬁ@? the anghanercdesenentei s3¢arried out, if

necessary. [00661 As the transfer nethod of the above-nentioned
the raw material may be supplied from the polymerization

initiator feed 1ine 28, in order to prevent the

polymerization initiator from staying in the initiator feed

line when supply of the polymerization initiator and the
10 like 1is stopped for the stoppage of a polymerization

reaction; or

the raw material may be supplied by supplying the raw

material monomer from both of the monomer feed line 23 and

the initiator feed line 28.

15
[0064]

Although the feed flow rate of the raw material monomer
is greatly reduced at stoppage of the polymerization
reaction as mentioned above, the feed of the raw material

20 monomer to the reaction vessel 10 is successively carried

out; therefore polymerization syrup with an  amount
comparable to the feed fiow rate are required to be

extracted from the reaction wvessel 10.

25 [0065]



20pol yneri zati on syrup and pol ynmeri zation syrup, a nethod described in
JP-A-04-48802 is preferable. Further, as a nethod of evaporating and
separating the above-nentioned volatile 3fortions, a nmethod using a degas
extruder is known and, for exanple, nethods described in JP-A-51-29914 and
3P- 25A-52-17555, JP-B-01-53682, JP-A-62-89719 and JP- A-03-49925 are
preferable. [0067] Wen the reaction vessel used in the present invention 5
is a perfect mxing type reaction vessel, a polynerization rate at which a

i ted t ol yner in_th ti | i .l
cqui val ent to a iP5 yREH YRS AT Fht EYERS: nE ol Yher 1246 ofLeJFR. TH t he
toi ti th I i zati te . i t ifically limted, but
's 10 usuaPPyVEET TERCHI t GOTEORY ABI gift. SR SR gnaW I PUCYRBRFzath on
rate is, the hi Ter t he roductiv%%%hof a polynmer .is; however, the
Viscosity bRet RELYBSELF O SR 1O EtgnEeneaChRa HFett SoFreFHIP Hot i ve

energy is required. Further, the |lower the polynerization rate, the | ower
g%?

the 15pr odfBEi VFRGVaL herkteh el? 02 Fo¢ EBRF NGESFE Ut L act s affme

5 manner as a conventional treatment method against the
polymerization syrup  which is prepared during the
polymerization reaction and is transferred and collected

through a polymerization syrup derivation channel 40.

10 Since an unreacted raw material monomer is contained in
elther of the polymerization syrup discharged during
stoppage of the polymerization reaction and the
polymerization syrup extracted during the polymerization
reaction, treatment for evaporating and separating volatile

15 portions in which the unreacted raw material wmonomer is a

main component is carried out, 1f necessary.

[C066]
Ag the transfer method of the above-mentioned
20 polymerization syrup and polymerization syrup, a method
described in JP-A-04-48802 1is preferable. Further, as a
method of evaporating and separating the above-mentioned
volatile portions, a method using a degas extruder is known
and, for example, methods described in JP-A-51-29914 and JP-

25 A-52-17555, JP-B-01-53682, JP-A-62-82712 and JP-A-03-45925



material nononer is enlarged. [0068] In the present invention, an unreacted
nononmer 20 separated and col l ected fromthe polynerization syrup is stored
in a nononer collection tank 41 and if rcessary, fed again to the nononer
feed tank 21 to be able to be provided for the polynerization reaction.
Further, the unreacted nononer collected is not limted thereto, but it is
25preferable that a polynerization inhibitor (for exanple, 37 "TOPANOL A"
and the like) is let exist at a proportion of 2 to 8 ppm the oxygen
concentration of ag ghase portion is set at 2 to 8% by vol unme and
further, tﬁﬁengﬁgﬁﬁga tstored in cooled state, specifically, at a | ow
tenperature of, for 5 exanple, about 0 to 5 degrees Celsius so that the
pol ymeri zati on reaction does not proceed during stored in a nononer
collection tank 41 or the nononmer feed tank 21. It can be stored for a |long
te m by beﬂﬂa6gﬁored thus, while preventing the polynerization reaction of
t he unreacted 10npnoner coll ected.

0069 , During the .
pol ymeri zati on @pﬁﬁpﬁaﬁ,rFﬁEtﬁaﬁ/ﬁﬁ%%?}a%sﬁ%v?ﬂgtFﬁePH?§g%$v%ﬂv%&Qﬂﬂh
concentration of O to 5 ppm may 15be supplied into the reaction vessel 10:

is a perfect mixing "type reaction vessel, a polymerization
rate at which a monomer is converted to a polymer in the
reaction vessel is generally equivalent to a polymer content
rate in the polymerization syrup. In the present invention,
the polymerization rate is not specifically limited, but is
10 usually set at 40 to 70% by weight. The higher the
polymerization rate is, the higher the productivity of a
polymer is; however, the viscosity of the reaction system is
heightened and great stirring motive energy is required.
Further, the lower the polymerization rate, the lower the

15 productivity; therefore load for collecting an unreacted raw

material monomer is enlarged.

{0068]

In the present invention, an unreacted monomer

20 separated and collected from the polymerization syrup is
stored in a monomer collection tank 41 and if necessary, fed

again to the monomer feed tank 21 to be able to be provided

for the polymerization reactiomn. Further, the unreacted
monomer collected 1is not limited thereto, but it is

25 preferable that a polymerization inhibitor (for example,



by adj usting the dissolved oxygen concentration of the raw material nononer
in the nononer feed tank 21 to 0-5 ppm according to the above-nenti oned

adj ust nent net hod and supplying said raw7material nononer into the reaction
vessel 2010; by changing the valve of the junction of the nononmer supply
l'ine (piping) 23 and the nononmer feed Iine (piping) 53 to connect the
nononer feed punp 20 with the nononer feed tank 51 through the nononer feed
|l i ne (piping) 53, adjusting t he 25di ssol ved oxygen concentration of the raw

mat eri al , 1N the no r fe tank GO the
above- nentlﬁﬁggN%H %%%teﬂ% ﬁ@%§ a efltpeleylng sald é&ﬁﬁ%ﬁ%?ta nononer
into the reactlon ve sel cha @e val ve of the unctlon of
the initiatSrsfddy 5 ?rﬂfﬁ%ﬁQMQ? % ﬁhg n%n%ﬁ%rpﬁi%% Q?#m??ﬁ)ﬁﬁ ng) 58
to connect the initiator feed py ng mtth t he noner_feed tanKﬁ?Gcihrough
the nononef€Fe@bl Pihe Bpi PYnyp B Ptﬁﬁethe SOV

concentration of _the raw nmateri al nnnoner in the nononer feed t n5556 to
0-5 ppm acéBr BPRYEE0SEBEE heSBBOVEL PR orffd Ad} %t WS TRt S, ©

supplying said raw material nononer into the reacti,on vessel 10 ngeover,
the rBw naeE?male haviRgut heCdi §8ol ved IBSFGES cSrdditiFat i%h JHaF ¢ ppm
may be supplied into the reactjon vessel 10 by sujtably adjusting the

di ssol ved Eﬁyﬁ@ﬁrh%#Rkﬁﬂr%ﬁ¢Qﬁﬂ9qrﬁQE§tqﬂ¥rEﬁQQﬁEQN4¥ﬂlqﬁnﬁﬁﬁﬁgg|H¥-Fhe
nononer feed tank 21, the raw material nmonomer in the nononer feed tank 51
and the ranonamer | ablhemoher - L3k tHe FDrigheMIRIES difebaaih@ladj Ut i ng
the m xed ratio of the raw material nononers supplied fromeach of nononer
feed tankscan bhatstorednibead & alwhgt BEFAI PT0 bediigpSteFrachtdUshe W& i on

vessel 10 has the dissolved oxygen concentration of 0-5 Epnt [ 0070]
preventing the polymerization reaction of the unreacted

10 moncomer collected.

[0069]
During the polymerization stoppage, the raw material

having the dissolved oxygen concentration of 0 to 5 ppm may
15 be supplied into the reaction vessel 10:

by adjusting the dissolved oxygen concentration of the raw

material monomer in the monomer feed tank 21 to 0-5 ppm

according to the above-mentioned adjustment method and

supplying said raw material monomer into the reaction vessel
20 10;

by changing the valve of the junction of the monomer supply

line (piping) 23 and the monomer feed line (piping) 53 to

connect the moncmer feed pump 20 with the monomer feed tank

51 through the monomer feed line (piping) 53, adjusting the

25 dissolved oxygen concentration of the raw material monomer



Mor eover, another nonomer feed tank, a nonomer feed 25line, and a nononer
feed punp (not shown) may be equi pped so 39 that the raw material nononer
may be supplied fromthe nononer feed taitk to the reaction vessel. In this
case, the flowrate of the raw material nononmer and the di ssol ved oxygen
concentration in the raw material nononmer supplied 5 fromthe another
nononmer feed tank nay be adjusted so that the dissol ved oxygen
concentration contained in the total of the raw material supplied in the
reacti on vess 10 is set 10.0-5 pp The.dLssol v xygen concentration in
he r aw matdy PP NGRGREF Sha| FRBLI Pbni Phd . AnboRer FORIne PRRCTaik 101s
preferably from0O to 5, ppm [.007 VWhen the_continuous pol ynerization
b °t he pr SBEREIPRG &I TRer S 00 GOAPLS A Hor o FIR POTEE Sl vent
15 is used for the,polynerization reactiqn; in this case, a continuous

pol yner i zal'PBATGPpparE? us™F sFFRr S Wﬁﬁﬁegpggfmffh a tank for feeding a

sol vent, a feeding,channel and a Eunﬁ (feed neans%. 0[00721 The
tanks for P¥elGrAgZangoFient21¥gedf ng Enainel 1ahd° uﬁ%e(?ﬁkﬁ Heanshestt e not
specifically limted and may be simlar as those conventionally used.
Furthér, tHhensol PeRENFhy 25 36H it oMPRE¢EalErdn HBEsPiRANG " kit t he

nononmer 25and/or the polynerization initiator with it, or may be
connect the initiator feed pump 25 with the moncmer feed

tank 56 through the monomer feed line (piping) 58, adjusting
the dissolved oxygen concentration of the raw material
monomer in the monomer feed tank 56 to 0-5 ppm according to
10 the above-mentioned adjustment method, and supplying said
raw material monomer into the reaction vessel 10. Moreover,
the raw material having the dissolved oxygen concentration
of ¢ to 5 ppm may be supplied into the reaction vessel 10 by
suitably adjusting the dissolved oxygen concentrations in
15 the raw material monomers in the monomer feed tank 21, the
raw material monomer in the monomer feed tank 51 and the raw
material monomer- in the monomer feed tank 56, and adjusting
the mixed ratio of the raw material moncmers supplied from
each of monomer feed tanks sco that the mixed raw material
20 supplied into the reaction wvessel 10 has the dissolved

oxygen concentration of 0-5 ppm.

[c070]
Moreover, another monomer feed tank, a monomer feed

25 line, and a monomer feed pump (not shown) may be equipped so



40 directly fed into the reaction vessel.As the above- nentioned sol vent,
sol vents described |ater are nentioned. [0073] The conti nuous

sol ution polynerization apparatus is sim3ar as the above-nentioned
~continuous bul k polynerization apparatus except that a tank for feeding a
solvent, a feeding channel, a punp (feed neans) and the |i ke are provided.
10 [ 0074] Further, the continuous solution polynerization is
simlarly carried out in the same nanner as the above-nentioned conti nuous
bul k poly i zation except_that a 15 solvent_ is.,used for.the_polynerization
reaction. n%hé%so?%nfaﬁser&a?%lflatlhemﬁf}f)?ﬁﬁri%i 8F reudti o SI%SQI ected, for
exanpl e, according_to_.the nmononer for the continyous_polymerizatio
reaction, Wgnﬁﬁﬁrsﬁﬁ%éf?%ﬁﬁISP{ghﬁt?ﬁfcgﬁﬂ?iW?SﬁgﬁerangLﬁﬁso?%%%iéﬂg%lvent.
Exanpl es of _the solvent 20 include an qgrganic solvent having_.l to 20 (for
exanpl o, 1EL6Y1 3G Bbn RO GREFAf dIOBMEH | BRA ikiehy dF SERHEh, an
aromati ¢ hydrocarbon, an araliphatic hydrocarbon, an al cohol, a ketone and
an ester. SB¥EPR COBXERMPIESIBR tife SBF vERY iMRUSTdE Lt SIMAMET xFiRkied

et hyl benzene, nethyl isobutyl 25ketone,. nethyl alcohol, ethyl alcohol,
oct ané, degﬁﬁ@,thglanother monomer feed tank may be adjusted so that

the dissolved oxygen concentration contained in the total of
the raw material suppliéd in the reaction wvessel 10 is set
to 0-5 ppm. The dissolved oxygen concentration in the raw
material monomer supplied from the ancther monomer feed tank

10 is preferably from 0 to 5 ppm.

[0071]
When the continuous polymerization of the present
invention is a continuous solution polymerization, a solvent
15 is used for the polymerization reaction; in this case, a
continuous polymerization apparatus is further equipped with
a tank for feeding a solvent, a feeding channel and a pump

{feed means) .

20 [0072]

The tanks for feeding a solvent, feeding channel and
pump (feed means) are not specifically limited and may be
similar as those conventionally used. Further, the solvent
may be fed into the reaction vessel after mixing the monomer

25 and/or the polymerization initiator with it, or may be



cycl ohexane, decalin, butyl acetate and pentyl acetate. [0075] In the
conti nuous solution polynerization in the 5 present invention, a ratio C:

Din which C (kg/hr) is a feed flow ratet®f the nononmer, and D (kg/ hr)
rate of the solvent, is not Iimted thereto, but for exanple,

feed fl ow

is a
S

preferably 2:98 to 50:50, nore preferably 5:95 to 30:70. 10Exanples [0076]

Hereinafter, the present invention is specifically expl ained by show ng

Exanpl es.

D ssol ved
was neasur
manuf act ur

10

15[ 0077] In the Exanpl es, neasurenent was performed as foll ows.

ISR SNSRI penrant SpBE ke Y OEeaResaLT L o

%gnggoggalgglvéﬁg;)éoiégggg described later are mentioned.

[0073]

The continuous solution polymerization apparatus is
similar as the above-mentioned continuous bulk
polymerization apparatus except that a tank for feeding a
solvent, a feeding channel, a pump {feed means) and the like

are provided.

| [0074]

15

20

25

Further, the continuous solution polymerization is
similarly carried out in the same manner as the above-
mentioned continuous bulk polymerization except that a
solvent is wused for the polymerization reaction. The
solvent used for the polymerization reaction 1is selected,
for example, according to the monomer for the continuous
polymerization reaction, is not specifically limited, and is
generally an organic solvent. Examples of the solvent
include an organic solvent having 1 to 20 (for example, 1 to
12) carbon atomg, for example, an aliphatic hydrocarbon, an
aromatic hydrocarbon, an araliphatic hydrocarbon, an alcohol,
a ketone and an ester. Specific examples of the solvent
include toluene, xylene, ethylbenzene, methyl isobutyl

ketone, methyil alcohol, ethyl alcchol, octane, decane,



Exanpl e 1 25The pol ynerization and stoppage of nethyl nethacrylate 42 were
carried out by using the continuous bul k polynerization apparatus shown in
Fig. 1. Areaction vessel 10 was a fullyt¥ xing reaction vessel 5

(internal volume: 12 L) equipped with a MG blade as the stirring bl ade 11
and a jacket 15 covering alnost the whole of the reaction vessel. [0079]
10As the raw material nononer fed by a nononer feed neans, a mxture (A
cont ai ni ng 92. 97@6by meight of nethyl nethacrylate (NMMQ 6. 90% by wei ght

of methyl acr %.h cha ansfer agent
(n-ooty] nevEpRER Ras SRekn A il ACSHAFS: 8701 BTV hohanet ton (he
15start of the polynerlzatlon was fixed at 17.55 kg/ hr by a nononer feed
punp 20. A stirring notive energy was 24.8 kW The tenperature T2
(degrees |SIUi) of an external wall of the reaction vessel 10 was
control | ed ‘407240 degr ees
the continuocus solution polymerization in the
5 present invention, a ratio C : D in which C (kg/hr}) is a

feed flow rate of the monomer, and D (kg/hr) is a feed flow

rate of the solvent, is not limited thereto, but for example,

is preferably 2:98 to 50:50, more preferably 5:95 to 30:70.

10 Examples

[0076]

Hereinafter, the present invention is specifically

explained by showing Examples.

15 [0077]

In the Examples, measurement was performed as follows.

Dissolved oxygen concentration:

A dissolved oxygen concentration was measured by using

20 a dissolved oxygen meter (DO meter OM-51 manufactured by

Horiba, Ltd.).

[0078]

Example 1

25 The polymerization and stoppage of methyl methacrylate



20Cel sius using the tenperature adjustnent and control nmeans 33. [0080]
Further, as a polynerization initiator and the |ike fed 25by the

pol ynmeri zation initiator feed neans, a rAixkture (B) 43 containing 92. 83% by
wei ght of nethyl nethacrylate (MVA), 6.90% by wei ght of nethyl acrylate
(MA), 0.13% by weight of a chain transfer agent (n-octyl nercatan) and 0.14%
by weight of a polynerization initiator (t-anyl peroxy-2-ethyl- 5
hexanoat e) was used. A triple-barreled reciprocal punp was used for the

initiator feed punp.25. Further,.its.feed fl.ow rat s.set at.1.03 kg/hr
2t the. st alEror CRORY AR PR POMSHIP tin CORTPg PROG: BALEREhy e ng
t he out put val ue_of the pu 0 that the tenperature Ti (degrees Cel sius)
in 10t he r@EB?FGEu@e§@@FPIgPW§§Jk t at 140 degrees Cel sius. [0081]

The pol ynerization was conti nuously carried out for about 1 day. During

this polynerization, the tenperature Ti 15(degrees Celsius) in the reaction

vessel 10 was in a range of about 139.6 to 140.4_de%rees Cel si us.
A reactlIon vessel 10 was a fully mixihg reaction vessel

5 (internal volume: 12 1) equipped with a MIG blade as the
stirring blade 11 and a jacket 15 covering almost the whole

of the reaction vessel.

[c079]

10 As the raw material monomer fed by a monomer feed means,
a mixture (A) containing 92.97% by weight of methyl
methacrylate (MMA), 6.90% by weight of methyl acrylate (MA)
and 0.13% by weight of a chain transfer agent (n-octyl
mercaptan) was used. A feed flow rate of the monomer at the

15 start of the polymerization was fixed at 17.55 kg/hr by a

monomer feed pump 20. A stirring motive energy was 24.8 kW.

The temperature T2 (degrees C(elsius) of an external
wall of the reaction vessel 10 was controlled at 140 degrees
20 Celgiusg usging the temperature adjustment and control means

33.

[0080]
Further, as a polymerizaticn initiator and the like fed

25 by the polymerization initiator feed means, a mixture (B)



[ 0082] Then, the polynerization was stopped as follows for 20 inspection
of apparatus at the downstream side. As the raw materi al nononer fed by a
mononer feed neans, a mixture (C) contai4d ng 92.97% by wei ght of net hyl
nmet hacryl ate (MVA), 6.90% by wei ght of nmethyl acrylate (MA) and 0. 13% by
wei ght of a chain transfer agent (n-octyl nercaptan) was used. 44 [0083]
The nmononer feed punp 20 and the initiator feed punp 25 were controlled to
stop the supply of the raw material rmnorrer t he pol ynerization initiator

d th ik Sub th t f th t
1S T SR ek Rt R T S AAALSL”
t th t t f eed 5 th t k 56 th h

L i R

controlled to su 10_the m xtu into the rea tion esel at the
Pow rat o 8 CBRSB kLRI TR { e SRIBrCPLaa) | FRE PoraF ey ¥eiTom t ne

nmononer feed tank 56 Dur| t he pol ynerization stoppage, the m e (O
was suppl i 84 by suppt zé‘%ri-‘jﬂlabbjrlil4\“/| R m? gabSFREE" %ﬁ%éﬁﬁ'ui’t ure

(© in the 15 nononer feed tank 56 fromthe i nactive gas introduction line
56a, and t REXaNe’beyeWRdxygeR - cofic EREPAET Bﬁrﬁ?l?ﬁer‘?ﬁ%?{ﬁ"éa]( GRS ed
into the reaction vessel 10 was changed between 0O ggm and Epm 20[ 0084]
The pol ynekFedt fer Was ErbpiiPd dreshstt™ Hfee HHYSICEnditfeltefplAdi ure T1
(degrees Celsius) in the reaction vessel 10 was in a range of about 140 to
145 degr ee&ate| ¥rgs S@ilr idg the3 pEai by &f tHiss SiPpage. PTRENeERPRF HRUre T2

25(degrees Celsius) of an external wall of the reaction vessel
and then, suitably fluctuated by changing the output value

of the pump so that the temperature Tl (degrees Celsius) in

10 the reaction vessel 10 was kept at 140 degrees Celsius.

[0081]
The polymerization was continuously carried out for
about 1 day. During this polymerization, the temperature T1
15 (degrees Celsius) in the reaction vessel 10 was in a range

of about 139.6 to 140.4 degrees Celsius.

[0082]
Then, the polymerization was stopped as follows for
20 ingpection of apparatus at the downstream side. 2As the raw
material monomer fed by a monomer feed means, a mixture (C)
containing 92.97% by welght of methyl methacrylate (MMA),
6.90% by weight of methyl acrylate (MA) and 0.13% by weight
of a chain transfer agent (n-octyl mercaptan) was used.

25



45 10 was controlled at 140 degrees Celsius in the manner as at the

pol ynmeri zation. [0085] S5After polynerization stoppage for about three days,
a predeterm ned amount of the raw materied was fed in the sanme manner as
.the above, and a m xture of the polynerization initiator was suitably
fluctuated and fed by changi ng the output value of the punp so that the
tenperature Tl (degrees 10Cel sius) in the reaction vessel 10 was kept at
140 degrees Celsius, to carry out the continuous polynerization. A simlar
pol yrmer asééggaﬁolyner bef ore stoppage of the pol ynerization was obtai ned

wi thout in ation of gels. 15[0086] Exanple 2 The pol yneri zati on
was conducted in the sane p dure 4?% nerlzg%'on was
perforned for agyﬁtm8ﬂgmﬁﬁy£ giﬁ”ﬁ% %%81n1%1ato§0 € ﬁ Bparat us
check of a downstreamside, the ngrlzathp was di dlscontlnued as folloms
were controlled to g op e supply o raw materia
monomer, the polymerization initiator and the 1like.
5 Subsequently, the valve of the junction of the initiator

feed line (piping) 28 and the monomer feed line (piping) 58
ig changed to connect the initiator feed pump 25 with the
monomer feed tank 56 through the monomer feed line (piping)
58, and the initiator feed pump 25 was controlled to supply
10 the mixture (C) into the reaction vessel 10 at the flow rate
of 0.35 kg/hr through the monomer feed line (piping) 58 from
the monomer feed tank B56. During the polymerization
stoppage, the mixture (C) was supplied by supplying and
babbling the nitrogen gas into the mixture (C) in the
15 monomer feed tank 56 from the inactive gas introduction line
56a, and the dissolved oxygen concentration of the mixture
(C) supplied into the reaction vessel 10 was changed between

0 ppm and 1 ppm.

20 [o084]

The polymerization was stopped for about three days,
and the temperature Tl (degrees Celsius) in the reaction
vessel 10 was in a range of about 140 to 145 degrees Celsius
during the period of this stoppage. The temperature T2

25 (degrees Celsius) of an external wall of the reaction vessel



The nononer feed punp 20 and the initiator feed punp 25 46 nononer, the
polyneri zation initiator and the |like. Subsequently, the valve of the
junction of the initiator feed line (pi@ng) 23 and the nononer feed |ine
(piping) 53 is changed to connect the nmononer feed punp 20 with the 5
mononer feed tank 51 through the nononer feed line (piping) 53, and the
nononmer feed punp 20 was controlled to supply the mxture (C) into the
reaction vessel 10 at the flow rate of 0.29 kg/hr through the nononer feed
|Ine(plpln 53 fro edtan 1.. Duri the nerization
10 'st oppage? the EBBB”FVTﬁ?gD 1o o i S Eh e BRbEPERRE F s 51
was perfor d EE %an]g and babbl i ng the nitrogen gas into the mxture
(O in thet 4 tENR- 51 from the inactive gas introduction line
5l1a, and the dissol ved oxygen concentration of the mxture (C) supplied
15into the reaction vessel 10 was changed between O ppmand 1 ppm On the
hand, the valve of the junction of the initiator feed |line (piping) 28 and
the nononerl0P8&d | ne (pi ping) 58 was changed to connect the initiator feed
punp 25 with the nononer feed tank 56 through the nononer feed 20 |ine

(pi pi By) 58. Théffart PeLyFeradsdt pofp SESPRAESCERET AURE (I STy T hed

m xture (C) into the reaction vessel 10 at the flowrate of 0.06 kg/hr from
t he nononePredebicrahReSARPHBuGH tHe Fvomacerdad FrRefegi pRnklie 58mhe

di ssol ved oxygen concentration of the mxture (C) supplied into the

25r eact i onMABESE| A0 EFhonrbREepeYera f BddtHARK 6 Wee PRaMyedizavigret ween
10 ppmand 14 ppm The total flow rate of the raw material supplied into
the reacti dniveéster rosf rombteid ynohbriudtast aagkied] bandIsediay OLles

kg/ hr, and the dissol ved oxygen concentration in the raw nmaterial was 3 to

4 ppm output value of the pump so that the temperature Tl (degrees
10 Celsgiug) in the reaction vessel 10 was kept at 140 degrees
Celsius, to carry out the continucus polymerization. A

similar polymer as the polymer before stoppage of the

polymerization was obtained without incorporation of gels.

15 [0086]
Example 2
The polymerization was conducted in the same procedure
as in Example 1. The polymerization was performed for about
one day as in Example 1.
20
For an apparatus check of a downstream side, the

polymerization was discontinued as folliows.

The monomer feed pump 20 and the initiator feed pump 25

25 were controlled to stop the supply o©of the raw material



[ 0087] The pol ynerizati on was stopped for about three days, and
the tenperature Ti (degrees Celsius) in the reaction 10vessel was in a
range of about 140 to 145 degrees Cel sius during the period of this
_stoppage. The tenperature T2 (degrees Celsius) of an external wall of the
reaction vessel 10 was controlled at 140 degrees Celsius in the manner as
at the polynerization. 15 [0088] Conparative Exanple 1 The sane
procedure was repeated as in Exanple 2 except that the supply of the

1 Xt C f th feed 2Qt.ank 51 duri I i.zation, st
i thout baBBRPRGHL o TR 1 ogeh s 191 e niREUHE (O FHA hd HRonohie f ced

tank 51. T total flaow rat f the raw material supplied into the
reaction vgélgﬁfaqiﬁngf%m t‘t‘:ﬁ@ r?ﬁa(r)ﬂovr?erofe%&let ahkeC Bl ng 5 hvavg TR g/ hr |

and the di %solv d ox gen_copcentra ionin 48 thg raw material, was 10 to 14
ppm The pdF§feri?at iBAPHAS’ sEdppBY 5Bt REROTHE %‘?Fge}%ﬂ%%r PRiF) the outer

wal | side of the reaction vessel 10 (degrees Cel sius) was controlled at 140

(degrees CaFsiOPIEst i WOt RENPERE JHHINYREPFLatP6H, HiP 20 with the

5 monomer feed tank 51 through the monomer feed line (piping)
53, and the monomer feed pump 20 was controlled to supply_
the mixture (C) into the reaction vessel 10 at the flow rate
of 0.29 kg/hr through the monomer feed line (piping) 53 from
the monomer feed tank 51. During the polymerization

10 stoppage, the supply of the mixture (C) from the monomer
feed tank 51 was performed by supplying and babbling the
nitrogen gas into the mixture (C} in the monomer feed tank
51 from the inactive gas introduction line 5la, and the
dissolved oxygen concentration of the mixture (C}) supplied

15 into the reaction vessel 10 was changed between 0 ppm and 1
ppm. On the hand, the wvalve of the junction of the
initiator feed line (piping) 28 and the monomer feed line
{(piping) 58 was changed to connect the initiator feed pump
25 with the monomer feed tank 56 through the monomer feed

20 line (piping) 58. The initiator feed pump 25 was controlled
to supply the mixture (C) into the reaction vessel 10 at the
flow rate of 0.06 kg/hr from the monomer feed tank 56
through the monomer feed line (piping} 58. The dissolved
oxygen concentration of the mixture (€} supplied into the

25 reaction vessel 10 from the monomer feed tank 56 was changed



5 the tenperature Ti in the reaction vessel 10 (degrees Cel sius) continued
rising from 140 degrees Cel sius to about 200 degrees Cel sius over about 40
hours fromthe stoppage start. 10[ 0089] 4Conparative exanple 2 The
_polynerization was perforned in the same nanner as in Exanple 1. The

Pol ynmeri zati on was perfornmed for about one day as in Exanple 1. 15

For an apparatus check of a downstream side, the polynerization was

di scontinued as follows. The nonomer feed punp 20 and the initiator feed
pump 25 2 re controlled.tq stop the_ supply . of_the raw er.i al _nononer,
Phe’ pol yrePPL AP P nPBTacar J4dFee. | HE  BBdedhatt I57ES e VIS ¢ he
junction of the,npnoner feed lLine (piping) 23 and the noner. feed |ine

( pi pi ng) 5§aF§r%%§ng%l¥’Hlole@onﬁEEP ttﬁ'éépnﬁfgfﬁﬁérmflee\ﬂe H6 WEER™t Hé*Shononer
25feed tank 51 through the nononer feed |ine gpi(gi%g) 53, and 49 the
mononer f eBaRplURD Sfhs LeGHEr oPted D SGppl'§St He- i x @r(’C)a?‘ﬁt e
reaction vessel 10 _at the flow rate of 0.29 kg/hr through the nononer feed
line (pipi AFS8EVER oY FR, norRrRRt FaleP™t dik B e B isEoidted @k yydiP 5
concentration of the m xture (C) supplied into the reaction vessel 10 was
changéd betweBH-6 ppm and 7 ppm On the hand, the valve of the junction of
the initiator feed line (piping) 28 and the nononer feed |line (piping) 58
was changed to connect the initiator feed punp 25 with the

[0087]
The polymerization was stopped for about three days,
and the temperature T1 (degrees Celsius) in the reaction
10 vessel was in a range of about 140 to 145 degrees Celgius
during the period of this stoppage. The temperature T2
(degrees Celsius) of an external wall of the reaction vessel
10 was controlled at 140 degrees Celsius in the mannexr as at

the polymerization.

15
[0088]
Comparative Example 1
The same procedure was repeated as in Example 2 except
that the supply of the mixture (C) from the monomer feed
20 tank 51 during polymerization stoppage without babbling the

nitrogen gas in the mixture (C) in the monomer feed tank 51.

The total flow rate of the raw material supplied into
the reacticn vessel 10 from the monomer feed tanks 51 and 56

25 was 0.35 kg/hr, and the dissoclved oxygen concentration in



10 nononer feed tank 56 through the nononer feed |ine (piping) 58. The
initiator feed punp 25 was controlled to supply the mxture (C into the
reaction vessel 10 at the flow rate of G&6 kg/hr fromthe nononer feed
tank 56 through the nononer feed line (piping) 58. The dissol ved oxygen
concentration 15 of the mxture (C) supplied into the reaction vessel 10
fromthe nononer feed tank 56 was changed between 6 ppmand 7 ppm The
total flowrate of the raw material supplied into the reaction vessel 10
fromthe nmoponer feed tanks 51 and 56 was 0.35 kg/ hr,.and ihe dissolved
oxygen conE8fit FaV| B‘ﬁ‘tﬁﬁlﬁﬁewﬁﬁrg\% &t e dAP%as %19? PH PP FH06E Was

The pol yneri zatign was stopped so that the tegpeéature T2 01 t he ou%gr wal |
si de of th&CPEREH| BN VAR EHE 0FTREGrAdeT 258 PSi G55 RHSSEoNRTbI P &t 140
(degrees Celsius) as in the _50 tinme of polynerization, but the tenperature
Tl in the F@ﬁcﬁﬁ@ﬁt9€§sgﬁsf81(débr%%%gqﬁﬂ%nQ%5S t iR NG Y Gh a stop
from 140 degrees Cel sius to, about 200 degrees Celsius over about 40 hours
fromthe sﬂgﬁpééég§?%?tCe§s}%EbS$ﬁlAE BRI EARE LPTYPPOPOTYLZat ion TH et hod
of the present invention can be used for the continuous polynerization
(espeéi al | fheontemrerstwig k TR0 A8l yEBRI 28830 Ve&SEdus 1pol yRegLses
Exanpl es of the polymer include polynmers formed fromat | east one of

monomer s s€eégivd) f eontipecdr bLplednETen i M ofesr et Haeksi bt ecestequt

nononer, an acrylate ester nononer, styrene and acrylonitrile.
200 degrees Celsius over about 40 hours from the stoppage

start.

10 [0089]
Comparative example 2
The polymerlzation was performed in the same manner as
in Example 1. The Polymerization was performed for about

one day as in Example 1.

15
For an apparatus check of a downstream side, the
polymerization was discontinued as follows.
The monomer feed pump 20 and the initiator feed pump 25
20 were controlled to stop the supply of the raw material

monomer, the polymerization initiator and the 1like.
Subsequently, the valve of the junction of the monomer feed
line (piping} 23 and the monomer feed line (piping) 53 is
changed to connect the monomer feed pump 20 with the monomer

25 feed tank 51 through the moncomer feed line (piping) 53, and



15 EXPLANATI ON OF REFERENCE NUMERALS [0092] 10Reaction vessel 11Stirring

bl ade 2015Jacket (Tenperature control neans) 20 Mononer feed punp (Mononer
feed nmeans) 21, 51, and 56Mbnoner feed td&hk 25l nitiator feed punp
(Initiator feed neans) 26Initiator feed tank 2530Control portion (Feed flow
rate control neans) 51

the monomer feed pump 20 was controlled to supply the
mixture (C) into the reaction wvessel 10 at the flow rate of
0.29 kg/hr through the monomer feed line (piping} 53 from
the monomer feed tank 51. The dissolved oxygen
5 concentration of the mixture (C) supplied into the reaction
vessel 10 was changed between 6 ppm and 7 ppm. OCn the hand,
the wvalve of the Jjunction of the initiator feed Iline
(piping) 28 and the monomer feed 1line (piping}) 58 was
changed to connect the initiator feed pump 25 with the
10 monomer feed tank 56 through the monomer feed line (piping)
58. The initiator feed pump 25 was controlled to supply the
mixture (C}) into the reaction vessel 10 at the flow rate of
0.06 kg/hr from the monomer feed tank 56 through the monomer
feed line (piping) 58. The dissolved oxygen concentration
15 of the mixture (C) supplied into the reaction vessel 10 from
the monomer feed tank 56 was changed between 6 ppm and 7 ppm.
The total flow rate of the raw material supplied into the
reacticon vessel 10 from the monomer feed tanks 51 and 56 was
0.35 kg/hr, and the dissolved oxygen corncentration in the

20 raw material was 6 to 7 ppm.

[0090]
The poliymerization was stopped so that the temperature
T2 of the outer wall side of the reaction vesgel 10 ({degrees

25 Celsius) was controlled at 140 (degrees Celsgius) as in the



35 Tenperature sensor (Tenperature detection neans) 52 CLAIMS 1. A nethod
of stopping a continuous polynerization, which conprises continuously
supplying a nononer and a 5polynerizatid@initiator into a reaction vessel
to polynerize the nmononer in the reaction vessel; and continuously renoving
a polynerization conposition froman inside of the reaction vessel to an
outside of the reaction vessel, 10wherein, the nethod conpri ses:

di sconti nuing the supply of the polynerization initiator into t he reaction
vessel contl suppl.yi ng a noper - cont ai ni.n naterl havi ng
a dlssolveg 8§y98 ?%é%%%?nof BH?O gﬁﬁpnF?Wﬁ?F ea&Fl ﬁh%essel
at a flowrate in a r gﬁ o% ﬁéSOO toé%é}o of. a flom/rgte.of a £aM/naterim
suppl i ed aFeFﬁElBB|Vﬁ§? a} SER8T sius) continued rising from a

stop from 140 degrees Celsius to about 200 degrees Celsius

over about 40 hours from the stoppage start.

5
INDUSTRIAL AVAILABILITY
foos1]
The method of the present invention can be used for the
continuous polymerization (especially continuous  bulk
190 polymerization) of various polymers. Examples o©f the
polymer include polymers formed £from at least one of
monomers  selected from the group consisting of a
methacrylate ester monomer, an acrylate ester monomer,
styrene and acrylonitrile.
15
EXPLANATION OF REFERENCE NUMERAILS
[0092]
10 Reaction vessel
11 Stirring blade
20 15 Jacket (Temperature control means)

20 Moncmer feed pump (Monomer feed means)

21, 51, and 56 Monomer feed tank

25 Initiator feed pump (Initiator feed means)
26 Initiator feed tank

25 30 Control portion (Feed flow rate control means)



in the state that the stirring in the reaction vessel and the renoval of a
pol yneri zati on conposition to the outside 20out of the reaction vessel are
continued. 2. The nethod of stopping c&itinuous polynerization accordi ng
to claim1, wherein the nononmer contains at |east 50 % by wei ght of nethyl
nmet hacrylate. 53 3. The nethod of stopping continuous polynerization
according to claim1l or 2, wherein the continuous polynerizationis a
continuous bul k polynerization. 54. The net hod of stopping continuous

pol ymeri zation according any one o{ clain%]1 tgﬁ%, wherein a concentration
of dissol vl oxy§BREFILEEF (SFRP by MBI NG SFEEREFP GRS vacuum
deaeration, or a supply of insert gas into a line mxer. 10 5. The nethod
of stopping continuous pol ynerization according to claim4, wherein the
inert gas is at |east one selected fromthe group consisting of a nitrogen
gas, a heliumgas, a neon gas and an argon gas. 15 6. The nethod of

st oppi ng conti nuous pol ynerization according any one of clains 1 to 5,
wherein said raw naterial is a raw nmaterial having a dissolved oxygen
concentration of 0 to 5 ppm and consisting of the nononer,



20 or a raw material having a dissolved oxygen concentration of 0 to 5 ppm
and consisting of the nononer and a chain transfer agent.
52

CLAIMS

1. A method of stopping a continuous polymerization, which
comprises continuously supplying a monomer and a
5 polymerization initiator into a reaction vessel to
polymerize the monomer in the reaction vessel; and
continuously removing a polymerization composition from an
inside of the reaction vessel to an outside of the reaction
vegsel,
10 wherein, the method comprises:
discontinuing the supply of the polymerization initiator
into the reaction vessel, and
continuously supplying a monomer-containing raw material
having a dissolved oxygen concentration of 0 to 5 ppm into
15 the reaction vessel at a flow rate in a range of 1/500 to
1/10 of a flow rate of a raw material supplied at the
polymerization reaction,
in the state that the stirring in the reaction vessel and
the removal of a polymerization composition to the outside

20 out of the reaction vessel are continued.

2. The method of stopping continuous polymerization
according to claim 1, wherein the monomer contains at least
50 % by weight of methyl methacrylate.

25
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3. The method of stopping continuous polymerization
according to «c¢laim 1 or 2, wherein the continuous

polymerization is a continuous bulk polymerization.

4. The method of stopping continuous polymerization
according any one of claims 1 to 3, wherein a concentration
of dissolved oxygen is adjusted by a bubbling of inert gas,
a vacuum deaeration, or a supply of insert gas into a line

mixer.

5. The method of stopping continuous polymerization
according to claim 4, wherein the inert gas 1s at least cne
selected from the group consisting of a nitrogen gas, a

helium gasg, a neon gas and an argon gas.

6. The method of stopping continuous polymerization
according any one of claims 1 to 5, wherein said raw
material 1is a raw material having a dissolved oxygen
concentration of 0 to 5 ppm and consisting of the monomer,
or a raw material having a dissolved oxygen concentration of
0 to 5 ppm and consisting of the monomer and a chain

transfer agent.



