1 DESCRI PTI ON POLYMERI ZATI ON REACTI ON APPARATUS AND METHOD OF PRODUCI NG
POLYMER BY USI NG THE SAME 5 TECHNI CAL FI ELD [ 0001] The present
invention relates to a polynerization reaction apparatus used for producing
a polyner and a 10net hod of producing the polynmer by using the apparatus.
BACKGROUND OF THE | NVENTI ON [ 0002] The preparation of a polyner such as a
(meth)acryl ate- 15 based pol ynmer uses a continuous bul k pol yneri zati on
met hod or a continuous sol ution polynerization nmethod wherein a nononer, a
pol ynerization initiator and the like are continuously introduced into a
pol yneri zati on reaction vessel. Anghg-thBTabbve, in the continuous bul k 20
pol yneri zati on nmethod, the polynerization reaction is perfornmed in a
honbgenous phase w thout using a solvent and a dispersant, so that an
advant age of a polyner containing little inmpurities is obtained. However,
since a viscosity of BOLEACRIOATsYNt eRRTEIVErHPRAGATUPtANE required to pay
2battention to renoving heat fromthe reaction system

METHOD OF PRODUCING POLYMER BY USING THE SAME

TECENICAL FIELD
(G001}

The present invention relates to a polymerization
reaction apparatus used for producing a polymer and a

10 method of producing the polymer by using the apparatus,.

BACKGROUND OF THE INVENTICN
[0002]
The preparation cof a polymer such as a (meth)acrylate-
15 based polymer uses a continuous bulk polymerization method
cr & continuous solution polymerization methed wherein a
monomer, a polymerization idnitiator and the like are
continuously introduced into a polymerization reaction
vessel. Among the above, in the continuocus Dbulk
20 polymerizaticon method, the polymerization reaction is
performed in a homogenous phase without using a solvent and
a dispersant, so that an advantage of a polymer containing
little impurities is obtained. However, since a viscosity
of & reaction system 1s very high, it is reqguired to pay

25 attention to removing heat from the reaction system,



2 controlling the polynerization tenperature and the |ike. On the other
hand, the continuous solution polynerization nethod has advantages that a
pol ymer containing little inpurities is obtained and that the problem
associ ated with 5the continuous bul k pobynerization nmethod is reduced due
to a low viscosity of the reaction system but has the problemthat the
productivity is decreased due to use of solvents. [0003] JP 7-126308 A
di scl oses a nethod for producing the 10 nethacryl ate-based pol yner by
using a continuous bul k polynerization nmethod, which conprises carrying out
a pol ymer i Satiion reatt it byC Ligh el 22 comp| EE8PE IRitdirgg #ype theact L hg- vessel
under the condition that the reaction vessel is fully filled with a liquid
medi um so ¥hathehetiBredution Vessebnfiagusubstamititaldry pol yasebust phase.
[Prior Art Docunent] [0004] [Patent docunment 1] JP 7-126308 A 20 SUMVARY OF
THE | NVENTON: RROBIEEMSaT@2BE2SEEVED BY THE oNWENTI ONontaining little
impurities is cobtained and that the problem assoclated with
5 the continucus bulk polymerization method 1s reduced due to
a low viscesity of the reaction system, but has the problem
that the productivity 1s decreased due to use of solvents.
[GO03]
JP 7-126308 A discloses a method for producing the
10 methacrylate-based polymer by wusing a continuous bulk
polymerization method, which comprises carrying out a
polymerization reaction by using a completely mixing type
reacting vessel under the condition that the reaction

vessel 1is fully filled with a ligquid medium sc that the

15 reaction vessel has substantially no gaseous phase.

[Prior Art Document]
(00041
[Patent document 1] JP 7-126308 A
20
SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
{0005]
In the polymerization reactlion apparatus used for the

25 production of such polymer, a stirring blade fixed to a



[ 0005] In the polynerization reaction apparatus used for the
25production of such polyner, a stirring blade fixed to a 3 shaft is

| ocat ed i nside of the polynerization reaction vessel, thereby a raw
material m xture containing the nonomer sand the polymerization initiator is
stirred and the polynerization reaction is performed. One end of the shaft
5is attached to a drive unit, thereby a rotational driving force is
transmitted fromthe drive unit to the shaft so that the shaft and a
stirring bl ade are rotated. The shaft is supported by a shaft seal bearing
part arrar®jedf betiieehotheedr i Ves it nd thige polymerizatieon reaetiom
vessel. In 10 this shaft seal bearing part, there is provided a shaft sea
portion arGifmklhe Wheafabso a hagwt heatedceilonmiakxtdee Fantaenpopynehézati on
reacti on vessel does not reach the drive unit. [0006]

15However ,wreragpo| 3k ri lrat i oiyresct 4 i e cont § uous| s perforesdahy Uséng t he
pol yneri zati on reacti on apparatus nenti oned above, the nononer and the
produced podyymer:igetien resottiom Mxtpeef dendit o Guhered tof atloéreumfer ence
of the shaft seal bearing part, which causes 20 the problemthat it is
diffiTult it perdonmit he poldmerd zation teactbgnaduss taoiorsuf fadcientg
rotations of the shaft and the stirring blade. [0007] The
present i nwentd ohshaszheen tmade fidvd | ght ofritvee unit to the shaft so

that the shaft and a stirring blade are rotated. The shaft
is supported by a shaft seal bearing part arranged between
the drive unit and the polymerization reaction vessel. In

10 this shaft seal bearing part, there 1s provided a shaft
seal portion around the shaft so that the reaction mixture
in the polymerization reaction vessel does not reach the
drive unit.

[0006]

15 However, when a polymerization reaction is
continuousliy performed by using the polymerization reaction
apparatus mentioned above, the monomer and the produced
polymer 1n the reaction mixture <Tend toc adhere to a
circumference ¢f the shafft seal hearing part, which causes

20 the problem that it is difficult to perform the
polymerization reaction due to insufiicient rotations of
the shaftft and the stirring plade.

(0007
The present invention has been made in light of the

25 aforementicned problems of the prior art. Objects of the



25af orenenti oned problens of the prior art.(Cbjects of the 4 present
invention are to provide a polynerization reaction apparatus which can
prevent the nononer and the produced polynmer in a reaction mxture from
adhering to a shaft seal bearing part dyring the operation and also to
provi de a nethod of producing the polyner by using the polynerization
reacti on apparatus. MEANS FOR SOLVI NG THE PROBLEMS [ 0008] 10In order to
achi eve the objects stated above, the present invention provides a
pol ynmeri zati on reaction apparatus conprising: a polynerizationreaction
vessel for pesdorhi hgvantion arpoltpmericzrdricort reaciion oft 2 aneant eeial
m xture 15conprising a nononer; a rotatable shaft; a stirring blade fixed
to t he rotapzbt®tshathchhichh spresethe thaw mat@rdal anidxttire wrohinethe
pol yneri zation reaction vessel; and 20a shaft seal bearing part which
supports tihelwghaf tinwhereiatidte shaftrseftobeadhagipartoconpriéSbssaashaft
seal ing part conprising:

bearing part during the operation and also te provide a

5 method of producing the polymer by using the polymerization

reaction apparatus.

MEANS FOR S50LVING THE PROBLEMS
F00G8]

10 In order to achieve the objects stated above, the
present invention provides a polymerization reaction
apparatus comprising:

a polymerization reaction vessel for performing a
polymerization reaction of a raw material mixture

15 comprising a monomexr;

a rotatable shaft;

stirring blade fixed to the rotatable shaft, which stirs

o]

the raw material mixture within the polymerization reaction
vessel; and

20 a shaft seal bearing part which supports the shaft,
wherein the shaft seal bearing part comprises a shaft
sealing part comprising:
a shaft seal portion (A};
a void portion formed between the shaft seal porticn (A)

25 and the polymerization reaction vessel;



a shaft seal portion (A); a void portion fornmed between the shaft
seal portion (A) 25and the polynerization reaction vessel; 5 a shaft seal
portion (B) formed between the void portion and the pol ynerization reaction
vessel; and a liquid inlet for introducgng a liquid containing a

pol yneri zation inhibitor into the void portion, and 5 wherein the liquid
introduced fromthe liquid inlet is renoved through the void portion into
t he pol ynerization reaction vessel. [0009]

| nt heconventi onal pol yneri zati onreaction 10 apparatuses, when the

pol ymeri zat i shafeactiadgn e perd ol hkd fcomeadhuoeiskyet orha vorigh pee i odonf
time, the nononer and the pol ynmer produced therefromin the reaction

m xt ure t endd toradherendol 1del v cigitylof tdesshafdandeal bearing part in
the pol ynerization reaction apparatus, thereby causing the 15probl emthat
t he rot ationsligfuide ishaft dod t hetstiducing bkadéigreédi nfentsLniSgcha
probl em was particularly remarkably caused in the case that the

pol yrmer i zatd omeaeiactti om | snipesformethiea suehvaidondrtion, téad t he shaft
seal bearing part contacts with the reaction mxture in the 20

pol yneri zathofre ireacticonl vessel wmhermdhegolfymer i zati dniqweact iionetessel has
a gaseous phase, and in the case that the polynerization reaction is
per f or med damsueh aheondht it thatdt e rtdact | ontyessel psliubtbyz&tided with
the liquid nmediumso that the polynerization reaction vessel 25has

subst ant i atd - thirrgaseois] phase, since the reaction

in the conventicnal polymerization reaction

10 apparatuses, when the polymerization reaction is performed
continuously for a long pericd of time, the monomer and the
polymer produced therefrom in the reaction mixture tend to
adhere to the vicinity of the shaft seal bearing part in

the polymerization reaction apparatus, thereby causing the

15 problem that the rotaticns of the shaft and the stirring
blade are inferior. Such problem was particularly
remarkably caused 1in the case that the polymerization
reaction 1is perfcrmed in such a condition that the shaft

seal bearing pari contacts with the reaction mixture in the

20 polymerization reaction vessel when the polymerization
reaction vessel has a2 gaseous phase, and in the case that

the polymerization reaction 1is performed in such a
condition that the reacticn vessel is fully filled with the
liquid medium so that the polymerization reaction vessel

25 has substantially no gaseous phase, since the rezction



6 m xture easily reaches the shaft seal bearing part. In the polynerization
reacti on apparatus of the present invention, a liquid inlet for introducing
aliquidis provided at the void portion between the shaft seal portion (A
inthe 5 shaft seal bearing part and the polynerization reaction vessel so
that the introduced liquid is renoved froma gap between an inside wall of
the shaft seal bearing part and the shaft into the polynerization reaction
vessel. Therefore, a liquid flowis generated fromthe shaft seal 10
bearing part to the polynerization reaction vessel, and thus it is
difficult Tbxtehe topbherréacihe teacthoht nxelrecavineaehrthe Vicithety of
the shaft seal bearing part. In addition, since the liquid introduced into
t he pol ymepd katé ohzaehet i ovevessel agpatains af pohynerézatt ohntsninbinbi t or,
t he polynerization reaction of the nonomer near the shaft seal bearing part
is also inhibitedd Fotehefrorénttrheuprog si dnmfid hies shaftideal aporbieon (B)
suppresses a reverse flow of the reaction mxture in the polynerization
reacti on vessel poattiich fbeweeaches t Beashafdeseabcelbédrnng{R0 partth&i nce
the shaft seal bearing part has a shaft sealing part conprising the shaft
seal portiomfA) selie vordipgrtdzor, the |tlgri dolnetriard ithe shatt:iseal
portion (B), and is arranged so that the liquid introduced fromthe liquid
inlet is themsegenmwvedhthr ough ithecdaicddparitguam iint o 2Giheel potymesi zabi on
reaction vessel, the adhesion of the nononmer and the resultant polymer to
t he vici nitgrwiet henshattidseala lNeasd nghPpacshars sSebfli Geantinyy suppr essed. I n
addition, the inferior rotations of the shaft and the stirring bl ade are
suf fi ci entdye suppegssedieven when thel pperationoef theappar at ussks:,
continued for a long period of tinme. [0010] In the polynerization
reaction apparatsse of at hecpresentow nvenykaeratbe shakt sealsporftiopalA) is
preferably 10 fornmed by a nechanical seal. The nechanical seal can give no

det erg or atpeuy Dfg t Bershatb seal pentyheniGA:ieven-sderca highdienpgrature
and a stable continuous operation for a long period of tinme. [0011] 15In

the pol ymesizatiien rieachiem:iapparatys ofnd Newonomer in the reaction
mixture to reach the wvicinity of the shaft seal bearing

part. In addition, since the liguid introduced intc the
pelymerization reaction vessel contains a polymerization

15 inhibitor, the polymerization reaction ¢f the monomer near
the shaft seal bearing part is also inhibited. Furthermore,

the provision of the shaft seal portion {B) suppresses a
reverse flow o©f the reaction mixture in the polymerization
reaction vesgsel, which flow reaches the shaft seal bearing

20 part. Since the shaft seal bearing part has a shaft
sealing part comprising the shaft seal portion (A), the

vold portion, the liguid inlet and the shaft seal portion

(By, and is arranged so that the ligquid introduced from the
liguid inlet is then removed through the voild portion into

25 the polymerization reaction vessel, the adhesion of the



present invention, the shaft seal portion (B) is preferably formed by a lip
seal. The lip seal can prevent a reverse flow of the reaction mxture from
t he pol ynerization reaction vessel into the shaft seal bearing part.

20[ 0012] The present invention also provides a nethod of producing a
pol ymer by usi ngt heabove-nenti oned pol yneri zation reaction apparatus,
conprising step of: continuously feeding the raw nmaterial m xture
cont ai ni ng 25t he nmononer into the polynerization reaction vessel to 8
carry out the polynerization reaction, while the Iiquid containing the

pol ymer i zat¢iodng nhibilt dhe sresieyodiicedolnrort He vohe gortinohvt rfoughet he
liquid inlet. [0013] According to the above-nentioned net hod of
produci ng tief pobyrer badel pol paet cah e fddstiendoys| yuppodaced. f oria | ong
period of tinme w thout causing the problens such as the inferior rotations
of the shafddamdbithe $td r dindg rbbadercbyttaneyi mf dite t B&agsl yaedi zabéon

nmet hod usi ng the above 10 pol ynerization reaction apparatus with

i ntroduci ngt theidg qbiiddeontia nengft heepolynmenizatdored nhivbit orherhr dlugh t he
liquid inlet. In addition, the adhesion of the nononer and the polyner
produced tdwerefriom toft heeviagicairtarwef tdhecshaftuseéalkobear i hghpapérisd
sufficiently inhibited. 15[0014] Moreover, with regard to the present
nmet hod of qff aduei ng the polymer, the liquid introduced fromthe |iquid
inlet is preferably a liquid conprising the nononmer in which the

pol ymeri zatdiv i nhibitor is dissolved. In 20 such liquid, the nononer
containing the sane conponents as in the nononer contained in the raw
material m xturgniscipeef ppabhyrusedias t heaselivent fyaditssol ving the

pol ymeri zation inhibitor. Therefore, it is capable of preventing inpurities
from bei ngpraxad intwediieopr ogeesthaft seal porticn (R) is preferably

10 formed by a mechanical seal. The mechanical seal can give
no deteriloration of the shaft seal portion (A} even under a
high temperature and a stable continucus cperation for a
ilong period of time.

(0011]

15 In the polymerization reaction apparatus o¢f the
present invention, the shaft seal portion (B) is preferably
formed by a lip seal. The lip seal can prevent a reverse
flow o©f +fhe reaction mixture £from the polymerization
raaction vessel into the shaft seal bearing part.

20 (0012}

The present invention also provides a method of
producing a polymer by using the above-mentioned
polymerization reacticn apparatus, comprising step of:
continuocusly feeding the raw material mixture containing

25 the monomer into the polymerization reaction wvessel to



25pol ymer in conparison wth the case that another solvent is 9 used.
EFFECTS OF THE | NVENTI ON [ 0015] 5According to the present invention, the
nononer and the resultant polymer in the reaction m xture can be prevented
fromadhering to the shaft seal bearinggpart during the operation, the
continuous operation for a long period of tinme can be nade w thout causing
the problens of 10 the rotation failures of the shaft and the stirring

bl ade, thus providing the polynerization reaction apparatus continuously
operatable for a long period of tine and a nethod of producing a pol yner by
usi ng the @bove apparabas.cA5BRIER DESCRI PFREONIOR, THE DRAWCKGS [ 0016}

Fig. 1 is a schematic structural diagramof a preferable enbodi nent of a
pol yner i zatdore redet | bhe appayvatus zatcondilmd oo tiohre ipr esetodmyent Lone
20Fig. 2 is a partial cross-sectional view of a shaft seal bearing part of
t he pol ynetlhigatdon peactdont appagkat use attondi ngniett he present invention

(0013}

[

According to the above-mentioned method of producing
the polymer, the polymer can be continucusly produced for a
long pericd of fime without causing the problems such as
the inferior rotations of the shaft and the stirring blade,
by carrying out the polymerization method using the above
10 polymerization reaction apparatus with introducing the
liguid containing the polymerization inhibitor through the
liquid inlet. 1In addition, the adhesion of the monomer and
the polymer produced therefrom to the vicinity of the shaft
seal bearing part is sufficiently inhibited.
15 [0014]

Moreover, with regard to the present method of
producing the polymer, the liguid introduced from the
liguid inlet is preferably a liguid comprising the monomer
in which the polymerization inhibitor is dissolved. In

20 such liguid, the moncmer containing the same components as
in the monomer contained in the raw material mixture is
preferably used as the solvent for dissoclving the
polymerization inhibitor. Therefore, it 1s capable of
preventing Iimpurities from belng mixed into the produced

25 polymer in comparison with the case that another solvent is



EXPLANATI ON OF REFERENCE NUMERALS 10 12: Raw naterial feeding port, 14:
Pol ymer conposition discharge port, 16: Jacket, 20: Shaft, 522: Stirring
bl ade, 30: Shaft seal bearing part, 32: Shaft seal portion (A), 34: Void
portion, 36: Liquid inlet, 1038: Shaft seal portion (B), 40: Shaft sealing
part,

used.

EFFECTS OF THE INVENTION
[0015]

5 Accerding to the present inventicon, the monomer and
the resultant polymer 1in the reaction mixture can be
prevented from adhering to the shaft seal bearing part
during the operation, the continucus operation for a long
pericd of time can be made without causing the problems of

10 the rotation failures of the shaft and the stirring blade,
thus providing the polymerization reaction apparatus
continuously operatable for a long peried of time and =a

method ¢f producing a pcelymer by using the above apparatus.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a schematic structural diagram of a
preferable embodiment of a polymerization reaction
apparatus according to the present invention.

20 Fig. 2 1s a partial cross-sectional view ¢f a shaft
seal bearing part of the pelymerization reaction apparatus

according to the present invention.

EXPLANATION OF REFERENCE NUMERALS

25 10: Polymerizaticon reaction vessel,



100: Pol ynerization reaction apparatus, 101: Initiator preparation vessel,
102: Mononer preparation vessel. 15 EXPLATI ON OF EMBODI MENTS [ 0017]
Hereafter, preferred enbodi mnents of the present invention will be described
in detail with reference to the 20 drawings. In each of the draw ngs, the

sanme or the corresponding elenent is dencted with the same number, for
whi ch redundant description my be omtted. Mrreover, dinensional ratios
are not limted to the dinensional ratios shown in the draw ngs. 25[0018]
11 Figl is a schematic structural diagram of a preferabl eenbodi nentof a
pol yneri zat? ont@actd onr appafatdsn@ceordi ng to the present invention. As
shown in
14: Polymer composition discharge port,
i6: Jacket,
20: Shaft,
5 2Z2: Stirring blade,
30: Shaft seal bearing part,
32: Shaft seal portion (A},
34: Void portion,
36: Liguid iniet,
10 38: Shaft seal portion (B},
40: Shaft sealing part,
100: Polymerization reaction apparatus,

i01: Initiator preparation vessel,

10Z: Monomer preparatiocn vessel.

15
EXPLATION OF EMBCDIMENTS
(00177
Hereafter, preferred embcdiments o©f the present
invention will be descriked in detaill with reference to the
20 drawings. In each of the drawings, the same or the

corresponding element ig denoted with the same number, for
which redundant description may be omnitted. Moreover,
dimensional ratios are not limited to the dimensional
ratios shown in the drawings.

25 (0018}



Fig. 1, the polynerization reaction apparatus 100 is 5 equipped with a

pol yneri zation reaction vessel 10 in which the polynerization reaction of
the raw material m xture containing the nononmer is performed, a rotatable
shaft 20, a stirring blade 22 which is fixed to the rotatable shaft 20,
which stirs the raw material mxture within the 10pol ynmeri zation reaction
vessel 10, and a shaft seal bearing part 30 which supports the shaft

20. Moreover, the polynerization reaction apparatus 100 is equi pped with a
raw material feeding port 12 for feeding the raw material to the

pol yneri zati on Feactibn vessel I@hamdtdcpolsymerctifralconposjtaron di schar ge
port 14 for discharging, out of the polynerization reaction vessel 10, a

i quid (syruplsrolynmererdonjiositi on occont ai ni pglyherpokymen prodacedoby the
pol ymeri zation reaction. Furthernore, the polynerization reaction apparatus
100 is equippethwd haacpadcket 16 tar 2Qadjeust iimgrea ttienper @ aur ehofn ahn
external wall of the polynerization reaction vessel 10. [0019]

Fig. 2 is migartial chiosspsbahé onaht vbew péaat sSbaf t aseakabeari bgopatt of

t he pol ynerization reaction apparatus 25according to the present

i nvend i on.Asusheoyd & e g. p2lyvk2-tihacshaf treseali dbeardnigpard 30 hasca shaft
sealing part 40 conprising a shaft seal portion (A 32; a void portion 34

whi ch is fgiaregchetineensthershattcseah portican (Alw 3Zzanrdithe mixture
pol ymeri zation reaction vessel 10; a shaft seal portion
containing the monomer 1z perfcrmed, a rotatable shaft 20,
a stirring blade 22 which 1s fixed to the rotatable shaft
20, which stirs the raw material mixture within the
16 pelymerization reacticn vessel 10, and a shaft seal bearing
part 30 which supports the shaft 20. Moreover, the
pelymerization reaction apparatus 100 is eguipped with a
raw material feeding port 12 for feeding the raw material
to the polymerization reaction vessel 10 and a polymer
15 composition discharge pcrt 14 for discharging, out of the
polymerization reaction vessel 10, a liguid (syrupy)
polymer composition containing the polymer produced by the
polymerization reactlion. Furthermore, tThe polymerization
reaction apparatus 100 is eguipped with a Jacket 16 for
20 adijusting a temperature of an external wall of the
pelymerization reaction vessel 10.
[0019]
Fig. 2 is a partial cross-sectional wview of a shaft
seal bearing part of the polymerization reaction apparatus

25 according to the present invention. As shown in Fig. 2,



5 (B) 38 which is forned between the void portion 34 and the pol ynerization
reaction vessel 10; and a liquid inlet 36 for introducing a liquid
containing a polynerization inhibitor into the void portion 34. The shaft
seal bearing part 30 has a bearing which,supports the shaft 20 in 10
addition to the shaft sealing part 40. %ﬁe i quid containing the

pol ynmeri zation inhibitor which is introduced in the void portion 34 is
renoved into the polynerization reaction vessel 10 through the void portion
34. In this enbodi ment, the shaft seal portion (B) 38 is |located 15

bet ween t hehwosldapor téeh Bdaandyt berpollPmerisz at i Ok Teattd bimyesset 40. As
the shaft seal portion (B) 38, a lip seal, a PTFE (pol ytetrafl uoroethyl ene)
bush and tdempi kel mayzbehased,seaid ddwecdarp ékal 3Bs pr efeerdabber Then sBaf t

seal portion (B) 38 is preferably nade from PTFE. Use of the 20 shaft seal
portion (Byh3& made fbropdPTEE veent ritbut esafo bneleasetdchem Cal :eskstiance
to nmononer and suitably maintains good sealing property even if a vibration
of the shafiie asclyser Thiis] cevesa shern t ies appar @t us ssafonténiuouskyioper at ed
for a long period of time, good 13 provided a drive unit (not shown) for
rotatgonal |1y dEs viengcthesshakted0rabhovert heesshafild seatt pattionatd) 82
(which is in the direction opposite to the polynerization reaction vessel
10). 5[ 0028} 1ymerizdbheoshattcseah parddon (A) 32dmy becdh.oumedhidx apy forns
of well known shaft seal, however it preferably has a nechanical seal as

shown in Fg:- 21nb@@@u§@ngt SCanGeluy «causes: Pl emea sughrasethezseah
failure due to the liquid 10 introduced in the void portion 34. Since the

type of thenieshent cahcSeaheiSol@tppartibsubarl yrhinshed: anyitypesin
nmechani cal seal may be sel ected fromthose which are well known to t
skilled pesson. For ngxanpl e;e28: Khown, sidy FbgpP%rt%hetH@Chﬁﬂhﬁﬁ|2%eahnhas a
rotary ring 32a which is fixed 15 on a side the shaft 20 and a

statig@nary:4dngi 32b whi chnis fhxed op-aishgde ghr-a mapn bodynta ¢aging) of
the shaft seal bearing part and is constructed so that the rotary ring 32a

and the St@cﬁrﬁ@é‘ﬂﬁi’ncﬁ'%%éh%&%gﬁgﬂ §H§kﬂ§£o§aﬁﬂ ehheg %ht%o@%%ﬁa”t

pressure exerted by a spring (not shown) . addition, in order to
reduce a fi C&h@nv%%wgﬁ&ttm cont a%gt x%%fv%@iesupa‘o t@ﬁerggwﬁe&wgﬁ%@x and
the stationary ring 3 an 1 nside of the nmechanical seal is filled up with

a mechani Cf’%] éi‘?ftkn' 'VQHng?’Zl% 40 5 Gh %het heyigs | SoShPYR aconstruepian of a

pa|r of mechani cal sea
enbediment, the shaft seal portion (B} 38 1is lccated

15 between the void portion 34 and the polymerization reaction
vessel 10. As the shaft seal portion (B) 38, a lip seal, a

PTFE (polytetrafluorcethylene! bush and the like may be

used, and the lip seal 1s preferable. The shaft seal
portion (B} 38 is preferably made from PTIFE. Use of the
20 shaft seal portion (B} 38 made from PTFE contributes to

increase chemical reslistance to monomer and sultably
maintains good sealing property even if a vibration of the
shaft g¢ccurs. Thus, even when the  apparatus 1is
continucusly operated for a long period of time, good

25 sealing effect can be sustained. Moreover, there is



25each having the conbination of the rotary ring 32a and the 14 stationary
ring 32b, that is, a construction of a double nechanical seal. The
mechani cal seal liquid 32c is generally continuously fed through an inlet
for the mechanical seal liquid (not shows) by a punp and the like, 5 and
continuously discharged through an outlet for the nechanical seal liquid
(not shown). It is preferable that the nmechanical seal liquid is circularly
supplied. Afilling pressure is suitably set depending on the size of the
pol ynerization reaction apparatus 100 and the 10 pol ynmerization conditions
and the |ikecandedsasdrikigherntt hapt hqressive oftaheohiguy ddiravioduced
into the void portion 34. [0021] As the nmechanical seal liquid
32c, any ofhg hehget| 245khowa meehamiadal ssedl ddmuiads Can b2 uskedch is
particularly without Iimtation.Specifically, for exanple, adipate
est er s, phthral &teestiers;tdidrsobutyrateester shad mdetmd @tz=d ighhyceekdescmay be
used. The adi pate esters include, forexanpl e, bi s(2-ethyl hexyl)adi pate 20
di i sononylvesiigpat®eCand diisodecyl adipate. The phthalic esters include, for
exanpl e, bis(2-ethyl hexyl) phthal ate, diisononyl phthalate and dii sodecyl
pht hab at e. {Oh&C di i sobutyrate esters include, for exanple,
2,2,4-trimethyl 1, 3- pent anedi ol diisobutyrate. The acetyl ated gl yceri des
25i ncl ude, for &xanphefcglseeer obcdiacet oppnoaurate, bgl yeerek in any
forms of well known shaft seal, however it preferably has a
mechanical seal as shown in Fig. 2, because it scarcely
causes problems such as the seal failure due to the liguid
10 introduced in the void portion 34. Since the type of the
mechanical seal is not particularly limited, any types of
mechanical seal may be selected from those which are well
known to the skilled person. For example, as shown in Fig.
2, the mechanical seal has & rotary ring 32a which is fixed
15 on a side of the shaft Z0 and a stationary ring 32b which
is fixed on a side of a main body (a casing) of the shaft
seal bearing part and is constructed so that the rotary
ring 3Za and the stationary ring 32b are pressed against
each other at a constant pressure exerted by a spring {(not
20 shown). In addition, in order to reduce a friction between
the contact surfaces of the rotary ring 32a and the
stationary ring 32Zb, an inside of the mechanical seal is
filled up with a mechanical seal liguid 3Zc. In Fig. 2,

there is shown a construction of a pair of mechanical seals

25 each having the combination of the rotary ring 32a and the



15 di acet ononos earate, glycerol diacetononool eate, glycerol
di acet ononol i nol at e, gl ycer ol di acet onono- 12- hydr oxy

stearate, gl ycerol di acet onononyri state, gl ycerol diacetononopal mtate,

gl ycerol diacetononol aurate, glycerol 4
5nonoacet ononost ear at e, gl ycer ol nonoacet onononyri st at e,

gl ycer ol nonoacet ononopal m t at e, gl ycerol nonoacet ononori ci nol at e,
nonoacet onono- 12- hydr oxyst earate, glycerol nonoacetononobehenate, glycerol
nonoacet ononool eat e, gl ycerol nonoacet ononol aurate, 10gl ycer ol
a double
gl ycerol
nonoacet odhstear ktel Anpagl t hem Aot pateestrisahd deasobutyratieesSter sare

nmonoacet odé ot ehtearyl yéerol3donoaket odieri ¢i nobaseruction of
gl ycerol nonoacet odi capryl at e, andgl ycer ol nonoacet odi | aur at e,

preferabl e and adi pate eaters are particularly preferable.
generally ceontinucusly fed through an inlet

for

gl ycerol

the

mechanical seal liguid (not shown) by a pump and the like,

5 and continuously discharged through an outlet for the
mechanical seal liguid (not shown). It 1s preferable that
the mechanical seal liguid 1s circularly supplied. A

filling pressure is suitably set depending on the size of

the polymerization reaction apparatus 1060

and

s

cne

10 polymerization conditions and the like and ig set higher

than the pressure o©f the liquid introduced intc the void

portion 34.

[0021]

As the mechanical seal liguid 3Z2c¢c, any of the

well-

15 known mechanical seal liquids can be used particularly

without limitation. Specifically, for example,

adipate

esters, phthalate esters, diisobutyrate esters

and

acetylated glycerides may be used. The adipate esters

include, for example, bisg(2-ethylhexyl) adipate

r

20 diisononyl adipate and diiscdecyl adipate. The phthalic

esters include, for example, bis{Z2-ethylhexyl}) phthalate,

diisononyli phthalate and diisocdecyl phthalate.

The

diiscbutyrate esters include, for example, 2,2,4-trimethyl-

1,3~pentanediol diiscbutyrate. The acetylated glycerides

25 include, for example, glycerol diacetomonclaurate,

glycerol



15 When a (neth)acryl ate-based pol yner, particularly pol ynethyl

nmet hacryl ate (PMVA) is produced as the polyner, adipate esters have the
advant ages that they do not facilitate the polynerization reaction of the
nmonomer and that they scarcely cause advyerse affects such as coloration
20o0f the resultant polyner, even if they are mxed with the reaction

m xture. [0022] The materials for the rotary ring 32a and the
stationary ring 32b are not particularly limted, and any 25well known
material can be used. The material for the 16 rotary ring 32a and the

st at i onar ydraegr Rbné et adese, f grl weaanpl edieaebomonsllicedr, cagbydercl
cenented carbide, and chrone oxide coating. [0023] 5The shaft seal portion
(A 32 candddsotdecioredldye, for edgnplre,l a gl dhdcpackongrla~Wtsoryseal ,
an oil seal, a labyrinth seal, an 0O-ring seal and a bellows seal in
addi ti on totdédeztmechani galcseall. [ 0024 c<kCHuendniygui - 4w0: be | ngiodaeced into
the void portion 34 through the liquid inlet 36 is a liquid containing a
pol yneri zatioretiahbbipolniaate ) tgl gcprel enbbbetbhatot herbtgui d1gogpeises a
sol vent whi ch does not pronote the polynerization reaction of the nononer
in the reagdn®cetomonostearate, glycerol  monocacetomoncmyristate,

glycerol monoacetomonopalmitate, glycerol
monoacetomenoricinolate, glycerol moncacetomono-12-
hydroxystearate, glycerol moncacetomonobehenate, glycerol
monoacetomonocleate, gilycerol moncacetomonolaurate,
10 glycercl monocacetodiocleate, gilycercl mconoacetodiricinolate,
glycercl moncacetodicaprylate, and glycerol
monoacetodilaurate, glycercl moncacetodistearate. Among
themnm, adipate esters and diiscbutyrate esters are
preferable and adipate eaters are particularliy preferable.
15 When a {(meth)acrylate-hased polymer, particularly
polymethyl methacrylate (PMMA} is produced as the polymer,
adipate esters have ftThe advantages that they do not
facilitate the polymerization reacticn cof the monomer and
that they scarcely cause adverse affects such as coloration

20 O

-

the resultant polymer, even if they are mixed with the
reaction mixture.
[0022)

The materials for the rotary ring 32a and the
statiocnary ring 32b are not particularly limited, and any

25 well known material can be used. The material for the



15m xture, into which the polynerization inhibitor was di ssol ved. The above
sol vent includes, for exanple, an organic solvent such as toluene, xylene,
et hyl benzene, nethyl isobutyl ketone, nethyl alcohol, ethyl alcohol,

octane, decane, cyclohexane, decalin, butyl acetate, and 20 pentyl

acetate, and a nononer which is the sane as the nononer contained in the
raw material m xture. The nononer which is the sane as the nononer
contained in the raw material mxture is particularly preferable. The above
nmononer is typically a liquid. Wen the above nonomer is 25used as the

sol vent, itotisrgcapabbe3éh preverite ngtatponitivesing7 Fdomelindgew xédzinto

t he produced pol yner. Since the above |liquid contains the pol ynerization

i nhi bi tor,etdrec pol yreriizat,i oniteachi onaobidde nonomreredhicelrbiisiet,heasal vent
can be suppressed also in the above |iquid. [0025] The pol yneri zation
i nhi bi tor ¢hchkeessyidorcexapt e,

hydr oqui none, hydr oqui nonenononet hyl et her, tert-

but yl cat echwd2 @ net hoxy- | - napht hol , 1, 4- napht hoqui none,

2, 4-di net hyl- 6-tert-butyl phenol, phenot hi azi ne, 10 benzophenot hi azi ne,

di ni ts obenzene, Tip= pheAyt dsalingoand i nethysdi thhoecarshamas er sahéd Appng
these, 2,4-dinethyl-6- tert-butyl phenol is preferable fromthe view point

that it scescedyaeausesa agversepatiecss sughiasncobaratiancef thgiobtai ned
pol ymer when it remains in the polymer. The 15 polynerization inhibitor to

be used isiguptably selectedydeperdihg 98athes ol e etia ke preduced,and
t he nononer to be used as the raw materi al .
addition to the mechanical seal.
(00247
10 The liguid to be introduced into the void portion 34
through the liquid dinlet 36 i1s & liguid containing a
polymerization inhibkitor, and it 1is preferable that the
ligquid comprises a solvent which does not promote the
polymerization reaction of the monomer in the reaction
15 mixture, 1nto which the polymerizaticn inhibitor was
dissolved. The above scolvent includes, for example, an
organic sclvent such as toluene, xvlene, ethylbenzene,
methyl iscbutyl keteone, methyl alcohol, ethyl alcohol,
octane, decane, cyclcohexane, decalin, buitvl acetate, and
20 pentyl acetate, and & monomer which 1s the same zas the
moneomer contained in the raw material mixture., The monomer
which 1s the same as the moncmer contained in the raw
material mixture is particularly preferable. The above

monomer is typically a liguid. When the above monomer 1s

25 used as the sclvent, it is capable of preventing impurities



[0026] Preferably, the content of polynerization inhibitor in 20 the above
liquid is in the range from5 to 2,000 ppm by mass on the basis of the
whol e quantity of the liquid, nore preferably in the range from 10 to 500
ppm by mass. The content of the above nentioned range can give no
coloration of the polynmer and good polynerization reaction of the raw
25material nononmer at the vicinity of the shaft seal bearing 18 part 30
even if the nononer is used as the solvent. [0027] The flow rate of
the liquid to be introduced is suitably set depending on the size of the
pol ymeri zaffon DB imgachipddappdrat bsel1Qd;odunepobyprenezat i of icosdi thens and
the like, which is typically in the range from0.01 to 5 L/mn, and
pref er abl yalhowve he ircarige frommeOnt toh8 lWadivme rTheafilow rahébetotrhe thquid in
t he above range can give no coloration of the polyner, and good prevention
of the 10raiyreact edt henonezcandn the podynerogonte@hneld is the seavenon
m xture fromentering into the shaft seal bearing part 30. The
pol yneri zataoros eaghp ons ofd t hese aim neteraiabven Xtguedwi t hin the pol yner
reaction vessel 10 is perfornmed while continuously supplying the liquid
fromfhe liguidjinlet 36 15into the void portion 34 at the above-nentioned
flowrate. [0028] In the polynerization reaction apparatus 100, the
void portion 34Ths equipred Asdilbt henhiguikdri nletl136s anddtrheekatpoducti on
of the liquid through the liquid inlet gives a 20 pressurized state of the
i nside of HheryQithPos]i onhddrothenehy genematkes hilghereqguessureckthan the
i nside of the polynerization reaction vessel 10. Then, it is capable of
suf fi ci entdhy: preventiag, t he reasiden 1Mnddiedirom ent enkpgthotoihbgeshaft
seal bearing part 30 fromthe polynerization

2,4-dimethyl-e~tert-butyl phenol, phenothiazine,

10 benzophencthiazine, dinitrobenzene, p-phenyldiamine and
dimethyldithiocarbamate salt. Among these, 2,4-dimethyl-6-
tert-butyl phenol is preferable from the view point that it
scarcely causes adverse affects such as coloraticn of the
obtained polymer when 1t remains in the polymer, The

15 polymerization inhibitor to be used is suitably selected
depending on the polymer to be produced and the monomer to
pe used as the raw material.

[002¢]
Preferably, the content of polymerization inhibitor in

20 the above liquid is in the range from 5 to 2,000 ppm by

"
L

mass on the basis of the whole quantity of the liguid, more
preferably in the range from 10 tc 500 ppm by mass. The
content of the above menticned range can give no coloration

of the pcelymer and good polymerization reaction of the raw

25 materlial monomer at the vicinity of the shaft seal bearing



25reaction vessel 10 and functions as the shaft seal. In the 19 neanwhile,
al t hough the suitable range of the pressure in the void portion 34 is
suitably set depending on the size of the polynerization reaction apparatus
100 and the polynerization conditions and the like, it is preferably set
hi gher than the pressure in the polynerization reaction vessel 10 and | ower
than the filling pressure of the nechanical seal liquid 32c. Preferably, a
safety device such as a relief valve is provided at a body of a punp for
transferring the liquid so as to avoid the pressure from 10 i ncreasing
excessi velgarty ndadign onf Wit nrpressuresgauye 9@l satety val ve are
provided in the polynerization reaction apparatus 100, the pressure in the
void portidibZ34l is set in a range in which the safety val ve does not
operate. The shaft seal bearing part 30 is |ocated at an 15 uppernost part
of the reactioffhmesselowlOrianieFi gf 1thdutliquimy the becatedratiuaetiowes part
of the reaction vessel 10. Even when the shaft seal bearing part is |ocated
at the posiditabwhersett hiershafingeah bearisigopart domt actsymethzéheon
reaction mxture in the polynerization reaction vessel 20during perform ng
the pol ynereazation gpapetionsi nithe condbbiignetrhattgaseaus:quiasend sapd esent
in the polynerization reaction vessel; or when the shaft seal bearing part
is |locatedrat 1heeposhticon iwherertbhelshath séal beage ngrpart0.@antacts with
the reaction mxture in the 25pol yneri zation reaction vessel during
per f or m n@ irien, 28npolppeetd zatiioniteacts ofande t Heoki quid- tul I3 conditi on
t hat gaseous phase is substantially absent in the polynerization reaction
vessel , itTHes fapabte-ofosuthkcientbiy prevent igigddherdrepetéon ¢ixéure from
entering into the shaft seal 5bearing part 30 fromthe polynerization
reaction vesisetatlilbn becauseet hgopohyrerizad i Gvdeagicorrafpar abds 408 has
the shaft seal bearing part 30 having the above construction. [0029]

10 unreacted monomer and the polymer contained in the reaction

mixture from entering into the shaft seal bearing part 30.
The polymerization reaction of the raw material mixture
within the polymer reaction vessel 10 is performed while
continuously supplying the liguid from the liguid inlet 36

15 into the void portion 34 at the above-mentioned flow rate.
[0028)]

In the polymerization reactiocon apparatus 100, the void
portion 34 is eguipped with the liguid inlet 36, and the
introduction of the liguid through the liguid inlet gives a

20 pressurized state of the inside of the void portion 34,
thereby generates higher pressure than the inside of the
polymerization reaction vessel 10. Then, 1t 1is capable of
sufficlently preventing the reaction mixture from entering
into the shaft seal bearing part 30 from the polymerization

25 reaction vessel 10 and functions as the shaft seal. In the



The pol ynerization reaction apparatus 100 of this 10 enbodinment is a
conti nuous pol ynerizing apparatus, which is used for a continuous bul k

pol ymeri zati on method or a continuous sol ution pol ynerization nethod,
wherein the polynerization reaction vessgl 10 can form substantially
conplete mxing state wwthin the reaction vessel by the 15 stirring bl ade
22. A shape of the stirring blade 22 nmay be Max bl end wi ngs (nanufactured
by Sumitonb Heavy Industries, Ltd.), paddle w ngs, double helical ribbon
Wi ngs, MS wings, full zone wings (manufactured by Shinko Pantec Co., Ltd.)
and the |ikesnbutldt &sthotgpattiecHudrtapls miaee t hér 6he. PrEGEIUradditi on,
it is preferable to install one or nore baffles in the polynerization
reaction vesselcld® pnroider 3o lisnprovezithe seirdepgneffigcton [100803ize

The higher stirring effect is preferable with regard 25to the

pol ymeri zati oncireagtd omapper atws 108kctHoweverprd et u2l Jppl i @ati ophef an
excessive stirring power is not so preferable, since excess heat quantity
i s provideghlyierefarsn t hensticirnag qpawethes lprkef,er abl ysi ptheerainge from
0.5 to 20 kWn8B, nore preferably in the range from1l 5 to 15 kWnB. It is
pref ef abl esd0 Hingreaserdhecisd igré g ponet , tlas ddieywe scost 1on ofeddbei cont ent
liquid, that is, the content ratio of the polynmer in the liquid increases.
[ 0031] vessel 10 Paeberabliyr ttieannside dfiittHegpobyreriuzati of reasti on
10 vessel 10 is in the liquid-full condition that a gaseous phase is

subst anti atdahabsent . sd4be |liquiid: febd, condidfomiofy t he peldg®mridatioa
reaction vessel prevents the polyner fromformng at or fromadhering to
the insideswal |29fathelvesseki1on thepgaseaus phase @l tde gasahd qeb €

i nterface,
transferring the liguid so as to avolid the pressure from
10 increasing excessively. In addition, since a pressure
gauge and a safety valve are provided in the polymerization
reaction apparatus 100, the pressure in the void portion 34
is set in a range in which the safety valve does not
operate. The shaft seal bearing part 30 is located at an
15 uppermost part of the reaction vessel 10 in Fig. 1, but it
may be located at a lower part of the reacticn vessel 10.
Even when the shaft seal bearing part 1s located at the
position where the shaft seal bearing part contacts with
the reaction mixture in the polymerization reaction vessel
20 during performing the polymerization reaction in the
condition that gaseous phase is present in the
polymerization reaction vessel; or when the shaft seal
bearing part 1s located at the position where the shaft

seal bearing part contacts with the reaction mixture in the

25 polymerization reaction wvessel during performing the



15 so that the possible quantity degradation of the product caused by
m xi ng of the polyner prepared at the inside wall may be avoided. In
addition, the whole volune of the polynerization reaction vessel 10 can be
effectively used, so that the productivityy can be inproved. 20[0032]
In order to put the polynerization reaction vessel 10 into the |iquid-ful
condition, it is the sinplest way to | ocate an outlet for the polyner
conposition after the polynerization reaction (a polynmer conposition
di scharge 25port 14) at the uppernost part of the reaction vessel 10 as 22
shown in Pbglyidetnzahien casectivni sirprefier dbkeivthdtld supplytport thatf or
the raw material (an initiator conpositions and a nononer conpositions) is
| ocat ed atgdadechoweraparis ofuibtheapolyhkyi zatéon ieathéopovesselzibias 5
shown in Fig. 1. In addition, it is desirable to prevent a gas of the raw
mat eri al nomooetod r ersgener dtti ngs | naphelpolofiresi Z@tdiomrleacprencevessegl 10
To this end, it is preferable to make the pressure in the polynerization
reacti on vesselrel tiorexpeeduasvaposm preessuriecof ithe lfhe eattzifan pexiure at
the tenperature of the reaction vessel 10. This pressure is generally in
t he range d¢omabordrd. B0t Orabotite 2001 MRari nat eonsrofcaigagespressuie.
[ 0033] Moreover, it is preferable to make the inside of the
because the polymerization reactilon apparatus 100 has the
shaft seal bearing part 30 having the above construction.
[0029]
The polymerization reaction apparatus 100 of this
10 embodiment 1s a continuocus polymerizing apparatus, which is
used for a continucus bulk pelymerization method or a
continuous solution polymerization method, wherein the
polymerization reaction vessel 10 can form substantially
complete mixing state within the reaction vessel by the
15 stirring blade 22. A shape of the stirring blade 22 may be
Max blend wings {(manufactured by Sumitomc Heavy Industries,
Ltd.), paddle wings, double helical ribbon wings, MIG wings,
full zone wings (manufactured by Shinko Pantec Co., Ltd.)
and the like, but it is not particularly limited thereto.
20 In addition, it is preferable toc install one or more
paffles in the polymerization reaction wvessel 10 in order
to improve the stirring effect.
[0030]

The higher stirring effect is preferable with regard

25 to the polymerization reaction apparatus 100. However, the



15 polynerization reaction vessel 10 to be an adiabatic state that heat
cannot substantially enter fromand exit into outside of the vessel. That
is, it is preferable to nmake the tenperature in the reaction vessel and the
tenperature of the external wall surfaceiof the reaction vessel to be 20

al nost the sane tenperature. Specifically, said sanme tenperature can be
achi eved by providing a jacket 16 at the external wall surface of the
reaction vessel, thereby controlling the tenperature of the external wall
surface thereof so as to follow the internal tenperature of the 25reaction
vessel usi P & FatOhred Umducf &€ Setiadm S 6tHeC - PIVR&at *hedialn For
exanple, as shown in Fig., 1. [0034] The jacket 16 covers

subst ant | ¥ ihcte extBFRal SihFHEce BPat he dpenyabri zaitd oncredEEEen
vessel 10 and can 5 properly heat or keep the tenperature of the reaction
vessel 10 DyEint¢otiucihg & HeatintedPonesudly asrefeanylhotnwdtier amadoan
organi c heating nediuminto the jacket 16 through a heat nedium supply path
(not shown)XZommhe. ¢ efiperdt ufe/ o tive g acketed®obanibe thai trabige atifust &d by
10 the tenperature or, the pressure of the supplied heat nmedium The heat
medi um i nt¥odééedi/mto t hétj aickepreébersbdpscitar jedrehsoudinea heatriedi um

di scharge path (not shown). [0035] The provision of the adiabatic state of
the reactimiwens aressed NWOsdGstoy prevem thet pot yheguidontiagheisngthe the
inside wall in the reaction vessel and to stabilize the polynerization
reaction, e¢dhereby giving a Set fpeconteol 1rediips opeqtyd f oncseppeessi ng a
possi bl e runaway reaction. The setting of the internal tenperature of the
reacti on vessel] 20 to a tenperature which is too higher than that of the
content liquid is not preferable, since an excess heat is added to the

i nsi de of the rieactds:mbimessehe Pnefdarablfy,tra trenpenat ine: didd f ecgoceobet ween
the reaction vessel and the external wall surface of the reaction vessel is
as simal | asessel 10 is in the liguid-full condition that a gaseous

phase is substantially absent. The liquid-full condition
of the polymerization reaction vessel prevents the polymer
from forming at or from adhering to the inside wall of the
vessel on the gaseous phase and the gas-liquid interface,
15 s¢ that the possible quantity degradation of the product
caused by mixing of the polymer prepared at the inside wall
may be avoided. In addition, the whole wvolume of the
polymerization reaction vessel 10 can be effectively used,
so that the productivity can be improved.
20 {06327
In order to put the polymerization reaction vessel 10
inte the liguid-full condition, it is the simplest way to
locate an outlet for the polymer composition after the
polymerization reaction (a polymer composition discharge

25 port 14) at the uppermost part of the reaction vessel 10 as



25possi ble and the tenperature difference may be practically 24 adjusted
within the degree of instability of the range 5C. [0036] In this
enbodi ment, the heat generated within the polynerization reaction vessel
10, that is, the heat of 5 polynerizatipon and the heat of stirring are
preferably balanced with the quantity of heat taken away by the (syrupy)
| i qui d pol ymer conposition discharged fromthe polynerization reaction
vessel 10. The quantity of heat taken away by the pol yner conposition is
determ ned by the 10anount of the pol ynmer conposition, the specific heats
and the teMperat tifed iol yner ilZat tlohs t 6apérativr e}s peedzrable that Fhe
pol ynerization tenperature is preferably in the range from about 120 to
180C, nor eSpefer abPyti nlithe ¥ahgetASf r saVabsate t ol&boutniBdEror
depending on the type of radical polynerization initiator used. \Wen the
pol yner i za®9ored ehperat 4r@ R sTPeeTRirglEoTHRSid liog stthel % elhderiesd t it thhe
syndiotacticity of the obtained pol yner becones | ow, the anpunt of
gener at ed WtiggomeParitncpéasdss 20anthettiaatéan resistance wiszel esll t aat
resin beconmes | ow. [0038]

5 shown in ¥ig. 1. In addition, it is desirable to prevent a

gas of the raw material monomer from generating in the
polymerization reaction vessel 10. To this end, it is
preferable to make the pressure in the polymerization
reaction vessel 10 to exceed a vapor pressure of the
16 reaction mixture at the temperature of the reaction vessel
10. This pressure is generally in the range from about 1.0
to about é.O MPa in terms of a gage pressure.
[CC33]
Moreover, it 1s preferable to make the inside of the
15 polymerization reaction vessel 10 to be an adiabatic state
that heat cannot substantially enter from and exit into
cutside o©of the vessel. That 1s, 1t is preferable to make
the temperature in the reaction vessel and the temperature
of the external wall surface of the reaction vessel tce be
20 almest the same temperature. Specifically, sald same
temperature can be achieved by providing a jacket 16 at the
external wall surface of the reaction vessel, thereby
controlling the temperature of the external wall surface
therecf sc as to follow the internal temperature of the

25 reaction vessel using a heat medium such as steam or other



The mean residence tinme of the raw material mxture within the
pol yneri zation reaction vessel 10 is preferably in the range from 15
mnutes to 2 hours, nore preferably in 25the range from20 mnutes to 1.5
hours. Wen the residence 25 tine is |onger than required, there arises a
tendency that the production of oligoner such as diners and triners
i ncreases so that a heat-resistance property of the product decreases. The
mean residence tinme can be adjusted by 5changing a supply anount of the
mononer per unit tinme. [0039] Supply of the raw material into the
pol yneri zat¢dh TeAEET ont Vessednabe megs beh pér f b B byl f eedi ng t he
pol ynmeri zation initiator conposition containing the radical 10
pol yrmeri zat¢@néinitiator froman initiator supply conduit 51 and the
nononer conposition containing the nonomer froma nonomer supply conduit
52, separately Thomiehacteeh ngopert ubinerfeedi g therhmiba uestefnkthe
initiator conposition and the 15 nononer conposition fromthe feedi ng port
12 by nergiwmgfade phi titat oposuppt yzebndui tr Bl thetweens aal | At iatdr csappl y
punp 53 and the feeding port 12 with the nononer supply conduit 52 between
a nononer supptyipuneES4 and khepf eelde ng pordrdid;reor <(20byhkeedengteéach of
the initiator conposition and the nononer conposition from each
correspondiawgs 4 eetll ngypomt: oyl fcdna rg lasfeedenguporstioth fferemntahy ohothe
feeding port 12 (not shown). The initiator conposition contains, for
exanpl e, avaiet usedofaa radizealc pokymenbzatddium niihitat othe a J2oones and a
chain transfer agent, and the nononer

through a heat medium supply path (nct shown). The

temperature o¢f the Jacket 16 can be suitably adjusted by
10 the temperature or the pressure of the supplied heat medium,
The heat medium introduced inte the jacket 16 is discharged
through a heat mediuom discharge path {not shown).
[0035]
The provision of the adiabatic state of the reaction
15 vessel 10 1is to prevent the poelymer from adhering to the
inside wall in the reaction vessel and to stabilize the
polymerization reaction, thereby giving a self-controlled
property for suppressing a possible runaway reaction. The
setting of the internal temperature of the reaction vessel
20 to a temperature which is too higher than that of the
content liguid is not preferable, since an excess heat is
added tc the inside of the reaction vessel. FPreferably, a
temperature difference between the reaction vessel and the
external wall surface of the reaction vessel 1s as small as

25 possible and the temperature difference may be practically



26 conposition contains, for exanple, a mxture of a nonomer and a chain
transfer agent. [0040] The initiator conposition is prepared in the
initiator 5 preparation vessel 101. The prepared initiator conmposition is
continuously supplied to the polynerizatizon reaction vessel 10 by the
initiator supply punp 53 through the initiator supply conduit 51 which
connects the initiator preparation vessel 101 with the polynerization
reaction 10 vessel 10, as shown in Fig. 1. On the other hand, the nononer
conposition is prepared in the nononer preparation vessel 102. The prepared
nmononer colpbst ¥§6n st EontihudtsT g stppl e bl the bl YerTzagfoRSFeacti on
vessel 10 by the nononmer supply punp 54 through the nononer supply 15
conduit 52{%hi®h connects the nononer preparation vessel 102 with the
pol ymeri zation reaction vessel 10 as shown in Fig. 1. [0041] As the
initiator preparatitdnsvesgelbdiOtnind the 20=aongeereprieghr aticdanvetbel 102
whi ch are used in this enbodi nent, a preparation vessel equipped with a
stirring deviveemhizhion seacltaont ovedes poliynerilzati o, r ebiei dreatessél 10
may be used. In the initiator preparation vessel 101, a radical
pol yneri zaté¢ ognuénitdator issid hoheughtyt 25di ssolived.rion tlle npneferabodygi ve
an initiator liquid. The 27

balanced with the gquantity of heat taken away by the

(syrupy) ligulid polymer composition discharged from the
polymerization reaction vessel 10. The quantity of heat
taken away by the polymer composition is determined by the
10 amount of the polymer composition, the specific heats and
the temperatures (polymerization temperature}.
[C037]
The polymerization temperature is preferably in the
range from about 120 fto 180°C, more preferably in the range
15 from about 130°C to about 180°C depending on the type of
radical polvmerization initiator used. When the
polymerization temperature 1s too high, there is the
tendency that the syndiotacticity o©f the cobtained polymer
becomes low, the amcunt of generated oligomer increases,
20 and the heat resistance of a resultant resin becomes low.
[0038]
The mean residence time of the raw material mixture
within the polymerization reaction vessel 10 is preferably
in the range from 15 minutes to 2 hours, more preferably in

25 the range from 20 minutes to 1.5 hours. When the residence



tenperature in the initiator preparation vessel 101 is maintained at a
tenperature at which the polynerization reaction does not proceed,
preferably maintained at -20C to 10C. On the other hand, the tenperature in
t he nononer 5preparation vessel 102 is pmintained at a tenperature at which
t he nmononer doesnot volatilize,preferably maintained at -20C to 10C. [0042]
The initiator supply punp 53 and the nononer supply 10 punp 54 are not
particularly limted, and are preferably a punp which can set the supply
flowrates of the initiator conposition and the nonomer conposition to the
pol yneri zatith +eacPTonr vEEBSEl TEAVAL S8/ cHNSEENE TRSE Bpedidsear | yhatt is
preferable to use a multiple 15 reciprocating punp, nore preferably a
nonpul sat i 1 coadidteduyobdnect ypenpinpsstith s &1W0% ndRpul SBEREES
control |l ed-volune type punp and a triple nonpul satile controlled-vol une
type punp.ifOozsie20Hedtlaiy/ & oot hgr devs ekt aayr tiee corinett Bde wr pdt e
initiator supply conduit 51 and the nmononer supply conduit 52, which
connect thé&edrgasead or pfeparwtironrgesgence0lt amd the nohomesy) Ysitggarayi on
vessel 102 with the polynerization reaction vessel 10, thereby adjusting
the tenperctaneind 25ideeavwmeateriaf wh chohendedoto thet polyaeri zati on
28

[G039]

Supply of the raw material into the polymerization
reaction wvessel 10 may be performed by feeding the
polymerization initiator composition containing the radical

10 polymerization initiator from an initiator supply conduit
51 and the mecnomer composition containing the moncmer from
a monomer supply conduit 52, separately from the feeding
port 12;
by feeding the mixture of the initiator composition and the

15 monomer composition from the feeding port 12 by merging the
initiator supply conduit 51 between an initiator supply
pump 53 and the feeding port 12 with the monomer supply
conduit 52 between a monomer supply pump 54 and the feeding
port 12; or

20 by feeding each of the initiator composition and the
monomer composition from each corresponding feeding port by
forming & feeding port different from the feeding port 12
{not  shown). The initiator composition contains, for
example, a mixture of a radical polymerizatioen initiator, a

25 monemer and a chain transfer agent, and the monomer



reacti on vessel 10. [0044] The supply rate of the initiator
conposition fromthe initiator preparation vessel 101 to the polynerization
5 reaction vessel 10, which varies depending on the capacity of the

pol ymeri zation reaction vessel 10, is ppeferably in the range fromO0.1 to
10 kg/ hr, nore preferably in the range from0.5 to 5 kg/hr, in the case
that the capacity of the polynerization reaction vessel 10 is 10 L. The
supply 10 rate of the nononer conposition fromthe nononer preparation
vessel 102 to the polynerization reaction vessel 10, which varies dependi ng
on the cap#tiRgs oflaheCpdl§hedi zAPKoR @RS 0t VBS3BRTE00%| & gret@rably in
the range from4 to 40 kg/hr, nore preferably in the range from 1510 to 30
kg/ hr in tHe cas@atatt1des padayt of the pol ymerization reaction vesse

10 is 10 L. [0045] in order to avoid the influence due to dissolved
oxygen duritigfthe preparation of the nononer, it is common 20 to carry out
bubbling of an inert gas into the nononer preparation vessel 102 or to
deaer at e under Teduged: press weannes Fehovel di ssobamettl okygere imithisor

enbodi nent, it is not necessary to strictly renove the dissol ved oxygen and
t he pol ynarigatian areactidonl cdhnt be Per foremtréd ihet 25presengeo it ide

di ssol ved oxygen in about 1.5 ppmto 3 ppm 29 In the case that the
obt ai ned pd yrentisuesed yf osubbeiadt erd althef ppliycakiapparat uscactios
particularly desirable to filtrate the nononmer conposition with a filter
havi ng poressor r édpondi ngid o iaidesitred sugpiyn wuder 530 temough the

initiator supply conduit 51 which connects the initiator
preparation wvessel 101 with the poclymerization reaction
10 vessel 10, a&as shown in Fig. 1. Cn the other hand, the
monomer composition is prepared in the monomer preparation
vessel  102. The prepared monomer compoesiticn is
continuously supplied to the polymerization reaction vessel
10 by the monomer supply pump 54 through the monomer supply
15 conduit 52 which connects the monomer preparation vessel
102 with the polymerization reaction vessel 10 as shown in
Fig. 1.
[6041]
As the initiator ©preparation vessel 101 and the
20 nonomer preparation vessel 102 which are used in this
embodiment, a preparation vessel equipped with a stirring
device which is similar to the polymerization reaction
vessel 10 may be used. In the initiator preparation vessel
101, & radical polymerization initiator 1s thoroughly

25 dissolved in the monomer to give an initiator liguid. The



5 inpurities during feeding the prepared nononer conposition to the

pol yneri zation reaction vessel 10. [0046] The pol yner produced by the
pol ymeri zati on reaction using the polynerization reaction apparatus 100 is
removed 10 t hrough the pol yner conpositipon di scharge port 14 of the

pol ymeri zation reaction vessel 10 as a (syrupy) liquid polymer conposition,
transferred via a pol yner conposition | ead-out passage SS and recovered.

Si nce the pol yner conposition contains unreacted raw naterial nononer, 15
vol atil e substances mainly containing the unreacted raw material nononer
are separ at®wr IR EvEhoriat | 6Acbyi heht # gl t e §01 SAferCt oMFesicti onlas 1s
necessary. As the transfer procedure of the above pol ynmer conposition, the
procedur e T SelagEf | AT 4148802 B UL saft ablesh AShehel pr veedbret 2onf or
the separation by evaporation of the volatile matters, the procedures using
a vent ed es@atidern i gokpowrt froroaaethpl erefpeaprvcedinésigesicladsedZd HCIP
51-29914 B, JP 5217555 B, JP 1-53682 B, JP 62-89710 A and JP 3-49925 A are
suitable. 25[0047] @0 the othaherpol ynerd zagionr¢eacti oh VessebndBeused
for the present invention is preferably a conpletely m xing type reacting
vesse}, a rpoinamrtiizat i easéeonvdrsi bn) mpand aofetheay aw rEm@Tere turd het
polymer within the reaction vessel 5generally corresponds to the content
rati o of tie gol ynere | nmbhempol ynérezonpadi ti enlhnithespr esentfenaiehyi on,
al though the rate of polynerization is not particularly limted, it is
usual |y setaim:dihesd ange-F¢om D 1©°T0% by

[(0042]
The initiator supply pump 53 and the monomer supply
16 pump 54 are not particularly limited, and are preferably a
pump which can set the supply flow rates of the initiator
composition and the monomer composition to the
polymerization reaction wvessel 10 at a constant rate.
Specifically, it is preferable to use a multiple
15 reciprocating pump, more preferably a nonpulsatile
controlled-volume type pump such as a twin nonpulsatile
controlled~volume type pump and a triple nonpulsatile
contrelled-volume type pump.
[0043]
20 Heating/cooling devices may be connected with the
initiator supply conduit 51 and the monomer supply conduit
52, which connect the initiator preparation vessel 101 and
the monomer preparation wvessel 102 with the polymerization
reaction vessel 10, thereby adjusting the temperature of

25 the raw material which 1s fed to the polymerization



mass. As the rate of polynerization becomes higher, the 10productivity of
t he pol yner increases, but higher viscosity of the reaction systemis
resulted to require a large extent of stirring power. As the rate of
pol ymeri zati on becones | ower, the produegkivity of the pol yner decreases so
that the burden for recovering the unreacted raw material nonomer is
i ncreased. [0048] The unreacted raw material nononmer which is
separated and coll ected fromthe polynmer conposition are stored in a
nononer recovery tank and may be supplied to the 20pol ynerization reaction
by feedi ngr®®d°tHe" nohoiet b eparation vessel 102 as necessary.lt is
preferable to store the recovered raw nononer under the condition that a
the concentf@t4bn of the polynerization inhibitor is from2 ppmto 8 ppm
and the concentration of oxygen in the gaseous 25phase is from2%to 8% by
vol ume so as noth¢ osppbéeedatheci3Lhsoliyridriiaaty oremesttom dirdmgtseori ng
in the nmononmer recovery tank. It is preferable to store in a cool ed
condi ti on, 1speri feealdngpata tal arenperstedr e 1 Offor texanpke, patk vonul f2ohrabout
0C to about 5C
5 reactlon vessel 10, which varies depending on the capacity
cf the polymerization reaction vessel 10, i1s preferably in
the range froem 0.1 to 10 kg/hr, more preferably in the
range from 0.5 to 5 kg/hr, in the case that the capacity of
the polymerization reaction vessel 10 is 1C L. The supply
10 rate ¢f the monomer composition from tThe monomer
preparation vessel 102 to the polymerization reaction
vessel 10, which varies depending con the capacity of the
polymerization reaction vessel 10, 1s preferably in the
range from 4 to 40 kg/hr, more preferably in the range from
15 10 to 30 kg/hr in the case that the capacity of the
pelymerization reaction vessel 10 is 10 L.
[0045]
In order to avoid the influence due to dissolved
oxygen during the preparation of the monomer, it is common
20 to carry out bubbling of an inert gas into the monomer
preparation vessel 102 or to deaerate under reduced
pressure to remove dissolved oxygen. In this embodiment,
it is not necessary to strictly remove the disscolved oxygen

and the polymerization reaction can be performed in the

25 presence of the dissoclved oxygen in about 1.5 ppm tc 3 ppm.



[ 0049] Wth regard to the present invention, although the nononer,
the radical polynerization initiator and the chain transfer agent are

sel ect ed depending on the polyner to be produced, the raw naterials will be
expl ai ned hereinafter 10 in the case that (neth)acrylate pol yner such as
pol ymet hyl met hacrylate is produced as preferable enbodi nents. In the
present specification, the term"(neth)acryl" neans an "acryl" group and a
"met hacryl " group. [0050] 15The nononer to be used as the raw material for
the (meth)acrylate polymer is not particularly Iimted, and includes, for
exanpl e, aialtkyl ¢aeth)detyl dhe adoheifewmensilyee abkylsgft odprhashd to 4
carbon atons), or a mxture of at |east 80% by wei ght of alkyl

(met h) acr ylater 200 ¢hereieal heoad kytugr olp haspartoodlzaiboreat vas)eand at
nost 20% by wei ght of another vinyl nononer copol ynerizable therewith. The
al kyl groupi Aitheaakkylheg neehymer ylcatgoGitidoal nvite al Kylltgroupahasgl to 4

carbon atons) includes, for exanple, nethyl, ethyl, n-propyl, isopropyl,
n-butyl 25amced - boatyksphbthyly (Dwetd) derylatie siszepref epabke dmngeitdres 32
al kyl (meth)acrylates. [0051] The copol yneri zabl e vi nyl nononer

ment i Dned above i ned udesing ofeexanpl ehea dmetdy)at mydatee estenpot heicthan 5
t he above al kyl (neth)acrylate (wherein the alkyl group has 1 to 4 carbon
atons), such tds: henzyle (et h) @crydat el @andv2sset hyd hexyl (neth)acryl ate; an
unsat urated carboxylic acid or anhydride thereof such as acrylic acid,
met hacryl i @@dd, maleic acid, itaconic acid, naleic anhydride and itaconic
10aci d anhydride; a nononer containing a hydroxyl group such
The polymer produced by the polymerization reaction
using the polymerization reaction apparatus 100 is removed
10 through the polymer compoesition discharge port 14 of the
polymerization reaction wvessel 10 as a (syrupy) liguid
polymer composition, transferred via a polymer composition
lead-out passage 55 and recovered. Since the polymer
compesition c¢entains  unreacted raw material monomer,
15 volatile substances mainly containing the unreacted raw
material monomer are separated by evaporation by heating

the polymer composition as necessary. As the transfer

procedure of the zabove polymer composition, the procedure

disclosed in JP 4-48802 R is suitable. As the procedure
20 for the separation by evaporation of the volatile matters,
the procedures using a vented extruder is known, for

example, the procedures disclosed in JP 51-29914 B, JP 52-
17555 B, Jp 1-53682 B, JP 62-89710 A and JP 3-49825 A are
sultable.

25 (00473



as 2- hydroxyethyl acrylate, 2-hydroxypropyl acrylate, nonoglycerol

acryl ate, 2-hydroxyethyl nethacrylate, 2- hydroxypropyl nethacrylate and
nonogl ycerol nethacrylate; a nononer containing nitrogen, such as
acrylam de, 15 nethacryl am de, acrylonktrile, nmethacrylonitrile, diacetone
acryl am de and di net hyl am noet hyl nethacryl ate; a nononer containing an
epoxy group such as allyl glycidyl ether, glycidyl acrylate and gl ycidyl
nmet hacryl ate; and a styrene nonomer such as styrene and

al pha- nmet hyl styrene. 20[0052] When the present invention is applied
to the producti®Bif ofoad YP6Irymer 1p8s ebedht { fiet M9 ate ast%t , frhe the
polynmeri zation initiator supplied to the reaction vessel includes, for
exanpl e, &¥erfiwal LpoEyierizatd opreAtribtpr .2 26Thel ¢adli ¢almigoingmet yzat i on
initiator includes, for exanple, 33
azoconpoundsstichas azebé el sobubyienetrichélion (conversion) rate of the
azobi sdi net hyl val eronitril e, azobi scycl ohexanenitrile,

1, 1' - azobimsy{ lraceroxy - kopheny| epdiayred s diwstihiyl 2t2e azebisisoburysate,
4,4' -azobi s-4-cyanoval eric acid; organic 5 peroxides such as benzoyl

per oxi de, denmwoyllperoxrdepondet yb mdreoxiaetecaprybyb pér dlideyolymer
2,4-dichloro benzoyl peroxide, isobutyl peroxide, acetyl cycl ohexyl
sul i onyi peroxinde, pvibueyl ermxeyigival ate, [t- bty ppesexy neodecanoat e,
t-butyl peroxy neoheptanoate, t-butyl peroxy- 102-ethyl hexanoate,

1, 1-di (t- itsHpertoxyheyctobexarie, pdidmerization is not particularly

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

hexyl per oxy)mix; &3] 5-1t i et hgheyclhohexana, isopr opyte from 40 to 70% by

mass. As the rate of pclymerization beccmes higher, the
10 productivity of the polymer increases, but higher viscosity
¢f the reacticn system is resulted to reguire a large
extent of stirring power. As the rate of polymerization
becomes lower, the productivity of the polymer decreases so
that the burden for recovering the unreacted raw material
15 monomer 1s increased.
(0048]
The unreacted raw material monomer which i1s separated
and collected from the poelymer compoesition are stored in a
monomer reccvery tank and may be supplied to the
20 polymerization reaction by feeding Lo the monomer
preparation vessel 102 as necessary. It is preferable to
store the recovered raw monocmer under the condition that a
the concentraticn of the polymerization inhibiter is from 2
ppm to 8 ppm and the concentration cof oxygen in the gaseous

25 phase i1s from 2% to 8% by volume so as not to proceed the



per oxydi car bonat e, i sobutyl peroxydi carbonate, s-butyl peroxydi carbonate,

n- butyl peroxydi carbonate, 2-ethyl hexyl

15per oxydi car bonat e, bi s(4-t-butyl cycl ohexyl ) per oxy

tri met hyl propyl per oxy- 2- et hyl hexanoat er 3 sopr opyl nonocar bonat e, t - anyl

1,1,3,3- 1,1, 2- t-butyl peroxy peroxyi sopropyl 20nbnocarbonate,

t - but yl peroxy- 2- et hyl hexyl carbonate, t- butyl fleroxyallyl carbonate,

t-butyl peroxy isopropyl
polymerization reaction during storing in the monomer
recovery tank. It 1s preferable to stcocre in a cooled
condition, specifically, at a temperature, {for example,
around from about 0°C to about 5°C.

5 [0049]

With regard to the present invention, although the
menomer, the radical polymerizaticon initiator and the chain
transfer agent are selected depending con the polymer to be
produced, the raw materials will be explained hereinafter

16 in the case that (meth)acrylate polymer such as polymethyl
methacrylate is produced as preferable embodiments. 1In the
present specification, the term "{meth)acryl" means an
"acryl" group and a "methacryl" group.

[C050]

15 The monomer to be used as the raw material for the
(meth)acrylate poclymer is not particularly limited, and
includes, for example, an alkyl ({(meth)acrylate alcne
{(wherein the alkyl group has 1 to 4 carbon atoms}, or a
mixture of at least 80% by weight o¢f alkyl (meth)acrylate

20 {(wherein the &alkyl group has 1 to 4 carbon atoms) and at
most 20% by weicht of another vinyl moncmer copolymerizable
therewith, The alkyl group in the alkyl (meth)acryiate
{wherein the alkyl group has 1 to 4 carbon atcms) includes,
for example, methyl, ethyl, n-propyl, iscpropyl, n-butyl

25 and t-butyl. Methyl (meth)acrylate i1s preferable among the



carbonate, 1, 1, 3, 3-tetranet hyl but yl per oxyi sopr opyl

nonocar bonate, 1, 1, 2-tri met hyl propyl per oxyi sopropyl nonocar bonat e,

1,1, 3,3-tetranet hyl butyl peroxyi sononanoat e,

251, 1, 2-tri net hyl propyl per oxyi sononanoateandt - butyl 34 peroxybenzoate. The
above radical polynmerization initiator can be used solely or as a mxture
of two or nore thereof. [0053] The anmount of the radical polynerization
initiator is 5 not particularly limted, and is typically in the range
from0.001 to 1 part by mass based on 100 parts by nass of the raw materi al
mononer . \AheRy & wansih sty ¥addiTal pol ynerization initiators are used in a
m xture, the total anmount thereof may be within the above range. The 10
pol yrmeri zatG®onlinitiator supplied to the reaction vessel, which is not
particularly limted in the present invention, is selected depending on the
types of the pdliyarercawe engriothiced andithe nawmnet erielt hpmederatovbe
used. For exanple, the radical polynerization initiator preferably 15has a
hal f-1ife lofclatcamst fermensre lat, t he (peltyrerdzataten eehper attlcg. VMben t he
hal f-1ife at the polynerization tenperature is at nost 1 mnute, the

reactd on r@ate dmowuidlablle, (tds) adweyiania | atlorredn st abllevf ofrode has

pol yneri zation reaction in the continuous polynerization 20 apparatus. The
rel ati onshi pcdet weenbtvheatenper asure amd dehe vHal fred i ex cof y ltdies radi cat

pol ynerization initiators are described in various articles and the

t echni cal edacurent sl ofimpahuhaecyuring conpantesuforeéverayitoppd iof dbhed

radi cal polynerization initiator. In the present invention, the 25val ues
descri bed dam drteydwel de knowe pf aduet 4 oedwy eSc acid, methacrylic acid,

maleic acid, itaconic acid, maleic anhydride and itaconic

10 aclid anhydride; a monomer containing a hydroxyl group such
as 2-hydroxyethyl acrylate, Z2-hydroxypropyl acrylate,
nmoncglycercl acrylate, Z~hydroxyethyl methacrylate, Z-
hydroxypropyl methacrylate and monoglycerol methacrylate; a
monoemer containing nitrogen, such as acrylamide,

15 methacrylamide, acrylonitrile, methacrylcnitrile, diacetone
acrylamide and dimethylaminoethyl methacrylate; a monomer
containing an epoxy group such as allyl glycidyl ether,
glycidyl acrylate and glycidyl methacrylate; and a styrene
monomer such as styrene and alpha-methylstyrene.

20 [6052]

When the present invention is applied to the
production of a polymer based con (meth)acrylate ester, the
polymerization initiator supplied to the reaction vessel
includes, for example, a radical polymerizaticn initiator.

25 The radical polymerization initiator includes, for example,



35 avail able from Wako Pure Chem Inc., or Kayaku Akzo Corporation are
used. [0054] Wen the present invention is applied to the 5 production of
the (meth)acrylate ester polyner, a chain transfer agent can be added to
the reaction vessel so as to adjust a mphecul ar wei ght of the produced

pol ymer. The chain transfer agent used may be any of a nonofunctional chain
transfer agent and a nmultifunctional chain transfer 10 agent.
Specifically, the chain transfer agent includes, for exanple, alkyl

mer capt ans such as propyl nmercap an, butyl mnercaptan, hexyl nercaptan,
octyl mercaptan, Zomgphyldhexyl $etlaptagsand dodeRysipepeaptanttarofmtic
nmer capt ans such as phenyl nercaptan and thiocresol; 15 nmercaptans having
at nost 18 zEriohiet ohsl subhr @zl Bt hid ene t hi dgblytotycpohghyuknetal tohol s
such as ethyl ene glycol, neopentyl glycol, trinmethyl ol propane,

pent aer yt h¥ril ot gzl pent aergr heitol sphei pentaeryt hri t olivaddydor bi2o? ! -and an
ester produced by esterifying a hydroxyl group with 20thioglycolic acid or
3- mer capt oprapi oib ey ok s A-4 i hyalrdnapht hayemeyaleric acid; organic

1, 4,5, 8-tetrahydronapht hal ene, bet at er pi nene, terpinol ene,

1, 4- cycl ohexadi eihes angudtydrogernbsutdyde. pdhexabhoyve mayrbdel usedrakode, or in
conbi nation of two or nore. 25[0055] 36 The anount of the chain
transfer agentyi spraxpakti cokaryyyli mdwetkidd nce,idt-avahilesodependbny on
the types of the chain transfer agent to be used. For exanple, it is

typi cal | y pardshieig angesdouwm 0. @k dox idiepar tsehylmasgciohexyl  sulfonyl

peroxide, t-butyl peroxypivalate, t-butyl peroxy
neodecanocate, t-butvyl peroxy necheptanocate, t-butylperoxy-
10 2-ethyl hexanoate, 1,1-di(t-butylperoxy)cyclchexane, 1,1-
di{t-butylperoxy)-3,3,5-trimethylcyclohexane, 1,1l-di{t-
hexylperoxy} -3, 3, 5-trimethylcyclohexane, isopropyl
peroxydicarbonate, isobutyl peroxydicarbonate, s-butyl
peroxydicarbonate, n-butyl peroxydicarbonate, 2-ethylhexyl
15 peroxydicarbonate, bis{4d-t-butvylcyclohexvlperoxy

dicarbonate, t-amyl peroxy-Z-ethyl hexancate, 1,1,3,3-

Tetramethylbutyl peroxyethylhexanoate, 1,1,2~
trimethylpropyl peroxy-Z-ethylhexanoate, t-butylperoxy
isopropyl monocarponate, t-amyl peroxvyisopropyl
20 monocarbonate, t-butylperoxy-Z-ethylhexyl carbonate, t-

butyl peroxyallyl carbonate, t-butyl peroxy isopropyl
carbonate, 1,1,3,3-tetranethyibutyl PETrOXY isopropyl
monocarbonate, 1,1,2~-trimethyvlipropyl peroxyisopropyl
menocarkonate, 1,1,3,3~tetramethylbutyl peroxyiscnonancate,

25 1,1,2-trimethylprcepylperoxy isononanoate and t-butyl



5 preferably in the range fromO0.05 to | part by mass based on 100 parts
by mass of the raw material nononer, when nercaptans are used. The anount
of the above range is preferable, since the mechanical property of the
polymer is not spoiled. When two or noresghain transfer agents are 10used in
conbi nati on, the total usage anobunt nmay be within the above range. [0056]
In the present invention, any of a bulk polynerization nmethod w thout using
a solvent or a solution polynerization 15nmethod with using a solvent nay be
used as the pol ynerization nethod. The bul k polynerization is particularly
pr ef er abl exe [ QOB ANEre t hel ipol aimevd zaad ora | sopeytor el byn al cbhidhoous 20
sol ution polynerization nethod, the polynerization proceeds in the sane
manner as tdre lpontdeoisl bul kopol yremzation eethod excepie thatra@ ol vent
is used. The solvent to be used for the polynerization reaction, which is
suitably sel&ciled dependi ng on the raw nononer for the continuous
25sol uti onpol yneri zati onnmet hod, andwhi chi snot
The amcunt of the radical polymerization initiatocr is
5 not particularly limited, and is typically in the range
from 0.001 to 1 part by mass based on 100 parts by mass of
the raw materizl moncmer. Wnen two or more vradical
polymerization initiators are used in a mixture, the tectal
amount thereof may be within the above range. The
10 polymerization initiator supplied to the reaction vessel,
which is not particularliy limited in the present invention,
is selected depending on the types of the polymer to be
produced and the raw material monomer tTo be used. For
example, the radical polymerization initiator preferably
15 has a half-life of at most 1 minute at the peclymerization
temperature. When the half-1ife at the polymerization
temperature is at most 1 minute, the reacticn rate is
suitable, thus the initiator is suitable for the
polymerization reaction in the continuous pelymerization
20 apparatus. The relaticnship between the temperature and
the half-life of the radical polymerization initliators are
described in various articles and the technical documents
of manufacturing companies for every type of the radical

polymerization initiator. In the present invention, the

Z5 values described in the well-known product brochures



37 particularly Iimted, includes, for exanple, toluene,

xyl ene, et hyl benzene, net hyl i sobutyl ket one, net hyl al cohol, et hyl

al cohol , oct ane, decane, cycl ohexane, decalin, butyl acetate and pentyl
acetate. Anong them toluene, nethanol, zgthyl benzene and butyl acetate are
preferable. The solvent can be added to one or both of the initiator
conposition and the nononer conposition, or can be directly introduced to
t he pol ynerization reaction vessel 10. Although the ratio of the solvent is
not particularly limted, it is preferably in the range fromS to 30% by
mass, norexprefapabl yEiwmt Héakangeufe ondlleno 2D0% by nass basaduonrtkhe tot al
raw material mxture. [0058] The above-nenti oned

pol yner i zdtdoporaiabei ohr appsedt us 15and t he above-nenti oned net hod of
produci ng the pol yner by using the polynerization reaction apparatus can
sufficienti§Cptevent the raw nmaterial nononmer and the produced pol yner from
adhering to the vicinity of the shaft seal bearing part in the

pol yneri zati on Weact | cheapparedarst. 20Fhestithe pal ynepptaadbe teont timaousl y
produced for a long period of tinme w thout causing the problem associ ated
w th §he ratetionidai lodr eshef tnteeishafty ettt t betsti rpsongnddt ade. £0O59]

The above-nenti oned pol yneri zati on reaction apparatus 25and the

above- menti oaredt et dpeh of cpt adelica dided heo pohy mesabyioB38vaisiay thezs to

pol ymeri zati on reaction apparatus can be suitably used for producing the
(et h) acr yda@tes pokymesledming: pekyaBEes,cpathecwmrdyedor pplodael ng ahe

(met h)acryl ate pol yner obtained by pol ynerizing a nononmer m xture

Scont ai ni nghawet hykafpekh) agradat €s@8 aafRide COAPOBENt: monofunctional

chain transfer agent and a multifuncticnal chain transfer

10 agent. Specifically, the chain transfer agent includes,
for example, alkyl mercaptans such as propyl mercaptan,
butyl mercaptan, hexyl mercaptan, octyl mercaptan, 2-
ethylhexyl mercaptan and dodecyl mercaptan; aromatic
mercaptans such as phenyl mercaptan and thiccresol;

15 mercaptans having at most 18 carbon atoms such as ethylene
thioglycol; polyhydric alcohols such as ethylene glycol,
necpentyl glycol, trimethylolpropane, pentaeryvthritol,
dipentaerythritol, tripentaerythritel and sorbitocl; and an
ester produced Dby esterifying a hydroxyl group with

20 thicglycelic acid or 3-mercaptopropionic  acid, 1,4-
dihydronaphthalene, 1,4,5,8-tetrahydronaphthalene, heta-
terpinene, terpinolene, 1,4~cyclchexadiene and hydrogen
sulfide. The above may be used alone or in combination of
two or more.

25 [G055]



[ 0060] Since the polyners such as the (neth)acrylate pol ynmer obtained
by the above polynerization nethod has excell ent transparency and weat her
resi stance, they can be 10conveniently used in various fields including
i Ilum nation, signboards and vehicles. Egpecially, the (meth)acrylate
pol yners can be suitably used for materials for an optical disc substrate,;
optical device materials such as an Fresnel lens, a lenticular lens, a
|l ight guide plate used for a 15 back light systemof a liquid crystal
display, a diffuser plate and a protecting front face plate of a liquid
crystal displayfhrandwehicl esfcofpenentsisuchragsd etrai ladsanp coveridy, a
head-1anp covering, a visor and a nmeter panel. 39 CLAIMS 1.A
pol yner i zatdoni swelct 1on ldppaeat,us scorpr i st ngra @ gol yepenzaticononeachs on
vessel for perform ng 5polynerization reaction of a raw material mxture
conpri si ng g amnoirerie aclrotratabires Shafdgent ta Istivgéamg bfadesfixedet o the
rotatable shaft, which stirs the raw material m xture wthin the
pol yneri zatti ahs regei¢ohly in the range from C.01 to 3 parts by mass,
5 preferably in the range from 0.05 to 1 part by mass based
on 100 parts by mass of the raw material monomer, when
mercaptans are used, The amount of the above range 1z
preferable, since the mechanical property of the polymer is
not spoiled. When two or more chain transfer agents are
10 used Iin combination, the total usage amount may be within
the above range.
[CC56]
In the present invention, any ¢f a bulk pclymerization
method without using a solvent or a solution polymerization
15 method with using a solvent may Dbe used as the
polymerization method. The bulk polymerization is
particularly preferable.
[0057]
When the polymerization is performed by & continuous
20 solution pelymerization methced, the pelymerizatiocn proceeds
in the same manner as the continuous bulk polymerization
method except that a solvent is used. The solvent to be
used for the polymerization reaction, which is suitably

selected depending on the raw monomer for the continucus

25 solution polymerization method, and which is not



10vessel ; and a shaft seal bearing part which supports the shaft, wherein
the shaft seal bearing part conprises a shaft sealing part conprising: a
shaft seal portion (A); 15a void portion formed between the shaft sea
portion (A) and the polynerization reacthon vessel; a shaft seal portion
(B) fornmed between the void portion and the polynerization reaction vessel;
and a liquid inlet for introducing a liquid containing a 20polynerization
inhibitor into the void portion, and wherein the liquid introduced fromthe
liquid Inlet is remved through the void portion into the polynerization
reaction vesselcula0lcl al mmitedher éinnltbesshafiiorsea=xgparid on {A)ueoapri ses
a nechani cal seal. 3. The polynerization reaction apparatus accordi ng
to xylene, ethylbenzene, methyl isobutyl ketone, methyl
alcohol, ethyl alcochol, octane, decane, cyclohexane,
decalin, butyl acetate and pentyl acetate. Among them,

5 toluene, methanol, ethylbenzene and butyl acetate are
preferable. The solvent can be added to one or both of the
initiator composition and the monomer composition, or can
be directly introduced to the polymerization reaction
vessel 10. Although the ratio of the sclvent 1s not

10 particularly limited, it is preferably in the range from 5
to 30% by mass, more preferably in the range from 1 to 20%
by mass based on the total raw material mixture.

(00581
The above-mentioned polymerization reaction apparatus

15 and the above~mentioned method of producing the polymer by
using the polymerization reaction apparatus can
sufficiently prevent the raw material monomer and the
produced polymer from adhering to the vicinity of the shaft
seal bearing part in the polymerization reaction apparatus.

20 Thus, the polymer can be continuocusly produced for a long
period of time without causing the problem assoclated with
the retation failures cf the shaft and the stirring blade.
[0059]

The above-mentioned peolymerization reaction apparatus

25 and the above-mentioned method of producing the polymer by



5claim1 or 2, wherein the shaft seal portion (B) conprises a |lip seal

4. A nethod of producing a polyner by using the polynerization reaction
apparatus according to any one of 10clainms 1 to 3, conprising a step of:
continuously feeding the raw material myxture containing the nononer into
t he pol ynerization reaction vessel to carry out the polynerization
reaction, while the liquid containing the polynerization inhibitor is

i ntroduced into 15the void portion through the liquid inlet.

5. The et hod

of producing the polymer according to claim4, wherein the liquid conprises
a m xt ur e wfirtdet imonomernand: 4 thieop ot yaer i @zatdore tathi Hi caor e sselvedlyn the

nononer .

vsed for preducing the (meth)acrylate polymer

among

polymers, particularly for producing a {(meth)acrylate

polymer obtained by polymerizing a mnonomer

mixture

5 containing methyl (meth)acrylate as a main component.

(0060}

Since the polymers such as the {meth)acrylate polymer

10

obtained by the &above polymerization method has excellent
transparency and weather resistance, they can be
conveniently used in various fields including illumination,
signboards and vehicles. Especially, the (meth)acrylate
polymers can be suitably used for materials for an optical
disc substrate; coptical device materials such as an Fresnel
lens, a lenticular lens, a light guide plate used for a
back light system of a ligquid crystal display, a diffuser
plate and a protecting front face plate of a liquid crystal
display; and vehicles components such as a tail-lamp

covering, a head-lamp covering, a visor and a meter panel.
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CLAIMS

1. A polymerization reactilon apparatus comprising:

a polymerization reaction vassel for performing =&
polymerization  reaction of a raw material mixture
comprising a monomer;

a rotatable shaft;

a stirring blade fixed to the rotatable shaft, which stirs
the raw material mixture within the polymerization reaction
vessel; and

a shaft seal bearing part which supports the shaft,

wherein the shaft sesal bearing part ccmprises a shaft
sealing part comprising:

a shaft seal poertion (A);

a void portion formed between the shaft seal portion (A)
and the polymerization reaction vessel;

a shaft seal portion (B) formed between the void porticn
and the polymerization reaction vessel; and

a liguild inlet for intreoducing a liguid centailning a
polymerization inhibitor into the void portion, and

wherein the liguid introduced from the liquid inlet 1is
removed through the veld portion into the polymerizaticn

reaction vessel,

2. The polymerization reaction apparatus according to



10

15

claim 1, wherein the shaft seal portion (A} comprises a

mechanical seal.

3. The polymerization reaction apparatus according to
claim 1 or 2, wherein the shaft seal portion (B) comprises

& 1lip seal.

4. A method of producing a polymer Dby using the
pelymerization reaction apparatus according to any cne of
claims 1 to 3, comprising a step of:

continucusly feeding the raw material mixture containing
the monomer into the polymerization reaction vessel to
carry out fthe polymerization reaction, while the liguid
containing the polymerization inhibitcr is intreduced into

the voild portion through the liguid inlet.

5. The method of proeducing the polymer according to claim
4, wherein the liguid comprises a mixture of the monomer

and the polymerization inhibitor dissclved in the monomer.



