1 DESCRI PTI ON POLYMERI ZATI ON REACTI ON APPARATUS AND METHOD OF PRODUCI NG
METHACRYLATE POLYMER BY USI NG THE SAME 5 TECHNI CAL FI ELD [ 0001] The
present invention relates to a polynerization reaction apparatus used for
produci ng a net hacryl at e-based 10pol ynmeri and a net hod of producing the
met hacryl at e- based pol yner by using the apparatus. BACKGROUND OF THE

| NVENTI ON [ 0002] 15The preparati on of a nethacryl at e-based pol yner uses a
continuous bul k polynerization nmethod or a continuous

DESCRIPTION

POLYMERIZATION REACTION APPARATUS AND

METHOD OF PRODUCING METHACRYLATE POLYMER BY USING THE SAME

TECHNICAL FIELD
[0001]
The present invention relates tc a polymerization
reaction apparatus used for producing & methacrylate-based
10 poelymer and a method of producing the methacrylate-based

polymer by using the apparatus.

BACKGROUND OF THE INVENTICN
[0002]

15 The preparation of a methacrylate-based polymer uses a
continuous bulk polymerization method or a continucus
sclution polymerization method wherein a monomer, a
polymerization initiator and the 1like are continuously
introduced into a polymerization reaction vessel. Among

20 the above, in the continuous bulk polymerization method,
the polymerization reaction is performed in a homogenocus
phase without using a solvent and a dispersant, so that an
advantage o©f a methacrylate polymer containing little

impurities is obtained. However, since a viscosity of a

25 reaction system 1is very high, 1t is required to pay



solution polynerization nmethod wherein a nononer, a polynerization
initiator and the like are continuously introduced into a polynerization
reaction vessel . Anong 20t he above, in the continuous bul k pol ynerization
nmet hod, the polynerization reaction is gerfornmed in a honogenous phase
wi t hout using a solvent and a di spersant, so that an advantage of a
net hacryl ate polynmer containing little inpurities is obtai ned. However,
since a viscosity of a 25reaction systemis very high, it is required to
pay 2 attention to renoving heat fromthe reaction system controlling the
pol yner i zafi-6R teéfper &ur ESBRIPHe PERE. &R °Fhe '8fher SR&MA LTt hé YEGHFI-nuoUS
solution polyneri zation nmethod has advantages that a nethacrylate polyner 5
cont ai ni ng®PPEEPe Lt RBuUrits edcilgmeBL &rinéanantE iRt 2 E e prell er@sdddicat ed
w th the continuous bul k polynerization method is reduced due to a | ow
viscosity OF tHe redetT oR28yst e btAnthiasiehe pPoBEéant Pat Ik igrddyet i vity
i s decreased due to use of solvents. 10[0003]
method has advantages that a methacrylate polymer
5 ceontaining little dimpurities 1is obtained and that the
problem asscciated with the continuous bulk polymerization
method is reduced due to a low viscosity of the reaction
system, but has the problem that the productivity is
decreased due to use of solvents.
10 [0003]

JP 7-126308 A discloses a method for producing the
methacrylate-based polymer by using a continucus bulk
polymerization method, which comprises carrying out a
polymerization reaction by using a completely mixing type

15 reacting vessel under the condition that the reaction

vessel is fully filled with a liguid medium so that the

reaction vessel has substantially no gasecus phase.

i{Prior Art Document)
20 (0004

{Patent document 11 JP 7-126308 A

SUMMARY OF THE INVENTION
FROBLEMS TO BE SCOLVED BY THE INVENTION

25 [0005]



JP 7-126308 A discloses a nethod for producing the nethacryl at e- based

pol ymer by using a continuous bul k pol ynerization nethod, which conprises
carrying out a polynerization reaction by using a conpletely m xing type 15
reacting vessel under the condition thats3the reaction vessel is fully
filled wth a liquid nmediumso that the reaction vessel has substantially
no gaseous phase. [Prior Art Docunent] 20[0004] [Patent docunent 1] JP
7-126308 A SUMMARY OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE

| NVENTI ON 25[ 0005] 3 In the polynerization reaction apparatus used
for the producti8n ' Y HeEtiad A at e ot Yireraraa 53 Fei HgeBl 4¢e flibeed to
a shaft is located inside of the polynerization reaction vessel, thereby a
raw mat er i &F °RiktapPe éﬁht%?%ﬂnQQSEﬁérﬁéﬁéﬁe@Cdn@Wﬁhe poFyBElL 24t idrde
initiator is stirred and the pol ynerization reaction is perfornmed. One end
of the shaft*p§ &1t azhébafs & driveaudit irsheiceyf athet @olomalr ideitiiong
force is transmtted fromthe drive unit to the shaft so that the shaft and
a stirringrBradecar @epstdtedheri®iThe shaf natesrsapporirédrby conshaftingeal
bearing part arranged between the drive unit and the polynerization

react bon véssemonppetrhisdshakt pséahebearitngnpant. t ithere liss sprioviededral shaft
seal portion around the shaft so that the reaction mxture in the

pol yner i zathen podauteironr aressel raloesi ol 5i aoperéachethe dhiweendi bf Vard ous
types of a seal structure for formng the shaft seal portion are known. A
mechani cal ssedl iiss knbmachsdone ok tdipiveal useal sthrauctu es. d3@GGJonal

driving force is transmitted from the drive unit to the

shaft so that the shaft and a stirring klade are rotated.

10 The shaft 1is supported by a shaft seal bearing part

arranged between the drive unit and the polymerization

reaction vessel. In this shaft seal bearing part, there is

provided a shaft seal portion around the shaft so that the

reaction mixture in the polymerization reaction vessel does

15 nct reach the drive unit. Various types of a seal

structure for forming the shaft seal portion are known. A

mechanical seal is known as one of typical seal structures.
[0006]

The mechanical seal uses a mechanical seal liquid as a

20 lubricating liquid for seal surfaces. There 1s the problem

that, when a polymerization reactlon apparatus comprising

the mechanical seal is operated for a long period of time,

a portion of the mechanical seal liguid leaks out from the

shaft seal portion so that & reaction mixture and a

25 produced methacrylate polymer have a possibility of being



The mechani cal seal uses a nechanical seal liquid as a 20 lubricating
liquid for seal surfaces. There is the problemthat, when a polynerization
reaction apparatus conprising the nmechanical seal is operated for a | ong
period of tinme, a portion of the mechaniqcal seal |iquid | eaks out fromthe
shaft seal portion so that a reaction m xture and a 25produced nethacryl ate
pol ymer have a possibility of being 4 contamnated.If the reaction m xture
and the produced nethacryl ate pol yner are contam nated, there are problens
that transparency of the nmethacrylate pol yner decreases and that the

met hacr yl ate"pelyieretol or sti FiE shEBFAGOPr deesisi Bof 2RRe Ut yRELEYEE07]
The present invention has been nmade in |light of the aforenentioned problens
of the priBetAFETYEBfBCES o tthed PF eS6RE APAGERENON EI% & 02 P oVitde 1gMs

pol ynmeri zation reaction 10 apparatus and al so to provide a method of
produci ng fhétnerhBePyraneypslyfee B¢thsrsylehe polyreri F&Fir6R sedactidon
apparatus, wherein the apparatus and the nmethod can prevent contam nations
of a react Fbatnitkeure it & bricdueely et haeryirat é pol yRkeping process

5 of the polymer.
[ooe7]

The present invention has been made in light of the
aforementioned proklems o<f the priocr art. Chiects of the
present inventicon are to provide a polymerization reaction

i0 apparatus and alsc o provide a method of preducing the
methacrylate polymer by using the polymerization reaction
apparatus, wherein the apparatus and the method can prevent
contaminations of a reaction mixture and a produced

methacrylate polymer.

15
MEANS FOR SOLVING THE PROBLEMS
(0008}
In order to achieve the objects stated above, the
present invention provides a polymerization reaction
20 apparatus for producing a methacrylate polymer, comprising:

a polymerization reaction vessel for performing a
polymerization reaction of a raw material mixture
containing a monomexr component which comprilses a
methacrylate monomer as a main component;

25 a rotatable shaft;



MEANS FOR SOLVI NG THE PROBLEMS [ 0008] In order to achieve the

obj ects stated above, the present invention provides a polynerization
reaction 20apparatus for producing a nethacrylate polymer, conprising: a
pol ymeri zati onreaction vessel for performng a polynerization reaction of
araw materi al m xture contai ni nga nononer conponent whi chconpri sesa

nmet hacryl ate nononer as a main conponent; 25a rotatable shaft; 5 a
stirring blade fixed to the rotatable shaft, which stirs the raw nmateri al

m xture within the polynerization reaction vessel; and a shaft seal bearing

part whi ch@sGpports9t e asiRafti*S! vifereih aCshbtPleealapbrt 'BAChn StHe Sshaf t
seal bearing part conprises a mechani cal seal which contains at |east one
mechani cal tg@apfam gairariefeBiEd  From thé Ngit6&p PEANERSEZRG 160 ddigatieon
esters, phthalate esters, diisobutyrate esters and acetyl ated gl yceri des.
10[ 0009] vessel; and

a shaft seal bearing part which supports the shaft,

5 wherein a shaft seal portion in the shaft seal bearing part
comprises a mechanical seal which contains at least one
mechanical seal liguid selected from the group consisting
of adipate esters, phthalate esters, diiscobutyrate esters
and acetylated glycerides.

10 [0009]

Even if the mechanical seal ligquid, which is at least
one selected from the group consisting of adipate esters,
phthalate esters, diisobutyrate esters and acetylated
glycerides, is incorporated into the reaction mixture, the

15 mechanical seal ligquid has the advantageous properties of
scarcely giving the adverse effects causing the
transparency decrease of the methacrylate polymer and the
easy coloration in the shaping process of the methacrylate
polymer. Thus, since the shaft seal portion comprises the

20 mechanical seal, and the mechanical seal liquid is selected
from the group consisting of adipate esters, phthalate
esters, diisobutyrate esters and acetyvlated glycerides, the
present invention can prevents the contaminations of the
reaction mixture and the produced methacrylate polymer,

25 even 1f the mechanical seal liguid leaks out into the



Even if the nmechanical seal liquid, which is at |east one selected fromthe
group consisting of adipate esters, phthalate esters, diisobutyrate esters
and acetyl ated glycerides, is incorporated into the reaction m xture, the
15nmechani cal seal liquid has the advant ageous properties of scarcely giving
the adverse effects causing the transparency decrease of the nethacrylate
pol ymer and the easy coloration in the shaping process of the nethacryl ate
pol ymer. Thus, since the shaft seal portion conprises the 20 mechani cal
seal, and the mechanical seal liquid is selected fromthe group consisting
of adi pat ePESYBFES ! 2BhtRAI d5& EstOer <7 TS ‘s obut YAt BOBEEBFE L EAnPPECEHHAY ed

gl ycerides, the present invention can prevents the contam nations of the
reaction nitRfur & and®PRe pirodiRed Ret haeiYt ate pol §frer 2Pe8&vERH sl
mechani cal seal liquid |eaks out into the 6 polynerization reaction vessel
during conPPRUBES16pELERI oI TOTL A | BREAPEFREd GF t ¢ RESCThES ABoWEathIfE oned
pol yneri zati on reaction apparatus can effectively produce the nethacrylate
pol ymer haViffig t Hee'suppresser] Scovtiaiiarat i ohaB¥BHi f aptoduct isowsp&saEconi s
continuously conducted for a long period of tinme. [0010] The present

i nven®i on &Psdapioaides,a nevhdd of T pr oducimgpd detdvacr yirete piohy neri sy
usi ng the above- 10nentioned pol ynerization reaction apparatus, conprising
a step of:continuocusly conducted for a long period of time.

[001C]

The present invention also provides a method of

producing a methacrylate polymer by using the above-
10 mentioned polymerization reaction apparatus, comprising a

step of:

continuously feeding, into the polymerization reaction

vessel, the raw material mixture containing the monomer

component which comprises the methacrylate monomer as &
15 main component, to carry out the polymerization reaction.

[0011]

The method of producing the methacrylate polymer
according to the present invention can - prevent
contaminations of & reactien mixture and a produced

20 methacrylate polymer, since the polymerization reaction
apparatus o¢f the present invention is used. The
polymerization reaction apparatus of the present invention
can effectively produce the methacrylate polvmer with
suppressing the contaminations, even 1if a production

25 operation is continuously conducted for a long period of



continuously feeding, into the polynerization reaction vessel, the raw
material m xture containing the nononer conponent which conprises the

nmet hacryl ate nononmer as a 15mai n conponent, to carry out the polynerization
reaction. [0011] The net hod of produci ng the nethacryl ate pol yner
according to the present invention can prevent contam nations of a reaction
m xture and a produced 20net hacryl ate pol yner, since the polynerization
reaction apparatus of the present invention is used. The polynerization
reaction aggaratus of the present invention can effectively produce the

met hacryl até™pol ymer with suppressing the contaminations, even if a
producti on 25operation is continuously conducted for a | ong period of

time. EFFECTS OF THE | NVENTI ON [ 0012] 5According to the present invention,

provi ded are the
EFFECTS OF THE INVENTION

[0012]

5 According to the present invention, provided are the
polymerization reaction apparatus and the method of
producing the methacrylate polymer by using the
polymerization reaction apparatus, which prevent the
contaminations of the reaction mixture and the produced

16 methacrylate polymer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]
Fig. 1 1is a schematic structural diagram of a
15 preferable embodiment of a polymerization reaction

apparatus according to the present invention.

Fig. 2 is a partial cross-sectional view of a shaft
seal bearing part of the polymerization reaction apparatus
according to the present invention.

20
EXPLANATION OF REFERENCE NUMERALS
10: Polymerization reaction vessel,
12: Raw material feeding port,
14: Polymer composition discharge port,

25 16: Jacket,



pol yneri zation reaction apparatus and the nmet hod of
pr oduci ngt henet hacr yl at epol yner byusi ngt he pol yneri zati on reaction
appar at us, whi ch prevent the contam nations of the reaction m xture and the
produced 10net hacryl ate pol ynmer. BRI EF BESCRI PTI ON OF THE DRAW NGS [ 0013]
Fig. 1 is a schematic structural diagramof a
15pr ef er abl eenbodi nent of apol yneri zati onreacti on apparatus according to the
present invention. Fig. 2 is a partial cross-sectional view of a
shaft seal bearin% part of the polynerization reaction apparatus according
to the presént SPAYENti on. 20 EXPLANATI ON OF REFERENCE NUVERALS 10:
Pol ynmeri zation reaction vessel, 12: Raw material feeding port, 14: Polyner
conposi ti on<di SEhaFrgedpbreds;,

30: Shaft seal bearing part,

32: Shaft seal portion,

5 38: Lip seal,
100: Polymerization reaction apparatus,
101: Initiator preparation vessel,

102: Monomer preparation vessel.

10 EXPLATION OF EMBCODIMENTS
[0014]

Hereafter, preferred embodiments of the present
invention will be described in detail with reference to the
drawings. In each of the drawings, the same or the

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

[0015]

20 Fig. 1 is a schematic structural diagram of a
preferabkle embodiment of a polymerization reaction
apparatus according to the present invention. As shown in
Fig. 1, the polymerization reaction apparatus 100 is
equipped with a polymerization reaction vessel 10 in which

25 the polymerization reaction of the raw material mixture



2516: jacket, 8 20: Shaft, 22: Stirring blade, 30: Shaft seal bearing
part, 32: Shaft seal portion, 538: Lip seal, 100: Polynerization reaction
apparatus, 101: Initiator preparation vessel, 102: Monomer preparation
vessel . 10EXPLATI ON OF EMBODI MENTS [ 0014 Hereafter, preferred
enbodi nents of the present invention will be described in detail with
reference to the drawi ngs. In each of the drawi ngs, the sanme or the

contalining the methacrylate monomer as a main component is

performed, a rotatable shaft 20, a stirring blade 22 which

i1s fixed to the rotatable shaft 20, which stirs the raw

material mixture within the polymerization reaction vessel

5 10, and & shaft seal bearing part 30 which supports the

shaft 20. Moreover, the polymerization reaction apparatus

100 is equipped with a raw material feeding port 12 for

feeding the raw material to the polymerization reaction

vessel 10 and a polymer composition discharge port 14 for

10 discharging, out of the polymerization reaction vessel 10,

a ligquid ({syrupy) polymer compecsition containing the

methacrylate polymer  produced Dby the polymerization

reaction. Furthermore, the polymerization reaction

apparatus 100 is equipped with a jacket 16 for adijusting a

15 temperature of an external wall of the polymerization
reaction vessel 10.

[0016]

Fig. 2 is a partial cross-sectional view of a shaft

seal bearing part of the polymerization reaction apparatus

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

the shaft seal bearing part 30 has a shaft seal portion 32,

and the shaft seal portion 32 is formed by a mechanical

seal. In this embodiment, a lip seal is provided between

the shaft seal portion 32 and the polymerization reaction

25 vessel 10. The lip seal prevents the reaction mixture in



15corresponding el ement is denoted with the sane nunber, for which
redundant description nay be omtted. Moreover, dinmensional ratios are not
limted to the dinmensional ratios shown in the drawi ngs. [0015] 20Fig. 1 is
a schematic structural diagram of a prefigrabl e enbodi ment of a

pol ymeri zation reaction apparatus according to the present invention. As
shown in Fig. 1, the polynerization reaction apparatus 100 is equi pped with
a polynerization reaction vessel 10 in which 25the pol ynerization reaction
of the raM/naterlaI m xture 9 containing the nethacrylate nononer as a
nmai n conpo Qﬁtppéyﬁéﬁﬂéﬁﬁéﬁn & G AtCRb | 6 S t £ 2T é?%??%??néhﬁléééfzz
which is fixed to the rotatable shaft 20, which stirs the raw materi al

m xture wi EREA FHE THOIY et i zatlP6n ridactfoh vesdeferaigy aimfa SKhamt aseal
bearing part 30 which supports the shaft 20. Mreover, the polynerization
reaction appiFat 20008 & egin Hrsd W et la r aWfat €€ athd eedingSpott 362 for

feeding the raw material to the polynerization reaction vessel 10 and a
pol yner cofpési firei dTdeharye parutay foringpegpschlrgingl ousisftanye
pol yneri zation reaction vessel 10, a liquid (syrupy) polymer conposition
cont aPni ng tehengretrheaer ynst e%@t@xhéy praoduced: by gbhe potdnerd zatticperty
reaction. Furthermore, the polynerization reaction apparatus 100 is
equi pped wetvhna ijfacketid6: fiorn adf usthiengha ftla@nper at Uhes of capnextrerna
wal | of the polynerization reaction vessel 10. [00161 Fig. 2is a
partial cross-septivetak vsewcofiaushafly sealabiear ifmg paltongf pehecd of
pol ynmeri zation reacti on appar at us
time, the sealing effect can be sustained. Moreover, there
is provided a drive unit {(not shown) for rotationally
10 driving the shaft 20 above the shaft seal portion 32 (which
is in the direction opposite to the polymerization reaction
vessel 10).
[0017]
Since the type of the mechanical seal forming the
15 shaft seal portion 32 1is not particularly limited, any
types of mechanical seals may be selected from those which
are well known to the skilled person. For example, as
shown in Fig. 2, the mechanical seal has a rotary ring 3Za
which is fixed on a side of the shaft 20 and a stationary
20 ring 32b which 1s fixed on a side of a main body (a casing)
of the shaft seal bearing part and is constructed sc that
the rotary ring 3Za and the stationary ring 32b are pressed
against each other at a constant pressure exerted by a

spring {(not shown). In addition, in order tc reduce a

25 friction between the contact surfaces of the rotary ring



20 according to the present invention. As shown in Fig. 2, the shaft seal
bearing part 30 has a shaft seal portion 32, and the shaft seal portion 32
is formed by a nmechanical seal. In this enbodinment, a lip seal is provided
bet ween the shaft seal portion 32 and the pol ynerization reaction 25vessel
10. The lip seal prevents the reaction mxture in 10 the pol ynerization
reaction vessel fromreaching the shaft seal portion 32.The lip seal is
preferably made from a PTFE (pol ytetrafl uoroethylene).Use of the lip sea
38 nmade from PTFE contri butes to increase chem cal resistance 5 to nononer
and sui t abPy2nafhtai 1éSgosdaddaiaty prioget t y>even #F alVPbfati 64 of-hehe
shaft occurs. Thus, even when the apparatus is continuously operated for a
| ong perioBieePetifel FRélseal i%l@fqpé%ﬁ whi be sashansaedl FBRéovéruichere
is provided a drive unit (not shown) for rotationally 10 driving the shaft
20 above tHeéCshafp §édl Por thene32s(whiceh isconsthecdiirecrifon oppasicie to
the polynerization reaction vessel 10). [0017] Since the type of the
mechani cal "§eBRni6R K BGatlhe eEShsHaEftimealhporenohn321i ¢ Adt tpar tricdwlrar | y
limted, any types of mechanical seals nmay be selected fromthose which are
wel | knownrtodt heZeki ldretl personstRoicaranpl eirgs shown i ph#Ftg. 12, the
mechani cal seal has a rotary ring 32a which is fixed on a side of the shaft
20 and a statponaryi20 miing: 3Qbulhecheicsahiixed orea si déhef reamirn deddy (a
casing) of the shaft seal bearing part and is constructed so that the
rotary ringed2a landhitche3 3¢ atiisonarye ra higy 32bnareuvpredsed agatnsbughchrot her
at a constant pressure exerted by a spring (not shown). In addition, in
order to reéduee do25fthiectrieamaretomdersddie tomtadt {sur f abesndf biyhe ot y
ring

and the like, and continuously discharged through an outlet

1¢ for the mechanical seal liguid (not shown). It 1is
preferable that the mechanical seal liquid is circularly
supplied. A filling pressure is suitably set depending on
the size of the polymerization reaction apparatus 100 and
the polymerization conditions and the like and is set

15 higher than the pressure in the polymerization reaction
vessel 10. The filling pressure is adijusted so that a good
seal functionality and a good product quality of the
finally resultant methacrylate polymer can be maintained,
since too high £illing pressure leaks a large amount of the

20 mechanical seal liguid from the shaft seal portion so that
a geod seal functicnallity canncot be exhibited and the
finally resultant polymer may have an inferiocr product
gquality due to incorporation of the excessively leaked
mechanical seal liguid into a polymer composition.

25 (0018]



11 32a and the stationary ring 32b, an inside of the nmechanical seal is
filled up wwth a nechanical seal liquid 32c. In Fig. 2, there is shown a
construction of a pair of mechanical seals each having the conbination of
the rotary 5 ring 32a and the stationary ring 32b, that is, a construction

of a doubl e nechani cal seal. The nmechanical seal liquid 32c is generally
continuously fed through an inlet for the nmechanical seal |iquid (not
shown) by a punp and the |ike, and continuously discharged through an

outlet 10 for the nechanical seal liquid (not_shown). It is preferable
that the mechanfc&l %8&aleritgaid P&2dirdPdify Sappl itéd. @A fi-FPPhg PFéssure
is suitably set depending on the size of the polynerization reaction
appar at us t86°8RE8t heTPBI yht i W AT ONE and t REPiEkE afidtirgSset 15
hi gher than the_pressure in the polynerization reaction vessel 10. The
filling prE§&hréafrs adgisistéd sclitiatbud oo seatt¢imhct #fal POFtaRdt&9good
product quality of the finally resultant nethacryl ate pol yner can be

mai nt ai nedg18FAEéde60 hi ghh¢i |34HRR 7 essiive’ 3 edls ladear gécanoererefethe 20
mechani cal seal liquid fromthe shaft seal portion so that a good sea

f unct Ponal Pty (éanhby lbexgkhi bi sédcand t he fidaldgnarasul t astinsdley mepngay
have an inferior product quality due to incorporation of the excessively

| eaked necHahbedbcgéal atiigakd. i nt ol'le potlyrherl iconpodigiison i n28[uEEL8] for2

The nechanical seal liquid 32c is at | east one selected fromthe group
consi st i ngeshinpdiepate seSt-erts,y Ypktdydl atieh @st brtss, ditk sebutyy at ehesdrs cand
acetyl ated gl ycerides. The adi pate esters include, for exanple,

5bi s(2- et hyhHexrylyadiepatedhicbenenyl. adlpat éand otuit yodéey ke sadirpatiec1Thie ,
phthalic esters include, for exanple, bis(2-ethylhexyl) phthalate,

di i sononyl fpht hakapéeand, di, ksodeéoyl hpht-halBabtentEheddivils dbutybat-g rester s

i nclude, for exanple, 2,2,4-trinethyl-1, 3-pentanediol diisobutyrate. 10 The
acet ybat edTgbycard des=iant| ydecetrarieexanpt 2ydgl yderol e dhrackt pnonglcaurdt e,

gl ycerol di acetononostearate, glycerol diacetononool eate, glycero

di acet ononakknekamenogkyeerel djiacei-amono: 42«hydsoxytsheatal e gigloeeerol

diacetomonooleate, glycercl diacetomonolinolate, glycerol
diacetomono~-12-hydroxy stearate, glycerol
diacetomonomyristate, glycerol diacetomonopalmitate,
15 glycerel diacetomonolaurate, glycerol monoacetomonostearate,
glycerol monocacetomonomyristate, gilycercl
moncacetomonopalmitate, glycerol moncacetomonoricinolate,
glycerocl moncacetomono-1Z-hydroxystearate, glycerol
monoacetomonobehenate, glycerol moncacetomonooleate,
20 glycerol moncacetomonclaurate, glycerol monocacetodioleate,
glycerol moncacetodiricinolate, glvcerol
monoacetodicaprylate, and glycerol moncacetodilauvrate,
glycerol moncacetodistearate. Among them, adipate esters

and diisobutyrate esters are preferable and adipate eaters

25 are particularly preferable. Adipate esters, phthalate



di acet onmononyri st at e, gl ycer ol di acet ononopal mtate, 15glycero

di acet ononol aurate, glycerol nobnoacetononostearate, glycerol

nonoacet onononyri state, glycerol nonoacetononopal mtate, glycero

nonoacet ononori ci nol ate, gl ycerol nonoacget onono- 12-hydr oxyst earat e,

gl ycerol nonoacet ononobehenat e, gl ycer ol nonoacet ononool eate, 20gl ycer ol
nonoacet ononol aurate, gl ycerol nonoacet odi ol eate,

gl ycer ol nonoacet odi ri ci nol at e, gl ycerol nonoacet odi capryl ate, and

gl ycerol nonoacet odi | aurate, glycerol nonoacetodi stearate. Anong t hem

adi pat e es?éF@IénddHFP@BBBU?PEFeeé§?€?saaﬁeaE?éféﬁéﬁﬁegéﬁaeéagﬁétQagﬁters
2bare particularly preferable. Adipate esters, phthalate 13 esters,

di i sobut yr Af8 est@ranbndcacet yrakt ed gr§cerithes B&fe t héCadvdntages “ORat
they do not facilitate the polynerization reaction of the nononer conponent
cont ai ni ngPPhEMaEL RatigrarearbrefePfasha RRPATNESTPOREAT CARd CORARINREY 5
scarcely cause adverse affects such as coloration of the resultant

met hacryl atBepBEyRBELYeER MoNOREY @se dvitsded: Wi e eien ealktli 6A&H %hewve.

5 scarcely cause adverse affects such as coloration of the
resultant methacrylate polymer, even if they are mixed with
the reaction mixture.

[C019]
The materials for the rotary ring 32a and the
10 stationary ring 32b are not particularly limited, and any
well known material can be used. The material for the
rotary ring 3Za and the stationary ring 32k includes, for
example, carbon, siliceon <c¢arbide, cemented carbide, and
chrome oxide coating.
15 [0020]

The polymerization reaction apparatus 100 of this
embodiment is a continucus poelymerizing apparatus, which is
used for a continuous bulk polymerization method or =&
continuous solution polymerization method, wherein the

20 polymerization reaction vessel 10 can form substantially
complete mixing state within the reaction vessel by the
stirring blade 22. A shape of the stirring blade 22 may be
Max blend wings {(manufactured by Sumitomo Heavy Industries,
Ltd.), paddle wings, double helical ribbeon wings, MIG wings,

25 full zone wings {(manufactured by Shinko Pantec Co., Liud.)



[ 0019] The materials for the rotary ring 32a and the
10stationary ring 32b are not particularly limted, and any well known
material can be used. The material for the rotary ring 32a and the
stationary ring 32b includes, for exanplie, carbon, silicon carbide,
cenment ed carbi de, and chronme oxi de coating. 15[0020] The
pol yneri zation reaction apparatus 100 of this enbodinent is a continuous
pol ymeri zi ng apparatus, which is used for a continuous bul k pol ynerization
met hod or a continuous solution polynerizati on nmethod, wherein the 20
pol yrer i zaf8n “h&actifén Vassel tcad FSimRabst@ntd Rty yltBhpret 8PATRIERg st at e
within the reaction vessel by the stirring bl ade 22. A shape of the
stirring blfade®221 &by be Max U5 eRSWRAGS LEnahf att B &l by Suni®tonBoHEavy
I ndustries, Ltd.), paddle w ngs, double helical ribbon w ngs, MG w ngs,
25ful | zonBaRihgs (mritfencedt 88 b2 Shi pkor PaRtéencyessield. 30 14 arderhe
like, but it is not particularly limted thereto. In addition, it is
pref erabl etPolMAEPHE| LHAeSEErHBRE BAERFES in the pol ymerization reaction
vessel 10 in order to inprove the stirring effect. 5[0021] The hi gher
stirrPng eff@étlis preferable with regard to the pol ymerization reaction
apparatus 100. However, the application of an excessive stirring power is
not so preferablfegsimigecoxcessrhieat ghanacit ysi yrivdaded: 10Therebered, the
stirring power is preferably in the range

to the polymerization reaction apparatus 100. However, the

application of an excessive stirring power 1s not so
preferable, since excess heat quantity 1s provided.
10 Therefore, the stirring power 1s preferakly in the range
from 0.5 to 20 kWw/m®, more preferably in the range from 1
to 15 kW/m’. It is preferable to increase the stirring
power, as the viscosity of the content liguid, that is, the
content ratio of the methacrylate polymer 1in the liguid
15 increases.
[0022]

Preferably, the inside of the polymerization reaction
vessel 10 is in the liquid-full condition that a gaseous
phase is substantially absent. The liguid-full condition

20 cf the ©pclymerization reacticn vessel prevents the
methacrylate polymer from forming at or from adhering to
the inside wall of the vessel on the gaseous phase and the
gas—-ligquid interface, so  that the possible guantity
degradation of the product caused by mixing of the polymer

25 prepared at the inside wall may be avoided. In addition,



fromO0.5 to 20 kWn8B, nore preferably in the range from1l to 15 kWnB. It
is preferable to increase the stirring power, as the viscosity of the
content liquid, that is, the content ratio of the nmethacrylate polyner in
the liquid 15increases. [0022] Prefserably, the inside of the

pol yneri zation reaction vessel 10 is in the liquid-full condition that a
gaseous phase is substantially absent. The liquid-full condition 20of the
pol ynmeri zation reaction vessel prevents the nethacrylate polymer from
formng at or fromadhering to the inside wall of the vessel on the %aseous
phase and th& §&S-1E qii'd Wt oF f 588, P& WAL 43rd PosS B et YuareFegl 1
degradation of the product caused by m xi ng of the polyner 25prepared at
t he insi deCfal Pemegt HrCalvt HedUFR%addia i et thet ia Qi Widlvungabf Pehe
pol yneri zation reaction vessel 10 can be effectively used, so that the
producti vi t§PEaNeBe i nproved. [0023] 5ln order to put the pol ynmerization
reaction vessel 10 into the liquid-full condition, it is the sinplest way
to locate &RU8dfl et for the polymer conposition after the pol ynerization

reaction (a pol yner conposition discharge port 14) at the uppernost part of
the réaction vesgeprgradoc put the polymerization reaction vessel 10

into the ligquid-full condition, it is the simplest way to
locate an outlet for the polymer composition after the
polymerization reaction (a polymer composition discharge
port 14) at the uppermost part of the reaction vessel 10 as
10 shown in Fig. 1. In this case, it is preferable that a
supply port 12 for the raw material (an initiator
composition and a monomer composition) is located at the

lower part of the polymerization reaction vessel 10 as

shown in Fig. 1. 1In addition, it is desirable to prevent a
15 gas of the monomer component 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
reaction mixture at the temperature of the reaction vessel
20 10. This pressure is generally in the range from about 1.0
to about 2.0 MPa in terms of a gage pressure.
[0024]
Moreover, it is preferable to make the inside of the
pelymerization reactilion vessel 10 to be an adiabatic state

25 that heat cannot substantially enter from and exit into



10shown in Fig. 1.In this case, it is preferable that a supply port 12 for
the raw material (an initiator conposition and a nononer conposition) is

| ocated at the | ower part of the polynerization reaction vessel 10 as shown
in Fig. 1. In addition, it is desirableiéo prevent a 15gas of the nononer
conponent from generating in the polynerization reaction vessel 10.To this
end, it is preferable to nmake the pressure in the polynerization reaction
vessel 10 to exceed a vapor pressure of the reaction mxture at the
tenperature of the reaction vessel 2010. This pressure_is generally in the
range fronfHbdat®1°6 t'0'%abtits2l 0 MPAeFnifer mt of° & Hage Presshr e™f6024]
Moreover, it is preferable to nake the inside of_ the polynerization
reaction vEE8eleTPeF6tHE San Nadifbatda” St eV 25t hat 2heat "eanfBperature
substantially enter fromand exit into 16 outside of the vessel. That is,

it is prefefablé tothfdke it e tlenper &R Gf eOf n Hie T84cti®Bh Vessel hfAdPehe

tenperature_of the external wall surface of the reaction vessel to be
al nost t he@sBpBtt ehper atdfe. TPesiicalty, sargsdmsally, said same

5 temperature can be achieved by providing a jackelt 16 at the
external wall surface of the reaction wvessel, thereby
contrelling the temperature of the external wall surface
thereof s0 as to follow the internal ftemperature of the
reaction vessel using a heat medium such as steam or other

10 heat medium, for example, as shown in Fig. 1.
[0025]

The Jjacket 16 covers substantially a whcle external
surface o0f the polymerization reactiocn vessel 10 and can
properly heat o¢r keep the temperature of the reaction

15 vessel 10 by introducing a heat medium such as steam, hot
water and an crganic heating medium intoe the jacket 16
through a heat medium supply path (not shown). The
temperature of the jacket 16 can be suitably adjusted by
the temperature or the pressure of the supplied heat medium.

20 The heat medium introduced into the jacket 16 is discharged
through a heat medium discharge path (not shown).

[00z8]

The provision of the adiabatic state of the reaction

vessel 10 1is to prevent the methacrylate polymer from

25 acdhering to the inside wall in the reaction vessel and to



5 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 reaction vessel using a heat nedi umisguch as steam or ot her 10heat
medium for exanple, as shown in Fig. 1. [0025] The jacket 16 covers
substantially a whole external surface of the polynerization reaction
vessel 10 and can properly heat or keep the tenperature of the reaction 15
vessel 10 b duci ng a heat nedium such as steam. hot water and an

ntro . | .
organi c heﬁ%?ﬁéﬁhﬁaiu%??nﬁﬁﬂﬂW%”Fé@%éPRIGIFﬁFB&@H'a et e diUm ‘SighpPy pat h
(not shown). The tenperature of the jacket 16 can be suitably adjusted by
t he tenperé?&?éCGPtFﬁélﬁﬂe§§GP@rBV tREe SUpBrréa-hReat Redram- 226 Fhe “hdat
medi um i ntroduced into the jacket 16 is discharged through a heat nedi um
di scharge p&BREEABt shdith)Seibbps]of the intepmalpr GG Ioh 'ofe t Ré &dfabati c
state of the reaction vessel 10 is to prevent the nethacrylate polyner from
25adher i ngTEBCEREN| ASiEdE weld § ntERecFehet o E8sdls aieP t bla7est &bENi ze
the pol ynmerization reaction, thereby giving a self-controlled property for
suppr éssi nghatpozsi Bhe romaweyt r daciiieh. iThercdet Pragesfbipe intedhakn
tenperature of the reaction vessel to a tenperature which is too higher
than 5 thagxefsthaegsntienteddeguitd i anoinpred ephblee sepecélan &xcess -heat
is added to the inside of the reaction vessel. Preferably, a tenperature
di fferencePbefweehlihe o eactponvesselidhdrehecextdmtan wahe geefcdderof the
reaction vessel is as small as possible and the tenperature difference may
10be practveabky adpustedewicehinlt heldegredaok bristabi Feeygtobnt Wessaige 5C.
is as small as possible and the temperature difference may
1¢ be practically adjusted within the degree of instability of
the range *5°C.
[0027]
In this embodiment, the heat generated within the
polymerization reaction vessel 10, that is, the heat of
15 polymerization and the heat of stirring are preferably
balanced with the qguantity of heat faken away by the
(syrupy) 1liguid polymer composition discharged from the
pelymerization reaction vessel 10, The guantity of heat
taken away by the polymer composition is determined by the
20 amcunt of the polymer compositicon, the specific heats and
the femperatures {(polymerization temperature).
L0028]
The polymerization temperature 1is preferably in the

range from about 120 to 180°C, more preferably in the range

25 from about 130°C to about 180°C depending on the type of



[ 0027] In this enbodi nent, the heat generated within the

pol yneri zation reaction vessel 10, that is, the heat of 15 pol ynerization
and the heat of stirring are preferably balanced with the quantity of heat
taken away by the (syrupy) liquid polymams conposition discharged fromthe
pol ymeri zation reaction vessel 10. The quantity of heat taken away by the
pol ymer conposition is determ ned by the 20anount of the pol yner
conposition, the specific heats and the tenperatures (polynerization
tenperature). L The pol ynerization te eratur is preferably
in the ranged 6ﬁ1ab%%%yﬁ%ﬁl dEABDC, Eﬁ?ﬁ%ﬁeréﬁﬁ?ypn the Shge §§From
about 130C to about 180C dep endln on the type of
radlcalpoI9ﬁé¥W§éﬁF65FﬁPtlé?@Pﬁ§% UPhent fie %BPynﬁﬁﬁ?atlBﬁefénpé?atﬁpg is
too high, there is the tendency that the syndiotacticity of the obtalned
nethacryIaF@nﬁépyﬁer'H%%%neéijM/SﬁﬁélﬁﬁﬁG t céf Ygenet at éd%50l PHoREP S

i ncreases, and the heat resistance of a resultant
methacrylate polymer becomes low, the amount o©f generated

5 oligomer increases, and the heat resistance of a resultant
resin becomes low.
[0029]
The mean residence time of the raw material mixture
within the peolymerization reaction vessel 10 is preferably
10 in the range from 15 minutes to 2 hours, more preferably in
the range from 20 minutes to 1.5 hours. When the residence
time is lenger than reguired, there arises a tendency that
the production of oligomer such as dimers and trimers
increases sc that a heat-resistance property of the product
15 decreases. The mean residence time can be adjusted by
changing a supply amount of the monomer per unit time.
[G0O30]
Supply of the raw material into the polymerization
reaction vessel 10 may be performed by feeding the
20 polymerization initiator compesition containing the radical
polymerization initiator from an initiator supply conduit
51 and the monomer composition containing the monomer
component comprising the methacrylate monomer as a main
component from a monomer supply conduit 52, separately from

25 the feeding port 12;



resin becones | ow. [0029] The nean residence tinme of the raw materi al
m xture within the polynerization reaction vessel 10 is preferably 10 in
the range from 15 mnutes to 2 hours, nore preferably in the range from 20
mnutes to 1.5 hours. Wen the residencedine is |longer than required,
there arises a tendency that the production of oligoner such as diners and
trimers increases so that a heat-resistance property of the product
15decreases. The nean residence tine can be adjusted by changing a supply
anmount of the _nononer per unit tine. [0030] . Supply ,of the raw
material iRYofEREIPEI YABr M2EEPER PéabtPores8EPT16OMRY bé 1pér Fofmid by
feeding the 20 polynerization initiator conposition caontaining the radical
pol yner i zaBPBRMEAI EPRPOELEEEM ARCPnttRat 6 UEpPY *CorduPt BETARE % &
nmononer conposi tion containing the nmononmer conmponent conprising the
met hacryl at 81kpASAEr BEPRL YRICRTEGHPoneht Faiotfisd nBRonet suppty Eowmedit 52,
separately from 25the feeding port 12; 19 by feeding the m xture of the
initiator EBRposidiendaridet hee pdhotrePogSnpbsi Fieh e rhecheddisngrport 12
by nerging the initiator supply conduit 51 between an initiator supply punp
53 and@ t hecbeddiiig>gobety2ew ehmphergwnemer lyuppiy Sdomdd t-h52 dssdigan a
nononmer supply punp 54 and the feeding port 12; or
port 12; or
by feeding each of the 1initiator composition and the
monomer composition from each corresponding feeding port by
forming a feeding port different from the feeding port 12
10 {not shown). The initiator composition contains, for
example, a mixture of a radical polymerization initiator, a
moncomer component containing the methacrylate monomer as a
main component and a chain transfer agent, and the monomer
composition contains, for example, a mixture o©of & monomer
i5 component containing the methacrylate monecmer as a main
component and a chain transfer agent.
(00317
The initiator composition is prepared in the initiator
preparation vessel 101. The prepared initiator composition
20 is continuously supplied to the polymerization reaction
vessel 10 by the initiator supply pump 53 through the
initiator supply conduit 51 which connects the initiator
preparation vessel 101 with the polymerization reacticn

vessel 10, as shown in Fig. 1. On the other hand, the

25 monomer composition 1is prepared in the monomer preparation



by feeding each of the initiator conposition and the nononer conposition
fromeach correspondi ng feeding port by formng a feeding port different
fromthe feeding port 12 10 (not shown). The initiator conposition
contains, for exanple, a mxture of a radi cal polynerization initiator, a
nononer conponent containing the nethacryl ate nonomer as a mai n conponent
and a chain transfer agent, and the nononer conposition contains, for
exanple, a m xture of a nmonomer 15conponent containing the nmethacryl ate
nmonomer as a nmain conponent and a chain transfer agent. [0031]. . The
initiator EBAPBSI tiiFis prepa? ed AERAHES ni PPAPBET pr &Rt T on' Yessél 101
The prepared initiator conposition 20 is continuously supplied to the

pol yrer i zaFPBhIPBEBEL BnSvBES&RA100by N ENECLHMEFAFSF 1 8TUpPHRY CPURP T3 Sthrlough
the initiator supply conduit 51 which connects the initiator preparation
vessel 1011%i bH the pergreri arPél PEEPt PAnthssseh tbe aeneR6wn SURPRYg. 1.
On the other hand, the 25nononmer conposition is prepared in the nononer

pr epar at i ofiong@piesse| 102¢Fhe Pr@sdredt M nHwECIEFNPOSER G Bnt 1 @n cssistdous| y

supplied to the polynerization reaction vessel
5 102 with the polymerization reaction wvessel 10 as shown in

Fig. 1.
[0032]
As the 1initiator preparation vessel 101 and the
monomer preparation vessel 102 which are used in this
1C embodiment, a preparation vessel equipped with a stirring
device which 1is similar to the polymerization reaction
vessel 10 may be used. In the initiator preparation vessel
101, & radical polymerization initiator 1s thoroughly
dissolved in the monomer component to give an initiator
15 Liguid. The temperature in the initiator preparation
vessel 101 1s maintained at a temperature at which the
polymerization reacticn does not proceed, preferably
maintained at -20°C to 10°C. On the other hand, the
temperature 1in the monomer preparation vessel 102 1is
20 maintained at a temperature at which the monomer component
does not volatilize, preferably maintained at -20°C to 10°C.
[0033]
The initiator supply pump 53 and the monomer supply
pump 34 are not particularly limited, and are preferably a

25 pump which can set the supply flow rates of the initiator



10 by the nononer supply punp 54 through the nononer supply conduit 52

whi ch connects the nononer preparation vessel 5102 with the polynerization
reaction vessel 10 as shown in Fig. 1. [0032] As the initiator
preparation vessel 101 and the nonomer pfieparation vessel 102 which are
used in this 10 enbodi nent, a preparation vessel equipped with a stirring
device which is simlar to the polynerization reaction vessel 10 may be
used. In the initiator preparation vessel 101, a radical polynerization
initiator is thoroughly dissolved in the nononmer conponent to _give an

ni tiator STEDPRQARET Thé Conpertt ur d'TRIERE | nFEFEESE - prepar &6 on VEssel
101 is naint@ined.at a tenFerature at which tge $o|ynerization reaction
does not pFECEBEI TpREfFEPabl 2l Rttai HBESEL -20C 1o TOC.CBT it othFér® -hand,
the tenperature i n the nonomer preparation vessel 102 is 20 maintained at
a tenper at GPECAE T HRIEH / t hel hondrfer EBRPBABAL S dodL not'SFol at i | e, tiple
preferably maintained at -20C to 10C. [0033] The initiator supply
punp 53 andSFRETREAGHBE suBply: punPPsd arRFHRTParyi cd ar PIFW%edd, L cand
are preferably a_ 25punp _which can set the supply flow rates of the
initiadtor C2TTEEAPESIVLoRERIL hErONEMEIFCofPHSi tdonBot Hein nonpulsatile

controlled-volume type pump and a triple nonpulsatile

contrelled-volume tType pump.

[0034]

Heating/cooling devices may be connected with the

10 initiator supply conduit 51 and the monomer supply conduit

52, which connect the initiator preparation vessel 101 and

the monomer preparation vessel 102 with the polymerization

reaction vessel 10, thereby adiusting the temperature of

the raw material which 1s fed to the polymerization
15 reaction vessel 10.

[0035]

The supply rate of the initiator compcsition froem the
initiator preparation vessel 101 to the polymerization
reaction vessel 10, which varies depending on the capacity

20 of the polymerization reaction vessel 10, is preferably in
the range from 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 10 L. The supply
rate of the monomer composition from the monomer

25 preparation vessel 102 to the polymerization reaction



pol yneri zation reaction vessel 10 at a constant rate. Specifically,itis
preferableto use a nultiple reciprocating punp, norepreferably anonpul satile
5 control |l ed-vol unme type punp such as a twin nonpul satile controll ed-vol une
type punp and a triple nonpul satile contzol | ed-vol unme type punp. [0034]
Heat i ng/ cool i ng devices may be connected with the 10 initiator supply
conduit 51 and the nononer supply conduit 52, which connect the initiator
preparation vessel 101 and the nonomer preparation vessel 102 with the
pol ynmerization reaction vessel 10, thereby adjusting the tenperature of the
raw nmat eri IESRALcH Yrs Tletlh oVERe Sfol A iZatd o 15F8actamsir Vessef fée
[ 0035] The supply rate of the initiator conposition fromthe
initiator Bpéwﬁéwégleéss@a%&movteﬁ@eém yheriiZat PERTPEAEEYON VeddEl 10,
whi ch varies depending on the capacity 20 of the polynerization reaction
vessel 10, YR8YPr éfféfﬂagl ¥Oi ACt ﬁé/gamg@o}rﬁow@ﬁfrﬁ@lyolpag/tﬁre, 'RBE préefer abl y
inthe range fromO0.5 to 5 kg/hr, in the case that the capacity of the
pol ymeri zatPont ¢ eath | i/ igssen 10h¢s cEB4. tTié stppl ycratel by the rdsonrer
conposition fromthe nononer 25preparation vessel 102 to the pol ynerization
react Pon PRglvessekaidonwhieghtvani essdependi ng 64 Lhe capacity of the
pol yneri zation reaction vessel 10, is preferably in the range from4 to 40
kg/ hr, noréOgpéferably in the range from 10 to 30 kg/hr in the case that
the capacity of the

In orderx

.

to avoid the influence due to dissocolved
oxygen during the preparation of the monomer, it is common
to carry out bubbkbling of an inert gas into the monomer
10 preparation vessel 102 or to deaerate under reduced
pressure to remove dissolved oxygen. In this embodiment,
it 1s not necessary to strictly remcve the dissolved oxygen
and the polymerization reaction can be performed in the
presence of the dissolved oxygen in about 1.5 ppm to 3 ppm.
15 In the case that the obtained methacrylate polymer is used
for the material of optical apparatus, it is particularly
desirable to filtrate the monomer composition with a filter
having pores corresponding to a desired size in order to

remove impurities during feeding the prepared monomer

20 compositicon to the polymerization reacticn vessel 10.
(00371
The methacrylate polymer produced by the

polymerization reaction using the polymerization reaction
apparatus 100 is removed through the polymer composition

25 discharge port 14 of the polymerization reaction vessel 10



5pol yneri zation reaction vessel 10 is 10 L. [0036] In order to avoid
the influence due to dissolved oxygen during the preparation of the
nononer, it is common to carry out bubbling of an inert gas into the
nononer 10preparati on vessel 102 or to demerate under reduced pressure to
remove di ssol ved oxygen. In this enbodinent, it is not necessary to
strictly renove the dissolved oxygen and the pol ynerization reaction can be
performed in the presence of the dissolved oxygen in about 1.5 ppmto 3
ppm 15 In the case that .the obtained nethacr¥late gol mer is used for the

material ofSopt i EXFUEBparafiied PPLYECHaFPMEGPArIy destFABIETEESE MEr &t e the
nmononmer conposition wwth a filter having pores corresponding to a desired
size in oraéﬂyﬁﬁrreﬁ6WEOFh%hPPti%%a@ﬁ?P%g FEetidy the Frébaréd onsierer
20conposition to the polynerization reaction vessel 10. [0037]
Thenet hacr yFBFBpotyare PR JAGE e dbyiRES 1 L 1O o CPRERT &L | U 88 e of'CBSTIHG t he
pol ymeri zation reaction apparatus 100 is renoved through the polyner
conposi ti oACPBEN8§BRar g&/ Porti s ofuPRE2pERFefidatiYon Feattiohvessdle 10
23 as _a (syrupy) liquid polyner conposition, transferred via a polyner
conpoS$i t i oRNKeadLedt MpaSHaGe CEBPANE e &dfesela r8itrcle bivhe vpolymarion by
conposi tion contains unreacted nononer conponent, volatile substances
mai nl y contaihiing theeurrebcted muyemesl Cdorponent naressepar at edisby the
evaporation by heating the polyner conposition as necessary. As the
transfer proeediere ofradwelabovelpolhmesbeoapasilinery, tieprps btedur e the
disclosed in JP 4-48802 B is suitable. As the procedure for the separation
by evapor arronedfirehelisgliatsdde in Jp 4~48802 B is suitable. As the
procedure for the separation by evaporation of the volatile

10 matters, the procedures using a vented extruder is known,
for example, the procedures disclosed in JP 51-29814 B, JE
52-17555 B, JP 1-53682 B, JP ©2-88710 A and JP 3-49925 A
are sultabkle.

[0038]

15 The polymerization reaction vessel 10 used for the
present invention 1s preferably a completely mixing type
reacting vessel, a polymerization {(conversion) rate of the
monomer component to the methacrylate poelymer within the
reaction vessel generally corresponds to the content ratio

20 cof the polymer in the polymer composition. In the present
invention, although the rate o¢f polymerization is not
particularly limited, 1t 1s usually set in the range from
40 to 70% by mass. As the rate of polymerization becomes

higher, the productivity of the methacrylate polymer

25 increases, put higher viscesity of the reaction system is



10 matters, the procedures using a vented extruder is known, for exanple,
the procedures disclosed in JP 51-29914 B, JP 52-17555 B, JP 1-53682 B, JP
62- 89710 A and JP 3-49925 A are suitable. [0038] 15The pol ymeri zation
reacti on vessel 10 used for the present dasvention is preferably a
conpletely m xing type reacting vessel, a polynerization (conversion) rate
of the nononer conponent to the nethacrylate polynmer within the reaction
vessel generally corresponds to the content ratio 20 of the polyner in the
pol ynmer conposition. In the present invention, although the rate of
pol ymeri zat FBHLFE NS piIHcl & | Y2 FPfRI £882DEt Gfs USUAIRP sePWFh- t héSrange
from40 to 70% by mass. As the rate of polynerijzation becones higher, the
product i vi £)€of 3t Re TrettaoriA Bt oty e 2Bt het @438s, thEt PRCGHE: Wilddosi ty
of the reaction systemis 24 resulted to require a |arge extent of
stirring pBhertneasmehaFayea b pollyer] 24 G o Betofes Yeer thehdurden
productivity of the nethacrylate pol ymer decreases so that the burden for
recoveri ngtPRer6APESELEH RBARORBE cEENPENBARCMS L] AETEasedt 3B0039reased. The
unreact ed nmononer conponent which is separated and collected fromthe
pol ynér comp8sPtion are stored in a nonomer recovery tank and may be
supplied to the polynerization reaction by feeding to the nononer 10
preparation vesSek B02eastrdcassamyr krmpsnphéf @habbe ltso sspere tielde amohomer
conponent under the condition that a the concentration of the
pol yneri zatpdhechhiibi formi $Her opr2yppm too@ pphtamd tehe cehoentir ati o of
oxygen in the gaseous phase is from2%to 8% by volune so as not to proceed
t he 15pol ymenprati orraw@actiiyon denkng asicor imgy | nbehe sygnonerd r ecoverhe
tank.It is preferable to store in a cool ed

polymerization reaction by feeding to the monomer

10 Preparation vessel 102 as necessary. It 1is preferable to
store the monomer compcnent under the condition that a the
concentration of the polymerization inhibitor is from 2 ppm
te 8 ppm and the concentration of oxygen in the gaseous
phase 1s from 2% to 8% by volume so as not to proceed the

15 polymerization reaction during storing in the monomer
recovery tank. It is preferable to store in a cooled
condition, specifically, at a temperature, for example,
arcund from about 0°C to about 5°C.

[0040]

20 In the present invention, the monomer, the radical
polymerization dinitiator and the chain transfer agent are
selected depending on the peclymer to be produced. Each of
the components will be explained hereinafter in detail.
[0041)]

25 The monomer component containing the methacrylate



condition, specifically, at a tenperature, for exanple, around from about
0OC to about 5C. [0040] 20In the present invention, the nononer, the radical
pol ynmeri zation initiator and the chain transfer agent are sel ected

dependi ng on the polynmer to be produced.z®Each of the conponents will be
expl ai ned hereinafter in detail. [0041] 25The nononer conponent cont ai ning
the nmethacrylate 25 nononmer as a main conponent is a nethacryl ate nononer
al one, or a mxture of a nethacryl ate nononmer and anot her nononer

copol yneri zable with the nethacryl ate nononmer. \Wen_the ot her nonomer ot her
than net haBPYPEEE ABNBNBFRINsCHEBAR PRe 5 BoREERECHY IAEFhACPPIE e SrbRGmer i s
preferably at |east 50% by mass, nore preferably at | east 75% by mass based
on a total °6f 2nBnéiers. Toou e e et hae ryPa8e ioAbief "PENRSt MEaCFREUl ar | y
limted, 10 and includes, for exanple, an al kyl nethacrylate (wherein the
al kyl gr oupCRasYTeFdzabégr bbrMat BRAB) Methe CAMAAT SgrBOPOTAT t he WRKYy| the

met hacryl ate (wherein the alkyl group has 1 to 4 carbon atons) includes,
for exanpl @LhfpBt RPNROTErhAthedpridil |16 Soptiopyd te Mmepueyer ahd t5BGryIthevet hyl
15 nethacrylate is preferable anong the al kyl nethacrylate. The

met haéryl aEenfsrémet wey: eenyded salromersyr | v5 condi aadlhbn of arakpéasiC® wo.
When at | east two nethacryl ate nononers are used in conbination, the
MONOIMEr CORPONEHS comtizg nPhglehebhet Bacrydatte Mdhober esssa mpged on a

total of monomers.
(0042}
The methacrylate monomer is not particularly limited,
10 and includes, for example, an alkyl methacrylate (wherein
the alkyl group has 1 to 4 carbon atoms). The alkyl group
in the alkyl methacryvlate {(wherein the ailkyl group has 1 to
4 carbon atoms} includes, for example, methyl, ethyl, n-
propyl, isopropyl, n-butyl and t-butyl. Methyl
15 methacrylate is preferable among the alkyl methacrylate.
The methacrylate monomer may be used alone or in
combination o©f at least two. When at least two
methacrylate monomers are used in combinaticn, the monomer
component contalining the methacrylate monomer as a main
20 component is a mixture of at least twe methacrylate
monomars, or a mixture of at least two methacrylate
monomers and another monomer copolymerizable with the
methacrylate monomers. When at least two methacrylate
monomers are mixed with the other copolymerizable monomer,

25 the tetal content of at least two methacrylate monomers is



20 conponent is a mxture of at |east two nethacrylate nononmers, or a
m xture of at |east two nethacryl ate nononers and anot her nononer
copol yneri zable with the nethacryl ate nononmers. Wen at |east two
nmet hacryl ate nononmers are m xed with the®ther copol ynerizabl e nononer
25the total content of at |east two nethacrylate nononers is 26 preferably
at |l east 50% by nmass, nore preferably at |east 75% by nmass based on a total
of nonomer conponents. [0043] The ot her nonomer used together with the
met hacrylate 5 nonomer includes another vinyl nononmer copol ynerizable with
the met hacPyRaf&2RoNormer .-t of her PVi MAS Smorfdfiiest Phef aB@> 17 of teX&dsite, an
al kyl acrylate ester having an alkyl group containing 1 to 18 carbon atons,
such as neﬁﬁ?lbacW9P§t€?S€gh9P écF?Fé&eanm€P86§ﬁ &CFYIPEEE Sn- but vy
acrylate, 2- 10 ethyl hexyl acrylate, dodecyl acrylate and stearyl
acryl ate; af%drAsaturated carboxylic acid or anhydride thereof such as
acrylic acid, nethacrylic acid, maleic acid, itaconic acid, maleic
anhydride and i faéomit@eacimpramfydrisRy boaphbrer Webht &hai Ay ta aeydriey
group such as 2-hydroxyethyl acrylate, 15 2-hydroxypropyl acrylate,
monogPycer BPngeeyl anelugeshypdporpat Ny N yrerivacmeratcep ol yipdricapgreopylth
nmet hacryl ate and nonogl ycerol nethacryl ate; a nononer containing nitrogen,
such as ackykamiedeacrethaer yloanirde, athyl ofiberi Vényl monomer include,
met hacrylonitril e, di acet oneacryl am deand 20 di net hyl am noet hyl
met hacryl ater axsopdeer acortiadiyni ngcant ®poxysgeoupasuch as alllkyll girycixdy
ether, glycidyl acrylate and glycidyl nethacrylate; and a styrene nononer
such as styreneiandgallphas nkt hyksbynere.onf004#4]ci25¢n théhplesenty lameent i on,
t he polynerization initiator

ethyl acrylate, n-propyl acrylate, n-butyl acrvlate, 2-

10 ethylhexyl acrylate, dodecyl acrylate and stearyl acrylate;
an unsaturated carboxylic acid or anhydride thereof such as
acrylic acid, methacrylic acid, maleic acid, itaconic acid,
maleic anhydride and itaconic acid anhydride; a monomer
containing a hydroxyl group such as Z-hydroxyethyl acrylate,

15 Z-hydroxypropyl acrylate, monoglycerol acrylate, 2~
hydroxyethyl methacrylate, 2-hydroxypropyl methacrylate and

monoglycerol methacrylate; a monomer containing nitrogen,

such as acrylamide, methacrylamide, acrylonitrile,
methacrylonitrile, dlacetone acryiamide and
20 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-methylsiyrene,

(0044]

25 In the present invention, the polymerization initiator



supplied to the reaction vessel includes, for exanple, a

radi cal pol yneri zationinitiator. Theradi cal

pol ymeri zationinitiatorincludes, for exanpl e, azo

conpoundssuchasazobi si sobutyronitrile, 27

5azobi sdi met hyl val eronitril e, azobi scycl ohexanenitrile,

1,1 -azobi s-(1-acet oxy-1-phenyl et hane), dinethyl 2,2'- azobisisobutyrate,

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

peroxide, |auroyl peroxide, acetyl peroxide, caprylyl peroxide,

2,4-dichIoFBpBéh§8yﬁxlob%?o%ﬁ&@FlP@obﬁ%%@ebe%BQEH@?Sacé¥y4 eyehphexyl2

sul fonyl peroxide, t-butyl peroxypivalate, t-butyl peroxy neodecanoate,

t-butyl pef8LyChAéoheptahiFatelzathutyl perdyizteétthyl hexa e, radical

1, 1-di (t-butyl peroxy)cycl ohexane, 1,1-

di (t-butyl E@X&@?Ylg?gﬁgnt ri et hydeyel ohddaneiest, 1- 8pft - example,  azo

15hexyl peroxy) -3, 3, 5-tri net hyl cycl ohexane, i sopr opyl

per oxydi cafFBBratedesobut yl spekoxydi cafbonat e, saBebyls ipepokydicoarténat e,

n- butyl peroxydi carbonate, 2-ethyl hexyl

per oxydi carBehacdibeshgivabarphéycidhexyl ) perasy idicyar bbraresnigmille,

per oxy-2-et hyl hexanoate, 1,1, 3, 3-
l1,1'-azobis-{l-acetoxy-l-phenylethane), dimethyl 2,2'-

azoblsisobutyrate, 4,4'-azobis-4-cyanovaleric acid; organic
peroxides such as benzoyl peroxide, lauvrcyl peroxide,
acetyl peroxide, caprylyl peroxide, 2,4-dichloro benzoyl
10 percxide, isobutyl peroxide, acetyl c¢yclohexyl sulfonyl
peroxide, t-butyl peroxyplivalate, t-butyl PEroxy
neodecanocate, t-butyl peroxy neoheptanocate, t-butylperoxy-

Z-ethyl hexanoate, 1,1-di{t-butylperoxy}cyclchexane, 1,1~

di(t-butylperoxy)-3,3,5-trimethylecyclohexane, 1,1-di(t-
15 hexylperoxy)~3,3,5-trimethylcyclchexane, isopropyl
peroxydicarbonate, isobutyl peroxydicarbonate, s-butyl

peroxydicarbonate, n-butyl peroxydicarbonate, Z-ethylhexyl
peroxydicarbonate, bis{4-t-butylcyclohexyl)peroxy

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

20 tetramethylbutyl peroxyethylhexanoate, 1,1,2-
trimethylpropyl peroxy-Z-ethylhexanocate, t-butylperoxy
isopropyl monocarbonate, t-amyl peroxyisopropyl

monocarbonate, t-butylperoxy-Z-ethylhexyl carbkonate, t~-
butyl peroxyallyl carbonate, t-butyl peroxy isopropyl

25 carbonate, 1,1,3,3-tetramethylbutyl pPeroxy isopropyl



20t et r anet hyl but yl per oxyet hyl hexanoate, 1, 1, 2-

tri met hyl propyl per oxy- 2- et hyl hexanoat e, t - but yl per oxy

i sopropyl nonocar bonat e, t - anyl per oxyi sopr opyl

nonocar bonat e, t - but yl per oxy- 2- et hyl hexylzgcar bonat e, t- butyl peroxyallyl
carbonate, t-butyl peroxy isopropyl 28

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

1,1, 3,3-tetranet hyl butyl peroxyi sononanoate, 1,1, 2-trimethyl propyl peroxy

i sononanoat e and t-butgl per oxybenzoat e. The above radi cal pol ynerization
initiator BEBACHEPGRRUTs0l el y 1dr As- G TR XPURF BT 4 wo oPSRBF&ELFRBFEBY

[ 0045] The anmount of the radical polynerization initiator is not
particul arFgePraFPeaatandir s/ fypreaFFgmPRNY RBUFEAgREFPEI-6°00R21 62 %part by
mass based on 100 parts by mass of 10 the raw material nononmer conponent.
Wien two ot hofetFaBRERY I PEPYIEPR ALY ON IIHTICARGICS t8r e LEY | ntaPHiXtur e,
the total amount thereof may be within the above range. The pol ynerization
initiator BGpprreantsathe r%é@tﬁ@ﬁvﬁe§§éPFa&hpéﬁym§fhéﬁtbaﬁtP@&FéﬁF?r
limted in the present 15 invention, is selected depending on the types of
t he nethacé§rabe poegnepledyberppddaced>andet hé Faw Ait BPL 8l Lhererér
conponent to be used. For exanple, the radical polynerization initiator
preferabl y[ABs5h half-l1ife of at nost 1 minute at the polynerization

tenperature. When the
The amount of the radical polymerization initiator is

not particularly limited, and is typically in the range
from 0.001 to 1 part by mass based on 100 parts by mass of
190 the raw material monomer component. When twoe or more
radical polymerization initiators are used in & mixture,
the total amount thereof may be within the above range.
The polymerization initiator supplied to the reaction
vessel, which is not particularly limited in the present
15 invention, 1is selected depending on the types of the
methacrylate polymer to be produced and the raw material
monomer component to bhe used. For example, the radical
polymerization initiator preferably has a half-life of at
reost 1 minute at the polymerization temperature. When the
20 half-life at the polymerization tenmperature 1s at most 1
minute, the reaction rate is suitable, thus the initiator
is suitable for the polymerization reaction in the
continuous polymerization apparatus. The relationship
between the temperature and the half-life of the radical

25 polymerization initiators are described in various articles



20 half-life at the polynerization tenperature is at nost 1 mnute, the
reaction rate is suitable, thus the initiator is suitable for the

pol ymeri zation reaction in the continuous polynerization apparatus. The
rel ati onship between the tenperature and4 he half-life of the radica

25pol yneri zation initiators are described in various articles 29 and the
techni cal docunents of nmanufacturing conpanies for every type of the

radi cal polynerization initiator. In the present invention, the val ues
described in the well-known product brochures avail able from Wko Pure
Chem | nc. 208r tREy &8¢ RFG LCSIPORT 'oh @ RetRCiobye] companies fpe
present invention, a chain transfer agent can be added to the reaction
vessel so 8¥%Fy AdPGsPlalhbl sddfariwePyhtest zehéCpr dBuEedtREt hadfytafe

pol yner. The chain 10 transfer agent used may be any of a nonofunctional
chai n tranBF&fea§ent> vand & nmul #1 ¥ unet Fenarechailkocr drisf efe agént ~known
Specifically, the chain transfer agent includes, for exanple, alkyl

mer capt ansPEAEACEs PERSHVAT eferacaptlat L buf yPm nBpkapttare H&§H meReapt &4
octyl nmercaptan, 2-ethyl hexyl 15 mercaptan and dodecyl nercaptan; aronmatic
mer capt ansKsnehuadkphenykraeptaptanrandsenri-ocresol ; nmercapt ans havi ng at
nost 18 carbon atons such as ethyl ene thioglycol; polyhydric al cohols such
as et hyl enéCgkgtol, neopentyl glycol, trinethylol propane, pentaerythritol"
20 di pentaerythritoi, tripentaerythritol and sorbitol; and an ester
produced by estér fiyieng ze durdr okyVegt bup, wiat lthishirogl 5ecot f€r aggdnbr can
3-nmer capt opropi oni c acid, 1,4- dihydronaphthal ene,

1, 4,5, 8-t ebeahyidednaphthal enectbhenaverspienene, atetpi poiese, 2 molecular

1, 4- cycl ohexadi ene and hydrogen 25sul fide. The above nmay be used al one or
i n conbi natedphof ¢B0the produced methacrylate polymer. The chain

10 transfer agent used may be any of a monofunctional chain
transfer agent and a multifunctional chain transfer agent.
Specifically, the chain transfer agent includes, for
example, alkyl mercaptans such as propyl mercaptan, butyl
mercaptan, hexyl mercaptan, octyl mercaptan, 2-ethylhexyl

i5 mercaptan and dodecyl mercaptan; aromatic mercaptans such
as phenyl mercaptan and thiccresol; mercaptans having at
most 18 carbon atoms such as ethylene thioglycol;
polvhydric alcchols such as ethylene glycol, neopentyl
glycol, trimethylolpropane, pentaervthritol,

20 dipentaervythritol, tripentaerythritol and scrbitcel; and an
ester produced by esterifying a hydroxyl group with
thioglycolic acid or 3-mercaptoproplieonic acid, 1,4~
dihydronaphthalene, 1,4,5,8-tetrahydronaphthalene, beta-
terpinene, terpinolene, 1,4-cyclohexadiene and hydrogen

25 sulfide. The above may be used alone or in combination of



two or nore. [0047] The amount of the chain transfer agent is not
particularly limted, since it varies depending on the 5 types of the
chain transfer agent to be used. For exanple, it is typically in the range
fromO0.01 to 3 parts by mass, preferablyiin the range fromO0.05 to 1 part
by mass based on 100 parts by mass of the nonomer conponent, when

nmer capt ans are used. The anmount of the above range is

10pr ef er abl e, si ncet hemechani cal propertyofthe nethacryl ate pol yner is not
spoi l ed. Wien two or nore chain transfer agents are used in conbination,
the total t¥8g8LalBéft may be within the above range. [0048] 15In the
present invention, any of a bulk polynerization nmethod w thout using a

sol vent or [8Y6dPution pol ymeri zati on method with using a solvent may be
used as the polynerization nethod for the nethacrylate polyner. The bul k
pol yreri zat i on %@epaﬁﬁp@ﬁFarpf pridiéer gblaln 20f boadfer <29eWpenifhenot

pol ynerization is_perforned by a continuous solution polymerization nethod,
t he pol ymePRZALFBARBLEBcebdsl 1ot he igHife AANNERTASSt SRV I MUows: blibk

pol yneri zati on nmet hod except that a solvent is used. The solvent to be
25usefl fortyhespefyheri ghtibntreasteonaorhitchol ®esuisedbl y Foglexample,

it is typically in the range from 0.01 to 3 parts by mass,
preferably in the range from 0.05 to 1 part by mass based

en 100 parts by mass of the moncmer component, when

mercaptans are used. The amount of the above range 1is
10 preferable, since the mechanical property of the
methacrylate polymer is not speiled. When two or more

chain transfer agents are used in combination, the tfotal
usage amcunt may be within the above range.
[0048]

i5 In the present invention, any of a bulk pelymerization
method without using a solvent or a solution polymerization
method with wusing a solvent may Dbe used as the
polymerization method for the methacrylate polyner. The
bulk polymerization is particularly preferable,

20 [0049]

When the polymerization is performed by a continucus
solution polymerization method, the polymerization proceeds
in the same manner as the continuous bulk peolymerization
method except that a solvent is used. The solvent to be

25 used for the polymerization reaction, which 1is suitably



sel ect ed dependi ng on the nononer conponent for the continuous sol ution
pol yneri zati on nmethod, and which is not particularly limted, includes, for
exanpl e, toluene, xylene, ethyl benzene, net hyl isobutyl ketone, nethyl
5al cohol , et hyl al cohol , oct ane, decane, cyciohexane, decalin, butyl acetate
and pentyl acetate. Anong them tol uene, nethanol, ethyl benzene and butyl
acetate are preferable. The solvent can be added to one or both of the
initiator conposition and the nononmer conposition, or can 10be directly
introduced to the polynerization reaction vessel 10. Al though_the ratio of
the sol venfei&Sh8E paAFPREGEAR! y o mithéd, TN pr eFSPDIS F n £RE r&AGe from
5 to 30% by nmass, nore greferabl in the range from1l to 20% by nass based
on the totaPrFairAEEePPartAPRt BPeYTEOOBOT10n MetiRE, aBBderYReRt dfedot
pol ynmeri zation reaction apparatus and the above-nenti oned net hod of
produci ng PRELABERAELYI atémidlegmer W lusiafy t hEPDol §HeEPzat i o CL-8&EEI o
apparatus can effectively produce the nethacrylate polynmer 20 having the
suppr essed*goft@ni natiron beviemd.f anpebdict ilewboperat i ont 91 contEhitigds| y
conducted for a long period of tinme. [0051] The
above>nent gbfAetopel yregrivZat | ancekatt i ovcdpparat udecane,  cyclohexane,
25andt heabove- nent i onednet hodof pr oduci ngt he 32
decalin, butyl acetate and pentyl acetate. Among  them,
toluene, methanol, ethylbenzene and Dbutyl acetate are
preferable. The solvent can be added to one or both of the
initiator composition and the monomer composition, or can
10 be directly introduced to the polymerization reaction
vessel 10. Although the ratio of the solvent is not
particularly limited, it is preferabkly 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.
15 [0050]
The above-mentioconed polymerization reaction apparatus
and the abcve-mentioned method of preducing the
methacrylate polymer by using the polymerirzation reaction
apparatus can effectively produce the methacrylate polymer
20 having the suppressed contamination, even if a production
operation is continuously conducted for a long periocd of
time.
[O051]

The above-mentioned polymerization reaction apparatus

25 and the above-mentioned method of producing the



met hacryl ate pol ymer by using the polynerization reaction apparatus can be
suitably used for producing the nethacryl ate pol ynmer obtai ned by

pol ymeri zi ng the nmonomer m xture containing nethyl nethacrylate as a main
conponent, anong net hacryl ate pol yners. 320052] Since the nethacryl ate
pol ymer obtained by the above pol ynerization nmethod has excel |l ent
transparency and weat her resistance, they can be conveniently used in

10various fields including illum nation, signboards and vehicles. The
nmet hacryl ate golyner can be suitably used for, espeC|aII , materials for an
optical di $&tEBaBEYFALE; POPLTEA ey e enfratdre are!t %@%%l%%tﬁﬁ‘FFééﬁépopens a

lenticular lens, a light guide plate used for a back light 15 systemof a
|iquid cry8PRRTELEPI ayseia dPEf userlpilate andesd prbPect IPIICHY f aééepl at e
of a liquid crystal display; and vehjicles conponents such as a tall-lanp
covering, AchBadriampecovdningg, @ Visord ahd &®erET iFamel . th83MenArKS 1

pol ynmeri zation reaction apparatus for producing a nethacrylate polyner,
conpri si ngRiBaupsl yaeERZzAtREneabyiloneebserortpepfornitAga G@W?@ﬁﬁﬁiatlon
reaction of a raw material m xture containing a nonomer conponent which
conpr bses amaethaeckkarglabropetyasra.mai n conponent; a rotatable shaft;

[0052]
Since the methacrylate polymer obtained by the sabove

polymerization methed has excellent transparency and

weather resistance, they <can be conveniently used in
10 various fields including illumination, signboards and
vehicles. The methacrylate polymer can be suitably used

for, especially, materials for an optical disc substrate;
optical device materials such as an Fresnel lens, a
lenticuilar lens, a light guide plate used for a back light
15 system of a liguid crystal display, a diffuser plate and a
protecting front face plate of a liguid crystal display;
and vehicles components such as a tail-lamp covering, a

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



10a stirring blade fixed to the rotatable shaft, which stirs the raw
material mxture wthin the polynerization reaction vessel; and a shaft

seal bearing part which supports the shaft, wherein a shaft seal portion in
the shaft seal bearing part 15 conprisesza nechani cal seal which contains
at | east one nechanical seal liquid selected fromthe group consisting of
adi pate esters, phthalate esters, diisobutyrate esters and acetyl ated

gl ycerides. 202. A method of producing a nethacrylate polymer by using the
pol ynmeri zation reaction apparatus according to claim1, conprising a step
of : continuously feeding, into theé/diymerization reaction vessel, the
raw material m xture contai ning the nononmer 25conponent which conprises the
nmet hacryl ate nononmer as a 34 nain conponent, to carry out the

pol ymeri zation reaction.
A polymerization reaction apparatus for producing a

methacrylate polymer, comprising:

5 a polymerization reaction vessel for performing a
polymerization reaction of a raw material mixture
centalning a monomer component which comprises a
methacrylate monomer as a main component;

a rotatable shaft;

10 a stirring blade fixed to the rotatable shaft, which stirs
the raw material mixture within the polymerization reaction
vessel; and
a shaft sesal bearing part which supports the shaft,
wherein a shaft seal portion in the shaft ssal bearing part

15 comprises a mechanical seal which contains at least one
mechanical seal liquid selected from the group consisting
of adipate esters, phthalate esters, diisobutyrate esters

and acetvlated glycerides.

20 2. A method of producing a methacrylate polymer by using
the polymerization reaction apparatus according to claim 1,
comprising a step of:
continuously feeding, inte the polymerization reaction
vessel, the raw material mixture containing the monomer

25 component which comprises the methacrylate monomer as a



34

main component, to carry out the poelymerization reaction.



