DESCRI PTI ON TI TLE OF THE | NVENTI ON APPARATUS FOR PRODUCI NG
METHACRYLI C POLYMER AND 5PRODUCTI ON METHOD THERECOF Technical Field [0001]
The present invention relates to an apparatus for producing a 10
met hacrylic polynmer and a producti on nethod using the apparatus. Background
Art [0002] Methods of producing a nethacrylic polyner by bul k
pol yneri zation have 15 a nerit of excellent productivity as conpared with
bat ch node suspension polynerization, a nerit of very excellent
~transparency of the resulting poIBner since auxiliary agents such as a

di spersing agent and the |ike arePESCREJIPNed, a nerit of no necessity of
separation of a reaction solvent in conparison to solution polynerization,
a nmerit of very excellent transparency of the resulting 20pol yner since a

resi dual solvent is not preseﬂhfgrbgl?ﬁéam\y@ﬁh ter renoval of volatiles,
and further a nmerit of obtaining a polyher excellent in thermal degradation

resistance si na@rreARIBHHR FRADRRINEMEZBHACRYILIG HAhaERRMB fed to a
reaction region is permtted to be very small. [0003] 25As a met hod of

continugpusly perforn ng sBERODUYCRION MEFHORTHERBOFa et hacrylic pol yner,
production methods excellent in productivity using a conplete mxing type
reactor, a tubular reactor and a volatile renoving instrunent are

i nvestigated. [0004] For exanple, patent document 1 describes a nethod
wher ei n" i nTspoMgaEFiEHE ng using a conplete nixing type reactor and a
successi vewoggl aced tubul ar reactor, a polynerization initiator is further
added to a dtion solution extracted from the conplete m xing type

reactor and: he PRIOUIRE | KANEN HERR! L bRk BpMydiy 4 e tubul o

reactor, to inprove polynerization ratio. r'ior Ical Docunent
10 methacrylic palymer and a production method using the apparatus.

Background Art
[0002] |
Methods of produging a methacrylic polymer by bulk polymerization have
15 a merit of excellent productivity as compared with batch mode suspension
polymerization, a merit of very excellent fransparency of the résulting polymer
since auxiliary agents such as a dispersing agent and the like are not required,
a merit of no necessity of separation of a reaction solvent in comparison to
solution polymerization, a merit of very excellent transpérency of the resutting
90  polymer since a residuat solvent is not present in the polymer after removal of
volatiles, and further a merit of obtaining. a polymer excellent in thermal
degradatien resistance since the amount of a polymerization inifiator o be fed
to a reaction region is permitted to be very smail.
[0003]
25 As a method of con.tinuously performing such bulk polyrﬁeriz:ation of a

methacrylic polymer, production methods exceltent in productivity using a



Pat ent Docunent [0005] Patent docunent 1: JP-A No. 2003-2912 15Summary of
the I nvention Problemto be solved by the Invention [0006] It is
envi saged to rai se polyrnerization ratio for further inproving
productivity, in the nmethod described in patent docunent 1. 20[ 0007]
In the polynerization reaction of a nethacrylic nmononer, an equilibrium
reaction is domnant, and if polynerization is conducted at high
tenperature, depol ynerization of a polyner occurs and it becones difficult
to raise polynerization ratio. 25[0008] For this reasgn, it is preferable
for raisi ngopulsteenixingt typa rezatbo & wbolr rgactgpand I@é"’ﬁ%"ﬁ%f‘?'ﬁﬁ‘“&ﬂ | ower ed
pol yneri zation tenperat ur?., and it is envisaged to raise polynerization
ratio by | HREUTRPLFSE YESISAEYon tenperature in pol ymerization in the
t ubul ar rezﬁé&{] of the reaction solution extracted fromthe conplete m xing
type reactor;” For raising polynerization ratio in the 5 nmethod described in
pat ent docunen 9 }j?,\ﬁ% Aok e I H Zdddreiy thni tiator is
further added fgﬂ?ﬁe[etﬂglgééﬂegﬁdgo ut ﬁg?] dg:‘sgﬁlig%ﬁﬁrm%{gﬁ%erature extracted from
the conpl etp%l%éﬁiﬂ% LYiRg o @aBbRIe mikay typdrdmaciidn saotedsiaty prcbed to the
tubul ar react'or and the polynerization tenperature in the tubular reactor
i s | ower edfubilisneatcite, & psyosirtaatioh initiator éaftrihenaddpdita @ reaationrseulid i nner
wal | of the tubular reactor increases, a residence part is generated, and
the tenper &xtractedfiramdhe eeirgéate enipincttypeveador rd e PAXMSEPLPR fe period of
the initiator elogngates, [00101 15That is, pol ynerization:.progressed '
resin havi rﬁ@aq’ﬂ(’@Héﬁamﬂ%@\Eﬂ'ﬁFthﬁﬂ?r Weé'cfﬁ-fn&‘ @é"%%@mﬁ%ﬁgg?g F wall of
the tubular reactor. As a result, the flow channel of the tubular reactor
is gradually narrowed, the tube is clogged, and stable operation becones
diffi C'tfbt' P r NRRAGichPHos@hkhg the Problem [0011] The subject of the
present invention I's an apparatus tor producing a nethacrylic polymnmer which
conpri ses: mptERNPd@IBemd Xi Nng type reactor, tubular reactors which have been
serially connected, and a volatile renoving 25i nstrunent, -
f0005] : :

Patent document 1: JP-A No. 2003-2812

15 ' Summary of the Invention
Problem to be solved by the Invention
[0006]

It is envisaged fo raise polymerization ratio for further improving

productivity, in the method described in patent document 1.
20  [0007]

In the polyﬁ']erization reaction of a methacrylic monomer, an equilibrium
reaction is dominant, and if polymerization is conducted at high temperature,
depoiymerization of a polymer occurs and it becomes difficuit to raise
polymerization ratio.

26 {0008]

For this reason, it is preferable for raising polymerization ratio to carry



wherein at |least two of said tubular reactors are connected via a cooler
for cooling the reaction solution. (0012] Further, the subject of the
present invention is a nmethod c pol yner using the above-descri bed
apparatus, conprising a step of polynerizing a 5 nethacrylic nononer

m xture in the conplete mxing type reactor at a pol ynerization tenperature
of 110 to 170C up to a polynerization ratio of 35 to 55% a step of further
adding a polynerization initiator to the reaction solution obtained in the
previ ous ste t hen ner|2|n the reaction sol uti on in a. flrat t ubul ar

reactor at Oéﬂ 'Tﬁftqaéffo'f @ ePe mer%"f’ée‘fﬁﬁ@%ﬁ% o lb’BtﬂrW?&gl aPi on

orevious sTEpSayORBareR anhy i kARl SRRl e e 2 oo of

further adgbﬁn@'tzﬁ%wwmezﬁ}b'u% r{eé‘btblr 8 fle r%%cﬁ&?sé%bﬁ@xfrﬁé@%‘f&%so' ution,

and pol yneri the reaction solution In second tubul ar reactor at an

outlet tenpes g@mmt@m%g thise IsHitoa it rélslmﬁ yomirictiahtion rattinghef 70 to 85%
15and a step of renoving volatiles fromthe reaction sol ution obtained in

t he preyi oussthbve pebyrittedviol @atehiedocemoenitrly | nstrunent. Effect of the
| nventi on %.0013) 20According to the apparatus of the present invention, the
pol ymeri zal@®®¥irati o of the reaction solution before renoval of a sol vent

by the volatile , renmpving instrunment . can, be als h heat quantity,
tinme and the |HE@@H@%@‘%@P&VW@&Z@?%WW&{ 5 arth 33%% B8 EERI can be

reduced and odu o [ 25Furt her,
since the PP I08© hﬁ%@éﬁ? 8?‘3“["? )ﬁ a%?ﬁk grﬁ%s&g%mb% o “35@& terrperature
i s reduced, :Q,g&ert 4, e R a&uoﬂ'é&ﬁtudﬂs%w hacfupllsr reakvrBRd G be
suppressed and quali'ty thereof is inproved. Brief Explanation of Draw ngs

[ 0014] 15F golyindrfzafiof toapRidtarevingie elibwapredtmtis oweppattenythe Modes f or
Carrying Qut the Invention [0016]

viscosity of the reaction solution around the inner wall of the tubular reactor

increases, a residence part Is generated, and the temperature of the

residence part lowers, thus, the half-life period of the initiator elongates.

[0010]

15 " Thatis, a polymerization-progressed resin having higher molecular
weight is generated around the inner wall of the tubular reactor. As a result,

the flow chénnel of the tubular reactor is gradually narrowed, the tube is

clogged, and stable operation becomes difficult.

20  Means for solving the Problem
{0011]

The subject of the present invention is an apparatus for pr'oducing a
methacrylic polymer which comprises: a complete mixing type reactor, tubular
reactors which have been é.erialiy connected, and a volatile removing

25 instrument,

wherein at least twe of said tubular reactors are connected via a cooler



The apparatus for producing a nethacrylic polynmer of the present

10i nvention wll be illustrated referring to Fig. |I. The apparatus for
produci ng a nethacrylic polynmer of the present invention is constituted of
a conplete mxing type reactor 11, nultiple tubular reactors 12 and 13
connected via a cooler 15 cooling the reaction solution, and a volatile
renmovi ng i nstrunent 14. [0016] 15The reaction sol uti on obtai ned by

pol ymeri zati on of a nethacylic nonomer mxture in the conplete mxing type
reactor 11 is polynerized in the tubular reactor 12, then, cooled in the
cool er 15, fanehdingitine sedsjtiestssdution. a pol yneri zation reaction in the tubul ar
reactor 13. The resultant reaction solution is deprived of a solvent in the
vol atil e réﬂ%Vﬂng instrunment 14, to 20obtain a nethacrylic polynmer. [0017]

rixer are.pr of Bt s SRR bE BRESE R BB 80 iR B8 RAPRel el ° '
e PR EALETGR" SO T AR
ni formty Senieouasfiibstiantitaklt, BofPAShY'Y MR ARSI ST on.

[0018] It méthaé@fi@ﬁﬁﬁioenémmuré@hwaoﬁqb%tgﬁmhﬁtt@pme@m type reactor 11
and the tubular reactor 12, a punp for feeding the reaction solution to the

tubul ar r egelyefieriztibs tdinppastac: ofByl Tl 70%Cous ty a exdlyraertdatigntrato veaBt i on
solution using the punp, the reaction solution can be fed stably to the
next step. {AS§5%, ahalepoifyrtercoiding aipalynmerizaiinanifiatogéatheiaastiean be used.
[0019] (Complete m xin _t%pe react or As the,c,orr&l ete mxi nﬂ{l pe
react or 11 SolltipRqbtainad inihedyarions 6. then RANMPETZB8 e reartighss t“%ort and
a stirring.instr t can_be used, and i ' e : t the
stirring i H%??qu%&ﬁ‘ége%?t?ﬁ %%Olf)téé%ft%mﬁé%@%oégﬂcﬁ?e{%g&‘ aeﬁ(if]gacti on
regi on,,[ O : | § i : : iearried out by
known rlr%t h%ﬁg]m%%r% héﬁggmﬁ;c? gtf Hfr)rg? Zggots a%te%@é%?ﬁi&ﬁgﬁ?’%ﬂ%?f ﬁ??gﬁg%sgsi on and
heat 15r emgyalindty il PRlprEbRLY Bl by bl oldttidin @18 terdpiRtletof@f & de of the
a

reactor. 140°C, a step of further adding a polymerization initiator to the cooled reaction
solution, and polymerizing the reaction solution in a second tubular reactor at
an outlet témper;ature of 150 to 180°C and a polymerization ratio of 70 to 85%,

15 and a step of removing volatiles from the reaction solution obtained in the

previous step by a volatile removing instrument.

Effect of the Invention
[0013]

20 ~ According to the apparatus of the present invention, the polymerization
ratio of the reaction solution before removal of a solvent by the volatile ‘
removing instrument can be raised, thus, heat quantity, fime and the like
necessary for the volatile removing instrument can be reduced and
productivity of a methacrylic polymer is improved.

25 " Further, since the time of exposure of the reaction solution to higher

temperature is reduced, generation of a dimer in a methacrylic polymer can



draft tube or a coil disposed in the reactor, and the |i ke can be adopted,
[ 0021] (Tubul ar reactor) The tubul ar reactors 12 and 13 are preferably plug
flow reactors, nore 20preferably jacketed tubular reactors having a static
m xer installed inside. Wien a static mxer is installed inside, the
reaction can be uniformalized and the reaction solution flow can be
stabilized by a stirring effect thereof. The tubular reactors 12 and 13
can be used as a group conposed of mnultiple tubular reactors. Hence, the
tubul ar reactors 12 and 13 described here nmay 25be conposed of a single
react or or bewjunippbssedest ouality frepeof is imgraved. static nmixer, Static M xer
manuf actured by Noritake Co., Ltd. and Throughzer M xer. manufactured by
Sum tono Heavy Industries, Ltd. are suitable. Wen the static mxer is
installed, a static m xer shgw na . oss is preferably used.
5[ 0023] " Regarding the r2@@?ﬂﬁ%ﬁﬁﬁé4Q¢ﬁi§§%Qé§%ws are serially connected
and used. ) (Cool er cooling reaction solution) The cool er 15 for
cooling the redction solution includes a nultitubular 10cool er, a double
tube hegt exchppgers adcheil=td iarbea prodidtRheaspRphes, and the like, and if
cooling efficiency is taken into consideration, a nultitubular cooler is
preferably used. Further, multiple coolers may be serially connected and
used. [0025] 15In the present invention, it is necessary that at |east two
of seri al | Masmsriec Cadrying Orpthe nveulicr reactors are connected via a cool er.
When two tubul ar reactors are present, the tubular reactors 12 and 13 are
connect ed W&1&he cool er 15. The same effect is obtained al so when the

erially connebvedvBoim [sruStutih & mEEEkRlr ety BEeMRE DS The cool er

15. | 0256] invefnti{) e%ﬁ BE iRISS5H [éfgﬁﬁﬁtt%)%q? 1 hefig LgpAatners Qg Gygh the

tenperature o reaction solutio he tubular reactor 13 since the

pol yner i zai&AaéKae pbRthdrof€idd bien®iivenliod Recdnsitltad of eagingslete2, then, the
tenperature of the reaction 25solution is lowered in the cooler 15 and the

reaction sopivingdpp@fedotwet 1 treofiplatubuiar rsadted tDand d Statdhueatedr\daat or 13,
t hus, pol ynerization becones
cooler 15 cooling the reaction solution, and a volatile removing instrument 14.
[0016} -
15 The reaction solution obtained by polymerization of a methacylic
monomer mixture in the complete mixing type reactor 11 is polymerized in the
tubular reactor 12, then, coéled in the cooler 15, and again subjected to a
polymerization reaction in thga tubular reactor 13.  The resultant reaction
solution is _deprived of a solvent in the volatile removing instrument 14, to
20  obtain a methacrylic polymer.
[0017]
Polymerization initiator input instruments 21 and 22 equipped with'a
static mixer are preferably disposed at the reaction solution inlet sides of the
tubular reactors 12 and 13. By this constitution, it becomes easy to uniformly

25  mix a polymerization initiator into the reaction solution.

[0018]



possi bl e wit hout occurrence of residence in the tubular reactor 13 and

Wt hout clogging of the reactor, and polynerization ratio before performng
devol atilization by a volatile renoving instrunment can be inproved. [0027]
5(Vol atile renoving instrunment) As the volatile renoving instrunment 14, a
screw devol atilizing extruder can be used. The screw devol atili zing
extruder generally has a cylinder equipped with a reaction solution supply
port, a polyner outlet and a volatile Vent, and a screw disposed in this
cylinder. 10[ 0028 In the screM/devoIFtiIizjn instr?nent | atiles

are evapor at ed 'fﬂ?:!JFﬁﬁﬁa.b@%H@tdﬁt‘dﬁ@B}h‘?( RRERGHY miNad rrUnﬁl"iq\g e
i nder. [,0029] In.th | atilizi I NSt r.ur el T, f bl

Chat ot eartogRheAen By ern e o Zeling hé sPae | BRIy @bt o, o * ©
latil | . f i Vi d

SFde 1 ovar (OPREY 205 ARREEA P bR eRRRR g e RedBrE Al T 1D, b

reaction sqidifid 82 SHRP! theRBELLHEH SANBEYESN BEFEd QAN td theSidd 8pAS Asat ent

heat at the reéaction solution supply port, thereby flush-evaporating

vol ati | @s. theputhp, ekedrameveailyodvaalabapgeargiurhpead®eabsatdi | es from the
extruder, it is preferable to provide a rear volatile vent at the opposite
side of thdCo&slin flow direction with respect to the reaction solution
supply port, [0030] Further, for suppression of generation of a carbide and
col or at i on (BPMpleisrERGTY tYPE Te&CtBPef er abl e that the cylinder inner wall and

th f d the like t.ed. Wt I t i ,
Such as chr on ORE FPTRImne iR FPRE" i Bl EBREr sbibBRendfa, "
ticularl | j ol at | ' |, and
Por | nor easURB SRS Srtiinpdl toft 308 LRGSR (400 e BT apor
deposi ton),raRGabiYEhARRY SHiffg H3RAMeHERAS athBiNg pEorpizRicer @l ehe 5[ 0031]

One exanple of the nethod for producing a nethacrylic polyner using the
appar at us afhdlsecqdtpsaryidmvention will be illustrated.
[0020] '
 The temperature control in the reactor can be carried out by known
methods. For example, methods of heating or heat fransmission and heat
15  removal by heat medium circulation through a jacket outside of the reactor, a
draft tube or a coll dispoéad in the reactor, and the like can be adopted.
[0021]
(Tubular reactor)
The tubuwar reactors 12 and 13 are preferably plug flow reactors, more
20 preferably jaoke{ed tubular reactors having a static mixer installed inside.
When a static mixer is installed inside, the reaction can be uniformalized and
the reaction solution flow can be stabilized by a stirring effect thereof.  The
tubular reactors 12 and 13'can pe used as a group composed of multipie
tubular feactors. Hence, the tubular reactors 12 and 13 described here may -

95  be composed of a single reactor or multiple reactors.

0022]



[00321 (Step of polynerizing nethacrylic nononmer m xture by conpl ete m xing
type | oreactor at polynerization tenperature of 110 to 170C up to

pol ymeri zation ratio of 35 to 70% The apparatus of the present
invention is suitably applied to production of a honopol yner of nethyl

met hacryl ate, or a copolynmer containing 80 w% or nore of a nethyl

nmet hacrylate unit and 20 wt% or | ess of an al kyl 15(nmeth)acryl ate

(excl udi ng nmethyl nethacrylate) unit. [0033) These are obtai ned by
homopol ymeri zati on of met hyl nmethacrylate, or coBokynprization of a nononer
m xture cont ai Ak e pEticyhixeetState WMixerenamdaghired Ry INqriteiteh§ac jd aansd
(excluding nmethyl methacrylate), respectively. Here, 20 the alKkyl

( met h) acr y(Threughesh Miser meryiaciyed byiupitoms Heay IndustHserifad®€ [ 00341

car bon ot oftSRa MR IESTE R mbatr s nstalis. g1 sy PRI B o 2 by

group such _as_net hyl_,. n- pyl, n-butyl, 2-ethyl hexyl, dodecyl,

st eaw 25aﬁgm¥%%eﬂ¥fﬁg%%%%%§TyuQé@. The al kyl nethacrylate is preferably
t hat hagingrﬁgialkyl group having 2 to 18 carbon atons, and exanpl es

t hereof "inclu é al kyl nethacryl ates having an al kyl group such.as ethyl,

n-propyl, n- bURﬁFarﬁn@tﬂ’ﬁ/ﬂé&@Wl muttiote ecyttorssireaeibiarmhrietted andussd.0036)
Two or nore al kyl (neth)acryl ates (excluding nmethyl nethacrylate) may be
used toget f@E24]Further, at |east one al kyl acrylate and at |east one al kyl
met hacryl ate excl udi ng net hyl nmethacrylate may be used together. [0037]
101 n the pfeeelrr cpalrhigasion srEd®Met hacryl i c nonomers are pol ymeri zed

. I . . b he. I i ,

ooz T TRENgaPyfREdat FariedREGraioT nab ot i MARIRE LS such as
-but vl - Bt L . ,

tort - bityl oBEIEES BRyPEbE Rt BiCnatGER IRk ted Eodih PR MR oy

monocar bongi €, oA boBity brRRIMY IR EHKeALBio consideration, a multitubular cooler
1, 1-bi s(ter&‘-g'b%tcﬂ tggr 0X %3, 3,@t rimet hyl cycl ohexane,

1, 1- bi s(t efd plaénsbRensey) aatieirenaitiple tesitrdutayl bepsaraaly Zoanbgtedrawanat e,
tert-butyl peroxyisobutyrate, tert-hexyl-hexyl peroxy2-ethyl hexanate,

di -tert-butugkdper oxi de, 2, 5-dinciethyl-2,5-bis(tert-butyl peroxy)hexane and
t he 20l ke;[o&zﬁ(% conpounds such as 2-(carbanoyl azo)-isobutyronitrile,

15 In the present invention, it is necessary that at least two of serially
connected multiple tubular reactors are connected via a cooler. When two
tubular reactors are present, the tubular reactors 12 and 13 are connected vie
the cooler 15, The same effect is obtained also when the above-described
complete mixing type reactor 11 and one of ends of serially connected

20 multible tubular reactors are connected via the cooler 15,

[0026] | |

In the present invention, there is no need to lower the temperature of the
reaction solution in the tubular reactor 13 since the polymerization reaction is
catried out in the {ubular reactor 12, then, the temperature of the reaction

25  solution is iowered in the cooler 15 and the reaction solution of lower

temperature is fed to the tubular reactor 13, thus, polymerization becomes



1, 11- azobi s(1-cycl ohexanecarbonitrile), 2,2'-azobisisobutyronitrile,
2,2)-azobis(2-nmethyl butymitrile), dinethyl 212'-azobisisobutyrate, 2,

2' -azobis(2,4,4-trinmethyl pentane), 2, 2'-azobis(2-nmethyl propane) and the
| i ke; persulfates such as potassium persulfate and the |ike; redox

pol ymeri zation 25initiators; and the like. These nmay be used in

conbi nation. [0039] For regul ation of nolecular weight, a chain transfer
agent may be used. As the chain transfer agent, nercaptan conpounds are

Cortiary nieaplandnavaarsAos P Hr o e A GBS o SR G oup such
-butyl, isoebutyl. 5n-octyl . p ] -dodecyl and

o5 1 But T agBuLy e S0:BSHL oSSR e M opapgdodeost and

mercaptan, dRaTiEaRln bifa RidadHnNbuiRd MARIESR cAKk Inirobeder Lhi oglycolic

acid and esters thereo mer capt ans Vi ng to 16 carbon atons such as

et hyl ene tr[bggjv]ycol and the like. Two or nore chain transfer agents may be
used in conbination. 10[ 0040] The ratio (polynerization ratio) of a
pol ymer so0cuplatigreinieving &ettivomerdpl uti on as a m xture of the pol ynmer and
unreacted nononers and the like in the conplete m Xi nP type reactor 11 is
preferably 35 £ tBayplatis emedng ingunerd e assugwWerAAHENG spUHEET zat i on
ratio is 35%or nore, the 15 pol rization ratio of, the reaction solution
bef ore remS@gIbe¥sed. s ol Reefgrer %WW'&I%?’&@J SEUPFRYYi S 3 6 "can be 70%

or nore, and heat antity, ti -and e |l f | atile
renovi ng i ﬁ&?%@n@ Qr{eﬁéﬂ?'}eﬁ‘g@g%n SV\%@X pt%éé%p%?@ﬁéfﬁég?ti%#%gﬁaﬁ%i s 55% or
| ess, mxin L. S:$ t-Of; ; ai ned sufficiently and stable
pol ymer i zat&gﬁ%g@nggg%g%éﬁéi‘notg'béf@@%g The pol yneri zation

t enper apur gohgyt he conplete mxing type reactor 11 is preferably 110 to
170C. Wthin this range, the polynerization ratio can be stably 35% or
nore. The aver hgthersseweismeldtiizngiinstrireech vpladites anexdvagporgipd hydwator! 1 is
preferably 1 to 6 hours. 25 [0042] (Step of further adding pol ynerization
initiator tgenesation kinkreading enddispding @ fhe oY@ ous step, then,

pol yneri zi gg@é action solution in the first tubular reactor at outl et

t enper at ur & 91140 to 1800) © To the reaction solution obtained by

e e 20, Pon TR bR PSSR A Tt RleHIE ket B
o] BB ol PleAcRBRLBLLR RPN B Fré Joldtl LentaHd b pRiytér dftict he
are arranged from the screw driving part side toward the front edge side,
The reaction solution subplied from the reaction solution supply port
discharges heat quantity stored as latent heat at the reaction solution supply
port, thereby flush-evaporating volatiles. For quick removal of a vapor of the
20  volatiles from the extruder, it is preferable to provide a rear volatile vent at the
opposite side of the resin flow direction with respect to the reaction solution
supply port.
[6030}
Further, for suppression of generation of a carbide and coloration 6f a

25  resin, it is preferable that the cylinder inner wall and the screw surface and the

like are coated with a metal other than iron, such as chromiurn, titanium and



As the polynerization initiator, the sane initiators as used in the
conplete m xing type reactor can be used. 10[ 0044] For further adding
a polynerization initiator to the reaction solution, it is preferable to
performuni form m xi ng thereof in the polynerization initiator input
instrument 21 equipped-with a static m xer. [0045] 15 In the tubular
reactor 12, the polynerization ratio is preferably 55 to 70% nore
preferably 60 to 70% Wen the polynerization ratio is 55 to 70% the

pol yneri zation ratio of the reaction solution before renpval af a sol vent
in the vol dhelliker ekboicrgting statipd it netdprbeiady festgxss. ?’%B%’]O”?Bﬂ‘he i nl et
tenperature of the tubular reactor 12 .is. preferably 1 0_140C and t he
out | ot 1 enpRRtRAEd e e rre SSTeer aPAAPS R G T o BUaS TS D of
cool i ng reactl,.: | kit A Al I i ; to 1400
25The reac?fbcértllﬂgcﬁ'ﬁt ?tc\)/rllj) @t?tg g?"géei% %ﬁ# g%??%ﬁer’n’%%“d;%??n@?‘%’g%% |rn t he

t ubul ar rea&éﬁsEt%%)ia?e bRAefapid he cooler 15. [0048] It is preferable in the
cooler 15 that the'tenperature of the reaction solution obtained by

per f or msng [poByyeri zation in the tubular reactor 12 is cooled down to 85 to
140C. By adjusting the tenperature to 85C or higher, flowability of the
reaction sol ut iUre example anse rmatheddrinredueag e wathasrylic wlyegnhupeg
transferred snoothly in a pipe arrangenent. ﬁé adﬂ' gsti ng the tenperature of
the reacti dhegppParaton of Beigeest invailen Wihiee FlEgeie8n temperature in the

t ubul ar reiﬁhg%] 13 can be | owered and inprovenment in polynerization ratio
can be att . 10[ 0049] Since the reaction solution obtained by

per form ng i L.on N > kDS iwetiator,
bt pe ar 455 POl RRa ReBEnBHOREE P Akl &7 cpRpIe iR P
concentjpat i;88c0F afPolyRidrization dpbhtulcesciion sutipn phyaenedisn the
tubul ar reactor 12 i8S in the range of 0.01 ppmto 5 ppm a 15 probl em of

cl oggi ng ofratio pf PB ta70&gement does not occur. Wen the concentration of a
polynmerization initiator in a reaction product entering into the cooler is
t oo high, the Vhecwppargtusiof theprasget inyenton in $Winbi applied weorodHeowal | of a
cooling tube increases, a resjidence part is generated and cl oggi ng, of the -
Sool er occurd MAMSpANIEs SEEANVENE RacaEse Ofd SOPPEEETHRERESS WH6[ 0050)

Cool | ng. and"BRAE DIy reaiBepaete oftharthed e diet BRRhIAR Feactor et
out | et ﬁ%%’%r‘%’ﬁ{‘?ré%”Hﬁgﬁg@V' -xrr%tﬁggryfa?%cﬁﬁif?n solution cooled in the
} .

instru riza
[0033

These are obtained by homopolymerization of methy! methacrylate, or
copolymerization of a monomer mixture containing methyl methacrylate and
an alkyl (meth)acrylate (excluding methyl methacrylate), respectively. Here,

20 . the alky! (meth)acrylate means an alkyl acrylate or an alkyl methacrylate.
[0034]

The alkyl acrylate is preferably that having an alky! group having 1 to 18
carbon atoms, and examples thereof include alkyi acrylates having an alkyi
group such as methyl, ethyi, n-propyl, n-butyl, 2-ethythexyl, dodecyl, stearyl

25 and the like.
[0035]



25initiator is added again, then, the polynerization reaction thereof is ,
carried out in the second tubular reactor 13. [0051] As the
polymerization initiator, the same initiator as used in the tubular reactor
12 can be used, and since the reaction is carried out at higher tenperature
than in the tubular reactor 12, the polynerization initiator used in 5the
tubul ar reactor 13 is preferably a polynerization initiator of high

t enperature deconposition type shomﬁng | onger half-life period than the
polynerization nlﬁkﬁtor e tu | ar t he tHbuJar react or

Y The Bo v Bk e APy S i Pt $at horind seo Rhsreum FEVERg! - 75 1 o

o 1 emovi ngoa Latyanefs: A bBPresdns B et A TRERE Rl R PR DY ™

for eover . ef}gtl gi grouF%%hféérétﬁflaB%ﬁgbﬂgn% '2"@%‘5 ), Qbdeltyl sy to the

reaction s refe I'e 10 per ormu ormmxmgthereof in

t he pol ynerarepfhiedikel ni tiator 15 input instrunent 22 having a static m xer.
The outlet tenperature of the tubular reactor 13 is preferably 150 to 180C.
[0053] @St dpf0dB] renmoving vol atile by volatile renmoving instrunent from

reaction solution obtained in previous step l) 20The reaction sol ution
obt ai ned in. thé”wqmumare a@ab&naﬁthmwl@terse(@x'@ydmén@myameiﬂéawhaiﬁnrﬁay

t t 14, til d th I
e o AR ke L A e
d latil t i t
ool 5B RTE TR o3 be ) S o g, oo L

arranged frggﬁhe screw driving part side toward the front edge side. The
reaction S(;| ut i on supplied fromthe reaction solution supply port ‘

di schanges heatn gieaicsblit Blentash, dscdeainefiadirgi mahotlkes beapdliyorrisetiut i on
supply port, thereby fl ush-evaporati ng volatiles. [0055] 5The tenperature

of the reactsimghapolyumérsatioadnitiatoa bydhe wodmlaieanixirigziyng reastor dirent i s
preferably 180C to 250C. Wthin this range, coloration of a methacrylic
pol yner can088lpr event ed.

The polymerization initiétor includes organic peroxides such as tert-butyl
peroxy-3,5,5-trimethyl hexanate, tert-buty! peroxylaurate, tert-butyl
15 peroxyisopropyl monocarbonate, teri-hexyl peroxyisopropyl monocarbonate,
tert-butyl peroxyacetate, 1,‘§-bis(ter*t-butylperoxy)3,3.S-trimethylcyciohexane,
1,1-bis(tert-butylperoxy)cyclohexane, tert-butyl peroxy2-ethyl hexanate,
tert-butyl peroxyisobutyrate, tert-hexyl-hexylperoxy2-ethyl hexanate,
di-tert-butyl peroxide, 2,5-dimethyl~2i5-bis(tert»butylperoxy)héxane and the
20  like; azo compounds such as 2-(carbamoylazo)-isobutyronitrile,
1, 1-azobis(1-cyclohexanecarbonitrile), 2,2’~ézobisisobutyronitrile,
2tZ’aambis;_‘(2;~mathylbutyronitrile}, dimethyl 2 2-azobisisobuiyrate, 2,
2'-azobis(2,4,4-trimethyipentane), 2, 2"-azobis(Z-methylpropane) and the like,
persulfates such as potassium persulfate and the like; redox polymerization
25 iﬁitiators; and the like. These may be used in combination,

[0039]

10



[0056] It is preferable fromthe standpoint of econony that volatiles such
as 10 unreacted nononers and the |like are recovered by condensing by a
condenser, and re-used. In this case, it is nore preferable that higher

boi li ng poi nt conponents such as a diner of a vinyl nmononer and the |ike
contained in volatiles are separated and renoved by distillation,

thereafter, re-used as nononers. 15[00571 The net hacrylic pol yner
produced by the apparatus of the present invention can be used, for
exanple, as a nolding material. In using as a nolding material, |ubricants

such as hi gher Far cesidation Bf geicuiaiwgiolls Bahaimiranshbagerdnaspenseddded. | f

necessary, avi gl et apsorbers, thermal 20sta I zer ol ori,ng agents,
Pttt at o AnbiE Oa TonSlar Gt Theharin Guaped e e 7Y LS8 e added.

mont | Eﬁg’d[(é@?%’vve?@%%?ﬁ@?iﬁ’gf'“ 0 Bl spfFoFIY IR EREIIE, S0 s
vor e CarT | ot an i e K IR oSS KPR ol amoun)

The residual di'ner arolnt in a pol i's neasured by gas

chr onat agr apbytyl As- o@@@c@thé@mum rsRRhiad e did\tarabufyhaicncaiahy, «phi tedzu
Corp, was used. As a solvent, acetone was used. Butyl acetate was used as
an i nt er nalliket anmamtil: marcaitats sudtoas phend mercantte, fireeicsakl y, and the
residual dipmer amount in liquid was cal culated fromthe results of gas

Chr ot ogr 4pH/t BRO-ALRATFHehEnd Bedkocl Aty scH 303 G650 Meresght - aver age
nmol ecul ar wei ht .Th i.ght - aver age nol ecul ar we sured by
2 gel peméa??c@n AR G A TR AR P TERES SRS RHS TG 250 (eGP
met hod, ha | e THF), then,
15 |1 qui o ORPomavior apREE by taeSh el Bl b AT A o) o
Corp.) yas [ggm, and as the separation colum, two columms of "TSK-Cel
GWHXL" (trade nane, manufactured by Tosoh Corp.) were serially connected,

as the sol vent Théhatisvgsolusedzatidrerdtiopof 4 plotyrmesoatipyitigetetreadtich m / mn, as
the detector, a differential refractorneter was used, the nmeasurenent

t enper at ur sohgdioneas adiivsredf the g@@ner hodiunreatted menmsoens anssthadikadted to
0.1 m, and pol ynet hyl nethacryl ate was used as_the_ standard pol yner.
[ 0061] the complete mixing type réactor 11 is preferably 35 to §5%, more preferably
40 to 55%, When the polymerization ratio is 35% or more, the
15 po!ymerizaﬂon rétio'of the reaction solution before removal of a solvent by the
volatile removing instrument can be 70% or more, and heat quantity, time and
the like necessary for the volatile removing instrument can be reduced.
When the polymerization ratio is 55% or less, mixing and heat transmission
are attained sufficiently and stable polymerization is made possible.
20 [0041] |
The polymerization temperature in the complete mixing type reactor 11 is
preferably 110 fo 170°C.  Within this range, the polymerization ratio can be
s‘tably 35% ormore. The average residence time in the complete mixing
type reactori is preferably 1 to 6 hours.
25 [0042]

(Step of further adding polymerization initiator to reaction solution obtained. in

i



[ Production of nmethacrylic polyner] A nethacrylic polynmer was produced
usi ng an apparatus having a 25schematic constitution shown in Fig. 1, In
t he apparatus shown in Fig. 1, a conplete mxing type reactor 11, a tubul ar
reactor 12, a cooler 15 as a nultitubular cooler, a tubular reactor 13 and
a devolatilizing extruder 14 are arranged in this order, and these are
connected via pipe arrangenents. [0062] Further, the initiator input
instrunment 21 is connected between the 5conplete m xing type reactor 11 and
t he tubul ar tor 1 nd.the .initiator i t _instrunmen 2 Is.connected
botween t heP e il R Pk o DbLp RSPt M R HE Ol sifest)
10N trogen &‘(ﬁtﬁitie’ﬁé g,ra%?i,ei{gftﬂ neaer m xture conposed of 98 wt % of

t hyl metrﬁgcry Ogto

purified nme ate and 2 wt % of nethyl acrylate to adjust the

di ssol ved oxygem fhe rdabtidBdlutibedbtdiged by geﬁ@ﬂﬁmrpd@mém&ao\ﬁﬁmhéﬁ xed
0. 26x104 nol of 1, 1-bis(t-butylperoxy)-3,5,5-trinethylcyclohexane per 100 g

of the nmonoxenplase tivang dypaeracatiion polyrheatationaindia@orls Qurthadr aoikled; octyl 15
mer capt an per 100 g of the nononer (1122 w% as the chain transfer agent,
and t he i xthapethgesplelimt isfiad e e fisttubwlartteacioniRetns palyinayzatigreisr eact or 11
controlled at a poL rization tenperature of 135C and pol ynerized while
stirring to*3igd oy é‘ dhByer reastelehee tinme was 2.5 hours, [0064]
ZOSubsequeg@bX3 the reaction solution was extracted continuously fromthe
reactor, a ulrt her 1, 1-bis(t-butylperoxy)-3,5,5-trinethylcycl ohexane was

added in an amnheontHe RN iBﬁiafd??Q\%C:%]arﬁé’ iﬁiﬁ%ﬁﬁ%ﬂ%@w @il flow rate per

unit tinme in a pipe arrangenent part avl ng roughzer M xer

manuf act ur esbriwylefsumiiegeypdoertdrrdndda aesi, Ltd. installed inside, and the
25m xture was fed to the tubular reactor 12 (plug flow reactor) having

Static M xdPOAdihuf actured by Noritake Co., Ltd. installed inside. [0065]
The tubul ar reactor had a jacket tenperature adjusted to 150C. The average
resi dence ti meFeafurtieeradsings polymerization initiator to the reaction solution, it is
preferable to perform uniform mixing thereof in the polymerization initiator
input instrument 21 equipped with a static mixer.
[0045] |
15 In the'tubular reactor 12, the polymerization ratio is preferarbiy 55 to 70%,
 more preferably 60 to 70%. When the polymerization ratio is 55 to 70%, the
polymerization ratio of the reaction solution before removal of a solvent in the
volatile removing instrument can be 70 to 85%.
[0046]
20 The inlet température of the tubular reactor 12 is preferably 120 {o 140°C
and the outlet temperature thereof is preferably 140 to 180°C,
[{304‘?}
(Step of cooling reaclion solution obtained in previous step down o 85 {o
140°C) |
26 The reaction solution cbtained by performing polymerization in the

tubular reactor 12 is fed to the cooler 15,



[0066] 5 Next, the reaction product was fed to the cooler, and the
tenperature of the reaction product was | owered from 162C to 130C. At this
nonent, the cooler had a jacket tenperature adjusted to 110C. [0067]
Subsequently, to the cool ed reaction product was further added di-t-butyl
10 peroxide in an amount of 70 ppmw th respect to the raw material flow
rate per unit tinme in a pipe arrangenent part 22 having SMX Throughzer

M xer manufactured by Sum tonp Heavy Industries, Ltd. installed inside, and
the m xture was fed to the tubular reactor 13 (plug flow reactor) having
Static M xgposgnufactured by Noritake Co., Ltd. installed inside. The
tubular is reactor had a jacket tenperature adjusted to 170C, and the
reaction sol ut iitds peefetate iretheercatan & thad they BOaparhture of the esctipdact i on
solution had a polynerization ratio of 77% [0068] Further, the. reaction
sol uti on wESldinm hiawed|ky w%prmmp@bfﬂé@ﬁl@maéﬁvglea&wbPlaiif%‘ﬁPh%fﬂ%rrent 14 at

' d latjl ‘ d m i
: g?&r aroq metdaSiniS BB 5HtC] oBYbsTRA B lgnEsaTe0a &p "D ther " ©
1 1 D M M . . - - - . 2 d.
oount 5r oieRRNG OB ion SoRALN T ARl Bhline FoRAoRAIAMURIn 25 I mer

Table 1. They 8 MBotBSn RObipe lPEGREmet 2bBE aBRIsYAg thaat i on was
possi bl e an nt%gH%@ifieggal diongﬁ g%ﬁt V\g’é@28m0 ppm ?[Ogjm]ﬁg(Exanple 2)

Ni trogen wasmipatatQeiiettiel rabotich s8I000R 0 MUgGIneloe@Tpibeadactior8 wt % of 5
purified nethyl nethacrylate and 2 wt% of nmethyl acrylate to adjust the

di ssol ved deygenstuce D.thepgpbylat Fercton B3 canm berewoiesrand kerro¥ementing xed

0. 32x10-4 nol of 1, 1-bis(t-butylperoxy)-3,5,5-trinmethylcycl ohexane per 100
g of the nuIRdvfEEriZAfionHatigERYRS #BAPESn initiator and 0.150 nol of n-octyl
mer capt an 'Tﬁ{) 00 g of the nononer (0,22 % as the chain transfer agent,
10 and Phe [H?4¥lure was conti nuously fed to the conplete m xing type reactor

stirring o m N raBe ol BRRRREFLU bR B oA he od vhi L e
Subsequent lgyfn, P fed $GCH2 B8nBMs b MRiNBE 20MbE Aflapdefr@it imtusided 19m the
not clogged. Here, if the concentration of an initiator in the reaction solution
obtained in the tubular reactor 12 Is in the range of 0.01 ppm 1o 5 ppm, a
15 problem of clogging of a pipe arrangement does not occur.  When the.
concentration of a polymerization initiator in a reaction product entering into
the cooler is too- high, the viscosity of the reaction solution around the inner
wall of a cooling tube increases, a residence part is generated and clogging of
_ the cooler oceurs in some cases like the above-described phenomenon.
20  [0050] '
(Step of further adding polymerization initiaor to reaction solution after
cooling and poiymerizing reaction solution in second tubular reactor at outlet
temperature of 150 to 180°C)
To the reaction solution cooled in the instrument 15, a polymerization

95 initiator is added again, then, the polymerization reaction thereof is carried out

in the second tubular reactor 13.

13



15reactor, and further a polynerization initiator conposed of
1,1-bis(t-butyl peroxy)-3,5,5-trinmethylcycl ohexane and di-t-butyl peroxide
mxed at a ratio of 75 w/0:25 wt % was added in an amount of 20 ppmw th
respect to the raw material flowrate per unit tinme in a pipe arrangenent
part 21 having SMX Throughzer M xer manufactured by Sum tonp Heavy

20l ndustries, Ltd. installed inside, and the m xture was fed to the tubul ar
reactor 12 (plug flow reactor) having Static M xer manufactured by Noritake
Co., Ltd. installed inside. [0072] The tubular reactor had a jacket

t enper at ur d0@8jJusted to 175C. The 25 average residence tinme was 20 m nutes.
[ 0073] Next, the reactian_ product vvas_f_ec{ to the, cogl er nd the

t enper at ure of ASHEE NeARPeRRlGNdRtietoTWhE SR INlAteT BRUEBS & te WREET At this

SSubscquent P 42D OuEh Te o iaes NAEH R BRa a1 -out
peroxi de i oA ANRHMNAfin4he RIS %@d&%%?%QSlymiéﬁﬁ% [ﬁ?ﬁeﬁéf' @led fow rate

per unit tine'in a plpe arrangenent part 2 ving SMX Throughzer M xer

Tanuf aCkU" S Rb@UTRND KRR L pagmekidton MR schigsi de. and e

m xture was fed to the tubul ar .reac plug flow reactor) having Static

10M xer manginpetatustddbyoripositiak e/p8oshovihg longesthallifidd peried dean ffiee t ubul ar
reactor had a jacket tenperature adjusted to 170C, and the reaction
sol uti on owydhghetizativeriatiate indse wistar rehetardul dafie iubaiarieacesBii on had a

pol ynmerization rati-o of 81% [0075] 15Further, the reactio ol yutj on was
cont i nuouslthe pelyrterizatiep atip ﬁ%@’iﬂf%illapm 2R ys ﬁsm%ﬁé)ﬁ?faeﬁp'&? SZQ@%TO)"'and

vol atil es osed unreact ed noner i separated and
Femved at ABet BRI R SRS oSl By s RREE B SRl e o

condi ti,gns, ; I AuE 1 ' [(F=¥Al | BE rédRdat of the
resul talﬁt 53 yﬁ’@oé)‘éﬁﬁ%ﬁi‘ ?’?E@ﬁlé g%@%b@géﬁ&g%éé (gévm irr1 Table 1. The

t ubul ar reaggbrbvAS not clogged, stable polynerization was possi ble and the
resi dual dimer anount was 300 ppm [0077] 25 (Conparative Exanple 1)

[0052] |
For further adding a polymerization initiator to the reaction solution, it is
preferéble to perform unfform mixing thereot in the polymerizétion initiator

15 input instrument 22 having a static mixer. The outlet temperature of the

tubular reactor 13 is preferably 150 to 180°C.
oos3] |
(Step of removing volatile by volatile removing instrument from reaction
solution obtained in previous step)

20 The reaction solution obtained in the tubular reactor 13 is fed to the
volatile removing instrument. 14, and volatiles are removed here, to obtéin a
methacrylic polymer.

[0054]
The volatile removing instrument 14 is preferably a screw devolatilizing

25  instrument in which a rear volatile vent, a reaction solution supply port, a fore

volatile vent and a polymer outlet are arranged from the screw driving part

14



A nethacrylic polynmer having the sanme conposition as in Exanple 1 was
produced under conditions shown in Table 1 without using the cool er 15.
[0078) The pol ynerization conditions, the polynerization ratio, the

resi dual dinmer anount of the resultant polynmer, and the |like at each step
are shown in 5Table 1. The outlet reaction solution tenperature of the
tubul ar reactor 13 was as high as 183C and the pol ynerization rati o was not
rai sed, and the polynerization ratio of the resultant reacti on solution was
68% and the residual dimer amount was as hi gh as 600 ][007 10
( Conpar at i \Edeenp dhg fropt agee sidey | |Té‘epf6ﬁ9?@? SﬂQUPﬁQUPH‘?%é nposi ti on

RIS TR O T
oot 5 O B O A G Wige 1 o 1o

t enper at ur Oggsthe reaction solution in the tubular reactor mas Iomered
t he tubul ar reactor was cl ogged and a pol yner could not be obtained. 20 .
Pol ymer sPhysi caheRemperdtirsoNhArchtthensdlited Y Boaoewldeid#Aizing0999 000' 69

instrument is preferably 180°C to 250°C. Within this range, coloration of a
methacrylic polymer can bé preventad,
[0056]
It is preferable from the standpoint of economy that volatiles such as
10  unreacted monomers and the like are recovered by condensing by a
condenser, and re-used.  In this case, it is more preferable that higher boiling
point components such as a dimer of a vinyl monomer and the like contained
in volatiles are separated and removed by distillation, thereafter, re-used as
monomers.
15 [0057]
The methacrylic polymer produced by the apparatus of the present
invention can be used, for example, as a molding material. In using as a
molding material, lubricants such as higher alcohols, higher fatty esters and
the like may be added. - If necessary, ultraviolet absorbers, thermal
20  stabilizers, coloring agents, antistatic agents, antioxidants, facial washes and

the like may be added.

EXAMPLES
[0058]

25 The present invention will be explained with examples mentioned below.

‘Evaluations of physical properties of polymers in examples were carried out

15
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by the following methods.
[0059]
(Residual dimer amount)

The residual dimer amount (wt%) in a polymer is measured by gas
chromatography. As gas chromatography, GC-17A manufactured by
Shimadzu Corp. was used. As a solvent, acetone was used. Butlyl acetate
was used as an internal sténdard. A calibration curve is made previously,
and the residual dimer amount in liquid was calculated from the results of gas
chromatography of the polymer-dissolved solution.

[0060] |
(Weighf~average molecular weight)

The weight-average molecular weight was measured by a gel |

permeation shromatography method (GPC). For measurement by a GPC

method, a methacrylic resin was dissolved in tetrahydrofuran (THF), then,

liquid chromatography “HLC-8020" (trade name, manufactured by Tosoh

Corp.) was used, and as the separation column, two columns of “TSK-Gel
GMHXL.” (trade name, manufactured by Tosoh Corp.) were serially connected,
as the solvent, ”I:'HF’ was useﬂ‘ the flow rate was adjusted to 1.0 ml/min, as the
detector, a differential refractometer was used, the measurement femperature
was adjusted to 40°C, the injection amount was adjusted to 0.1 m|, and

polymethyl methacrylate was used as the standard polymer.

[0061]

[Production of methacrylic polymer]
A methacrylic polymer was produced using an apparatué having a
schematic constitution shown in Fig. 1. In the apparatus shown in Fig. 1, a

complete mixing type reactor 11, a tubular reactor 12, acooler 15asa.

16
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oz Z aggeJdadtuai wuoitros uogoeau ialln() BL1.1 1 anm edwas | aver
tool Gl O.1 1 O.1 091 (No Lx) soiwr uoRezpaubil od

muititubular cooler, a tubular reactor 13 and a devolatilizing extruder 14I are
arranged in this order, and these are connected via pipe arrangements.
[0062) | |
Further, the initiator inbut instrument 21 is connected between the

5 complete mixing type reactor 11 and the tubular reactor 12, and the initiator
input instrument 22 is connected between the cooler 156 and the fubular
reactor 13.
[0063]
(Example 1)

10 Nitrogen was introduced into a monomer mixture composed of 98 M% of
purified methyl methacrylate and 2 wt% of methyl acrylate to adjust the
dissolved oxygen to 0.5 bpm, then, to this monomer mixture were mixed
0.26%10™ mol of 1,1-bis(t-butylperoxy)-3,5,5-frimethylcyclohexane per 100 g
of the monomer as the polymerization initiator and 0.150 mol of n-octy!.

15 mercaptan per 100 g of the monomer (0.22 wt%) as the chain transfer agent,
and the mikture Vwas continuously fed fo the complete mixing type reactor 11
controlled at a polymerization temperatui‘e of 135°C and polymerized while
étirring to mix. The average residence time was 2.5 hours,

[0064]

20 Subsedquently, the reaction solution was extracted continubusiy from the
reacior, and further 1,1-bis(t-butylperoxy)-3,5,5-trimethyleyclohexane was
added in an amount of 20 ppm with respect to the raw matenal flow rate per
unit time in a pipe arrangement part 21 having SMX Throughzer Mixer
manufactured by Sumitomo Heavy Industries, Ltd. installed inside, and the

25  mixture was fed to the tubular reactor 12 (plug flow reactor) having Static

Mixer manufactured by Noritake Co., Lid. installed inside.

17
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[0065] |

The tubular reactor had a jacket temperature adjusted to 150°C. fhe
average residence time was 20 minutes.
[0066]

Next, the reaction product was fed to the cooler, and the temperature of
the reaction product was lowered from 162°C to 130°C. At this moment, the
cooler had a jacket tempera{ure adjusted to 110°C.

[0067) |

Subsequently, to the cooled reaction product was further added di-t-butyl
ﬁeroxide in an amount of 70 ppm with respect to the raw material flow rate per
unit time in a pipe arrangement part 22 having SMX Throughzer Mixer |
manufactured by Sumitomo Heavy Industries, Ltd. installed inside, and the
mixture was fed fo the tubular reactor 13 (plug flow reactor) having Static
Mixer manufactured by Noritake Co., Ltd. installed inside. The tubular
reactor had a jacket temperature adjusted to 170°C, and the reaction solution
outlet temperature was 172°C. The resultant reaction solution had a
polymerizétion rétio of 77%.

[0068]

' Further, the reaction solution was continuously fed o a screw
devolatilizing instrument 14 at 230°C, and volatiles composed unreacted
monomérs..as main components were separated and removed at 270°C, to
obtain a pelymer,

[0069]

The polymerization conditions, the polymerization ratio, the residual

dimér amount of the resultant polymer, and the like at each step are shown in

Table 1. The fubular reactor was not clogged, stable polymerization was

i8
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possible and the residual dimer amount was 280 ppm,
[0070] |
(Example 2)
Nitrogen was introduced into a monomer mixture composed of 98 wi% of
5  purified methyl methacrylate and 2 wi% of methyl acrylate to adjust the
dissolved oxygen to 0.5 ppm, then, to this monomer mixture were mixed
0.32x10™ mol of 1,1-bis(t-butylperoxy)-3,5,5-trimethylcyclohexane per 100 g
of the monomer as the .polymerization initiator and 0.150 mol of h-octyl .
mercaptan per 100 g of the monomer (0.22 wt%) as the chain transfer agent,
16 and the mixture was con'tinuously fed to the complete mixing type reactor 11
controlled at a polymerizafion temperature of 135°C and polymerized while
sfirfing to mix.  The average residence time was 2.0 hours.
[0071] '
Subsequeﬁtly, the reaction solution was extracted continuously from the
15 reacior, and further a polymerization initiator composed of
'1‘.1-bis(twbutyiperoxy)—B,S,5—trimethyicyclohexane and di-i-butyl peroxide
mixed at a ratio of 75 wt%:25 wt% was added in an amount of 20 ppm with
respect to the raw material flow rate per unit time in a pipe arrahgement pari
21 having SMX Throughlzer Mixer manufactured by Sumitomo Heavy
20  Industries, Ltd. installed inside, and the mixture was fed to the tubular reactor
12 (plug flow reactor) having Static Mixer manufactured by Noritake Co., Lid.
imtaﬁed inside. |
(0072}
" The tubular reactor had a jacket temperature adjusted to 175°C.  The
25 éverage residence time was 20 minutes.

[0073]

19
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Next, the reaction product was fed to the cocler, and the temperature of
the reaction product was lowered from 165°C to 130°C. At this moment, the
cooler had a jacket temperature adjusted to 110°C.

[0074]

Subsequently, to the cooled reaction product was further added di-t-butyl
peroxide in an almount of 20 ppm with respect to the raw material flow rate per
unit time in a pipe arrangement part 22 having SMX Throughzer Mixer
manufactured by Sumitomo Heavy Industries, Ltd. installed inside, and the
mixture was fed to the tubular reactor 13 (plug flow reactor) having Static
Mixer manﬁfactured by Noritake Co., Lid. installed inside. The tubular
reactor had a jacket temperature adjusted to 170°C, and the reaction solution
outlet temperature was 178°C. The resultant reaction solution had a
polymerization ratio of 81%.

[0075}

Further, the reaction solution was continucusly fed to a screw

devolatilizing instrument 14 at 230°C, and volatiles composed unreacted

monomers as main components were separated and removed at 270°C, to
obtain a polymer.
[0076]

The polymerization conditions, the polymerization ratio, the residual
dimer amount of the resuitant polymer, and the like at each step are shown in
Table 1. The tubular reactor was not clogged, stable polymerization was
possible and the residual dimer amount was 300 ppm.

[0077]
(Comparative Example 1)

A methacrylic polymer having the same composition as in Example 1

20
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was produced under conditions shown in Table 1 without using the cooler 15.
[0078] |

The polymerization conditions, the polymerization ratio, the residual
dimer amount of the resultént polymer, and the iike at each step are shown in
Table 1. The cutlet reaction solution temperature of the tubular reactor 13
was as high as 183°C and the polymerization ratio was not raised, and the
polymerization ratio of the resuitant reaction solution was 68% and the
residual dimer amount was-as high as 600 ppm.
[0079]
(Comparative Example 2)

A methacrylic polymer having the same composition as in Example 1
was produced at lowered temperatures of the tubular reactors 12 and 13
under conditions shown in Table 1 without using the cooler 15.  The
polymerization conditions, the polymerization ratio and the like at each step
are shown in Table 1. |
[0080]

~ Since the temperature of the reaction solution in the tubular reactor was

lowered, the tubular reactor was clogged and a polymer could not be

obtained.

21
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[0081]
[Table 1]

Table 1
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Explanation of references

[0082]

11: complete mixing type reactor
12: tubular reactor

13: tubular reactor

14: volatile removing instrument
15: cooler

21: initiator input instrument

22: initiator input instrument

17111 (tivo LK) | odeMul uB110zpaVWAl od
'x3 fdwoo Z -x3 ciunp Expl anation of

23



11: conplete mxing type reactor 12: tubul ar reactor 513: tubul ar reactor
14: vol atile renoving instrunment 15: cooler 21: initiator input

i nstrument 22: initiator input instrument 10 CLAIMS 1. An apparatus
for producing a nmethacrylic polyner which conprises: a conplete mxing type
reactor, tubular reactors which have been serially connected, and 5a

vol atil e renoving instrunent, wherein at | east two of said tubular
reactors are connected via a cooler for cooling the reaction solution.

2. The apparatus for producing a methacrylic polyner according to 100 aim
1, wherein the cooler is a nmultitubuChAiMS8ol er. 3. The apparatus for
produci ng a nethacrylic polymer according to Claim1 or 2, wherein the
tubul ar reactoils afeappatptts fw nredieciog 8 methacrylc pelady WIEh spewieRRg a

met hacrylic polynmer using.the apJoar atus as described in Caiml1, conprising
a step of pol yﬁéﬁqnii?]ﬁ@@g‘r‘r‘élﬁ’é’@r??f;@ramnoner m xture in the conplete mxing

t t | i t t { f 70C t
P e o oA P SRl SHREY S Bt prd T P o @
pol yrner j.zat i 0”F'J?J'Iétll@.tré%ﬁo{riﬁgtiﬂﬁrdrﬁ@ﬁtt' on solution obtained in the previous

step, then, polynerizing t reactron solution in a first tubul ar reactor

at an outlet tgmaesiAtalchPiwd 4P shrl thB0kr adkbiorsPat\BRhERYI WM ardloley of 55 to
70% a step of cooling the reaction solution obtained in the

previ ous stfepcduying tA5 readiersaloton.t o a tenperature of 85 to 140C, a step of
further adding a polynerization initiator to the cool ed reaction solution,
and polynerizing the reaction solution in a second tubular reactor at an

outl et tenperature_of 150 tO'f'L8OC§\nd a pol%mari,zatilon ratio,.of 70 to 85% -
and 2. The apparatus for producing a methacrylic polymer according to

10 Claim 1, wherein the cooler is a multitubular cooler.

3. The apparatus for producing a methacrylic polymer according fo

Claim 1 or 2, wherein the tubular reactors are plug flow reactors.

i5 | 4. A method for producing a methacrylic polymer using the apparatus

as described in Claim 1, comprising |

a step of polymerizing a methacrylic monomer mixture in the complete
mixing fype reactor at a bolymerization temperature of 110 to 170°C up to a
polymerization ratio of 35 10 55%,

20 a step of further adding a polymerization initiator to the reaction solution
obtained in the previous step, then, polymerizing the reaction solution in a first
tubular reactor at an oullel temperature of 140 to 180°C and a polymerization
ratio of 55 to 70%, _

. a step of cooling the reaction solution obtained in the previous step by a

25  cooler down to a temperature of 85 {o 140°C,

a step of further adding a polymerization initiator to the cooled reaction

24



a step of renoving volatiles fromthe reaction solution obtained in the
S5previous step by a volatile renoving instrunent.

solution, and polymerizing the reaction solution in a second tubular reactor at
an outlet temperature of 150 to 180°C and a polymerization ratio of 70 to 85%,
and |

a step of removing volatiles from the reaction solution obtained in the

5 previous step by a volatile removing instrument.
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