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SPECI FI CATI ON

MANUFACTURI NG METHOD
FOR (METH) ACRYLI C RESI N COVPCOSI Tl ON

TECHNI CAL FI ELD

The present invention relates to a nethod of
producing a (neth)acrylic resin conposition. Mire
specifically, the present invention relates to a
nmet hod of producing a (nmeth)acrylic resin
conposition that has an excellent thermal stability
and can provide a substantially col orl ess nol ded
product wth high production efficiency.

BACKGROUND ART

Mol ded products made from (nmeth)acrylic resin
conposi tions have excellent transparency and | ess
optical strain and are therefore w dely used as
opti cal nenbers such as | enses, prisns, phase
difference filns, light guide plates, |ight
diffusion filnms, and polarizing plate protective
filnms.

As a nmethod of producing a (neth)acrylic resin
conmposition, for exanple, Patent Docunment 1
di scl oses a net hod conprising continuous bul k
pol ynmeri zation of a nononer m xture mainly
conprising nmethyl nethacrylate with a single
conpl ete m xi ng-type reactor w thout using any
sol vent, wherein the dissolved oxygen in the nononer
m xture is reduced to 1 ppmor |ess by introduction
of an inert gas; and the polynerization is then

performed so as to be 45%to 70%in a conversion
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from nononer at 130°C to 160°C wusing a radical
initiator having a half-life of 0.5 to 120 seconds
at the polynerization tenperature; stirring wwth a
stirrer having a power consunption of 0.5 to 20 kW
for stirring 1 n? of a reaction solution; and
setting the nean residence tinme such that the ratio
of the half-life of the radical initiator at the
pol ymeri zation tenperature to the nean residence
time is from1/200 to 1/10000.

Pat ent Docunent 2 discl oses a nmethod of
produci ng a nethacrylic polymer having a pol yner
content of 40 to 70 % by wei ght by bul k pol ynmeri zi ng
a nmonorer mainly conprising nethyl nethacryl ate
using a conplete mxing-type reaction tank, wherein
the reaction tank is fully filled with a solution
such that a gas phase is substantially not present;
and the polynerization is perforned in an adiabatic
state such that transfer of heat fromthe outside of

the reaction tank is substantially shut at a

pol ynmeri zation tenperature (T [°C]) of 120°C to 180°C
and a mean residence time (6 [min]) of 15 minutes to
2 hours using a radical initiator having a half-life
of 1 minute or less at the polynerization
tenperature at a concentration (C [nol/100 g of
monomer]) within a range of 4x10 °.e% °1°9T < Co <
3x10—8'eo. O79T.

Pat ent Docunent 3 discloses a nmethod of
produci ng a nethacrylic polymer conprising 80 % by
wei ght or nore of a nethyl nethacrylate unit and 20
% by wei ght or less of an al kyl acrylate or alkyl
met hacryl ate unit (except for nmethyl nethacrylate
unit) through a process conprising continuous bul k



[ 0006]

[ 0007]

pol ymeri zation by continuously feeding to a reaction
zone (a) 0.01 to 1.0 nol % of nercaptan and (b) a
nmononmer material containing a radical polynerization
initiator such that the nunber of noles (A) of the
radi cal polynerization initiator in one nole of the
nmononer fed and the half-life (B [hr]) of the

radi cal polynerization initiator at the

pol ymeri zation tenperature satisfy the

rel ati onships: 1.3 < A(B 2/5)x10%°, A < 0.5x10 %, and
0.01 < B <0.3; substantially uniformy mxing the

reaction mxture in the reaction zone by stirring in
a tenperature range of not |ess than 110°C and | ess

t han 150°C to perform pol yneri zati on such that the

polymer content (¢ [% by weight]) in the reaction

m xture in the reaction zone satisfies a

relationship: 40 < ¢ < 65; and conti nuously
di scharging the reaction m xture fromthe reaction

zone.

Cl TATI ON LI ST
PATENT DOCUMENT
Pat ent Docunent JP 2752458 B

JP HO7-126308 A

JP H11-255828 A

Pat ent Docunent JP S61-200842 A

Pat ent Document 5: JP H06-312122 A

NON- PATENT DOCUNMENT

Non- Pat ent Docunent 1: NOF Corporation technica

data "Hydrogen Abstraction Ability and Initiation

Pat ent Docunent
Pat ent Docunent

B e

Efficiency of Organic Peroxide" (witten in April
2003)
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Non- Pat ent Docunent 2: Chem cal Engi neering
Ref erences, Edited by Society of Chem ca
Engi neering of Japan, 3rd revision, p. 1068 (1968)

SUMVARY OF THE | NVENTI ON
PROBLEMS TO BE RESOLVED BY THE | NVENTI ON

The production nethods of Patent Docunments 1
and 2 use radical polynerization initiators having
short lifetinmes and can therefore easily control the
pol ymeri zation reaction. However, the production
met hod of Patent Docunent 1 uses a relatively |arge
amount of a radical polynerization initiator, which
may i ncrease the content of a (neth)acrylic resin
having a term nal doubl e bond and provide
insufficient thermal stability. The production
nmet hod of Patent Docunment 2 perforns the
pol ynmeri zation at a relatively high polynerization
tenperature for a short residence tinme, which tends
to increase the content of a diner or a triner,
resulting in a tendency of causing silver in the
nol ded product. 1In the production nethod of Patent
Docunent 3, the use of a peroxide polynerization
initiator may easily cause coloring in the nol ded
product, and the use of an azo pol ynerization
initiator needs a long residence tine to increase
the content of a diner or a trinmer, resulting in a
tendency of causing silver in the nol ded product.

An object of the present invention is to
provi de a nmethod of producing a (neth)acrylic resin
conmposition that has an excellent thermal stability
and can provide a substantially col orless nol ded

product wi th high production efficiency.



MEANS FOR SOLVI NG THE PROBLEMS
[ 0009] In order to achi eve the above-nentioned

obj ect, the present invention includes the foll ow ng
aspects:
(1) A nmet hod of producing a (nmeth)acrylic resin
conposition, wherein the nethod conprises the steps
of :

continuously feeding a reaction raw materi al
conprising a chain transfer agent, a radica
pol ynerization initiator and a nonomer m xture
conprising 80 to 100 % by mass of nethyl
met hacrylate and 20 to 0 % by nmass of an al kyl
acrylate to a tank reactor through two or nore
feedi ng ports;

bul k pol yneri zing the nonomer mxture in the
tank reactor until a polynerization conversion of 40
to 70 % by mass to obtain a reaction product; and

removi ng the nonomer mxture fromthe reaction
product,

wherein the perfect mixing time (6y [hr]) of
the tank reactor, the half-1life (11,2 [hr]) of the
radi cal polynerization initiator at the tenperature
in the tank reactor, the stirring power (Py [KWn?T])
of the tank reactor, the mean residence time (6
[hr]) of the reaction raw nmaterial in the tank
reactor, and the concentration (I [ppn) of the
radi cal polynerization initiator in the reaction raw
material satisfy the follow ng rel ati onshi ps:
&m > 1172, and
Pyx8xIxty; 2 < 4.

[ 0010] (2) The net hod according to Aspect (1), wherein
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the tenperature in the tank reactor is 110°C to

160°C;, and the half-life of the radica

pol ymeri zation initiator at the tenperature in the
tank reactor is 0.5 to 120 seconds.

(3) The net hod according to Aspect (1) or (2),
wherein the step of renoving the nononer mxture is
performed by adi abatic flash evaporation.

(4) The net hod according to any one of Aspects (1)
to (3), wherein the reaction solution in the tank

reactor has a water content of 1000 ppm or | ess.

ADVANTAGEQUS EFFECTS OF THE | NVENTI ON

The net hod of producing a (nmeth)acrylic resin
conposition of the present invention can produce a
(meth)acrylic resin conposition that has an
excel l ent thernmal stability and can provide a
substantially col orl ess nol ded product with high
production efficiency. In the bulk polynerization
of a nmononer m xture in accordance with the nethod
of producing a (neth)acrylic resin conposition of
the present invention, the efficiency of the radica
pol ynmeri zation initiator is enhanced, and the
necessary anount of the radical polynerization

initiator can be reduced.

EVBCDI MENTS FOR CARRYI NG OUT THE | NVENTI ON

The met hod of producing a (nmeth)acrylic resin
conposition according to an enbodi nent of the
present invention conprises a step of continuously
feeding a reaction raw material conprising a nonomner
m xture, a chain transfer agent, and a radica

pol ymeri zation initiator to a tank reactor; a step
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of bul k polynerizing the nononmer mxture in the
tank reactor to prepare a reaction product, and a
step of renoving the nononer m xture fromthe
reaction product.

The reaction raw material used in the present
I nvention conprises a nononer mxture, a chain
transfer agent, and a radical polynerization
initiator.

The nononer m xture conprises 80 to 100 % by
mass, preferably 80 to 96 % by mass, of nethyl
met hacryl ate. The nmonomer m xture also conprises O
to 20 % by mass, preferably 4 to 20 % by nmass, of an
al kyl acrylate. Exanples of the alkyl acrylate
i nclude nmethyl acrylate, ethyl acrylate, propyl
acrylate, butyl acrylate, and 2-ethyl hexyl acryl ate.

The nononer m xture may conpri se anot her
nononer, in addition to the nmethyl nethacrylate and
al kyl acrylate. Exanples of such a nononer include
al kyl nethacryl ates ot her than nmethyl nethacryl ate,
such as ethyl nethacrylate, butyl nethacrylate and
the |like; aryl nethacrylates such as phenyl
nmet hacryl ate and the |ike; cycloal kyl nethacryl ates
such as cycl ohexyl nethacryl ate, norbornenyl
nmet hacryl ate and the like; aryl acrylates such as
phenyl acrylate and the Iike; cycloal kyl acryl ates
such as cycl ohexyl acryl ate, norbornenyl acryl ate
and the like; aromatic vinyl nonomers such as
styrene, o-methylstyrene and the like; and vinyl
nononers having a single polynerizable al kenyl group
in a nolecule, such as acrylam de, nethacryl am de,
acrylonitrile, nmethacrylonitrile and the |like. The

content of these nononers other than the nethyl



met hacryl ate and al kyl acrylate in the nononer
m xture is preferably 10 % by nmass or |ess and nore
preferably 5 % by mass or | ess.

[ 0016] The nonomer ni xture has a b” val ue of
preferably -1 to 2, nore preferably -0.5 to 1.5.
The b” value within this range is advantageous for
formng substantially colorless nolded products from
the (neth)acrylic resin conposition with a high
production efficiency. The b value is nmeasured in
accordance wi th Conm ssion International e de
| " Eclairage (CIE) standard (1976) or JIS Z-8722.

[ 0017] The nmononer m xture renoved fromthe reaction
product in the step of renoving the nononer m xture
fromthe reaction product is collected and can be
used again in the present invention. Wen the b*
val ue of the collected nononmer m xture is increased
by the heat applied, for exanple, in the collection
process, the b* value is preferably adjusted to the
above-nentioned range by purification by an
appropriate nethod.

[ 0018] The polynerization initiator used in the
present invention nay be any initiator that
generates reactive radicals, and exanpl es thereof
i ncl ude t-hexyl peroxyisopropyl nonocarbonate, t-
hexyl peroxy-2-ethyl hexanoate, 1,1, 3, 3-

t et ramet hyl but yl per oxy- 2- et hyl hexanoate, t-

but yl peroxy pival ate, t-hexyl peroxy pival ate, t-
butyl peroxyneodecanoate, t-hexyl

per oxyneodecanoate, 1,1, 3, 3-tetranethyl butyl

per oxyneodecanoate, 1, 1-bis(t-

hexyl per oxy) cycl ohexane, benzoyl peroxide, 3,5, 5-

tri met hyl hexanoyl peroxide, |auroyl peroxide, 2,2'-
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azobi s(2-nmet hyl propionitrile), 2,2'-azobis(2-

met hyl butyronitrile), and dinethyl 2,2'-azobis(2-
net hyl propi onate). Preferred exanples are t-hexyl
per oxy- 2- et hyl hexanoate, 1, 1-bis(t-

hexyl per oxy) cycl ohexane, and di nethyl 2,2'-azobis(2-
met hyl propi onat e) .

The polynerization initiator used in the
present invention preferably has a half-life of 0.5
to 120 seconds, nore preferably 2 to 60 seconds, at
the tenperature in the tank reactor described bel ow

The polynerization initiator preferably has a
hydrogen abstraction ability of 40% or |ess and nore
preferably 30% or | ess. These pol ynerization
initiators nmay be used alone or in conbination of
two or nore thereof.

The hydrogen abstraction ability can be known
from for exanple, technical data of a
pol ynmeri zation initiator manufacturer (for exanple,
Non- Pat ent Docunent 1). Alternatively, the hydrogen
abstraction ability can be neasured by a radica
trapping method using oa-methylstyrene dimer, i.e.,
an a-methylstyrene dimer trapping method. This
nmeasurenent is usually perforned as follows. First,
a polynerization initiator is cleaved into radical
moieties in the presence of a-methylstyrene dimer
serving as a radical trapping agent. Anong the
generated radical noieties, a radical noiety having
| ow hydrogen abstraction ability is bound to and
captured by the double bond of the a-methylstyrene
dimer. On the other hand, a radical npiety having
hi gh hydrogen abstraction ability abstracts hydrogen

fromthe cycl ohexane to generate a cycl ohexyl
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radi cal, and the cycl ohexyl radical is bound to and
captured by the double bond of the a-methylstyrene
di mer to generate cycl ohexane-captured product.
Accordingly, the ratio (nole fraction) of the

radi cal noieties having high hydrogen abstraction
ability to the theoretical radical noiety yield
determ ned by quantitatively neasuring the

cycl ohexane or cycl ohexane-captured product is
defined as the hydrogen abstraction ability.

The amount of the polynerization initiator
used is preferably within a range of 0.0001 to 0.02
part by mass, nore preferably 0.001 to 0.01 part by
mass, based on 100 parts by mass of the nononer
m xt ure.

Exanpl es of the chain transfer agent used in
the present invention include al kyl mercaptans such
as n-octyl nercaptan, n-dodecyl nercaptan, t-
dodecyl nercaptan, 1, 4-butanedithiol, 1, 6-
hexanedi t hi ol , et hyl ene gl ycol bisthiopropionate,
but anedi ol bi st hi ogl ycol ate, but anedi ol
bi st hi opr opi onat e, hexanedi ol bi st hi ogl ycol at e,
hexanedi ol bi st hi opropi onate, trinethyl ol propane
tris-(B-thiopropionate), pentaerythritol
tetrakisthiopropionate and the like; a-methylstyrene
di mer; terpinolene and the I|ike.

Anmong t hese chain transfer agents, preferred
are nmonofunctional al kyl nercaptans such as n-
octyl nercapt an and n-dodecyl nercaptan. These chain
transfer agents may be used al one or in conbination
of two or nore thereof. The anobunt of the chain
transfer agent used is preferably 0.1 to 1 part by

mass, nore preferably 0.2 to 0.8 part by mass, and
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nost preferably 0.3 to 0.6 part by mass, based on
100 parts by mass of the nononmer m xture.

Al though in principle no solvent is used in
bul k pol yneri zation, the nononmer m xture can contain
a solvent for, for exanple, adjusting the viscosity
of the reaction solution, if necessary. Preferred
exanpl es of the solvent include aromatic
hydr ocar bons such as benzene, toluene, and
et hyl benzene. These solvents nmay be used al one or
I n conbination of two or nore thereof. The anount
of the solvent used is preferably 30 parts by nass
or less, nore preferably 10 parts by nass or |ess,
based on 100 parts by mass of the nononmer m xture.

The reaction raw material used in the present
i nvention preferably has a di ssol ved oxygen cont ent
of 10 ppmor less, nore preferably 5 ppmor Iess,
nore preferably 4 ppmor |less, and nost preferably 3
ppmor |less. By controlling the content of
di ssol ved oxygen within such a range, the
pol ynmeri zation reaction snoothly progresses, and a
nol ded product not having silver or coloring can be
readi ly prepared.

There is especially no limtation by the
nmet hod of preparing the reaction raw material. The
reaction raw naterial is preferably prepared
i medi ately before being fed to the tank reactor.
The reaction raw material is preferably prepared in
an inert atnosphere, such as nitrogen gas. 1In order
to snoothly perform continuous fl ow operation, it is
preferable to continuously feed each constituent
conmponent of the reaction raw material to a m xer

pl aced in the previous stage to the reaction tank
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fromthe storage tanks through the respective tubes,
mx themin the mxer, and continuously feed the
resulting mxture to the reaction tank. The m xer
can have a dynamc stirrer or a static stirrer

The tank reactor usually conprises a reaction
tank, a stirring neans for stirring the solution in
the reaction tank, feeding ports for feeding a
reaction raw material to the reaction tank, and an
di scharging port for discharging the reaction
product fromthe reaction tank. The solution anpunt
in the reaction tank is maintained substantially
constant by bal anci ng between the anobunt of the
reaction raw material fed to the reaction tank and
t he amount of the reaction product discharged from
the reaction tank. The solution anmount in the
reaction tank is preferably 1/4 or nore, nore
preferably 1/4 to 3/4, and nost preferably 1/3 to
2/ 3 based on the capacity of the reaction tank.

The tank reactor used in the present invention
conprises the feeding ports for feeding the reaction
raw material at a plurality of positions. The
reaction raw material is continuously fed from at
| east two feeding ports simultaneously or
alternately, preferably sinmultaneously. The feeding
ports may be placed on the top of the reaction tank,
may be placed on the side of the reaction tank, may
be placed on the bottom of the reaction tank, or
may be placed on at |east two of the top, the side,
and the bottom of the reaction tank. The feeding
ports are preferably placed at positions symretric
to each other. The position of each feeding port

may be hi gher than the height of the surface of the
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solution in the reaction tank or nmay be | ower than
the height of the surface of the solution in the
reaction tank. The shape of each feeding port may
be the sane as the section of a circular tube or may
be one that allows the reaction raw material to be
wi dely di spersed onto the surface of the solution in
the reaction tank. By providing at |east two
feeding ports, the initiation efficiency of the

pol ymeri zation initiator is increased, and the
anount of the polynerization initiator necessary for
achi eving desired polynerization conversion can be
reduced.

Exanpl es of the stirring neans include a nmax
blend stirrer, a lattice blade stirrer, a propeller
stirrer, a screw stirrer, a helical ribbon stirrer,
and a paddle stirrer. Anmong these stirrers, a nmax
blend stirrer is preferred fromthe vi ewpoi nt of
honbgenous mi xi ng.

The tenperature in the tank reactor, i.e., the

tenperature of the solution in the reaction tank, is
preferably 100°C to 170°C, nore preferably 110°C to
160°C, and nost preferably 115°C to 150°C. The

solution tenperature can be controlled by an
ext ernal heat exchange type conditioni ng nethod
with, for exanple, a jacket or heat transfer tube or
by a sel f-heat exchange type conditioni ng nethod by
di sposing, in the reaction tank, a tube in which the
reaction raw material or reaction product flows.

In the nmethod of producing a (neth)acrylic
resin conmposition of the present invention, the
wat er content of the reaction solution in the tank
reactor is preferably 1000 ppmor |ess, nore
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preferably 700 ppmor |ess, and nost preferably 280
ppmor |less. By controlling the water content to
1000 ppmor less, aresin foreign material of

several to several tens mcroneters can be prevented
from bei ng generated during the polynerization
reaction, and when the resulting (nmeth)acrylic resin
conposition is fornmed into a filmor a sheet by

mel t - nol di ng, occurrence of defects having externa
di anmeter of several tens mcroneters caused by the
resin foreign material as nuclei can be considerably
reduced.

Al t hough the nmechani sm of suppressing the
generation of the resin foreign material is not
clear, it is conceived that a high nol ecul ar wei ght
(meth)acrylic resin unintentionally generated in the
gas phase of the reaction tank is mxed as the resin
foreign material with the nononer m xture during the
pol ynmeri zati on and becones the nucleus of a defect
as a unnelted material in the nelt-nolding.

The ampbunt of water in the reaction solution
can be reduced by, for exanple, a nethod conprising
treating the raw nmaterial solution in advance with
an absorption and dehydrati on columm or a nethod
conprising introducing an inert gas into the gas
phase of the tank reactor and condensing a part of
the vapor together with the inert gas with a brine-
cool ed condenser to discharge the water to the
out si de of the system

In the production nethod of the present
invention, the perfect mixing time (6w [hr]) of the
tank reactor is longer than the I ength of the half-

life (11,2 [hr] of the radical polynerization
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initiator at the tenperature in the tank reactor
preferably 1.2 tinmes or nore the I ength of the half-
life. That is, a relationship of 6w > 711/ 2,
preferably a relationship of 6y > 1.2 x 11,2 1S
satisfied. The perfect mxing time is one indicator
representing the m xing characteristics of a

reaction tank and can be determ ned froman "n-oy-Re

curve" showi ng the rel ationship between n-6y

(di mensi onl ess m xed nunber (n represents the
rotation speed [1/sec]) of the stirrer blade) and Re
(Reynol ds' nunber: an indicator representing the

di sorder state of a solution). The perfect m xing

time and the n-6y-Re curve are described in, for
exanpl e, Non-Patent Docunment 2, Patent Docunent 4,
and Patent Docunent 5.

In the tank reactor, bulk polynerization is
performed until obtaining a polynerization
conversion of 40 to 70 % by mass and preferably 35
to 65 % by nass.

The stirring power (Py) of the tank reactor is
preferably 0.2 to 7 kWn?, nore preferably 0.3 to 6
KWn?, and nost preferably 0.4 to 5 kWn?. The
stirring power can be adjusted by the shape and the
rotation speed of the stirrer blade and the
viscosity and the density of the solution in the
reaction tank.

The mean residence time (6) of the reaction
raw material in the tank reactor is preferably 0.5
to 6 hours, nore preferably 1 to 5 hours, and nost
preferably 2 to 4 hours. A too short nean residence
time increases the necessary anount of the
pol ymeri zation initiator. The increase in the
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amount of the polynerization initiator tends to nmake
it difficult to control the polynerization reaction
and also difficult to control the nol ecul ar wei ght.
On the other hand, a too | ong nean residence tine
tends to elongate the tine until the reaction
becones a steady state and to decrease the
productivity. The mean residence tinme can be

adj usted by the capacity of the tank reactor and the
feedi ng anobunt of the reaction raw nateri al .

The stirring power (Py [kWn?]) of the tank
reactor and the mean residence time (6 [hr]) in the
tank reactor are adjusted such that the
concentration (I [ppn) of the radica
pol ynmeri zation initiator in the reaction raw
material and the half-1life (11,2 [hr]) of the
radi cal polynerization initiator at the tenperature
in the tank reactor satisfy the relationship:
Pyx6xIxt1,2 < 4, preferably Pyx6xIxty,, < 3. The
bul k pol ynerization is preferably perforned in an
i nert gas atnosphere, such as nitrogen gas.

Anot her reactor may be connected to the post
stage of the tank reactor. The reactor that is
connected to the post stage may be a tank reactor or
a tube reactor.

When the reaction product obtained by the bul k
pol ynmeri zati on under the above-described conditions
is discharged fromthe tank reactor, the discharge
amount of the reaction product is preferably
bal anced with the feedi ng anount of the reaction raw
material such that the reaction solution anount in
the reaction tank is constant.

The reaction product to be discharged
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preferably has a (neth)acrylic resin content of 40
to 70 % by nass and nore preferably 35 to 65 % by
mass. A too high content of the (meth)acrylic resin
i ncreases the viscosity, resulting in a tendency of
requiring a higher stirring power. A too |ow
content of the (neth)acrylic resin causes
i nsufficient renoval of the nonomer m xture and
ot her conponents in the step of renoving the nononer
m xture fromthe reaction product, and a nol ded
product formed fromthe resulting (nmeth)acrylic
resin conposition tends to have poor appearance such
as silver.

The (meth)acrylic resin preferably has a
wei ght - aver age nol ecul ar wei ght (hereinafter, my
referred to as My of 35 thousand to 200 thousand,
nore preferably 40 thousand to 150 t housand, and
nost preferably 45 thousand to 130 thousand. A too
small Mwv tends to decrease the inpact resistance and
t he toughness of a nol ded product produced fromthe
(meth)acrylic resin conposition. A too |large Mwv
decreases the fluidity of the (neth)acrylic resin
conmposition, resulting in a tendency of reducing the
nol di ng processability.

In the (neth)acrylic resin, the ratio of the
wei ght - aver age nol ecul ar wei ght to the nunber-
aver age nol ecul ar wei ght (hereinafter, this ratio
may be noted as nol ecul ar wei ght distribution) is
preferably 1.5 to 2.6, nore preferably 1.6 to 2.3,
and nost preferably 1.7 to 2.0. Wen the nol ecul ar
wei ght distribution is Iow, the nolding
processability of the (nmeth)acrylic resin

conposition tends to decrease, whereas when the
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nol ecul ar wei ght distribution is high, the nol ded
product produced fromthe (neth)acrylic resin
conposition tends to have | ow i npact resistance and
to be brittle.

The wei ght - average nol ecul ar wei ght and the
nunber - aver age nol ecul ar wei ght are nol ecul ar
wei ghts in terns of standard pol ystyrene neasured by
gel perneation chromatography (GPC). The wei ght-
aver age nol ecul ar wei ght and the nol ecul ar wei ght
distribution of a (neth)acrylic resin can be
controlled by fixing the types and the anounts of
the polynerization initiator and the chain transfer
agent .

The production nethod of the present invention
conprises a step of renoving the nonomer m xture
fromthe reaction product. Herein, the reaction
product is not limted to the reaction product
obt ai ned by bul k polynerization in the tank reactor
and may be a reaction product obtained in another
reactor optionally connected to the post stage of
the tank reactor, i.e., a reaction product obtained
by further polynerizing in another reactor the
unreact ed nmononmer m xture in the reaction product
obt ai ned by bul k polynerization in the tank reactor
to increase the polynerization conversion. In this
step, the solvent is sinultaneously renoved as
necessary. The renoval process is not particularly
limted and is preferably a heat-devolatilizing
process. Exanples of the heat-devolatilizing
process include equilibriumflash evaporation and
adi abatic flash evaporation, and preferred is the

adi abatic flash evaporation. The tenperature for
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the adi abatic flash evaporation is preferably 200°C

to 300°C and nore preferably 220°C to 270°C. Wen

the adi abatic flash evaporation is perforned at a

tenperature | ower than 200°C, the devol atilization
takes a long tine to cause insufficient

devol atilization, which may cause poor appearance of
t he nol ded product, such as silver. On the other

hand, when the adi abatic flash evaporation is

performed at a tenperature higher than 300°C, the
(meth)acrylic resin conposition tends to be stained
by oxi dation or burning. The adiabatic flash
evaporation may be perforned by nultiple stages. In
such a case, the reaction product flowing in a heat
transfer tube is heated by the steam of the flash-
evapor at ed nonomer m xture, and the heated reaction
product is fed to a | owpressure flash tank and can
be fl ash-evaporated therein. The reaction product
can be pressurized with, for exanple, a punp. After
the renoval of the nonomer m xture, the
(nmeth)acrylic resin conposition can be forned into a
pell et or a powder and granule in accordance with a
known nethod, in order to enhance the workability as
a nolding material. The content of the nononer

m xture in the (nmeth)acrylic resin conposition
obtained in the present invention is preferably 1 %
by mass or less and nore preferably 0.5 % by nass or
| ess.

The (meth)acrylic resin conposition obtained
by the production nethod of the present invention
may optionally conprise various additives. The
anount of the additives is preferably 0.5 % by nass
or less, nore preferably 0.2 % by nass or |ess,
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based on the anmobunt of the (nmeth)acrylic resin
conposition. A too |arge anpunt of additives may
cause poor appearance of the nolded product, such as
silver.

Exanpl es of the additives include
anti oxi dants, thermal degradation inhibitors,
ultraviol et absorbers, light stabilizers,
| ubricants, nold-rel easing agents, polyner
processing aids, antistatic agents, flane
retardants, dyes and pignents, |ight diffusion
agents, organic coloring agents, delustering agents,
I npact resistance nodifiers, and fluorescent
mat eri al s.

The anti oxi dant has by al one an effect of
preventing oxidative degradation of a resin in the
presence of oxygen, and exanpl es thereof include
phosphorus anti oxi dants, hindered pheno
anti oxi dants, and thioether antioxidants. These
anti oxi dants may be used al one or in conbination of
two or nore thereof. Anobng these antioxidants, from
the viewpoint of the effect of preventing the
degradation of optical characteristics due to
coloring, preferred are phosphorus anti oxi dants and
hi ndered phenol antioxidants. A conbination of a
phosphorus anti oxi dant and a hi ndered phenol
antioxidant is nore preferred.

In the conbinati on of a phosphorus anti oxi dant
and a hindered phenol antioxidant, the ratio thereof
is not particularly limted, and the nmass rati o of
t he phosphorus antioxidant to the hindered pheno
antioxidant is preferably 1/5 to 2/1 and nore
preferably 1/2 to 1/1.



21

[ 0044] Preferred exanpl es of the phosphorus
anti oxi dants include 2, 2-nethyl enebi s(4,6-di-t-
but yl phenyl )octyl phosphite (trade name: Adekastab
HP- 10, manuf actured by ADEKA Corporation) and
tris(2,4-di-t-butyl phenyl) phosphite (trade nane:
| RGAFCS 168, manufactured by C ba Specialty
Chem cal s Corporation).

[ 0045] Preferred exanpl es of the hindered phenol
anti oxi dants include pentaerythrityl tetrakis[3-
(3,5-di-t-butyl -4-hydroxyphenyl ) propi onate] (trade
nanme: | RGANOX 1010, manufactured by G ba Specialty
Chem cal s Corporation) and octadecyl 3-(3,5-di-t-
but yl - 4- hydr oxyphenyl ) propi onate (trade nane:
| RGANOX 1076, manufactured by Ci ba Specialty
Chem cal s Corporation).

[ 0046] The thernmal degradation inhibitor has an
effect of preventing thermal degradation of a resin
by capturing polymer radicals generated by exposure
to high tenperature in a substantially oxygen-free
condi tion.

Preferred exanples of the thermal degradation
inhibitors include 2-t-butyl-6-(3" -t-butyl-5"-
nmet hyl - hydr oxybenzyl ) - 4- net hyl phenyl acrylate (trade
nane: Sum lizer GM nanufactured by Sum tono
Chem cal Co., Ltd.) and 2,4-di-t-anyl-6-(3",5 -di-t-
amyl-2"'-hydroxy-oa-methylbenzyl)phenyl acrylate
(trade nane: Sumlizer GS, manufactured by Sumtono
Chem cal Co., Ltd.).

[ 0047] The ultraviol et absorber is a conpound havi ng
an ability of absorbing ultraviolet. The
ultravi ol et absorber is a conpound that is

recogni zed to have a function of nmainly converting
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light energy into heat energy.

Exanpl es of the ultraviolet absorbers include
benzophenones, benzotriazoles, triazines, benzoates,
sal i cyl ates, cyanoacryl ates, oxalic anilides,
mal onat es, and formam di nes. These ultraviolet
absorbers nmay be used alone or in conbination of two
or nore thereof.

Anmong these ultraviol et absorbers, preferred
are benzotriazoles or ultraviolet absorbers having a

maximum molar absorption coefficient emax Of 1200

dmt-mol “tcm?! or less in a wavel ength range of 380
nmto 450 nm

The benzotriazol es have an effect of highly
preventing a reduction in optical characteristics,
such as coloring due to ultraviolet irradiation, and
are therefore preferred as the ultraviol et absorber
for the case of applying the (neth)acrylic resin
conmposition to the use requiring the characteristics
descri bed above.

Preferred exanples of the benzotriazol es
i ncl ude 2-(2H benzotriazol-2-yl)-4-(1,1, 3, 3-

t et ramet hyl butyl ) phenol (trade nane: TINUVIN 329,
manuf actured by G ba Specialty Chemcals

Cor poration) and 2-(2H benzotriazol -2-yl)-4, 6-bi s(1-
nmet hyl - 1- phenyl et hyl ) phenol (trade nanme: TI NUVIN
234, manufactured by G ba Specialty Chem cals

Cor por ati on).

U traviol et absorbers having a maxi num nol ar
absorption coefficient emax Of 1200 dn?-mol " tcm?® or
l ess in a wavel ength range of 380 nmto 450 nm can
prevent the resulting nolded product fromyell ow ng.

The maximum molar absorption coefficient emax
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of an ultraviolet absorber is neasured as foll ows.
An ul traviol et absorber (10.00 ng) is dissolved in 1
L of cycl ohexane such that undi ssolved matter is not
visually observed. The resulting solution is placed
in a quartz glass cell of 1 cmx 1 cmx 3 cmand is
subj ected to neasurenent of the absorbance in a
wavel ength range of 380 nmto 450 nmw th a
spectrophot oneter, U 3410, manufactured by Hi tachi
Ltd. The maximum molar absorption coefficient emax
Is calculated fromthe nol ecul ar weight (Mwv) of the
ultravi ol et absorber and the neasured maxi num
absor bance (Amnax) by the foll ow ng expression:

emax = [Amax/(10%x10" )] xMu.

Exanpl es of the ultraviol et absorber having a

maximum molar absorption coefficient emax Of 1200

dmi-nol “tcm?! or less in a wavel ength range of 380 nm
to 450 nminclude 2-ethyl-2'-ethoxy-oxal anilide
(trade nane: Sanduvor VSU, manufactured by C ari ant
(Japan) K. K.).

Anmong t hese ultraviol et absorbers, fromthe
vi ewpoi nt of preventing deterioration of a resin by
ultraviolet irradiation, benzotriazoles are
preferably used.

The light stabilizer is a conpound that is
recogni zed to have a function of capturing radicals
mai nly generated by oxidation by light. Exanples of
suitable light stabilizers include hindered am nes
such as conpounds having 2, 2, 6, 6-
tetraal kyl pi peri di ne skel etons and the |ike.

The nol d-rel easing agent is a conpound havi ng
a function of easily releasing a nolded product from
the nold. Exanples of the nol d-rel easi ng agents
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i ncl ude hi gher al cohols such as cetyl al cohol,
stearyl al cohol and the like; and glycerin higher
fatty acid esters such as stearic acid

nonogl yceride, stearic acid diglyceride and the
like. In the present invention, the nold-rel easing
agent is preferably a conbination of a higher

al cohol and a glycerin fatty acid nonoester. In the
conbi nation, the mass ratio of the higher alcohol to
the glycerin fatty acid nonoester is not
particularly limted and is preferably 2.5/1 to
3.5/1 and nore preferably 2.8/1 to 3.2/1.

The pol yner processing aid is a conpound
having an effect of contributing to the accuracy and
reduction in the thickness of a filmformed fromthe
(meth)acrylic resin conposition. The pol yner
processing aid is usually polymer particles that can
be produced by emnul sion polynerization and have a
particle diameter of 0.05 to 0.5 um.

The pol yner particles may be nonol ayer
particles conposed of a polynmer having a single
conmposition ratio and a single limting viscosity or
may be nultilayer particles conposed of two or nore
pol ymers having different conposition ratios or
different limting viscosities. In such cases, a
preferred exanple is particles having a two-Iayer
structure conprising an inner |ayer conposed of a
pol ymer having a low limting viscosity and an outer
| ayer conposed of a polyner having a high limting
viscosity of 5 dL/g or nore.

The pol yner processing aid preferably has a
limting viscosity of 3 to 6 dL/g. Wen the

limting viscosity is too low, the effect of
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I nproving the noldability tends to be low A too
high limting viscosity tends to reduce the nelt
fluidity of the (neth)acrylic resin conposition.

[ 0057] The (nmeth)acrylic resin conposition may
contain an inpact resistance nodifier. Exanples of
the inpact resistance nodifiers include core shel
type nodifier containing acrylic rubber or diene
rubber as a core | ayer conponent; and a nodifier
conprising a plurality of rubber particles.

[ 0058] The organic coloring agent is preferably a
conpound having a function of converting ultraviol et
rays, which are recognized to be harnful to resins,
into visible Iight.

Exanpl es of the light diffusion agent and the
del ustering agent include glass mcroparticles,
cross-1linked polysiloxane mcroparticles, cross-
| i nked pol yner mcroparticles, talc, calcium
carbonate, and barium sul fate.

Exanpl es of the fluorescent material include
fluorescent pignents, fluorescent dyes, fluorescent
white dyes, fluorescent brightening agents, and
fl uorescent whitening agents.

[ 0059] These additives may be added to the reaction
raw material, may be added to the reaction product,
or may be added to the (meth)acrylic resin
conmposi tion obtained after devolatilization.

[ 0060] The (meth)acrylic resin conposition obtained
by the production nethod of the present invention
can be nolded (heat nelt nolded) by a known net hod,
such as injection nolding, conpression nolding,
extrusi on nol di ng, or vacuum nol ding, to provide

vari ous nol ded products. Exanples of nol ded
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products conposed of the (nmeth)acrylic resin

conposi tion include signboard conponents such as
advertising pillars, stand signboards, side

si gnboards, transom signboards, rooftop signboards
and the like; display conponents such as showcases,
partition plates, store displays and the |ike;

i ghting conponents such as fluorescent |anp covers,
nmood |l ighting covers, |anpshades, |um nous ceilings,
light walls, chandeliers and the |ike; interior
conponents such as pendants, mrrors and the I|ike;
bui | di ng conponents of doors, dones, safety w ndow
gl ass, partitions, stair wainscots, bal cony

wai nscots, roofs of buildings for leisure and the
i ke; transport-rel ated conponents such as aircraft
wi ndshi el ds, visors for pilots, notorbikes,
not or boat wi ndshields, light shield plates for
buses, and sun visors, rear visors, head w ngs and
headl i ght covers for autonobiles and the |iKke;

el ectroni ¢ devi ce conponents such as nanepl ates for
acoustic imging, stereo covers, television
protecti on masks, vendi ng nmachi nes and the like;
nmedi cal devi ce conmponents such as infant incubators,
roent gen conponents and the |ike; device-rel ated
conmponents such as nachi ne covers, gauge covers,
experinment devices, rulers, dial plates, observation
wi ndows and the like; optics-related conponents such
as liquid crystal protection plates, |ight guide
plates, light guide filnms, Fresnel |enses,

| enticular | enses, front plates of various displays,
di ffusion plates and the |like; traffic-rel ated
conmponents such as road markers, guide plates, curve

mrrors, soundproof walls and the like; filmnmenbers
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such as pol arizer protective filns, polarizing plate
protective filnms, phase difference filns, surface
materials for autonobile interiors, surface
materials for cellular phones, marking filns and the
i ke; nmenbers for honme electric appliances such as
canopi es and control panels of washing machi nes,

top panels of rice cookers and the |ike;

greenhouses, | arge-scal e water baths, box water

bat hs, cl ock panel s, bathtubs, sanitary equi pnent,
desk mats, sport conponents, toys, nasks for face
protection during welding, and the I|ike.

EXAMPLES

The present invention will now be nore
specifically described by exanpl es and conparative
exanples, but is not limted by the follow ng
exanpl es. The present invention further enconpasses
al | enbodinents by arbitrarily conmbining matters
speci fying the technical features, such as
characteristic values, forms, production nethods,
and uses, described above.

Measurenent or the |like of the physical val ues
i n Exanpl es and Conparative Exanpl es was perforned
by the foll ow ng nethods.

(Measurenment of water)

The water content in a reaction solution was
nmeasured with a Karl-Fi scher (KVA-210, manufactured
by Kyoto El ectronics Manufacturing Co., Ltd.).

(Pol yneri zati on conversi on)

A colum (G.C G 230, manufactured by Sciences

Inc., INERT CAP 1 (df: 0.4 ym, I.D.: 0.25 mm,

l ength: 60 n)) was connected to a gas chronat ograph
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(GC-14A, manuf actured by Shimadzu Corporation).
Anal ysis was performed under conditions of an

I njection tenperature of 180°C, a detector
tenperature of 180°C, and colum tenperature

i ncrease of 10°C/mn from 60°C to 200°C.
(Availability of control of polynerization
conversion by stirring rotation speed)

I n each Exanpl e and Conparative Exanple, the
pol ymeri zati on conversions were neasured after
stirring for 4 hours with a stirrer bl ade at
rotati on speeds of 200 rpmand 100 rpm and were
judged by the following criteria:

YES: a change in polynerization conversion of 2% or
nore, and

NO a change in polynerization conversion of |ess
than 2%

(Content of dinmer and triner)

A colum (G.C G 230, manufactured by Sciences
Inc., INERT CAP 1 (df: 1.0 ym, I.D.: 0.25 mm,
| ength: 40 n)) was connected to a gas chronat ograph
(GC- 14A, manuf actured by Shimadzu Corporation).
Anal ysi s was perforned under conditions of an
I njection tenperature of 270°C, a detector
tenperature of 270°C, and colum tenperature

i ncrease of 10°C/mn from 70°C to 270°C.
(Weight 1 oss on heating)

The wei ght | o0ss on heating was neasured with a
t her nobal ance (nodel: TGA-50, Shinmadzu Cor porati on)
in a nitrogen atnosphere by increasing the

tenperature to 300°C at a rate of tenperature

i ncrease of 20°C/mn and maintaining the tenperature
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for 60 m nutes.
(I'njection noldability)

A pelletized (nmeth)acrylic resin conposition
was injection-nolded into a plate having a | ength of
200 mm a wdth of 60 mm and a thickness of 0.6 mm
with an injection nolding nmachi ne (M 100- DM
manuf actured by Meiki Co., Ltd.) at a cylinder
tenperature of 300°C, a nold tenperature of 50°C, and
a nolding cycle of 15 mnutes. The resulting plate
was visually observed for whether bubbles (silver)
occurred or not and was eval uated by the follow ng
criteria:

A: no silver was observed,

B: silver was observed, and

C. bubbl es were observed on the whol e surface.
(Eval uation of film defect)

A pelletized (nmeth)acrylic resin conposition

was extrusion-nolded into a filmhaving a thickness

of 100 um at a cylinder temperature of 250°C.

The resulting filmwas subjected to count of
the nunber of defects (fish eyes) per unit area with
a gel counter (FS-5, manufactured by Optical Contro
Systens GrbH), and the appearance was eval uated by
the following criteria:

A: the nunber of defects per square neter is
| ess than 2, 000,

B: the nunber of defects per square neter is
2,000 or nore and | ess than 3, 000,

C. the nunmber of defects per square neter is
3,000 or nore and | ess than 6,000, and

D: the nunber of defects per square neter is
6, 000 or nore.
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[ 0069] Exanple 1

A nononer m xture was prepared by putting 92
parts by mass of purified nethyl nethacrylate and 8
parts by mass of nethyl acrylate in an autocl ave
equi pped with a stirrer and a sanpling tube. The
monomer mixture had a b value of 0.2. A raw
material solution was prepared by dissolving in the
nmononer m xture 0.00653 part by mass of a
pol ymeri zation initiator (2,2 -azobis(2-
met hyl propionitrile), AIBN, hydrogen abstraction
ability: 1% half-life at 140°C. 4 sec) and 0.45
part by mass of a chain transfer agent (n-
octyl nercaptan). The concentration of the
pol ynmeri zation initiator in the raw materi al
solution was 65 ppm The oxygen gas in the
producti on apparatus was replaced by nitrogen gas.

The raw material solution was fed to a
continuous flow type tank reactor (capacity: 0.1 n?,
tank dianeter: 500 mm nmax bl end bl ade, bl ade
di aneter: 260 nm rotation speed: 200 rpn) equipped
with a brine-cool ed condenser through two feeding
ports mutually symmetrically placed in the top pane
of the reactor at a constant flow rate such that the
mean residence tinme was 150 m nutes.
Si mul t aneously, nitrogen gas was introduced into the
gas phase of the reactor in an anmount of 3.3 nol
based on 100 nol in total of the nononers in the raw
mat eri al solution. Bulk polynerization was

performed by controlling the reaction solution
tenperature to 140°C and controlling the pressure of

the reactor to 0.3 MPa with a pressure regul ating
val ve through the brine-cool ed condenser. During
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the operation, all of the raw material solution and
water in the receiver of the condenser were

di scharged to the outside of the system After the
operation for three days, the reaction product
solution was taken out fromthe sanpling tube of the
reaction tank and was anal yzed. The reaction

product solution had a viscosity of 1.08 Pas, a
density of 1000 kg/n?, and a (meth)acrylic resin
content (polynerization conversion) of 52 % by nass.
The water content nmeasured by a Karl-Fischer's

met hod was 250 ppm The perfect m xing tinme was 45
seconds, the stirring power was 2.6 kWn?, the
Reynol ds' nunber was 209, the power nunber was 6,
and the dinensionl ess m xed nunber was 150. The

val ue of Pyx6xIxty,2, was 0.5. In addition, the
rotati on speed of the stirrer blade was changed to
100 rpm and the change in pol ynerization conversion
after 4 hours was confirnmed to be 2% or nore. It
was therefore judged that the polynerization
conversion can be controlled by the stirring
rotation speed.

The di scharged reaction product solution was
heated to 230°C and was then fed to a flash tank.
The feeding port of the flash tank was equi pped with
a flash nozzle. The reaction product solution was
al l owed to spout fromthe flash nozzle, and the
unreact ed nononer m xture was flash evaporated to
separate into a gas and a liquid. The nononer vapor
was di scharged fromthe top of the flash tank, and
the reaction product solution was di scharged from
the bottomof the flash tank. The di scharged

reacti on product solution was fed into a tw n-screw
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extruder and was extruded into a strand shape. The
strand was cut with a pelletizer to give a
pelletized (neth)acrylic resin conposition.

The wei ght | o0oss on heating of the
(meth)acrylic resin conposition and the content of
dinmers and triners were neasured. The results are
shown in Table 1. The evaluation results of an
I njection nolded product and a fil m nol ded product
are also shown in Table 1.

Exanple 2

A raw material solution was prepared as in
Exanpl e 1 except that 0.00502 part by mass of PB-1B
(t-butyl peroxy isobutyrate, hydrogen abstraction

ability: 26% half-life at 140°C. 41 seconds) was
used instead of 0.00653 part by mass of AIBN. The
concentration of the polynerization initiator in the
raw material solution was 50 ppm The oxygen gas in
t he production apparatus was replaced by nitrogen
gas.

The raw material solution was fed to a
continuous flow type tank reactor (capacity: 0.1 n?,
tank dianeter: 500 mm nmax bl end bl ade, bl ade
di aneter: 260 nmm rotation speed: 200 rpn) equipped
with a brine-cool ed condenser through two feeding
ports mutually symmetrically placed in the top pane
of the reactor at a constant flow rate such that the
mean residence tinme was 150 m nutes.

Si mul t aneously, nitrogen gas was introduced into the
gas phase of the reactor in an anmount of 3.3 nol
based on 100 nol in total of the nononers in the raw
mat eri al solution. Bulk polynerization was
perfornmed by controlling the reaction solution
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tenperature to 140°C and controlling the pressure of
the reactor to 0.3 MPa with a pressure regul ating
val ve through the brine-cool ed condenser. During
the operation, parts of the raw material solution
and water in the receiver of the condenser were

di scharged. After the operation for three days, the
reacti on product solution was taken out fromthe
sanpling tube of the reaction tank and was anal yzed.
The reaction product solution had a viscosity of

1.08 Pass, a density of 1000 kg/n?, and a
(meth)acrylic resin content (polynerization
conversion) of 52 % by mass. The water content
nmeasured by a Karl-Fischer's nethod was 700 ppm

The perfect mxing tine was 60 seconds, the stirring
power was 2.2 kWn?, the Reynolds' number was 90,

t he power nunber was 5, and the di nensionl ess m xed
nunber was 200. The value of Pyx6xIxt1,2 was 3.2.

In addition, the rotation speed of the stirrer bl ade
was changed to 100 rpm and the change in

pol ynmeri zati on conversion after 4 hours was
confirmed to be 2% or nore. It was therefore judged
that the polynerization conversion can be controlled
by the stirring rotati on speed.

The wei ght | oss on heating of the pelletized
(meth)acrylic resin conposition and the content of
dinmers and trinmers were neasured. The results are
shown in Table 1. The evaluation results of an
I njection nolded product and a fil mnol ded product
are al so shown in Table 1.

Exanmpl e 3

The sane procedure as in Exanple 1 was

perforned except that all the condensate fromthe
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bri ne-cool ed condenser was returned to the

pol yneri zation tank. After the operation for three
days, the reaction product solution was taken out
fromthe sanpling tube of the reaction tank and was
anal yzed. The reaction product solution had a

viscosity of 1.08 Pass, a density of 1000 kg/n?, and
a (nmeth)acrylic resin content (polynerization
conversion) of 52 % by mass. The water content
measured by a Karl-Fischer's nethod was 1200 ppm
The perfect mxing tine was 45 seconds, the stirring
power was 2.6 kWnt, the Reynol ds' number was 209,

t he power nunber was 6, and the di nensionl ess m xed
nunber was 150. 1In addition, the rotation speed of
the stirrer blade was changed to 100 rpm and the
change in polynerization conversion after 4 hours
was confirnmed to be 2% or nore. It was therefore
judged that the polynerization conversion can be
controlled by the stirring rotation speed. The

val ue of Pyx6xIxty,, was 0.5.

The wei ght | oss on heating of the pelletized
(meth)acrylic resin conposition and the content of
diners and trimers were neasured. The results are
shown in Table 1. The evaluation results of an
i njection nolded product and a fil m nol ded product
are al so shown in Table 1.

Conparative Exanple 1

A pelletized (nmeth)acrylic resin conposition
was prepared by the sane procedure as in Exanple 2
except that the anmount of PB-1B was changed to
0.00804 part by mass and that a single feeding port
was used for feeding the raw material solution. The
concentration of the polynerization initiator in the
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raw material solution was 80 ppm The reaction

product solution had a viscosity of 5.00 Pas, a
density of 1000 kg/n?, and a (neth)acrylic resin
content (polynerization conversion) of 62 % by nass.
The water content neasured by a Karl-Fischer's
met hod was 250 ppm The perfect m xing tinme was 60
seconds, the stirring power was 2.20 kWn?, the
Reynol ds' nunber was 45, the power nunber was 5, and
t he di mensi onl ess m xed nunber was 200. The val ue
of Pyx6xIxty,2 was 5.1. In addition, the rotation
speed of the stirrer blade was changed to 100 rpm
and the change in polynerization conversion after 4
hours was confirned to be 2% or nore. It was
therefore judged that the polynerization conversion
can be controlled by the stirring rotati on speed.

The wei ght | oss on heating of the pelletized
(meth)acrylic resin conposition and the content of
diners and trimers were neasured. The results are
shown in Table 1. The evaluation results of an
i njection nolded product and a fil m nol ded product
are al so shown in Table 1.
Conpar ati ve Exanple 2

A pelletized (nmeth)acrylic resin conposition
was prepared by the sanme procedure as in Exanple 1
except that 0.00201 part by mass of PB-D (di-t-butyl
peroxi de (perbutyl D), hydrogen abstraction ability:

78% half-life at 140°C. 3900 seconds) was used

i nstead of 0.00653 part by nass of AIBN, that a
single feeding port was used for feeding the raw
material solution, and that the nean residence tine
in the reaction tank was changed to 240 m nutes.

The concentration of the polynerization initiator in
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the raw material solution was 20 ppm The reaction

product solution had a viscosity of 3.50 Pas, a
density of 1000 kg/n?, and a (neth)acrylic resin
content (polynerization conversion) of 60 % by nass.
The water content neasured by a Karl-Fischer's
met hod was 250 ppm

The perfect mxing time was 45 seconds, the
stirring power was 2.2 kWn?t, the Reynol ds' nunber
was 64, the power nunber was 5, and the
di mensi onl ess m xed nunber was 150. The val ue of
Pyx6xIxt1,2 was 190.7. 1In addition, the rotation
speed of the stirrer blade was changed to 100 rpm
and the change in polynerization conversion after 4
hours was confirned to be less than 2% It was
therefore judged that the polynerization conversion
cannot be controlled by the stirring rotation speed.

The wei ght | oss on heating of the pelletized
(meth)acrylic resin conposition and the content of
dinmers and trimers were neasured. The results are
shown in Table 1. The evaluation results of an
i njection nolded product and a fil m nol ded product
are al so shown in Table 1.
Conpar ati ve Exanple 3

A pelletized (nmeth)acrylic resin conposition
was prepared by the sane procedure as in Exanple 1
except that the amount of AIBN was changed to
0.00753 part by mass and that a single feeding port
was used for feeding the raw material solution. The

reaction product solution had a viscosity of 1.08
Pa-s, a density of 1000 kg/n?, and a (neth)acrylic
resin content (polynerization conversion) of 50 % by
mass. The water content nmeasured by a Karl -



37

Fi scher's method was 250 ppm The perfect m xing
time was 45 seconds, the stirring power was 2.6

KW n?, the Reynol ds' nunber was 209, the power
nunber was 6, and the di nensionl ess m xed nunber was
150. The value of Pyx6xIxti;2 was 0.6. |In addition,
the rotation speed of the stirrer bl ade was changed
to 100 rpm and the change in polynerization
conversion after 4 hours was confirnmed to be 2% or
nore. It was therefore judged that the

pol ymeri zati on conversion can be controlled by the
stirring rotation speed.

The wei ght | oss on heating of the pelletized
(meth)acrylic resin conposition and the content of
diners and trinmers were neasured. The results are
shown in Table 1. The evaluation results of an
i njection nolded product and a fil m nol ded product
are al so shown in Table 1.

[0076] [ Tabl e 1]
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Table 1
Ex. Comp. Ex
1 2 3 1 2 3

x Nunber of nononer-feeding port 2 2 2 1 1 1

z Max Max Max Max Max Max

S |Bl ade shape blend [ blend | blend | blend | blend | bl end

'% bl ade | blade | bl ade | blade | bl ade | bl ade

-E Capacity V [ni] 0.1 0.1 0.1 0.1 0.1 0.1

§ Tank dianeter D [ 500 500 500 500 500 500

E Bl ade di ameter Dp [mmj 260 260 260 260 260 260

@ (Pol yrreri zation tenperature T[°(C] 140 140 140 140 140 140

'g Initiator Al BN PB-1B Al BN PB-1B PB-D Al BN

Slhalf-life tine 1y, [sec] 4 41 4 41 | 3900 4

; Mean residence tine 6 [hr] 2.5 2.5 2.5 2.5 4.0 2.5

+«= |Amount of initiator | [ppni 65 50 65 80 20 75

é Rotation speed N [rpm | 200 | 200 | 200 | 200 | 200 | 200

£ .

s yg;i:iggnlgrht:gn Cppr 250 | 700 | 1200 | 250 | 250 | 250
Conversion X [w% 52 58 52 62 60 52
Viscosity p [Pa-s] 1.08 2.50 1.08 5. 00 3.50 1.08
Density o [kg/ ] 1000 | 1000 | 1000 | 1000 | 1000 | 1000
Reynolds' nunber Re | 200 | 90 | 209 | 45 | 64 | 209
D rmensi onl ess m xed nunber N-6m 150 200 150 200 150 150
Mxing time om [sec] | 5 | 60 | 45 | 60 | a5 | a5

g Power nunber Np 6 5 6 5 5 6

§ Stirring power Pv [kWnf] 2.6 2.2 2.6 2.2 2.2 2.6

S [PvxoxIxty, [KWnT.ppm.hr?] 0.5 3.2 0.5 5.1 [190.7 | 0.6

% Availability of control of

g_ pol yneri .zati on conver si on Yes Yes Yes Yes No Yes
by rotation speed
Amount of diner and trimer[mss%| 0.07 0.10 0.07 0.10 0.20 0.08
Tzir:ZLthZb;;LLyTé:§Eg;t | oss 20 20 20 30 40 20
e sy | A | A | A e e |
e ot s e e e A ]

[0077]

is perfornmed according to the present

continuously feeding a reaction raw materi a

As shown in Table 1, when bul k pol ynerization
i nvention by

to a
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tank reactor through two feeding ports under
conditions satisfying the requirements: Oum > T1/2
and Pyx6xIxty,, < 4, the polynerization conversion
can be controlled by rotation speed of a stirrer

bl ade, and the resulting (neth)acrylic resin
conposition contains nerely a snmall anount of diners
and triners, shows a | ow wei ght |oss on heating, and
causes less silver in the injection nolded plate,
i.e., has high thermal stability.

On the other hand, when bul k polynerization is
perfornmed by continuously feeding a reaction raw
material to a tank reactor through one feeding port
under conditions not satisfying the requirements: ©Om
> 11,2 and Pyx6xIxty,2 < 4, the resulting
(nmeth)acrylic resin conposition contains a |arge
anmount of diners and trimers and shows a high wei ght
| oss on heating, i.e., has low thermal stability.

In particular, when the bul k polynerization is
performed under conditions not satisfying the
requirement: Oy > 11,2, the polynerization
conversion cannot be controlled by the rotation
speed of the stirrer blade, resulting in difficulty

in the control of polynerization.



Cl ai ns

A method of producing a (nmeth)acrylic resin conposition,
wherein the nmethod conprises the steps of:

continuously feeding a reaction raw naterial to one
tank reactor having two or nore feeding ports through the
two or nore feeding ports, wherein the reaction raw
material conprises a chain transfer agent, a radical
polymerization initiator and a nononer mxture, the
nononer nixture conprises 80 to 100% by mass of nmethy
net hacrylate and 20 to 0% by nass of an al kyl acrylate,
a stirring power of the tank reactor is preferably 0.2 to
7 kWn?, a half-life of the radical polynerization
initiator at the tenperature in the tank reactor is 0.5
to 120 seconds, a nean residence tinme of the reaction
raw material in the tank reactor is 1 to 5 hours, and the
anount of the polynerization initiator used is within a
range of 0.001 to 0.01 part by nmass based on 100 parts by
mass of the nonomer m xture;

bul k polynerizing the nononer mxture in the tank
reactor until a polynerization conversion of 40 to 70% by
mass to prepare a reaction product; and

renoving the nononmer mixture from the reaction
product,

wherein the perfect mixing time (6m [hr]) of the tank
reactor, the half-life (11,2 [hr]) of the radical

pol ynmerization initiator at the tenperature in the tank
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reactor, the stirring power (Py [kWn?]) of the tank
reactor, the mean residence time (6 [hr]) of the reaction
raw material in the tank reactor, and the concentration
(I [ppnl) of the radical polynerization initiator in the
reaction raw nmat eri al satisfy t he fol |l owi ng
rel ati onshi ps:
Om > T11/2, and

Pvx6xIxt1/2 < 4 [KWnf. ppm hr?].

The method according to Claim 1, wherein the tenperature

in the tank reactor is 110°C to 160°C.

The nmethod according to Claim1l or 2, wherein the step of
renoving the nononer mxture is performed by adiabatic

fl ash evaporati on.

The nethod according to any one of Clains 1 to 3, wherein
the reaction solution in the tank reactor has a water

content of 1000 ppm or | ess.



