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DESCRIPTION 

(METH)ACRYLIC PREMIX, (METH)ACRYLIC SMC OR BMC, AND 

PROCESS FOR PRODUCING (METH)ACRYLIC ARTIFICIAL MARBLE 

TECHNICAL FIELD 

The present invention relates to a (meth)acrylic premix ex­

cellent in molding processability, a (meth)acrylic SMC or BMC 

which is particularly useful as a raw material for (meth)acrylic 

artificial marble and has excellent molding processability, 

thickening property and the like, and a process for producing 

(meth)acrylic artificial marble which has high productivity, and 

excellent appearance, dimension stability, hot waster resistance, 

weatherability and the like. 

BACKGROUND ART 

{Meth)a~rylic artificial marble which is produced by com­

pounding inorganic fillers such as aluminum hydroxide into a 

(meth)acrylic resin has various.prominent functions and proper­

ties such as excellent appearance, soft feeling and the like, and 

is widely used for counters such as a kitchen counter and the 

iike, washing and dressing stands, waterproof pans, bathtubs, and 

other architectural uses. Such marble is usually produced by a 

casting method in which a so-called premix ~repared by disp·ersing 

inorganic fillers in (meth)acrylic syrup is filled in a mold, and 

the premix is cured and polymerized at relatively low temperature. 
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For example, japanese Patent Application Laid-Open (JP-A) 

No. 61-26,605 discloses artificial marble in the form of a flat 

plate _obtained by curing a composition comprising (meth)acrylic 

syrup containing cyclohexyl methacrylate; aluminum hydroxide; and 

a polymerization initiator having a 10 hours _half-life tempera­

ture of less than 75°C, under low pressure for long period of 

time. Further, Japan~se Patent Application Laid-Open (JP-A) No. 

Hei 2-305,842 discloses artificial marble in the fonn of a flat 

plate obtained by pouring into a mold a composition comprising 

(meth)acrylic syrup containing tricyclo[S • 2 • 1 • o2 •6]decanyl 

(meth)acrylate; a quartz powder; and a polymerization initiator 

having a 10 hours half-life temperature of less than 75°C, and 

curing the composition according to a casting method 

However, the compositions disclosed-in Japanes~ Patent Ap­

plication Laid-Open (JP-A) Nos. 61-26,605 and Hei 2-305,842 re­

quire· as long as 2 or more hours for curing and exhibit extremely 

poor productivity, since a polymerization initiator having a 10 

hours half-life temperature of less than 75°C is used in each 

case as a curing agent. Then~ if these compositions are heated 

at a temperature of lOO°C or more for curing for the pu:Cpose of 

reducing curing time so as to increase productivity, inconv~n­

iences such as cracking, and whitening occur in the resulting 

molded articles due to low decomp0sition temperature of the cur­

ing agent. 

On the other hand, for improving the problem regarding pro­

ductivity, there has been ~ffected a method for producing 
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. (meth)acrylic artificial marble in short period of time by mold­

ing with heating and pressurizing a SMC ·(sheet molding compound) 

or BMC (bulk molding compound) which is obtained by thickening 

resin syrup with a thickening agent. 

For exampl~, Japanese Patent Application Laid-Open (JP-A) 

No. Rei 6-313,019 discloses a method for producing artificial 

marble in the fonn of a flat plate by molding, with heating at a 

temperature as high as llS°C and pressurizing, a (meth)acrylic 

SMC or BMC prepared by compounding aluminum hydroxide into 

(meth)acrylic syrup containing as a main component methyl meth-

acrylate. 

However, when (meth)acrylic artificial marble is produced 

by such a method, there occur inconveniences that vapor of· methyl 
,/ .. 

methaci:ylate is generated in a mol~, the surface .o~:--~~1.ded 
..... - . . ·, 

artic~ corroded with the methyl methacrylate vapor, gloss at 

. the·--;;orroded part decreases and unevenness in gloss occurs, since 

molding is conducted a~ a temperature of not less than the boil-

ing point of methyl methacrylate (lOO°C.). Such tendency becomes 

remarkable when the curing temperature is further raised for in-

creasing productivity. 

Further, the acrylic artificial marble described in Japa-

nese Patent Application Laid-Open (JP-A) No. Hei 6-313,019 tends 

to be inferior in hot water resistance, and can not be used for -----· .. ---··-·--··· ···-

~s~~ usuch as a bathtub in which particularly hig(hot wa"':;r _.~_c:: 
s~~s required. The (meth)acrylic SMC or BMC disclosed in 

this publication has odor specific to (meth)acrylic monomers, and 
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uncomfortable feeling sometimes may occur in handlinq. Espe­

cially when this SMC or BMC is molded at a temperature as high as 

lOO°C or more, this tendency becomes remarkable. When artificial 

marble is produced using the (meth)acrylic SMC or BMC disclosed 

in this publication, there easily occurs inconvenience that the 

size of a molded article becomes very smaller than that of a mold 

~nd goes out of the dimension tolerance of the molded article. 

Further, the (meth)acrylic SMC or BMC disclosed in this publica­

tion requires aging for a long period of time (24 hours or more) 

for thickening and exhibits low productivity. 

On the other hand, Japanese Patent Application Laid-Open 

(JP-A) No. Hei 6-219,800 discloses. artificial stone in the form 

of a flat plate for use as an architectural material, comprising 

5 to 15% by weight of a (meth)acrylic binder resin using a mono­

mer having high boiling point and 85 to 95% by weight of a natu­

ral stone particle. However, the herein disclosed composition 

looks like a stone since the inorganic filler content is.high, 

and has no marble-li~e deep gorgeous texture or soft feeling. 

Moreover, since the inorganic filler content is high,. flowability 

of the material is poor and a molded article having .complicated 

form can not be easily obtained. · 

Further, the molded articles disclosed in Japanese Patent 

Application Laid-Open (JP-A) Nos. 61-26,605, Hei 2-305,842 and 

Hei 6-313,019 described above are all flat plates having uniform 

thickness. For example, when a molded article having varied 

thickness is produce.d and when a molded article is produced with 
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an insert screw being buried in the article, inconvenience that 

dimple and whitening occur on.the thickness varied parts and the 

surface at the insert screw tends to be caused. This tendency is 

particularly remarkable when the curing temperature is raised for. 

producing a molded article in short period of time. 

DISCLOSURE OF ~ INVENTION 

The object of the present invention is to provide a 

(meth)acrylic premix which provides a.molded article having low 

linear shrinkage coefficient and. excellent dimension stability, 

causes no dimple and whitening on the surface at the insert screw, 

and the thickness varied parts, provides appearance having no un­

evenness in gloss on the molded article even when the premix.is 

molded at a temperature of lOO°C or more, gives little odor, and· 

exhibits excellent molding processability at high temperature. 

The further object of the present invention is to provide a 

(meth)acrylic SMC or BMC which is particularly useful as a raw 

material of (meth)acrylic artificial marble and has excellent 

thickening property, and a method for producing (meth)acrylic ar­

tificial marble which has high productivity and produces 

(meth)acrylic artificial marble having excellent appearance, di­

mension stability, hot water resistance.and waatherability. 

The present inventors have studied to accomplish the above­

descr ibed objects, and as a result, have found that exc~llent ef­

fects can be performed by allowing a (metl:_l)acrylic premix to con­

tain a (meth)acrylate carrying an ester group having specific 
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structure or an organic peroxide having specific structure as a 

curing agent, completing the present invention. 

Namely, the present invention relates to a (meth)acrylic 

premix comprising 100 parts by weight of a (meth)acrylic resin 

composition (A) containing a (meth)acrylic monomer (a) and a 

(meth)acrylic polymer (b), 1 to _500 parts by weight of an inor­

ganic filler (B), and. 0.01 to 20 parts by weight' of a curing 

agent (C): wherein, 

the component (a) contains at least one (meth)acrylate se-

lected from the group consisting of a (meth)acrylate carrying an 

ester group having a bicyclo ring, a (meth)acrylate carrying an 

ester group having a fluorine atom and a (meth)acrylate carrying 

an ester group having cyclic ether structure; or 

the component (a) contains at least one (meth)acrylate se-

lected from the group consisting of a (meth)acrylate carrying an 

ester group having a cyclohexane ring and a (meth)acrylate carry-

. ing an ester group having a tricyclo ring, and the c6mponent . ( c;) 

contains a radical polymerization initiator having a 10 hours 

half-life temperature of 75CC or more; or 

the component (C) ·contains at least one organic peroxide 

represented by any of the following general formulae (I) to· 

(VII): 
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(wherein, R1 and R2 represent a hydrogen atom or a tert-alkyl 

group having 4 to 6 carbon atoms, and R3 to R12 represent a hy-

drogen atom or an alkyl group having 1 to 4 carbon atoms.), 

CH3 CH3 
13 I I . 

R -c-o-o-c-CH2-CH-CH2-C-CH3 (Il) 
I . ·U I I 
CH3 0 CH3 CH3 

(wherein, R13 represents ·an alkyl group having 1 to 5 carbon at-

oms.), 

(ill) 

(wherein, R14 and R15 represent a hydrogen atom or a tert-alkyl 

group having 4 to 6 carbon a~oms, and one or more hydrogen atoms 

in the cyclododecane ring ~Y be substituted by alkyl groups hav­

ing 1 to 4 carbon atoms.), 

CH3 . CH3 
I I 

Rl6-c-o-o-c-o-cH (IV) 
· I II I 

CH3 0 CH3 

(wherein, R16 represents an alkyl group having 1 to 5 carbon at-
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oms.), 

CH3 CH3 
I I 

Rl7-c-o-o-c-o-Rl8-o-c-o-o-c-Rl9 (V) 
I 11 II I . 

CH3 0. 0 CH3 

(wherein, R17 and R19 represent an alkyl group having 1 to 5 car­

bon atoms, and R18 represents an alkylene group having 1 to 10 

carbon atoms.), 

(wherein, R20 rep~esents an alkyl group.having 2 to 6 carbon at-

oms, and one or more hydrogen atoms in the benzene ring may be 

substituted by halogen atoms and/or alkyl groups.), and 

O-C(CH3)3 
I 

0 
I 

R21-c-R22-c-o-R23 "(vn) 
I II 

0 0 
I 
O-C(CH3)3 

(wherein, R21 and R23 represent an alkyl group having 1 to 6 car­

bon atoms~ and R22 represents an alkylene group having 1 to 6 

carbon atoms. ) 

Further, the present invention relates.to a (meth)acrylic 

SMC or BMC comprising the above-described (meth)acrylic premix 
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and a thickening agent; and a method for producing (meth)acrylic 

artificial marble wherein the above-described (meth)acrylic SMC 

or BMC is cured with being pressurized.and heated at a tempera­

ture from 105 to 150°C. 

In the present invention, "(meth)acryl" means "methacryl 

and/or acryl". 

In the present invention, by using a (meth)acrylate carry­

ing an ester group having the above-described specific structure 

as the component (a), it becomes. possible to·obtain a (meth)­

acry lie premix which provides appeara.nce having no unevenness in 

gloss on the molded article even ~hen the premix is molded at a 

temperature of lOO°C or more, gives little odor, has excellent 

molding processability at high temperature, and further, useful 

as a raw material for (meth)acrylic artificial marble which shows 

deep appearance excellent in transparency, and which has low 

liner shrinkage coefficient and excellent dimension stability, 

and excellent in hot water resistance. 

Further, in the present invention, by using the above­

described specific radical polymerization initiator (curing 

agent) as the component (C), it becomes possible to obtain a 

(meth)acrylic premix which has excellent molding processability 

at high temperature, and further, useful as a raw material ·for 

(meth}acrylic artificial marble which has l~ liner shrinkage co­

efficient and excellent dimension stability, causes no dimple and 

whitening at the insert screw and the thickness varied parts, and 

excellent in hot water resistance and.weatherability. 
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Furthermore, iri the present·invention, by allowing the 

above-described (meth)acrylic premix to contain a thickening 

agent such as a polymer powder, it becomes possible to obtain a 

(meth)acrylic SMC or BMC which is furtner suitable for molding at. 

high temperature, has excellent molding processability_and excel­

lent thickening property, and useful as a raw material for 

{meth)acrylic artificial marble. 

Further, in the present invention, by curing with pressur­

ing and heating the SMC or BMC, it becomes· possible to produce in 

high productivity {meth)acrylic artificial marble excellent in 

appearance, dimension stability, hot water resistance, weather­

ability and the like. Therefore, the present invention is indus­

trially very useful. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a schematic view showing the form of the (meth)­

acrylic artificial marble obtained in Examples I and II. 

Fig. 2 is a schematic view showing the form of the (meth)­

acrylic artificial marble obtained in Examples III to VII. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The {meth)acrylic monomer (a) constituting the (meth)­

acrylic premix of the present invention is not particularly re­

stricted in the case when the above-described radical polymeriza­

tion initiator having specific structure is used as the curing 

agent (C). When the curing agent (C) is not particularly re-
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stricted, the (meth}acrylic monomer (a} preferably contains at 

least one (meth)acrylate selected from the group consisting of a 

(meth)ac~late carrying an ester group having a cyclohexane ring, 

a (meth)acrylate carrying an ester group having a bicyclo ring, a 

(meth)acrylate carrying an ester group having a tricyclo ring, a 

(meth)acrylate carrying an ester group having a fluorine atom and 

a (meth)acrylate carrying an ester group having cyclic ether 

structure. These (meth)acrylates having specific structure per­

form action that they prevent occurrence of unevenness in gloss 

on a molded article· obtained by molding at a high temperature of 

lOS°C -or more and provide more excellent appearance. 

Among these (meth)acrylates carrying an ester group having 

specific structure, the (meth)acrylate carrying an ester group 

having a cyclohexane ring per(or.ms action that it gives excellent 

hot water resistance to a molded article. Examples of the 

(meth)acrylate carrying an ester group having a cyclohexane ring 

include, but are not limited to, cyclohexyl (meth)acrylate, meth­

ylcyclohexyl (meth)acrylate, dimethylcyclohexyl (meth)acrylate, 

tri-methylcyclohexyl (meth)acrylat~, tetramethylcyclohexyl 

(meth)acrylate, 2-cyclohexylethyl (meth)acrylate, 4-cyclo­

hexylcyclohexyl (meth)acrylate and the like. These may be used 

optionally alone or in combination of two or more. Cyclohexyl 

(meth)acrylate is particularly preferred in view of cost. 

The (meth)acrylate carrying an ester group having a cyclo­

hexane ring is preferably contained in an amount in the range 

from 10 to 90% by weight in the (meth)acrylic resin composition 
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(A). When the content of this (meth)acrylate is in this range, 

there is tendency that the resulting molded article has no un-

evenness in gloss and has excellent hot water resistance. It is_ 

more preferred in the range from 15 to 85% by weight, and par-

ticularly preferred in the range from 20 to 80% by weight. 

The (meth)acrylate carrying an ester group having a bicycle 

ring perfonns action that it further reduc~s the liner shrinkage 

coefficient of the resulting molded article to give excellent di-

mension stability, and that it imparts.excellent hot water resis-

tance to the molded article. Examples of the (meth)acrylate car-

rying an ester group having a bicyclo ring include, but are not 
.. 

limited to, norbornyl (meth)acrylate, isobornyl (meth)acrylate, 

bicyclo[3.3.l]nonyl-9-(meth)acrylate, bicyclo[3.2.l]-octyl-2-

(meth)acrylate and the like. These may be used optionally alone 

or in combination of two or more. Isobornyl (meth)acrilate is 

particularly preferred in view of.cost. 

The (meth)acrylate carrying an ester group having a bicycle 

ring is preferably contained in an amount in the range from 5 to 

90% by weight in the (ineth) acrylic resin composition (A) • When 

the content of this (meth)acrylate is in this range, there is 

tendency that the resulting molded article has no unevenness in 

gloss, the linear shrinkage coefficient of the molded article de­

creases to increase dimension stability and the _molded articl~ 

has excellent hot water resistance. It is more preferred in the 

range from 10 to 85% by weight, particularly preferred ~n the 

range from 15 to 80% by weight, and most preferred in the range 
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from 20 to 75% by weight. 

The (meth)acrylate carrying an ester group having a tricy-

clo ring performs action that it further reduces the liner 

shrinkage coefficien~ of the resulting molded article to give ex-

cellent dimension stability, and that it imparts excellent hot 

water resistance to the molded article. Examples of the (meth)­

acrylate carrying an ester group having a tricycle.ring include, 

but are not limited to, adamantyl (meth)acrylate, tricyclo[S • 2 • 

1 • 02 •6.]-decanyl (meth)acrylate and the like. These may be used 

optionally alone or in combination of two or more. Tricyclo[S • 

2 • 1. o2 • 6 ]decanyl (meth).acrylate is particularly. preferred in 

view of cost. 

The (meth)acrylate carrying an ester group having a tricy-

clo ring is preferably contained in an amount in the range from 5 

to 90% by weight in the (meth)acrylic resin composition (A). 

When the content of this (meth)acrylate is in this range, there 

is tendency that the resulting molded article has no unevenness 

in gloss, the linear shrinkage coefficient of the molded article 

decreases to increase dimension stability and the molded article 

has excellent hot water resistance. The content of this (meth)-

acrylate is more preferred in the range from 10 to 85% by weight, . . 

particularly preferred in the range from 15 to 80% by weight. 

The (me~h)acrylate carrying an ester group having a fluo­

rine atom performs action that it further imparts excellent hot 

water resistance to the resulting molded article. The ester 

group having a fluorine atom in the (meth)acrylate is not par-

13 



ticularly restricted, and preferably a fluoroalkyl group having 1 

to 10 carbon atoms. Examples of the (meth)acrylate carrying an 

ester group having a fluorine atom include, but are not limited 

to, trifluoromethyl (meth)acrylate, 2,2,2-trifluoroethyl (meth)­

acrylate, 2, 2, 3, 3-tetrafluoropropyl (meth)acrylate, 2, 2·, 3,4 ,4 ,4-

hexafluorobutyl (meth)acrylate, heptadecafluorodecyl (meth)­

acrylate and the like. These may be used optionally alone or in 

combination of two or more. 2,2,2-Trifluoroethyl (meth)acrylate 

is particularly preferred in view of mechanical strength of the 

molded article. 

The (meth)acrylate carrying an ester group having a fluo­

rine atom is preferably contained in an amount in the range from 

5 to 90% by weight in the (meth)acrylic resin composition (A). 

When the content of this (meth)acrylate is in this range, there 

is tendency that the resulting molded article has no unevenness 

in gloss, and the molded article has excellent hot water resis­

tance. It is more preferred in the range from 10 to 85% by weight, 

and particularly preferred in the range from 15 to 80% by weight. 

The.(meth)acrylate carrying an ester group having a cyclic 

ether structure performs·action that it further reduces odor of 

the acrylic premix in molding-processing at high temperature, and 

impart excellent handling property. Examples of the (meth )­

acrylate carrying an ester group having a cyclic ether structure 

include, but are not limited to, glycidyl (meth)acrylate, tetra­

hydrofurfuryl (meth)acrylate and the like. These may be used op­

tionally alone or in combination of two or more. Tetrahydrofur-
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fury! (meth)acrylate is particularly preferred in view of ability 

to reduce odor. 

The (meth)acrylate carrying an ester group having a cyclic 

ether structure is preferably contained in an amount in the range 

from 5 to 90% by weight in the (meth)acrylic resin composition 

(A). When the content of this (meth)acrilate is in this range, 

there is tendency that_ the resulting molded article has noun­

evenness in gloss, and odor generated in molding at high tempera­

ture decreases. It is more preferred in the range from 10 to 85% 

by weight, and partiqularly preferred in the range from 15 to 80% 

by weight. 

Examples of the ·cmeth)acrylic monomers which can be used as 

the component (A) in the present invention other than the above­

described (meth)acrylates carrying an ester group having the 

above-~escribed specific structure include monofunctional mo~o­

mers such as alkyl (meth)acrylates having an alkyl group contain­

ing 1 to 20 carbon atoms, hydroxy alkyl (meth)acrylates, benzyl 

(meth)acrylate, (meth)acrylic acid, metal salts of (meth)acrylic 

acid, (meth)acrylic amides and the like. These may be used op­

tionally alone or in combination of two or more. 

P~rticularly, to use methyl methaccylate is preferred since 

then the resulting molded article can be endowed with deep ap­

pearance specific to marble and the appearance thereof becomes 

excellent. In this case, the amount of methyl methacrylate is 

not particularly restricted, but methyl methacrylate is prefera­

bly contained in an amount not more than 50% by weight in the 
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(meth)acrylic resin composition (A). When the content of methyl 

methacrylate is ·in this range, there is tendency that the result­

ing molded article has no unevenness in gloss. It is more pre­

ferred. in the range not more than 40% by weight, and particularly 

p~eferred in the range not more than 35% by weight. 

Further, to contain a polyfunctional monomer as the compo­

nent (a) is preferred since then the resulting molded article 

tends to be endowed with excellent mechanical strength, solvent 

resistance, heat resistance and the like. Example of the poly­

functional monomer include ethylene glycol di(meth)acrylate, pro­

pylene glycol di(meth)acrylate, 1,3-butylene glycol di(meth)­

acrylate, 1,4-butylene.glycol di(~eth)acrylate, 1,6-hexanediol 

di(meth)acrylate, dim.ethylolethane di(meth)acrylate, 1,1-

dim.ethylolpropane di(meth)acrylate, 2,2-dimethylolpropane di­

(meth)acrylate, trimethylolethane tri(meth)acrylate, trimethylol­

propane tri(meth)acrylate, tetramethylolmethane di(meth)acrylate, 

tetramethylolmethane tri(meth)acrylate, tetramethylolmethane 

tetra(meth)acrylate, neopentyl glycol di(meth)acrylate, polyfunc­

tional esters of (meth)acrylic acid with polyhydric alcohols 

[poly-ethylene glycol, polypropylene glycol, pentaerythritol, 

dipentaerythritol and the ~ike], allyl(meth)acrylate and the like. 

These may be used optionally alone or in combination of two or 

more. 

Particularly, to use neopentyl glycol dim.ethacylate and/or 

1,3-butylene glycol dimet~acrylate as the polyfunc~ional monomer 

is preferred since then a molded article having extremely excel-
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lent surface gloss tends to be obtained and the hot water resis­

tance of the molded article tends· to become excellent. In this 

case, it may also be advantageously possible to use neopentyl 

glycol dimethacrylate and/or 1,3-butylene glycol dimethacrylate· 

with other polyfunctional monomer. 

The amount of the polyfunctional monomer is not particu­

larly restricted, but the polyfunctional monomer is preferably 

contained in an amount in the range from·! to 50% by weight in 

the (meth)acrylic resin composition (A) for obtaining more effi­

ciently the above-described effects. It is more preferred in the 

range from 3 to 40% by weight, and particularly preferred in the 

range from 5 to 30% by weight. 

The amount of the component (a) is not particularly re­

stricted, but the component (a) is preferably contained in an 

amount in the range from 10 to 90% by weight in the (meth)acrylic 

resin composition (A)· in view of workability of the (meth)acrylic· 

premix of the present invention, and physical properties such as 

mechanical strencjth when this (meth)acrylic premix is used as a 

raw material of the (meth)acrylic artificial marble. It is more 

preferred.in the range from 15 to 85% by weight, and particularly 

preferred in the range from 20 to 80%. by weight. 

The (meth)acrylic premix of the present invention may op­

tionally contain a monomer other than the component (a), namely 

other than (meth) acrylic monomers. Examples of this monomer in­

clude monofunctional monomers such as aromatic vinyls, vinyl ace­

tate, (meth)acrylonitrile, vinyl chloride and maleic anhydride; 
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and polyfunctional monomers such as divinylbenzene and triallyl 

isocyanurate. 

The (meth)acrylic polymer (b) constituting the (meth)­

acrylic premix of the present invention is a polymer obtained by 

polymerization using a (meth)acrylic monomer as a main component. 

As the constituent component (monomer for polymerization) used 

for obtaining this (meth)acrylic polymer (b), for example, the 

various monomers exemplified as the afore-said component (a) can 

be used. These constituent components may be used optionally 

alone to obtain a homopolymer, or may be used in combination of 

two or more to obtain a copolymer, and further, optionally a 

polyfunctional monomer may be copolymerized. 

The amount of the· component (b) is not particularly re­

stricted, but the component (b) is preferably contained in an 

amount in the range from 10 to 90% by weight in the (meth)acrylic 

resin composition (A) in view of workability of the (meth)acrylic 

premix of the present invention, and physical properties such as 

mechanical. strength when this (meth)acrylic premix is used as a 

raw material of the (meth)acrylic artificial marble. It is more 

preferred in the range from 15 to 85% by weight, and particularly 

preferred in the range from 20 to 80% by weight. 

The component (b) may be a cross-linked· polymer or non­

cross-linked polymer, and can be appropriately selected according 

to demands. The weight~average molecular weight of the component 

(b) is preferably in the range from 15,000 to 2,000,000 in view 

of the flowability of the resulting (meth)acrylic resin composi-
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tion (A) and the mechanical strength of the resulting molded ar­

ticle. 

C6mponent (b) can be produced by a known polymerization 

method such as a solution polymerization method, bulk polymeriza­

tion method, emulsion polymerization method, and -suspension po­

lymerization method •. 

In the present invention, the. {meth)acrylic resin composi­

tion (A) may be a composition obtained by dissolving the compo­

nent (b) into the component (a), a composition obtained by par­

tially polymerizing the component (a) to form the component (b) 

which is a polymer thereof in the component (a), or a composition 

obtained by further adding the component (a) into the above-

.mentioned composition obtained by partially polymerizing the com­

ponent (a) or by further adding the component (b) into the above­

mentioned partial polymer. 

Examples of the inorganic filler (B) constituting the 

(meth)acrylic premix of the present invention include aluminum 

hydroxide, silica, amorphous silica, calcium carbonate, barium 

sulfate, titanium oxide, calcium phosphate, talc, mica, clay, 

glass powder and the like. Especially when the (meth)acrylic 

premix of the present invention is used as_a molding material for 

artificial marble, alumi~um hydroxide, silica, amorphous silica 

and glass powder are preferred as· the inorganic filler (B). 

The _content of _the component (B) is in the range from 1 to 

500 parts by weight based on 100 parts by weight of the (meth)­

acrylic resin composi:tion (A). When this content is not less 
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than 1 part by weight, there is tendency that the he.at resistance 

of the resulting molded article i_s excellent and the liner 

shrinkage coefficient decreases. When thi~ content is not more 

than 500 parts by weight, it tends to become possible to impart 

marble-like deep excellent texture to the resulting molded arti­

cle ahd occurrence of dimple and whitening at the insert screw 

and the thickness varied parts of the resulting molded article 

tends to be suppressed. It is more preferred in the range from 50 

to 350 parts by weight, and particularly preferred in the range 

from 100 to 250 parts by weight. 

The curing ag~nt (C) constituting the (meth)acrylic premix 

of the present invention is not particularly restricted when a 

(meth)acrylate carrying an ester group having the above-described 

specific structure is used as the (meth)acrylic monomer (a), and 

it preferably contains a radical polymerization initiator having 

a 10 hours half~life temperature of not less than 75°C. When the 

(meth)acrylic monomer (a) is not particularly restricted, at 

least one radical polymerization initiator (organic peroxide) 

represented by any of the above-described general forinulae (I) to 

(VII) is preferably contained. These radical polymerization ini­

tiators having specific structures perform action that they sup­

press occurrence of dimple and whitening at the insert screw and 

the thickness varied parts of the· resulting molded article. 

Among these radical polymerization initiators, an initiator 

·represented by any of the general formulae (I) to (VI) performs 

action that it reduces the linear shrinkage coefficient of the 
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resulting molded article, and particularly, the initiator is 

preferably used together with at least one (meth)acrylate [compo-

nent (a)] selected from the group consisting of a (meth) acrylate 

carrying an ester group having a bicycle ring and a (meth)-

acrylate carrying an ester group having a tricycle ring since 

then the linear shrinkage coefficient can be further reduced. 

Among these radical polymerization initiators, an initiator 

represented by the general formula (I), (III), (VI) or (VII) per-

forms action that it imparts excellent hot water resistance to 

the resulting molded article, and the initiator is preferably 
. . 

used together with at least one (meth)acrylate [component (a)] 

selected from the group consisting of a (meth)acrylate carrying 

an ester group having· a cyclohexane ring, a (meth)acryla~e carry-

ing an ester group having a bicycle ring, a (meth)acrylate carry-

ing an ester group having a tricyclo ring and a (meth)acrylate 

carrying an ester group having a fluorine atom since then the hot 

water resistance of the resulting molded article further in-

creases. 

Among these radical polymerization initiators, an initiator 

represented by the general formula (II), (IV) or (V) performs ac-

tion that it imparts excellent hot water resistance to the re-

$uiting molded article, and the initiator is preferably used to-

gether with at least one (meth)acrylate [component (a)] selected 

from the group consisting of a (meth)acrylate carrying an ester 

group having a ciclohexane ring, a (meth)acrylate carrying an es-

ter group having a bicycle ring, a (meth)acrylate· carrying an es-
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ter group having a tricycle ring, a (me~h)acrylate carrying an 

ester group having a fluorine atom and a (meth)acrylate carrying 

an ester group having a cyclic ether group since then the hot wa­

ter resistance of the resulting molded article further increases. 

Examples of R1 and R2 in the general·formula (I) include hy­

drogen atom, t-butyl group, t-pentyl group and t-hexyl group. R1 

and R2 may represent different groups. Examples of R3 to R12 in­

clude a hydrogen atom, methyl group, ethyl group, n-propyl group, 

i-propyl group, n-butyl group, i-butyl group, sec-butyl group, t­

butyl group and the like. R3 and R12 may represent different 

groups. Among them, R1 and R2 preferably represent a t-butyl 

group or t-hexyl group, and R3 to R12 preferably represent a hy­

drogen atom or methyl group. 

Specific examples of the radical polymerization initiator 

represented by the general formuia (I) include 1,1-bis(t-hexyl 

peroxy)3,3,5-trimethylcyclohexane (manufactured by NOf Corp., 

trade name: Perhexa TMH, 10 hours half-life temperature = 87°C) 

in which R1 and R2 represent t-hexyl group, R5 , R6 and R9 repre­

sent methyl group and other Rs represent hydrogen atom, 1,1-

bis(t-amyl peroxy)3,3,5-trimethylcyclohexane (manufactured by 

Kayaku Akzo Corp., trade name: KD-2, 10 hours half-life tempera­

ture = 86°C) in which R1 and R2 represent t-amyl group, R5 , R6 and 

R9 represent methyl group ~d other Rs represent hydrogen atom, 

1,1-bis(t-hexyl peroxy)cyclohexane (manufactured by NOF Corp., 

trade name: Perhexa HC, 10 hours half-life temperature = 87°C) in 

which R1 and R2 represent t-hexyl group, R3 to R12 represent hy-
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droge;n atom, 1,1-bis(t-butyl peroxy)3,3,5-trimethylcyclohexane 

(manufactured by NOF Corp., trade name: Perhexa 3M, 10 hours 

half-life temperature = 90°C) in which R1 and R2 represent t­

butyl gr~up, R5 , R6 and R9 represent methyl group and other Rs 

_represent hydrogen atom,.di-t-buty~ peroxy-2-methylcyclohexane 

(manufactured by NOF Corp., trade name: Perhexa MC, 10 hours 

half-life temperature = 83°C) in which R1 and R2 represent t­

butyl group, R3 r~presents a methyl group and other Rs represent 

hydrogen atom, 1,1-bis(t-butyl peroxy)cyclohexane (manufactured 

by NOF Corp., trade name: Perhexa C, 10 hours half-life tempera­

ture = 91°C) in which R1 and R2 represent t-butyl group, and R3 to 

R12 represents hydrogen atom, and the like. 

Examples of R13 in the general fonnula (II) include methyl 

group, ethyl group, n-propyl group, i-propyl group, n-butyl group, 

sec-butyl group, t-butyl group, n-pentyl group, neopentyl group 

and the like. Among them, methyl group and ethyl group are pre-

ferred, and ethyl group is particularly preferred. 

Specific examples of the radical polymerization initiator 

represented by the general fonnula (II) include t-butyl peroxy 

3,3,5-trimethylhexanoate (manufactured by NOF Corp., trade name: 

Perbutyl 355, 10 hours half-life temperatur:e = 97°C, or manufac­

tured by Kayaku Akzo Corp., trade name: Trigonox 42, 10 hours 

half-life temperature = lOO°C) in which R13 represents methyl 

group having one carbon atom, t-amyl peroxy 3,3,5-trimethyl-

hexanoate (manufactured by Kayaku Akzo Corp., trade name: 

Kayaester AN, 10 hours half-life temperature = 95°C) in which R13 
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represents ethyl group having 2 carbon atoms, 1,1,3,3-tetra­

methylbutyl peroxy-3,5,5-trimethylhexanoate "(manufactured by Kay­

aku Akzo Corp., trade name: KD-78, 10 hours half-life temperature 

= 86"C) in which R13 represents neopentyl group having 5 carbon 

atoms, and the like. 

Examples of R14 and R15 in the general fonnula (III) include 

hydrogen atoni, t-butyl, t-pentyl group, t-hexyl group and the 

like. R14 and R15 may represent different groups. Among them, 

t-butyl group is particularly preferred. 

Specific examples of the radical polymerization initiator 

represented by the general formula (III) include 1,1-bis(t-butyl 

peroxy)cyclododecane(manufactured by NOF Corp., trade name: Per­

hexa CD, 10 hours half-life temperature =·95°C) in ~hich R14 and 

R15 represent t-butyl group, and the like. 

Examples of R16 in the gen~ral formul~ (IV) include methyl· 

group, ethyl group, n-propyl group, i-propyl group, n-~utyl group, 

i-butyl group, sec-butyl group, t-butyl group, n-pentyl group, 

neopentyl group and the like. Among them, alkyl groups having 1 

to 3 carbon atoms are preferred, and a methyl group is particu­

larly preferred. 

Specific examples of the radical polymerization initiator 

represented by the general formula (IV) include t-butyl peroxy~ 

isopropyl carbonate (manufactured by NOF Corp., trade name: Per­

butyl I, 10 hours half-life temperature = 99°C, or manufactured 

by Kayaku Akzo Corp., trade name: Kayacarbon BIC-75, 10 hours 

half~life temperature = 97"C) in which R16 represents methyl 

24 



group having one carbon atom, t-hexyl peroxyisopropyl carbonate 

(manufactured by NOF Corp., trade.name: Perhexyl r., 10 hours 

·half-life temperature= 95°C) in which R16 represents n-propyl 

group having.3 carbon atoms, and the like. 

· Examples of R17 and R19 in the general formula (V) include 

methyl group, ethyl group, n-propyl group, i-propyl group, n­

butyl group, .i-butyl group, sec-butyl group, t-butyl group, n­

pentyl group, neopentyl group and the like. R17 an,d· R19 may rep­

resent different groups. Among them, alkyl groups having 1 to 3 

carbon atoms are preferred, and methyl group is particularly_ pre­

ferred. Examples of R18 include methylene· group, ethylene group, 

n-propylene group, i-propylene group, n-butylene group, i-buty­

lene group, sec-butylene group, t-butylene gr<?up, n-pentylene 

group, n~hexylene group, n-heptylene group, n-octylene ·group~ n­

nonylene group, n-decylene group and the like. Among them, al­

kylene groups having 2 to 6 carbon atoms are preferred1 and a n­

hexylene group is particularly preferred. 

Specific examples of the radical polymerization initiator 

represented by the general fonnula (V) include 1,6-bis(t-butyl 

peroxycarbornyloxy)hexane (manufactured by Kayaku Akzo Corp., 

trade name: Kayarene 6-70, 10 hours half-life temperature = 97°C) 

in which R17 and R19 represent methyl group having one carbon 

atom, and R18 represents a n-hexylene group havin.g 6 carbon atoms, 

and the like. 

Examples of R20 in the general fonnula (VI) include ethyl 

group, n-propyl group, i-propyl group, n-butyl group, i-butyl 
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group, sec-butyl group, t-butyl, n-pentyl group, n-hexyl group 

and the like. Among them, an ethyl group having 2 carbon atoms 

or a n-propyl group having. 3 carbon atoms is preferred • 

. Specific examples of the radical polymerization initiator 

represented by the general formula (VI) include t-amyl peroxy 

benzoate (manufactured by Kayaku Akzo Corp., trade name.: KD-1, 10 

hours half-life temperature = lOO°C) in which R20 represents 

ethyl group having 2 carbon atoms, t-hexyl peroxy benzoate 

(manufactured by NOF Corp., trade name: Perhexyl Z, 10 hours 

half-life temperature = 99°C) in which R20 represents n-propyl 

group having 3 carbon atoms, and the like. 

Examples of R21 and R23 in the general ·formula (VII) include 

methyl group, ethyl group, n~propyl group, i-prtipyl group, n­

butyl group, i-butyl group, sec-butyl group, t-butyl group, n­

pentyl group, n-hexyl group and the like. Among them, R21 pref­

erably represents methyl group, and R23 preferably represents n­

butyl group. Examples of R22 include a methylene group, ethylene 

group, n-propylene group, i-propylene group, n-butylene group, i­

butylene group, sec-butylene group, t-butylene group, n-pentylene 

group, n-hexy_lene group, and the like. Among them, an ethylene 

group is preferred. 

Specific examples of the radical polymerization initiator 

represented by the general formula (VII) include n-butyl-4,4-

bis(t-butyl peroxy) valerate (manufactured by NOF Corp., trade 

name: Perhexa V, 1_0 hours half-life temperature = 105°C, or manu­

factured by Kayaku Akuzo Corp.·, trade name: Trigonox 17/40, 10 

26 



hours half-life temperature = llO°C) in which R21 represents 

methyl group having one carbon atoms, R23 represents a n-butyl 

group having 4 carbon atoms and R22 represents an ethylene group 

having 2 carbon atom, and the like·. 

The radical polymerization initiators (organic peroxides) 

represented by any of the general formulae (I) to (VII) listed 

above may be used alone, or two or more of them which are repre­

sented by the same general formula or different general formulae 

may be used together. Further, the radical polymerization ini­

tiator represented by any of the general formulae (I) to (VII) 

may be optionally used together with various curing agents such 

as other organic peroxides or azo-based compounds. 

Further, when the (meth)acrylate carrying an ester group 

having the specific structure as described above is used as the 

component (a) in the present invention, the radical polymeriza­

tion initiator represented by any of the general formula~ (I) to 

(VII) may not be used, and various curing agents such as other 

organic peroxides or azo-based compounds can be used as the com­

ponent (C). Specific examples of the curing agents used in this 

case include organic peroxides such as t-butyl peroxy-2-ethyl 

hexanoate (manufactured by NOF Corp., trade name: Perbutyl o, 10 

hours half-life temperature= 72°C), benzoyl peroxide (manufa­

ctured by NOF Corp., tra~e name: Niper BW, 10 hours half-life 

temperature = 73°C), t-butyl ·peroxy isobutyrate (manufactured by 

NOF Corp.,· trade name: Perbutyl IB, 10 hours half-life tempera-

ture= 77°C), 2,2-bis(4,4-di-t-butyl peroxycyclohexyl)propane 
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(manufactured by NOF Corp., trade name: Pertetra A, 10 hours 

half-life temperature= 95°C), t-butyl peroxy laurate (manufa­

ctured by NOF Corp., trade nanie: Perbutyl L, 10 hou~s half-life 

temperature= 98°C), diethylene glycol-bis(t-butyl peroxy carbon­

ate) (manufactured by Kayaku Akuzo Corp.,· trade name: Kayarene 0-

50, 10 hours half-life temperature= 97°C), t-butyl peroxy-2-

ethylhexyl carbonate (manufactured by NOF Corp., trade name: Per­

butyl E, 10 hours half-life temperature= 99°C), 2,5-dimethyl-. 

2,5-di(benzoyl peroxy)hexane (manufactilred by NOF Corp., trade 

name: Perhexa 25Z; 10 hours half-life temperature= lOO°C), t­

butyl peroxy acetate (manufactured by NOF Corp., trade name: Per-

butyl A-50, 10 hours half-life tem~erature = 102°C), t-butyl per­

oxy benzoate (manufactured by NOF Corp., trade name: Perbutyl z, 

10 hours half-life temperature = 104°C), 2,2-bis(t-butyl per­

oxy)butane (manufactured by NOF Corp., ·trade name: Perhexa 22, ·10 

. hours half-life temperature = 103°C), dicumyl peroxide (man~~a­

ctured by NOF Corp., trade name: Percumyl D, 10 hours half-life 

temperature= 116°C), 2,5-dimethyl-2,5-di(t-butyl peroxy)hexane 

(manufactured by NOF Corp., trade name: Perhexa 25B, 10 hours 

half-life temperature= 118°C), t-butylcumyl peroxide (manufa­

ctured by NOF Corp., trade name: Perbutyl C, 10 hours half-life 

. temperature = 120°C), 1,3-bis(t-butyl peroxyisopropyl)benzene 

(manufactured by Kayaku Akuzo Corp., trade name: Percadox 14, 10 

hours half-life temperature = 121°C) and dibutyl peroxide 

(manufactured by NOF Corp., trade name: Per~utyl D, 10 hours 

half-life temperature= 124°C); azo compounds such as 2,2'-
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azobis(2,4-dimethylvaleronitrile) (manufactured by WAKO PURE 

CHEMICAL INDUSTRIES, LTD., trade name: V-65, 10 hours half-life 

temperature = Sl°C), 2,2'-azobisisobutyronitrile) (manufactured 

by WAKO PURE CHEMICAL INDUSTRIES, LTD., trade name: V-60, 10 

hours half-life temperature= 65°C) and 1,1'-azobis(cyclohexane-

1-carbonitrile) (manufactured by WAKO PURE. CHEMICAL INDUSTRIES, 

LTD., trade name: V-40, 10 hours half-life temperature= 88°C); 

and so on. Among them, it is preferable to use curing agents· 

,having a 10 hours half-life temperature of 75°C or more. These 

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

these may be used together with the radical polymerization ini­

tiator represented by any of the general formulae (I) to (VII). 

The content of the component (C) is in the range from 0.01 

to 20 parts by weight based on 100 parts by weight of the (meth)­

acrylic resin composition (A). When this coritent is 0.01 part by 

weight or more, there is tendency that the curing property of the 

(meth)acrylic premix of the present invention is suffic.ient, and 

-the linear shrinkage coefficient of.the resulting molded article 

decreases in the case when the radical polymerization initiator 

represented by any of the general formulae (I) to (VI) is used, 

the hot water resistance is more excellent in the case when the 

radical polymerization initiator represented by the general for­

mula (I) or (III) is used and the weatherability is more excel­

lent in the case when the radical_polymerization initiator repre­

sented by the general formula (II), (IV) or (V) is used. On the 

other hand, this content is not more than 20.parts by weight, the 
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appearance of the resulting molded article having no dimple and 

whitening occurred at the insert screw and the thickness varied 

parts. It is more preferred in the range from 0.1 to 10 parts by 

weight. 

Further, granite-like artificial marble having grain pat­

tern can ,be obtained by compounding an inorganic filler-cont­

ain~ng resin particle into the (meth)acrylic premix of the pres­

ent invention and molding the resulted mixture. The amount com­

pounded of the inorganic filler-containing resin particle is not 

particularly restricted, and preferably in the range from 0.1 to 

200 parts by weight based on 100 parts by weight of the (meth)­

acrylic premix. When this amount compounded is 0 .1 part by 

weight or more, there is tendency that grain pattern excellent in 

design is obtained, and when not more than 200 parts by weight, 

there is tendency that the kneading property in producing the 

(meth)acrylic premix is excellent. More _preferably, it is in the 

range from 1 to 100 parts by weight. 

As the resin constituting the inorganic filler-containing 

resin particle, any resin is allowable providing it .is not dis­

solved in methyl methacrylate, and for example, a cross-linked 

(meth)acrylic resin, cross-linked polyester resin, cross-linked 

polystyrene resin and the like can be listed. A cross-linked 

(meth)acrylic resin is preferable since it e~ibits high affinity 

with the (meth)acrylic resin composition (A) used in the present 

invention and a molded article having beautiful appearance is ob­

tained when this cross-linked resin is used. Further", this 
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cross-linked (meth)acrylic resin may be a resin containing a non­

cross-linked (meth)acrylic polymer. 

The content of an inorganic filler in the inorganic filler­

containing resin particle is preferably in the ~ange from l'to 

500 parts by weight based on 100 parts by weight of a resin con­

stituting the inorganic filler-containing resin particle. When 

this content is 1 part by weight or more, there is ,tendency that 

the heat resistance of the resulting molded article is excellent, 

and_when not more than 500 parts by weight, there is tendency 

that it become possibles to impart marble-like deep excellent 

texture to the resulting molded article. 

As this inorganic filler, aluminum bydroxide, silica, amor­

phous silica, calcium carbonate, barium sulfate, titanium oxide, 

calcium phosphate, talc, mica, clay, glass powder and'the like 

can optionally be used appropriately. Particularly, when a gran­

ite-like artificial_;marble is produced, aluminmn,hydroxide, sil­

ica, amorphous silica and glass powder are preferred as the inor­

ganic filler. 

The process for producing the inorganic filler-containing 

resin particle is not particularly restricted, and for example, 

there is listed a method in which a resin molded article contain­

ing an inorganic filler obtained via polymerization and curing by 

a heat press method, casting method and the like is ground clas­

sit:ied through a sieve. For example, a method in which (meth)­

acrylic artificial marble is ground and classified is preferred. 

In the present invention, it is possible to use one inor-
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ganic filler-containing resin particle or two or more inorganic 

filler-containing resin particles having different colors and 

particle sizes. The particle size of the inorganic filler­

containing resin particle is not particularly restricted provided 

it is not more than the thickness of the resulting molded article. 

The (meth)acrylic premix of the present invention may be 

subjected without any treatment to heat curing or redox curing, 

or a thickening agent may be added to the (meth)acrylic premix to 

produce a (meth)acrylic SMC or BMC, then, the SMC or BMC may be 

cured with being heated and pressurized. Particularly, the 

method in which a (meth)acrylic SMC or BMC is produced before 

curing with heating and pressurizing is preferable from the view­

point of productivity. 

The thickening agent which is used when a (meth)acrylic SMC 

·or BMC is produced is not particularly restricted, and for exam­

pl.e, a magnesium o~ide powder·, polymer powder and the like can be 

used. In particular, a polymer powder is preferred since the hot 

water resistance of the resulting molded article tends to be ex­

cellent. 

The content of this polymer powder is not particularly re­

stricted, and preferably in the range from 0.1 to 100 parts by 

weight based on 100 parts by weight of the acrylic resin compos_i­

tion (A). When this content is 0.1 part by weight or more, there 

is tendency that high thickening effect is manifested, and when 

not more than 100 parts by weight, there is tendency that the· 

dispersibility of the polymer powder is excellent and advantage 
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in cost is obtained. Preferably, it is in the range from 1 to 80 

parts by weight. 

This polymer powder used as a thickening agent is not par­

ticularly restricted, and can be appropriately selected according 

to demands. For example, the inorganic filler-containing resin 

particle described above can be used as a thickening agent. How­

ever, it is preferable to use a polymer powder having a_ bulk den­

sity in the range fr6m 0.1 to 0.7 g/ml, an oil absorption in a 

linseed oil in the range from 60 to 200 ml/100 g, and ~ degree of 

swelling-- in methyl methacrylate of 16-fold or more. When such a 

specific polymer powder is used as a thickening agent; there is 

tendency that a (meth)acrylic SMC or BMC excellent in handling 

property and productivity is obtained, and a molded article hav­

ing excellent appearance is obtained. 

The reason for the above-described definition is that when 

the bulk density of the polymer powder is 0.1 g/ml or more, the 

polymer powder does not easily scatter, the yield in producing 

the powder increases, dusting in adding the polymer powder to the 

(meth)acrylic premix and mixing them decreases, and workability 

becomes excellent, and when the bulk density is not more than 0.7 

g/ml, it becomes possible to obtain sufficient thickening effect 

by using a small amount of the.polymer powder, and thickening pe­

riod of time becomes shorter, therefore, productivity is improved 

and advantage in cost is obtained. This bulk density is prefera­

bly in the range from 0.15 to 0.65 g/ml, and more preferably in 

the range from 0.2 to 0.6 g/ml. 
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Another reason for the above-described definition is that 

when the oil absorption in a linseed oil of the polymer powder is 

60 ml/100 g or more,· it becomes possible to obtain sufficient 

thickening effect by using a small amount of the polymer powder, 

and the thickening period of time becomes shorted, therefore, 

productivity is improved and advantage in·cost is obtained, and 

when the oil absorption is not more than 200 ml/100 g, the dis­

persibility of the polymer powder into the (meth)acrylic premix 

becomes excellent and therefore, the kneading property in produc-· 

ing the (meth)acrylic SMC or BMC becomes excellent. This oil ab­

sorption is preferably in the range from 70 to 180 ml/100 g, and 

more preferably in the range from 80 to 140 ml/100 g. 

Further reason for the above-described definition is that 

when the degree of swelling in methyl methacrylate of the polymer 

powder is 16-fold or more, the effect for thickening the (meth)­

acrylic premix becomes sufficient. This degree of swelling is 

preferably 20-fold or more. 

This polymer powder is a non-cross-linked polymer powder or 

cross-linked polymer powder, and preferably a non-cross-linked 

polymer powder. The reason for this is that when the polymer 

powder is a non-cross-linked polymer powder, sufficient thicken­

ing effect is obtained in short period of time, and in the case 

when a (meth)acrylic SMC or BMC containing this polymer powder is 

used for producing granite-like artificial marble, there is ten­

dency that clearness of grain pattern is improved and unevenness 

in grain pattern disappears. Such tendency is supposed to occur 
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since after the non-cross-linked polymer powder swells in the 

(meth)acrylic premix, a part or all of which is quickly dissolved 

even at room temperature. In the present invention, the non­

cross-linked polymer powder.means. a polymer powder at least of 

which surface part is constituted from a non-cross-linked polymer 

powder. 

The weight-average molecular weight of the polymer powder 

used in the present invention is not particularly restrictedf and 

preferably in the range from 100,000 to 2,000,000. When this 

weight-average molecular weight is 100,000 or more, there is ten­

dency that sufficient thickening effect is obtained in short pe­

riod of time, and in the case when a (meth)acrylic SMC or BMC 

co~taining this polymer powder is used for producing granite-~ike 

artificial marble, there is tendency that clearness of grain pat­

tern is improved and unevenness in grain pattern disappea~s. 

Further, when this weight-average molecular weight is not more 

than 2,000,000, there is tendency that occurrence of dimple and 

whitening at the insert· screw and the thickness varied parts of 

the resulting molded article is suppressed. This weight-average 

molecular weight is more preferred in the range from 300,000 to 

2,000,000, and particularly preferred in the range from 400,000 

to 1,000,000. 

The specific surface area of the polymer powder used in the 

present invention is not particularly restricted, and preferably 

in the range from 1.to 100 m2/g •. When, the specific surface area 

of the polymer powder is 1 m2/g or more, there is tendency that 
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the solubility of the polymer powder in the (meth)acrylic premix 

is remarkably improved and a part or all of the polymer powder is 

dissolved in the acrylic premix, therefore, sufficient thickening 

effect is obtained by using a small amount of the poiymer powder, 

thickening in short period of time becomes possible and produc­

tivity is improved, and further, in the case when a (meth)acrylic 

SMC or BMC containing this polymer powder is.used for producing 

granite-like artificial marble, there is tendency that clearness 

of grain pattern is improved and unevenness in grain pattern dis­

appears. When this specific surface area is not 11\0re than 100 

m2/g, the dispersibility of the polymer ·powder into the (meth)­

acrylic premix becomes excellent and.therefore, the kneading 

property in producing the (meth)acrylic SMC or BMC becomes excel­

lent. This specific surface area is more preferred in the range 

from 3 to 100 m2/ g, and particularly preferred in the range from 

5 to 100 m2/ g. 

The average particle size of the polymer powder is not par­

ticularly· restricted,. and preferably in the range from t to 250 

µm. When the average particle size of the ·polymer powder is 1 

µ m or more, there is tendency that the dusting of the polymer 

powder reduces and the handling property of the polymer powder 

becomes excellent, and when not more than 250 µm, there is ten­

dency that the appearance of the resulting molded article, par­

ticularly the gloss and surface smoothness thereof become excel­

lent. This average particle size. is more preferred in the range 

from 5 to 150 µm, and particularly preferred in the range from 
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10 to 70 µm. 

The polymer powder used in the present invention is pref­

erably a secondary agglomerate which is obtained by agglomerating 

primary particles each other. When the polymer particle is in 

the form of the secondary agglomerate, there is tendency that the 

absorption speed of.the component (a) is fast and the thickening 

property becomes extremely excellent. 

In this case, the average particle ~ize of the primary par­

ticle of the polymer. powder is preferably in the range from 0.03 

to 1 µm. When the average particle size of the primary particle 

is 0.03 µm or more, there is tendency that the yield in produc­

ing the polymer powder which is.the.secondary agglomerate is ex-

cellent, and when not more than 1 µm, there is tendency that the 

sufficient thickening effect is obtained by using a small amount 

of the polymer powder, thickening· is possible in short period of 

time, productivity increases, and in the case when a (meth)­

acrylic SMC or BMC containing this polymer powder is used for 

producing granite-like artificial marble, there is tendency that 

clearness of grain pattern is improved and unevenness in grain 

pattern disappears. The average particle size of this primary 

particle is preferably in the range from 0.07 to 0.7 µm. 

As the polymer constituting the polymer particle, various 

polymers can be appropriately selected according to demands and 

are not particularlyrestricted, however, in view of the appear­

ance and the like of the resulting (meth}acrylic artificial mar­

ble, a (meth}acrylic polymer is preferred. 
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The examples of the constituent components (monomers and 

the like used for polymerization) of the polymer powder include 

monofunctional monomers such as an alkyl (ineth)acrylate carrying 

an alkyl group having 1 to 20 carbon atoms, hydroxyalkyl (meth)­

acrylate, benzyl (meth)acrylate, (meth)acrylate having a cyclo­

hexane ring, (meth)acrylate having a bicycle ring, (meth)acrylate 

having a tricycle ring, {meth)acrylate carrying an ester group 

having cyclic ether structure, {meth)acrylate carrying an ester 

group having a fluorine atom, (meth)acrylic acid, metal salt of 

(meth)acrylate, (meth)acrylamide, fumaric acid, fumarate, maleic 

acid, maleate, aromatic vinyl, vinyl acetate, (meth)acrylonitrile, 

vinyl chloride and maleic anhydride; polyfunctional monomers such 

as ethylene glycol di(meth)acrylate, propylene glycol di(meth)­

acrylate, 1,3-butylene glycol di(meth)acrylate, 1,4-butylene gly­

col di(meth)acrylate, 1,6-hexane dial di(meth)acrylate, dimethy­

lolethane di(meth)acrylate, 1,1-dimethylolpropane di(meth)­

acrylate, 2,2-dimethylolpropane di(meth)acrylate, trimethylole­

thane tri(meth)acrylat~, trimethylolpropane tri(meth)acrylate, 

tetramethylolmethane di(meth)acrylate, tetramethylolmethane tri­

(meth)acrylate, tetramethylolmethane tetra(meth)acrylate, neopen­

tyl· glycol di(meth)acrylate, polyvalent esters of. (meth)acrylic 

acid with polyhydric alcohols [polyethylene glycol, polypropylene 

glycol, pentaerythritol, dipentaerythritol and the like], ally! 

(meth)acrylate, divinyl~enzene and triallyl isocyanurate; and so 

on.· These may be polymerized alone or two or more of them may be 

combined and copolymerized according to demands. It is prefer-
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able to use a (meth)acryli~ monomer in view of affinity with the 

monomer (a) constituting the (meth)acrylic premix. 

Further, the polymer powder used in the present invention 

can be formed as a polymer powder having so-called core/shell 

structure constituted from core and shell phases made from poly­

mers having different chemical compositions, structures, molecu­

lar weights and the like each other·. Iil this case, the core 

phase may be composed of a non-cross-linked polymer or a cross­

linked polymer, however, the shell phased is preferably composed 

of a non-cross~linked polymer. 

As the constituent components of the core and shell phases 

of the polymer powder, for example, the various components as ex­

emplified as constituent components of polymer powder. These 

also may be polymerized alone, or two or more of them may be com­

bined and copolymerized. It is preferable to use methyl meth­

acrylate as a main component in the shell phase, since then af­

finity with a monomer component constituting the (meth)acrylic 

premix is improved. . 

Further, the polymer powder may contain an inorganic filler, 

however, it is preferable to contain no inorganic filler for fur­

ther enhancing thickening effect. 

The method for producing the polymer powder is not particu­

larly restricted, and for example, known methods such as bulk po­

lymerization, solution polymerization, suspension polymerization, 

emulsion polymerization and dispersion polymerization are listed. 

Among them, a method in which an emulsion obt~ined by emulsion 

39 



polymerization i~ subjected to spray drying, freeze drying, 

acid/salt coagulation or the like to obtain a polymer powder is 

preferable since it has excellent production efficiency. 

Further, various additives such as reinforcing fiber like 

glass fiber, and carbon fiber,·coloring agent, low profile agent, 

1nternal releasing agent, polymerization inhibitor and the like, 

in addition to the above~described polymer powder (thickening 

agent), can be optionally added to the (meth)acrylic premix of 

the present invention. 

The method for mixing·various constituent components to ob­

tain the (meth)acrylic premix of the present invention is not 

particularly restricted provided it is a method in which sub­

stances having high viscosity can be mixed efficiently. For ex­

ample, a kneader, mixer, roll and extruder can be used. 

Further, the above-described known various mixing appara­

tuses can be used also in producing a (meth)acrylic SMC or BMC by 

thickening the (meth)acrylic premix of the present invention. 

Particularly when a non-cross-linked polymer having the above­

described specific bulk density and oil absorption is used as a 

thickening agent, since the acrylic SMC or BMC of the present in­

vention can be thickened to level having no stickiness in a short 

period of time and aging is not required, various constituent 

components can be uniformly mixed and simultaneously extruded and 

shaped into given form to continuously produce an acrylic SMC or 

BMC. 

When the (meth)acrylic preinix of the present invention is 
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processed into a (meth)acrylic SMC or BMC, then, cured ~ith being 

heated and pressurized to produce artificial marble, the produc-

tion can be conducted by known methods such as a compression 

molding method, injection molding method, transfer molding method 

and extrusion molding method. 

In this case, the heating temperature is not particularly 

restricted, and preferably in the range from 105 to 150°C. When 

the heating temperature is lOS°C or more, there is tendency that 

heating with stream becomes possible, heating cost lowers, and 

the curing ti.me can be shortened and the productivity increases. 

On the other hand, when the heating temperature is not more than 

lSO°C, there is tendency that the linear shrinkage coefficient of 

the resulting molded article decreases, and occurrence of dimple 

and whitening ~t the insert screw and the thickness varied parts 

of the resulting molded article tends to be suppressed. The 

heating temperature is more preferred in the range from 105 to 

140°C, and particularly preferred in the range from 110 to 130°C. 

Further, when curing with heating and pressurizing is conducted, 
. . 

a upper mold and a lower mold may be heated at different tempera-

tures in the above-described temperature range. 

The compression pressure is preferably in the range from 10 

to 200 kg/cm2 • When the compression pressure is 10 kg/cm2 or 

more, there is tendency that the filling property of a (meth)-

acrylic SMC or BMC into a mold is excellent, and when the com­

pression pressure is not more ~han 200 kg/cm.2 , there is tendency 

that excellent appearance of the resulting molded article having 
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no dimple is obtained. This compression pressure is more pre­

ferred in the range from 20 to 150 kg/cm2 • 

The molding time may advantageously be selected appropri­

ately according to the thickness of the resulting molded article. 

The present invention will be explained in detail with re­

ferring to examples. Part(s) and % in the examples are all b}r 

weight unless otherwise stated. 

<Measurement of linear shrinkage coefficient of molded article> 

The actual size (L nun) of a molded article was measured, 

and shrinkage extent based on the size of a mold (Lo nun) was cal­

culated according to the following equation. 

Linear shrinkage coefficient (%) = {(LoL)/Lo} X 100 (%) 

<Hot water resistance of molded article> 

A molded plate was immersed in hot water of 98°C for 120 

hours, and changes in color properties (whiteness, color differ­

ence, yellowing) were compared based on the plate before the im­

mersion. 

<Weatherability of molded article>· 

A molded article·was subjected to accelerated weathering 

test using Sunshine Weatherometer WEL-SUN-DC type manufactured by 

Suga Shikenki K.K., under conditions of a black panel temperature 

of 63°C, a rainfall (spraying) time of 12 minutes during 60 min­

utes, and a treating time of 500 hours, and changes in color 

properties (whiteness, color difference, yellowing) before and 

after the test were evaluated according to.JIS Z 8730-1980. 

<Physical property of polymer powder> 
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Average particle size: It was measured using laser scat­

tering particle size distribution analyzer (LA-910, manufactured· 

by HORIBA Ltd.) 

Bulk density: It was measured according to JIS R 6126-1970. 

Oil absorption: It was measured according to JIS K 5101-

1991, and time directly before a putty-like lamp is steeply sof­

tened with the last one drop of linseed oil was recognized as 

terminal point. 

Specific surface area: It was measured by a nitrogen ad­

sorption method using a surface area meter SA-6201 (manufactured 

by HORIBA Ltd.). 

Weight average molecular· weight: Measured value by GPC 

method (in terms of polystyrene) was calculated. 

Degree of swelling: A polymer powder was charged in a 100 

ml measuring cylinder, the cylinder was.tapped weakly several 

times to compact the powder to 5 inl, then, to this was charged 

methyl methacrylate cooled to lO°C or lower so that the total 

amount was 100 ml, and the mixture was stirred quickly until the 

mixture became totally uniform, then, the measuring cyl·inder was 

kept in a thermostat at 25°C for 1 hour, the volume of the poly­

mer powder layer after swelling was measured, and the degree of 

swelling was represented by ratio to the volume (5 ml) of the 

polymer powder layer before swelling. 

(1) Production Example of polymer powder (P-1) 

Into a reaction apparatus equipped with a cooling tube, 

thermC?Illeter, stirrer, dropping apparatus and nitrogen introducing 
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tube was charged 925 parts of distilled water, 5 parts of sodium 

alkyldiphenyl ether disulfonate (manufactured by Kao Corp., trade 

name: Pelex SS-H), and 1 part of potassium persulfate, and the 

resulting mixture was heated at 70°C with stirring under nitrogen 

atmosphere. To this was added a mixture of 500 parts of methyl 

methacrylate and 5 parts of sodium dialkylsulfosuccinate 

(manufactured by Kao Corf>., trade name: Pelex OT-P) dropwise over 

3 hours, then, kept for 1 hour, and further heated up to BO°C and 

kept for 1 hour for completing emulsion polymerization, to obtain 

an emulsion containing a polymer primary particle having an aver­

age particle size of 0.08 µm. 

The resulted emulsion was spray-dried using spray drier L-8 

manufactured by OHKAWARA KAKOHKI Co. Ltd. at inlet tempera­

ture/outlet temperature = 150CC/90°C, to obtain a non-cross­

linked polymer powder (.P-1) containing a secondary agglomerate 

particle having an average particle size of 30 µm. The resulted 

non-cross-linked polymer powder (P-1) had a bulk density of 0.40 

g/ml, an oil absorption in linseed oil of 100 ml/100 g, a spe­

cific surface area of 51 m2/g and a welght-average molecular 

weight of 600,000, and this polymer powder was completely dis­

solved in methyl metbacrylate and had a degree of swelling of 20-

fold or more. 

(2) Production Example of polymer powder (P-2) 

Into a reaction apparatus equipped with a cooling tube, 

thennometer, stirrer, dropping apparatus and nitrogen introducing 

tube was charged 925 parts of distilled water, 5 parts of sodium 
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alkyldiphenyl ether disulfonate, and 1 part of potassium persul­

fate, and the resulting mixture was heated at 70°C with stirring 

under nitrogen atmosphere." To this was added a mixture of 149.85 

parts of methyl methacrylate, 0.15.parts of 1,3-butylene glycol 

dimethacrylate and 5 parts of sodium dialkylsulfosuccinate·drop­

wise over 1.5 hours, then, kept for 1 hour, subsequently 350 

parts of methyl methacrylate was added to the mixture dropwise 

over 3.5 hours, then kept for 1 hour, and further heated up to 

80°C and kept for 1 hour for completing emulsion polymerization, 

to obtain an emulsion containing a polymer primary partic.le hav-

ing art average particle size of 0.10 µm. 

The resulted emulsion was spray-dried in the same manner as 

for the polymer powder (P-1), to obtain a-polymer powder (P-2) 

which contains a secondary agglomerate particle having an average 

particle size of 20 µm and has core/shell structure in which the 

·core· phase is composed of a cross-linked polymer and the shell 

phase is composed of a non~cross-linked polymer. The physical 

properties of the resulted polymer powder are shown in Table 1. 

(3) ;production Example of polymer powder (P-3) 

Emulsion polymerization was conducted in the same manner as 

for the polymer powder (P-1) except that the amount charged of 

potassium persulfate was 0.25 parts, and the mixture to be added 

dropwise was a mixture of 497.5 parts of methyl methacrylate, 2.5 

parts of 1,3-butylene glycol dimethacrylate and 5 parts of sodium 

dialkylsulfosuccinate, to obtain an emulsion containing a polymer 

primary particle having an average particle size of 0 .18 µ m. 
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The resulted emulsion was spray-dried in the same manner as 

for the polymer powder (P-1), to obtain a cross-linked polymer 

powder {P-3) containing a secondary agglomerate particle having 

an average particle size of 18 µ m. 

(4) Production Example of polymer powder (P-4) 

An emulsion containing a polymer primary particle having an 

av~rage particle size of 0 .10 µm was obtained in the same manner 

as for the polymer powder (P-1) except that the solution to be 

charged previously was composed 925 parts of distilled water, 5 

parts of polyoxyethylenenonylphenyl ether (manufactured by Kao. 

Corp., trade name: Emulgen 930) and 1.5 parts of potassium per-

sulfate, and the mixture to be added dropwise was. a mixture of 

500 parts of methyl methacrylate and 10 parts of sodium dialkyl-

sulfosuccinate. 

The resulted emulsion was spray-dried in the same manner as 

for the polymer powder (P-1) ., to obtain a 9ross-linked polymer 

powder (P-4) containing a secondary agglomerate particle having 

an average particle size of ·20 µm. The physical properties of 

the resulted polymer powder are shown in Table 1. 

(5) Production Example of polymer powder (P-5) 

An emulsion containing a polymer primary particle having an 

average particle size of 0.11 µm was obtained in the same manner 
. . 

as for the polymer powder (P-1) except that the solution to be 

charged previously was composed 625 parts of distilled water, 3 

parts of alkyldiphenyl ether disulfonic acid and 0.5 parts of po-

tassium persulfate. 
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The resulted emulsion was spray-dried in the same manner as 

for the polymer powder (P-1), to obtain a cross-linked polymer 

powder (P-5) containi~g a secondary agglomerate particle having 

an average particle size of 50 µm. The physica;L properties of 

the resulted polymer powder are shown in Table 1. 

(6) P~oduction Example of polymer powder (P-6) 

An emulsion containing a polymer primary.particle having an 

average.particle size of 0.10 µm was obtained.in the same manner 

as for the polymer powder (P-1} except that the amount to be 

· charged previously of potassium persulfate was o .. 25 parts. 

The resulted emulsion was spray-dried in the same manner as 

for the polymer powder (P-1), to obtain a cross-linked polymer 

powder (P-6) containing a secondary agglomerate particle having 

an average particle size of 20 µm. The physical properties of 

the resulted polymer powder are shown in Table 1. 

(7) Production Example of polymer powder (P-7) 

Into a. reaction apparatus equipped with a cooling tube, 

thermometer, stirrer, and nitrogen introducing tube was charged a 

monomer solution which was prepared by dissolving 1 part of poly­

vinyl alcohol (degree of saponification 88%, degree of polyroeri­

zation 1000) in 800 parts of distilled water, then, dissolving 

400 parts of methyl methacrylate and 0.5 parts of azobisisobuty­

lonitrile, and the solution was heated up to 80°C over 1 hour 

with stirring at 500 rpm under nitrogen atmosphere. After this, 

the solution was heated up to 90°C and heated for 2 hours, then, 

the remaining monomers were distilled off with water by further 
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heating at 120°C to obtain a slurry and to complete suspension 

polymerization. The resulted slurry was filtered and washed, 

then, dried by a hot air drier at SO°C, to obtain a non-cross­

linked polymer powder (P-7) having an average particle size of 30 

µm. The physical properties of the resulted polymer powder are 

shown in Table 1. 

(8) Production Example of polymer powder (P-8) 

A cross-linked polymer (P-8) having an average particle 

size of 30 µm was obtained in the same manner as for the polymer 

powder (P-7) except that the monomer solution to be charged was 

composed of 398 parts of methyl methacrylate, 2 parts by neopen­

tyl glycol dimethacrylate, 0.4 parts of n-dodecylmercaptane and 

1.2 parts of azobisisobutyronitrile, to obtain a cross-linked 

polymer powder (P-8) having an average particle size of 30 µm. 

The physical properties of the resulted polymer powder are shown 

in Table 1. 

(9) Production Example of polymethyl methacrylate (B-1) in 

acrylic syrup 

Into a reaction apparatus equipped with a cooling tube, 

thermometer, stirrer, and nitrogen introducing tube was. charged a 

monomer solut~on which was prepared by dissolving 1 part of poly­

vinyl alcohol (degree of saponification 88%, qegree of polymeri­

zation 1000) in 800 parts of distilled water, then, dissolving . 

400 parts of methyl methacrylate, 2 parts of n-dodecylmerc~ptan 

and 2 parts of azobisisobutyronitrile, and the solution was 

heated up to 80°C over 1 hour with stirring at 400 rpm under ni-



trogen atmosphere, and heated for 2 hours under this condition. 

After this, the solution was heated up to 90°C and heated for 2 

hours, then, the remaining monomers were distilled off with water 

by further heating at 120°C to obtain a slurry and to complete 

suspension polymerization. The resulted slurry was filtered and 

washed, then, dried by a hot air drier at SO°C, to obtain polyme­

thyl methacrylate (B-1) having an average particle size of 93 µm. 

The weight-average molecula~ weight of the resulted polymer (B-1) 

was 40,000. The various physical properties are shown in Table 2. 

(10) Production Example of polycyclohexyl methacrylate ·cs-2) 

Polycyclohexyl methacrylate (B-2) was obtained in the same 

manner as in Production Example (9) except that cyclohexyl meth­

acrylate was used instead of methyl methacrylate. 

(11) Production Example of inorganic filler-containing resin 

To 100 parts of an acrylic resin composition composed of 

69% of methyl methacrylate, 2% of ethylene glycol dimethacrylate 

and 29% of the polymethyl methacrylate (B-1) obtained in the 

above-described Production Example (9) was added 2.0 parts of t­

butyl peroxy benzoate (manufactured by NOF Corp. trade name: Per­

butyl Z) as a curing agent, 0.5 part~ of zinc stearate as an in­

ternal releasing agent and 0.25 parts of a white inorganic pig­

ment or black inorganic pigment, then, to this mixture was added 

·200 parts of aluminum hydroxide (manufactured by Showa Denko K.K., 

trade name: Higilite H-310) as an inorganic filler and further 

was added 30 parts of the polymer I>C>Wd:er_ (P-1) obtained in the 

above-de~cribed Production Example (1), and the resulting mixture 
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was kneaded by a kneader for 10 minutes to obtain a (meth)acrylic 

BMC. Then, this (meth)acrylic premix was filled in a flat type 

mold for molding of 200 nun square, and cured with being heated 

and pressurized at a mold temperature of 130°C and.a pressure of 

100 kg/cm2 for 10 minutes, to obtain a (meth)acrylic artificial 

marble having a thickness of 10 mm. The resulted (meth)acrylic 

artificial marble was broken by a crusher to obtain a white or 

black inorganic filler-containing resin particle having an.aver­

age particle size of 350 µm. Physical properties thereof are 

shown in Table 3. 
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Table 1 

JXJ.Vde:r properties of polyrmr powder 
polynm- cooposition of average average 
powder . polyrmr powder particle . particle bulk oil degree of 

size of size of density absorption s.velling 
prinmy secondary . 
particle agglcnetated . {g/ml) 6nli'1oog) (fold) 

particle 
(µni) (µni) 

P-1 MAA=lOO o. 08 30 . o. 40 100 a>-fold or llDl'e 

P-2 care phase : ~=00. ~/O. 1 o. 10 20 o. 38 100 20-fold or nore 
shell "phase : JlM\=100 

\ 

P-3 MdA/Bl:MA.=00. 5/0. 5 o. 18 18 0. 38 95 a>-fold or llDl'e 

P-4 MNFlOO o. 10 20 0. 38 ·100 a>-fold or nm 
P-5 MAA=lOO .o. 11 50 0. 50 90 a>-fold or nixe 
P-6 M#i.=100 o. 10 20 0. 38 100 a>-fold or llDl'e 

P-7 M&A.=100 30 - 0. 58 50 1. 2 
P-8 ~=00.5/0.5 30 - o. 57 50 5.6 

Mk\ : mathyl mathacrylate JDfA : 1, 3-butylene glycol d:inBtbacrylate 
Nm.11\ : neopentyl glyool dinethacry late 

specific weight-
surface average 

area nnlecular 
weight 

. (r{l./g, 

51 600,000 
51 shell phase 

600,000 
24 -
50 400,000 
49 900,000 
50 1,400,000 
0. 2 . 1, 200, 000 
0.2 -



Cl 
~ 

Table 2 
cooposition }'.X)Wder p!-operties of }'.X)lY!IBI" (b) 

polynBr of average bulk oil degree specific 
(b) J:X)lyner (b) p:irticle density absorption of surface 

size SIVelling area 
(µrri) . (g/ml) (mJ./lOOg) (fold) fuf.1w . 

B-1 tMA.=100 93 0. 70 45 '1.2 o. 07 

B-2 ClM\=100 150 0. 71 45 1. 2 0. 07 

MM.: OBthyl. DBthacrylate CIMA: cyclohexyl mthacrylate 

Table 3 
:inorganic powder properties of inorganic 
filler-. filler-containing resin· }m"ticle 

containing average bulk oil degree specific 
resin Jmi;icle density absorption of surface 

imticle size · swelling area 
(µIW . (g/ml) (mJ.JlOOW (fold) rif.1w 

c 350 0. 82 45 1. 1 15 

weight-
average 

nnlecular 
weight 

40,000 

40,000 



[Example al-1] 

To 100 parts of a (meth)acrylic resin composition composed 

of.25% of cyclohexil methacrylate (manufactured by Mitsubishi 

Rayon Co., Ltd., trade name: Acryester CH), 23% of methyl meth-

acrylate (manufactured by Mitsubishi Rayon Co., Ltd., trade name: 

Acryester M), 25% of neopentyl glycol dimethacrylate (manufa-

ctured by SHINNAKAMURA KAGAKU KOGYO K. K. , trade name: NK ester 

NPG), 2% of ethylene glycol dimethacrylate (manufactured by Mit-

subishi Rayon Co., Ltd., trade name: Acryester ED) and 25% of the 

polymethyl methacrylate (B-1) obtained in Production Example (9) 

was added 2.0 parts of 1,1-bis(t-butyl peroxy)3,3,5-tr.iinethyl-

cyclohexane (manufactured by NOF Corp., Perhexa 3M, 10 hours 

half-life temperature = 90°C) in which R1 and R2 represent t­

butyl group, R5 , R6 and R9 represent methyl group.and other Rs 

represent hydrogen atom in the general fonnula (I) as a curing 

agent and 0.5 parts of zinc stearate as.an internal releasing 

agent, then, to this mixture was added 195 parts of aluminum hy-

droxide (manufactured by Showa Denko K.K., trade name: Higilite 

H-310) as an inorganic filler and further was added 25 parts of 

the polymer powder (P-1) obtained in the above-described Produc-

tion Example (1), and the resulting mixtur~ was kneade~ by a 

kneader for 10 minutes to obtain a (meth)acrylic BMC. · The re­

sulted (meth)acrylic BMC had no stickiness even directly after 

kneading and manifested.extremely excellent handling property. 

Then, the resulted (meth)acrylic BMC was filled in a mold 

for molding, and cured with being heated and pressurized at a up-

53 



per mold temperature of 140°C, a lower mold temperature of 125°C 

and a pressure of 100 kg/cm2 for 10 minutes, to obtain a (meth)­

acrylic artificial marble in the form of a flat_ plate of 200 mm 

square having a constant thickness of 10 mm. 

The surface of the resulted molded article had no uneven­

ness in gloss, and had extremely high gloss and extremely excel­

lent appearance. Further, color change after inunersion in hot 

water of the resulted article was· extremely low and hot water re­

sistance thereof was extremely excellent. 

[Examples al-2 to al-5] 

(Meth)acrylic artificial marble was obtained in the same 

manner as in Example al-1 except that composition shown in Table 

4 was used. Evaluation results are shown in Table 4. 

[Example al-6] 

To 100 parts of ·a (meth)acrylic resin composition composed 

of 24% of cyclohexyl methacrylate, 24% of methyl methacrylate, 

15% of neopentyl glycol dimethacrylate, 2% of ethylene glycol di­

methacrylate and 35% of the polymethyl methacrylate (B-1) ob­

tained in Production Example (9) was added 2.0 parts of 1,1-

bis(t-butyl peroxy)3,3,5-trimethylcyclohexane as a curing agent 

and 0.5 parts of zinc stearate as an internal releasing agent, 

then, to this mixture was added as an inorganic filler 170 parts 

of aluminum hydroxide and 70 parts of the black and white inor­

ganic filler-containing resin particles in total obtained in the 

above-described Production Example (11), and further was added 25 

parts of the polymer powder (P-1) obtained in the above-described 
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P~oduction Example (1), and the resulting mixture was kneaded by 

a kneader for 10 minutes to obtain a (meth)acrylic BMC. The re­

sulted (meth)acrylic BMC had no stickiness even directly after 

kneading and manifested extremely excellent handling property. 

Then, granite-like (meth)acrylic artificial marble was ob­

tained in the same manner as in Example al-1. The evaluation re­

sults are shown in Table 4. 

[Comparative Examples 1 to 2] 

(Meth)acrylic artificial marble was obtained in the same 

manner as in Example al-1 except that 2.0 parts oft-butyl peroxy 

benzoate (manufactured by NOF Corp., trade name: Perbutyl z, 10 

hours half-life temperature = 104°C) was used as a curing agent 

and other composition was as shown in Table 4. The evaluation 

results are shown in Table 4. 

[Comparative Example 3] 

(Meth)acrylic artificial marble was obtained in the same 

manner as in Example al-1 except that 10 parts of 2,2'-azobis­

(2,4-dimethylvaleronitrile) (manufactured by WAKO PURE CHEMICAL 

INDUSTRIES, Ltd., trade name: V-65, 10 hours half-life tempera­

ture = Sl°C) was used as a curing agent and other composition was 

as shown l.n Table 4. The evaluation results are shown in Table 4. 

[Examples a2-1 to a2-7] 

(~th)acrylic artificial marble was obtained in the same 

manner as in Example al-1 except that isobornyl methacrylate 

(manufactured by Mitsubishi Rayon Co., Ltd., trade name: Acryes­

ter IBX) or isobornyl acrylate (KYOEISHA KAGAKU K.K., Light Aery-
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late IB-XA) was used instead·of cyclohexyl methacrylate and other 

composition was as shown in Table 5. ·The evaluation results are 

shown in Table .5·. 

[Example a2-8] 

Granite-like (meth)acrylic artificial marble was obtained 

in the same manner as in Example al-6 except that isobornyl meth-

acrylate.was used instead of cyclohexyl methacrylate. The 

evaluation results are shown in Table 5. 

[Comparative Examples 4 to 5] 

(Meth)acrylic artificial stone was obtained in the same 
. •' 

manner as in Comparative E~ple 3 except that. isobornyl meth-

acrylate or isobornyl acrylate was used instead of cyclohexyl 

methacrylate. The evaluation results are shown in Table 5. 

[Examples a3-1 to a3-7] 

(Meth)acrylic artificial marble was· obtained in the same 

manner as in Example al-1 except that tricyclo[5 • 2 • 1 • o2 •6 ]-

decanyl methacrylate (manufactured by Hitachi Chemical Co., Ltd., 

trade name Fancryl FA-513M) or tricyclo[5 • 2 • 1 • o2 •6 ]decanyl 

acrylate (manufactured by Hitachi. Chemical Co.,. Ltd., trade name 

Fancryl FA-513A) was used instead of cyclohexyl methacrylate and 

other composition was as shown: in Table 6. The evaluation re-

sults are shown in Table 6. 

[Example a3-8] 

Granite-like (meth)acrylic artificial marble was obtained 

in the same manner as in Example al-6 except that tricycle [ 5 • 2 • 

1 • o2
•
6 ]decanyl methacrylate was used instead of cyclohexyl meth-
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acrylate. The evaluation results are shown in Table 6. 

[Examples a4-1 to a4-7] 

(Meth)acrylic artificial marble was obtained in the same 

manner as in Example al-:-1 except that 2,2,2-trifluoroethyl meth­

acrylate (manufactured by Mitsubishi Rayon Co., Ltd., trade name: 

Acryester 3FE) was used instead of cyclohexyl methacrylate. The 

evaluation results are shown in Table 7. 

[Example a4-8] 

Granite-like (meth)acrylic artificial marble was obtained 

in the same manner as in Example al-6 except that 2,2,2-tri­

fluoroethyl methacrylate was used instead of cyclohexyl methacry­

late. The evaluation results are shown in Table 7. 

[Examples aS~l to aS-6] 

(Meth)acrylic artificial marble was obtained in the same 

manner as in Example al-1 except that tetrahydrofurfuryl meth­

acrylate (manufactured by Mitsubishi Rayon Co., Ltd., trade name: 

Acryester THF) was used instead of cyclohexyl methacrylate and 

composition was as shown in Table 8. The BMC after kneading gave 

no odor, and no odor was recognized in producing this BMC~ namely, 

this compound manifested extremely excellent handling property. 

The evaluation results are shown in Table 8. 

[Example aS-7] 

Granite-like (meth)acrylic artificial marble was obtained 

in the same manner as in Example al-6 except that tetrahydrofur­

furyl methacrylate was used instead of cyclohexyl methacrylate. 

The evaluation results are shown in Table 8. 
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(Example I-1] 

To 100 parts of a (meth)acrylic resin composition composed 

of 55% of methyl methacrylate , 10% of 1,3-butylene glycol di­

methacrylate (manufactured by Mitsubishi Rayon Co., Ltd., trade 

name: ACryester BD) and 35% of the polymethyl methacrylate (B-1) 

obtained in Production Example (9) was added 2.1 parts of 1,1-

bis(t~butyl peroxy)cyclohexane (manufactured by NOF Corp., Per­

hexa C, 10 hours half-life temperature = 91°C) in which R1 and R2 

represent t-butyl group and R3 to.R12 represent hydrogen atom in 

the general formula (I) as a curing agent and 0.5 parts of zinc 

stearate as an internal releasing agent, then, to this mixture 

was added 210 parts of aluminum hydroxide (manufactured by Showa 

Denko K.K., trade nc:ime: Higilite H~310) as an inorganic filler 

and further was added 35 parts of the polymer powder (P-1) ob­

tained in the above-described Production Example (1), and the re­

sulting mixture was krieaded by a kneader for 10 minutes to obtain 

a (meth)acrylic BMC. 

The resulted (meth)acrylic BMC had no stickiness even di­

rectly after kneading and manifested extremely excellent handling 

property. 

Then, the resulted (meth)acrylic BMC was filled in a mold 

for molding, and cured with being heated and pressurize_d at a up­

per mold temperature of 125°C, a lower mold temperature of llO°C 

and a pressure of 100 kg/cm2 for 10 minutes, to obtain a (meth)­

acrylic artificial marble in the form of a plate of 200 mm square 

having variation in thickness into which an insert screw 1 having 
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a diameter of 15 mm and a length of 8 mm had been inserted. The 

form of the resulted molded article is shown in Fig. 1 (width P = 

200 mm, length Q = 200 mm, thickness Ti = 13 mm, thickness T2 = 

15 mm). The surface of the resulted article had extremely high 

gloss, exhibited mirror-like appearance having no defect, and the 

surface smoothness was extremely high. No dimple and whitening 

were recognized at all at the insert screw and the thickness var­

ied parts, and the appearance was extremely excellent. The lin­

ear shrinkage coefficient of the resulted article was as low as 

0.72%, and hot water resistance of the moided article was also 

excellent. The evaluation results are shown in Table 10. 

[Example I-2] 

(Meth)acrylic artificial marble having form shown in Fig. 1 

was obtained in the same manner as in Example I-1 except that 1.8 

parts of 1,1-bis(t-butyl peroxy_)3,3,5-trimethylcyclohexane in 

which R1 and R2 represent t-butyl group, R5, R6 and R9 represent 

methyl group and other Rs represent hydrogen atom in the general 

formula (I) was used as a curing agent, and other composition was 

as shown in Table 9. The evaluation results are shown in Table 

10. 

(Example I-3] 

(Me~h)acrylic artificial marble having form shown in Fig. 1 

was obtained in the same manner as in Example I-1 except that 2.1 

parts of 1,1-bis(t-hexyl peroxy)cyclohexane (manufactured by NOF 

Corp., trade name: Perhexa HC, 10 hours half-life temperature= 

87°C) in which R1 and R2 represent t-hexyl group and R3 to R12 
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represent hydrogen atom in the general formula (I) was used as a 

curing agent, and other composition was as shown in Table 9. The 

evaluation results are shown in Table 10. 

[Example I-4] 

(Meth)acrylic artificial marble having form shown in Fig. 1 

was obtained in the same Il_lC!nner as in Example I-1 except that 2.7 

parts of 1,1-bis(t-hexyl peroxy)3,3,5-trimethylclohexane (manu­

factured by NOF Corp~, trade name: Perhexa TMH, 10 hours half­

life temperature= 87°C) in which·R1 and R2 represent t-hexyl 

group, R5 , R6 and R9 represent methyl group and other Rs repre­

sent hydrogen atom in the general formula (I) was used as a cur­

ing agent, and other composition was as shown in Table .9. The 

evaluation results are shown in Table 10. 

[Example I-5] 

(Meth)acrylic artificial marble having form shown in Fig. 1 

was obtained in the.same manner as in Example ~-1 except that 

composition was as shown in Table 9. The evaluation results are 

shown in Table 10. 

[Example I-6] 

(Meth)acrylic artificial marble having form shown in Fig. 1 

was obtained in the same manner as in Example I-1 except that 1.8 

parts of 1,1-bis(t-amyl peroxy)J,3,5-trimethylclohexane (manu­

factured by Kayaku Akuzo Corp., trade name: KD-2, 10 hours half­

life temperature = 86°C) in which R1 and R2 represent t-amyl 

group, R5, R6 and R9 represent methyl group and other Rs repre­

sent hydrogen atom in the general formula (I) was used as a cur-
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ing agent, and other composition was as shown in Table 9. The 

evaluation results are shown in Table 10. 

[Example I-7] 

Granite-like (meth)acrylic artificial marble.having form 

shown in Fig. 1 was obtained in the same manner as in Example I-1 

except that composition was as shown in Table 9. The evaluation 

results are shown in Table 10. 

[Comparative Example 6] 

(Meth)acrylic artificial marble having form shown in Fig. 1 

was obtained in the same manner as in Example I-1 except that 2.8 

parts oft-butyl peroxy benzoate (manufactured by NOF Corp., 

trade name: Perbutyl z, 10 hours half-life temperature = 104°C) 

in which R20 represents methyl group having one carbon atom in 

the general formula (VI) was used as a curing agent, and other 

composition was as shown in Table 9. The evaluation results are 

shown in Table 10. 

[Comparative Example 7] 

(Meth)acrylic artificial marble having form shown in Fig. 1 

was obtained in the same manner as in Example I-1 except that 1.8 

parts of t-amyl peroxy 2-ethyl hexanoate (manuf.actured by Kayaku 

Akuzo Corp., trade name: Trigonox 121-50, 10 hours half-life tem­

perature = 70°C) was used as a curing agent, and other composi­

tion was as shown in Table 9. The evaluation results are shown 

in Table 10. 

[Comparative Example 8] 

(Meth)acrylic artificial marble having form shown in Fig. 1 
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was obtained in the same manner as in Example I-1 except that 0.8 

parts of t-butyl peroxy 2-ethyl hexanoate (manufactured by NOF 

Corp., trade name: Perbutyl O, 10 hours half-life temperature= 

72°C) was used as a curing agent, and other composition was as 

shown in Table 9. ·The evaluation results are shown in Table 10. 

[Comparative Example 9] 

(Meth)acrylic artificial marble having form shown in Fig. 1 

was obtained in the same manner as in Example I-1 except that 12 

parts of 2,2-bis(t-butyl peroxy)butane (manufactured by NOF Corp., 

trade name: Perhexa 22, 10 hours half-life temperature= 103°C), 

2 parts of bis(4-t-butylcyclohexyl) peroxy dicarbonate (manu­

factured by NOF Corp., trade name: Perley! TCP, 10 hours half-

life temperature = 41°C) and 1.6 parts of dicumyl peroxide 

(manufactured by NOF Corp., ·trade name: Percumyl D, 10 hours· 

half-life temperature = 116°C) were used as a curing agent, and 

other composition was as shown in Table 9. The evaluation re­

sults are shown in Table 10. 

[Example I-8] 

To 100 parts of a (meth)acrylic resin composition composed 

of 50% of methyl methacrylate, 15% of 1,3-butylene glycol dimeth­

acrylate and 35% of the polymethyl methacrylate (B-1) obtained in 

Production Example (.9) was added 2.8 parts of 1,1-bis(t-butyl 

peroxy)3,3,5-trimethylcyclohexane as a curing agent an4 0.5 parts 

of zinc stearate as an internal releasing agent, then, to this 

mixture was added as an inorganic filler 160 parts of aluminum 

hydroxide and 70 parts of the black and white inorganic filler-
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containing resin particles in total obtained in the above-

described Production Example (11), and further was added 15 parts 

of the polymer powder (P-1) obtained in the above-described Pro-

duction Example (1), and the resulting mixture was kneaded by a 

kneader for 10 minutes to obtain a (meth)acrylic BMC. The re-

sulted (meth)acrylic BMC had no stickiness even directly after 

kneading and manifested extremely excellent handling property. 

Then, granite-like (meth)acrylic artificial marble having 

form shown in Fig. 1 was obtained in the same manner as in Exam-

ple I-1. The evaluation results are shown in Table 10. 

[Example I-9] 

(Meth)acrylic artificial marble was obtained in the same 

manner as in Example I-8 except that composition was as· shown in 

Table 9. The evaluation results are shown in Table 10. . . 

[Comparative Examples 10] 

Granite-like (meth)acrylic artificial marble having form 

shown in Fig. 1 was obtained in the same manner as in Example I-8 

except that 2.8 parts of t-butyl peroxy benzoate was used as a 

curing agent and other composition was as shown in Table 9. The 

evaluation results are shown in Table 10. 

(Comparative Example 11] 

To 100 parts of a (meth)acrylic resin composition composed 

of 20% of methyl methacrylate, 15% of styrene, 25% of trimethy-

lolpropane trimethacrylate (manufactured by Mitsubishi Rayon Co., 

Ltd., trade name: Acryester TMP) and 40% of the polymethyl meth-

acrylate (B-1) obtained in Production Example (9) was added 0.5 
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parts of t-butyl peroxy 2-ethyl hexanoate as a curing agent and 

0.5 parts of zinc stearate as an internal releasing agent, then, 

to this mixture was added 220 parts of aluminum hydroxide as an 

inorganic filler and 100 parts of the black and white inorganic 

filler-containing resin particles in total obtained in the above­

described Production Example ( 11) ,· and the resulting mixture was 

kneaded by a kneader for 10 minutes to obtain a (meth)acrylic BMC. 

Then, granite-like (meth)acrylic artificial marble having 

form shown in.Fig. 1 was obtained in the same manner as in Exam­

ple I-1. The evaluation results are shown in Table 10. 

[Example II-1] 

A (Meth)acrylic BMC was obtained in the same manner as in 

Example I-1 except that 2.8 parts oft-butyl peroxy 3,3.,5-

trimethyl hexanoate (manufactured by Kayaku Akuzo Corp. , trade 

name: Trigonox 42, 10 hours half~life temperature = lOO°C) in 

which R13 represents methyl group having one carbon atom in the 

general formula (II) was used as a curing agent, and other compo­

sition was as shown in Table 11. The resulted (meth)acrylic BMC 

had no stickiness even directly after kneading and manifested ex­

tremely excellent handling property. 

Then, (meth)acrylic artificial marble having form shown in 

Fig. 1 was obta~ned in the same manner as in Example I-1 using 

this (meth)acrylic BMC. The surface of the resulted article had 

extremely high gloss, exhibited mirror-like appearance having no 

defect, and the surface smoothness was extremely high. No dimple 

and whitening were recognized at all at the insert screw and the 
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thickness varied parts, and the appearance was extremely excel­

lent. The linear shrinkage coefficient of the resulted article 

was as low as 0.80~, a~d hot water resistance of the molded arti­

cle was also excellent. The evaluation results are shown in Ta-

ble 12. 

[Examples II-2 to II-7] 

(Meth)acrylic artificial marble having form shown in Fig. 1 

was obtained in the same manner as in Example I-1 except that t-

amyl peroxy 3,3,5-trimethylhexanoate (manufactured by Kayaku 

Akuzo Corp., trade name: Kayaeste~ AN, 10 ~ours half-life tem­

perature = 95°C) in which R13 represent~ ethyl group having 2 

carbon atoms in the g:eneral formula (II) was used· as a curing 

agent, and other composition was as shown in Table 11. The 

evaluation results are shown in Table 12. 

[Comparative Example 12] 

(Meth)acrylic artificial marble was obtained in the same 

manner as in Example I-1 except that 2.8 parts of t-butyl peroxy 

benzoate (manufactured by NOF Corp., Perbutyl z, 10 hours half­

life temperature = 104°C) in which R20 represents methyl group 

having one carbon atom in the general formula (VI) was used as a 

curing agent, and other composition was as shown in Table 11. 

The evaluation results are shown in Table 12. 

[Examples II-8 to II-9] 

Granite-like (meth)acrylic artificial marble having form 

shown in Fig. 1 was obtained in the same manner as in Example I-8 

except that 2.8 parts of t-amyl peroxy 3,3,5-trimethylhexanoate 
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was used as a curing agent, and other composition was as shown in 

Table 11. The evaluation results are shown in Table 12. 

[Comparat~ve Example 13] 

(Meth)acrylic artificial marble having_ form shown in Fig. 1 

was obtained in the same manner as in Example I-8 except that 2.8 

parts of t-butyl peroxy benzoate (manufactured by NOF Corp., Per­

butyl z, 10 hours half-life temperature = 104°C) in which R20 

represents methyl group having one carbon atom in the general 

formula (VI) was used as a curing agent, .and other composition 

was as shown in Table 11. The evaluation results are shown in 

Table 12. 

[Example III-1] 

(Meth)acrylic artificial marble was obtained in the same 

manner as in Example I-1 except that 2.7 parts of 1,1-bis(t-butyl 

peroxy)cyclododecane (manufactured by NOF Corp., trade name: Per­

hexa CD, 10 hours half-life temperature = 95°C) in which R14 and 

R15 represent t-butyl group in the general formula (III) was used 

as a curing agent, and other composition was as shown in Table 13. 

The resulted (meth)acrylic BMC had no stickiness even directly 

after kneading and manifested extremely excellent handling prop­

erty. 

Then, the resulted (meth)acrylic BMC was filled in a mold 

for molding, and cured with being heated and pressuriz~d at a up-· 

per mold temperature of 125°C, a lower mold temperature· of llO°C 

and a pressure of 100 kg/cm2 for 10 ·minutes, to obtain a molded 

article made from (meth)acrylic artificial marble in the form of 
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a plate of ·200 nun square having variation in thickness into which 

an insert screw 1 having a diameter of 9 nun and a length of 11 nun 

had been inserted. The form of the resulted molded article is 

shown in Fig. 2 (width P = 200 nun, length Q = 200 nun, thickness 

Ti= 5 nun, thickness T2 = 10 nun, thickness T3 = 15 nun). The sur-
. . . 

face of the resulted article had extremely high gloss, exhibited 

mirror-like appearance having no defect, and the surface smooth-

ness was extremely high. No dimple and whitening were recognized 

at all at the insert screw and the thickness varied parts, and 

the appearance was extremely excellent.· The linear shrinkage co-

efficient of the resulted article was as low as 0.75%, and hot 

water resistance of the molded article was also excellent. The 

evaluation results are shown in Table 14. 

[Examples III-2 to III-6] 

(Meth)acrylic artificial marble having form shown in Fig. 2 

was obtained in the· same manner as in Example III-1 except that 

composition was as shown in Table 13. The evaluation results are 

shown in Table 14. 

[Comparative Examples 14 to 17] 

(Meth)acrylic BMC was prepared in the same manner as in 

Comparative Examples 6 to 9, then_, (meth)acrylic artificial mar-

ble having form shown in Fig. 2 was obtained in the same manner 

.as in Example III-1 The evaluation results are shown in Table 14. 

[Examples III-7 to III-8] 

A (meth)acrylic BMC was obtained in the same manner as in 

Example I-8 except that 2.7 parts of 1,1-bis(t-butyl per-
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oxy)cyclododecane was used as a curing agent and other composi­

tion was as shown .in Table 13. 

Then, granite-like (meth)acrylic artificial marble having 

form shown in Fig. 2 was obtained in the same manner as in Exain­

ple III-1 using this (meth)acrylic BMC. The evaluation results 

are shown in Table 14. 

[Examples III-9) 

Granite-like (meth)acrylic artificial marble having form 

shown in Fig. 2 was obtained in the same manner as in Example 

III-7 except that composition was as shown in Table 13. The 

evaluation results are shown in Table 14. 

[Comparative E~amples 18] 

A (meth)acrylic BMC was prepared in the same manner as in 

Comparative Example 13; then, (meth)acrylic artificial marble 

having form shown in Fig. 2 was obtained in the same manner as in 

Example III-1. The evaluation results are shown in Table 14. 

[Comparative Examples 19] 

A (meth)acrylic BMC was prepared in. the same :manner as in 

Comparative Example 11, then, (meth)acrylic artificial marble 

having form shown in Fig. 2 was obtained in the same manner as in 

Example III-1. ·The evaluation results are shown in Table 14. 

[Example IV-1] 

A (meth)acrylic BMC was obtained in the same manner as in 

Example I-1 except that 1.4 parts of t-butyl peroxyisopropyl car­

bonate (manufactured bY NOF Corp., trade name: Perbutyl I, 10 

hours half-life temperature = 99°C) in which R16 represents 
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methyl group having one carbon atom in the general formula (IV) 

was used as a curing agent, and other composition was as shown in 

Table 15. The resulted (meth)acrylic BMC had no stickiness even 

directly after kneading and manifested extreme~y excellent han­

dling property. 

Then, (meth)acrylic artificial marble having form shown in 

Fig. 2 was obtained in the same manner as in Example III-1 using 

the resulted (meth)acrylic BMC. The surface of the resulted ar­

ticle had extremely high gloss, exhibited mirror-like appearance 

having no defect, and the surface smoothness was extremely high. 

No dimple and whitening were recognized at all. at the insert 

screw and the thickness varied parts, and the appearance was ex­

tremely excellent. The linear shrinkage coefficient of the re­

sulted article was as low as 0.70%, and weatherability ~f the 

molded article was also excellent. The evaluation results are 

shown in Table 16. 

[Example IV-2) 

(Meth)acrylic artificial marble having form shown in Fig. 2 

was obtained in the same manner as in Example IV-1 except that 

1.7 parts of t-hexyl peroxy isopropyl carbonate (manufactured by 

NOF Corp., Perhexyl I, ·10 hours half-life temperature = 95°C) in 

which R16 r~presents a n-propyl group having 3 carbon atoms in 

the general formula (IV) was used as a curing agent, and other 

composition was as shown in Table 15. The evaluation results are 

shown in Table 16. 

[Examples IV-3 to IV-8] 
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(Meth)acrylic artificial marble having fo::an shown in Fig. 2 

was obtained in the same manner as in Example IV-1 except that 

composition was as shown in Table 15. The evaluation results are 

shown in Table 16. 

[Examples IV-9 to IV-11] 

A (meth)acrylic BMC was obtained in the same manner as in 

Example I~8 except that 1.4 parts of t-butyl peroxy isopropyl 

carbonate was used as a curing agent and composition was as shown 

in Table 15. 

Then, granite-like (meth)acrylic artificial'"marble having 

fo::an shown in Fig. 2 was obtained in the same manner as in Exam-

ple III-1 using this (meth)acrylic BMC. The evaluation results 

are shown in Table 16. 

[Examples IV-12] 

Granite-like (meth)acrylic artificial marble having fo::an 

shown in Fig. 2 was obtained in the same manner as in Example IV-

9 except that composition was as shown in Table 15. The evalua-

tion results are shown in Table 16. 

[Example V-1] 

A (meth)acrylic BMC was obtained in the same manner as in 

Example I-1 except that 3.8 parts of 1,6-bis(t-butyl peroxycar­

bornyloxy)hexane (manufactured by Kayaku Akuzo Corp., trade name: 

Kayarene 6-70, 10 hours half-life temperature = 97°C) in which 

R17 and R19 represent methyl group having. one carbon atom and R18 

represents hexylene group having 6 carbon atoms in the general 

fo::anula (V) was used as a curing agent, and other composition was 
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as shown in Table 17. The resulted (meth)acrylic BMC had no 

stickiness even directly after kneading and manifested extremely 

excellent handling.property. 

Then, (meth)acrylic artificial marble having form.shown in 

Fig. 2 was obtained in the same manner as in Example III-1 using 

the resulted (meth)acrylic BMC. The surface of the resulted ar­

ticle had extremely high gloss, exhibited.mirror-like appearance 

having no defect, and the surface smoothness was extremely high. 

No dimple and whitening were recognized at all at the insert 

screw and the thickness varied parts, and the appearance was ex­

tremely excellent. The linear shrinkage coefficient of the re­

sulted article was as low as 0.79%. The evaluation results are 

shown in Table 18. 

[Examples V-2 to V-8] 

(Meth)acrylic artificial marble having form shown in Fig. 2 

was obtained in the same manner as in Example V-1 except that 

composition was as shown in Table 17. The evaluation results are 

shown in Table 18. 

[Examples V-9 to V-11] 

A (meth)acrylic BMC was obtained in the same manner as in 

Example I-8 except that 3.8 parts of 1,6-bis(t-butyl peroxycar­

bornylox:y)hexane was used as a curing agent and composition was 

as shown in Table 17. 

Then, granite-like (meth)acrylic artificial marble having 

form shown in Fig • ._2 was obtained in the same manner as· in Exam­

ple III-1 using this (meth)acrylic BMC. The evaluation results 
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are shown in Table 18. 

(Examples V-12) 

(Meth)acrylic artificial marble having form shown in Fig. 2 

was obtained in the same manner as in Example V-9 except that 

composition was as shown in Table 17. The evaluation results are 

shown in Table 18. 

(Examples VI-1 to VI-10] 

A (meth)acrylic BMC was· obtained in the same manner as in 

Example I-1 except that 1.8 parts of t-amyl peroxy benzoate 

(manufactured by Kayaku Akuzo Corp., trade name: KD-1, 10 hours 

hal.f-life temperature = lOO°C) in which R20 represents ethyl 

group having 2 carbon atoms in the general formula (VI) or t­

hexyl peroxy benzoate. (manufactured by NOF Corp., trade name: 

Perhexyl z, 10 hours half-life temperature = 99°C) in which R20 

represents n-propyl group having 3 carbon atoms in the general 

formula (VI) was used ·as a curing agent, and other composition 

was as shown in Table 19. The resulted (meth)acrylic BMC had no 

stickiness even directly after kneading and manifested extremely 

excellent handling property. 

Then, (meth)acrylic artificial marble having form shown in 

Fig. 2 was obtained in the same manner as in Example III-1 using 

the resulted (meth)acrylic BMC. The surface of the resulted ar­

ticle had extremely high gloss, exhibited mirror-like appearance 

having no defect, and the surface smoothness was extremely high. 

No dimple and whitening were recognized at all at the i~sert 

screw and the thickness varied parts, and the appearance was ex-
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tremely excellent. The linear shrinkage coefficient of the re­

sulted article was as low as 0.75%. The evaluation results are 

shown in Table 20. 

[Comparative Examples 20] 

(Meth)acrylic artificial marble having form shown in Fig. 2 

was obtained in the same manner as in Example VI-1 except that 

1. 8 parts of t-butylperoxy benzoate (manufactured by NOF Corp., 

trade name: Perbutyl z, 10 hours half-life temperature = 104°C) 

in which a20 represents a methyl group having one carbon atom in 

the general formula (VI) was used as a curing agent, and other 

composition was as shown in Table 19. The evaluation results are 

shown in Table 20. 

[Examples VI-11 to V-21) 

A (meth)acrylic BMC was obtained in the same manner as in 

Example I-8 except that composition was as shown in Table 21. 

Then, granite-like (meth)acrylic artificial marble having 

form shown in Fig. 2 was ··obtained in the same manner as in Exam­

ple VI-1 using this (meth)acrylic BMC. The evaluation results 

are shown in Table 22. 

[Comparative Examples 21] 

(Meth)acrylic artificial marble having form shown in Fig. 2 

was obtained in the same manner a~ in Example VI-11 except that 

1.8 parts oft-butyl peroxy benzoate (manufactured by NOF Corp., 

trade name: Perbutyl z, 10 hours half-life temperature = 104°C) 

in which a20 represents methyl group having one carbon atom in 

the general formula (VI) was used as a curing agent, and other 
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composition was as shown in Table 21. The evaluation results are 

shown in Table 22. 

[Examples VII-1 to VII-6] 

A (meth)acrylic BMC was obtained in the same manner as in 

Example I-1 except that 2.8 parts of n--butyl-4,4-bis(t-butyl per­

oxy) valerate (manufactured by NOF Corp., trade name: Perhexa v, 

10 hours half-life temperature= lOS°C) in.which R21 represents 

methyl group having one carbon atom, R22 represents ethylene 

group having 2 carbon atoms and R23 represents n-butyl group hav­

ing 4 carbon atom8 in the general formula (VII) was used as a 

curing agent, and other composition was as shown in Table 23. 

The resulted (meth)acrylic BMC had no stickiness even directly 

after kneading and manifested extremely excellent handling prop­

erty. 

Then, (meth)acrylic artificial marble having form.shown in 

Fig. 2 was obtained in the same manner as in Example III-1 using 

the resulted ~-~eth)acrylic BMC. The surface of the resulted ar~ 

ticle had extremely high gloss, exhibited mirror-like appearance 

having no defect, and the surface smoothness was extremely high. 

No dimple and whitening were recognized at all at the insert 

screw and the thickness varied parts, and the_ appearance was ex­

tremely excellent. These evaluation results are shown in Table 

24. 

[Comparative Example 22] 

To 100 parts of a (meth)ac_rylic resin composition composed 

of 33% of cyclohexyl methacrylate, 33% of sec-butyl methacrylate 

74 



and 34% of the polycyclohexyl methacrylate (B-2) obtained in the 

above-described Production Example (10) was added 3.0 parts of 

benzoyl peroxide (manufactured by Kayaku Akuzo Corp. trade name: 

Kadox B-CH 50, 10 hours half-life temperature = 72°C) as a curing 

agent and 0.5 parts· of zinc stearate as an internal releasing 

agent, then, to this mixture was added 200 parts of aluminum hy­

droxide as an inorganic filler, and the resulting-mixture was 

kneaded by a kneader for 10 minutes to obtain a (meth)acrylic 

premix. Then, this (meth)acrylic premix was aged at room tem­

perature for 24 hours or more, however, it was not thickened. 

This (meth)acrylic premix was filled in a mold for molding, 

and (meth)acrylic artificial marble having fonn shown in Fig. 2 

was molded in the same manner as in Example III-1. The evalua­

tion results are shown in Table 24. 

[Comparative Example 23] . 

To 100 parts of a (meth)acrylic resin ~om.position comp~sed 

of 70% of tricyclo[S • 2 • 1 • 02' 6 ]decanyl (meth)acrylat:e, 20% of 

styrene and_10% of ethylene glycol dimethacrylate was added 2.8 

parts of benzoyl peroxide (manufactured by Kayaku Akuzo Corp. 

trade name: Kadox B-CH 50, 10 hours half-life temperature = 72°C) 

as a.curing agent and 0.5 parts of zinc stearate as an internal 

releasing agent, then, to this mixture was added 200 parts of 

aluminum hydroxide as an inorganic filler, and the resulting mix­

ture was kneaded by a kneader for 10 minutes to obtain a (meth)­

acrylic premix. Then, this (meth)acrylic premix was aged at room 

temperature for 24 hours or more, however, it was not thickened. 
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This {meth)acrylic premix was filled in a mold for molding, 

and (meth)acrylic artificial marble having form shown in Fig. 2 

was molded in the same manner as in Example III-1. The evalua­

tion results are shown in Table 24. 

[Examples VII-7 to VII-15] 

A (meth)acrylic BMC was obtained in the same manner as in 

Example I-8 except .that composition was as shown in Table 25. 

Then, granite-like (meth)acrylic artificial marble having 

form shown in_ Fig. 2 was obtained in the same manner as in Exam­

ple VII-1 using this (meth)acrylic BMC. The evaluation results 

are shown in Table 26. 

[Comparative Examples 24] 

(Meth)acrylic artificial marble having form shown in Fig. 2 

was obtained in the same manner as in Example VII-7 except that 

2.8 parts of t-butyl peroxy benzoate in which R20 represents 

.methyl group having one carbon atom in the general formula (VI) 

was used as a curing agent,_and other composition was as shown in 

Table 25. The evaluation results are shown in Table 26. 
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Table 4 
inorganic 

(ueth)acrylic resin cooposi tioo inorganic filler- polyner curing agent 

filler containing powder 

resin 
Jmticle 

<XJJpOSi tioo (% by weight) annunt anoont 011DUilt kind ; aDDUllt ·kind 
I 

I anotm.t 
OM : t.M\ : Mmii\: HM\ : Sf : B-1 added added added l added · l ·added 

I I I I I <im-t) (im1;) <im-t) : <im-t) : (im1;) I I I I I 

Ex. al-1 25 i 23 i 25 i 2 i - i 25 100 195. - P-1 i 25 Perliem :If i 2. 0 
al-2 19 : 29 : 25: I I 100 195 P-1: 25 Perliem :If : 2.0 2 I - I 25 -
al-3 13 1 35 1 25 1 2 I - I 25 100 195 P-1 1 25 

,. - Perliem :If I 2. 0 I I I I . '· I I 
al-4 25 I 23 I 25 I 2 I ......,.; I 25 100 195 - P-2 1 25 Perliem :If I 2.0 

l I I I . I I I 
al-5 25 I 23 I 25 I 2 I - I 25 100 195 - P-31 25 Perliem :If I 2.0 
al-6" 24: 24: 15: 

I I 
2 I - I 35 100 170 70 

I 
P-1 I 25 Perliem :If : 2.0 

Chip. 1 - I 48 I 25 I 2 I - I 25 100 195 - P-1 I 25 Pem.rtyl z I 2.0 

Ex. 2 -:2s:25: 2 : 25 I 25 100 195 - P-1 : 25 Perh.rty 1 z : 2.0 
3 40 ! 32 ~ - ~ 5 ~ - ~ 23 100 900 - - I - V-65 I 10 I I 

OM\: cyclohexyl OBthacrylate t.M\: DBthyl nethacry:late NRlM\: neopentyl glycol dinethacrylate 
EIM\ : ethylene glycol dinethacrylate sr : styrene Perhe.xa :ft{: 1, 1-bis (t-buty 1 pe:roxy) 3, 3, 5-trllmthy lcyclohexane 
Perbutyl Z: t-butyl peroxy benzoote V-6 5 :2, 2'-azobis(2, 4-dimathylvaleronitrile) 

internal 
releasing 

agent 

anoont 
added 
(Jm1;) 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

·2.0 



. Table 4 (cont. ) 

thickening c1eep feeling unevenness hot water 
property· of noldecl in gloss resistance 
ofOC article of nolded of noldecl 

(~) article article 
-

A 0 @ @ 

~ A 0 o+ @ 

A 0 0 o+ 
A 0 @ @ 

B 0 @ @ 

A 0 @ @ 

A 0 A x 
A A x x 
c x @ @) 
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Table 5 

inorganic 
(neth) acry lie resin cooposi tion inorganic fill a- polynm- curing agent internal 

filler containing powder releasing 
resin agent 

particle 
coniosi tion (% by weight) alJDtm.t anotmt annunt 

·1 

kind 1 annunt kind 
I 
I aIIDUllt anoont 

JBXM\ j JmA j W\ I NFG[M\jEJ:M j sr I 8-1 added added added : added 
I 

added added I 
I I I I I I 

(part) (p:irt). (p:irt) : (part) 
I 

(part) (part) I I I I I I . I 

Ex. a2-1 25 I -
1 23 I 25 I 2 I - : 25 100 195 - . P-1· I . 25 Perhexa. lf1 I 2.0 0.5 . . 

a2:-2 19 - .29" 25 2 -'-I 25 100 195 - P-1 25 Perhexa. ™ 2.0 0.5 I 
a2-3 15 - 33 25 2 - 1 25 100 .195 - P-1 25 Perhexa. ™ 2. 0 . 0.5 .1 
a2-4 9 - 39 25 2 -1 25 100 195 - P-1 25 Perhexa. ™ 2.0 0.5 

I 
a2:-5 25 - 23 25 2 -1 25 100 195 - P-2 25 "Perhexa ™ 2.0 . o. 5 
a2-{; 25 23 25 2 I 100 195 . P-3 25 Perltexa !Ii 2.0 0.5 - -1 25 -
a2-7 - 25 23 25 2 -: 25 100 195 - P-1 25 Perhexa. ™ 2.0 o. 5 
a2-8 24 I - I 24 I 15 I 2, - ~ 35 100 170 70 P-1 I 25 Perhexa. lf1 I 2.0 0.5 

Conp. 1 - i - i 48 i 25 i 2 i - i 25 100 195 - P-1 i 25 Perlxrtyl z i 2.0 0.5 
-: -: 2a: 25: 2i 25: 25 P-1 : .25 . I Ex. 2 100 195 - Perlxrty 1 Z I 2.0 0.5 

4 40 I - I 32 I - I 5 1 - I 23 100 900 - - I - V-65 I 10 2.0 I I I I I I I I 
5 - ! 40 ! 32 ! - I 51 - I 23 100 900 - - I - V-65 I 10 2.0 I 

IBXM\: isobomyl nethacrylate 1BXA: iso00myl acrylate W\: nethyl mthacrylate NRIM\: neopentyl glycol dinethacrylate 
BM\: ethylene glycol dinethacrylate sr: styrene Perhexa :id: 1, 1-bis(t-butyl peroxy)3, 3, 5-trimathylcyclohexane 
Pe!butyl Z: t-butyl peroxy benzoote V-6 5 : 2, 2'-azobis(2, 4-tlirrethylvaleronitrile) 



Table 5 (cont ) 

thickening deep feeling tmevenness hot water linear 
property of nnlded in gloss resistance shrinkage 
ofOC article of nnlded of nnlded coefficient 

transparency article article 
- {%) 

A 0 @ @ o. 78 

~ 
A 0 @ @ 0. 82 
A 0 @ @ 0. 83 
A 0 0 o+ o. 84 
A 0 @ @ o. 78 
B 0 @ .@ 0. 78 
A 0 @ @ o. 79 
A 0 @ @ 0. 76 
A 0 !:::.. 0 0. 93 
A ~ x 0 o. 91 
c . x @ @ o. 20 
c x @ @ 0. 21 
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Table 6 
inorganic 

(neth) acry lie resin conp:>si tion inorganic filler- polyner curing agent intemal 
filler containing powder releasmg 

resin agent 
particle 

cooposi tion (% by weight) anrunt anDllllt anount kind ; anollllt kind : anount anount 
5131 j 5134. I W\ 1NFGil\V\1EIM I 8-1 added added added : added 

I . 
I added added I I I I I -

: (part) : (Jm-t) I I I I I Qmi;) (Im-t) (p:n-t) (tmt) 
F.x. a3-1 . 25 I - I 23 1 25: 2 1 25 100 195 - P-1 I 25 Perhem 3vf I 2, 0 0.5 

a3-2 19 - 29 25: 2 25 100 195 - P-1 25 Perltexa 3vf 2.0 0. 5 
a3-3 15 - 33 25 I 2 25 100 195 - P-1 25 Perltexa 31 2.0 0. 5 I 
a3-4 9 - 39 25 I 2 

I 
25 100 195 - P-1 25 Perhem ™ . 2. 0 0.5 

a3-5 25 - 23 25 I 2 25 100 195 - P-2 25. Perhem 3vf 2.0· 0.5 
a3-6 25 - 23 1s l 2 35 100 195 - P-3 25 Perhem 3vf 2.0 0.5 
a3-7 - 25 23 25: 2 25 100 195 - P-1 25 Pethexa ™ 2.0 0. 5 
a3-8. 24 1 ~ 1 24 I 15: 2 I 35 100 170 70 P-1 I 25 Perhem !Jd I 2, 0 0.5 

5l:Jd: tricyclo[5 • 2 • l • <1-6]decanyl nethaerylate 5134.: tricyclo[5 • 2 ~ 1 • <1-6]decanyl acrylate M.¥.: nethyl nethacrylate 
NFGIM\: neopentyl glycol clinethacrylate ID+\: ethylene glycol dinethacrylate sr: styrene 
Perliexa :J.1: 1, 1-bis(t-butyl pero:xy)3, 3, 5-trimethylcyclohexane 



Table 6 (~t. ) 

thickening deep feeling unevenness hot water linear 
property of IIDlded in gloss resistance shrinkage 
of PAC article of IIDlded of IIDlded coef~icient 

tranS,tm"enCY .article article 
- (%) 

A 0 @ @ 0. 80 

~ A 0 @ @ 0. 84 
A 0 @ @ 0. 85 
A 0 0 0 0. 86 
A 0 @ @ 0. 80 . 
B 0 @ ·@ 0. 80 
A 0 .@ @ 0. 85 
A 0 @. @ 0. 78 
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Table 7 
. inorganic inorganic 

{neth) acry lie resin corrposi tion filler filler- polyim:r curing agent internal 

containing powder releasing 
.. resin agent 

p:i.rticle 
cooposi tion (96 by ~ight) annunt anount annunt kind i anount ldnd i anount annunt 

:f'E : lfM\ I NRJIM\l EJM\ : Sf : 8-1 added added added l added l added added 
I I I I ((l:)rt) (Jm-t) (part) : (part) '·(part) (part) I I I I 

Ex. ~1 25
1 

23
1 

25
1 

2 I - 1.25 100 195 - P-1 I 25 Perhexa ™ I 2. 0 0.5 
a4-2 19 29 25 2: - 25 100 195 - P-1 25 Perhexa ™ 2.0 0. 5 
a4-3 15 33 25 2 I - 25 100 1.95 - P-1 2·5 Perhexa :M 2.0 0. 5 

I 

a4-4 9 39 25 2 I - 25 100 195 - P-1 25 Perhexa. :M 2.0 o. 5 
I 

a4-5 25 23 25 2 ., - 25 100 195 - P-2 25 Perhexa. ™ 2. 0 o. 5 
a!H>. 25 23 15 

I 
2 I - 35 100 195 - P-3 25 Perhexa. :M 2.0 0. 5 

a4-7 24 24 15 I ·2 I - 35 100 170 70 P-1 25 Perhexa ™ 2.0 0.5 

~ : 2, 2, 2-trifluoroethyl nethacry late PM\ : nethy 1 imthacrylate NFGl:M\ : neopentyl glycol d:inethacry late 

·BM\: ethylene glycol dimatbacrylate sr: styrene. Perliexa l.1: 1, 1-bis(t-butyl peroxy)3, 3, 5-tr:il09thylcyclohexane 
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Table 8 
inorganic 

(neth) acry lie resin c:onposi tion inorganic . filler- p:>lymar curing agent internal. 

filler containing p:>\Vder releasing 

resin agent 

p:irticle 

c:onposi tion (% by weight) annunt 81lDU11t annunt kind I annunt kind -:-- I anount 81!DU11t 

1lfM\ I ttM\ j NRJIM'\1 EIM\ Sf I B-1 added added added : added : added added 
I ·1 I I (i:mt) . (i:mt) (part) : (part) : (tmt) ~) I I I I 

F.x. a5-1 25 1 23' 25 1 2 1 
·-I 25 100 195 - P-1 I 25 Pemexa :!,i I 2. 0 0.5 

a5-2 19 29 25 2· - 25 100 195 - P-1 25 Perliexa ™ 2.0 0. 5 

a5-3 15 . 33 25 2 - 25 100 195 - P-1 25 Perliexa :!ti 2.0 0. 5 
a5-4 . 9 39 25 2 - 25 100 195 - P-1 25 Perliexa ™ 2.0 0.5 

a5-5 . 25 23 25 2 - 25 100 195 - P-2 25 Perhexa ™ 2.0 0.5 

a5-6 25 23 15 2 - 35 100 195 - P-3 25 Perliexa ™ 2.0 0. 5 

a5-7 24 24 15 2 - 35 100 170 70 . P-1 25 Perliexa ™ 2.0 0.5 

Calip. 1 - I 48 I 25 I 2 I - I 25 100 195 - P-1 I 25 Perlxltyl z I ·2, 0 0~5 

F.x. 2 - I 23 25 2 25 25 100 195 - P-1 25 Perhttyl z 2.0 0. 5 

ttM\ : mathy 1 mathacry late NFGL'M\ : neopenty 1 glycol d:i.rmthamy late 1lfM\ : . tetrahydrofurf\ny 1 IIBthacrylate 

FIM\ : ethylene glycol d:i.rmthacry late 

Perbutyl Z: t-butyl peroxy benzoate 
sr: styrene Perliexa 3M: 1, 1--bis(t-butyl peroxy)3, 3, 5-t:rinethylcyclohexane. 
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Table 9 

inorganic 
(neth)acrylic resin caqnsition :inorganic filler- pclyner curing agent 

filler containing powder 

resin 
IE"ticle 

caiposi tion (% by weight) am::xmt anount arrount kind i anount kind 
I 

anount 
Md\. I QM\ I IBXM\ I 51~ I sr I BM\ I BM\ I f'm:M\f ThPIM\' B-1 added added .. added l added added 

I 
(part) (part) . (part) : (Jmt) (Jmt) I 

&. I-1 55. - - I - - - 10 35 100 210 - P-1 I 35 Perl1exa c 2. l -1 -

. I-2 50 15 
., 

35 100 210 I 35 Perhem ™ 1. 8 - - - - - - - - P-1 I 
I-3 45 - - - - - - 20 - 35 100 210 - P-2 35 Perhem IC 2. 1 
I-4 40 - - - - - - 25 - 35 100 220 - P-3 40 Perhexa 00 2. 7 
I-5 25 25 - - - - 15 - - 35 100 21.0 - P-1 35 Perhem ™ 1. 8 
I-6 35 - - - - - - 30 - 35 100 180 - P-1 35 KD-2 1. 8 
I-7 25 - - 25 - - - 15 - I 35 100 210· - P-1 35 Perhem ™ 1. 8 

Q:np. 6 50 
. - . - - 15 - . 

35 100 210 - P-1 ' 35 Perlmyl z 2.8 - - -
&. 7 55 - - - - - - - 9 36 100 230 - P-3 15 1'ripoxl21-f:O 1. 8 

8 48 - - - -' - - - 20 32 100 200 - P-7 10 Perb.ityl 0 0;8 
9 53 - - _, - - - 12 1 - 35 100 250 - P-8 20 Perhem 22 I 12. 0 I . I 

I I Peroyl TCP I 2. 0 I .I I I I I Percueyl D t 1. 6 
&. I-8 50 1 

- I -
I 

-- ; 15 I - I - 35. 100 160 70 P-1 15 Perhem :!A I 2. 8 -1 -

I-9 25 25 I I I 35 100 160 70 P-1 15 I - -, - -, - 15 I - Periiexa :If 1 2. 8 
Qup. 10 50 1 

- I - - I - I 15; - I - i - I 35 100 160 70 P-1 15 PerbJtyl Z I 2. 8 
F.x. 11 20 I 15 . I I - - -, -,- - I 25 40 100 220 .100 - ~ Petmtyl 0 : o. 5 

Md\: mthyl nethacrylate OM: cyclohexyl methacrylate lBl(M\ : isobomyl methacrylate 513\: tricyclo[5 • 2 • l • 0Z6]decanyl acrylate 
sr: styrene BM\: ethylene glycol dinBthacrylate .BM\: 1, 3-butylene glycol dimethacrylate mrti'A: neopentyl glycol dimethacrylate 
ThflM\ : trirrethy lolpropane tr:imrthacry late 

"· 

internal 
releasing 

agent 

anount 
added 
(part) 

0.5 
0.5 
0.5 
0.5 
o. 5 
0.5 
0.5 
o. 5 
o. 5 
o. 5 
0. 5. 

0. 5 
0.5 
0. 5 
0.5 



Table 10 
thicke- appearance.of nolded article linear hot water 

ning stnface clear-. tmeven- whitening dinple whitening dinple shrinkage resistance 
property snooth- ness ness at the at the on the on the ooefficient of 

·of ness of in ' insert insert stnface stnface of noldecl 
11£ grain grain screw screw of of nolded article 

pattern pattern thickness thickness article 
.. varied p:irt varied p:irt (<>A>) 

Ex. 1-1 A @ - - @ @ @ @ 0. 72 0 
1-2 A @ - - @ @ @ @ 0. 71 0 
I-3 A @ - - @ @ @ @ 0. 71 0 

~ 
1-4 B @· - - @ @ @ @ 0. 70 0 
1-5 A @ - - @ @ @ @ 0. 71 @ 
1-6 A @ - - @ @ @ @ 0. 70 0 
1-7 A @ ~ - - @ @ @ @ 0. 66 @ 

('mp. 6 A @ - - 0 ~ 0 ~ 0. 90 x 
Ex. 7 B 0 - - x x x x 0. 73 ~ 

8 B 0 - - x x x x 0. 73 0 
9 B 0 _..,. - x x x x 0. 86 x 

Ex. 1-8 A @ @ @ @ @ @ @ 0. 69 0 
1-9 A @ @ @ @ @ @ @ 0. 57 @ 

Qnp. 10 A @ @. @ 0 f::l. 0 ~ 0 .. 88 x 
er. 11 B 0 0 0 x x x x 0. 71 0 
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Table 11 

:iilorganic 
(neth) a.cry lie resin cooposi tion inorganic filler-

filler containing 
resin 

. ~icle 
conposi tion (% by weight) 811Dlm.t ancunt anrunt 

~ : OM\ : m+\ : 513vf : 'IlfMt\: sr : 8:M\ : llM\ : NFGrM\:'IWIM\: s-1. added added added 
I I I I I I I I I I (Jmt) (i:art) (part) I I I I I I I I I I 

Ex. 11-1 55 I - I - i - I - I - I - I 10 I - I - I 35 100 195 -
ll-2 50 - - I - - - - 15 - - 35 100 195 -I 
11~3· 45 - _I - - - - - 20 - 35 100 1. 9 5 -I 
11-4 40 - -1 - - - - - 25 - 35 100 220 -I 
11-5 25 25 -I - - - - - 15 - 35 100 195 -I . 
11-6 25 - - 1:25 - - - - 15 - 35 100 195 -
11-7 25 - I 25 - - - 15 35 100 195 --1 - -

Q:ap. 12 50 I - I - ; - I - I - I 15 I -:- I - I - I 35 100 195 -
Ex.. 7 55 - - I - - - - - - ~ 36 100 230 I .-

8 48 - _I - - - - - - 20 32 100 200 -I 
9 53 - -1 - - - - - 12 - 35 100 250 -I 

I 
I 
I 

Ex. 11...S 50 
I I I I I I I .

5 
I I I 

35 1-1-1- -1-1-11 1-1-1 100 165 75 
11-9 25: - : 25: - _I _I _I _I l5 I _I 35 

I I I I I I 100 165 75 
<mp. 13 50 

I I I. I I I 5 I I I I 35 1-1-1- -1-11 ,-,-,-, 100 165 75 
Ex. 11 I I ·· I I SI I I I 25 I "20 I - I - I - I - I 1 · I - I - I - I . I 40 100 220· 100 

liMt\ : nethy 1 nethacrylate OM\ : cyclohexy 1 rrethacry late m+\ : isobomy 1 nethacrylate 
513vf: tricyclo[5 • 2 • 1 • OZ6]decanyl acrylate 11fW.: tetrahYdrofurfuryl nethacrylate sr: styrene 
8:M\: ethylene glycol dirrethacrylate IIM\ : 1, 3-butylene glycol dirrethacrylate 
NRlM\ ; neopenty 1 glycol dirretha.cry late ~ : trirrethy lolpropane trirrethacry late 



Table 11 (oont. ) 

polyner curing agent internal 
pcmder 

' 
releasing 

agent 
. 

kind i annunt kind I arrount ailD\mt I I ·. 
I added I added added I I ! (part) I (part) (p:irt) • 

P-1 I 25 Tri.g!::rox 42 I 2.8 o~s 
P-1 I 

I 25 Kayaester AN· 2.8 0. 5 
P-2 1 

I 
25 Kayaester AN 2.8 0.5 

~ 

P-31 40 Kayaester AN 2.8 0.5 I 
P-1 I 25 Ka.yaester AN 2.8. 0.5 . I 

25 Kayaester AN 2.8 0. 5 P-1 I 

P-1 : 25 Ka.yaester AN 2.8 0.5 
P-1 1 25 Perllrt;y 1 Z I 2.8 0. 5 
P-3 15 T.rigrox 121-fil I 1. 8 0. 5 
P-7 10 Perllutyl 0 I 0.8 0. 5 I P-8 20 Perhexa 2'2 I 12. 0 0.5 

Peroyl TCP 
I 
I 2.0 
I Percumyl D I 1. 6 

P-1 I 25 Kayaester AN : 2.8 o. 5 
P--:1 I 25 Ka.yaester AN : 2;8 o .. s 
P-1 I 25 Perllltyl z i 2. 8 o. 5 I 

Perllltyl 0 I 0.5 0.5 - I - I 



(C 
I-" 

Table 12. 

F.x. Il-1 
II-2 
II-3 
Il-4 
Il-5 
II-£ 
II-7 

GJip. .12 
F.x. 7 

8 
9 

F.x. II-8 
II-9 

GJip. 13 
F.x.' 1 1 

thicke-
ning SlRface 

property sn:x)th-
of ness 
oc 

A @ 

A @ 

A @ 

B @ 

A @ 
A @ 
A @ 

A @) 
B 0 
B 0 
B 0 
A @ 

A @ 

A @ 
B 0 

appearance of DDlded article 
clear- tm.even- whitening dinple ~-: 

ness ness at the at the 
of in insert insert 

grain grain screw screw 
p:ittem i:attem 

- - @ 0 
- - @. @ 
- - ·@" @ 
- - @ @ 
- - @ @ 
- - @ @ 
- - @ @ 
- - 0 A 
- - x x 
- - x x , 
- - x x 
@ @ @ @ 
@ @ @ @ 
@ @ 0 A 
0 0 x x 

linear hOt water 
whitening dinple shrinkage resistance 

on the . on the coefficient . of 
surface surface of DDlcled 

of of 11Dlded article 
thickness thiclmess article 

varied pa.rt varied pa.rt (%) 

@ 0 0. 80 0 
@ @ 0. 76 0 
@ @ 0. 76 o· 
@ @ 0. 76 0 
@ @ 0. 76 @ 
@ @ o. 66 @) 
@ @ 0. 80 @ 

0 A 0. 90 x 
x x 0. 73 0 
x x 0. 73 0 
x x 0. 86 x 
@ @ 0. 74 0 
@ @ o. 62 @) 
0 A o. 88 x 
x x 0. 71 x 
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Table 13 

inorganic 
(nsth)acrylic resin conposition inorganic filler- polymar cUring agent 

filler containing pcmder 

resin 
p:irticle 

ooqx>si tion (96 by weight) anotmt anount anount ldnd I anDUnt kind 
I 

anount 
~ 1 QM\ I ImM\ I sr I EIM\ I JIM\ I NRIM\l 'IM'IM\I B-1 added added added added added 

(part) (part) <Jmt) (part) (part)· 
"Ex. m-1 55' - I -

I 

10 - I - . 35 100 210 P-1 35 Perliexa CD 2.7 - - -
m-2 50 - - - - 15 - - 35 1'00 210 - P-2 35 Perliexa m 2.7 

.. IlE-3 45 - - - - 20 - - 35 100 210 - P-3 35 Perlmam 2.7 
IlE-4 40 - - - - - 25 - 35 100 210 - P-4 50 PerhexaaJ 2.7 m-s 35 - - - - - 30 - 35 100 210 - P-5 45 Perhexa (]) 2.7 
Ill-6 25 25 - - - - 15 - 35 10·0 210 - P-2 35 Perhexa.Q) 2. 7 

Caip. 14 50 i -- i - i - i 15 i - i - i - i 35 100 210 - P-1 i 35 Perlutyl z i 2. 8 . &. 15 I I I I I I I 9: 36 100 230 I 15 Trigooox 121-00: 1. 8 55 I - I - I - I - I - I - I -· P-3 I 
16 48 I :__ I _ I _ I _ I _ I _ I 20 I 32 . 100 200 - P-7 I 10 Perlutyl 0 I 0.8 I I I I I I I I I I 17 53 I - I - I - I' - I - I 12 I - I 35 100 250 - P-8 1 20 Perhexa 22 : 12. 0 I I I I I I I I I I I I I I I I I I Peroyl 1(p I 2.0 I I I I I I I I I I I I I I I I I I I Pe~lD I 1. 6 

&. IlE-7 50 i - i - i· - i - i 15 i - i - i 35 100 165 75 P-1 j 25 Perhexa m i 2. 1 
Dl-8 I I I I I I I I 100 165 75 I 25 Perliemm I 2. 7 25 I - I 25 I - I - I - I 15 I - I 35 · • P-1 1 I 
ID-9 50 I _I _I _I _I 15 I _I _I 35 100 220 100 - I - Perhexa m ~ 2. 1 I I I I I I I I I 

Caop. 18 50 j - I - I - j 15 j - I - j - j 35 100 165 75 P-1 i 25 Perhltyl z i 2. 8 
&. 19 I I I I I I I I 100 220 100· 

. I 
Perhltyl 0 I 

0.5 20 I - I - I 15 I - I - I - I 25 I 40 - I - I 
~ : nethy 1 nethacry late QM\ : cyclohexy 1 nethacry late · JR1(M\ : iso00my 1 nethacry late sr : styrene 
EIM\ : ethylene glycol clinethacry late llM\ : 1, 3-buty lene glycol clinethacry late NRlM\ : neopenty 1 glycol clinethacry late 
'IM'IM\ : trinethylolpropane trinethacrylate 

·intemal 
releasing 

agent 

anount 
added 
(part) 

0.5 
0.5 
0.5 
0.5 
o. 5 
0.5 
0.5 
0.5 
0. 5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 



Table 14 
thicke- appearance of DDlded article linear hot water 

niiig surface clear- uneven- whitening dinple whitening dinple shrinkage resistance 
property SIDOth- ness ness at the at the on the on the coefficient of 

of ness or in insert insert surface surface of JJDldecl 
me grain grain screw screw of of nolded article 

}Ettem }Ettem thickness thickness article 
varied p:i.rt varied p:i.rt ~16) 

Ex. IlH A @ - - @ @ @ @ 0. 75 0 
m-2 A @ - ·- @' @ @ .@ 0. 75 0 
Ill-3 B @ - - @ @ @ @ 0. 75 0 
1Il-4 B 0 - - @ @ @ @ 0. 75 0 

~ IIE-5 B 0 -· - @ @ @ @·. 0. 75 0 
fil-6 A @ - - @ @ @ @ 0. 75 @ 

Qmp. 14 A @ - - 0 6. 0 6. 0. 90 x 
Ex. 15 B 0 - - x x x x 0.·73 6. 

16 B 0 - - x x x x 0. 73 0 
17 B 0 - - x x x x o. 86 x 

Ex. Ill-7 A @ @ @ @ @ @. @ 0. 73 0 
IIl-8 A @ @ @ @ @ @ .@ 0. 60 @ 
fil-9· B @ 0 0 @ @ @ @ 0. 73 0 

Qmp. 18 A @ @ @. 0 !)..• 0 6. o. 88 x 
Fx. 19 B 0 0 0 x x x x 0. 71· 0 



Table 15 

inorganic 
(nath)acrylic resin cooposition inorganic filler- polyrmr curing agent internal 

filler containing powder releasing .. 

resin agent 
particle 

cooposi tion (% by weight) annunt anount annunt kind : annunt kind 
I 

anoont I anoont 
•. Md\ : OM: lmM\:· 51~: :fE : 'IlfM\.: ID"- ;NRnt\: B-1 added added added l added l added added 

I I I I I I I I (part) . _(part) (part) : (part) : (JBrt) (pnt) I I I I I I I I 

F.x. IV-1 55 I -

. I I I I 
- I 10 I - I 35 100 210 P-1 I 35 Perbityl I I • 1. 4 o. 5 - - - -

IV-2 50 - - - - - 15 - 35 100 210 - P-2 35 Perhexyl I 1. 7 0.5 

~ 
IV-3 45 - - - - - 20 - 35 100 210 - P-3 35 Perl:lity 1 I 1.4 0. 5 
I\Z-4 40 - - - - - - 25 35 100 210 - P-4 50 Perhrtyl I 1. 4. 0. 5 
IV-5 .35 - - - - - - 30 35 100 210 - P-5 45 Perhexyl I 1. 7 0.5 
N-6 25 25 - - - - - 15 35 100 210 - P:-1 35 Perbityl I 1. 4 0. 5 
IV-7 25 - - 25 - - - 15 35 100 .210 - P-1 35 Perbityl I 1.4 o. 5 
IV-8 25 - - - J 25 - - 15 35 100 210 - P-1 35 Perbityl I 1.4 0.5 I 
N-9 50 - -

_, __ 
- 15 - 35 100 165 75 P-1 25 Perlxltyl I 1.4 0.5 I 

IV-10 25 - 25 -· - - - 15 35 100 165 75 P-1. 25 Perlxrtyl I 1. 4 0. 5 I 
N-11 25 - - -1 - 25 15 35 100 165 75 P-1 25 Perlxltyl I 1.4 0. 5 
IV-12 50 I 

15 35 100 220. 100 Perliexyl I 1. 7 0. 5 - - -. - - - - -
PIM\ : nethyl mthacry late OM\ : cyclohexyl· nethacrylate IBXM\ : isobomy 1 nethacry law 
5~ : tricyclo[5 • 2 • 1 • <1-6]decanyl acrylate 3'E: 2, 2, 2-trifluoroethyl mthacrylate 1lfM\ : tetrahydrofur:furyl nethacrylate 
B:M\ : 1, 3-buty lene glycol dinBthacry late NRD1<\ : neopenty 1 glycol di!IBthacry late 
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Table 16 

Fx. IV-1 
IV-2 
IV-3 
lV-4 . 
IV-5 
IV-6 
IV-7 

. IV-8 

N-9 
IV-10 
N-11 
N-12 

thicke-
ning 

proJ)0!tY 

of 
me 

A 
A 
B 
B 
B 
A 
A 
A 
A 
A 
A 
B 

surface clear-
SllDOth- ness 

ness of 
grain 

pattem 

@ -
@ -
@ -
0 -
0 -
@ -
@) -
@ -
@ @ 
@) @) 
@ @ 
@ 0 

appearance of nolded article linear hot water 
uneven- whitening\ dinple . whitening dinple shrinkage resistance 

ness at the at the on the on the coefficient of 
in . insert :insert surface surface of nolded 

grain screw screw of of nolded article 
~ttem thickness thickness article 

varied p:irt varied part ('>A>) 

- @ @ @ @ 0. 70 0 
- o+ @ o+ @ 0. 74 0 
- @ @ @) @) 0. 70 0 
- @) @) @) @) 0. 70 0 
- o+ @) o+ @) o. 74 0 
- @ @ @ @ o. 70 @ 
- @ @ @) @ 0. 65 @ 
- @ @ @ @) o. 70 @ 
@) @ @. @ @) o. 68 0 
@ @ @ @ @ o. 55 @ 
@ @ @) @ @ o. 72 @) 

0 o+ @ o+ @ o. 72 0 



Table 17 

inorganic 
6Jeth)acrylic resin conposition inorganic filler- pol}1imr curing agent internal 

filler containing powder releasing 
resin agent 

particle 
cooposition (% by weight) kind I 8RDUllt kind 

I 

anDUnt amxmt anni.mt anount I annunt 
W\ -: ~ ·i lIW#t 1 5131\ : 3FE : 1mt\: BM\ :~:. IH added added added added l added added 

I I I I I I I I (part) (Jm-t) (J:art) (part) : (part) (Jm-t) I I I I I I I I 

~ 

Ex. ·· V-1 55 I - I - : - I - -, - I 10 I - I 35 100 210 - P-1 I 35 Kayarene s-W: 3. 8 o. 5 
V-2 50 I 15 35 100 210 P-2 35 I 0. 5 - -,. - - - - Kayarene 6-7()1 3. 8 
V-3 45 - -' - - - 20 - 35 100 210 - P-3 35 Kayarene s-70 3· 8 o. 5 J 
V-4 40 - - - - - - 25 35 100 210 - P-4 50 Ka . s-m\ 3. 8 o. 5 
V-5 35 - - - - - - 30 35 100 210 - P-5 45 yarene I 3. 8 o. 5 
.V-6 25 25 - - - - - 15 35 100 210 - P-1 35 Kayarene 6-70l 3. 8 o. 5 
V-7 25 - - 25 - - - 15 35 1 o.o 210 - P-1 35 Kayarene 6-'70l 3. 8 0.5 
V-8 25 - - - 25 - - 15 35 100 210 - P-1 35 Kayarene 6-70l 3.8 o. 5 
V-9 50 - - - - - 15 -. 35 100· 165 75 P-1 25 Kayarene s-m: 3.8 0. 5 
V-10 25 - 25 - - - - 15 35 100 165 75 P-1 25 Kayarene s-W: 3. 8 o. 5 I 

100 V-11 25 - - - - 251 - 15 35 165 75 P-1 25 Kayarene s-W: 3; 8 o. 5 
V-12 I 35 . 100 220 100 o. 5 50 - - - - - I 15 - - - Kayarene s-10: 3. 8 I 

Md\ : nethyl nethacry late ~ : cyclohexy 1 imthacry late 1IW#t : isobarny 1 1mthacryfate 
5134.: tricyclo[5 • 2 • 1 • <f.6]decanY.l acrylate 3FE: 2, 2, 2-trifluoroethyl nethac:cylate 1lfM4.: tetrahydro:fur.fuzyl nethacrylate 
llM\: 1, :Hlutylene glyool dinethacrylate NRDt\: neopentyl glycol diimtha.crylate . . 
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Table 18 

Ex. V-1 
V-2 
V-3 
V-4 
V-5 
V-6 
V-7 
V--8 
V-9 
VlO 
v-11 · 
V-12 

thicke-
ning sufface 

property SIDOth-
of ness 
oc 

A @ 

A @ 
B @ 

B 0 
B 0 
A @ 

A @ 

A @ 

A @ 

A @ 

A @ 

B @ 

appearance of DDldecl article 
clear- m.even- whitening dinple : 
ness ness at the at the 
of in insert insert 

grain grain screw screw 
i:attem i:attem 

- - @ @ 
- - @ @ 
- - @ @ 
- - @ @ 
- - @ @ 
- - @ @ 
- - @ @ 
- - @ @ 

·@ @ @ @ 
@ @ @ @ 
@ @ @ @ 

0 0 @ @ 

' 

linear hot water 
whitening dinple shrinkage resistance 

on the on the ooefficient of 
surface surface of DDldecl 

of of DDldecl article 
thickness thickness article 

varied }:art varied p:i:rt ~Ai) 

@ @ 0. 79 0 
@ @ o. 79 0 
@ @ 0. 79 0 
@ @ o. 79 0 
@ @ 0. 79 0 
@ @ 0. 79 @ 
@ @ 0. 74 @ 
@ @ 0. 79 @ 
@ @ 0. 77 0 
@ @ 0. 65 @ 
@ @ o. 80 @ 
@ @ 0. 76 o· 
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Table 19 

inorganic 
6reth) acrylic resin conposi tion inorganic filler-

filler containing 
resin 

particle 
conposi tion (% by weight) anount 81IDllllt anount 

~ i OM\ i 1RlM\ i 5l:M i :fE iECM iNFGf.M\i B-1 added added added 
I I I I I I I 

(part) (p:irt) (p:irt) I I I I I I I 

Ex. VH 48' - I - • - • - • 2. 25 i 25 100 220 -
VI-2 48 - - - - 2 2.5 I 25 100 220 -
VI-3 48 - - - - 2 25 25 100 220 -
VI-4 48 - - - - 2 25 25 100 220 -
Vl-5 48 - - - - 2 25 25 100 220 -
VH> 48 - - - - 2 25 25 100 220 -
VI-7 24 24 - - - 2 25 25 100 220 -
VI-8 24 - 24 - - 2 25 25 100 220 -
VI-9 24 - - 24 - 2 25 25 100 ~20 -
VI-10 24 - - - 24 2 25 25 100 220 -I I I I I I I 

O:mp. 20 48 i - : - : - i - i 2 i 25 i 25 100 220 -
&. I I I I I I I 

I I I I I I I 

M1l4. : llBtby I netbacry late OM\ : cyclohexyl 11Bthacrylate 1RlM\ : isobomy 1 nethacrylate 
513\1: tricyclo[5 • 2 • l • <1-6]decanyl acrylate 3FE: 2, 2, 2-trifluoroethyl nethacrylate 
HM\: ethylene glycol dinethacrylate NRJllv"-: neopentyl glycol dirrethacrylate 

polymar curing agent intemal 
powder releasing 

agent 

kind : anount kind 
I 

I anotmt anount 
: added l added added 
: "(part) : (part) (part) 

P-4 I 25 KD-1 I l, 8 0. 5 
P-1 25 KD-1 1.8 0.·5 
P-2 25 Perhexyl Z 1. 8 0.5 
P-3 35 Perhexyl Z 1. 8 0. 5 
P-7 50 KD-1 1. 8 0.5 
P-8 40 KD-1 1. 8 0. 5 
P-1 25 KD-1 1. 8 0.5 
P-1 25 KD-1 1. 8 0.5 
P-1 25 KD-1 1.8 0.5 
P-1 25 KD-1 I 1. 8 0.5 

I 

P-1 i 25 Perbutyl Z i 1. 8 0. 5 
I I 
I I 



Table 2o 
thicke-

ning surface· 
property SIDOth-

of ness 
m; 

F.x. VH A @ 

~ VJ:-2 A @ 
VJ:-3 A @ 

VI-4 B 0 
VI-5 B 0 , 
VI-6 B 0 

. VJ:-7 A @ 
VI-8 A @ 

Vf9 A @ 
VI:-10 A @ 

c.anp. 20 A @ 
Ex. 

appearance of nolded article 
whitming dinple :. 

at the at the 
insert insert 
screw screw 

@ @ 
@ @ 
@ @ 
@ @ 
@ @ 
@ @ 
@ @ 
@ @ 
@ @ 
@ @ 

0 !:::.. 

whitening 

on the 
surface 

of 
thickness 

varied part 

a!: 
! 

@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 
@ 

0 

·linear hot water 
dinple . shrinkage resistance 
on the coefficient pf 
surface of . nolded 

of nolded article 
thickness article 

varied part (%) 

@ o. 75 0 
@ 0. 75 0 
@ 0. 74 0 
@ 0. 74 0 
@ 0. 75 ·o 
@ 0. 75. 0 
@ 0. 75 @ 
@ o. 62 @ 
@ 0. 65 @ 
@ 0. 75 @ 

!:::.. b. 90 x 
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Table 21 

inorganic 
(neth) acry lie resin conposi tion inorganic filler- polynar 

filler containing powder 

resin 
particle 

conposi tion (% by weight) ~t anoont anoont kind I anoont 
~ i OM\ i ~ i EIM\ i NFGI:M\1 B-1 added added added : added 

I I I I I 
(part) (Jm-t) (part) : (part) I I I I I 

Ex. VI-11 481 - I - I 2 I 15 I 35 100 170 70 P-1 I 25 
VI-12 48 - - 2 15 35 100 170 70 . P-5 20 
VI-13' 48 - - 2 15 35 100 170 70 P-6 15 
VH4 48 - - 2 15 35 100 170 70 P-2 . 25 
VH5 48 - - 2 15 35 100 260 100 P-1 20 
VH6 48 - - 2· 15 35 100 170 70 P-3 35 
VH7 48 - - 2 15 35 100 170 70 P-7 50 
VI-18 48 - - 2 15 35 100 170 70 P-8 40 
V.E-19 48 - - ·.2 15 35 100 220 100 - -
VI-20 24 24 - 2 15 35 100 170 70 P-1 25 
VI-21 24 - 24 2 15 35 100 170 '10 P-1 25 

Canp. 21 48' - I - I 2 I 15 I 35 100 170 70. P-1 I 25 
Ex:. I I 

Md'\ : nethy 1 nethacrylate OM\ : cyclohe.x.y 1 nethacry late IRlM\ : isobomy 1 nethacrylate 
HM\: ethylene glycol dinethacrylate NIID1'\: neopentjrl glycol dinethacrylate 

curing agent internal 
releasing 

agent 

kind 
I 
I anoont annunt 
I 
I added. added 
: Q:mt) (pnt) 

KD-1 I 1. 8 0.5 
KD-1 1. 8 0.5 

Perlie.x.y 1 z 1. 8 o. 5 

Perlie.x.yl z 1. 8 o; 5 

KD-1 1. 8 0. 5 

Perhexyl Z 1. 8 0. 5 
1. 8 0. 5 KD-1 
1. 8 0. 5 KD-1 
1. 8 0. 5 KD-1 

KD-1 1. 8 0.5 

KD-1 1. 8 

Perbutyl z I l, 8 0. 5 
I 
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Table 22 

F.x. VHl 
VI-12 
VH3 
VH4 
VH5 
VH6 
VH7. 

· VI-18 
VI-19 
vrro 
VI-21 

O:np. 21 
F.x. 

thicke-
ning surface 

property SllDOth-
of ness 
IE 

A @) 

A @) 

A @ 

A @) 

A @) 

B 0 
B 0 
B 0 
B 0 
A @) 

A @ 

A @) 

appearance of IIDlded article 
clear- uneven- whitening dinple : 
ness ness at the at the 
of in insert insert 

grain grain screw scre.v 
p:lt~ pattern 

: 

@) .@ @ @ 
@) @) @) @) 
@) @) o+ @) 
@ @ @ @· 

@) @ o+ @ 

0 0 0 @ 

0 0 0 @) 

0 0 0 @ 

0 0 0 @ 
@ @ @ @ 

@) @ @ @ 

@ @) 0 !:::... 

' 

linear hot water 
whitening dinple shrinkage resistance 

on the on the coefficient of 
surface surface of IIDlded 

of of IIDlded article 
thickness thickness article 

varied part varied }m't ~lo) 

@) @) 0. 73 0 
@) @ 0. 73 0 
o+ @) 0. 72 0 
@ @ 0. 72 0 
o+ @ 0. 70 0 
0 @ . 0. 74 0 
0 @) 0. 74 0 
0 @ o. 74 0 
0 @ o. 74 0 
@ @ o. 73 @) 
@) @) 0. 60 @ 

O· !:::.. 0. 88 x 



Table 23 
inorganic 

{netb)acrylic resin COfIIX>Sition inorganic filler- polymer curing agent internal 
filler · containing powder ·releasing 

resin agent 

i:article 
caiposi tion (% by weight) · anDllllt anoont anoon; kind i anount kind i arroont arroont 

~ added 
I . 

Mil\ i GM\ i s1l.1 i s-fM\ i sr i Em\ I NFG!lM.i s-1 i s-2 added added added I added added 
I I I I I I I I (Im-t) (part) (part) : (plrt) : (i:m-t) (p:n-t) I I I I I I I I 

~ 
F.x. V1H 48 I - I - I - I - I 2i25j25•_; 100 220 - P-4 i 25 Perhexa v i 2.8 o. 5 

VIf-2 
I I I . I I 2 : 25: 25 100 220 I 25 Perllexa v : 2.8 0.5 48 I - I - I - I - I - - P-1 I 

VIf-3 48 I _ I _ I _ I _ I 2 I 25 I 25 - 100 220 - P-2 I 25 Perhexa V I 2.8 0. 5 I I I I I I I I I 
Vll-4 48 I - I - I - I _ I 2 I 25 I 25 - 100 •. 220 - P-3' 35 Perhexa V I 2.8 0.5 I I I I I I I I I 
Vll-5 48 I - I - I - I - I 2 I 25 I 25 - 100 220 - P-7t 50 Perhexa V I 2.8 0. 5 I I I I I I I I I Vll-6 48 I - I - I - I - I 2 I 25 I 25 - 100 220 - P-8 I 40 PerheJa V I 2.8· ·o. 5 

C.aip. 22 - i 33 i - I 33 i - I - i - i - I 34 100 200 I 

Kachx 8-QB) I 3.0 0. 5 - - I -
F.x. 23 I I I I I I I 100 200 I KaOOx B-Q6) : 2.8 0. 5 - I - I 70 I - I 20 I 10 I - I - - - - I -
W\: nethyl nethacryJ.ate GM\: cyclohexyl nethacrylate 51:J.1: tricyclo[5 • 2•1 • Q'Z6]decanyl acrylate 
s-lM\: sec-butyl nethacrylate sr: styrene Em\: ethylene glycol c:linethactylate ~: neopentyl glycol cliDBthacrylate 



.... 
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~ 24 

F.x. 

Qmp. 
F.x. 

VIl-1 
VIl-2 
VIl-3 
VIl-4 
VIl-5 
VIH>. 

22 
23 . 

thicke-
n:i.ng sutface 

property smoth-
of neS.S 
oc 

A @ 

A @ 

A @ 

B 0 
B 0 
B 0 
c x 
c x 

appearance of nolded article 
whitening clinple whitening clinple 

at the at the on the on the 
insert insert sutface sutface 
screw screw of .of 

thickness thickness 
varied part varied part 

@ @ @ @ 
@ @ @ @ 
@ @ @ @ 
@ @ @ @ 
@ @ @ @ 
@ @ @ @ 
x x x x 
x x x x 



~ 

Table 2 5 
inorganic 

~th)a.crylic resin inorganic filler-
conposition filler containing 

res:in 
µ:irticle 

cooposition 81JDtmt 81JDtmt . 81JDtmt 
(% by weight) added added added 

Mtl\ I EIM\ l NfG[M\j 8-1 (Jm-t) (part) (part) 
Ex. VIl-7 48 2 15 35 100 170 70 

VIf-8 48 2 15 35 100 170 70 
VIl-9 48 2 15 35 100 170 70 

. VIl-10 48 2 15 35 100 1 70. 70 
VIl-11 48 2 15 35 100 260 100 
VIl-12 48 2 15 35 100 170 70 
VIl-13 48 2 15 35 100 170 70 
VIl-14 48 2 15 35 100 170 70 
VIl-15 48 I 2 I 15 I 35 100 220. ioo 

<'mp. 24 48i .2 i 15i 35 100 170 70 
F.x. I I I 

I I I 

Milt\: mthyl nethacrylate EIM\: ethylene glyool dinethacrylate 
NRJIM\: neopentyl glyool dilll3thacrylate 

polyner curing agent . internal 
powder releasing 

agent. 

kind i 81JDU[lt kind i annun.t aDD\Rlt . 
I 
I added 

I 
I added added 

l (Jm-t) l (part) {.Jm-t) 
P-1 25 Pethexa. v 2.8 0.5 
P-5 20 Perhexa v 2.8 o. 5 
P-6 15 Perhexa v 2.8 0. 5 
P-2 25 Perhexa v 2.8 0.5 
P-1 20 Perlrexa v 2.8 0. 5 

· P-3 35. Perltexa. v 2.8 0.5 
P-7 50 Perltexa. v 2.8 0. 5 
P-8 40 Perlrexa v 2.8 0.5 
- I - Perhexa v I 2, 8 0.5 

P-1 j 25 Perbltyl i 2. 8 0. 5 
I I 
I I 
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Cl 

. ~ 26 

Et. 

O:up. 
F.x. 

VJJ:-7 
Vll-8 
VII-9 
VJJ:-10 
VJl-11 
VJJ:-12 
VJI-13 
VJl-14 
VJJ:-15 
24 

thicke-
ning 

property 

of 
oc 

A 
A 
A 
A 
A 
B 
B 
B 
B 
A 

surface clear-
snooth- ness 

ness of 
grain 

JBttem 

@ @ 
@ @ 
@ @ 
@ @ 

·@ @ 
·o 0 
0 0 
0 0 
0 0 
@ @ 

appearance of nolded article 
tm.even- whitming dinple . ·whitening dinple 

ness at the at the on the on the 
in insert insert surface stn"face 

grain screw screw of of 
JBttem thickness thickness 

.. varied p:i:rt varied tart 
@ @ @ @. @ 
·@ @ @ @ @ 
@ o+ @ o+ @ 
@ @ @ @ @ 
@ o+ @ o+ @ 
0 0 @ 0 @ 
0 0 @ 0 @ 

0 0 @ 0 @ 

0 0 @ 0 @ 
@ 0 fl 0 fl 



Marks revealing evaluation results·in the tables are given 

according to the following criteria. 

<Thickening property of BMC> 

A: A composition thickened immediately after kneading, and 

a BMC having no. stickiness and rnanif esting excellent handling 

property was obtained. 

B: A composition was aged at room temperature after knead­

ing, and 24 hours or more was req\J.ired for thickening up to nec­

essary viscosity. 

C: A compositio~ was aged at room ~emperature for 24 hours 

or more after kneading, however, it did not thicken. 

<Odor> 

(§): No odor was recognized at all in producing and han­

dling a BMC, and in molding a BMC. 

(): Almost no odor was recognized in producing and han­

dling a BMC, and in molding a BMC • 

.6.: Slight odor was recognized in producing and handling a 

BMC, and in molding_ a BMC, but no_ problem~ 

X: Odor specific to a monomer was recognized in producing 

and handling a BMC, and in molding a BMC. 

<Deepness {transparency) of molded article> 

(): Transparency is high, and deep feeling specific to 

marble is exhibited . 

.6.: Transparency is low, and deep feeling specific to mar­

ble is not exhibited so.much. 

X: Transparency is low, and d~ep feeling specific to mar-
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ble is not exhibited at all. 

<Surf ace smoothness of molded article> 

(§): There is no pinhole at all, and surface smoothness is 

extremely high. 

0: There is no pinhole, and surface smoothness is high. 

<Unevenness in gloss of molded article> 

(§): There is no unevenness in gloss at all, and gloss is 

extremely high. 

high. 

O+: There is no unevenness in gloss, and gloss is fairly 

0: There is no· unevenness in gloss, and gloss is high. 

~= There is unevenness in gloss, and gloss is low 

X: There is remarkable unevenness in gloss, and gloss is 

extremely low. 

<Hot water resistance of molded article> 

(§): 

O+: 

0: 

Color change was extremely small. 

Color change was fairly small. 

Color change was small. 

X : Color change was large. 

<Weatherability of molded article> 

0: Color change was small. 

X : Color change was large. 

<Clearness of grain pattern of molded article> 

<§): Grain pattern is extremely clear, and des~gn is excel-

lent. 

C>: Grain pattern is clear, and design is excellent. 
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.6.: Grain pattern is indefinite, and design is poor. 

X: Grain pattern is indefinite, and design is extremely 

poor. 

<Unevenness in grain pattern of-molded article> 

@): There is no unevenness in pattern at all, and design 

is extremely excellent. 

(): There is no unevenness in pattern, and design is ex­

cellent . 

.6.: There is unevenness in pattern, and design is poor. 

X: There is heavy unevenness in pattern, and design is 

extremely poor. 

<Whitening at the insert screw> 

@): There is no whitening at all, and the position at the 

insert screw is not recognized from the surface at all. 

()+: There is no whitening, and the position at the insert 

screw is hardly recognized from the surface. 

(): There is no whitening, and the position at the insert 

screw is recognized from the surface when carefully observed, but 

there is no practical problem. 

X: There is heavy whitening, and the position at the in­

sert screw is recognized from the surface at first glance. 

<Dimple at the insert screw> 

@): There is no dimple at all, and the position at the in­

sert screw is not recognized from the surface at all. 

(): There is no dimple, and the position at the insert 

screw is not recognized from the surface. 
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.6.: There are slight dimple, and the position at the in­

sert screw is recognized from the surface. 

X: There are heavy dimples, and the position at the in­

·sert screw is recognized from the surface at first glance. 

<Whitening of surface of thickness varied part> 

@): There is no whitening at all, and the position of . 

thickness varies part is not recognized from the surface at all. 

()+: There is no whitening, and the position of thickness 

varies part is hardly recognized from the surface. 

(): There is no whitening, and the position of thickness 

varies part is recognized from the surf ace when carefully ob­

served, but there is no practical problem. 

X: There is heavy whitening, and the position of thick­

ness varies part is recognized from the surface at first glance. 

<Dimple on surf ace of thickness varied part> 

@): There is no dimple at all, and the position of thick­

ness varies part is not recognized from the surface at all. 

(): There is no dimple, and the position of thickness var­

ies part is not recognized from the surface . 

.6.: There are slight dimples, and the position of thick­

ness varies part is recognized from the s~rface. 

X: There are heavy dimples, and the position of -thickness 

varies part is recognized from the surface at first glance. 
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CLAIMS 

1. A (meth)acrylic premix comprising 100 parts by weight 

of a (meth)acrylic resin composition (A) containing a (meth)-

~crylic monomer (a) and a (meth)acrylic polymer (b), 1 to 500 

parts by weight of an inorganic filler (B), and 0.01 to 20 parts 

by weight of a curing agent (C): wherein, 

the component (a) contains at least one (meth)acrylate 

selected from the group consisting o~ a (meth)acrylate carrying 

an ester group having a bicyclo ring, a (meth)acrylate carrying 

an ester group having a fluorine atom and a (meth)acrylate carry-

ing an ester group having cyclic ether structure. 

2. The (meth)acrylic premix according to Claim 1, wherein 

the component (C) contains a radical polymerization initiator 

having a 10 hours half-life temperature of 75°C or more. 

3. The (meth)acrylic premix according to Claim 1 or 2, 

wherein the (meth)acrylate carrying an ester group having a bicy-

clo ring is isobornyl (meth)acrylate. 

4. The (meth)acrylic premix according to Claim 1 or 2, 

wherein the (meth)acrylate carrying an ester group having a fluo-

rine atom is a (meth)acrylate carrying a_fluoroalkyl·group having 

1 to 10 carbon atoms. 

·s. The (meth)acrylic premix according to Claim 1 or 2, 

wherein the (meth)acrylate carrying an ester group having a cy-

clic ether structure is tetrahydrofurfuryl (meth)acrylate. 

6. A (meth)acrylic premix comprising 100 parts by weight 
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of a (meth)acrylic resin composition (A) containing a (rneth)­

acrylic monomer (a} and a (meth)acrylic polymer (b), 1 to 500 

parts by weight of an inorganic filler (B), and 0.01 to 20 parts 

by weight of a curing agent (C): wherein, 

the component (a) contains at least one (rneth)acrylate 

selected from the .group consisting of a (meth)acrylate carrying 

an ester group having a cyclohexane ring and a (meth)acrylate 

carrying an ester group having a tricycle ring, and the component 

(C) contains a radical polymerization initiator having a 10 hours 

half-life temperature of 75°C or more. 

7. The (rneth}acrylic premix according to Claim 6, wherein 

the (rneth)acrylate carrying an ester group having a cyclohexane 

ring is cyclohexyl (rneth)acrylate. 

8. The (rneth)acry.).ic premix according to Claim 6, wherein 

the (meth}acrylate carrying an ester group having a tricycle ring 

is tricyclo[S • 2 • 1 • o2 •6 ]decailyl (meth)acrylate. 

9. The (rneth)acrylic premix according to Claim 2 or 6, 

wherein the radical polymerization initiator having a 10 hours 

half-life temperature of 75°C or more contains an organic perox-

ide represented by the following general fonnula (I): 

R6 R5 R4 R3 
'I \ / . 

R7 C-C O-O-R2 "/ . ~ /" 
C C (I) /" /"'·· RB C-C . 0-0-Rl 

/ \ I\ 
Rg Rl0RllR12 

(whE'.~ein, R1 and R2 represent a hydrogen atom or a tert-alkyl 
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group having 4 to 6 carbon atoms, and R3 to R12 represent a hy-

drogen atom or an alkyl. group having 1 to 4 carbon atoms.) 

10. A (meth)acrylic premix comprising 100 parts by weight 

of a (meth)acrylic resin composition (A) containing a (meth)-

acrylic monomer (a) and a (meth)acrylic polymer (b), 1 to 500 

parts by weight of an inorganic filler (B), and 0.01 to 20 parts 

by weight of a curing agent (C): wherein, 

the component (C) contains at least one organic perox-

ide represented by any of the following general formulae (I) to 

(VII): 

{wherein, R1 and R2 represent a hydrogen atom or a tert-alkyl 

group having 4 to 6 carbon atoms, and R3 to R12 represe~t a hy-

drogen atom or an alkyl group having 1 to 4 carbon atoms.), 

CH3 CH3 
I . I 

Rl3-c-o-o-c-CH2-CH-CH2;_C-CH3 (II) 
I 11 I I 

CH3 0 CH3 CH.3 

(wherein, R13 repr~sents an alkyl group having 1 to 5 carbon at-

oms.), 
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rH2-----CH2 

CH2-CH2 

o-o-R14 
/ 

CH2-C 

""'-o-o~R15 (m) 

CH2~CH2 

(wherein, R14 and R15 represent a hydrogen atom or a tert-alkyl 

group having 4 to 6 carbon atom~,- and one or more hydrogen atoms 

in the cyclododecane ring may be substituted by alkyl groups hav-

ing 1 to 4 carbon atoms.), 

CH3 CH3 
I · I 

R16-c-o-o--c-o-cH (IV) 
I II I 
CH3- 0 CH3 

(wherein, R16 represents an alkyl group having 1 to- 5 carbon at-

oms.), 

CH3 CH3. 
I I 

R17-c-o-o-c-o-R18-o-c-o-o-c-R19 (V) 
I -II - 11 - I 

CH3 0 0 CH3 

(wherein, R17 and R19 represent an alkyl group having 1.to 5 car­

bon atoms, and R18 represents an alkylene group having 1 to 10 

carbon atoms.), 
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@-
. CH3 

c-o-o-b-R20 
" I . 
0 CH3 · 

(VI) 

(wherein, R20 represents an alkyl group having 2 to 6 carbon at-

oms, and one or more hydrogen atoms in the benzene ring :inay be 

substituted by halogen atoms and/or alkyl groups.), and 

0-C (CH3)3 
I 
0 
I 

R21-c-R22-c-o-R23 
I II 
0 0 
I 
O-C(CH3)3 

(VII) 

(wherein, R21 and R23 represent an alkyl group having 1 to 6 car­

bon atoms, and R22 represents an alkyl group having 1 to 6 carbon 

atoms.) 

11. The (meth)acrylic premix according to Claim 10, 

wherein the component (C) contains at least one organic peroxide 

represented by any of the general formulae ·(I) to (VI), and the 

coll'iponent (a) contains at.least one (meth)acrylate selected from 

the group consisting of a (meth)acrylate carrying an ester group 

having a bicyclo ring and a (meth)acrylate carrying an ester 

group having a tricyclo ring. 

12. The (meth)acrylic premix according to Claim 10, 

wherein the component (C) contains at least one organic peroxide 

represented by any of the general formulae (I), (III), (VI) and 
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(VII), and the component (a) contains at least one {meth)acrylate 

selected from the group consisting of a (meth)acrylate carrying 

an ester group having a cyclohexane ring, a (meth)acrylate carry-

ing an ester group having a bicyclo ring, a {meth)acrylate carry-

ing an ester group having a tricyclo ring and a (meth)acrylate 

carrying an ester group having a fluorine atom. 

13. The (meth)acrylic premix according to Claim 10, 

wherein the component (C) contains at least one organic peroxide 

represented by any of the general formulae· (II), (IV) and (V), 

and the component (a) contains at least one (meth)acrylate se-

lected from the group consisting of a (meth)acrylate carrying an 

ester group having a cyclohexane ring, a {meth)acrylate carrying 

an ester group having a bicyclo ring, a (meth)acrylate carrying 

an ester group having a tricyclo ring, a (meth)acrylate carrying 

an ester group having a fluorine atom and a (meth)acry~ate carry-

ing an ester group having a cyclic ether structure. 

14. The (meth)acrylic premix according to Claim 1, 6 or 10 

further comprising an inorg~ic filler-containing resin particle. 

15. A (meth)acrylic SMC or BMC comprising the 

(meth)acrylic premix according to Claim 1, 6 or 10 and a thicken-

ing agent. 

16. The (meth)acrylic SMC or BMC according to Claim 15, 

wherein the thickening agent is a polymer powder. 

17. The (meth)acrylic SMC or BMC according to Claim 16, 

wherein the bulk density of the polymer powder is in the range 

from 0.1 to 0.7 g/ml, the oil absorption in linseed oil is in the 
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range from 60 to 200 ml/100 g, and the degree of swelling in 

methyl methacrylate· is 16-fold or mor~. 

18. The (meth)acrylic SMC or BMC according to Claim 17, 

wherein the polymer powder is composed of a non-cr.oss-linked 

polymer having a weight-average molecular weight of .100,000 to 

2,000,000. 

19. A method for producing (meth)acrylic artificial marble, 

wherein the (meth)acrylic SMC or BMC of Claim 15 is cured with 

being pressurized and heated at a temperature in the range f~om 

105 to 150°C. 

116 


