
DESCRIPTION 

ACRYLIC SMC OR BMC AND PRODUCTION Mw.i'HOD THEREOF, PRODUCTION 

METHOD OF ACRYLIC ARTIFICIAL MARBLE, AND THICKENING AGENT 

5 TECHNICAL FIELD 

The present invention relates to an acrylic SMC {sheet 

molding compound) or BMC (bulk molding compound) showing high 

productivity and having excellent handling property and molding 

processability and a method for producing the same, a method 

10 for producing acrylic artificial marble showing high productiv-

ity and having excellent appearance, hot water-resistance_ and 

heat-resistance, and a thickening agent imparting excellent ap-

.pearance, hot water-restsfance and heat resistance t6 an arti"'." 

ficial marble molded article and showing excellent productiv-

15 ity. 

.BACKGROUND ART 

Acrylic artificial marble prepared by compounding inor-

ganic fillers such as aluminwn hydroxide and the like into an 

20 acry~i~ resin has various prominent functions and_properties 

such as excellent appearance, warm feeling, weatherability and 

the like of a molded article and is widely used for counters 

such as a kitchen counter and the like, washing and dressing 

stands, waterproof pan, and other architectural uses . These 

25 are usually produced by a casting method in which a so-called 

premix prepared by dispersing inorganic fillers into an acrylic 



syrup composed of .acrylic monomers containing methyl methacry­

late and of an acrylic polymer is filled into a mold, and this 

is cured and polymerized at relatively lower temperature. How-

· ever, since this acrylic· syrll.p has a·1ower boi°ling point, the 

5 curing temperature has to be lowered, which requires longer 

molding time leading to lower productivity. Further, the fonn 

of a molded article is restricted since the filling property of 

. a premix into a mold is problematical. 

For improving these defects, there has been convention-

10 ally effected investigation for producing acrylic artificial 

marble by curing under heat and pressure an acrylic BMC ob-

tained by thickening an acrylic premix with a thickening agent . 

. ·For··· ~xample, . _.ia:panese ~at.erit App;tica,tio~ Laid-Ope~·. (~-A·) 

No. 5-32720 discloses an acrylic BMC for artificial marble hav-

15 ing excellent handling property and molding property, obtained 

20 

by compounding an inorganic filler and a cross-linked resin 

· powder having specific degree of swelling obtained by suspen-

sion polymerization into an acrylic syrup prepared by previ­

ously dissolving an acrylic polymer in an acrylic monomer. 

For example,_ JP-A No. 6-298883.discloses an acryli~ BMC 

for artificial·marble excellent in low shrinkage property in 

heat-curing; obtained b.Y compounding_ into an acrylic syrup pre-

pared by previously dissolving an acrylic polymer in an acrylic 

monomer an inorganic filler and a thermoplastic acrylic resin 

25 powder having poor solubility in the syrup. 

Further, JP-A No. 6-313019 discloses an acrylic BMC for 
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artificial marble which prevents cracking in inolding and pro-

vides a molded article having improved appearance and thicken~ 

ing stability, obtained by compounding a _resin powder prepared 

by spray-drying treatment of a ci:oss-linked·polyriter. obtained by 

5 emulsion polymerization into an acrylic syrup prepared by pre-

·viously dissolving an acrylic.polymer in an acrylic monomer. 

Further more, Japanese Patent Application Publication 

(JP-B) No. 5-13899 discloses an acrylic ·BMC for artificial mar-

ble having excellent heat-resistance, obtained by compounding 

10 an inorganic filler and an acrylic resin powder having specific 

average molecular weight into an acrylic monomer containing a 

cross-linking agent in specific amount. 

Howeve,r';-:when the res·in poWders .dlsclos~d· in JP-A Nos. ·5-
. . . . . . 

32720, 6-298883 and 6-313019 are used as a thickening agent, 

15 aging of a premix for obtaining an acrylic BMC tends to need a 

long period of time (24 hours), causing reduction in productiv-

ity. 

On the other hand in the method disclosed in JP-B No. 5-

13899, since kneading is conducted at a temperature.of 60°C for 

20 30 minutes or more for dissolving the poly.mer pOwder and thick-

ening the mixture, an acrylic BMC receives heat history of a 

long period of time and the storage stability of the resulted 

acrylic BMC deteriorates. Further, when a grain-like acrylic 

BMC is intended to be obtained by compounding a colored resin 

25 particle, the colored resin particle is dissolved in kneading 

and the grain pattern becomes extremely unclear or.the grain 
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pattern disappears, causing poor appearance. 

:iror solving these problems, the present inventors have 

found that.when a polymer powder having specific b~lk density, 

specific oil absorf>tlon and specific degree of swelling·ob-

5 tained by spray-drying an emulsion-polymerized emulsion is used 

as a thickening agent, an acrylic SMC or BMC is obtained which 

has high thickening speed, requires no aging and provides a 

clear grain pattern (JP-A No. 10-6_7906). 

Also, it has been found to impart various functions by 

10 introducing a core/shell ·structure into a polymer powder. 

For example, JP-A No. 9-110497 discloses an acrylic BMC 

for artificial marble having low shrinkage and excellent dimen-

· s~on stabil.:j. ty suitable for mold,in~·at_higher temperature.by. 

controlling the glass transition temperature of a core layer of 

15 a polymer powder to 70"C or less. 

Further, JP-A No. 9-111084 discloses an acrylic BMC for 

artificial marble having high productivity and high strength by 

inclusion of a polyfunctional monomer in an amount of 0.01 to· 1 

wt% as a constituent component of a shell layer of a polymer 

20 powder. 

However, the polymer powders described in JP-A Nos. 10-

67906, 9-110497 and 9-11084 contain a remaining emulsifier used · 

for emulsion polymerization since the powders have been pro~ 

duced by s~ray-drying, and use thereof in uses requiring high 

25 hot water-resistance is difficult. Particularly 1 current 

molded articles such as artificial marble and the like further 
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need excellent hot water-resistance. 

DISCLOSURE OF INVENTION 
' ' 

The present invention has been accomplished·for further· 

5 improving the hot water-resistance of the resulted molded_ arti­

cle by investigation of a polymer powder used as a thickening 

agent· in an acrylic SMC or BMC for artificial marble. 

Namely, the object of the present invention is to provide 

an acrylic SMC or BMC having high productivity, e~cellent han-

10 dling property, molding processability and storage stability 

useful for production of molded articles.such as acrylic arti-

f icial marble and the like having excellent appearance and hot 

. .. . . . . . . " . . 

water-resistance· and a method for .producing.the·same;·~ method 
. . . . . . . 

for producing acrylic artificial marble having high productiv-

15 ity and excellent appearance and hot water-resistance; and a 

polymer powder imparting excellent appearance and hot water-

resistance to an artificial marble molded article and reveaiing 

excellent productivity. 

The present inventors have been intensively studied to 

20 attain the above~descri~ed object, an~ resultantly found that 

acrylic artificial marble having excellent hot water-resistance 

can be produced by using as a thickening agent a polymer powder 

containing a remaining emulsifier in an amount from 0.01 to 

0.95 wt%, and that when kneading is conducted at a kneading 

25 temperature from 20 to 70°C using this thickening agent, the 

thickening is completed in 20 minutes or less and an acrylic 
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SMC or BMC having excellent storage stabili~y and a clear grain 

pattern can be produced with high productivity, completed the 

present invention_. 

Namely, the present· invention relates to; · 

An acrylic SMC or BMC comprising an acrylic monomer or 

acrylic syrup (A), an inorganic filler (B) and a polymer powder 

(C) containing a remaining emulsifier in an amount from 0.01 to 

0.95 wt%, and if desired, an inorganic filler-containing resin 

particle (D), as constituent components; 

A method for producing an acrylic SMC or BMC comprising 

the step of kneading an acrylic monomer or acrylic syrup (A), 

an inorganic filler (B) and a polymer powder (C) containing a 

:-. reinaining "emulsifier· in. an c;unount. fr~ 0.01 to Q~-95_ wt%,- ~nd :?-·f 

desired, an inorganic filler-containing resin particle (D) at a 

15 kneading temperature from 20 to 70°C for thickening thereof in 

a kneading time of 20 minutes or less; 

A method for producing an acrylic SMC or BMC in which an 

acrylic monomer or acrylic syrup (A), an inorganic filler (B) 

and a polymer powder (C) containing a remaining emulsifier in 

20 an amount from·o.01 to·0.95 wt%, and' if desired, an inorganic 

filler-containing resin particle (D) are kneaded, thickened and 

extruded at a kneading temperature from 20 to 70°C in a time of 

20 minutes or less in one step to shape the mixture into a de­

sired form continuously; 

25 A method for producing acrylic artificial marble compris-

ing curing under heat and pressure the ~ve-described acrylic 
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15 

SMC or BMC; and 

A thickening agent composed of a.polymer powder contain­

ing a r9:Jll8.ining emulsifier in an amount from 0.01 to 0.95 wt%. 

BRIEF DESCRIP.rION OF DRAWINGS 

Fig. 1 is a view sch~tically showing a continuous twin 

screw kneader used in the present invention. 

Fig. 2 is a view schematically showing one example of an 

acrylic BMC shaped into a sheet. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The acrylic monomer or acrylic syrup (A) used in the pre­

sent in~ention ls a. compo~ent iffiparting _suitabl:-e .. tlo~abilit;.y i~· 

producing the acrylic SMC or BMC of the present invention. 

The content of the component (A) is not particularly re­

stricted and preferably from 5 to 95 wt% based on the total 

amount of the acrylic SMC or BMC of the present invention. 

When this content is 5 wt% or more, the flowability of the 

acrylic SMC or BMC tends to become excellent, and when 95 wt% 

20 or less, shrinkage ratio in curing tends to decrease. The 

25 

lower limit of this content is more preferably 10 wt% or more, 

particularly preferably 15 wt% or more. The upper limit of 

this content is more preferably 50 wt% or less, particularly 

preferably 40 wt% or less. 

The acrylic monomer used in the component (A) -is a mono­

mer having a methacryloyl and/or acryloyl group or a mixture 
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thereof, and is not particularly restricted. Included as- exam-

ples thereof are acrylic monofunctinal monomers such as methyl 

c_meth)acrylate, alkyl (meth)acrylates earring an alkyl group 

having 2 to 20 carbon atoms, hydroXyalkyl (meth)acrylates car-

5 rying a hydroXyalkyl group having 1 to 20 carbon atoms, 

(meth)acrylates carrying an ester group having an aromatic ring 

such as benzyl (meth)acrylate and the like, (meth)acrylates 

carrying an ester group having a cyclohexane ring such as cy-

cloheXyl (meth)acrylate and the l.j_ke, · (meth)acrylates carrying 

10 an ester group having a bicycle ring such as isobornyl 

(meth)acrylate and the like, (meth)acrylates carrying an ester 

group having a tricyclo ring such as tricyclo ( 5 • 2 • 1 • 

. o2 • 6 ]d~c~yl (nteth).acry;I.ate and tJ;i~ ii]{~;" (meth)acrylates car-

rying an ester group having a fluorine atom such as 2,2,2-

15 trifluoroethyl (meth)acrylate and the like, (meth)acrylates 

carrying an ester group having a cyclic ether structure such as 

glycidyl methacrylate, tetrahydrofurfuryl (meth)acrylate and 

the like, (meth)acrylic acid, (meth)acrylic acid me~al salts, 

(meth)acrylamide, and the like; and acrylic polyfunctional 

· 20 monomers_ such as ethylene glycol di(meth)acrylate, polyethylene 

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

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

di(meth)acrylate, 1,4-butylene glycol di(meth)acrylate, polybu-

tylene glycol di(meth)acrylate, neopentyl glycol 

25 di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, 1,9-

nonanediol di(meth)acrylate, 1,10-decanediol di(meth)acrylate, 
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dimethylolethane di(meth)acrylate, 1,l~dimethylolpropane 

di(meth)acrylate, tri.m9thylolethane tri(meth)acrylate, 

trimethylolpropane tri(meth)ac:cylate, tetramet,hylolmethane 

tri(meth)acrylate, tetramethylolmethane di(meth)acrylate, and· 

6 poly-valent esters of (meth)acrylic acid with poly-valent alco­

hol (e.g., pentaerythritol, dipentaerythritol and the like], 

allyl {meth)acrylate, and the like. In this specification, 

"(meth)acrylate" means "acrylate and or methacrylate". 

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

10 according to demands. 

Particularly when methyl methacrylate is contained in the 

component· (A), there·are tendencies that the resulted molded 

article ~an .be· endowe~ with deep_.feeling· ~pec~fic to -~rble; 
and appearance becomes excellent, meaning preferable results. 

16 The content ·of methyl methacrylate is not particularly re­

stricted and preferably from 1 to 40 wt% based on the total 

amount of ·an acrylic SMC or BMC. The lower limit of this con­

terit is more preferably 5 wt% or more, andthe upper limit is 

more preferably 30 wt% or less. 

20 · · The component (A) may contain aromatic vinyls such as 

26 

styrene, divinylbenzene and the like, or monomers such as vinyl 

acetate, (meth)acrylonitrile, vinyl chloride, maleic anhydride, 

maleic acid, maleate, fumaric acid, fumarate, triaryl isocyanu­

rate and the like, in addition to an acrylic monomer. 

For imparting properties such as hot water-resistance, 

heat-resistance, mechanical strength, solvent-resistance, di-
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mension stability and the like to a molded article obtained by 

using the acrylic SMC or BMC of the present invention, a poly-

functional monomer is preferably contained in the component 

In this case, the content of polyfunctional monomer is 

not particularly restricted, and preferably from 1 to 30 wt% 

based on the total amount of the acrylic SMC or BMC for obtain-

ing a molded article having the above-described properties more 

effectively manifested. The lower limit of this content is 

10 more preferably 3 wt% or more, and the upper limit thereof is 

more preferably 25 wt% or less. 

Particularly, use of at least one of neopentyl glycol 
.· . 

. dl(~th).acrylat~, 1, 3-~blltylenei glyco1··_d.i (meth) ac:ry~ate -and 

tripropylene glycol di(meth)acrylate as the polyfunctional 

15 monomer is preferable since then a molded article having ex-

tremely·excelient surface gloss and heat-resistance is ob-

tained. 

In this case, at least one of neopentyl glycol 

di(~th)acrylate, 1,3-butylene glycol di(.m~th)acrylate and 

20 tripropylene glycol di(meth)acrylate and other po~yfunctional 

monomer may also be used together. 

Regarding the component (A) of the present invention, (1) 

the above-described acrylic monomer may also be used as it is, 

(2) the above-described acrylic monomer may also be partially 

25 polymerized to prepare a syrup to be used containing the pro-

duced polymer component in the acrylic monomer component, or 
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(3) the above-described acrylic monomer may also be polymerized 

separately according to a known method such as solution polym­

erization, bulk polymerization, suspension polymerization, 

emulsion-polymerization and the like to obtain an acrylic poly-· 

5 mer which is then dissolved in the acrylic monomer to prepare a 

syrup to be used. 

As the acrylic polymer to.be dissolved in the above­

described method (3), two or more acrylic polymers having dif­

ferent compositions and/or molecular weights may also be used 

10 together. 

When an acrylic syrup is used as the component (A) , the . 

content of an acrylic polymer in the acrylic syrup is not par­

. ticularly-.re~trict~d, '~nd' prefei;:ably :in the range: from 1 to ·40 

wt% based on the total amount of the acrylic syrup. Then the 

15 content of an acrylic polymer is in the above-descried range, 

the viscosity providing easy handling tends to be obtained. 

The lower limit of an acrylic polymer is more preferably 3 wt% 

or more, particularly preferably 5 wt% or more. The upper 

limit thereof is more preferably 35 wt% or less, particularly 

20 · preferably 30 wt% or less. 

When an acrylic syrup is used as the component (A),· the 

weight-average molecular weigh of an acrylic polymer in the 

acrylic syrup is not particularly restricted, and preferably in 

the range from 10,QOO to 5,000,000. When the 'Weight-average 

25 molecular weight is 10,000 or more, the strength of a molded 

article obtained by curing the acrylic SMC or BMC of the pres-
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ent invention tends to increase, on the other hand, when the 

weight-average molecular weight is 5,000,000 or less, there is 

a tendency that the viscosity of the acrylic syrup decreases 

providing excellent handling property. The lower limit of the 

5 weight-average molecular Weight of an acrylic polymer in the 

acrylic syrup is more preferably 30,000 or more, and the upper 

limit thereof is more preferably 4,000,000 or less. 

The weight-average molecular weight ref erred to in the 

present invention is a value in tenns of polystyrene obtained 

10 by a GPC method and measured under the follewing conditions • 

.Apparatus: High performance GPC apparatus HLC-8020, manu-

factured by Tosoh Corp. 

Cohiinln three TSKgel~ are connected °in .series, manu~ 

factured by Tosoh Corp. 

15 Ov t t 38ac en empera ure: 

Elution solution: Tetrahydrofuran 

Sample concentration: 0.4 % by weight 

Flow rate: 1 ml/minute 

Flow amount: 0.1 ml 

20 Detector: RI (differential refrac~ometer} 

The inorganic filler (B} used in the present invention is 

a component which imparts marble-like deep texture and heat-

resistance to a molded article obtained by mo~ding the acrylic 

SMC or BMC. 

25 The content of the component (B) is not particularly re-

stricted, and preferably from 5 to 95 wt% based on the total 
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amount the acrylic SMC or BMC. When the content of the compo:­

nent (B) is 5% by weight or more, the resulting ~olded article 

tends to have e?Ccellent texture and heat-resistance~ further, 

tends to have low shrinkage ··rate· in curing.· On the· other hand, 

5 when the content is 95%.by weight or less, flowability in mold-

ing the acrylic SMC or BMC tends to be excellent. The lower 

limit of this content is more preferably 20% by weight or more, 

particularly preferably 30% by weight or more .. The upper limit 

thereof is more preferably 80% by weight or less, particularly 

10 preferably 70% by weight or less. 

The inorganic filler (B) is not particularly restricted, 

and there can be used, for example, alwninum hydroxide, silica, 
.. ·· 

amorphous" silica, calcium carbonate,. b~ri~ .sulf.ate;. titanium 

oxide, calcium phosphate, talc, mica, clay, glass powder and 

15 the like. These may· be optionally selected appropriately for 

20 

use, and two or more may also be used together. .Among th~, 

aluminum hydroxide, calcium carbonate, silica, amorphous sil-

ica, and glass powder are preferable in view of the texture of 

the resulting molded article. 

The polymer powder (C) used in the present invention is a 

polymer powder containing a remainirig emulsifier in an amount 

from 0.01 to 0.95 wt%, and is a thickening agent to thicken the 

acrylic SMC or BMC of the present invention to condition of no 

stickiness. When this remaining emulsifier amount is from 0.01 

25 to 0.95 wt%, the hot water~resistance of a molded article in-

creases. The upf>er limit of this remaining emulsifier amount 
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is preferably 0.7 wt% or less, more preferably 0.5 wt% or less, 

particularly preferably 0.3 wt% or less. The lower limit 

thereof is preferably 0.1 wt% or more. 

· The remaining emulsifier in the present invention is a 

5 component composed of surfactants such as an emulsifier, dis­

persing agent and the like used in polymerization, remaining in 

a polymer powder, and is a component extracted from a polymer 

powder according to the following method. The weighed about 1 

g of a polymer powder is extracted at lOS°C for 3 hours three 

10 . times using methanol in a pressure bottle, a dry residue in the 

extracted solution is extracted twice with hot water, filtrated 

through a 0.5 µm filter, the filtrate is concentrated before 

15 

· dcyi~g .by. a ··vacuum· drier,.· _and the. e~tracted. component is · 

weighed. 

The remaining emulsifier amount is the amount·of a re-

maining emulsifier extracted according to the above-described 

.method, represented by wt% based on a polymer powder. 

The degree of swelling the polymer powder (C) in methyl 

methacrylate is not particularly restricted, and preferably 1-

20 fold .or less or 20-fold or more. The degree of swelling herein 

referred to is given as follows. The polymer powder (C) is 

charged into a 100 ml measuring cylinder, compacted by soft 

tapping several times by 5 ml and cooled to S°C or less, then, 

methyl methacrylate ·which has been cooled to S°C or less is 

25 charged therein so that the total amount reaches 100 ml, the 

mixture is stirred quickly so as to obtain whole uniformity, 
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then, the measuring cylinder is kept in a constant temperature 

vessel at 25°C for 1 hour, the volume' .c)f the polymer powder 

layer.after swelling is divided by the volume (5.ml) before 

swelling. ·~herefore, when a part of the polymer powder (C) is 

5 dissolved and a part of this is not dissolved and remains, the 

degree of swelling is a value of 1-fold or less, and in the 

case of .complete dissolution, the degree of swelling is 20-fold 

or more. When this degree of swelling is 1-fold or less or 20-

fold or more, the dissolving speed of the polymer powder (C) 

10 into the component (A) increases, thickening tends to be possi-

15 

ble in a short period of time, and the productivity of the 

acrylic SMC or BMC tends to increase. Further preferable range 

. of. this degree of l:;~lling in meth:y:-1 inethac_rylate . is 0. 9-fold 

or less. 

The weight-average molecular weight of the polymer powder 

(C) is not particularly restricted, and when the weight-average 

molecular weight is higher, thickening effect tends to increase 

and the hot water-resistance of a molded article tends to be 

excellent, and preferably 100,000 or more. The upper limit 

20 thereof is also not particularly restricted, and preferably 

5000000 or less from the standpoint of the kneading property of 

the acrylic SMC or BMC. The lower limit of this weight:--average 

molecular weight is preferably 300,000 or more, partiGularly 

preferably 500, 000 or more. The upper limit is .more preferably 

25 4,500,000 or less, particularly preferably 4,000,000 or less. 

The structure of the primary particle of the polymer pow-
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der (C) is not particularly restricted, and may be a unifonn 

particle structure having·unifonn composition, alternatively 

may also be a .so~called core/shell structure constitt;tted of a 

core layer and a shell layer· having ~tually different comp6si-

5 tions, molecular weights and the like. 

Particularly, from the standpoint of balance of the pro-

ductivity of the polymer powder and the heat-resistance of the 

resulted polymer powder, the primary structure of the polymer 

powder (C) is preferably a c;::ore/shell structure. When an emul-

10 sion is endowed with a core/shell structure, there is a ten-

dency that the heat-resistance of the resulted polymer powder 

(C) can be increased while maintaining the productivity high. 

·.The gla~s .transition temperatures .of a core layer. and. 
. . . . . . . . . . . . . 

shell layer are not particularly restricted, and preferably in 

15 the range from SO°C to lSO°C. · Particularly, it is preferable 

that at least the shell layer has a glass transition tempera-

ture o~ 90°C or less from the standpoint of productivity. When 

the glass transition temperature of the shell layer is 90°C or 

less, productivity in producing a polymer powder tends to be 
. . 

20 ex?ellent. The ~pper limit of the grass .transition temperature 

of this shell layer is preferably BS°C or less, particularly 

preferably BO°C or less. 

The glass transition temperature (°C) in the present in­

vention is, when the polymer component is a copolymer obtained 

25 by polymerization of n kinds of monomers, a value calculated 

according to the following fonnula (I) from glass transition 
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temperatures (°C) of homopolymers of constituent n kinds of 

monomer components. 

1 · n W-----L I (I) 
· Tg + 273 i=l Tgc;> + 273 

Tg: glass transition temperature (°C) of copolymer 

5 Tg(i): glass transition temperature (''C) of homopolymer of 

i component 

Wi: ratio by weight of i component, l:wi=l 

The average value of the_ glass transition temperature of 

the core layer and the glass transition temperature of the 

10 shell layer is not particularly restricted and preferably 65°C 

or more. The average value of the glass transition temperature 

. her~in referred to is" .a weighed-ayeraged v~lue of :th~ glass .. 

transition temperatures of the core layer and the shell layer 

according to the ratio by weight thereof. When the·average 

16 valued of this glass transition temperature is GS°C or more, 

the heat resistance of a polymer powder tends to be high and 

the heat resistance of a molded article tends to be excellent. 

The lower limit of this glass transition temperature is more 

·preferably 70°C or more, and particularly preferably 75°C or 

20 more. 

· The heat resistance of a molded article represents degree 

of difficulty of defonnation at the molded article at higher 

temperature, and the deflection temperature under load measured 

according to JIS K 7207-1995 is ·the index of the heat resis-

25 tance. This deflection temperature under load is not particu-
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larly restricted., and preferably 95°C or more, more preferably 

. 105°C or more, particularly preferably ·115°C or more. 

It is preferable that the glass transition temperature of 

the core layer is higher than the glass transition temperature· 

5 of the shell layer. The reason for this is that when the glass 

transition temperature of the core layer is higher than the 

glass transition temperature of the shell layer, there is a 

tendency that the productivity of a polymer powder and the 

heat-resistance of a molded article can be satisfied simultane-

10 ously. 

The shell layer of a polymer powder is not particularly 

restricted, and preferably not cross-linked. When the shell 

. layer i.s il~t cross-linked, .the _thi.ck~ing·prop~rty when ·used ·as· 

a thickening agent tends to be excellent and the productivity 

15 tends to be excellent. 

The core layer of a polymer powder is not particularly 

restricted, and preferably not cross-linked. When the core 

layer is not cross-linked, the thickening property when used as 

a thickening agent tends to be excellent and the productivity 

20 ·tends ·to· be excellent.-

The refractive index of the polymer powder (C) is not 

particularly restricted, and preferably from 1. 4 7 to 1. 51. 

When the refractive index is from 1.47 to 1.51, it is near the 

refractive index of an acrylic resin used as a matrix, and the 

26 transparency of a molded article tends to be excellent. The 

refractive index of the polymer powder is a value measured by 
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~Abbe's refractometer using a sheet having a thickness of 0.3 

mm obtained by press-molding under heat of a polymer powder. 

The.average particle size of_the polyi:ner powder (C) .i,s 

not particularly restricted, and preferably -in.the range from 

5 50 to 500 µm. When the average particle size is 50 µm or more, 

there are tendencies that the filtration property in producing 

a polymer powder is excellent and the productivity is excel-

lent, and handling of the polymer powder is excellent. When 

the average particle size is 500 µm or less, there are tenden-

10 cies that the dissolution speed of a polymer powder in the com-

ponent (A), thickening is possible in a short period of time, 

and the productivity_ of the acrylic SMC or BMC increases. Fur­

the+, .in this. case, the appearance· of a· m0lded article obtained: . . . . . . . . . 

by molding the acrylic SMC or BMC, particularly the gloss and 

15 surface smoothness thereof tend to be excellent. The lower 

limit of this average particle size is more preferably 70 µm or 

more. The upper limit thereof is more preferably 350 µm or 

less, particularly preferably 200 µm or less. 

The content of the polymer powder (C) is not particularly 

20 . restric_ted,· and preferably from 0.1 to 30 wt% based on the to-

tal amount of the acrylic SMC or BMC. When this content is 0.1 

wt% or more, higher thickening effect tends to be obtained, and 

when 30 wt% or less, the kneading property of the acrylic SMC 

or BMC tends to be excellent. The lower limit of this content 

25 is more preferably 1 wt% or more, particularly preferably 3 wt% 

or more. The upper limit thereof is more preferably 25 wt% or 
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less, particularly preferably 20 wt% or less. 

Given as examples of the constituent components (monomers 

and the. like used for polymerization) of the polymer powder (C) 

are monofunctinal monomers such as methyl (meth)acrylate, alkyl 

5 (meth)acrylates earring an alkyl group having 2 to 20 carbc:>n 

atoms, hydroxyalkyl (meth)acrylates carrying a hydroxyalkyl 

group having 1 to 20 carbon atoms, (meth)acrylates carrying an 

ester group having an aromatic ring such as benzyl 

(meth)acrylate and the like, (meth)acrylates carrying an ester 

10 group having a cyclohexane ring such as cyclohexyl 

(meth)acrylate and the like, (meth)acrylates carrying an ester 

group having a bicyclo ring such as isobornyl (meth)acrylate 

and. the like, ·. (~~iacrylat~s carrying- .an ester g#mp· ·having_ a 

tricyclo ring such as tricyclo[S • 2 • 1 • o2
•
6 ]decanyl 

· 15 (meth)acrylate and the like,. (meth)acrylates carrying an ester 

group having a fluorine atom such as 2,2,2-trifluoroethyl 

(meth)acrylate and the like, (meth)acrylates carrying an ester 

group having a cyclic ether structure such as glycidyl meth-

acrylate, tetrahydrofurfuryl (meth)acrylate and the like, 
.. 

20 (meth)acrylic aciq, (meth)acrylic acid metal salts, 

(meth)acrylamide, aroma.tic vinyl such as styrene and the like, 

and vinyl acetate, (Iileth)acrylonitrile, vinyl chloride, maleic 

anhydride, maleic acid, maleate, fumaric acid, fumarate and the 

like; and polyfunctional monomers such as ethylene glycol 

25 di(meth)acrylate, polyethylene glycol di(meth)acrylate, propyl­

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

butylene glycol di(m~th)acrylate, polybutylene glycol 

di(~eth)acrylate, neopentyl glycol di(m~th)acrylate, 1,6-

· hexanediol di(meth)acrylate~ 1,9-nonanediol di(meth)acrylate, 

5 1,10-decanediol di(meth)acrylate, dimethylolethane 

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

trimethylolethane tri(meth)acrylate, trimethy.l,olpropane 

tri(meth)acrylate, tetramethylolmethane tri(meth)acrylate, te­

tramethylolmethane di(meth)acrylate, and poly-valent esters of 

10 (meth)acrylic acid with poly-valent alcohol [e.g., pen­

taerythritol, dipentaerythritol and the like], ally! 

(meth)acrylate, divinylbenzene and the like." These monofunc­

.. tiona1· mon~ers may be -.po:i~erized· ~lone .to' qbtairi a· homopoly.:... 

mer if necessary, or two or more polyfunctional monomers may 

15 also be used in combination to obtain a copolymer, or alterna­

tively, a monofunctional monomer and a polyfunctional monomer 

may be used to obtain a cross-linked polymer. ·1n view of af­

finity with the component (A), a polymer containing a 

(meth)acrylic monomer component as the main constituent unit is 

20 preferable~ 

The method for producing the polymer powder (C} used in 

the present invention may advantageously be conducted by known 

means such as emulsion polymerization, suspension polymeriza­

tion, solution polymerization, bulk polymerization and the 

25 like, and though is not restricted particularly, it is prefer­

able that an emulsion obtained by emulsion polymerization is 
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made into powder. 

By making an emulsion obtained by emulsion polymerization 

into powder, a polymer powder having a secondary flocculate 

structure containing a small primary particle·(emulsion parti-

5 cle) flocculated can be obtained, therefore, thickening is pos-

sible in a-short period of time,. and the productivity of the 

acrylic SMC or BMC. tends to increase. 

. The surfactant used in emulsion I>C?lymerization is not 

particularly restricted, and a cationic surfactant; anionic 

10 surfactant, nonionic surfactant, reactive surfactant and the 

like are exemplified. These can be used alone or in combina-

tion of two or more if necessary. 
-· 

·.Included ·_as. specific .exmnples of .the: cationic ·_surfactant . 

are Quartamin 24P, Quartamin 60W, ·Quartamin 8W (each trade 

15 name) and the ·like manufactured by Kao Corp. 

Included as specific examples of the cationic surfactant 

are Flake Marcel, Emal O, Emal TD, Emal .Am Neopelex No. 25, 

Pellex OT-P, Pellex SS-H, Levenol WX, Levenol WZ, Latemul WX, 

Latemul ASK, Latemul PS, Demo! N, Demo! EP, Poiz 530, Homogenol 

20 L-18, Estamit TR-09 (each trade name) and the lik!= manufactured 

by Kao Corp. 

Included as specific examples of the nonionic surfactant 

are Emulgen 130 K, Emulgen 306 P, Emulgen 430, Emulgen 810, 

Emulgen 905, Emulgen.910, Emulgen 930, Emulgen A-60, Emulgen 

25 PP-150, Reodol TW-0120 (each trade name) and the like manufa~-

tured by Kao Corp. 
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Included as specific examples of the commercially avail-

able nonionic surfactant are Latemul s....:120A, S-180A manufac-

tured by Kao Corp., Adekaria Soap SE-SN, SE-lON, SE-20N, NE-10, 

NE...;20, NE-30, NE....:40; NE-50, NE-80, NE-100 manufactured by·Asahi 

5 Denka Kogyo K.K., Antox-MS-60, Antox-MS-20, Antox-MS-2N, Antox­

MS-NH4, RA-1020, RA-1120, RA-1820, RF-751, RMA-564, RMA-568, 

RMA-506, RMA-1120 manufactured by Nippon Nyukazai K.K. (each 

trade name) and the like. 

The use amount of the surfactant is not_particularly re-

10 stricted, and preferably from 0.1 to 10 wt parts based on 100 

parts by-weight of monomers to be emulsion-polymerized from the 

standpoint of polymerization stability • 
. · . ~ . . 

.. The method tor making·.a powder iii. producing the· polymer 

powder (C) by ~ing an emulsion· obtained by emulsion-

15 polymerization in the present invention into a powder may ad-

vantageously be conducted by known means such as a coagulation 

method, spray drying method, freeze· drying method and the like, 

and not restricted particularly, and powder making by a coagu-

lation method is particularly preferable for obtaining a poly-

20 mer powder having lower content of a remaining emulsifier. The 

coagulation method is not particularly restricted, and coagula-

tion may advantageously be conducted by a known method such as 

a rapid coagulation method, organic solvent added coagulation 

method, slow coagulation method and the like. 

25 The coagulation agent in effecting coagulation is not 

particularly restricted, and an acid or salt can be used and 
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may advantageously be selected appropriately and used, corre-

sponding to the surfactant used in emulsion-polymerization. 

Specific examples of the acid include sulfuric acid, and spe­

cific examples of the salt include aluminum sulfate, calcium 

5 acetate, magnesiwn sulfate and the like. 

The temperature in coagulating an emulsion which has been 

emulsion-polymerized is not particularly restricted, and the 

coagulation may advantageously be conducted at a temperature of 

not less than the glass transition temperature (Tg) of the 

10 shell layer of a polymer emulsion-polymerized. When Tg of a 

polymer emulsion-pol:Ymerized is higher, an organic solvent may 

also be added to the emulsion to reduce the apparent Tg before 

coagulation~· : The org~fc -sol verit. us.ed "in th~~ · procedure is · not · 
.. . . . . . .. 

particularly restricted, and examples thereof include aliphatic 

15 hydrocarbons such as hexane, heptane, and the like. 

The drying temperature of the polymer powder (C) obtained 

by filtration after coagulating an.emulsion emulsion-

polymerized according to the above-described method is not par-

ticularly restricted, and the drying is preferably conducted at 

20 · a temperature of not. more than Tg of the shell ·1ayer of the 

polymer powder ( C) . 

The acrylic SMC or BMC of the present invention contains 

the above-described components (A) to (C) as basic constituent 

components, and the inorganic filler-containing resin particle 

25 (D) can be further added to this, and by molding the resulted 

mixed, granite-like artificial marble having a clear grain pat-
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tern and excellent design can be obtained. 

The content of _the component (D) ·is not particularly re­

stricted, and preferably from 0.1 to 50 wt% based on the total 

amount of the acrylic SMC or BMC. When this content is 0; i wt% 

6 or more, a grain pattern having excellent design· tends to be 

obtained, and when 50 wt% or less, the kneading property in 

producing the acrylic SMC or BMC tends to be excellent. The 

lower limit of this content is more preferably 1 wt% or more, 

particularly preferably 5 wt% or more. The upper limit thereof 

10 is more preferably 40 wt% or less, particularly preferably 30 

wt% or less. 

The resin constituting the inorganic filler-containing 

:~esin· particle (D) is· not restricted providing. it: is :a resin 

not dissolved in methyl methacrylate, and examples thereof in-

16 elude cross-linked acrylic resins, cross-linked polyester-based 

resins, cross-linked styrene-based resins and the like. The 

cross-linked acrylic resins are preferable since then a molded 

article having high affinity with the component (A) and having 

.beautiful appearance is obtained. This cross-linked acrylic 

20 resin may also contain a non~cross-linked acrylic. polymer. 

The inorganic filler constituting the inorganic filler-

containing resin particle (D) is preferably used in an amount 

from 10 to 90 wt% based on the total amount of the component 

(D). When this use amount is 10 wt% or more, the texture arid 

25 heat-resistance of a molded article tend to be excellent, and 

when 90 wt% or less, there is a tendency that a molded article 
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having high strength can be obtained. 

As the inorganic filler constituting the inorganic 

filler-containing resin particle (D), inorganic fillers listed 
- . 

for the component · (B) can· be· used, and two or more of them can· 

5 be used in combination. Further, different inorganic fillers 

may also be used in the component (D) and the component (B). 

Also, the inorganic filler-containing resin particle (D) 

may contain a pigment if necessary. 

The particle size of the inorganic f iller-co~taining 

10 resin particle (D) is not particularly restricted, and those 

15 

particles having a size of not more than the thickness of a 

molded article can be used. The inorganic filler-containing 

resin particle" .(b) may-be_ "used alone,·. or t-WO or. more of them. 
. . 

having different colors and particle sizes may also be used. 

The method for producing the inorganic filler-containing 

resin particle (D) is not particula~ly restricted, and there 

is, for example, a method in which a resin molded article con-

taining inorganic fillei::s obtained by polymerization and curing 

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

20 and ground particles are classified by a sieve. For example,. a. 

method in which acrylic artificial marble is ground and classi-

fied is preferable. 

Further, to the acrylic SMC or BMC of the present inven-

tion, if necessary, curing agents such as inorganic peroxides 

25 such as lauroyl peroxide ( 10 hours half life temperature = 62''C 

) , stearoyl peroxide ( 10 hours half life temperature = 62°C) , 
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1,1.,3,3-tetramethylbutyl peroxy-2-ethyl hexanoate (10 hours 

half life temperature= 65°C), t-hexyl.peroxy-2-ethyl hexanoate 

(10 hours half life t911!-perature = 70°C), t-butyl perox-2-ethyl. 

hexanoate ·c10 hours half life temperature= 72°C), benzoyl per-

5 oxide (10 hours half life temperature=. 73°C), di-t-butyl 

· perox-2-methylcyclohexane ( 10 hours half life temperature = 83 

°C), 1,1-bis(t-hexyl peroxy)-3,5,5-trimethylcyclohexane (10 

hours half life temperature= 87°C), 1,1-bis{t-hexyl per-

oxy) cyclohexane { 10 hours half life temperature = · B7°C) , 1, 1-

10 bis(t-butyl peroxy)-3,5,5-trimethyl cyclohexane (10 hours half 

life temperature= 90°C), 1,1-bis(t-butyl peroxy)cyclohexane 

(.10 hours half life temperature= 9l°C), 1,1-bis(t-butyl per-
. . 

oxy)cyclododec.ane (10 hC?-urs.-half life·teni>er~ture·= 95°C), t-

hexyl peroxyisopropyl carbonate (10 hours half life temperature 

15 = 95°C), t-butyl peroxy-3,5,5-trimethyl hexanoate (10 hours 

half life temperature= 97°C), t-butyl peroxylaurate (10 hours 

half life temperature = 98°C) 1 t-butyl peroxyisoropyl carbonate 

(10 hours half life temperature= 99°C), t-butyl peroxy-2-

ethylhexyl carbonate (10 hours half life temperature= 99°C), 

20 t-h~xyl peroxybenzoate· (.10 hours half lif~ temperature =:= 99°C), 

t-amyl peroxybenzoate (10 hours half life temperature= lOO°C), 

2,2-bis(t-butyl peroxy)butane (10 hours half life temperature = 

103°C), t-butyl peroxybenzoate (10 hours half life temperature 

= 104°C), n-butyl-4,4-bis(t-butyl peroxy) valeate (10 hours 

25 half life temperature= lOS°C), dicumyl peroxide (10 hours half 

life temperature = 116°C) and the like; and azo compounds such 
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as 2,2'-azobis-2,4-dimethylvaleronitrile (10 hours half life 

temperature= 51°C), 2,2'-azobisisobutyronitrile (10 hours half 

life temperature= 65°C)~ 2,2'-azobis(2-methylbutyronitrile) 

(10 hours half life temperature =·67°C), 1,1'-

5 azobis(cyclohexane-1-carbonitrile·(lO hours half life tempera-

ture = 88°C) and the like can be added, in addition to the 

above-described components. These curing agents can be se-

lected appropriately and used according to the molding tempera-

ture in molding the acrylic SMC or BMC, and may be used alone . 

10 or two or more of them having different 10 hours half life tern-

peratures may also be used in combination. 

Further, to the acrylic SMC or BMC of the present inven­

. tion, var_ious· additives c~n. ~e ~dded if requi:r;ed such .as ·rein-

forcing agents like glass fiber; carbon fiber and the like; po-

15 lymerization inhibitors; coloring agents; low shrinkage agents; 

internal releasing agents; and the like, in addition to the 

above-described curing agents. 

The acrylic SMC or BMC of the present invention can be 

produced by adding the above-described component (A), component 

20 (B) B:nd component (C), and if desired, the ~omponent (D) ·and · 

other components and kneading them. The order for kneading the 

components is not particularly restricted, and all components 

may be kneaded in one time or parts of the components may be 

previously mixed. 

25 As the component (A), an acrylic monomer or acrylic mono-

mer mixture may be used as it is, or may also be prepared as an 
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acrylic syrup f~r use as described above. Particularly, use of 

an acrylic monomer or acrylic monomer mixture as it is is pref-

.erable since -a process for preparing an acrylic syrup can.be 

omitted. 

5 In the present invention, the kneading temperature is a 

temperature of a heat medium for heating or cooling used in 

kneading. The heat. medium is not particularly restricted, and · 

water, ethylene glycol, silicon oil and the like are used. The 

temperature of BMC obtained by kneading may sometimes be higher 

10 or may also be lower than the temperature of the heat '.11l9dium 

since the BMC temperature differs depending on conditions such 

as compositions, raw·material temperatures, kneading time, 

.: shear: heat gener:c:i.ti6n · ari,d the like. . · 

The kneading temperature is not particularly restricted, 

15 and preferably from 20 to 70°C. When the kneading temperature 

is 20°C or more, the thickening speed of the acrylic SMC or BMC 

tends to increase and the productivity of the acrylic SMC or 

BMC tends to increase. On the other hand, when the kneading 

temperature is 70°C or less, the storage stability of the 

. 20 acrylic SMC or BMC tends to_ be ex~ellent and when the· inorganic 

filler-containing resin particle (D) is compounded to produce 

grain-like acrylic SMC or BMC, the clearness of the grain-

pattern tends to be excellent. The lower limit.of the kneading 

temperature is more preferably 25°C or more, particularly pref-

25 ercibly 30°C or more. The upper limit thereof is more preferably 

60°C or less, particularly preferably SS°C or less. 



The kneading time is not particularly restricted, and 

preferably 20 minutes or less. When the kneading tifile is 20 

minutes or less, the storage stability pf the acrylic SMC or 

BMC tends to be excellent, and when the inorganic filler-

5 containing resin particle (D) is compounded to produce grain-

like acrylic SMC or BMC, the clearness of the grain-pattern 

tends to be excellent. The upper limit of the kneading time is 

more preferably 15 minutes or less, 'particularly preferably 10 

minutes or less. The lower limit thereof is not· particularly 

10 restricted, and preferably 10 seconds or more, more preferably 

30 seconds or more. 

The acrylic SMC or BMC of the present invention is thick­

·ened _to. ~ev~i of no .sti~k~:nes"s evE;tn .in such·~· short period of: 

time, therefore, handling thereof is excellent even directly 

15 after kneading. This acrylic SMC_ or BMC may be subjected to 

press molding without aging, or may also be aged if necessary 

before press-molding. 

In the present invention, when the kneading temperature 

and the kneading time are within the above-described ranges, 

20 the.total heat amount received by th~ acrylic SMC-or BMC in 

kneading decreases, therefore, the. storage stability of the 

acrylic _SMC or BMC obtained tends to be excellent. 

Furthermore, in the case of obtaining granite-like arti-

f icial marble having a grain-pattern by compounding the inor-

25 ganic filler-containing resin particle (D) into the acrylic SMC 

or BMC in the present invention, when the kneading temperature 
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and the kneading time are within the above-described ranges, 

the swelling and dissolution of the inorganic filler-containing 

resin particle. (D) in the .acrylic monomer. or acrylic syrup. {A) 

tend to be suppressed, and there is a tendency that the grain-

5 pattern of the resulted artificial marble becomes clear giving 

excellent appearance. 

In the present invention, a dough-like material obtained 

by thickening the above-described constituent components may be 

used as it is, or the above-described constituent components 

10 may be kneaded to be thickened to give a dough-like material 

before being extruded to provide a given shape, and further, it 

may also be pennissible that the above-described constituent 

components· are.kneade~·and'simult~neously .th.j.ck~ned a11d e~­

truded so that the kneading, thickening and extrusion are con-

15 ducted in one step and the mixture is shaped into a given fonn 

to produce an acrylic SMC or BMC continuously. .Among other, 

the method in which the above-described constituent components 

are kneaded and simultaneously thickened and extruded so that 

the krieading, thickening and extrusion are conducted.in one 

20 step and the mixture is shaped into a given fonn to produce an 

acrylic SMC or BMC continuously is preferable due to extremely 

high productivity. 

In the present invention, the method for kneading con­

stituent components is not particularly restricted, and a 

25 kneader, mixer, roll, extruder, kneading extruder and the like 

can be used. Particularly when constituent components are 
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·kneaded and simultaneously thickened and extruded so that the 

kneading, thickening and extrusion are conducted in one step 

-and the mixture is shaped into a given foz:m to produce an 

acrylic SMC or BMC continuously, as described above; a kneading 

5 extruder is preferably used. 

The kneading extruder may be one having kneading function 

and extrusion function inside, and examples thereof include, 

~ut are not limited to, those having a screw. This screw pref­

erably has a structure in which fluid for temperature control 

10 can be passed inside, and the barrel also preferably has a 

structure in which temperature can be controlled. 

The diameter, length, groove depth, revolution, tempera­

ture and. the like "of a. screw may advantag~ously be s.~lec:=ted ap..: 

propriately depending on the viscosity and the amount treated 

15 of a mixture which are required. The screw may be monoaxial, 

biaxial or triaxial and is not particularly resq:"icted, and 

biaxial or triaxial is pref~rable from the standpoint of knead­

ing function. 

Then, one example of the kneading extrusion continuous 

20 ~haping production·method of the acrylic.SMC or BMC of the pre­

sent invention will be illustrated referring to drawings. 

An apparatus shown in Fig. 1 is used, liquid components 

among constituent components of an acrylic SMC or BMC are 

charge into a tank 1. As the liquid components herein used, 

25 those pass through a liquid feeding pump 2 and a liquid feeding 

tube 3 may be used, and the above-described components may also 
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be mixed previously. As the combination of components previ­

ously mixed, various combinations are possible. For example, 

comJ:>inations of the ac::rylic monomer or acrylic syrup (A) with a 

·curing agent, polymerization inhibitor, coloring agent, inter-

5 nal releasing agent and the like are possible. When a liquid 

component containing mixed components is used, it is preferable 

that components are previously wei9hed and mixed sufficiently 

before placing into the tank 1. 

It is preferable that the tank 1, liquid feeding pump 1 

10 and liquid feeding tube 3 are made of materials so selected 

that parts in contact with liquid are not chemically corroded 

by the liquid components. The -liquid feeding pump 2 may advan­

tageously, ~or. example,· be -one· bavi}:ig qua~tit;ative feeding· ··.: : .. · 

ability typified by a gear pump and snake pump, and preferably 

15 selected in view of physical properties of the liquid compo­

nents such as viscosity and the like. 

On the other hand, liquid components among constituent 

components of the acrylic SMC or BMC are charged into a vessel 

4 • As the liquid components herein used, those pass through a 

· 20 quantitative feed.er 5 and a piping 6 may be used, and the 

above-described components may also be mixed previously. As 

the combination of components previously mixed, various combi­

nations are possible. For example, combinations of the inor­

ganic filler (B) with a coloring agent, internal releasing 

25 agent and the like are .listed. A combination of other vessel 

4, quantitative feedei: 5 and piping 6 may also be added depend-
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ing on the kinds of powder components. When a liquid component 

containing mixed components is used, it is preferable that com-

~nents are previously weighed.and mixed sufficiently before 

placing into the tank 4. 

5 When a powdery component prepared by mixing components . 

having different particle sizes and specific gravities is 

charged into the vessel 4, it is preferable that the vessel 4 

has a function that can conduct mixing such as a stirring blade 

and the like, for suppressing classification in the vessel 4. 

10 It is preferable that the vessel 4 is made of a material which 

is not influenced chemically and physically by the powdery com-

ponent. 
.· . 

· The. quantitativ~ · feeder 5 is f:or example. a screw- !eeder 

or the like, and may advantageously one having such powder 

15 feeding ability. It is preferable that the ratio of the feed-

ing amount of th~ quantitative feeder 5 to the feeding amount 

of the liquid feeding pump 2 (ratio by weight) is as constant 

as possible. Therefore, it is preferable that the liquid com-

ponent and powdery component are charged into a hopper 7 while 

20 constantly measuring.the weights thereof and controlling the 

charging amounts into. For the control, for example, a method 

in wJ.:lich weights of the tank 1 and vessel 5 are measured, and 

other known methods can be used• 

The piping 6 is used for charging a powdery component . 

25 into the hopper 7. The liquid component and powdery component 

fed into the hopper are fed to a kneading extruder 8. The fed 
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liquid component and powdery component are kneaded by the 

kneading extruder 8 and simultaneously, the kneaded material is 

thickened in the kneading extruder 8 to give a dough-like mate-

riaL · 

5 · An extrusion die 9 is placed on the lower .side of the 

leading end of the kneading extruder 8 and regulate the cross 

fonn of a dough-like material extruded continuously. The 

dough-like material thickened in the kneading extruder 8 is ex­

truded through the d~e 9 to be shaped into a SMC or BMC having 

10 -a given fonn. This shaped.material is cut into a given length 

by a cutter 10. The cutter 10 is for example a guillotine cut­

ter, and is not limited to this providing it has the equivalent 

·function .• · 

Fig. 2 is a view showing schematically one example of the 

15 BMC shaped into· a sheet. In Fig. 2, P represents length, Q 

represents thickness and R represents width. P, Q and R may 

advantageously be controlled appropriately to given dimensions, 

respectively. This BMC shaped material may also be transported 

to a mold directly after production thereof, and molded. 

20 Further, this BMC shaped material, may also be_carried on 

a conveyer 11 after discharged from the die 9, as shown in Fig. 

1. When a long period of time is required before molding, it 

is preferable to cover the upper side and lower side with cover 

films 12 and 13 respectively for sealing, as shown in Fig. 1. 

25 It is preferable to use cover films 12 and 13 manifesting bar­

rier property against monomers contained in the BMC shaped ma-
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terial. As the film having barrier property, a polyamide film, 

poval filln, ethylene-polyvinyl.alcohol copolymer film and the 

like are listed. This cover film may also be a laminated film 

obtained by laminating two or more layers of films. 

When the BMC shaped.material sealed with cover films is 
. . 

carried, it is preferable to accommodate the shaped material in 

a vessel and the like for protecting the shaped fonn. 

Then, the method.for producing the acrylic artificial 

marble of the present invention will be described. 

In the present invention, acrylic artificial marble can 

be obtained by filling the acrylic SMC or BMC as described 

above in a mold, and curing this under heat and pressure. Spe-

. cific examples. of. this curing under heat and pressure "include, . 

but are not limited to, a compression molding method, injection 

15 molding method, extrusion molding method and the like. 

In this case, the heating temperature is not particularly 

restricted, and preferably in the range from 80 to 150CC. When 

the heating temperature is 80°C or more, the curing time can be 

reduced and productivity tends to be higher, and when 150°C or 

20 le~s, appearance. of the resulting molded article tends . to be . 

excellent. The lower limit of this heating temperature is more 

preferably 85°C or more, and the upper limit thereof is more 

preferably 140°C or less. Further, heat-curing may also be con-

ducted maintaining temperature difference between an upper mold 

25 and a lower mold in this temperature range. 

The pressing value is not particularly restricted, and 
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preferably in the range from 1 to 20 MPa. When this pressing 

value is 1 M.Pa or more, filling property of an acrylic SMC or 

BMC into a mold tends to be excellent, and when 20.MPa or less, 

excellent appearance of a molded article· tends to be obtained·. 

5 The.lower limit of the pressing value is more preferably 2 MPa 

10 

or more, and the upper limit thereof is more preferably 15 MPa 

or less. 

The molding time may be appropriately selected depending 

on the thickness of a molded article. 

The following examples further illustrate the present in­

vention specifically below. All parts in the examples ·are by 

weight. 

<Phys"icalproperty of po1}7mer powder> 

Amount of remaining emulsifier: Weighed about 1 g of a polymer 

15 powder was extracted at lOS°C for 3 hours three times using 

methanol in a pressure bottle, a dry residue in the ex-

tracted solution was extracted twice with hot water, fil-

trated through a 0.5 J.lIIl filter, the filtrate was concen-

trated before drying by a vacuum drier, and the extracted 

20 component was weighed, and represented in terms .of % based 

on the weight of the polymer powder. 

Average particle size: It was measured using laser scattering 

particle size distribution analyzer (LA-910, manufactured 

by HORIBA Ltd. ) 

25 Degree of swelling: A polymer powder was charged into a 100 ml 

measuring cylinder, compacted by soft tapping several times 
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by 5 ml and cooled to S°C or less, then, methyl methacry­

late which had been cooled to S°C or less was charged 

therein so that the total amount reached 100 ml, the mix­

ture was stirred quickly so as to c;>btain whole unifonnity, · 

5 then, the measuring cylinder was kept in a constant tem-

perature vessel at 25~ for 1 hour, the volume of the poly­

mer layer after swelling was measured, and the degree of 

swelling was represented by the ratio of this value to vol-

ume (5 ml) before swelling. 

10 Weight average molecular weight: It is a value calculated in 

tenns of polystyrene according to a GPC method, and was 

measured under the following conditions. 

· Appai::~tus:. -·High -perfonna.nCe · GP"C :apparatus: HLC-812 O ·, manu­

factured by Tosoh Corp. 

15 Column: three TSKgelGMHXL are connected in series, manufac-

tured by Tosoh Corp. 

Oven temperature: 38°C 

Elution solution: Tetrahydrofuran 

Sample concentration: 0.4 % by weight 

20 Flow rate:.1 ml/minute 

Flow amount: 0.1 ml 

Detector: RI (differential refractometer) 

Refractive index: It was measured by an Abbe's refractometer 

using a sheet having a thickness of 0.3 mm obtained by 

26 press-molding under heat of a polymer powder. 

Glass transition temperature: When a polymer component-was a 
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copolymer obtained by polymerization of n kinds of mono­

mers, a value was calculated according to the following 

formula (I) from glass tr~nsition temperatures f'C) of ho­

mopolymers of· constituent ·n kinds of.monomer components, 

5 and numerical values of decimal point or less was rounded. 

10 

As the glass transition temperature of a homopolymer, a 

value described in "Polymer Data Handbook" edited by Poly-

mer Society was used. 

__ l __ =i W; 

Tg + 273 i=I Tg(i) + 273 
(I) 

Tg: glass transition temperature ('C) of copolymer 

Tg(i): glass transition temperature ('C) of homopolymer of 

i "C::omponent 

Wi: ratio by. weight of i component, .Ewi=l 

<Productivity of coagulation> 

15 @: Filtration property when an emulsion is coagulated and a 

polymer powder is filtrated is extremely excellent and the 

productivity of the coagulated powder is extremely high. 

O+: Filtration property when an emulsion is coagulated and a 

polymer powder is filtrated is excellent and t~e .Productiv-

20 i ty of the coagulated powder is high. 

0: An emulsion can be coagulated and a polymer powder can be 

filtrated. 

<Thickening property of acrylic BMC> 

(): It was thickened to be a BMC dough-like material manifest-

25 ing excellent handling property, thickened to condition of 
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no stickiness directly after completion of kneading . 

..6.: I.t was thickened to a certain extent directly after comple­

tion of kneading to be a BMC dough-~ike material~ however, 

the material had stickiness· and manifested poor han9ling 

5 property. 

X: It was not thickened directly after completion of kneading, 

and in semi-liquid condition giving poor handling property. 

Aging at 60°C for 24 hours or more was required to thicken 

this semi-liquid kneaded material to obtain a BMC dough-like 

10 material. 

<Clearness of .grain pattern> 

0: It was extremely clear and has extremely excellent design. 

· X: A gra~ pa~t~rn _rttat,erial,. ino~ga~ic. filler-containing·· re.sin: 

particle was melted, and granite-like appearance was not ob-

15 tained and the appearance was extremely poor. 

<Heat-resistance of molded article> 

(§): Oef lection temperatlire under load of a molded article is 

extremely high, and heat-resistance is extremely high. 

0: Deflection temperature under load of a molded article is 

20 high, and heat-resistance is high . 

..6.: Deflection temperature under load of a molded article is 

slightly low, and heat-resistance is low. 

< Deflection temperature under load of molded article > 

It was measured according to JIS K 7207-1995 

25 <Hot water-resistance of molded article> 

A molded plate was immersed in hot water of 98°C for 120 
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hours, or in hot water of 90°C for 300 hours or 700 hours, and 

color changes {whiteness, color difference) were compared to 

the plate before innnersion. · 

0: Almost ·no difference was found in whiteness and color dif-

5 ference before and after immersion into hot water. 

f:::.: Slight difference was found in whiteness and color differ­

ence before and after immersion into hot water. 

X: Large difference was found in whiteness and color differ­

ence be~ore and after immersion into hot water. 

10 {l) Production Example of polymer powder {P-1) 

Into a reaction vessel equipped with a cooling tube, 

thennometer, stirrer, dropping apparatus and nitrogen introduc­

_ing tube was .charged· 930 parts.·.of .distilled water, 4 parts of. 

sodium alkyldiphenyl ether disulfonate (trade name: "Pellex SS-

15 H", manufactured by Kao Corp.) as a surfactant and 1 part of 

potassium persulfate as a polymerization initiator, and the re­

sulting mixture was heated at 70°Cwhile stirring under nitro­

gen atmosphere. To this was added a mixture composed of 500 

parts of methyl methacrylate and 5 parts of a surfactant, so-

20 dium dialkylsulfosuccinate _(trade name: ":i;>ellex OT-P" ,· manufac­

tured by Kao Corp.) dropwise over 3 hours, then, kept for 1 

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

cooled to room temperature to complete the emulsion polymeriza­

tion, giving an emulsion. The primary particle of the polymer 

25 of the resulted emulsion had an average particle size of 0.10 

µm. 
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Into a vessel equipped with a thermometer, stirrer, and 

nitrogen introducing tube was charged 290 parts of distilled 

water and 10 parts of aluminum sulfate, the mixture. was stirred 
. . 

for·dissolution of ·aluminum sulfate. Then, vapor was intro- · 

5 duced while stirring this aluminum sulfate aqueous solution to 

raise the temperature up to 50°C, then, 170 parts of the above­

described emulsion was added. The mixture was kept _for 5 min-

utes at 50°C for coagulation of the polymer particle, then, 

heated up to 95°C and kept for 5 minutes to solidify the coagu-

10 lated polymer particle, completing the coagulation. The coagu'."" 

lated polymer particle was filtrated and washed with water, 

then, dried to obtain a polymer powder (P-1). 

· T~e·. res-ulte~ pol:Yrn~r powder {P:-~} had· an average particle 

size of 30 µm, and the amount of a remaining emulsifier was O. 

15 30%, the refractive index was 1.49 and the weight-average mo-

lecular weight was 600,000. The degree of swelling in MMA was 

evaluated to find that most of the powder was dissolved, how-

ever, a partial undissolved portion remained, and the degree of 

swelling was 0 .• 2 . 

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

Into a reaction vessel equipped with a cooling tube, 

thermometer, stirrer, and nitrogen introducing tube was charged 

1150 parts of distilled water, 5 parts of a special carboxylic 

acid type surfactant (trade name: Lateniul ASK, manufactured by 

25 Kao Corp.) as a surfactant and 1 part of potassium persulfate 

as a polymerization initiator, 460 parts of methyl methacrylate 
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and 40 parts of ethyl acrylate as monomers, and 0.15 parts of 

n-octylmercaptane as a chain transfer.agent, and the resulting 

mixture was heated at· 50°C while st~rring under nitrogen atmos­

·phere. This was kept for 5 hours· as· it was, and cooled to com-

5 · plete the emulsion polymerization, obtaining an emulsion. The 

primary particle of the polymer of the.resulted emulsion had an 

average particle size of 0.20 µm. 

Into a vessel equipped with a thennometer, stirrer, and 

nitrogen introducing tube was charged 300_parts of distilled 

10 water and 0. 2 parts of sulfuric acid. Then, vapor was intro-

duced while stirring this sulfuric acid aqueous solution to 

raise the temperature up to 40°C, then, 150 parts of the above­

·. described:~ulsion was added,_ ·the mixture' was:~~pt _for 5-min~ . 

utes at 40°C for coagulation of the polymer particle .. Then, af-

15 ter heated up to 6~°C, n-heptane was added, and kept for 5 min­

utes at 65°C to solidify the coagulated polymer particle. Then, 

the temperature was raised gradually to evaporate n-heptane, 

heated up to 95°C, and kept for 5 minutes to solidify the prod­

uct, completing the coagulation. The coagulated polymer parti-

·20 cle was filtrated, wa_shed· and dried to obtain a· polymer powder 

(P-2). 

The resulted polymer powder (P-2) had an average particle 

size of 70 J.un, and the amount of a remaining emulsifier was O. 

30%, and the weight-average molecular weight was 550, 000. The 

. 25 degree of ·swelling in MMA was evaluated to find that though a 

part of the powder was dissolved, a partial undissolved portion 
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remained, and the degree of ·swelling was o.s. 
(3") Production Examples of polymer powders (P-3) to (P-7) 

Emulsion polymerization.was ~ffected under the same .con­

ditions as for Production Example of polymer powder (P-2) ex-

5 cept that the monomers used in the emulsion polymerization were 

changed to compositions shown in Table 1, and the resulted 

emulsions were coagulated under the same conditions as for Pro-

duction Example of polymer powder (P-2), to obtain polymer pow-

ders~ The physical properties of the resulted polymer pOwders 

10 are shown in Table 1. · 

(4) Production Example of. polymer pOwder (P-8) · 

Emulsion polymerization was effected under the same con­

: ditions as f~r ~~eduction Example o_f pol~r.poWder: (~~2). ex-·_. 

cept that the monomers used in the emulsion polymerization were 

15 changed to 400 parts of methyl methacrylate and 100 parts of i-

butyl methacrylate and the amount of the chain transfer agent 

was changed to 0.004 parts, and the resulted. emulsions were co-

agulated under the same conditions as for Production Example of 

polymer powder (P-2), to obtain a polymer powder (P-8). The 

.20 physical prOJ;>erties of the :Xesulted polymer powder (P:...8) are 

·shown in Table 1. 

(5) Production Example of polymer powder (P-9) 

Into a reaction vessel equipped with a cooling tube, 

thermometer, stirrer, and nitrogen introducing tube was charged 

. 25 1150 parts of distilled water, 5 parts of.a special carboxylic 

·acid type surfactant (trade name: Latemul ASK,. manufactured by 
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Kao Corp.) as a surfactant .and 300 parts of methyl methacrylate 

as a monomer, the mixture was stirred Under nitrogen atmosphere 

·while being heated to 70°C. · 'l'O this was added 1 part of potas­

sium pers.ulfate. The outer temperature was kept at 70°C, the 

5 polymerization heat generation peak was confirmed, then, kept 

for 90 minutes to polymerize a core layer. Then, 160 parts of 

methyl methacrylate and 40 parts of ethyl acrylate were added 

dropwise over 30 minutes, kept for 90 minutes as it was to po-

lymerize a shell layer, then, cooled to complete the emulsion 

10 polymerization, giving an emulsion having a core/shell struc-

ture in which the glass transition temperature of the core 

layer was lOS°C, the glass transition temperature of the shel.l 
.·-

layer was 70°C and the .. average val~e· of ·tiie· glas.s transition· 

temperatures of the core layer and the shell layer was 9lcC. 

15 Coagulation was effected under the same conditions as for 

Production Example of polymer powder (P-2), to obtain a polymer 

powder (P-9). The resulted polymer powder (P-9) had an average 

particle size of 70 µm, and the amount of a remaining emulsi-

fier was O. ~8%, the refractive index was 1.49 and the weight-

20 a'7-erage molecular weight was 940,000. 

(6) Production Examples of polymer powders (P-10) and (P-11) 

Emulsion polymerization was effected under the same con-

ditions as for Production Example of polymer powder (P-9) ex-

cept that the monomers used in the emulsion polymerization were 

. 25 changed to compositions shown in Table· 1 and the dropping time 

of the shell layer was changed to 1 hour, to obtain emulsions 
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having a core/shell structure. The resulted emulsions were co-

agulated under the·.same conditions_ as ·for Production Example of 

polymer powde:r (P-2)_, to obtain polymer powders. The physical 
. . 

properties of the resulted polymer powders are shown in Table 

5 1. 

(7) Production Example of polymer powder (P-12) 

The emulsion obtained in Production Example of polymer 

powder (P-1) was subjected to spray-drying treatment at inlet 

temperature/outlet temperature= 150°C/90°Cusing a spray drier 

10 (type L-8, manufactured by Ohkawara Kakouhki Co. Ltd.), to ob­

tain a polymer powder (P-12) . The physical properties of the 

resulted polymer powder (P-12) are shown in Table 1. 

"(8) Production ·Example of f>olyritei; powder (P.-13) .. 

Into a reaction vessel equipped with a cooling tube, 

15 thermometer, stirrer, dropping apparatus and nitrogen introduc-· 

ing tube was charged 925 parts of distilled water, 5 parts of 

sodium alkyldiphenyl ether disulfonate (trade name: "Pellex SS-

H", manufactured by Kao Corp.) as a surfactant and 0.25 parts 

of potassium persulfate, and the resulting mixture was heated 

20 at 70°C while stirring under ni~ogen atmosphei:e. To this was 

added a mixture composed of 149.85 parts of methyl methacry­

late, 0.15 parts of 1,3-butylene glycol dimethacrylate (trade 

name: Acryester BD, manufactured by Mitsubishi Rayon Co., Ltd.) 

and 5 parts of sodium dialkylsulfosuccinate (trade name: 

25 "Pellex OT-P", manufactured by Kao Corp.) dropwi,se over 1.5 

hours, then, kept for 1 hour, subsequently 350 parts of methyl 
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methacrylate was added over 3.5 hours, then, kept for 1 hour, 

further heated up to 80°C and kept for 1 hour to complete the 

emulsion polymerization, giving an emulsion. 

The resulted emulsion was subjected to spray-drying using 

5 a spray drier type L-8 manufactured by Ohkawara Kakouhki Co. 

Ltd.), to obtain a polymer powder (P-13) having a core/shell 

structure. The average partlcle size of the resulted polymer 

powder (P-13) was 20 µm, the amount of a remaining emulsifier 

was 1.9%, and the refractive index was 1.49. 

10 (9) Production Example of polymer powder (P-14) 

Into a reaction vessel equipped with a cooling tube, 

thermometer, stirrer, dropping apparatus, and nitrogen intro­

duc..{ng tube_-waf;i c~arged: 1as9 part~ ·of··distilled water·, :6 parts 

sodium dodecylbenzene sulfonate as a surfactant, and 420 parts 

15 of methyl methacrylate and 180 parts of n-butyl acrylate as po­

lymerization components, and the mixture was stirred under ni­

trogen atmosphere while being heated to 60°C. To this was added 

5 parts of potassium persulfate as a polymerization initiator. 

The outer temperature was kept at 60°C, the polymerization peak 

20 was confirrnedi then, kept for 60 minutes to polymerize a core 

layer. Then, the temperature was controlled to 70°C, 400 parts 

of methyl methacrylate was added dropwise over 3 hours, further 

kept for 1 hour to polymerize a shell layer, then, cooled to 

room temperature to complete the emulsion polymerization, giv-

. 25 ing an emulsion. The ~esulted emulsion was subjected to spray­

drying using a spray drier type L-8 manufactured by Ohkawara 
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Kakouhki Co. Ltd.), to obtain a polymer powder (P-14) having a 

core/shell structure. 

The average particle size of the resulted polymer powder 

(P-14) was 27 µm, the refractive index was 1.49·, and the 

5 weight-average molecular weight was 270,000. 

(10) Production Example of polymer powder (P-15) 
~ 

Into a reaction vessel equipped with a cooling tube, 

thennqmeter, stirrer, and nitrogen introducing tube was charged 

800 parts of distilled water and 1 part of polyvinyl alcohol 

10 (degree of saponification: 88%, degree of polymerization:· 1000) 

dissolved in the distilled water, then, to this was added a so-

lution obtained by dissolving 0.8 parts of azobisisobutyroni-
... 

trile a~ a ~lymerizationinitlator and 1.2 parts·of n-· 
. . . . .. 

dodecylmercaptane as a chain transfer agent into a monomer mix-

15 ture composed of 360 parts of methyl mathacrylate and 40 parts 

of methyl acrylate, and the mixture was heated to BO°C over 1 

_hour while stirring at 300 rpm under nitrogen atmosphere and 

heated under the same conditions for 2 hours . Then, the inix-

ture was heated up to 90°C and heated for 2 hours before cool-

20 · ing to room ~ature to C'.omplete. the suspe11:sion polymeriza-

tion. The resulted suspension was filtrated and washed, then, 

dried by a hot air drier at 50°C, to obtain a polymer powder 

(P-15) having an average particle size of 350 µm. The physical 

properties of the resulted polymer powder (P-15) are shown in 

. 25 Table 1. 
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Table 1 

CcupJsition Production 
.Ano.mt 

Weight- Average Tg (°C) of Degree· . Refra- Productivity . (wt%) Jll!thod . rema.llUng of· average 
ctive 

. particle upper: core .. 
of upper: core of 

enulsif ier swell.ing nclecular 
index 

size :int.mi.: shell 
coagulation l.CM!r: shell pc»X!er 

(%) weight (J.1111) lmier: ·average 

Emtlsion -P- M1A.=100 pcilymarization I 0.30 O.i 600,000 1.49 30 0 -1 
coairuls.tion 105 
Emtlsion -P- M1A./FA=92/8 polymarization I 0.30 0.5 .. 530,000 1.49 70 o+ -2 
coairu.lation 91· 

~ 

Emtlsion -P- M1A./EA=86/14 polymarization I 0.28 0.7 550,000 l:.49 120 o+ -3 
coairu.lation 81 : 

l!ltulsion -P- M1A./FA=80 /20 polynerization I 0.18 0.8 550,000 1.49 150 @) -4 
coa.iru.lation 

.. 
70 

Emtlsion -P- M1A./nBA.=94/ 6 polynerization I 0.23 0.6 580,000 1.49 100 o+ -5 
coairu.lation 89 
Emtlsion -P- }M\/MA=SO /20 polynerization I 0.27 

.. 
600,000 1.49 100 o+ 0.7 -6 

coa.iru.lation 93 
Elul.siOn - : 

P- M1&/nlMA=86 /14 polynerization I 0.25 o.s. 560,000 1.49 70 o+ -7 
coairuls.tion 90 
l!bulsion -P- }Mo\/ :ilM\=80 /20 polymarization I 0.27 0.6 3,800,,000 1.49 70 o+ -8 
coairu.lation 93 
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TSble l (cont.) 
nrul.sion I I 

105 P- }MA-60 
9 WIA/EA-32/8 ... polynerization I 0.28 0.8 . . . 940,000 1.49 70 70 . o+ coairu1ation 

91 
P- 'WJA-30 mrµJ.sion 105 polynerization I 0.21 

.. 
10 'WJA/Fk=56/14 0.5 . 780,000 l.49 160 70 @ coamtlation 

81 
·P- Mrft\=30 l!lnllsion 105 
11 M1A/nBA•60/10 polynerizatian I 0.20 0.5 800,000 1.49 165 69 @ coairulation 

80 

8 

:nm.ls ion ... -P-
12 

!ff\=100 pol'yrmrization I 1.7 20< 600,000 1.49 30 - -sprav-"'-:~-... 
105 

P- M.JJA/BIMA l!lnllsion -
13 

=29.97/0.03 polynerization I 1.9 20~.· .. - 1.49. 20 105 -!ff\=70 sorav-..i .... ~ ..... 

P- M.JJA/~=42/18 
l!lnllsion 37 

14 !ff\=40 polyneQ.zation I 1.0 20S:: 270,000 1.49 27 105 -snrav-dtvma 64 
P- SUSpension -
15 

»JA/MA=90/10 polynerization I 0.001 1.2. 100,000 1.49 . 350 - -d.rv:fna 93 



Abbreviations in Table 1 are shown below. 

MMA: methyl methacrylate, MA: methyl acrylate, EA: ethyl acry-

late, nBA: n-butyl acrylate, nBMA: n-butyl methacrylate, iBMA:· 

i-butyl methacrylate, BMDA: 1,3 ... butylene glycol dimethacrylate·, 

5 Tg: glass transition temperature. 

(12) Production Example of inorganic filler-containing resin 

particle (D) 

To a monomer mixture composed of 23 parts of methyl meth-

10 acrylate and 2 parts of ethylene glycol dimethacrylate, 0.025 

parts of 2,6-di-t-butyl-4-methylphenol (trade name: Sumilizer 

BHT, manufactured by Sumitomo Chemical Co., Ltd.) as a polym-
.. •. 

·erization inhibitor, o.s parts- of t~amyi ·paro~~3:,5,S-trimethyi·. 

hexanoate (trade name: Kayaester AN, manufactured by Kayaku 

15 Akuzo K.K., 10 hours half life temperature= 95°C) as a curing 

agent, 0.15 parts of zinc stearate as an internal releasing 

agent, 60 parts of aluminum hydroxide (trade name: "CWL-325J", 

manufactured by Sumitomo Chemical Co., Ltd.) as an inorganic 

filler, 0.05 parts of a white inorganic pigment or black inor-

20 ganic pigment as a color~ng agent, and 15 parts of the polymer 

powder (P-1) obtained in Production Example (1) as a thickening 

agent, and the mixture was kneaded for 10 minutes by a kneader 

to obtain an acrylic BMC. 

Then, this acrylic BMC was filled in a 200 nun square flat 

· 25 plate molding mold, and cured under heat· and pressure for 10 

. minutes linder conditions of a upper mold temperature of 130°C, 
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a lower mold temperature of 115°C and a pressure of 10 MPa, to 

obtain white or black acrylic artificial marble having a thick- · 

ness of 10 mm. The resulted acrylic artificial marble was 

crushed by a· crusher, and classified·through a sieve· to obta"in 

5 a white or black inorganic filler-containing resin particle 

(D). 

[Example l] 

6.5 parts of methyl methacrylate, 6.5 parts of isobornyl 

methacrylate (trade name: Acryester IBX, manufactured by Mitsu-

10 bishi Rayon Co., Ltd.) and 10.4 parts of neopentyl glycol di-

methacrylate (trade name: NK Ester NPG, manufactured by.Shin 

Nakamura Kagaku K.K.) were charged into a SUS vessel, and to 

th.is· was added 0.6·._parb:i of .1,i-bi~(t-buty).peiozjrp,:3,?- . 

trimethylcyclohexane (trade name: Perhexa 3M, manufactured by 

15 NOF Corp.) as a curing agent, O.Oi part of 2,6-di-t-butyl-4-

methylphenol (trade name: Sumilizer BHT, manufactured by Sumi-

tome Chemical Co., Ltd.) as a polymerization inhibitor, 0.25 

parts of a green pigment as a coloring agent and 0.15 parts of 

zinc stearate as an internal releasing agent, and then, mixed 

20 for 2 minutes by a stirring bl~de driven by an air .motor~ This 

was continuously fed by a gear pump manufactured by Kawasaki 

Heavy Industries Ltd. to a hopper appended to a kneading ex-

truder (KRC kneader manufactured by Kurimoto Ltd., screw diame-

ter = 50 mm, L/D=l3.7) at a speed of 244 g/min. 

. 25 On the other hand, aluminum hydroxide (trade name: "CWL-

. 325J", manufactured by Sumitomo Chemical Co., Ltd.) as an inor-
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ganic filler was charged into a SUS vessel appended to a screw 

feeder 1 manufactured by Kuma Engineering, and this was con­

tinuously fed into a hopper appended to .tne kneading extruder. 

at a speed of 610. g/min. 

Further, the polymer powder (P-1) was charged into a SUS 

vessel appended to a screw feeder 2 manufactured by Kuma Engi­

neering, and this was continuously fed into a hopper appended 

to the kneading extruder at a speed of 156 g/min. 

A heat medium contro'lled to 25°C was passed through a 

10 jacket of a barrel of the ~eading extruder, and according to 

the above-described method, an acrylic monomer, inorganic 

filler and polymer powder were quantitatively charged continu­

.'. ousiy~ ~nd ]me~ded. and. thick~ned. si.Inµltaneously. in th~. kn,eading 

extruder and extruded to give an acrylic BMC shaped article in 

15 the fonn of a sheet continuously through a die at the leading 

end of the kneading extruder at a speed of 60 kg/hr. The time 

during which the materials·stay in the kneading extruder was 

about 4 minutes. The temperature of the extruded BMC was SO°C, 

and can be extruded in the for.m of a sheet without problem. 

20 The resulted acrylic BMC shaped article in the fo:an of a sheet 

required no aging, and even directly after extruded from the 

die at the leading end of the extruder, the BMC showed no 

stickiness and handling thereof was excellent. 

Then, this acrylic BMC in an amount of 700 g was filled 

· 25 in a mold for flat plate molding of 200 mm square and was cured 

under heat and pressure for 10 minutes under conditions of a 
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upper mold·temperature of 130°C, a lower mold temperature Of 
. . 

llS°C and a pressure of 10 MPa, to obtain acrylic artificial 

marble having a thickness of 10 mm. The resulteq artificial 

marble had a surface of high gloss,_ and appearance thereof·was 

5 excellent. This molded article was subjected to a hot water-

resistance test to find no whitening and extremely excellent 

hot water-resistance. 

(Example 2] 

6.5 parts of methyl methacrylate, 6.-5 parts of isobornyl 

10 methacrylate and 10.4 parts of neopentyl glycol dimethacrylate 

were charged into a SUS vessel, and to this was added 0.6 parts 

of 1,1-bis(t-butylperoxy)3,3,S-trimethylcyclohexane as a curing 

. -agent,·_ 0.01 paJ?t :o~ -2_,'6-di-t.;...butyl-.~-inethylphenol ·as a polym~ 

erization inhibitor, 0.25 parts of a green pigment as a color-

15 ing agent and 0.15 parts of zinc stearate as an internal re-

leasing agent, and then, mixed for 2 minutes by a stirring 

blade driven by an air motor. This was continuously fed by a 

gear pump manufactured.by Kawasaki Heavy Industries Ltd. to a 

hopper appended to a kneading extruder (KRC kneader_manufac-

20 tured by Kurimoto ·Ltd., screw diameter = 50 mm, L/D=13. 7) at a 

speed of 610 g/min. 

On the other hand, all,llllinum hydroxide as an inorganic 

filler was charged into a SUS vessel appended to a screw feeder 

1 manufactured by Kuma Engineering, and this was continuously 

25 fed into a hopper appended to the kneading extruder at a speed 

of 1525 g/min. 
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Further, the polymer powder (P-2) was charged into a SUS 

vessel appended to a screw feeder 2 manufactured by Kuma Engi-

neering, and this.w~s continuously fed into a hopper ~ppended 

to the kneading extruder at a speed of 390 g/min. 

A heat medium controlled to 40°C was passed through a 

jacket of a barrel of the kneading extruder, and according to 

the above-described method, an acrylic monomer, inorganic 

filler and polymer powder were quantitatively charged continu-

ously, and kneaded and thickened simultaneously in the kneading 

10 extruder and extruded to give an acrylic BMC shaped article in 

the form of a sheet continuously through a die at the leading 

end _of the kneading extruder at a speed of 150 kg/hr. The time 

. -during_ which the materials stay in.the knea~ing extrude~ was 

about 1 minute. The temperature of the extruded BMC was 40°C, 

15 and can be extruded in the form of a sheet without problem. 

The resulted acrylic BMC shaped article in the form of a sheet 

required no aging, and even directly after extruded from the 

die at the leading end of the extruder, the BMC showed no 

stickiness and handling thereof was excellent. · 

20 Then, acrylic artificial· marble having a thickness of 10 

nun was obtained in the same manner as in Example 1 using this 

acrylic BMC. The hot water-resistance evaluation results of 

the resulted artificial marble are shown in Table 3. · · 

[EXamples 3 to 10] 

. 25 Acrylic BMCs were obtained in the same manner as in Exam-

ple 2 except that (P-3) to (P-10) were used as the polymer pow-
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der. The thickening property evaluation results of the re-

sulted artificial marbles are shown iri Table 3. Then, acrylic 

artificial marbles having a t:hickness of 10 mm were obtained in, 

the same manner as in Example 1 using these acrylic BMCs .. The 

5 hot water-resistance evaluation results of the resulted artifi-

cial marbles are shown in Table 3. 

[Example 11] 

6.5 parts of methyl methacrylate, 6.5 parts of isobornyl 

methacrylate, 10.4 parts of neopentyl glycol dimethacrylate, 

10 0.6 parts of 1,1-bis(t-butylperoxy)3,3,5-trimethylcyclohexane 

as a curing agent, 0.01 part of 2,6-di-t-butyl-4-methylphenol 

as a polymerization inhibitor, 0.25 parts of a green pigment as 

.. : . a. coloring agen~, . 0 .15 parts of zinc stearate as an: internal 

releasing agent, 61 parts of aluminum hydroxide as an inorganic 

15 filler and 15_. 6 parts of the polymer powder (P-11) as a thick-

ening agent were charged into a batch-mode kneader (MS double 

blade kneader, type G30-10, manufactured by MOriyama Seisakusho 

K. K. ) • A heat medium controlled to 30°C was passed through the 

jacket of a kneader and kneading was conducted for 10 minutes 

· .20 to obtain acrylic BMC. The_ tempeJ?ature ·of the resulted acrylic 

.BMC was ~O°C, and this BMC showed no stickiness even directly 
. . 

after kneading and handling property thereof was excellent. 

Then, acrylic artificial marble having a thickness of 10 

mm was obtained in the same manner as in Example 1 using this 

25 acrylic BMC. The hot water-resistance evalu,ation results of 

the resulted artificial marble are shown in Table 3. 
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[Example 12] 

6.2 parts of methyl methacrylate~ 3.9 parts of isobornyl 

.methacrylat~ and 11.9 parts of neopentyl glycol dimethacrylate 

were charged into a SUS vessel, and to this was added 0.6 parts 

5 of t-amyl peroxy benzoate (trade name: KD-1, manufactured by 

Kayaku Akuzo K.K.) as. a curing agent, 0.01 part of 2,6-di-t­

butyl-4-methylphenol as a polymerization inhibitor, and 0.15 

parts of zinc stearate as- an internal releasing agent, and 

then, mixed for 2 minutes by a stirring blade driven by an air 

IO motor. This .was continuously fed by a gear pump manufactured 

by Kawasaki Heavy Industries Ltd. to a hopper appended to a 

kneading extruder at a speed of 570 g/min • 

. ·_an· the_ other hand_, _aluminum- hyQ.ro.xide ·a.s ~ inorg~nic· .. 

filler was charged into a SUS vessel appended to a screw feeder 

15 1 manufactured by Kuma Engineering, and this was continuously 

fed into a hopper appended to the kneading extruder at a speed 

of 1150 g/min. 

Further, the polymer powder (P-1) was charged into a SUS 

ves·sel appended to a screw feeder 2 manufactured by Kuma Engi-

20. neering, and. this was continuously fed into a hopper appended 

to the kneading extruder at a speed of 300 g/min. 

Further, white and black inorganic filler-containing 

resin particles (D) were charged into a SUS vessel appended to 

a screw feeder 3 manufactured by Kuma Engineering, and these 

25 were continuously fed into a hopper appended to the kneading 

extruder at a speed of 500 g/min. 
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A heat medium controlled to SO°C was passed through a 

jacket of a barrel of the kneading extruder, and according to 

the-above-described method, an acryli~ monomer, inorganic 

filler and polyliler. Powder were quantitatively charged continu~ 

5 ously, and kneaded and thickened simultaneously in the kneading 

extruder and extruded to give an acrylic BMC shaped article in 

the form of a sheet continµously through a die at the leading 

end of the kneading extruder at a speed of 150 kg/hr. The time 

during which the materials stay in the kneading extruder was 

10 about 1 minute. The temperature of the extruded BMC was 60°C, 

and can be extruded in the fonn of a sheet without problem. 

The resulted acrylic BMC shaped article in the forµi of a sheet 

required no. -aging,_· and even diiectly after· e~ti:uded frQm th~. 

die at the leading end of the extruder, the BMC showed no 

15 stickiness and handling thereof wa~ excellent. 

Then, this acrylic BMC in an amount of 700 g was filled 

in a mold for flat plate molding of 200 mm square and was cured 

under heat and pressure for 10 minutes under conditions of a 

~pper mold temperattire of 130t, a lower mold temperature of 

20 115°C and a pressure of 10 MPa·~ to obtain ac_rylic artificial . 

marble having a thickness of 10 mm. The resulted artificial 

marble had a surface of high gloss, and appearance thereof was 

excellent. This molded article was subjected to a hot water-

resistance test to find no little whitening and extremely ex-

25 cellent hot water-resistance. 

(Examples 13 to 15] 
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Acrylic BMCs were obtained in the same manner as in Exam-

ple 10 except that (P-2), (P-4) and (P-9) were· used as the 

polymer powder and the temperature of a heat medium to be 

passed through the jacket of the barrel of the kneading ex-

5 truder was changed to 40°C. The thickening property evaluation 

results of the resulted artificial marbles are shown in Table 

3. 

Then, acrylic artificial marbles having a thickness of 10 

mm were obtained in the same manner as in Example 12 using 

10 these acrylic BMCs. The hot water-resistance evaluation re­

sults of the resulted artificial marbles are shown 1n Table 3. 

[Example 16] 

10 parts pf.·methyl· ·~ethaccyli;ite, 12 ·parts··_of.rieopen~yl 

glycol dimethacrylate, 0.6 parts of t-amyl peroxy benzoate as a 

15 curing agent, 0.01 part of 2,6-di-t-butyl-4-methylphenol as a 

polymerization inhibitor, 0.15 parts of zinc stearate as an in­

ternal releasing agent, 46 parts of aluminum hydroxide as an 

inorganic filler, 20 parts of white and black inorganic filler­

containing resin particles (D) and 12 parts of the polymer pow-

20 ~er (P-10) as _a thickening agent were charged into a batch~mode 

kneader. A heat medium controlled to 30°C_ was passed through a 

jacket of the kneader and kneading was conducted for 10 minutes 

to obtain acrylic BMC. The ·temperature of the resulted acrylic 

BMC was 40°C, and this BMC showed no sti~kiness even directly 

25 after kneading and handling property thereof was excell~nt. 

Then, acrylic artificial marble having a thickness of 10 
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·nun was obtained in the same manner as in Example 12 using this 

acrylic BMC. The hot water-resistance· evaluation resu~ts of 

the resulted artificial marble are shown in Table 3. 

[Comparative Example 1] 

6.5 parts of methyl methacrylate, 6.5 parts of isobornyl 

methacrylate and 10.4 parts of neopentyl glycol dimethacrylate 

were charged into a SUS vessel, and to_ this was added 0.6 parts 

of 1,l-bis(t-butylperoxy)3,3,5-trimethylcyclohexane as a curing 

agent, 0.01 part of 2,6-di-t-butyl-4-methylphenol as a polym-

10 erization inhibitor, 0.25 parts of a green pigment as a color-

ing agent and 0.15 parts of zinc stearate as an internal re-

leasing agent, and then, mixed for 2 minutes by a stirring 

·b1ade ~iyen by an air .motor., ·.This ~~s continuously ·-;Eed .. b:Y .a 

gear pump manufactured by Kawasaki Heavy Industries Ltd. to a 

15 hopper appended to a kneading.extruder at a speed of 610 g/min. 

On the other hand, aluminum hydroxide as an inorganic 

filler was charged into a SUS vessel appended to a screw feeder 

1 manufactured by Kuma Engineering, and this was continuously 

fed into a hopper appended to the kneading extruder at a speed 

20 of 1525 g/min. 

Further, the polymer powder (P-12) was charged into a SUS 

vessel appended to a screw feeder 2 manufactured by Kuma Engi-

nearing, and this was continuously fed into a hopper appended 

to the kneading extruder at a speed of 390 g/min. 

25 A heat medium controlled ·to 40°C was passed through a · 

jacket of a barrel of the kneading extruder, and according to 
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the above-described method, an acrylic monomer, inorganic 

filler and polymer powder were quantitatively charged continu-

ously, and kneaded and thickened simultaneously in the kneading 

extruder and extruded to give an acrylic BMC sh.aped article in 

5 the fo:rm of a sheet continuously through a die at the leading 

end of the kneading extruder at a speed of 150 kg/hr. The time 

during which the materials stay in the kneading extruder was 

about 1 minute. The temperature of the extruded BMC was 65°C, 

and can be extruded in the form of a sheet without problem. 

10 The resulted acrylic BMC shaped article in the fo:rm of a sheet 

required no aging, and even directly after extruded from the 

die at the leading end of the extruder, the BMC showed no 
.·.· 

· st~ckiness .. atj.d. handling thereof . was .excellent·. 

Then, this acrylic BMC in an amount of 700 g was filled 

15 in a mold for flat plate molding of 200 mm square and was cured 

under heat and pressure for 10 minutes under conditions of a 

upper mold temperature of 130"C, a lower mold temperature of 

115°C and a pressure of 10 MPa, to obtain acrylic artificial 

marble having a thickness of 10 mm. The resulted artificial 

20 marble had a surface of high gloss, and appearance thereof was 

excellent. This molded article was subjected to a hot water-

resistance test to find gradual whitening and slightly lowered 

hot water-resistance in the test of a long period of time. 

[Comparative Example 2] 

25 Acrylic BMC was obtained in the same manner as in Example 

2 except that (P-13) was used as the polymer powder. Then, 
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acrylic artificial marble having a thickness of 10 mm was ob­

tained. in the same manner as in Example· 1 using this acrylic 

BMC. This molded article was subjected to a hot water­

resistance test to find gradual whitening and slightly lowered 

5 hot water-resistance in the test of a long period of time. 

(Comparative Example 3] 

12 parts of methyl methacrylate, 7 parts of neopentyl 

glycol dimethacrylate, 0.6 parts of 1,1-bis(t-butyl per-

oxy)3,3,5-trimethylcyclohexane as a curing agent, 0.01 part of 

10 2,6-di-t-butyl-4-methylphenol as a polymerization inhibitor, 

0.25 parts of a green pigment as a coloring agent, 0.15 parts 

of zinc stearate as an internal releasing agent, 61 parts of 

· .. alqmlnum _hy~xide · ~s -~n. inorganic ·filler, ·and 2c)°.-p~rts· of ·the·. 

polymer powder (P-14) as a thickening agent were.charged into a 

15 batch-mode kneader. A heat medium controlled to 30°C wa·s passed 

through a jacket of the kneader and kneading was conducted for 

10 minutes to obtain acrylic BMC. The temperature of the re-

sulted acrylic BMC was 65°C, and this BMC showed no stickiness 

even directly after kneading and handling property thereof was 

20 excellent. 

Then, acrylic artificial marble having a thickness of 10 

mm was obtained in the same manner as in Exampie 1 using this 

acrylic BMC. The deflection temperature under load of this 

molded article was measured.to find it was as relatively low as 

25 98°C. Further, this molded article was subjected to a hot wa­

ter-resistance test to find gradual whitening and slightly low-
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ered hot water-resistance in the test of a long period of time. 

[Comparative Example 4] 

10 parts of_ ethylene glycol dimethacrylate and 10 parts 

·of trimethylolpropane trimethacrylate were charged into a-SUS 

5 vessel, and to this was added 0.2 parts of dicumyl peroxide 

(trade name: Percumyl D, manufactured by NOF Corp.) as a curing 

agent, 0.01 part of 2,6-di-t-butyl-4-methylphenol as a po~ym- · 

erization inhibitor, 0.25 parts of a green pigment as a color-

ing agent and 0.15 parts of zinc stearate as an internal re-

10· leasing agent, and then, mixed- for 2 minutes by a stirring 

blade driven by an air motor. This was continuously fed by a 

gear pwnp manufactured by Kawasaki Heavy Industries Ltd. to a 

·hoppe~· appended t~ ·a kneadi~g.-extri:ide~ at.: a .~peed of. 505 g/niin. · 

On the other hand, aluminum hydroxide as an inorganic 

15 filler was charged into a SUS vessel appended to a screw· feeder 

1 manufactured by Kuma Engineering, and this was continuously · 

fed into a hopper appended to the kneading extruder at a speed 

of 1500 g/min. 

Further, the polymer powder (P-15) was charged into a SUS 

20 vessel appended to a screw feeder 2 ·manufactured by Kum~ E_ngi­

neering, and this was continuously fed into a hopper appended 

to the kneading extruder at a speed of 500 g/min. 

A heat medium controlled to 40°Cwas passed through a 

jacket of a barrel of the kneading extruder, and a~cording to 

25 the above-described method, an acrylic monomer, inorganic 

filler and polymer powder were quantitatively charged continu-
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ously, and kneaded and extruded continuously. The time during 

which the materials stay in the kneading extruder ~as about 1 

minute, and extrusion was conduced at a speed of 150 kg/hr. 

The temperature of the·extiuded material was "35°C, and the ma-

5 terial was not thickened so much and in the form of semi-

10 

. 15 

liquid, further, the material was sticky and handling thereof 

was poor, _and could not be made into a sheet. Aging at 60°C for 

24 hours or more was necessary for thickening this extruded ma-

terial in the form of semi-liquid to obtain a BMC. 

Then, acrylic artificial marble having a thickness of 10 

nun was obtained in the same manner as in Example 1 using this 

aged acrylic BMC. The hot water-resistance evaluation results 

of the resulted. ~~tificial m.arbl~ . are shown, in· Table 3 •. 

[Comparative Example 5] 

7.5 parts of trimethylolpropane trimethacrylate, 7.5 

parts of styrene, 0.2 parts of dicumyl peroxide as a curing 

agent, 0.01 part of 2,6-di-t-butyl-4-methylphenol as a polym-

erization inhibitor, 0.15 parts of zinc stearate as an internal 

releasing agent, 42 parts of aluminum hydroxide as an inorganic 

20 filler, 20 parts of white and black inorganic· filler-containing 

resin particles and 23 parts of the polymer powder (P-15) as a 

thickening agent were charged into a batch-mo~e kneader. A 

heat medium controlled to 60°C was passed through a jacket of 

the kneader and kneading was conducted for 30 minutes to obtain 

25 acrylic BMC. The temperature of the resulted acrylic BMC was 

60°C, and though this BMC was thickened to a certain extent to 
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be a BMC dough-like material directly after completion of the 

kneading, the material was sticky and handling thereof was 

poo~. 

Then, accyiic artificial marble having a thickness of·· 10 

5 mm was obtained in the same manner as in Example 1 using this 

acrylic BMC. In the resulted artificial marble, the inorganic 

filler-containing resin particle which is a grain pattern mate­

rial was dissolved, granite-like appearance was not obtained 

and appearance thereof was extremely poor. The evaluation re-

10 sults of this molded article are shown in Table 3. 

[Comparative Example 6) 

5.7 parts of methyl methacrylate and 4.3 parts of neopen­

tyi glycol _dim9thacrylate . ~.re ·charged· into a sus· vessel, · and 

to this was added 0.4 parts of l,1-bis{t-butylperoxy)3,3,5-

15 trimethylcyclohexane as a curing agent, 0.01 part of 2,6-di-t­

butyl-4-methylphenol as a polymerization inhibitor, 0.25 parts 

of a green pigment as a coloring agent and 0.15 parts of zinc 

stearate as an internal releasing agent, and then, mixed for 2 

minutes by a stirring blade driven by an air motor. This was 

20 continuously fed by a ge~ pwnp manufactured by Kawasaki Heavy 

Industries Ltd. to a hopper appended to a kneading extruder at 

a speed of 172 g/min. 

On the other hand, aluminum hydroxide as an inorganic 

filler was charged into a SUS vessel appended to ~ screw feeder 

26 1 manufactured by Kuma Engineering, and this was continuously 

fed into a hopper appended to the kneading extruder at a speed 
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of 4so g/min. 

Further, the polymer powder {P-lS) was charged into a SUS 

vessel appende~ to a screw feeder 2 manufactured by Kuma Eng~­

neeririg, and this was continuously fed into a hopper appended. 

5 to the kneading extruder at a speed of 175 g/min. 

Further, white and black inorganic filler-containing 

resin particles were charged into a SUS vessel appended to a 

screw feeder 3 manufactured by Kuma Engineering, and these were 

continuously fed into a hopper appended to the kneading ex-

10 truder at a speed of 85 g/min. 

A heat medilll.ll controlled to 90"Cwas passed through a 

·jacket of a barrel of the kneading extruder, and according to 

. the· ~ve~descrPJed:method, an acry+~c monomer; .inorganic· 

filler and polymer powder were quantitatively charged continu-

15 ously, and kneading was initiated in the kneading extruder un­

der such conditions that the time during which the materials 

stay in the kneading extruder was about 2 minutes. However, 

the acrylic monomer was polymerized and cured in the kneading 

extruder directly after initiation of the kneading, and an 

20 acrylic BMC could not.be obtained. 
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Table 2 -Polymer Inorganic 
Inor- powder filler.,. Curing agent 

Acrylic ganic containing monomer filler kind amount resin kind amount 
particle 

&IMA 6.5 
Ex.l IBXMA 6.5 61 P-1 15.6 - 3M 0.6 

NPGDMA 10.·4 
MMA 6.5 

.. 

Ex.2 IBXMA 6. 5 61 P-2 15.6 - 3M 0.6 
NPGDMA 10.4 
MMA 6.5 

Ex.3 IBXMA 6.5 61 P-3 15.6 - 3M 0.6 
NPGDMA 10.4 
M~IA 6.5 

Ex.4 IBXMA 6.5 61 P-4 15.6 - 3M 0.6 
NPGDMA 10. 4 

.MMJ\ 6.·5 
Ex.5 IBX&IA 6.5 61 P-5 15.6 - 3M 0.6 

NPGDllA 10. 4 
MMA 6.5 

Ex.6 IBX&IA 6. 5 61 P-6 15.6 - 3M 0.6 
NPGD&IA 10. 4 
mlA 6.5 

Ex.7 IBX&IA 6.5 61 P-7 15.6 - 3M 0.6 
NPGDAIA 10. 4 
M~IA 6.5 .. 

.. 
IBX&IA .. 6. 5 .. 

E~.8 61 P-8 15;;6 - 3M .. 0.6 
NPGDMA 10. 4 · 
MMA 6.5 

Ex.9 IBX&IA 6. 5 61 P-9 15.6 - 3M 0.6 
NPGDAIA 10. tl 
Ml.IA 6.5 

Ex.10 IBX&IA "6. 5 61 P-10 15.6 - 3M 0.6 
NPGDAIA 10. 4 
M~IA 6. 5 

Ex.11 IBX&IA 6. 5 61 P-11 15.6 - 3M 0.6 
NPGDMA 10.4 
&IMA 6.2 

Ex.12 IBX&IA 3. 9 46 P-1 12.0 20 KD-1 0.6 
NPGDMA 11. 9 
mlA 6. 2 . 

Ex.13 IBX&IA . 3. 9 46 P-2 12.0 20 KD-1 0.6 
NPGDMA 11. 9 
mIA 6. 2 

Ex.14 IBX&IA 3.9 46 P-4 12.0 20 KD-1 0.6 
NPGDllA 11. 9 
mlA 6. 2 

Ex.15 IBXMA 3. 9 .46 P-9 12.0 20 KD-1 0.6 
NPGDMA 11. 9 

Ex.16 mIA 10.0 
46 P-10 12.0 20 KD-1 0.6 NPGDMA 12. 0 

I 

.· 
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Table 2 (cont.) 
MMA 6.5 .. 

Com. IBXJilA 6.5 61 P-12 15.6 3M -Ex.1 NPGDMA 10.4 

Com. MMA 6.5 
·IBDIA 6.5 61 P-13. 15.6 - 3M Ex.2 NPGDMA 10. 4 

Com. MMA 7. 0 
61 P-14 NPGD.MA 12. 0 20.0 - 3M Ex.3 

Com. EDMA 10 . 
60 P-15· 

Ex.4 'TMPTMA 10 20.0 - Percumyl D 

Com. TMPTMA 7. 5 
42 P-15 Ex.5 ST 7. 5 23.0 20 Percumyl D 

Com. MMA 10.8 51 P-15 Ex.6 NP GD MA 8. 2 20.0 . 10 3M 

.Abbreviations in Table 2 are shown below. 

MMA: methyl methacrylate, IBXMA: isobornyl methacrylate, 

NPGDMA: neopentyl glycol dimethacrylate, EDMA: ethylene glycol 

dimethacrylate, TMPTMA: trimethylolpropane trimethacrylate, 

ST: styrene, 3M: 1,1-bis(t-butyl peroxy)3,3,5- · 

trim9thylcyclqh~xane, ·KD-l: t-am}ri pero~ beilzoate; P~rc:umyl_ · 

D: dicumyl peroxide. 
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Table 3 -~-- -

Cont.lnuous 
'lhick-

.. Clea- Deflection HOt wa.ter.:.resistance 
Kneading Kneading kneacling IM: 

ening 
mess Heat-

teaperature teqle- tine ·extmmng tempe- of iesis- 120 hrs. 300 hrs. 700 hrs. 
rature shaping rature 

prop- grain tance 
under 

at 98°C at.90°C at 90°C 
·sceed erty 

nattem 
load 

Elc.l 25°C 4 min. 60k2/h so°C 0 @ l28"C 0 0 0 
Elc.2 40°C 1 min. l.SOkiz/h 40'.'C 0 - @ 122°C 0 0 0 
Elc.3 40°C l min. 150k2/h 40°C 0 - @ llS"'C u 0 0 
Elc,4 40""C 1 min. 1.SOlm/h 40"C 0 - 0 lOTC 0 0 0 
Elc.5 40"C 1 min. ·150ktz/h 40°C .o - @ 120""{.; 0 ·o 0 
Elc.6 40°C l min. 150k2/h 40"C 0 - @ l23°C 0 0 0 
Elc.7 40°C l min. 150k2/h 40°C 0 - @ l20°C 0 0 0 
Elc.8 409C l min. lSOICll/h 40°C 0 ·- @ 122°C 0 ·o 0 

8 
Elc.9 40°C · 1 min. l50k2/h 40°C 0 

.. - @ 12l"C 0 0 0 
Elc.10 40"C 1 min. l50k2/h 40°C 0 - @ l20°C 0 0 0 
Elc.11 30°C 10 min. - 40°C 0 - @ 119°C 0 O· 0 
Elc.12 sot l min. l50k2/h 60°C 0 0 @ l29°C 0 0 0 
Elc.13 40°C l min. l50k2/h 40°C 0 0 @ 122°C 0 0 0 
Elc.14 40°C lmin. l50k2/h 40°C 0 0 0 108°C 0 0 0 
Elc.15 40°C l min. lSOICll/h 40°C 0 .0 @ 12l"C 0 0 0 
Elc.16 40°C 10 min. - 40°C 0 :0 @ 116°C 0 0 0 
can.Eic.1 40°C l min. lSOlCll/h 65°C 0 - @ l29°C 0 L:::,. x 
can.Eic.2 40°C l min. .lSOkcr/h 60°C 0 . ·- @ l28"'C 0 L:::,. x 
can.Eic.3 30°C 10 min. - 65°C 0 - L:::,. 93'1,., 0 . L:::,. x 
can.Eic.4 40°C l min. l50lm/h 35""C x - @ 126'1. .. , 0 0 0 
can.Eic.s 60"C 30 min. - 60°C ·b.. x 0 1121..,; 0 0 0 
can.Eic.6 90"C 2 min. 53kcr/h - - ,_ - - - - -
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In each example, since a polymer powder having a remain­

ing emulsifier amount of from 0.01 to ·o.95 wt% is used, thick-

ening ~peed is high, an.acrylic BMC requiring no aging is ob­

tained, and artificial marble obtained by molding the acrylic 

6 BMC has extremely excellent hot water-resistance. Since this 

acrylic BMC·is.thickened in a short period of time, kneading, 

thickening and extrusion can be conducted in one step, provid-

ing extremely excellent productivity, therefore, this BMC is 

industrially very useful. 
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1. An acrylic SMC or BMC comprising an acrylic monomer or 

. acrylic syrup (A), an inorganic filler (B) and a po~ymer powder 

(C) containing·a remaining emulsifier in an amount from 0.01 to 
5 0.95 wt% as constituent components. 

2. The acrylic SMC or BMC according to Claim 1 further 

comprising an inorganic filler-containing resin particle (D) as 

a constituent component. 

3. The acrylic SMC or BMC according to Claim 1 or 2 

10 wherein the polymer powder (C) is a polymer powder obtained by 

making an emulsion produce~ by emulsion polymerization into a 

powder • 
. . · 

4.· .. The ac:tylic.··sMC···or BMC .a".cording· to .Claim ·1 or 2: 

wherein the degree of swelling of the polymer powder (C) in 

15 methyl methacrylate is 1-fold or less or 20-fold or more. 

5. The acrylic SMC or BMC according to Claim 1 or 2 

wherein the weight-average molecular weight of the polymer pow-

der (C) is 100000 or more. 

6. The acrylic SMC or BMC according to Claim 3 wherein 

20 the polymer powder (C) is a polymer powder obtained from ari 

emulsion having a core/shell structure produced by emulsion po-

lymerization. 

7. The acrylic SMC or BMC according to Claim 6 wherein 

the glass transition temperature of a shell layer of a polymer 

25 powder obtained from an emulsion having a core/shell structure 

is 90CC or less. 
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8. The acrylic ·SMC or BMC according to Claim 7 wherein 

the average value of the glass transition temperature of a core 

layer and the glass transition temperature of a shell layer of 

a polymer powder obtained from an emulsion having a core/shell 

5 structure is 65°C or more. 

9. The acrylic SMC or BMC according to.Claim 8 wherein 

the glass transition temperature of a core layer of a .polymer 

powder obtained from an emulsion having a core/shell structure 

is higher than the glass transition temperature of a shell 

10 layer. 

10. The acrylic SMC or BMC according to Claim 6 wherein a 

shell layer of a polymer powder obtained from an emulsion hav­

ing a· c;:ore/sheli 'structure •is non--cros·s.-linked;: .. 

11. The acrylic SMC or BMC according to Claim 6 whe~ein a 

15 core layer of a polymer powder obtained from an emulsion having 

20 

a core/shell structure is non-cross-linked. 

12. The acrylic SMC or BMC according to Claim 3 wherein 

the powder forming method to provide the polymer powder is a 

coagulation method. 

13. A method for producing an acrylic SMC or BMC compris-

ing the step of kneading an· acrylic monomer or acrylic syrup 

(A), an inorganic filler (B) and a polymer powde~ (C) contain~ 

ing a remaining emulsifier in an amount from 0.01 to 0.95 wt% 

at a kneading temperature from 20 to 70°C for thickening 

25 thereof in a kneading time of 20 minutes or less. 

14. The method for producing a~ acrylic.SMC or BMC ac-
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cording to Claim 13 wherein the components (A) to (C) and fur-

ther an inorganic filler-containing resin particle (D) are used 

and kneaded at a· kn,eading temperature from 20 to 70°C for 

thickening thereof ·in· a kneading time of 20 minutes or less. 

15. The method for producing an acrylic SMC or BMC ac-

cording to Claim 13 or 14 wherein the polymer powder (C) is a 

polymer powder obtained from an emulsion having a core/shell 

structure produced by.emulsion polymerization. 

16. A method for producing an acrylic SMC or BMC in which 

10 an ·acrylic monomer or accylic SyrUp (A), an inorganic filler 

(B) and a polymer powder (C) containing a remaining emulsifier 

in an amount from 0.01 to 0.95 wt% are kneaded, thickened and 

e~truded a:t a kneading teinp_erature froin 20 ._to ·10°c i~ a ·time of 

20 minutes or less in one step to shape the mixture into a de-

15 sired fonn continuously. 

17. The method for producing an acrylic SMC or BMC in 

which the components (A) to (C) and further an inorganic 

filler-containing resin particle (D) are used and kneaded, 

thickened and ~xtruded a1:- a kneading temperature from 20 to 70 

20 . °C in a time of 20 ·minutes· or less in 9ne step to shape the 

mixture into a desired fonn continuously. 

18. The method for producing ari acrylic SMC or BMC ac-

cording to Claim 16 or 17 wherein the polymer powder {C) is a 

polymer powd~ obtained from an emulsion having a core/shell 

25 structure produced by emulsion polymerization. 

19. A method for producing acrylic artificial marble com-
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prising curing under heat. and pressure the acrylic SMC or BMC 

of Claim 1 or 2. 

20. A method for produ~ing acrylic artificial marble com-. 

prising curing 1.inder heat and pressure the acrylic SMC or BMC 

5 obtained by production method of Claim 13, 14, 16 or 17. 

21. A thickening agent composed of a polymer powder con-

taining a remaining emulsifier in an amount from 0.01 to 0.95 

wt%. 

22. The thickening agent according to Claim 21 wherein 

10 the polymer powder has a core/shell structure in which the 

glass transition temperature of the shell layer is 90°C or 

less, the average value of the glass transition temperature of 

the core layer and the glass ~ransitiorf temperatui;-~ of the . . . . . . . . . . 

shell layer is 65°C or more, the glass transition temperature 

15 of the core layer is higher than the glass transition tempera-

ture of ·the shell layer, the shell layer is non-cross-linked 

and the core layer is non-cross-linked. 

23. The thickening agent according to Claim 21 or 22 

wherein the powder forming method to provide the polymer powder 

20 is a coagulation method. 
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