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DESCRIPTION
ACRYLIC SMC OR BMC AND PRODUCTION METHOD THEREOF, PRODUCTION

METHOD OF ACRYLIC ARTIFICIAL MARBLE, AND THICKENING AGENT

TECHNICAL FIELD

The present invention relates to an acrylic SMC (sheet

- molding compouhd) 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
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-resistance and heat resistance to an arti-

ficial marble molded article and showing excellent productiv-

ity.

BACKGROUND ART
Acrylic artificial marble prepared by compounding inor-
ganic fillers such as aluminum hydroxide and the like into an
acryiig resin has vériqus proﬁinent functions and_propefties '
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

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

premix prepared by dispersing inorganic fillers into an acrylic
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syrup.composed of -acrylic monomers containing methyl metnacrya
late and of an acrylic polymer is filled into a mold, and this
is cured and polymerized at relatlvely lower temperature Ikmm—
‘ever, since thlS acrylic syrup has a lower boiling p01nt, the
curing temperature has to be lowered, which requires longer
molding time leading to lower productivity. Further, the form

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-
ally effected irvestigation for producing acrylic artificial
marble by curing under heat and pressure'an acrylic BMC ob-
tained by thlckenlng an acryllc premlx with a thlckenlng agent.

For example, Japanese Patent Appllcatlon Lald-Open (JPqA)"t
No. 5-32720 discloses an acryllc BMC for artificial marble hav-
ing excellent handling propetty and molding propetty, obtained

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 acrylic BMC

for artificial ‘marble excellent in low shrinkage property in

heat-curing; obtained by compounding into an acrylic syrup pre-

pared by previously dissolving an acrylic polymer in an acrylie

‘monomer an inorganic filler and a thermoplastic acrylic resin

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 molding 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 cross-linked'polymer'obtained by

emulsion polymerization into an acrylic syrup prepared by pre-

wviously dissolving an acrylicepolymer 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
an inorganic filler and an acrylic resin powder having specific-
average molecular weight into an acrylic monomer containing a

cross-linking agent in spe01f1c amount.

' However, when the resin powders dlsclosed in JPqA Nos. 5—_'

32720, 6-298883 and 6-313019 are used as a thickening agent,
aging of a premix for obtaining an acrylic BMC tends to need a
1eng period of time (24 hours), causing reduction in produetiv-
ity.

On the other hand in the method disclosed in JP-B No. 5-
13899, since kneading is conducted at a temperature'of 60C for
30 minutes or more for disselving fhe pelymer powder andlth;ck--
ening the mixtnre, 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 graln-llke acrylic
BMC is intended to be obtalned by compounding a colored resin
particle, the colored resin particle is dissolved in kneading

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

For solving these problems, the present inventors have
found that when a polymer powder having specific bulk density,
specific oil absorption end speciflc degtee of swelling'ob— o
tained by spray-drying an emulsion-polymerized emulsion is used
as a thickeninglagent, an acrylic.SMC or BMC is obtained which
has high thickening speed, requires no aging and provides a
clear grain pattern (JP-A No. 10-67906).

Also, it has been found to impart various functions by
introducing a core/shell structure into a polymer powder.

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

for artlflclal marble hav1ng low shrlnkage and excellent dimen-

'510n stablllty sultable for moldlng at hlgher temperature by

controlling the glass transition temperature of a core layer of
a polymer powder to 70C or less.

Further, JP-A No. 9-111084 discloses an acrylic BMC for
artificial marble having high productivity and high strength by
iﬁclusion of a polyfunctional monomer in an amount of 0.01 to 1
wt% as a constituent component of a shell layer of a polymer
powder. | | _ | |

However, the polymer powders described in JP-A Nos. 10-
67906 9- 110497 and 9- 11084 contain a remalnlng emulsifier used
for emulsion polymerization since the powders have been pro-
duced by spray-drying, and use thereof in uses requiring high
hot water-resistance is difficult. Particularly,lcurrent

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

DISCDOSURE OF INVENTION
" The present invention has been accompllshed fer further
improving the hot water-resistance of the resulted molded arti-
cle by investigation of a polymer powder used as a thickenihg
agent in an acrylic SMC or BMC for artificial marble.

Namely, the object of the present invention is to previde
an acrylic SMC or BMC.having high productivity, excellent han-
dling property, molding processability and sforage stability
useful for production of molded articles such.as acrylic arti-
ficial marble and the like having excellent appearance and hot
water—res1stance and a method for produ01ng the same, a method
for produ01ng acrylic artificial marble having high productlv—
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 revealing
excellent pﬁoductivity.l

The present inventors have been intensively sfudied to
attain the above;deser;bed ebject, and 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
temperature from 20 to 70%3'usiﬁg 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 stability 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 comprlslng 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 inoroanic filler-oontaining resin
particle (D) , as constituent components;

A method for producing an acrylic SMC or BMC comprising
the step of kﬁeading an acrylic monomer or acxrylic syrup (A),

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

:-_,remalm.ng emuls.LfJ.er in ‘an amount from 0. 01 to 0. 95 wt% : and 1f

desired, an inorganic filler-containing resin part_J.cle (D) at a
]qieading 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
an amount’ from 0.01. to ‘0.95 wt%, and if desired, lan inorganic
filler-containing résin 'p'article (D) are kneaded, thicker;ed and
extruded at a kneading temperature from 2(l to 70C in a time of
20 minutes or less in one step to shape the mixture into a de-
sired form continuously;

A method for producing acrylic artificial marble compris-

ing curing under heat and pressure the above-described acrylic
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SMC or BMC; and
A thickening agent composed of a polymer powder contain-

ing a remaining emulsifier in an amount fror_li 0.01 to 0.95 wt%. .

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a view schematically showing a continuous twin
screw kneader used in the présent invention.
Fig. 2 is a view schematically showing one example of an

aciylic BMC shaped into a sheet.

BEST MODE FOR CARRYING OUT THE INVENTION
_ The acrylic monomer or acrylic sYrup. (A) used in the pre-
:se_r'_n;_ ';ir-ﬁrent'ilon‘ is .é : -co.mpc'm._e'nt, J.mpartlngsultableflowablllty J.n
producing _i:he acrylic éMC or BMC of the presenﬁ invention.' |
The content of the compbnent (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 fldwability of the
acrylic SMC or BMC tends to become excellent, and when 95 wt%
_o:f ‘less, shrinkage rétio- in curing teri_ds to decréa_sé. The |
1owei: limit of this content is more preférably 10. wt$ or m;>re P
particul_arly preferably 15 wt% or more. The ﬁpper 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 arid/or acryloyl group or a mixture

7
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thereof, and is not particularly restricped. Includéd as exam-
ples thereof are acrylic monofunctinal monomers such as methyl
(meth)acrylate, alkyl (meth)acrylates carring an alkyl group
having 2 tp.20 carbon.atdms} hydroxyalkyl.(meth)acryiates'éaf—
rying a hydroxyalkyl grbup having 1 to 20 carbon atoms, |
(meth)acrylates carrying an ester groﬁp 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 like;'(meth)acrylétéé carrying
an ester group having a.bicyclo ring such as isobornyl
(meth)acrylate and the.liké, (meth)acrylates carrying an ester
group having a tricyclo ring such as tricyclo{5°2-1-

.]q§¢aﬁyl tﬁethfaquiaée énd thé liké;i(meth)acrylafés cagf_
rying an ester group_having é 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 methacrylate, tetrahydrofurfuryl (meth)acrylate and

the like, (meth)acrylic acid, (meth)acrylic acid metal salts,

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

monomers such as ethyiene glycol di(méth)acryléte, polyethylené
glycol di(ﬁeth)acrylate, propylene giycol di(meth)écryiate,
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
di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, 1,9~

nonanediol di(meth)acrjlate, 1,10-decanediol di(meth)acrylate,

8
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diJnethylolei:hane di(meth)acrylaté, 1,1-dimethylolpropane
di(meth)acrylate, ﬁnhnethylolethane tri(meth)acrylate,
tr_unethylolpropane trl(meth)acrylate p tetramethylolmethane
tri (meth)acrylate ' tetramethylolmethane dJ.(meth) acrylate, and
poly-valent esters of (meth)acrylic acid with poly-valent alco-
hol [e.g., pentaerythritol, dipentaerythritol and the like],
allyl (meth)acrylate, and _'t.he like. In this specification,
“(meth)acrylate” means “acrylate and or methacrylate”.

These may be us.ed a’Ione or in combination of two or more
according to demands.

Particularly when methyl methacrylate is contained in the

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

R artlcle can be’ endowed Wlth deep feellng spec:LfJ.c to marble P |
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and appearance becomes excellent, meaning preferable results.

The content of methyl'- methaci:ylate 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-
tent is more preferably 5 wt% or lnore, and the upper limit is
more preferably 30 wt% or less

- The component (A) may contaln aromatic VJ.nyls such as
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 jJupartimj 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
(3)

In this case, the content of polyfunctional monomer is

not partiéularly'restrictéd, and preferably from 1 to 30 wt%

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

ingla molded article having the above-described properties more
effectively manifested. The lower limit of this content is
more preferably 3 wt% or more, and the upper limit thereof is
mote preferably‘25_wt% or less.

Particularly, use of at least one of neopentyl glycol

 di(mé;hfacry1até; 1,3-butylene 91YC°1:di(m¢thja¢rYiéﬁe~and 'ig"-“.

tripropylene glycol di(meth)acrylate as the polyfunctional
monomer is preferable'sincé thén a molded article having ex-
tremely excellent surface gloss and heat-resistance is ob-
tained. |

In this case, at least one of neopentyl glycol
di(meth)acrylate, 1,3-butylene glycol di(meth)acrylate and
trip#opylene glycol.di(meth)aéfylate and other polyfuncfional
monomer maf 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

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

duced polymer component in the acrylic monomer component, or

10
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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 polymerlzatlon, suspension polymerlzatlon,
emuls:.on polymerlzatlon and the llke to obtaln an acryllc poly--
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-
desoribed method (3), two or more acrylic polymers having dif-

ferent compositions and/or molecular weights may also be used

together.

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

content of an acrylic polymer in the acryl:l.c syrup is not par-

_'_tlcularly restrlcted and preferably in the range from 1 to 40'

wt$ based on the total amount of the acryllc syrup Then the
content of an acrylic polymei: is in the above-descried range,
the viscosity providing easy handling tends to be obtained.
The lower limit of an acrylic polﬁer is more preferably 3 wt%
or more, particulariy preferably 5 wt%. or more. The upper
limit thereof is more preferably 35 wt% or less, particularly
preferably 30 wt$ or less. |
When an acxyllc syrup is used as the component (A), the
weight-average molecular weJ.gh of an acrylic polymer in the
acrylic syrup is not particularly restricted, and preferably in
the range from 10,000 to 5,000,000. When the weight-average
molecular weight is 10,000 or more, the strehgth of a molded

article obtained by curing the acrylic SMC or BMC of the pres-

1
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ent invention tends to increase, on the other hand, wheﬁ the
weight-average molecular weight is 5,000,000 or less, there is
a tendency that the viscosity of the acrylic syrup decreases
providing éxﬁellent handling‘propertyu The lower limiﬁlof tﬁé
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—aﬁerage molecular weight refe;red to in the
present invention is a value in terms of polystyrene'obtained
by a GPC method and measufed under the following conditions.
Apparatus: High performance GPC apparatus HLC-8020, manu-
factured by Tosoh Corp.

Column: th:ee.TSnglGMHXL_afé'cbnnected_in{series,'méhu5'

factured by Tosoh Corp.

Oven temperature: 38C

Elution solution: Tetrahydrofuran

Sample céncentration: 0.4 % by weight

Flow rate: 1 ml/minute

Flow amount: 0.1 ml

Detector: RI_(différential reffactometer)

The inorganic filler (B) used in the pfesént invention is
a component which imparts marble-like deep texture and heat-
resistance to a molded article obtained by molding the acrYlic
SMC or BMC.

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

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

12
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amount the acrylic SMC or BMC. When the content of the qompoé
nent (B) is 5% by weight or more, the resulting molded article
tends to have excellent texture and heat—_resislti:ance,' further, .
tends té have-léw shrinkage'raté'in curing.- On'thé'ofher haﬁd,'
when the content is 95% by weight or less, flowability in mold-
ing ﬁhe acfylic SMC or BMC tends to be excellent. The lowef
limit of this content is more preferably 20% by weight or more,
particularly preferably 30% by weight or more. The uéper limit
thereof is more'preferably 80% by weight or less, particularly
preferably 70% by weight or less.

The inorganic filler (B) is not particﬁlarly restricted,

and there can be used, for example, aluminum hydroxide, silica,

.. amorphous” silica, calcium carbonate, barium sulfate; titanium -

oxide, calcium phosphate, talc, mica, clay, glass powder and
the like. These may be optionally selected appropriately for
use, and two or more may also be used together. Among them,
aluminum.hydroxide, calcium carbonaté, silica, amorphous sil-
ica, and glass-powder are preférable in view of the texture of
the resulting molded article. |

N The polymer powdei (Cj used in the:present'invehtidn ;s a-
polymer pawder containing a remaining emulsifiéf 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 émulsifier amount is from 0.01
to 0.95 wt%, the hot waterrresistance of a molded értidle in-

creases. The upper limit of this remaining emulsifier amount

13
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ie preferably 0.7 wt% or less, more preferably 0.5 wt% or less,
particularly preferably 0.3 wt% or lesé. The lower limit
thereof is preferably 0.1 wt% or more.

The remaining emuls:.fler in the present 1nvent.1.on is a
component composed of surfactants such as an emulsifier, dis-
persing agent and the like used in polymerlzatlon, 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 105°C for 3 hours three

_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 um filter, the flltrate is concentrated before

‘drylng by a ‘vacuum - er.er, and the extracted 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-

fold or less or 20-—fold or more. The degree of swelling herein
referred te is given as foilows. The polymer powder (C) is |
charged into a 100 ml measuring cylinder, compacted' by soft
tapping several times by 5 ml and cooled to 5C or lees, then,

methyl methacrylate which has been cooled to 5C or less is

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

mixture is stirred quickly so as to obtain whole uniformity,

14
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then, the measuring cylinder is kept'in a constant temperature

vessel at ZST}fof 1 hour, the volume of the polymer powder

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

'swelling.'Therefore, when a patt of fhe polymer powdér (C) is

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
casé of .complete dissolution, the degree of swelling is 20-fold
or more. When this degree of sweliing is 1-fold or less or 20-
fold or more,_the dissqlving speed of the polymer powder (C)
into the component . (A) increases,lthickening tends to be bossi—
ble in a short periéd of time, and the proauctivity of the

acrylic SMC or BMC tends to increase. Further preferable range

'/ of this degree of swelling in methyl méthacrylate is 0.9-fold -

or less.

The weight-average molécular weight of the polymer powder
(C) is not particularly restficted, 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 160,000 or more. The upper limit
fhereof is also not particulatly;restricted, and'preferébly
5000000 or less from.the standpoint of the kneading proberty of
the acrylic SMC or BMC. The lower limit of this weight-average
molecular weight is preferably 300,000 or more, particularly
preferably 500,000 or more. The upper limit is.ﬁore preferably

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

The structure of the primary particle of the polymer pow-

15
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der (C) is not particularly restricted, and may be a uniform
particle structure having uniform composition, alternatively
may also be a so-called core/ shell structure constltuted of a
core layer and a shell layer havmg mutually dlfferent compos1-
tions, molecular weights and the like. ‘

Particularly, from the standpoint of balance of the pro-
ductivity of the polymerl powder and the heat-resistance of the
resulted polymer powder, the primary structure of the polymer
powder (C) is preferably a core/shell structure. When an emul-
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 productiyity high.

B The 'gla_ss __tran'sit_'ic'_Jn temp_eraturea of a _cere- layer and )
shell layer are not narticularly restrieted, and pﬁferably in |
the range from S0C to 150@.' Particularly, it is preferable
that at least the shell layer has a glass transition tempera-
ture of 90°C or lese 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
ex_cel_lent. The upper l.um.t of the grass _tranSition temperature
of this shell layer is pre15erably .85°C or less-, particularly |
preferably 80C or less.

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

vention is, when the polymer component is a copolymer obtained
by polymerization of n kinds of monomers, a value calculated

according to the following formula (I) from glass transition

16
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temperatures (°C) of homopolymers of constituent n kinds of

monomer components.

n
-
Tg: glass transition temperature (‘C) of copolymer

| 'Tg( i)¢ glass transition temperature (C) of homopolymer of

i component

wiz ratio by weight of i component, Xw;=1
The average value of the glass transition temperature of

the core layer and the glass transition temperature of the

shell layer is not particularly restricted and preferably 65C

or more. The average value of the glass transition temperature

- herein referred to 1s a weighed—a:\}eraged .value of ‘the glees '

transition. temperatures of the core .layer and. the shell layer
according to the ratio by weight thereof. When the average
valued of this glass transition temperature is 65°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 75C or

more.
" The heat resistance of a molded article repres_ents degree
of difficulty of deformation 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-

" tance. This deflection temperature under load is not particu-

17
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larly restricted, and preferably 95C or more, more preferably

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

It is pmeﬁexable'that the glasg transition temperature of
thé c§ré layef is.higher-tﬁan the giasé transition temperatﬁre-
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 layér, thej:e is a

tendehcy'that the productivity of a polymer powder and the

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

ously.
The shell layer of a polymer powder is not particularly

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

" layer is ﬁbt crdss-linked,jthelthickénihg'propefty when tsed as'

a thickenihg agent tends to be excellent and the productivity
tends to be excellent;

The core'layer of a polymer powdér is not particularly
restricted, and preferably not cross-linked. When the core
layer is not cross-linked, the thickening pioperty'when used as
a thickening agent tends to be excellent énd the productivity
‘tends to be excellent{

The refractive inde# of the polymer éowdér (C) is not
particularly restricted, and preferably from 1.47 to 1.51.
When the fefractive index is from 1.47 to 1551, it is near the
refractive index of an acrylic resin used as a matrix, and the
transparency of a molded article tends to be excellent. The

refractive index of the polymer powder is a value measured by

18
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an Ab'be.'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 polymer powder (C) is.
not particularly restricted, and preferably in the range from
50 to 500 pm. When the average particle size is 50 pm 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 pm or less, there are. tenden-
cies that the dissolution speéc_l 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-

' ther ¢ An this case, the appearance of a molded article obtainedf':
by molding the acrylic SMC or BMC, particularly the gloss and

surface smoothness thereof tend to be excellent. The lower

limit of this average particle size is more preferably 70 um or
more. The upper limit thereof is more preferably 350 pm or

less, particularly preferably 200 pm or less.

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

-restricted, 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
is more preferably 1 wt% or more, particularly preferably 3 wt$

or more. The upper limit thereof is more preferably 25 wt% or

19
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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 monofunctlnal monomers such as methyl (meth)acrylate, alkyl

(meth)acrylates carring an alkyl group having 2 to 20 carbon
atoms, hydroxyalle (meth)acrylates carrying a hydroxyalkyl
group having 1 to 20 carb&n atoms, (meth)acrylates carrying an
ester grdup having an aromatic ring such as benzyl
(meth)acrylate and the liké, (meth)acrylates carrying an ester
group having é cycléhexaﬁe fing such as cyclohexyl
(meth)acrylate and the-like, (meth)acrylates carrying an ester
group having a bicyclo ring such as isobornyl (meth)acfylate
éﬁd_the.iike,l(@égh)écryiateé.carf&inguan.ester gféup”having_a i?
tricyclo ring such as tficyclo[S °2 °1 '02’6]decanyl |
(meth)acrylate and the like, (meth)acrylateé carrying an ester
grdup having a fluorine atom such.as 2,2,2-trifluoroethyl
(meth)acrylate and the like, (meth)acrylates carrying an ester
group having a cyclic éther structure such as glycidyl meth-
acrylate, tetrahydrofurfuryl (meth)acrylate and the like,
(meth)acryllc ac1d (meth)acryllc a01d metal salts,
(meth)acrylamide, aromatic v1ny1 such as styrene and the like,
and vinyl acetate, (meth)acrylonltrlle, vinyl chloride, maleic
anhydride, maleié acid, maleate, fumaric acid, fumarate and the
like; and polyfunctional monomers such as ethylene glycol
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(meth)acrylate, polybutylene glycoli

. di(meth)acrylate, neopentyl glycol di(meth)acrylate . 1,6-

"hexanediol di(meth) acrylate; 1 ’ 9-nonanediol di (meth)acrylate,

1,10-decanediol di(meth)acrylate, dimethyiolethahe
di(meth)acrylate, 1, 1-dimethylolpropane di(meth)acrylate,
trimethylolethane tri(meth)acrylate, trimethylolpropane
tri(meth)acrylate, tetramethylolmethane tri(meth)acrylate, te-
tramethylélmethane di (meth)acrjlate , and poly-valent esters of
(meth)acrylic acid with poly-valent ‘alcohol [e.g., pen-

taerythritol, dipentaerythritol and the like], allyl

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

- : tional mohdme_rs nay be -_po;)nﬁerized- é_lione to obtain a homopblj'-' .

mer if necessary, or two or more polyfunctional monomers may
aiso be used in combination to obtain a copolyxnef, or alterna-
fively, a monofuncf_ional monomer and a polyfunctional mondmer
may be used to obtain a cross-linked polymer. In view of af-
finity with the component (A), a polymer containing a
(méth)acrylic monomer component as the main constituent unit is
preferable. | _ _ |

The méth-od for producing ;:he poljmer powder (C) used- in
the present invention may advantageously be 'c0nducte.'d by known
means such as emuls.ion polymerization, suspension polymeriza-
tion, solution polymeriz_atioﬁ, bulk polymerization and the |
like, and though is not restricﬁed particulérly, 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 hav1ng a secondary flocculate

‘structure contalnlng a small prlmary partlcle (emu151on partl-

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 polymerization is not

- particularly restricted, and a cationic surfactant, anionic

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. spec1f1c examples of the catlonlc surfactant e
are Quartamln 24P, Quartamln GOW, Quartamin 8W (each trade
name) and the like manufactured by Kao Corp.

Included as specific examples of the cationic surfactant
are Flake Marcel, Emal O, Emal D, Emal Am Neopelex No. 25,
Pellex OT-P, Pellex SS-H, Levenbl WX, Levenol WZ, Latemul WX,
Latemul ASK, Lafemul PS, Demol N, Demol EP, Peiz-530, Homogenol
L¥18; Estamit TR-09 (each trade name) and the like manufaétured
ﬂy 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
PP-150, Reodol TW-0120 (each trade name) and-the like manufac-

tured by Kao Corp.
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Included as epecific examples of the commercially avail-
able nonionic surfactant are Latexuul S-120A, S-180A manufac-
tured by .Kao Corp., Adekaria Soap SE-5N, SE-10N, SE-20N, NE-10,
NE-20, NE-30, NE-40, NE-50, NE-80, NE-100 manufactured by Asahi
Denka Kogyo K.K., Antox-MS5-60, Antox—MS-ZOI, Antox—MS-zﬁ ; 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 eurfactant is not particularlj re-
stricted, and preferably from 0.1 to 10 wt parts based on 100
parts by weight of monomers to be emulsion-polymerized from the
standp01nt of polymerlzatlon stablllty

i 5 The method for maklng a powder in’ produ01ng the polymer -
powder (C) by making an emulsion obtalned by emulsion-
polymerization in the present invention into a powder may ad-
vantageouely be conducted by jcnown means such as a .coagulation
methoo, spray drying method, freeze drying method and the like,

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

: latJ.on method is particularly preferable for obtaining a poly-

nmer powder haVJ.ng lower content of a remalnlng emuls:.fler The
coagulation method is not particularly restricted, and coagulaé
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.

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

écetate, magnesium 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

shell layer of a polymer emulsion-polymerized. When Tg of a
polymer emulsion-polymerized is higher, an organic solvent may

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

' COagulatibnifjhé organic solveﬁtjuééd in;this-procedure ié:nét' -

paiticularly restricted, and examples thereof include aliphatic
hydrocarbons such as hexane, heptane, and the like. |

The drying tempefature 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
é-temperature of ﬁbtumore'fhan Tg of the shell'layer.of ;he
polymer éoWder (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
(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$% based on the total
amount of the acrle.c SMC or BMC. When this content is 0 1 wt$
or more, a grain pattern hav1ng excellent design tends to be
obtained, and when 50 wt% or less, the kneading properi:y 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
is more preferably 40 wt$% or less, péfticularly preferably 30
wt% or less. .

The resin constituting the J.norgam.c flller-contalnlng
fes.m partJ.cle (D) .'LS not restrlcted prov1d1ng it J.S -a resin
not dissolved in methyl methacrylate, and examples thereof in—
clude cross-linked acrylic resins, cross-linked polyestér-based
resins, cross-linked styrene-based resins and the like. The
cross-linked acrylic resiﬁs are prefei:able‘ since then a molded

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

beautiful appearance is obtained. This cross-linked acrylic

re_sin may also contain a .non-_-cross;linked acrylic. polymer.

The inorganic filler constituting the inorganic filler— |
cdntaining 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 and
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)i inorganic fillers listed
for the component (B) can be used, and two or more of them can-
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 filler-containing

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

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

molded article can be used. The inorganic filler—containing

. reSin particle (D) may ‘be used alone, or two or more of them

hav1ng dlfferent colors and particle sizes may also be used.

The method for producing the inorganic filler-containlng
resin particle (D) is not particularly restricted, and there
is, for example, a method in which a resin molded article con~
taining inorganic fillers obtained by polymerization and curing
by a heat press method, casting method and the like is ground,
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
such as lauroyl peroxide (10 hours half life temperature =l62%3

), stearoyl peroxide (10 hours half life temperature = 62°C),
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1,1;3,3-tetramethj1buty1 peroxy-2-ethyl héxanoate (10 hours

half life temperature = 65C), t-hexyl peroxy-2-ethyl hexanoate
(10 hour#-half life temperature = 70°C), t-butyl perox~2-ethyl
hexanoate (lo.hours'half life temperatufe = 72%3), benzoyl pei;

oxide (10 hours half life temperature = 73C), 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 = 87C), 1,1-
bis(t-butyl peroxy)-3,5,5—triméthyl.cyclohekane'(lo hours half
life temperature = 90C), 1,1-bis(t-butyl peroxy)éyclohexane

(10 hours half life'temperature = 91C), l,l—bis(t-butyl'per—

% oxy)cyélododecane {10 hours half life temperatire = 95C), t-

hexyl peroxyisopropyl carbonate (10 hours half life temperature

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

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

half life temperature = 98°C), t-bﬁtyl peroxyisoropyl carbonate

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

ethylhexyl carbonate (10 hours half life temperature = 99°C),
t-hexyl péroxybenzﬁaté (10 hours half life teﬁberature = 99°C),
t-amyl peroxybenzoate (10 houfs half life temperature = 100°C),
2,2-bis(tfbutyl perpxy)butane (16 hours half life temperature =
103C), t-butyl peroxybenzoate (10 hours half life temperature
= 104°C), h—butyl—4,4—bis(t-butyl peroxy) valeate (10 hours

half life temperature = 105°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?3)¢ 2;2’;azobis(Z-methylbutyronitrile)

(10 hours half life temperature = 67°C), i,l’— :
azobis(cyclohexane-1l-carbonitrile (10 hours half life tempera-
ture = 88°C) and the like can be added, in addition to the
above~described componénts. 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

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

peratures may also be used in combination.

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

.. tionm, various additives can be added if required such as rein- - - -

forcing agents iike glass fiber, carbon fiber and the like; po-
lymerization inhibitors;-coléring 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

(B) and coﬁponent (C), énd if desired, the pompbnent (D) and -
other components and kneading tﬁem. 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.

As the component (A), an acrylic monomer 6r acryiic mono-

mer mixture may be used as it is, or may also be prepared as an
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acrylic syrup for 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

amitted.-

In the present invention, the kneading temperature is a
temperature of a heat medium for héating or cooling ‘used in
kneading. The heat medium is not particularly rest_rictéd , and
water, ethylene glycol, silicon oil and the like are used. The
temperature of BMC obtained by kneading may sometimes be higher
or may also be lower than the temperature of the heat .medium.
since the BMC temperature differs depending on conditions such

as compositions, raw material temperatures, kneading time,

. - shear heat génerfat’idn'and the Iike. -
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The kneading temperature is not particularly restricted,

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 orl less, the storage stability of the
acrylic SMC or BMC tends to be exc;elient- and when the' inorganic
filler—containing resin éart'icle (D) is compounded to préduce
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-
erably 30°C or more. The upper limit thereof is.moré preferably

60°C or less, particularly preferably 55°C or less.

29



s,

10

16

20

26

. The kneading time is not particnlarly restrieted, and
preferably 20 minutes.or less. When the kneading time is 20
minutes or less, the storage stablllty of the acryllc SMC or
BMC tends to be excellent, and when the lnorganlc filler-
containing resin particle (D) is compounded to produce grain-
like acryllc SMC or BMC, the clearness of the grain-pattern
tends to be excellent. The upper limit of the kneadlng time is
more preferably 15 minutes or less, ‘particularly preferably 10
minutes or less. The lower limit thereof is not'particnlarly
restrieted, 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 level of no stickinéss even in such a short period of

time, therefore, handling thereof is excellent even directly
after kneading. This acrylic SMC or BMC may be subjected to
press molding without aging, or may also be aged if necessary.
before nress—melding.

In the present invention, when the kneading temperature
and the kneading time are within the above-described ranges,
the’ total heat amount received by the acrylic'SMC-or BMC in
kneading deereases, therefore, the storage stability of the
acrylic SMC or BMC obtained tends to be excellent.

Furthermore, in the case-of obtaining granite-like arti-
ficial marble having algrain-pattern by compounding the inor-
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 partlcle (D) in the acryllc monomer or acrylic syrup. (A)
tend to be suppressed and there is a tendency that the graln- '
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

'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 perm1551ble ‘that the above-described constituent

' components are kneaded -and . 31multaneously thlckened and ex-

truded so that the kneading, thickening and extrusron are con-
ducted in one step and the mixture is shaped into a given form
to produce an acrylic SMC or BMC COntinuousiy. Among other,

the method in which the above-described constituent components

are kneaded and simultaneously thickened and extruded so that

' the kneading, thickening and extrusion are conducted in one

step and the minture is shaped into a given form to produce an
acrylic SMC or BMC continuously is preferable due to extremelj
high prodnctivitf. |

In the present invention, the method for kneading con-
stituent components is not particularly restricted, and a |

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, thickehing and extrusion are conducted in one step

-and the mixture is shaped 1nto a glven form to produce an

acryllc SMC or BMC contlnuOusly, as descrlbed above, a kneadlng
extruder is preferably used.

- The kneading extruder may be one having kneading function
and extrusion function inside, and examples thereof include,
hut.are not iimited to, those having a screw. This screw pref-
erably has d structure in which fluid for temperature control
can be passed inside, and the barrel also preferably has al
structure in which temperature can be controlled.

The diameter, length, groove depth, revolutlon, tempera—

.ture and the like of a screW'may advantageously be selected ap~ .

proprlately depending on the viscosity and the amount treated
of a mixture which are required. Eme screw may be monoexial,
biaxial or triaxial ahd is not perticularly restricted, and
biaxial or triaxial is preferable from the standpoint of knead-
ing function.

Then, one example of the kneading extrusion continuous.
shaplng productlon method of the acrylic’ SMC or BMC of the pre-
sent 1nventlon will be 1llustrated referrlng 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,
those pass through a liquid feeding pump 2 and a liquid feeding

tube 3 may be used, and the above-described components may also

32



10

16

20

25

be mixed previously. As the combination of components previ-

ously mixed, various combinations are possible. For example,

_' combinations of the acrylic monomer or acrylic syrup (A) with a

"curing agent, polymerizatioh inhibitor, coloring agent, inter-

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

" component containing mixed components is ‘used, it is preferable

that components are previously weighed and mixed sufficiently

before placing into the tank 1.

It is preferable that the tank 1, liquid feeding pump 1
and liquid feeding tube 3 are ma.de- of materials so selected
that parts in contact with liquid are not chemically corroded

by the llquld components The llquld feedJ_ng pump 2 may advan-

tageously, for example, be one hav1ng quant:.tatlve feedlng

ability typlfled by a gear pump and snake pump, and preferably
selected in view of physical propertles of the liquid compo-
nents such as viscosity and the like.

On the other hand, liquid components among cdnstituent
components of the acrylic SMC or BMC are charged info a vessel
4. As the liquid components herein used, those pass through a
quantitative feeder 5 aﬂd a piping 6 maj be used ,. and the
above—describéd components may l'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, intérnal releasing
agent and the like are listed. A combination of other vessel

4, quantitative feeder 5 and piping 6 may also be added depend-
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ing on the kinds of powder components.I | When a liquid component
containing mixed components is u-sed,' it is preferable that com-
ponents are pteviousiy Weighed .and mixed sufficiently before
placing into tne' tank 4.-

.When a powdery componant prepared by mixing components
having different particle sizes and spec_:ific gravitiesl 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 suppréssing classification in the vessel 4.
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 -, quantli.tative' feédér '.5 .'.ig' fj(_)_r" example a sci';e{_r feeder -
or the like, and may advantageously one ha_ving such powder |

feeding ability. It is preférable that the ratio of the feed-

ing amount of the 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

" constantly measuring the weights tnereof and contrblling the

charging amounts into. For the control, tor exampie, a method
in which 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 compone.nt _
intd 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;'. | . -
" An extrusion die 9 is placed on the lower side of the
leading end of the kneading extruder 8 and regulate the cross

form of a dough-like material extruded continuously. The

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

" truded through the die 9 to be shaped into a SMC or BMC'having

a given form. 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

'functibnf-“

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

Further, this BMC shaped méferial, 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.
It is preferable to ﬁse 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 film, ethylene-polyvinyl alcohol copolymer film and the

'like are listed. This cover film nmay alsq be a lam."_Lnated film

obtained by 1amlnat1ng t@ or more layers of fiims.

.When tﬁe BMC shaped material sealed Qith cover films is
carried, it is preferabie to agconmodate the shaped material in
a vessel and the like for protecting the shaped form.

Then, the method. fqr producing the acrylic artificial
marble of the present invention will be. described.

In the present inﬁntion, 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 'curi_ng_ under heat and pressure include .

but are not limited to, a compression molding method, injection
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 150C. When
the heating temperat\ire is 80°C or more, the curing time can be
reduced and prqductivity tends to be higher, and when 150C or
less, appearanc_:é' of the resultiﬁg molded -a.rticle tends to be
excellent. The lower limit of this heating 'temperature is more
preferably 85C 61: more, and the upper limit thereof is more

preferably‘ 140C or less. Further, heat-curing may alsoc be con-

ducted maintaining témperature difference between an upper mold
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 MPa or more, filling property of an acrylic SMC or

BMC into a mold tends to be excellent, and when 20'£ma or less,

excellent appearance of a molded article tends to be obtained.

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

<Phééicélfpfoperty of §§1Ymér¢p6wae;;'“'

Amount of remaining emulsifier: Weighed about 1 g of a polymer
powder was extracted at 105C for 3 houré three times using
methanél in a pressure bottie, a dry residue in the ex-
tracted solution was extracfed twice with hot water, fil-
trated through a 0.5 pm filter, the filtrate was concen-
trated before drying'by a vacuum drier, and the extractéd

_qomponehf was weighed, and represénted in térms.of_% based
on the weight_of the polymer powder. |

Average particle size: It was measured using laser scattering
particle size distribﬁtion analyzer (LA-910, manufactured
by HORIBA Ltd.)

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

measuring cylinder, compacted by soft tapping several times



by 5 ml and cooled to 5C or less, then, methyl methacry-

late which had been cooled to 5°C or less was charged

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

ture was stirred quickly so as to obtain whole uniformity,’

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

peréture vessel at 25°C 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
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terms of polystyrene according to a GPC method, and was

measured under the following conditions.

'Appal":atusz_f High performance -GBEC ?appal__:at;_p's: IfILC—Ble} _méhﬁl- .

factured by Tosoh Corp.

Column: three TSKgelGMHXL are connected in series, manufac-
fured by Tosoh Corp.

Oven temperature: 38°C.

Elution solution: Tetrahydrofuran

Sample concentration: 0.4 % by weight

Fiow ;'ate.: . 1_ ml/mifnite

f‘low amoﬁnt: 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

press-molding under heat of a polymer powder.

Glass transition temperature: When a polymer component was a
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. copolymer obtained by poiymerization of n kinds of mono-
mers, a value was calculated according to the following _
formula (I) from giass transition temperatures -_'(°C) of ho- -
mopolymers of cothtituent n kinds of monomer components,

5 " and numerical values of decimal point or less was rounded.
As the glass transition tempera_ture of a homopolymer, a
value described in “Polymer Data Handbook” edited by Poly-

mer Society was used.

n
(D
:/g+ Tg+273 z Tg(,) 273

10 Tg: glass transition temperature (*C) of copolymer
Tg¢i): glass transition temperature (°C) of homopolymer of
'-"_-i':éompone__nt..;-l'.-' o R . L |
wi: ratio by weight of i camponent, Xw;i=1
<Productivity of coagulation>
15 ©: Filtration property when an emulsion is coagulated end 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 the productlv— _
20 ity of the coagulated powder is high.
O: An emulsion can be .coagulated and a polymer powder can be
filtrated. - |
<Thickening property of acrylic BMC>
O: It was thickened to be a BMC dough-like material manifest-

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

/A: It was thickened to a certain extent directly after comple-

tion of kneadJ.ng to be a BMC dough-like materlal, however R
the material had stlcklness and mann.fested poor handllng
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
material. :

<Clearness of 'grain pattern>

QO: It was extremely clear and has extremely excellent des:.gn

X A gra:.n pattern materlal, .1norganlc flller-contalnlng re51n

particle was melted, and granite-like appearance was not ob-
tained and the appearance was extremely poor.
<Heat-resistance of molded article>

©: Deflection temperature under load of a molded article is'

extremely high, and heat-resistance is extremely high.

O: Deflection temperature under load of a molded article is

high, and heat-resistance is high.

- A: 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

<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 immersion.

O: Almost no difference was fouud in whiteness and color dif-
ference before and after immersion into hot water.

A: 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 before and after immersion into hot water.

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

Into a reaction vessel equipped with a cooling tube,

thermometer, stlrrer, dropplng apparatus and nltrogen introduc-

' .1ng tube was charged 930 parts of dlStllled water, 4 parts of

sodium alkyldlphenyl ether disulfonate (trade name: “Pellex SS-
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°C while 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-
dium dialkylsulfosuccinate Ktrade name: “Pellex OT;P”,'manufac—
tured by Kao Corp.) dropwise over 3.hours, then, kept for 1
hour, further heated up to 80°C and kept fer 1 hour, then
cooled to room temperature to complete the emulsion polymeriza-
tion, givinQ an emulsion. The primary particle of the.polymer

of the resulted emulsion had an average particle size of 0.10

.
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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 stlrred
for- dlssolutlon of -aluminum sulfate Then, vapor was intro- -
duced while stirring thie aluminum sulfate agqueous solution to
raiee 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-
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-l)

The resulted polymer powder (P—l) had an average partlclel a

size of 30 pm, and the amount of a remaining emulsifier was 0.

1308, 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.

(25 Production Example of polymer powder-(P—Z)

. Into a reaction vessel equipped with a oooling tnbe,l-
thermometer, stirrer, and nitrogen introducing tube was charged
1150 parts of distilled water, 5 parts of a special carboxylic
acid type surfactant (trade name: Latemul ASK, manufactured by
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

mJ_xture was heated at- 50°C while stlrr.mg under m.trogen atmos-

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

plete the emulsion polymerization, obtalm.ng an emu131on. The
primary particle of the polymer of the: resulted emulsion had an
average particle size of 0.20 pm.

| Into a vessel equipped with a thermometer, stirrer, and
nitrogen introducing tube was charged 300 parts of distilled
water and 0.2 parts of sulfuric acid. Then, vapor was intro-

duced while stirring this sulfuric acid aqueous solution to

raJ.se the temperature up to 40°C then, 150 parts of the above-

; -descrlbed emuls:Lon was added the mlxture was: kept for 5 mln—

utes at 40°C for coagulation of the polymer particle. Then, af-
ter heated up to 65C, n-heptane was added, and kept for 5 min-
utes at 65C 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-
ele was filtrated, washed and dried to obtain a polymer powder
(P-2). |

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

size of 70 ym, and the amount of a remaining emulsifier was 0.

30%, and the weight-average molecular weight was 550,000. The
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 swelllng was 0.5.

(3) Production Examples of polymer powders (P-3) to (P-7)
Emu151on polymerlzatlon was effected under the same con- .
ditions as for Production Example of polymer powder (P—2) ex-
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 (sz); to obtain polymer pow-
ders. The physical properties of the resulted polymer powders
are shown in Table 1.
(4) Production Example of polymer powder (P-8)

Emulsion polymerization Was effected under the same con-

:; dltlons as for Productlon Example of polymer powder (P-2) ex- ,'

15

20

25

cept that the monomers used in the emulsion polymerlzatlon were
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

physical properties of the resulted 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

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 70C. - To this was added 1 part of potas-

sium persulfate. The outer temperature was kept at 70°C, the
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 ethyi 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
polymerization, giving an emulsion having a core/shell struc-
ture in which the glass transition temperature of the core
layer was 105°C, the glass transition temperature of the shell
layer was.7b?3-énd-thé avera§é ﬁ?lﬁe‘of'fhe glas$ztraﬂ;iﬁion- |
temperatures of the core layer and the shell layer was 91C.
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 pm, and the amount of a remaining emulsi-
fier was 0. 28%, the refractive index was 1.49 and the weight-
average molecular weight was 940,000. |
(6) Production Examples of.pOIYmer powders kP-lO) 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
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 powder (P-2), to pbtain polymer powders. The physical
prof)erties of the resultéd' éolymer Mers aré shown in Tabie
1. | _ |

t?) Production Examplé of polymer pdm:ler (P-12)

The emulsion obtained in Production Example of polymer
powder (P-1) was | subjected to spray—dtying treatment at inlet
temperature/outlet temperature = 150°C/ §0°C using a spray drier
(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.

'(é) p_rédﬁ(:fci&n '- Exam'p'ié of polymer powder '(15.-;3),_ -

Into. a reac£ion vessel éqﬁipped witil a cooling .tube ‘
thermometer, stirrer, dropping apparatus and nitrogen introduc-
ing tube was charged 925 parts of distilled water, 5 parts of
sodium alkyldiphenyi 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
aﬁ 70°C_ while stirring under nitr_ogen atmoéph_ef;e. Tb fhis _was-"
added a mixture composed of 149.85 i)arts of methyl méthacry—
late ¢ 0.15 parts of 1,3-butylene glycol dhnethacrylate (trade
name: Acryester BD, manufactured by Mitsubishi Rayon Co., Ltd;)
and 5 parts of sodium dialkylsulfosuccinate (trade name:
“Pellex OT-P”, manufactured by Kao Corp.) dropwise 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
emulsron polymerization, giving an emulsion.

The resulted emulslon was subjected to sPrayhdrylng uslng
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 particle size of the resulted polymer
powder (P-13) was 20 pm, the amount of a remaining emulsifier
was 1.9%, and the refractive index was 1.49.
(9) Production Example of polymer powder (P-14)

Into a reaction vessel equipped with a cooling tube,

thermometer, stlrrer, dropplng apparatus, and nltrogen intro-

ducrng tube was charged 1850 parts of dlStllled water, 6 parts o

sodium dodecylbenzene sulfonate as a surfactant, and 420 parts
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
was conflrmed then, kept for 60 mlnutes to polymerlze a core
layer. Then, the temperature was controlled to 70%3 400 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-

ing an emulsion. The resulted 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 s:.ze of the resulted polymer powder

'(P-14) was 27 pm, the refractlve index was 1.49, and the

weight-average molecular weight was 270,000._
(10) Production Exanlple of polymer powder (P-15) ~

Into a reaction vessel .equipped with a cooling tube,
themometer,. stirrer, and nitrogen introducing tube was charged
800 parts of distilled water and 1 part of polyvinyl alcohol

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

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

lutlon obtaJ.ned by dlssolv.mg 0.8 parts of azob].slsobutyronl-

' ‘ trJ.le as a polymerlzatlon J.nJ.tJ.ator and 1 2 parts -of n—

dodecylmercaptane as a chain transfer agent into a monomer mix-

ture oomposed of 360 parts of methyl mathacrylate and 40 parts

- of methyl acrylate, and the mixture was heated to 80°C over 1

“hour while stirring at 300 rpm under nitrogen atmosphere and

heated under the same conditions for 2 hours. Then, the mix-
ture was heated up to 90°C and heated for 2 hours before cool-
ing to room temperature to oomplete the suspen_sion polymeriza—
tion. The resulted suspen_sion 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 eize of 350 pm. The physioal |
properties of the resulted polymer powder (P-15) are shown in

Table 1.
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_Table 1

Amount

Camposition Production | Weight- Average 78 (O .
. (wt2) method _ o.fi Deg;eg | average !::etflr‘: - particle | upper: core . Produs;:.viw
upper: core of P . molecular X size int.und.: shell
lower: shell powder ezml(sz:;f:.er swelling weight index (pm) lower: 'average coagulation
1',_ Brulsion - . ' ) —_
1 [Ma=100 polymerization / 0.30 0.2 | 600,000 1.49 30 - O
coagulation ' 105
P_' Emulsion _ : - :
2 MMA[EA=02/8 polymerization / 0.30 0.5 .. 530,000 1.49 70 - O+
coagulation ' ' 91 -
P- Emlsion — '
3 |MMA/EA=86/14 | polymerization / 0.28 0.7 | 550,000 1.49 . 120 - O+
coagulation . 8l .
P- Brulsion . - :
4 |MMA/EA=80/20 | polymerization / 0.18 0.8 .| 550,000 | 1.49 150 - ©
coagulation 70
P- BEmilsion . o -
s |MAMBA=04/6 | polymerization / 0.23 0.6 . 580,000 1.49 100 - O+
coagulation 89
P- :  Emilsion S -
s |MAM=80/20 | polymerization | 0.27 0.7 | 600,000 1.49 100 - O+
coagulation B 93
P- Erulsim - R ) bt
; | MA/mBMA=86/14 | polymerization / 0.25 0.5 | 560,000 1.49 70 — - O+
coagulation . : 90 .
P- Bnulsion - _ ‘
MvA/iRMA=80/20 | polymerization / 0.27 0.6 3,800,000 | 1.49 70 - O+
8 . . . .
coagulation 93




Téble 1 (cont.)

Emulsion : , 105

g' m;gz-szls .. | polymerization / 0.28 0.8 | 940,000 | 1.49 70 70
" | coagulation ' 2

Emalsion E 105

> 'mﬁissm polymerization /| 0.2 0.5 | 780,000 | 1.49 160 70
' coagulation . - ' 81

) Emulsion 2 105
i’; ﬁ?ﬁ&m j10 | Polymerization / 0.20 0.5 800,000 1.49 - 165 69
coagulation 80

| p- Bmilsion -
17 | M=100 polymerization / 1.7 20= 600, 000 1.49 30 —
spray-drying ’ 105

p. |MB/EDM . | Bmalsion -
1; =29.97/0.03 | polymerization / 1.9 0= .| - 1.49 20 105
MA=70 spray-drying : —
Bmalsion ' e 37

i" m&-’g‘w‘zl 18 | polymerization / 1.0 20< | 270,000 | 1.40 27 105
spray-drying 64

P- T Suspension : : -
15 [M®8MA=00/10 | polymerization / 0.001 1.2 . | 100,000 1.49 . 350 -
. drying : : ' ' 93
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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 . J.BMA

J_-butyl methacrylate, BMDA: 1 3-butylene glycol duuethacrylate,

Tg: glass transition temperature.

(12) Productioﬁ Example q;‘. inorganic filler-containing resin
particle (D)

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

- erlzatlon J.nhlbltor, 0. 5 parts of t—amyl peroxy-3 5 5-tr1methyl-.
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hexanoate (trade name: Kayaester AN , manufactured by Kayaku
Akuzo K.K., 10 hours half life temperature = 95C) 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-
ganié | pigment as a coloring agént, and 15 pérts of the polymer _
powder (P-1) 'obta-ined in Production Example (1) as é thickening
agent, and the mixture was ];neaded for 10 minutes by a kneader
to obtain an acrylic BMC.

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

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

. minutes under conditions of a upper mold temperature of 1307C,
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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 crueher P and classified'-thre'ugh a sieve to obt'a'in
a white or black inorganic filler—conta'ining resin particle
(D).

[Example 1]

6.5 parts of methyl n_\ethac;ylate , 6.5 parts of isobornyl
methacrylate (trade name: Mﬁesta I1BX, manufactured by Mitsu-
bishi Rayon Co., Ltd.) and 10.4 parts of neopentyl glycol di— _
methacrylate (trade narﬁe: NK Ester NPG, n_\anufactured by Shin
Nakamura Kagaku K.K.) were charged into a SUS vessel, and to
thlS was added 0 6 parts of 1 1-bls(t—buty1peroxy)3 3 5-
trimethylcyclohexane (trade name: Perhexa 3M, manufactured by
NOF Corp.) as a curing agent, 0.0l part of 2,6-di~-t-butyl-4-
methylphenol (trade name: Sumilizer BHT, manufactured by Sumi-
tomo Chemical Co., Ltd.) as a pelymerizatidn 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 dr.wen by an air motor. This
was contlnuously fed by a gear pump manufactured by Kawasak1
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=13.7) at a speed of 244 g/min.

On the other hand, aluminum hydroxide (trade name: “CWL-

- 32537, 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 the kneading extrude;_
at a speed of 610'g/min; | - | | o

Further, the polymer powder (P-l) was charged into a SUS
vessel appended to a screw feeder 2 manufactured by Kuma Engi-
neering, and this waé continuéusly fed into a hobper appended
to the kneading extrudeﬁ at a speed of 156 g/min.

A heat medium controlled to 25°C was passed through a

Jjacket 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-

.f;ouély} and kneadedand thickened simultanébusly iﬁ the kneading

15

20

25

extruder énd extruded to give an acrylic BMC shaped article in
the form of a sheet continuoﬁsly through a die at the leading
end of the kneading extruder at a épeed 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 50C,
and can be extruded in the form of a sheet without problem.
The résulted acrylic BMC ghapéd article in the_férm of a sheet
required no.aéing, and even directly after extruded from the
die at the leading end of the extruder, the BMC showed no
stickiness and handling thereof was excéllent.

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
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upper mold -temperature of 130°C, a lower mold temperature of
115°C and a pressure of 10 MPa; to obtain acrylic artificial
marble hav1ng a thickness of 10 mm. The resulted art1f1c1al
marble had a surface of high gloss, and appearance thereof was
excellent. ThlS 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

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—bls(t-butylperoxy)3 3,5-trimethylcyclohexane as a curing

' gent, 0. 01 part of 2 6-d1-t—butyl 4—methylphenol as a polym— :

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
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-
tured by Kurimnto:Ltd., screw diameter = 50 mm, L/D=l3.7) 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 mahufacﬁured by Kuma Engineering, and this was continuously
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-
neerJ.ng, and this. was: contlnuously fed into a hopper appended
to the kneadlng extruder at a speed of 390 g/mln |

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 acrylio 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 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 matérials stay in the kneading extfnder was’

about 1 minute. The temperature of the extruded BMC was 40C,
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.

Then, acrylic arti_-fioial- marble having a thickness of 10
mm was obtained in the same manner as in Exampie 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] | |

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-

e
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der. The thickening property evaluation results of the re-
sulted artificial marbles are shown in Table 3. Then, acrylic
artificiél marble$ having a thickneés of.10 mm were obtained in
the same ménnef as in Example 1 using thése aéryiic EMCS?- fhe; =
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 glﬁcol dimethacrylate,
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 pérts of a green pigment as

: ;fa_éoloring_agenﬁ,“o.ls'parts of zincisteafate as'anfinterhal
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releasing-agent, 61 parts of aluminum.hydroxide as an inorganic
filler and 15.6 parts of the polymer powder (P-11) as a tﬁick—
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 minﬁtes
to obtain ac;ylié BMC. The_temperatﬁre-of the resulted acrylic
.ﬁMC was 40°C, and this BMC showéd no.stickiness éven diréctly
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
acrylic BMC. The hot water-resistancé evaluation 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

.methacrylate and 11.9 parts of neopentyl glycol dlmethacrylate

were charged into a SUS vessel and to thls was added 0.6 parts -
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, ﬁixed for 2 minutes by a stirring blade driven by an air
motor. This.was_continuouSIY fed by a gear pump manufactured
by Kawasaki Heavy Industries Lmd; to a hopper appended to a
kneadlng extruder at a speed of 570 g/min.

On the other hand alumlnum hydrox1de as an 1norganlc
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 1150 g/min. |

Further, the polymer powder (P-1) was charged into a SUS
veesel appended to a screw feeder 2 manufaCtured by Kuma Engi—
neering, and. thlS was contlnuously fed into a hopper appended
to the kneading extruder at a speed of 300 g/mln

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
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 50°C was passed through a

jacket of a barrel of the kneading extruder, and according to
the - above—descrlbed method an acryllc monomer, lnorgam.c
filler and polymer powder were quantltatlvely charged continu-
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 continuously through a die at the leading
end of the kneadiﬁg extruder at a speed of 150 kg/hr. The time
during which the materials stay in the kneading extruder was
about 1 minmute. The temperature of the extruded BMC was 60°C,
and can be extruded in the form of a sheet without problem.

The resulted acryllc BMC shaped article in the form of a sheet

. requ:.red no. aglng, and even dlrectly after extruded from the

die at _the leadJ.ng end of the extr_uder, the BMC showed no
stickiness and handling thereof was ‘excellent.

Then:, this acrylic BMC in an amount of 700 g was filled
in a mold for flat plate molding ef. 200 mm square and was cured

under heat and pressure for 10 minutes under conditions of a

_ hpper mold temPeratu’re of 130C, a lower mold temperature of

115C and a pressure of 10 MPa'_, to obtain acrylic 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-

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 ]acket of the barrel of the kneadlng ex-
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 obfained in the same manner as in Example 12 using
these acrylic BMCs. The hot water-resistance evaluation re-
sults of the resulted artificial msrbles are shown in Table 3.
[Example 16]

10. parts of methyl methacrylate, 12 parts of neopentyl
glycol dimethacrylate, 0.6 parts of t-amyl peroxy benzoate as a
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 resih particles (D) and 12 parts of the polymer pow-
der (P-10) as a thlckenlng agent were charged into a batch-mode
kneader. A heat medium controlled to 3dt)was passed through a
jacket of the kneader and kneading was conducted for 10 minutes
to obtain acrylic BMC. Theutemperature of the resulted acrylic
BMC was 40°C, and this BMC showed no sfickiness eﬁen directly
after kneading and handiing property thereof was excellent.

Then, acrylic artificial marble having a thickness of 10
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' 'mm was obtained in the same manner as in Example 12 using this -

acrylic BMC. The hot water-resistance evaluation results of

the resulted artificial marble are shown in Table 3.

'[Comparative Examplé 1]

6.5 parfs of methyl methacrylate, 6.5 parts of isobornyl
methagrflate and 10.4 parts'of neopentyl glycol dimethacrylate
were charged into a SUS vessel, and ﬁo_this was added 0.6 parts
of 1,l-bis(t—butylperoxj)3;3,5-triﬁethylcyclohexane as a curing
agent, 0.01 part of 2,6-di-t—butyl—4—methylphenol as a polym-
érization inhibitof, 0.25 parts of a green pigment as é color-
ing agent and 0.15.parts of zinc stearate as an in;ernal 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 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 apbended to the kneading extruder at a speed

of 1525 g/min. ' ' N

Further, the polYmer powder (P-12) 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 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
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the above-described method, an acrylic monomer, inorganic
filler and polymer powder were quaﬁtit'atively charged continu-
ously, and kneaded and thlckened 31multane0usly in the kneadlng
extruder and extruded to glve 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 kneading extruder was

about 1 minute. The temperature of the extruded BMC was 65C,

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

' ','stlck.mess and. handl:.ng thereof was 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
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
marble had_ a eurféce ef high gloss, and appearance thereof was -
excellent. This molded afticle was subjected to a hot Qater—
resistance test to find gradual whitening and slightly lowered
hot water-resistance in the test of a long period of time.
[Comparative Example 2]

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-

: resiétance'fest to find gradual whitening and slightly lowered

hot water-resistance in the test of a long period of time.
[Comparative Example 3]

| 12 parts of metnyl methacrylate, 7 parts of neopentyl
glycol dimethacrylate,'o.s parts of 1,1-bis(t-butyl per-
oxy)3,B,S-trimethyicyclohexane as a curing agent, 0.01 part of
2,6-di—t—butylf4fmethylphenol 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

" alominum hydroxide 28 sn inorganiciller, and 20 parts of the
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polymer powder (P-14) as a tnickening agent were charged into a
batch-mode kneader. A héat medium controlled to 30C was passed
through a jacket of the kneader and kneading was conducted for
10 minntes to obtain acrylic BMC. Tne temperature of the ré-
sulted acrylic BMC was 65°C, and this BMC showed no stickiness
even directly after kneading and handling property fhereof was
encellent. . - “

Thén, acrylic artificial marbie having a thickness of 10
mm was obtained in the same manner as in Example 1 nsing this -
acrylic BMC. The deflection temperature under load of this
molded article was measured to find it was as relatively low as
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 dlmethacrylate and 10 parts

- of trlmethylolpropane trimethacrylate were charged . 1nto a- SUS

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-f-buty1—4emethylphendl as a polyme.
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
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 kneadlng extruder at a speed of 505 g/mln o

15

20

On the other hand, aluminum hydroxide as an inorganic
filler was charged into a SUS vessel appended to a screw feeder
1 manufactu;ed.by Kuma Engineering; and this was continuously
fed into a hopper appended to the kneading ektruder at a speed
of 1500 g/min. |

Further, the polymer powder (P-15) 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 500 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-

63



10

- 16

20

25

~ ously, and kneaded and extruded continuously. The time during

which the materials stay in the kneading extruder was about 1
minute, and extrusion was conduced at a speed of 150 kg/hi.
The tempérﬁture,of thé'extfuded-mate:ial was 35°C, aﬁd the ma-
terial was not-thickéned so much and in the form of semi-
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
mm was obtained in the same manner as in Example 1 using this

aged acrylic BMC. The hot water-resistance evaluation results

" of ﬁhe'féSulfed.éxtificial_ﬁhrbié'are shown in:Table 3.

[Comparative Example 5]

7.5 parts of trimethylblpropane trimethacrylate, 7.5
parts of styrene,'O.Z 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 én internal
releasing agént, 42 parts 6f aluminum hydroxide as an inorganic
filler, 20 parts of white and black inorganic'fiilei-cqﬁtaining
resiﬁ particles and 23 parts of the polymef powder (P-15) as a
thickening agent were éhafged inﬁo a batch-mode kneader. A
heat medium controlied to 60°C was passed through a jacket of
the kneader and kneading was conducted for.30 minutes to obtain

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
oo, ._ -..

Then, acrylic artificialnmarble héving a thicknéss ofJiO
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-
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-

. ty1 g1yco1”diméthacrYlaté;wé;é_CHafgediinto a-sus-veséél,'and E o

to this was added 0.4 parts of 1,1-bis(t—buty1per§xy)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 pérts
of a green pigment aé 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

contihuouSly fed by a gear pﬁmp manuféqtured by Kawasaki Heavy
Industries Lﬁd. to a hopper appended to a kneadihg extruder at
a speed of 172 g/min.

On the other hand, aluminum hydroxide as an inorganic
fiiier 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
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of 450 g/min. | _

Further, the polymer powder (P-15) was charged into a SUS
vessel appended to a screw feeder 2 manufactured by Kuma Engl—
neering, and this was continuously fed into a hopper appended
to the kneading extruder at a speed of 175 g/min.

Further, white and black inorganic filler-containing
resin particles were cherged 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-

truder at a speed of 85 g/min.

A heat medium controlled to 90°C was passed through a

-jacket of a barrel of the kneadlng extruder, and accordlng to

'”;;the above-descrlbed method, an acryllc monomer, 1norganlc

20

filler and polymer powder were quantitatively charged continu-
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

acrylic BMC could not be obtained.



Table 2

Acrylic
monomer

Inor-
ganic
filler

Polymer
powder

kind { amount

Inorganic
filler-
containing
resin
particle

Curing agent -

kind

amount

1 Ex.1

MMA
IBXMA
NPGDMA 1

61

P-1 15.6

M

0.6

MMA
IBXMA
NPGDMA 1

61

P"z 15c6

3M

0.6

Ex.3

MMA
IBXMA
NPGDMA 1

61

P-3 15.6

3M

Ex.4

MMA
IBXMA
NPGDMA 1

61

P-4 15.6

3M

Ex.5

| MMA

IBXMA
NPGDMA 1

61

P-5 15.6

3M

Ex.6

MMA
IBXMA
NPGDMA 1

61

P-6 15.6

3M

Ex.7

MMA
IBXMA
NPGDMA 1

61

P-7 15.6

3M

Ex.8

MMA
NPGDMA 1

61

P-8 | 15.6

D3

Ex.9

| NPGDMA 1

MMA
IBXMA

61

P-9 15.6

3M

Ex.10

MMA
IBXMA
NPGDMA 1

61

P-10| 15.6

3M

Ex.11

MA
IBXMA
NPGDMA 1

61

P-11| 15.6

M

Ex.12

MMA
IBXMA
NPGDMA 1

46

20

KD-1

jEx.13

MMA
IBXMA
NPGDMA 1

46

20

Ex.14

MMA
IBXMA
NPGDMA 1

46

P-4 12.0

. 20

KD-1

Ex.15

MMA
IBXMA
NPGDHA 1

46

P-9 12.0

20

KD-1

Ex.16

WA 1

6.
6.
0.
6.
6.
0.
6.
6.
0.
6.
6.
0.
6.
6.
0.
6.
6.
0.
6.
6.
0.
6.
IBXMA . 6.
0.
6.
6.
0.
6.
6.
0.
6.
6.
0.
6.
3.
1.
6.
3.
1.
6.
3.
1.
6.
3.
1.
0.
NPGDMA 12.

oocotoNco&oNLocot\:cocomw-mcn.hcncn.::-cncn.::-mmu:-cncnu:-cnmu:-cncnm-mmm-cnmw:-cnmm.mm

46

P-101] 12.0

20

KD-1




Table 2 (cont.)

Co MMA 6.5
Exmi IBXMA 6.5 61 |Pp-12| 15.6 S M 0.6
* NPGDMA 10. 4
com. |MA 6.5 . . _
vy |IBXMA 6.5 61 |P-13] 15.6 - 3M 0.6
i NPGDMA 10. 4 :
. MMA 7.0 ' .
Ex.s | NPGDUA 120 61 | B-14) 20.0 - | ™ 0.6
. |EDMA 10 . - - T - — :
g;ma “TMPTHA 10 60 | P15 20.0 | = — Percumyl D | 0.2
Com. TMPTMA 7.5 '
E:Ifls ST 7.5 42 P-15| 23.0 20 Percumyl D 0.2
Com. }
Ex.6 mDMA lg g 51 | P-15] 20.0 ‘10 M 0.4

Abbreviations in Table 2 are shown below.
MMA: methyl mef.hacrylate, IBXMA: isobornyl methacrylate,
NPGDMA: .neopentyl glycol dimethacrylate, EDMA: ethylene glycol
dimethacrylate, TMPTMA: trhnethylolpropane trimethacrylate, .
ST: styrene, 3M: 1,l-bis(t-butyl peroxy)3,3,5-"
trim'et_:hy_lcycldﬁexane ’ KD-l t-amyl. pero;éy_be'nioat’e} _Pei;q_umyl_ "

D: dicumyi peroxide .




G

Continmuous

. Clea-

Hot water-resistance

Kneading | Kneading | kneading BC Thick- _mess . | Heat- :_Je flect;mn
tempe- time | ‘extruding | tempe- | NP8 | | of resis- a”‘:ﬁ: "% | 120 hrs. | 300 hrs. | 700 hrs.
rature shaping rature | PTOP- - grain tance 1 ; at 98°C at 90°C at 90°C
) ‘speed erty pattern _ oa .
Ex.1 25C 4 min, 60kg/h 50°C @) - © 128°C @) @) @)
Ex.2 40°C 1 min. 150kg/h | . 40°C (@) - © 122°C @) @) @)
Ex.3 40°C 1 min. 150kg/h 40°C (@) = © nsc (@) @] @)
Ex.4 40°C 1 min. 150kg/h 40C @) L - O | 07C Q (@) @)
Bx.5 40°C 1 min, "150kg/h wC | O — © 120C @) O @)
Ex.6 40°C 1 min, 150kg/h | 40°C @) = © 123°C @) @] @)
Ex.7 40°C | 1min, 150kg/h 40°C @) = © 120°C @) @) ®)
Ex.8 40°C 1 min, 150kg/h 40°C @) - — © 122°C @) O @)
Ex.9 40°C - | 1min, 150kg/h 40°C Q = © 121C Q O @]
Ex.10 40°C 1 min. 150kg/h 40°C @) .= © 120C @) e) @)
Ex.11 30°C 10 min. - 40°C o = © 19°C @) O @)
Ex.12 50°C 1 min. 150kg/h 60°C @) @] © 129°C @) ] Q
Ex.13 40°C 1 min, 150kg/h 40°C @) @) © 122°C O @) @)
Ex.14 40°C 1 min. 150kg/h 40°C O O @] 108°C @) @) O
Ex.15 40°C 1 min, 150kg/h 40°C @) O © 121°C @) Xe) e
Ex.16 40°C 10 min, — 40°C @) - O © 116C @) o o
Cam.Ex.1 40°C 1 min. 150kg/h 65C @] = © 129°C @) A X
Cam.Ex.2 40°C 1 min, .150kg/h 60C (@] = @ 128°C O A X
Com.Ex.3 30°C 10 min, - 65C @) = A 93°C O A X
Com.Ex.4 |  40°C 1 min. 150kg/h 35C X — © 126C e @) @)
Com.Ex.5 60°C 30 min, - 60C A X O 112°C @) (@) O
Com.Ex.6 90°C 2 min, 53kg/h - - = - - - - -




(2

In each example, since a polymer powder having a remain-
ing emulsifier amount of from 0.01 to 0.95 wt% is used, thick-

éning speed is high, an acrylic BMC requiring'no'aging is ob-~

" tained, and artificial marble obtained by molding the acrylic

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, thereforé, this BMC is

industrialiy very useful.
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' CLAIMS

1. 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% as constituent components.

2. The acrylic SMC or BMC according to Claim 1 further
comprisinj an inorganic filler-containing resin particle (D) as
é constituent component.

3. The acrylic SMC or BMC according to Claim 1 or 2
wherein the polymer powder (C) is a polymer powder obtained by
making an emulsion produced by emulsidn pelymerization into a
" 4. 'The actylic SMC'or BMC according t6 Claim 1 or 2
wherein the degree of swelling of the polymer powdef (C) in
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—averagé molecular weight of the polymer pow-
der (C) is 100000 or more.

6. The acrylic SMC or BMC according to Claim 3 wherein
thé pqumer féwder (C) is a polymer poﬁder obtained from an

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

powder obtained from an emulsion having a core/shell structure

is 90°C or less.
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8. The acrylic SMC or BMC according to Claim 7 wherein
the average vélue of the glass transition temperature of a core

layer and the glass transitién-temperature of a shell layer of

. a poiymér.powder obtained from an emulsion having'a core/shell

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
layer. |

- 10. The acrylic SMC or BMC according to Claim 6 wherein a
shell layer of a polymer powdér dbtained'from an emulsion hav-
iné a'coré/;heli;strﬁcture'is poﬁééfbssflinkéd;:;ﬁl. -.

il. The acrflic SMC ér BMC accordiﬁg to'Claim-G_ﬁheréin a
core layer of a polymer powder obtained from an emulsion having
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 powdef is a
coagulation method.

13. A.method for pféducihg an acrylic SMC or.BMC cqmpris-a ,
ing tﬁe step of kneading aﬁ'acryiic monomer or acrylic syrup
(A), an inorganic filler (B) and a polymer powder (C) contain-
ing a remaining emulsifier in én amouht from 0.01 to 0.95 wt%
at a kneading temperature from 20 to 70°C for thickening
thereof in a kneading time of 20 minutés or less.

14. The method for producing an 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 kneading temperature’ from 20 to 70°C for
thickening'thereof'in'a kneading time of Zd 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'emulsiqn polymerization.

16. 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

1n an amount from 0.01 to O. 95 wt% are kneaded, thlckened and

o extruded at a kneadrng temperature from 20 to 70(31n a tlme of

15
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26

20 mlnutes or less in one step to shape the mixture into a de-
sired form continuously. |

17. The method for producing an acrylic SMC or BMC in
which the cemponents (A) to (C) and further an inorganic
filler-containing resin particle (D) are used and 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 desired form continuoueLy.

18. The method for producing an acrylic SMC or BMC ac-
cording to Claim 16 or 17 wherein the polymer powder (C) is a
polymer powder obtained from an emulsion having a core/shell
structure produced by emulsion polymerization.

19. A method for producing acrylic artificial marble com-

73
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prising curing under heat and pressure the acrylic SMC or BMC
of Claim 1 or 2.
20. A method for producing acrylic artificial marble com- .

prising curing under heat and p‘ress‘_;uré the acrylic SMC or BMC

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 égent according to Claim 21 wherein
the polymer powder has a core/shell structure in which the

gIass transition témperaﬁure of the shell layer is 90°C or

less, the average value of the glass transition temperature of

" thé core layer and the glass transition temperature of the.

15

20

shell layer is 65C or more, the glass transition temperature
of the core layer is higher .than the glass transition tempe'ra—,
ture of 'thé shell layer, the shell layer is non-cross-linked
and the core layer is non-cross-linked.

23. The thickening agent accﬁrding to Claim 21 or 22
wherein the powder forming method to provide the polymer powder

is a coagulation method.



