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ABSTRACT

An artificial stone which comprises a molded artificial
stone body formed out of inorganic aggregate and a resin as
main components, the inorganic aggregate containing at least
as a part thereof a luminescent, fluorescent or noctilucent
substance and a transparent inorganic aggregate, or a
transparent 1inorganic aggregate with the luminescent,
fluorescent or noctilucent substance baked on the surface
thereof, 0.5 - 3.5 wt.% of an organic nitrogen-containing

compound with respect to a total quantity of a product being

compounded into the molded body.

30

" mm -y




~ CA 02318123 2000-07-14

SPECIFICATION
ARTIFICIAL STONE
TECHNICAL FIELD OF THE INVENTION

The invention of the present application relates to an
artificial stone. In further detail, the invention of the
present application relates to a luminous artificial stone
having light regenerating function or luminous noctilucent
function , which exhibits excellent luminance and durability
of luminance, useful as building materials, view improving
materials and the like; more specifically, for instance, as
ornaments visible in night or in dark field environments, e.qg.,
direction indicators, position guides, etc.

BACKGROUND OF THE INVENTION

Artificial stones well known 1in the art are produced
by mixing crushed naturally occurring stones with resin and
solidifying the resulting product. Further, various
improvements have been made to these artificial stones 1n order
to obtain products having the appearance like a nat&rally
occurring stone such as a marble, a granitic stone, etc¢., and
vet having excellent hardness and strength.

As an attempt to improve the function and performance
of the artificial stones above, there is proposed to impart
alight-emitting function by using a luminescent or fluoreScent
substance or a light-emitting substance such as a light-storing

material. As such attempts, there 1s proposed a method
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comprising s$0lidifying a mixture obtained by mixing a
phosphorescent substance with a resin component which is used
as the binder of an artificial stone, or a method comprising
constituting the artificial stone by mixing a light-storing

fluorescent substance or anultraviolet fluorescent substance,

€.g., strontium aluminate, with an unsaturated polyester, a
methacrylic resin, a glass, etc., and after solidifying the

resulting mixture, crushing it to provide aggregates for the

arttificial stone

However, the luminescent or fluorescent artificial
stones known heretofore obtained by either of the methods above
are based on the phosphorescent function of the light-storing
materials and the like, and are yet to be improved in initial
brightness or in the durability of the brightness. From the
viewpolint of practical disaster prevention, it has been

demanded an artificial stone still improved in luminance and

having a longer lasting luminance.
In the conventional artificial stones, moreover, the
effective phosphorescent function was available only from the

exposed surface portions o©of the resin components or the

aggregates, and not from the light-storing materials or the
fluorescent substance incorporated inside the molding of the
artificial stone. However, a fluorescent substance such as a
light-storing material and the like are extremely expensive,

and even a small amount of addition of such fluorescent
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substance greatly increases the product cost of the artificial
stone by about three to ten times. Accordingly, such

conventional artificial stones produced Dby 1internally

incorporating the fluorescent substance were costly, and

thereby practically unfeasible.

Thus, it has been considered conventionally to provide
a light-emitting layer only on the surface portion of the molded
artificial stone, or only to the guiding figures or patterns;
however, the local allocation of the light-storing material
and the like further makes it difficult to improve the
brightness and the durability of the brightness. Moreover,
sihce the light-emitting layer of a conventional type 1is
inferior in adhesive strength with the base material and 1is
poor in resistance against abrasion, it has been found to suffer
problems of not exhibiting the desired function, particularly
when used in floorings, due to the separation, peeling off,
wear, etc., of the light-emitting layer.

Accordingly, even in case the light-storing sub;tance
is used only for the figures and patterns, there was still a
demand of realizing a novel type of artificial stone still
excellent in its phosphorescent luminance and durability of
the luminance, and yet improved in adhesiveness and integration
with the base material of the light-emitting layer and 1in

mechanical properties such as the resistance against abrasion;,

etc., suitable for use as, for instance, a light guide under
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a dark field environment or an ornamental material in night

time.
DISCLOSURE OF THE INVENTION

In order to solve the problems above, the invention
according to the present application provides an artificial
stone which comprises, with respect to a total quantity of
the product, 82-93 wt. % of 1norganic aggregate and 7-18
wt. % of resin as main components, wherein the inorganic
aggregate contains at least as a part thereof a
luminescent, fluorescent or noctilucent substance and a
transparent 1norganic aggregate, or a transparent inorganic
aggregate with the luminescent, fluorescent or noctilucent
substance baked on the surface thereof, and the product
further contains 0.5-3.5 wt. % of an organic nitrogen-
contalning compound with respect to a total quantity of a

product being compounded into the molded body.

Furthermore, the  present invention provides an
artificial stone as described above, wherein the organic
nitrogen-containing compound 1s an amine, preferably a
cyclic amine, and more preferably, a cyclic amine

contalning a carbonyloxy (-C0O-0-) group.

In accordance with one aspect of the present invention
there 1s provided an artificial stone which comprises, with

respect to a total quantity of the product, 82 - 93 wt.% of

o\°

inorganic aggregate, 18 - 7 wt. of resin as main
components, wherein the sum of the inorganic aggregate and
the resin accounts for less than 99.5 wt. % of the quantity
of the product, the inorganic aggregate containing at least
as a part thereof a luminescent, fluorescent or noctilucent
substance and a transparent 1inorganic aggregaté, or a

Cransparent 1norganic aggregate with the luminescent,
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fluorescent or noctilucent substance baked on the gsurface
thereof, and 0.5 - 3.5 wt. % of an organic nitrogen-
containing compound with respect to the total quantity of

the product belng compounded.

The composition of the artificial stone according to
the present 1invention 1s described first. As the main
components, the artificial stone contains an 1norganic
aggregate and a resin. For the inorganic aggregate usable

in

4a
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the present invent'ion, usable are those selected from a wide
range of materials, such as naturally occurring stones,
naturally occurring minerals, artificially synthesized
inorganic materials, glasses, metals, etc.

The quantity of the inorganicC aggregate incorporated
1nto the product accounts for 82 to 93 wt.% of the total amount
of the product. On the other hand, the resin accounts for 7
to 18 wt.% with respect to the total quantity of the _product.
The sum (total) of the both components accounts for less than
99.5 wt.% of the total quantity of the product.

What 1s most important in the present invention is that,
in the light-emitting portion, at 1least a parxt of the

aforementioned inorganic aggregate contains a light
luminescent, fluorescent or noctilucent substance and a
transparent inorganic aggregate, or a transparent inorganic
aggregate having a surface coatling layer comprising a
luminescent, fluorescent or noctilucent substance.

In case a transparent inorganic aggregat:ﬂe 1s
incorporated together with the luminescent, fluorescent oOr
noctilucent substance, the weight rario of these components

1s inarangeof froml:2 £t01:200, and the total of both accounts

for 82 to 93 wt.% of the total composition of the light-emitting
portion.
Further, a transparent inorganic aggregate provided

with a surface baked coating using the luminescent, fluorescent
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or noctilucent substance can be incorporated into the
light-emitting portion..

The requirements above are first to be defined
concerning the mechanical properties such as the resistances
against peeling off, dropping off, and abrasion, as well as
the phosphorescence with respect to the light-emitting
properties.

As the preferable inorganic aggregates, there can be
mentioned a combination of the following two types. More
specifically, one is the small inorganic particles ranging from
> to 70 mesh (based on Tyler sieves), i.e., a component
consisting of small particles of inorganic materials properly
selected from, for instance, a mineral such as a quartzite,
an olivine, a feldspar, a mica, etc.; a naturally occurring
rtock such as a granite, a metamorphic rock, etc.; a china, a
glass, a metal, etc.

Furthermore, a component of fine particles passing'
through a 100-mesh sieve (based on Tyler sieves) 1s favc.)rably
used together with the component of small particles above. As
the fine particle component, there can be mentioned, f'or
instance, a fine particle component selected fromvarious types
of naturally occurring or artificial materials. More
specifically, usable are the readily available fine particle

component such as the powders of calcium carbonate, aluminum

hydroxide, silicic stones, etc.
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As a part of the fine particle component above, there
can be 1incorporated a component for adjusting the color
tone, such as manganese dioxide, titanium dioxide,
zlrconlum gilicate, i1ron oxide, etc.; or a component for
rendering the product non-flammable/non-combustible, such
as antimony trioxide (pentaoxide), a boron compound, a

bromine compound, etc.

The small particle component above functions mainly to
influence the external appearance and the mechanical
properties of the resulting artificial stone molding. The
fine particle component consists of particles far smaller
in size as compared with those passing through a 100-mesh
sieve constituting the small particle component, and the
fine particles intrude into the spaces among the individual
particles of the small particle component to fill in the
interstices, thereby contributing to the establishment
propertles such as hardness and flexibility. The small
particle component and the fine particle component are
preferably blended at a ratio by weight of 0.5:1 to 5:1,
more preferably, 1:1 to 4:1.

In case the small particle component and the fine
particle component are incorporated 1in combination to
constitute the artificial stone molding according to the
present 1invention, the constitution of the light-emitting

portion can be considered as follows.

<A> In case of using a luminescent, fluorescent or

noctilucent
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substance and a transparent 1norganic aggregate as a part of
the inorganic aggregate, it is preferred that the transparent
lnorganic aggregate is used at least as a part of the small
particle component, while using the luminescent, fluorescent

Oor noctilucent substance at least as a part of the fine particle

component.

Wilth respect to the small particle component that is
used as the transparent inorganic aggregate, it signifies that
the small particle component 1is an inorganic component
substantially having a high light-transmittance. Although
there are various degrees in transpa:ency, the naturally
occurring or artificially synthesized inorganic substances
having a relatively high light transmittance are used in the
present invention. Accordingly, the transparent inorganic
small particle component may be colored, or may be in a state
havihg the intrinsic color.

Representative examples which can be mentioned for use
as the transparent inorganic small particle component ir.aclude
quartz stones, quartzites, glasses, etc., but are not only
limited thereto.

In the present invention, a luminous component having
a light-storing function consisting of particles passed
through 100-mesh sieves is incorpor‘ated as a part of the fine
particle component. Representative examples of such

components include a light-storing material based on strontium
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aluminate and ziﬁc sulfate, etc. These various types of
materials can be used in the present invention.

As the inorganic small particle component which
functions as the aggregate of the artificial stone, as
described above, used are the particles ranging from 5 to 70
mesh 1n size. This is a preferred requirement when the small
particle component is used in combination with the inorganic
fine particle component. _

Concerning the inorganic components described above,
not only the size, but also the blend ratio thereof is an
important factor in the present invention.

More specifically, concerning the component of the
artificial stone of the present invention, the weight of the
inorganic small particle component (W;), the weight of the
inorganic fine particle component (W,), and the weight of the
luminescent, fluorescent or noctilucent component having

light-storing function and light-emitting function (W3) above

preferably satisfy a relation expressed as follows:

I

Wy, @ (W + W,) 0.5 : 1 ~5 ;1

W/W; 2 1/50
Concerning the ratio W, : (W, + W3), more preferably 1s in a
range of about 1:1 to 4:1.

Further, for the inorganic small particle component,

as described above, the weight of the transparent inorganic

Small particle component preferably satisfies the following

cemm—y
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relavtion:

(0.5 ~1.0) w,

The requirements above are desired to realize the
physical properties such as strength, hardness, density, etc.
necessary for an artificial stone, as well as the optical
function, i.e., a regenerative luminance, of the artificial
stone according to the present invention.

The size of the particles constituting each of the
components 1s properly selected depending on the size and the
blending ratio of the component to be used in combination,
however, in general, it is preferred that the fine particle
component and the luminescent, fluorescent or noctilucent
component having light-storing function and light-emitting
function consist of particles about 150 to 325 mesh in size.

The light-storing function and light-emitting function
of the artificial stone is described in further detail below.

In the artificial stone according to the present invention,
the light-storing function and Tight-emitting fl.mcti-on 15
effectively realized to provide an artificial stone having a
luminescent, fluorescent or noctilucent properties by:

1) A Transparent inorganic small particle component 1s
incorporated for 50 to 100 wt.% of the inorganic small particle
component; and

2) The luminescent, f_luorescent Or noctilucent component

consisting of particles passing through 100-mesh sieve is

10
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incorporated at a ratio specified above.

By realizing the regenerative artificial stone by
satisfying the characteristics above, the light emission 1s
implemented with a portion having a thickness. That 1is,
unlike the conventional products, the light-emitting
function is not limited only to the surface layer, but the
light 1s emitted from over the entire thickness of the
artificial stone. Thus, there 1is provided an artificial
stone having excellent luminescent or fluorescent

performance and economically superior concerning the use of

the expensive regenerative lumlnance component.

The reason for above can be explained as follows. By
using the transparent inorganic small particle component as
the transparent aggregates, the light irradiated from the
exterior can be transmitted and intruded into the interior
of the artificial stone, and the 1light can then be
efficiently absorbed by the luminescent or the fluorescent
component; furthermore, by providing a light-emitting laver
comprising dispersed therein the luminescent component made
from the light-storing material with a sufficient
thickness, a high luminance can be maintained for a long

duration of time. Thus, since the transparent 1inorganic

small particle component has excellent light transmittance,
a high brightness can be realized at the time of emitting

light.

As described above, the transparent component

11
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preferably accounts for 30 to 100 wt.3% with respect to the

entire small particle component. Needless to say, however, it
1s preferred from the viewpoint of phosphorescent function that
the transparent component accounts for 100 % concerning the
mechanical properxties of the artificial stone such as the
strength or the external design. As a matter of course, the
constitution of the present invention is not only limited
thereto, but it is difficult to achieve the desireqd optical
function in case the transparent component accounts for less
than 30 %.

<BR> In case of using transparent inorganic aggregates
having the luminescent, fluorescent or noctilucent substance
baked on the surface thereof as a part of the inorganic
aggregates, the small particle component may comprise those
which at least a part thereof is transparent and having the
luminescent, fluorescent or noctilucent substance baked on the
surface. In other words, a part or all of the small particle
component comprises a transparent inorganic aggregate-whose
surface 1is coated with the luminescent, fluorescent or

noctilucent substance. As the preferred examples of the small
particle component which comprises the transparent inorganic
aggregates, there can be mentioned glasses and silicic stbnes,
etcC.

Concerning the small particle component to be blended

in the composition, it is preferred that the aforementioned

12




CA 02318123 2000-07-14

transparent 1inorganic aggregate having the luminescent,
fluorescent or noctilucent as a regenerative luminescent
substance as the surface coating layer accounts for 10 to 100 %
(by weight) of the component.

In case of the transparent inorganic aggregate, and in
particular, the small particle component having thereon a baked
coating, the surfacc of the particles constituting the
transparent small particle component comprises a  coating
several to several tens of micrometers in thickness, for
instance, a coating 5 to 50 um in thickness, more preferably,
a coating about 20 to 40 um in thickness. More specifically,
the coating can be tormed by baking at a high temperature in

a range of from 120 to 1,200 °C.

As the substance to be baked, there can be used any of
the light storing substance such as strontium aluminate.

The baking can be performed, not only by the wvarious
methods known in the art, but by, for instance, mixing the
transparent inorganic aggregate, e.g., the small pa;-t.ic1e
component above, 1i1into a dispersion or a paste comprising
dispersed therein the powder or particles of a light-storing
material such as strontium aluminate, tollowed by drying and
baking.

In Lthe present invention, as described above, 1t 1is

preferred that the size of the particles constituting the

inorganic 3small particle component 1s specified. More

13
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specifically, the 1norganic small particle component consists
of particles 5 to 70 mesh in sieve size as described above.
In case it is desired to, for instance, densely color the upper
or the lower portion by using colored particles and colorless
particles, there may be used small particles differing in size
depending on whether they are colored or not. However, the use
of particles differing in size in a large quantity deteriorales
the strength of the product and is thereby not preferred.

On the other hand, as described above, the particles
constituting the fine particle component are those passed
through a 100-mesh sieve, because they should be sufficiently
incorporated among the particles of the small particle
component. In further detail, the particles are preferably
about 150 to 250 mesh in sieve size.

What 1s 1mportant i1n the high density artificial stone
according to the present invention, apart from some exceptions,
is that the inorganic aggregate component is preferably
dispersed uniyformly in the product.

The resin component can be selected from a wide range
of thermosetting resins.

More specitically, there can be exemplified an acrylic
resin, a methacrylic resin, an unsaturated polyester resin,
dfl epOXy resin, or a copolymer thereof. From the viewpoint of
transparency, hardness, strength, etc., particularly

preferred among themis amethacrylic resin. As described above,

14
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the resin component is preferably blended as such that it may

account for 7 to 18 wt.% with respect to the entire composition

of the product. The resin component contributes by enclosing
the small particle component or the fine particle component
which forms the framework and bonding them altogelher, and it
imparts elasticity or tensile strength to the finished product.
The amount of the inorganic aggregate comprising the small
particle component and the fine particle component 1s_limited.
More specifically, the guantity of the resin component must

account for 82 % by weight or more, and preferably, 88 % by

weight or more. However, 1f the quantity exceeds 93 %, the

product becomes so brittle as to make the product practically
unfeasible. If the quantity is less than 82 % by weight, the
product becomes so soLlL as to make it impossible to establish
stony properties, and the applicable range of the product
becomes similar to that of a resin board.

The above fact signifies that components other than the
small particle component and the fine particle componént of
the naturally occurring stones and the like, i.e., the resin
component, should not be present in excess of 18% by weight.

I1f the resin component should exceed about 18 %, the
product becomes like plastics, and 1t no longer is anartificial
stone but only nominal. If the quantity of the resin component

is excessively reduced, the external appearance of the product

can bc brought near to a natural color, however, the product

15



CA 02318123 2000-07-14

becomes so brittle as to make it practically unfeasible. From
the aforementioned points of view, the resin component 1is
incorporated, more preferably, at an amount of 9 to 12 wt.¥%.

In practicing the present invention, the rxatio of the
constituent components is important. Particularly important
is the ratio of the resin component and the other components.
The present invention is characterized, in one aspect, in that
it enables a high density product having a dense texture. The
term “high density” as referred herein signifies that the small
particle component and the fine particle component
incorporated in the artificial stone product are present 1in

high density, and the degree of this high density can be

understood specifically fromthe density of 2.2 g/cm’ or higher,

which exceeds the value of a conventional artificial stone.
Furthermore important in the present invention is that
a nitrogen-containing organic compound is incorporated in an

amount of 0.5 to 3.5 wt.% with respect to the total quantity

of the product.

By blending the nitrogen-~containing organic compound
at a blending ratio as specified above, the initial
phosphorescent brightness of the artificial stone molding
according to the present invention canbe considerably improved,
and the durability thereof becomes distinguished.

As an example of the nitrogen—-containlng organilc

compound above, there can be mentioned, for instance, an amine

16
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expressed by the following formula:

(where, R!', R?, and R’ each represent a hydrogen atom or a
hydrocarbon group which may have a substitutional group; all
of the R!, R%*, and R’ may not be hydrogen atoms at the same time;
two of R!, R?, and R’ may combine to form a ring, and.-the ring
may have a substitutional group).

More specifically as the amines above, there can be
mentioned a ring-like amine, for instance, a piperidine ring.

As an amine above, there can be used those known as the
degradation preventive for a resin to prevent degradation from
light or heat. In fact, it has never been anticipated from the
prior art technology that the brightness and the durability
of the light emission can be greatly improved by adding and
blending those substances known as the degradation preventives
into the artificial stone composition. -

In further detail, the amount of addition of a resin
degradation preventive in prior art technology was about 0.01
wt.% with respect to the quantity of resin, however, the
addition in such a degree has no effect in improving the
brightness or the time duration of maintaining the brightness.

On the other hand, a particularly distinguished effect can be

obtained when the resin degradation preventive is added in a

17
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ratio of 0.5 to 3.5 wt.%, i.e., a quantity corresponding to
about S to 35 wt.% converted to resin.

Concerning the amines above, those having a carbonyloxy
group (-CO-0O-) in the molecule there of can be mentioned as
an amine having a particular effect. The quantity of addition
isinarange of 0.5 to 3.5wt.% with respect to the total weight
of the product, but particularly effective is an addition of
about 1 %.

In the present invention, the outer surface of the
artificial stone is preferably polished or surface roughened.
This 1s because it is preferred from the viewpoint of practice

that the crushed small particle component is exposed on the

surface.

In the present invention, polishing is a practically
convenient method for exposing the state of dense texture of
the high density artificial stone having an elaborate
appearance. As a matter of course, a part of the plane of the
product may be polaished to expose the small particle c:omp;)nent,

and the plane having a different appearance fromother portions

of the plane can be used as a pattern.

In case of producing the artificial stone, it is an
important problem how to set the desired color tone and the
design. Since it is difficult to obtain products from the
naturally occurring stones, the appearance of a granitic stone

or a marble can be set as one of such targets to achieve because

18
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the color and luster thereof are beautiful. In the present

invention, it is possible to obtain products having the tone
of a granitic stone or a marble by using transparent materials
for the small particle component, because small particles
obtained by crushing naturally occurring stomnes based on quartz
can be used as the small particle component.

The small particles obtained by ¢crushing quartz based
naturally occurring stones are mostly c¢olorless and
transparent. Even those which are not completely transparent
show some light transmitting properties.

By adding an inorganic pigment or an organic pigment
such as an azo pigment, a phthalocyanine based pigment, etc.,
or various types of dyes, the product can be imparted with
uniform color having depth and luster.

To obtain a colored artificial stone composition
according to the present invention, colored granular particles

having the same size as those constituting the small particle

component can be mixed as the color component.

The high density artificial stone according to the
present invention having the luminescent, fluorescent or
noctilucent as well as the excellent color tone properties 1n
ordinary use c¢an be produced 1in an arbitrary shape, such as
sheets, rods, cylinders, etc.

Thus, the artifiqial stone according to the present

invention can be produced by, for instance, a method described

1S
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below.

More specifically, a 1luminescent, fluorescent or
noctilucent substance and a transparent inorganic dggregate,
or a transparent inorganic aggregate having the luminescent,
fluorescent or noctilucent substance baked on the surface above
are used at least as a part of the inorganic aggregate, and
are 1injected 1in the shaping mold together with the
aforementioned mixture of the resin binder comprising the
nitrogen-containing organic compound. Then, the resulting
mixXxture is press solidified and removed out from the mold. If

necessary, the molded product may be polished or subjected to

a surface roughening trearment by using a water jet and the
like to obtain the artificial stone molding.

The hardening can be performed by compression, i.e.,
by applyling a planar pressure of, for instance, about 5 to 100
kgf/cm®. During the molding, heating is applied by maintaining

the molding at a temperature of about 90 to 140°C for a duration

Oof about 5 to 20 minutes.

It the compression above 1s performed by using the
mixture of the resin binder for forming the light-emitting
portion as protruded portions together with the mixture of the
resin binder for forming the substrate, they can be integrated
to obtain a monolithic molding in the hardening process. Thus,
peeling off or falling do.wn of the light-emitting protrusions

can be prevented from occurring. Furthermore, although

20
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depending on the composition thereof, the protruded portions

sheet moldings, and because the material loss can be minimi zed.

There is no particular limitations concerning the means
for polishing the surface: accordingly, there can be used a
grinding stone, a polishing cloth, a polishing belt, etc., as
the tool, or there can be used a polishing agent such as a buff
Polishing agent, a rubbing compound, etc.

As the abrasives useful for the above, there can be used
those having the polishing function such as diamond, boron.
carbide, corundum, alumina, zirconia, etc., or those having
the burnishing function such as tripolyphosphate, dolomite,
alumina, chromium oxide, cerium oxide, etc.

Furthermore, in the present invention, the surf:ace of
the molded product obtained by molding can be subjected to a
surface roughening treatment, such that the fine particle
Component may be exposed on the surface portion thereof.

As a method for realizing the above, there can be
employed a method of selective removal of the resin component.
More specifically, for ipstance, a highly pressurized water

can be jetted to the surface of the molding obtained by removing

21
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it from the molding mold, thereby processing the as~-obtained
surface of the molding.

The processing above 1s not limiting, because it differs
depending on various process conditions, such as the thickness,
the distance to the nozzle, or the processing method, etc.
However for a product having a thickness of 1 to 20 ¢cm, in general,
there can be employed a water pressure of about 50 to 1,500
kg/cm?’ from a nozzle provided at a height of about 2 to 50 mm.

There is no particular limitations concerning the
nozzle and the system for jetting highly pressurized water.
A variety of types thereof can be applied.

By performing the surface processing using a water jet
above, there can be realized the planarization or the surface

roughening to provide an artificial stone lidving an elaborate

appearance.

By 1ncorpcrating a resin component, the surface

clouding of the product can be prevented from occurring:
moreover, the treatment of liquid wastes can be facilitated

as compared with the case of employing etching treatment using

reagents.

As amatter of course, if necessary, the surface portion
can be treated by using an organic solvent to thereby remove
the resin component by softening or dissolving it.

The organic solvent for use in the case above can be

properly selected i1n correspondence with the resin component,
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and mentioned as the examples are a halogenated hydrocarbon
such as methylene chloride and chloroform, a carboxylic
acid or an ester compound thereof, such as acetic
anhydride, ethyl acetate, butyl acetate, etc., or acetone,

tetrahydrofuran, DMF, DMSO, etc.

The surface irreqgularities can be formed on the
product by 1mmersing the molding 1nto any of the organic
solvents above or by spraying the organic solvent to the
molding, and then removing the softened or dissolved resin

component from the surface portion.

Otherwise, the resin portion low 1n hardness can be
scratched off by using a wire brush, a cutting means, etc.,

to form the surface irregularities.

After applying the surface ©plane treatment Dby
roughening the surface using a variety of means above, the
surface 1is polished as described hereinbefore. Thus, a
surface having the particular elaborate appearance with

luster and brightnegs can be realized.

Furthermore, by 1injecting a mixture of an 1norganic
aggregate comprising a lumlinescent, fluorescent or
noctilucent substance and a transparent inorganic
aggregate, or a transparent 1inorganic aggregate having the
luminescent, fluorescent or noctilucent substance baked on
the surface thereof to the grooved portion formed on the

surface of the molding, it 1s possible to produce an
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artificial stone molding having the light-emitting portion

on the thus filled grooved portions.

In the above case again, the hardening by compression
molding can be 1mplemented as an embodiment similar to the
method described above, and finally, the molding can be
similarly polished or subjected to a surface roughening

treatment.

For i1nstance, 1n case of using a transparent inorganic
aggregate having surface coated with the luminescent,
fluorescent or noctilucent substance as the mixture for
resin molding in any of the methods above, i1t 1s possible
to provide a c¢ross section comprising particles and the

coating layer beiling exposed therein.

In such a case again, an artificial stone having an
excellent phosphorescent properties as well as the

particular elaborate appearance can be produced.

In other words, 1in case the luminescent, fluorescent
or noctilucent substance 18 coated by baking on the surface
of the small particle component, the particles constituting
the small particle component as well as the coating thereof
can be exposed as a cross section by applying polishing. In
this manner, the light irradiated from the exterior is
provided as a light incident to the plane of the thus
exposed granular plane comprising the transparent small
particles, and reaches the coating substance baked 1inside

the molding.
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In case of a highly transparent resin such as a
methacrylic resin, a favorable 1light transmittance as a

whole can be achieved.

In such a case, the 1incident light intrudes into the

internal of the light-emitting, and the interior also emits

light.

Accordingly, light can be stored in a short duration
of time, and the light-emitting efficiency can Dbe
increased. As described above, 1n the present invention,
furthermore, the brightness and the durability thereof can
e greatly 1mproved by adding a nitrogen-containing organic

compound .

In the practical use of the artificial stone according
to the present 1nvention, the color can be matched with the
color tone and the view of the surroundings by designing

the colorants.

Again, 1n case color matching 1s performed, the
artificial stone according to the present invention retains
the clear distinguishability and recognizability because of

the luminescent, fluorescent or noctilucent provided as the

predetermined luminous property.

The present 1nvention 1s described in further detail
below by way of examples. It should be understood, however,

that the present invention is not only limited thereby.

EXAMPLE

The following composition was hardened at 120°C by
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applying pressure of 12 kgf/cm® for a duration of 20 minutes.

Strontium aluminate light storingmaterial as a luminescent

or noctilucent substance.

(passed through 250-mesh sieve) 2.25 wt.%
Silicic stone (10 to 50 mesh in granularity)

02.75 wt.$%

Pulverized silicic stone(250-mesh in average granularity)

21 = 24 wt.$%

Methyl methacrylate (MMA) 10.9 wt. %
Peroxide-based hardening agent 0.1 wt.%
Nitrogen-containing organic compound (tetrakis(2,2,6,6-
tetramethyl~4—piperidyl)l,2,3;4-butanetetracarboxylate)

0 -~ 3 wt.%

Then, the pressed product was removed from the molding
mold to obtain an artificial stone molding 20 mm in thickness.

The surface of the resulting molding was polished by
using a diamond based grinding stone. -

All of the moldings thus obtained exhibited a
luminescent phosphorescence, and showed excellent function as
a position guide sign for use under dark vision environment.

A phosphorescent brightness test in accordance with
JIS-Z-9100 was performed, and the’ results as follows were

obtained depending on the difference in the quantity of added

nitrogen-containing organic compound.
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Table 1

Quantity of Initial Time elapsed | Time elapscd

nitrogen- brightness | toreach3mcd| to reach 0.3
containing (mcd) (minutes) mcd
organic (minutes)
compound
(wt. %)
0 440 | S0 172
_ 0.01 440 1 91 172
0.1 441 | %0 173
0.5 105 750
: T T—
L 3 492 100 800
4 92 173

From the results shown in Table 1, 1t can be understood
that, by adding the nitrogen-containing organic compound in
a quantity of from 0.5 to 3.5 wt.%, preferably, from 1l to 3 &,
the 1initial brightness as well as the durability ¢f the luminous

brightness are greatly improved.

The artificial stone having added therxrein 1 3 of the
nitrogen-containing organic compound was found to have a
specific gravity of 2.33 (in accordance with JIS K 7112) and
a water absorptivity of 0.14 %. Furthermore, a bending strength
of 63.58 kgf/cm (JIS A 5209) and a hardness of 1,023 kgf/mm?
(JIS Z2 2244, Vickers’s hardness) were obtained for the product.

Industrial Applicability of the Invention
As described above, the preéent invention provides a

high density artificial stone having excellent luminous
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properties, a superior color tone having depth and luster, and
favorable physical properties.

While the invention has been described in detail by
making reference to specific examples, it should be understood

that various changes and modifications can be made without

departing from the scope and the spirit of the present

invention.
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CLATIMS:

1. An artificial stone which comprises, with respect
to a total quantity of the product, 82 - 93 wt.% of
lnorganic aggregate, 18 - 7 wt.% of resin as main

components, wherein the sum of the inorganic aggregate and
the resin accounts for less than 99.5 wt. % of the quantity
of the product, the inorganic aggregate containing at least

i

as a part thereof a luminescent, fluorescent or noctilucent

substance and a transparent inorganic aggregate, or a

transparent 1norganic aggregate with the luminescent,
fluorescent or noctilucent substance baked on the surface

thereocf, and 0.5 - 3.5 wt. % of an organic nitrogen-

P
p—

containing compound with respect to the total quantity o:

the product being compounded.

2. An artificial stone as claimed in claim 1,
wherein the organic nitrogen-containing compound is an

amine.

3. An artificial stone as claimed in claim 2,
wherein the organic nitrogen-containing compound is a

cyclic amine.

4. An artificial stone as claimed in claim 2 or 3,
wherein the organic nitrogen-containing compound contains a

carbonyloxy group.
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