13 March 2006 NOCTI LUCENT AND/ OR LUM NESCENT ARTI FI Cl AL STONE Techni cal
Field The present invention relates to an artificial stdtddvamch 2006
formation. More particularly, the present invention relates to a
noctilucent and/or |um nescent artificial stone which is useful for a
buil ding material, a view material, or the |like such as a direction
indicator, or a location guide with a decorative or a dark-field

illum nation taking advantage of the lum nosity with an accunul ati on of

light or an abslg(prItS'L%QEﬁ& Mé{ VEB*{?&E&%‘%&%’ Aﬁ@?ﬂaéﬁ%f g%ggﬁi on. Background

Art An artificia one cake roma mxture o crush natural stone
with a resin or the like is conventionally known. Various ideas have been
carried out to make this artificial stone have a design of a natural stone
styl e sBefrasahdrBl® or granite and besides superior hardness and

strength. Aspd thicalnd O biRLAYiBERs f wpcthon and pear f rpENGRy of csuch an
artificial stone, it Is proposed to give a lumnosity function to the

artificfedmagtione witte usintgewldrim nelst epressubsiavragisncielasea taoxti | ucent

substance |.i ke light accumul ation material or an_ultraviglet ray

U nesBert il P R P R P GRTER E IR PEP R Bt Lo B8 lndBF 1 on. For
I NSt ancpuildihd MNRECANt d idiewWhhedri&EDNSbStEeOflirN subRosHani G réddiber, a
synthetic resin, and a |ight accunul ation pignment and includes an -

i nor gant&ifiterer oBf anoteeativan Rbbut “Bb % 199°3akicc hP2086 Brk1iield ot al
anount, 11 RmPEARES %kﬁ&@%ﬁ@a@&ggf %&egﬂe Iﬂ.@nluﬂ{o@%p vJ}.th an accumilation of

light or an absorption of ultraviolet rays, and its formation.

Background Art
Zn artificial stone caked from a mixture of a crushed natural stone
‘with a resin or the like is conventionally known.‘variou§:ideas have
been carried out to makeqthis artificial stone have a design 6f a natural
stone style such as marble .or granite and besides superior hardness
and strength.
' As a trial for improving a fﬁnction and performance of such an
artificial stone, it is proposed to give a luminosity function to the
artificial stone with using a luminescent substance such as a
noctilucent substance 1like a 1light accumulation material or an
ultraviolet ray luminescent material emitting light with ultraviolet
rays absorption.
For instance, a luminescent tile whiéh consists of an
inorganic filler, a.synthetic resin, and a light accumulation pigment

=3

and includes an inorganic filler of more than about 30 %




60-137862). For instance, on this lum nescent tile, a board of 3 to 5mm
‘thick is proposed, which is nolded and hardened from a tbMgwhi2G06n of; 75
W % of silica sand as an inorganic. filler 5 with an average particle
dianeter of 0.2 mmor nore, 15 W% of syrup consisting of MVA pol yner/ MVA
‘nmononer of 25/75 in a weight ratio, and 9 wt% of a Iight accunul ati on
pignment. In addition, a |lum nescent material obtained fromthe follow ng
conposition:is proposed; a natural or synthesized 10 |um nescent stone
emtting light by ultraviolet rays and an adhesive resin of 4 to 10 wt %

agai nst a tofaleramosidy a}n@&kgt Wi § fbro%o@@hum&pa%sayﬁda&lmcamhmt e
-(Japanese . Patent Laid-Open No. 8-1197068). However, a |um nescent

mat eri al sucdsnoamvamnvenér onadtante, adchi Ehicd a.lumiinbecent driflief, i ai ladast one
which is made noctilucent, for instance, by the above |ight accunul ation
pi gment has sevketalSmrhchiak i provpsefiorwisiedt b Aohged addatienedof FYht ness
over 3ntd/n2 which is a lower Iimt at_which a persopn can ensgre a contour

of things, fRoIRWPaSItiPBIYT Pal'ed oft 841193 FaPGt3DATALIHHY 2 H% a D65
| d.jght d the, ah |
B e YR 9GS gl A SRR 30 n JBhELLR 2 { oo

S on y one our i tion, ere was

a problemth rgég%ggggg 1 ?g%%lﬁﬁrmlrﬁﬁfom\é&%iphky*yl% ﬁ@lé‘lﬂ: t hought

to be necessa uge I'nstruction in a power cut for about 15
m nutes was pQtiol N €£RRWIBF| £VEightlrsamplLabl &sp Mete@tcomMmon as. a

probl em that enough | um nescence performance is not obtained either in. 2
13 March 2006 In addition, a luminescent material obtained from the
p(‘j .following composition is proposed; a natural or synthesized
) 10 luminescent stone emitting light by ultraviolet rays and an
adhesive resin of 4 to 10 wt% against a total amount along with
a natural or synthesized aggregate (Japanese_‘__,Patent Laid-Qpen
No. 8-1197068).
However, a luminescent material such as a conventioﬁal
.15_ artificial tile or artificial stone which is made noctilucent,
for instance, by theabove light accumulationpigment has several
hours at most; for sustaining a declining brightness over 3mcd/m?
which is a 1owe‘:;: limit at which a person can ensure a contour
(‘; of things,l from a saturated state after irradiation at 200Lx
| 20 with a D6.5 commonly used light source; and the above proposed
material (Japanese Patent Laid-Open No. 60-137862) has only one
hour. | |
In addition,. there was a problem that brightness required '
for a cl.ea.r visibiiity which is thought to be necessary for a
25 refuge instruction in a power cut for.about 15 minutes was not

in an enough level. These problems were common as a problem

that enough luminescence performance is not obtained either in.




case of a light emission by ultraviolet rays. Furthernore, there was a
problemthat only a surface |layer of 1 nmdeep at nost T3 Merchi2808urf ace
-can emt light and a light accumulation material or the |like included in a
deeper side.of 5 a conpact of an artificial stone can not act at all, in
either a case of an artificial stone (an artificial tile) being nade
noctilucent by blending a |ight accunul ati on pignent or a case of an _
artificial stone being made |uninescent by ultraviolet rays. 10 For this
‘reason, a thick light em.ssion |ayer could not be provided. Thus there was
a fundanment ghs@reblLmieht kRitpBess eneailnaaiabrenceagescri bed above that an
extension of an noctilucent tine was difficult, for instance, on an

noctil ucent artifuditdrmeorenctieoeedasia preblemgbhatondmd aukbace 18vanteri al .
Actual 'y, owing to these problens, a practical use taking advant age of

| i ght accunffak PBrAgfFCRE IMAEEn EBOMTNChSYEFRAS AR oMt hEIRt apdent i8Rt as

refuge induction guides in a, power cut . in,an u r.ground _shoppj ng.center,
for instahc@?c?‘guf?l?ﬁ%ﬂafﬁr?%fe?rp'é\’?ltl,lkteabré&_lbcfedi1ﬁiaf:éne\?/ﬁ%hﬁi%ﬁc?ades t he
i ght acgunyl ali Qe BRIG! W@y ehbib? dUnPEAE ARt IAMLARS M RWcpaENt Of a
cost to blen Um nescent ~substance I\ n an artifrcial stone as parts

‘which do ngtcLaniolri bt dicidilalgbtos @8 8P 8ei ¢l ¥i1BpCRISRy hAGe25
noctilucent substance such as a |ight accurmulation material and  the
| um nescent nsobslwrae: il edingya dlightr aysurarla tdopepbyment and casse a

whol e cost of an artificial stone product to 3 to 3 ) .
. of an artificial stone being made luminescent by ultraviolet

,{ig rays.

' 10 For this reason, a thick light emission layer could not
be provided. Thus there was a fundamental problem on
rluminescencg performance described above thgg,an extension of
an noctilucent time was difficult, for instance, on an
.noctilucent artificial stone mixed with a light accumulation

15 material.

| Actually, owiﬁg to these problems, a practical use taking
advantage of 1ight accumulation noctilucence which function
attracts attennion as refuge induction guides in a power cut

(f} in an underground shopping center, for instance, is limited to

20 a paint, tape, or a film which includes the light accumulation
-material.

It is not practical from the view point of a éost to blend:

a luminescent substance in an artificial stone as parts which

do not céntribute'to a light emission actually, because the

25 noctilucentsubstancesuchasea1ightaccumulationnmterialand

the luminescent substance with ultraviolet rays are expensive

and raise a whole cost of an artificial stone product to 3 to




13 March 2006 10 tines higher even with a small quantity of addition. In
addition, a conventional artificial stone could not be twheped0osor fl oor
materi.al s, for instance, to which an abrasion resistance is required,- as
it has.a problemnot only in the 5 | um nescence performance but also in a
physi cal property such as a strength, an abrasion resistance, and '
weat herability. Thus, the performance and the use of the conventi onal
artificial stone which is noctiluscent or |um nescent with 4 ultraviolet.
rays were extrenely limted. 10 Considering these situatjaons, the present
i nvent or s haPetipedgokeheraevant WiFRi & smaldn&uaift ER ?’gaﬁqdzlé:§°&'hi gh
strength and high hardness as an artificial.stone i di i ROrgani c
aggregate and fi Fr&HYR"a 3 EQFﬁeI&’CPréaldggkjl Jl‘JcelETe'Ll _'g&lég%gpg?a t“sgl'?one;

al lows a li%pntﬁlﬁﬂza%ogrﬁl\go%%’ |.6kAeSSe Y Phendidg @ kh g8k anbBragesnul ation

material or "a ravi o um nescent material: enables a contour

thi ckness ascalsehhidi £d alefitiorRa, 59 be MiPgeprobldnbest dasyenabkbs a
Jlum nescent tinme to be longer (for instance, W08/ 39268, W98/ 35919).

These proposaknsS nakeerss eiirifakrhyncé aractdsd zied ahphysigiadgprve sty erak gr oups
of inorganic materials which average particle dianeters are different, m
speci fic bl emdengtrangth. ewplabyragont Fesbpernaitr PROr YaRTRETARE Yl s for
PRterial's or ult FRUFo! Eie B ATRPRBSEAR TSR Bt R or ST SISO e smal I er
T b e SATSHERL p8inf U0 L G Otub ftsac e
) ultraviolet rays were extremely limited.
’ C! 10 Considering these situations, the present inventors have
proposed an artificial stone; which realizes a high strength
and high hardness as an artificial stone including an inorganic
- aggregate a;d-filler with a resin and a deep hue like a natural
stone; allows a light emission with thickness by blending a light
15 accumulation material or an ultraviolet ray luminescent.
material; enables a contour thickness as an artificial stone
to be bigger; and besides enables a luminescent time to be longer
(for instance, W098/39268, W098/35919).
These pro;;osals are essentially characterized by; using
20 several groups of inorganic materials which average particle
diameters are d_iffe,rént, inaspecificblending ratio; employing
transparent inorganic materials for groups with bigger particle
diameters; blending light accumulationmaterialsor ultraviolet
ray luminescent materials for groups with smaller particle
25 diémeters, or coating them beforehand on the surface of the

‘transparent inorganic particles with bigger particle diameters -

by baking or the like.




by baking or the like. 4 13 March 2006 And.these proposals were based on
new findings that it is possible to increase a thicknest Marchi2088ting to a
“lumnosity - of a light accunulation material or the |like by neans of
controlling an inner. structure of the artificial stone. 5 Actually, an
artificial stone based on the proposal of the present inventors enables
brightness of 3 ntd/n2 or nore to continue for about 8 hours. However,
- after that, the present inventors have investigated as a big subject to
~control a relationship between 10 a structure of the artificial stone and

the | um nescenceafethesBEsbodalls 1éfe PakpaSsh dlw fMdMIgthde dwuisnescence
performance of |ight accunulation materials, and | um nescent materials
with ultravboseiblays, ifiorease si tigickdwsd nbhiaibbrimghtpes Slugfinpsdhy

accunul ation | um nescence and besides 15 enabling the |lumnnosity at a
predet ermi ne #rlightheasrunylagaen nerterigl gr| shgetike Y N92%SsOfo realize a
| i ght accumul ati on ] um nescent artificial _ stone wh gw i N maxi mum non

Leh, sh
energetic | GRAPhE_EERGE AP NEhERS B % Xr é&'e’t ﬁfﬁ?h’gﬂla(s)]r ?d:ﬁ_tnﬁéss at ni ght
or 1n a power 20,cul AN 8, 1 Qls 81 P YUBAIIdS Gh Ane Y i1 wheraviol et

rays radiation Ic WS ‘an energy-saving property 1n maxi num Besi des,

concerni ng gReLBR: CONdorst RRaBL £SOt i JHIHRALOLE Banea/dnveshogates as a
subj ect to sustain and inprove a physical property of extrenmely high

qual ity andcbhgbniiensdt eiboaitcls Bsur?5 strength, surface hardness, abrasion
resi st ance,
: However, after that, the present inventors have
, C investigated as a big subject to control a relationship between
) 10 a structure of the artificial stone and the luminescence
performance; for the purpose of improving the luminescence
berformanceﬁpf light accumulation materia1§$§nd luminescent
"materials with ultraviolet rays, for raising the initial
brightness‘of lightraccumulation luminescence and besides
is enéblingthe1uminosityatapredeterminedbrightnesstocontinue
| for a longer time.
Itistorealizealightaccumula;ionluminescentartificial
stone which shéﬁs in maximum non energetic luminescence
(\} ' performance of a predetermined brightness at night or in a power
20 cut and a light emissive artificial stone with ultraviolet rays
radiation which shows an energyﬂsaving property in maximum.
Besides, concerninq on the control, the present\inventors have -
investigated as a subject to sustain and improve a physical
property of extreﬁelyrhigh quality and high function such as
25 strength, surface hardness, abrasion resistance,
ﬁeatherability, a color tone, and.waterproofing/chemical

resistance, for instance, which the present inventors have




weat herability., a color tone, and waterproofing/chem cal resistance, for

i nstance, which the present inventors have 13 March 20061&Maich2666ti ||l now.
Di scl osure of Invention D sclosed herein are artificial stones that can be
a solving nethod for the above subjects. According to a first aspect,
there is provided an artificial stone including at |east one kind selected
froma transparent aggregate, a |ight accunul ation material, or a

| um nescent material by ultraviolet rays along with a resin being
characteé£%%d b J;lavmg hi gher | um nescence perfornmance of the artificia
stone than tﬁat tA€ i ncl uded | i ght accunul ation material and/or

| um nescent material by ultraviolet rays per se. The artificial stone can
have hi gh | um nescence performance in a lower filling factor (vol% of the ;
artificgéﬁdgﬁﬁﬁ%‘Fhéﬁv?%%KWHX|nun1 filling factor (vol% of the included ;

light accumupatdigReBLLEAl o re %@@AP{Clawg@&%‘e%er{ﬁm@HLgﬁ'@A DAL LAVI ol et

rays per se. In addition, the artificial stone may I nclude a transparent
aggregam@tkwﬂjfat tbasabQM$eSMbnmht§electexﬁﬁhgonpaalfgﬂﬁt acpentyl aheon

material_or a nescen ultraV|oIet rays ajong wwth a resin
ot ng. CHaEPAPTS Al BE LA Th PP Dt Aot St Ghe EH GriShe. and

. 1/1.5 OfrdneSs ©fandpdRheKBgeSqofe,t N adhif iackalulstione n@i:éﬂalca%r and
hardened. In addition, the artificial stone can have a partlcle di aneter 13

‘Mar ch 2@%“&@@?@9&%@@%@31 SUgraviekebr ravt e2loTHe vakkh | 41 t¢En Sedme may al so
have a&&‘é@Eé‘&% %31:;:; ?,ésl anpfltg%r ofy gegceg{ggl[o%r gpgm%ggé egates, that is

1/20 or nore an th| ness o artitreial stone
artificial stone than that of +the included 1light accumulation

material and/or luminescent material by ultraviolet rays per se.
The artificial stone can have high luminescence performance in a lower
£filling factor (vol%) of the artificial stone than the maximum
filling factor (vol$) of the included light accumulatlon material
and/or luminescent materlal by ultraviolet rays per se.

In addition, the artificial stone may include a transparenﬁ
‘aggregate and at least one kind selected from a light accumulation
material or a luminescent material by ultravieclet rays along with a.

. resin being characterized by that a particle diameter is 0;1nn1anDre
‘and 1/1.5 or less of a thickness of the artificial stone after cast and
hardened.

In addition, the artificial stone can have a particle diameter

of




after cast and hardened. The artificial stone may al so have transparent
~aggregates that have an irregular surface configurati on3 March 280&r age
particle dianeter of a light accunmulation material and/or a |um nescent
material by ultraviolet rays can be 10 .m or nore and 300 p or |ess; and
the average particle dianeter can be 40 }gymor nore and 150 pm or |ess.
The artificial stone may include an inorganic filler with a particle
dianeter less than 0.1 nm and the average particle dianeter of the filler
may be 30 pmor nore and 70 pmor less. The artificial ston have a

vol unme rafﬁgéeg‘ﬁes 2Nt atts Par SHC§T TRIGr SgSt T THTAFIT S SEBRYEY DT B¥A 80 % or
l'ess; ang, the aptifiGlidhe ai%%emf haye t@ar\/sgnlak'&ﬁ: r:3bt&ya@bs actdt! ligr to a
Ilght accurmul ation nmaterial, a |um nescent 13 March 2006 material by

ul travi ol/@0 paywreoand g3 mextlese of & W@lbbteﬁSt patthes agtoricipbresoand 100 or
pess as [dlperdCll Al aeemuiall g MRLerLal, ANdLOl.. | LG Ne3Eent, qRt eri al
by ul t r aVitefet® rayqﬁ. ransparent”'aggr egat e can be ‘quartz or rock
crystal angishbhgentf | | bggr&pmebe atiud ni uavdydraoxi derssguSili casuraee
transparent aggregate can be a glass and the filler can be silica or

al unmi ni WIRATRYEYERG18B: Furthernore, the artificial stone may include a
nontransparentEg&grggngﬁplgagnﬂhghcﬂaﬁé@g§pg%e@1 POgkeaalemand By that

the particle dianmeter is 1/ | ess of a thickness of the artificial

" stone aftagertalstandricr valdeiredcand mmteotal hyolelp%ﬁterayS @n by Anspar ency

aggr egatot?: r?g]rg a?‘n’d %%nt [ anslpar ent ag}g at eis

pm or less; erage par eoéiameter can be 40
pm or meore and 150 um or less.

The artificial stone may include an inorganic filler with a
particle diameter less than 0.1 mm; and the average particle
diameter of the filler may be 30 1m or more and 70 ym or less.

The ~ artificial stone may have a volume rate :of a transparency

.. aggregate that is 20 % of more and 80 % or less; and the értificial
stone may have a volume ratio of a filler toc a light accumulation

material, a luminescent




nore and. 80 % or less of the artificial stone. The artificial stone can be
in a saturated, 'state after an exposure at 200 Lx w t H3tMarcb@80& ommonl y
used |light source to brightness of 3 ncd/n2 for 12 hours or |onger. The
artificial stone can be lam nation constituted as a surface 13 March 2006
material; and can be constituted as a part of the surface. The artificial
stone as nentioned in the above is based on know edges as the follow ng
which could be get as a result of the detailed exam nation by the

inventor. In _other words, noctilucence/] uni nescence performance can be
i nprovatRtgFERt PY WHRVIP1EE r tiefur & dheaii=iEs 195t 8nEh#End=i P s°F control ,

as for @, 8t WGt ype/ 6PNYEQ L EDALr£A@SEht <FRuRBbEifl GnalbANRt @haflx
transparent aggregate; <2> Configuration of transparent aggregate; <3>

Parti cl brrdhesrenemagkridlghy wWecemelat ias) material /ul traviol et rays

| um nescent terial; <4> Vol u rate . of transparent agqregate,..and vol une
rati o agai nilgh? f I EPaTeRE A BEPYatSt O éor?sﬁz"i?%ﬁt g)]figrgorcegcz:a eFagnaggc%rf??bi nati on
of it amdiserdan 4 duhleiun apdabaove-sertioned factor, etc is nmade
inmportant, and it is effective to control these factors to_ a specified
condi tion |iTee t heapresent 29aF¢emts Gt PRedediasct 6P W Lifdde @ear for

the fingt sgﬂ% %r¥ QiLmiEE_‘MrEWdQQzEJ[c%U of the present inventors. Brief
Description o awings Fig.” 1 illustrates an aspect of cutting out the
artificial Sugheermangl t he sher f aceipircdekssstgs may  include a
nontransparent aggregate aloﬁg with a transparent aggregate and by
that the particle diameter 'EIis 1/1.5 or less of a thickness of the
artificial stone after cast and hardened and a total volume rate of a
transparency aggregate and a; nontransparent aggregate is 20 % or
more and 80 % or less of the'artificial stone.
The artificial stone can be in a saturated state after an
exposure at 200 Lx with the D65 commonly used light sourcé to

brightness of 3 med/m? for 12 hours or longer.

- The artificial stone can be lamination constituted as a surface




Fig. 2 illustrates a lam nating conposition of the noctilucent/|um nescent
~artificial stone, in which (A shows the exanple which thMaich@066it

| am nating all over other kind material, and (B) shows the exanpl e which
carried out partial lamnating to formgratings. 9 13 March 2006 Fig. 3
shows the recessed noctilucent/lum nescent artificial stone; and Fig. 4
shows the integrated noctilucent/lum nescent artificial stone by

i npl antation. Best Mdde for Carrying Qut the Invention . The present
inventio h escr] features Preferr derrbodlrrents of the
pr esent P#\)%% %o%ngm E}Bg K glsjf:lrﬁbeg hér g?rfltafotfelr’cge 0 Findanent al | y, the
concept in thehpresedicidlyenbhdnasasentiOiedk NGWLHeN spbvedriardasatl ahl . The
above first and second inventions are provided as a new technical concept
whi ch evERCYIERBEDrass dhe EAVEOHERT sTHAR ﬁ?i’tldaéaug?i‘ecﬁsaé Zefilidiodgthefore. In

ot her wopdssitheeNaahit usent/ lnineseet artificial 15 stone of the
present invention is an artificial stone including a transparent

aggregate, atIp ea@teron@rﬂﬁndn@:éhéme@deﬁMM@CEnghtpeﬁeumbatcmnbﬁat erial

and a lugnesc erial. b | traviol rays | | er xed if
needed al'dng W tﬁre si'fi; hb%l Sﬁtgrucg ar act éFi 7 lCl Zw ehla(f]l?e S

| umi neSCeﬂl@tﬁ:operi@rfﬁ&n@%taﬁcttﬁ%/zgn‘@l’otli {4 adnak. caesteone than that of the
i ncluded [i ght accurrul ation naterial and/or |um nescent material by
ultl’aVIOF%R r §%;H5é? qQameter of transparent aggregate;

<2> Configuration of transparent aggregate;

<3> Particle diameter of light accumulation

material/ultraviolet rays luminescent material;

<4> Volume rate of -transparent aggregate, and volume ratio
against filler;

<35> Sort of transparent aggregate, and combinationof it and sort
of filler; | |

an above-mentioned factor, etc is made important, and it is effective
to control these factors to a specified condition like the present
invention. These factors were made clear for the first time by an

investigation of the present inventors,

Brief Description of brawings

Fig. 1 illustrates an aspect of cutting out the artificial stone
and the surface processing;

Fig. 2 illustrates a laminating composition of the
noctilucent/luminescent artificial stone, in which (a) shows the
.example which carried out Jlaminating all over other kiﬁd
material, and (B) shows the example which carried out partial

laminating to form gratings.




The | um nescence performance with such a feature has never been thought
till now. It neans that an artificial stone of 25 the pr&&Marchia®beénti on,
nanely is realized as a blended conplex wth not only a |ight accurnul ation
material and/or a lum nescent nmaterial by ultraviolet rays but also a
transparent aggregate, 10 13 March 2006 a resin, etc, has superior

| um nescence performance to that of a |um nescent material and/or a

| um nescent material by wultraviolet rays per se. The artificial stone
havi ng the superior |um nescence 5 performance is provided for the first

tinme by the presgqy. 3 RuBWLOtEe Jdteddddl neseenceePe/TRimeBeeneof a |ight
accunmul ation material and/or a |lum nescent material by ultraviolet rays
per se, isaevhfiwmiad sitonkheafidl | owi ng ways, for instance. 10 As for sole
| um nescence performance of these light accunulation materials and/or

| umi nescent nat efigl ¢ Ispowal thavintegratggs nperibeceni/Hamipgagentre used in
a formof particles, first of all, these particles are charged in a

t r anspar ent 2ryeEetal \HteReaRY yHPRY YA %Fpened and-with a same depth as a
t hi ckness 15 of the artificial stone in casting, and are pressurized. with
a vibration to be a close packed state. The condition shows the condition

where partigles wOfSi ] 0erelihd Bile aGEURHLRht98n Materials and/or
| um nescent materials by ultraviolet rays are packed in nmaxi nrum keepi ng

the initial sizermacreiepe iidiiion?fabetiy abevegadscailtkd eaconest i on
where any longer it cannot be filled up any nore. This condition is
conposed byPrhésergaeme,djg@nts of the present inventionwill be described

; O hereinafter.

10 Fundamentally, the concept in the present invention was
not known in prior art at all. The above first and second
inventions a.‘;:e provided as a new technical cq:ncept which even
the present inventors had not acquired as a finding before.

In other words, the noctilucent/luminescent artificial

15 stone of the present invention is an artificial stone including

| a transparent aggregate, at least one kind selecfed froma light
accumulationmaterial and a luminescent mai:erial byultraviolet

rays, and a fil{ler mixed if needed along with a resin; being

{"‘} : ‘characterized by having higher luminescence performance of the

20 artificial stone than that of the i:qcluded light accumulation
material and/or luminescent material by ultraviolet rays per
se. |

The luminescence performance with such a feature has never
been thought till now. It means that an artificial stone of

25 the present invention, namely is realized as a blended complex

withnot only a light accumulation material and/or a luminescent

material by ultraviclet rays but also a transparent aggregate,

10




and air existing anong these. Then, the |um nescence per for mance can be
nmeasured in such a close packed state. 25 For i nst ance, 13Marh 208&i ng each
strontium al um nate based |ight accumulation materials (nmade in NEMOTO &
Co., Ltd.) with different particle diameters into the closed packing state
in 11 13 March 2006 11 the container with a depth of 5mm and carrying out
an irradiation at 200Lx with the D65 |ight source for 60 m nutes (nore
than saturation tine) , initial brightness after 15 minutes and a decay
time until brightness declines to 3 ncd/ n2 was neasured, and 5 it was

shown in Tal Cedinldettd Mo Gupe296r 0} neRcefite petférmbinfe th éhat of00 00
| a luminescent material and/or a luminescent material by

ultraviolet rays per se.

The artificial stone having the superior 1uminescence.

5 performance is provided for the first time by the present

inventors.

The luminescence performance of a light accumulation
material and/ora luminescent material by ultraviolet rays per

se, is evaluated in the following ways, for instance.

i

ot

10 As for sole luminescence performance of these light

accumulation materials and/or luminescent materials by

ultraviolet raysperse, since theseareused inaformofparticles,
first of all, theseparticles arechargedina transparent-.'vessel

with an upper part opened and with a same depth as a thickness

15 of the artificial stone in casting, and are pressurized.with

a vibration to be a close packed state. The condition shows

the condition where particles consisting of 1light accumulation

materials and/or luminescent materials by ultravioclet rays are
’} packed in maximum keeping the initial size and.shape witho_ut
20 being damaged, and the condition where any longer it cannot be
filledupanymore. This conditioniscomposedby these part_icleé ’
and air existing among these.
Phen, the luminescence performance can be measured in such
a close packed state.
.25 For instance, after making each strontium aluminate based
light accumulation materials (made in NEMOTO & Co., Ltd.r) with

different particle diameters into the closed ‘packing state in

11



Mcncn ,n C 00 .~ 6 InF4n6 tp~ycp MO~ 13 13 March 2006 On
the ot her. hand, an artificial stone including a |ight actimetcht2006 nmat eri al
with an average particle dianeter of .150 pmshown in Table 1 as a
conposition, was cast and hardened to be an artificial stone of 5 nm
thick, and its |lum nescence 5 performance was neasured. The results are
shown in correspondence with a filling factor (volunme % of a |ight

accurrul ation material in Table 2. Table 2 10 Li ght accumul ati on Bri ght ness

after material filling factor 15 m putes Decay tine to 3nrd/ nR vol une %
(ncd/ nR) 0. f@@f%fﬁ§%ﬁwf_tﬁﬁ6%?§5ﬁf Smm, and carryingout anirradiation

at 200Lx with the D65 light source for 60 minutes (mor'e than
saturation time), initial brightnegsafter 15minutes anda decay
time until brightness declines to 3 mcd/m? was measured, and

5 it was shown in Table 1.

kS
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15 material, in other words, that the |uninescence performance is, on the
contrary, inproved with blending, being different from %tiarch 2066m0n -
know edge. -The followi ng reasons can be guessed. In the artificial stone,

~almost all light accumulation 20 materials can effectively absorb an
energy of light (ultraviolet rays) given with radiatiron such as a sun

~light and a fluorescence light, as a result of scattering or irregular
reflection of the light in inside of the artificial stone due to a blend

or a. conjugation with transparent aggregates and others. 25 Therefore, the
absorbed |ight ignigisd denet Hdies,anhi {4 i flciadt #B6né Snacaadbg af @dght
effectively and the |uninescence can be nmade effective. 15 13 March 2006
The above- magtufnatdt phemanendal ivd thexogrierede martdoly dimmegekighi S0

~accunul ation material but also in lumnescent materials _ by ultraviolet
rays of theupresewn innGablé dnas ThgemppAithen prasefitst Mpeneirned to
conposition is provided -5 for a preferred, z%(r ificial stone to allow the

above- ment| §8e@n 2phehtiidTor CoRRi 85 a7 tTF i Pri* s AGRel tat LY HRGSC8Efpr i ses an

i nor gani aggregate, a liaht mul gt | rj jh.other words, a
light a c_uﬁ%?g ig%n?%n‘fanség"ceéar?t%%%éf erlﬁiae! ;}QS,E{-%EE! %?hé n'"(éﬂsdgvélnégrm_t erial 10
emtting i Q:%Frr@é BBa0S-Ofwitthl HaYi ol Bhgi f4adAtl (voAumangh & ¢ @SiiAghtwherein a
part or a whole of said I norgani ¢ aggregate consists of a transparent
aggregat e. Wheamalhtamspidutiadgghegabbeis. one part of the inorganic

'~ aggregate, the ratio is determ ned

)

(3 Table 2
) 10
Light accumulation  Brightness after
material filling factor 15 minutes Decay tinie to 3mcd/13c_12
(volume %) (mcd/m?) )
0.29 6129 - 1h35m
1.44 105.3 ‘ 6h
3.19 . 178.6 10h45m
4.37 217.6 11h45m
11.19 3723 19h45m

15.61° 426.1 24h

By the way, brightness and its decay in Table 1 and Table

2 are measured with "BW33 luminance meter” made by T@PCON
| CORPORATION. It issimilarinthe followingdescriptionaswell.
.15 | As is clear, for instance, in a comparison between Table
1 and Table 2 for a case of a light accumulation material of
‘average particle diameter 150 um, it is understood that the decay
time to 3 mcd/m’ of én example of an artificial stone with a

filling factor of 11.19 volume % in the present invention was

14




W th a consideration to .a physical function which is needed by 15 an
application of a noctilucent/lum nescent artificial stonﬁiMathﬁﬁipresent
‘invention or its formation, and to a'lum nescent function. Therefore, in
the present invention, the transparent aggregate is .included as an

i ndi spensable matter. 20 And the artificial stone includes, as needed, an
inorganic or organic filler, and a m.nor constituent of a silane coupling
agent.,. a hardening agent, or the like. A transparent aggregate in these
conposi tions includes inorganic substances with a high transparency such

as quartz 2pg (FJldsCanf WK hinh 06 Wi akceBi@$S. 18061 Sdd 18ahoties dMst ance.
For these transparent aggregates, an inorgani c aggregate such as natural

rocks of nonatigRsRBERNEYa t TG ed1sialapek oer amd csa 6niBidkbrholRO0B:scan be
concom'tantly enployed in a permitted range. A filler blended with an
aggregat e asafieeddd nénsved lofgrarantd fisdadertatia Wikh rudh1AiAS F3RkaT cl e

di aneter than aggregate, and includes, for insta ¢ norganl subst ances
such as al un®hit ﬂﬁSVﬁ}Hﬂ%iﬂﬂéa%ﬂ%ﬂ&?ﬁﬁﬁﬁhﬁﬂt@ﬁqqgﬁ b%ﬁﬁé? uﬁﬁgﬁ§9“15|llca

rock) pomder tand cal ci um carbonate, and organi c substances such as
plastic po w8t Eeriat Be3IsfPe bead. For a |ight accunulation material or a

| um nescent mat er'f‘lﬁalse QXnHl +f %s‘&ll%ts 5§-¥Scon\ffi'ﬂnglisn5t rtgﬁyOflnnEiﬁé |c@ S .
including a 10 conventionally known materi al a comrercial material can

be -enpl oyed aﬂﬁbwwﬁdﬂumhiatIhﬂhﬁtb&aaimﬁtnnﬁiaWﬁxag&msttxunadmmmeﬁanﬂ nat e
base substance, a zinc sul fide base .Substance, or the
: of 150 ym, but a}so in any case with 10 to 300 pm shown in Table

.r (r 1.
- 10 It is thought tobe common that the luminescence performance
ofasole luminescent material will drop by means of being blended
with other components. However, it is surp_;i-sing that the
luminescence performance of the artificial stone of the present
invention is superior to that of a sole light accumulation
15 material, in other words, that the luminescence performance is,
| on the contrary, improved with blending, being different from
such a common knowledge.
The following reasons can be guessed.
(‘-“} In t:he artificial stone, almost all light accumulation
. 20 materials can effecti{rely absorb an energy of light {(ultraviolet
rays) given with radiation suchas a sun light and a £luorescence
light, as a résult of scattering or irregu;tar reflegtion of the
light in inside of the artificial stone due to a blend or a
conjugaﬁion with-transparent-aggregates and others.
25 Therefore, the absorbed light in inside of the artificial
stone is accumulated effectively and the luminescence can be

made effective.

15




like As a result of further investigation on details of the 15
noctilucent/lum nescent artificial stone which inventorsihidareh@00@ady
proposed, the present inventors have found that the |um nescence

per formance can be unexpectedly and remarkably inproved wi th a mnute
control of the structure, and have proposed the follow ngs. One of the
inportant. factors is, in the first 20 place, a particle dianeter of a
transparent aggregate. By the way, the | um nescence performance is
evaluated with a light accunul ati-on Ium nescence in the following. In the

eval uati on net hgg, di A | Sheddiiton2es WBHAH 13RS €bh1ySign boar d”
Z9100- 1987, aftg?le“l %‘g‘g{: g%%}%:gloglte‘hz 0?_x by tnhe D65 O%téu'con’m)n I'i ght source

until brighf negseiascomhis el 66 mated@sd8Vutido UluhibesgbitRasebsXEs 3
‘nmcd/ n2 is considered as the standard in the case of evaluating a

per f or mancevy IMidir@denbakkyratsd 48 ity ohre206 baveitivess of 3nctd/ nR is
considered to be a lower limt at which a person can visibly identify a
contour of a thithgs,|in &8¢ present iAVenelq.c3 GRANHAREALROHS PEPY Hftthess at
an elapsed tinme after irradiation such as initial bri%htness after 15

mnutes 5 s $9% & PEeERENShAEFI FLALRhS WHPESER AL Ve hE T AP VERBERET T e

di anet er. of tgeoménro%nsparent aggregate is determned to be 0.1 nmor nore
and 1/1.5 BHEELYF a thickness of the artificial stone after the

artificial stonemas,¢askiansh havgirnede #itde)ecaRp¥Eses @@StindPgamik
har dened” nmeans a state that a material mxture or a conposition of the

artificial sioreydve,a I1ayt aoadhtlondnmefteriad (inother words, alight

. ( : accumulation luminescent material) or a luminescent material

N 10 emitting light by means of ultraviolet irradiation, and a resin,

wherein a part or a whole of said inorganic aggrégate consists

of a transparent aggregate. When a i:ranspax_‘_ent aggregate. is

one part of rthe inorganic aggregate, the ratio is determined

with a consideration to a physical function which_ is needed by

15 an application of a noctilucent/luminescent artificial' stone
of the present invention or its f.ormation,- and to a luminescent
function.

'1‘herefore,:j in the present invention, the transparent
(ﬁ)z aggregate is included as an indispensable matter.

20 - And the artificial stone includes, as needed, an inorganic
or organic filler, and.a minor constituent of a silane coupling
agent, a hardening agent, or the like.

A transpareant aggregate in ‘these compositions includes
inorganic sﬁb’stances with a high transparency such as guartz

25 (silica rock), rock crys_tal, glass, an.d silica, for instance.
For these ﬁransparent aggregates, an‘inorganic aggregate such

as natural rocks of non-transparency, minerals, and cerar_nics

16




and hardened wi th conpression or the Iike after being cast in a nold or,

is fornmed and hardened to a predeterm ned shape from tht Mamtv2006:di ti on by -
means ‘of a continuous belt formation or 15 the like. The particle diameter
of .a transparent aggregate is - determned to be 1/1.5 or less of a

t hi ckness of the artificial stone in such a "cast and hardened"” state. In
the present invention, a preferable particle dianeter of the aggregate is
determned to be 0.3 nmor nore. 20 In case of a particle dianeter of a
transparent aggregate wth less than 0.1 mm the decay time to brightness
of 3 ncd/ N2 odis YEIRntone¥ehely NyiSyelanB! ¥, pdri® t2agh@lhge Whi ch is the

sane performance as the conventional one. In order to nake the tine at

| east six hours, &l s andedaritthcdrea gl mageiterasofeddeed 2bsnaltlranspdreent
aggregate nust be 0.1 nmmor nore of a thickness of the artificial stone.

I'n order to pewden Wéthiavmuelhfinezcpd nigi clfeodhsneles shap AIsdegnbte and t he
brightness of 3 ncd/n2 8 hours 18 13 March 2006 or Ionger and further 12
hours or | ontefiudafe pPefiashpres pdPPreprRic grRRERRFEHEYCRE 02 R nor e.
On the other_hand,. 1the particle dianejer. should be 1/1. 5 _. f the
(hi cknesd or"tRE s sERGH Krdiee. “Berira ¥Me . hwdidr deaflad o) 15
practical nogtiddicentil Wi NeRceMtpdHddd, | 6halortlad@ bsndincRe! Hiadh ¥s

provi ded, as a physical property such as strength required to the
artificial spoiegrics ghwideircukta giadd cobkaiined after the artificial stone
was cast and hardened. The | um nescence performance of the artificial.

- stone (a 10 boarkbu&ilétghesscunils iomma redigdiowa Aeméhgsoentohatgrdagg w %)

P ((Zf by ultraviolet rays, various kinds of materials including a

10 conventionally known material or a commercial material can be
employed appropriately. There is, for instance, a strontium
aluminate base substance, a zinc sulfide base;sﬁbstance, or the
like.

As a result of further investigation on details of the

15 noctilucent/luminescent artificial stone which inventors have

already proposed, the present inventors have found that the

luminescence performance can be unexpectedly and remarkably

improvedwithaminute control of the structure, andhaveproposed

(*‘.x the followings. One of the important factors is, in the first

‘720. place, a particle diameter of a transparent aggregate.
By the way, the luminescence performance is evaluated with
‘a light accumulation luminescence in the following. In the-
evalluation method, ‘according to JIS "light accumulation safety '
sign board" 29100-1987, after irradiating at 200Lx by the D65
25 common light source until brightness is saturated, a decay time
until brightness becomes 3 xﬁcd/m2 is considered as the st_andard

in the case of evaluating a performance. Incidentally,

17



an strontiumalum nate base |ight accunulation material (NEMOTO & Co.,
Ltd., G 3000) for a light accunulation material, for in%3bNamd 2008
indicated in Table 3. In Table 3, the results are shown-w t.h the decay
time after a saturated state being irradiated 15 at 200Lx with the D65 :
- caomonly used light source for 60 minutes. A conposition (volunme % of the
~artificial stone is as follows. Quartz (pulverized product) 19.98

Al um ni um hydroxi de 32.11 20 (average particle dianeter 40 pm Light
accurul ation material- 2.00 (average particle dianeter 40 n) MVA resin

44.74 - O heps; RIBLAASE 3nerd /®iils006n Sl agedt owdr NARARNL O YH3egNt |
etc.) 19 13 Nééc 2006 Tablé 3lfuninescenfp??necuafrzrdianeter range (mm

af ter i rradhgidrenhasm +16ib12: badnile?a @of0obr 0£30tBidy 1 by ddaghtionhr) 0. 1
135.4729. 4830. 3924. 5614. 23 216.8213. 2013. 1611. 133. 871 47. 2535. 9575. 6714. 971
6s 3.9723. 8183t8Ddrése8dL invertion, brightness at an elapsed time after
irradiation such as initial brightness after 15 minutes is also
5 evaluated.
In the present invention, the particle diameter of the
transparent aggregate is determined to be 0.1 mm or more and
1/1.5 or less of,._~a thickness of the artificial stone after the .
( artificial stone was cast an’d hardened. In the above, "cast
) 10 and hardened” means a state that a material mixture or a
compositionof theartificial stone ina flowcondition is formed
and hardened with compression or the like af;_.er being cast in
a mold or is formed and hardened to a predetermined shape from
the flow condition by means of a continuous belt formation or
15 the like. The particle diameter of a transparent aggregate is -
determined to be 1/1.5 oxr less of a thickness of the artificial
stone in such a "cast and hardened" state.
In the preéent invention, a preferable particle diameter

. (?‘} of the aggfegate is de_t:ermined to be 0.3 mm or more.

. 20 _ - In case of a particle diameter of a transparent aggregate
w_itﬁ less than 0.1 mm, the decay time to brightness of 3 med/m?
is merely several hours,‘ namely, 1 t073 hours which is the same
'performance as the conv_'entional one. In order to make the time
at least sgiXx houré, the maximum particle diameter of the

25  transparent aggregate must be 0.1 mm or more of a thickness of
t.hé artificial stone. In order to m_ake the time for réaching

form the saturated state to the brightness of 3 mcd/m® 8 hours

18




83.3263.1213. 012 103.087 In the table 3, about sanples including nerely 2
volts of 5 a light accunulation material, change of theldbMaghtX68s

(nmcd/ m2) by the time after radiation is shown for every quartz particle
di aneter range. Table 3 shows that it is necessary to set the aggregate
particle diameter to O.1lmmor nore, and that it is desirable "1'0 to set
aggregate particle- dianeter to 0.3mmor nore in order to make tinme to 3
ncd/ n2 into 6 hours or longer. In addition, when the particle dianmeter of
the transparent aggregate exceeded 1/1.5 of the board thickness, that is
3.4 mm thgHqBnkhe ah@H W lches MOho®IPYR 1bAgdAPkRe brektBRab B baBicT@r dened
15 artificial stone had a weak bend strength and was not a practical

. product . | aianskdr ey Bleen.shemaggrmegai.e particle diameter is.less than
0.1 mm the | um nescence performance was inproved with an increase of

bl endi ng rate ofom thegbthex handl. atherardticl paliamErer3shontd b2ObEL However ,
as a light accunulation material is an extrenely expensive, it is not

practical t®%iirRsSeasdhenEhiskuest aft Fh arddtirial sdenen; LeBISEn, 13t i s

orLyerely, | oLt antd e, 1061 UGRL LU REseEile BT ey Bhegene 1

achi eve 1t _ _ _ a mnimumuse rate of a
ight  accugptat] OB A nok ActUS 1 ApPOY e a¥ b 8HlysBcRI §26pLLY ON Of
the particle dianeter of the, transparent aggregate felated to the
present. such as strength required to the artificial stone is difficult

to be obtained after the artificial stone was cast and hardened.r

;(f} o The luminescence performance of the artificial stone (a
. 10 ©board thickness of 5 mm) including merely 2 vol% (3.89 wt%) of
an strontiumaluminate base light accumulation material (NEMOTO

& Co., Ltd., G-300C) for a light accumulation material, for

- instance, is indicated in Table 3. In Table 3, the results are

shownwith thedecay timeafter a saturatedstatebeingirradiated

15 at 200Lx with the D65 commonly used 1ight source for 60 minutes.

A composition (volume %)} of the artificial stone is as

follows.
Quartz (pélverized product) 19.98
O Aluminium hydroxide . 32.11
o 20 _ - {average particle diameter 40 um)
Light accumulation material ‘ 2.00

- (average particle diameter 40 um)

MMA resin 44 .74
Others ‘ remainder
25 (Silane coupling agent, a hardening agent, etc.)
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i nvention shows a conspicuity of the invention. 10 In the present
i nvention, the average particle dianeter of the transpat®March@§Pgate is
~further preferably 1/20 or nore and 1/3 or less of the thickness of the
- cast and hardened artificial stone. By making average particle dianmeter.
i'nto this range, it becones possible to I engthen certainly the decay tine
until 15 brightness declines to 3 ncd/n2 in 12 hours or |longer. Table 4
shows changes of the decay tinme to brightness of 3 ntd/n2 with variation
of average particle dianmeters of quardiie @1 the artificial stone (board
t hi ckness of 5 mm of the followng conposition (volume %; 20 Quartz
(pulverized product) 49 Al um nium hydroxide 14 (average particl e dianeter

40 pm Light{ accunul atjonl material G 3000 5 average particle dignmeter 40
pm) 25 MVA r|dymineseeqtiimen £ figpeteptan hstituents-duch as a

si |l ane coupl|i ng 1 ng aaén1 are oniited. 1] jiess gdn 3 3 March
2006 siml ar inet e 5@fo | criptpgnt apge welsl | Jabbe 4 &%nuwlparticle
Aver age partj cltey light dmet e djaneter {mm Time to 3 ntd/ Rl 2. 380. 2512h
15m 2. 381. 013h30m :
o _ 1 29.48 . 30.39 24.56 14.23
2 1320 | 13.16 11.13 3.871
4 5.957 5.671 4971
o 6 3972 3872 | 3.082
' O 8 3.121 3.012
o 10

In the table 3, about samples including merely 2 vol% of

.5 alight accuxﬁulatio_n material, change of the bfightness {mcd/m?)

by the time after radiation is shown for every quartz particle
diameter range. |

Table 3 shows that it is necessary to set the aggrégate

particle diameter to 0.lmm or more, and that it is desirable

10 to set aggrega’t;e particle- diameter to 0.3mm or more in.order

(\} to make time to 3 mcd/m? into 6 hours or longer.

In addition, when the particle diameter of the transparent

aggregate exceeded 1/1.5 of the board thickness, that is 3.4

mm, though the result isnot shown in Tablel, thé casf. and hardened

-15 artificial stone had a weak bend strength an.d was not-é préctical
product.'

In addition, when the aggregate particle diameter is less

than 0.1 mm, th_e luminescénce performance was improved x:;rith an

i-ncrea'se of blending rate of a light accumulation material.

20



2.381.213h45m 2. 381. 613h 2.381.89h45m 5 * Tinme to 3 ntd/ nR after
drradiation at -D55200Lx X 60 m nutes (nore than saturati®dMatchiB®Psi s shown.
From Tabl e 4, a significance of the average particle dianeter with 1/20 or
nore and 1/3 or |less of a board thickness 10 of a cast and hardened
artificial stone is understood. On the other hand, it is preferable to

enpl oy a transparent aggregate, having not a regular crystal cleavage pl ane
and not a spherical shape but an irregular surface configuration. This is
char act eri zeHodever s sts ian 1agkbrperumdi liopweeke ki iF @8i PFEEEMS Y ock) and
rock crystal. These are usually pul verized to becone alug(r?gdet er.m ned

particle di afEPERSLIeprodaEt?® Pﬁ&F\?éfHe'if’ lﬁ‘Fc’iaﬁﬁ?_‘i}'fe T t ends
to have a reggL?h_surFfogc%f% IdasdnS BLOBLY. SIVSIAY i a50rc LAt tde @bBer hand,

|
‘a quartz pro doés ' n ave such a tendency. The quartz product

consi sts of 20-0ffhfsht)iluhialstéd €HHralkiandl o BeVrIEWea€Re best
configuration 22 13 March 2006 as a whole. In addition, in case of a glass

bul b, these LembRésc&Eieh pakfbrnaged aritduef ateiom itseasaics s€em iphdt

pul verized product of quartz or nornmal glass. Such a difference affects
t he | um nescencempbafiommmaterdtl. 5 the noctil ucent/|lum nescent artificial
stone. Table 5 shows such a contrast. I n any case;: corgpfoghti on tgi\/é)lleume %

~ was as foll ows. #?dﬂgﬁhﬁeﬂ?i%bdﬁkﬁéﬁg,gbxaescrlption e par

diameter of the,transparent aggregate related to the present
invention shows a conspicuity of the invention.
-_{4) 140 In the present iﬁvention, the average particle diameter
-of the transparent aggregate is further preferably 1/20 or more
andl/3orlessof the thicknessof thecastandhardenedartificial
stone. By making avetage particle diameterfinto this raﬁge,
it becomes possible to léngtheh certainly the deéay time until
15 brightness declines to 3 med/m?® in 12 hours or longer.
Table 4 shows changes of the decay time to brightness of
3 mcd/m® with variation of average particle diameters of quartz
ontheartificiaﬁstone(boardthicknessofSrmM of the following
composition (volume %} ;
@;) 20 | Quartz (pulverized product) 49
~Aluminium hydroxide ' i4
(average particle diameter 40 um)
Light accumulation material G-300C S
{average particle diameter 40 pm)
25 . MMA resin | ‘ 31
In the above composition, minor constituents such as a

silane coupling agent or a hardening agent are omitted. It is
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Al um ni um hydroxi de 14 10 Light accumul ation material G300C 5 MVA resin
30 The maxi mum particle diameter of the transparent aggrthiaesh 2886 2. 38 mm
and the board thickness of cast and hardened artificial stone was 5 nm
The decay tinme to 3ncd/n2 after 15 irradiation at 200Lx with the D65
commonly used |ight source to a saturated state is shown in Table 5. Table
5 Transparent aggregate Decay tine to 3 ncd/ n2 d ass pul verization product
11h45m d ass ball 9h Quartz pul verization product 13h Rock crystal
pul veri zati gampr@dud tBe3@6120wing| @edcG@htibaAShsiweYecogni zed in Table 5.
It is guessed that such a contrast reflects a degree of irregular
refraction 23 13 March 2006 frequency in grains of the light which entered
the transparent aggregate. It is conceivable that rock crystal with a
highly crystallized plane or a glas5®€ 4 with a spherical surface has
" less degree of such an irregularity than the pul verized product 5 of
quartz or gl ass. Wien—it—explaths—rpre—as—for—the-Hght—aeetnul ati on
material bl ended Nia{ithubh @St | | UoERES dattilinescent artificjal stone in
case of the pr esenlt‘gign{&y&ntdn%, acgakh e]nﬂg(ntng)theT’é‘i@éﬁﬁﬁ%ﬁdi"Bin by the present
inventors, it confirms that it is excellent with

2.38 0.25 12h15m
238 10 : 13h30m
2.38; 12 13h45m
) | 238 1.6 13h
2.38 1.8 : 9h45m
5 * Time to 3 mcd/ m? after irradiation at Dgs200Lx X 60 minutes (more than

saturation time) is shown.

From Table 4, a significance of the average particle
diameter with 1/20 or more and 1/3 or less of a board thickness
10 of a cast and hardened artificial stone is understood.
On the other hand, it is preferable to employ a transparent
aggregate, havi:ng not a regular crystal cleavage plane and not
) a spherical éhape but an irregular surface cénfiguration. This
_ is characterized at first in a comparison between quartz (silica
15 .rock) and rock crystal. These are usually pulverized to become
a predetermined particle diameter of product. B2 pulverized .
product of rock crystdl tends to have a regular surface as it
is h'ilghly crystaliized. on -the other hand, a quartz product

does not have such a tendency. The guartz product consists of

20 grains with an irregular and rough-hewn surface configuration
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10 a viewpoi nt of the |um nous performance as nuch as the particle.
‘dianeter of the light accunmulation material is |arge, thtdMateh 2006 e
‘necessary for irradiation by light for reaching the initial saturated
‘state gets long on one side as nuch as a particle diameter is large. 15
‘For instance, about the artificial stone including 5 volt of a light
accurul ati om material, 49 volt of an aggregate and 31 volt of MVA resin,
as is shown in Table 6, it is understood that it is desirable to use a
strontium al um na e, bas aﬁﬁ‘?t accumul at i ter EQ N .aver.age

particl e di aRBELFPErS20 bofiobt 2adh pher TEpPhoditl Hafl sBVHE00 o
in order to S%f&?gg dfﬂ%%u@ﬁ?@ﬁgtfa% dn® DAL Qgt%%ﬁsorpi pﬁl%gi%ﬁ;6ﬂct

irradiation a to a saturated state in nore than 12 hours.

24 13 March gp0&udhabl &6 ndvaraggipasticl e diameter of |ight accunul ati on
material (pm Brightness/time10204080150 Bri ght ness after

3. 2133. 8094. 3464. HixH a WX 2 rlenceat feausst a1t dinim e Sc HEE3p i E3nEiR4. 7 9
Brlght ness after 2

5 the noctllucentllumlnescent artificial stone.
‘Table 5 shows such a contrast.

In any case, compoéition {volume %) was as follows.

Transparent aggregate _ 50

- Aluminium hydroxide 14
/(;E 10 Light accumulation material G-300C 5
MMA resin . 30

The maximum particle diameter of the transparent aggregate-
was 2.38 mm, and the board thickness of cast and hardened
artificial stone was 5 mm. The decay time to 3mcd/m? after

15 irradiétion at 200Lx with the D65 commonly used light source

to a saturated state is shown in Table 5.

M Table 5
( \} Transparent aggregate Decay time to 3 med/m®
Glass pulverization product - 11h45m
Glass ball | oh
Quartz pulverization product 13h
Rock crystal pulvérization product 8h30m

20
A clear contrast is recognized in Table 5. It is guessed

that such a contrast reflects a degree of irregular refraction
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12 hours (ncd/m ) | Ohl Snl2h13h15n13h30mM Sh15m Decay tine to 2 3 ntd/mlin
the present conditions, it is desirable to enploy the al&Mawgh2086ticle
" diraneter of |ess than about 300 pmand further 5 preferably | ess than 150
pmfroma view point of availability. In addition, in the artificial stone
of the present invention, an inorganic filler wwth a smaller particle '
di aneter . than the inorganic aggregate such as said transparent aggregate,
in other words, -with a particle dianmeter less than 0.1 nm can 10 be used.

A bl end of these I nor gani ¢, f|| ers #s nothal ﬁﬂ%zt ne%SIﬁé a_conposition
of 't he. noct FTERea tyHesaanPE S Hehar 1§ i 6F8§’88?r?‘h enti on.
rovever, [ Ngdidddle | SEXRES ﬁ@e%%gb@fﬂt%b AT O o Bigﬁi,? in a
COFTpOSItIOI’] artrficia one e re UCG to contri 0
- dense Struckiy gy iffed! Hifadd bh_—fa guaks%taqaeu@{la Jﬁéﬂ%&ltﬂlﬁﬁﬁéhwte to an
- effective Ilumnescence with a little amunt of used |ight accunul ation
materi al s. Tbgs @egkeeald suay anaper gankircke waansiepudietheskpkbliber 25 13
Mar.ch 2006 is 30 pmor nmore and 70 pmor |less. The filler with a particle
di anet er5 of 0. qdantm @ wdresnakes ‘
Whenitexplainsmoreasforthelightaccumulationmaterial
blended with the noctiluéent/luminescent artificial stone in
case of the present invention, according to the examination by
the present inventors, it confirms that it is excellent with
10 a viewpoint of the luminous performance as much as the particle
diameter of the light accumulation.material is large, that the
tlmenecessaryfor1rrad1at10nbyllghtforreachlngthelnltlal
saturatedstategetslongonone51deasmuchasapartlcledlameter
is large.
15 For instance, about the artificial stone incliuding 5 vol%
of a 1ight accumulation material, 49 vol% of an aggregate and
31 voli% of MMA resin, as is shown in Table 6, it is understood
‘that it is desirable to use a strontium aluminate base light
accumulation material with an average particle'diameter of 20
20 um or more, further preferably 40 um or more, in order to extend

the decay time to brightness of 3 mcd/m? after irradiation at

200LX with D65 to a saturated state in more than 12 hours.
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it difficult to provide a dense structure in the artificial -stone, and
consequent|ly nmakes a factor for decreasing the | um nesceticdarch 2086 f or mance.
~I'n the noctilucent/lum nescent artificial stone of the present invention,
bl ending ratio of the aggregate, filler, and a light accunulation materi al
and/or a lum nescent material should be paid attention along with a
definition on the particle 10 dianeter as the above. in the blending ratio,
especially, a volune rate occupying in a three-di mensional structure of
the artificial stone is inportant. AggeLrding to our findings, the volune
rate is clearly appreciable factor fromthe viewoint of the |um nescence
performance_along with a physical property 15 of the artificial stone as a
t hr ee- di nensi onal structure. In th Boctllu ent /| um nescent qrtlilcial

stone of the gggsegt |nvéﬁ@F%ﬁPmH 1Bmetes i light acpmplation matgral (i

t ransparent B ®i's determned to be 2Q.% or e and % or | ess.
When the fi E 1 0 i §§) ., 20 it

is a deS|rabI§ g?mgigﬁacontrol filler/lig accunmul ation material and/or

| uni nescent ul t 333 ol et 3889s (bﬂr 346he védhe rathHP into 100 or

| ess. Table ¥ cay time to brightness of 3 ntd/nR after
irradiation at 200Lx with the D65 commonly used light source 25 to a

sat ur at ed staB@?“WﬁFa@%pples.con5|sgmng of ; ssisont i g2al um A¥7@ base |i ght

accumul at i onlhBeusy f2ad/m'es 300C) with an average particle dianeter of 40 pm

as the light accunulation 26 1 3 March 2006 material, alum ni um hydroxi de

W th an averagmcpptiheel e digngpter 13n15m  13h30m  15h15m
3 med/m? _
/('—ﬁ}

In the present conditions, it is desirable to employ the

average particle diameter of less than about iQO pm and further

5 preferably'less than 150 pum from a view point of availability.
In addition, in the artificial stone of the present

invention, an inorganic fillerwitha smaller particle diameter

than the inorganic aggregate such as said transparent aggregate,

in other words, with a particle diameter less than 0.1 mm, can

10 beused. Ablensi of these inorganic fillers is not always needed

for a composition of the noctilucent/luminescent artificial

stone of the present invéntion. However, the fillex is expected
to enable a used amount of a resin in a composition of the
artificial stonetobe reduced, tocontribute toadense structure.
15 of theartificial stone, and further tocontribute toan effective
juminescence with a little amount of used light accumulation

materials.

The preferable average particle diameter of these filler
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~of 40 gin as the filler, quartz (a pulverized product) with-a maxi nrum
~particle dianeter of 2.38 nmand an average particle dit3kbeh20061. 2 mm
“as the transparent aggregate, and MVA resin. 5 Table 7 Aggregate (quartz)
volume rate 10 20 60 '8090 (% C Tine to 3ncd/n2 (r) 6.5 12.5 13.5 12
8.5 From Table 7, it is understood that the above prescribed 10 range-
enabl es the decay tine to 3 ncd/n2 to be 12 hours or |onger. Furthernore,
- in the noctilucent/lum nescent artificial stone of the present invention,
~the lum nesggngg lﬂgrgrogngggcgndca@ e dimrued by neans of a conbination
with the transparency aggregate and the filler. Table 8 shows the above
conbi nations. 15pjhe;enetied ABhetials sdakferthofls AnsRIENdraggkegate with
a maxi num particle dianmeter of 2.38 mmand an average particle dianeter of
‘0.8 MM t heitidilf€tcwit hoaroside agensarttirtlceéude Angherartiffid¢dainstand, t he
| i ght accunul ation material (strontium alum nate base: G 300C) with an
average parehd|laengiegnently sikes bagwer fas desreatingthgsl Wi@essgnogof a
transparent aggregate, 30 %of a MVA resin, 15 %of the filler, and 5 % of
the |ight REELAER2RTON material. 27 13 March 2006

In the noctilucent/luminescent artificial stone of the
present invention, blending ratio of the aggregate, filler, and
a light accumulation material and/or a luminescent material

should be paid attention along with a definition on the particle

/(:‘ 10 diameter as the above. In the blending ratio, especially, a
volume rate occupying in a three-dimensional structufe of the
artificial stone is important. According to our findings, the
volume rate is clearly appreciable factor from the viewpoint
of the luﬁinescence performance along with a physical property

15 of the artificial stone as a three-dimensional strucﬁnreu
In the noctilucent/luminescent artificial stone of the
present invention, a preferable volume rate of the transparent
aggregate is deiermined to be 20 % of more and 80 % or less.
Whenthefillerisemployed,thoughitisnotspecificallylimited;
(i} ' 20 it is a desirable mode to control fiiler/light‘accumulation
| material énd/or luminescent material by‘ultraviolet rays {(by
the volume ratio) into 100 or less.
Table 7 shows a decay time to brightness of 3 mcd/m? after
irradiation at 200Lx with the D65 commonly used 1i§ht source
25 to a saturated state, fqr samples consisting of; strontium
aluminate base'light-accumulation.material {G-300C} with an

average particle diameter of 40 um as the light accumulation
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' ~Table 8 Brightness after one Decay tune to Transparent aggregateFillerhour
of irradiation by 2 I'ight (ncd/ n2)3 ncd/ xn Al um ni um hy

" Quartz ulverized Silica24.9812h roduct) ( p d ass powder23.715h p

Silicab7.49. 12h 15m Al uni ni um hydr oxi de52. 0412h d ass*

powder 25. 266hi 5m ul veri zed ( p Cal ci um car bonat e38. 148h

5

O
10
15

O
.2 0

"material, aluminiumhydroxide with an average particle diameter

of 40 um as the filler, quartz (a pulverized product) with a

‘maximum particle diameter of 2.38 mm and an average pari’:icle

diameter of 1.2 mm as the transparent aggregate, and MMA resin.

Table 7
Aggregate (quartz)
volume rate 10 20 60 30 920
(%)
Time to 3mcd/m®
6.5 125 135 12 8.5
- (hr)

From Table 7, it is understood that th_g_,_above prescribed
range enables the decay time to 3 mcd/m? to be 12 hours or longer.
| Furthermore, in the noctilucent/luminescent artificial
stone of the present invention, the luminescence performance
can be improved by means of a combination with the transparency
aggregate and the filler. Table 8 shows the above combinations.
The employed matterials are; the transparent aggregate with a
maximum pérticle diameter of 2.38 mm and an average particile
diameter of 0.8 mm, the filler with an average particle diameter
of 40 pm, and the light accumulation material (strontium
aluminate base: G 300C) with an average particle qiameter of"
40 Hm. The volume ratios are; 50 $ of a tfansparent aggrega‘te, '

30 % of a MMA resin, 15 % of the filler, and 5 % of the light

accumulation material.
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p Quartz powder 18. 684h45m *Commonly conmerci al soda glass is used for
- glass. Table 8 al so shows results after irradiation at 200Marchi20B6 t he D65
commonly used |ight source to a saturated state. It is understood that

al um ni um hydroxide or silica as the filler is. preferable for quartz as
‘the transparency aggregate, and that silica or alum nium hydroxide is
preferable for glass. 10 In addition, it is understood that selection of
such conbi nati ons enables the decay time to 3 ncd/ n2 to becone 12 hours
or longer. It is grasped in Table 9. {ram @ contrast of a |ight
transmittance that the effective |um nescence performance with 15 these
conbi nations is seen in case of |um nescent naterlals by wultraviolet rays.

28 13 Mar ctr2006 Table 9 Transpar ent aggr AII D'ffusivity Bl ack
light Filler perneability (% P r[msabl lit | IDacay%e@) 45.5
14.3 G ass MaORIFAMLASERSEAICOXi de 4HMET 41, 2 1 ed Bad/m’powder
35.4 33.2 11.7 product) CaIC|un1carbonate 21 @
Aluminium hydroxide 25.83 13h30m
Quartz i 24.98 12h
(pulverized product) Silica :
Glass powder 23.71 5h
Silica 5749 ~ 12h15m
” Aluminium hydroxide 52.04 12h
Glass*
' 25.26 6h15m
f{) (pulverized product) Glass powder
' Calcium carbonate 38.14 8h
Quartz powder 18.68 4h45m

*Commonly commercial soda glass is used for glass.

5 | Table 8 also shows results after irradiation at 200Lx with
.the D65 commonly used light source to a saturated state. It
is unéerstood that aluminium hydroxide or silica as the filler
is preferable for quartz as the transparency aggregate, and that
silica or aluminium hydroxicie is preferable for glass.
- 10 | In addition, it is understood that selection of such
” combinations enables the decay time to 3 med/m? to become 12
hours or longer.
It is grasped in Table 9 from a contrast of a light _ .
transmittance that the effective luminescence perfoimance with
i5 these combinations is Seen in case of luminescent materials by

ultraviolet rays.
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Quartz powder 22.5 21.0. 5.2 Table 9 shows the results on sanples of the
glass for the 5 transparent aggregate in Table 7. It i si3Whichi00@r st ood
that the above conmbination is preferable. As is described in the above,
for instance, the present invention provides a noctilucent/|um nescent
artificial stone including the transparent aggregate, the filler, and the
| ight 10 accunul ation material along with a resin characterized by that
the tine to 3 ncd/ n2 after irradiation at 200Lx with the D65 comonly used
| ight source to a saturated s-tale i sgbdechours at |least. The artificia
stone of the present invention having the 15 superior |um nescence
performance as described in the above may have various conpositions as
above and varigus nmanufacturing nethods aslbeainl . %t ﬁ’onﬂﬂattktligbh, an

appropriate bl eI t h fungtitegn conpgremEbilisuch a%.1 e Perdueebiliind t r ace
conponents al orRp&WEEH 20 the above transpaggpt i nor Ric aggr &gate and a
resin may be Tonsidered fof The artifrcral afgne Tropkishe viewgoi nt of 29
13 March 2006 strength,—ae e i

'non-SIipperineSS(négcoléﬂﬂmbﬁﬁvhﬂhﬁﬁmhbustiﬁﬁlitv, aftddt her mani?? f uncti ons.
Of course, thedyivnsRar @lisspegiggate may ocgsipy a whab2 S amolrdt of
aggregat e conpopgRAh&) as %&P descrTbed di[6d2Y§ or NBrgani ¢ aggr egat es of

- . 3

i
rt of “agaregates— in-t he

non-transparency may beGd<EH FHPHIY _as on gregat-es.
noct il ucent/ | um nescent Quartz powder 225 21.0 52
,{;) Table 9 shows the results on samples of the glass for the

5 transparent aggregate in Table 7. It is well understood that
the above combination is preferable.

As is:described in the above, for inspgpce, the present
invention provides a noctilucent/luminescent artificial stone
including the transparent aggregate, the filler, and the light.

10 aécumulation material along with a resin characterized by that
the time to 3 mcd/m? after irradiation at 200Lx with the D65
‘commonly used-light source to a saturated state is 12 hours at
least.

ﬁf) . The artificial stone of the present invention having the
“ 15 superior luminescence performance as described in the above may
have various compositions as above and various manufacturing

methods as well.
~ About composition, an appropriate blending with function’
components'such as the filler and trace components along with
20 the above transparent inorganic aggregate and a resig may be

considered for thelartificial stone from the viewpoint of
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artificial stone of the present invention. However, even in- 4 the case of
t he conbi ned use, the anount of the transparent 10 aggrtgdarhi280@ref er ably
20 vol % or nore and 80 vol % or |less of the cast and hardened artificial
stone in order to realize the superior performance |like 12 hours or | onger
of the decay tinme to brightness of 3 ncd/nR2 after irradiation at 200Lx
with the D65 commonly used light source to a saturated state. 15 The total
anount of the transparent aggregate and non-transparent aggregate is

pref erabl e torbegEi NMueaatherabiaity arneraafiodOresi staxcerwrsmrdade80 volt or
less. It is needless to say that the inorganic aggregate including the
non- t r anspanent s hippeagaes ss ot b thare al nrpebig i pat ¥l andophef BaRY er of
1/1.5 or less of the board thickness after cast and hardened and may be

bl ended as AUAF%t¥%T with various particle diameters having a particle

di ameter distrib %:cgogiros][er,]t Eflg‘ctt:ria?nasl ariehti § %eg%agegg%g %%glhpt QGWLQQJ__; gani

aggregate consi e transparent a ransparent 25

aggregatg_aggoﬁgg-gféygyy@ggQg RORLE9AI & has wBsPakbifikediarRbay, or

distribution of a closeé-packing or the vicinity as is well known in a
concrete enghpeganig.agidgheskdes ddiat raiepav@riagmagabeiciad Joia8l¥har ch
2006 dianeter is 1/20 or nore and 1/3 or less of the thickness of the cast
and- hardened ane¢ifart Zf sggmegastess Hesde bedtabweent/Yynings§cerbn, it
shoul d be a naturaThé consi dered point what kind of color tone and design

in bright fRrEFEFIRIAT SFenEhetobhuIRTEFeNS MBEEHH R ent TPERT Hes &SP HFtificial
S-t one. An a[ggga{:gggeot()fthe combined use, the amount of the transparent
' ’U | 10 aggregate is preferably 20 vol% or more and 80 vol% or less of
the cast and hardened artificial stone in order to realize the
superior performance like 12 hours or longer of the decay time
to brightness of 3 mcd/m® after irradiation at 200Lx with the
D65 commonly used light source -to a saturated staté.
i5 - The total amount of the transparent aggregate énd
non-transparent aggregate is preferable to be similarly in a
range of 20 vol% or more .and 80 vol% or less.
Itis needl,;ess to say that the ino-rganic.aggregate including
the non-transparent aggregate should have a maximum particle
\‘) .20 diameter of 1/1.5 or less of thé board thickness after cast and
hardened and may be blended as a mixture with various particle
diameters having a particle diameter d‘irstribution.
inpractical, it ispreferable that the inorganic aggregate -
consisting of the transparent aggregate or the transparent
25 - aggregate and non—tranéparent aggregate has a particle diam.eter

distribution of a close-packing or the vicinity as is well known-

‘in a concreté engineering, and besides that the average particle
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granite and marble is often ainmed at because the product is-hard to be
obtai ned as they are natural and their color and |uster 1aMerdhe®06i ful . In
this case, the color and luster is an inportant subject to determne a
value of granite and narble. There are 10 various sorts of colors in the
natural granite and marble, such as conplete black to white or red, and
different. degrees in the sane color. Wen giving a color to each kind of
an -artificial stone, a color reproducibility is a problemto obtain a
product wi t haidbeter nedilyop eolmaret ane, 1 thairghessnotade ohigkislofpr oduct,
for instance, just black particulate matters of natural rocks have only to
be used. |n bdeidassnandthdziened sotidisyialosbenaias indeseriigad IrSter of the
marbl e, even if the caolor is, obtained. It used to be djfficult t ive a
luster or a dept hi®8¢8htiony ihspRElRes BRI ERTSSELIRP IR q@%ded
resin with dye,be RRATEN . A% SARGRSY U0 I SrorldldNQ A ld bl Alnel one of
t he present Tnvention, tranfsparent i norgan ¢ aggregates can be principally
enpl oyed. 5 FOf o} P51 @G0 /1t nb E 2OSP A8 101 980 Ce A08H GRS Surdmc@bbai ned by
crushing quartz base natural rock, glass, or fused silica can be enpl oyed.
By neans of giphDyé AgAldRSA et T088Ppad aiheaQd Bgaies: thdiprdduds ibkraatd 2006
color of the artificial stone in a bright field can be controlled and

al'l oned t o -haveéren oipgptinednts dheysaes nowlngltand kbedxi srlarcendofustfuart z
base granul e conponent with transparency. In addition, in the

noctil ucent/ FERPRBBEERRL ar g:pftih&ﬁgase, the color and luster is an important

subject to determine a value of granite and marble. There are

’ k) 10 various sorts of colors in the natural granite and marble, such
as complete black to white or red, and different degrees in the
same color,

When giving a color to each kind of anartificial stone,

a color reproducibility is a problem to obtain a product with

15 = a medium color tone, though, in case of a black product, for '

instance, just black particulate matters of natural rocks have

only to be used. In éddition, it is not so easy to obtain the

unique luster d:f the marble, even if the color is obtained.
It uSed to be difficult to give a luster or a depth, even
w) 20 in the case of giving a color by a blended resin with dye orx
pigment. .
As opposed to‘this, in the artificial stone of the present
invention, tranépa-rent: inorganic aggregates can be prin‘cipally'
employed. For instance, the transparent inorganic aggregate
25 obtained by crushing gquartz base natural rock, glass, or fused
silica can be employved.

By means of employving these tra_néparent aggregates, the

31



5 stone of the present invention, the nmuch finer filler than the aggregate
is enployed along with it, for instance, preferably, w thMarcha®006cl e
dianeter of 0. 1 mmor |ess and an average particle dianeter of 30 mor
~more and 70 Amor- |l ess. The filler includes natural or various kinds of
cartificial materials preferably such 10 as al um ni um hydroxi de, silica, and
gl ass powder, for instance. These inorganic fillers have much fi ner
particle diameter than the above aggregates, and contribute to properties
-such as hardness, softness, and surface non-slipperiness of the obtained

artificial SOIREOHRReETEREICIFY S8ERE IR BpLeRSs fanbhGarRe 9 5l G4hi ¢

t I t o fill t [ . t of blend
agoreqat es 90d LOESien (8 1Ald o4, Spacas, SURRG, GhRES,o A5.RepRILQr bl end
21 TCON UM Sidyf GALay 20hadd Uk HH1° HRNoRENEUARA (05aaghbBLLPO @ col or

tone; and antinony trioxide, boron conpound, brom ne conpound and the |ike
for 20 giving arhl agBiteddr danGee hBcadditémy.1udinkBOEGEN £x BidigiCr obi al
agent may be conbined. The artificial stone of antibacterial activity is
useful fsar atoatehodame presenmfiinvestionormhe madd fiand fidnidrakchan ther
instance. It is also useful in a nedical facility, a food 25 processing
facility, af@gmesatekis emnpleyed adpgarificthati fogr obitancegepreierrdrly are
silver, zinc,, and Coﬁfgt gase inorg%nic nati%ials for instance., 32 13
March 2006 REGHRAPRERI B SEFERTHOF Porh™her fAER 2PAAGE R WERTI Hd © above.

The resin inglydes., {950l A8 ARERe A P61 d£1L68] Nen@ £i11er includes
- naturalorvariouskindsofartificiaimaterialspreferablysuch
R ) )
(i; 10 . as aluminium hydroxide, silica, and glass powder, for instance.
These inorganic £illers have much finer particle diameter than
the above aggregates, and contribute to propefties such as
hardness,séftness,andsurfacenon-slipperinégsoftheobtained
artificial stone, while they invade into spaces among the
15 inorganicaggregatesandlocatetofillthespacésamonggrains.
As a part of blend for these fillers, components such as
manganese dioxide, titanium dioxide, zirconium silicate, and
iron oxide may b;e added for adjusting a color tone; and aﬁti_mony
trioxide, boron compound, bromine compound and the like for
20 giving a flame retardance. |
In addition, an inorganic antimicrobial agent may be
combined. The artificial stone of antibacterial activity is.
useful for a bathroom, floor of rest rooms,.wall, and.handrail,
for instance. It is also useful in a medical facility, a food
25 précessing facility, and the like.
Asaninorganicaﬁtimicrobialagent,therearesilvef,zinc,

and copper base inorganic materials, for instance.
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“methacrylic resin, an unsaturated polyester resin, an epoxide 5 resin, a
~silicone resin, a silicone rubber, and the like. In thest March@0R@crylic
resin, an epoxide resin, the mxture, or the copolynerization resin is
shown to be preferable. An organic pignent such as an azo base, a _
- pht hal ocyanine base, dye, etc. may be blended to these resins in order to
"adjust 10 the color tone. In addition, a light stabilizer or a fire
“retardant may be included. Resin conponents contribute to wapping the

aggregate and t filler ich .ar onponent for, form ng a.skel of the .
130Tt il al stoNe® Hif BB (i Y47 Tnar e Sty "RAGer S I LIRS CBRCFLPShi vi ng

an elasticity,gs.a tensile strength to the conpleted artificial stone.
About resin conponent, the volunme rate nay be about 70 % or |ess, but nore

preferably in pragid Galsizb iveita®s, My iddandl, 35 Wdyiak kessnhen
characteristics suchas strength, durability, natural rock-I|ike appearance,
and tint, ormedthastypiperentss andnsatwerdtidéepbdyedtnr apbih] Grakpskdde are
considered. The artificial stone product with an excessive resin conponent
appears [ asreesn. angitheons ti49ig, ap stlineonserwpeer. 25dnehkelyikeom Fal . Wen
the resin congonent S excessivelé_little, th productagecqnes fragil e and
R p

not suit abl etRBPeudemeRBagRY iR Te PedtafEE*6F e t1fE Pr o %f“lé‘ﬁblr%ac s to a
natural tone,, 333, MiGh 29980 12e 0P 'FRMA E8TROHHURaB1ENE Present

i nvention, every
An organic pigment such as an azo base, a phthalocyanine

F : base, dye, etc. may be blended to these resins in order to adjust
- 10 the color tone.
In addition, a light stabilizer or a fire retardant may
be included. |
Resiﬁ Cé.omponents contribute to wrappin&'ﬂ{:he aggregate and
the filler which are component for forming a skeleton of the
15 artificial stone and bonding the whole, and have a function for
giving an elasticity or a tensile strength to the completed
aitificial stone.
About resi% component, the volume rate may be about 70 %
(T) or less, but more preferably in practical 25 vol% or more and’
" 20 35v01%or1esswhencharacteristicssuchasstrength,durability,
naturalrock-likeappearance,andtint,ornon-slipperinessénd
the like for the artificial stone are considered.
The artificial stone product with an excessive resin
coﬁponent appears piastics, and the artificial stone becomes
25 merelynominal. Whentheresincomponentisexcessivelylittle;
the product becomes fragile and not suitable for use though the

appearance of the prqduct approaches to a natural tone.
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of resin can realize the artificial stone having the superior and
essential performance for the noctilucent/|um nescent - at3Méichi2@06 st one.
However, a nethacrylic resin, particularly 5 MVA (nethyl nethacrylate)
resin is preferably enployed as a main conponent, in the artificial stone
for the use to which weatherability, chem cal resistance, hardness,
abrasi on = resistance, transparency, depth of color tone and the |like are
-.demanded. 10 Instead of the mamin conposition of the artificial stone
consisting of the inorganic aggregate, the inorganic filler, apd the resin"
os described abdbPut ST ERPBIEHATbLNT EX6PERT LAY GRChP IRESSY RAPEh have
been al ready_propas 0] ﬂﬁ ent, s d. t ‘ C t he
artificial éf one s %gPa%/e% 0 %Eﬁge{%%lc %‘%@eﬁ‘?ﬁ%%%r‘{ggge%@%?? ?FifL% al

stone. That aﬁﬁ 80 Adidl HeleoShehee Wdh deSHbEREBubE INRSA nakcdRP or nore
wi th Vickers hardness (JI'SZ2244) andaradi us of curvature of R25nm at which

bendi ng i s pesstbteaistbadt dregieng 4 aetRacboBid rekid, tarki comatbirck. 20
In the conposite, the inorganic conmponents including the inorganic

aggr egat® cHMAdoetpylF®thelcrylate hweeinfistiwe fegablyamblogedasi cmabaponent s
such as resin can be less than 50 volt. A nmin conponent of the organic
“conponent i §oEPPRRMacrif dhe pesihiciabratamsnéret Bhy use §% ¥OREhn as a

denatured MVA resin with bl ending. 25 polyrmeth hacryl ate (PMVA) and
or more. mat PP EFE-UR Hied SRR et A A RAL PR WA R RB

2-ethyl h | 2 hexyl | ghe r&- et hyl
34el3ywa$)e‘~ygsg§£@§r%é’, UEnUBLPORLy, deBLRWENESYSr AOLY AL HBNONRS are- et hy

) C demanded.

10 : Instead of the main composition of the artificial stone
consisting of the inorganic aggregate, the inorganic filler,
and the resin as described above, the flexible composite with

- high hardne;s which have been already propos:é(.i by the present
inventors can be composed for the artificial stone similar to

15 the noctilucent/luminescent artificial stone.

That is an artificial stone with a surface hardness of 400
ormorewithvVickershardness (JISZ2244) andaradiusof curvature

of R25mm at whié:h bending is possible without damaging for a

o board of 3 to 15 mm thick.

20 In the composite, the inorganic components including the

inorganic aggregate can occupy 50 vol% or more of the total _and
organic components suéh as resin can be lezs than 50 vol%. A
méin component of the organic component isa methacryiate resin.
More ééncretely, itisshownasa denatgredm{A resinwithblending

25 polymethyl methacrylate (PMMA) and oneormorematerials-selected
from methyl methacryiate (MMA) monomer, 2-ethylhexyl -

methacrylaté monomer, 2-ethylhexyl acrylate monomer, 2-ethyl
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- pentyl nethacryl ate nonomer, butyl nethacryl ate nononer, and cycl ohexyl
nmet hacryl ate nmononer. Table 10 shows the |ight accunul at13Mafthrg0féscence
performance nanely the noctilucent property of the artificial 5 stone
- obtained with each kind of resin. The: enployed materials are; the
raggregate of pulverized quartz with a maxi numparticle dianmeter of 2.38 mm
and an average particle-dianet?r of 1.2 nm a filler of alum nium
hydroxide wth average particle dianeter of 40m and a strontium al um nate
~ 10 base light accunmul ation nmaterial with an average particle dianeter of
40 m The coppotylimethagry1sdeynhopner i Huitydgeshaceylatss masiomeyf and
filler, 5 volt of the |light accunulation material,, and 30 volts of the
resin. The tHVEp(ﬂ’é%’éyjofmetgtrﬁcféféﬁtﬁnwmﬁs{?%ned artificial stoneis 5 15 Q)

'35 1 3 Mireh 2006, Tabl 0.,Brightness .after on our Decay time to Resinof
i adiatlon oo EREEE g Rl dRha R T PO TR deIR D o

pol yester ( DétaMsB’R@héé“%aﬁ@%%@vh%kﬁ@aﬁ%wg@mﬁ NECRORAEEP: cF6208")
Degeneration " MVA resin (Mtsubishi Rayon Co., Ltd. ™XD7005 "57 9SI 1h45m

5 stone obtained with each kind of resin.

The employed materials are; the aggregate of pulverized
quartz with a maximumparticle diameter of 2.38 mm and an average
particle diametgr of 1.2 mm, a fil_ler of aluminium hydroxide.

, (« withaverageparticlediameterof 40 um, anda strontiumaluminate

10 Dbase light accumulation fnaterial with an average particle
diameterof 40 um. The compositionsare50vol% of the aggregate,
13 vol% of the filler, 5 vol% of the light accumulation material,
and 30 vol% éf the resin. The thickness of thé.caét and hardened
artifi'cia:I stone is 5 mm.

15

0O
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*Light irradiation ... irradiation at 200Lx with D65 for 60 mnutes (nore
than saturation tine) 5 In addition, in the noctil ucent/1udarch200661t
artificial stone of the present invention, the above transparent aggregate
may be baked or coated at a roomtenperature with a noctilucenct |ight
accunul ation material or a |um nescent material by 10 ultraviolet rays. In
case of a coating with baking, fine particles with a dianmeter of several
"pmto several dozens pm for instance, 5 to 50 pm nore preferably 20 to
40 pm may be coated on the surface of the transparent aggregate particles.
More concretely, the 15 coating canTebleat?ied out with a baking at a high
tenperature of around 120 to 1200 C. The |um nescent coating substance may
include various kind of light accumulating substances. or. light emtting
‘substances by ultraviol et irradiation Bugfnessafter pemtqunm glypiipate and zinc
20 sulfide. As for a baleig nethod, variolisadieisnditligbhal ngjhgds may 36 13
Mach 2006 0 be enployed. For instance. the t{medesdrent inofganic
aggregates are m-xed in a dispersed solution of particles of |ight
accurul ati on neivBX fegins such as strontiumalund®@ e or the pé#te, are dried
~and baked. 5 A coating at a roomtenperature can be done in the above
di spersi on sol Ufisafmtepotyepast e Wi th a transparent sticky

(DAINIPPON INK AND CHEMICALS, 57.85 11h30m

INCORPORATED "FG208")

Pegeneration MMA resin
(Mitsubishi Rayon Co., Ltd. "XD7005") 57.98 11h45m
’ C ' *Light irradiation ... irradiation at 200Lx with D65 for 60

minutes {more than saturation time)

In add:_'_.tion, in the noctilucent/lumineg__cent artificial
stone of the bresent invention, the above tranéparent aggregate,.
may be baked or coated at a room temperature with a noctilucenct
light accumulation material or a luminescent material by.

170 ultraviolet rays.

In case of a coating with baking, fine particles with a

diameter of seﬁaral pm to several dozens um, for instance, 5
C\F to 50 um, more preferably 20 to 40 um may be coated on the surface
‘ of the transparent aggregate particles. More concretely, the
15 coating can be carried out with a baking at a high temperature

of around 120 to 1200 °cC,.

The luminescent coating substance mé.y include vé.rious kind
of light accumulating substances or light emitting substances
by ultraviolet irradiation such as strontium aluminate and zinc

20 . sulfide. |

As for a baking method, various conventional methods may
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subst ance (binder). The noctilucent/lum nescent artificial stone of the
- present invention can be made with casting and hardeni ngl3aMbich0d6 10 or
floating mixed raw material or conposition. Casting and hardeni ng can be °
done with a casting formation, a conpression nolding, and a stepless belt
formation. A conpression nolding, for instance, is done in the followng -
way; casting, beforehand, a necessary quantity of the 15 conposition for

t he conpl et ed product such as inorganic aggregate, filler, and resin
‘conponents into a drag as a horizontal nolding-flask; matching a cope; and
conpr essi on hel eliwipyedor Fomsingi@acen the stiagspazgnst L8859yiis to 100
kgf/cn2. At a conpression of this mylding, the. copposition ¢an be heated

to 20 a tenpBPAFedE<5 2Fr6UPHFSA 83 RodiBRRC e Ao R PRt U PREELBYRF & hours.

in addition,.in the conpression, noldin ith heatin LLLati can be
urven o ChehEptArs SRTRAESSH SR IR A Sl LD NEBLL DG a1 08GheLELARLAD PO

._of the above,gpt fi%?eid}iga5aﬁgeb5@gdﬂ ng-flask. O course, a shape for the
real product™wth the artificial - stone in the present invention does not

need .to fe |inteddaeidd 48 dvebeh 2aferachratcdivdeddohé irmyhbearsve

i nduction projection for an eyesight handi capped person, have a surface

Wi th project ddssersiorbeolotaposed avastst gppede strapspavieny et hadty shapes
maybe considered. In the present invention, a rough-surfaced processing may
5 be done onsthet®igd 4Pdn8pTa-cast and hardened conpact .

The-noctilpcent/;uminescent artificial stone of the
(3 . preséntinventioncanbemadewithcastingandhardeningaliquid
s i
10 or floating mixed raw material or composition.

Casting and hardening can be done with a casting formation,
a compressiqn molding, and a stepless belt fdrmation.

A comﬁression molding, for instance, is'done in the
following way; casting, beforehand, a necess.ary quantity of the

15 composition for the completedproduct suchas inorganicaggregate,
filler, and resin components into a drag as a horizontal
molding-flask; matching a cope; and compression molding, for
instance, withné.bearing stress of 5 to 100 kgf/cm’. At a

(ﬂ} compression of this molding, the composition can be heated to

20 a temperature of roughly 80 to 180 °C fox S minutes to several
houfs.

In addition, in thé compression molding with heating,
oscillation can be given to the molding;flask aléng with
combression to imprové a flowability of the above material in

25 the molding-flask.
| | Of course, a shape for the real prbduct with the artificial

stone in the present invention does not need to be limited to
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"~ As ‘a nmethod for this purpose, first of all, a selective renoval nethod of
‘a resin conponent is adopted. In other words, skin surf1i3derchi206@ssi ng
- wWith squirting highly pressurized water onto a surface of a conpact after
removi ng froma nol ding-flask, 10 for instance, is effective. That is
water-jet machining. In this water-jet machining, many conditions are
sel ected;. such as a surface hardness and a surface strength of the
-processed materidl, and a hydraulic pressure, a dianmeter of an ejection
nozzl e, and-a distance between a material surface and a nozzle 15. outlet
for form ngaafimtedesrdni ﬁ@@%ﬁepsﬁmin@#mpm el aqufomen avesdgbtormity
coping with these properties. I's not definin but, for instance, a
“hydraul i ¢ phagdifFaree eﬂﬁﬁﬁonio@aFS iSﬁﬁrfﬁiﬁlﬁﬁﬁ% PZRIBEL IR I9F Bfpl oyed
for a nozzle of argund articul ar

D ep 20 % %ers & dSni%hd L L 441 B2
about a nozZPBEPPEFEFHi TS ﬁ’& Sﬁ“&ﬁl y PSS RS Bt HE & Srem Al
Kinds of nozzles ,ahf an%’)/tfe%nveﬁhé@alggﬁﬁfgh‘ﬂ@hgfabga ﬁ}%eabgmgmaﬁurface

roughening is reallze e artific stone, for instanc

non- sl i pper iyRegsnangdn ackle e ifaldeh o8f a aca®t efri@harfepeadessishct .Besi des, what
shoul d be enphasized in the present invention, is no clouding of a color
of the artifici ahsséomettind weanshdé B8 pbse, MBicht 2006 1hat @rsqletc giwehi ni ng.
The noctilucent/lum nescent artificial stone of the. present invention :
needs to pr@ergrahdrediodmfesinesds sHvRPrent Hpieredd onInPsher ¥ dfece, for a

assage or a._s I nwhich refy
P 9 skltne urface Ig:roge%s‘.l%g with squirting highly pressurized water

( .ontoa surface of a compact after removing from a molding-flask,
10 for instance, is effective. That is water-jet machining.
In this water—jet machining, many conditions are selected;
suchasa surface hardness and a surface strength of the processed
material, and a hydraulic pressure, a dlameter of an ejection
nozzle, and a distance between a material surface and a nozzle'
15 outlet for formingapredetermineddepthof grooves on the surface
inuniformity copingwith these properties. It isnotdefining,
but, for instance, a hydraulic pressure of about 100 to 1500
kg'f/crrl2 can be u;sually employed for a nozzle of around 5 to 50
(} . mm high. |
20 There isno limit inparticular about anozzle for squirting
| _highly pressurized water and the system. All kinds of nozzles
are employed..
| By means of water-jet machining, surface roﬁghening‘is
realized and the artificial stone, for instance, with
25 non-slipperiness and a deep touch of a material is produced.
Besides, what should be emphasized in ﬁhe present inve-ntion,

is no clouding of a color of the artificial stone by means of
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5 induction is needed at the dark background at nbsphere such as a road or
‘a platformand a step in a station in a power cut is cotsMaehed06
Wat er - j et-- machi ni ng can give such non- slipperiness to, the artificial
stone. . As for giving the non-slipperiness, the present inventors 10 have
proposed in other invention an artificial stone; fundanentally including
an inorgani c aggregate and a -resin and having a convexoconcave surface in
- whi ch inorgani c aggregates are exposed, wherein an average depth of the
surface grooves are 0.02 mmor nore and 1.0 mmor |ess, particularly of
0. 05 15 mnm owametrejandndci8inimgor | ess. By the above invention, the
follow ngs are enabled to be provided; a non-slippery artificial stone
i ncl udi ng an i nor §aAi roalggruseatd lunhaescedsiay tafdchal i #iePne @én¥kRoconcave
surface in which inorganic 20 aggregates are exposed, bein chgracterized
by that a skPEeSBE SEATE-hARUBPRP (RTS8 P PLLBRF TIRSTS: 8750 et i ng

face 2nd 20 BpaTRREi8, 8- 3hbelALE, €80 AN POELY s ALRLLA Cldhge St 0N

. 1
characteri ze(?pBy ail a resi stance nore at a

wetting face ;aRdc32cR"idMeedal AN Bkl ad A€ BacRgPOINE 2 tibEPREFY ki d4-ci al
stone including an inorganic aggregate and a resin and having a
convexoconcawersdif@ca phavddimh anfod garepC in ag@gragabesimuepexqaosed, idei ng
characterized by that a skid 39 13 March 2006 resistance value C. S. R
(JI'S A5705 amgniliSeped4s5Hages-iet aratidadng canogBversumly @°at a wetting face
for men' s shoes and a non slippery ,artificial stone characterized by that
" a skid resi stS3i®Ppevipges to, the artificial stone. -

) (‘ As for giving the non-slipperiness, the present inventors
) 10 have proposed in other invention an artificial stone;
fundamentally including an inorganic aggregate and a resin and
having a convexoconcave surface ‘in which in_q?;génic aggregates
are exposed, wherein an average depth of thé surface grooves
are 0.02 mm or more and 1.0 mm or less, particularly of 0.05
15 mm or more and 0.8 mm or less.
By the above invention, the followings are enabled to be
provided;
anon-slippery a;:tificial stone including an inorganic aggregate
C‘r- anda resinand havinga convexoconcave surface inwhich inorganic
20 aggregates are exposed, being characterized by that a skid
resistance value BPN(ASTM E303) is 60 or more at a wetting face
and 20 or more at an oil face, and a non slippery artificial.
stone characterized by that a skid resisﬁance value BPN is 65
or more at a wetting face and 35 or more at an oil face; a non
25 slippery_artificial stone inecluding an inorganic aggregate and
a r'resin and having a convex'oconcave surface in which inorganic

aggregates are exposed, being characterized by that a skid
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C S. R is 0.45 or nore at an oil face; a non slippery artificial 5 stone
i'ncluding an inorganic aggregate and a resin and havi ng 13Mewh288®concave '
surface in which inorgani c aggregates are exposed, being characterized by
that a skid resistance value C S R B. (JI'S A45705 and JI'S A 1454 are '
referenced) is 1.4 or nore at a wetting face for a barefoot and a non

~slippery artificial 10 stone characterized by that a skid resistance val ue

CSRB is 0.8 or nore at a wetting face with soap for a barefoot; and a
non slippery artificial _stone including an inorganic aggregate and a resin
“and havi ng Z°EdRAVBRERIAEREE -SuRt 4IESi #d IR Agddiar bt e ar e

exposed, bei.n aracterized .that a surfage 15 contact andl.e of

ot ed vdedrd & BErEaTa gl id Banl SR o AT mA PR RRY 11 om
the surface ehes af tdf il NG £ 3 |1 | t 10
cnB/ nR f romagftélkg\?vl%%islﬁtol!%f éllll'-ilatlsﬁlsur f éégﬁc%iﬁggég ag%gggggﬁggﬁngg ‘%q%% to 1.0
mm as a gener.al.r.riy 6. 06 diddbe athid 61l lfacal; i £acHePEidiy apoiridisart of
-inorganic 20 aggregate and resin, their conposition rate, and the formation
~conditioh, amdns theciwkicheappr bpergrrdlcyagonsgasy ang & hesdnpendtismvingn a case
of the. artificial stone with a use of quartz as an inorganic aggregate
and MVA r esidn CORBRXPPRAGANR, SUITE CRedB Yl dud N9E 930 1F0ag8r IFBYS 2K6r t he

aver age surface cqQncave grqove 25 de &of 0.05 mmand 80 to 92 cnB/nR2 for
The aver age “SEPPEGe DU IR arEaTLo o Joh CBRE R 2T, TRRLBFATRR AR e Pent mont
for water-] chi nj IS Y. r 0 ySOD W an

et chi ng net %S%Péht%ﬁdﬁgagnﬂ&:dﬁ% %3145% ggﬁtggfgpma) 2 4 IEBr

(*, moreatawetting face forabarefootandanonslipperyartificial

i

10 stone characterized by that a gskid resistance value C.S.R.B.
is 0.8 or more at a wetting face with socap for a barefoot; and
anonslipperyartificial stone including an inorganic aggregate
andaresin and havingaconvexoconcave surface 1n whichinorganic
aggregates are exposed, being characterized bf{ that a surface

15 contact angleof distilledwater is45 to 75 degreeonanaverage.
| A scraped amount from the surface of the artificial stone
by water-jet machining is about 10 em®/m? from a view point of
a surface conca%re groove depth of 0.02 to 1.0 mm as a general

(—\% ‘ rule of thumb, while it varies depending upon a sort 6f inorganic

20 aggregate and resin, their composition rate, and the formation
condition, and isdecided appropriately considering thesepoints.
In a case of thé artificial stone with a use of qua-rtz as an
iﬁorganic aggregate and MMA resin, for iristance, the measure
can be 30 to 38 cn’/m? for the average surface concave groove

25 depth of 0.05 mm and 80 to 92 cm’/m® for the average surface
concave groove depth of 0.2 m. |

An effluent treatment for waterr-j et machining is easy in
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O course, parts of the surface can be renoved, if needed, by neans of
processi ng i nan organic solvent, softening or nelting 513Ma@bi200Gonponent.
The organic solvent used in the above purpose maybe selected -~ in

- correspondence with a resin conponent. It includes, for instance, a

~ hal ogenat ed hydrocarbon such as ethyl ene chloride, dichloromethane, and
chlorof orm carboxylic acid and the ester 10 conpound such as acetic acid
~anhydride, ethyl acetate, and butyl acetate; or acetone, tetrahydrofuran,
DMF, -and DMSO.  Convexoconcaves on the surface of the artificial stone
conpact can kemberiednbyiteaars efchisgometigod widfche eedloys nst tagdianiesi n
conponent fromthe surface after dipping the conpact in 15 these organic
sol vent or s@EcdyeR§-or flow ng these organi ¢ solvents on the conpact. The
softened resin co onent ﬁ bes ed off fromthe sur with awre

brush or ot her sc PSRN Sfea §rtﬁﬁ‘ PO SPEIRT B8 AH 'bé &365668d to the
surface of . ré.% pg %ﬁ%e i C&Aﬁ’@?ﬁ’ﬁ’ r{?@ﬂ? &, s%fﬂ%%'ﬂ?g&%ﬁ‘i@%ace. and

as the result rea ace pa Lir'face tex uni que
dept h, |uster, ﬁ@qngbgﬁdﬁoﬁéﬁty eal i zed hereby. This is caused by a unique
phenonenon of reflected light. A neans for surface polishing is not limted
in particular. 2%hkbrganib&ctaenteadedtih thietadboxretpaniposumayase selgicitnd St one,

- an abrasive cloth, and an abrasive belt, or an abrasive such as a buffing
.conpound and ia Fembﬁﬁgoc@ﬁmthﬂ IQSMrWPm@@tAs Hhrizsiludss. t frx

foll owi ngs are appropri at el anl OX
instance, a halo‘gena ed ydrocarbon such as ethylene chloride,

, (“_‘w; | dichloromethane, and chloroform; carboxylic acid and the ester
- 10 compound such as acetic acid anhydride, ethyl acetate, and butyl
acetate; or acetone, tetrahydrofuran, DMF, and DMSO.
Convexoconcaves on the surface of tho‘ .a-rtificial stone
compact car; be formed by means of removing a ooftened or melted
resiri component from the surface after dipping the compact in
15 - these organic solvent or spraying or f]_.owing these organic
solvents on the compact.
The softened resin component may be scraped off from the
surface with aéwire brush or other scraping means.
('*\ In addition, particles may be exposed to the surface of
20 the product as sections by means of grinding the surface and
as the result, breaking the surface partially. Surface texture
with unigue depth, luster, and gloss are realized hereby. This
Iis caused by a unique phenomenon of reflected light.
| Améarié for surface polishing is not limited in particular.
25 Itcanbecarriedout with a tool suchas agrind stone, an abrasive

cloth, and an abrasive belt, or an abrasive such as a buffing

compound and a rubbing compound.
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di anmond, boron carbide, corundum alunina, and zirconia for nminly
grinding, and tripoli, dolomte, alumna, chron um oxi del3 Maroth 20861 um oxi de
for mainly polishing. 5 The surface can be roughened, after ‘being polished
‘in the above nmethod. The noctilucent/lum nescent artificial stone product
suited for various uses which includes products with or w thout
.non-slipperiness, is to be provided in the present invention 10 with
various manufacturing nethods such as various form ng nethods, or various
processing nethods |ike cutting, scraping, |amnating, and etching.
“various menbers amdbiresfuesortdie followinamare Inpropddabedy iPIoVSait he

ni ght, buildings and public works such as 15 direction indicators and

gui des for f&eBeRdn BRFIFRABIERNCEOTH MY PR VBERB S pIRT F1TGPR18i $8Et er

revention, are . to be.provided.. if.i eedl es to.sa hat . e
Broducts ar@ah?}Y?Eéﬂdﬁﬁga??%gfh%é%%%ﬁo#éﬁékﬁf%%pngﬁa%6%?%%?Lpg?ﬁ§?¥on f or
using no engﬁgycgfi%f?vdﬂ%eeQSE'gMaigpy Bo1ifiWay, there are several points

whi ch shoul e pal attention to, 1n the présent invention. It is that

the fol lgwi ng progeiGhsrace ddicbedashdhenels afnoaat bbusericlisReaestc ent
artificial stone of the present invention; a product, for instance, as is
shown i n Fi gbote Rétlowhsi sting of the cut out -artificial stone (12) as a
thinner -board than the nolded board fromthe nolded artificial stone
(11). after castThaddriridaseat/lppinescent dmtdifarial offeenel Pragicen 42 13

March 2006 . .
‘ suited for various uses which includes products with or without

,(r—\ non-slipperiness, is to be provided in the present invention
) 10 with various manufacturing methods such as various forming
. methods, or various processing methods like cutting, scraping,

laminating, and etching.

Varioué members and formations, for iﬁétance, for
décorations for the night, buildings and public works such as
15 Idirect.ion indicators and guides for location by luminescence
inadarkatmosphere, anddisaster prevention, are tobeprovided.
It is needles to say that the above products are utilized as
a luminescent mé:znber or an optical formation for using no energy
(_«\ - or saving energy.
20 By the way, there are sever‘al points which should be paid
attention to, in the present inveéntion..

It is that the following products are included in the
noctilucent/luminescent artificial stone of the .p-resent
inveﬁtioﬁ; a product, for instance, as is shown in Fig. 1,

25 consisting of the cut out artificial stone (12) as a thinner
board than the_molded board from the molded artificial stone

(.11) after cast and hardened; or the a_.rtificial‘stone {13) which -
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was further processed on the artificial stone (12). In addition, it is -
-natural, but it is needless to say that a cut out artifiZMaichs200Be (15) in
a sheet formfroman artificial stone (14) which was carried out with non
slip processing on 5 the nolded artificial stone (11) as is shown in Fig.

1, is also included in the artificial stone of the present invention. The
present invention also provides a formation in which the

noctilucent/lum nescent artificial stone is lamnated as a surface
material, or a formation in which the 10 noctilucent/lum nescent artifici aI
stone is comasdiirides papcesddd tdre they pasbfigal Gtogel 4t hat i on
conposition, an integrated body is illustrated, which is conposed of; the

noctil ucent/ | uni¥fed@dhEiony P-FH%F&F“E?JOT@“BP‘E b8 B5eEdEE FASaNt HRT as a

f t | At |_at '
oiate or o SERER AN T R i R R e R e e,
or bonded aﬂ?\'ﬂé_ Calah Ywiid L RS "E:Iarfr:are&' Jﬂﬂ? w‘irthf hén @1’1%3 prbBeskPhy QM ngs are

also-illustr an i ntegrated product

nocti | UC%ﬂt/twﬂma@aﬁarﬁrﬂfflbhalpétﬁﬁﬁt(11n\é%nis @;mowa&n Figomposedydd h an
inorganic material such as a nortar concrete or a gypsum or a.resin as a
backi ng mat etacluded feanbeodrtifiding sdndenof ditvg rafesentt hevemtidr ci al
stone was cast and hardened or sem -hardened; _a product obtai ned by
placing a tile, &hfypiaseplisventionsalgo BFaYédesaﬁdf%’F%"sw&’c ig which
predeterm ned site and cas 25 and hard nl e artificial, stone; and a
product obt aF%%d‘WllﬁﬁFﬂF&g HESGS PEFRH ag'ns oFe tiie L5FaRgREY % ent i on,

(E‘f‘d in the geq-ANAGARd 2101 &l A QIR RAAK iHlilh -.:E-lbaC' ng atile, 43
10 noctilucent/luminescent artificial stone is corﬁposed as a part
of the surface.

As for a lamination composition, an inFégrated body is
illustrateci; which is composed of; the noctilﬁcent/luminescent
artificial stone o;‘. the present invention as a surface matexrial;

15 and a resin platé, a metal plate, a stone, a ceramic plate or
a cement plate on the back, which is laminated with an adhesive,
or bonded mechanically with metal fittings or £it bonds.

The follow'j;ngs are also illustrat‘ed; an integrated product
in which the noqtilucent/luminescent of the pfeseﬁt invention

20 is composed with an inorganic material such as a mortar concrete
- or a gypsum, Or a resin a.s a backing lﬁateri-al by means of casting
and molding after the artificial stone was cast and hardened

' or semi-hardened; a product obtained by placing a tiie, a gypsum
plate, ametal plate, andglass at apredeterminedsiteandcasting

25 and hardening the artificial stone; and a product obtained by
-molding the artificial stone of the present invention,.and in

'the seémi-hardened condition on the back side, placing a tile,
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13 March 2006 a gypsumplate, a netal plate, and glass at a predeterm ned
site,  and hardening i.t with conpression. The follow ng 1&aMarhbs0péoduct s,
asgare shown in Fig. 2 (A) for instance, may be included in the | am nated
conposition; not 5 only a product in which the noctilucent/ |um nescent
artificial stone of the present invention (21) is entirely lamnated with
ot her sort of materials.(22) ; but also a product partly lamnated in
gratings shape like Fig. 2 (B); and a product lamnated in a nmulti layer.
10 I'n addi biQphaAp] Qe AaRAIS1 LA Gla¥laeh bPEdetermined site,

noctil ucent/1T'um nescent artificial stone conposes, the follow ng

appropri at gn@oRskabuti h@nNbt afcd @odgresssssler ed; a product in which the
artificial stone simlar to the noctilucent/lum nescent artificial stone
is placed throughe fkB Yoviimgsyasiqusopluedud s Was dre Bigown in Fig. 2 (A)
noctilucent/lum nescent artificial stone (31) is arranged at. a part of
step of st &ersingtanae . shavdrs inFyledsin &hﬁrkﬁn}éﬁt&@ fHPSFARAONA Ptg. 4 in

which an artificial stone,. concrete materi al e materials or .the |ike
Wt hout ST PG EREBUFE TOPRETH BT TTHIBERE SHRHASE TS B Bk drh ned

pllace of the Bact) |MGeLLLUN BREENLQQILhS | £ Sl LADS L8k Ji5, Present

i nvention &s°a base Actdréd exa
nocti | ucentdthaléwa%&csﬂhaeéﬂéwI(@i) sHeea18b wfom&smtwwﬁmrimaar e
descri bed bel ow. course, the present i nvention needs not to be limted -

by the 25 ifol b@maagexanﬂwhﬁ&mml e J(B)Thencsmat @irodhet alemipteaedr ed to
have the f of | ow ng conposition,
in a multi layer.

( 10 In addition, as for a product a part of which the

noctilucent/luminescent artificial stone composes, the

following appropriate constitutions are to be considered; a

‘product in which the artificial stone simile;:; to the
noctilucent/luminescent artificial'stene is placed through
15 joints; a product in which the noctilucent/luminesce'nﬁ
"artificial stone {31) is arranged at a part of step of stairs
ag is shown in Fig. 3; a product as.is shown in Fig. 4 in vﬁhich
an artificial st:one, concrete materiels, tile materials or the
like without luminescence is moided with implantation in a
{ 20 predetermined place of the noctilucent/luminescent artificial
stone (41) of the present invention as a base material.
Manufactured examples of the noctilucent/luminescent
artificial stone of the present invention are described below.
. Of course, the present invention needs net to be limited by the
25 following examples.
'<Examp1e 1> |

Thematerialsareprepared tohave the followingcomposition,
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44 13 March 2006 enpl oying the aggregate of pul verized quartz (pul verized
product) with a maxi nrum particle dianmeter of 2.5 mMm an tWwRagpeooparticle
diameter of 0. 5 M MVA resin for a resin, and the filler of alum nium
hydroxi de with a particle diameter of 0.1 mmor 5 less; Quartz aggregate
‘Resi n Al um ni um hydroxi de 47 vol % 29 vol% 10 vol % : (average particle

di aneter of 4.0 .}1m 10 Light accunulation material 13 vol% (strontium
al um nate base : G 300C) (average particle dianeter 40.m. Each wei.ght
ratio was as follows. 59 w % Quartz aggregate 15Resi n15 wt % Al uni ni um
hydr oxi de. 9 SHRAY IR RecBREF 293 Yh HfaPBAVErizedu Dagker PR EEF128fbunt of a

i pl.i t . and har deni ng. t | | ded. 20 Th
i xture. of g egAPE e hE B RE T8 am e B WA AT AR cast
into a nol d.'é@féi!&%d?&ﬁ’eé’@sof@l. gﬁﬂ, \MMtAn:esin fora resi:}, and the filler :

of aluminium hydroxide with a particle diameter of 0.1 mm or

S. less;
Quartz aggregate _ 47 vol%
Resin 29 vol%
Aluminium ?ydroxide 10 vol%
(wh {average particle diameter of 40 -um)
', - 10 Light accumulation material | 13 vol%

(strontium aluminate base :G6-300C)
(average particle diameter 40 um).

Each weight ratio was as follows.

Quartz aggregate 59 wts
15 Resin 15 wtk
Aluminium hydroxide 9 wt%
Light accumulation material 14 wt%

Averysmaliamountofasilanecouplingagentandahardening

(ﬁi agent was-also.blended. A

= 20 . The mixture of the aggregate and the cthers as a syrup of

MMA resin was cast into a molding-flask and was molded with
compression to a board of § mm &hick,

The obtained artificial stone was irradiated by light at

200Lx with the D65 commonly used light source for 60 minutes

25 (mbre than saturation time}. The brightness after one hour of

irradiation was 27.86 mcd/m?, and the decay time to 3. mcd/m?

was 14 hours and 30 minutes.
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conpression to a board of 5 mmthick. The obtained artificial stone was-
irradiated by light at 200Lx with the D65 commonly used13 Mghth 2006r ce f or
60 minutes 25 (nore than saturation tine) . The brightness after one hour
~of irradiation was 27.86 ntd/n2, and the decay tinme to 3 ncd/n2 was 14
hours and 30 minutes. 45 13 March 2006 <Exanple 2> The artificial stone
provided. in Exanple 1 was renoved from the nold and the surface was
roughened by neans of squirting water-jet of 1500 kg/cnR through a nozzle
30 mmdistant from5 the surface. The artificial stone with surface concave-
grooves -0 <5x§mﬂ%?d%%p on an average- hereby. For the artificial stone, the

bend 10 ot N0t kB0 LeR) o bhE L RER Bt ] Db DangES O o

quartz aggregate, absor any

: ag t est
abnor mal i t'y waspdas Jn‘%{lQﬂ'&' E.Gﬂfé’&’e ALl Iéé’lg/%’%%}ﬁog g 63?3&(@} ?Eﬁﬁ? )

wWith inmrersion in an aqueous solution o oric 8 hours
and of 3 % gadedmehysl @siode kPemB dhewhgh! £Sesdiiev 8oy mmNOs &dd PRebness of

this artificial stone was excellent 15as follows; C S.R (nen's shoes) Wt

pl ane0. 871 Grk spirfnee. 6Zh<oCr £ R i) beowe Wobh surface concave grooves

' of 0.2 mm deep on an average hereby.

" For the értificial stone, the bending strength was 90 N/cm,
the hardness was 7 with Mohs' hardness of a quartz aggregate,
and the water absorption was zero.

10 In addition, any ébnormali-ty was not recognized by an acid
and alkaline resistance test with immersion in an aqueous .
solution of 3 % hydrochloric acid for 8 hours and of 3 % sodium
hydroxide for 8 hours respectively.

Non-_slipperiness of this artificial stone was excellent

15 as follows;

C.5.R. (men’s shoes)
Wet plane 0.871
0il plane;: 0.629
C.S.R.B (bare foot),
20 Wet plane 1.465
| Soap plane , - 1.223
The luminescence .performance of the artificial stone to .
which non-slipperiness was given, was evaluated ih the same
methq'd as Example 1 to confirm that the decay time to 3 med/m?

25 was 14 hours 15 minutes and about the same value as Example 1.

‘Asdescribedindetail intheabove, inthepresent invention,

the improvement of the luminescence performance such as a longer
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~1.465 Wet. pl ane Soap pl anel. 223 The | umi nescence performance of the
‘artificial stone to which non-slipperiness was given, wi3Merchl2086ed in the
same method as Exanple 1 to confirmthat the decay tinme to 3 ncd/n2 25 was
14 hours 15 minutes and about the sanme value as Exanple 1.' As described
~in detail in the above, in thepresent invention, the inprovenent of the
| um nescence performance such as a l.onger 46 13 March 2006 conti nuation
time of a light accunul ati on | um nescence is enabled, and besides giving
physi cal -properties of extremely high and functional qualities such as
strength, surcbaténhatipresine abpadgbhacesislaticn lwkadseeabeistepabied,
non- sllpperlness are. 5 also enabled by a control of the structure of the
artificial §PSnBeSthiiesl§1M&P§h912¥}‘E)’6°a]CP§Pﬁ§rtl% PE grtzprely &High akdne

i | udi t te d at | d I ht
nocumil ati on THRCEEOaL AR SR SurBotereraeaPy oF b e't%? CRRsRET | ays
along with aa&ﬁmo@%@gstsﬁeéa%%%é@ﬁ%fylwaﬁ gfigag ,E@JJ grgance of

the artificial stone is higher than't nc U

accunul at gon al@at eﬁame@w/ ar chuifide 9Fe Bhe "B RIdtRrebY rUL TS %\'ﬁtﬁ.lf@tzléﬁys per
Se. }
stone.

47




10 2. The artificial stone according to claim1, being characterized by
havi ng hi.gh | um nescence performance in a |lower fillingi3satahr20060lt) of
the artificial stone than a maxinmum fillingfactor (vbl% of the included

| i ght accumul ati on material and/or |um nescent material by ultraviol et
rays per se. 1.5 3. The artificial stone according to claiml or 2, wherein
a particle dianeter of the. transparent aggregate-is 0.1 mmor nore and
1/1.5 or less of a thickness of the artificial stone after cast and
hardened. 4, The artificial stone according to claim3, wherein the 20
particle di%}‘rﬁ’ﬁ"of the transparent aggregate is 0. 3 mmor nore. 5. The
artificial stone according to claim4, wherein an average particle

di aneter of the transparent aggregate is 1/20 or nore and 1/3 or |ess of
the thickness ofi1!hancasiifardahagienedncaididd &itdlansbanent 2ggbegdbe
artificial stone according to any one of claim3 to 5, wherein the
transpar ent andgrtedaae thane lind ofegul aghs wdanalatdnhi garertiainand8al3 March
2006 7. The artificial stone according to any one of claiml to 6, wherein
each aver agtuphReseandt Ba aHRdPYoR $ 1RV 191G ravactand Wi thom TREL R PPARI and/ or
the | um nescent material b'é% utraviolet ra $ is 10 g?\}&ﬁr rmr.%,and 300 m or
less. 5 8. TRRFATLTHIZGLRY U HABISRRTS R5 TOFBRAF T Ot WhgASt T fid® L aver age
particle di gppter:d $i; j.t re_.an 2 ificial
st one accordi nggtloé zlﬁéggjﬁe%%c altmO? ?%elgl?”“ggd% %ﬁ%?%ﬁcat eri liggt%éﬁ

i ncludi ng agat&efHARInG/birl 1 @hivdddent material by ultraviolet rays per

A
4 i

se.

10 2. The artificial stone according to claim 1, being
characterized by having high luminescence performance in a lower
filling factor (vol%)aof the artificial stone than a maximum
fillingfactéf(vbl%)oftheincludedlightaccuﬁﬁlationmaterial
and/or luminescent material by ultravioclet rays per se.

15 | 3. Theartificial stone according to claiml or 2, wherein
a particle diameter of the transparent aggregate is 0.1 mm or
more and 1/1.5 or less of a thickness of the artificial stone
after cast and hardened.

4. Theartificial stone according to claim 3, ﬁheréin the

20 particlediametefofthetransparentaggregateis0.3mmormore.

5. The artificial stone accbrding to claim 4, wherein an
average particle diameter of the transparent aggregate is 1/20
or more and 1/3 or less of the thickness of the cast and hardened

- artificial stone.

25 6. The artificial stone according to any one of claim 3

toS,whereinthetransbarentaggregatehaveanirregularsurface

configuration.
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a particle diameter less than 0.1 nm 10 10. The artificial stone according
.to claim9, wherein an average particle dianeter of theldMaichaeDe filler
is 30pm or nore and 70 pmor less. 11. The artificial stone according to
any one of claim 1 to 10, wherein a volume rate of the transparent
~aggregate is 15 20 % or nore and 80 % or less. 12. The artificial stone
according to claim11, wherein a volunme ratio of the filler to the |ight _
- accunul ation material, the |umnescent;.material by ultraviolet rays or the
m xture of the both, is O or nore and 100 or less, defined as filler/light
20 accunul ati on 7at efhalardidiotal uriares eenprdinetioatnhyond pfagidied rays.
13. The artificial stone according to any one of claim 1 to 12, wherein
t he transparéenté agdesgaresie cﬁY&rrtaﬁeoPaFgéﬁle GipgesrT anf. the ¥idhter s
al um ni um hydr oxi de qr _si I{;ca,. 25 ]d[4/ Th aieti'fiCi al stope accqrding to any
one of ol ai SRR AF30% FRFEATEY REYPE SRS, B SFSFREAPACTEI) 4% and ¢ he
filler is s 0f .al um, ni oxi.d 9 r . The
artificial s'%ioénlga%é%ggr%dF%Qtiﬁnal%q%nnélroﬁog a?ﬁlr%o, 3¥%t gﬂligog%éaér'act erized by

i ncl udi ng. a nont rANSPRE et i 2961 £08EBnedlRRGdMLS ot duild AN wBarenh tRegr egat e
and by that its particle diameter is 1/1.5 or less of a thickness of the

artificial sivaade abteictadianatieharddnegn ardnard ahdl 15®umer rlase.of t he
transparent aggregate ‘and the nontransparent aggregate is 20 % or nore and
80 % or less of the Bheigytédifarial oueone according to any one of claim 1

to 8, being chargcterized by including an inorganic filler with

,(‘; a particle diametexr less than 0.1 mm.

- 10 10. The artificial stone according to c¢laim 9, wherein
an average particle diameter of the inorganic filler is 30 um
or more and 70 um or less.

i1. The artificial stone according to:any one of claim
1 to 10, wherein a volume rate of the transparent aggregate is
15 20 % or more and 80 % or less.
| 12. The artificial stone according to claim 11, wherein
a volume ratio of the filler to the light accumulation material,
the luminescent;material by ultraviolet rays or the mixture of
the both, is 0 or mofe and 100 or less, defined as fillexr/light

20 accumulation material and/or luminescent material by
ultraviolet rays.

13. The a?tificial stone according to any one of claim
1 to 12, wherein tﬁe transparent aggregate is quartz or rock -
crystal and the filler is aluminium hydroxide or silica.

25 14. The artificial stone according to any one of claim

| 1t012,whereinthetransparentaggfegateisglassandthefille;'

is silica or aluminium hydroxide.
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- 16. The artificial stone according to any one of claim 1 to 15, wherein a

“time froma saturated state after irradiation 10 at 2001XMaichi2086 D65
commonly used |ight source to brightness of 3 ntd/nR is 12 “hours or

llonger. 17. The artificial stone according to any one of claim 1 to 16,
wherein the artificial stone is constituted with .lamnation as a surface
material .. 15 18. The artificial stone according to any one of claim 1 to
17, wherein the artificial stone is constituted as a part of the surface.
50 ABSTRACT ARTI FI Cl AL STONE AND FORMATI ON THEREFOR To provide a
further inproverkht &he|anthstiedcstoperrorondicy Sachnysonm adxréashnon of a
continuation tinme of a 1i gE%Fgé unul ati on | um nescence or a | um nescence by

ul traviol et %yt Ppract fLIRRER Y B AR TG SPRAE AT B99FEPAFE st one.
A til [1lum. t tificlal i ncl udi f :ent
noctt uceni_ un‘}]{]:%sggg tx%éuégfeﬂr;éhﬁi %’ir_%zoen atlench'ichythgt Jf{s?.rﬁa%.ﬁ f &G

aggregate, ar°reast one kin cunul ati‘on mat érial and a

| umi nescent giat g bk sbyyulst s AYleQkeds £ as cRh@BE oM thle Arte8iBid B srone
characterized by that the | um nescence performance of the artificial stone -

i s highey thapet baktahdtidenealandieddtghio nafepnt @b GheBiispaent
| um nescent material by ultraviolet rays per se. Figure 2
' aggregate and the nontransparent aggregate is 20 % or more and
80 % or less of the artificial stone.
16. The aptificial stone according to any one of claim
1 to 15, wherein a time from a saturated state after irradiation
10 at 200Lx with a D65 commonly used light source to brightness
of 3 mcd/m? is 12 hours or longer.
17. 'I_‘he artificial stone according to any one of claim
1 to 16, whérrein the artificial stone is cc;ﬁstituted with
.lamination as a surface material.
15 18. The artificiél stone according to any one of c¢laim

1 to 17, wherein the artificial stone is constituted as a part

of the surface.

(.“3
S
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13 March 2006

ABSTRACT
ARTIFICIAL STONE AND FORMATION THEREFOR
To provide a further improvement of luminescence
performance such as an extension of a continuation time of a

lightaccumulation luminescenceoraluminescencebyultraviolet

‘rays, by a control of the structure of the artificial stone.

A noctilucent/luminescent artificial stone including a
transparent aggregate, at least one kind of a 1ight accumulation
materiai and a luminescent material by ultraviolet rays along
with a resin is characterized by that the luminescence
performance of the artificial stone is higher than that of the
included light accumulation material or luminescent material

by ultraviolet rays per se.

Figure 2
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