22--June 2006 A H GH PERFORMANCE PHOTCOLUM NESCENT MATERI AL AND A PRODUCTI ON
METHOD THEREFOR . BACKGROUND OF THE | NVENTION FI ELD OF THE | NVENTI ON The
present invention relates to a high performance phot ol uniZAd¥eed®0hateri a
and a production nethod therefor. .Mre particularly, the invention relates
to a novel high performance photol unm nescent material and a production

met hod. t her efPoHIGH @ ERFORMANIC Ef @@Ly INEdcEN Magherahaet ol uni nescence
perfornmance with | ongNrast ipRgDUICSiTONe Mefrfen) mirkdrordi ng  benefi ci al
applications in finishing materials for use with construction materials or
civil engineering work materials, a variety of sign materials or marking
material s, and installations using such materials. BACKGROUND ART

Convent PBREFROUNR, OF FHE| ENYENTI@Re naterial has been known which is
prepared bgﬁcrushing natural stone, mxing the crushed stone with resin or

the | i kEIERRdOEoFHE IHVEYTEAE ni xture. Various approaches have been taken
to provide an artificial stone nmaterial featuring a natural stone |ike
desi gn, such Hhke pfresenbl énpvenanone mrlaties | tdea andhalpsa faaviangei gh
hardness and strength. As an approach to inprove the function or
per f or neleeclguiheaneattndterd]l simhe PiEhidiod Mt ehete R0t 0
| um nescent material for inparting a light emtting 22 June 2006 function
i's propgsed. particularly, the invention relates to a mnovel high
- performance photoluminescent material and' a production me-th'od .
therefor, the material featuringquiteahigh pho toluminescence
performance with long iasting visible effect and finding
beneficial arpplicaltion‘_s in finishing materials for use with
construction materials or civil engineering work materials,

a variety of sign materials or marking materials, and

installations using such materials.

BACKGROUND ART
Conventionally, an artificial stone material has been

g known which is prepared by crushing natural stone, mixing the

- crushed stonewithresinor the like, and sol idi fying themixture.

- Various aﬁpro_aches‘. have been taken to Vp-rovide an artificial

stone material featﬁring_ a natural stdné like dersi..gn, such-as

- of It}arble, granite or t_he- like, _ and élso having high hardness
_-._:-'md strength.

As an approach to impr§ve the function o:';' performance

_ _._.qof such an rarti.fic-ial stone material, the .use of a

photoluminescent material for imparting a -light‘ emitting




For exanple, a lum nescent tile has been proposed, which contains an
inorganic filler material, a synthetic resin and a photo | um nescent .

pi gment, the inorganic filler material used in concentrat?dH8e &#%apout 50
W % or nore based on the total weight of the tile (JP-A-60-137862) The

| um nescent tile is produced as follows. A conposition is prepared by _
bl endi ng__together 75 wt% of inorganic filler of quartz sand having a nean
particl eF¥PSE B L4 PEARPS®I2 mm 15 W% of resin syrup containing an MA
pol ynmer and ‘an_MVA nononer in a weight ratio of 25/75, and 9 wt% of photo
| umi nescent pi {esEamphe. radyriase cesdnpbipthasmbrsnmiapetedd wbich a sheet
having a thickness of 3 to 5.nm In the case of the |umnescent materi al
cont ai ni ¥R ERELS pHbtiglorgiagdscéal 1 prgneherdsldes onidk t inowesdm, asder gy,
saturation obtained froma D65 nornmal |ight source of 200 Lx can provide,
| um nescepbetaivaibeisghntasiaointat theabtoBganikt BR11kermawenbakuskdn a few
hours. The above brightness is a lowlinmit to pernit the human naked eyes

t o recogim zomcaontailonsofofanbohjesd. witheoraheré daslid Jrose@d icbthhe above
publication. (JP-A-60-137862) provides |umnescence lasting forno nore than

1 hour. welidihedeRe tile quove -got-a3i7als 23] soThas) @niHadt & Afi1ans
insufficient. initial |um nescence brightness, or cannot provide such an

| uni nes gRrsduasd s RIS aASUbRbEEERE oheY el pebphEbahbpessehaling! ear
vi si bl e recognition of objects for a 22 June 2806 period of about 15

M nut es .t othN T9RIACSFeRR8 rB8hi 0d £ 16N Sirdghad e LOsRRANAGSSRET Y for
evacuation guide in the event of power failure. S
'mea;i particle size of at 1east: 0.2 mm 15 wt% of resin syrup
containing an MMA polymer ahd an l&dMA.monomér in a weight ratio
of 25/75, and 9 wt% of photoluminéscent pigment. The resultant
.‘composi-tioﬁ is mold cuied into a sheet having a thickness of
3 to S mm
In the case of the 1umines-cent material containing the
-photoluminescent pigment as described, however, energy,
saturation obtaiqed from a D65 norinal light source of 200 Lx
can pro%ride luminescence at a brightness <.)f at’_ least 3 mcd/m®
“Ifor no more than a few hours. The ébove brightness is a low
iimit to pe';:mit' the».hu‘man naked eyes to recognize a contour
- of an object. 'i‘he material disclqséd. in the abové publication
E _ '{‘JP—A—'60-137862) rprovides lumineséence lasting fornomore than
1 'v.hdur.
Furthermore, t:he_ above material .'a'l'so has a problem §'f
an -insu_fficieﬂt‘_. Jinitial l-t;m_inesQenqév brightness, or cannot
g p.;'c.wlri.d.e. sl-llclrh an '1u'mi_'nescer'1cer.as"tb_méintqin a sufficiént 1e§el

: _'.pf_ bri_ghtnéss for clear visible recognition rof_‘ objects for a




Al t hough the [ um nescent material incorporates therein the

photol um nescent pignent, a surface or at nost a 1- m"ndeep é@gﬁz of the
material is available for light em ssion while the photol t

pi gnent present at the. deeper portion of the nol ded body does not work at
all. This results in the aforenentioned fundanental problem associated = . :
with the | um nescence performance that the available depth for light -
eni ssi orpésicd shiebownd 3 heldumdmes sante apenived necarnele berextended. _
Because of these drawbacks, the photol um nescent function is practically
utilizedcamns yddedpainbe, neesstakrgpesr endct£6idn fdhide GaDttdieneRenthe

phot ol um nescent pignents, although attention is focused on the pho ,
-t ol um._nesf gedked URKCE10Fe . Whi ch is useful for the ‘evacuati on guide and the
like in the event of power -failure at underground shoppi ng center. -

Fur t her nor e, @m@d@yltheOiu&hﬁéecQﬁemafli%o%dltasc refikfeshapes and

resin sheets are short of adequately exhibiting the p oto um nescent

functi onnJBeoRBebLAL HELRRAEHE GRLOTEY 5ul$288 GXBRMLYE o Hahnl BEp0dI U on

of a small anount of pignent resulfsin a 00,70 i'ncrease

: 8];]0: gfu:ﬁ%nescogg'?’tfpf:;gwng{ eé%]laal }So?f?g%ag}geﬁ rgr’tqrﬁoce!lmg%%ét%g‘;aﬁ%%re t he
Fgh ertacPEREbes Zzgéél%%ﬁﬁgoels?m%u”%&*ﬁ%‘)ﬁer?ro%if 85 ASTRRR ROSEERP Tt ori al

has. qui tz’f?ltl rgr#?g% gﬁpr fyﬁ&,(;anscemanqmar}?{pl i catlllon I n vi ew of the f or egoi ng

the pres

This results in the aforementioned fundamental problem

associatedwith the luminescence ﬁefformance that the airailal-)le.

i depth for 1ight emission is so small and the luminescence period
cannot be extended.

Beceuse of these drawbacks, the photoluminescent

" function is _paeactically utilized only by paints, resin tapes

and resin films containing the photoluminescent pigments,

although attention is focused on the photoluminescent function

| which is useful for the evacuation guide and the like in the

event of power - failure at -underground éhopping- center.

7 f‘urthermore, as a result of these drawbecks, such ﬁaints, re-s in _
i;eﬁfes and resirn sheets are shbrt of adequately exh’i.biti.ng the
photoluminescent function.'

T.he p.hotolum.ineseent- pigfnent,_is SO expensj.ve that the

) addition of a -small_' amount of the pigment resulté in a 3-fold

to 100._—_fold incr_ease of the total cost. Th_erefor‘e,,"it is not
‘.fea31ble to 1ncorporate the photolumlnescent pigment :Ln a

' portlon of the" art1f1c1a1 stone where the photolumlnescent




proposed a material containing an inorganic aggregate or filler and a
resin, the material which acconplishes high strength, hi %2 har s and a
deep color tone like that of the natural stone, which per £ Ungy ut si de
portion to work nore efficiently by increasing the available depth for
| ight em ssion by way that a photol um nescent pignment is adm xed as the
inorganic, materjal having a smaller particle size, or otherwise is of a
mi ni mumPEEGH dogfoint Gty genkedbase Segibat Light endssirmchi eves a
further extension of the |um nescence period (see, for exanple,
W98/ 39268, 98IBBEmentiie pr dpesedcraventabpair e phsentwmidgsadmdr act eri zed
in that plural types of inorganic materials having significantly
di f f er ematmzimlpdvas cludl 53 Zdignidres] yead casndres iamt ganilc cagdloagat e or
filler. in a specific mxing ratio, that the inorganic material having a
great er -parti dre vdiexe afs thd rétnsgprian, SUbStpReSen ANThpérent @l Hawat t ached
to the surface of the greater particles of transparent inorganic material
by si nt @frdpisRcoabicegian ¢detaidehquaiiidgmapihqtesaté ahtreniasi on from
the The proposed materials are realized based on a new finding the |ike.
The propefed Fekeh| akheaindrb@ahiZqfi PRSSL-Ofp 11 SRYS FhNGH NG Adafed he
avai l abl e depth for light em ssion fromthe photol um nescent pignent or the
~ like camiym haehgagedahd £08LER! I AddNhGHRR kNS HE 1 & Hfealrlg 1Ol ded

-body such as 22 June 2006 -

. stone, whichpermits anoutside portion toworkmore efficiently

'byrincreasing the avai_lable depth for light Temission by way
of a minimum possible amount of photoluminescent pigment, and

~ which échieves: a further extension of the lumineécenée period
‘(see, for example, W098/39268, 98/35919).

The propdsed materials are essentially characterized in
tﬁat plural types of inorganié materials having significantly‘
different mean particlesizes are‘used as the inorganicaggregate

,6r filler inaspecificmixingratio, that the iﬁorganic material
h_aving a greater particle size is a transparent substance, and

that a photoluminescent pigment is admixed as the inorganic

inaﬁ.etiéi " having a" sma;ler particie ‘size, or ..-dthe_r;'is_er-_ is -
préiriqusly attached to the surface of t'he.. greater par’ticﬁl_e_s
of 't-ransp-arent inorganic material by sinﬁer—_fuse;cééﬁinﬁ or

" the like.
. .. Theproposed I_natlerials are realized b_a,serd én é rié'w finding |

that the' availabie.-depth for 1light éniiss_ion,-f_rom -the

- photoluminescent p‘i_gmen't_: or the 1like: can be in__é:r'e_ais_ed by
" controlling an internal Struct_ure of the molded ,body such. as,




an artificial stone. In fact, the artificial stone according to the
proposal of the inventors is capable of maintaining the ?Eqine nce at a
bri ghtness of 3 ntd/n2 for nore than 8 hours. The inventofs de the
followup study with an aim at a further inproved photol um nescence
performance such as a further extended period of |um nescence at a given.
brightness, or nore particularly a further inproved photol um nescence

per f or mancertiyiway1oktenat rol of a relation between the internal structure
of the nol ded body such as an artificial stone and the photol um nescence

per formance trhereof, tHIVMARY FOEi THESt OYVENTEEN-JR; L Ser dridvyerkiion
provides in a first aspect, a high performance photol um nescent materi al

fornmed dy thenghngn ek Cll | dpal1d edstndi d¥ANSPRY e bASE RNl and a
phot ol um nescent pi gnent conponent, wherein the transparent base materi al

has a \tseoHriyhehedsPas(20ad/mfr rOBIRoAO s sPHESeB8t in a concentration
of 7 to 95 wt% The photolum nescent pignent coriponent may have an. average

particle si m@fl%ntt%r%OQQVQ%aJ@etﬁé aRSPRGENIp RaseyBliehl ah aGAn be a
resin, a glass or both. 22 June 2006 The hi gh perforfmance phot ol um nescent

mat eri al¢ MAYey faddhern ;smwd %)%o%o@.'u%%@sc%?ﬁ?o?%@%oghgﬁfc tbapnht he

phot ol um nescent pignment. The weight ratio ot ol um nescent pi gnent

componenteupAsd &ienable NcANBA L HARANRN & 1S 9@&{ MW Ainlcs and can be

"3.0 or less. The other pignment conponent nay co talrn at 4st bne pi gnent

sel ect &g oML WL sRL9TRRY, o Sl OPhRL 9RlovRE OFRNAR i Helence

performance by way of control of a relation between the internal
structure of the molded body such as an artificial stone and

the photeoluminescence performance thereof.

.SUMMARY OF THE INVENIION
The present invention prévides in a first aspect, a high
performance photoluminescent material formed by blending and
curing at least a transparent base material and a
photoluminescent pigment component, wherein the transparent’
- base material has a viscosity of 1 Pa+*s(20°C.) or more and is
present in a concentration of 7 to 95 wt$%. The
:photoluminescent pigment éomponent may havé an average
particle size of 10 to 2000 pym. The transparent base material

can be a resin, a glass or both.




pigment. The white pignment can be an oxide or conplex oxide of zirconium
~Furthernore, the high performance photol um nescent materi QI rra,AyJurther

¢ X . 22 June [
-conprise a transparent aggregate. The weight ratio of thé"tranhsSparent base
material C and the transparent aggregate D is defined as D)C and can be in
the - range of 0.1.to 6. Mreover, the present-invention provides, as its

second aspeotne a MIERNOG o, ALAMNC! DYoBoDl,gl PEILA! TRGE ot gLy nescent

material, whic es blending ransparen ase materia ith a

phot ol uFlAGRGeNt cRHGTRAL  £ONPOBRRL: OF -amBlendh of @, ahot ol Ui nesgent

pi gment  conponent, anot her pighent conponent and a transparent aggregate,
t her ebyprdicaiutiingsaeRASt 6pi JAUHAr OFrhi SCQUSghABSSANG, Subkjrectichg it, to
~nmold curing. The content of air bubbles per-volunme of the paste, nortar or
" Vi scouspltit alluime n2806ntaps gieit becadphent | @d 41d 28hor okpss. phkaebkendi ng may
be carried out in an atnosphere depressurized by at |east 50 kPa from
or di narsompreessitir & Hheddf onell ngs nByAalasiol bhen dax r3 el out liessa Sherring
apparatus having at least a mxing vessel of which the inner surface

and/ or ghietr | igmepk adeoniponeoat etaw tdendatipansparleastoronwhi pegueati ng
material .. The transparent base material can have a viscosity of 1 Pas(200)
or nor SePsd ety dreBariphie BriBreniat ¢eildPWecRhIBRN Y, rEsiqFangeglPassedr bot h.

The hat ol um nescent pi nt conponent can have an average particle size
of 10pﬁﬁg§ﬁ@6'p e whi eggggmentngan be an oxide or complgx gxide

- of zirconium.

Furthermore, the high performance photoluminescent
material may further comprise a transparent aggregate. The
weight rétio of the transparent base material C and the
transparent aggregate D is defined as D/C and can be in the
range of 0.1 to 6.

Moreover, the present invention provides, as its
second aspect, a method for producing a high performance
photoluminescent material, which comprises blending a
transparent base material with a photolumiﬁescent pigment
component or a blend of a photoluminescent pigment
component, another pigment component and a transparent
aggregate, thereby obtaining a paste, mortar or viscous
mass and subjecting it to mold curing. The content of air

-bubbles per-volume of the paste, mortar or viscous




The transparent base material nmay be present in a concentration of 7 to 95
wt% The weight ratio of the photol um nescent pignent coggglrl]ﬁaerﬁoo A and the
ot her pignment conponent B is defined as B/A and can be 37070r egs. 22 :
June 2006 The weight ratio of the transparent base material C and the
_transparent aggregate Dis defined as DDC and can be in the range of 0.1
to 6. [ I aveption .has been onpl i shed ased on the
foll ovﬁ%@% f‘{rﬁ%ﬁ} ﬁ%% %@%?%le%?%y*?héw Sventsrs 3[%63 %Cg%rgg)ln%em%}ét §|e|_ed
exam nald oited QR VER! QHS nRURRIHS adtliUddtr ibAdl BY 0¥ 108 50
phot ol um nescence performance of the hot ol um nescent material containing
a phot olpdr resseNbrdphE¥eNt prdbahrés. tHe ivaols have haypd Hhat a high
per f or mance phot ol um nescen}tg nol d can be obtained by uniformy dispersing
phot ol wdmeseenbupi gitenta pattirei 8 opphdange Bh%engl Na@ tllargpagent base
material having a high viscosity, and that the per?or mance of the
phot ol umixescene¢sswl doifs Whirdthethe | Aanheas edidia dar’ exedt dngstheréngrance of
air bubbles and foreign substances. These findings as well as the
i nvent ikorpdger és alpoeitgde| wiithcorceitrablspagentnpredi whalbee evehiby t hose
skilled in the art. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The i nvention
has thé&adfdriédent iBifed tearsipasemhi chaak! | maperdadcridsed byevway af an
enbodi nent t hereof . A high performance photol um nescent material according

to the VRFATETEN D i dei PAr Fy2Rohpr iesmPhRe - f diNCowr P enpase

material can be a resin, a glass or both. The
.photoluminescent pigment component can have an average
particle size of 10 to 2000 um. The transparent base
material may be present in a concentration of 7 to 95 wt%.
The weight ratio of the photoluminescent pigment component
- A and the other pigment component B 1is defined as B/A and

.can be 3.0 or less.




transparent base nmaterial, and 22 June 2006 a phot ol um nescent pignent.
Further, the high performance photol um nescent materi al 3 OQ:kﬂ% to the
invention may further include the foll ow ng conponents: anothet pi gnent ,
and a transparent aggregate. It goes wi thout saying that in addition to the
above conmponents, any additives including curing catalysts or curing

.auxilp&&y. %%Esia Egco§i%¥enggifiergﬁggxﬁg%%h%%gggggtﬁé2%¥8n i nhi bitors,

. ranspar gh
anti bacterial "agents andt he.” |'iKe %ay a Fong as
such an.,addi L d Lnketfe ' he ;@bj.ect -ef fect f the
ventian ARGt ASOBRATST unt RecRant b caene Tnebpofhi B6 R PR
transparfpfe base. matgrgal according to the invention, a variety of known

pi gments and commercially avail abl e pignents nmay be used. For exanple,

'strontium alpyiqialce ibasedrBRter LAk sin#di€i osUdd deeandidigphiikgedar e usabl e.
Such phot ol um nescent pignents may preferably have a nean particle size of

at | eagdaskimonmene poeienakd Veimfind@ bBt20R0aPBY Ve BMBRNTRLE RREferably
of 100 to 2000 pm Conventionally, it was not easy to use phot ol um nescent

t he * depidireWnsge diigGtIeaN cQbmEndtiGnk Ok Ysh NS 1GRRL v3BRSS i HRY ekl Rl ngPi gment s
havi ng such large particle size. This is because the photol um nescent

pi gnenttd s haptod® benwni fiddoreiispeEsfbei N pesFdriahcthe gxhot ghym nescent:
effect tends to appear locally ‘
photoluminescent material containing a photoluminescent
‘pigment. That is, the inventors have found that a high
performance photoluminescent mold can be cobtained by uniformly
dispersing photoluminescent pigment particles of a large size -
in a transparent base material having a high viscosity, and
that the performance of the photoluminescent mold is further
increased by preventing the entrance of air bubbles and foreign
"substances. These findings as well as the invention wefe

absolutely inconceivable or unpredictable even by those skilled

in the art.

DESCRIPTION QF THE PREFERRED EMBODIMENTS

The invention has the aforementioned features which will
be described by way of an embodiment thereof.

A high performance photoluminescent materiél according
to the invention ©principally comprises the following
components: |

a transparent base material, and




in the proxinity of one side of the sheet material. 22 June 2006 By

al lowi ng the use of a photolum nescent pignent of |arge rJt 5 ze, the
phot ol um nescent pignent is allowed to absorb a greater amount <o ener gy,
whi ch causes the |um nescence to last for an extended period of tinme. In

the present invention, generally, a mxing ratio of the photol um nescent

pi gnent may prefehatbl be 5 wt%or, nore based on the total weight of a .
desired nol de(fb% O RSG5t § i@ dscent material. In the case where

t he amount of %4” gnent. is less than 5 w% the required

phot.ol uni nesceF in& PP It ShegeRber Bene aHhe tadhingred cefscoa tényalo the

i nvention, eneral standard for the photolum nescence function is set
as: the aé‘m‘-? WG Fardhft Arventhen Imay fasddroe iatclader hbkt AeSbowind nd/ n,
which is the mninum brightness at which the human eye. can recogni ze the
cont.our CO8POREH ect, for at |east 8 hours follow ng energy saturation
froma. D65, nornal 'Iight source of 200 Lx. Hence, the proper mixing ratio

of t-he phot ol @motdsgemigpiegentnidn the transparent base naterial is
selected fromthis point of view, while conbination with other conponents

i s also takena mranspanenidenatiregatEQr achi eving the above phot ol um nescent
effect, the invention enploys a transparent base material having a high

viscosity of ItPaoes(2AChodt EBYEngTREa¥SE Ofaddia tdANSPaRgMt Lhase
material having a high viscosity permts the photol um nescent pi gment havi ng

a rel at cupbynkatge Ney hidahe: %béent&m Y, al qng the
dept h-wi se direction 22 Juntla 2006 d&‘bﬁ?&ﬂb caogasl%ésegr curing

aux:Lllary agents v1sc031 ty modifiers, UV light deterloratlon

A _1nh1b1ters, antibacterial agents and the like may be used as
_required{ as long as such an additive does not interfere with
the objecthor'effects of the invention.

As Co the photoluminescent pigment incorporated in the
ftransparentbasemaﬁerialeccofdingtx:theinvention,avariety
of known,pigments and commercially available pigments may be
used. For example, strontlum aluminate based materials, zinc
sulflde and the ‘like are usable. Such photoluminescent

- fpigments may preferably‘heve a mean.particle‘sizerof at leasﬁ

:-10 um more preferably, of 30 to 2000 pm o.r aven nore preferably

" of 100 to 2000 um.

Confentlonally, if.was not easy to use photoluminescent

L 'pigiﬁeﬁts having euch -large particle size. This is because. the
li?photollnnlnescent plgment is hard to'be unlformly'dlspersed in
::thedepth w1sedlrectlonofaiphotolumlnescentsheetmaterlal

'so that the photolumlnesceﬁgheffect tends to appear. 1oca11y '

in the prox1m1ty of one 31de of the sheet materlal




of the sheet material. The transparent base material may have a white col or

or any other colors so long as it has a. high |ight per Ilid V.. In
general, a preferably enployed transparent base naterialnazggm%k@@ | i ght
perneablitiy of at least 70 % or nore preferably of at least 85 % . Such

. a. transparent base material may be a resin, glass or the |ike; when resins
are used, preferable exanples include nethyl nethacrylate (MVA) resins

i ncludi ng  PMVRYZhH RS £BE vmavel atdialruniote gotyepi gnenbsifisaramoxy
resins, and silicone resins; olef in resins such aspolycarbonate resins

and pol yREEhHERsS ¥2si hke phy talvainsablat Hament he alilseeditoanfotthe
transparent base material refers to the . viscosity of aresinin the form
of a |iq@ greagescousuibrof arempt.t which aausysUphepPBGhEnOfcdidd ajo that is
to be m xed with the photol um nescence pignent. The resin syrup or paste
may be almist fice eh axpehvedr pealiodod®r tameoNONEr. In the case of an MVA
~resin, for exanple, the base material nmay be a syrup consisting of a

m xture of MVATIROLN&BSr&sish dVNh v SIS g(e%eg:-a_,llrye,Sianm§¥E_H€Sr§@{HTfoCi ally
avai able from M tsubishi Rayon Co., Ltd; Mtsui Chemcals, Inc.; Kuraray

Co. - Lt dehanghbbelrbinkBdscdhe Yiseost t%“pﬁe&%x%%ﬁ% R %r-&?s_&a ord2ry in
pol ymer I n

association with the contents of the as liste able 1 as

‘bel ow 2Baduae c20RheTARIR1L M2 LRIENT 6 nBRa8E2 REME PEUVER (Wt %)
R . photoluminescent material .. In the case where the amc}unt‘c:;f" .
‘the pigment is lesé than 5 wt%, the requiréd photoluminesce_nce

function may nét be fully aéhieved. |
According to the invention, a general .sténdard for the
phdtoluminescenc‘e function is set as: the ability to maintain
-thg lumj.nescence atabrightnessof3 mcd/‘mz,. which is the minimum
brightness at which the humén eye can recognize the contour
of an object, for at least 8 hours following energy saturation
f];'om a D65 normal light source of 200 Lx. Hence, the prope‘r
mixing ratio of the photoluminescent pPigment in the transparent
base material is selected from t#is point of view, while
gé_mbinaéiop _with other cottiponenté is al_sé taken into-

ébnsideration. ' ” o

For achieving t’hé above: photoluminescent effect, ‘the
-:inveﬁtio_n employé a transparenp’base material having a high
Yiééosity .of 1 I-Ea‘s (20°C) or _mof_e-.. "i‘he use of the tran's'paferif
base mater_ial_‘ h'avi_.ng . a | high viscés_ity :p_errr'lit;.s' -the'
';;hotol_uminesc_én-_tl p"i-gment_- l}éviing -a .relativ_ely‘ 1ar§e partic.l'é-

:s__'s_iz'e' to be: 'uni_f_o_rnily dispersed along 'th__e depth-wise direction '

10




2.027 3.329 5.531 10.033 14.035 Thus, in the present invention, the use of
a resin having a viscosity of at Ieast 2 Pa-s(200) is deabqgﬁ ﬂimthe use
of ,any of the follow ng materials having a viscosity of "at Bast
Pa-s(ZOCD in the formof a liquid, viscous mass or nelt: (1) a reS|n

(pol yner) per se, (2). a mxture of polynmer and nononer, (3) a m xture of

pol ymer. g?d oligoner, (4) a mxture of ollgoner and nononer, and (5) a
m xture % f%@? SEt§dé -and nononer.: However, in, the case where the

base naterlal has an excessively high viscosity, it becones extrenely
difficult to TPRcEFpRFaREcRRdIS e artey icempyghane 4 whilte baber met eri al .
Therefore, ‘al though not limiting, the maxi numviscosity of the base

mat er i alanh’ag‘tbér cembexiersnl lionshesabouias G0hRPghsl 266} - peinecahying tgf.
transparent base material may be selected depending on the application of
t he photlpl grrEsdena DEEQEIalefembBOYQ&Eﬂiaﬁwpaiéﬁtr&hséﬂmaﬂéﬁiﬁﬂderatIOn
the required physicochenical performance of the photol um nescent material,

such ashsisrengt highe picherabaditiadE &t YO4EE TS| YARELe RAUTANISE ance. 22
June 2006 The ampunt of the transparent base naterlal used may be in the
range Obf?at01855swt% tnased;u@h taherbﬁbﬁhr%tgﬁésgfméE‘@rlal may be a
- res_:_l.n, glass qr —:the'l;ke; when resins are used, preferable
':-'e:f:'aﬁ'l'pl-e-sﬂ i;lclude méthyl me_thacrylate (Mml.) resins ‘includiﬁg
?MMA and modifi._e.d-'PMA, unsaturatéd polyesﬁér ‘resing, epoxy
fesins, and siliéon.e resins; olefinresins _sﬁchas polycarbonate
r‘x_'.esr;rins and polypropylene resins may also usable.
Here, the viscosity of the transparent base material
o _;:efers to the.viscosity of a resin in the form of a liquid,
" viscous form, or melt such as syrup, paste or mortar that is
 tobemixedwith the photoluminescen-cepigment. The resin syrup
~ or paste may be a mi}.cturerof a polymer, oligomer or monomer.
.In the case of an MMA resin, for e};ample, the basematerial
) may be a syrup,con_sisting of a mixtur_é of MMA polymer and MMA -
-monor'n-er (e.qg., ‘r‘es-in, sjr'rups cor‘nmerqially 'a-\‘railabl'e: from
. Mi t’subishi Rayon épi . Ltd; Mit'sui'Chemi.éals, In:;:'. , Kuraray Co.,
' Ltd. and the lijke) . rfhr—: viscosity of ‘th'e'bas.e méteriél may
. _jvé.ii:y in.associa_'t_:iqn with the contents of lth-e MMA polymer aé

‘ ~listed in Table 1 as below.:

11




phot ol um nescent material. In the case where the transparent base -
material. is present in concentrations of less than 7 wt % Jzixte?OfO%nCti on as
a matrix that disperse, binds and holds the inorganic pa?%l ¢1%s,” i.e. the
phot ol um nescent pignent, other pignent and aggregate is decreased or
lost. As a result, the photolum nescent nmaterial cannot-attain. the
requi red physicochem cal performances such as strength, and hence, the
desired phot ol uni nescent effect isT™#RYE akhi eved. On the other hand, in the -
case where the anoynt pisddEr ¥ aSpar ERkTEgsCor et ey i al exceeds 95 w% a -
significant decreage %fﬁ‘th? r,é))hot m&ﬁts&ﬁ{lie(&%ﬁhf prmance is observed. In
t he phot OJ uni nesce , as-lr( qi acdording 10 e " lnvention, the
phot ol umi nescent pijgnent nhy5be Used in. &Bnbinationh with another pignent .
as required. Inthils case,2.a prgferred weyght ratijo B/ A between the .
phot ol um.nescent = gi gnent .%A.gnd tlhe ot her_pi gnent may generally be 3.0 or -
| ess. -In the case |[vwhere. The weijght ratio°B/ A is re than 3.0, the other
pi gnent, - nost of w{ich con8i8ts qf inorgadic particles, shields the .
-~ photol um nescent pijgnent $@_ghat jthe. phgjol umi nesicent ~pignent’'s ability
. to absorb energy from eﬁe r-61al l{i ght, accunul ate tlhe absorbed energy and
emt |ight The -other _pjig t° may Jhave any>®f variods col or tones and '
typical Iy includes Wit igrgq_rg ,:yell ow pigoent s range .22 Jupe 2006 or
red pi ghents, Exarr'p\év:i?se% a suh%ajb%ée%ll?rg' %%n‘é?ﬁ o%n'i"‘il D DY SR um oxi de
pi gnent s, ‘;.it-ani.um\ci)# de pignents, alum num hydroxide pignments and the
like. Afbng Y9REEY @h 8 gi‘egﬁén?sﬁa'édﬁﬁr?)si?r@ inadesstbr wse 2% coni a
(-zi rc'oni:aum oxd gﬁl, er zirconiumsilicate, or a conplex oxide are nore
preferredan§%1‘ ollowing materials having a viscosity of at least

1 ?ae(20°cl in the for@ of a liquid, viscous mass or melt:
(1) a resin (polymer) per se,
(2). a mixture of polymer and monomer,
(3) a mixture of polymer-and oligomer,
{4)-a mixture of oligomef and monomer, and
{5) a mixture of polymer, oiigomer and‘moﬁomer.
" However, in the case where the base material has an
éxégssivély'high'viscosityy it.becomes extremely difficult to
:rinéorporate and disperse the pigment in the base material.
."i‘hi.a'réf.or-e, -although not 1limiting, the maximum vis’cosity of ‘the
'_"béée'ﬁaterial may be Considefed to be aboﬁt 100 Paé(20°c).
The type of transpareht.b#se'material mayrbe selécted.
dependjing on the application of the photoluminesc-ent' material
: Of‘thé'inventiop, taking intﬁlconsidefation the-required
'jﬁhysicqéhemicalperforméncecﬁfthephqtoluminéscentnmteriai,
'gjéuéh aé;strength, wéaﬁher ¥esiétance, water fesisténée;:aﬁd'

“wear resistance,
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t he standpoi nt of the photol um nescent effect because the white pi gment s

have smal l er light shielding effect than pignents of oth o] .
Exanpl es of a suitable yell ow pignent include Chrone Yel I%gv%/?mfﬁg% um

Yel l ow, Nickel Titan Yellow and the |ike. Exanples of a suitable orange or
red pignent include Iron Red, Cadm um Red, Mol ybdenum Red and the |like. O

course, other T}\'{gr im%us tpi gﬁgt such as blue, green and bl ack pignments may
be used. In general. the®btHE PFegdRE sidy Ppreres b 2 hHredhmaxvBeage ‘
particle,size in the rapnge of 0.1 to 70 pm .This is because the pignment
particl e%nhék'/‘? AP S T EP28° 91t kPR & the topalaneighdepfithd to
shield 'ﬁ EhOt o] um nescent pignent particles dependi ng upon the m xing
ratio tHarec

_ P lupingRranrehegiadayi by thearaan Wrepmitbept gamsparest requi r ed,
may be ‘used. in conbination with the aforenmentioned inorganic pignment or
i ndepend@®® ¢ Y12 tey iaddi ¢ ivgie s epitel phonmtemi TesiceTe of e es ittlarol? ¢, | nvention
may further incorporate therein a transparent aggregate suchas silicon,
gl ass, c¥ystinclorompist enmeickriizathAtpdébpered, nbxndg andi RoDAE e i ned. as
- the weight ration of the transparent aggregate D and the transparent base
22 June 09Gamiephaki€leny iner.mahk\pherd Tun it dang@ep9bm@nt , torker The
transparent aggregate is not only effective for providing and inproving
t he requiirgnberph paidcabg pegpes tiseGestehse@Sost TSI haswgaresesEStANce and the
like to the nold hardened material, but is also effective in enhancing,
- thr ough gHc o BunfiIsRRIRRCY maltha R0t Ok s Hescebtathf eehedl tdGiirea
physicochemical performan‘ées such as stréngth, and hence, the
desired photoluminescent effect is not achieved. on the other
" hand, in the case where the amount of the transparent base
material exceeds 95 wt%, a significant decrease of the
' photqluminescencé performahce is observed.

In the photoluminescent inateriai accbrding to the
invention, the photoluminescent pigment may be used in
combination with another pigment aé required. 1In tﬁis case,

a preferred weight ratio B/A between the photoluminescent .
- pigment A and the other pigment B may generally be 3.0 or less.
“In the case where the weight ratio B/A is more than 3.0, the
- other i)igment, most of which consists of inor’ganic particles,
'shields ‘the photoluminescent pigment .so that the.
..pho_tolumi'nesc“ent' "pigm_ent's ability to absorb energy from
: ._external_ light, accumulate the absorbed energy énd emit light-
- is decreased.
‘The other pigment may have any of various color tones

~and ;ypi_ca_ll_ly include white pigments, yellow pigments, orange
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- photol um nescent pignent by way of light perneation through its particles
~and irregular light reflection at its surface interface. wever in the
case where the transparent aggregate is added to the trangjgg Base
material in a weight ratio of less than 0.1, substantial effect in
increasing the photolum nescent effect may not be expected. On the other
hand, the case where the weight ratio of the transparent aggregate
exceeds @ redrpignmefor abkempilelserf 4 puihablehdhiteapndpmentt ingljgiegat e t he
‘strength of the nold of the photolum nescent material is inpaired. The

t r anspar=intcagigme gatidenaygpeeater, abliyahave axpdetpideestze alumindmeast 0.1
mm or nore preferably of at least 0.3 mm provided that it is not nore
- than 1/ hnaedrdsticid bigkerss id e mokd.cuskmshdathesd, nwhddiet b Dyménr$ he
transparent aggregate, -the transparent base material may further include

an i nor gastigridind ein Midh shes asPaliticehns aSi (28 r¥loni®es dhate)0. dr M
Exanpl es of an applicable inorganic filler include molten silica powder,

crystal J{guaidZm QQWS&teC@% G UBIE3ER0DR] §e AldHPENp PYEER LECEra® June
2006 plastic powder, glass powder and the l|ike. The photol um nescent

mat eri al h&f {%Qﬁdﬁavr?%rum ngsoes9QH93Qséan'e%&9b@cau§Qsc&ae;@g{ O‘gaze

mat eri al cent I gnent conponent or

PR LTI GATTOORE s RASRE AP IS
and subj et%t' n%olo to ol d curing. -
- Examples of a suitable yellow pigment inciude Chrome
Yellbw,- Cadmium Yellow, Nickel Titan Yellow and the l.ike..r
Examples of a suitable orange or red pigment include Iron Red,
'.Cadmiu;m Rea, Molybdenum Red-and tha like. Of course, other
.various pigments such as blue, green and black pigmenté may
be used. | |
In general, the other pigment may preférably have an
average particle size in the range of 0.1 to 70 pum. This is
because. the pigment paa:ticles having a small size of 1.70 pm
' '-of 0.1 ymand underAtend_to shield'tne photoluminescent pigment
particlea depending_ up'tan_tlne mixing ratib _thergof.
Itgoeswithout saying that_ an orgaﬁic‘pig;nent . aS‘requAJ'..r.ed,
' may-l_ae used in combination W.ith the aforementioned inorganic
"-‘pigment_ or indepéndently. " In addition, the photoluminescen_t
'material of the invention may further i'n-cor'porat-e -t_‘-.here_in_ a E
: ‘ti—ans;_)arent aggreéate sucﬁas silicon, glass,"_crystal, ormolten
.éilica.:' Al ;preferred'mixiné ra,tio D/C defined as the wei‘g_ht

r_ation of ._the transparent aggregate D and the transparent base
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In such a production nmethod, the preparation of the blend is a very

i nportant requirenent.. The preparation of the blend is esagﬁigg?%minportant'
in the case where a photol um nescent pignment having a rel e Yyl arge
particle size is used in conbination with a transparent base materi al
having-a high viscosity as the matrix for dispersing the photol um nescent

pi gment uniformy. Heré it shoul d be enphasized that the invention provides
a met hodmbhoerpatparmay hbemblekpdbeninhenhbéorangé afpasierongrtar -or ot her

vi scous mass which contains air bubbles in a percentage of 2%or |ess
per-vol une. Thehél epdnkspapenbbbigyregapar 6t Wost bhli NgErebBicehel Torcarri ed
out under conditions controlled so as to limt the. content of the air
bubbl.es $80¢id40§ b ImpIB¢ihYPenOfrHfdildeRl physchetifthpd hEi dotsdlhonal

speed for the stirring, the atnosphere during the stirring process and the:

| 1ke MRYaba GRHGH| Gdar/tes DUDDLES L REOPHES ¢ PUnS I Td B A clihe
remai ning air bubbles are prone to I1ft those pignent particles having .a
smal l'er sig. S SpeGhfisc gravit e. ph } nesce 2 .June 2006
o ament SAreTE b Rt 4% RIR A TR PR LA Bl engh R

mol di ng, t he_phot ol unj nescent pi nts_to _be shielded by the
pi gnent %§€€?% e%&é artigﬁ?arl gg%ﬁ ?ﬁéneﬁggggﬁheﬁg%FﬁgaiP bubgﬁgs are
present in the bl ended conpositiqon in a r.-yol unme pergentage of nore than
D e hP Rt fuml R € STRRete Y Y e T o HOEBRE B LBt u et
becones: non-nqg%;gible.,An effective way to _control the percentage of. the

ai r bubbt®d ¥ TR HE B S dd IEnFESEcH oFn adn 14EnBEpREFE

interface.

waever, in the case where the transparent aggregate is
added to the transparent base material in a weight ratio of
less than  0.1, substantial effecﬁ in increasing - the
photoluminescent effect maynot be expected. On the othei: hand,
the case where the weight ratio of the transparent aggregate
exceeds 6 is not preferableeither,.in that the transparent
aggregate the strength of the mold of the photoluminescent
'ma;eiial is impaired. |
The transparent agg:ﬁ‘egat_e may preferaﬁly have a pat;icle
size ofvat least 0.1 mm;_or more.preferably oﬁ at'least.o.s
- mm, provided that it is_not mdrg‘than 1/3 of the ghickneéélbf_
the mold cufed body{
'.Inadditiont§theﬁfansparentaggrégate,ﬁhétranspareﬁt
basé'materia1 may furtherfinclude gn,inofganié_filier, which
 has a pa;ticleﬂsize of leés.than 0.1 mm;._Examples‘of an
 app1icab;e.inorg§qiq filler include ﬁoltégAsiiica powdéf,

fcrystal(quartz)powder,calciumcarbonate,aluminumhydrbxide;‘
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depressurized by at | east 50 kPa from ordinary pressure. It is preferred
.to. increase the degree of depressurization in the case @f%
transparent base material is glass. The anount of renaini ng alr bl es can
be notably reduced by preparing the bl ended conposition in such a
depressurized atnosphere. |If the degree of the depressurization is |ow,
adequate effect to control the air bubbles cannot be attai-ned. The

per cent agesifiq heowder bubls s nrpddie adet ertw nekkefor . exanple, by filling
a vessel with the blend and determ ning. the percentage of volunetric
change when t et pbephéninénpsesstr erdterigtiuodd themisveintdop pitessures to
zero at.nospheres. Further, prevention of contam nation (entrance. of .

f or ei. gn rdabicant eby d:urelmgntghea prepasphirentofbdde hbepdihnd altish eaf ectl ve
to increase the photol un nescence performance. In particular, it.

pref err gthdtpIimindgeerdte eigmance dmponshfn ofhus  idLedde 'cpfesent

i nvention, the entrance of such 22 June 2006 foreign substances nmay -

ef f eCt | ot DRPIANENAIp DYnERR | QiR A 2 ShbERERG ésapbA¥hHg at
| east a m xi ng vessel of ich the inner surface and/or stirring blade are

harder thanate, fl e« aagr&ggeépafme@ﬁ%%%qnﬂ Alde®r Nabi vy means may

be to coat a transparent -or ite coating material "onthe inner- .surface

of the @glﬁ%ycﬁg;%agﬁn%&dﬁ%tﬂ reratrlglgbl qﬂ q&atl ng material will |

exert little or no I nf uence o ot oI um nescence perfor mance even

if the Coatl n% ugfll rod dry %%ho da&]j Sararr%l{%ttll%fn ‘EP e%gléﬁl St ance.

Exanpl es- of theé ransp ren I'te C tver an al um na
ti l m f Or nEd b ry Q.En%%r% tt:l QgQ'uiareCn%n m ¢ ‘IQle preparation of the blend

is especially important in the case where a photoluminescent

:pigmént having a relatively large particle size is uséd in
. combination with a 'trans‘pare'nt base ma.i:erial having a high
viscosity as fhé matrix for dispersing the'.phol;_olum-inescent

" pigment unifortﬁly. |
"Here it should be émphas,ized that the invention provides

a method for preparing the blend in the form of a paste, mortar

‘or other viscous mass which contains air bubbles in a percentage
of 2% or less _pef4volume.

The blend is normally prepared by stirring, which is

. ca_r‘ri‘ed dut'under'.'coﬁdit:'.tbns- qdntrglled's;o as to limit the.

- c;)htent-of the air bubbles to 2 % or“les__s. The type of stirrer

.rselécted, the rotqt-ion‘a-'l speed for the sti’rfixig, the at';mospher,e
during the stlrrlng broéess and .thg_ 1‘i'ke may-' be ‘con_t'x:olled._ B
Air bubbles ,ére produced by stirri‘ﬁg‘ and t1_1e remaining

air bubbles a‘fé pi‘oﬁe t.:o lift those pigment: partiéles_ h&vigg'

a smaller size or specific gravity than the photoluminescent .
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. bonded, gl ass, silicone rubber, silicone resin, fluorine resin, MVA resin
- and the like. The resultant blend in the formof a paste gnrt%&mor ot her
- viscous nmass is poured into a suitable nold and cured. Tﬁa e
phot ol um nescent material of the present invention is provided as a _
ol di ng of a predeterm ned shape. Meantine,, in the case where the nol ding
sustains. a. significant shielding at its surface due to the lifting of the
pi gnent pagheskgsmotihetred hantd dhephorthur s shertl gidperonpbBétishi el ding
| ayer (portion) may be effectively renoved by cutting or water-jet grinding

‘the surfaceing mbedingd £ud eshussdearhe el dmafialeddia e phosicneat taf t he
“invention will be described in further detail with reference to the

followi ngeexnipiasd by the §dhaye N LXPEDEES. Hahe iRRALOH YT AEsSEgAt
performance was evaluated in the follow ng manner according 22 June 2006

Al umi nunghydimeirdesne aiéus%@g@smré%fgseﬁviﬁf thelﬁleﬂa?aEBﬁpBE%e% g step

was: carried out under adepressurized. to JIS "Photo |um nescent Safety

50 SSHONIL k) Ser BrsA 2004 AR HnsaHalhell 0 1
- bright nesge P fLQReddh InTCGh TG 488 JESCHT &8 nd D8t A28l B comes - |
‘non-negligible. | |
An effective way to céntroi the percentage of. the air’
: bub—bleé is to prepare tﬁe biended composition in an atmosphere
' agpréssqrizéd by at least 56 kPa from‘ordinary pressﬁre. It
is preferred to increase the degree of depressurization in the
'Case‘where the t_ra,nsPa.rent baselma.tgrial.is glass. The amount
of remaining air bubbles can be notably reduced by preparing
the blended compositioﬁ in such a depressurized atmosphere.
If the degree of the depressurization is low, adeguate effect
fo contro; the air bubbles cannot be attained.
Thé percentage of the air bubbles may be-determinéd,‘ for
x'example,.by.filling'a vessel ‘with the blend and détermining
the pércentége-of vdlumetric-changé when tﬁe atmdsphéric
pressﬁreisfeducedfromordiqaryﬁréssufesﬁqurdatmdspheres. 
further,r prevention of contémination (entrance of.
foréi-gn substances) dliring the preparation of tﬁe blend is also
effective to inéréésa the phdtoluﬁinescence performanéeﬂ iﬁ
-‘particular, itis prefgrred to,mi‘n_imize' the é_ntfance of fpfeign :
subsﬁanées, such aé metéllfr¢@ th§ stirrer. |

‘Thus, in the _'pre'sent invention, the entrance of such
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was used as the evaluation standard. As a matter of course, the invention
iIs not limted by the follow ng exanpl es. EXAMPLES - - - < le 1> A
variety of MVA resin syrups including a mxture of an NW%?%%E§%@? and an
MVA nonomer were prepared, the resin syrups having different MVA pol yner
contents and.viscosities. Each of the resin syrups was adm xed with a
phot ol um nescent pignent conponent and the like in the follow ng

propor t iTAF gl ghbsitanices mayMVef festhvely iie preverfgdagemmp lstvice i um

al um nate based 35.5 0.5 photol um nescent pignent: "50.5 (avail able from
Nenot 0 & @ostifxihg Appeagéysahaythe agi keas i @Ompr) ngtvessyeient vitidh 1 kPa,
while controlling the inclusion of the 22 June 2006 air bubbles in the

bl ended Wonposicxi smitfface pad/vel sndrpéngeblage apé motdemrichdhamel % . The
resul-tant bl ended conposi.tion was poured into a plate-like nold having a
t hi cknegsigaferfi aMdandaaspedenthegdbedsh tdlr ednsanpbefiavele medds el uated for

the photol um nescence performance by neasuring an el apsed tinme before the
| um nesganes cBnpRetrddssa PEGHE 8% willige IR Wihg Mé€erial on the inner :
.surféce of the mixing vessel and thelétirring blades. Suéh.
a _coating mater;ial will exert .littie or no iﬁflluerice on the-
mphotoluminescence peffdrméﬁbe even if thé coating materiai'
'-;fpfdducesla.minute amount of foreign subséance;'
| Examples of the transparent or wh-ife ‘c'oating materiailj
.inc.lude an alumina film formed by spray coating, a cerami.c-plate
.‘Bonded,glass;siiiconerubber,siliconeresin,fluorineresin,
‘MMA resin and the like.

Thé resultant blend'iﬁ the form of a paste, mortar or
other viscous mass is poured into a suitable mold and cured.
Thus the photoluminescent méterial of tﬁe_present,invent;on
is provided as a-mqlding of a predetermined shape;

Meantime, in the case where the molding sustains,é.
significant'shie}ding‘at'its sﬁrfage dge #o the,lifting pf'the7

:pigmentparticiesotherthanthephotplumineécehtpigment,ﬁhe
_shieldinglayer(pbrfibn)méybeeffecti%elyremovedbycpﬁﬁing;
or water-jet grinding the_surface;éf'the mold cured member..

,Héreinéfter_the embodiment 6f_fhe invention will bé“

‘rdescribéd'ih further detail‘with-referenCé to the-folldwing7
éxamples. In the foilowing e#amples, the phdtolﬁminéséeﬁt

" performance was evaluated in the following manner according
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listed in Table 2 as bel ow. TABLE 2 MVA RESI N SYRUP ELAPSED Tl ME BEFORE
DROP Vi scosity Pas(20C)TO 3 ntd/nm2 (H) 0.5.3 1.08 1.59 2 2} QN% 4 10.014
Tabl e 2 shows that the resin syrup having the viscosity 8 P¥ss Phan 1.0
Pa s(20C) cannot maintain the |um nescence at 3 ntd/nR or nore for nore.
~than 8 hours. On the other hand, the resin syrups having the viscosities
of nore than 1.0 Pa- s (20C) can nmaintain the |um nescence at 3 ntd/ n2 or
nor e f orto nbiSe “tHartoldinhicnessceniti Shfiesyngdbnl"oagano+-has78 hdhat.isExanpl e 2>
Mol d cured sanples were forned the sanme way as in Exanple 1 using the MVA
resin syd gpmpaeiwis d rviasidasieldywdth 6. 1 OgiPao 520806 fromex©eptndited 1

stronti um al um nat e- based photoluninescent pi gnents having different

particl e sdmessoer€e Used sa2drdenen2@da Fach ofméhersammees mas teasured for
t he” elapsed time before the |um nescence dropped to 3 ntd/ nR2. The results

are . li %ﬁfhﬂﬁhe@kﬁ §r§§ @?b%dﬁﬁ%%&\éﬁ% P’&%@ EhEpsed time

was used as the evaluation ,standard.
As a matter of course, the invention is not limited by

the following 'exam'plesf

‘EXAMPLES
<Example 1>
| A variety of MMA resin syrups incl-t.ldi'ng'a mixture of aﬁ
m-polymer and an MMA monomer 'were prepared, t'he ;:esin ‘syrups
having different MMA polymer contents and viscosities. Each
of the resin syrups was adfnixed with a photoluminescent pigment
icomponent ar_ld the like!in tlie following: bropor.‘tion (weight
ratio). |
MMA resin syrup: ‘ . . 35.5
Curing agent: N | ‘O.“S
‘strontium 'alurhinal‘:le:_.lbas'édi | )
photélumines‘cent pigm-ent:._ : ‘S().'.S' N
(avai_iéble from Nemoto &-'Co_., Ltd Ave'faée'partiélt.a
. .s_ize: 100: pm)
~ Aluminum hydroxi;ie: ' R R 14‘7.0
| -.: (A_Veragé p;articl_e 's::'L'z'g.:_ 10 }i_m)' | -
The blending step was éarf_i.ed out ﬁnd'erj_‘.a ‘_de‘;;ressurizéd_

étmdsphere at 0.1 kPa, while ébntrolling‘ the‘_ji'n'lc:i_u‘,s_ion of the




ELAPSED TI ME BEFORE DROP SIZE (pm) TO 3 ntd/n2 (Hr) 53 108 309 5011 10014
15018 30022 It was confirnmed that a dramatic inprovenent %%Jthe

. phot ol um nescence performance was achi eved by using the Poﬁun1nescent
pi gments having great particle sizes. In the case of the

phot ol um nescent pi gnent having a particle size of |ess than 10 pm- on the
ot her-hand, it was also confirnmed ,that the |lum nescence at 3 ntd/ nR or
nmor e di-daimwbubb3esfiort iy rendddnopbsile s ontowppl evdruld pagdedneagposi ti ons
were prepared the sane way as in Exanple 1 using the MVA resin syrup
havi ng aofiscoshdye ofh£n 0L Pa- s (20C) -, except that the stirring step was
carried out under varied atnospheres. and the stirrer was changed. Each of

the. sanpl es waige "EASWI €8af Op1LHE8! 2BESYslitT®n MJ%&%&@ typingscence
dropped to 3 ntd/ n2. The results are listed in-Table 4 as belom1 In Tabl e

4, the %@—ﬁk@'%f&%&ﬁ?&'&%ﬁ@@e défaﬁ%t%?d Of pressure

reduction fromthe normal pressures. stlrrers C had t he -

fol | owi ng arr AAGETROLE cufed! AR LEE SR BN MEoF St 17110

bl ades -

photolumlnescence'performance by measuring an elapsed- time
‘:befdre'the luminescence dropped to 3 mcd/m’. The results are

listed in Table 2 as below.

_ ‘TABLE 2
MMA RESIN SYRUP ELAPSED TIME BEFORE DROP
Viscosity Pa- s(20°C){ TO 3 mcd/m® (Hr)
0.5 . 3
1.0 ' 8
1.5 9
2.0 10
6.0 14
-10.0 14

Table 2 shows that the resin gyrup-having the viscosity
of less than 1.0 Pa-s(2b°c) cannot maintaiﬁvthe 1uminescence
ét 3‘mcd/nﬁ‘or~more for mo#eithan'a hours. AOn the other hénd,'

'ftﬁe resin“éYrups'haviﬁg thé'viscosities 6f mo%e than 1.0 Pé-
"Vé(zbbC) can-maintain the luminéSCéﬁcé at 3 mca/ﬁﬁ or more for
Emore than 14 hours whlch is much 1onger than 8 hours.
: ~ <Examp1e 2>
Mold cured sampies wefé formed I.:h.é-sa‘me way as in Ekarﬁplé
‘1using the MMA resin syrup hav1ng a -Vl-SCOSJ.ty of 6. 0 Pa- 5(20 C) .
_except ‘that strontium- alumlnate based phqtolumlnescent

- ‘pigments having differentgpartiéle-sizes.were*used.’ B




were formed of stainless steel; B: The stirrer Awith a silicone rubber
coating. overlaid on the stirring blades only; C The Sti?ﬁﬁrmgﬁd%ﬂh t he
silicone rubber coating overlaid on the inside surface o W m Xi ng

vessel and on the stirring bl ades. TABLE 4 DEPRESSURI ZATI ON STI RRERELAPSED
TI ME BEFORE DROP-DEGREE (kPa) TO 3 ntd/ma (Hr) 90 -Al4 80A14 60A13 50A8 30A7
- 50B10 60B15 80C18 It is denonstrated that the depressurization by at |east
50 kPa i sef f ectaste @ihdHehatandie: s iwa sC aee sttlalde If oco athien @ 1 stelde tiinei de
surface of the stirrer and on the stirring blades contributes to the

excel | erbeperé airneainebxamlecd4spped ¥ W acal/mdn Mie Rl sumys agd an MVA
“nmononmer was prepared An MVA resin syrup (viscosity: 6.0 Pa s(200))

i ncl-udi npiansls adem wach M3 s & pEpd@! um nescent pignent. and the like 22 June -
2006 MVA.resin-syrup:35.5 Curing agent:0.5 - : -

| TABLE 3 |
AVERAGE PARTICLE| ELAPSED TIME BEFORE DROP
SIZE {(pm) - TO 3 mcd/m’ (Hr)

5 _ 3

10 o 8

30 - 9

50 S 11

100 R 14

150 18

300 ' 22

It was cgnfimgd that a dramatic improvement of the
,_'-bhOtoluminéscence‘ pe;c'formance was achieved by using _the
photoluminescent; piéments hax.ring great particle sizes. In the
case of the -photoluﬁaines_cent ,pj.gment having' a particle size
* of less than 10 pm, on tﬁe other hand, it wés also confirmed
that the luminescence ét 3 mcd/m.? Or more diq not last for more
‘.than 8 hours. |
<f;>_camp1e 3>
Blend.ed Compqé.'it_:ic;ns we're preﬁared 'ﬁhe samé way as ‘i_n
Ex-a-mple 1 using the MMA resin syrup having .a. viscosity of 6.0
' fa' s (20°C‘). , except that the stirring step \-vgs_ car.ried out under -
T ._A:'va.ried 'atrhospl‘lerres‘an:‘d}' "thc-'e sti_rrer t_&as éhanged.
| Each‘ of ‘the. Samples w.;;lié, _me'asured _fbj:_ the- elap;sed time '.
befo_ie the-lumineécénéedri;;pped to 3'7r:-lcd/m2". ‘The results .a_re

___."!.:i._st_:.ed in Table 4 as below, In Table 4, the degree of = -
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strontium al um nate based 54.0 photol um nescent pi gment: (avail able from
Neroto & Co., Ltd., Average particle size: 150 pm Anot hz 1Bl gﬁﬁg 10.0
(Average particle. size: 30 m Mld cured sanpl es enpl oyi % i rent
pigments were forned the sanme way as in Exanple 1 and were each neasured
for the elapsed tine before the |um nescence dropped to 3 nctd/n2. The
results are listed in Table 5 as bel ow. TABLE 5.OTHER Pl| GVENTSELAPSED TI ME
BEFORE DBRSFx &G 8r mok inth ( HikpaT| TiAN 1M ¢ DEReALdM Nel/ HDREXEDELSe TI TANI UM
OXI DE(50): 10 ALUM NUM HYDROXI DE(50) ZI RCONI A18 ZI RCONI A(50): 17 ALUM NUM
HYDORXI BEdhf)y t ildre fesultdise shomdhagireddaesd a as a white pignment presents
an excel | ent phot ol um nescence performance because of its small shielding.
g( f e_-Clt- <Exammjgedbzchbbdrew 6 SR8 BSAVEKE FARE 8 r$8ABeMBNEES | N

anpl e ' ' o B ‘

N A: Inside surface of a mixing vessel and stirring blades

were férméd‘bf stainless steel;
‘. B: The stirrer Awith a silicone rubber coating overlaid
" on the sti:ring blades only;
- C The étirrer Awith the éilic-one rubber coatingoverlaid

on the inside surface of the mixing vessel and on the stirring

blades.
TABLE 4
DEPRESSURIZATION| STIRRER ELAPSED PTME BEFORE DROP
DEGREE (kPa) __T0 3 mcd/m? (Hr)
90 A 14
80 A 14
60 A 13
50 A 8
30 A 7
50 B 10
60 B 15
80 c 18

It is d.emonst:_:ated that the dépreSSufization by a‘t least
) 50 kPa is‘-"e'ff-e_cltive and that thg si_licone ;‘ubber coatiﬁg on
thé ;'i-nsidé-sm;f-ace of the stirrer and on the stirring blades
.-contribﬁfes to the. excellent per-fofﬁance.
: ‘_,7'<Examp1e 4) |
An MMA res:.n syrup '(v1scosz.ty 6 0 Pa s(20°C) | 1nclud1ngj
' ';a; mlrxrture of an MMA polymer and an MMA monomer was prepared
;iand.admi%ed wiph a phqtolumiﬁescgpg pigment and the lik? ip::a_..

"‘the following proportion (weight ratio).
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usi ng al um num hydroxi de as the other pignent, except that the mxing ratio
of -t he phot ol um nescent pignment A and al um num 22 June 299§HQ%ﬂkaide B
was varied. Each of the sanples was neasured for the elapsed?tlne bef ore
the | um nescence dropped to 3 ntd/ n2. The results are listed in Table 6 as
bel ow. TABLE 6 WEI GHT RATI O ELAPSED TI ME BEFORE DROP (B/ A)TO 3 ntd/nR (Hr)
0. 15015 0.18515 1.0514 .2.259 3.546 It was confirnmed that the weight ratio
B/A in excessMyp r@si@sglred:in a sharp decline of tH& fhotol uni nescence
performance. <Exanple 6> Ml d cured sanples were fornmed the sane way as in
Exanpl e 4 usCegiaigumgenm:hydr oxi de as the ot her pignmént5 except that the
m xing ratio of the follow ng conponents was varied. Each of the sanples

was measur ed - katrohitd uel apasdnticaebhekbare the 1 uninescence dropped to 3
ncd/ nR2. The results are listed in Table 7 as below. TABLE 7 MVA RESIN

PHOTQ-.UM NESCENIpétdd MMescent pigment: . 54.0
‘- | (évailable from Nemoto & Co. . .'Ltd,.; Average particle
-size} 150 pm)
| ) Anotherl pigment: 10.0 .
' (Average particle size: 30 um)
Mold cgred samples employing‘different pigm’ehts were’
. A-:f‘fo:-fmeé the same way as in E};ample l-and wefe each measured for
‘t‘he elapsed timé before the luminescence dropped to 3 mcd/m?.

“The results are listed in Table 5 as below.

‘TABLE 5
OTHER PIGMENTS | ELAPSED TIME BEFORE DROP
. , - ' TO0 3 mcd/m? (Hr)
TITANIUM OXIDE 8 -
- ALUMINUM HYDROXIDE .1 15
TITANIUM.OXIDE{(50)}: =~ | \ © 10
| ALUMINUM HYDROXIDE(50)
| ZIRCONIA _ 18
| ZIRCONIA(50): ; _ 17
| ALUMINUM HYDORXIDE (50)

- The r-esults'.‘show' ﬁhat ziféonia as awhitepigment presents
' an 'ekceilent photd‘luminescenc'e p‘erforniance because of its small
_ éhie_lding | efft_act . ‘- |
<E}.camp_'1e Sv_>' -
B . Mold cux;éd samples Vw__‘ere_ :-forme_d the same way as in Examplg '
B 4 us:Lng a;LiJ_.minum -hydrroxideraé !.:ll.le_..other ?igmeﬁt. except that

- 't_ih_e_ fniking‘ ratio of the photoluminescent pigment A and aluminum. -
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ELAPSED TI ME BEFORE . SYRUPPI GVENTHYDROXI DEDROP TO 3 ntd/ ma (Hr)
10..259. 030. 014 - 22. 543. 020. 015 35.554. 010. 015 68. 625. 05. 49232 ngqfoﬁ
98.01.702 22 June 2006 It. is understood that in the case“#h&l% e anount
of the transparent base material is nore than 95 % a significant decline
of the photol um nescence performance results. Wth the transparent base
material” present in a concentration of 95 % the |um nescence at 3 ntd/ na
~ or. nor e hivslxeggigiea Bneas faTieg -hoBrshh L vike mamsfl eshwagseeasur¢d for
“phot ol umi-nescent pignent having a large particle size. Such a result has
never bade edrpsetietiing hdfora thel hunhsesasncahdrepndie tarduntd ofi’ t he
transparent base material is less than 7 % a nold cured menber coul d not
be forWEMEdu&smatmher@cadsteﬂcenoﬁabu@tWres befboanpl e 7> A nol-d cured
sanple was forned the sane way as in Exanple 4 using al um num hydroxi de as
the ot her -pi gment., -except that araBLECene resin (KE13108 comercially
avai | abl e from Shin-Etsu- Chemcal Co Ltd. ) was used in place of the NRVA
“resin syrup.  THe "SIGHToRATIEs | nERARSEDY TEUESPEFORE BRRRBt| 50 Pas(200). The
resul tant sanpl.d_achi 886 the Ifuni ne$@edcmcdym3 fxl nP  of nore lasting for
14 hours,. thus dhow ng. &R0 excelll ent phot ol ursi nescence performance.

- <BExanpl e 8> | 0.185 | 15
8 R 1.05 14
2.25 A 9

3.54 '

If was confirmed that the weight rati§ B/A in excess of
’  3 're'sul'ted in a sharp decline of the photoluminescence
Vpefformaqcé. |
-<Exémple 6>
Mold cured sampl.es_ were forméd the same way as in Example
é.uSing aluminum hydroxide as the other pigment, except that
. the #lixing ratio of t_:he _following components vfas varied. BEach
1of-tﬁE'samples_was measured for the elapsed timé'befére the'
 i1ﬁminescen§e drppped to Q‘qu/m?. The results are listed in

' Table 7 as ‘below.

N TABLE 7 | o
-'  MMA RESIN|PHOTOLUMINESCENT| ALUMINUM | ELAPSED TIME BEFORE
. SYRUP PIGMENT | HYDROXIDE |DROP TO 3 mcd/m® (Hr)
10.2 59.0 - 30.0 o140 “
. 22.5 43.0 20.0 | 15
35.5 54.0 10.0 .15
1 68.6 25.0 5.4 |
95.0 - .5 0
98.0 LT 0
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- A sanple was forned the same way as in Exanple 4 using al um num hydroxi de
as the other pignent, except that the _strontiun}aluninatﬁ 2 gﬂ)
phot ol um nescent pignent was used in a ratio of 24.0 and % gPtz powder
having a nean particle .size of 50 pm as the transparent aggregate, was
used in a ratio 22 June 2006 Despite a substantial decrease of the m xing
‘ratio of the photol um nescent pignent, the sanple favorably achieved the
| um nescence att .3 srogdeR seoodpitbaltashi nfef oasabwhérd Sche ldmoudthenfivei ght
ratio of the transparent base material C and the aggregate D was 0.845. A

test waxlzonduabedrbyt\hdye f@teiriaives glird ahba 9of 3t hgsei gonponant s and t he
results showed photol um nesence performances varied as shown in Table S

bel ow. GEABLRES o\££|tﬁé'rp86_£b@uﬁhﬁ8§E@nIbNge5@5%:19508&;@4.@;Tovﬁtﬂ?d/ 2 (Hr)
0.58412 0.61313 0.84513 1.5414 3.3214 4.8510 5.958 6.825 As described in

the foregQi Q&an%@%rb%%eBhb%anEQ¥thSprEQ@nE o &m% 124 ion of .
phot ol um nescent nold by unifornmly dispersing the ot ol um nescent pi gnent

having. & a;rg%heaamhsséeﬁse'Qttmnéc{ﬁpsewsggebfé%m&{méd Ayl ng a high

Vi SCOSI
6 hours by v1rtue of the use of the photoluminescent plgment

having a large particle siAze. Such a result has never be_er_x
expected in the art. In the case whe're.the amount of the .
. 'ﬁfansparent basé ma_térial is less than ‘7 %, a mold cured membe_f
.cduld not be formed due to the occurrence of ruéture. |
<{Example 7>
A mold cured sample was formed the sameé way as in Example.
4 using aluminum hydroxide as the other pigment, except i:.hét-
asilicone resiAn (KE1310S commercially available fromShin-Etsu
Chemical Co., Ltd.) was used in place of thé MMA resiﬁ syrup.
Thé silicone resin had a viscosity of about 50 Pa-s‘(2:0°C_) .
The resul tant sample achieved the luminescence at 3 mcd/m?
.or .more .1asting for 14 hours, thus showing an excellent
‘.photolumipes_cence performance.
--<Example_ 8.>
Jg‘x.é_ample_ was formed the .saiue way as in Exaniple 4_-usihg
‘aiuminﬁm hj}drsixide as the _othéi; pigment, except that -the
'strontium—éluminate_—_based photoll‘lmi'nescrent pigmenrt': was useé_l
- .in‘ra ratio of 24 . 0_ and that quartz béw_der‘ havihg a mean particle
L ..._éize of 50;';1m, aﬁs_..tlh_ét_:ranspar_entlag.gr_egate, wars‘u_sed_-ir;_a rati_b: |

of 30.0.




Furthernore, an even nore excellent performance is achieved bypreventing
the entrance of air bubbles and foreign substances. Thus hﬁ]ﬁ”oi/ ged a
novel photol um nescent material which is inconceivable of unpreé)l ctabl e
for those skilled in the art. <Exanple 9> Sanples were forned the sanme way
as in. Exanple 1 using high viscosity silicon-rubber as the transparent
base material 22 June 2006 (KE1603, commercially available from Shin-Etsu
Chem cal Co., Dekpdtp hagibgtanvistodetyeabe70f Pohe mix2g datip ade of the
MVE resin syrup, strontium alum nate based phot ol um nescent pignent

(avai | akbhe bhoRbhamehesé&e? pibhEntAVERAJSaRRId | fdvoraliAeachiva) . Quartz
powder having an average particle size of under 1nm or 1mm-2.3mm vvas used

as the km@@m{@éﬁce@éé%&aﬁ%@%ﬁ W m6286a IR esr WA 05 iRAiras plate
having a thickness of 1nm 3mmor 5mm Each sanple was evaluated fro the

phot ol uni nesceggeye Pght AIBS & s THE E%ﬁér@ﬁ@ ﬂas%t fdebpiJakt g Table 9

shows that phot ol um nescence performance i real1zed at the condition of
smal |- a olu esc rt her nore,
in det: al gg?’%e gg%ebh%lgng'?g%ge&‘ %k‘ﬁ‘gésjsé%*&c}%%%al [ QJe:gg%n gh

hot ol Ho I f |
ot oal 1 ”szﬁ3§§s§§‘= Ra¥tn éﬁ?ﬁ?cﬁ%ﬁiﬁ% Foraf i RN o8 bl endod

: ‘é“ogg -?—2%518 tgl ﬁﬂggehce:aelﬁezre orma% é)shgég:li.gg‘arzsegﬁggr(l:?nplgarglog F82G8;, 22 June
TABLE 8
WEIGHT RATIO | ELAPSED TIME BEFORE DROP
{(D/C) TO 3 mcd/m? (Hr)
0.584 - 12
0.613 13
0.845 13
1.54 14
3.32 14
4.85 , 10
5.95 |
6.82

As described in the foregoing, the im?ention provides
‘the high performance .photoluminesce.nt _mblci ‘by uniformly
e ‘dispersing the phot%:luminesceht _pigfnent: hﬁ_v-i-ng a llarge pérticle
" '-s'ize in fhe transparent base material having a- high viscosity.
Fu‘rthermore, an ‘even more excellent performance is achieved
bypreventing theentranceof airbubblesand foreignsubstances.
| . Thus 'is providec‘i“é ﬁovél 'phovt.c;lum.in'elscei.lt material wh'icl}
i J.S incon_ceivable or u’npredictabie‘ for-t.:horse skilled in the art.
o {Example 9) |
| .S.ar'nplfes were .fo-r_med -t;h<=T saghe way as j.h.Example i usi'n_gl___

L hlgh viscosity si.iicion-.rubbe:_i: as the tra'n's_parent‘base mater‘ial__
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(KE1603, commercially available from Shin-Etsu Chemicai Cé;,
Ltd.) having a viscosity of 70 Pa - s (20°C) in place of the MMS
-;esin syrup, strontium aluminate based ﬁhotoluminescent
:_éigment {availéblé from Nemoto & Co., Ltd.(AVerage particle
'-éiée: 150 ;Lm). Quartz powder having an average partiéle size
"‘6f under 1mm or 1mm™~2.3mm was used as the transparent_arreéate
- .case byuéaéé. | |
Samples were formed as plate having a thickness of lmm,
: 3mm or 5mm.
Each sample was évaluated fro. the photolﬁminescencer
performance. The results are listed in,Table 9.
Table 9 shoWs_that‘photoldminesceﬁce-performance is
's‘realized at the condition of small.émount of photoluminescent
pigment and thin thickness.
Furtherpore, in detailed, the case having larger
thicknessof;ﬂaterealizeéhighphotoluminescenceperformance.
ﬂHowever,saﬁephotoluminescentperfoimanceisrealizedincases
havingphicknésSofmorethan3mm; Thecasebléndedwithquarts

powder realizes high photoluminescence performance.
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- INDUSTRIAL APPLICABILITY
As described in detail above, the present invention
realizes a high performance photoluminescent material by
-,pniformly_dispersing:aa phbtoluminésceﬁt pigment of 1argé
.p‘artic‘le éizel in a transparent base material of high Yis_cosity.
Furthér, by preventing the intépfusipn of aif bﬁbbles and'
cbntaminants,-highér pefformancé'is achie#ed.‘ |
Thus, é nqvel photdluminescent mate;iél that was not.

conceivable or predictable from the prior art is provided.




Urc_ JCJvCC . CC Cl F Gvco- iT.-+NM VNNM . -4NM  zl 1Tl ~QQ-grte'
. C~R=1UUU~I 22 June 2006 | NDUSTRI AL APPLI CABILITY As dg 2 %Eﬁbl n detai
above, the present invention realizes a high perfornmance p ot Ol Um nescent
material .by wuniformy dispersing. a photol unm nescent pignment of |arge
particle size in a transparent base material-.of high viscosity. Further,

by preventing the interfusion of air bubbles and contam nants, "higher
perfornﬁﬂ’cae %35 é’?‘rﬁ ASthus, a novel- ‘phot ol uni nescent nateri al that was

not, conceivable or predl ct abI e fromthe prior art is provided. 22 June
2006 What- is & BARBIPPEL OYMANC i RIP fRI b RefRen p GG iAInEoEBRE Pt eri al
for med by bl end| ng and curing at |east a transparent base material and a
phot ol uiirfsstiays %gﬁﬁﬁﬂngo%mt Wraéﬁ?atl?ﬁéltt b&ﬁ@paﬁéﬁrlaba%@d mat eri al

has a viscosity of 1 Pa-s(200C) or nore and present in a concentration
of 7to aphotoduminescent pigment component, wherein the transparent

base.matefiai has a viscosity of‘lAPas(ﬁ0°C) or mé;e and is

present in a concentration of 7 to 95 wt%. |

2. Thé high performance -photo}uminescent material as

claimed ip Claim l,rﬁhe;éin the ﬁhotoluminescent pigment

component has an average particle size of 10 ﬁo 2ooorpm;

3. The high perforhance photoluminescent material as’
claimed in Claim 1, or 2, wherein the transparent base material
is a resin, a glass or both.

4. The high performance'-photolumiﬁescent material as

claimed in Claim 1 to 3; Which further comprises a pigment

component other than the photoluminescent pigment.

5. The high performance - photoluminescent material as
~c¢laimed in Claim'4, wherein B/A defined as the weight_ratio
"dfthéphotoluminesceﬁtpigmeﬁtcomponenthagdﬁheotherpigment

cbmponent-B'is 3.0 or lessf

6. The high -perfo;ﬁdnce_ photﬁiuﬁineécent .material  asi9

claimed in C;éim'4,0: 5, wherein the oﬁher-pigment compoﬂént -

?.chtainsaﬁleastonepigmentseiéctedf%émwhitepigment,Yeildw '
:plgment .or éranéelbr red pigment. |

“7. : - The . hlgh performance 'photolumlnescent -mater1a1 as:"

,. §1aimed 13 Qlalm.s,lw@ergln the_wh;tg:pigment:;s.an oxide Q:' j”

."complex oxide of zirconium. =~
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2. The high performance photol um nescent material as clained in daiml,
wherei n the photol um nescent pignment conponent has an aver g ?26(}6' cle size
of 10 to 2000 pm claimed in Claim1l to 3, which further ﬁ%‘?

pi gnent conponent other than the photol um nescent pigment. 5. The high
performance photol um nescent material as clained in Oaim 4, wherein B/ A
defi ned as t he \/velnglé’J ratio 3. The hi % per f ormance phot ol uni nescent

mat eri al® -as 9tin RPBIoEMANGR Phojwrinasrent afapsréal base
material- is a resin, a glass or both. 4. The high performance pho

t o umi n€dadand it eiial oBs ef afhedmen lcital .4 B themigampri $1eg 6a her

pi gment conponent conponent B is 3.0 or less. 6. The high performance
phot ol ukimaesEEnentatamrdrdgadfe .t hephot ol um nescent pi gnent conponent A and

t he ot her- pi gnment contains at |east one pigient selected from whitepignent,
yel | ow pi.gnentTheor hdgangeeformechge gmiritoIthe fdsglenger hacertiae as

photol umnescent material claimed in daim®6, wherein the white pignment is

an oxi deladengl en @ladm 8f wheeebhunyc2dedtined2086tBe Wdeghi thapes f or mance
phot ol um nescent naterial as clainmed in any one of Clains 1 to 7, further

conpri st lfe thhaRpRFEARLAWNHLOM £a1 & arddenbidhnRekien
| um nescent material as clained in Caim8, wherein DC de | ned as t he

- wei ght patiso inofeHe RN eRapent thage nateri al Cand the transpar ent
aggregate Dis in the range of 0.1 to 6.
‘_1_0; A Irlethod "for produc1ng a high -perf_oq:manc-e
.phqto.lumineecenl': material, which compr\ises.: |
?r:lerlding a trensparent base material with a photolumines'centl
"pigment component or a blend of a photoluminescent pigment
componenr:, 'anothe';; pigment component and a tranéparent
_aég;:egate, | thereby obtaining a paste, mortarror viscous mass;
and | |
subjecting it to mold curing.
RN I The method fo_r p‘rodﬁcing ‘a  high performance
'-:.p_h'otoluminescent material as elaimed in Claim 1'6, wherein the
: _content of air bubbles per-voleme of thepaste, mortar or viscous
i.nas-s is controlled to 2 % or less.
.'-'.12.' Th_e ,lrlethod for prdducing 'a "'h_igh” .performam.:e
_'photorluminescent ma,teriari as claimed in‘Clairﬁ .1-0 or-il , wherein
g '_:the blending is. carried'o_ut in an atmosphere -dep:_re'ssurized by )
.a't.lee.st: 50 kPa fromr ordinary pressure.
..:1.3. ';‘he. met:hod | A.r‘f._or prbducing 3 a ﬁigh- : perfo‘rma‘nce,‘
T Photelumlﬁescent mater1a1 as clalmed J.n élalms 10 to 12 whereln:‘ o

. the_' bl_ez_ld_lng 1s__carrled_out in a s_t_ir_ri_n’g a_.ppa__ratus_ ha_vin_g at_' K
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10;; A method for producing a high performance photol um nescent material,
whi ch conprises: blending a transparent base materi al Wt'ﬁz%unezoo

phot ol um nescent  pi gment conponent or a blend of a photoltm nescgnt

pi gnent conponent, another pignent conponent and a transparent aggregate,
t hereby obtaining a paste, nortar or viscous nmass; and subjecting it to.-
nold curing. 11. The nethod for producing a high performance -

: phot ol Qriasest edikingtwsd od1 a8 wiiaheRe ilindasm Adce Whayernsdihe-ieent ent  of
air bubbl es per-volune of the paste, nortar or viscous nass is controlled

to 2 % plaldesss dderdd Midinng tBan&SdFé®e QUivhiiRABoat IS RIS i@QPr essuri zed
by 12. The nethod for producing a 'high performance photol um nescent

mat ef i ah4as ChakMednd thdd al Fok0 Oprdduc s’ €l ahlgﬁaStp&f% a%cfé om

ordi nary pressure. high photol um nescent material as clainmed 1n dainms 10

to 12, ‘Bﬂ%&%ﬁﬂmﬁﬁ%s@@ﬁ@%%ff‘af&g rc'l%qrqr%lﬁt V\%ﬁ E%Q%ﬁg'ﬂ{ f:ggi-la a,akys having

at 22 June 2006 l-east a m xi ng vessel e innersurtaceé and/ or
stirrin

' coa with a transparent .or white coatin rlal. 14.
The ot RBA FoRRBPRECRr Ho o MR SRR ACE SERBELY (i rodEeni ter | ai as
__clal med in Clains 10 to 13, wherein the transparent base material has a
Vi SCOS|P§ 0P T Pa- s(200C) or nore. 15. The method for produci ng a high
.perforr@gce ;@Botol um.nescent material as clained in ains 10 to 14,
the

wher ei n Sns P58 ba 8T ety ? CIng 5 Pesihioh glpé'sr§°6|‘“aﬁ‘6’teh

phbtolum_:.nescent mater;al as claimed in Clalms 10 to 14, wherein
~_the ﬁransparent base material is a resin, a glass or both.

16. The method for producing a high pefférmance.

photoluminescent material asclaimed in Clairﬁs 10 to 15 ’ where_in

. _tﬁe ‘ph-otolumin'escent pigment component has an avefage partic_leA

size of 10 .to 2000 um.

17. . The method for producing a high performance
‘photoluminescent material as claimed in Claims 10 to 16, wherein
the transparent base material is present in a concentration

of 7 to 95 wt%.

.18. - The method for producing a high t:erformanée

' ..phqtoluminescent mater.ial as cléi:ﬁéd in Cléims 10 to 17, ﬁieré_in
B/A defined as the weight ratio of the photolumineécént-piginént .
_;omponent A and the dthef.pigment pomponent B is 3.0 or 1éss.
19A. 'i‘he méthod for producing _ ;a I{igﬁ perfor‘_mant.:'e‘
ﬁhotolumingscent material as é’l_aime‘d in Claims 10 to 18,. i;vheréir.il
D_ZC de-fip_e__d as the wei_ght ra.tie b“f_'tl;lé tran.sbalrent bése méﬁérial o

| © and the transparent aggregate D is in the range of 0.1 to

6.




16. The nmethod for producing a high performance photo |um nescent materi al
as claimed in Cainms 10 to 15, wherein the photoluninescg?tmﬂ#%ﬁ@nt
conponent has an average particle size of 10 to 2000 pm ;. e met hod
for producing a high performance photo |um nescent material as clainmed in
Clainms 10 to 16, wherein the transparent base material is present in a
concentration of ‘7 to 95 wt% 18. The nmethod for producing a high

per f or "BRSERAPROCD| THE nRTEEhOSHBEerial as clainmed in Cains 10 to 17,
wherein B/ A defined as the weight ratio of the photol um nescent pignent
conponent A ahgHdt® laintiate iagiEnb tea@tpaneatfBned ByOcarihgssblehl. The

met hod for producing a high performance photol uninescent naterial as

cl ai medofra €ran@pal@ntobdSe meneidl aBdG dafd niedindisnd e ip@ginendt i 0 of the
transparent base material C and the transparent aggregate D is in the range
of 0.1'torBodeie, 2Q88 -ABITRA(T @EstEi.qu%OQtﬂRE AcRhsb el uRt nggsent
material .is formed by curing a blend of a transparent base material and a
phot ol upni t: pigngnt ne el [ ' the .
Pransparanfe fl £ B (26U Bby s IR R J08ed AP I heine B aount

Of 7 107 S ek UMIGRGRICE, BEL LIRSS CS (UM ERPL, PRGN Jypyt ki ng i

consi-deration the relation. e |1 nterna structdre of a nol di ng

-and 1 ts Ly pepgence paclotmance, f herely, achievng, adhumipesggage of
predetermmned bri ghtnéss Tor an.extended period 0 i ITe.
structureofahmldingandits1uminescenceperformance,thereby
'achieving-é luminescence of predetermined brightness for an‘

extended period of time.




