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AND A PRODUCTI ON METHOD THEREFOR BACKGROUND OF THE | NVENTI ON
Frrrrererrerererrrrererrrrererrrrererrrlr FIELD OF THE - | NVENTI ON The
present invention relates to a high performance photol un nescent nateri al
and a production nethod therefor. Mre particularly, the invention rel ates
to a novel high pefflGHraERE OFYSNGIEN AHOTOEAMI NFRCENTa IMARRR TR Ipr oduct i on

nmet hod therefor, the nﬁﬂ@kﬂaWRDQMQmﬁQM;MmMHQDzTHﬁRﬂFqﬂmnoluninescence
performance with long lasting visible effect and finding beneficial-
applications in finishing materials for use with construction nmaterials or
civil eng rk materials., a variety of sign materlalsw
naterlalsbggﬁgkgﬁgggpfaFﬁgn§NU§FH§°§UCh mat eri al s. BACKGROUND mmmm“mmmm|
Conventionally, an artificial stone material has been known which kgoiser
prepared ByE &%u?ﬁi AFENINYENTIONone, mixing the crushed stone with resin or
the like, and solidifying the mxture . Various approaches have been taken
to provi de an aFBpfPgFegendt oty sfltican arefatesir tag aa Maturper Eovmand¢ ke
design) such as of marble, granite or the like, and al so having high

har dness ahdtsflnaigelsceas antepprdashdta pn@dmin@heméqudithernfor.
performance of such an artificial stone material, the use of a

phot ol un Meseemamtuitarlieatl f.or thepanvengianl irghitated ttong novdlncliigin i s
proposed. For exanple, a lum nescent tile has been proposed, which contains
an i nor gapee fbirmhek enpii €t o hhmife Syeh i @laite riadi anandpaopletabumaessent

pi gnment, the inorganic filler material used in concentrations of about 50
Wt % or notaekaged,athd hetéot @l reRitakt ngfqd e & high(phd Yo BbnlddSblce The

| um nescent tile is produced as follows. A conposition is prepared by

bl endi ng pegebhamnte Wef 16A8T qa@tqntj V&1 0fe QUAELZ LSRRG NaMiagL @ Mean
particle size of at least 0.2 m”m 15 wt% of resin syrup contalnlng an

pol ymer aB@n%@1NW%1”QBBE§Eak ofs\Ve] ??ini@ﬁiﬁgoﬁagééZ§lsaP r ugﬁg@

phot ol um nescent pi gnent. The resultant conposition s nold cure iMto a

sheet haveegs%rwt%aeﬁ\atghé §0o2 ml e,sgfn& fnafwépﬁ rhav%gpesf;m
mat eri al containing the oto um nescen descri omeVer
bt ht f.200 L
Melph /A i 83 s “%‘1@%“) BebB2L 0O dR) mflngs oo £Ex 250 800 a0, |

a few hour, %Staliﬁa%l?.%\llles %Iéllglht Ige'l.'l.sc Imsét%rlla S.

BACKGROUND ART

Conventionally, an artificial stone material has been
known which is prepared by crushing natural stone, mixing the
crushed stonewithresinorthe like, andsolidifying themixture.
Various approaches have been taken to provide an artificial
stone material featuring a natural stone like design, such as
of marble, granite or the like, and also having high hardness
and strength.

As an approach to improve the function or performance
of such an artificial stone material, the use of a

photoluminescent material for imparting a light emitting
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limt to permt the human naked eyes to recognize a contour of an object.
The material disclosed in the above publication

(JP- A-60-137862) provi desl um nescencel asti ngfor no nore than 1 hour.
Furthernore, the above material also has a problem of an insufficient
initial |um nescence brightness, or cannot provide such an | um nescence as

to naintaigna W 116 Hoded . of brightness for clear visible recognition
of objects for a 2 period of about 15 minutes. Such an | um nescence

eriod is considere e ry f vacuat i.on i.de in the event of
Dover farl o Arrosaie R TAREALYcLRt AEHAL SO irbadld (TafURN'  pe
hot ol um nescent pignent, a_sur or_at nbst a 1- dee ortion of the
teri o Rontadind s TRt rofn i £ Felindl el TFL. B SvBEHEEiE, RReeEatt i gmont
present at the deeper portion of the nolded body dpoes not work at all. This
Pesults i @ PRREQTREREREEDhET FUSREanERE ARCHIRR it AL LBEALST ok RS e e

| um nescence performance that the available depth for Iight em ssion is so
smal | and PhEORGRTEREAREE pér rBAVEaRR Ot b ltufidRssBeCRUSBeoFCERbSE

dr awbacks, the photol um nescent function is practically utilized only by
pai nts, resiightapésthedilesi(dPFArAB-23AB4RMNI-ngThael Whicteiaanhaeddenis

pi gnents, although attention is focused on the photol um nescent function
whi ch is weefddcddrg Holdvasuat Ronognodétand thepkekered bhebkwedingf power
failure at underground shopping center. Furthernore) as a result of these
dr awbacks )tcsrettherai?st sit 4 efi inbapaaiand idesirnofhegetastar eagslohavohg a
adequately exhibiting the photol um nescent function. The phot ol um nescent
pi gnent | snem @aparisilee stikat ofhetallda st on. Dfmmp, IIBMWtaRFUREsOh EPeupi gnent
results in a 3-fold to 100-fold increase of the total cost. Therefore, it

is not feayrdaardihg BGOMMR 16/ Md1e aRROARIMME HRSGRRr PhOIR/Rl ghit Baposti on of
the artificial stone where the photol um nescent 3 pi gnent does not

actual ly canpelhst @ddo s i ¢l ceTusd @R cFNsegrent | v .ridieeconyeAti onal
phot ol um nescent material has quite limted performance and application. In

view of the f£90i410.1 < RS 18 8380k m%ygﬁl %&é@\fﬁaﬂwgﬁgﬁékﬁ%srbel

contai ni ng an 1 norgani ¢ aggregate or er and a resin, e materral which

acconpl i shes Jigh,strength,

In the case of the luminescent material containing the
photoluminescent pigment as described, however, energy
saturation obtained from a D65 normal light source of 200 Lx
can provide luminescence at a brightness éf at least 3 mcd/m?
for no more than a few hours. The above brightness is a low
limit to permit the human naked eyes to recognize a contour
of an object. The material disclosed in the above publication
(JP-A-60-137862) provides luminescence lasting fornomore than
1 hour.

Furthermore, the_above material also has a problem of
an insufficient initial luminescence brightness, or cannot
provide such an luminescence as to maintain a sufficient level

of brightness for clear visible recognition of objects for a



hi gh hardness and a deep color tone like that of the natural stone, which
permts an outside portion to work nore efficiently by increasing the
avai l abl e depth for Iight em ssion by way of a m nimum possi bl e anount of
phot ol um nescent pignent, and which achieves a further extension of the

| um nescence period (see, for exanple, W98/39268, 98/ 35919). The proposed
materi al s ang KEENLERIJY 18hafiacheld zedykl hhat R HE8Leh¥ReSe Pt cliNPEganNi €
material s having significantly different nmean particle sizes are used as

t he inorgan.G: e.ar _fj |,n S i,f1.6: mdxj i t he

i nor gani Cacr%ﬁcséra#geeﬁg% ﬁg %ES%%Q fp(g]ftelqﬁéedé'stlg;lzgeH ;gsﬁglé; ?%Xngggr gﬁ{anE
substance,ignd t hat. a phot ol um nescent pignent is adm xed as the inorganic
mat eri al ﬁhvﬁﬂfﬁfsﬁﬁﬂﬁ%ﬁeparticle size, or otherwise is previously
attached to the surfac og t he greater particles of transparent inorganic
material by sin t-hfqi’él EB8t 1 WEL BT SERRE MAEET e 1PCORESER Hedt ERRERL ar e
real i zed based on a new finding that the available depth for |ight em ssion
from t he pHt BROKPABBEBRECERGRIIMORL t ReSPFRRCE AT BE TP @éadelmbgeep
controlling an internal structure of the nolded body such as 4 an
artificialposttomn offnthgorateniakrits fvaiidkbseoher doicdrtdieng stsd omhehpt eposal
of the inventors is capable of naintaining the |um nescence at a brightness
of 3 ntd/ nhd phofolantingsc@nitopi smefhe ieramt aits thevide ewale polve ifoal 66w up
study with an aimat a further inproved photol um nescence performance such
as a furt hdre exdletmebglyr idefndtunmawscencellat a gi ven brightness ) or
nore particularly a further inproved photol um nescence performnce by way
of control of a melatieenlket Mrethé e drimimtalordd Eohdamedftathprophl dad body
such as an artificial stone and the photol um nescence perfornmance thereof.

SUMVARY  OR sldde 1 MNEANTL €N chiRel i 5 erl dWgBE EOPmBAS e R2QM tElavhO18Bl ¥e the
above problens and provides: firstly, a high performance phot ol um nescent

material fougedeby 1blANLRYs 80En AW §HGmat 1| £88En8 TSR &e PaseogRt eri al
and a phot ol um nescent pignment conponent, wherein the transparent base

materi al has,avigsasidtdn®lal Pa~s(20C) or nore and is present in a
concentration of 7 to 95 w% secondly, the high perfornmance

phot ol um nescentBé@%é' aly¢ mq%][e%ien %Qgggggkgllurq:ﬂﬁis;:gﬁ%tg%ﬁg@ﬁlgaﬁggponent

has an average particle size of 10 to ,um
per f or mancg, phot gl urg %?%%%qtcagﬁ&eh\:?&i?ﬁgrgﬁf%t% pta{i"i‘{lzss‘%?‘&%’;tinbéﬁgegm erial
IS aresin, a glass o both. urt ner, e prese I nventi on provi aes;
fourthly, thqe . . s . .
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 shopping center.
Furthermore, as a result of these drawbacks, such paints, resin
tapes and resin sheets are short of adequately exhibiting the
photoluminescent function.
The photoluminescent pigment is so expensive that the
addition of a small amount of the pigment results in a 3-fold
to 100-fold increase of the total cost. Therefore, it is not

feasible to incorporate the photoluminescent pigment in a

portion of the artificial stone where the photoluminescent



hi gh performance photol um nescent material, which further 5 _conprises a
pi gnent conponent ot her than the photol um nescent pignment; fifthly, the

hi gh perfornmance photol um nescent material, wherein B/ A defined as the
wei ght rati o of the photol um nescent pignent conponent A and the ot her

pi gment conponent B is 3.0 or less; sixthly, the high performance

phot ol uri esfent SBEETAdE adtelei ddif liere RN 1BQHIONAIsagALal ns at

| east one pignent selected fromwhite pignment, yellow pi gnent or ange or
red pignent; an n , th i gh 1 phQt ol uni t terial,
wherein the \/\hi?céE%lg %%ﬁ{.i/ S aﬁtﬁc])é)d dé'%g{\;e%gtrrr%}ga? oxi%é% %glu?ﬁ?%%%e&%a

Furt herm)[gngt }:Qelpﬁegen{&. i:gv?ntigndprov%des: ei ght Qlé ﬁhe L gh performance
phot ol umi RB5EEAEL nBERr FaF Fof Lt PheF cBRDFPETAYCE £PEngBRI &P égﬁregate; and
ninthly, the high perforpance photol um nescent materigl, wherein D/C
defined as the g’éi gh?wr ﬁgﬁﬁgSf gP’ﬁgg?Fﬁﬁsp&?‘&n?%&?&tnﬁf’gﬁn&Pr@ BRY St he
transparent aggregate D s in the range of 0.1 to 6. Mreover, the present
i nvent i onPHPBIFBES MakeT13] CORLARIAIPEARN 1RORERROE FAFT §FHIFRUCE iid 1d &&i gh

per formance photol um nescent material, which conprises blending a

t ranspar edldbaske sl erikg M &er a bhidiigthumarenpditsif g hdah shneagdht. or a

bl end of a photol um nescent pignent conponent, another pignent conponent
and a trahsghreatrdagygs cyad & delvar ebyogbtanei hjka past erf rord awatorraldi scous
mass and subjecting it to nold curing; as its el eventh aspect, the nethod
for produstogea whigh perhOr srancs geicteopont hes centoriamher e #L)f iwtienaily t he
content of air bubbles per-volune of the paste, nortar or viscous 6 mass
i s controbyefintpe2s¥morthessvabpbabhls dewth ttvmaspenity) driessihad, fwar

produci ng a hi gh performance photol um nescent material, wherein the

bl endi ng bg LalimiathnOpbskENbaB AhdIMSPRE phoeplramsHeszedthyighed©asindd0 kPa
fromordinary pressure; as its thirteenth aspect, the nethod for producing

a high peghorRedce: §hod @l BIERRS Gt £ &0 B51h Jf, tnhel @hind heed ERdENGH S
carried out in a stirring apparatus having at |east a m xi ng vessel of

whi ch the spper r8Yr LagRp 2R/ RBo8Y 556589 Bhadgohg)ycoated with a transparent
or white coating material. The present invention provides, as its

fourteenth aspe@ﬁ)ﬁra;%lfeb%dg‘éd‘&%tEQEaEVsoéjé{&ie@%e%t'ﬂa@.'iy%ﬁi?é?@@?fz din

phot ol um nescent erein the transparent "base material has a

viscosity, gl ¢ 1, RaS. { 2B s0b Mgt d hd ebbhbeEM AL 859 eSm 1S SRNPd Tor

differentmeanparticlesizesareusedasthe inorganicaggregate
orfillerinaspecificmixingratio, that the inorganicmaterial
having a greater particle size is a transparent substance, and
that a photoluminescent pigment is admixed as the inorganic
material having a smaller particle size, or otherwise is
previously attached to the surface of the greater particles
of transparent inorganic material by sinter-fuse coating or
the like.

The proposedmaterials arerealized basedonanew finding
that the available depth for 1light emission from the
photoluminescent pigment or the like can be increased by

controlling an internal structure of the molded body such as



produci ng a hi gh performance photol um nescent material, wherein the
transparent base nmaterial is aresin) a glass or both; as its sixteenth
aspect, the nethod for producing a high performance photol um nescent
material, wherein the photol um nescent pignent conponent has an average
particle size of 10 to 2000 ,um as the seventeenth aspect) the nethod for

produci ng 3 high ferfar mhgs phot ol um nescent material, wherein the
transparent base nmaterial Is present in a concentration of 7 to 95 w% as

its eighteenth p t QY. Cl hi f or mance
phot ol um nescenfl%rrg%érti’aﬁ?e e‘{lgi‘rg]%llA%gg%néeéd]g%gd%%gh;v\%i%’ﬁtpF%P?ﬁaﬁf t he
phot ol um n nt .pi nt _cqonponent A and the other pignent conponent B is 3
. 0 or Ie§§f%§§ ﬁggggﬁﬁﬁFeéﬁtﬁag§bé8t??tﬂ@lﬁﬁﬁﬁ86n7 tg?o}uﬁ?ﬁggﬁ?ﬁﬁea hi gh
per formance phot ol ym nescent materjal) wherein DY C defined as the wei ght
ratio of e %&d@%&ﬁ\ﬁﬁs se Mg r“iqalfoé BRd et kbafr nbPHFEnt aggregate D is
in the range of 0.1 to 6. As described above, the invention has been
acconpl i shed bas®® dRVERECFS| PR MPGS dien§3L BV aFReE WYY tHHeEH ARedi®r s who
have nade detail ed exam nations fromvarious viewpoints, aimng to inprove
t he phot olanigndésxdhes paprovednpbosplunénpreeskenpacfoenangat enchl as
contai ni ng a photol um nescent pignent. That is) the inventors have found

t hat a hi ghfpetiier exteadegldaiert ind né dogvin esmlech ceamt bey iotdrabniéghbyesaj f orml y
di spersi ng phot ol um nescent pignment particles of a large size in a

t ranspar enir besee npaetiatlaavyng Eutitglervignsdted phdtdbhanihbeceseéor mance
of the photolum nescent nold is further increased by preventing the

entrance @eridrniiit B% walydo f ebaitgd 1SabatraNcasionlbesRebhdidgstasnyel | as
the invention were absolutely inconceivable or unpredictable even by those

skilled i sdhe e J2ESRR! ML &G Ghod s IHERERREDEVBEDCVENTS bhe dpyention

has the aforenentioned features which will be described by way of an

embodi nenteHehgfiRfo 1 ubhi L RIS YNGR QlHEBlgscent material according
to the invention principally conprises the follow ng conponents: a

transparent base material) and 8 a phot ol um nescent pignment. Further, the
hi gh performance phot ol um nescent materi al

SUMMARY OF THE INVENTION

The present invention has been made to solve the above
problems and ©provides: firstly, a high performance
photoluminescentmaterial formedbyblendingandcuringat least
a transparent base material and a photoluminescent pigment
component, wherein the transparent basematerialhasaviscosity
of 1 Pa's(20°C) or more and is present in a concentration of
7 to 95 wt%; secondly, the high performance photoluminescent
material, wherein the photoluminescent pigment component has
an average particle size of 10 to 2000 um; thirdly, the high
performancephotoluminescentmaterial, wherein the transparent
base material is a resin, a glass or both.

Further, the present invention provides; fourthly, the

high performance photoluminescent material, which further



according to the invention may further include the foll ow ng conponents:
anot her pignent, and a transparent aggregate. It goes w thout saying that
in addition to the above conponents, any additives including curing

catal ysts or curing auxiliary agents, viscosity nodifiers, UV |light
deterioration inhibitors, antibacterial agents and the |like nmay be used as
required, c8spt088s as pYmBnaNc SRt éNe SRS RALN! M &Yt Mnfith i Qb) ect or
ef fects of tﬂe invention. As to the photol um nescent pignment incorporated
inthe tr nt Hasg, pt erhal AegRr di i i . a varjety of
known pi g?rg%{agﬁghd comrelgg'i altihse a@ggﬁa&%%(?%nrr&e%es %&%&q{tﬁr&e .Sc%girt

exanpl e, Lum al um nat ased. mat eri al zinc, sul fide,and_t | i ke are
usabl e. U%Fﬁgglil%?bl l‘ﬁ’%%r]féaégen Api‘g?rfeln esgnﬁf’/ ;s)c’rhéaf e"f%]bq;/lt hﬁ?/glg ﬁgan%bearti cle
size of at,least 10 u pore preferably, of 30 tqg 2000 um or .even nore

ot of er abl SRBFSTBTRESSB0E BReREnhy EATPOREREy A AE i i Redo P iaT are

phot ol um nescent pignments having such |arge_particle size. This is because
t he photoFﬂﬁPﬂ%gﬁgng pisgriert 9% HeF 3 t B1BERUNI f 6RRI Pighs RaEQFman e
depth-wi se direction of a photol um nescent sheet material, so that the
phot ol uni RBgEeAEMERLEEEIE ERde nid lappea¥ el v shlelgther Phamprbxdaminqnesft one
side of the sheet material. 9 By allowi ng the use of a photol um nescent
pi gnent ofohaayespdridad teoné pdgmens sgiccdladd rasekite piigmentt , ive ldidwwed to
absorb a greater amount of energy, which causes the | um nescence to | ast
for an expeégdedtpeprodrehgki ne. red phigmenesennd mesmnitdily gerher ailgh a

m xi ng ratio of the photol um nescent pignment nay preferably be 5 wt % or
nor e basedepfiorientet athoteilghiirofs cerdesima edrmall dedvHethi rof thbBe white

phot ol um nescent material. In the case where the anmpbunt of the pignent is
| ess thanpbgmefit) ikhenr egtiiieedrpbonpluni BRsaene€ Lupebne@amray not be fully
achi eved. According to the invention, a general standard for the

phot ol uni nescenggrtHBehbe8, i thSYlredent tRGeAREbhiyrd@i a8 Ntaighds,,
| um nescence at a brightness of 3 ntd/n2) which is the m ni num bri ghtness

at which the NWEN @& AMIREOIBhERoL1RIAAREBHE Ofha 88 PP EClpudtGleAl | €ast
8 hours follow ng energy saturation froma D65 normal |ight source of 200

LX- HencecohBe: BiAgel Moddihdlldd Mgl A0 GhThagRAEY! RGN N the

transparent base material 1S selecte romthis polnt of “view,

conbi nat i Bgr%ERaREQ%hg@m‘%@égcér& ﬁ'a%%r&%'i‘?%ﬂé‘}é’m D/C defined as

the weight ratio of the transparent base material C and the
transparent aggregate D is in the range of 0.1 to 6.
Moreover, the present invention provides, as its tenth
aspect, a method for producing a high performance
photoluminescent material, which comprises blending a
transparent base material with a photoluminescent pigment
component or a blend of a photeocluminescent pigment component,
another pigment component and a transparent aggregate, thereby
obtaining a paste, mortar or viscous mass and subjecting it
tomold curing; as its eleventh aspect, themethod for producing
a high performance photoluminescent material, wherein the

content of air bubbles per-volumeof thepaste, mortar or viscous



consi deration. For achieving the above photol um nescent effect, the

i nvention enploys a transparent base nmaterial having a high viscosity of 1
Pas (20C) or nore. The use of the transparent base material having a high
viscosity permts the photol um nescent pignment having a relatively |arge
particle size to be uniformy dispersed along the depth-w se direction 10

of the shasrssrmgeééﬁtroih@dtﬂ&@sﬂaeénieé)@seamtt%r k@l 17RY Qegsce whid e col or
or any other colors so long as it has a hlgh |ght perneabl ity. I'n

I t ht
Sra A G T B AL
t | he i
g L rar%%tdﬁég%yfw N

i ncl udi ng ,PMVA a urated pol yester resins, epoxy
resins, a 8P§Fls|885r’r§ % g’lyngt Wﬂtngﬁa%?ﬁs&ﬂ‘&h°5§1?>%1:¥c%’?%%ﬁ‘é’f% r%%l ns and
polypropylene resins may al so usable. Here, the viscosity of the

transpar erttShakRi FEEBRFRAI aSPESts t BREhASERQDSEPY ATAHERH Bn BHEf or m of
a liquid, viscous for or nmelt such as syrup, paste or nortar that is to
be m xed WFI#WH@%I‘?OQBPG@#H@&@@%@HQ gaERrialThehessin sheuplendbeste nay
be a m xture of a polyner, oligonmer or nononer. In the case of an MVA
resin, fodsexanpied qmibaetrinmréngaatpm:yab‘es dagyimgpatorsa st el ving

m xture of MVA pol ymer and MVA nononer (e. g.) resin syrups comrercially
avai | abl evess®lM f shbekhiheRaywer Sorfacktacid /Mt sti rChegbtale)i d ewated Kur ar ay
Co. , Ltd. and the like). The viscosity of the base material nmay vary in
associ ati et tah tidem pereat owfwiire Ma phynestesisl st ethé npdedéer 1 as
below. 11  TABLE 1 VI SCOSITY Pas (20C) CONTENT OF MVA POLYMER

(W 9 1. 5252v@273 03282093826, 038 14t  Fpublitsan it aldp dy, esaLet mkBMBeati&A, the
use of a resin having a viscosity of at |least 2 Pas (20C) is defined as the

use of anyroldudiad okl owiqg PRLEIrdahdRAVbAGta1unsaeskbY tofmatet £as! 1
Pa~s(20C) in the formof a liquid, viscous nmass or nelt: (1) a resin

(pol yner) «pRrei® thd tdradfsgdtchOfbdid Wi e MUWPIviscosity of 1
Pa's (20°C) or more; as its fifteenth aspect, the method for
producing a high performance photoluminescent material,
wherein the transparent base material is a resin, a glass or
both; as its sixteenth aspect, the method for producing a high
performance photoluminescent material, wherein the
photoluminescent pigment component has an averageparticlesize
of 10 to 2000 um; as the seventeenth aspect, the method for
producing a high performance photoluminescent material,
wherein the transparent base material is present in a
concentration of 7 to 95 wt%; as its eighteenth aspect, the
method for producing a high performance photoluminescent
material, wherein B/A defined as the weight ratio of the
photoluminescent pigment component A and the other pigment

component Bis 3.0 or less; as 1ts nineteenth aspect, the method



(3) a mxture of polyner and oligoner, (4) a mxture of oligonmer and
nmononer, and (5) a m xture of polyner, oligonmer and nononer. However) in
the case where the base material has an excessively high viscosity, it
becones extrenely difficult to incorporate and di sperse the pignent in the
base material. Therefore, although not limting, the maximum viscosity of
the base patepirahubaugbs ﬁ@&ﬁ'%@f?@rﬁné’n@@ BROLS 1 JB0h FacS WA e 118y LypPE Of
transparent base material nay be sel ected depending on the apﬁflcatlon of

t he photo 1 er| fothe.] fos t.aki i I ation

t he requi &’gglr%ﬁ;lgﬁ;%gh%?rhﬁgglag%Cehr}’feo?%ﬁggg%&%ﬂgfp% g?&%ﬁ hgggglgtsﬁ% erial,
such as strength, at her. resi_stance, water resistance, d wear
resistancgé%f 1aly ea%ﬁgﬁh %5Pnfﬁ@rFP§ngﬁgF8ﬁ? Saéel%dfb$3§|r6§%a ¥hy be in
the range of 7 tag 95 wt % based on the total weight of the photol um nescent
material. o't tRe®case where the transparent base material is present in
concentrations of less than 7 ww%its function as a matrix that disperse,
bi nds and hol dsA8h@ef bt aRiad Pt fEresiventlon hasHhees apserrELRedi gnent ,
ot her pignent and aggregate is decreased or |lost. As a result, the

phot ol um Réseenenngierficdilavdimot iadiars eheairediedhehysventsheai v
performances such as strength, and hence, the desired photol um nescent

ef fect i shaye made detdiled exiagisEitdonsafbm varihos vdsepaierts tdmbmpunt  of
the transparent base nmaterial exceeds 95 w% a significant decrease of the
phot ol unm tescemper ez f otmancphosobdbsénesdenta t perflatmainee nescentheat eri al
according to the invention, the photol um nescent pignment may be used in
conbi nat i phowiclurdmeishentpi gaeetrias regutaedingn &hishseSEumandseder r ed

wei ght ratio B/ A between the phot ol um nescent pignment A and the other

pi gment. Bpigmeg@ner athyt bes3 .tH: 0inv&86ors!| halke €aAseI WoRAE then weh ght
ratio BfAis nore than 3.0) the other pignment, nost of which consists of

i nor gani ¢ pRedréla@le SHb L Hemi HEs PLOE @lodd HLS &L Ph SREA bSO FeEmipe
phot ol um nescent pignent's ability to absorb energy fromexternal I|1ght,

accumul at ¢ jihe aRQr BﬁgtéﬂéﬁugﬁeéBQn‘é‘”ﬂ:Tgrﬁérgi‘bair%i@‘iférseé‘?%d:la}-P% of her

pi gnrent may have any of various color tones and typically inclfude white

p'gnents’i%?%lQWaB%%g%QB%)bgggnﬂgtégial 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 were

absolutely inconceivableorunpredictable evenby those skilled

in the art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

A high performance photoluminescent material according
to the invention principally comprises the following
components:

a transparent base material, and



or red pignents. Exanples of a suitable white pignent include. zirconium
oxi de pignents, titanium oxide pignents, alum num hydroxi de pignments and
the |like. Anmong these, white pignents conprising an oxide such as zirconia
(zirconiumoxide) or zirconiumsilicate or a conplex oxide are nore
preferred fromthe standpoint of the photo |um nescent effect because the

white pignents haygosmabhehebbuflt phufbdtng effect than pigrents of ot her
col ors. Exanples of a suitable yellTow pignent include Chrone Yell ow,

orange of e pfORERL T reI G AL T AR B R TRBF SaGR I and t he

like. O rse, ot her ri Qus pignents_su as.blue,. green d bl ack

pi gment s %%;O%giagegs 'fls(n geharai ot FgYof 5%gﬁfgﬁ%ﬁ?uﬁ§ytlb? 2 njaod'flyp%ave an
average particle %i ze in the range of 0.1 to 70 ,um This is because the

pi gnent p&PPPERESRaving a smal|l size of 1.0 umor 0 . 1 umand under tend
to shield the photo | um nescent pignent particles dependi ng upon the m xing
ratio thereof. PRO§HEZ W’EHSHF'sa?gng that an organi c pignent, as required)
may be used in conmbination with the aforenentioned inorganic pignent or

i ndependent | y. BntiaasPrsaItt REIPRGRERUNM nescent material of the invention
may further incorporate therein a transparent aggregate such as silicon)

gl ass, crystal, I6r ggelst @A tdohitc gayAngr ¢hertr ddh midding amattico teC adefvened as
the weight ration of the transparent aggregate D and the transparent base
14 mat ecoapo€emy , neryrakidy theesnidiaudiangeuofing. dattaol e tsThe dumingpar ent
aggregate is not only effective for providing and inproving the required
physi cal puepelbirgsagercts A% isicoengyhmodesi et €sitst BDGRt ajut dhidddiesd 0 t he
nol d hardened material) but is also effective in enhancing, through its

t ranspar enayibiterghobakiphpeseeal £idees Hia thee PAKOMUY Peseesd 4y grment
by way of |ight perneation through its particles and irregular |ight

reflecti oReatiired, SHEf BoRy il aubaCsn ddyEVBFfe doast HELCRSEeMbErE iy
transparent aggregate is added to the transparent base material in a weight
ratio of heesbjartlol, eFtetanbiraknel faGknkAhncr easing the

phot ol um nescent effect may not be expected. On the other hand, the case

where the wei ghtgr é&it_ohcﬂfpﬁ L ARIRA SN F%%%%Qaﬁﬁc%ﬁgﬁgﬁeg L;?héhgeft

preferable either, 1n that the transparen ggregate the streng

mol d of tRe RRELYUT NESERAL e BRL 8T Ao A ddPRI&% nvention, a variety

of known pigments and commercially available pigments may be

t he

used. For example, strontium aluminate based materials, zinc
sulfide and the like are usable. Such photoluminescent
pigments may preferably have a mean particle size of at least
10 um, more preferably, of 30 to 2000 um, or even more preferably
of 100 to 2000 um.

Conventionally, it was not easy to use photoluminescent
pigments having such large particle size. This is because the
photoluminescent pigment is hard to be uniformly dispersed in
the depth-wise direction of a photoluminescent sheet material,
so that the photoluminescent effect tends to appear locally

in the proximity of one side of the sheet material.



The transparent aggregate may preferably have a particle size of at |east
0.1 mm or nore preferably of at least 0.3 mm provided that it is not nore
than 1/3 of the thickness of the nold cured body. In addition to the
transparent aggregate, the transparent base material may further include an
inorganic filler) which has a particle size of less than 0.1 mm Exanpl es
of an applicabl ey i0rganE thieldf of G Nl Th 168 Séht pagReWes 18FYyst al
(quartz) powder, calcium carbonate, alum num hydroxide, 15 pl astic

powder, glRsSs iRAWIS!  @NdnE RS mi FRG et JHdAes st SRlerd &bs9fnt he
invention is produced by blending a transparent base material with a

phot ol UM negeenl b IRBOLCOEPANeNly O B et lls 3HRNOLRLHELAEREENE P! gTent

conponent,” anot her pi gnent conpone transparent "aggrega er eby

obt ai ni ng 1B AR, Jprd reng{e Vi SGausy rgetsg_‘ie}nned. subjecting it to nold curing.
In such a producotlon met hod, dtr?e preparation 'of the blend is a very

i nportant require t. The eparatipn of the blend is . especially ipportant
i n the case whend SUShBEBFGRF rEREERE B oS Fivi Yy h YL GAEY! 4F ge
particle siize is used . in conbination with a transparent base materi al
having a Hifgh PROSOISMEResS enfre PRERERL PRY RFSHRFIPHY & Mivdt BFURPREscent

pi gnment uniformy. Here it shoul d be enphasi zed that the invention provides

a met hod st arthrR) Epeabl ¥Rd9RE Phe af Gemicgiedh Miiad hady 2L okhet her

vi scous mass which contains air bubbles in a percentage of 2% or |ess

per - vol unehoted ustigmedentharatddialor epar edebgasgei vheng, thai ahoustcafri ed
out under conditions controlled so as to limt the content of the air

bubbl es t a2 #igmeh&sss 1eEsethyped wk%stihe eequelrect plotohemineatennal speed
for the stirring, the atnosphere during the stirring process and the |ike
may be corfurcitisch méy ratbideestdrley Eraddiecedi by stirring and the remaining
air bubbles are prone to |ift those pignent particles having a snaller size
or specific grawndoprddiany tlhethboint et Des centgetferapisgarida idaEbirctee up to
the surface of the blended conposition during nolding, and causes the

phot ol um naEsCEITtunli HBRTYrEcd dube tsbinel dak by st: Nenpi oIt typabt el £6ain

Particularly, in the case where the air bubbles are present in the bl ended
conposi ti athd fuRiREEc¥RELBR PBE CERERESs O IMEQ/ hNalh 2clli stdife AL AYRERK
brightness at which the human eye can recognize the contour
of an object, for at least 8 hours following energy saturation
from a D65 normal light source of 200 Lx. Hence, the proper
mixing ratio of the photoluminescent pigment in the transparent
base material is selected from this point of view, while
combination with other components 1is also taken into
consideration.

For achieving the above photoluminescent effect, the
invention employs a transparent base material having a high
viscosity of 1 Pa's(20°C) or more. The use of the transparent
base material having a high viscosity permits the

photoluminescent pigment having a relatively large particle

size to be uniformly dispersed along the depth-wise direction

10




resulting fromthe shiel ded photol um nescent pignment becones
non-negligible. An effective way to control the percentage of the air
bubbles is to prepare the bl ended conposition in an atnosphere
depressurized by at | east 50 kPa fromordinary pressure. It is preferred to
i ncrease the degree of depressurization in the case where the transparent
base mat ebifalhieS s@le@$s ma tERG sanount of remai ning air bubbles can be notably
reduced by preparing the bl ended conposition in such a depressurized
atnosphere. |f the deghesaphnt 5 ACRLRSIULIZALLORa LS ,-J%it%degwgke £ifect
to control the air bubbles cannot be attained. The percentage o the air
bubbl es b el , r , fLlling. i £h. t he bl end
and det e?%lylgi ﬁgﬂg}ﬁeé%%%%nigaggng?ggﬁgn% riachcaz gngjéél\}\%géﬁeeg% ir1rloéslf)heri C
pressure LS I o fromordin ressures_to zero atnpspheres ., Further)
D event | of SoP SaREA Mokt SRCTARLY oHURT oY “F of EF RS SEREE AVRES) MR T HIA L he
preparatiﬁn of thf,blend IS Iso,efffctive to increase the

phot ol uni ABScENYe! bEht LIS Yot @tchPart 14 % OHPererR RE AR %I mi ze
the entrance of foreign substances, such as nmetal fromthe stirrer. Thus,
in the preéedt LRIBAL gén%-tﬁélqimar &nEBSERTEPEHPEPe MASLELGA Ba¥shantes may
effectively be prevented by enploying a a stirring apparatus having at

| east a NFREAH vEISES OF WMQﬂiqﬂﬁéiéaﬁﬁ mgincammdisrdstprefenplbleade are
harder than the pigment and transparent aggregate. An alternative neans may
be to coakXamplgrspacéndeomethyiemebhacnylateefMMh) ores hes i imeruding ace of
the m xing vessel and the stirring blades. Such a coating material wll
exert |it®PMMAopndompdfifdedcBMMA, t esptot ot edi petyester pees tmspneEmoewen i f
the coating material produces a m nute anmount of foreign substance.

Exanpl es akstihe,tarahspht esihe eesihist & 1Fdin Hgs 1ié etk dlas piel peersesnat i na
filmfornmed by spray coating, a ceramc plate bonded, glass, silicone
rubber, si lrieeaner asidn pollypriopgiesien redVh s sy 2aRd thadlike. The resul tant
blend in the formof a paste, nortar or other viscous mass is poured into a

suitable nol d apdreyr ethe ThéSdshe yPREt AHAT QSR B Bd A RfcdhesPresent
invention is provided as a nolding of a predeterm ned shape. Meantine, in

the case whekest ke whkdingcsystyi B8 & skonhfigapheshbahdbnts atidis surface
due to the lifting of the pignment particles other than the

phot ol urm BeSEBRLPERIRNT or (he SR dvary, Caall 89) poRYabecgltend i vely

renmoved by cutting or water-jet grinding the Surface o e nold cured

member . HeLAIRLLEn Wih HIPOALEEn hel PEALRARMAR W bheRdg0GERRd I N

further detal eference to g exanpl es. "I'n"th oW ng
exanpl es, Jthe.g0at RLYMOeS GRY e RAY 1L 1PPEE, MRS, c¥Rhyahed LP Aligd ol ! owi ng
manner accor dl ng
In the case of anMMA resin, for example, the basematerial
may be a syrup consisting of a mixture of MMA polymer and MMA
monomer (e.g., resin syrups commercially available from
Mitsubishi Rayon Co., Ltd; Mitsui Chemicals, Inc.; Kuraray Co.,
Ltd. and the like). The viscosity of the base material may

vary in association with the contents of the MMA polymer as

listed in Table 1 as below.
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18 to JI'S "Photol um nescent Safety Sign" Z9100-1987. That is, a sanple
was irradiated with a light of 200 Lx froma D65 normal |ight source to
saturation and the tine it takes for the brightness to drop to 3 ntd/ n2 was
measured. The el apsed tine was used as the evaluation standard. As a matter
of course) the invention is not limted by the follow ng exanpl es. EXAMPLES
<Exanple 1> A variety of MVA resin gyggpsiincluding a m xture of an MVA

pol ymer and an MVA nononer were prepared, the resin syrups having different
MVA pol ynmer contents| andIS¢CQ@TDEYti es. EONTENT tdfe regin syrups was adm xed
wi th a phot ol um nescentppiqaent) conpMaeROLEMHRL tetk) ke in the foll ow ng
proportion (weight r@ati . resim syr U 35.5 curjing agent: 0.5
strontium al um nate pased phot ol um nescent pignment: 50.5 (available from
Nempto & Co., Ltd. Average pafticle size: 12870 um) Al dni num hydr oxi de: 14.0
(Average particle sige: 10 anB The| bl endi n@gstep was |carried out under a
depressuri zed atnosphere at .0.1 kPa) while Lont rolling the inclusion of the
19 air bubbles in fhe blendéd coprposition to a per-vol une percentage of
not nmore than 1 The fresult a8t Obl enfled conpdsition wag poured into a

pl ate-1i ke nold having a thigclgness;{of 5 nmsnd cured.] The nold cured

sanpl es were each eveluated—+or—the—phetelumnesecenee performnce by
measuring an el apsed inrehdptosent hmddndinasceneaisk efpedesandnavdig?. The
results are listed in Table 2 as bel ow. TABLE 2 MVA RESIN SYRUP Vi scosity
Pa~ s (20@) GLARSER]! Ve BEF(REs DROPBIO(Z0v®d/i'? defined as the use of _
(Hr)0.531.081.592. 0106. 01410. 014 Table 2 shows that the resin syrup having
the vi scosinlyo®f thestolan dy halfer 90208k veagnoty Mpddy @iy Jdehg el 18d gescence
at 3 ncd/n2 or nore for nore than 8 hours. On the other hand) the resin

syrups havi Rg.{ Pgood)SGeS i £ M ¥ & tlﬁ%i]d,o % cous 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 oligomer and monomer, and

(5) a mixture of polymer, oligomer and monomer.

However, in the case where the base material has an
excessively high viscosity, it becomes extremely difficult to
incorporate and disperse the pigment in the base material.
Therefore, although not limiting, the maximum viscosity of the
base material may be considered to be about 100 Pa's(20°C).

The type of transparent base material may be selected
depending on the application of the photoluminescent material
of the invention, taking into consideration the required
physicochemical performance of the photoluminescent material,
such as strength, weather resistance, water resistance, and

wear resistance.

12



s (200 can maintain the |um nescence at 3 ntd/n2 or nore for nore than 14
hours which is nuch | onger than 8 hours. <Exanple 2> Ml d cured sanpl es
were fornmed the same way as in Exanple 1 using the MMA resin syrup having a
viscosity of 6 . 0 Pa~ s (20C) , except that strontium al um nate-based
phot ol um nescent pignments having different particle sizes were used. 20

Each of the samphesamesntessurdckahsbheetlkapsed d v Ref Asrd Ry be
| um nescence dropped to 3 ncd/ n2. The results are listed in Table 3 as

bel TABLE P J0O 3
moa/ 2 (Y 55188500901T 1001 41501850038 T vie Conf TF Rba AT Dg%f%hn%i c

Oy e B oAbl Gl Uﬁ%@é??&?ce PO JROCS, NS, R6D1 EYA0. by, usi g the

phot ol um nescent vin reat parti c € Sl Zes case of the
phot ol um scent nt_havin article size of l.ess t u on the
ot her han wﬁg gggolscgﬁfei hacincteﬁgtﬁa(ﬁﬁ%éssggn %% E}?r‘r’rgdy ‘or nore
did not Iast for mpre than 8 hours gngl e 3> Ila?/h ed co ositions were
pr epar ed i SHRETHER 3§ BnTErAATI Ehitu RGeSt fg- BsFRASYPPS heRS ng a

viscosity of 6.0 Pa~ s (20C) |, excegt that the stirring step was carried
out under LPRTided ist RdEphet 8. dnd t RBe RN TR uRe $HRiHY 84 IMEREh dEhehe
sanpl es was neasured for the el apsed tine before the | um nescence dropped
to 3 ntd/ PAIVERE pESURFSTagete|Lky deaneapssl er4last beldva FASTAB) etlle t he
degree of 21 depressuri zation (kPa) indicates the degree of pressure
reduct i on phodmlurd negraemlt priesteresl Usadnstir prgtein, Blend Gdatirede
follow ng arrangenents A Inside surface of a m xing vessel and stirring
bl ades wemphyfsdramethenfi cstlapriréssmaheek; s h Elsesstengeh, And hlenaesi theone
rubber coating overlaid on the stirring blades only; C. The stirrer Awth
t he silic@esimdibphocodtinngesvent aififert thendacHeeswal acen ahet hehed xi ng
vessel and on the stirring blades. TABLE 4 DEPRESSURI ZATI ON

hand, in the case where the amount of the transparent base

material exceeds 95 wt%, a significant decrease of the

photoluminescence performance is observed.

In the photoluminescent material according to the

invention, the photoluminescent pigment may be used in
combination with another pigment as required. In this 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 pigment, most of which consists of inorganic particles,
shields the photoluminescent pigment so that the
photoluminescent pigment's ability to absorb energy from
external light, accumulate the absorbed energy and emit light
is decreased.

The other pigment may have any of various color tones

and typically include white pigments, yellow pigments, orange

13



DEGREE ( kPa) STI RRERELAPSED Tl ME BEFORE DROP TO 3 ntd/ nR
(Hr)90A1480A1460A1350A830A750B1060B1580C18 It is denonstrated that the
depressurization by at |east 50 kPa is effective and that the silicone
rubber coating on the inside surface of the stirrer and on the stirring
bl ades contributes to the excellent performance. <Exanple 4> An MVA resin

syrup (Vvis£esd YigRent8 . Pasxdddlds bl AGudiaHl Awhl ¥bUs £gidn @1 nMYR grol yner
and an MVA nonorer was prepared and adm xed with a photol um nescent pi gnent

and the |}kecbhi hlieok 04 QY4 G OPA i A Qe ARt 22 a1 uMYRuRESI N

syrup: _ 35.5 Curing agent: 0.5 strontium al unm nate based ‘phot ol um nescent

i t: i t Co d 1] si ze:
U0 am Anbebar e i o AR S e ot ne ST AR PR s o
sanpl es eggllno¥i andi ‘;Ler entdepi guents were

el S cf’oré{re theosarrg vvamy‘_ az i n Exanpl e

1 and wer & SRER MREsAPef* 5P (HS el3hset 19 bef of e°Pha™ IitAELc&ce
dropped to,3 ncd/n2., The results are |listed in Table 5 as_bel ow. TABLE 5
OTHER Pl GRVERFELWPSED HANES BEFORECHR PSS e d PP Y frB =8 frdny et rom
OXI DESALUM NUM HYDROXI DE15TI TANI UM OXI DE( 50) : ALUM NUM _
HYDROXI DEFB® FraASROGRITAA B 2PREMG W BT ne sy A REME FYDERASR 50F ¥hitiee
results show that zirconia as a white pignment presents an excel | ent
phot ol uni PegReRER eid gades beghtsthiglding efdlelctshhan @ raperffeoif.
<Exanpl e 5> Mol d cured sanples were forned the sane way as in Exanple 4
usi ng al upthem hgdedki de as the ot her pignent, except that the mxing ratio
of the photol um nescent pignment A and al um num 23 hydr oxi de H was vari ed.
Each of the sanpkasplas nEasusedtébilet felébuappédmente ibeflade tCherome
| um nescence dropped to 3 ncd/ n2. The results are listed in Table 6 as
bel ow. TABeEl 6w\WEL&dhi RATIVE1(1BWA) RLARSHAD T tdn BEFOREw DROR the like.

Examples of a suitable orange or red pigment include Iron Red,

Cadmium Red, Molybdenum Red and the like. Of course, other

various pigments such as blue, green and black pigments may

be used.

In general, the other pigment may preferably have an
average particle size in the range of 0.1 to 70 uym. This is
because the pigment particles having a small size of 1.0 um
or 0.1 yum and under tend to shield the photoluminescent pigment
particles depending upon the mixing ratio thereof.

Itgoeswithout sayingthatanorganicpigment, as required,
may be used in combination with the aforementioned inorganic
pigment or independently. In addition, the photoluminescent
material of the invention may further incorporate therein a
transparent aggregate suchassilicon, glass, crystal, ormolten

silica. A preferred mixing ratio D/C defined as the weight

ration of the transparent aggregate D and the transparent base
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TO 3 ntd/ n2 (Hr)O0.150150. 185151. 05142. 2593. 546 It was confirmed that the
weight ratio B/Ain excess of 3 resulted in a sharp decline of the

phot ol um nescence performance. <Exanple 6> Ml d cured sanples were forned
the sane way as in Exanple 4 using al um num hydroxi de as the other pignent,
except that the mxing ratio of the foll owi ng conponents was varied. Each

of the samfaltesiwas dreRsUMR{AN v e almpsed dddge ef @ & the d uni nescence
dropped to 3 ncd/n2. The results are listed in Table 7 as bel ow. TABLE 7

S
VMR RESI N SYRUPRHQTQLUMARSCENT £ GENTAL W NI HERQI DERLAPSRD TLLE

TR A a8 S R o R S e e A

2 24 It "I's understoo e ca e

transparent erial_is _more than 95 .% .a.significant decline of the
phot ol uni nggsgggggggéff%%n%ﬁfglrségu Ctes?na\i'tirhg &S FangFaread ]B%éée erial
nore is

present in cancentration of 95 % the |um nescence at 3 ntd/ or
mai nt ai ne&lafatoerrlbaclhoﬁ‘gt by® v?ifﬁeeg%efﬁévﬁsénofent DI ol T A ehtS pi grent
having a | arge particle size. Such a result has never been expected in the

art. In tHe& LHEYe t heHoumhofoh e Restifipar e®f 28k ne®Eri aFhes | ess

than 7 %) a nold cured nmenber could not be formed due to the occurrence of
rupture. Behfplivwminescend] digmead Sanpry edslishhederneatsiar wWayowshin
Exanpl e 4 using al um num hydroxi de as the other pignent, except that a
sili cone ridsi PaKELIEGS aodmiwregallky dvghltabeélecomrs8han- EtsusChéateal Co.
, Ltd. ) was used in place of the MMA resin syrup. The silicone resin had a
vi scosi ty ioftetfmste 50 Pa~s(20C). The resultant sanple achieved the
| um nescence at 3 ntd/n2 or nore lasting for 14 hours) thus show ng an
excel | ent phot olHovwevestcehoetperdagemaheee s arqaresfivr dhts agplregaas for ned
the same way as in Exanple 4 using alum num hydroxi de as the ot her pignent)
except thaidddie taf oo itdenaiparienat dabasad tphotol Ua Beseeghtprgoestonas used
inaratio of 24 . 0 and that quartz powder having a nean particle size of
50 um as it transparent, agoIRoedsi RS d8eEE N BnralhOr&hisBRg0- the

photoluminescent effect maynot be expected. On theother hand,

the case where the weight ratio of the transparent aggregate

exceeds 6 is not preferable either, in that the transparent

aggregate the strength of the mold of the photoluminescent

material is impaired.

The transparent aggregate may preferably have a particle

size of at least 0.1 mm, or more preferably of at least 0.3

mm, provided that it is not more than 1/3 of the thickness of

the mold cured body.

Inaddition to the transparent aggregate, the transparent
base material may further include an inorganic filler, which
has a particle size of less than 0.1 mm. Examples of an

applicable inorganic filler include molten silica powder,

crystal (quartz) powder, calciumcarbonate, aluminumhydroxide,

15



25 . Despite a substantial decrease of the mxing ratio of the

phot ol um nescent pignent, the sanple favorably achieved the | um nescence at
3 ncd/ nm2 or nore lasting for about 13 hours . The weight ratio of the
transparent base material C and the aggregate D was 0.845. A test was
conducted by varying the weight ratio of these conponents and the results

showed phgtiakiiicngsedes , penhesMpodeds rVandednas 15kewn in Tabl e 8 bel ow
TABLE 8 WEI GHT RATI O (D/ C) ELAPSED TI ME BEFORE DROP TO 3 ntd/ nR

(Hr)0.584120. 613430. SdSdSlumfddse S2d 448211219586 %A%n%ﬁ% bRedidn the

foregoing, the invention provides the high performance photo um nescent

mol d by uglLagr.y %?pﬁﬁéhﬁgnénfa Egg%ﬂ%gglégﬁﬁc s eD'IQQPQI{; vijign darge

particle Size In the transpar r|aI avin VISCOSIty

Furt her nog n exeel | e perfor mance IS achl ed eventl ng
t he entraﬁ’glgtg 1‘%{151(?1 gg%f}l%es r?glefng:r ei g%m%%rb%?%nc% \sll r’s&j ‘%{/

novel phot ol um, nescent m%t erial_which is inconcei vabl e or red| ct abI e for
t hose sKki P?lé)&ol HUERE ST T RERTDY 505‘9°§§Hﬁl’e%n%\§?%r P&PWE’&H‘E A ay as
in Exanple 1 usi ng hi gh vi scosity silicon-rubber as the transparent base
material 28923 (Re TeUMABIEFPGRFG . SRGTRY ePFROMLBHI HPRESE  CHRRTRAl Co.)
Ltd. ) having a vi sc05|ty of 70 Pa ~ s (20C) in place of the M5 resin
syrup, st PENFIERCRISU MRS &Nt S8PISRGASIIUHEN ESc B9t PiCHFEMI -(avai | abl e from
Nenoto & Co., Ltd. Average particle size: 150 ,un) . Quartz powder having
an aver age partﬂ@l%u%lilzlepmd%@e@n Tethod , 1Hhe-2rep3mmtien Of ddedsl el
transparent arregate case by case. Sanples were forned as plate having a
t hi ckness isfalveny 3mprotadmedEachersanpl e Thaspevpavat édnfab thieeblend
phot ol um nescence performance. The results are listed in Table 9. Table 9
shows t hatispkebekurilidgstepoetpet fir ndrc ecaise whelrezedplad t & vem Coask énon of
smal | anmount of phot ol um nescent pignment and thin thickness. Furthernore,
i n detail edgniche ¢asdhaw nelaarige it hiadgwe ssmofi Jatel 7eal 4 zesedi ph
phot ol um nescence performance. However, sane phot ol um nescent performance

is realizedmbleatesnhamiolg & irdmgss it MR A SiEN Hdwitase wignded
wth quarts
viscosity as the matrix for dispersing the photoluminescent
pigment uniformly.

Here it should be emphasized 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 per-volume.

The blend is normally prepared by stirring, which is
carried out under conditions controlled so as to limit the
content'of the air bubbles to 2 % or less. The type of stirrer
selected, the rotational speed for the stirring, the atmosphere
during the stirring process and the like may be controlled.

Air bubbles are produced by stirring and the remaining

air bubbles are prone to lift those pigment particles having

a smaller size or specific gravity than the photoluminescent
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N. A
pigment particles up to the surface of the blended composition
during molding, and causes the photoluminescent pigments to
be shielded by the pigment particles. Particularly, in the
casewhere theair bubblesarepresent in theblended composition
in a per-volume percentage of more than 2 %, the drawback
resulting from the shielded photoluminescent pigment becomes
non-negligible.

An effective way to control the percentage of the air
bubbles is to prepare the blended composition in an atmosphere
depressurized by at least 50 kPa from ordinary pressure. It
is preferred to increase the degree of depressurization in the
case where the transparent base material is glass. The amount
of remaining air bubbles can be notably reduced by preparing
the blended composition in such a depressurized atmosphere.

If the degree of the depressurization is low, adequate effect
to control the air bubbles cannot be attained.

The percentage of the air bubbles may be determined, for
example, by filling a vessel with the blend and determining
the percentage of volumetric change when the atmospheric
pressure is reduced fromordinarypressures to zeroatmospheres.

Further, prevention of contamination (entrance of
foreign substances) during the preparation of the blend is also
effective to increase the photoluminescence performance. 1In
particular, it is preferred tominimize the entrance of foreign

substances, such as metal from the stirrer.

Thus, in the present invention, the entrance of such

17
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the inner surface and/or stirring blade are harder than the
pigment and transparent aggregate. An alternative means may
be to coat a transparent or white coating material on the inner
surface of the mixing vessel and the stirring blades. Such
a coating material will exert little or no influence on the
photoluminescence performance even if the coating material
produces a minute amount of foreign substance.

Examples of the transparent or white coating material
include an alumina film formed by spray coating, a ceramic plate
bonded, glass, silicone rubber, siliconeresin, fluorineresin,
MMA resin and the 1like.

The resultant blend in the form of a paste, mortar or
other viscous mass is poured into a suitable mold and cured.
Thus the photcocluminescent material of the present invention
is provided as a molding of a predetermined shape.

Meantime, in the case where the molding sustains a
significant shielding at its surface due to the 1lifting of the
pigment particles other than the photoluminescent pigment, the
shielding layer (portion) may be effectively removed by cutting
or water-jet grinding the surface of the mold cured member.

Hereinafter the embodiment of the invention will be
described in further detail with reference to the following
examples. In the following examples, the photoluminescent

performance was evaluated in the following manner according

18
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| NDUSTRI AL APPLI CABI LI TY As descri bed i n detai I above, the present
invention realizes a high performance photol um nescent material by
uniformy dispersing a photol um nescent pignent of |arge particle size in a
transparent base material of high viscosi ty Further, by preventing the

interfusieg Qfxsa'"@h@%@hﬁﬁn@@@eﬁ%nbﬁ@e@?n nhl QB%OD%EW MeRiEL: | B,
achi eved. Thus, a novel photol um nescent ma er| al that was not concel vabI e

or predi Cta@érﬁgié%%??r E&QEeardlﬂr?apr%g%q %Iggmr.ac g\pg{glale?])gglr% 1.

A hi gh perfornmance p oto um nescent materi al ng-an ur| ng

at | east nsparent base terial an hot ol um. pesc e
corrponent;i \%Ii?gregion fthe ?‘?aﬁ%g‘g’f%%%%a? ngttl'grl er%a§g i??‘?@osﬁqg‘y ‘g&? 1
Pa~s(20C) re and i resepnt in,a concentration of 7 to 95 w% 2. The
hi gh perfS’FrJrﬁ eﬁﬁ‘oFBI é?cér{'fc‘%{'ﬂ eFpsImeasHred mediene ERBPRALC ITer ei n

t he phot ol um nescent pignent conponent has an average particle size of 10
to 2000 uM@s3ustie % JhepEVPIMREICR SGrGadf nescent material as clained in
Claim1, or 2, wherein the transparent base material is a resin) a glass or
both. 4. The hi 8% pePRbERANRE PHOTVY urihfesoamen thwnedsanogslenataddoyn daim
1 to 3, which further conprises a pignment conmponent other than the
phot ol uni rédsc el lgwjmentexaBiplEse hi gh performance phot ol umi nescent nateri al
as claimed in Qaim4, wherein B/A defined as the weight ratio of the
phot ol um nescent pignent conponent A and the other pignent
EXAMPLES
<Example 1>
A variety of MMA resin syrups including a mixture of an
MMA polymer and an MMA monomer were prepared, the resin syrups
having different MMA polymer contents and viscosities. Each
of the resin syrups was admixed with a photoluminescent pigment
component and the like in the following proportion (weight
ratio) .
MMA resin syrup: 35.5
Curing agent: 0.5
strontium aluminate based
photoluminescent pigment: 50.5
(available from Nemoto & Co., Ltd. Average particle
size: 100 um)
Aluminum hydroxide: 14.0
(Average particle size: 10 um)

The blending step was carried out under a depressurized

atmosphere at 0.1 kPa, while controlling the inclusion of the
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conponent Bis 3.0 or less. 6. The high performance photol um nescent
material as claimed in Caim4 or 5 wherein the other pignment conponent
contains at | east one pignent selected fromwhite pignment, yellow pignent,
or orange or red pignment. 7. The high performance phot ol um nescent nmateri al
as claimed in Qaim6, wherein the white pignent is an oxide or conplex

oxi de of zifeABkY®s 3the gleIﬁ@d%io%lﬂ;o%%.rtfi%rnWQEeghgﬁgh}h@ﬂWagr@t erial
(0]

as claimed in any one of C ains , further conprising a transparent
aggr egat e, £ 9, TN RLIbnRRr fogmance phot ol um nescent material as clainmed in
Claim8, wherein DJC defined as the weight ratio of the transparent base
material C and [ n r |S.4n the range of .0.1 to 6. 10.
A et hod for pr%E%c%relgﬂzgﬁlhghtb;%?’?ioe%gngénogneé%p%lottlo U fies 8% ergratlélrtf)ala, whi ch
conpri ses; . bl endi a_tranpsparent se, material w th_a _photol um nescent

pi gnent cBﬁ%%ﬁénggrmaiglgﬁ§189 | gﬁngPﬁﬁFn8gcén?mpFBﬂeﬁPIESnponent,

anot her pignent _conponent and.  a transparent aggregate) thereby obtaining a
paste, nortar oTheing'@&l‘}s GHRI SPRPLEDj WEERNFITh teVHbrtedr £RE. the The
met hod for_ producing a high performance photol um nescent material as

cl ai med i RREFat N iDeSGRRFRI Rerher@aRfenbYofmeaisuriigblads edamsed trimeof t he
paste, nortar or viscous nmass is controlled to 2 %or less. 12. The nethod
for produbpfigra the ghimpardstenar drpboed bai hasebin® .maTheinéswbtslagiared in
Claim 10 or 11, wherein the blending is carried out in an atnosphere
depressur Ltetdeflyint Thbaet 258skPalbwom ordi nary pressure. 13. The nethod for
produci ng a hi gh performance photol um nescent nmaterial as clainmed in d ains
10 to 12 , wherein the blending is T™eBLEezl out in a stirring apparatus

havi ng at 31 Heast—a—mxd-hg—vessel—efwhichthetnner—surface and/ or
stirring blade is OO REE N tTYRUR | ah SIABSHD I MhhiREF TR material . 14,
The nethod for |pVédaesagyPaisy2 036! f or marke IHY WiniHedcent material as
claimed in Claijme 10 to 035 wherein{the transpargnt base matefial has a
viscosity of 1 |Pa's (20Cy @r nore. [5. The nethog for producing a high
per f or mance phot ol um nescent materipal as clainmed in Cainms 10{to 14,
wherein the transparent BasSe materifpl is a resiny a glass or hoth. 16. The
met hod for produci ng a hiagl perfornance phot ol unonescent naterial as
clainmed in Caips 10 to }5) whereinjthe photol upjnescent pigngnt conponent
has an average particle size of 10 o 2000 um . The met hod |for producing
a high performapce phot 8Pufli nescent | material as'¢laimed in Cains 10 to 16,
wherein the transparent base material 1Is present in a concentration of 7 to
95 wt~. 18. The nethod for producing a high performance photol um nescent
material as claj [ aims 10 to 17 , wherein B/ A defined as the weight
ratio of the phggggﬁn?rf’g‘soé”esnlthﬁitgﬁ]éﬂtr%]rfbﬁﬁéh‘? Ra¥ARIt HRe oTHH° i Frent
conponent Bis 3 . 0 or less . 19. The nethod for producing a high

per f or ran€é pRBE OFRAR et & SHEARF) aF2BBOE| BR FREA IR Qi i ine e
wherein D/ C defined as the weight ratio of the transparent base material C
and the tREN3MEYM aggrepatoDmos e RhaRed Mays of OB, theorhenhand,

.A?. Aus_.AusL. A r.AsL.AL_.A'r. A _.AsL.AL. A9r. A" . A r.ALr. A

L. ALr. ALr the rasinAsyrbs Ahavithg Athé\lvigosifales A AlareAthafy .. AsE¥#\ O h&dr
.g~ytoje [V]ca]ca]ca] ca]cLa] ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]calcalc
a] ca] ca] ca)leafecn]wa} crlijroaldc abkctahinpsaktnte a€) 3 mddim’ &r more for
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varied atmospheres and the stirrer was changed.
Each of the samples was measured for the elapsed time
before the luminescence dropped to 3 mcd/m?’. The results are

listed in Table 4 as below. In Table 4, the degree of
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C: Thestirrer Awith the silicone rubber coating overlaid

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

blades.
TABLE 4
DEPRESSURIZATION| STIRRER | ELAPSED TIME BEFORE DROP
DEGREE (kPa) TO 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 o 18

It is demonstrated that the depressurization by at least
50 kPa is effective and that the silicone rubber coating on
the inside surface of the stirrer and on the stirring blades
contributes to the excellent performance.
<Example 4>

An MMA resin syrup (viscosity: 6.0 Pa's(20°C)) including
a mixture of an MMA polymer and an MMA monomer was prepared
and admixed with a photoluminescent pigment and the like in

the following proportion (weight ratio).
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(Average particle size: 30 um)
Mold cured samples employing different pigments were
formed the same way as in Example 1 and were each measured for

the elapsed time 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
TO 3 mcd/m? (Hr)

TITANIUM OXIDE 8
ALUMINUM HYDROXIDE 15
TITANIUM OXIDE (50) : 10
ALUMINUM HYDROXIDE (50)

ZIRCONIA 18
ZIRCONIA{(50) : 17
ALUMINUM HYDORXIDE (50)

The results show that zirconiaasawhitepigment presents
an excellent photoluminescence performancebecauseof itssmall

shielding effect.
<{Exanmple 5>

Mold cured samples were formed the same way as in Example
4 using aluminum hydroxide as the other pigment, except that

the mixing ratio of the photoluminescent pigment A and aluminum
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0.150 15

0.185 15

1.05 14

2.25

3.54

It was confirmed that the weight ratio B/A in excess of
3 resulted in a sharp decline of the photoluminescence
performance.
<Example 6>

Mold cured samples were formed the same way as in Example
4 using aluminum hydroxide as the other pigment, except that
the mixing ratio of the following components was varied. Each
of the samples was measured for the elapsed time before the
luminescence dropped to 3 mcd/m?’. The results are listed in

Table 7 as below.

TABLE 7
MMA RESIN|PHOTOLUMINESCENT| ALUMINUM ELAPSED TIME BEFORE
SYRUP PIGMENT HYDROXIDE |[DROP TO 3 mcd/m? (Hr)
10.2 59.0 30.0 14
22.5 43.0 20.0 15
35.5 54.0 i10.0 15
68.6 25.0 5.4
95.0 4.5 0
88.0 1.7 0
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A sample was formed the same way as in Example 4 using
aluminum hydroxide as the other pigment, except that the
strontium-aluminate-based photoluminescent pigment was used
in a ratio of 24.0 and that quartz powder having a mean particle

size of 50 um, as the transparent aggregate, was used in a ratio

of 30.0.
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The weight ratio of the transparent base material C and

Iml

the aggregate D was 0.845. A test was conducted by varying
the weight ratio of these components and the results showed

photoluminesence performances varied as shown in Table 8 below.

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 8
6.82 5

As described in the foregoing, the invention provides
the high performance photoluminescent mold by uniformly
dispersing the photoluminescent pigment havinga largeparticle
size in the transparent base material having a high viscosity.
Furthermore, an even more excellent performance is achieved
bypreventing theentranceof airbubblesand foreignsubstances.

Thus is provided a novel photoluminescent material which
is inconceivable or unpredictable for those skilled in the art.
<Example 9>

Samples were formed the same way as in Example 1 using

high viscosity silicon-rubber as the transparent base material
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Samples were formed as plate having a thickness of 1lmm,
3mm or 5mm.

Each sample was evaluated fro the photoluminescence
performance. The results are listed in Table 9.

Table 9 shows that photoluminescence performance is
realized at the condition of small amount of photoluminescent
pigment and thin thickness.

Furthermore, in detailed, the case having larger
thickness of plate realizes highphotoluminescence performance.
However, same photoluminescent performance isrealized incases
having thickness of more than 3mm. The caseblendedwithquarts

powder realizes high photoluminescence performance.
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the transparent base material is a resin, a glass or both.
1l6. The method for producing a high performance
photoluminescent material asclaimed inClaims 10 to 15, wherein
the photoluminescent pigment component has an average particle
size of 10 to 2000 pum.
17. The method for producing a high performance
photoluminescent material asclaimed inClaims 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 performance
photoluminescent material asclaimed inClaims 10 to 17, wherein
B/A defined as the weight ratio of the photoluminescent pigment
component A and the other pigment component B is 3.0 or less.
19. The method for ©producing a high performance
photoluminescent material asclaimedincClaims 10 to 18, wherein
D_/C defined as the weight ratio of the transparent base material

C and the transparent aggregate D is in the range of 0.1 to

6.

32



