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STRUCTURE BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present
invention relates to photol um nescence road marking materials and road

structures. Mre particularly) the present invention pert
phot ol um nescence road marking material which is useful 3}"”@%@%@@ of a
| ane of a road and the |like, has a high photolunlnescence per

can find an application in a white line, a color line of, ﬁT“éxanple

Yone regar di acs SEOLGRUHINGES %ﬁ@gﬁﬁ%m%%ﬁéﬁmgr e
road structure conprising thANHvRP RUGTEREence material . DESCRI PTI ON

OF THE RELATED ART Heretof ore, a photol um nescence pignent which absorbs
and stores |ight energy of sunlight or an electric light and, then, emts

t he energ &‘ﬁDa ht _has.we been known. An application of the
pi gnent f%%gﬁé$8 rré?k’rrgﬁ Bﬁﬁﬂ?i‘ﬂ& use of excellent characteristics
t her eof that_ vi sual rec%gnltr on can be obtained at nighttime or in a dark
pl ace hasFHBER BFopBEeINVENTIQ¥anpl e, JP- A- 10- 62023 proposes a
phot ol um nescence road marking material in which a transparent or
sem -t r anspar enTRE iR S R BTSN G ray er 2§ Spk @ HRRIP I0H R &#F e RCDEARAS | ow
base | ayer and, further, a transparent or sem -transparent
phosphor eeeeh@ngar}aetrelr:m%uamdn@oed emmreecenrdoeegmmmslerbm dée on the
| ight scattering | ayer. However, the photol um nescence road marking
mat eri al ,pm/aisehthasveomi«entPenaaﬁ.;zsbeera lkroverd, phad olmrcigraarersce road
phot ol um nescence performance effective for a short tinme period whereby it
s di fficubtkiagr maliezd ali shdlchr ésogusietfiuan,foshiaclmarking of a lane of

a road and the like, has a high photoluminescence performance

and can find an application in a white line, or a color line

of, for example, yellow, orange or any other appropriate color

by suppressing a green color tone regardless of concurrently

using a photoluminescence pigment, and a road structure

comprising the novel photoluminescence material.

DESCRIPTION OF THE RELATED ART

Heretofore, a photoluminescence pigment which absorbs
and stores light energy of sunlight or an electric light and,
then, emits the energy outside as light has well been known.
An application of the pigment for a road marking by making use
of excellent characteristics thereof that visual recognition
canbe obtainedatnighttime or ina darkplace has been proposed.
For example, JP-A-10-82023 proposes a photoluminescence road
marking material in which a transparent or semi-transparent

light scattering layer is provided on a white or yellow base
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is held over an extended tinme period. Mreover, the road marking
material emts light not only at night but also at daytinme by being
conpounded with the phosphorescent pignment whereby, for exanple) a color
tone of a |ane marking applied on a surface of a road is tinted with green;
therefore, there has been a problemthat the road marking material can not
be used for a lane marking of white. Further) there has been a drawback
that, when a pignent is conpounded into the road marking material for
aIIovvl ng it to be in a color tone of white, yellow, orange or any other
appropri at@Yeal orRda physshEFescent LReREEAFERce OF dEEMdasEdnNPatRIeby
deteriorate the phosphorescent performance. Specifically, take, for
exanpl e, ahegpdogfesiclea traElierg Crattaiindin g @s ehiosedioine IR I0-8%0P3.isMen a
conpound whi ch has been recited therein as being preferable was ainmed to be
r epr oducegrowvhdedhonolthnei Aegtenseaprtepanigy lmysd.ow, and the col or was
densely tinted with green by the phosphorescent pignment whereupon it is an
actual situati oHoWhkatkrt heheoppotind usdneaien2ze radised Kidlg and e amr ki ng
of white. Further) in a case of the conventional nmarking material, though
it is appkhednonnhassuebasenefofal@gd, baen- Skhowpe! fRESBNGCE hasndew elay been
paid attention to; hence, prevention of slip which is derived fromwetting

wi th wat ebh%rto%ail@fer&éﬁéehpsffobﬁénes%&faeacalgfeowplaesméﬁ tiRe gaaddrarking
mat eri al using the photol um nescence performance. Under these

CiTcumst angeg.epht ;1S éndQPL’?S&l fed N& pf 56101 d Wentd &&E&Av%ﬁ%{‘

conventi onal probll descri bed above and to provi geb a novel

phot ol um Q%%?e?‘&ﬁvé?%% @{éﬂ’; %d%&%rdeazllo"é{" ChholrS 2GS u,%] nd 2628 JJ& of a

1.-ane of a’roa requi rea wear resistance or wedt resit s anc as

well as a h| %I}lpfllote(r)nlllémT aﬁ%nggtper nceh%ng %anlsongtac?a a@Jx_)me %atl on in
ut o’ﬁs color 11

not only S te I'NE) ) al'so”vari nes y supﬁ{resm ng

gegggsgaﬁ% 0%gb%%§ﬁ$ﬂ%ﬁ%$Hﬁi?ﬁbé%ﬁpéﬂgghbqg%%%% E&%Qeﬁt ggereby for
example, a color tone of a lane marking applied on a surface
of a road is tinted with green; therefore, there has been a
problem that the road marking material can not be used for a
lane marking of white. Further, there has been a drawback that,
when a pigment is compounded into the road marking material
for allowing it to be in a color tone of white, yellow, orange
or any other appropriate color, a phosphorescent performance
is decreased to thereby deteriorate the phosphorescent
performance.

Specifically, take, for example, a case of the marking
material described in JP-A-10-82023. When a compound which
has been recited therein as being preferable was aimed to be
reproduced, the photoluminescence property was low, and the
colorwasdenselytintedwithgreenby thephosphorescentpigment

whereupon it is an actual situation that the compound can not



To achi eve the foregoing and ot her objectives and in accordance with the
purpose of the present invention, as a first aspect of the invention) there
is provided a photol um nescence road marking material, being a road marking
material in which a resin paste containing a transparent resin conmponent
and a phot ol um nescence pi gnent conponent is applied on a surface of a road
to forma photol um nescence |ayer, in which the resin 3 paste is
conpounded with from 7% by wei ght to 95% by wei ght of the transparent resin
conponent based on the entire weight of the resin paste. As a second aspect
of the i wenkseq, rbhenelnfephavkdad bewphetol um nescence road marking
material , in which an average particle dianeter of the photol um nescence

pi gment conponegt rifiekN £n 2086 Afr LhaN dOy it { On 20000 1 n Asa fiand aspect
of the invention) there is provided the photol um nescence road marking

mater al , oh0,uhiGh; L hesldiopaste: EQURLSES SLhe aliot of giiescance i grent

conponent as Wwel as ot her pignent conponents. h aspect of the

inventio h i i t t ] nescence T K] t.eri al
i ani ch At aefa SRR e MG AN IR ISR, SR TR T 1
a range of fr ect._of the invent.i.on,

m 0 1. Unto 40 Up.. As a %iftggas
there is BPOGRGED THE! PRO U ot it d L Bate R kP " TRt BHPS L ¥ itk ch ¢ he
ot her pigment, conponents are at_| east one pi nt selected fromthe group
consi sti nE2BfoSeR ARLEeDFPGYERL IO G FORPTRENET AR SR OF AP HIEES 1 od
pignent. As a sixth aspect of the invention, there is provided the
phot ol uni RBIEEhEBiRGsGSRERPKPRGIREMERICE ) in which a conpound ratio by
wei ght (B/A) of the photol um nescence pi gment conponent (A) to the other
pi'gnent conponeln§etB)hese Zigcymsitasisesasih isedBmil eshedt the nuasent
invention, there is provided 4 the photol um nescence road marKki ng
mat eri al , inveniioh tmsokvegeuch conventional problems as described above
and to provide a novel photoluminescence road marking material
which is useful for a marking of a lane of a road, has a required
wear resistance or weather resistance as well as a high
photoluminescence performance and can find an application in
not only a white line, but also various types of color lines

by suppressing a green color tone and can, further, be imparted

with a non-slip performance.

SUMMARY OF THE INVENTION

To achieve the foregoing and other objectives and in
accordance with the purpose of the present invention, as a first
aspect of the invention, there is provided a photoluminescencé
road marking material, being a road marking material in which
a resin paste containing a transparent resin component and a
photoluminescence pigment component is applied on a surface

of a road to form a photoluminescence layer, in which the resin



or a conplex oxide of zirconiumis conpounded as a white pignent conponent.
As an ei ghth aspect of the invention, there is provided the

phot ol um nescence road marking material, in which conpoundi ng of the oxide
or conpl ex oxide of zirconiumto the resin paste is in a range of fromO0.1%
by weight to 5.0% by wei ght based on the entire weight of the resin paste.
As a ninth aspect of the invention, there is provided the photol um nescence
road marking material) in which a viscosity of the transparent resin
conponent is 1 Pas (20) or nore. As a tenth aspect of the invention, there
i s provi dedstheiphobabunndesicenicd faath Mar biyngetgther ital ,9 5% yhivadighcont ent
ratio of air bubbles to a unit volunme of the resin paste is 2% or |ess. As
an el evenph @s@actarfpd héen t Mt QRmidRI: bssRHOYhdekle tdieire weight

phot ol um nescence road marking material, in which the resin paste Is
prepared Ry phxi pgsyRdeLsam atnosphere of a reduced pressure. Further, as a
twel fth aspect of the Invention, there is provided the photol un nescence
road marking MALErL ale Dok R0, A0NC 10e Apd NG ARRGHCSGI LY s provided

phot ol um nescence road marking nmaterials, 1n ICh the resin paste 1s
conpounded, W th .a .transparent aggregate. 5 As.a,thirteenth _aspect of the
inventiongh é§%§Q%§%ﬁﬁé§%ﬁ§ﬁ?ﬁgg8ho55%%%%%%%5%%%'ﬁ%f h%#ﬁ?ﬁg%ﬁﬁ%ﬁial,
in which the _transparent aggregate.is at |east one nenber selected fromthe
0r oUp. GonBREER g oR o8P FFEaOF URe HURCCt P11 Ta e TEien A B eent h
aspect of the invention, there is provided the photol um nescence road
mar ki ng mafetfak, TRRIGhPEN EERE 4i0) i tPo2K 00t BB -f used silica and the gl ass
have a particle dianmeter in a range of from0.3 nmto 10 nmm and are
conpounded i n aPPafg&hérdi REREGLLOfi B ehy MNEPFHC 0 [ ah e BRI as
mich as the entire weight of the resin paste. As-a fifteenth aspect of the
inventi0nphgm§q;@kpm¢@@$@%@ceroadmarklngmaterial,inwhichtheresin

paste comprises the photoluminescence pigment component as well
as other pigment components.

As a fourth aspect of the invention, there is provided
thephotoluminescence roadmarkingmaterial, inwhichanaverage
particle diameter of the other pigment components is in a range
of from 0.1 um to 40 um.

As a fifth aspect of the invention, there is provided
thephotoluminescenceroadmarkingmaterial,inwhich£heother
plgment components are at least one pigment selected from the
group consisting of: a white pigment, a yvellow pigment and an
orange or a red pigment.

As a sixth aspect of the invention, there is provided
the photoluminescence roadmarkingmaterial, inwhicha compound
ratiobyweight (B/A) of thephotoluminescencepigment component
(A) to the other pigment components (B) 1s 3.0 or 1less.

As a seventh aspect of the invention, there is provided



t he phot ol um nescence road marking nmaterial being any one of the
above-descri bed road marking materials, further being applied on the
surface of the road. As a sixteenth aspect of the invention, there is
provi ded t he photol um nescence road marking material, being any one of the
above-descri bed road marking materials) in which the resin paste is applied
on the surface of the road and, before the thus-applied resin paste is
cured, the transparent aggregate is scattered to be enbedded in the
phot ol um nescence |ayer in a state in which at | east one part of a contour
of the trehsmhraml aypregatec e sa@duselingsnatsevaht deanwhiabpestoxdfde he
invention, there is provided the photol um nescence road marki ng material,
in which 586% bympokiumex Dde wir 21 néorhah iaf csmpbuhiadsparnent i aggriegaias IS 6
enbedded. As an ei ghteenth aspect of the invention, there is provided the
phot ol um sesgenpegtroad marking material, in which the transparent aggregate
protrudes in a range of fromO0.05 nmto 5 mmfroma cured surface part of
the resin pastepgAgy & iimel eepdt@speche Ofndder i HNENthORe {1910 Ji%dy OVi ded
t he phot ol um nescence road marking material, in which thicknéss of the
resin pas to Is Sl a ge fir.am :Q, 15
tmentiethEESpegggggephé%%ﬁggﬁf%onF%?%érggﬁgl%%bv%ﬁﬂg?%ﬁig'pﬂg¥kﬁﬁﬁ?ﬁg§cence
road mar Ki Lial , - i [ r ggke i t. |l east one
romber sef SAPRAREeR pheChY Qe o LARTRY SRy aBrRE PR foh Bull f BIX 22
gl ass, a particle dianeter thereof is i.n a range.of fr.om.0.3 £.0.,10
and a sca??éﬁpnaaﬁgfi6stﬁ5rgofa9§eiﬁ%affgﬁgg‘g% FWb%?f#Eﬁ Eﬁﬁ?QQ?:£¥|4;ﬁ
cn2. As a twepty-first aspect of .the inv%nti n, .there.,is prqvided a
phot of um HESEBhL AR5 ORarbin G A EEr MEF ShbePhg HPife T34F MASESg material in
whi ch the transparent aggregate recited in any one of the aspects 12 to 14
i s conmpounded i Stﬁenﬂég%na58§Fé,Oﬁntﬁﬁi&ﬁvﬁﬁélFﬁbiﬁﬁﬁ%ﬁe%QS?ﬁﬂﬁﬂQ%% to
t he surface of _ '
the photoluminescence road marking material, in which a

viscosity of the transparent resin component is 1 Pa's (20°)
or more.

As a tenth aspect of the invention, there is provided
the photoluminescence road markingmaterial, in which a content
ratio of air bubbles to a unit volume of the resin paste is
2% or less.

As an eleventh aspect of the invention, there is provided
the photoluminescence road marking material, in which the resin
paste is prepared by mixing under an atmosphere of a reduced
pressure.

Further, as a twelfth aspect of the invention, there is
provided the photoluminescence road marking material being any
one of the above-described photoluminescence road marking
materials, in which the resin paste is compounded with a

transparent aggregate.



the road, cured and) thereafter, a surface of the thus-cured resin paste is
subj ected to rough polishing or a water-jet treatnment to renove a cured
surface part of the resin paste. As a twenty-second aspect of the
invention, there is 7 provi ded t he photol um nescence road marking
material, in which the cured surface part of the resin paste was renoved by
a range of from0.1 nmto 2 mmin a thickness direction fromthe surface
thereof. As a twenty-third aspect of the invention) there is provided a
phot ol um nescence road structure in which any one of the above-described
road marki ng medera ghértsenpplasmbonod he fmeenvion, ndede As rrovided
twenty-fourth aspect of the invention, there is provided the

phot ol um pRscehea olaad reddamicl eroa 8 WArRAng wiider idider CoawhliayertHes
previously applied on the surface of the road on which the road marking

material kgadBphiredt A§gaebueBtys fitf 182388 meinddieskn¥eRkiiOmohNalL 1S
provi ded t he photol um nescence road structure, in which the road marking

mat er i al b%apphbsglg@ﬁ@eo%urfsqqchf ol r ad o glihe dhidiy Wdgreoat |ayer
via a primer layer. As a twenty-sixth aspect of the |nvent|on there is

provi ded t he phg% gl.pesce g:,eaglpea& G UESY woﬂh & Lhessurd f the

road is pr evi ous j ect e surtace I’OUQ eni ng treatnent.

CESCr PTG O s LIS, gggﬁmam £ g8%55EEL SRRV g2 1 0 @
Cross- sec%%o alFéée¥%EGEUSI;?%%E§EE§ $PER|E?8%F§q?e%dI%ﬁtﬁperatlons of
transpare g9

present invention has: features descrlbe above, referring now to the
-accorrpanyllﬁga Cﬁ%%@éﬁ E?‘é‘f%r}éﬁ‘ to 10 mm and are compounded in a range

of from 0.1 time by weight to 6 times by weight as much as the
entire weight of the resin paste.

As é. fifteenth aspect of the invention, there is provided
the photoluminescence road marking material being any one of
the above-described road marking materials, further being
applied on the surface of the road.

As a sixteenth aspect of the invention, there is provided
the photoluminescence road marking material, being any one of
the above-described road marking materials, in which the resin
paste is applied on the surface of the road and, before the
thus-applied resin paste is cured, the transparent aggregate
is scattered to be embedded in the photoluminescence layer in
astateinwhichatleastonepartofacontourofthetranspafent
aggregate is exposed.

Asaseventeenthaspectof theinvention, thereisprovided
the photoluminescence road marking material, in which 50% by

volume or more of each of such transparent aggregates 1is



enbodi nents of the invention are described in detail below Mre than
anything else) the invention is characterized by a road marking nateri al
whi ch has a hi gh phot ol um nescence performance and is useful for a |ane
marking of a road and the Iike as a white |line or any other color |ine by
suppressing a green color tone and, the road marking material on this
occasion is basically a road marking material in which a resin paste
conprising a transparent resin conmponent as well as a photol um nescence

pi gment conponent is applied on a surface of a road to forma

phot ol um aeseéded.|l ayer. As for the transparent resin conponent, various
types of transparent resin conponents are perm ssible, so long as they can
forma resin pagsken &ightéanspaseat tasteanhviewntiker,, ther s ueed AftRsd
applied on the surface of the road. Needl ess to say, they are perm ssible)
so long asptheptMinfiHadididy ASa@ haneit@r kiddkofap road.andnt had i ke,
that is, appropriate strength or hardness such as weat her resistance, |ight
[ esi St ance, ,3adyaker Fg§%b§fa%acsro¥gﬁa8gsi£y@%r@e IJARSRAT ENbsTRRIL
conmponents, tor exanmp a " nethacrylic resin conponent, an acrylic resin
component 5 ap Ynsaturated el yester LLyperesin 9 . component, an epoxy resin
conponent; a silrcone-type resin component ang ot her ppropriate resin
conmponents may be illus rent" .as used in. .t

Leated . fhe teem, transparent . as used i, Lhe,
transparent resfR TBMISHERESIASRRT T CAT et BY R4 CPnt Bt £ 1R AT SE st at e
of being high.in light transmttance and to be tinted wth m@{l or any
other col GRemie LR 1 SREERGe FRAY FRr/e B8 RRGRTIPnt 1 PaRSH T es s
Ordinarily, the transparent resin conponent. having a transmttance of 70%
or nore, Shdthref&s3R WPag3%R &P MEr @PPM a% s F AIFARER Afetirey 1 mm
transmttance, is used. Since the transparent resin conponents are used for
forming r&9i A Paiste, those in any state of liquid, viscous and syrup states
are pernmissible. For this end, for exanple, those in a state in which a
pol yner and a nBsoxgweatd afilxadreftivfesbh thentor, pdrerssenmvial v,
they may be in any state of

the photoluminescence road marking material, in which the

transparent aggregate is at least one member selected from the

group consisting of: silica rock, fused silica and glass, a

particle diameter thereof is in a range of from 0.3 mm to 10

mm, and a scattering ratio thereof is in a range of from 1 kg/cm?

to 30 kg/cm®.

As a twenty-first aspect of the invention, there is
provided a photoluminescence road marking material, being the
roadmarkingmaterial inwhich the transparent aggregaterecited
in any one of the aspects 12 to 14 is compounded in the resin
paste, in which the resin paste is applied to the surface of
the road, cured and, thereafter, a surface of the thus-cured
resin paste is subjected to rough polishing or a water-jet

treatment to remove a cured surface part of the resin paste.

As a twenty-second aspect of the invention, there 1is



the followng states: (1) a resin (polyner) itself; (2) a state in which a
pol ymer and a nononer are mxed with each other; (3) a state in which a
pol ymer and an oligoner are m xed with each other; (4) a state in which an
ol i gonmer and a nononer are mxed with each other; and (5) a state in which
a polynmer) an oligoner and a nononmer are m xed with one another. 10 The
transparent resin conponent as a basic conponent which constitutes the
resin paste secures adhesivity of a photol um nescence |ayer for use in a

| ane marking and the |ike on a surface of a road or perforns a role as a
bi nder f oprdispgedstion pdfo tap lphraotne agemes ceadengpilgitenmaaed itale ih ke iand,
further, after being cured, ensures translucency, water resistance) wear
resi st ancehansht éxe shir€aceApaord highkor é fien ipasent was, randued byt ¥ ahddhe
transparent resin conponent to be conpounded is, being based on the entire
wei ght of ofheré®ei.n pAstiE 2 hh0m {%hycred §01ditre I5%DY rvei gl . @ JBr e
preferably from 15% by wei ght to 60% by wei ght. When the quantity thereof
is nore thgR,253% by wei ght, since a pignent conponent or a

phot ol um nescence pignment conponent is not allowed to be sufficiently
compounded, a hhgh Phalal i fepcengg,DELl QlMBAGe £APNRL; B ORtdlged.. Vihen
surface hardness, wear resistance or the I'ike as the marki hg nmaferial on

t he surfaggoggd%gearoggtoguﬁhi%g %HE%”PELMG gghigles ruqﬂis t aken into
consi der abF OR-PE PsPPFererabre Fromal pract FEAT “3f antfpol it ity (s
quantity i % by weight or..less . On_the other hand) when the quantity of
Tho t r ansBar SHE RBSUR-BRSOHBRE T500 REs RGBT S At cdo AR b b s
being | ess thag 7% by wei ght, when the resin paste is applied on the
surface of BHETRGEdEs 2 F@3%ane marking and the like, it becomes difficult
to obtain a sufficient adhesive strength, water resistance and the |ike as
t he phot ol uni ned€efcdYeRfer- tMEHORIPSAY i 8 BRRoFBVARGELE™ hé®FFed Sf t he

transparent resin conponents, . .
provided the photoluminescence road structure, inwhich a white

Q

undercoat layer is previously applied on the surface of the
road on which the road marking material is applied.

As a twenty-fifth aspect of the invention, there is
provided the photoluminescence road structure, in which the
road marking material is applied on the surface of the road
or the white undercoat layer via a primer layer.

As a twenty-sixth aspect of the invention, there is
provided the photoluminescence road structure, in which the
surface of the road is previously subjected to a surface

roughening treatment.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view illustrating a series
of water-jet treatments and the like; and

Fig. 2 is a cross-sectional view illustrating a series



11  when the resin paste is directly applied on a surface of a road base,
for exanple, a surface of concrete or a surface of asphalt, the quantity of
the transparent resin is ordinarily 20% by wei ght or nore, whereas, when
applied via a prinmer layer, it is preferably 15% by wei ght or nore. Mre
practically, in a case of a direct application, in order to have a required
hi gh density, a favorabl e adhesive strength to the road base or a favorable
surface hardness and, further have the wear resistance, the water

resi stance and the high photol um nescence performance, it is nore

pr ef er abl eft kabelénquapeirey ibgsi pfa trangeacknfr egg2@%alneswei ght to 40% by
wei ght. Further) viscosity of the transparent resin conponent is preferably
1 Pas or nore (20C) , and nore preferably 3 Pas or nore (20C) . By using
the transparent resin conponent having such a relatively high viscosity, it
is made posshbrept bescRieTobN OFUNHESINEENEIRNONENt conponent having a
relatively large particle dianmeter in which .a higher photol um nescence

per f or MENCe canyhe 1@xPes e sieh U0k 0k L ¥n dispersed -ehed sypPMLanexae! | ent
phot ol um nescence performance as a road narklng material after belng cured

can be reakized, Lot ap) Y chhe chipe 6 2Bnadiyhol Narthicos ty e ddis

transparent resin conponent thereof but al so for exanpl e, by contr& ling a

ratio of anBOLNHRG L0 S IRAOTRL i1 1%in§56rtee B9/ mnxea%tvxlfz gl ot her.

For exanple, I'n a case nent Vi SCo of "a syrup
an' M ol yrer 446" MR HOROTER 476 e, °Cm%“%%%ﬁe%tcﬁaraccaﬁearée ) st od
as shown in Table relation.tq a co t ent g} Q& |é%
Cherern. $¥o rasdmasil g Fardtisd Inieh trad Fich
pol ymer 1. 5252. 0273. 3295. 53110 03314. 035 However, when the VISCOSIt s
exceSS|veP?rﬁ°§WchF and 1s useful for a lane marking of a road and the
like as a white line or any other color line by suppressing
agreencolor toneand, theroadmarkingmaterial on thisoccasion
is basically a road marking material in which a resin paste
comprising a transparent resin component as well as a
photoluminescence pigment component is applied on a surface
of a road to form a photoluminescence laver.
As for the transparent resin component, various types
of transparent resin components are permissible, so long as
they can form a resin paste, are transparent and can, further,
be cured after applied on the surface of the road. Needless
to say, they are permissible, so long as they have durability
as a lane marking of a road and the like, that is, appropriate
strength or hardness such as weather resistance, 1light
resistance, andwater resistance. Various typesof transparent

resin components, for example, a methacrylic resin component,

anacrylicresincomponent, anunsaturatedpolyester-type resin



beconmes practically difficult to m x the photol um nescence pignent and the
like into the resin paste and to perform an operation of or a work of a
uni form di spersion. For this reason) as a tenporary reference, it is
considered that an uppernost limt of the viscosity is set to be about 100
Pas (20C?. The transparent resin conponent as described above is mxed with
t he phosphorescent pignment conponent to constitute the resin paste.
Thus-constituted resin paste may further contain any of the foll ow ng
conponents: other pigment conmponents transparent aggregates. It goes

Wi t hout segmpgnenat dfthePoxynpIHTm Fatmane abovel desori-ietecamsdiment s,
for exanple) a curing catal yst, 13 a curing auxiliary agent, a viscosity
adj ust i ngcameotenan and r athekretapmyoplet &t ¢ orratsiion poepenkinte agent bean
anti-fungus agent and the like, may optionally be added so |ong as they do
not infribhgeusbeapadpose and effectiveness of the invention. It is
considered that, as the photol um nescence pignent to be m xed to the

transparent resmeq%mneﬁta,nsrmré}m'y alsNQ¥BAPi BMEHY Sraidp et GRETRr cial ly
avai |l abl e pignents and various types of other approprlate pi gnents are put

in use. EX3APLRanek 896%1@' QEEHE%ELHCE'éd‘i‘n%eﬁh%ﬁmtbume%' U Rate-d ype

material and a zinc sul fide-type nater|a The phot ol um nescence p|gnents

having an, é‘Yxt?IE;alQPglﬁ’afrI '1“1 tdt%gﬁts jch U0t ML & ar{t?ecg% i wrAggor di ng

to the inven t he average aneter ereof Is pre era FOm26 um to

2000 um - gpd. gpr ¢ pLe! SL3BLY cLhom SQcumLbe 200y Those h%ﬁ R 3 i cl e

di anet er Iarge as Gmor ' nore-ca pre erab use

Her et of or it h not been_.eas ou hot ol um nescence

havi ng SUEFRRSTAFEaRRg, 11 OF e AR kb Ter Logh gaﬁgpﬁasaaséefﬁgtCO Rl e
difficult to,uniformn | sperse t hot ol um nesce nt havi ng the
| ar ge parPFX?‘Egd?a?r’é?%?mlﬂEﬁBFai‘ﬁg T@ ® tHe TR end ‘%:%? B im*hédcence

pi gment having a relatively large particle di anet er mhlch has
more, 1n terms of ultraviolet ray transmittance, 1is used.

Since the transparent resin components are used for
forming resin paste, those in any state of liquid, viscous and
Syrup states are permissible. For this end, for example, those
in a state in which a polymer and a monomer are mixed with each
other are permissible. Namely, they may be in any state of
the following states:

(1) a resin (polymer) itself;

(2) a state in which a polymer and a monomer are mixed

with each other;

(3) a state in which a polymer and an oligomer are mixed

with each other;

{(4) a state in which an oligomer and a monomer are mixed

with each other; and

(5) a state in which a polymer, an ocligomer and a monomer

are mixed with one another.
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conventionally been difficult to be uniformy dispersed can be uniformy
dispersed in the resin paste by using the transparent resin conponent
havi ng such a relative high 14 viscosity as 1 Pas or nore (20C) and, as a
result, a uniformy dispersed road marking material is allowed to be
realized. By the fact that the use of the photol um nescence pi gnent
conponent having a relatively large particle dianeter has been nade

possi ble, a larger energy is absorbed in the photol um nescence pi gnent
conponent whereupon retention of the light-emtting performance for an
ext ended tine ptheadanapabeet rasen gospicnlent &s gumadid yonpotikat which

phot ol um nescence pi gnent conponent to be conpounded is ordinarily

pref er abl yoh&tbyuvesghtther myshasetsoh tHecentsr eadhieghtriaf, t e resin
paste. Wien it is less than 5% by weight, it is difficult to obtain a
requi red gHbtbcihRRhepBehRlUNhpESCERNER SdIRGLA And Walitehg a6a0fHE NG o t he
invention, as a tenporary reference of the photol um nescence function, it

s consi dggads ¢ el c @ okl BoRE LrQsh £ A5 - #bAUs @ Hi- 0 £B1- 8 QL fI:00] 2
saturation state generated by irradiating 200Lx froma D605 normal Ilght

source t O?Pra{ EHBES&%P?Ee%C%(ye Hggﬁgﬁq: érﬁi @hleolvﬁe lab@ tf@‘%t% Crﬁﬂ

i ndi vi dual can vi sua recogni ze cont our ect 1 S pr ef eraply 8

hours or gt e, %m%@&h' éﬁ?@é’p%'r safict mound' £, T 3LL9 of the

photolunlnesc nce gnen conponen transpareﬁ? %SSIH cdnpoﬁgﬁt IS

sel ect ed takln |nto ration co natlon w th ot her co onents.

Fur t her moF 85 1 PAAPAS ﬁﬂnggﬁﬂﬁkﬁescéﬁEE 3G TP RPAG R BT SRR MG t o

t he i nvention, other nent conmponents 15 0 tlonaII xed

toget her fFt e HeF "”p‘h%é) Gé’“\&od‘rﬁﬂﬁ teo?r% °“’A |b‘ﬁt rgrea?tl}‘-’o (Bl A)

of the photolunlnescence pi gnent. conponent (A) to other %nent conponents
(B) is orBRrASAiIIY t&ee?%FaBFw%lglet 8f te_IesWeRaERE: from 7% by weigh

to 95% by weight, and more preferably from 15% by weight to
60% by weight. When the quantity thereof is more than 95% by
welight, sinceapigment component or aphotoluminescencepigment
component is not allowed to be sufficiently compounded, a high
photoluminescence performance cannot be obtained. When a
surface hardness, wear resistance or the like as the marking
material on the surface of the road on which automotive vehicles
run 1s taken into consideration, it is preferable from a
practical standpoint that the quantity is 60% by weight or less.
On the other hand, when the quantity of the transparent resin
component to be compounded is excessively low as being less
than 7% by weight, when the resin paste is applied on the surface
of the road as the lanemarking and the l1ike, it blecomes difficult
to obtain a sufficient adhesive strength, water resistance and
the like as the photoluminescence layer. Although varied

according to the types of the transparent resin components,
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ratio is nore than 3.0) the other pignment conponents, nost of which are

i norgani c particles) conceals the photol um nescence pignent conponent
wher eby phosphorescence perfornmed by absorbing light fromoutside and a
subsequent light-emtting action are hindered. As for the other pignent
conponents, those having various types of color tones may be usable . For
use in the lane marking and the like) as representative exanples, a white
pi gnent, a yellow pignment, an orange pignent and a red pignent are
illustrated. As for the white pignent, for exanple, a zirconium

oxi de- t ypepemrere reain paskam nxdidedoipeappgiedt on &n salcdrmicruat a road
hydr oxi de-type pignent and the like are illustrated. Anong ot her things,
the whit eods gneEntr €0amPis| ROsanyaoae fof oxt des oaf a camflaee oXiadehagch as
zirconia (zirconiumoxide), zircon (zirconiumsilicate) and the like is

pr ef er abl gnd gRBNRQ y5¢ ARERCI Fiin sHa PePhobel HNiesgeRE @ 1 el fRm rdQkiiyed from a
smal | er conceal nent of |ight than other pignents. As for the yell ow

pi gment, £or n8xanplhe LU OBy HEh! %plq%@mwa yg! bQWmdd Ck@lhetit Ri yr yel I ow
and the like are’illustrated. As for the orange or red pignent, colcothar

cadm um r%? f@é%?g%@ﬁf@e@ﬁé {?? r&dﬁ ARG el g QEEQSQQ lrylbefi' A

types of |gnents avi ng "ot he ors an the ove esc colors such

as bl ue, black thers may .of ¢ urse be cansi regard to
t hese plgn% lre ngﬁ?lca On 1%9 %eﬁ§3 quﬁfagﬁigﬁan%ﬁ e any

conbi nati on there : en any one of t he bove scribed o i_des conpl ex
oxi des of2 Zf'%%ﬁﬁ%ﬂ?' D& Shhit 8 ﬁPﬁﬁgR?se Oﬁd% vpgaﬁ HEr eof is

preferably in a range of fro 0. 1@6by 0 5.0%b based on the
entire megbﬁFaSF PﬁedF8§FnaB§;téurE§eFmﬁ ﬁet%FhEFaﬁr nF onéms, it

is preferable that an average particle size_thereof is ordinarily in a
range of Y#BATOFeSHRF2BCA(RRh “ihild G PHOLRISB LAIFEC SRR R SFHO T APE Ege

particle dianeter is nore than 40 um there are sonme cases in which the
phot ol um hesktemer 9iRprirravpoiER the Euaptd tiolbeliBoacet e’ By finiedse

pi gnent conponents.
20% by weight to 40% by weight.

Further, viscosity of the transparent resin component
is preferably 1 Pa's or more (20°C), and more preferably 3 Pa's

or more (20°C). Byusing the transparent resin component having
such a relatively high viscosity, it is made possible that the
photoluminescence pigment component having a relatively large
particle diameter in which a higher photoluminescence
performance can be expected is uniformly dispersed whereupon
an excellent photoluminescence performance as a road marking
material after being cured can be realized.

Not only the type can adjust the viscosity of the
transparent resin component thereof but also, for example, by
controlling a ratio of a polymer to a monomer in a state of
being mixed with each other.

For example, inacase of an MMA resin component, viscosity

12



It goes without saying that an organic pignment can optionally be conpounded
either together with any one of the inorganic pignents or alone. Further,
according to the invention, a transparent aggregate, for exanple, silica
rock, glass, crystalline quartz or the like nmay be m xed. The transparent
aggregate is effective not only for inparting a cured body as a road

mar king material wth a physical performance such as a required strength or
an wear resistance but also for performng a role of magnifying a

phot ol um nescence operation of the photol um nescence pi gnment by all ow ng

i ght 17 of t spas® t facuighalal partdm M tshdriedfi ®Ravan e .subjteict ed thea
diffused reflection on a surface boundary thereof ) due to transparency of
t he transpokentimggregate. iMhahishnaneyMEOpPOURErngntihant MAASpaneRk
aggregate, as described later, contributes to enhance not only a

phot ol um fesceneedfwnehi 8achyoanpkythe bbeangskBeRaskeshewa SWr fraeeeof the
road, curing the thus-applied resin paste and subsequently subjecting the

thus-curef yesidy paste €9 4 QU 20! SN0 ¥ LReSMithaps1 | ALghenkRg k! eat ment
by a water-jet treatnent but also a non-slip perfornance as the road

mar ki ng material. For such transparent aggregates, particularly the silica
rock and gl ass are preferabl e whereupon they nay be used either
individually or in conbination. A p@g%&glg di aneter thereof is preferably
in arange of from0.3 mmto 10 mm and a Juantity thereof to be conpounded
is preferably MiscasityPas (8d°chrom|0. 1 tGontertyative(wital of IMA pdiyreér by wei ght as
much as th¢ entire wei gl of the(resin pastes Wien the particle dianmeter is
| ess than (73 mm or suely conpounding 15 1esgytnan 0 . I tine by weight, an
addi tion effect thereog an not Bhe nuch expegred. VWen the particle

di aneter ig$ more tianm gE mmor e conpoundigdg 1S nore tnan o 1 nes| by

wei ght, st rength—and Gigg TTKe of [a ot dedbagdy s f1able to be
deteri or at gty this ST tiggg TOm TS Tjot—favorabigg—Orher—tiam these transpar ent
aggr egat es,—tnorgani-c—fitters—may—beconpounded—Apartictediraneter

thereof is |ess

However, when the viscosity is excessively high, it
becomes practically difficult to mix the photoluminescence
pigment and the like into the resin paste and to perform an
operationof or aworkof auniformdispersion. For this reason,
as a temporary reference, it is considered that an uppermost
limit of the viscosity is set to be about 100 Pa's (20°C).

The transparent resin component as described above is
mixed with the phosphorescent pigment component to constitute
the resin paste. Thus-constituted resin paste may further
contain any of the following components:

other pigment components

transparent aggregates.

It goes without saying that other components than the

above-described components, for example, a curing catalyst,
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18 than 0.1 mm and exanples of the inorganic fillers include fused silica
powders, quartz ( silica rock) powders, calcium carbonate, al um num

hydr oxi de, plastic powders, glass powders and the like. In the

phot ol um nescence road marking nmaterial according to the invention, for
exanpl e, the transparent resin conponent as described above is mxed with

t he phot ol um nescence pi gnent conponent or a conponent conprising the

phot ol um nescence pigment conponent and at | east one nenber selected from
the group consisting of the other pignent conponents and the transparent
aggr egat e toipirpasexi héargsiagepast @ Grstds stycedsieninguclygmtepamt i on
by mxing is an extrenely inportant requirenent. Anong other. things, using
t he phot olulrsesiceEnee rpy gleerdr e tigoraprelrahik v ekyad e ge apatd t £1 Purthwaret er
and the transparent resin conponent having a high viscosity as a matrix for
uni form y o esxe a3 d0: 1l Gt K0 tnd W NESGRIICE, g MRided SsPadhs W artNey

i nportant. Enphatically speaking, first of all, for the above-descri bed

preparati i RbePiaH B AFLhdi AdrdOsd Redl OFLOE & DPends TRINOH GRS 1 Y.
setting a content ratio of air bubbles to a unit volunme of the resin paste

to be 2%or |essy§sprOVEdgaredlcidie, taisnghgfpkpé@&ﬁﬁﬁiﬁt@é‘cgﬂcgiﬁ(igﬂger%%

stirring is ordinarily conducted whereupon a stirring conditionis be

st such that, e, canient,J ALLAS 0L Lhe Al L; bubbles SATES 0oRe, 20, | ess.

Thus, selection o stirring Ice revolutions
thereof at_the tinpe . of sfirring, an nosphere at t.he tinme _of. stirring and
the |1 ke RGNS oPPEd L 36 SRRy B 1ot R P71 hiP 5B BHR 6 ARBUEH Eeiar e
generated. Then, there is caused a problemin which the pignment conmponent
havi ng a reRRT v 3‘?t£‘|‘?§l PRPIPBI tREPL HHBARE 22T P S Pg?-sp%’&?‘?ﬁ’ Yravity
t han the phot ol um nescence pi gnent conponent rises,to a surface of a

prepar at i d:hf ﬁlht-?ﬁﬁr Eagﬁﬁnf:nsx.} léc.?.e tahétrontlum aluminate-type material

and a zinc sulfide-type material. The photoluminescence
pigments having an average particle diameter of 10 um or more
are usable. According to the invention, the average diameter
thereof is preferably from 20 um to 2000 um, and more preferably
from 30 Um to 300 um. Those having a particle diameter of as

large as 100 um or more can also be preferably used.

Heretofore, it has not been easy to use the
photoluminescencepigment having sucha largeparticlediameter.
This is because that it has been difficult touniformly disperse
the photoluminescence pigment having the large particle
diameter.

Accordingtotheinvention, thephotoluminescencepigment
having a relatively large particle diameter which has
conventiocnally been aifficult to be uniformly dispersed can
be uniformly dispersed in the resin paste by using the

transparent resin component having such a relative high

14



time of nolding the preparation along with remaining air bubbles to thereby
tend to conceal the photol um nescence pi gnent conponent. Wen the content
ratio of the air bubbles to a unit volume of such preparation prepared by
m xing is sonetines nore than 2% a trouble to be derived from such

conceal ment can not be neglected. In order to control the content ratio of
the air bubbles, it is effective to prepare by m xi ng under a pressure
reduced froma normal pressure by 50 kPa or nore. By conducting mxing in
an atnosphere of a reduced pressure) remaining of the air bubbles can
effecti vetysbes suppredsea.s Yhaio e r@ioécofasdichspaesssn b | eduatifermly snmal | )
an effect to be derived fromsuch pressure reduction is not sufficiently
exhi bi t eddifpetbed, robe sankeny natesial theadlowbdbhbebecarabe zegasured by
measuring a ratio of volunme reduction of the preparation to be generated
when an inside ®f chevesselcHae bhkl efe Wit fhi Be VAR i3 d e b pilghehe an

at nosphere is reduced by 100 kPa froma nornmal pressure. 20 Furt her nor e,

in order é&nﬁgﬁéﬂe%éﬂ%éjg%Qi&ﬂ@@§§%@z}%@§5&%&@%c§iﬁf.n%ut__:.le% B $@eehf ective

to suppress a contam nation (mxture o oreign matter the tine of the

preparatipn, oy g"oéis%-lef’ar tdCH ALl Yy 1LnbSgRr ehigy abaldt?scg%dthgnm xhure of
the foreign matter such as neta rom the & irring device I's suppressed as

much as possjble. .For this end, it is effective to arrange.a surface
nar dnoss. GRS AR HIBPoShAFBoe ate rlrRp-Fiouiis ofodh eRtRA M P 3ES
constitutjnpg, a m xing apparatus to he higher than the hardness_of the

o grent of L8P BrEBAF Bnp SR St = AR R BRGERABH: 15t REd LR ARS beePoct v
to use the mxing vessel with the inner surface or the stirring bl ade
‘covered WEReaPPPaREPErent or white covering material. By performng such
arrangenment, even when a small quantiti of the foreign matter is m xed, the

].1

phot ol uni nescentedpeREbFaféet8 BRAFECEHPLIBRSABRCHt PATT OIS CRERCEGDE

Exanpl es of transparent or white covering materials
to be compounded is ordinarily preferably 5% by weight or more

based on the entire weight of the resin paste. When it is less
than 5% byweight, it isdifficult toobtainarequiredsufficient
photoluminescence function.

Further, according to the invention, as a temporary
reference of the photoluminescence function, it is considered
that a time period for retaining a light emission from a
saturation state generated by irradiating 200Lx from a D605
normal light source to brightness of 3 mcd/m? that is a lower
limit at which a human individual can visually recognize a
contour of a subject is preferably 8 hours or more. From this
standpoint, a compounding ratio of the photoluminescence
pigment component to the transparent resin component is selected
taking into consideration combinations with other components.

Furthermore, in the photoluminescence road marking

material according to the invention, other pigment components
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include a | aminate of an alumina fuse-deposited filmor a ceramic plate,

gl ass, silicone rubber, a silicone resin) a fluorocarbon resin, an MVA -
type resin and the like. The resin paste prepared by mxing in a nmanner as
descri bed above is applied on the surface of the road by an appropriate
met hod and, then, cured. Accordingly, the road marking nmaterial having a
predeterm ned shape in which the photol um nescence layer is fornmed and a
road structure which is integrated with 21 the road marking nmateri al
after it is applied thereon are realized. In relation to an application on
t he surf ascey odpthenadag badmsubdefogatheur whghonhei pépta laarin@stangder of
i nportant proposals are nmade according to the invention. A first proposal

is, as destembed ahmumorddwat. t he mesi wepgite imatixed (wi/h t hest r anspar ent
aggregate and, then) the resultant resin paste is applied on the surface of

the road, pedt8tuniestBacealf Bfmed SebhpeRdndye(aparls obrhbe rHAYHdANt
cured bod@ is subjected to rough polishing or a water-j et treatnent. As

descri bed T L8R4 : @l i i t coupe
havi ng a %ﬁ£€¥ﬁ%g?§ig#ﬁJﬁf%%&%§?§gﬁﬁé§r§ﬁgﬁé§ﬁ%:%ﬂgfgig%?%éscencquﬁénent

rises to £Q€'§:J{)%?rgo§c%)g:rht%n0f3 .togetﬁés ?rﬁg?%f rﬁ‘é(;rg} c?%ﬁ&??%:ﬁ?éy’mggg%sf to be

unevenly drstr ereby sone S ‘conc t ransnissi on or
Iight-enisgiog for .the ho%fhor scence. Wen ?uqﬁggh%n%nqnon can not be
negl ect ed) "TT % Bf FESHVE T RAF "t HaSur Fake®dr ° thF EliPed “B8dy 9 i} ect ed
to rough ﬁolishing or a water-jet greatgpnt to renove a concealing.layer
(part). IRTSPRBF WoPHBORFHF eXRARPLEY aBlRSPPOLESEEN %N PSE tital |y
shown in Fig. 1, the trangparent aggregate is_previously conpounded to the
resin pastBSARAINGf L FRENETPRAM ESHEE (ARG 7 SFASEEFUSTH JiHgEF "SP4 M r f ace
of the road (1) and cured, the surface of the photol um nescence |ayer (2)
cont ai ni ngSEhenR22re hindered.

Asfortheotherpigmentcomponents,thosehavingvarious
types of color tones may be usable. For use in the lane marking
and the like, as representative examples, a white pigment, a
vellow pigment, an orange pigment and a red pigment are
illustrated. As for thewhitepigment, for example, azirconium
oxide-type pigment, a titanium oxide-type pigment, an aluminum
hydroxide-type pigment and the like are il;ustrated. Among
other things, the white pigment comprising any one of oxides
or complex oxides such as zirconia (zirconium oxide), zircon
(zirconium silicate) and the like is preferable from the
standpoint of a photoluminescence effect derived froma smaller
concealment of liéht than other pigments.

As for the yellow pigment, for example, chrome yellow,
cadmium yellow, nickel titanium yellow and the 1like are
illustrated. As for the orange or red pigment, colcothar,

cadmium red, molybdenum red and the like are illustrated.

16



transparent aggregate (3) is subjected to rough polishing (A or a water-j
et treatnent (B) to partially renove only a surface cured part of the resin
paste. After the resin paste is applied, a concealing property thereof,
that is, a light shielding property thereof is |large and) further, the

pi gment conponent having a small particle dianmeter is likely to be

accunul ated on the surface part thereof . A concealing layer (4) forned by
accurrul ati ng such pi gnent conponent deteriorates the photol um nescence
performance, since the transm ssion of light is shielded. The rough

pol i shi ngvaribhe waypesj ebf t patmeents | Baeflhgctd vieetr n ceriranci RGpahhethe

phot ol um nescence performance by renoving the concealing layer (4). In

ei ther caggofle -l MBI jcAlordd,eautBNd s ath 4 he reiighbpaldkshhBge t h & OF der
to renmove the concealing layer (4) , it is preferable that a range of from

0.1 mmtoyd Ma4 neguthicknessodsigetian rempves;dhe syrface cuseshoget of

the resin paste. Further, as for a device for performng the rough

pol i shi ng ri y f vige i Liszi r; Uqﬁél | i.shjng.and the
| i ke by a)cgl}41 I?n%lrhgcvslt’de %ptrﬂg%iggoﬁag%a%l%gggdé%tdgyl orlr%lwr)lg&:mh?r?rg}éul ar
surface b%o% %gkgp P tdg&atment and, particularly, the water-jet

t
treat nent asbgescrf%%dq%ﬁ%ve will effectively inpart the photol um nescence
road marking material accordiqgt%P the inv ntioq?w%th t he non- sl
per f ormance. 23" *SFuftHerfr € actorrding t0° THe T Hventt on: ?ﬁecgﬁﬁﬁex
enhancenent ,of thg )hot ol um nescence perfornmance and, the non-slip .
per f or man&&18E S At tHiF T A SRR YHEEE Pér?sﬁalléﬁtpja%‘ﬂﬁ%bataeq‘il%gb}@éi ously
conpounded in the resin paste can be realized by first applying the resin
paste on &heggPhascrrnferahdl, in@aFreRermMf tHem Pa%p‘éﬁ'é‘iﬁl%g@g%t @%on the
thus-applied resin paste and, thereafter, enbedding the transparent

aggr egat e bivh weighghdras afhigre st e rve ight Rbtehe nremiehpasteeast a

part of a contour thereof is exposed. Nanely, for
As for the other pigment components, it is preferable

that an average particle size thereof is ordinarily in a range
of from 0.1 um to 40 um. This is because that, when the average
particle diameter is more than 40 um, there are some cases in
which the photoluminescence pigment component is liable to be
concealed by these pigment components.

It goes without saying that an organic pigment can
optionally be compounded either together with any one of the
inorganic pigments or alone. Further, according to the
invention, a transparent aggregate, for example, silica rock,
glass, crystalline quartz or the like may be mixed.

The transparent aggregate is effective not only for
imparting a cured body as a road markingmaterial with a physical
performance such as a required strength or an wear resistance
but also for performingarole of magnifying a photoluminescence

operation of the photoluminescence pigment by allowing light
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exanple, as a partial cross-section thereof is schematically shown in Fig.
2, the scattered transparent aggregate (3) is enbedded in the

phot ol um nescence | ayer (2) which has been fornmed by curing the resin paste
after it was applied on the road base (1) whereupon at |east a part of a
contour thereof is exposed outside fromthe surface of the

phot ol um nescence | ayer (2). The transparent aggregate on this occasion is
in a natural stone-like shape and a contour thereof is by far |arger than
that of the photol um nescence pignment which is conmpounded to the resin
past e. Theo paansparenth aggredatle ilsemdsbokange: snbhethedtvengilifasdd
hardness and is silica rock, fused silica, glass or the |Iike which each
have a sorefléediagiegatarfaepebbindReacthenddy, dde itd preahepakkicy
-considered fromthe standpoint of physical properties such as strength and

peeling r@@l@ﬂ@n@@aﬂ%g&aﬁ%daQgréeh@g adﬁﬁé@d tgo28d beﬁgehﬁheﬂgwthg t he
phot ol um nescence layer (2), an increnmental effect (as 2 conpared with a

case in m@ggs%ggegga %rgtteagggggagg E E& Oﬁr@&lﬁ'—?{b‘spgs £o

phot ol um nescence per t he une or nore of

the contour, of these si.li k, fused sil an ss i s .enbhed d in the
ohot ol uri TRACRRE 7T 5Bty 3 PBPEPHaRL ST cRhce, %%'l?ﬁer seni/IEted |0
exposed outside the sur

h | EF h
oS o SR R G ﬁeSBg%.cta §ehnot 33353&%?% $hukhopaiga of"

from0.3 mMmmito 10 mm and re preferabl n.aran f from2. 0 nmto 3.0
S S e 8t e DN Rl Y g tithed T B ol 2o D

scattered is in a range of from1l kg/cn2 to 30 kg/cn2, and preferably in a
range of PRBREIKF e LFNGLRY. aFﬁH?@%‘F? rQUGhAn NG GGeaddesit Pie
photolunlnescence |l ayer (2), although it is not particularly limted, but
it is condivreied- Iﬁéttrﬁ@tlt‘ﬁiléklh‘é%sal%olan n@DrFige FeTFEEMAE Ifmatso thenm  As
for the practical application, after the resin paste is applied on the road
base (1) roadiemarkhsgameheragdregate (3) is scattered on the thus-applied
resin paste while the resin paste is still in a state of holding flow
ability or bei nfohalufcicuredspadenthragrddecddhupastatuéred vt taaspaicat
aggregate is allowed to be partially enbedded in the resin paste by an own

rock and glass are preferable whereupon they may be used either

individually or in combination. A particle diameter thereof

is preferably in a range of from 0.3 mm to 10 mm and a quantity

thereof to be compounded is preferably in a range of from 0.1

time by weight to 6 times by weight as much as the entire weight

of the resin paste.

When the particle diameter is less than 0.3 mm or such
compounding is less than 0.1 time by weight, an addition effect
thereof can not be much expected. When the particle diameter
is more than 10 mm or the compounding is more than 6 times by
weight, strength and the like of a molded body is liable to
be deteriorated; this situation is not favorable.

Other than these transparent aggregates, inorganic

fillers may be compounded. A particle diameter thereof is less
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wei ght thereof and optionally by a further weight to be applied by a roller
or the Iike thereon and, thereafter, the resin paste is cured to allow the
transparent aggregate (3) to be enbedded 25 in the photol um nescence
layer ( 2 ) in a state of being integrated therewith. By being
characteristically configured as described above, the marking materi al
according to the invention remarkably enhances the photol um nescence effect
as conpared with a case in which the transparent aggregate is not used. It
is considered that this is attributable to a great extent to the fact that
a surfacetan@al on mhiaah éxghpléo dfetsadhdryarahsdihinegs igblueserngeeni tt ed
fromsunlight or a fluorescent lanp is incident is increased in the

presence efiltike g¢adspar entaragoreunt ¢ rbukl Ryuadue to1thenRiasnea oOf the
transparent aggregate, which exposes itself outward, an irregular contour

i's fornmeda0nmd it #eLoRBAE, B akRE YW NBY £LL JlovRid: & aeicRE 13RR] | ed and
such contour enhances a non-slip performance of the surface part thereof.

Thi s non-slip p%f&&gp%%oiﬁm%tersggw FORRLHAN; A AU} LD tANAR0I I, L hat

depending on a type the marking materi on a ce of a pedes
crosswal k _or r.oqp ith a d rian ssagewa a_human.individual is
t , .
pr event ed r%%blenl negr\ll\d‘s]lél}bpé‘c%%o%fég%???h%%ae ??%FF%%%@& HeRt P Ssed by
such slipping and.the like. .It is imortant also fromthe standpoint of
enhancereAe SPSPREDREARTTS L5ePHEFHanad: EBeduid rRL WL Sac e aCh BAATTRF (o be
scattered, a ratio and hei ght of exposure of the transparent, aggregate as
descri bed SPAPOREHhoVe &c COFRORGAo IHPTIRAGH | bie PRATEUM RS RY to
the invention, in order to allow 26 the photol um nescence effect to be
greater, PEIFERY SOMHIRRT ARG & HridFEste caf AR &e a8/ oframhithe col or
on a required position before the resin paste is applied. Such white
under coat IrRPE ¢S EDRPREs@Indthone yhar kRd@memit ezdmponental ead the
transparent aggregates to prepare the resin paste.
On this occasion, such preparation by mixing is an
extremely important requirement. Among other things, using
the photoluminescence pigment having a relatively 1large
particle diameter and the transparent resin component having
a high viscosity as a matrix for uniformly dispersing such
photoluminescence pigment is particularly important.
Emphatically speaking, first of all, for the
above-described preparation prepared according to the
invention, a method comprising setting a content ratio of air
bubbles to a unit volume of the resin paste to be 2% or less
is provided.
At the time of preparation by mixing, stirring is
ordinarily conducted whereupon a stirring condition is to be

set such that the content ratio of the air bubbles comes to

be 2% or 1less. Thus, selectionof a stirring device, the number
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various types of other materials. Needless to say) according to the
invention) in order to enhance an adhesion strength in accordance wth not
only the white undercoat |ayer but also a state and properties of the
surface part of the road nade of concrete, asphalt or the |ike and further
a type) properties and the like of the transparent resin, a priner |ayer
may previously be provided and, then, the road marking material according
to the invention provided thereon and integrated therewith. The priner

| ayer may be considered as main purpose of sealing surface of road or

i ncreasi ngfadhesilionistisengeheoAsaf arhd ngmichefpstherihayedn damwepHeteri al s,
such as urethane resin, epoxy resin and asphalt series material can be
used. Theatr ahepariset ofesivl rGAMRORBE tOle Siild alrOMBOGHIOSAY, in

phot ol um nescence road marking nmaterial of the present invention can al so

be used. In casgsofikshe® i BeibEARSRAIENbN! 651 N HE®MIYIERL e Yerid i 8. ONe,
adhesi on performance between high-emtting road marking [ayer as upper

| ayer and d C L ): e or_simlar
componont TR g eE Brt A SRR BN L Ry S ARG T e

hot ol um cer i | a i i g.useful 27 as_the | ane
Ir[:nrki ng aﬁg%'?‘ﬁ% |%| klg&%%%igg%rggﬁ%{s %a%?bﬁbﬁhofgﬁﬁﬁ‘ieﬁegger?cesnbaelr Bt mance
and can be use%.for a ite line or.,a color line of, for exanple el | ow,
orange and&Fafy &tch%FaX%’S?’o%é?%t@%BPSF°gk}"‘éﬁﬁﬁ?&&&r‘an%l%ma?ge MR one
regardl ess ,of concurren%lg usi ng _a photol.um nescence gignent. Now) the
fol | owi ng T&5Sdi-fRedt 52 ‘@i"\’/%er? PSQEGFFﬁéPni PFGRAF&Ce Y B ¥ hBEM F dl*&and

shoul d not be interpreted as limting the invention in any way. Further,
eval uat i orf18r hBOPRING tinF RESPERES LpBF RN EERiTERHN IRF pdRiRRpPLLes
enbodi ments is conducted in conformty to JIS "Phosphorescent Safety Sign
Boar ds" ZSPOOthgggbgutkndhaio &PReralr rdif aphoholvmperfeeAee B HNeIe5
standard |ight source at 200 Lx (lux) until a saturation state is attained,
a tine percicggoment. bWhght ples sandautteralipoall tie asrdedbhinkels & amnit
eval uati on
volume of such preparation prepared by mixing is sometimes more
than 2%, a trouble to be derived from such concealment can not
be neglected.
In order to control the content ratio of the air bubbles,
it is effective to prepare by mixing under a pressure reduced
from a normal pressure by 50 kPa or more. By conducting mixing
in an atmosphere of a reduced pressure, remaining of the air
bubbles can effectively be suppressed. When a rate of such
pressure reduction is small, an effect to be derived from such
pressure reduction is not sufficiently exhibited.
Further, the content ratio of the air bubbles can be
measured by measuring a ratio of volume reduction of the
preparation to be generated when an inside of a vessel is filled

with the preparation and, then, an atmosphere is reduced by

100 kPa from a normal pressure.
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reference. EXAMPLES (Exanple 1) Various types of MVA resin syrups, in which
an MMA pol yner and an MVA nononer are present in a mxed state, differing
in content ratios of the MVA polynmer and viscosities fromone another were
prepared and, then, a photol um nescence conponent and ot her conponents were
m xed to each of the MVA resin syrups to obtain a follow ng conpoundi ng
ratio (by weight): 28 MVA resin syrup Resin curing agent 35.5 0.5
Strontium al um nat e-type phot ol um nescence pignent 52.0 (avail able from
Nenbto & Co. , Ltd. ; average particle dianeter: 100 um Al um num hydroxi de
(aver age parti cFerdhameogre., 8nuaydé?. fo Mniarg: evashpetforaidnimeaesemc ¢ educed
pressure of O . 1 atm At that time, a content ratio of air bubbles to a
uni t vol uperdbrinhacreesikt anta prepdfaidtdveprepaipdrby sna xd d1gc avesnat i @wed to
be 1% or |ess. The preparation prepared by m xi ng was applied on a surface

of a concretigteaPbe havéDgntmer SEFE i e wigeastt BRE Pfepasttisger Pl a
road and, then, cured. Adhesion strength to the surface of the sanple of a

ol d- cur eg;Rady \Na;sa;%@chvlaﬁ]y(cqr&crl%t&Q@%%E&%CHH@Q @rﬂéej h I YR o £

resi stance was 0. inconformty to S A 1452) at Vi scosity

ranging fram $.Q¢ gan mggty} ﬁ Ss d@g%l fzt&ﬁ Eﬁé“éé?r%ﬂﬁt gng’%gbl

Further, in regard™to the nold-cure tine perrod u

bri ght nes Neas| red to eval uat e the photol um nescence
per for mn%eE’%%%g%%gsﬁlgcs g%ev% ossl able 2. 29 Table 2

For thisend, itiseffective toarrange a surface hardness
of an inner surface of a mixing vessel or a stirring blade
constituting a mixing apparatus to be higher than the hardness
of thepigment or transparent aggregate. Asaconvenient method,
it is effective to use the mixing vessel with the inner surface
or the stirring blade covered with a transparent or white
covering material. By performing such arrangement, even when
a small quantity of the foreign matter is mixed, the
photoluminescence performance is scarcely or not at all
influenced.

Examples of transparent or white covering materials
include a laminateof analumina fuse-deposited filmor a ceramic
plate, glass, silicone rubber, asilicone resin, a fluorocarbon
resin, an MMA-type resin and the like.

The resinpastepreparedbymixing in a manner as described
above is applied on the surface of the road by an appropriate
methodand, then, cured. Accordingly, therocadmarkingmaterial
having a predetermined shape in which the photoluminescence

layer is formed and a road structure which is integrated with
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MMA resin srup viscosity Pas 20CTinme until reaching 3 ntd/ n2
(Hr)0.531.081.592. 0106. 01310.0 From Table 2, it is found that, when the
viscosity of the resin syrup was less than 1.0 Pas (20C) , it was difficult
for the tine period until reaching 3 ncd/n2 to be nore than 8 hours . On
the other hand, it is found that) when the viscosity of the resin syrup was
nore than 1.0 Pas (20C) , the time period until reaching 3 ncd/ n2 was nore
than 8 hours and, further, nore than 14 hours. (Exanple 2) A nol d-cured
body was obtained in the sane manner as in Exanple 1 except that MVA resin
Syrup havthg @&odidsaasidinhadfm&tOdrPat GZ@E)r vias iusegdpphiletihehstrecomnt idsa

al um nat e-type phot ol um nescence pignents having different average particle
di anet ersrugrezedged. In either case, adhesion strength to the surface of
the sanple was from 100 NNcn2 to 160 N cnR (concrete base fracture) and
wear resistanceryasefs o8 @ a@ hgp®:02cdoki dn GO QLFY o 8IS AckAB2) -

For each sanple, a tine period until reaching 3 ncd/ n2 was neasured. The
results aLgegss j b 3 Tabl e i cl ingggql i me
unti | reaéﬁ?ngeglgﬁggf;r;g %Ef%gglggﬁlbgg11?%0%%5%%%%%&4%2&% 9’ was tgagln i rmed
that a regap SQ'a‘i‘segk}%”ﬁgﬁ%nsc%fortd%gp@%t %'h%mi%%%%%’l%%[.pe”?r Mance was

real i zed Dy tsing a photolum nescence pigment conponent having a | arge
particle diameter,., On_the other hand, it was,al,so confi t.hat, when the
o t1cl e di anet BrEbTSEHEGROTEN 1h n e BREE AP EReRD S BBt - DASIH4E ¢ han
10 um a tinme period unti| reaching 3 ncd/ n2 was not nore_than 8 haqurs.
(Exanpl e BRS&E| £SnPX¥RG WA cORBUTI TSR AT Ehe AFFEETRN A s &he el
except that an MVA resin syrup having_a viscosity of 6.0 Pas (20C) was
‘used, an AERYLPRECeTSEIMNR2FILRe1Sf 2RPIERE FRSLRPAHERR QAL E HiTRAD:
apparatus was changed. For each case, a tinme period until reaching 3 ntd/
2 was nessgrédanthethResarfsesreashvRA2FA Tavee PaTY P Tddie XS W t3qte of
pressure reduction ( kPa ) denotes that of pressure reduced froma nornal
pr essur e. cRgethd@odwni k¢ ngubpparaduses udh el Ghirgt A8 RolWahrmg et

treatment.

As described above, as the resin paste is applied, the
pigment component having a small particle diameter other than
the photoluminescence pigment rises to the surface part of the
resin paste and, accordingly, comes to be unevenly distributed
to thereby sometimes conceal the 1light transmission or
light-emission for the phosphorescence. When such phenomenon
can not be neglected, it is effective that the surface of the
cured body is subjected to rough polishing or a water-jet
treatment to remove a concealing layer (part).

In other words, for example, as a cross-section is
schematically shown in Fig. 1, the transparent aggregate is
previously compounded to theresinpasteand, after theresultant
resin paste is applied on the surface of the road (1) and cured,

the surface of the photoluminescence layer (2) containing the
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features: A: both the inside of the m xing vessel and the stirring 31

bl ade are nade of stainless steel; B: Sane as in A except that a surface of
the stirring blade is covered with silicone rubber; and C. Sane as in A
except that both the inside of the m xing vessel and the surface of the
stirring blade are covered with silicone rubber. Table 4 Rate of pressure
reduction (kPa)M xi ng apparatusTine until reaching 3 ncd/ ng

Hr 90A1380A1360A1350A830A750B1060B1580C18 It was confirmed that it is
effective to reduce the pressure by 5 kPa or nore and, al so, covering the

i nsi de oftr¥despixeny appeedd te 6hd itsheubidefsed bd aNgmialdisigidd dde with
silicone rubber gives a favorable performance. (Exanple 4) An MVA resin
syrup in awiachaanrMyAtpot yaremeand BEn t MdFe noiolkey remeve eadpta ishrd akiexed
state (viscosity: 6 . 0 Pas (20C) ) was prepared and, then, a

phot ol um eese&nNcerpi gfebhecoaponephsand ot her conponents were m xed thereto
to obtain a follow ng compounding ratio (by weight): 32 MVA resin syrup

35.5 Resin curiggrtageiie & i%t ba@ttleum,aé Ned -4 ¥Be J2atigl ¢ KiResceRCe
pi gment (available from Nempto & Co., .; average particle 54.0 dianeter:

150 um Qheropegnerds (Aaver aggheagmgialﬁbaﬁf%l@értfwﬁell@o Nohd+gured

bodi es using various types of pignents were nmanufactured in the same manner
Ex [

e ?gf2?*38‘;%iéﬁeﬁh”ﬁaﬁﬁﬁhgq"ﬁgé"‘lh@ i T

unti | reaggéggﬁgarOXIh% g%} hg%gék) $ggkf%drOX|%§é§£!tanlun1OX|de

(50) Alunminu rcon ZiFcon roxi de 5017 It
bigmont. 41 FeBReRdSBecarRan o %ie”n%ef%nl?s‘ﬁQé:%%ﬁ%ﬁ%ﬁwsr hrgeplathes”

component deteriorates the photoluminescence performance,
since the transmission of 1light is shielded. The rough
polishing or the water-jet treatment is effective in enhancing
the photoluminescence performance by removing the concealing
layer (4).

In either case of the water-jet treatment and the rough
polishing, in order to remove the concealing layer (4), it is
preferable that a range of from 0.1 mm to 2 mm in a thickness
direction removes the surface cured part of the resin paste.

Further, as foradevice forperforming theroughpolishing,
various types of devices utilizing rotational polishing and
the like by a disk provided with diamond may be adopted.

Forming an irregular surface by a surface part treatment
and, particularly, the water-jet treatment as described above
will effectively impart the photoluminescence road marking
material according to _the invention with the non-slip

performance.
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(Exanple 5) In Exanple 4 , al um num hydroxi de was used for the other
conponents and, further, the conpounding ratio of the photol um nescence

pi gnent (A) to the al um num hydroxi de (B) was changed. Under these

ci rcunst ances, respective tinme 33 periods until reaching 3 ntd/ n2 were
measured. The results are shown in Table 6. Table 6 Wight ratio B/ ATi ne
until reaching 3 ncd/ n2 H j0.150150. 185151. 05142. 2593.546 It was confirmnmed
that) when the weight ratio B/Ais nore than 3, the photol um nescence
performance has rapidly been decreased. (Exanple 6) In Exanple 4, alum num
hydr oxi de was uBedthermphe,ot decordiponerd s tared, 1fivethépnconpbendiang r ati os
of respective conponents were changed. Under these circunstances,

respecti venhane epehitodst unhiel pleacdiwgi Sescaio® wered ameasitedandheHesul ts
are shown in Table 7. Table 7 MVA resin syrupPhotol um nescence

pi gment Al 4ehReMiby geexogdaind® HBt ih €Racdd$§ ih Md/d¥ the transparent
Hr 15. 254. 030. 01422. 543. 020. 01535. 554. 010. 01558. 635. 05. 41086. 410. 03. 0896. 03.

503 34  (Eya@Bheel)s! ?r@?@m}%@yﬁfcoﬁbHﬁhBHH‘ Dy deR«i des yaspdised d dde
ot her conponents and) further a conpounding ratio of strontium

al uri nat esLype Jahobo! 1 NESEENGA B QHRNLUAR SELcL Qs 2420 B0CLSId ca T ock

powder s having an average part ianeter as a transparent aggregate was
conpounded, at, aséaé€e9in§0ch0- £ Qﬁsfaggf%n‘t!“at&a% %geaat.%“ A9 Ke 'Egl‘?fs?%é; 1 L
resul tant "preparatron was rel atrvery favor 1E 43 Selng abou our's,
al though a guantité of gQ ph tolun%gescencqugﬁgpentt@ggp UQ&&Q was
subst ant i PPy "deBPESSed® ™ The WeTHRT-TEE1 0 OY RS ansPar e EEHPoHEnt (0
y?_the ag%&%@%%%t%?§ntQﬁéegﬂoﬁgfugihegggn%% &Q;grtggEa'syygg {ﬁﬂw f%ﬂgﬂ“
at least a part of a contour thereof is exposed. Namely, for
example, as a partial cross-section thereof is schematically
shown in Fig. 2, the scattered transparent aggregate (3) is
embedded in thephotoluminescence layer (2) whichhasbeen formed
by curing the resin paste after it was applied on the road base
(1) whereupon at least a part of a contour thereof is exposed
outside from the surface of the photoluminescence layer (2).
The transparent aggregate on this occasion is in anatural
stone-like shape and a contour thereof is by far larger than
that of the photoluminescence pigment which is compounded to
the resin paste. The transparent aggregate is also large in
both strength and hardness and is silica rock, fused silica,
glassor the likewhicheachhaveaso-called aggregate property.
Practically, it is preferably considered from the
standpoint of physical properties such as strength and peeling

resistance generated by being adhered to and integrated with

the photoluminescence layer (2), an incremental effect (as
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ratio was changed into 3.0, the tine period until reaching 3 ntd/ n2 becane
9 hours. (Exanple 8) In Exanple 4 of the case in which al um num hydr oxi de
was used for other pignents, a nold-cured body was obtained by using a
silicone resin ("KE1310S"; available from Shin-Etsu Chem cal Co., Ltd. ) in
pl ace of the MVA resin syrup. The viscosity was about 50 Pas (20C) . The
time until reaching 3 ncd/n2 was 14 hours . Therefore, it was confirned
that a favorabl e photol um nescence performance can be obtained. (Exanple 9)
In Exanple 7, after a resin paste having a weight ratio 35 D/ C=3 was

appl i ed, aospatadevbth theaser e wWoldih & hyanspArerRtezgIDEIILAM HvaSt
subjected to water-j et injection whereupon a part having a thickness of
about 0. 5soatokreHe shrtlae plouraEdinpard s awrsc ¢ graviborhan aé | avd tttee duideace to
be roughened. Slipping resistance BPN ( ASTM E303) of such roughened

surface weRa65% % b3y wel ufkrdAe NG £ 7/OhOrtch tiyr sHr t ReSe HIEY Bipad K, Was
confirnmed that the non-slip performance is excellent. It was al so confirned

that the ¥{5BaP8Li1@dauRhial glaaehiByeldbBBALaMEnl $hexbaBded ullia@s? ey s
neasured before the treatnment to 10 hours. (Exanple 10) In Exanple 4 ,

after ar @§!{Erp@§?<eoi~ Ne MW G, AT BUE By d¥ 10 &les Uﬁ?%él%h@tl@rezdiiogwt S Was
applied in a thickness of 4 nm) before it was cured) glass powders having a

particle thg%er el s { £ d SFT L opvﬁlecrﬁimﬁme%%g}g&s@e&h@beonEgl;rtgxe&ate of

5 kg/ n2, cure In a state In out y volume of powder
hmto 1 4o aﬂ"%ﬁ?éﬁ%ggé‘j?%%?ﬁ%h?rif T S e S AT
of such cured bod S a wet surface and 69 surface
Wher eupon®i TSHEE ToatRmEd AL he Hon G4 Jogs PEPRSACE Wtk doRER . 1 ¢
was al so canfirned that the tlne perlod unti
of from 2.0 mm
It is considered that a guantity of the transparent
aggregate to be scattered is in a range of from 1 kg/cm® to
30 kg/cm?®, and preferably ina range of from 3 kg/cm® to 10 kg/cm®.
Further, as for thickness of the photoluminescence layer
(2), although it is not particularly limited, but it 1is
considered that the thickness is in a range of from 1 mm to
5 mm. |
As for the practical application, after the resin paste
is applied on the road base (1), the transparent aggregate (3)
is scattered on the thus-applied resin paste while the resin
paste is still in a state of holding flow ability or being half
cured and, then, the thus-scattered transparent aggregate is
allowed to be partially embedded in the resin paste by an own
weight thereof and optionally by a further weight to be applied

by a roller or the like thereon and, thereafter, the resin paste

is cured to allow the transparent aggregate (3) to be embedded
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reaching 3 ntd/ nR is extended to 17 hours. (Exanple 11) In Exanple 1, the
resin paste of a case of 6.0 Pas (20C) 36 was used. After white col or
tone paint for use in a road was previously applied (thickness: 2 mM) on a
surface of sanple asphalt as an undercoat |ayer, the resin paste was
applied on the undercoat |ayer and, then, cured. The tinme period until
reaching 3 ncd/n2 and an initial brightness after 15 m nutes were neasured.
The results are illustratively shown in Table 8. It was found that the

phot ol um nescence performance was renmar kably enhanced by the presence of

t he whiteinttdermatol ayenesTabte 18 veal 62) 6h aiatdetecd bé ayeriTiteg nattdd
reaching 3 ncd/n2 Hrinitial brightness 3 ntcd/ n2Whitel8482Si| ver 16355As hal t
surfacel3ghérébnparati ve Exanple 1) A nold was prepared in accordance with
di scl osure of JP-A-10-82023. The photol um nescence performance thereof was

nmeasured. Evenpapedngifidfedtéessitidally wasrsgowed ddabsthepbamdid,i|
reaching 3 ncd/n2 was 5 hours and 15 mnutes . Further, a light-emtting

col or was.gtraRGkiRgt B teliQh (Hesmi g {HecRBOSANEReICaNt RIF RN 1y
(Conparative Exanple 2) According to EXanple |, resin paste having a

Vi scosityefpfiaficed ﬁ@e'pﬁoégﬂgit@gc@r@é'rgff@éé Q0o ?a§e¥ﬁa§igge§i_cfac§e

coating 37 a surface of concrete pavenent sanple at the condition of

thi Ck“ess%ﬁkh%@ﬂ tfg@ﬁ%‘%ga%teé‘g%%%a%% A58 04 seal £5 Goalefl and

seal er not coated was evaluated asuring nef hod I'mrersion in hot
e e (600 sRERNL 220 e: PUONDLLTC TRD! £ 9o JR0LS: 2 BNOYSL AL, SN
a surface area on which light to be used for absorbing light
energy emitted from sunlight or a fluorescent lamp is incident
is increased in the presence of the transparent aggregate.
Further, due to thepresence of the transparent aggregate,
which exposes itself outward, an irregular contour is formed
on a surface part of the marking material after being applied
and such contour enhances a non-slip performance of the surface
part thereof. Thisnon-slipperformanceisextremely important
from the standpoint that, depending on a type of the marking
material on a surface of a pedestrian crosswalk or a road with
a pedestrian passageway, a human individual is prevented from
being slipped or getting a traffic accident to be caused by
such slipping and the like.
It is important also from the standpoint of enhancement
of the non-slip performance to define a size, a quantity to
be scattered, a ratio and height of exposure of the transparent

aggregate as described in the above according to the invention.

Further, according to the invention, in order to allow
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in the case of sealer not coated and that coating seal er increases adhesion
strength. Table 9 Seal er Adhesion strength after 1 week ( N cnR ) Adhesi on
strength after 2 weeks ( Ncn2 )Nonel 4 21 3 4Urethane sealer3 5 93 4 OMVA
resin sealer2 6 52 6 0 ( MVA seal er contains mainly sane resin conponent of
the resin paste) (Exanple 13) Experinent simlar to Exanple 12 was carried
out toward surface of asphalt pavenent. Sealer for formng prinmer |ayer was
not used. As the result, each adhesion strength after 1 week and 2 weeks is
332 NNcn2 and 330 N cnR. As described above in detail, according to the
present i nzemhiamlypnovesedncs ef froveto peatmdamenesceincel soadt famrtkig 38
material which is useful for a marking of a |lane of a road and the |ike)
has a requbr edowdde rasiGidaceo0t Wepéhestr il skanee oas oeld rasya fdgh

phot ol um nescence performance and can find an application in a white |ine

or variougokYResnOfh&PbPE IdNeSrHYiSURPRIRSSI N apP19@iy .Col 8hchonmmiang can
be inparted with a non-slip perfornmance. 39 What is clained is: 1. A

phot ol uni NegEeeRER ¢’ PaJe PRI} REmPRLEL Aby R8I Y 1&;5&@%@%@&5&%{13@4@' in
which a resin past e cont al ni ng a transpar ent resin corrponent an a

phot ol um ggs$EeNGe RLLTERL: Qﬂﬂﬂﬁnaﬁ%éﬁia%%pliEd on a surface of a road to

form a phot ol um nescence | ayer, ereinthe resin paste i s conmpounded wth

from 7% by wei ght t.o 95% by wei ght of t.he transpar.ent resin conmponent based
on the entire mgfﬁ 3esﬁ fﬁgngéiﬁcﬁggﬁépg vc’ LHE iAVention, 1norder

to enhance an adhesion strength in accordance with not only
the white undercoat layer but also a state and properties of
the surface part of the road made of concrete, asphalt or the
like and further a type, properties and the like of the
transpareﬁt resin, a primer layer may previously be provided
and, then, the road marking material according to the invention
provided thereon and integrated therewith.

The primer layer may be considered as main purpose of
sealing surface of road or increasing adhesion strength. As
forming the primer layer, known materials, such as urethane
resin, epoxy resin and asphalt series material can be used.
The transparent resin component or similar one composed in
photoluminescence rocad marking material of the present
invention can also be used. In case of using the transparent
resin component or similar one, adhesion performance between
high-emitting road marking layer as upper layer and road surface
can be increased, because of using same or similar component.

As described above, according to the invention, provided

is the photoluminescence road marking material which is useful
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2. The photol um nescence road marking material as set forth in Caima1l,
wherein an average particle dianeter of the photol um nescence pignent
conponent is in a range of from 10 umto 2000 um 3. The photol um nescence
road marking material as set forth in Caiml, wherein the resin paste
conprises the photol um nescence pignent conponent as well as other pignent
conponents. 4. The phot ol um nescence road marking material as set forth in
Claim 3, wherein an average particle dianeter of the other pignent
conponents is in a range of fromO0.1 umto 40 um 5. The photol um nescence
road narkdsigthat deingl msrkingfanthtihe didkien Sf orha, rweat.eilras he btilgér

pi gnent conponents are at | east one pignent selected fromthe group

consi sti nthofoluminbstenpegrentormayet land pagneatussdl far ardhiges aina red
pigment. 6. The photol um nescence road marking material as set forth in any
one of Ot B cBildr 2inehekrei for oamPLad ¥&lliew pYo i @dtad) any oBhAY) oOf

t he phot ol um nescence pi gnent conponent (A) to the other pignment conponents

(B) is 3-%Qfoﬂaﬁﬁte?coﬂ&eb@hgﬁﬁby&gﬁﬁg%gge%@oﬂ&ks'c_ﬁge %%%.&‘id@les%_s set
forth in aim5 or 6, wherein an oxide or a conplex oxide of zirconiumis

conpoundege aéo@cﬂ‘@i‘éﬁtP&rgﬁgE‘hg_CQn%ﬂgi@ﬁqﬁ.umgnesggﬁthBEB{ngmtr.‘esCence road

mar king material as set forth'in 7, wherein conpoundi ng of the oxide

or compl ex ox| dgof ThECHMINB b Nent 631 ReRPS! S 4y " B0 ualleom 0. 1%

by weight to 5. wei g ase e entire wei e resin paste.
9. The photpl um nescence road yarking.material _a et f h.in aim 1,
wher ei n alilf%%g}é?% %?let i ‘ﬁ'%%]sop%r%%? F’égflpigc&%%oz%‘%}tl\qégfpﬁgts:gflz@g) or
nore. 10._ The ghoto um, nescence road marking material as set forth in Caim
1, wher ei h*B Eone ehBer APVER5+°i +2bBD¥I B8Yper unit vol ume of the resin

paste is 2% or less. 11. The photol um nescence road marking materi al as set
forth in O ai mAvBFRes; Wit ARt FESIRR PR Wi e 357 @p2T BE T THARCRg

in the following embodiments is conducted in conformity to JIS
“Phosphorescent Safety Sign Boards” Z9100-1987 such that, after
irradiation is performed by a D65 standard light source at 200
Lx {(lux) until a saturation state is attained, a time period
until brightness reaches 3 mcd/m? is defined as an evaluation

reference.

EXAMPLES
(Example 1)

Various types of MMA resin syrups, in which an MMA polymer
and an MMA monomer are present in a mixed state, differing in
content ratios of the MMA polymer and viscosities from one
another were prepared and, then, a photoluminescence component
and other components were mixed to each of the MMA resin syrups

to obtain a following compounding ratio (by weight):

28



under an atnosphere of a reduced pressure. 12. The photol um nescence road
mar king material as set forth in any one of Clains 1 to 11, wherein the
resin paste is conpounded with a transparent aggregate. 13. The

phot ol um nescence road marking material as set forth in Claim12, wherein
the transparent aggregate is at |east one nenber selected fromthe group
consisting of : silica rock, fused 41 silica and glass. 14. The

phot ol um nescence road marking naterial as set forth in Caim13) wherein
the silica rock, the fused silica and the glass have a particle dianmeter in
a range oMMA[ EREHNISKFP0 10 nm and are conpounded in a range of ¥¥6m 0.1
time by weight to 6 tinmes by weight as nuch as the entire weight of the
resi n pasResin5cuThagphgedituni nescence road narking material beind tthe road
marking material asset forth in any one of Clains 1 to 14, further
conprisingtbehmgumpplhadnaﬁethwpsuphaCelohinhsceaa@ piGmetnilte 52.0
phot ol um nescence.ro er| bei ng the road rklng material as .
set forth Haéﬁﬁ%&ﬁegﬁ?@%{?qg %3%8 11 q/\)hel‘el ﬁatgﬁep?5§|lﬁ faste is applied
on the sugfagecel.t Agor gad and, before the thus-applied resin paste is
cured, the transparent aggregate is scattered to be enbedded in the

phot ol uni ResGERGE hQi8bxh el St £5d BaWhtiich 281 hRasLrone ypart of @ qontour
of the transparent aggregate is exposed. 17. The photol um nescence road

mar ki ng materialy; 33 ngShal Ydrltdrhed 8hAL1G r\efeﬁegarbégsfg@yew HTe LUy nore of

each of such transparent aggregates is enbedded. 18. The phot ol um nescence
road markiRg HaLeriat a2 Seted L dfb 9k mrl Brolég sBMErGf Wilune
transparent aggregate protrudes in rang From mmto 5 mMmifroma

cured surf %C%h%arrtes%fl tanf Olpt p?a:%%slto% prepa-I;hed Ffaq(otm%.lﬂrﬂgn%? seré%.%.crvpeagi

mar ki ng material ‘as set

to be 1% or less.

Thepreparationpreparedbymixingwas appliedonasurface
of a concrete sample having the same structure as that of a
surface of a road and, then, cured.

Adhesion strength to the surface of the sample of a
mold-cured body was 150 N/cm? (concrete base fracture) and the
wear resistance was 0.02 g (in conformity to JIS A 1452) at
the viscosity ranging from 1.0 Pa's to 10.0 Pa's (20°C); the
results were favorable.

Further, in regard to the mold-cured body, a time period
until the brightness reached 31ncd/nf was measured to evaluate
the photoluminescence performance. The results are shown in

Table 2.
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in any one of Clains 16 to 18, wherein thickness of the resin paste to be
applied is in arange of from1l nmto 5 mm 20. The phot ol um nescence road

mar ki ng materi al
transparent aggregate is at
consisting of silica rock,

di amet er

as set forth in any one of Clainms 16 to 19, wherein
| east one nenber selected fromthe group
fused silica and gl ass,
t her eof
isin arange from1 kg/ n2 to 30 kg/nR2. 21.
bei ng the road marking mater
any one of Clains 12 tB®2B4ei# which the transparent aggr

wherein a particle
isin arange of from0.3 mMmmto 10 mm and wherein a
scattering ratio thereof
phot ol um nescence road marking nmateri al,
set forth in

IS N A T B A L L S e S i
OT e Oat,—Cu %B Aoy rrercarter; a—sSul ac tc Ul et cut
i ctno 1o . cubi ot oYt A roatinhh Al L o Ny Ay A ant r\r3 1ot trAant Nt
reS| n p T O T J JUUJ A2 v B vy C U 1 ngll |JUI TP “3 T “ VVaALT CT ]\/I. CT oA ITeTIC
renove 4 4#&&&%42?1%PMmH%wnn%m
road marki : Clai-m-21— wherei*n the cured-sur
part of [the resin past 923‘%(& renpved-byla range of fr 0P80 1 mmto 2

t hi cknes

s direction frofi®% he surface t

her eof 23 A ot ol uni nescencs

structur

e_in which thelP®d marking ma

erial as set fi&th in any one

t he

. A
ial as
egat es
to the
ed
to
ence
face
in a
r oad
of

Clains 1 to 22 is applied on a surface of a road. 24. The phot ol um nescence
road structure being the road structure as set forth in Caim23, wherein a

white undercoaIFégxe%%#ﬁ?ﬁggvi u§£ng@Réigg?9n L

whi ch 43

road structure bein
wher ei n tﬁ%eﬁﬁﬁﬂihﬁg
on the white undercoat | ayer, via, riner, | aye
road strut?tr&*Berhet REX BQdUEFFSC §rER489sét MF
23 to 25,
surface rdBgNESi-ngORrdR RERET hand

P gn thRa0Eben BG

forth in d ai

t he road materral 'S app

the road structure as set

Ky vfat 77812148 dpfl FRS A

3 or

fh FR

wherein the surface of the road is previousl
, it is found that, whe

y"BRE G648

subLected,to
the viscosity

of the resin syrup was more than 1.0 Pa's (20°C), the time period
until reaching 3 mcd/m? was more than 8 hours and, further,
more than 14 hours.

(Example 2)

A mold-cured body was obtained in the samé manner as in
Example 1 except that MMA resin syrup having a viscosity of
6.0 Pa's (20°C) was used and the strontium aluminate-type
photoluminescence pigments having different average particle
diameters were used. In either case, adhesion strength to the
surface of the sample was from 100 N/cm? to 160 N/cm® (concrete
base fracture) and wear resistance was from 0.01 g to 0.02 g
(in conformity to JIS A 1452).

For each sample, a time period until reaching 3 mcd/m?

was measured. The results are shown in Table 3.
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Table 4
Rate of pressure reduction Mixing apparatus Time until reaching 3
(kPa) med/m? (Hr)
90 A 13
80 A 13
60 A 13
50 A 8
30 A 7
50 B 10
60 B 15
80 C 18

Itwasconfirmedthatitiseffectivetoreduce thepressure
by 5 kPa or more and, also, covering the inside of the mixing
apparatus and the surface of the stirring blade with silicone
rubber gives a favorable performance.

(Example 4)

An MMA resin syrup in which an MMA polymer and an MMA
monomer are present in a mixed state (viscosity: 6.0 Pa's (20°C))
was prepared and, then, a photoluminescence pigment component
and other components were mixed thereto to obtain a following

compounding ratio (by weight):
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(available from Nemoto & Co., Ltd.; average particle 54.0

diameter: 150um)

Other pigments (average particle diameter: 30um) 10.0
Mold-cured bodies using various types of pigments Qere

manufactured in the same manner as in Example 1, and respective

time periods until reaching 3 mcd/m® were measured. The results

are shown in Table 5.

Table 5
Other pigments Time until reaching 3 med/m* (Hr)

Titanium oxide 8
Aluminum hydroxide 15
Titanium oxide (50) 10
Aluminum hydroxide (50)

Zircon 18
Zircon (50) 17
Aluminum hydroxide (50)

It is found that, since zircon has a small concealing
ability as a white pigment, zircon is excellent in
photoluminescence performance.

(Example 5)

In Example 4, aluminum hydroxide was used for the other
components and, further, the compounding ratio of the
photoluminescence pigment (A) to the aluminum hydroxide (B)

was changed. Under these circumstances, respective time
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Table 6
Weight ratio (B/A) Time until reaching 3 med/m? (Hr)
0.150 15
0.185 15
1.05 14
2.25 9
3.54 6

It was confirmed that, when the weight ratio B/A is more
than 3, the photoluminescence performance has rapidly been
decreased.

(Example 6)

In Example 4, aluminum hydroxide was used for the other
components and, further compounding ratios of respective
components were changed. Under these circumstances,
respective time periods until reaching 3 mcd/m® were measured.

The results are shown in Table 7.

Table 7
MMA resin syrup Photoluminescence Aluminum Time until reaching
pigment hydroxide 3 med/m? (Hr)
15.2 54.0 30.0 14
22.5 43.0 20.0 15
35.5 54.0 10.0 15
58.6 35.0 5.4 10
86.4 10.0 3.0 8
96.0 3.5 0 3
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The weight ratio of the transparent component (C) to the
aggregate (D) thereof was 0.845 at this time. When this weight
ratio was changed into 3.0, the time period until reaching 3
mcd/m?* became 9 hours.

(Example 8)

In Example 4 of the case in which aluminum hydroxide was
used for other pigments, amold-cured body was obtained by using
a silicone ;:esin ("KE1310S”; available from Shin-Etsu Chemical
Co., Ltd.) in place of the MMA resin syrup. The viscosity was
about 50 Pa's (20°C).

The time until reaching 3 mcd/m2 was 14 hours. Therefore,
it was confirmed that a favorable photoluminescence performance
can be obtained.

(Example 9)

In Example 7, after a resin paste having a weight ratio
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Slipping resistance BPN (ASTM E303) of the surface of
such cured body was 66 on a wet surface and 69 on a dry surface
whereupon it was confirmed that the non-slip performance is
excellent. It was also confirmed that the time period until
reaching 3 mcd/m? is extended to 17 hours.

(Example 11)

In Example 1, the resin paste of a case of 6.0 Pa's (20°C)
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was used. After white color tone paint for use in a road was
previously applied (thickness: 2 mm) on a surface of sample
asphalt as an undercoat layer, the resin paste was applied on
the undercoat layer and, then, cured.

The time period until reaching 3 mecd/m? and an initial
brightness after 15 minutes were measured. The results are
illustratively shown in Table 8. It was found that the
photoluminescence performance was remarkably enhanced by the

presence of the white undercoat laver.

Table 8
Color of undercoat layer Time until reaching 3 Initial brightness
mcd/m? (Hr) (3 med/m?)
White 18 482
Silver 16 355
Asphalt surface 13 205

(Comparative Example 1)

A mold was prepared in accordance with disclosure of
JP-A-10-82023. The photoluminescence performance thereof was
measured. Even as an optimal result, it was showed that the
timeuntilreaching3mcd/m2was5hoursand15minutes. Further,
a light-emitting color was strong in the color (green) of the
phosphorescent pigment.

(Comparative Example 2)
According to Examplel, resin paste having a viscosity

of 6.0 Pa* s (20°C) and amount ratio of 28.5 was used for coating
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Sealer after 1 week after 2 weeks
(N/cm?) (N/cm?
None 142 134
Urethane sealer 359 340
MMA resin sealer 265 260

(MMA sealer contains mainly same resin component
of the resin paste)

(Example 13)

Experiment similar to Example 12 was carried out toward
surface of asphalt pavement.

Sealer for forming primer layer was not used.

As the result, each adhesion strength after 1 week and
2 weeks is 332 N/cm? and 330 N/cm?.

As described above in detail, according to the present

invention, provided is a novel photoluminescence road marking
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resin component and a photoluminescence pigment component is

applied onasurfaceof aroad toformaphotoluminescence layer,
wherein the resin paste is compounded with from 7% by weight
to 95% by weight of the transparent resin component based on
the entire weight of the resin paste.

2. The photoluminescence road marking material as set forth
in Claim 1, wherein an average particle diameter of the
photoluminescence pigment component is in a range of from 10
um to 2000 um.

3. The photoluminescence road marking material as set forth
in cClaim 1, wherein the resin paste <comprises the
photoluminescence pigment component as well as other pigment
components.

4. The photoluminescence road marking material as set forth
in Claim 3, wherein an average particle diameter of the other
pigment components is in a range of from 0.1 um to 40 um.

5. The photoluminescence road marking material as set forth
in Claim 3 or 4, wherein the other pigment components are at
least one pigment selected from the group consisting of: a white
pigment, a yellow pigment and an orange or a red pigment.
6. The photoluminescence road marking material as set forth

in any one of Claims 3 to 5, wherein a compound ratio by weight
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paste.

9. The photoluminescence road marking material as set forth
in Claim 1, wherein a viscosity of the transparent resin
component is 1 Pa-s (20°%) or more.

10. The photoluminescence road marking material as set forth
in Claim 1, wherein a content ratio of air bubbles per unit
volume of the resin paste is 2% or less.

11. The photoluminescence road marking material as set forth
in Claim 1 or 10( wherein the resin paste is prepared by mixing
under an atmosphere of a reduced pressure.

12. The photoluminescence road marking material as set forth
inanyoneofClaimsltoll, whereinthe resinpasteis compounded
with a transparent aggregate.

13, The photoluminescence road marking material as set forth
in Claim 12, wherein the transparent aggregate is at least one

member selected from the group consistingof: silica rock, fused
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in Claim 13, wherein the silica rock, the fused silica and the
glass have a particle diameter in a range of from 0.3 mm to
10 mm and are compounded in a range of from 0.1 time by weight
to 6 times by weight as much as the entire weight of the resin
paste.

15. The photoluminescence road marking material being the
road marking material as .set forth in any one of Claims 1 to
14,furthercomprisingbeingappliedonthesurfaceofthex@éd.
16. The photoluminescence road marking material, being the
road marking material as set forth in any one of Claims 1 to
11, wherein the resin paste is applied on the surface of the
road and, before the thus-applied resin paste is cured, the
transparent aggregate is scattered to be embedded in the
photoluminescence layer in a state in which at least one part
of a contour of the transparent aggregate is exposed.

17, The photoluminescence road marking material as set forth
in Claim 16, wherein 50% by volume or more of each of such
transparent aggregates is embedded.

18. The photoluminescence road marking material as set forth
in Claim 16 or 17, wherein the transparent aggregate protrudes
in a range of from 0.05 mm to 5 mm from a cured surface part
of the resin paste.

19. The photoluminescence road marking material as set forth
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was removed by a range of from 0.1 mm to 2 mm in a ‘thickness

direction from the surface thereof.

23. A photoluminescence road structure in which the road
marking material as set forth in any one of Claims 1 to 22 is
applied on a surface of a road.

24. The photoluminescence road structure being the road
structure as set forth in Claim 23, wherein a white undercoat

layer is previously applied on the surface of the road on which
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