WO 01/ 05519 PGTI NZOOr 00127 -1 Phot o- Lum nescent Pignent Appliicaiion Field
of the Invention The invention relates to a nethod and apparatus for

appl yi ng phovoelmessionescent 5 pignent to a substrate surfa®eT/NZo0/es127
particularly for applying photo-lum nescent pignment to alum nium or other
metal strips used, for exanple, as stair.mpaosings. The invention also
relates to a product produced by said nethod and apparatus. Backaround to
the Invention 10 Low | evel floor or wal kway lighting is commonly used in

such places as picture theaphga.Lumkitstent Pigthéht Appiicationcr aft as both a
courtesy and safety feature for patrons or passengers. This lighting often

takes the formof an electrical or electronic lighting neans in or on the
fl oor along either side of a wal kway or across the nosing of stairs. Low

level floor H.ghiddg dvinRasticularly inmportant in picture theatres and
F‘I"S"V%EI"E"‘D’E['Ton

sports arena S may be required to negotiate steps in aisles
when only low |l evels of anbient |ight are present, or in stairwells of -
bui | di ngs duifhadneantionerelgtsscjo vheethadhand apagratus fosi IRpHENG PhptRalumipegcent

li ghting source. Known nethods of floor lighting using electrical or

el ectroni & meemenhaeea subgwaty sustegen mose PoRticylasily ton cgppiving) iphetaslueminestent|
wring to be run to areas where access for the wiring may be limted. They
are al so pronpigmept tealumiriunher otherf metal,gwips used, dor examplecagestais egings. The
Additionally, the electronic |ighting neans are often of a |low voltage
“type requiri inyestigrealémreiates to,apragyet predured;byrsajcomathod and appargtus. nvert er,
converter, or transforner. Not only does addition of this equipnment add to
t he

Background to the lg_ vention

10 Low level floor or walkway lighting is commonly used in such places as picture
theatres, sports arenas and aircraft as both a courteéy and safety feature for patrons
or passengers. This lighting often takes the form of an electrical .or electronic lighting
means in of on the fioor along either side of a walkway or across the nosing of stairs.
Low level floor lighting is particularly important in picture theatres aﬁd sports arenas

15  where patrons may be required to negotiate steps in aisles when only low levels of
ar.nbient lig.ht are present, or in stairwells of buildings during an emergency when

there may be failure of the main lighting source.

Known méthods of floor lighting uéing electrical or electronic means have a
20 disadvantage because they require electrical wiring to be run to areas where access
for the wiring may be limited. They are also prone to failure during failure of the
main power supply. Additionally, the electronic lighting means are often of a low
voltage type requiring some form of voltage reduction means such as an inverter,

converter, or transformer. Not only does addition of this equipment add to the



| i WO 01/05519: PCT/ NZ00/ 00127 -2 conplexity and cost of the installation
but al so provides for additional nodes of failure. It is known to apply a
-phot o- | umweenessty pi gnent to a rope, tape or fabric. ThipCT/NZ00/00127

phot o- 1 um nescent pignment is stinmulated by visible |ight and remains

| um nescent for a considerable period safter the Iight source is renoved.
.The problemwi th tape or fabric inpregnated with pignent is that |acks
durability for heavy wear areas such as wal kways or stairs. io
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surfaces such as alumniumor netal strips or extrusions. Once the spray
has dri ed, %L |s ground to provide a snooth finished surface. This

over comes { e abovenentioned problens associated with heavy wear areas,

but considerable pignment is wasted during the spraying and grinding
process. 15 Accordingly it is an object of the present invention to provide

a nethod apd. apparat bt q,rpﬁoqQJmfh.n&ceJ&%gnJeH{rw%S.tas@Cf’epepdr%sm ki

substrate which avorl ds over cones sone of the abovenenti oned
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a considerable period after the light source is removed. The problem with tape or

fabric impregnated with pigment is that lacks durability for heavy wear areas such as

walkways or stairs.

10 Photo-luminescent p.igment has been sprayed onto more durable substrate surfaces
such as aluminium or metal .strips or extrusions. Once the spray has dried-, it is
ground to provide a smooth finished surface. This overcomes the abovementioned
proBIems associated with heavy wear areas, but considerable pigment is wasted
during the épraying and grinding process. -

15

Accordingly it is an object of the presént invention to provide a method and
apparatus for applying photo-luminescence pigment to a substrate which avoids or
overcomes some of the abovementioned disadvantages, or which at least provides

the public with a useful choice.



According to a first aspect of the inventi.on there is provided a nethod of
appl ying photo-luninescent pignment to a substrate, said | di ng:
5. prepar i ng WOMASSEbwder fornul ati on conprising, at |east %Mé%

phot o- | um nescent pignent and a carrier/fixer; depositing the dry powder
formul ation onto a substrate surface; he&ing the dry powder fornulation
to fuse it to the substrate surface. 10 Preferably the substrate surface
has depressions or channels adapted to receive the dry powder fornulation.
Preferably a light reflecting layer is applied to the substrate surface
bef ore depositing the dry powder fornulation. 15 Preferably the vol une

rati o of photSummearvoftheimventisngment to carrier/fixer in the dry powder '
formulation is such that the fused material exhibits substantially the sane

strength and Ré‘éoﬁgnjtx%_kél)é REOREIkE 86 1 inkBRidrPihelels/ provREd aVAetiRASSF ddplying

exhibiting the p um nescent properties of the pignment. Mre

preferabl y { g, YOl WiFed8td flat8nt38 SHBSHR! bk Iethdd inbradmgnoe of 1 % 1o 35%
nt p .

phot o- | um neste I gnen carrier/fixer. Preferably the dry powered

formul atign may bep,ghe,gihg% 4 PP GOrmubdtioh! driding) et ek, o PhotdlurbingsRAt

centigrade, or to'a erature recommended by-the manufacturer of | i W

01/ 05519 PCT/ Nz0O/ - @Rl y the apparatus also includes a drive
systemto. nove t g%%ésﬁ"?%t%’ﬁﬁoudh t he appar at us.

depositing the dry powder formulation onto a substrate surface;

heating the dry powder formulation to fuse it to the substrate surface.

10  Preferably the substrate surface has depressions or channels adapted to receive the

dry powder formulation.

Preferably a light reflecting layer is applied to the substrate surface before depositing
the dry powder formulation.

15
Prefgrably the volume ratio of photo-luminescent .pigment to carrier/fixer in the dry
pt:»l.\;\:r:c-igi:':formulation is such that the fused material exhibits substantially the same
strength and durability properties of the carrier/fixer, while still exhibiting the photo-
'Iu'minescent properties of the pigment. More preferably the volume ratio is

20 substantially in the range of 1% to 35% photo-luminescent pigment to carrier/fixer.

Preferably the dry powered formulation may be heated to between, substantially, 160

to 210 degrees centigrade, or to a temperature recommended by the manufacturer of



Preferably the apparatus includes a support roller nounted directly beneath
the 5 orifi ce(sé and hopper to support the substrate. Preferably the

appar at us i W@ %an adj ust abl e mounting bracket adapted peT 027 { he
hopper to be located in the correct position so that the orifice(s) |ines
up with the substrate. 10 Preferably thebcrifice is adapted to conmunicate
snugly with the substrate surface such that the dry powder fornulation is
deposi ted substantially only where required. Preferably the apparatus

i ncl udes a Mmpgdfarablynthe @ppérahysi aisp nblades ptizive Systelrato moye ithe suhistiatd theough t he
dry powder fornulation are re-filled. Preferably the apparatus includes a
brush nount eghdgppavatufle roller, and with its bristles in contact with the
roller, so that any powder that falls onto the roller is subsequent |y
brushed of f. 20 The heat-curing system may be an oven. Optionally, the
heat - curi ng system may be a continuous oven process, and in one enbodi nent

may include ippéteambiyethd@ppiratis RicREeS 25 supHBLL rElEb o lEEd NE@EH D (tebéathGthe
Preferably the apparatus includes an automatic | oadi ng and unl oadi ng nmeans

at each @nd giRg&EPind Hdppel foVRippbRRhE LStV des for a product when
produced according to the process, or 5 by an apparatus, herebefore

defi ned.
Preferably the apparatus includes an adjustable mounting bracket adapted to enable
the hopper to be located in the correct position so that the orifice(s) lines up with the
substrate.

10

Preferably the orifice is adapted to communicate snugly with the substrate surface

such that the dry powder formulation is deposited substantially only where required.

Preferably the apparatus includes a mechanism for tapping the hopper so that any

15 rat-holes in the dry powder formulation are re-filled.

Preferably the apparatus includes a brush mounted below the roller, and with its
bristles in contact with the roller, so tﬁat any powder that falls onto the .roller is
subsequently brushed off.

20
The heat-curing system may be an oven. Optionally, the heat-curing system may be
a continuous oven process, and in one embodiment may include infra-red heating

elements.



Furt her aspects of the invention will becone apparent fromthe foll ow ng

descriptio i is given by way of exanple only. io Brief Descri ption of
t he Drawi ngg”ﬂ#@am e of the invention will now be desBETNEWORNH :

reference to the acconpanying drawings in which: FIGURE 1: illustrates a
perspective cross section view t-hrough-&-opper according to the
invention; and 15 FIGURE 2: illustrates an el evation view of the hopper and
a feed table; and, FIGURE 3: illustrates a schematic overview of one '
enbodi nent Rrkferably thepappatanss mcludesiam gutomatib doddingeanid ariloadides bl aéachl t he
I nvention 20 The invention provides for a nethod and apparatus for applying
phot o | um nesicthedeof.pi gnent, which is stinulated by UV and visible Iight and
Will remain illumnated for a period after the |ight source is renoved, to
a substrate such as alumniumor nmetal strips. The resulting substrate can
be used to provide floor, stair or other courtesy or energency lighting in
public ar edkhe ikRndidh GlsD HooVRiEE fir 6 @fdiléWhen Frolilcedidceorting tothepresess,idrl i ng
depressions or channels in a substrate material (typically, but not

excl usi vel ypy aﬂamiawtusnlmrabefdré defired. or stanped or mlled sheet of
alumnium) with a dry powder formulation that contains a photo | uninescent
pignent; a 5 carrier/fixer (typically a heat curable polyner); and
preferably small quantities of additives (such as a flow additive and/or
de- gassi ng Ritiei aspeptst dfathe iimgantore wilhisecomriet apparent from the following description

which is given by way of example only.

10  Brief Description of the Drawings

An example of the invention will now be described with reference to the
accompanying drawings in which:
FIGURE 1: illustrates a perspective cross section view through a ﬁopper
according to the invention; and
15 FIGURE 2: illustrates an elevation view of the hopper and a feed table; and,
| FIGURE 3: illustrates a schematic overview of one embodiment of an

Dty

apparatus according to the invention.

Description of the Invention

20 The invention provides for a method and apparatus for applying photo luminescent
pigment, which is stimulated by UV and visible light and @ill remain illuminated for a
period after the light source is rerﬁoved, to a substrate such as aluminium or metal
strips. The resulting substrate can be used to provide floor, stair or other courtesy or

emergency lighting in public areas.




properties of the m x and ensure a snooth surface finish. Sufficient heat
Is applied to the conbined forrmulation to nelt and cure it, and when
cooled it fuwesoiessidtself and to the substrate. 10 |In or dRCHNLOORHRDve t he
ef fecti veness of the photo-|lum nescent fornmulation a |ight reflective

| ayer can be applied to the substrate befo;e depositing the formul ati on.
The depressions or channels. in the substrate are filled up with the dry
powder 15 fornulation to be level with the top surface of the substrate
material. Wien the formulation becomes nolten the air between the
particles is expelled and the subsequently fused material fornms a thick
frlmthat snogthl
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reater intensit
g to th% combined formulation to melt and cure it, and when cooled it fuses to itself

and to the substrate.

10
In order to improve the effectiveness of the photo-luminescent formulation a light

reflective layer can be applied to the substrate before depositing the formulation.

The depressions or channels in the substrate are filled up with the dry pl'awder
15 formulation to be level with the top surface of the substrate material. When the
fovmqlation' becomes molten the air between the particles is expelled and the
su;;e::;;:éntly fused material forms a thick film that smoothly covers. both the
horizontal and vertical surfaces of the depressions or channels in the substrate.
Because the surface of the fused formulation is lower than the highest point of the
20 depressions or channels it is protected from wear and is suited to use in floor

ilumination situations.

While a number of products suitable for such a photo-luminescent formulation may be

apparent to a skilled addressee, the products used in the current invention are



and duration of Illum nation is desired, nore pignent is added. A typical
formulation wll contain between 30% and 60% photo | um nescent pi gnent
powder by WOYMSS1® However, because the specific gravity pci/Nzewomenmder is
typically 3-4 times greater 1o than the rest of the dry powder fornulation,
the photo |um nescent pignment volune rgfio is typically in the range 10%
to 30% Because the photo-|um nescent pignent nmakes up a relatively small .
part of the total volume of the fused material the fused material exhibits |
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Success has I eve UNE ratl os between 1

phot o- | um ngﬁiﬁ'{?’tgrgﬁfﬁﬁ'{‘ﬁﬁf&&%' i nciple of the process is to pass the

substrate na annel's or depressions facing upwards, bel ow
a hopper which is filled with the dry powder fornulation. The hopper has
one or nore bottomorifices which is shaped so that the -dry powder

formul atjo
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heating t heHcfw%ery,l getclagge {ﬁie}’ s;?e%ific gravity of the powder is typically 3-4 times greater

10 than the rest of the dry powder formulation, the photo luminescent pigment volume

ratio is typically in the range 10% to 30%.

Because the photo-luminescent pigment makes up a relatively srﬁall part of the total
volume of the fused material the fused material exhibits substantially the same
15 strength and durability properties that the carrier/fixer would have without the
inc_:lygion of the photo luminescent pigment, but it also has the added property of
bei‘;;ﬁia;\.‘oto-luminescent. Success has been achieved with volume ratios between

1% and 356% photb—luminescent pigment.

20 The principle of the process is to pass the substrate material, with the channels or
depressions facing upwards, below a hopper which is filled vyith the dry powder
formulation. The hopper has one or more bottom orifices which is shaped'so that the
dry powdelj formulation will fall under its own weight into fhe channels or

depressions and will not spill on either side of the substrate. As the substrate passes



cool ed. Individual pieces of the substrate material are successively passed
underneath the hopper in such a way that no substantial quantities of the
dry powder fWwoyoressisi on fall 10 between the tail end of onRCEANZSSORNd t he

| ead edge of the subsequent piece. Figures 1 and 2 illustrate, in detail,

t he hopper section 10 of an apparatus faorg.-applying photo | um nescent
material to a substrate. Figure 3 illustrates a schematic overview (not to
scal e) of the whole appar atus, each aspect of which will now be | s

described. THeiRARRRRGSHE thé Wi QRrBcdlbl R b@tdm LYRESE) Rifethe RpUraGe ohe
I ndi vi dual su strate pieces, in this case alumniumextrusion 1, in both a

fixed horizo as(Li. Tndis |%|é‘ah>%%0khae/ﬁ{etdrﬁ@bryp&@v&r fanuhatiin Bt RFhRVed S
used to push I'n IVI strate pieces passed (below a hopper 2. This

drive syst e Emythgeh% gy a?FWﬁl@ﬁ @ilts tﬁ@ chinr¥RY oP BeptessicrisC MTRE dHBhAEIE BPd
rollers 11 that enga E= W one or two faces of the individual substrate

pi eces. Al so f A sYiSstidte PH6hf isSthen 1
bel ow hopperd?’%ﬁgéﬁﬁ%lﬁgggﬂgﬁﬁ%ﬁoé@eﬁg aut omat ed enbodi ment.

of the aPpar Hloisa ttgecu(rjgaw a.s,e.siov(,&&rlfsﬁﬁunadorﬁnﬂfér 'ﬁﬁthr{bGtheOWFaﬁgnftﬁéTVrb@

vari abl e spe notor drive which may interface with controller

hopper sectlg& corrprl ses the hopper 2, preferably with steep sides to
avoid s build-up of product, that m ght hol d typically, but not
exclusively, 1-1.5 kg of dry powder formulation. The hopper 2 shown in
Figure 1 is cut-away for illustration

Individual pieces of the substrate material are successively passed underneath the
hopper in such a way that no substantial quantities of the dry powder formulation fall

10  between the tail end of one piece and the lead edge of the subsequent piece.

Figures 1 and 2 illustrate, in detail, the hopper section 10 of an apparatus for
applying photo luminescent material to a substrate. Figure 3 illustrates a schematic
overview (not to scale) of the whole apparatus, each aspect of which will now be

16 described.

Thé apparatus includes a guide rail system 8 for locating the individual substrate
pieces, in this case aluminium extrusion 1, in both a fixed horizontal plane and a fixed |
vert.ical plane.

20
A drive system is used to push individual substrate pieces passed (below) a hopper 2.
This drive system may be a human operator, or it may be a system of motorised
rollers 11 that engage with one or two faces of the individual substrate pieces. Also,

support roller 3 may be motorised to drive the extrusion 1 below hopper 2. In an



pur poses. An adjustable mounting bracket 4 may al so be included to enable

t he hopperw%r?tﬁ Ee 1 o located in the. correct pposition so that a bottom
orifice 5 M $ with the channels or depressions 6 | RCONEMAIZTysion 1. -
Oifice 5 may. be formed in a die 9, which is adapted to suit the
extrusion 1 being used. The die 9 would'®utt snugly over extrusion 1 so
that no fornmula was spilled or wasted. Various dies may be interchangeabl e
to provide for different substrates. The dies may have nore than 1 5 ‘
orifice - fawtorastadpanebadimens ofr tifei anparatus ithe motegigedcrallensel 1 anddd pnas beon
substrate. There,is;a conpressible foamrubber insert 7 between the hopper
body 1 and dpeeatedtromonvasiablej speedmotdridsive whighemay intérfaceorithoacontrdliece 5 i n
such a way that it will still seat against the extrusion 1 even if the
extrusion 1 is not perfectly lined up with the 20 hopper 2. A support
roller 3 mounted directly beneath the bottomorifice 5 of the hopper 2 to
support t heThexiappei saetion IOt demprisesthes heppes ¢ preferablyf witle steep sidehite awdil ows
the extrusions 1 to be readily noved through the system Roller 3 nmay be
not ori sesd Hawild-wE df 1pxodisr O tHaC mightZivad avmieaily, -but nptiexclisivelnt 1-ds% katdfadryas its
mai n_function is to hold the extrusion up to the orifice 5. A bristle
brush (not rolsen)formulation. ndhethodpeti 2 showy ibdligme this petaveay Hor illistiation s
bristles in contact with the roller, so that any powder that falls onto
the roll er puspasedsequent|ly brushed off and will not to build up on the
roller 3. 5 A nechani sm (not shown) for tapping the hopper 2 at regul ar

i nterval s can be _

An adjus_tal;le mounting bracket 4 may aiso bé includéd 1;0 enable the hopper 2 to be

10 located in the correct position so that a botfom orifice 5 lines up with the channels or
depressions 8 in the extrusion 1. dfifice 5 may bel férmed in a die 9, which is
adapted to suit the extrusion 1 being used. The die 9 would butt snugly over
extrusion 1 so that no formula was spilled or wastéd. Various dies may be

. interchangeable to provide for different substrates. The dies may have more than

15 orifice - for example a two orifice die for a two channel or depression substrate.

Thé'i;"éi?fig.ﬁ"a\ compressible foam rubber insert 7 betWegn the hopper body 1 and the
bottom orifice 5, which suspends the bottom orifice 5 in such a way that it will stil
seal against the extrusion 1 even if the extrusion 1 is not perfectly lined up with the

20 hopper 2.

A support roller 3 mounted directly beneath the bottom orifice 5 of the hopper 2 to
support the extrusion 1 without imposing excessive friction. This allows the

extrusions 1 to be readily moved through the system. Roller 3 may be motorised but



provi ded so that any "rat-holes" in the dry power are re-filled. Typically
the tapping _action will occur once every 30-60 seconds of gperation, which
I " not enoquQ@msﬁ’I ow the - different conponents of the d?& ai27 _
formul ation to separate io substantially. In its sinplest formthis
"mechani sm may in fact be the hand of a-1hdman operator, but ideally this
function is carried out by a solenoid or air actuated arm Alternatively
an auger or screw nmay be included which either continuously or

i Nt erm ttent | this'ianstedsentiat a dtsmodia furtckien éhtp Hold thersxtausipn upatb theloeifite 51& The
apparatus al so includes a heat-curing system for exanple an oven, 12 to
proovi de enougistia®aisht (dotnsHowrd mthyche motrited dirgetlytheiian therolet af with itsabidtiéond
it to the substrate., This could be an oven with a rack system After the
i ndi vi dual subsbhrcewithithe &dlet) 3oethistoshyt goavder e fallyl ahto thelajliecis Subseubhtiy ed
with the dry powder fornulation they are | oaded by hand onto the racks.
When t he rackisrushied dffibmd iMllendtas lbailding ophtbertie2®. i N t he oven for the
required tine. Using this systema typical curing cycle may be 10-20

m nut es ats 160C to 200C. In an autonated apparatus the oven woul d nost
preferably be a continuous tunnel process so that after the individual
‘substrate pi esanedranismdbtt siviwn) Cloartaspisg ahe \WopPdr/ 255t teddfaf/ iNer¥dld) @4R 7be - 12
depressions filled with the dry powder formulation they i Mmediately enter a
curing tunnerovided Bitthdtapiydirat-Hotsat Sn thecanyt soviey ks pe-filed] 6 P¢pitany 2RO Cagpiig a
sufficient tinme to turn the dry powder fornulation into a nolten m x and
bond it to thetishhsiliretcar ondd)evérp (BO/60! satorids ¥t dpiratidd, &EEIch i1 A6t @AGUghetd r om
t he opposite end of the tunnel. A 5 cooling tunnel 13 may al so be

provi ded. allow the . different components of the dry powder formulation to separate

10  substantially. In its simplest form this "mechanism” may in fact be the hand of a
human operator, but ideally this function is carried out by a solenoid or air actuated
arm. Alternatively an auger or screw may be included which either continuously or

intermittently "mixes"” the formula, thereby filling any "rat holes”.

15 The apparatué also includes a heat-curing system, for example an oven, 12 to provide
enolfgh heat to melt and cure the dry powder_ formulation, and _bond it to the
substrate . This could be an oven with a rack system. After the individual substrate
pieces have had their channels or depressions filled with the dry powder formulation
they are loaded by hand onto the racks. When the racks are full the racks are placed

20 in the oven for the required time. Using this system a typical curing cycle may be

10-20 minutes at 160°C to 200°C.

In an automated apparatus the oven would most preferably be a continuous tunnel

process so that after the individual substrate pieces have had their channels or



The curing tunnel could be either a hot-air type oven or an.infra-red oven.
At present the applicant has found that the hot-air type oven produces the
best resul WO0IAS§®ver, infra-red ovens provide a nuch faPCINZANIZOr €
direct heating nethod. 1o The problemw th infra-red ovens is that the
rapid | ocalised heating causes distortigpa. of the substrate material. The
degree of distortion is dependent on the formand type of substrate
material. It is envisaged that with inprovenents in infra-red heating

technol ogy g&lesitnstriRl SVt 4 Sovider sfoemdﬁt.oheme?&.gmg.awﬁfeﬁ{ér§d frghod.

15 The above-described system may be fully autonma require l§/ the use

of automat +.fanL|0i921& rmymmaﬂemorwaeawéo«% meﬁéaoagfwr a SO %ﬁw

respectively, of production |1 ne Aut omat 1 on such a system

using for | SW Qh@dwﬁ&\gﬁé?%ﬁmlﬁdnoﬂi&a%ﬁ%ixeéqtﬁjﬁﬁﬁt RasRé sﬁgﬁ;arté) |

system. capability of one ski he art and will

not be disc nowvi) fglfystra%()%g—&g tﬂ&?&ﬂell U@J?ﬁ%ﬁeepﬁpogl féﬁatoffiﬁf)':dmi | QN

process wil e descri exanple to Ill'ustrate the

met hod of C. r/ NZ00O/ 00127 -13 A representative
* b Kol P9 mays d;we%‘iéa.aef present ati v

pi ece of su tei1sp n the guide rail close to the enpty hopper,
then passed into the gap between the bottomorifice of the hopper and the
support roller. The position of the hopper assenbly is adjusted as

necessary [ f, GRRYT gmtehgauua B8 Al Ao be Buld G55 HRabd Brdr!oabbRGR! S or

depressions Int strate, and there are no gaps to elt that

Id | et f g
gﬁ;m,t§ P T 150 HAPREL Hotak MRe 6JelnegrchE£§ 3nd rwswgmnv i xe

However, infra-red ovens provide a much faster and moare direct heating method.
10 The problem with infra-red ovens is that the rapid localised heating causes distortion
of the substrate material. The degree of distortion is dependent on the form and type
of substrate material. [t is envisaged that with improvements in infré-red' heating

technology and substrate materials this will become the preferred method.

.15 The above-described system may be fully automated if required by the use of
autqn}atic loading and unloading magazines at each end, 14 and 15 respectively, of
the“:%;géﬁction fine 8. -Automation of such a system, using for exan{ple a )
programmable logic controller or PC based control system,.is well within the
capability of one skilled in the art and will not be discussed further.

20
The photo-luminescent pigment application process will now be described, bv way

for example only, to illustrate the method of the invention.



The first piece of "production” substrate is then placed on the guide rail,
I mredi ately behind the representative piece of substrate, and noved
t-owar ds the woppessiglo assenbly. In this way it pushes the PEBNZEMNA: | ve

pi ece of substrate through and passed the hopper assenbly and onto the
guide rail on the other side of the hoppet3-assenbly. The representative

pi ece of substrate can subsequently have the powder that has been applied
to it renoved by a vacuum cl eaning head and then the substrate can be

reused as a A Yeprbsintdtive pieqepef ssbstatd isplaced bo ahsigeiveveil cldse pr dwuendmn i s
halted. Before the first piece of production substrate is pushed right

through the hpBREN théspasEhl intb tRe 965 Betivadincihe toktopr odiicet dfotheshipper and:thes
pi cked up off a nagazine and placed on the guide rail immedi ately behind

the first pieggosh rblid?dUFhé Pasitidh Ol theChopper @Bsutnbiés fadjustedpae tecesbary to
producti on subs?rate Is away fromthe hopper assenbly it can be taken off

the gui de raid,saRdHak afe bafbrm Fikige NS upl WithOshencieannelsgor dagresddanseinstiap i s
then repeated until the oven racks are full. The racks are placed in the

oven for the Juggy;tg,edn& \Whdr& Gre° M6 |glps td) Rithéregidey fitat fwdiild tdtpotutizn eacapeal Traned
to cool before final i1nspection and packagi ng. WD 01/ 05519 PCr! NzOQO 00127

-94 At regul ﬂ{op.#hgltﬁrtﬁéﬂ filledSwitie § ‘thér8GgHIY iksaivahtitySofithe BRCpéwderdommeation.
"rat-holes” in the powder. and the hopper is refilled with thoroughly

m xed dry powder fornulation. s Wen the production run has finished the
representative piece of substrate can be reused as a plug for the hopper's

ﬁgt t om or i i CfheRfide bleBéibt YpratietioRf kotitRite RANEIS plabaton lite §aia® vl ifhmediatelye
e behind the representative piece of substrate, and moved towards the hopper
10 assembly. In this way it pushes the representative piece of substrate throug_h and

passed the.hopper assembly and onto the guide rail on the other side of the hopper

assembly. The representative piece of substrate can subsequently have the powder

that has been applied to it removed by a vacuum cleaning head and then the

substrate can be reused as a plug for the hopper's bottom orifice whenever

15 production is halted.

Be;b-r;. the first piece of production substrate is pushed right through the hopper

asserhbly the second piece of production substrate is picked up off 2 magazine and

placed on the guide rail immediétely behind the first piece of production substrate.
20 Once the first piéce of production substrate is away from the hopper assembly it can

be taken off the guide rail and placed on racks ready for oven curing.

The above step is then repeated until the oven racks are full. The racks are placed in

the oven for the required curing cycle, then removed from the oven and allowed to

cool before final inspection and packaging.



It can readily be seen that whereas the. above description describes the
met hod of _| o operation for a non-nmechani sed form of the apparatus the
process calQ®4f?y be automated. using. the optional aBEHNEWNER7equi pnent.
descri bed above so that the process becones either sem-automatic or fully
automatic. Such automation would be wel4-within the capabilities of the
nom nal ly skilled person. 15 Where in the foregoi ng description reference .
has been nade to integers or elenments having known equival ents, then such
equi val ents are herein included as if individually set forth: Particular
exanpl es of the invention have been described and it is envisaged that 20

i npr ovenentAt tegdlarminteivielsaas raawiredithe hrpep lisdeppeidt teotemagte J'astthales”™ finthet he
scope of the appended clains. This Sheet Has Been Replaced 111111
11111111 1lrbwidet and the happerlis 0&ftiled WitITthniGalh! 0tiged dry Fwder formulaBion.
1111111212122 1L 11 Tift 1111 MS 1. A nethod of applying photo-Ium nescent
pignment to a substrate, said nethod including: 5 preparing a dry powder-

formul ati on conprising, at |east, a photo-
6 When the production run has finished the representative piece of substrate can be

reused as a plug for the happer's bottom orifice and finally any left-over powder can

be removed from the hopper.

it can readily be seen that whereas the above description describes the method of
10  operation for a noﬁ-mechanised form of t_he apparatus the process can readily be
automated .using the optional automating equipment described above so that the
process becomes either semi-automatic or fully automatic. Such automation would

be well within the capabilities of the nominally skilled person.

15  Where in the foregoing description reference has been made to integers or elements
having known equivalents, then suc'h equivalents are herein included as if individually

| set'#o"rtﬁ.'j_ _

Particular examples of the invention have been described and it is envisaged that
20 improvements and modifications can take place without departing from the scope of

the appended claims.

_—
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| um nescent pignent and a carrier/fixer; depositing the dry powder

formul ati on ubstrate surface; and, heating the dr

formul ation YQ'?“?’S‘Z’%&H to the substrate surface. 90 2. A netho 6\él‘,slz-’cl ai med
in any preceding claimuwherein the substrate surface has ‘depressions or
channel s adapted to receive the dry powder formul ati on. 37 A method—as——

claimed in claim2 which further includes applying a li 3'“,"”‘“"' '

| ayer to the %@te surface before depositing the dr mﬁm"”m
formul ati on. =nmet hod as clained in any one of clains*1l fo 8 whereinr the
volune ratio of photo-lum nescent pignment to carrier/fixer in the dry

powder formulation is such that the fused material exhibits substantially

the sane strength and 20 rabi.lit roperties of t carpier/fixer i]e
St 1T exhibi tlng oh et 8 e, el gR EPtssEF pRinenbfo BRbbrFIRLIT metid
met hod as cl ai ned i nd‘cgl aim4 wherein the volume ratio is- substantially in
the range of 1 o ipgudiag;, phot o- I um nescent pignent to carrier/fixer. This
Sheet Has Been Replaced II11I111] Idl L1110 Ifl | 1 Ill LITII WD.01/ 05519 h
PCT/ NZ00/ $0127 - 16 ~i BFEPPIIPY 13 oY ACMCh; fRITYIaHA"s cBMPAS A% ADSRE & BF9HRd in
any preceding claim whgr el B e pigmint Snd s SSrrierffixer;

depositing the dry powder formulation onto a substrate surface; and,

heating the dry powder formulation to fuse it to the substrate surface.

10 2. A method as claimed in any preceding claim wherein the substrate surface has

depressions or channels adapted to receive the dry powder formulation.

3. A method as claimed in claim 2 which further includes applying a light
reflecting layer to the substrate surface before depositing the dry powder

15 formulation.

4, .A_jmethod as claimed in any one of claims 1 to 3 wherein the volume ratio of
photo-luminescent pigment to carrier/fixer in the dry powder formulation is
such that the fused material exﬁibits substantially the same strength and

20 durability properties of the carrier/fixer while still exhibiting the photo-

luminescent properties of the pigment.

5. A method as claimed in claim 4 wherein the volume ratio is substantially in the

range of 1% to 35% photo-luminescent pigment to carrier/fixer.

-
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formul ation is heated to a tenperature recommended by the manufacturer of
the carrier/fixer until the formulation is nolten. 5 7. A nethod as clai ned

in claim6 WWOOMS% he forrmulation is heated to substanti BETHZMRNEEen 160
to 210 degrees centigrade. 8. A nethod as cl ainmed imetat-m-6-0or_claim?7
wherein the fornulation is heated 10 for15a'pprOX| ma nut es

9. A nethod as clained in any precedi ng cl ai mwherei mmmﬂ !&Bﬂg‘
formulation is cooled. is 10. A nethod as cl ainmed in*any p

wherein the carrier/fixer is a heat curable polyner. 11. A nethod as
claimed in any preceding claimwherein the dry powder fornulation includes
smal | quanti i es &f methhd iasecaimedcin aBy cprecedings slaig whereirdahe i drg, Peweredisur e
a snooth surface finish. 12. A method as clained in any preceding claim
wher ei n t he subst faunelatien is heated to acrmperstute secamrnended hvuthermanufagturestod| -
This Sheet Has Been Replaced 111111111111111111 111 1111
11111111111111111fHkldairier/fixed dritl thefoprba@Beris mot@n. N S PCT/ N200100127 - 17-
13. An apparatus for applying photo- Ium nescent pignent to a substrate
said apparatus including:

7. A method as claimed in claim 6 wherein the formulation is heated to

substantially between 160 to 210 degrees centigrade.

8. A method as claimed in claim 6 or claim 7 wherein the formulation is heated

10 for approximately 10 to 20 minutes.

9, A method as claimed in any preceding claim wherein after heating the

formulation is cooled.

15 10. A method as claimed in any preceding claim wherein the carrier/fixer is a heat

curable polymer.

11. A method as claimed in any preceding claim wherein the dry powder
formulation includes small qua_ntities of additives, such as a de-gassing

20 additive, to ensure a smooth surface finish.

12. A method as claimed in any breceding claim wherein the substraté is stamped,

extruded or milled aluminium or metal.
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a hopper adapted-to contain a Iﬂmuﬁm Eﬂrlnulation; one or nore orifices
adapted to allow transfer of tlhe 4 A formul ati on fromthe hopper
to a substraweosessice; and a guide rail systemfor |ocati RETNFBVFst r at e
surface in both a fixed horizontal plane and a fixed vertical plane bel ow
the hopper and orifice. 14. An apparatuslds clainmed in claim13 which al so
I ncl udes a heat-curing system .10 for providing enough heat to turn the dry
powder formulation into a molten mix. 15. An apparatus as clained in claim
13 or 14 whi ch3.al skn jappanatiss far appdiing ghotdymineseant Rignenth ko (f Sulasiratg. xsaid 5
16. An apparatus as clainmed in any one of clains 13 to 15 which al so

i hcludes a -:dri vappssssusincludingbve t he substrate through the apparatus. 17.
An apparatus as clainmed in any one of clainms 13 to 18 which includes a 20
support roller nounted ahoppet bgapieshtoatantaime doy péwvder(foymulatibriiopper to
support the substrate. This Sheet Has Been Replaced 1111111 1TLITTTTT]
FEEELEEL 1 "t J "1 1! ddigj or imbor& drifices /adaded 01 alfow -ttghsfer of the dry powder

5 formulation from the hopper to a substrate surface; and
a guide rail system for locating the substrate surface in both a fixed

horizontal plane and a fixed vertical plane below the hopper and orifice.

14. An apparatus as claimed in claim 13 which also includes a heat-curing system
1o for providing enough heat to turn the dry powder formulation into a molten

mix.

15. An apparatus as-claimed in claim 13 or 14 which also includes a cooling

system to cool the molten mix.

15
16. An apparatus as claimed in any one of claims 13 to 156 which also includes a
. drive system to move the substrate through the apparatus.
17. An apparatus as claimed in any one of claims 13 to 168 which includes a
20 support roller mounted directly beneath the orifice(s) and hopper to support

the substrate.

-
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18." An apparat us as claimed in an 3 to 17 which includes an
adj ustabl e nounti ng bracket adapt '.E"m m“mmﬂi’hopper to be located in
the correct Wo9A8SI%n so that the ori up wi t hPCRNZUWIAT ate. 5
19. An apparatus as clained in any one of clainms 13 to 18 wherein the
orifice is adapted to comunicate snugly'®i-th the substrate surface such
that the dry powder formulation is deposited substantially only where
required. 20. An apparatus as clainmed in any one of clains 13 to 19 which

i ncl udes a 108.mechm@pparatusdst elginedgint any prs ek clains t13ato AR ywhigh -ingludes am
the dry powder fornulation are re-filled. 21 An apparatus as clained in
any one of cl ai ns #ustabl® houhtinghbriagkst ademted ty enalie theohoppettchbe ingateddn the
roller, and with its bristles in contact with the roller, so 15 that any
powder that falls comteot péwitionodd that the arifigelshlinestupywith thensubstsate. 22: An
apparatus as clained.in any one of clainms 13 to 21 wherein the heat- curing
systemis an oven. 20 23. An apparatus as clained in any one of clains 13
to 21 wherein the heat- curing system is a continuous oven process. 24. An
appar at us @as t9.ai nial appargtuaian ckimedh i emnond ef claimms i1 3ab UBcwheneiny therasifice is
heating el ements. This Sheet Has Been Replaced [ILILTELEEEE FEERLELELED 11
WO 01105519 PCr/ NZdaptedlte 7communicate snugly with the substrate surface such that the dry

powder formulation is deposited substantially only where required.

20. An apparatus as claimed in any one of claims 13 to 19 which includes a
10 mechanism for tapping the hopper so that any rat-holes in the dry powder

formulation are. re-filled.

21 An apparatus as claimed in any one of claims 13 to 20 which includes a brush
mou'nted below the rolter, and with its bristles in contact with the roller, so -

156 that any powder that falls onto the roller is subsequently brushed off.

22".:-"' li;."A‘n apparatus as claimed in any one of claims 13 to 21 wherein the heat-

curing system is an oven.

20 23. An apparatus as claimed in any one of claims 13 to 21 wherein the heat-

curing system.is a continuous oven process.

24, An apparatus as claimed in claim 23 wherein the oven includes infra-red

heating elements.
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19 0 e rrerrr v verr e il * CL 14 s 25 An apparatus as
clainmed in any one of clains 13 to 24 which includes an automatic | oading
and unl oadi nworee@sss9 at each end. 5 26. A net hod of appl yi ngCI/NZ00/00127
phot o-1 um nescent pignent to a substrate as herein described with
reference to the exanples. 27 _ An apparat¥8-for applying photo-Iun nescent
pignent to a s % nﬁl!&“lﬁ“ﬂln described with reference to the
acconpanyi ng dria YA substrate bearing photo | um nescent
mat eri al when prepared using a nethod according to any one of clains 1 to
12 and 26. 29. A substrate bearing photo | um nescent material when prepared
using an 15 2gparsat agpanatosrasi ¢lgimed inrapyone off cleims 18 1324 ovhish dprludes anThi s
Sheet Has Been Replaced 11111111 10U 1111111 huh

automatic loading and unloading means at each end.

5 26. A method of applying photo-luminescent pigment to a substrate as herein

described with reference to the examples.

27. An apparatus for applying photo-luminescent pigment to a substrate as herein
described with reference to the accompanying drawings.

10

28. A substrate bearing photo luminescent material when prepared using a method
according to any one of claims 1 to 12 and 26.
29. A substrate bearing photo luminescent material when prepared using an
15 apparatus according to any one of claims 13 to 25 and 27.
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