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(54) Title: PHOTO-LUMINESCENT PIGMENT APPLICATION

(57) Abstract: A method of applying photo-lumines-
cent pigment to a substrate, such as an aluminium or
metal strip containing channels or depressions, includes
preparing a dry powder formulation comprising
a photo-luminescent pigment and a carrier/fixer,
depositing the dry powder formulation onto the substrate
surface, and heating to fuse the dry powder formulation
to the substrate surface. The photo-luminescent pigment
can be applied using an apparatus which includes a
hopper adapted to contain the dry powder formulation,
one or more orifices adapted to allow transfer of the
dry powder 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.
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depressions, includes preparing a dry powder formulation conprising
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1 Phot o- Lumi nescent Pigment Application Field of the InvegLBoDEghﬁw
invention relates to a nethod and apparatus for applying photo-Tu aescent

5 pi gnerWot0d/03518ubstrate surface, nore particularly for anPiNzsdDo127

phot o- 1 um nescent pignment to alum niumor other netal strips used, for
exanpl e, as stair nosings. The inventipn also relates to a product
produced by said nethod and apparatus. Background to the Invention 10 Low
| evel floor or walkway lighting is conmmonly used in such places as picture
theatres, sports arenas a ifrcraft as,both courtesy and safety feature
for. patrons or passenge?‘s:é(.’t i “."%'“?‘."gerng‘e&F?\?ﬁﬁf% the formof an
electrical or electronic lighting neans in or on the floor along either
side of a wal kway or across the nosing of stairs. Low |level floor
lighting is, particularly inportant in picture theatres and sports arenas
15 where n required to negotiate steps in aisles when only

| ow | evel s of anbient light are present, or in stairwells of buildings

during amheNRUSRGY rdBeR 14 NERRABY HE EidaLe fgéc%éh?‘éa iﬁhétbgu%[n%gcem '

source. Known net hods of floor lighting using e or electronic

means; ha 2 | sgguARLa C ) jre_electrical wring to be
run t% a)régggze n\kh%rgdl ggcessgf %ﬁfét%%éqymé@i hgg}%%rﬁ%ﬁgg# ot %tlyéﬁé %03?/"%?5‘6519%'3

prone to _fail reagurin failure of the main_power supply. Additionally,
Phe el ccPit ' i @ ot opdtay siios iocl sBosrarades By 5iay pesipetheng
sone forn1of.vo|}age reducti on neans, such as an inverter, converter, or

t r ansf or RYENURR AISGrPAteHES RERAUCE BrPdyced Ry sasmeHiesandarpardushe

Background to the invention

10 Low: level floor or walkway lighting is commonly used in such places as picture
theatres, sports arenas and aircraft as both a courtesy and sa’fety feature for. patrons
or pa‘ssengﬁgers. This lighting often takes the form of an electrical or electronic lighting
means in or on the floor along either side of a walkway or across the nosing of stairs.
Low fevel floor lighting is particularly important in picture theatres and sports arenas

15 where patrons may be required to negotiate steps in aisles when only low levels of
ambient light are present, or in stairwells of buildings durihg an emergency when

there may be failure of the main lighting source.

~ Known methods of floor lighting using 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 duriﬁg 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 inverte;,

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



1 8 DEC 2003 WD 01/05519 2 PCT/ NZOQ) 00127 conplexity and f%ﬁbgef d[ﬁe )
installation but also provides for additional nodes of fafl h Z IS
known t o vapm@i/ess® phot o- | um nescent pignment to a rope, tapecaiNZoshpie. Thi s
5 phot o-1um nescent pignent is stinulated by visible |ight and renains

| um nescent for a considerable period after 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. 10

Phot o- | um nescent pi gnent has been spr aged onto nore durabl e substrate
surfaces CUDRIEXKY andyFPH; tBs Aeialiation: Pyt alsgr PeoMidagsfynadditnpa medes mfay
has dried, it is ground to provide a snooth finished surface. This

over conestalde. abovenenti oned probl enms associated with heavy wear areas,
but considerable pignent is wasted during the spraying and grinding
process. 15 Accordingly it is an object of the present invention to
provide a nethod and apparatus for applying photo-Ilum nescence pignent to
a subst r attds Vitnios¥n av Gipphdy ar phav-duroinessens igment the edpey ciapatorofaddc. This .
di sadvant ages, or which at |east provides the public with a useful

choi ces VEh&bA0SIMERcent pigment is stimulated by visible light and remains luminescent for

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

Lk

walkways or stairs.

10 Photo-luminescent pigment 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
prol;)lems associated with heavy wear areas, but considerable pigment is wasted
during the épraying and grinding process.

15
Accordingly it is an object of the present 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.



3 Summary of the invention 1 8 DEC 2003 PCT/ NZOQ' 00127 Accqrgli Zﬂ

first aspect of the invention there is provided a nethod of applyi

phot o- | uNYLEEMt pi gment to a substrate, said method i ncPGENZ§0/0E27

preparing a dry powder formulation conprising, at l|least, a

phot o-1 um nescent pignment and a carrieB/-fixer; depositing the dry powder

formul ation onto a substrate surface; heating 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

. before deg' i ,{'beu'é,ytioqpy\der formul ation. 15 Preferably the vol ume
rati o of Pf 1T ne pignent to carrier/fixer in the dry powder

formulation is such that the fused material exhibits substantially the

sane st rAocardingn adirstbagpecy op tbpemtengionahetehis praavidedr 4 fmetbod athapgptyisgi | |

exhi biting the photo- |um nescent properties of the pignent. Mre

pr ef er abl yhdtbeumimestant ipigrnenti t® 28utssutasé agdid aletlyod mctddéng:ange of 1 % to 35%

phot o- 1 um nescent pignment to carrier/fixer. Preferably the dry powered -

formulation mayrepgrifieatRy dovdietioariation Rehpiking| lay leak6la gHot@difinidesdenes

centigrade, or to a tenperature recommended by the manufacturer of

pigment and a carrier/fixer;

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
Preferably the volume ratio of photo-luminescent .pigment to carrier/fixer in the dry
powder formulation is such that the fused material exhibits substantially the same
strength and durability properties of the carrier/fixer, while still exhibiting the photo-
luminescent 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



1 8 DEC 2003 4 the carrier/fixer, for approxinmately 10 t?rﬁ E@?wﬁs or
until the formulation is nolten. The nolten fornulation | ed

after heating. Preferably the carrier/fixer, a heat curable polynmer. 6
xeferably the dry powder fornulation may include small quantities of
ditives, such as a de-gassing additive, to ensure a snooth surface

finish. Preferably the substrate is s#anped, extruded or mlled al um ni um

or netal, 10 According to a second aspect of the invention there is

provided an apparatus for applying photo-lum nescent pignent to a

substrat g, %?}rQ,mR&?r@F WpptdXirhatdiyngo & Ropméutexdaptunt! tthe domoulatipnaisdr y

powder formulation; one or nore orifices adapted to allow transfer of the

dry powder for ' SiMal BeRBRE ate® heatiigbst rat e surf ace; a

gui de raﬁ$mé§é?gﬁﬁﬁggﬂ\%@gg%ﬁg thgqgubstrate sur?gce in both a fixed

hori zontal plane and a fixed vertical plane below the hopper and orifice;

and a heat-curing systemfor providing enough heat to turn the dry powder

Lg(r)lrr}ﬂngt Lpgg?érﬁfwgccggrkérﬁﬂgm% ?egag cﬁr:{agl-‘ee%%%iztchgoggpar atus al so includes a

6
Preferably the dry pawdar formulation may include small quantities of additives, such

as a de-gassing additive, to ensure 8 smooth surface finish.

Preferably tha substrate is stamped, extruded or milled aluminium or metal.
10
According to a second aspecf of the invention there is provided an apparatus for
applying photo-luminescent pigment 1o & substrate, said apparatus including:
a hopper adapted to contain a dry powder formulation;
one or more orifices adapted to allow transfer of the dry powder formulation
15 from the hopper to a substrate surface;
a guide rail system for locating the substrate surface in both a fixad horizontal
plane and & fixed vertical plane below the hopper and orifice; and
a heat-curing system for providing enough heat to turn the dry powder
formulation into a molten mix.
20

Preferably the apparatus also includes 8 cooling system to cool the molten mix.



WO 01/ 05519 PCT/ NZ00O/ 00127 Preferably the apparatus al so #rkIDEfe2003 drive
systemto nove the substrate through the apparatus. Preferably the

appar at US0i085508es a support roller nounted directly bencRQTiNZ6000127
orifice(s) and hopper to support the substrate. Preferably the apparatus

i ncludes an adj ustabl e nmounting bracket gadapted 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 conmuni cate snugly

wi th the substr.at ur o t t ' '
deposi t od SUER R e 3PP5RSS 5RURBLIR 2 hFe VRIS Flayelnd it touon
., i ncludes mechani sm for tapping the hopper so that any 15 rat-holes in
the dry p‘gﬁ&QPaTaé?%ul ation are re-filled. Preferably the apparatus
i ncludes a brush mounted below the roller, and with its bristles in
contact with the roller, so that any powder that falls onto the roller is
subsequently brushed off. 20 The heat-curing system may be an oven.
Opt i onal | Rreferately hthet apparaties dycledan gagurRert gollep nMioHNeds dsgetly hepeatds theynd
in one enbodi nent may include infra-red heating elenents. WO 01/ 05519

5 - orifice(s) and hopper to support the substrate.

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 that 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.



1 8 DEC 2003 PCT/NZC0/ 00127 Preferably the apparatus incl ide§EGn2003t omatic
| oadi ng and.unl oadi ng nmeans at each end thereof. The invention also '
provi des WS} oduct when produced according to the pro®EIANZ00B7Thy an
apparatus, herebefore defined. Further aspects of the invention wll
become apparent fromthe foll ow ng descrg ption which is given by way of
exanple only. 10 Brief Description of the Draw ngs An exanple of the
invention will now be described with reference to the acconpanying

dﬂ'aw' Ngs ipte PR the b SAdRE UL findiLiddssid @&ﬁ%ﬁmﬁ@%étﬂﬁ%@vﬁw &j&éﬁ iﬁ&ﬁﬁ %’ége\évs

rough a hopper’ according to the invention
an el evati a8 tKér%w‘ of the hopper and a feed table; and, FlIGURE 3:
S e

Cillustraté Smat i ¢ overvi ew of one enbodi nent of an apparatus

according to the invention. Description of the Invention 20 The invention
provides for a method and apparatus for applying photo | um nescent
pignent, which is stimulated by W and visible light and will, remain

i | Tumi nat ddrefigyension isq ar@vm‘ipf ? H@unthheﬁleP‘é‘éceidsaCiC@fﬁj\)%do the pgocess, or

substrate such.as alumniumor netal strips. The resulting substrate can
be usell t &ypmrosnrdeatiboogrebeforg definedot her courtesy or  energency |ighting
in public areas.

Further aspects of the invention will become 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 hbpper
according to the invention; and
15 FIGURE 2: illustrates an eievation view of the hopper and a feed table; and,
FIGURE 3: illustrates a schematic overyiew of one embodiment of an

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 will remain illuminated for a
period after the light source is removed, to a substrate such as aluminium or metal
stp;’ips. The resulting substrate can be used to provide floor, stair or other courtesy or

emergency lighting in public areas.



1 8 DEC 2003 WO 01/05519 PCT/ Nz0O/ 00127 -7 The process i m@lwzﬁ@l l'ing
depressions or channels in a substrate material (typically, ut “not
excl usi veMP0144518] um ni um extrusi on or stanped or mnilled shepNz6§00127
aluminium wth a dry powder formulation that contains a photo

| um nescent pignment; a 5 carrier/fixer (fypically a heat curable polyner);

and preferably small quantities of addi {ives (such as a flow additive
and/ or de-gassing additive) that inprove the nelt properties of the mx
and ensure a smooth surface finish. Sufficient heat is applied to the
conbined fornmulation to nelt and cure it, and when cooled it fuses to

sitself and to the substrate. 10 In order to inprove the effectiveness of

t he phot o-Thenpneessseintolves fillingtdepresaions gittchaneéis ée tai sudstraye matermal ey paduml |
to the substrate before depositing the fornulation. The depressions or

channel s ibuttrioe exdlnsivelt, @naieminiunt @dtrugiomior Rtdriged by mMiiSHeet BF aluminiym)
formulation to be level with the top surface of the substrate material.

When the fWiiUh adryORoRReP MREMORLbE NtHabecditsinD el Weikdtot hﬁmﬂ@ﬁéé}:ﬂ rsnﬁtnjlg]ez}t; a

expell ed and the subsequently fused material forns a thic

snoot hlgy %Y;%rﬁiﬁpt(ﬂq%i@é?l_y BOtdat Ofllrble ARSIy VERT 1473 8&?%}%8@3??%@6&2 titjes of

depressions or channels in the substrate. ecaus

f d f ' ' . ' ' f. . d '
channel & (eezyd o8 Aol WA o 882 baPng op el Fodt ringhre e Frek

i1lumnation si.tuations..
properties o tlg)e mix and ensure a smooth surface finish. Sufficient heat is applied

to the 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 pbwder
15  formulation to be level with the top surface of the substrate material. When the
formulation becomes molten the air between the particles is expelled and the
subsequently fused material forms a thick film that smoothly covers both the
ho;izontal 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

ed

or



Wil e a nunber of products suitable for such a photo-Ium ntd: 8L 2003
formul ati on may be apparent to a skilled addressee, the products used in
the curr eMO0i/MSseMt i on are 18 DEC 2003 WO 01/ 05519 8 PCT/ NZSUF/SBa0z0p127
LUM NOVA, a photo-lum nescent pignent from Nenoto Japan; and TPE, a
carrier/fixer produced by Dul ux New Zeal gnd. The flow and de-gassi ng
additives are also produced by Dul ux New Zeal and. 5 The ratio of

phot o- 1 um nescent pignment to carrier/fixer in the dry powder fornulation

i's dependent on the intensity and duration of illum nation desi r;dTP%L
greater i HUMINOVA, ahdPRRICALMRESSENS | 1ERPRLL oM | NepeW P3P pi Gerft
I s added. A typical formulation wll contain between 30% and 60% phot o

| uni nescenamsrfixenprosbiedd oo Puli New Zealande v Bre flpwcand deoresiag additives are
gravity of the powder is typically 3-4 tinmes greater 10 than the rest of
the dry panteprotocedibatDuiux NeeZedand | um nescent pignent volunme ratio
typically in the range 10%to 30% Because the photo-I|um nescent pignent
makes up a relatively snmall part of the total volune of the fused

material the fused material exhibits substantially the same 15 strength

and du_rsabih*et YtiB! SRS b §SmiraatedtMgmaht i@ tatieNakewawhd dia\ewdedr Hotulttien
I ncl usion ot the photo | um nescent pignent, but it also has the added
property of, | -ihiEMsRE SH8 HuratHC SRS miltioRariirag hileyRdtenittensity
vol une rat'lgggggﬂ'eﬁég)ﬁ%g l%432%5935 % phot o-| um nescent pi gnent.
and duration of illumination is desired, more pigment is added. A typical formulation
will contain between 30% and 60% photo luminescent pigment powder by weight.
However, because the specific gravity of the powder is typidally 3-4 times greater

10 thén 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 small 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

inclusion of the photo luminescent pigment, but it also has the added property of
being photo-luminescent. Success has been achieved with volume ratios between

1% and 35% photo-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 with the dry powder
formulation. The hopperA has one or more bottom orifices which is shaped so that the
dry powder formulation will fall under its own weight into the channels or

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



20 The principle of the process is to pass the substrate LAl ith
t he channel s or depressions facing upwards, below a hoppgﬁémﬁ@ﬂupg

filled viworoLoOR$9dry powder fornul ation. The hopper has oreTmzosrouigr bottom
orifices which is shaped so that the dry powder formulation will fall
under its own weight into the channels.gr. depressions and wll not spill
on either side of the substrate. As the substrate passes 1 8 DEC 2003 WD
01/ 05519 PCT/ NZ0O/ 00127 under the hopper the |ower surface of the bottom

orifice( to urf ubst r at. er.i al, cl ean oth
Phe onty est B hEPedoRetisuleP SarBhe o e BURBIL 3He 4T, Wik o e pueed AL

. whi ch fI|LS the channel s oy depressions. The channels or. depressions are
filled tdhpsubgtale Metasiat figap 59 ‘E‘GP g gniydry W@V%“l?bg??‘alf'émwé%ﬁf is LeAYed 5
applied to cure the dry powder fornul ation. After heating the fornul ation
may be dESNe DeRASY|igRA m@%é'"afthf"rré‘a@u%tcrfa@@rm'@?s al Ther ghannels or
successi vely passed underneath the hopper in such a way that no

subst ant ideprepsiomsi arg dilledftot breleyely wigbvibie rtop surfacaof dhe substrate0 Heatviedhen he
tail end of one piece and the | ead edge of the subsequent piece. Figures 1
and 2si | lapptieditte, cure ttetdry | povtdee flooppletios.ecAftenhddxirgf then fappdatadnumalyoe
appl yi ng photo |Ium nescent material to a substrate. Figure 3 illustrates a
schemat i oofagerview (not to scale) of the whol e apparatus, each aspect of
which will now be 15 described. The apparatus includes a guide rail
system 8 for locating the individual substrate pieces, in this case

alL.um niumextrusion 1, in both a fixed horizontal plane and a fixed

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

15 described.

The 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
vedicél 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



vertical plane. 20 A drive systenris used to push individya§ BEHMOht e

pi eces passed gbel ow) a hopper 2. This drive systemmay be a hunman
oper at or Y&W/85819py be a system of nmotorised rollers 11 PEBEANZAHBHEE with
one or two faces of the individual substrate pieces. Also, support roller
3 may be notorised to drive the extrusith-1 bel ow hopper 2. In an 18 DEC
2003 WD 01/05519 10 PCT/ NzOQ 00127 aut onat ed enbodi nent of the apparatus
the motorised rollers 11 and 3 may be operated froma variabl e speed notor

drive whi ghoRRYed RhfSddRRENWOt Rh@ dppaEdted ted .mdfeisé@RBRErsSeEtarN 3lthay be
conprises the hopper 2, preferably with steep sides to avoid 5 build-up

of produck, 51!23%% @&arlﬁ%lléjsé]é%'rﬁ@ﬂolr)&rrvahré}PFna?)fﬁtle%b¥%|Yh aJcoJatr%llgrg Of

dry pomder Formul |on opper shown 1n Figure 1 is cut-away f
illustration purposes. An adj ust abl e mounti ng bracket 4 may al so be
I ncluded to enabl e the hopper 2 to be 10 located in the. correct position

so t hat abotomorlflce u 6
the extruSPHACRPERESFIORe %CH‘EQ"T)G@ ‘ﬁp‘S\Aﬁﬁapﬂ'?a"’afaéQSV WWﬁ:; cﬁee adaBS cfd!t 2
suit the extrusion 1 being used. The die 9 would butt sny P

ext r us onbyildsgp toff ARrodect; 6%% mightaliold gvpically dput Bl BXFIUSHME g'oﬁs é & HedVbe

i nt erchangeabl e to provide for different substrates, The dies may have
nmor e t hanpowder formulation. The hopper 2 shown in Figure 1 is cut-away for illustration

purposes.

An adjustaole mounting bracket 4 may also be included to enable the hopper 2 to be
10 located in the correct position so that a bottom orifice 5 lines up with the channels or
depressions 6 in the extrusion 1. Orifice 5 may be formed 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 wasted. Various dies may be
intérchangeable 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.

There is a compressible foam rubber insert 7 between the hopper body 1 and the
bottom orifice 5, which suspends the bottom orifice 5 in such a way that it will still
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

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



15 orifice - for exanple a two orifice die for a two channqlaomE@qgﬂ_ﬁssion
substrate. There is a conpressi ble foamrubber insert 7 between t‘ge opper
body 1 aM{P $¥851%0ttom orifice 5 which suspends the bottBFIOEWPYET 5 i n
such a way that it will still seal against the extrusion 1 even if the
extrusion 1 is not perfectly lined up-witt-h the 20 hopper 2. A support
roller 3 nounted directly beneath the bottomorifice 5 of the hopper 2 to
support the extrusion 1 w thout inposing excessive friction. This allows

the extrusi: s o i ' ald &fifick 5B be
not or i sed(H Esulg q%kaié/?‘(g%gi%ﬁgﬁém{f%@g%glézg%gb!lg??}l" % E%%ﬁ%ral 7ttm S, Ifil% not
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up on the roller 3. 5 A mechanigm (noth sr\f for tapping the hopper 2 at
regul ar ipruehedpl andniviianot 3 SufigaR o8 eRate dhy "rat-hol es” in the dry

power are re-filled. Typically the tapping action will occur once every
30- 60 sseconds of operation, which is not enough to allow the . different
components of the dry powder fornulation to separate 10 substantially. In
its sinpl Asmetbanismhirot"stwetrinfosntapping the haeprerbd ehaegida ingervals can’ be

provided so that any "rat-holes” in thé dry power are re-filled. Typically the tapping
action will occur once every 30-60 seconds of operation, which is not enough to
allow the . different components of the dry powder formulation to separate
10 suﬁstantially. 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 apparatus also includes a heat-curing system, for example an oven, 12 to provide
enough 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 héd their channels or depressions filled with the dry powder formulation |
théy 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



human operator, but ideally this function is carried out by aw&e?m%do
air actuated arm Alternatively an auger or screw may be i% d ch

ei ther cHQO&89sly or intermittently "m xes" the forml acTiNFRIB6YT
filling any "rat holes". 15 The apparatus al so includes a heat-curing
system for exanple an oven, 12 to pro_v{?e enough heat to nelt and cure

the dry powder formulation, and bond it

o the substrate. This could be

an oven with a rack system After the individual substrate pieces have
had their channels,%j detgr ssions filled with the dry powder fornulation
g W itEnt

they are JSP5ERSIPNSyf

tiYePPWERS forjatiany they Jisnsediately gntert s suring k

are placed 20 in the oven for the required time. Using this systema
typi cal cypnelg! 2 featerapigly heatsitherotaitypieally H0AG0C 2Q9 ZDOE. a Isnffmient time
aut omat ed apparatus the oven woul d nost preferably be a continuous tunnel
process st turatthafdrepowtder ifadnwistioalintoub stat@nempi soed dondvie thatle tsubktrate.
channels or 1 8 DEC 2003 WD 01/05519 -12 PCT/ NZ00O/ 00127 depressions fill
with the Theyingiwdlen stibstrateatiécss theeyerhergedioat ahy oppbsite and WF ithE tuhndined 12
that rapidly heats themto typically 160C to 200C for a sufficient tinme
to tursn tdwilidg Yumandermbpamel s h@Ridedat 0 a nolten mix and bond it to the
substrate. Thee individual substrate pieces then energe fromthe opposi
end of the tunnel. A 5 cooling tunnel 13 may al so be provided. The.
curing tunnel could be either a hot-air type oven or an infra-red oven.

pr esent

10

15

20

The curing tunnel could be either a hot-air type oven or an infra-red oven. At pfesent
the applicant has found that the hot-air type oven produces the best result.
However, infra-red ovens provide a much faster and more direct heating method.
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. It is envisaged that with improvements in infra-red heating

technology and substrate materials this will become the preferred method.

The above-described system may be fuily automated if required by the use of
automatic loading and unloading magazines at each end, 14 and 15 respectively, of
the production line 8. Automation of such a system, using for exarﬁple. 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.

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

for example only, to illustrate the method of the invention.
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t he applicant has found that the hot-air type oven producea &Qf best
result. However, infra-red ovens provide a nuch faster an Eﬁ&ﬂﬂkct
heati ng wexdimds51910 The! problemw th infra-red ovens is thet/NzZosooizwi d

| ocal i sed heating causes distortion of the substrate material. The degree
of distortion is dependent on the formagd type of substrate material. It
is envisaged that with i nprovenments in infra-red heating technology and
substrate materials this will becone the preferred nmet hod. 15 The
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system is well within the capability of one skilled in the art and wll
., not be di $HPSleplielr t HBe . Pozﬁ'orhe{/ ReJtPPRURSHRIBRIKNE PHiUsFErt 2 pEresat &
process will now be described, by way for exanple only, to illustrate the
met hod of ensuee itheenbé dpttand THi@5ENS Lp] BithgtBEChanTlS RETANTESNIOEHL 2T the
representative piece of substrate is placed on the guide rail close to the
enpty s hogpystratd, henl paess ede inot gapshw eisierbedevtent whelddet powmder iebcape. oThe he
hopper and the support roller. The position of the hopper assenbly is
adj ust ed Réppee G fillddovh aUtherdugaty tbesdbptahtitg of tHfel drg dovides fopnutktidn.t he
channel s or:  depressions in the

Ther first piece of "production” substrate is then placed on the guide rail, immediately

behind the representative piece of substrate, and moved towards the hopper

10 assembly. In this way it pushes the representative piece of substrate through 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,ﬂpre the first piece of production substrate is pushed right through the hopper

asgembly the‘ second piece of production substrate is picked up off a magazine and

placed on the guide rail immediately behind the first piece of production substrate.
20 Once the first piece 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.



-5 substrate, and there are no gaps to either side that woul d I et powder
~escape. The hopper is then filled with a thoroughl y mxed quarft § tﬂE@)fan
dry powder formulation. The first piece of "production" substrate is -
pl aced on the guide rail, inmediately behédnd the representative piece of
substrate, and noved towards t he hopper 10 assenbly. In this way it pushes:-
the representative piece of substrate through and passed the hopper
assenbly and onto the guide rail on the other side of the hopper
assenbly. The representative piece of substrate can subsequently have the

powder  t al:NagulP GiteARN € Jebrdd tﬂeemqf,s‘eql 8%taBpdd ¢ Uil £ 2106 g

then the substrate ca e reused as a plu opper
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second pi ece of production substrate is picked up off a nagazine and
placed on the guide rail imediately behind the first piece of production
substrate. 20 Once the first piece of production substrate is away from
the hopper ¥&wsntheyrioduglion rie heakisished fthe Herrgaertativaipiecanef plastrete om be
racks ready for oven curing. The above step is then repeated until the
oven racks teused afla plFador thekBoppee s Hloatostl ofifice aihg fioelynahoieft-heerrpeguier edn
curing cycle, then renoved fromthe oven and allowed to cool before final
i nspecti on bencerpacidafgomaghe hdgpédt regul ar intervals as required the hopper
is tapped to renove "rat-holes” in the powder and the hopper is refilled
wi:t.h thoroughly m xed dry powder formnulation. 5 Wen the production run
has finished the representative piece of substrate can be

It can readily be seen that whereas the above description describes the method of
10 operation for a non-mechanised form of the 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 Photo-luminescent formulation can be applied, in the above;described manner, to
articles having channelled surfaces for use in such places as picture theatres,
.sportin/g arenas, aircraft aisles and building corridors/stairways where the illumination
can be adapted in guiding people to an exit in an émergency or when normal lighting
fails. Two examples of articles are step nosing and handrails.

20
A step nosihg e is the angled member across the front edge of a sfep. T‘hre current
inyention can be used to deposit photo—luminescenf formulation within ca‘stel!ations,
or recessed channels, in thé top surface of a step nosing. This results in a step

nosing which is luminescent for an extended period after ambient illumination .is



.reused as a plug for the hopper's bottomorifice and finall - over
powder can be renoved fromthe hopper. It can readily be s‘ie@m‘iﬂ@

wheieas the above description describes the nethod of 10 operation for a
non- mechani sed form of the apparatus the pgocess can readily be autonated
usi ng-the optional automating equi pnment descri bed above so that the

process becones either sem -automatic or fully automatic. Such autonation

woul d be | L. it hi capahilities of the nomnally skilled person. 15
Phot o- | uni \rln\g‘é‘)c‘:’“e’ﬁ%‘; ?SQ rr%*]"gt“%ﬁe 3‘5&?%8‘%‘% iﬂf si“%“f H’g %%86"&966’&% B gicture
manner, to _articles having channelled surfaces for use in such places as
pi cture t heHISPHES SBRGING AEPNAF oS, thsi fikks 47 tlow Jioht sit¥ations-| dimg particular
corridors/stairways where the illum nation can be adapted in guiding
peopl e to afmBgdiment dhe e mBetclyEynesicenhefermsation | mighti g Heddsited Tweithin
exanples of articles are step nosing and handrails. 20 A, step nosing e is
the angl ed ¢rstgliationer o6 seqaseed chatnadslgel af inserststpp Whieh cangaged wititienttben
can be used to deposit photo-lum nescent fornulation within castellations,

or recessedswtm@angl s stdpmnddirgy.t TRisswoliACAIoN tiee ph@P-I@FBnt TRbst E8PUHL Bei N
a step nosing which is lum nescent for an extended period after amnbient

i1l um nat i g8piaded vitlloGt AdPatinglfheSihéieesh Rbikingand hence hel ps maintain the
safety of spectator areas in picture theatres, sporting arenas and the

like in tow light situations. In a particular enbodinent the
phot o- I um nescent fornulation mght be deposited within

Photo-luminescent formulation could also be deposit within castellations, or recessed
channels, on stair and other handrails. The casteliations, or recessed channels,

10 carrying the photo-luminescent formulation may be part of a replaceable insert strip.

Where in the foregoing description reference has been made to integers or elementé
héving known equivalents, then such equivalents are herein included as if individually
sé‘c forth.

15
Particular examples of the invention have been described and it is envisaged tha;t
improvements and modifications can take place without departing from the scope of’

the appended claims.



.cast'el l ati ons, or recessed channels, of a insert strip whichygn e ith
the top 5 surface of a step nosing. This would allow the phol@-%ggi cent
insert strip to be replaced wi'thout replacing the whole step noising.
Phot o- | um nescent fornulation could al so ?ﬁ deposit within castellations,
or recessed channels, on stair and other ‘handrails. The castellations, or
recessed channels, 10 carrying the photo-lum nescent fornulation may be
part of a replaceable insert strip. Wiere in the foregoing description
reference h&LAWMSN nade to integers or elenents having known equival ents,
then such equivalents are herein included as if individually set forth.
15 Particul ar exanples of the invention have been described and it is

envi saged that inprovenents and nodifications can take place w thout

departing from t Renfeefeoipplfile phpRANHRSestkat pmeht 8o BRGLIRER, <3 mEtRLMVE
A met hod of applying photo-lum nescent pignent to a substrate, said nethod
i ncl udi ng: prepa;rjcmgﬁ,?g:dry powder fornulation conprising, at |east, a

phot o- | um nescent pignent and a carrier/fixer; depositing the dry powder

fornmul ation onto a supstr f vd N rmuiidh REmbRERGT %t RQYker )
f or mul atél on to fuse i P%@Sﬁégﬁeasg%:pfo&vﬁeg gour écgj. mb ng’ QXQ, a photo
luminescent pigment and a carrier/fixer;

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 inciudes applying a light
reflecting layer to the substrate surface before depo_‘siting the dry powder

15 formulation.

4. A method as claimed in any one of blaims 1 to 3‘whefein the volume ratio of
photo-luminescent pigment to carrier/ﬁxér in the dry powder formulation is
such that the fused material exhibits substantially the same strength and

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

luminescent prdperties 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.



.10 2. A nethod as clained in any preceding clai mwherein the substrate
surface has  depressions or channels adapted to receive I‘ﬂeuﬁcyzm\/\der
formulation. 3. A nethod as clained in claim2 which further includes
applying a light reflecting layer to the substrate surface before
depositing the dry powder 15 fornulation._ A nethod as clainmed in any one
of claims 1 to 3 wherein the vol une ratid %f phot o- | um nescent pignent to
carrier/fixer in the dry powder formulation is such that the fused

materi al exhibits substantially the sane strength and 20 durability
properties of the carrier/fixer while still exhibiting the photo

| um nescent properties of the pignent. 5. A nethod as clained in claim4
wher ei n t hes.vol usemetitod dss cRithed ant &g} |predeatiirid) ecldian geheddin 1tHd dey FoWered
phoet o-| um nescent pignent to carrier/fixer. 1 8 DEC 2003 -17 5 6. A nethod

as clainmed. in a@ymbEEERGE Reaekiabns YBb&hiuré RecdihmeROREDR Ghe htintFEcAIkOBs | S
heated to a tenperature recomended by the manufacturer of the

carrier/fixer u%hlcaﬁ@ﬁ{ﬁgp OXiahL @8 FadB & §Hoidh. Mt hod as clainmed in

claim6 wherein the formilation Is heated to substantially between 160 to
210 deggees centigrade. 10 A nethod as claimed in claim6 or claim?7
wherein“the fornulation is heated

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 precediﬁgz' claim wherein the dry powder
formulation includes small quantities of additives, such as a de-gassing

20 ‘additive, to ensure a smooth surface finish.

12. A method as claimed in any preceding claim wherein the substrate is stamped,

extruded or milled aluminium or metal.



-for approximately 10 to 20 minutes. 9. A nethod as clai rrekzcg w&y
precedi ng cl ai mwherein after heating the formulation is 0 2003 10. A
method as claimed in any preceding claimwherein the carrier/ffixer is a
“heéat curable polyner. 11. A nmethod as clainmed in any preceding' claim
wherein the dry powder formnulation incl.uges snmall quantities of
additives, such as a de-gassing 20 additive, to ensure a snooth surface
finish. 12. A method as clained in any preceding clai mwherein the
substrate i gsStagpe ot Lu | 1 1] ta . 200
T18T1 3 An Spparht (R FEHE AR i phBE- AR oim R Bl fbedate 284
substrate, said a%prgtruatiéjcuiinc,l udi ng: a hopper adapted to contain a dry
powder formul ati g 8 "of %‘?'e orifices adapted to allow transfer of the
dry powder 5 formulation fromthe hopper to a supstrate surface; and a
guide rail system for@ 88%?'iﬁﬁ’ﬁpfeﬁé°sﬁ98£§"? a1y o8 36%" ?EB@PF\ a fixed

hori zontal plane and a fixed vertical plane bel ow the hopper and orifice.
14. An apparatus as cP3 @Edmpie erificen adamipdcte gllew traesfated thehdat rowdeng
system 10 for providing enough heat to turn the dry powder fornulation
into a wolten nix. 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
10 : for providing enough heat to turn the dry powder formulation into a moiten

mix.

16. An apparatus as claimed in claim 13 or 14 which also includes a coocling

system to cool the molten mix.

15
16. - An appara{us as claimed in any one of claims 13 to 15 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 16 which includes a
20 support roller mounted directly beneath the orifice(s) and hopper to support

the substrate. |



»15. An apparatus as clainmed in claim13 or 14 which al squéncl udes a
coolking systemto cool the nolten mx. 15 16. An appar at QECQU@Q med in
any one of clainms 13 to 15 which also includes a drive systemto hove the
substrate through the apparatus. 17. An aﬂﬁa‘rat us as clainmed in. any one
of claims 13 to 16 which includes a 20 support roller nounted directly
beneath the qrifice(s) and hopper to support the substrate. 18 DEC 2003
19 .18. An '&pparit 88P3atuS a3 ﬁ‘&ﬂ'ﬂ?ﬁ im@pyosne of ciims 3 18 17 whichMrictltles an

i ncludes an adjustabl e nounting bracket adapted to enable the hopper to
be | ocated in thédiugtablentoupting bravkesaddphed td beatdes tiid Beds)r th ib8asca48Y W
the substrate. 5 19. An apparatus as clainmed in any one of clains 13 to 18

wher ei n the orif ceredtsposititmptcethat chec OniiasN) ARk up With Yhahkidarkhe substrate
surface such that the dry powder fornulation is deposited substantially

only where required. 20. An apparatus as clained in any one of clains 13
to 19 which includes a 10 nechanism for tapping the hopper so that any

rat-hol s ingtheadr L at | r -fi d.,.21 An, apparat us as
claimed in g?ly oﬁg @g]p Q%}égléﬁsé C?La%%?% '@%h‘aﬁpgh&iﬂ%ﬁnﬁd;eés?%1§r‘ﬁ'§'ﬁ'e’ n?rétge is

bel ow the rol i i thits bristles i tact with --the roller,
15 Chat any powdSErRar FarPhis Sty it 8% bt siart A fussrion by

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
mounted below the roller, and with its bristles in contact with -the roller, so

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

22. An 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.



- 22. An apparatus as clained in any one of clains 13 to leﬁhﬁéﬁin t he
heat- curing systemis an oven. 20. 23. An apparatus as cldi 003 any one
of clains 13 to ' 21 wherein the heat curing systemis a continuous oven
process. 24. An apparatus as clainmed in cl28m 23 wherein the oven includes
infra-red heating elenents. 18 DEC 2003 -20 25. An apparatus as clainmed in
any one of clainms 13 to 24 which includes an automatic |oading and
unl oadi ng nmeans at each end. 5 26. A nmethod of applying photo-| unm nescent
pignent to a substrate as herein described with reference to the

exanpl es. 225.An Appppaiatss bOciapBY Yih HhyPORY Of | WHInE ©F% 88 L2 P MHIEN Incluie® an
substrate as herein described with reference to the acconpanyl ng

drawi ngs. 10 218.aufochelisidading GGl 0RENd WILAGSGRN Materi al when

prepared using a nmethod according to any one claims 1 to 12 and 26.
29. A substrate bearing photo | um nescent material when prepared using an

15 apparatus according to anyone of clains 13. to 25 and 27. 30. A step
to | um nescent

nosi ng, or LRpsert, strip.fqr_a step,nosjng, bearing pho
mat er i al Qwhgﬁ' pr eﬁog?eéhg‘asq?nﬁnpéy'?r%tﬂm@'k@%ﬁﬁﬁeﬁb pf%"‘:%ﬁyt% ReS\érstigteajapshereino
12 d 26.

an 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 fnethod

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.

30. A step nosing, or insert strip for a step nosing, bearing photo luminescent
material when prepared using a method éccording to any one of claims 1 to
12 and 26.
20
31 A step nosing, or insert strip for a step n_osing, bearing photo Iu_;ninescent
material. when' prepared usihg an apparatus according to any one of claims 13

to 25 and 27.



.20 31. A step nosing, or insert strip for a step nosihgugngﬁgfggﬁ?oto

e e e S e S T

| um nescent: material. when prepared using an apparat us

0 any
ofi¢"of claims 13 to 25 and 27. ,18 DEC 2003 -21 32. A handrail,. or '
insert strip for a handrail, bearing photd! Funi nescent material when
prepared using a nmethod according to any one of clains 1 to 12 and 26. 5
33. A handrail, or insert strip for a handrail, 'bearing photo | um nescent
material

38N PRERM I USI MSerMtAP ST athihdedll Weding photaymiaascent rkteiisp
1.3 to 25 and 27. : : |
‘ when prepared‘using a method according to-any one of claims 1_ to 12 and

26.

5 33. A handrail, or insert strip for a handrail, bearing photo luminescent material
when prepared using an apbaratus according to any one of claims 13 to 25

and 27.





