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H GH RESOLUTI ON TRACKI NG OF | NDUSTRI AL PROCESS

MATERI ALS USI NG TRACE | NCORPORATI ON OF LUM NESCENT
WORRKERS61 ELD OF THE | NVENTI ON The present i nRENAU2006/000608

relates to high-resolution tracking of industria

process materials using trace incorporation of

| um nescent nmarkers and a portabl e reader for

detecting them BACKGROUND OF THE | NVENTI ON

Hi gh-resol ution tracking of Imaterials used in

i ndustrial production processes is required for

conprehensive material control, inventory control (or

HEGACHESOLUPION ‘PRACIING O D USITRIAL PROCESE MATERIALS
quality control and gollutlon control. These controls

endIHING KRAGRINGQREORAHIGN O LIMINES CENGE YEARKERS

processes are available in the required place, at the

required tinme, in the required quantities, and in the
FIELBOOFEMEqMNVENYIONS Wwel | as ensuring that nmaterials

are properly accounted for from acquisition and

processing, to use and disposal. Public and private

: i

The;IRERE RO 1ok b B RER oL SR8 Rl ppogsps matertal
using macererpamm df dummesceht magesandfa pexiablogeadss femigtecting them.

agrochem cals, quality and contam nati on of

food/ nedicine/fuel/feed, illicit substitution of
BACRGROGND®FCTHN fNVENq@oN ty for defective products

and built structures, price and availability of

comodi ties, and poIIutlon of the environnent.
righ SRS o e LRI, RSB P ER R BRER reuived o
comPfefeitigtcs maldteal | doherok Yiehentegne@piol i (r atock control), process control,

cradl e-to-grave” ap proach, which recogni ses_that

logisties epntENsqUAHEY FATBER) BREPHEVIEN SEBHY N SEEPTER STSHiTRRtapaterials
used ﬂﬁﬁ&t‘is‘?ﬂﬁ%t{;&f&’mﬂ ?ﬁ‘g’cegg}g QUOLH18B1e!ih e Féé%lr@d {2068 1R required

aw nmat erial acqui'sition, processi ng, manuf a turl ng
timef an ¢ atdquored qwmspmmlt inothe igsired loualityn as use] as @msw;mg that

nalntenanc rec di sposal wast e na
matqTHHS B et LR TG A0 e R gt egyeTags 10 TSt AR Hhsposel
conprehensive life-cycle inventory, even for a sinple
product made of a single raw material in one or two
Publie renfl aptivaté regetor ecgmanti for Highfresplitiont dragkingkof industrial process

ndust ri al 0 terials tha r.d
matdiih Fob e g RS bk B0l ARgr, BgREppE Bblosives and
agro@ﬁérﬁl:aalglr@&ﬁ%sﬁﬂi bdhtﬁﬁﬁl@ﬂ'ﬁri &t ﬁoﬁdﬂnﬁiﬁlﬁﬁlhéfﬁiel/fd&ﬂmlh(&milbstltutlon of -
avai |l abl e
inferior materials, liability for defective products and built structures, price and availability

of commodities, and pollution of the environment.

Interest in high-resolution tracking has also been driven by life-cycle thinking about
materials and products. The life-cycle concept is a "cradle-to-grave" approach which
recognises that materials and products have economic and environmental impacts as they
pass through the life-cycle stages of raw material acquisition, processing, manufacturing,
formulation, transportation, distribution, use, reuse, maintenance, recycling, disposal and
waste management. Intense material tracking is required for a comprehensive life-cycle
inventory, even for a simple product made of a single raw material in one or two

manufacturing steps.



10

15

20

25

30

in bulk or froma variety of sources. Exanples of such
materials include primary commodities, such as
wagsassur al and mineral products, and procesBEHAU2006/000608

commodi ties, such as manufacturing materials, building

materials and industrial chemicals. In practice, the

| ow i nherent visible identity of these materials

def eats high-resolution tracking. Lum nescent marking
has been proposed for identiZying or authenticating

hi gh-val ue articles or materials and in particul ar

security docunents such as passports, banknotes,

credit cards, cheques, as well as articles such as
jewel lery, vehlcles el ectroni ¢ goods, etc. Howeve

It is Fﬂiffmulu tarirask gg@lﬁﬁfﬁruﬂaﬁwe@@ maAjest af gm;;ta@da@dl@% rundlfferentlated

subshg.{(&tléd\é tetc %%P%fn?%gf‘ %rc?ceséaeﬁb% gns[%ﬁﬁcﬂg%{lﬁﬁﬁgal \%ﬁ‘n L3d available

in bulld g fiomace vaﬂaynbis s@frc¢sumMByagpdest ofmehel nddtaials 1nclude primary
sophlstlcated and bU|kX Iaboratory spectroneters fo
ompegdiies; yagh ps aenedeE @ad mingial BroquERt @élmre?@sqsircom‘nodltles such

r I

& “43%*2%&?@??825%52*? oRtdEngPhotichQls BLIGULERR Sellcals. In pracice, the

low imhieeent aislandentity af ¢hege mereaial sydelfems Mgh-uesoboivnudicking.
materials, typically mass-produced and sold in bulk.
Furthernore, the use of | aboratory detection equi pnent

Lum@{ds&dht rlﬁﬁ’ﬂkirfgeﬁasﬂ%%@li Ip8shos@dTEbE lcwhﬁﬂaﬁétdroihtﬁ’éht@atmg high-value
trained anal'ytical chem st and is not anenab

artlchsgh mpeHaly mmdt lnm@cgm sesnilfygdesumeatspsuss ar'sOpaswcfrtSS ibagknotes,

credﬁpgr(fs,r cegegﬁ a éhlg ) ) SIIHE aL Jl M@\ﬁg‘ ﬁﬁ?e%r gﬁgtgp nl¢ goods, etc.

. SUREY, GE
Inventl on ere 1s pr OVI

HowdBéKiphigr dimindstent iaakinprs9siems roqhiey bﬂlherlxﬁlhkludllynlggh amounts of
sel ectively incorporating a_|umnescent narker gnto

Iumiggigper miierialst RemAkddeiertion rebipblecigsarpiealy light ¢1n vehepr g trace
amoGiIP %r?tluﬁlﬂl%lfs’éeﬁq't %eﬁ&ﬁal{ %oﬁﬁisgcpattécp QIH Yuflt tl@ﬁ&l@%}g sb&tztotﬂf"eters for

presence of anbi ent ut suffici nt to
detectong-ldmitascrice.v éligh opxtqenmtiqns cbéﬂmhmkﬁeet imateanatl/ ave nonhpracticable

or ct h-eglﬁgtgv%ts%)rrlt%lf:i rg?lﬁgtfsliréa ﬁrgéelésa | }@I %\?1 | n%rtehgeenfe}a ydlow-value
commBBtN BREERls, FRikRK rh§sslfb?§&hcte@ ahf 36K, in @Dt Flith@nore, the use of
aut henticaté the industrial process material for at

‘Iaboﬂa@wtdemeomfeqmnmt alfter apquitsss , deftailed raopje puaparagion by a trained

k
anal 53 Fre el s rRLRGERENT B Maf tophBRT S BB samptes for
off_sita\iﬁﬁltdaﬁangal so provides a nethod for tracking an

i ndustrial process material through a plurality of
life-cycle stages thereof, the nethod including the

SUMMAIEY YF THE INVENTION

According to the present invention there is provided a method of marking an industrial
process material including selectively incorporating a luminescent marker onto and/or into
the industrial process material in a trace amount insufficient to be optically detectable in
the presence of ambient light but sufficient to be non-destructively optically detectable in
and/or on the industrial process material in situ in the field or on-site, wherein the trace
amount of the luminescent marker is used to track, identify or authenticate the industrial
process material for at least one of material control, inventory control, stock control,

process control, logistics control, quality control and pollution control.
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conferring a unique | um nescent response on the
i ndustrial process material by selectively
WO p@enpdsati ng a trace anmount of a | um nescent POIEAK2N06/000608
therein and/or thereon; and identifying or
aut henticating the industrial process material during
the plurality of life-cycle stages thereof by
detecting a | um nescent response fromthe industria
“process material in situimihe field or on-site which
corresponds to the unique |um nescent response. The
present invention further provides a system i ncl uding:
a portable |um nescence reader configured to detect,
insituin the field or on-site, unique |um nescent _
Therasisoh sesnteomplse meevides 3 methadr foztragkive emsindestaali prpeess material
/ 4 . t herefrom
o6y By G U H Sy BPbd herfls R AR BTG Y Sl P
t o cohferiimgusiiigad pineRsst rBp@ise ans thepinddsifibls progégst Material by
and/ or structures and their cornespondin% caonferred
seleginyedy) 19CRATREEC R HECT aBpEH A lusigesserionakas thergip jagdyer thereon;
andf Or causing a processor to conpare |um nescent
responses detected by the portable | um nescence reader
wi titentifiging onfagtheeticating dueeinidustiinlegoeess masyd nbeing sho pladality of

... 1 N the databa to.identify.or aythenticate the .
ife-pPid er hepb iR A hiiees i) qaureise Bk beagygial process
mat&id] Ut e o GicRl @8 isileNWARh! 8dtrabsisPIP WMl 8figle luminescent
portabl e | um nescence reader including a spectroneter
respppgght source and a spectroneter detector the optical
pat hs of which are comonly arranged inside an opaque
shroud with an opening defining a sanple area, wherein
The tphgestiaeéntondiuelier pr@hdesacysies iaclddinge spectronet er

det ect OE a]re,subst antially parfocal on the s_arr‘tl)l e )
ar 8OTRRY \iRdReErRCE FerdeherpiievEsst Sudstechiisahtin dhg ield or on-site,
. o ' i ] e -det I

i QRS Bl B Bhoch UMkl U by RC L P AT A IS SRELP broducts,
partsamgituetuBEl feFn&EReReR;ON OF THE DRAW NGS The present

Ie)rz\éﬁgz%té@aggvn\grs%cl)#gf\glyb %to(rji(?lgcxrnlfobr?n%tigx &?%ingf ton ?hr!e_ lir;d;rl]sttrljap %rocess

materials, products, parts and/or structures and their corresponding conferred unique
luminescent responses;

processor instructions for causing a processor to compare luminescent responses
detected by the portable luminescence reader with the conferred unique luminescent
responses stored in the database to identify or authenticate the industrial process materials,

products, parts and/or structures.

The present invention also provides a portable luminescence reader including a
spectrometer light source and a spectrometer detector the optical paths of which are
commonly arranged inside an opaque shroud with an opening defining a sample area,
wherein the spectrometer light source and the spectrometer detector are substantially
parfocal on the sample area, and wherein the opaque shroud substantially occludes ambient
light from the spectrometer detector when the opening is substantially occluded by a

sample.
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reference to the acconpanying drawi ngs in which:
Figure 1 is a schematic diagram of an enbodi nent of a
waywbemséor field or on-site tracking, identifPCEHAUZIN6/000608

or authentication of an industrial process material;

Figure 2 is a table depicting nmutually different

em ssion wavel engths for 13 | um nescent nmaterials;

Figure 3 is a table depicting binary code

representations of the presdnce or absence of nutually

di fferent em ssion wavel engths for 13 | um nescent

materials; Figure 4 is a schematic di agram depicting
BRIEFITESCRIPTIONOFREE DRAWINGS! using trace

I'ncor poration 'um nescent markers; and Figure 5Ais

a perspective expl oded vi ew of an int egr ated portabl e

| um nescence r. ader ceor d| ment of .th
The BiegeR VST BRTA o Rh S BP Y cvsEh] SR iR Snly with
referéh@Wo Fhe 428m @q%dﬁﬁwl isdHRidA i n an assenbled form

DESCR PTI ON | MENTS As used herein the term

"l um nescent marker" refers to a material or m xture

of er i 5 . :

F@ eo! ésgj% g%h\gg{aglg d %Bjn%sf % ?ﬁ% ﬁﬁe%gg)? g% stgrall %or gl]?lda"‘ on-site

trackﬁ)ﬂi € d i c oo drhﬁﬂﬁ%&hc&i@ﬁ ro@ ¥n irrdalmlfabprocwﬁ enaeridlpr

exanple, a lum nescent material is incorporated on

and/or into an industrial pr ocess material according

to fodt tg%qigt f

[ ng%g%ler ?a 5 gﬁgggss malltn r?lyl%n sal %(nt 0 ?ﬁ&%‘%{bvgieﬂ&ths for 13
lumitdseertumitegdg,ent material. In this way the | um nescent

material is acting as a "lum nescent marker" for that

particul ar industrial process material. This marker

rramgh@e 56 e??ab!%ddefp[dﬁﬂg %mrpﬁodméprebmmg ©E e prBeatd 8t shsence

whi each provide a uni que | um nescent response
of mm@HY AdErerd earission wa\@&mwgw fon! 3 Waningsgerdtnpateialpr ocess

material. In this way the addition of the trace anount

of the lum nescent marker confers a unique identity to

t hBfguteulissd sdhamaft dRgrsn dafietrgarackiipeofoneommodity ehemical using

| um nescent materials respect ively conprising the
trace| ip¢ATREGHEM Of WEHRSES! MYKPE ¥Hosen to provide the

uni que identity by taking advantage of their unique

| um nescent profiles, for exanple, their excitation

anBligerd SA&iipn ﬁequcﬁbmcé)@d;ochdd/iémtoérasiinﬁegﬁatd& partdblee Bim@ngscence

read%%(épf%{ddﬁ%ar%%%e:[qregbgél%én?colfut% grgseen rmventlon wrﬂlﬂzel%lgure SB is a

perspective view of the reader of Figure 5A in an assembled form.

DESCRIPTION OF THE EMBODIMENTS

As used herein the term "luminescent marker" refers to a material or mixture of materials
which display fluorescence or phosphorescence (emission of light) as a result of a previous
non-thermal energy transfer. Where, for example, a luminescent material is incorporated
on and/or into an industrial process material according to any of the methods of the present
invention, the industrial process material is said to be "marked" by the luminescent
material. In this way the luminescent material is acting as a "luminescent marker" for that
particular industrial process material. This marker may be selected from one or more

Juminescent materials which each provide a unique luminescent response when
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individually or collectively have a uni que | um nescent
em ssion and/or excitation profile. Exanples of
wo vneseent materials which may be used i ndi vP@rauope/000608
or in conbination as a | um nescent marker in the
met hods of the present invention include: a)
Lum nescent organic materials including the follow ng:
Aromati c and heteroaromati ¢ nononers, such as pyrene,
ant hracene, napht hal ene, fl-dofescein, counarin,
bi phenyl, fluoranthene, peryl ene, phenazine,
phenant hr ene, phenanthridine acridine, quinoline,
: i I
1nco%€{rét9&rln 5‘1‘5 gnc? 51l s oﬁduﬁf@%ﬁ%&h gﬁgt%geg il qg., t{nts &4 d gﬁtzzhg nagdltlon of the
traceetthowghit lﬂfltllrfa]lurrdmesceﬁ mydrkesi cinfege a unique md@@t:)am thet industrial process

et B e AE ot BT e JHCT A PRI E T ing g Jminescen

markdté Hxaﬁfbe FosMBRGANY 'tHEBJrth‘de iaskity dYQaking advantage of their unique
2- napht hyl acryl at e, vi nyl ant hr acene, 7-

lumiescent profitsetion gxaneplantheir ﬁmtartlyn japdl gmissi q’q!gmmmmdymtensxtles
acrl di ni um n|

A G AR KGN b INSEE O Mot b materials which

indivighdliyl droe®iveR- ap Atungdue 131119@&@@66@&@130&1@&@/@& bxdimtionprofile.
Fl uorescent dyes known by trade nanes, such as Acid

Yel | ow 14, Acridi ne Orange, Acrl di ne Yel | ow G

Exaxﬁg%’@"@f gﬁ?iggts 8 ’ ?teé\ilg%i% 1% Scliun ﬁg%@k&ﬁblﬁa‘uon as a
lumiBkssent rhiadehintthSBR2E®ds tv’éthh)plrasmt 18meonm¢1hdearry0| ne A,

Ni |l e Red, Oxonol VI, Phloxine B, Rubrene, Rose Bengal,
Unal i zarin, Thioflavin T, Xylenol Orange, and their

a) deﬁ)u\‘xﬁhbéé@ﬁt m%'dﬁﬁ xﬂ§tega‘f‘s5ﬁ‘nklu\ﬁx£§ file BAGWHIOT at e,
1, 9-di met hyl ene bl ue, dodecyl acri di ne orange

br om de. Pol yners, such as fluorescent polyners, |ike
%ﬁérﬁ%tg C?.nddﬂleﬁt%rfgro%la ic (()jnrorr(lje?s séxc?h g’s gj;/rene anthracene, naphthalene,

DOHM&&&eﬂi -cdexafih U&pmrg@pmmyxkth&engmﬂ@ia; pRdriagine, phenanthrene,
anh ide-a/ - thionin), light-emtting conjugated
pop%wn@ndmekeacgﬂéwf I%‘F‘éﬁ‘;‘?i Pyrighicy apdnyleape propidinium - halide,

Qcﬁ@yhﬁ Elt%hxﬁ%laﬂgsrhgaﬁqlrﬁo#%ﬁhﬁ&ylb@ ne ethldlum halide,

V|ny enes. em tt1ng dopant tlbna
pottipie r\aologen; h fhasregpodnyind; grhtacame nytilbedd)y p- terphenyl porphyrins,

hacryl ate
poTT@F%?%I@%FWaP’é@ 1Rt ARTiVASTES cBIch & detyigesayjmethyl
écry#%%eermt hyl mreiBaghyhalesd, - co- (9- anLhyageRYELEt hyl 7-[4-
(trlﬂuoromet}iyl)coumarm]acryl1m1de, 2-aminobiphenyl, 2-aminopyridine, bis-N-
methylacridinium nitrate, diacetylbenzene, diaminobenzene, dimidium bromide,

methylpyrene, 2-naphthol, 3-octadecanoylumbelliferone.

Fluorescent dyes known by trade names, such as Acid Yellow 14, Acridine Orange,
Acridine Yellow G, Auramine O, Azure A and B, Calcein Blue, Coumarins 6, -30,
-6H, -102, -110, -153, -480d, Eosin Y, Evans Blue, Hoechst 33258, Methylene
Blue, Mithramycine A, Nile Red, Oxonol VI, Phloxine B, Rubrene, Rose Bengal,
Unalizarin, Thioflavin T, Xylenol Orange, and their derivatives, such as Cresyl

Violet perchlorate, 1,9-dimethylene blue, dodecylacridine orange bromide.



b) Lum nescent netal conpl exes including the

follow ng: Metal conplex emtters, such as zinc-,
w@ododAa19spal | adi um, rhodium, iridium, silverPCT/AU2006/000608

pl ati num, ruthenium, boron-, europium, indium,

samarium, and rare earth- conplexes in general of a

wi de range of |igands, and their derivatives, such as

bi s( 8- hydr oxyqui nol at 0) zi nc,

(2,2' - bipyridine)dichl oropaldadiumIl), (2,2 -

bi pyri di ne)di chl oroplatinun(lil),

chl or obi s(2- phenyl pyri di ne)rhodi un(l11), 8-

hy I -

" e@?%gﬁ ;G&ois%ﬁ%%ﬁt gt}l%ﬁlé‘? like pdI¥ (Pl FMellitic dianhydride-alt-3,6

tr d&(’rdndzzendmy) meohyd (63’ hexaﬂuoro1sopropyl1dene)d1phthahc anhydride-alt-

a henanthrolln
C T FENFOE CEhr-ERR RF GORGEF R AL Te ephBpowsRppelyacetylencs
ar ol@Fﬁ’éﬂy@@ etH}nEliéﬁesf ghd ?d!]bfﬂgar@(é'n@ Myldngs.paper s:
| ated nol ecul ar rials of fl uorene derivatives
5 and their anal ogues' : Coordination Chem stry Revi ews
e 5 1
o} W soBhe GBS Si ey BR8P O3 BB
cogfettiaoptdtey to tpb@@(ihéthﬂﬁreﬂ’ezbfz}llates}m&KMSS'c'ém O-acrylate)],
Coor di nati on Chen stry Revi ews Vol une: %i4
Nopelriercthyimehacrylatss)-caqd-anthaaggnylmeting ety (wher e
t he speci es bel ow denote both doped, as well as
undoped systens; that is, for exanple, CaS:Th,d
10 b) relansntwediaselalociopleaps inchistidy dopiotipwargd
CaS: d -doped) and includes the follow ng: Oxides, such
as CaO Eu, CaO Eu, Na, CaO Sm CaQG Th, ThQ2: Eu, -

ThiFetdtr eorﬂ_ﬁ]@ emtter\fz%eﬂzras 2/REB: 55!&— Hlﬁﬂﬁ’ﬁv r\ﬁ%@ﬁm-[bmdmm-
La208: Eu, CaTi O3: Eu, CaTi O3: Pr, Srln2

Sr ¥bEt, RlatingpTi cgh@uumh,b@prﬁ, @rmumwmdwsemarwm- and rare

%@? bm§?ﬁO§ r} %en\é A Gl &%&’é%ﬁ@%’!gs %gd %e)n%erﬁ}étwes, such

Such as

15 BaZsSo @F’a(@ﬁyd.rbemn(ﬂaMhCZ CHQEublpﬁaﬂHbﬁl)ﬁﬁﬁoﬁﬂaMﬂxum(H) (2,2’-
Ca2MySi 20 Eu/ Mh,. BaSrMySi 207; Eu pggzu 2Si.20Q7
Bamggnz@whmowm%@pgas.cz@otmz SO T, 8-

s ugﬁﬁgﬁé%ih ct mlﬁ)& SIsEiR 3 iehfont Mi‘etra'(? Ih9§11 Og%ﬁﬁﬁﬁwato)boron

Phosphat'es, such as
4:; Ces(dibenz¥PFihedhaio) LaPO 4: Eu moNa@GRi(liﬁQﬁﬂ)eﬁtaﬁthrohne)europlum(IH)

trichlorotris(pyridine)iridium(III). Other examples are provided in the following
20 scientific papers: “Metallated molecular materials of fluorene derivatives and their
analogues”: Coordination Chemistry Reviews Volume: 249, Issue: 9-10, May,
2005, pp. 971-997;, and “Luminescent molecular sensors based on analyte
coordination to transition-metal complexes”, Coordination Chemistry Reviews

Volume: 233-234, November 1, 2002, pp. 341 — 350.

25
c) Phosphors (where the species below denote both doped, as well as undoped
systems; that is, for example, CaS:Tb,Cl refers to CaS (undoped), CaS:Tb-
doped, and CaS:Cl-doped) and includes the following:
30 Oxides, such as CaO:Eu, CaO:EuNa, CaO:Sm, CaO:Tb, ThO,:Eu, ThO,:Pr,

ThOy:Th, Y;03:Er, Y:03:Eu, Y3;03:Ho, Y203:Tb, La;0;:Eu, CaTiO3:Eu,
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Borates, such as YBO 3: Eu, LaBQOB: Eu, SrQO 3B2C3: Sm
MyYBO 4: Eu, CaYBOX: Eu, CaLaBO4: Eu, LaALB206: Eu,

wOA0eBIGsEU, YAl 5B40G 2: Ce, Tb, LaAl 3B4Q 2: Eu, PCT/AU2006/000608

SrB80, 3: Sm CaYB0.8C3. 7: Eu, (Y &d)BQ@3:Th, (Y, )B0O
3:Eu. Alum nates and Gal |l ates, such as YA103: Eu, YAIO
3:Sm YAl 3Th, LaAl103: Eu, LaAl03: Sm Y4Al 20 9: Eu,

Y3AI 50 !2: Eu, CaAl 204: Tb, CaTi 0.9A 0.1 G3: Bi,

CaYA104: Eu, MyCeAl10, 9:Th, -YBAI 5012Mnh. M scel | aneous
oxi des, such as LilnO 2:Eu, Liln®G Sm LilLaQ2: Eu, NaYO
2: Eu, CaTi G3: Pr, I\/g2TiO 4: Mh, YVO 4: Eu, LaVO 4: Eu,

I\—(IaA;é?ges and oxyhal ?g sucﬁglassc%lwrCefT Kﬁg ’Eg(P V)Os:Eu,

YOBROEEu, YQDJ)EH,,Yz‘mFCeEﬁb YAORS Eu, (Y A@HOREY, Y&’miﬁu
(Erd 3)o.25(BaCl 2) o 75, LaOBr:Tb, LaOBr: Tm CaS-type
sul fides, such as CaS:Pr,Pb,d, CaS : Tb,

Ca el lsan f es des
as%}%&?g@ M’uél@Gd OAQSS %?'Eﬂ@ll _E@I %5%(92‘@@141 fAndescamyshog: Eu,

SOCEM@SWGMMW%N&S@&WW a}BﬁtﬁngeSp@o@\hor&azLuSle7 :Sn,
L0 816178 8895 BICIaLS: o LRNFETLTEELSL0 v

thESC@?B@JQmO@.Mh as NaYF 4 :Er, Yb, YF3;Er, Yb,
YF3: Tm Yb. Quantum dots or nanoparti culate materials
whose | um nescent properties are dependent on their

paHtaio%HicﬁieFesgleEs LéSi@'"Cﬁge ggl d and other netal

nanopartic ‘cost associated with many of
the lum nescent materials descri bed above, their

" aPbo B Siekeer RehPat: vabf i LARSa BRI IR

Furthernore, the lum nescent marker is suitably
selected fromone or nore | um nescent materials which

doBﬁt@@eSa@Wélr@nganﬂeb@B@hEupﬁﬁﬁ%BBz{Pz %ﬂob@YBCésEeraYBOmEu
reaat }ﬂB‘?‘EEe SALBISEL | S0 BLBOCES ¥ {’R‘i Hi).c81b2hALB40,:Eu,

act ur e
StB;s013:Sm, CaYBos037:Eu, (Y,Gd)BO5:Th, (Y, Gd)BO3 Eu.

Aluminates and Gallates, such as YAIOs:Eu, YAIO;:Sm, YAIO;Tb, LaAlOs5:Eu,
LaAlO3:Sm, Y4 ALOgEu, Y3Al50,2:Eu, CaAl,O4:Tb, CaTigeAly05:Bi,
CaYAIO4:Eu, MgCeAlOlngb, Y3A15012:Mn.

Miscellaneous oxides, such as LilnO;:Eu, LilnO;:Sm, LiLaO;:Eu, NaYO;:Euy,
CaTiOs:Pr, MgTiO4:Mn, YVOsEu, LaVO4:Eu, YAsO;:Eu, LaAsO4:Eu,
MgsGeyO11F;:Mn, CaY,ZrOg:Eu.

Halides and oxyhalides, such as CaF,:Ce/Tb, K;SiFs:Mn, YOBr:Eu, YOCIL:Eu,
YOF:Eu, YOF:Eu, LaOF:Eu, LaOClLEu, (ErCly)o2s5(BaCly)o7s, LaOBr:Tb,

LaOBr:Tm.

CaS-type sulfides, such as CaS:Pr,Pb,Cl, CaS:Tb, CaS:Tb,Cl.
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storage, transport or in use. To ensure that the
mar ker remains inert wwth respect to the industri al

weeweassenat eri al the | um nescent material s wWhPCIAU2006/000608

d)

conprise the marker may be chem cally or physically

nodi fied. For instance, the |um nescent marker may be

conposed of one or nore |um nescent materials which

are physically encapsulated within a covering sheat h.

The sheath may be conposed-&-a pol ymer, such as

nmet hyl met hacryl ate, pol ypropyl ene, pol yethyl ene, or

pol ystyrene or a wax such as paraffin wax, beeswax,

gelyi Wlanéb%getsﬂﬁio%s Wad Ofoxb IR filidsk © sudvet hodS,08:Eu, Gd0,S:Th,

encapsul ating Tum nescent materials with pol'ymers and

waXes:: Ko @Ean oWl xdle0&Ent . For industrial process

materials having long life-cycles, the one or nore

| um nescent materials used in the |um nescent marker

shoding a8 cadbestgdubeplhshies anybdiah ree-canh ddpar hors.

easily over time and therefore can be tracked for 1ong

periods. Exanples of longer-lived | um nescent

mat. e [ I

| umﬁ ec@%ien 20 Bf( C%Hl%uﬁ‘dé hﬁp X 1&31’ al([:bt%lgvgff g%her energy than they

subbdods;, suMa@NﬁYPﬁE@HbﬁﬁEﬁEﬁ‘t{bﬁYﬂ Tox, ¥pheni nat e (| n

surface settings, exposed to sunlight), pyrene and

ant hracene (within the body in bulk settings, not

exmﬁxﬂ?ﬂﬁlcﬂ(ﬁy B ndhb artl-mﬁté R EENE ‘Wlﬁ)‘:s‘e PERRREEE Properties are
t hese ['um nescent terrals degrade slowy over tine

sodelbmdenh eyn c dheibe paetidudtey simed sushr cugolbd y aniét etlterd metal

over ext% ggd peri ods of time which substantially or

at PRRARATOGEPti al |y correspond to the duration of the
average life-cycle of the associ ated |ndustr|a

process material. As used herein the term"industria

pr E@eé@ tmmoetraswwtpch »iithdeany ¢fdhe Juninencent meterqds descrihed above,

f o he I uc?r %?e%%ﬁcg 1&5@&3&?0%6@5“@%%&&1&' ﬁT&?ﬁEq}hEC%r makes them

CONns
Tr gdtadit dandidetes as markers

Furthermore, the luminescent marker is suitably selected from one or more
luminescent materials which do not adversely affect the physical properties or react
with the industrial process material either during process manufacture or during
storage, transport or in use. To ensure that the marker remains inert with respect to
the industrial process material the luminescent materials which comprise the
marker may be chemically or physically modified. For instance, the luminescent
marker may be composed of one or more luminescent materials which are
physically encapsulated within a covering sheath. The sheath may be composed of
a polymer, such as methylmethacrylate, polypropylene, polyethylene, or
polystyrene or a wax such as paraffin wax, beeswax, gel wax, vegetable wax or the
like. Methods of encapsulating luminescent materials with polymers and waxes are

known in the art.

For industrial process materials having long life-cycles, the one or more

luminescent materials used in the luminescent marker should be selected to be
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G ays and O ay Products d ass Structural plastics and
pol ynmers Decorative plastics and pol yners Seal i ng

w@b@stiiessl and pol yners Conposite material s CerB@i/a52006/000608

Metal s and netal alloys Gypsum Bitunen Asphalt and
asphal ti c concrete Pai nt Corrosion protection
materials, such as paint Silicon Structural textiles
Materials used for structural and non structural
applications in transportati9on vehicles, including
notor vehicles, notorcycles, boats, air-transportation
vehicles and the |ike, such materials including:

P g@?é’ wh}/c%oc?oal%tsﬁgradg kégﬁfy él{ntbeér{d HOrpaURds b§'t}a'c§&1nfor long

naterla poxy Ceram c mater

anﬁerﬁﬁlﬁan}iﬁnqﬂmwﬁldr@& E@a’lbbmndesdemmmerlallsSpcﬁmialla;swtable for
but not |imted to, brake a‘ga Adhesj ve,
a

( vBE ) elunpigpssaRt RRIKET maygn |Agaa}qt18§1§d Z(I:’nc sulfide, Mn-activated

magnesium fluorogeminate (in surface settings, exposed to sunlight), pyrene and
anthracene (within the body in bulk settings, not exposed to sunlight). The
luminescence properties of ;[hese luminescent materials degrade slowly over time so
that they can be reliably and reproducibly detected over extended periods of time
which substantially or at least partially correspond to the duration of the average

life-cycle of the associated industrial process material.

As used herein the term "industrial process material" includes, but is not limited to

the following classes of materials:
Materials used for construction, including:

Concrete

Cement

Timber

Treated timber

Clays and Clay Products

Glass

Structural plastics and polymers
Decorative plastics and polymers
Sealing plastics and polymers
Composite materials

Ceramics

Metals and metal alloys
Gypsum

Bitumen

Asphalt and asphaltic concrete

Paint
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G ass Pol ycarbonate Paints, undercoats and priners
Fi ni shi ng products such as abrasive conpounds,

w@oiosaimssl and seal ants Antifouling materials ap@I/AU2006/000608

conpounds Low friction materials and conpounds

Anti static conmpounds Lubricants Cooling materials and
conpounds Hydraulic fluids Anti corrosion additives
and conpounds Textilesc) Materials used for industria
manuf act uri ng of goods, compdnents, clothing, and
chattels, including: Plastics and polyners and
conposites used as substrates for renovabl e nedia such
aszc&lﬂéﬁi&&’ r.okécﬂbﬁglq‘ce‘rgls"ﬁm% gﬁ&ds and el ectronic
chi ps astics an p&lyhers and conposites used as
bastilinet eri al s for conputers, phones, batteries, and
plastic utensils and conponents, toys d ass Conposite
rrat%i“i%‘l“%l ®¥8le$t ruct ural purposes Epoxy @ ue Ceranics
Sem conductors Textiles d) Materials used in the

i ndustrial manufacturing of conputers and information

b) t eckiatiroay uirslsfod siruetsal ambthomstmgctural applications in transportation

vehicles, including motor vehicles, motorcycles, boats, air-transportation

vehicles, and the like, such materials including:

Rubber, vulcanised rubber and their compounds

Silicon

Plastics

Composite materials

Epoxy

Ceramic materials and ceramic composites

Compounded materials such as, but not limited to, brake pads
Adhesive, glue, (vehicle) cement

Metal and metal alloys

Glass

Polycarbonate

Paints, undercoats and primers

Finishing products such as abrasive compounds, polishes and sealants
Antifouling materials and compounds

Low friction materials and compounds

Antistatic compounds

Lubricants

Cooling materials and compounds

Hydraulic fluids

Anti corrosion additives and compounds

Textiles
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Ceram cs Pl astics Polynmers Conposite materials
Conponents such as circuit boards, processors and

woreowon ywsehi ps e) Materials used for | arge-scal BCT/AU2006/000608

d)

i ndustrial packagi ng of goods, conponents, and
chattel s, including: Paper Cardboard Pl astics
Textilesf ) Materials used in primry and energy

i ndustries, including: Bulk materials used as
conmerci al comodity chem €dllss and commodity materials
Propel l ants Energetic materials Politically sensitive
materi als and chem cals Cyani de Precursor chem cal s

Nu %Q@Fiaf@ﬁfé’di ﬁJrSinﬁ‘ggtji'ﬁig A FrufsE G Tin ggf cﬂ;@?’e g‘?‘f?%‘?@gs’ clothing,

sem - processed ores Amoniumnitra
Pesimdahdételshimchidingtes and ot her potentially dangerous
materials Soil conditioners Scrubbing agents M neral
and agricultural comodities that are exchanged on

commgis ¥nd pAPMBE and composites used as substrates for removable media such
as, but not limited to memory cards and electronic chips |
Plastics and polymers and composites used as base materials for computers,
phones, batteries, and plastic utensils and components, toys
Glass
Composite materials for structural purposes
Epoxy
Glue
Ceramics
Semiconductors

Textiles

Materials used in the industrial manufacturing of computers and information

technology-based items, including:

Ceramics

Plastics

Polymers
Composite materials

Components such as circuit boards, processors and memory chips

Materials used for large-scale industrial packaging of goods, components, and

chattels, including:

Paper
Cardboard
Plastics

Textiles
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floors g) Materials used in mscellaneous industria
manuf acturing, including: Pharnmaceuticals and their
w@e@enrsoer s Food additives and products Cosnet PCEAU2006/000608
Al cohol Accordingly, fromthe above list it can be
seen that an industrial process material nmay be a
st andardi sed and/or undifferentiated solid, liquid or
gaseous nedi um having a | ow i nherent visual identity.
The industrial process matelZal may al so include a
m xture of two or nore industrial process
mat eri al s. Dependi ng on when the |um nescent marker is
added during the manufacturing procedure, the
| um nescent marker may be incorporated into the
f) i nMmterialsluspd br peimarptaadieakrgyrindnstoiepdneludingin t he
i ndustrial process material. For exanple, where the
i ndustrial process material is produced as a solid the
| uBluneseRhls MBEKS comdieror] esttheddidynchomixgd aid tdminbeity materials
i ndustrial process material after its production. In
t hPEopgHgnts he | umi nescent marker may coat the surface

of . rij.al process material (or a portion
thgbéf *pgﬁgk%serefore is incorporated "on" the

I nBolticallglsemyiteanasterials and ahemidaisi nst ance where t he
[ um ne,acent mar ker may be said to be incorporated
"i RY®M9Gn i ndustrial process material is where the

| uptREREEMeniTByIKEr IS added during a process step and
is located wthin the final material. A further

exdupleer ingtevipler e t he | umi nescent marker is added after
thgﬁgr oduction of an industrial process material in a
maffetceP > which it penetrates into the industrial

Pr oe&shdpadRbdedland Ae@BpbicBgty orebhe | um nescent mar ker
may be incorporated into and/or onto industri al

pr HEUBRIEMIEYtEl s by physical incorporation and/ or

chem gl diddcor poration. For exanple, physica
i ncorporation may involve the physical trapping of

| ubestieriecidrbidides and ethal peentjadytdangesys matedalgr egat es,
Wi %h,i n the structure or structural make-up of a bulk
mat @ PHMIASSELi fi ¢ exanpl es of physical incorporation

I nglMegnc h&tseedi ng of wet cement with

Mineral and agricultural commodities that are exchanged on commodity trading

floors
g) Materials used in miscellaneous industrial manufacturing, including:

Pharmaceuticals and their precursors
Food additives and products
Cosmetics

Alcohol

Accordingly, from the above list it can be seen that an industrial process material may be a
standardised and/or undifferentiated solid, liquid or gaseous medium having a low inherent
visual identity. The industrial process material may also include a mixture of two or more

industrial process materials.



10

15

20

25

30

m croparticles of |ine phosphors prior to its casting;
the driving of nolecular |um nescent dyes into the
w@ene/1s456uct ure of tinmber under el evated pressPCBEAUA06/000608
t he suspension or dissolution of |umnescent dyes in
liquefied fornms of commodity chem cals and
preservatives. Chem cal incorporation may involve the
creation of an attractive interaction between
| um nescent dye nol ecul es, - particles, or aggregates
and the bulk material itself. Specific exanples of
chem cal incorporation include: the adsorptive binding
of nol ecul ar dyes to threads and yarns; the ion-paring
of cationic |um nescent dyes to negatively charged
Depsiding an pdiet ithd esningscentrmarker isadded during the mmdfacturing procedure,
enent; and the formation of attraciive,p: .
the FERERE] G- DoPRacH dPONRTREIGAS ahd iR e qaterial or

incopUhtedl Bh Mgk AAOFBAI $ro6dis M LeHal O FOH Bankfle ONKERE tHeOidtifiBal process
|'um nescent nmarker to act as an effective nmarker for

materid inpIoHbepd asfa takid the dwaimesdent matlies mayt benagisied jgad mixed with the
ind\@{rﬁf g%ceésnmgtg},iglcé li& ;ﬁggﬁlcﬂltoﬁ: I’f‘fstpﬁ%?%i th%.rlﬁ}nrihf}sp%ttrﬂr@r may
race ampunt™ refers 10 an anount o um nescen

coatntiae lserfacshofcthe iiBdystres @ndces niagetisl (eda @ottioni theofli andt gherefore is
anobunt so as not to be optical]y detectable jn

3 "W ot t he .
incoppQsaiehc 8N ofnea SivERAl PrOfREs Maferebr 2bP ynsigtE WhgErhHe jlgminescent
marl?eﬁtﬁ%ﬁﬁe 4R35 be Rﬁ&orgbrla{édmi]nt@!“qlnliﬁcﬁtﬁtr&%ﬂ ?’FO%%@ RutdiBs S Rhere the

e I'ndustrial process material.
lumimpspeecmartkedistadded tiimeng a aoeesnuiemandois lodated withinebe final material.

rker will. exhibjt fluorescence or phorescence .. .
A niffer Fetite is e {oe HRBORTGRFLlS ST TRGL0% DRtetion of an
indusaY pfdckR| mPeAgemSa WRinGE Bl whikhVit peitiatds| MY 88 GRA@Mrial process
phosphoresce under anbient |ight. Accordingly, the

matdrigbor porati on of the |uminescent marker on or into the
i ndustrial process material according to the nethods
of the present invention does not provide the
Accordthgdy, rthel lupireeess maker ingly bé tilcogprated sinad andfentontcy industrial
when ohserved by the naked ey As such, the presence
process MAETIAIS R b EEMk INAHPREN 08 B4 R SReBIR LI OPREN NGy e example,

. . . - ;
p Y o QRERRERSIY BT SR RIARESe o i,
particks, addggregaesyfwithinithe stecturerar kenguwhincdkermpy obe bulk material.

conposed of a .nultitude of .| um nescent terials. .
SPeGBiiG FaPRBIEy VHRHCIFA {THTROTHIRR MebEn it aine L ey ggment with
micx{)BiﬁﬁElLéﬁgf‘ﬁﬁé?E%spﬁ@fs%ﬁfortt@%s|cH§Hr%?%iéedﬁviﬁfgibﬁhio?éc%la@'lﬁninescent

sel ecte
dyes into the pore structure of timber under elevated pressure; and the suspension or
dissolution of luminescent dyes in liquefied forms of commodity chemicals and

preservatives.

Chemical incorporation may involve the creation of an attractive interaction between
luminescent dye molecules, particles, or aggregates and the bulk material itself. Specific
examples of chemical incorporation include: the adsorptive binding of molecular dyes to
threads and yarns; the ion-paring of cationic luminescent dyes to negatively charged silica
particles within the sand fillers used in cement; and the formation of attractive n-m

interactions between aromatic dyes and bulk materials containing aromatic chemical

groups.
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such that these produce discrete electronic
transitions (em ssion spectrun) and/or display varying
WO poensisty at these transitions. The use of SUuREIT/AU2006/000608
multiple |um nescent materials enables the devel opnent
of a versatile and dense encodi ng schene whereby the
characteristic em ssions produced by the nultiple
| um nescent materials incorporated on or into an
i ndustrial process naterial ldnabl es the identification
of the material. For exanple, one encodi ng schene
i nvol ves the addition or incorporation within the
i ndustrial process material of a |um nescent marker
conprising one or nore |um nescent materials in a
In ovdurifet queolﬂlrrqmmnctﬂthhakelt © dches ebefientpar hatkee fomdiasnethads of the

process, materi W th | [ um ence "
predBi G ERiagt A HRIEHH et b e dorig Y PEB B em "trace
amARE @ekatd Slaméent D Ginidefiet MAHGH wmei@tpfééemr@yre&@feaeonly ina
as a "fingerprint" that identifies the industrial

mmpteoeressntnm es inaf to mcwt@agpebtqctm{maytlwep@smdof amhient light.

Prefgwg) Y 3%& éfta{??ﬁiﬁs;getgggl ﬂaéaa %?reglrlfl:lcgnr eisfs t eﬂ)Cli]I/ E? Cr}léis% of the
indiR¥teal prddesddnetetial cbiwalg ba|agl§l’(ebﬁa{emth§blth\£&adehﬁnount of the lummescent
constituents and relative quantities of the

markemyvieedubit Thptessengs o7 phosphprcsreaee Rt irdiek Bresentin ggopngs which
mePeﬁ&é rt?e dfﬁlﬂ@f l%rb ss GiifteDR ¥R Hadjz\s o‘?&c@ldfoéﬁosphore?ce under
Sunlrmte

er of ways, It fo hat an
ambliarn gighnuntveordiigly, otie sinmpbrb‘eord of/ tteekintineso@rtknarker on or mto the

. . indystrial roc SsS terlals us i.s techni.qgue..

indsiIN FSPCo% BT AEHUGEnty SEHB OB Db el SRPRUGHiog does ot

prodl&'éntﬁeemgttrlaﬂﬁ}&%éﬁhéteﬁﬁl @vﬂhugi')ﬁ@%%%ntdeﬂﬁ‘@k%er( %@&!?fved by the
having a discrete electronic transition), "each having

nakdd eyest Aaguéls ihd peesetteat@sthe dwrainesdsat morkedidpéseneinaffect the normal
hstagtes canggtuqiaéghg CSnegellnthe case of M2
phygieal ABPFATAICE RS st 1] G HLUEHE" presence or absence

of the | um nescent material, the encoding schene woul d

thus be defined by a base 2 or binary code. In the
The gaahods MBS P#feRleiny PRI opRelde het adsi Qs ldluptingskent markers which

maygﬁgt%gﬁl Bse %I‘B‘Flrﬂﬁﬂlmcwhnﬁﬁes%ﬂtaﬂna%Baltéh““glér’ef%r%l)e}y when multiple

ur's ntensities ot its a
lumesedt ngtesialzeirm \Ahmlmlb&cd:ﬁfmairkek thy l@mnasenSmatedelsare selected

tertiary code. Amcor gher codes can be fo
sucl et Heptpe b e e 1 %%E?HS&I%SASWVS’QMQF“E‘B%W S display

varyidi@ln J&%Wﬁ at! HBNE 2GR TR RS Lidd S5 WadH chuldgplk qgh‘xhﬁe@é’en‘% Qnaterials
encode the same quantity of information. A furt
enatémnbé aievnbphmdt fodr a codtsatige | amdodoms umqriglgl lsnhim oelmreby the

charmaterlstlc emlssmns prgguced by the multiple luminescent materials incorporated on or

into an industrial process material enables the identification of the material.

For example, one encoding scheme involves the addition or incorporation within the
industrial process material of a luminescent marker comprising one or more luminescent
materials in a variety of quantities to thereby impart the industrial process material with a
unique luminescence spectrum. This spectral fingerprint may be exceedingly complex and
detailed. As such, this unique spectrum may serve as a “fingerprint” that identifies the
industrial process material. Such a spectrum may be stored in a digital form within a

database library of such spectra and subsequently recognised from amongst this library by
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the industrial process nmaterial with one or nore

uni que qualities that are observable only under very
w@pweili4561 condi ti ons of neasurenent or det ect i BCT/AB2006/000608

exanpl e, lum nescent markers may be used which emt

highly distinctive spectra only under very particul ar

condi tions of tenperature, pressure, concentration,

sol vati on, vapour, nagnetisation, or simlar externa

physi cal condition. Under suth-a condition of

observation, a distinctive spectrumis observed, or

conbi ned spectra are observed, and used to encode an
a suftéblsthhtehinpr AE6H tﬁﬁéealthé’\"c&li‘stlﬁleﬂgg gﬁ'(g rlaﬂﬁ% <{%\¥1 tities of the

&t her exanples |n this respect include ut ?
luminggpensdnaterialpén Lseinedfcentuminkesderstichnasiertsl tﬁmgérprlﬁt Yan be varied

in agxnrghlé\g%tr%&rlmp élﬁnaqrbfﬁi; § {V%Es E[%Jaﬁ%\kss tat%{] eﬁge\;q?%é?aéet: hl(l:nl{ll:)earrof codes

canfierdeised & mpd iadishedlippdedd markiaRERRYhisGhH@dENT | i ght
of no discernible polarisation or anisotropy), and
(ii) glowwth a particular spectrumor i ntenS| ty

' dj it i f o or__nor :
Ancggc?{ !Iw%:e?rr ?&}dgﬁﬂng éc@ﬁeﬁg oﬂ?’b%l{ag% g\lg?{lmg lérgmteﬁcgp? Iaterials as a
lumsmﬁbp@@tmdrkeo (aacpiarhawmgl ar dlsC@teefewclrﬁnﬁoﬂhﬁﬂhbl@d each having M

f oth di
oA I i i e
M=DBiiRkd eStwi §t5‘te§ Bb\ﬂafbe' tﬂ@ ésEﬂc%Sorbe}bsi fHo ﬁﬁﬁk@%ﬁp Hmaterlal

onto or into them of escent mar kers each 0
the ergeding) sebeme Wylddbrmbq @e&ﬁn@d by arbaso? er bmmymle.em the case of M=3

t.eri al SE of such codes i net hodol o f
Whét?% tﬁgr@ééentsq-g}?gsve or?e viPEEE i & tPt ‘Qlaeﬁ“ﬁ@uﬂa??%? at two

dzstmgtmb&ﬂe imésitieslos 1mﬁab§dﬂc@ rEé Bidoldlng dcB&Ke k«%%m bd Yefinkl b?y a base
ables life-cycle tracking of the industrial process

3 cg &F |t%fF1a%P€<FP i Agopbeglx highemsedesanan ibe fromied owhmkg have the
dvadisoehles f rocess nat.
e & W e O3 A PR R S By be required
to endolde tfel damea;uamlmy oefmfonﬁatldns usef ul lifetime and may
cause environment pollution. Tracking in this way al so
enabl es manufactures, consuners and | aw enf or cenent

A f@ﬂﬁﬂ@k&ﬁplﬁpnﬁ'ﬁﬁﬁti@f c@(ﬂ){g 'nln}o'lx%s us¥rrgaiqlﬁ11ﬁélc%g rnll ?X’ét\{/ﬂlé’h impart

process mat eri al ega SUbStltUtlon
the lﬁﬁtl@flﬁila?rgcaﬁh mmermhwm‘ érecer mereufraquieuqedisiesverat aret ot8srvable only

unde@%r}?@ﬁ{?c}%é ggxgdé Vlsdgfo%lggssfgegyéqfq?r e\ﬁtclpglq b oggea?gllpl{egltl&gmescem

marltdﬂsitmdyhbe hxbffdeu@l)’&ﬂ émit "Agl NAstREDO dpWitlal ohIPVRIGUE V@ﬁy particular
of identifying the industrial process nateri

conddtlﬁr}sn ‘gnmegﬁtlg]e, PlEsyme,| ¢anserijation, selsgiésn, vapeurexaagnkesation, or
simiBF ekfdfnal physical condition. Under such a condition of observation, a distinctive
spectrum is observed, or combined spectra are observed, and used to encode an industrial
process material with a unique identity. Other examples in this respect include, but are not
limited to the use of luminescent markers that: (i) emit light of particular polarisation or of
particular anisotropy when irradiated with light having a particular polarisation or
anisotropy (including light of no discernible polarisation or anisotropy), and (i) glow with
a particular spectrum or intensity profile when irradiated with light of one or more

particular frequency and intensity profiles that are subjected to a particular, carefully

controlled pulsing sequence.
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poi nt of manufacture to confer identity to the

material, and after delivery to confirmthat the
woredoeniebl has not been substituted in transit.P@/a02006/000608

the industrial process material may undergo processing

to produce a product. The product can be a commodity

product which, like the industrial process material,

is standardi sed undifferentiated, substitutable,

i nt erchangeabl e, batch-procedgsed in essentially

identical formand available in bulk, or the product

may be a high-value article. Accordingly, the

. | cKi ng Vi I ; i fovi
A YASUELD AT 8430 LAFR AR proces
matenala widmmjue idgrtodedty the incgheradbnenpr oduetd. them of luminescent
greferabl%_% ) Lhe r@t hod, is used to track the industrial
markpisEast O whish cap SYFCUVRE GORTSE PRGPT BPECEEENGHHEN magrials.
and comodity products derived therefrom Also it wll

be appreciated that once the industrial process
Themeseerfi schicodes tmtheonatbddélngio of ther pdsmtt intdnéion grexdti¢sondentity to

S SR B RS R SRR, ki

of thyindesEl fgc&ammitasal Hhi¢he &ﬁ&%@iﬁfﬁéhaﬁﬂﬂ' M&hiforing tRe presence
| aboratory setting. The advantage of usi ng' enbodi ment's
L

of thesetindusHH! riptess nigdwrils whicherit ofasetopicdrgeAspessd evitinproperly or
eRSY e R A KRRy LA SBLe OREARRs B RByy, Tracins i

thisiveay alsd hlmbiﬁlesdﬁmﬁg”hmgret,h?npgmﬂ‘d @hd 1aw l%hgw?@mﬁ agencies to monitor
raterial s hay revi ously beepn proposed for use.in. .

any f10GH e &awgk§@ﬁlcp5p°%9@?qr@r or iliphal sHptHeiRn 9 infpdor materials

whitd £:2§ @ffebtlrﬁl{%mféc‘?ﬁ‘re%owﬁ‘r‘?&ntil@ &nd Hll%y |y éﬂ@ﬁgg ﬂEefGPﬁF&ﬁ) ’&EiQn when

biologically test the industrial” process materi al.

builfingtalrese mavasscaigeoizhdenbodi nents of the met hods of the
present invention resides in stock control where |arge
vol unes of industrial process materials are produced

It wilhb@asstaedidte® At She ABaAlYRIe RR&MESRethHE WSl ihR v 0BT identifying
materials are inherently difficult to differentiate
the mdysiahpropess dhateidalt dusingek plurglity jof Lifg-syrlelistazps bt example, at the
: : a far all, the
poinf QP AUELIRRAEK, B8HEr APRLLIPACHRRAL larfh delitfy s o e
the matedalf farenbebatuisdautal iragharisnd uslbs,itaé iRfueeRS pro¥edsanhhtetial may
t he whol e st ock, contr ol Frocess may be nodul arj sed.

undergp BrAgBTing @ pHoE APy [haprodeiven e p cpmgnodity product which,
I R T
intenghageatde, Ench-procgased indessémiatly nderitioal foom and available in bulk, or the
product may be a high-value article. Accordingly, the life-cycle tracking method may
involve an identifying step which involves detecting the luminescent marker in a
commodity product or high-value product. Preferably, the method is used to track the
industrial process material or the industrial process material and commodity products
derived therefrom. Also it will be appreciated that once the industrial process material is
transformed into a product, the detection of the luminescent marker will need to be

performed on that product, if required.

This is generally conducted by removing samples of the product for analysis in a

laboratory setting. The advantage of using embodiments of the portable reader system of
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the relevant authorities as to the whereabouts of the
material at any given tine. A further related

wa@dwantege of enbodi ments of the present i nvenP@CDAU2006/000608
resides in process control. For instance, in
nodul ari sing the stock control process, as discussed
above, it is easier to |locate batches of a particul ar
i ndustrial process material which may be defective due
to a processing error. \Weré7procedures for preparing
a particular industrial process material involve
mul tiple process stages, process nonitoring at each

the ﬁx‘e?ﬁgﬁ iSRRI BEhACSRIRIch R BY 1@ QSnBmaHSt EAfbe detected in situ in

m nescent marker during a particul ar process stage.

the fieldt minsinwesjvalnghajualwithpubflamaging thegirodust.eri al can be
accessed on a stage by stage basis whereby the
ef ficiency of each stage can be nonitored and process

Lunflaéebit parivRrhed previogsyi vees. pr dsea fapruge SpaesdtingCof biological
applications of the nethods of t present invention

matepiads.ad e gnethogs: ofafheppreseab ieveatian ﬁ@ Tt gisg therbiipeessnt marker to
blolB@‘c&!} é&qh@{n%?l’f{ﬁﬁ;préée%'s%?&[&?. in large concrete
struct Ing nulti

ures contal pl'e batches possibly from
di fferent manufacturers, a nultiplicity of
uantltles

differentl um t rmter als jn different
A fyzther UINATES P ROIEISRE Heiih ahet %ff the RIESPe bgeption Tesides in
stocﬁ%@ﬁfr@lt Whak VEES RS %‘?'delﬁ?ha@ 9%%5501%a1teh§lsta)‘@§§)duced on a daily

descri bed above in order to diStinguish the different
basibatAgags befauso mﬂuetr@l pPAsesshmaistinke rvg¢ Irrm@fenﬁmdﬂﬁ'ccult to differentiate

conc det ext e
fron PR By e i 5o BRI Qoo Slos PR G o for an
the Satdifal pf{QﬁEedeHyOa hﬁllqﬁatlmﬁﬁ)e%ﬂt b@d@ct@udlﬁ’fe&ln}/ batches of an
found, delimted, replaced if required. b) For

lndwtr%éaroq&sqon@@élabfthq ibBler Sloaln cpeirelRAsS8 1Al e tmedularised. This
wou:ld"m: :@gﬁﬁgﬁgly% thntcf?)p§}lzes¥)}olagct9(fn &Pgegl%rﬁn s ?ﬁe ctalls n%/g?re itis a

escen I's" i's 1 ncorpora
legmwvengqmram vattwant foe aﬂﬁ’eaittemaleuﬁmed apd ec prodfidenimdalmation to
esent in the fr ne of g house can at. an tine
the t5ls VR oBtiet & b %’Qeﬁeﬁ@‘{t%@ BMmAT Bh A SV C-and
t he success of the treatnent both externally and’
internally. Moreover, the |um nescent marker nay be
A furged relotegradvardegeant emipdiatentsnofothetiivesent eaentign casdariy process

contg(}rl. ?forg%?arigia,ﬁig\tr ag%@?r}%{ﬁoge\%%%a ngrol %}o@s%r aso Elfs Isgg ael:(deve, it is
easier to locate batches of a particular industrial process material which may be defective
due to a proéessing error. Where procedures for preparing a particular industrial process
material involve multiple process stages, process monitoring at each stage can be
accomplished by adding a distinct luminescent marker during a particular process stage. In
this way the quality of the final material can be accessed on a stage by stage basis whereby

the efficiency of each stage can be monitored and process parameters varied if required.
Other more specific applications of the methods of the present invention are as follows:

a) For concrete
To aid unambiguous batch and producer assignment in large concrete structures containing

multiple batches, possibly from different manufacturers, a multiplicity of different
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More detailed information about the tinber, its

treatnent, its origin, and its handling may be
wepdvedosel t hr ough the use of coded conbi nat i oNBCAU2006/000608

multiplicity of different [um nescent materials. For

exanpl e, to aid unanbi guous batch, producer, or

pl ant ati on assi gnnent, diverse and conpl ex

conmbi nations of nultiple different |um nescent dyes,

as di scussed above, may be-d8ded to preservatives and

treated tinber. c) For mneral processing A freshly

extracted mneral ore, for exanple iron ore, may be
lum‘[mﬁé‘eﬁg e FAE 3y cﬂﬂ“el\%# gluéhtrctfé's tt@bfo?msmeufuhﬁﬂes%ntamarker may be

m nescent marker ce anounts of um nescent

emphayreklao gmaq;rateehma& endhchipex sodeslofitie tyipes deseribed kbm@ intorder to

asBRERIELR L pThE. U2 ey Sussauentx b Loted e concny

be defefmMeAGERH hil Ox @AM tBne ThEryLEGRSSAING GRAHE JBRYreRbatches that
used by other mines. After 'the Tailway jourhey, the
do wotecamay upetadepassficadidnicanae eeairdtelyl Shundndelimited mdeSCplaced if
rap%%dall of the other mnes. As the ore from separate
mnes may be required to be processed under slightly
different conditions, it nmay be inportant to keep
track of the origin of each ore batch. I'medi ately

b) prléW timgb #r ocessing,the ore can be therefore tested to
A pl%ﬁtp {b HbLNe S e ueh & linH{HeEV%%F ﬁm'ke%&ks‘ﬂtmg of one or more
t y t's optinum

rdentifying 1ts origin an
lmnhwmmaSEmn@abomdwbnmmaedﬁh@ﬂmnnnhssmmggmeﬁhnmqumubanmnt Thus,

sub e t f.or efficiency when treatin
2 PG MR the e ob Gk e BOr MRl Beorsri e assess
the ﬂgpé Bf Q@étﬁieh?gse'dnﬁrﬁf B ;RS SORE FeRShdnh goﬂaerxftérﬁéll)aa’ind internally.
ore, such as the date, tinme, and the precise

Morb@m,t th@riumeécmqwkw may e tused g peovideoan wikdiedtionhef the éreatmg
comfi S0 S o T SR B Y 0
vanmﬁalous coded conblnatlons of a multiplicity of

| um nescent materials as descri bed above, and

assi gning each batch a unique identifying address.

MorE ‘aEtaﬁF&’Erﬁ‘érrﬁadoWQbBﬁtSﬁ@'ﬁ HE?HE% a?rﬂ@r?t' RS bA 111V\A%nc9ﬁ§89ﬁddmg may

um nescent materi a e sefl ect e
be etbredded yhtomghatherade of csglfeni hembmaflbinsr es$,a trimulephlaty of different

arns and the_like. thin a ticular [ | a
i RSO R FES e or R iy SRR Bt b gty O Plamation
assignBYedt, iVerkhfi complex combinations of multiple different luminescent dyes, as

discussed above, may be added to preservatives and treated timber.

c) For mineral processing

A freshly extracted mineral ore, for example iron ore, may be marked by spraying with a
suitable solution of a luminescent marker, Trace amounts of the luminescent marker may
permeate and/or stick to the ore marking it unambiguously. The ore may subsequently be
loaded, piecemeal, onto railway cars for transportation to an ore processing centre. The
processing centre may be used by other mines. After the railway journey, the ore may be
deposited in an ore field containing ores of all of the other mines. As the ore from separate
mines may be required to be processed under slightly different conditions, it may be

important to keep track of the origin of each ore batch. Immediately prior to processing,
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the dyes used to colour yarns, threads, and the |ike.

It is preferred that when treated with these dyes, the
wQ@2000d196d t hr eads bind the | um nescent nar ker PCT/AU2006/000608

strongly. Using the portable reader of the present

i nvention, the presence of the | um nescent marker upon

the fibres, yarns, or threads, may be unequivocally

and unanbi guously determ ned. Alternatively, synthetic

fibres may be produced undef9conditions in which a

particul ar | um nescent code or codes are incorporated

as an integral part within the fibre. For exanple,

the ﬁﬁysl: ageo 561@1?095 ?etsske ?g%ﬁg{ﬂﬁ]ﬂ?%glgg 8?&%%2#%%& gﬁ&ker, thereby

1der1tllﬂylfh@etsctﬁigin amd 8¢ bpﬂnﬁuMﬁier’bsﬂngmbxdhtland Ulhenprocessingctoctenique is
or codes to identify them Such fibres may
subsegperly Rphimigedytor §{fmﬁnpw@ey Hesngdpe prFledd¥eand t he
i ke. Such yarns or threads nmay be incorporated at
various levels and in various ways within fabrics or
Thigmpitoeess ahsy, badudapeedith @yomzm/mamtdmlednnfomancsn tﬁgelsﬂng ﬁlhaxartlcular

it e 8eb Lo rovide Lhe precall {3heLc. S e min

fronP VRREK e o RaRBYENdA ORI SRSy MRYadhRvadaRt §stadifg the ore with a
provi de rudi nentary or detailed information as
solutienupf ed , luinireisertit nggaikar cReRIPPIGHNE expaioys nepdede combyiations of a
|| h t f r r
mu]fjl 1d %}g’ dgld lumgxleg epl rrng té)rgarllg rag laaer dlb%@ %ESVQ ];ulxcp agﬁ%nlxgu%ah batch a
unici® iddreifdag eddesk. t i me of dy| ng, the dye rmnuf acturer,
and the dye batch nunber. This nmay be achi eved by
i ncorporating a | um nescent marker consisting of a
mul ty of lum nescent materials, as descri bed
9 ﬂoé-lqiﬂr‘é% hin the dyes or within the f| bres enpl oyed
A lumxﬂxemsn gaikeg ceamtmgomﬂ)wm:adm wonreofuingscergsrmetatials may be selected

er als th a uni i f ddress
Whli?@bmé%ffm T AR SOH BB a0 ERai B e Within
partféﬁl%ﬁ; %i%@l'ng Q)laﬁﬁ nﬁﬁbtlhlﬂﬁ&scehh Rrafkee snddSRAinchbpRrAyE hiBwPledblk within
enpl o bre manufacturing technique, the fibre

the dumsufsad:tmmdﬁur yames fthrbads, prchdeilikg. g bawdiéried tl@aﬁdvltehetreated with
manuf a rer br.and hol

thes§/§’?fﬁss ’theoyl,anixﬁ1 t eadsnlali)agg: lgﬁx&neacée&l fnnatrlgertsﬁ{gn%t mﬁ the portable

read®) of te preeds 1lh-¢6ﬂitlﬁﬁstﬁerptres€ﬁfek&f the 88RREENY @hatker upon the fibres,
consi sting of one or nore | um nescent materjals

yarngppyrthieads. iRy Reseeguiveendly and gnambigyoysdy defermingdr por at ed

Wi thin or upon foods or food products, or within or

upon mass-produced medi ci nes or pharmaceuticals. The
Altetmwasioely, synthetic fibres may be produced under conditions in which a particular

luminescent code or codes are incorporated as an integral part within the fibre. For
example, synthetic fibres may be extruded or drawn such that they contain within them a
mixture of one or more luminescent materials which provide a luminescent code or codes
to identify them. Such fibres may subsequently be spun into yarns or threads and the like.
Such yarns or threads may be incorporated at various levels and in various ways within
fabrics or materials, where they may act as “marker fibres”; that is, where they act to

provide the overall fabric or garment with an identity, a batch number, or similar property.

The above processes may be adapted to provide rudimentary or detailed information as

required, including information regarding the origin and handling of the particular batch of
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i ncorporation of the |um nescent marker may be used to
provi de rudi nentary or detailed information, as

w0 eweaittese; regardi ng these industrial process PCT/AU2006/000608
materials, including informati on about the material,
for exanple, the date and tinme of manufacture, the
bat ch nunber, the nethod of manufacture, the nethod of
packagi ng, and the identity of the manufacturer. This
may be achi eved by assi gninhgQeach conbi nati on of the
| um nescent materials conprising the | um nescent
marker with a uni que identifying address. This address

e .conne e i j base .
cond2YoBE (ARREELSH S PRRLE, HELRLL et Ty SR e o
dyingatid dué anardfufturefyedidc iiredpy bplohr maelet | TalsSmay be achieved by
. containing the lum nescent faterial s, nay b? . .
INCoPRyE G Y HEHEIFENINGATkSF GPRHATING L ENHIRGGBY SF yuBiRsetsak gaterials,

: i@l . : S r :

s JHLNLE M, BRI 1) RO SHE A0 B8 S5 S0 oo
combmdtiomaf dninalescanhpadibialo fwike ia ngnigee dlentifybogriaddreks. ndn this way

t .be closely nonjtored at all stages of..thei
detaf b gRETSRR ToF CH RO PO e PEHEREENGE CaR bR (b dr vsed. the
dyeih® plateléAployEE tROHBe dnufftehingRBIEi @Rl tHéSBbraRthnufacturer, the fibre

conversion into a formsuitable for bomb-maki ng. Suc

handimgpirpeeslure, aod titbeowneti thandfagieresi exybisnd poldspnof dig fibres, yarns, or
expl osive tial:s, nging frommlitary expl osives
thre 5tﬁaﬁge5?%@%&8“@9%?3%?9%&] throughto fertilisers,
such as ammniumnitrate. A key problemin this
respect is distinguishing one sanple of an expl osive
¢) or Fppfeadsi al |y expl osive material from anot her,
Lum'ir?e@?@n’t pﬂgrk%%npés ectAlS 1cohI&RNYE! SRl oPTRGHC tlBheMenPMnaterials
explosive (or potenti-ally-explosive) material entails
apprpvad foei usg asufobid pddjtiviedemtyi balinmapphted, wishinodr @pam foods or food
col l ecti.vely stored, cougte%, agd.distributed.qucau§g ¢
prodygis OF SR o MR P CRIPIb e MERgE Or PlifrgAccuticals. The trace
incoﬁﬁv@aﬁioﬂ' dfithy 1@%Ingicent Ratker 088 Gsddeodabbilie v6@uthesly or detailed
_ uring stock-taking, or that it is not counted at all,
infornpesiosbyasr eragiired, ardgevding these i indusirialutinogdss egnaterials, including
intof B S0 8 RErAD S 3585 e BEPILIGI bbb B s
numBaN yihaeletiod ahehaptfadiurd, hé Meethdd of patleagkisakindghe identity of the
thereby resulting in its presence or absence not  being
manpigelyEii sEs may ke eehieigddy assigaing ¢asntcombingiioneoighe dyainescent

KR! OFh¥si i fed Riqhd SRERAS ad Thi
L S0 R kOB A, Gkl SRLER8E s Thi
addrtdsahayebeseaombkaed o theabexpliasisvia andstabasal Swilseqienhhsalthemd safety
issues relating to a particular food, medicine or pharmaceuticals containing the
luminescent materials may be investigated using information unambiguously embedded

within the material.

f) For explosives and precursors thereof

Because of the risk of diversion for nefarious end, materials capable of being used in
bomb-making must be closely monitored at all stages of their production, distribution,
warehousing, and up to and including the point of their physical use and conversion into a
form suitable for bomb-making. Such supplies, include a wide diversity of potentially

explosive materials, ranging from military explosives, such as plastic explosives, through
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di verted for nefarious purposes, nmay be replaced with
an identical |ooking dumy material, whose

WOoiveRXYbDSI ve properties are not detected untPCT/XER006/000608
much later, by which tine it is inpossible to
determ ne where in the manufacturing and distribution
chain it was diverted. Al of these possibilities
ari se because any one sanple of the explosive nmateri al
i s indistinguishable fromtB&-next. A solution to this
difficulty is to provide each sanple of the explosive
or pre-explosive material with a unique identity,

to fe'rﬁ‘ﬁs%?st sQM?Eihﬁh%nﬁfﬁp%ﬁ%@ W Ly Ero@ lehn Hpﬂﬁé %@Eeé@fls bRenguishing
sanpl é e poi nt of manufact This may be

one aepkv efl abyeipicsivepor gotangially teplosivaemeteplhbgione another, identical

semfl (191 ©F £ YS FERUGREh b Br 8@ Uiy aBaive) materia

entaﬁp?i{ﬁlucﬁ@ %ﬁlﬁﬁleg MeRfc aampfe8Mhitatdr® Bolddctively A&8eefdunted, and
erials wt uni que |dent|fy|ng address. In this

distritawed. eBe¢nuse daohi whindlle Saidpniecal &o thefnpxb high neswbwity excists that it
I
coul%l ?V %ro}.slfﬂlg- ﬁe X ’dbégﬁ I&o Ea%%%r, &P ﬁla H‘?st noq fc%{ llﬁtgg LU[ ﬁh qﬁer%l!éy readily

oduc ion O

allo@fngﬂ“@i ﬁﬁﬁﬂa&tﬂo}ﬁs@d(@ﬂv@x%idﬁ&o e uaddtedted. EAEhnSMMﬁ,qum’iﬂd be diverted
npl e may be provided with a new address |n
for n&@%kﬂ“@l gheenpediatalypiter epaleriurendsisda sy st stocktaking, thereby

resuﬁﬁilg aSpe resm%rc'ﬁ' thecﬁ‘&' @emé'?@m@ggéc?sslﬁssu@ﬁyca?e% the diverted

erate w thin t e sanpl e Usi ng an aut omat ed process
sampla athihe hextplasies mmmmat snayf bé¢ ueganésl entireamwdkar ghoughdh was never

one. ol NoOre pre s nm_nescent
procREREr A PEE: B i Gy GG, BLBBdP G lvaich has been
dweﬁé@%i SlefirioRd ;ﬁﬁ?&s@@cﬁmyt S thRa®aMMitBSarlUféniBal looking dummy
manuf act ur e. hi s t he sequence of addresses Is

materiab refase @onmh@elwz rpmneﬁmmﬁe n@h#é@qmgursﬂd@kx gkichdptempy which

t1me\Ag1rs éﬁl%ﬁéstltﬂ & g&%grrr}m%u i on tfle m Se ue%?gﬁﬁ H{s gl ’tlon cham it was

diveRED Cﬁﬂtb"f&heslé Ppotdikilipied ﬁlﬁsedfecatﬁ;agxﬁy ke @impl@mfehes e;qﬂodloe material
formthat is not suitable for bonmb-nmaki ng. Stocktaking

is inghigyngyushaplgdroam fhea¥Xi-n that it invol ves checking
whet her all of the expected addresses arc present. The
absence of any one address i mmedi ately and

A sdlutdorbiogthdudifficiltydis catpesvida eastr sampdh o€ ehoexgbsive an pobeexplosive

directly and un | vacal | inpoi nted, and. . . .
matia), GG1H Japuate TRLD: douseyBRL eR e e ki abrayriges of the
samﬂé‘ fak R B&AE KT ?r{é'nﬁﬁtcﬁ@é‘ kl?nsafﬁﬁ%' 3R hcAfevEd By Mhé&forating within the

Moreover, diversion imediately after rranufac ure and

explcpﬂrxvqn mategiat hdumimneseens merckarakhinly cossisth ©6 apnuelighiciéd of dgminescent

materlals as described above, and assigning each combination of luminescent materials
with a unique identifying address. In this way, each individual sample is infused, in a non-
reversible way, with an address that distinguishes it from the next. During the production
of the explosive or potentially explosive material, each subsequent sample may be
provided with a new address in accordance with a pre-determined sequence of addresses.
Where applicable, the addresses may be generated within the sample using an automated
process in which trace amounts of luminescent markers, each comprising one or more pre-
selected luminescent materials, are automatically added, according to a predetermined
sequence, to the samples during manufacture. In this way, the sequence of addresses is

therefore immune from human tampering.
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substitution with a dummy material. By storing and
nmoni toring the novenent of each address, it is
w@owsiltiisel t o nonitor the distribution chain of PEERAN2006/000608

sanpl e and determ ne whether it is ever diverted and,

if so, to where it is diverted. In this way, weak

links in the distribution chain can be readily

identified and elimnated,_thereby ensuring integrity

in the distribution chai m2Zhe application of the

above process would be optinmally achieved using a

| um nescent nmarker including one or nore | um nescent

materials that are highly conpatible with expl osive

materials_in that they do not change the éé physicq& .
Stockigkigge iy e §¢ orndasiakey fit 085 1385t &} | BF sTHRY 18y Yiehousing,
o e. r : [ [ ; a
ity ER b B A Tpu MR L BARE, i pBR o LK PRL conversion to
form Sui isabotl suitgblef for hohrbemeleng. rodealgng espebe invalujarised in that it

. conpri si ng, ope re lum pescent nmaterials. for

imvolver SERGT Thphdstlvel TS rePPArL Ao ReoF gt p SR EPIRges of a0y

one aé\?ﬁ%gﬁs el Ry FHnQYur{é%Hﬂév?qu@Eyeidﬁﬁc@@sth%@@r|\ﬁhdsBeorigin can be
I'l'l'egal creation of graffiti, a formof vandalismin

directiptindrunsqiinbeally pippeinied ang investggtedt Towhelpuble-canptingpr under-

In order to,hinder graffjti.and_i I: th N
countigg ‘é’i“?gatsg?cé(t%?ngs lf@ﬁ g%n%vﬁl?eg m- i %c?ll:‘ﬁ%g ual g/lé)rr}esovceﬁ’ diversion
imme@BIcRY af& MbsufdBMrédgnd Beler footht ey poclatleing i ulkbnese@dd, as is

‘mar ker__consisting of one or nore different |um nescen
substifwiiperwigh 8 dummpreneia. Jhasioripgaad meniymeths oyegent of each

addres%aﬁhﬁi if/i‘éﬁeedgglmo%?tgre #xetaEisﬂiHﬁﬂb l’c%aindtSf‘_teE(fWisﬁﬂplédﬂﬁect?éemine

f
of 't SCri ove. By maintaining a register

- whethef it ihevepdivettad end idfo, tmdihwiedualdieeteds dh tiipmay > wadkntinks in the

. ..cans,. and by determ nj. t he .address.of .the paint, . .
distsingRpR Sy POt FEdHy BePBR! 1Y o parvicn; ey S5 Fie piegryin the
distrifigsgehgd above), it beconmespossible to identify the

i ndi vidual can of spray paint used and al so the
i ndi vi dual who purchased it. In this way, it becones

ssi.bl e .t nitor the distribyti, ' - .
The aﬁ;ﬂbqabpla l?gltg% AROVS: prgﬁ?sgyw%u Iar?te {)pgmlzncgﬁfi %c%j?évrég g{men?flg Etll,]rgmescent
markePli8M88hgi 5% bl Ing@al lubi$geent it Ralk nbste arcakighBokemygible with
spray paints and | acquers nmay be used as a neans

of X
explogiviemptetiplsiig thatdheyrenot shangedag kay physcal pipnsrigs of the explosive
f i : .and i . g -0f £ .
e LA o B PO SR i A1) £
be empldyed o assdssothasnitaifilityhe lassescanamaokers e¢spectivebdedyprising one

sinpl.y detecti he pr.esenge.of the | um nescent
or moyg;algg@%/e_scent materpags or traa(mg exp(ioswe materlais.

g) For spray-painting

Aerosol-type spray paints are widely used in the illegal creation of graffiti, a form of
vandalism in which paint is applied to an object owned by another. In order to hinder
graffiti and identify the perpetrators of such vandalism, individual cans of spray paints may
be made to incorporate a luminescent marker consisting of one or more different
luminescent materials in forensic quantities, so as to provide each individual can with a
unique identifying address of the type described above. By maintaining a register of the
purchasers of individual aerosol spray-paint cans, and by determining the address of the

paint employed in the creation of graffiti (using the reader described above), it becomes
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h) For netal parts Industrial netals present special
probl ens when it cones to marking due to the fact that
wao b@snigssoperti es often depend on the presenceP@f/AU2006/000608
exceedingly small anmounts of trace materials present
in the alloy matrix. Incorporating even forensic or
trace anmounts of | um nescent markers each including
one or nore |unm nescent materials, into a netal alloy
may interfere with the desi28d- properties of the
metal. Furthernore, the bulk properties of netals are
al so greatly influenced by their crystal structure and
posﬁmésfoaideﬁﬁflyet'%a%&i‘%%al Cness ?}9{‘3&1 airdt 104 RRE NG B¥ENidual who
forensic of trace anopunts of a l'um nescent marker
purdesgd itsi Inghsneayrit reccendsyuissiblectenthomadrehé aissrilartiont dhein of each

. Jparticles. into the all trix.can ipterfere with the
ind el Gy ol sy pepnt e Mt fXipe B PRk iegslfaee.
i nfluence the properties of the bulk netal in an
undesirabl e way. For these and other reasons, it has,
Furihgtmorenswpsodréynerserayypaygs apdlandyrss siatibe veed as a means of identifying
- eff [ [ i r te | ym nescent
the GMe7 8L FREH ¥ PubR R0 b MR BB b RS gy and office

furStuehinngdreral alAs dofyrsoapghiauhe filiere(reHeadrigitand ywier bl tHaansset can be
del eteri ous and unpredi ctable effects on the all oy
deterginedbyimply qetreting (ke HpsenpRoiipe BERinE¥ENoRakER net al
or the nmetal alloy. Additionally, the |um nescent
properties of nost |um nescent naterials are _
h) FhQﬂHQBMﬁﬁg%%P'Cally degraded when they are physically
i ncor por at Into nolten netals during their formng
Indystrivd anejals moessiesneciab ormblameewhert & qeowsdo mmskisigadueyto the fact that
. ' e ' riicl e j;nto_or
theif KPP ol BB, BT e B e Bho e Shhe oy ot rece
mat€xrddls ipegsemeiti thevdlloyspetixd | hcoogrimgadi@n clordisitasi aic @hounts of
kinetic %g%%th nnﬁl_energies. Such ranges of |
lumpssgsinh Berksaseash IRGIHENE Ong A MoK RiRkinesspdl ypigtalgy igto a metal alloy
Pl . | pisi .
e T el PR RS Tl v e, S ke, B Prdlrics of
metilh esealseglenily udhienpat by theesrsta strefthecaridvalyytal orientations. Once
accelerated to H%%p vel gcity and are
2gaipoCPROTIHINEIF VAR HBERFC O gt AMOHPP RS &
one Bf REESEihestHR €AbHd1$bOGh&PREHTes (hfPHEANS BRtriV&IndFteHere with
otherwi se affixes or attaches the particles to or in
the dasired aiystadline stucheapf thhendalrahd deflesnce e preperticnof thetbalk metal
|1 oy. .SUuch spray processes currently exist in the
8%#éggﬁgﬁgghvironnent wher e

hen made t . .
eiags&_entmér?(er comprising

: a
11 ar
C

For these and other reasons, it has, until now, generally not been possible or cost-effective
to readily incorporate luminescent materials into or onto metals because incorporating such
materials throughout the metal matrix would have deleterious and unpredictable effects on
the alloy matrix or on the crystalline properties of the metal or the metal alloy.
Additionally, the luminescent properties of most luminescent materials are themselves
typically degraded when they are physically incorporated into molten metals during their

forming process.

However, techniques are now commercially available by which particles may be

embedded into or onto the surface of metals by imparting them and their carrier media with
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they are typically used for spraying materials onto

nmetals for coating purposes, to replace electrolysis
w@roobo19Sseat e ot her coatings that protect agai PGI/AU2006/000608

oxi dation, corrosion and wear. For exanpl e,

commercially available cold spray (or cold

gas-dynam c) technol ogy can produce coatings with a

gas-jet tenperature that is |lower than thermal spray

processes such as powder flxre, wire arc, plasma arc

and hi gh-vel ocity oxygen fuel spraying. Such netal

coating technology can be used to enbed | um nescent

ol 5y PR GROEI"E, SR B0, HBRESE S e of

combifiR@érsi oTEirdfie Ana mgbrinbedergley dre @ypitattli, autl\mdthlesmmlﬁno&cluswely,
ki netic and thermal energies. Although na

created i ircdyisaial thermel ang) wld prray mmreceSﬁ%Sarﬁn dieriaghniges  particles
are, ﬁf@&ﬁ/rﬁé/'éﬁéce rSed ¥cph | JeYod ?tg%rn@da‘:r‘g t}gﬂ‘t rﬁ&cfeeﬁ)s&?hdes%n a@Retal or

resses at are creat incollisions, it
metaﬂl aHopewfuck odhd prdrats efthy collinionesdeds, mmtmna‘als,swoldn obetherwise

npacteq or, coated onto.a netal us n
affieE B ERGS Pn EUEKRS B o HHatis fiby o B the CHERE of the meal or
metal léﬁb?e%%@ﬁtsptﬁ%o%% {8 utfeh @klsﬁlrﬁﬂiefdo@xﬁﬂ&rmal environment where
degradati on spray technology is therefore an

theyeixeatm»hc@lloﬂlsod fuisprying watatiala oinemmktalfefoalcoating pygoses, to replace
an b

hat
electirﬁ%/gﬁ Pékjeﬁ%a C. Or‘%erl‘eCé)ﬁglil ntg’t B\é e&jt n%a?%ﬁooo altllag corrosmn and wear.

For akdrhpieNgormeridlgChlaflgble Waid epiasnor r&ardkgmd;emaﬁhc) technology can
conprising, one or nore | um nescent nmaterials to neta

prodpee epajiags ViHhe gagret HInRSrgHIc tbetaﬁto‘ﬁeéﬂ’é%féth@a%‘ Sét%%@%ﬂsses such
as pc%)v?de{rgﬁ{rﬁg%vﬁje a pﬁ@ﬁlﬁlaléa%dd%%ﬁ -vElo¥ lde ?L‘a?iﬂé" =

oy' s t
key required nechanlcal properties of the netal are
therefore unaffected by the marking process. Moreover,
Suclsnetal koatiggitechaokdgy ke babsel bantinditmivesdmd mantesys each consisting

add|t|onally be applied after t al has been _
0 OWJP%TEt'&FP@GS‘ith a3l a0 At GuPr AR B GeeLBY Trgirine them

?rer MREA r\ﬁlﬂ?%p&hﬁ@ YRR HRY tREnAPRnkASkst O A‘Iﬁio@éh many
alrcra t parts after their manufacture. This all

lumipescest matehiels ey kebld, mmhamrxgdhhﬂ heiripropratiehars tympalﬂmd%&tyded by

stresgys. T8 BRI NS FIGUeet 1) GEQrATEEOoEe: BARTaEe g tha

man¥ [18mtheS¢en® Matdris tAROKI iRadied aorl doatedesaet nvdlk@ingl cold spray
I ncorporated in _and/or on an_industrial process

techpalogy inasuch a weethat Heylraitithbst dHiinespqos properties without significant

degradation.

Cold spray technology is therefore an example of a suitable conventional metal coating
technique that can be used for incorporating, integrating, impregnating, welding or
otherwise affixing or attaching luminescent markers each comprising one or more
Juminescent materials to metals in a way that has no significant deleterious effects to the
metal or metal alloy’s crystalline structure, or to the metal or metal alloy’s thermal history.
The key required mechanical properties of the metal are therefore unaffected by the

marking process.
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is irradiated with Iight of wavelength Fl, it glows
Wi th the spectrum 2, containing the unique wavel ength

w0 200611956h order to detect the presence of thePCT/AU2006/000608
| um nescent marker 1 incorporated in or on an
i ndustrial process material 7, the material 7 is
irradiated with FI and any light emtted by the
material 7 is collected and examned to see if it
contains light of wavel engt-2511. To perform such an
operation, a portable |um nescence reader 3 can be
used. In the reader 3, a |ight source 4 generates

' t by an,.attached ..
Mkl 0 U9 50600 MRS PSSR, AR BLIAG i s
the picraleiss beerf pahufiboye) inanhrficdaesdestribngbedsst Fonsxample, marking

tElxecut able by the at |east one processor. Optionall %“ _
of {hielyiPE JATY 86 @PRledstonmgtah pEerafepsts atter (thehmagnfagtuer This allows
pa con'ght er Jlbgm E%hdﬁ F}?]glE;% ag}el?lsér% g]t eg 3b)}ﬁ(?rhe [ élﬁ%f I%%’Sorecdée sﬁed'

is, optionally, collected and transported by a fibre

[ ihre apti | ements 5.
DE%E‘%P@M@& b@g e %B‘ﬁ*a{‘//f%gsso constructed that
a fibre-optic collector 5 is replaced by a

. line-of-sight arrangement in which light is delivered
Figgier b élfusirates at yystemai @ fo) fietd oy onkréte| tragkingsefua damigescopt marker 1
: i i r_fibr i.c..hyndl e 6
e Sre T B8 oL B8 o RSP b P o0 2 B MR PO R Cont marker
is itradietedfwish dight af mangen@htFl, 3t gked) with NBe Ish@unOD, containing the

its and falls upon the naterial 7

.wavel ength F|l e p .
UG E’ﬁvggﬁ‘ﬁﬂéifjﬁg' tiaerden iy GRiest e piseencaminis deptinescent marker 1
oA oy BRI BT 357, DLGIEHE)T MBI v
and gay éightemitteditly thaatriah7 antolleetedemdienghinedeakeeyif it domrains light

nor y-than even.a small. fracti f anbi ent
ot e LY 78 Y SR i 5 B Bl B e 3 an e
usedl elreGE ke PB OCRSE sohice UeRXalcd 0RH1 ONWRRTh AL E BHHRR prompted by
that the reader 3 is used. This is achieved by fltlpl nglD
an aftpehedeqmpeter de. The compuiend? msbidesiptdpasobne hecessad@ot $hown) and

Ldh: S ' r_shroud), ich.isso,.
pod S SO RSLOTREE 1 R R3S phEl . Bl Wiune s
4 magalsosgenanye Kghti o aalierpivicletig3ti, 731 Face f ubb€ command by the
materjial 7, it nmoulds itself to the shape of the

h
compyier dde dia 4aht sieasiaicd) by thg digks seurpe ﬁn’fﬁa emntiongliynicollected and
tefi : ' ' n ,t : e
B B L A S S A GRS e reader
3 mgy beheo menetricidd that sa Cibtd-emticedolbact@ Sesanplatédbg Dpinkaf-sight
or bundl e of fibpre tic.elements 8 present in the
srrafisp g n WhGedieht s eBbined ERetlop amaliini it edisht Source 4.
spectroneter 9, containing a suitable light-sensitive

el ement 10 which is _
At the head of the fibre optic or fibre optic bundle 6 (or at the reading aperture in the case

(@

where a line-of-sight arrangement is used), the light of wavelength F1 exits and falls upon
the material 7 which contains trace amounts of the luminescent material 1. Because only
trace (or forensic) amounts of the luminescent material 1 may be present in the material 7,
it may glow only exceedingly weakly — far more weakly than even a small fraction of
ambient light. Because ambient light may interfere with the detection process, it is
excluded on each occasion that the reader 3 is used. This is achieved by fitting the head 6

(or the reading aperture) of the reader 3 with the elastomeric cap 6a (or shroud), which is
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capabl e of detecting the presence of wavelength f | 1.

The spectroneter 9 can be any conventional instrunent
we apabisenf detecting a particul ar frequency oPCT/Aghi06/000608

emtted by the material 7. Such an instrunment can

i nclude, for exanple, at |least the foll ow ng el enents:

(a) a light-sensitive elenent 10 capabl e of

el ectrically registering the presence of incident

l'ight; and (b) a frequency-@6ntrolling el ement capable

of limting, specifying, or controlling the frequency

of the incident |ight. Exanples of the light-sensitive

[ : 0 C :

so SRS ML AN BB red Rl nEAP P soc N BB SRR particulate
surfadfﬁ pf tre miateriabf7, dembalds ifself ta thﬁhtsha]Iél ofitheogurfaceriahdrsubstantially

(d) hot onul ti plier .tub |mIar devi
blo )a la?msbé?ﬁté@ﬁaﬁewt%}ngéﬁweaﬂmﬁ&ﬁwga e@%ﬁﬁ&ﬁh%reaﬁer%ead 6 and

the Ql%fé%aﬁ’?' %y@@sﬁﬂl élbbv‘é‘ﬁﬁté@%? MSBateRenT id &ﬁféb@& 8¢ aWebdhd fibre
['1ght of sélecte requency;”and (f) a photoactiVe

optic henbwulle ol ¢ @pbé ekingaméd Bi prgsemhen phedend . ofThesegtransport the

of, a. ected fre ncy .i.n. an . |es of th N
col e RS & BB e L RERe T s TOp T Bl 10 which i
capdbdg opadt@dmxgamp@bdnb@omwnercgﬂsplar se and separate the

incident li1ght into its constituent frequencies which

can then each be nmeasured separately; and (b)

Thegsﬁpcg[\flvﬁ?ﬁér 9 &b vRTh cgﬁvci%lgﬁa(l 1@1&‘[%11?%? e&é@&kﬁ@.o?%'a%?ﬁﬁg’ g'p%ﬂicular

passage certain quencies o
freqhemplytaf ligheemh‘gedaiyl tbe/\mag:rmbv eStichven exanmeat ¢aarindfidd, fesexample,

freque es on h senSItlve el epent .
at l%aﬁhﬂgﬂrfq@“ﬂ%%@ 6‘tsdz§"f)a 31@5%5@6% clgmgnt 40 &ﬁpa]b?e of electrically
reglét&tlﬁé ﬁﬁ%@seﬁ@é@f‘fn@fdeﬁt%%* &l @9 Mq%%néﬁ@oﬁﬁ@%%éei%%t capable

t he detected frequency erm nes \whet her
of liming egeadhtingrar kemtroihmgﬂprfmemcma”stbd imdanty égbtr eldamedes of the

sence of ht v th f11,
tin QiR e st b ikl R ImERY FOR Bhhareihes Pt omper o similar
devﬁ:@db{(b ghitab3®©TCTecHp bHSihr aaldte (t) 4 BhotBaiole bt Bnilar device; (d) a
chec t he presence or absence of a si gnal at the

phouorrgmplseé et rdmepredviine, (@ adigamnicendagios S sHmigvietengtdgpable of
gc:nefra‘éméf an ?l% Acdi? 8}1 rW n {3 a{etaq{f@{ Hé %f&‘é{éﬁtf eﬁ@cl:rl&!/ and (f) a
Verl y repeati |

e rrea erva 1 on

phoﬁoét&grcﬁémﬁtgil td[]ﬁdiliatcﬁf sxg'Hang(Ih@ plegenckDfitat af 8 Qelssted €lequency in
ght source at different tinmes tha

on and off t .
any Payc 5%@{% 03 ﬁ?‘i"&ﬁﬂ R lgrr& elewaa mpkwéeeﬁ%é ﬁ’é%’ﬂplio(ta) prisms
and tsnt%r@fﬁﬁéhedlbﬂ@r%aﬁddq éﬁﬂl‘&r HUcRenP BEKORY NG gﬁfs?tu@ﬁt frequencies

generating a distinctive response or pattern o
whidhesgmoths e savihibe mdasuradisepeeately; tathé (bubamkepasentutidf, kogrother filters
whicllllss%?éctively allow the passage of only certain frequencies of light, thereby allowing

selective examination of these frequencies only.

The light-sensitive element 10 transmits measured data along cable 11a to an interfaced
computer 12 which computes the spectrum or the detected frequency and determines
whether the luminescent marker 1 is present based on the presence or absence of light
having wavelength f11. The computer 12 may repeatedly switch on and switch off the
light source 4 (using cable 11b) each time checking the presence or absence of a signal at
the light-sensitive element 10 due to emission wavelength f11. The computer 12 may

therefore mathematically verify the measured observation by repeating it or integrating the
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As illustrated in Figure 1 the reader 3 may be
i npl emented using, for exanple: (i) a |laptop conputer
wereooa/1psssonal di gi tal assistant (PDA) 12 and PCT/AU2006/000608
appropriate wired or wirel ess connections 11; (ii) a
USB2000 m ni aturi sed spectrophotoneter 9 supplied by
Ccean Optics (Dunedin, Florida, USA) and (iii) a
VSL-337 miniaturised ultra-violet |aser 4 supplied by
Laser Science Inc. and fitt2d-with a fibre-optic
connector 5. Alternative |ight sources 4 can include,
for exarrple one or nore of the follow ng: (i)
| 4 c dferefMimes that
datat Eg F e?lr?g a%%%gf‘fdé byd%?%ﬁ@alllgggsoa& e&ﬁgr aﬁfé (ii)
it ccﬂleE’%quaallﬁexd ﬂ@nbghtkseghtlvsmlmwtslmpﬂhﬁwgybsvllr@@ébm spurious or
|||

d
backgloupE ST iSRS Rey BT Gi SPRIGY SR TR B FEOTEs hich s

uniqhé fAUE Rlrh@Bsdent hbkef agge 365-1 100 nm A variety of
other solid state or incandescent |ight sources 4 may

be enployed The i ght source nmay optlonally be

As ﬂhtgsgl% ?‘11%%% Wtflfy%eggéxhﬁ mag %Etlmgféﬁlega dqglqbé %ﬁ 1e€ (i) a laptop

enera
comButep ot Qtdp&ﬁoxﬁysdlgmﬂ Aennat (FDAY. 12 and @ptdq_alﬂater witeHeor wireless
activating circuit may.qgptionally pl aced et ig 0
connegigonsa pt; ogl)c%ﬂ%ﬁﬁ@pol@l%?ﬂz}“f%SH"?CEHP}‘@%F@E SWP’G dfdf Ocean

Optl{:%) lgﬁﬁﬁ‘&fngt Flo\éﬁ%,éﬁ@%@t Efe) rlﬁ? al ng333iuhﬁ§i§tur@d h@d-violet laser 4

re ca I npl emented, for exanple, as a

suppel B4 0@sd\Ecidnse Int0Bndhfitedwith hifttke-bpficicqaeetdr 6pt i cal
fibre cable supplied by Ccean OQptics to carry exciting
and emtted light. The fibre optic cable contains two

AltehBYOE Fighf sQREdC4 fcb@ﬁﬁ@ud@rfoi Bﬂﬂﬁ_r%léuﬁﬁjé 8r cké @fnBe \ﬂbﬂcﬁﬁing )
I's arranged an outer bund e termnus of th

hghtenm@rn&xﬂmdﬁSdhE@Sb Pnefgees atn?tS& 6enmm; &eéatéﬁgtheeﬂgfwﬂ%bv Nichia
Corpp,I {?té)glg, ol ng Egj;(éﬂo%ulﬁghqfsph g §ugﬂﬁ€!d P# Wllein %ﬂtﬁs and (iii)

comBRREAI YO0 @MIaBIEELEDs %ap%letdfegdiﬁmﬂmgfa tadetyi bf eisdpt iand mfra red
cable 6, the two fibre optic é}l s are corrblnedé
irradiggiopdp |t%‘arang@f3ﬁédt PRampr 6b‘@“etYA° @S?reﬂlﬂo%ﬁatﬁ Opsandescent light

sour%%pli i \M% b}é egﬂgéﬂfe%lt sty h@ NBLRk BsS§FRInIIMYeGhC c\lﬁ eggﬁi%m the

optic buhn Ies and ‘provi des a sna
hghtkﬂxthldchgt eﬂestmneh@éaa hé piaise genaptor,csuciThs 8 Datgpubsar] 0lé supplied by

e t 30,de when. wan
Y5\ RRROHEA S Bl & KEDE Ao SR g GUme| Hreyserat gty be placed
bet\)\fe% hf%QEf)t@P chn@Q@? 12h8d BR! 18bH: sQltte Uhn 3gR A beddifte SRMAMoATolled
be anal ysed; the purpose of thellplsto el i mnate

llghtasllmch of the external anbient light in the space
bet ween t he

Optical fibre cable 6 can be implemented, for example, as a QBIF400-UV-VIS, 400
micron thick bifurcated optical fibre cable supplied by Ocean Optics to carry exciting and
emitted light. The fibre optic cable contains two layers of optic fibres; an inner bundle 5
around which is arranged an outer bundle 8. The terminus of the outer bundle is plugged
into the fibre optic fitting on the laser. The terminus of the inner bundle 5 is plugged into
the fibre optic fitting on the spectrophotometer 9. At the head of the fibre optic cable 6,
the two fibre optic bundles are combined in a so-called “reflection probe”. A reflection
probe typically consists of a metal assembly which envelopes the two fibre optic bundles

and provides a small lip beyond the end of the fibre optic. This lip can be angled (for
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fibre optic head 6 and the sanples 7 as possible.
Because the |ips on reflection probes are netal, they
weavegerser al |y not provide a perfectly conpl eneit/aDg006/000608
fit wwth a sanple surface. As such, they are unable to
bl ock out all of the anbient |ight present in the
space between the reader head 6 and the sanple 7. To
conmbat this difficulty, manufacturers of such probes
al so supply | arge anodi sed-a&mi ni um bl ocks cont ai ni ng
suitable receiving holes into which the reflection
probes may snugly slide; these alum nium bl ocks are
exafpld, ezg 30 Qi‘egfe%' %eﬁrQ%lﬁok@ fe: nﬁﬁsﬁ%ﬂh@x’ﬁﬁ af tHe'é‘ée'a'hgles In
size (typical 7 cmX cm footprint)
0per&bllodeneﬁe¢tmntmebes lkeoldd tight um@ambﬂemamplegbtbe abalhysealg ghenpurpose

To _su ntiall eth presence
of i tipHs i Sl = il pE bRkl FabEREREE hafe Bpseaietveen the
fibr€ ©pti¢ RERNS AR theYamblet 788 pRbsibldMBReSEE Mhe B HEFeflection probes are
consi sting of one or nore |umnescent materials, a

metpl, ipp-car GERARIyNeiapoGde pmaeeaty @nmdamynta%%tewnh psample surface.
As QRE?@Q? Qrat ﬁla%zﬁeto rb%acd’ed' 'AH %(Ft a(rggle}ltol pé}H ggrgsglg?t e spalcg between

case ere a connec

the m@ideuhea‘ﬁ) 6 ahieheapmple T.0Mkd sémbaf thiy, diffiadly, manufacturers of such
ped rubher sl|leeve into which the

conically-s
probes Al Hrph E%F%%én%hieéra hemeniva Rlecksaqosfainpe)suitablp uetsitng holes
mtoﬂﬂlﬁmﬁl t‘ﬁ@‘%@ﬂtgbftlohﬂ% gopmg% Jn'#éf?hglnﬁ: rtﬁécsle% ir?{l%rgr&ga(s are called

tightly. Near t tto e cone-|
"refebbevprobe holderst.aBy artucofsbeiosids (typoalien 7roubkdrenc fmeprirg), these

hi s cone .co s.a serle concentri c,
hd%ﬁ@‘ﬁﬁ%&”’%ﬁ) h‘°1 ?’ﬁglemgéélﬁ%d‘lt AT ent 4 E lIc‘étpabl e of
bl ocki ng out anbient |ight when the reader head is
pressed agai nst a sanple surface. The rubber cap 6a

To sbstantirdlyedimingse dietpreseghe ofenbisgt h.igié ané awlie eresible the use of trace

(or goggxgs?%l (iua-grgﬂf%sioﬁg 5!%1 églap%rsr s1st1 niaér{ne&j uE, luminescent

mat&igs; arlipietaludipe cad 6m@a6@61t Mﬁdﬁa@y&tﬂlﬂﬁlr l 1§ ditihe @ELER reader head 6
Optics. Alternatively, bespoke software nay be used to

(or feélpﬁ regflereRertgp &t theicare where Relilire-4aH? Canneviop 1ssust psgibe The cap 6a
consid BFQeﬁlaHb %oh%§ﬁ§ ~skhpRl ré‘ﬁ% gfefeve ﬂﬂg Wik ﬁl%tl%ﬂépcfé)ngplobe 6 (or

processes the data reécei rom the spectroneter
the rEhderepriture) isqaudieed. 3Thd sledvedifiige eapc@nfitsahé 'raf@cRDAprobe 6 tightly.

e dits ba flts nto shoebaogx- si
Nes B R R i ST B SGE gper cone
is at@@Re AR cdReohRARE schieadf &)r@bﬁt%\’scﬁclilﬁar FERRETipd, RQabBof which is
routinely used in field operation, permtting reI I abl e

capagiedof blaghing |0rcit ginbuent tiehtewhm #htei sadwfheadrie peiseed against a sample
ent sent

surfa%%?%' it %er %ap Caee lmlﬁétt%%wlg eg% le%kﬁgupﬁ% m%agbrréggnt process.
facilitates such traceability. For

The operation of the reader 3 may be controlled using OOIBase32 (trade mark) or
OOIChem Spectrometer operating software supplied by Ocean Optics. Alternatively,
bespoke software may be used to control the operation of the reader 3. The software
switches the laser 4 on and off, and collects and processes the data received from the
spectrometer 9. The entire reader 3, including a controlling PDA computer and its battery,
fits into a shoebox-sized volume making the reader 3 fully portable. The rubber cap 6a on
the reader head 6 allows the reader to be routinely used in field operation, permitting

reliable and ready, in-situ, determination of forensic quantities of luminescent materials
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exanpl e, the VSL | aser 4 described above produces
i ght of power approximtely 10 m crojoul es per pul se.
wajgiongieshi s | i ght source 4 and the reader 3 anBCT/AB2006/000608
rubber cap 6a, it is possible to detect, in routine
field nmeasurenments, certain |um nescence markers
present in concentrations of 1-10 parts per mllion in
commercially avail abl e concrete. This could not be
achi eved wi t hout substanti aRBy- total exclusion of al
anbient light. The reader 3 may enpl oy a detection
al gorithm (or protocol) to detect the presence of the
resk e
P B e L el oD PA T SR BaRabiiy. For
exafeﬁlénﬁi%tf\/sﬂeiae@t # oiescallgdraliohm prodees Nihd Gif ol | e@aproli(lmately 10

lon sp é rality of |um nescent narkers
mlCrfJOéﬁ%ﬁ Hﬁ’}é’a @f@%ﬁ%e ari@ddhorasden hand thetrabbeseap 6a, it
SIES ddied: f
s p dat abas edi‘e [ ?1 ﬁﬁé%?% nigats %I%%ﬁg eﬁ' 8({&&"? %“r}lﬁgércg S%eu ngrlkers present

in cqnggntrriions af 1 drpess p&r plnldasam Cmmmmlalt}dmﬂﬁbla|coﬂdfr6§é9315’ms could
r adl d with

not {EREINEY whnal Mg Bl B el and e
Iight havi ng the spectrum shown in 2. This spectrum

Th rrayarbg stored in a digital formin the conputer 12
© %Yﬁn@@ééﬁﬁﬁﬁﬁl%alg%i@ tatrapiasel) & daeatahe aiessnce of the

lumlhék%eﬁmrﬁﬁ{e?rﬁnsﬁl%&trfaﬁ pf N%E%ﬂ? e;?&ﬁ? ﬁL , d%@#ﬁ%ﬁg@mhms can be

materi al s whi ch conprise predée
formnhitdde rig ohe %mplarhietelcndmslgbhﬂim Phe CBSSciRBbRS éilssidn | IsBectra of a
rra:lated Wit of frequency FI, it produces a

h
pluraé‘f)yeS Hipe “"Fﬁf’%m%@g‘t 5 SRR ed dRhe sustey kQQearmsgmd ithmdatabase

" storel An€R€ fkoﬁi‘fpute'i‘elﬂawbé?&nﬁ Q54E& da afb%§ N8 %bé&{sﬁ) e to identify the

spectrumfits 2a (with nex ected varia
partlchgqtfglél;nmqsﬁ@nq mg{rd;gt i prkesept o assmdn:ttﬁah pdocéss m:isfen@ll 2arthus, for

0N ALBEE IR T e 1. Wt o5 o
havingatht i spedtarm rsh@\d@ﬁxeam Tigd sbéﬁﬁdﬁ?w& ol 4 g%h !ﬁ{)}m in the

an industrial process material 7. This proces
com dat BERbAGT asRestHUR 26t Héis dasatoisn also cnstani tlheuemmmsn epctctra of

Il L
o L T R A AL [T A——

Whenlthetindustrial @rcamis maietihle7 peipdsdiateds Wikl UERCHF fﬁéquknémbp bt tir%duces
tted by any of the other | um nescent nmarkers

a Speftﬁurflhgl] his Shegtrin g C%Bﬁeii 1Dy Abgorighn up each <i>fgflht= defabase spectra.
If thd LBSHHAIC ¥pdetrum TG Q’@t(%mn 9%& FJE} %ﬁﬁxtyop 3’1%@3 Jpdustrial

associ at i ng | um nescent mir e pre
procegshingtepiehk nuyst clearle nDISSmdnmmescent marker 1. By this means it becomes

possible to detect the presence of a trace amount of a particular predetermined luminescent
marker 1 within an industrial process material 7. This process may be repeated for various

other combinations of luminescent markers 1 and industrial process materials 7.

Alternatively, the emission spectrum 2 may contain a distinctive and unique peak at
frequency f11 which is not emitted by any of the -other luminescent markers 1 in the
system 100 upon illumination with light of frequency F1. The detection algorithm may
operate by associating luminescent marker 1 with the presence of this peak in the emission
spectrum resulting from irradiation with light of frequency F1. Thus, the detection

algorithm may examine using conventional spectral matching techniques whether a peak of
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spectrumresulting fromirradiation with |ight of
frequency Fl. Thus, the detection algorithm nmay
we@@aitmseusi ng conventi onal spectral matchi ng PCT/AU2006/000608
techni ques whether a peak ofa particular intensity is
observed at frequency f | 1 when the industri al
process material 7 is illumnated with Iight of
frequency FI , The presence of such a peak validates
t he presence of |um nescent3@rarker 1. The process may
be repeated for other |um nescent markers 1 conprising
one or nore |lum nescent materials having unique
o pafLAPLAThaRF R Sogely2R 8 ERARTEPH RPE BRORGRALD dRocepy magoral 75
illurihared estheipht offreqicat 6 F L, Zh8 prksence .of sudhax peadfvalidatehthe presence

’ of lq%gg%\/\q’sc%r\l{{w&xar’kglf ?1' sllfxi,enlgr})l SS ?r{agr%]qt: {%%l?z!}t_gc_l ?c%rggtﬁ;rgﬂtmir%gcesnﬁir&ﬂkers 1

com@!ﬁi%ﬁ% ot iR idels Gt n@ferBMRN 8IRAIN el omiBBYN P&iks.

m eterm ned. The reader 3 nmay be configured-
to carry out a routine in which the illum nating
he S BhRGh her e T Myl ERANSRY, | 31 Rfpricet gpen

lumiféscBR BaRbiaR MUlt4, plhCedch Of whithi pRseewith aUBkhalss od niutually
_to glowwth di stinctive wavel engths, fm, fn2, fnB,
diffefapt emissiom wazalengthuil held 2o Al3: fat-erfi alwhenniliuaupsted pithe light of

wavégdertrggl:ﬁ) i l,t Bg Ibg @}r{\?a;f‘yfdr%ﬁe d8errrk Bfdet B%%Wﬁé’@&n&'{%ﬁt&d to carry out

ess’materi a such a case nmay gl'ow w't
a rdu€ast inorehigh aht ndninimnichgumiagelengthy &l eogehtiflin obapged to other
illuminated with |ight of. a single wavel ength Fm t.. .
WS B0. POl whdihs AT TaT BRI PRORE TBIFCL et REPlcity of
lumi}’x\%\égrllterxlr%&ﬁﬂf M_pLyn Q@\%lc%‘tth 'E?sﬁi!ﬁ@t[i]\se ]Vlvéif_émlﬁéﬂﬁ,' fh1, fm2, fm3,

m nescent materials glowng with nultiple _
fm4,wdmel dtrghHsmimedesnt matariapllen incomdiraied withivathe|lemitenesnt aprker 1
be ysed ,provided. that .their em ssions. are.nutuall .
of A ROTRU TSNP G D8 Sehagrcs 2ot e G UEH R obe prominen
and %1%9@ Wakgisn@h faih ®kalRlehisgbd ofith NghtngscenglemadwetdngtisFm, but
1-13 which nay be selectively used individually or_in

will aiot fgbaverwhegoirsidivaed ol hehtaof thei pibsic sitelppgtRedm, Luminescent
Lum, ne s L1 al - 0 : Y\
L T
multfple ilatiatid watelargithcembbey ugldopvovkied thatrtheir atrdghionistare mutually
F2-F5, Simlarly, |lumnescent materials 6-7 glow
non-Hite{§TiHEt i vel y when illuminated by F2, but not under
any of the other irradiating wavel engths. Lum nescent
materials 8-9 glow effectively only when irradiated
Figuwd 2 epi8tsathel etimion phoperiine bf o examsls isohofawdhesagtt isatemads 1-13

whic%i 'Q)I/ !c cs:glgétl%lydhge%%h%%dually or in different combinations as a luminescent
marker 1. Luminescent materials 1-4 glow strongly with distinctly different wavelengths
when irradiated with F1, but do not noticeably glow when irradiated with F2-F5. Similarly,
luminescent materials 6-7 glow distinctively when illuminated by F2, but not under any of
the other irradiating wavelengths. Luminescent materials 8-9 glow effectively only when
irradiated with F3 and their distinctive emission wavelengths are significantly different.
Materials 11-12 emit, distinctively, only when irradiated with F4, while material 13 glows
strongly only when irradiated with F5. Luminescent materials 5 and 10 glow strongly
when irradiated with two different Fm wavelengths. However, theif emission wavelengths

are distinctive relative to those of other of the luminescent materials that glow when
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Materials 11-12 emt, distinctively, only when

irradiated with F4, while material 13 glows strongly
wopiog/1vsen irradi ated with F5. Lum nescent matRCT/als006/000608

and 10 glow strongly when irradiated with two

di fferent Fm wavel engt hs. However, their em ssion

wavel engths are distinctive relative to those of other

of the lum nescent materials that gl ow whenirradi ated

with these wavel engt hs. TheBd -presence therefore does

not introduce anbiguity when detecting different

m xtures of materials 1-13. By sequentially
1rrad15t"e§%1§1t B RarARHR. OfheNprbQLUS tick@brePd RE 898 intRId8Ed Ahbiguity

7, which may contain a |um nescent marker 1 consisting

wheofdetecmgdidifesend ikturdsod spdarialnhtlérial s 1-13, with the

wavel engt hs F1-F5 and determ ning the presence or

absence of each of the expected wavel engths fmm, it is
By q&&itll 1&&115{%55 St Whart thdeétribing ot 448k Mt which may contain

materials 1-13 are present. Since the presence, or
a lugiiresprne D@)Effk@ab lgonsiFringeafce mixivig ef luningscsvt materiglsp]1ar yith the

r
v SR8804 T2 058 e Top 7 b TR YOGS RTS8 oot
wavbladgm fina) it Py peritde matigeinains wl‘ag/h bethel Ibmdadsexht anane.friaiqy &-13 are
‘addr ess or code) which ui shes themfrom I .
presgit. ¢ %’@C%ﬁh?ePfe%:‘Sgu%laé’s%m’ar(gjs%ié qg‘?‘ﬁ@ﬁ% MAER H’i@“ges a binary
codé:rg(s Lerwatd gt Lﬁﬁe n%&%&nbl%tﬁ% "Mfstﬁeéedﬁlmlhé@lant' h&@Bals are
ked w fh mn cent markers 1 conprising the

posdiblei he&n:eway,nncﬂ@m@lpsocrsslmateﬁak;umy 3 dépaetis wnique “address” (or

codT SRR sPRbTHer Al sBar of B St inss Bl ARES S Brzebymaliowing
diffdbitf2868 BF nliMetoNe SAB&visidesticAl Semb intikdBkRh WiminBSent markers 1
| um nescent mar ker 1. Gven that the absence of all of

compriging the lneéresennt pefesielsal-43does not provi de unambi guous

i nformati on, one of the lum nescent materials nust

al ways be present; this material wll ideally be a
Figur@nedgpidte ai edempimtmitrieedfybiawgi ¢aalel €or aatdreshess deriving from the

pres R AP 46 SEAAh 61 GRS BA LS MCh ke up the

Iumﬁi@&%ﬁﬂ hb&et 1 W&%E’@t‘% aB8neE bPLlH bt Iﬁﬁ‘ﬂ%%&ntt %a}i’é?lals does not

al ways present. his material is not wdely and
provgm«anahblguwsalﬂfaﬂmmom tonsecvﬁ/és henigegcelite matwralsrarigealways be

of e e t ni th
presff i e B LS B Pl SRS R Fraa e ARy and whose
propeftic@late o3 nfnidHRE ty iy BRS BithineBdeaf ndleSial. tTAGNOERMEPle depicted in
code 1111111111111 iS generated, and this becones the

Fxgumen |3q aenséxﬂmégmfr@scemhamatwd uk s chdsepripcles slways eiresgnt. As this
materlal 1s not Wlaely %Ha gﬁc'e?aelp}; available, it serves as a reference marker of the use of

the technique. In the case of an industrial process material containing trace amounts of all
13 of the luminescent materials, the binary code 1111111111111 is generated, and this
becomes the unique address for that industrial process material. If all but luminescent
material 2 are present in another industrial process material, its address is 1011111111111,
If all but luminescent material 3 are present in a further industrial process material, this
provides it with the binary code address 1101111111111. This approach provides many
different possible binary codes, thereby allowing differentiation of a large number of

different industrial process materials, each marked with a luminescent marker 1 consisting
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material 2 are present in another industrial process
material, its address is 101 1111111111. If all but
wo voneseent material 3 are present in a furthBCT/AU2006/000608
industrial process material, this provides it with the
bi nary code address 1101 111111111. Thi s approach
provi des many different possible binary codes, thereby
allowing differentiation of a |arge nunber of
different industrial proces¥raterials, each marked
with a lum nescent marker 1 consistingof a different
combi nati on of the [um nescent materials 1-13 and each
of a{:_tﬁ‘ 1t 'c&ﬁbﬁ’%f‘?r‘?gﬁrtﬁé%mfﬁ@ﬁ:eﬁleﬁfi?eha?s 8930801 &dcBdndvihg its own
Igure 1 may a be progranmed to detect and conpare
addré¢dse intensity of the enmitted gl ow of one or nore
| um nescent nmaterials selectively conprised in the
| um nescent marker 1, according to an algorithm
The %HE@@ lag dbSicRaih Pighr@ 10A4Y higdbafpreirasaRd to ettt inyd c@fipare the
|l ogistic control task or tasks. Such an al gorithm may
intenisiiy off Viee eraidisd relowy of eae @F giar gﬂurawmqetlhméteaﬁ stsEecEYYh éiPmPflsed
in theelcr ér\}/c%geq%tr?ﬁkgref ! ag:]%or%ﬁ I%ﬁax&f 4 a%% lg%éﬁ%‘tgﬁgé \%\%rfbﬂnt hﬁartlcular
proctdsghfualitgiiros elogsuaodolnttal eatk( or taskEfEdSact}EIay dlgerithaf trmy involve
if it is pulsed) pect e way el en ths are

meANEPE| Efﬁgtdr%tabtawwte# eﬂ#y defieh ré?cgr‘g?d.ﬁ Gr pES é% Kpected”
wavélé’rfgttﬁkg?&% ulfBLEbled! Wsitd megllﬁ\“é Sl Igégiﬂn\é whé 18R Source is

case of Figure 2, the expect wavel engt hs are:
activiited (&1 infith@diately3heranftirf ifat I\M}vehed)i 'hei “eapastediivvdyelenpths are those
d 27 wh i 11 ym.nated and
wav SRS AL I (Y T HArIPOrlRg. Npmigesy el it S WL alow
stron\gt},eanrlelxgﬂmafnetﬁe Bhdelbf Bdgurandiht %ipecadmdwim&owmme f11, f12, f13,

lum nated with F5. For each illumnation of th

and ﬁénwh‘tn iluntinatpd Meithdf 1, \taﬁﬁe@én@t%ﬂﬁwhqrh@uww%é @’éith F2, 138, £39,
and fsﬁ\() ‘ﬁg dh 1g£t§d %\fl@lr}%g £89Ha7! hr‘?cl M’l ) \Q’h?n HRIRLY e t%l@) F4, and

Fea 'With thelr respec nmeasu

f510aAR b tudheddtutnindtéd tvhﬁ Rse Geir ¢adh 1Humhnaltmd ef ﬂ&rsaﬁrple w1th hght of
expect ed wavel engt h crosses an enpirical M determ ned .
wavelereth Fa). dhg expested yvavelengtls pregiied seyenialhig amAmary ¢Hg in the

readm%}{%r 631 ﬁlglﬁtres’lf%&ﬁjee%ta&red fa rrﬂﬁlttudeada{"cep" If e redcelv(e):d amplitude

regi st sul'ting seduence of '
for ansextpeeted c,\mvrelelngﬂh cmtsnes amknrm}anyalbodﬁemﬁmtmehrbgh@éd level, a 17 1

illustrated i conpi.l ati.on
regisiied Tt BRGT f GrEBoRt Tir AR Bl P & O tharegrss The
resulﬁhig S8Quce HOTg g efrfde“‘(?"’li ienég | @RgilRe ihttna Wiy code of the type

umnated at two or nore different wavel engt hs Fm

111ustmicd éx Figpire 3. i Thiripgreess of compilatioacentt thl Bt ascomntyjuspigescent
materlals that glow at two or more different wavelengths fmn when illuminated at two or

more different wavelengths Fm. For example, in Figure 2, luminescent material 5 glows at
wavelength 25 when illuminated with wavelength F2, and also glows at wavelength f45
when illuminated at wavelength F4. In order for a “1” to be registered overall for
luminescent material 5, a “1” must be registered for each of: 25 when illuminated with F2
and 45 when illuminated with F4. In this way, a unique binary code of the type depicted

in Figure 3 is obtained.

If instead of comparing the simple presence or absence of luminescence materials (“07,s

and “17,s), the relative intensities of their distinctive emission peaks are compared, then
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wavel ength 25 when illumnated with wavel ength F2? and

al so glows at wavel ength f45 when illum nated at
worehersgt h F4. In order for a "1" to be regi SPEr/au2006/000608

overall for lum nescent material 5, a "1" nust be

regi stered for each of: 25 when illumnated with F2

and f45 when illumnated with F4. In this way, a

uni que binary code of the type depicted in Figure 3 is

obtained. If instead of COﬂggring the sinple presence

or absence of | um nescence materials ("0",s and

"I",s), the relative intensities of their distinctive

erli

ST R A (b o
indi¢ated tye8.abafulhprekence (mpsiniumaindertsés) ofthe markes Hywd, land the presence

NN LT N TN

a texfﬁ@ﬁﬁédﬁe? SRcHRKEsCResn Gt pefthitgtiéAsSand caEmbidaithng then a binary
(that is, a ternary code). Such codes contain nore

codendrare Hrerafprs CRNESRAGAFIZHAMOBIOMM®n a bi nary code and
are therefore correspondingly nore conplex. In
general, if, in a systemcontaining q non-interfering
In génﬂﬁalnﬁ’ﬁmearﬁysﬁﬁf b@itgning enomeixterfening nhéresaht nevieks thtef maximum
tensity in each, of tinctive em Ssi
numpRg! (81 BEIFSY %%Pc?lso?ﬁhe cflﬁ%wtlae Eprissiqn) SoeB0 B e resotved
is p,%féh Q P QQE%I%@de SHE Be %eﬁéi’é’t@d Wighth Bavge GRIIhale Ip + 1)? possible
possi bl e pernutati ons and conbi nations. The detecti on
pernaltgtomistehdsombhationms. nescent encodi ng t echni ques
descri bed above represent nmerely one method of
creating lum nescent codes with which to unanbi guously

The id8R@Btidf ¥ gbAMhst dddumPrR68S endmlify te2hsiqheLORtAbIH dl®ve represent
| um nescent narkers 1. Referring to Figure 4, an

mer¢lnpus tpathod pf ercaling hiatiaescant cpdes methywhish te csma@iewﬁv%y identify
indu r%ﬁff‘roc&tswat%galg ? @5‘2991#1 x?é Fﬁ@sgg}t l?cq h n an industry

anni n er or e m ning of a
m neral cones in a water-based liquid form A

| um nescent marker 20 conpri si wat er - sql ubl e
Referiing Hekigarn 4 s igfysipal; pgomsggatwﬁﬁﬁnq}ﬂgqﬁ ?qﬂ eXOmPlen agpecialty

or cc?r{x]ﬁtgﬁlty?‘ al u-ggf il %?Hlldhétﬂgm&ﬁldétth@&ng%g'o? 1SR o‘r'%l?éjmmmg of

I ndustr process (for exanple, to treat and
a minarl lcemehén aovattobased rirﬂutd form nér kimificsoentanader 26 adyiprising a

folg@ i which it I d..nto a. e_dam 29 for
water Sl i ARG Bt PR ORGPy BaBELE op o Tace amdlnt. The
resultiﬁ%%ldti’oﬁ'ﬂpfs‘%l%@@ Ssedf irth®XaRirR pdtRsd Bt BRImSIE, ohgeat and tan
partially processed mneral) then contains a trace or
leathemar 10 axirasitd myleml from an ore body), following which it is flushed into a waste
dam 29 for treatment and destruction. The product of the industrial process (for example,
the leather or the partially processed mineral) then contains a trace or small quantity of
luminescent marker 20 and consequently glows with distinctive wavelength f12 when
irradiated with light of wavelength F1. The intensity of this glow may provide information
regarding the dosage of chemical 28 used and the uniformity of its use. Moreover, the
movement and ultimate fate of the chemical 28 can be monitored by following the
distribution of luminescent marker 20 to and about the waste dam 29. If the chemical 28
escapes from the waste dam 29, its leakage 30 into the environment may be traced and

delimited by searching for luminescent marker 20 using the reader 3, tuned to be sensitive

to the distinctive trace emissions of wavelength f12 under irradiation of wavelength F1.
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| um nescent marker 20 and consequently glows with

di stinctive wavel ength fl2 when irradiated with |ight
wotimwawsbength FI . The intensity of this gl ow@ExU2006/000608

provi de informati on regardi ng the dosage of chem ca

28 used and the uniformty of its use. Mreover, the

novenment and ultimate fate of the chem cal 28 can be

nonitored by follow ng the distribution of |um nescent

mar ker 20 to and about the -vigte dam 29. If the

chem cal 28 escapes fromthe waste dam 29, its | eakage

30 into the environnent may be traced and delimted by
Fors %ﬁﬁrﬁﬁllen af f eenlibdll NESERREs R lﬂﬁfdel?gQOﬁfﬂ Rhtd &aH1E a%r movement

, tuned to be sensitive to the distinctive trac

undérﬁrgmdoﬁm’obe detgenimadtly fqozmgnﬂmmgm afiilahinesceof marker 20 in a
enters th

BN e ERTGSIPTR L by SPEM S 2B SPLGRGr v

of dmeh dectpelt E’ﬁaly'etﬂeﬂéyy Ibeakhdily ddEcisd GAE 16ghl b bREREG htal compliance
mar ker. 20 in a surface pool 31 at concentrations as

meqsyigs daken. Jhthe lyayingscentirprkeribisaviagabiaooly ‘@ntde tamaery or mine in

queﬁ%ﬁs ﬁleog*l'v?fh’ 6RuR 180hd or mr;E%%‘t %l@?ggp%sgﬁemgl%ﬁg i% é{}ogg(t)\{ee&wérﬁtrlevably

and | egal® and environ i anc
markéd tupen | thm predent Muae kiztail20 mﬁorﬁM&bﬂl ahdye benéntbddded hRithin the
t he orlgln of the | eather

ne.in tion,
comsBOir o SHep 1) cbeBicdL 8 o aise of Nompdhegesnb anariers 20 respectively
consibtirt 6f @dﬁ%@' SbnBMdtRAs l{')@%nmhnff)hg 1P Q¢ Qi%fferéﬂr ﬁnﬂﬁés@érlt%gaterlals as
informati on may be enbedded w thin
desogibedieb®¥ey chemi cal 28 by the use of | unmi nescent
mar kers 20 respectively consisting of coded
conbinations of a nultiplicity of different

FigdrestbAeanke B ilakiedtt alnSindduraled phihse 18hMScenth FURS 286 specially
t? EFEB il st rate an i ntegrated portable | um nescence
con %%féleﬁl‘éﬁl}’ AORAGARY defeeidrace aﬁmmtﬁety%lnumnqsv@twarkers in

induSital %)?(l)cjeys gﬁ'ié?&'is i 868 19@@9’%@3& on-sﬂ] n e?e:?éierf Pé? jicludes a

in 1ndustrial process nateria I n si

portahle specgiotrester THE, femekeamROQ poreibledOseam Opt’ i¢abl @pectrometer. The
0, for anpl e a portable Ccean Optics

t 2
specRPE(SE o D s oot TREES b TP eLar 21k @ apiiresmeal port 230 is
arrarfg%@eq&@ﬁll@ﬁ&ﬂlﬁﬁ]g@@désrﬁmsf’@4@5}6 al (Lj’af'n gggd %Bg?cre sp portion

230 is arranged. Two light-emtting
220 g eppgsie sies ahigednput optienl per 888 ed thepasptétanm@02 10N One or both of

optical port 230 of the

the 19800340 Suf s5uflea RGP i ot S Biitbatigr catimioang o t0

365 npt iKabevesdiepénding Bﬁ‘dlﬁaﬁlc@la\ﬂ@]éﬁlhc%ﬂ% rboﬁﬁegﬁle%E@sb? may emit
250 nmto 365 nm However, depending on a particular

OptlcgbfﬂdilaélgmC&l,tﬁldeoglth]wgyelm@h rERs. Japendipg @mi the size and power of the
LEDs and the applications involved, the reader 200 may include more than two LEDs 240.

The use of LEDs 240 tuned to emit optical radiation having a wavelength range of about
250 nm to 365 nm is advantageous because a substantial proportion of suitable luminescent
markers absorb strongly within this wavelength range frequency range and consequently
also emit as, or almost as intensely as they are capable of under these conditions. Thus,
LEDs 240 operating in the wavelength range of about 250 nm to 365 nm can be used to
excite a wide diversity of luminescent markers. Moreover, the use of such LEDs 240
makes it possible, in general, to use smaller amounts of luminescent markers than would

be the case if LEDs 240 of other frequencies were used.
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optical radiation outside this wavel ength range.
Dependi ng on the size and power of the LEDs and the
wa@ppbilcesi ons i nvol ved, the reader 200 may i ncPCaUunm5/000608
than two LEDs 240. The use of LEDs 240 tuned to emt
optical radiation having a wavel ength range of about
250 mm to 365 nmis advant ageous because a substanti al
proportion of suitable |um nescent nmarkers absorb
strongly within this wavel eBdt-h range frequency range
and consequently also emt as, or alnbst as intensely
as they are capabl e of under these conditions. Thus,
LEDs 240 operating in the wavel ength range of about
250 nmto 365 nmcan be used to excite a w de
As divseatsd tiy Fogurk Ui, rthcs C&EMs 2 ker mranigbd o ey recthsed yetigf 220 on

ch L 24 t bl
cithghgit €1 g HAURCBLOR PPUIAGE QeI ehEPREPE 2L h g dsUH ipte an area
dlret:i?)‘f a8R8&nt ahd Webn2 4 RhuObhtesal HoRPIONCIHRSH Wik BarerS Bl Winated,

ustrated in Figure 5A, ‘the LEDs 240 are arranged in
optichleradisties settgsbby iaon Iponesrent imarkar 19|ﬂit§ a:rf:a 8 henpartly directed

tow'ful%]t Iﬁl’ﬁf ﬁgﬁgrre'g nl%?’ Qléoﬁlg@tu?:o& ﬁgﬁcg{;ﬁ ?g&tgﬁ Jusi d e%tr%lshg{e 210. Where

necés9@y! adibreé optic pstub" 38Q. srr\Mlenan Mn(ﬂ hoea) insayi bé ﬁttbdhamtedhe input
optical _radiation emtted by any l.um nescent marke

optieH ROTh ¥ [ACILIEE BAPbIRFediSaball 42P irar o BEnEFCERES BPEPN Of the
t t

oo L 04onB b 30RO o3 S HR08R AORELY 1448 shons

that(exoludshambieniight deor it gui optecat hert 2AH of thepspecmbmpier £10 when

230 t aci | |.tat or en anc ure. .
the Fodet 20 Aot i o on BURGAC I n 3o gEORGt st dnterest.
Ho@é‘%}( '1@5&09@%10%&”&11&5%6 c§ OF feXaiPh& SFfdcubBI®rexclude ambient
shroud, that excludes anbi ent light fromthe input
light pay dwl uspdr Fopgguutle.thelok fisied MoHet eprieripadatepviehethat is custom-

200 dj
vuif EEE gt RERE VBT SR o Tt Srcet. Powever i

specific appl i cations, other types of fittings that

ef fectively excl ude arrbl ent rIa be used. For
Theespagifsineetera” 19 and the LELSLAR; argy anrgm Y GoPRssHEdo &8¢ épntrolled by a

cust%léh@%usl etg.lr&#ﬁﬁbge[m Yish mdufitdd dn Qaﬂ?a{c@ rdle Qbchdth&EL510, The with a

spectronmeter 210 and the LEDs 240 are
suitgifie smatll bettery (2@@1 Ménn}eﬂlppbesaruizvemwth’ecﬂohald)nblys af the reader 200. The

crof B AR e P20, TR 58,20, 2, LS A6% %, e

on at?ﬂtéf? by a%ﬁ@r 6&3@50‘% ¥RDPih@8dROYL thet Grchifl 0B RIMPA €THS cRéuit board

the reader 200. The circuit board 260 includes an LED
260dutdovaentagisr acdisplay VAP ehd awvitoves 30Rdo Isepéstom thetreadss 200 apd gerform

other functions. The microprocessor 280 may be programmed with data, for example
detection algorithms, via an attached data port. The detection algorithm employed by the
reader 200 is downloaded onto the microprocessor 280 and then controls the actions of the
reader 200 when activated. The reader 200 is enclosed in a custom-built housing 310
which comprises the outermost, visible body of the reader 200. This housing 310
surrounds the display 290, the rubber, light-excluding shroud 250, and the switches 300 in
an aesthetically acceptable package. The reader 200, thus constructed, is small and fully
portable, being about the size of a large pocket calculator. It is highly versatile, being able
to apply a variety of operating actions and detection algorithms to detect a large diversity

of luminescent markers. The reader 200 may be operatively connected to a wireless and/or
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on and off by a m croprocessor 280 included on the
circuit board 260. The circuit board 260 al so contains
w@2abaplsay 290 and switches 300 to start/stop PEEAU2006/000608
reader 200 and perform ot her functions. The
m croprocessor 280 may be programmed with data, for
exanpl e detection algorithns, via an attached data
port. The detection algorithm enployed by the reader
200 i s downl oaded onto the-&Pcroprocessor 280 and then
controls the actions of the reader 200 when acti vated.
The reader 200 is enclosed in a custombuilt housing
wircd Mt WEHKCR r GRRERsE 88F ot Wie® WhRI dRThuni¥dtRhbhethbe/stdéorfgers, for
reader 200. This housing 310 surrounds the display
exarple, a edndral sdb@sr , | i ght - excl udi ng shroud 250, and the
swtches 300 in an aesthetically acceptabl e package.
The reader 200, thus constructed, is small and fully
The RE¥en@ibh villkRiwige @dsotibed Mheths if@toveihg Exbahys. PREReimples are not to
calculator. It is highly versatile, being able to
be cgpyirugdAs yigkitiag theopvypmdniany Wadt i ons and det ecti on
algorithnms to detect a large diversity of |um nescent
mar kers. The reader 200 nay be operatively connected
EXAMPLE® rel ess and/ orwired network for wrel ess and/or
W red data comrunications with renote conputers, for
exanple, a central server. The invention will now be
In 488plesbrI bdlowhend erﬁl%‘écgﬂt RedtR! £S5 plRGeEXAIR @Bs@bE light of
not to be construed as limting the invention in any
wavelaysth BYAMPL ES! Ifor é»@avm@gs pf Shase lesemplehle andiglawes piéthtdistinctive

rker n rbs_l.ight . of veI
wav%x}glftﬁ r%6g7 f(glyl f %hep e ogee‘sS Otge§eheexsaxergalesgn61 ?escg&gngrker 2 is
Ag-£PHoNed Weinb @kﬂﬁtid: Neihi ke abamb englith oB6wavelengil 3377 @ t(Fe), and
pur poses_of these exaqp Lumi nescent marker 2 is
distipgflvedt ppie dahizatde ] o ff %léor iR PEFPOARS Y iBesel qxgmpleé} Luminescent

marlé@vﬁislﬂ/g{mgc %/%l%d fitla r{: hﬂlm ﬂﬂgr gérﬂﬂa H{@A ﬁls‘amtﬁ ey (St light at

€ purposes o ese exanp
wavdzlemgtheﬁ@enﬂ (fidr foe thSpurpodda cefdhas‘taﬁxedlplmy n.élsn umdlated at 337 nm

(1 oty B oo 58 RRe(FRINS). (rinbgiopesBerar 4 Rotufacene, which
absofBPIRt 8% 3 3MhEN ahd Hﬁghéﬁ\%ﬁl %1t§%17 495kt 4 @6 1By Arlposes of these

pur poses of these exanpl €s). Lum nescent marker
exangpledir acene, which absorbs |ight at 337 nm and
distinctively emts at 425 nm (fl4 for the purposes of
t hese exanpl es).
Example 1: Quality and logistics control of concrete and cement products

Luminescent marker 1 (15 grams) is dissolved in a dichloromethane solution containing
1500 grams of the polymer, polymethylmethacrylate (PMMA). This solution is spray
dried using a commercial spray-dryer, giving the luminescent marker 1 encapsulated with
fine polymer beads containing in 1% wt/wt ratio. A trace amount of the luminescent
marker 1 (1.5 grams within 150 grams of the PMMA polymer) is suspended in 2 litres of
water and added to a single batch of concrete (7 cubic metres) within a mixer truck 13.
The mixer is then run at maximum revolutions for 4 minutes, as is standard in the ready-
mix concrete industry. The mixer is then set to slow revolutions and the truck proceeds to
the pour site where the concrete batch is again mixed at maximum revolutions for 2

minutes. Fo'llowing pouring and hardening, the precise location of the concrete batch and
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Exanple 1: Quality and |ogistics control of concrete
and cenent products Lum nescent marker 1 (15 grams) is
wale@solosed i n a di chl oronet hane sol uti on cont aPei/AY2006/000608
1500 grans of the pol yner, pol ynethyl nmethacryl ate
(PMVA). This solution is spray dried using a
commerci al spray-dryer, giving the |um nescent marker
1 encapsul ated with fine pol yner beads containing in
1% w/w ratio. A trace anmount-of the | um nescent
marker 1 (1.5 granms within 150 grans of the PMVA
pol yner) is suspended in 2 litres of water and added
its ltdmnaaﬁesn\gitl@mhﬁh&fpd@&edc@ﬁ@l{eﬁtcﬁ' doficreiéingy TR ldefShit¥dt dy Examining
m xer,  truck 13. The m xer is then run at maxi mum
the F‘ér%letﬁ ithm gorespte Atrpgtagt with ageades Jhanerdied is a5 ddseribed in figure 1
r: e r IS th
and JF TS of SRRl GO o R P sabios W Bl omprter,

USRi 2080 whiristutituel S}M&Dﬁtcﬁox’ﬂ&%ﬁhumﬂleag@* @d&%@ptﬁis and a VSL-377
Fol | owi ng_ pouring

mm%ﬁtglsﬁ"éﬂdi \g%su“tpli’ﬁ%‘f by g«éﬁéér&ggﬁ‘;&%ﬁ Aitse wikdea %lbrﬂ:mtceonnector a
Dat@ﬁﬂls@hl(ﬁﬂgbhﬁebéé'ﬂ@ﬁ?d} ﬁ?ﬁl‘%gf Bgrs HHf?bo%%f ?é SUI‘ 21"%];6 cable

concrete may det er Xxam ni ng t
implementedrasr @@Igﬂ‘BQrUNJWé Swi@tmna miemd ethick THidurc atedl ept1¢a$ e cable
produce Fl _and

Suppgl%?cﬂr |(9<fee%fll(?PUCS %ﬁrcea}'%(&%? t%é%gglg a%(f CIIYSION; (;B]e fibre optic cable
contgdEPUWoelayerd Pt Oledli Al Ah beREe JRRGHWRRALOTRLE %ﬁdLﬁ.}l outer

$ %Iled by Ocean Optics and a VSL-377 mniaturis
bunqlgg dhe ?&‘E‘HNS@@WH_%@@MS@ phigeed imto theffitre e;itwvﬁttimga)n the laser.

The f ieRh GO PL cfhé:qgfx]egg%gﬂdlg P?fl%@é)siﬁté)l g@@)re 8%% é‘gpng on the

generator su
specfrophictomatat.e Thrppzeb'e m‘eﬂﬁ iasittad QBtH-4 Qp UhiVh Jondid@MP a cone-like
ron d op t cal flbre cabl e supplied

¥
rubbBﬂ/Sﬁ?j:"éa 66551 “lfj)fr”gOIIctg? FYRa- ]&h’ﬂ‘bb?r sbsear oA theosrpamiscond, broader
rubbBiMb &Rl RBMhttad &Y. T This&oaP1 bﬁtagﬁgal Serfeld éadmﬁg‘erﬁw GRYEES g%er lips,

optic fibres, an inner aroun PsUar ran
eachgf \Mhlltcbrls b@mi@leeof tloekingront nubicaf lightewhet elte fradel l&adsls pressed

nt fi b fift the |
ssai L3R Ie BheBech o ring g R e readebis gpRaiing ROIBRsRd (rade
markQ) @bbl@uﬁg b 1itware Q0pAIRG BSNOEh TRIRE of%fe%ﬁon T@@cc@ﬁ@ﬁ%ﬂ%l ding

is fitted with a cap which consists of a cone-

the hearhpfelhe sgadenver fheaurfopreofitbe corargtt. The proaeseldfiel inuthbemission
r rubber .cone

spectfy g ob e AR R g B PE RO RiRRRRL asion of e

batche i @ihet Batchey blhm dolnopsSontAAEiE 10fmnivdIESGH niﬁer?a@@%ﬁ&ﬁm@fno clear signal
i ght when the reader "head is

ocKki ut, ambi ent
filngéég £g§g§Wﬁ§E ‘a sanpl e surface. The operation of the
reader is controlled using OO Base37 (trade

Unencapsulated luminescent materials 2 and 3 can be used to similarly mark concrete, with

detection of f12 and 13 respectively, upon irradiation with F1,
Example 2:  Process, quality and logistics control of timber and timber products

The timber product is to be marked with luminescent marker 4. Luminescent marker 4, is
dissolved in a 0.003% wt/wt ratio in a commercial wood preservative solution consisting
of white spirits and a powerful, soluble pesticide. The resulting mixture contains the

preservative and trace amounts of luminescent marker 4.
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mar k) operating software supplied by Ocean Opti cs.
Detection is acconplished by sliding the head of the
wo edarosever the surface of the concrete. The PCEABZ®E000608
of f 1 1 in the em ssion spectrum of the concrete upon
irradiation with F |1 indicates the physical |ocation
of the batch. O her batches that do not contain the
| um nescent material 1 produce no clear signal fl 1
when irradiated with F | . -Ufencapsul at ed | unmi nescent
materials 2 and 3 can be used to simlarly mark
concrete, with detection of fl2 and fl 3 respectively,
upon irradiation with FI. Exanple 2: Process, quality
and |l ogistics control of timber and tinber products
A higlepressvie cy prdsd Jor tiesting tipderrmvithepresarydiivieusiohegednvith a timber
. ker A. Lum nesgent rker 4. is dissqglv in. a .
pie 655y f o 0% R e i B g B alpa s for testing
purd3k4bhION TRNSilisHémg sehledMahd @laskd thdd Aptiad REWRhT(YSKPa) for 15
. Solubl e pesticide. The resulting mxture contains the
mingfess dhgpylipderais dhen hackidled oriths thef woeshprsaeswatiite spdutiqay cantaining
; Loh- r i.nd f tr [ j r :
the A6 EPRERRY Wircith et ' PR PSR ppiidis g timber
carryingcthg Juniinesaent imdlesr Wish at. nanpesitiweepiessake PT008IPapliashibsequently
used for testi urposes oply. The cylinder is sealed,
applé??ﬁ%ﬂ&@dlﬂ@ﬁﬁ@% g%gﬂqsatf) CG%Lﬁfnﬁnesls@tﬁége fEFserRuglive solution as
posdTblaUk©®Sthe TinfbesyY :Fbl’l_g@l{ng‘ R1d.5ens ﬁﬁs‘:ftﬁ%ééu:r@, el indePgs WRRHled and

preservative sol ution contailning um nescent
the imb#ds ranhevedgh an i nl et val ve. The preservative

penetrates the tinber carrying the |um nescent marker

with it. A positive pressure (700KPa) is subsequently
Inspe@iidn efl theo stiffeeCyf tHd@mbbPlusing hBULRfer! 8 deicYBedSn Eidhple 1,
. .of the preservative solution as possible into the
indiggtepyidat 1t Fg&wsowlﬁgmlg|V@313t5151edfa\{e}gngthpﬁésxglam)ei,llupﬁ@atcd with light of

ind [ I and.. [ j : .
was UACET. o Pl RS SR bBE of (PRI HECRAEH, rgeced witn he
presewatier solaisord eBihieh kel timbeEpiaogpisesadvn ihtedihe atve pidcbatingection of a
lows_ uniformy wth the wavel ength fl14 when _

frestly | faga ath (e drRder @%‘{eaJéftK%éb% FERE ¥ fases M%H (oW pigh wavelength
£14 QUELTIIRShES %tl@fi%ﬁth@f WhTEBRSTnREE. aYeE! i Jrsgfs?sdre%a@that, both

the preservative Sol ution. en the t’inber piece Is
the demrani mrer pheionswof ficstelsr wens pentyi markefl vathf lnesddsyent utarker 4.

face with the reader reveals that the inner surfaces

also glow wth wavel ength fl4 when illum nated wth

Exahip83: oRpyayphididy Adset VdHagerh&lits anal ysis reveal s
t hat, boPh
An aerosol is charged with a propellant, a clear, air-drying lacquer or enamel, and
luminescent markers 1 or 4, in 0.5% by weight (that is, 0.5 g per 100 grams of contents).
The machine used to package the aerosol is the proprietary ColorPak 300 g aerosol paint
filling system, which consists of a pneumatically operated aerosol filling machine, together
with the proprietary prepacked mixture of solvents and propellants. The assets are sprayed
with the aerosol and the lacquer/paint is allowed to dry. The identification of the
wavelengths f11 and f14 are detected by playing the reader (which emits wavelength F1, as

described in Example 1) over the surface of the assets.

Throughout this specification and the claims which follow, unless the context requires



the outer and inner portions of the tinber were evenly
mar ked with | um nescent marker 4. Exanple 3 :
weEpagigsai nt s for Asset Managenment An aer osol PGI/AU2006/000608

charged with a propellant, a clear, air-drying |acquer
or enanel, and |lum nescent markers 1 or 4, in 0.5% by
wei ght (that is, 0.5 g per 100 granms of contents). The
machi ne used to package the aerosol is the proprietary
Col or Pak 300 g aerosol pain39tilling system which
consi sts of a pneumatically operated aerosol filling
machi ne, together with the proprietary prepacked

othefuq)éé Uhe wotkd Séﬂrfxﬁmes aﬁr[‘%xﬁ’a[t%? |sﬁ(§1nz§ss"coﬂibﬁs@3 $8YH S c@hPrising” will

sprayed with e aerosol and the lacquer/paint is
be uaddrsieed td mnpy yhe ifitlesiodefirisfatalinieger @fstarher gravepEintgdess but not

fl4 are detected t he reader (which
the eé‘ﬁl“ﬁ?“\ﬁg\?g?’ gt pigger Olé%te%l%%%‘?ﬁ% 8ﬁm|t%eﬁx anpl e 1) over
the surface of the assets. Throughout this
specification and the clains which follow un|ess the
The eafprcasa inrtbigispecdBentivariopse priehaibliertipn: (@bmﬁ@m@élonaiﬁaved from it),
vari at.ion
or g sy SIS A8 SO R SRy 805 BB bk agment or

admiseilo8g8T arr fosth &gt mggggtmuahwtf thanpegepsblioatiom@ir infiemation derived
excl usi on of any_ ot her ?teger or step
9

r_ group af
from {) @géﬁpgwnm@tqrefpg%ﬁ%% fhe ﬁP@”éoﬁe%:‘?nFTagé@SWﬁe%th 1 fhe field of
enddRibHio Rl GRlLOERlor Bt on derived from i), or
any matte I's known, is not, and shoul d not

be taken as an acknow edgnent or adn1SS|on or any form
of suggestion that that prior publication (or
i nformation derived fromit) or known matter forns
part of the common general know edge in the field of
endeavour to which this specification relates. CLAI NS
1. A nethod of marking an industrial process materia
i ncluding selectively incorporating a | um nescent
mar ker onto and/or into the industrial process
material in a trace anmount insufficient to be
optically detectable in the presence of anbient |ight
but sufficient to be non-destructively optically
detectable in and/or on the industrial process
material in situinthe field or on-site, wherein the
trace amount of the |um nescent marker is used to
track, identify or authenticate the industrial process
material for at |east one of material control,
i nventory control, stock control, process control
| ogi stics control, quality control and pollution
control
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2. A nmethod according to claim1, wherein the

i ndustrial process material is a standardi sed and/ or
wapasfiissenti ated solid, |liquid or gaseous nmedPCMAU2006/000608

having | ow i nherent identity. 3. A nethod according to

claim1 or 2, wherein the industrial process materia

is at | east one of cenent, concrete, tinber, mnera

ore, plastic, fibre, food, palnt net al ,

expl osi ve- precursor mat er i a#0and eprOS|ve materia

4. A method according to any preceding claim mhereln

the | um nescent marker includes one or nore
CLAwvisnescent materials which individually or

col l ectively have a unique | um nescent emn ssion and/or

excitation profile 5. A method according to any

pre edl wher ei n race am
- el of Py L5 AL BEGe AT Bk i Niting | ssfpotively
mccﬁ*ﬁ&aﬁ@gsﬁ Thhaiesedd b arkdo dhto MBS/ Qfﬂtotthe ihdid el rplrc@dess material in a
process material. 6. A nethod according to an

tracp eEEE! HyUEIcHnNto R emtically Hetegtpbls andhe mreserge @fh@mblent light but

suff&)c?’é%t ﬁgsb%q‘g) 4@ ft{velbgcgtgcgall#asdt%gerclag Fﬁ#ﬂc?&l &?hhe £abitNg process

matato'%ddn ditungn tha o/ opme—smjlvv}@reﬁh dhenracateeainn of the luminescent marker
m nes rker isaptic aI | y det ect abl e usi

. en
s s ook Hpab Srr VAP Fe 415, BB EAGE R FSa TRRedA Tapgfeast one of
matéredd ceﬂ@rélolr%@&omor&ol %té&tﬁﬁgoﬁﬁ%% Shtlo? lai&’tlcsl control, quality

preceding claim wherein the | dm nescent mar
conippltandgollyticke¢@dtobd in situ in the field or on-site

with a portable |um nescence reader. 9. A nethod for

tracking an industrial process material through a

2. Pl yy ahéthyd Qlfcccbrﬁfr@ctoclcallﬁt ﬁg%eiehﬁrtﬁ@fmddsﬁ@tl ebees material is a
i.ncl udi n%/ the steps of: conferring a uniq

stanplyeisae sB&/RE Ufl@ﬁﬁtﬁ%é‘ieé olhdiquidy s Easeaps meéw@s aving low inherent

deffRp erial by selectively incorporating a trace amount

of"'a | um nescent marker therein and/or thereon; and

i denti fyi ng or authenticating the i ndustrial process

rraterl during the plurallty of cl e, st ages
t hé} 85t cae%c@%a fongfaian L ediessin t{fegrs%‘ﬁfglé I progpist paferial is at
least %gy%ff ééﬁller@r OGRS, TBIBE, Bhideful Shik U plRtit hEvlel ebdy, oéalnt, metal,

on-site which corresponds to the un| que | um nescen
explosive-precursor material and explosive material.

4. A method according to any preceding claim, wherein the luminescent marker
includes one or more luminescent materials which individually or collectively have a

unique luminescent emission and/or excitation profile.

5. A method according to any preceding claim, wherein the trace amount of the
luminescent marker is between about 1 part per billion and less than about 1% by mass of

the industrial process material.

6. A method according to any preceding claim, wherein the trace amount of the

luminescent marker is not used for biological testing of the industrial process material.

7. A method according to any preceding claim, wherein the luminescent marker is
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response. 10. A nethod according to claim9, wherein
the industrial process material is a standardi sed
wapabor9sendi fferentiated solid, |iquid or gasepTEAU2006/000608
medi um having a | ow i nherent visual identity. 11. A
nmet hod according to claim9 or 10, wherein the
i ndustrial process material is at |east one of cenent,
concrete, tinber, mneral ore, plastic, fibre, food,
pai nt, netal, explosive-preélrsor material and
expl osive material. 12. A nmethod according to any one
of clainms 9 to 11, wherein the | um nescent marker
optitdll§! dERERNESIAE PR rAdiNEHS M a FBY@Ehgh $anMdi Fhbout 250 nm to
individually or collectively have a unique |l'um nescent
365@m.ssi on and/or excitation profile. 13. A nethod
according to any one of clains 9 to 12, wherein the
trace amount of the |um nescent marker is between
8. abauineihddasdcoftifig b lahy PRecatiddg | Bsim, tWirreialbe lund ffekdént marker is
.mass._ of the industrial process material.14. A nethod
optigatlysletricted 1 sita iy thg dielder Qi-gienkitloa pertable luppiaescppcegeder.
trace amount of the |um nescent marker is not used for
bi ol ogi cal testing of the industrial process material.
9. 15A Aettetdhfvd teeckmigdimpdustrianyrooess métedblaihosugh & @hitdlity of life-
wherein the | um pnescent .marker is.optically detectable
cyclg SiPgg tgﬁ‘??ﬁéﬁ” ’F‘Sﬁ‘l"at”'ﬂ%'ffh’i’%meﬁbepéo%avel ength range of
abeyhfeRRiy Q'ﬁn‘icﬁéx@@éuiﬂ&‘cerﬂt%sp%n@@tohoﬂe RGNS ob Qs afMerial by
one of clains to 15, wherein the [um nescent marker
seletiyebpincemiorajinget wateeampynt sif tauluimnespent fagker ieredin asd/pethereon;
andvvith a portable | um nescence reader. 17. A nethod
according to any one of clainms 9 or 16, wherein the
UnidgraflisTbn esbemicalifs ARNseudeflRseRns smatertihidgtfg eadslurality of
. corresponding to the industrial process paterial. 18.
life-gycigoplReRs 1ReBF v fistacting pdpminescenrespenss frp@ ihgiipdpstrial process

mategﬁfj nl Sl W W He[LBE %ﬁ%’%e\glaila}{ ARsHndd%%Cthe unique lyminescent

redeterm ne um nescence detecti par aneters "and/ or
respanseum nescence detection algorithm 19. A nethod

according to claim17 or 18, wherein the uni gue code

is further represented by the relative presence and/or

10. abaenfehdo adobliHE abl EMinPfo, | WHA:BRS#RNIndBEHES pRitess material is a
standardised and/or undifferentiated solid, liquid or gaseous medium having a low inherent

visual identity.

11. A method according to claim 9 or 10, wherein the industrial process material is at
least one of cement, concrete, timber, mineral ore, plastic, fibre, food, paint, metal,

explosive-precursor material and explosive material.

12. A method according to any one of claims 9 to 11, wherein the luminescent marker
includes one or more luminescent materials which individually or collectively have a

unique luminescent emission and/or excitation profile.

13. A method according to any one of claims 9 to 12, wherein the trace amount of the
luminescent marker is between about 1 part per billion and less than about 1% by mass of

the industrial process material.
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and/or excitation profiles respectively associ ated

wWith a corresponding plurality of |um nescent
woradoenigbs t hat conprise the | um nescent mar kePCT/202006000608

nmet hod according to any one of clains 9 to 19, wherein
information relating to the industrial process
material and its conferred uni que | um nescent response
are associatively stored in a database. 2 1. A nethod
according to any one of clai@s 9 to 20, wherein the
plurality of life-cycle stages of the industria
process material includes at |least two of raw materi al
acqui sition, processing, manufacturing, formulation,
transportatlon di stribution, use, reuse, mmintenance,
4. edyBrethed, aca@féﬁkgstalanamewé@la@nwﬁﬁagénwhcrezzthemmtanmdnt of the
f
lum%%%flgﬁxgﬁ’cefﬁn% ¥sed6r Bibld ﬁ? Fg%tug% {)foth 1%(?1'5{%@ aﬁ,oge%sd?mal.

I ncl udi ng trac Ing a pro
fron1the i ndustrial process naterlal wi t hout damagi ng

gbgﬁqw Qar or strugture 23. A net hod
f éa"?% 8O 3RE O8F Ot FRIME 9 40 b whereigbe &iminespent marker
tfd:dll HEdedhbRRA t
L i S R ey
t036%%monse is conferred on individual batches of the
i ndustrial process material to enable inventory

control or stock control thereof. 24. A system

16. I nal metiho@ ac@rdiap t@bhe ohd! 6T E‘lﬁﬁl‘?se@ €215, 8RKIEIn RO [UrSHELEnt marker
il]]?etect insituinthe field or on-site, unique
is Opltlﬁ dedecdsrt inpsity po Hedield enempiteditba porfabls tlmmaiesqmm:méer

mat eri al s and/ or products, parts or structures forned
therefrom a database associatively storing
17. i nfAonethod eccordihaté mgy boe dheaintxdst [6,alhd6iQGRS Snigue luminescent
materials, product arts and/or structures and their
TeSPRISF F@%*BW&@&@“%&P@?P EESEARY R 19 BpinfbisEishpracesspoaiedsl;
processor instructions for causing a processor to
conpare | um nescent responses detected by the portable
18. | ufimebebarserdiemtierlaimi { B wiezeioohd ewigedcath igfi@rther represented by
respopses store t he dat abase to
one b e e AR el ien et blisio e oy G6488 @ luminescence
deteciniath @fgogitisn. products, parts and/or structures.

19. A method according to claim 17 or 18, wherein the unique code is further
represented by the relative presence and/or absence of a plurality of luminescent emission
and/or excitation profiles respectively asscciated with a corresponding plurality of

luminescent materials that comprise the luminescent marker.

20. A method according to any one of claims 9 to 19, wherein information relating to
the industrial process material and its conferred unique luminescent response are

associatively stored in a database.

21. A method according to any one of claims 9 to 20, wherein the plurality of life-cycle
stages of the industrial process material includes at least two of raw material acquisition,
processing, manufacturing, formulation, transportation, distribution, use, reuse,

maintenance, recycling, disposal and waste management.
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25. A portabl e | um nescence reader including a
spectroneter |ight source and a spectroneter detector
wao bwsoptsecal pat hs of which are commonly arr anp@rdAU2006/000608
i nsi de an opaque shroud with an opening defining a
sanpl e area, wherein the spectroneter |ight source and
the spectroneter detector are substantially parfoca
on the sanple area, and wherein the opaque shroud
substantial |y occludes anbi4at- |ight fromthe
spectroneter detector when the opening is
substantially occluded by a sanple.26. A portable
| um nescence reader according to claim25, wherein the
spectronmeter |ight source includes at |east one [ight
22. enift matpddhesdeding BDRny 0E 1y daimsvelte?dt uthergaclyding tracking a

orod B 50 05 80 b BTN e BB ot asmaging e
pumwwgPah@rE@@nmﬁening of the opaque shroud is
confopnabl e to substantially encapsul ate a sanpl e of

an industrial process material or a product, part
2. S0 BRASMHEL A ST eSO, 20y R M rces
matdrinl tihexcquicahpampyédessedr awh fsrabtyddd baekesmphd s, udgue Auminescent
o B T LA APl o SEPCr LB A o
invehiéf BEESR BE Qobieddiffol fthsirantial |y as hereinbefore
described wth reference to the acconpanyi ng draw ngs.
24. A system including:

a portable luminescence reader configured to detect, in situ in the field or on-site,
unique luminescent responses conferred on industrial process materials and/or products,
parts or structures formed therefrom;

a database associatively storing information relating to the industrial process
materials, products, parts and/or structures and their corresponding conferred unique
luminescent responses;

processor instructions for causing a processor to compare luminescent responses
detected by the portable luminescence reader with the conferred unique luminescent
responses stored in the database to identify or authenticate the industrial process materials,

products, parts and/or structures.

25. A portable luminescence reader including a spectrometer light source and a
spectrometer detector the optical paths of which are commonly arranged inside an opaque
shroud with an opening defining a sample area, wherein the spectrometer light source and
the spectrometer detector are substantially parfocal on the sample area, and wherein the
opaque shroud substantially occludes ambient light from the spectrometer detector when

the opening is substantially occluded by a sample.
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26. A portable luminescence reader according to claim 25, wherein the spectrometer
light source includes at least one light emitting diode (LED) having a wavelength range of

range of about 250 nm to 365 nm.

217. A portable luminescence reader according to claim 25 or 26, wherein the opening
of the opaque shroud is conformable to substantially encapsulate a sample of an industrial

process material or a product, part and/or structure formed therefrom.

28. A method substantially as hereinbefore described with reference to the

accompanying drawings and/or examples.

29. A system substantially as hereinbefore described with reference to the

accompanying drawings.

30. A portable luminescence reader substantially as hereinbefore described with

reference to the accompanying drawings.



