1111111211212112121211212121121211 *159159* Kit for marking and/ or detecting
alteration of fuel and its nethod thereof Fieldoftnvention®™  The
ptesent invention relates to a kit for marking and j teration of
fuel and its 5nethod thereof. Background of the art@@ﬂﬁ%ﬂﬁmﬁ@mﬂts are often
taxed by the governments of countries tojgenerate r upport and
stinmulate their econony. In addition, Governments—wl+—éEP&subsidi ze the
1 cost of j . u ies. . fuel is subsidized either
to hel p ¢ ndet S thaling R8N hereckila AR b i Frammdn BeFSer's o7 ©' 1
exanpl e, agricultural fuel will get a subsidy. Fuels fromdifferent sources
may be M Xqfaliehiitidn® obscure the origin of one or 15 nore of the
fuel s. Fuel ent sources nay be, for exanple, differentially

pri ced fuellhe pregant inyentiprerglatescto akitifos nizskiog aed déteetingalterationfof el Gnelts or

di fferegt gﬁgq&?ﬂgﬁayypes of fuel, such as kerosene, diesel fuel,

| ow- oct ane gasol 1 ne, hi gh-octane gasoline, etc. In certain cases, higher

priced fuel is mxed with |ower priced fuel (e.g., |ower grade fuel) or
adul t er ant Bughodiid SOh¥SR S- Fuel can be differentially priced for a 20
vari ety of Teasons. In sone countries, liquid fuel such as diesel fuel,

ker osene, an§! Piogues perjofrn taxedbvihgagoverments plisortiies to generatssevenusatk et
rates to prspyi i i ; - bsi.di uel
Can be. i wogPboiP ol bimitaRer Sashanr i 2ol Mk fifitnis Mo Rhubednd o)
the fudl corplefiasse r%p't%*écféokn‘rmamsegourgrcﬁsefuﬂhﬁmubrs'@‘ged|eétgemﬁorfmﬂpethsaioes or

taxes and tdpeo Sprbtectpadiedsr e uESy | 20162 cases,
subsi di zed fue_lsrui s pﬁr-chasegegﬁfjs ?fltehr?'u%@’sﬂgf %?gﬁglﬁé%?ﬁ%%ﬁhllfggﬁaﬁﬂﬁetaf a
hi gher pri SEPSiyr exanpl e, subsidi zed fuel can be purchased and then nixed
with other fuel to disguise the origin of the subsidized fuel. 30 In
certain cases, jrarkers placed in subsidized fuel for authentication are at

| east part iFéEP‘Syfr?’Brﬁbﬁ’TFéﬁr_‘tﬁ?Uﬂ?%gUPléé’et mixedtpgsthero etrseuteuldle qrigireof berinder i ng
of the1par kgsrd of HRUDSSI FuRSs Mm iR réMskBicas H&gtblé,efofr B?énr}glﬁ ﬁﬁg@{xﬁﬂlly%g?e em

Current anti-laundering strategies rely on sélecting rker
resistant feR!$aH5863S 1Rge Jualiardngpbsidizesl fualor tax-free fuel, or different grades or

types of fuel, such as kerosene, diesel fuel, low-octane gasoline, high-octane gasoline,
~etc. In certain cases, higher priced fuel is mixed with lower priced fuel (e.g., Iowef
grade fuel) or adulterants such as solvents. Fuel can be differentially priced for a
20 ° variety of reasons. In some countries, liquid fuel such as diesel fuel, 'kerosene, and
liquefied petroleum gas is subsidized or sold below market rates to provide more
widespread access to resources. The subsidized fuel can be mixed illegally with non-
subsidized fuel product, which means that the fuel companies and the countries’

government lose legitimate sales or taxes and the subsidy does not reach its intended
25  target. |

In some cases, subsidized fuel is purchased and then re-sold, sometimes illegally, at a
higher price. For example, subsidized fuel can be purchased and then mixed with other
fuel to disguise the origin of the subsidized fuel.

30 |
In certain cases, markers placed in subsidized fuel for authentication are at least
partially removed to disguise the origin of the fuel (i.e. laundering of the marker).
Laundering of the markers in the fuel is a major problem. Current anti-laundering

strategies rely on selecting markers that are resistant to faundering by strong acids and
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11112111211212112121211212121121212112112 *@00002* 2 al kalis and common
absorbents (such as clay and active carbon). However, conplete protection
of these markers fromlaundering is inpossible to achieve in practice and
assa result, it still poses as one of the existing problemfor current
anti-laundering strategi es. The present hnvention seeks to address the
deficiencies of current anti-laundering Strategies. Summary of Invention

The present i f mar ki n nonij, t ng and/

det ecti ng a?"t(ﬂlrégjﬁdo%%or?&} %%ﬁé'ﬂ Zs Cﬁé}fﬁ%%gdp%eqaé%qn)flg ??&r" ?‘?}?

| i qui d. ThePrptestiemef ’fhﬁ'&ﬂamlari@ns ﬁbmdaureileangs Ih’(pOBSID'EttdﬂQd’ll@\fe mleﬁr@cﬁ’bé Rfd as
alteration of t a fuel

pet r ochemi cé)l reédltqu‘étuf Ip%e@ag%gp he oe{nlegc%)ln%}ﬁﬁaf’ %g%"f ﬁ%r 88'?'ent1%”%'l'lﬁ“”§e””g
particul ar,SttaRgi§% esent invention provides a new kit for marking,

noni torisng and/ or detecting alteration of a fuel and/or solvent. The
invention-also relates to a nethod of marking fuel and/or solvent. Further,
t he presentThenpeasentoinvemtion sesksatoneddress dfe wefidi¢rmidsngf cuesiti agi-lansietng
detecting adyiafdgpdd on of a first fuel with a second fuel and/or 20sol vent.
According to a first aspect, the invention relates to a kit for marking,
noni toring and/ or detecting alteration of a fuel and/or solvent conprising:
- at | east S\iBmMEAR 6EIhvetion and 25- at | east one substance (A), wherein the
substaqﬁée (A) 1s capabl'e of interacting with at | east one |aundering agent.
In the 'Kit according to the invention, substance (A) is capabl e of

i-nt eract i ngrhal grésert ilveREIn r‘éfh@esl t%UenQ?froi‘ Hﬂarlﬁ@%oﬁﬂ%n@ 8 c?Srt d&g ﬁﬁltggag%{@m

mar ker (S) from bei ng absorbed, 30adsorb
removed by & H'Qu'ldaéﬁeé?sl stf@gérfherepﬁfqrw@aukmg afchwdzhﬁ@ presehfemvewt-ntélem

subst ance (r&htdsSo@RaiNoa d?fde'tébrnﬁ]{; %ﬁér’aﬂgn % B*Ll@tFJree"i'(gh & Wy ﬂ‘ff}:{ %%9 bg?f ;:Nve

car bon, chz%rcoal active charcoa m cr pore
silica, velesalvant, pespehamisa! %ﬂ’@/@(eaﬁ@ﬂ/grrafa/mttum’mnrhMremﬁ al or a mixture
t her eof15_

In particular, the present invention provides a new kit for marking, monitoring and/or
detecting alteration of a fuel and/or solvent. The invention also relates to a method of
marking fuel and/or solvent. Further, the present invention provides a method of

monitoring, testing and/or detecting alteration of a first fuel with a second fuel and/or
20  solvent.

According to a first aspect, the invention relates to a kit for marking, monitoring and/or
detecting alteration of a fuel and/or solvent comprising:
- at least one marker (S); and |
25 - at least one substance (A), wherein the substance (A) is capable of interacting
with at least one laundering agent.

In the kit according to the invention, substance (A) is capable of interacting with at least
one laundering agent to protect and/or prevent marker (S) from being absorbed,
30  adsorbed, or partially or completely removed by the laundering agent.

In the kit according to the invention, substance (A) is capable of interacting with at least
clay, carbon, active carbon, charcoal, active charcoal, paper filter, micropore filter,

straw, silica, silica gel, molecular sieve and/or adsorbent material or a mixture thereof.



3 According to a particular aspect, the invention relates to a fuel and/or
sol vent conprising: - at |east one marker (S); and - at | east one
substance (A), wherein substance (A) is capable of interacting with at
5| gast one | aundering agent; and optionally, at |east one marker (Q),
wherein the marker (C) is a quantitative,marker. According to another
aspect, the invention relates to a nethod of marking fuel and/or solvent,

e, el nod 9AREAS6% BRI, A e iRBIIEL BT v bR o

I s capabl e apimprisingr acti ng with at | east one | aundering agent. 15In

particul ar, th?t '?%éffbﬂgrﬁﬁ%%%ﬁiiﬁ% fuel according to the invention conprises

marking a firs e I'vent and a second fuel to allow detection of
a m xture of thtlefstrae dubsianas (K)owhemirysutistaacd (Axis capabiiel ef interdietingetithcad

conpr i sishg: (I)Iﬁ%g?rofé)rl%ng%g*i%ﬁm.o%% first fuel and/or solvent with: (i)

at | east one mar I at | east one substance (A), wherein the
substance i s opixmalle abfeashors matkien Cwiwhbreit the eweskerd 0 isl aquehditating megent ; and
(I') marking at | east one second fuel with at | east one marker (C), wherein

marker (C) is a quantitative marker. .
According to another aspect, the invention relates to a method of marking fuel and/or

solvent, the method comprising:
10 marking a fuel and/or solvent with:
- at least one marker (S); and
- at least one substance (A), wherein the substance is cépable of interécting
with at least one laundering agent.

15  In particular, the method of marking fuel according to the invention comprises marking
a first fuel and/or solvent and a second fuel to allow detection of a mixture of the first
fuel and/or solvent and second fuel, the method comprising:

(I) marking at least one first fuel and/or solvent with:
| (i) at least one marker (S); and

20 - (ii) at least one substance (A), wherein the substance is capable of

interacting with at least one laundering agent; and
(0) marking at least one second fuel with at least one mérker (C), wherein
marker (C) is a quantitative marker.

- 25 Accordihg to another aspect, the present invention relates to a method of monitoring,
testing and/or detecting alteration of a first fuel with a second fuel and/or solvent, the
second fuel and/or solvent comprising: (i) at least one marker (S); and (ii) at least one
substance (A), wherein the substance (A) is capable of interacting with at least one
laundering agent; |

30 the method comprising:

) testing the fuel for the presence of marker (S), wherein the presence of

marker (S) in the fuel is indicative that the fuel is altered; or



25According to another aspect, the present invention relates to a nethod of
nonitoring, testing and/or detecting alteration of a first fuel with a
sécond: fuel and/or solvent, the second fuel and/or solvent conprising: (i)
ats | east one marker (S); and (ii) at |east one substance (A), wherein the
substance (A) is capable of interacting with at |east one | aundering agent;
30t he nethod conprising: 4 (ll)testing the fuel for the presence of

i ' | e_of being det d, and the
o osence of substinceplyE e M Trid pls3efRER b ReBhen ol Eherpnitibianes 1
(I'l)testing the fuel isotapahle pi bsivg cietedtedit and et pasendecavhdebstagteagons. 5
According to a parti cmgleétri\%éggtgh?{L%gga%@yeedntoion further. relates a nethod of

nonitoring, testing an efation of a fuel, the fuel
conprising: (i) @ | etestingthe fumifdcdine prepen@naf o ldakt ae lhenderingrgestubst ance
(A), wherein the substance (A) is capable of interacting with at |east one
| aundering agent; 10the nethod conprising: (I) testing the fuel for the
presence ofA¢RrdkRg tq 8)partighiar espeat hbe divesstior fothenselates a Bpthiod df meorfitoghg, i S

i ndi cat i f i : Qr . testi t he fuel, for
I 01 Tve gl Yo At SUARET0 1, e st D55 o
detected, t(3& amddilcal ipastaps tswhsiangerfA), swheteinctiei substanae (Ahds Tapatde dfs

al tered. Brij b 4 | £ . The acconpanying figures, which
are incaor pd?%ﬁaecgﬁlég‘mgﬁqd‘e%gtnﬁ% I%Lﬁfdgrlggggrgﬁt’ of this 20 specification,

i 11 ust riét e B pethad GaMRTISG nvention and, together with a general
description of t(eesiy?d Qb dbeR FRQUSe BNHE @F! AhtRih HRSGRIAEL OF
-given below, serve to explain the invention. Figure” s a schenmatic
di agram i | | ust r JPAKE" &) patheifeel inindigafiuecthaithe frsd isi alteeatt ioon. | n
(1) testing the fuel for the presence of substance (A), wherein substance (A) is
capable of being detected, the absence of substance (A) is indicative that the

15 fuel is altered.

Brief description of the figures

The accompanying figures, which are incorporated in and constitute a part of this

20  specification, illustrate aspects of the invention and, together with a general description
of the invention given above, and the detailed description given below, serve to explain
the invention.

Figure 1 is a schematic diagram illustrating a particular aspect of the invention. In

25  particular, it shows a first fuel (eg, unsubsidized fuel) having no marker (S) and/or
substance (A) present in the first fuel and a second fuel and/or solvent (eg, subsidized
fuel and/or solvent) having marker (S) and substance (A) present in the second fuel
and/or solvent. -

30 Figure 2 is a schematic diagram illustrating a particular aspect of the invention. In
pérticular, it shows a first fuel (eg, unsubsidized fuel) having no marker (S), marker (C)
and/or substance (A) present in the first fuel and a second fuel and/or solvent (eg,
subsidized fuel and/or solvent) having marker (C), marker (S) and substance (A)
present in the second fuel and/or solvent.



25 particular, it shows a first fuel (eg, unsubsidized fuel) having no

mar ker (S) and/or substance (A) present in the first fuel and a second fuel
ahd/ or: sol vent (eg, subsidized fuel and/or solvent) having marker (S) and
substance (A) present in the second fuel and/or solvent. 30Figure 2 is a
schematic diagramillustrating a particukar aspect of the invention. In
particular, it shows a first fuel (eg unsubsi di zed fuel) havi ng no marker

(S, mar ker d/o : ntheflr t second
fuel and/ orFléS%’ g £ch§%ﬁ%%‘a§ﬁ?azréﬁi ?ﬁg dP orrt'C%ISrl g ?Haleprgorq(é? (C)
mar ker (S) mmmmesamacmet ftpﬂléaganmsuhsmlhm &ebmadmguaérkarn@)cpresmt inethé .
Figure 3 i h i t arti.cyl ar f the

i nvention. Sflr%t f%%'r‘i?’mgﬁﬁg?‘%ag” d/!) é‘oﬁ\?én‘? fgs lﬁ@?'g Sé fueﬂnag%og i gﬁ?@%%ﬂ@ﬁ’)

havi ng mar krearke(l)C)pmeEk@nfS)lamdtShbsthestA)prenamdhaswmdriulelfanéﬁor aoldéror

sol vent 5(eg, subsidized fuel and/or solvent) having marker (C), narker (S)
and substance (A) present in the second fuel and/or solvent. 5 Figure 4 is
a flowchar tFigureusisr aflpwohat {Jastrationl aaparisparaspetct vhihei inventiholm. particular, it

particul ar 1e)3e}n s P eiHo?srgf%dﬁﬁBhﬁ’fg té)éctm tj Eiiet@gnn saffH@ﬁ]agw %rkgre(g cting

of a fuel havi stan pres |gure
5is a rovmd;ﬁd-%SﬁanPQlé"e Jragsenyindhe fred.i cul ar aspect of the invention.
particular, it exenplifies a nethod of nonitoring, testing and/or det ecti ng
of a fuel haV| ng marker (C), marker (S) and substance (A) present in the
fuel . Dét aiffigdreBeisca Mpwehamt dgstrlaﬁlegm patintlan aspest pbiheriaverties. Inopaatidular, it or
mar ki ng, r I hods
ther ol for ot e B G i 2l 0B Ping LG el ke el
met hod of dBR&ek Sﬁ@nmsv@%mqedﬁ) éresrenunutfdefusbr exanple, the liquid may be a
fuel, solvent, petrochem cal or the |ike, and/or any conbination thereof.
20 In partlcul ar, the present invention relates to a kit for marking,
nmoni tori ng Qﬁaﬂid_aéﬁ.&ﬁ%g alteration of fuel and/or solvent, and its

met hodsj st hereof for marking of fuels and/or solvents that may be
potentially altered or mxed to allow for detection of altered fuels. The
present i nvERtRresENAINYENtiQs rglates o kit f@emaddng)fmqmtpem awoadﬁtecrtmglaﬂarabbn fuel ,

in 25 part 'd?qlqﬁfd’ a‘ﬂ@tI%CHeﬂ%déltﬁ&re@f 'fd?anFkJr@ {)1’ liqth Y@stentt ﬁwérﬁfbﬂnﬁis&f
further fuel d/ or solvent. More in particu rpsen I nventi o

relate to arelaﬁs taraimethod ofedetrsiing @iterr&aorkpfl@qunﬂm?nrtammw@ direrl fiqrid matyetmta ng

al teration fgé| édhdnt %Wo@ﬁerﬁu%lvo‘?%e I| Ilglpary\i% i%ﬂq}éé}é of e method may
conpri se at | east one substance ( Interacting with at

.l east Z9ne | aunder i ng agent to pr ot ect and/ or pr event at | east one nmarker

g S) f ;8%2??%%5%@%%3&9%@% r&5teB 6" & Hit! tor hakMGP drftbing GHENPY bY
detecting alteration of fuel and/or solvent, and its methods thereof for marklng of fuels
and/or solvents that may be potentially altered or mixed to allow for detection of altered
fuels. The present invention also relates to a method of detecting alteration of fuel, in

25  particular, detecting alteration of a first fuel with a second of fUr’cher fuel and/or solvent.
‘More in particular, ‘the present invention relate to a kit and/or a method for marking,
monitoring and/or detecting alteration of fuel and/or solvent, wherein the kit and/or the
method may comprise at least one substance (A) which is capable of interacting with at
least one laundering agent to protect and/or prevent at least one marker (S) from being

30  absorbed, adsorbed, or partially or completely removed by the laundering agent.

For the purposes of the present invention, the terms “alteration of fuel” or “altered fuel”

or “fuel is altered” are understood to mean a fuel that has been mixed, diluted, and/or



6 adulterated. A fuel can altered by being m xed, diluted, and/or
adulterated with one or nore other fuels, solvents, petrochenicals and/or
ahy conbi nati on thereof. The term ' fuel' used herein the present
invention is understood to nean any 5hydrocar bons, petrol eum based
products, biofuels, fossil fuels includipg, but not limted to, diesel,
gasol i ne, kerosene, and stove oil. The term' petrochenicals used herein

t he present n to nea al derived
From pot r ol BACENE acel edll A e 87 PekRied: Ster B6eb aruBLRes Sih e
ol ef i ns i ncinomi cnlgerefuéiylsahﬁentsndemmmmandmbr@ramn’aﬂmansn itheeéafdi Ng benzene,
tol uene and xylene isoners. The term'solvent' used herein the present
invention is understood to nean a |iquid, which dissolves another |iquid,

solid, or gHe (gartiuelil esedy herein )the r preaéiti 'mgehtiona iss alndeistovd hldS rhélfﬁ ang
soluble n 0§ t he, sqgl vent may
be a polslar @dgoegah%dr?gp%%} olt'él]?n %%én({]&o ér%eopalu ?I ?%{ftlu '%'?ﬁi%d'%lb\%'ﬁ@lﬂjétﬁd
conpri se antOOdlgﬁi,lg}asshﬂa/éﬂitoseﬁﬂamdlsﬁyecml sol vents include, but are not
limted to, hexane, ethyl acetate, nethanol, pentane, diethyl ether, and
the like. 20Further, a fuel and/or solvent can be treated or "laundered"” in
an attenpt the tleem‘ﬂﬁér orlRmicals)ised Heeeiln theemresent finvastiomiskisdsrsfaodto neanfang|

and/ or sol V a‘F ygroducgté)b rﬁlgd” ﬁ gtr&éu ' qno ar[l rh;beetl}ou%%}ﬁlc% un';]P(e)I)rtax

pai d on the etc ef.ore | ano

pet r oc hiéi c@i&iSS!fl@df tancdafinal ineluduhgf a@lyl.en%enct e:mm/ledeammﬂeraecdhataadmbrumeg_t ed'
are both us rt]'ge&g @hﬁ&&hg{se bot h understood to nean the parti al
or 25 conple te renoval of "at 1east one identifying feature(s) or
characteristic(s) of the fuel. For exanple, a fuel is |laundered or treated

to remove pafd jah ¥ol\%nt’c&@dl ﬁér@#nyth@tpresee"i"ﬂnvg rmer%@{%oc% P@gn l%e
predi sposed in the f ml cular, aund ed by a

second f ueIWhlgh)Filﬁéﬁlt/eS geotherc cegdlidopr gh@(waﬂmllarﬂ?kfeeb,enesultleglndersongloagent
i s undeys St ?tyE%OWInaQ¥eﬁHH%W§Of e Gk Iﬁ le b ARRURd Me?\prda? Agabl e

30of partia or conplete renovi ng any 1 den feature or
char act eri spalar &fa nﬁ@;ppl@mso vent. More particularly, the solvent may comprise an organic

solvent. Examples of solvents include, but are not limited to, hexane, ethyl acetate,
methanol, pentane, diethyl ether, and the like.

20  Further, a fuel and/or solvent can be treated or "laundered" in an attempt to remove

- identifying features such as markers from the fuel and/or solvent (e.g., to disguise the

origin of the fuel, the amount of tax paid on the fuel, etc.) before it is mixed with another

fuel, solvent or petrochemical to form an altered fuel. The terms ‘laundered’ and

‘treated’ are both used interchangeably and are both understood to mean the partial or

25  complete removal of at least one identifying feature(s)' or characteristic(s) of the fuel.

For example, a fuel is laundered or treated to remove partially or completely at least

one marker which has been predisposed in the fuel. In particular, the fuel may also be

“laundered by a second fuel, solvent, petrochemical or the like. The term laundering

agent is understood to mean any substance, chemical or compound which is capable

30  of partially or completely removing any identifying feature or characteristic of the fuel,
particularly the partial or complete removal of a marker in a fuel.



icularly the partial or conplete removal of a marker in a fuel. 7 The
PZi%\SSUbsiéized Puel" and/ or ngbsidized sol vent" used herein the present
ihventdion is understood to nean a fuel and/or a solvent where part of the
full cost is paid for (subsidized) by the Government or other body.
5According to a first aspect, the preseny invention relates to a kit for
mar ki ng, nonitoring and/or detecting alteration of a fuel and/or sol vent

i sing: ' . ;marker , . .an ii) at |east one substance
(A wher oy tekme lbB B Ry "RRARE st splrd cftergheseim T Aresest one
| aunder | ng irugetien isladndepsteod to p&lahia:ﬂuleaancz)/bnats]lcaw_ekit Whé@f@rgbmﬁ?ﬁmg %&sglq é% o

i { / is capable of interactin
gagsﬁgbnhgﬁgr@gﬁg lelﬁﬁa'?%&)% gwgﬁmegsgb?tbsre?ﬂdynar ker (S) frombeing
absor bed, adsorbed, or partially or conpletely renoved by tPe_Iaun?eghngs
i i : nt i

iy Subst aqse e Be BB e e RS e S abies Bing. e and or
22?/v2ﬁtstoabé/’0rdétﬁt3ﬁrfg dteratmnchf alieel asq/mmequelntdompdeihgpt ed by any suitable
anal yti cal te@g@i,é:gg@ né(g]g\rl]\%).léérx); hp@ field of detection of fuel markers. A

mar ker may be ‘conceal ed a Idden (for 20 exanple, not visually
det ect abl g bylii} Aleleasteanepsubstanie (4), wdwetein tizes substarica @) BdgPablk df hteRicasence

of the markeryin Al i : ker may be open to view and/or
know edge (fo\)r”theée{%rﬁgﬁ&éé@!déﬂn yg which is easily recogni zable by the
naked & e). Characteristics of conmmon suitable markers for liquid petrol eum

roducts i ' 0 i m i el irely foreign to the
Det ol cum pondaeiar ey in Tih Sechingl i 1 oo kivech, bfene o e
sol uti ons FRP3NR Pblndecirthpathi 31 |éa%10¢r\ﬁeh?|tussier(ng a%eru{te mo’@ec’;)bs@/gr @cbgbgtr bl e
unstable n I cts: (V) ar _
over the of o (SFRERABER] BoRiroddiag S Eed LB PaR el ool eloted BER 11 e
whi ch can BRNd#N9388at by st andard anal ytical techniques; and (vi) are
easilyjsletected by sinple on-site test and/or in the |aboratory. 30 In
particular, a marker is detectable by any one of the follow ng anal yti cal
techni ques? BatkeRde defippd dar the pyenose hefothet pigsenthinvér@on, agasy cdubstantegr aphy
mass spect tReeAlor ciBlind Whith daRTHAICENEA i L hntil ARLAAL AR oriEs )
x-ray diffraction, imunoassay, Ranman spectroscopy, U nes cey

ul travi ol e?”%ﬂlf@t $L@§@6Wﬂyr@¢ded by any suitable analytical techniques known in the

~ field of detection of fuel markers. A marker may be concealed and/or hidden (for

20  example, not visually detectable by the eye, or a third party have no knowledge of the
presence of the marker). Alternatively, a marker may be open to view and/or
knowledge (for example, a visual dye which is easily recognizable by-the naked eye).
Characteristics of common suitable markers for liquid petroleum products include, but
not limited to, (i) being entirely foreign to the petroleum products; (ii) can be supplied as

25  highly concentrated solutions in petroleum-compatible solvents: (iii) are not obscured
by unstable natural components of the petroleum products; (iv) are measurable over
the storage life of the marked petroleum product: (v) have identities which can be
analyzed by standard analytical techniques; and (vi) are easily detected by simple on-

. site test and/or in the laboratory.

30
In particular, a marker is detectable by any one of the following analytical techniques,
but not limited to: gas chromatography (GC), gas chromatography mass spectroscopy
(GCMS), high performance liquid chromatography (HPLC), x-ray diffraction,

immunoassay, Raman spectroscopy, luminescence, ultraviolet spectroscopy, near



8 infra-red spectroscopy and infra-red spectroscopy. Markers may al so

i ncl ude col our dyes or covert chem cals which can be extracted fromthe
fuel and/or solvent and which give a colour reaction visible to the naked
eye when treated with a reagent such as acid or alkali. 5 Any suitable
substance, chem cal or conpound may be ugﬁd for the purpose of a marker as
descri bed herein. Exanples of conpounds ich are suitable for use as

k b h Sol vent Red 24, as
Gosert bed | T BRSO, iTarrod GTRech oReaP JPEEE My ch'sp tFuet ebco,
subst i t ut eddyed-drychveryeteniicaas whithnesf Qéeeédmaih eq, flom the fuel and/or solvent and

h h I t hragu
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20 herein by reference;

o N-Ethyl-N-[2-[1-(2-methylpropoxy)ethoxy]ethyl]-4-phenyldiazenylaniline
(Euromarker Solvent Yellow 24), as described in WO 2010/039152;
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incorporated herein by reference; '
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30 ihcorporéted herein by reference;
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in US 5,980,593, which is incorporated herein by reference;
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In a particular aspect of the present'invention, marker (S) may be a quantitative marker
or qualitative marker.
30 _
- A qualitative marker is defined for the purpose of the present invention as any marker,
wherein only the detection of the presence (or absence) of the marker is required using
any suitable analytical techniques known in the art. Determination of the concentration

of marker quantitatively is not necessary is not essential for a qualitative marker.



A qualitative marker is defined for the purpose of the present invention as
any marker, wherein only the detection of the presence (or absence) of the
narker: i s required using any suitable anal ytical techniques known in the
art. Determnation of the concentration of marker quantitatively is not
necessary is not essential for a qualitgipi ve marker. 10 A quantitative
marker is defined for the purpose of the present invention as any narker
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25  of the quantitative marker (S) in a fuel and/or solvent can be assessed by absorption
- spectroscopy with ultraviolet, visible, or infrared radiation, in which absorption of
radiation by the sample is proportional to the concentration of the marker in the sample.
“An example of the use and detection of quantitative markers is described in U.S.
Patent No. 5,525,516 to Krutak et al., which is incorporated herein by reference.
30
Quantitative marker (S) may be used to detect dilution, i.e. the decrease in
concentration of marker (S), caused by mixing, for example, a fuel having a desired
predetermined concentration of the quantitative marker (S) together with an adulterant

such as a solvent (which does not contain the marker (S)).



An adulterant is defined for the purpose. of the present invention as any
subst ance, chem cal or conpound which should not be contained wthin other
substances (eg. fuels for legal or other reasons). Adulterants may be
intentionally added to nore expensive substances to increase visible
quantities and reduce manufacturing costjg. 5 In a particular enbodi nent, as
little as 5% is detectable with the use of the quantitative mar ker (S).
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30Substance (A) is defined for the purpose of the present inventiom as any
chem cal, chem cal conpound, organic or inorganic substance of a particular
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30  Substance (A) is defined for the purpose of the present invention as any chemical,
chemical compound, organic or inorganic substance of a particular molecular identity,
including' any combination of such substances occurring in whole or in part as a result
of a chemical reaction or occurring in nature, which is capable of interacting with any

one of the following laundering agents: clay, active charcoal, charcoal, carbon, active



In particular, the term"interacting”, 'interaction' and 'interact' my be
used i nterchangeably for the purposes of the present invention. The term
"Interacting’ as used herein the present invention is understood to nmean a
kind of action.that occurs wherein two or nore substances, matter,
conpounds and/ or objects have an effectq§) 15 upon each other. In
particul ar, the effect, as a result of the interaction, may be a physi cal
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“active charcoal, charcoal, carbon, active carbon, paper filters, straw, micropore filters,
silica, silica gel, molecular sieves, absorbent materials, adsorbent materials or any
mixture thereof, which are added to the fuel with the intention of laundering the markers. -



25Black 7,.d Solvent Black 48, d Solvent Brown 52, O Sol vent G een and
any derivatives, analogues or m xture thereof. Substance (A) and marker (S)
nay be selected fromthe same group of chem cals, conpounds or substances
as. descri bed herein. However, substance (A) and marker (S) 30are not the
same when both are being used together (j5.e. bot h are present) in any
particul ar aspect of the present invention. 14 capabl e of being determ ned
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Blue 98, Cl Solvent Blue 99, Cl Solvent Blue 129, ClI Solvent Orange 98, Cl Solvent
Yellow, Cl Solvent Yellow 3, Cl Solvent Yellow 4, Cl Solvent Yellow 124 Cl Solvent
- Yellow 143, Cl Solvent Yellow 161, CI Solvent Black, Cl Solvent Black 2, Cl Solvent
25 Black 7, Cl Solvent Black 48, Cl Soivent Brown 52, Cl Solvent Green and any

derivatives, analogues or mixture thereof.

Substance (A) and marker (S) may be selected from the same group of chemicals,
compounds or substances as described herein. However, substance (A) and marker (S)

30 are not the same when both are being used together (i.e. both are present) in any
particular aspect of the present invention.

In particular, substance (A) may further be capable of being detected. In particular,

substance (A) is capable of being detected, and optionally whose concentration is



chem cal s, conpounds or substances as described herein. However, marker
(O, marker (S) and substance (A) are not the sanme with respect to each

ot her when they 15 are being used together (i.e. when (C, (S) and (A are
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agent, as conpared

present i N qddwtfb%mgﬁgb%lca aqmrﬂtqrtaéhahve mar ker (C) and a quantitative
marker (S), the quantitative marker (S) is different fromthe
20quantitative marker (C). In particular, the kit conprises two distinct
quant i t18t i Ve theakik ageording tk the rqrs;eramd/enmrkéhe kitmaydopeert domdrige aftezst dieng t o

anot her em?ﬁ’é’rkéfe(@t) wﬁé?é‘n‘ﬂ‘nérk@rf (h Rea By 'nﬁﬁfﬁé}t Fon 83 o §g§ Halorek@st one
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marker (S), at |east one su stance opt i onal She har ker
(O, 'invention, the definitions and examples of Marker (C) are the same as that of marker (S)

as previously described herein.

15 In a particular aspect of the present invention, marker (C) may be selected from the
group consisting of: anthraquinone, anthraquinone dye(s), diazo dye(s), furfural,
furfural derivative(s), thiobenzotriazoles, benztriazole chemicals, paraquat, diquat,
quinizarin, quinizarin derivative(s), diphenylamine, radioactive material(s), oil-soluble
phenylazdaniline dye, 2,6-dicyano-2'-sulfonamido-4'-amino-azo-benzene(s), fluorene

20 copolymer(s), rhodamine, derivatives of rhodamine, analogues of rhodamine, alkylated
isodibenzanthrone, alkylated isodibenzanthrone derivative(s), cyanobenzene, 1-(4-
morpholino)-3-(alpha naphthylamino)-propane,  squaraines  phthalocyanine(s),
naphthalocyanine, CI Solve_nt Red, Cl Solvent Red 2, Cl Solvent Red 4, Cl Solvent Red
68, Cl Solvent Red 161, Cl Solvent Red 164, Cl Solvent Red 175, Cl Solvent Red 208,

25  Cl Solvent Red 165, Cl Solvent Blue, Cl Solvent Blue 4, Cl Solvent Blue 79, C| Solvent
Blue 98, CI Solvent Blue 99, Cl Solvent Blue 129, CI Solvent Orange 98, Cl Solvent
Yellow, CI Solvent Yellow 3, CI Solvent Yellow 4, Cl Solvent Yellow 124, C| Solvent
Yellow 143, Cl Solvent Yellow 161, Cl Solvent Black, Cl Solvent Black 2, C! Solvent
Black 7, Cl Solvent Black 48, Cl Solvent Brown 52, Cl Solvent Green and any

30 derivat.ive, analogue or mixture thereof.

Marker (C), marker (S) and substance (A) may be selected from the same group of
chemicals, compounds or substances as described herein. However, marker (C),
marker (S) and substance (A) are not the same with respect to each other when they



25 which are provided in the formof a m xture. Marker (S), substance (A)
and optionally marker (C) may be in the formof a honbgenous or

het er ogeneous m xture. The m xture nay be in the formof a liquid m xture,
with a predeterm ned anount of each of the respective marker (S), substance
(A), and optionally marker (C). The m xtjgre may also be in the formof a
tabl et or capsule form with a predeterm ned anount of each of 30t he

respective 1 , c ) t ' rker. According
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fuel . | n pddindetingpgentiaay be semplgtaly pfapartiallyaemomed af peidemoued ahall by thebl vent
and the seGRRfularRlunBBinPEged unsubsi di zed fuel . The purpose of the kit of
the invention is for marking, nonitoring and/or detecting alteration of a
fuel, !erti cularly whether an unsubsidized fuel has been 10altered with a
subsi di zed Matrér @) mdyCe MdFeSresisint Y418 1886t dheNAindefitg l%berﬁth{ﬁ)an Rafke? ), In

altered by diluting with solvent and/or petrochem cal: Sonme e i ments,
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Fuel and fuel conposition According to a particu aspect, t sent
i nvent i on sEPigElete the samgetr diffgrent Tamoeend agentpireferaply, 20aikpr 48) Iseamsre one

mar Ker 16S) redditint io) parkibl b @shpiefaCremival B R 148 oMt RuRbBARGE (4 T
capable of interacting with at |east one’ | aundering agent; an
compared to marker (C). _

In a particular aspect, the kit of the present invention comprises a quanfitative marker
(C) and a quantitative marker (S), the quantitative marker (S) is different from the

20 quantitative marker (C). In particular, the kit comprises two distinct quantitative markers
marker (S) and marker (C) respectively.

According to another embodiment, the kit of the present iﬁvention comprises at least
one marker (S), at least one substance (A), and optionally at least one marker (C),
25  which are proyided in the form of a mixture. Marker (S), substance (A) and optionally
marker (C) may be in the form of a homogenous or heterbgeneous mixture. The
mixture may be in the form of a liquid mixture, with a predetermined amount of each of
the respective marker (S), substance (A), and optionally marker (C). The mixturé may
also be in the form of a tablet or capsule form, with a predetermined amount of each of

30  the respective marker (S), substance (A), and optionally marker (C).

Aécording to a particular embodiment, the kit of the invéntion comprises (i) at least one
marker (C), one marker (S) and one substance (A) for addition to a first fuel and/or

solvent; and (i) at least one marker (C) for addition.to a second fuel; both markers (C)



optionally, (iii) at |east one marker (C). 25According to one aspect, the
present invention relates to a fuel and/or solvent, wherein the fuel and/or
sol vent conprises optionally at |east one marker (C), the at |east one
meyker (C) is a quantitative marker. The fuel and/or solvent according to
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25  According to one aspect, the present invention relates to a fuel and/or solvent, wherein
the fuel and/or solvent comprises optionally at least one marker (C), the at least one
marker (C) is a quantitative marker.

The fuel and/or solvent according to the invention, wherein the fuel and/or solvent is
30  subject to monitoring, marking and/or detecting alteration of the said fuel and/or solvent
with. any laundering agents or with another different fuel and/or solvent. For example,
the fuel may be a subsidized diesel by the government or unsubsidized kerosene. The
fuel and/or solvent of the invention comprising the marker (S), substance (A) and

optionally marker (C) is used for monitoring and detecting the presence of this
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30  In particular, the fuel and/or solvent of the invéntion compfises at least one substance
(A), wherein substance (A) is selected from the group consisting of: anthréquinone,
anthraquinone dye(s), diazo dye(s), furfural, furfural derivative(s), thiobenzotriazoles,
benztriazole chemicals, paraquat, diquat, quinizarin, quinizarin derivative(s),
diphenylamine, radioactive material(s), oil-soluble phenylazoaniline dye, 2,6-dicyano-2'-
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Solvent Black 48, Cl Solvent Brown 52, CI Solvent Green and any derivative, analogue

30  or mixture thereof.

In particular, the fuel and/or solvent of the invention may comprise at least one marker
(C), wherein marker (C) is a selected from the group consisting of: anthraquinone,

anthraquinone dye(s), diazo dye(s), furfural, furfural derive_tive(s), thiobenzotriazoles,



In particular, substance (A) is capable of being absorbed, adsorbed, or
partially or 15 conpletely renoved by interaction wwth at |east one of the
foll owi ng | aundering agents: clay, active charcoal, charcoal, carbon,
active carbon, paper filters, straw, micropore filters, silica, silica gel,
mol ecul ar sieves, absorbent nmaterials, ggsorbent materials and a mixture
thereof. 20In an attenpt to | aunder at Ieast one mar ker (S) which was
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| east one quantitative marker (C), and at | east one ‘'substance whi ch
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the fugls may be exenplified by a subsidized or an unsubsidi zed fuel such as
di esel or kerosene. In a particular enbodi ment, the nethod of marking fuel
and/ or sol d‘é@fkerags)da?é&qrdgb and sURgARse (A)aay beselactachifentthe samer arep of

include a %Eh%léjfcdﬁ%éﬁhﬂg & idbrsﬁatncéé’eds 88<HriBEd q@r&ﬁ’nﬂo@v@%ra &kanes)f uel

to all ow detection m Xt ur e of e first fuel and/or solvent and ‘second

fuel, the mrherd@dcﬁ?ﬁrﬁueﬁﬁagce (R)gre rmfr me@an@& wvt@aeqpesh@ gachgatharydienghel or
sol vent wi tdie belny @éed' 88stheOi@. WﬁéKQS) ((§) an@nd) Gid di ﬁFesleﬁﬁsiﬁ aﬁV%aﬁfdQ@F ance
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The terms ‘marker (C)’, marker (S), ‘quantitative marker’, ‘substance (A)' and

‘laundering agent’ are as defined in the description herein.

25  According to another aspect, the present invention relates to a fuel composition
comprising a fuel and/or solvent, wherein the fuel and/or solvent comprises (i) at least
one marker (S); and (ii) at least one substance (A), wherein substance (A) is capable of
interacting with at least one laundering agent; and optionally, (iii) at least one marker
(C), wherein the marker (C) is a quantitative marker.

30
The term fuel composition used herein is defined as a mixture of fuels, solvents, and/or
petrochemicals. For example, a fuel composition may comprise a mixture of diesel and
kerosene, or a mixture of gasoline and kerosene, or a mixture of government tax-

subsidized diesel and non-tax-subsidized diesel.



marker (C) is a quantitative marker. In this particular enbodi nent, the
first fuel and/or solvent nay be exenplified by a 20 subsidized fuel

ahd/ or solvent which is marked with at | east one narker (S) and at |east
one substance (A). The second fuel may be exenplified by a non-subsidized
fuel which is marked with a quantitativegmarker (C). In another enbodi ment,
the nmet hod of marking fuel and/or solvent of the invention may 25 further
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at least one laundering agent.

In particular, substance (A) is capable of being absorbed, adsorbed, or partially or

15 completely removed by interaction with at least one of the following laundering agents:
clay, active charcoal, charcoal, carbon, active carbon, paper filters, straw, micropore
filters, silica, silica gel, molecular sieves, absorbent materials, adsorbent materials and _
a mixtu_re thereof.

20 In an attempt to launder at least one marker (S) which was predisposed in a fuel,
laundering agents are added into the fuel so as to launder (i.e. to partially or completely
remove) the marker (S). The effect of adding substance (A) into a fuel, together with
marker (S), is to protect and/or prevent marker (S) from being absorbed, or partially or
completely removed by interaction with any one of the following laundering agents: clay,

25  active charcoal, charcoal, carbon, active carbon, paper filters, straw, micropore filters,
silica, silica gel, molecular sievés, absorbent materials, adsorbent materials or any

mixture thereof, which are added to the fuel with the intention of laundering the markers.

In particular, the substance (A) added to the fuel is comblemenfary to the marker (S)
30  such that substance (A) is always more readily absorbed, adsorbed, or partially or
completely removed by interaction with the laundering agents, than marker (S).
Substance (A) acts as a sacrificial protection substance, chemical or compound which

is being absorbed, in place of marker (S), by the laundering agents.



mar ki ng fuel and/or solvent of the invention is a quantitative marker and
the nmethod further conprises a quantitative nmarker (C), the quantitative
marker' (S) 'is different fromthe quantitative marker (C). 15Substance (A)
as described in the method of marking fuel and/or solvent of the invention
is capable of interacting with at |east ,gne | aundering agent. The

| aundering agent may be selected, but not limted to, fromthe group
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partl cul ar, the presence of marker in a hou not cause mar
(S) in the 'SfG‘@Tkegdv'th?s@qr‘ﬁ'?t'td%ﬂ@é'teé char acterl stic or feature. Further,
the markers al so do not react with each other or with the fuel to be

mar ked. | n anot her enbodi nent, marker (S) as described in the method of
mar ki ng f ud aBeiRgrgmMbodiment, the method of marking fuel and/or solvent of the invention may

25  further include the method of marking a first fuel and/or solvent (eg, subsidized fuel
and/or solvent) and a second fuel (unsubsidized fuel) to allow detection of a mixture of
the first fuel and/or solvent and second fuel, the method comprising:

()] | marking at least one first fuel and/or solvent with (i) at least one marker (C),
wherein marker (C) is a quantitative marker; (ii) at least one marker (S); and

30 (i) at least one substance (A), wherein the substance is capable of

interacting with at least one laundering agent; and
(1 marking at least one second fuel with at least one marker (C);
both markers (C) being the same.



.20 solvent herein for the present invention is fully or partially resistant
to at | east one laundering agent. In particular, the marker (S) may be
partially renoved or not renoved at all fromthe fuel it is nmarked with. In
order to mark and detect any alteration of a fuel conposition, it is
desirable for both 25 the quantitativezg‘arker (© and marker (S) to be
susceptible to laundering with at | east "One | aunderi ng agent. Accordi ngly,
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30  Preferably, substance (A) is selected from the group consisting of: anthraquinone,
anthraquinone dye(s), diazo dye(s), furfural, furfural derivative(s), thiobenzotriazoles,
benztriazole chemicals, paraquat, diquat, quinizarin, quinizarin derivative(s),

diphenylamine, radioactive material(s),' oil-soluble phenylazoaniline dye, 2,6-dicyano-2'

sulfonamido-4'-amino-azo-benzene(s), fluorene copolymer(s), rhodamine, derivatives



30are being used together (i.e. when (C, (S) and (A are all present) in
any particul ar-aspect of the present invention. 25 analytical techniques
khown 'in the art. These anal ytical techniques nmay include, but not limted
to, the follow ng: gas chromatography (GC), gas chronmat ography nass
spectroscopy (GCMS), high performance lixguid chromatography (HPLC), x-ray
di ffraction, immunoassay, Raman spectroscopy, |um nescence, ultraviolet
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' bstance (A) is indicative that 30the

bei ng detecgted, and .the presence 0
fuel is al 3%?‘??&; '?Soﬁ?et%&??'g cﬁggaﬁeﬁlatlo[ Plefepties Forthemtheymadercalsprogot reasst one
| aunder i ng vageddch other or with the fuel to be marked.

In another embodiment, marker (S) as described in the method of marking fuel and/or

20  solvent herein for the present invention is fully or partially resistant to at least one
laundering agent. In particular, the marker (S) may be partially remeved or not removed
at all from the fuel it is marked with.

In order to mark and detect any alteration of a fuel composition, it is desirable for both

25  the quantitative marker (C) and marker (S) to be susceptible to laundering with at least
one laundering agent. Accordingly, marker (S), marker (C) and optionally substance (A)
as described in the methods of marking fuel herein the present invention may be
capable of being resistant to partial or complete removal or capable of being partially or
completely removed from the fuel by at least one laundering agent. Preferably, marker

30 (S), marker (C) and optionally substance (A) are resistant to partial or complete
removal or susceptible to partially or complete removal from the fuel by the one
common laundering agent. |



26 clay, active charcoal, charcoal, carbon, active carbon, paper: filters,
straw, mcropore filters, silica, silica gel, nolecular sieves, absorbent
naterial s, adsorbent nmaterials and a mixture thereof. 5ln an attenpt to
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removed by b&iiRr RCtheOPartilt Br tcbmpl m&ﬁawgofaas%ﬁ §hl%'?n e k&, ‘r§% term

Substance (A) acts as a sacrificlal protection substance, chenical or
conmpound whirfeHmest’ e URderalese rip saean H‘Uﬁﬁ%ﬂﬂg off theefiirlepr a1m) onef theemaskensler i ng

agents.  20HhesdremithaeRlindiifing )l reRBYaIRg 11aBFiRE DG fRYuSIUI LDl e anal yti cal
t echni ciues known in the field of detection of fuel markers. Exanpl es of
I

sui t abll@ anal ytical techniques include, but not limted to: gas

chr omat ogr @Bﬁérétﬁﬁ)marﬂ@ﬁ DhdrRmg rﬂgfk@pm Bﬁeﬁelé&@@tﬂroﬁws Py rolFeMRistiny &0
perfornmance |iquid chrorrat ogr aphy (H X- ray fraction, |mmnoassay

Raman spect%éﬁ-ﬁ'ﬂ'/o”el (ARtagHIBRRR  dYR(Dr £lAZ8] ye( §be@fﬂ=‘6¥;cf5{6§dra| negfivative(s),

25i nf r a- r edhispaEbirRE6REY baRsriaid %@%ﬁ@egérae@éiowquak nqeiﬁrzsm uaaﬁ.zaﬁrhe
met hod of mpnitoring, testing and/or detec al teration of

det er ni ni nJEAMREIVREY. ‘éip'b%ﬂyﬁ“@l]? aiddfogelive; materialigl @H@giupkqewhenﬂﬁéowmm dyal ter ed
fuel' s urﬁd@-aﬁwﬂﬂz'ts(a|f8f$a%ﬁld&laa§mtr#&9azfou§énzéﬁﬁwf i sesfdrgned - M )&BH&?mQrf

| east a first fuel and 30 second fuel, (1i) a first fuel |IutedW| a
sol vent or rB‘é‘i’%Eﬁenﬂ%’é’lat“’Qﬁ of i ifjodaniing.st andleguesei oy redamiteed aﬂ‘ﬁylart@mve

at | east onedB¥hkgithiont, AlkyRids liseHiserzAthfdreMibiRitila@),. cfinoBENzeheMai@at i on
thereof. 2rrZorphoImo)-3-(aIpha naphthylamino)-propane,  squaraines  phthalocyanine(s),
naphthalocyanine, Cl Solvent Red, CI Solvent Red 2, Cl Solvent Red 4, Cl Solvent Red
20 - 68, Cl Solvent Red 161, Cl Solvent Red 164, C| Solvent Red 175, ClI Solvent Red 208,
Cl Solvent Red 165, ClI Solvent Blue, Cl| Solvent Blue 4, C! Solvent Blue 79, Cl Soivent
Blue 98, Cl Solvent Blue 99, Cl Solvent Blue 129, CI Solvent Orange 98, Cl Solvent
Yellow, Cl Solvent Yeliow 3, Cl Solvent Yellow 4, Cl Solvent Yellow 124, C| Solvent
Yellow 143, CI Solvent Yellow 161, Cl Solvent Black, Cl Solvent Black 2, CI Solvent
25 Black 7, Cl Solvent Black 48, Cl Solvent Brown 52, Cl Solvent Green and any
' derivative, analogue or mixture thereof.
Marker (S), marker (C) and substance (A) may be selected from the same group of
chemicals, compounds or substances as described herein. However, ‘marker (S),
marker (C) and substance (A) are not the same with respect to each other when they
30  are being used together (i.e. when (C), (S) and (A) are all present) in any particular
aspect of the present invention.

Marker (C), marker (S) and optionally substance (A) as described in the method of
marking fuel herein the present invention is detectable by any suitable standard



As for the first fuel (eg, unsubsidized fuel) as described in the nethod of
detecting alteration herein the present invention, the first fuel is not be
mar ked with any markers (S), substance (A) or even marker (C). Accordingly,
i f. the detection nmethod is to determ ne whether a first fuel has been
altered by a second fuel and/or sol vent2 5(i)the absence of markers (S) and
substance (A) in the fuel is indicative ?hat the first fuel has not been
esence of marker ( substance (A) in the fuel is

altered; (ii) th ; , S) or } t

i ndi cat i v(eaf“l)’iéticaf F%E‘F'GB?S agw'ﬁé'éﬁhea?'ﬂ-eT%%ﬁe nalyticak tgehniquesemar inpfudgt byteast
olne | agndihbﬁmdmgﬁltﬁ, the folevihgtebasd &hﬁoﬂﬁﬁt@g&bﬂ)i}w(@Oloﬁtgal,géﬂti&nsttéglbph@?ng@fn
altered. According t ne..aspect s exenplified in, but no imted to,

Fi gure 2), SPFAOp (z?grbf%)el PESP% rRanes hlS‘H‘"q)fcr}'i?mPPSHpﬁZ), (HRG: ng™@nd/ or
detecti ng aiffrsdtian, onmafundaddayst Rarahn (egpedudseddyi dilg@thebtdtick, W diffadolstecond
fuel and/or_solvent (eq, fsu%ssq di zed fuel gﬂ?{/ or 15 .solvent),. the second
fuel an /o?p%‘gﬁ°§‘é?ﬁy’ %‘%%,'né"ﬂ RESLPPRE PG AP SBESHSEIPYF ur t her conpri si ng
at | east one quantitative marker (C) having a predeterm ned concentration
range, wher ei ndt e ipodl co rifsfi g testing the fuel for the presence of

mar ker (C) e presence of marker (C) in the fuel is
indicative that the fuel is altered. Since the first fuel is not marked

ith f. k .S), C) or 20suhst.anc A, (i), the absence
o BBl ok o TALE ol B B o b
t hat t he fiausterngethehfus! may sobseguehtiebednon(tored, tdsted)oe deteeeddbr amgriten (S),

een 2l t of ahie SAETEF ool vaBarories 1Equbee oG aBRpRGNERRS. TR < he
fuel is inéietataywentpnia¢ a single type of fuel diluted with a solvent and/or petrochemical, a
mixture of different type fuels (eg, diesel and kerosene, or diesel and gasoline etc), ora
mixture of the same type of fuel but of different grade (eg, high grade d.iesel and low
15 grade diesel), or a mixture of a laundered fuel and an unlaundered fuel (eg, kerosene
with markers being laundered or renﬁoved and kerosene with unlaundered or
unremoved markers)

‘According to one aspect (as exemplified in, but not limited to, Figure 1), the present
20 invention relates to a method of monitoring, testing and/or detecting alteration of a first
fuel (eg, unsubsidized fuel) with a second fuel and/or solvent (eg, subsidized fuel
and/or solvent), the second fuel and/or solvent (eg, subsidized fuel and/or solvent)
comprising (i) at least one marker (S); and (ii) at least one substance (A), wherein the
substance (A) is capable of interacting with at least one laundering agent, the method
25  comprising:
) testing the fuel for the presence of marker (S), wherein the presence of marker
(S) in the fuel is indicative that the fuel is altered; or
(11 testing the fuel for the presence of substance (A), wherein subétance (A) is
capable of being detected, and the presence of substance (A) is indicative that
- 30 the fuel is altered; or

() testing the fuel for the presence of at least one laundering agent.

In particular, substance (A) is cabable of being absorbed," adsorbed, or partially or

completely removed by interaction with at least one of the foilowing laundering agents:



the fuel has been altered. According to another aspect (as exenplified in,
but not limted to, Figure 3), the first fuel (eg, unsubsidized fuel) nmay
conpri'se at | east one quantitative marker (C), and the 30 second fuel
and/ or solvent (eg, subsidized fuel and/or solvent) conprising: (i) at

| east one quantitative marker (C), (ii) g | east one marker (S); and (iii)
at | east one substance (A), wherein the ubstance (A) is capable of
mteractmgvvlth at | eas neIE r|n bot h. krsv\gc%1 bei ng t he
sane and a3 BPWETA R HALUGRE &HAI Qtl ‘é?{bg” PRPEDH rﬁg?t{/a t"REPEhod of
noni t or i ng filtére séilid2g sEﬁBéi/gér nitfscaki sikged| db@bﬂiehpmatéﬁalé Adsosthent wedteriakSar(dey,
unsubsi di zed f uel vmth a second fuel and/or solvent (eg, subsidized fuel

and/ or sol PIARUrR B 9'ses: (1) testing the fuel for the presence of the
quantitative marker (C); wherei n t he presence of the

mar ker int ncentr i de 5t he predeter.m ned
Concent St iodn Aeseetop Al he deel SGF Thadker RS HeR e PieAEPRes I § el
i ndicative |éLhﬂt=,nrﬁghegértﬂebre| aﬂd&bﬁr&oﬂt&fueho(édt)o laesier (0@. td}farn‘allglorf:ahpltefew
presence of mar W L hi term ned co and for
Phe” pr osencenare das paris) Tt of Aoh SRR ORI TRbib el dob s o
i s 1 ndi cat invarkerh(&), i$ It[BprCIlEIit and/onptegertcmanier () f(Oh‘l be)lng ebsarhed, tangaftiatty of or
t he presence o rke redet ncentration range,
the hbsencSoBRel rapbyesy Mitattith Wif aBL REE bE R B ERGT o8 AT
that the f wetive shaad:daircﬁrwrco%twarbimngctt\e mmmepapemﬁjtech rsbraty, nﬂdnepdre ffitersf uel
(O at o pelie: i HoL RURse PN foraingll mafielen dosu B metedplsafard <"
(C at ap 't andror
sol vent ( egnlxtsutdjls]enhozefdmcﬁhmie agided wthecﬁthe,lewth)the;m\tmmms nﬁlgunc(armgarhe inagets. one
marker (S); and (ii) at |east one substance (A), wherein the substance (A
is capable of interacting with at | east one | aundering agent. Accordingly,
t he met hod lmfartionliat, dhé sgbstamest {A) pddedito thedfeekistdongplarheréargtto dime ofarker {8y st

f uel (Eig pg@?ﬁétd%ﬁggncgefki |st ?M&gg%rg %98@ LHs%lrbe(’Hmyd%rbﬁg ! §F Bgrtlglﬁ'gm '

subsi di zed
completely removed by interaction with the laundering agents, than marker (S).

Substance (A) acts as a sacrificial protection substance, chemical or compound which

is being absorbed, in place of marker (S), by the laundering agents.

20  The testing of the fuel may be done using any suitable analytical techniqqes kn_own in
the field of detection of fuel markers. Examples of suitable analytical techniques include,
but not limited to: gas chromatography (GC), gas chromatography mass spectroscopy |
(GCMS), high performance liquid chromatography (HPLC), x-ray diffraction,
immunoassay, Raman spectroscopy, luminescence, ultraviolet spectroscopy, near

25 infra-red spectroscopy and infra-red spectroscopy.

In particular, the method of moniforing, testing and/or detecting alteration of fuel is for
determining whether a particular fuel is an altered fuel. The term ‘altered fuel' is
‘understood to mean that the fuel comprises (i) a mixture of at least a first fuel and a
30 second fuel, (ii) a first fuel diluted with a solvent or petrochemical, or (iii) a first fuel
being laundered to remove at least one marker (S) or substance (A) from the fuel, or

any combination thereof.



(I') testing the fuel for the presence of quantitative marker (C), wherein
the presence of marker (C) in the fuel outside the predeterm ned
concentration range or the absence of marker (C) is indicative that the
fuel is altered; (11) testing the fuel for the presence of marker (QO

Wi thin the predeterm ned 2500ncentrati02 range and for the presence of
mar ker (S), wherein the presence of nmar Z (S) in the fuel is indicative

that the fuyel, i | .t t t he, f f th f
marker () A R F156 " dae WrbHEERR Bk A reet died e Meed 26 Seirely
mar ker ('S) ,altaration herein mq:nesermfnvsuml smecfirs( gl is ot beli |ntzﬁtked/fwltrt gﬁt)t n‘iah«grsf uel

' | t d 30 A di t t xe I e t not
T ted to Ok gREnas A 18 FeBobawet'GL ARBRTap o 482 Efestinn ot e o
nmoni toring deteemiriengheamt/a)ﬁrrstfemewslbegn alteredalyiaosecohd fuef amd/or d¢dhvent uel

O =S 1 B S65080Bs e TR bled L EcRE R0 RABERLSE,
one | aunder.i ng agent ;thathiee nretﬁmethaannpeem altered; (1) test| ng the fuel
for the presencg B s of WARLES) 4 bs%’r?cee” i rlklselrnd wedthd; the
fuel is indi catl\)e t ha uelm s alver 8a; f teeg? efﬁgﬁ for
t he presence of substtlamfuel I(\aS)beaméheeéd’l substance (A is capabl e of being
detected, the agﬁ’fnc%é) re§grt? t %??eaé%é ligﬁé(}‘i‘.h%};éﬁ’ ?t@%ﬁ hgrgificuf%eet&

altered. 10In cul ar, ance
adsor bd@, or parti al Itge ﬁuel has been altered.

According to one aspect (as exemplified in, but not limited to, Figure 2), the invention
relates to a method of monitoring, testing and/or detecting alteration of a first fuel (eg,
unsubsidized fuel) with a second fuel and/or solvent (eg, subsidized fuel and/or
15  solvent), the second fuel and/or solvent (eg, subsidized fuel and/or solvent) further
comprising at least one quantitative marker (C) having a predetermined concentration
range, wherein the method comprising testing the fuel for the presence of marker (C) in
the fuel such that the pre.sence of marker (C) in the fuel is indicative that the fuel is
altered. Since the first fuel is not marked with any one of marker (S), marker (C) or
20  substance (A),
0 the absence of markers (S) and substance (A) and marker (C) in the fuel
is indicative that the first fuel has not been altered;
(i) the presence of marker (S), marker (C) or substance (A) in the fuel is
indicative that the fuel has been altered;
25 (iii) the presence of at least one laundering agent in the fuel is indicative that

the fuel has been altered.

According to another aspect (as exemplified in, but not limited to, Figure 3), the first
fuel (eg, unsubsidized fuel) may comprise at least one quantitative marker (C), and the
30 second fuel and/or solvent (eg, subsidized fuel and/or solvent) comprising: (i) at least
one quantitative marker (C), (ii) at least one marker (S); and (iii) at least one substance
(A), wherein the substance (A) is capable of interacting with at least one laundering
agent; both markers (C) being the same and at a predetermined concentration range.
Accordingly, the method of monitoring, testing and/or detecting alteration of a first fuel



conpletely renoved by interaction with at | east one of the foll ow ng

| aundering agents: clay, active charcoal, charcoal, carbon, active carbon,
paper filters, straw, mcropore filters, silica, silica gel, nolecular
sieves, absorbent materials, adsorbent materials and a m xture thereof. 15
In an attenpt to |aunder at |east one nﬁﬁker (S) which was predisposed in a
fuel, laundering agents are added into e fuel so as to launder (i.e. to
partlally or c noye) the

The effect of addin
Pibst ance (g TRObSEER 1S TG 2 HRA AT R SONES (55 SUPHIRTO R EndkEl o
pr event rrarsJ@%nQSbmbnggg bei ng absorbed, or partially or 20 conpletely

renoved by inter ctl Wi t 0 of the follow ng |aundering agents:
clay, active ché coal® t@ﬁégﬁglﬁmrgg‘? Bﬁ?,enﬁ%f’ﬂ;‘g Cl’:‘éf‘gt@h‘,’e B‘&E@F ((fg ¥ Wheredn
straw, micropore fil tte Breséhdd ofahe fiarker aCpialthe fuel mmhgaa cSmavigstionadugsiident
mat eri al_s, adsor bent Eat eeyﬁ? S.or an\é ture ther& whi ch are adcz dto
the fueP with the i nt@HPIEIFISMINed5oq ?”tF?E'OPH@”%Prk AbseRge, 0f 3, Markes t he
sEbstange (A a((jded_ tuﬁ)tr]teh‘eelflu&idldaﬂvé:mgpilrerfwtlsiéltergd) drge mar ker (S) suchII

t hat substance i S eadi a r, partially
or conpletely réﬁ%vegegv\aﬁﬁ? éﬁ&rt %p(lﬁs‘?ﬁc‘?ﬂ H&@r‘f’ﬂ'ﬁ" g&eﬂ?& F CI'

mar ker (S). Subst anceofégntativs rasgeaasddorn ﬂmcpmhermeomfembtken(spmte%mehe '
chem cal or conpound which is being.absorbed .in plagce, of r.k 5) .. by
the | aundering agent soresf('fc?l??B'gﬁieir I'%i}e 'Bﬁfej"sﬁ]dré};?ﬁ}ﬁ? ah&xgﬁ??lé%gfeé%d:t%s to
the netlbod of nuhi)t ortestpg theﬂldlfrgtlamdfe:sbndsebfemb'rmg((a)l wighia theopreOétemnihee| |,
the fuel conprisin t emarker . .a (ii at least o
substance (A), V\hegoer}C(r?h{rﬁe su%%? r% a(bﬁfmfe OESB%{B?re?%f 3 g}eaBEe‘s%choF h at

| east one | aunder i supstagpeat(A) |s3rﬁl:h¢d1|eettmtltfmdfuebupnérsﬂng: (I') testing the
fuel for the presence of marker (S), wherein the absence of marker (S) in
the fuel is indicative that the fuel is altered; or (I'l') testing the

fuel for thﬂe:cprda@emcmoﬁferanﬁsmm ﬂwA)f;rsthaelr(egnuwlbsidanadéuél)%a'y&oﬁmawbl e
i_ndi.c tlve t hat .t he fuel

< alt aPed o AT N AUENTOIE Tae (99t BRSSP eEon e e 6P
further f uesleporaad Bl aeaior, scp&tnt Qeg}ewrbsndlzedrfuei amdsdr solrebth evmpfising: Qi res least gi nal
unaLs ored Tolg! ke D5l 0 b St SRR LAl e KR SleRlen
respect i veloppaiperof dngrattreg ity avfeashené teinderiny aggntoAecadinglipcthetrasttiod df
eyl ool RS Y e RO B8 Rl B kel e
altere@®0 asecond fuel and/or solvent (eg, subsidized fuel and/or solvent) comprises:
) testing the fuel for the presence of quantitative marker (C), wherein the
| presence of marker (C) in the fuel outside the predetermined concentration
range or the absence of marker (C) is indicative that the fuel is altered,;
(1 testing the fuel for the presence of marker (C) within the predetermined
25 concentration range and for the presence of marker (S), wherein the
presence of marker (S) in the fuel is indicative that the fuel is altered;
(I testing the fuel for the presence of marker (C) within the predetermined
| concentration range, the absence of marker (S), and the presence of
substance (A) is indicative that the fuel is altered
30 » _
According to a particular aspect (as exemplified in, but not limited to, Figure 4), the
present invention relates to a method of monitoring, testing and/or detecting alteration
of a fuel, the fuel comprising: (i) at least one marker (S); and (ii) at least one substance



15 I n anot her enbodi nent (as exenplified in, but not limted to, Figure 4),
for the purpose of the nethod of nonitoring, testing and/or detecting
alteration of a fuel, marker (S) may be a quantitative marker. Accordingly,
the nethod of nonitoring, testing and/or detecting alteration of a fuel,
the fuel conprising: (i) at |east one quémtitative mar ker (S); 20and (ii)
at | east one substance (A), wherein the“substance (A) is capabl e of
interacting with at | east one | aunderin ent; the method conprising: (1)
testing tth)fv YH1er§iB the REbHRRGHEds &prﬂﬂng ntergpting it & HF%SHQ”%MSWQ%

mar ker (S) dgbntt he fuel is indicative that the fuel is altered; or 25(11)
testing th? fue| for the presence of substance (A), wherein substance (A

i s capabl e "8 MEECHSORE!'&0Bed, the absence of substance (A) is indicative

that the fuel (lytestaigithe @kl farthépicesndeng radreer (36| wHedsin theatiense bLRaker (S)
gquantitative r presence of marker (S) in

mar ker (S),. erein the .
the fueP havi'f %&%%d%ﬂ?%@( it%%&{ﬂgg I58"¢7RE: Yopr edet er ni ned concentration
r?rtr;gg is i n((ji Qlattéstmg]tth?tfuélhm fthee preisencd FEBﬁﬁhtan%@c@n,dWhg'etmswaméq]tf\m@slr
enbodi nrent (as_e ified.in ut not limted to,,Figure, 5 e el my
Further conpr farabia ot josingrdesrried, Bk ofher ob>uratanse s Miliin that B8 el
pr edet er m nedaltepedient rati on range and is different frommarker (S).
Accordingly, the 31 nethod of nonitoring, testing and/or detecting
alteration of a fuel, the fuel conprising: (i) at |east one marker (9S);
(11) atl0l edstpaditalagusutisidreti (Ae isreapable (o€)beaydalfsarbed, eddsbrbadf oo pertiailpst ance

I(Qm d‘gf?;gicga%%%I)% gﬁbrﬁé)\?eﬁecfyhig@r%chiﬁg&g?tﬁ?a%e?as?gné QF f%{qul}oiwri] I‘é\mu%]er%b alg%% s:t one
clay, active charcoal, charcoal, carbon, active carbon, paper filters, straw, micropore
filters, silica, silica gel, molecular sieves,.absorbent materials, adsorbent materials and
a mixture thereof. -

15
In an attempt to launder at least one marker (S) which was predisposed in a fuel,
laundering agents are added into the fuel so as to launder (i.e. to partially or completely
remove) the marker (S). The effect of adding substance (A) into a fuel, together with
marker (S), is to protect and/or prevent marker (S) from being absorbed, or partially or

20 corﬁpletely removed by interaction with any one of the following laundering agents: clay,
active charcoal, charcoal, carbon, active carbon, paper filters, straw, micropore filters,
silica, silica gel, molecular sieves, absorbent materials, adsorbent méterials or any

mixture thereof, which are added to the fuel with the intention of [aundering the markers.

25 In particular, the substance (A) added to the fuel is complementary to the marker (S)
such that substance (A) is always more readily absorbed, adsorbed, or partially or
completely removed by interaction with the laundering agents, than marker (S).
Substance (A) acts as a sacrificial protection substance, chemical or compound which
is being absorbed, in place of marker (S), by the laundering agents.

30
In particular, the present invention relates to the method of monitoring, testing and/or
detecting alteration of a fuel, the fuel comprising: (i) at least one marker (S); and (i) at
least one substance (A), wherein the substance (A) is cépable of interactihg with at

least one [aundering agent;



(1) testing the fuel for the presence of marker (S), wherein the absence of
marker (S) in the fuel is indicative that the fuel is altered; or (rn)
testing the fuel for the presence of substance (A), wherein substance (A)

i s. capabl e of being detected, the absence of substance (A) is indicative
that the 10fuel is altered; or (I111) teééi ng the fuel for the presence of
quantitative marker (S), wherein the présence of marker (S) in the fuel

havi ng a c?ncenErﬁti on out side the predeterm ned concentration range is

i ndi cat i ve THhEENCAEOFRIPMEs al t er ed. (1V) testing the fuel for the
presence of ngytesting t6p fuel fariiee presbncedfenarker (ShevhEres dimncabskEboé ofmakker ()C) i n
the fuel havin centration de thg redet erm ned concentration

range i-s indi '83'9?0%??%3‘?":?*13{8 ﬂf%g?eufituéf '3@#8?6 g The terns 'marker (Q)',

mar ker (S), ' @liaedtingatheieelnfar kher presesad of antostar(cd) (A) awtlereirasmaitancagAagent '
fi i.n 1 i Pt in. .2 - e Ul i pent

e o et AL 0 AR Sl 0 A RERRATL

of fuel hereialtdrbd gmdesent invention, is a quantitative marker, the

gquantitati ker LS. 6 ent_. f t ngelnt't ' rker :
25Subst anc\gﬁ'{e ﬁa{sﬂedg@r'lgb%@:!r%e\{”ﬁg ar%e[e%ged agt?’e e ec?ltri ﬁéhéftﬁg’aé 38"0 g f uel
her ei n t he peirecleEmicalror amixivre thereohpabl e of interacting with at | east one

| aundering agent. The | aundering agent nmay be selected, but not limted to,
fromthe group consisting of: clay, carbon, active carbon, charcoal, active
char codD, aeepriginglt engltenadc fugbowvtactf inaseinjtiay ean matkied awithsimarker (@l and

nol ecul ar gj . terl rd ) r

30t hr cof . SeprEpes BRI Efb TR e Ron FHERRL (ST BaR0E D PRy | g
of : ant hr agwionoany, testingrefqthentuet viby @hy) onalichZzbe djar(dayd nalvtical atechriguesur al
derivative( ' zZ ' [ C ] .

i quat,  qurReoisid B AsEhae O Rpe 357 o Bofae IR Toel WERAG RS test

radi oact i vevavitt g ingicgtiye thet the deg! hbs bepmeltgredzoani | i ne dye, 2, 6-di cyano-2' -
sul f ongi do- 4' - am no- azo- benzene(s), -fluorene copol yner(s), rhodam ne,

derivatives of rhodani ne, anal ogues of rhodamni ne, alkyl ated
i sodi benzarit lanother embgiment@siexetplifiadzianbuirmot bmitied fov tduveeds for the anwbeshzene,

1- (4-nor ph%fitﬁé)}ﬁe%ﬁéoabpﬂ%nitoring, testing and/or detecting alteration of a fuel, marker (S)
may be a quantitative marker. Accordingly, the method of mbnitoring, testing and/or
detecting alteration of a fuel, the fuel comprising: (i) at Ieést one quantitative marker (S);

20  and (ii) at least one substance (A), wherein the substance (A) is capable of interacting
with at least one laundering agent; '
the method comprising: |
( testing the fuel for the presence of marker (S), wherein the absence of marker
(S) in the fuel is indicative that the fuel is altered; or
25 () testing the fuel for the presence of substance (A), wherein substance (A) is
capable of being detected, the absence of substance (A) is indicativé that the
fuel is altered; or
(1)  testing the fuel for the presence of quantitative marker (S), wherein the
presence of marker (S) in the fuel having a concentration oﬁtside the

30 predetermined concentration range is indicative that the fuel is altered.

According to yet another embodiment (as exempilified in, but not limited to, Figure 5),
the fuel may further comprise at least one quantitative marker (C) having a

predetermined concentration range and is different from marker (S). Accordingly, the



5 napht hyl ani no) - propane, squar ai nes pht hal ocyani ne(s), naphthal ocyani ne,
C Solvent Red, O Solvent Red 2, d Solvent Red 4, C Solvent Red 68, C
Sol vent Red 161, O Solvent Red 164, O Solvent Red 175, C Sol vent Red
208, d Solvent Red 165, O Solvent Blue, C Solvent Blue 4, O Sol vent
Blue 79, O Solvent Blue 98, d Solvent Blue 99, d Solvent Blue 129, d
Sol vent Orange 98, O Sol vent Yell ow, cPlsol vent 10 Yel I ow 3, d Solvent
Yeflow 4, C Solvent Yellow 124, CI Solvent Yellow 143, C %ol vent. Yel | ow
161, O Solmethed of mewitoriog. tsafingeand/qs|dgtacting algratign) Feniuethglkelzomprisiag) () ent
Bl ack 48, G |t %ﬁ@ﬁnﬁkéws?ﬁ(%) alleaSObree liarBtRR8 raddeaqD) aher (il at lesst one

anal ogue or m xture thereof. 15Markers (Q), rkers (S).. and substance (A)
are chosen ssheRNEn D). wherei shreeyhsiaNchgl é% ga%ﬂehgf "]téﬁaéﬁ’rfgewgh \EF f%sg%%
ot her or rrq%dehﬁgg?&ﬁence of each other. In particular, the presence of
mar ker %C) in a fue shoulpl not cause marker (S) in the fuel to lose its
det ect abl e R ECHRAAGAIWSEIor feature. Further, the markers al so do not
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mar ker 10S) are tgudles sluse®plri ble to laundering with at | east one |aundering -
agent. Accordingly,. marke , Jarker (O _and .1 onal b ) as
described in t(lﬂg t%%‘f’ﬂo%‘g {W{ %t He Pﬁéeaé% é:'lf ao[qagﬁtgﬁ\fe fnlfé{(é/rhgé&e?&nh%ﬁi t{’SérA\esent
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removal or capable eing parti y_0or co te enpye the fue
by at |east one |%{Eﬁ?ﬁi%fm"hegog%g@ﬁ?tfﬁﬁf‘é’f‘%?ea'ﬁN@)E?"aﬁﬁ?béig'tersp?' '%ﬁ{!‘%({gg (O and
opti onal Ibly sulps) atieg l(hl’é)fualrfer ilhe?p:rédeané of map«ler ]gu‘:)ah 'chnarr1 fw?mbati)retheemmbe or
susceptible to parti y 0r_¢cO te rempval fromthe, f ue

conmon ¥aunder i n% @Sg‘ﬁf €) %?rﬁng'feirr%'lr?, 3 EOPREF Y qugsgl:eokhg ¥§é?§{'§ﬁ§ dio

one or nore | aunglfickmeation ¢hmieds @aiiosttive Ehat edifael i$ hkeredncent rati on of mnarker
(© inthe fuel. The quantitative marker (C) is nore susceptible to
| aundering by a particular |aundering agent than marker (S), such that a

| ower concenkd akired ‘Glarkehe(@yamiarkeat (S)e ‘dquankitativd Gharkehie ‘prbstaene e(A)T andr ker
(S), or a 5 conbination thereof can be detected, .and is evidence of an
altered fueﬂaunggw%ﬁ%@y? a3 (ﬁ%ép[eﬁémhet%es%ﬁg\pgweﬁm.l east some amount of

mar ker 4@S), results in the partial or conplete renoval of marker (C) from
the fuel. The term'treatnent' is understood mean | I ,ng...Q; f uel
or any one B‘fatﬁ?ét'%‘ﬁrlfé‘?q%o%%@e\?ﬁerfaﬂ &‘ﬁem?%g'l' t(é)Sl ﬁ8|%edﬁ°ﬁ§er$ﬁ‘e{“r%ewg{?§{’%gf ,

t hese mar keggtettingt ierdtionl of 6 Héreikethe ({Rsentrinviestion( B aanenttativeo martey, the

her oi n ¢ he. BIEREHE PR SErLEE Sepo R ehtt &l o ot andard

anal ytical techniques known in the art. These anal ytical techni ques may

' nel ude25 bUtSuQs?}anclzei {K)taesddésodribgdh ?n ftr(1)e| Imoe .orcligc:)f 8eatgct9ngr g@étﬁ) F & {%I Eé%@n’ thd3S
present invention is capable of interacting with at least one laundering agent. The-
laundering agent may be selected, but not limited to, from the group consisting of: clay,
carbon, active carbon, charcoal, active charcoal, paper filter, micropore filter, straw,
silica, silica gel, molecular sieve, absorbent material, adsorbent material and a mixture

30 thereof..

Preferably, substance (A) is selected from the group consisting of: anthraquinone,
anthraquinone dye(s), diazo dye(s), furfural, furfural derivative(s), thiobenzotriazoles,

benztriazole chemicals, paraquat, ' diquat, quinizarin, quinizarin .derivative(s),



15 chromat ography mass spectroscopy (GCMS), high performance liquid

chr omat ogr aphy (HPLC), x-ray diffraction, immunoassay, Ranmen spectroscopy,
| um nescence, ultraviolet spectroscopy, near infra-red spectroscopy and
infra-red spectroscopy. Preferably, marker (S) and/or marker (C) are
selected fromthe group consisting of: %8 ant hr aqui none, ant hraqui none
dye(s), diazo dye(s), furfural, furfuraF“derivative(s), thiobenzotriazoles,
benztri azol e chem cal s, paraq uat di quat, quini zarin, ﬂUI ni zarin
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§8I8ve?jt gelckebﬁu saveﬁon;wm CRedIvéAdRedCh, SpEuwait Rarsd, 15, S&Stlensmeuar&sn ﬁed
0 t e \

205 Oy, Sy Bed 9% Sonsgl ¥R g8 UinNen et B Gy ho SREVEL

Cl Sol vent Sal\mngBh&SCI Goiveol Base 4,Yel deent@luéSdlgye‘.msoMehﬂ Blwe 38, Al %Nemtant
Yel | ow 4, v Yel | gw 1 t Yell o 4 o] | ow
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Bl a?:k 48, Qelionl 3/e0k SBvernYskow @, CSO$MeeEﬁt YFIRen 124 dCRSyiveet Yeldw ve3, CI( |
anal ogue or. m x t hereof .. 34 rker sta A
may be sel e%og\@(g% gﬁﬁ%?ﬁ?& ngdn%mgﬁrgﬁa%f % g%hv%rgaélagl&gn%ﬁog\éeni% 21 §hces
as descri besbiNeat Biask 48i00ES@Event Browe 52 (S) Solvert reed &hd anddeivaticanaglogd are
not the sane w ﬁﬁCt to each other when they are being used together
(i .e. when %’6}"‘*“%5‘”& (A) are all present) in any particul ar 5aspect of

t he present |nvent| on. Apparatus for nonitoring, testing and/or detecting
al terati.on of at ast _one ul ar_ aspect

_ art| h resent ..
rventiton MTE (o marteln 2] A BB 7S oS Ste I e A e

det ecti ng ahareeratdd)not)fnteﬂerdz eritht eadte ofhieelor anabkothesprevente, oft ém:hf otakr. amd/ or

sol vent co riLs Fg ast rﬁo | H?f

subst ance. (RShdpepreeeice SEBareneD [ pLeoubhataaute malr sSrrte Bl n at

| east one |taussdats digec@gsaichatdeteriatipar fiatise. CGﬁﬂheﬁtmgmatkel'sealsb domet rens for

detecting th o Es nce an g/orf ghgntlt%r of at |east maker (S) and/ or

subst ance ( fﬁ apg offiPr o[t t“ B ng to the present invention, the

fuel arpd/ or soI vent may further conprise at Ieast one quantl tati ve marker

(O. er ns uanlta O‘t@%r' ace

(A and * IBAAGEF HoadERn: mokPe AT qaried nine MeTeeedatesion HERLon. 1 n

a parti cul aff, futhfereire st tprésene nivedtiorn as FLBS ok Cpaaﬂihllapr@ans&tnUSofalrleaﬂnbme)rl ng,

testing laundering agent. In particular, the marker (S) may be partially removed or not removed

at all from the fuel it is marked with.

25
To detect any alteration of a fuel composition, both the quantitative marker (C) and
marker (S) are to be susceptible to laundering with at least one laundering agent.
Accordingly, marker (S), marker (C) and optionally substance (A) as described in the
methods of detecting alteration of fuel herein the present invention may be capable of

30 being resistant to partial or complete removal or capable of being partially or
completely removed from the fuel by at least one laundering agent. Preferably, marker
(S), marker (C) and optionally substance (A) are resistant to partial or complete
removal or susceptible to partially or complete removal from the fuel by the one

common laundering agent.



and/or detecting alteration of at |east one fuel and/or solvent, wherein
the detecting of the presence and/or quantity of marker (S), substance (A).
anhd/or' marker (C) is by the 25 use of at |east one of the follow ng neans:
gas chromat ography (GC), gas chromat ography mass spectroscopy (GCVS), high
perfornmance |iquid chromatography (HPLG3 X-Ray diffraction, imunoassay,
Raman spectroscopy, |um nescence, ultraviolet spect roscopy, infra-red

ot oct | on_ BlerABRE Pk o) & rRRE R P b8 e PR R B Py *°

( SERS) speedduss tlaPsbncedfration dtanarkerS0Ee i thesfaelpyhe auaramtwelmrlsl@e(@ lsomebecl te a
and the' morusP BT lahadfind B7a PoREUET BUodk e SRRf fenThliken ) el thater ©

fr eﬂuency ttiviefr epaoeraration \af itye goatitativadmarket kCis ten breseece bfymagiendSk. fee a

t echn

Ennanced RepERT IS el AR EM e A BURRACS of sfSnped e, AScarqal el o
Eart i cul ﬁr ttryzaﬁmmﬁteto ge(Bye atdedstrsomeCpmannl of mswkest(@hceesylly imthedpadiali ed
erein the '
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( SERS) spec scopy usin mar ker s nol es-are 10l 1 nked to
nanopar t i cimean(iagdesing \(Démerfaﬁdm@ﬂ’f{ iooe @f Shevinarshrsi pieseni dethe ieelsieplyding ther y  of

anal ysi s u?érﬂ?vﬁ@%@s%ﬂ%?@r?ﬁﬁﬂ@}f'uel Nanoparticles include colloidal netal,

hol I ow or d "nanobar's I C, paramagnetic, conductive or |nsulat|ng
nanopari cl es, synthetic partlcles hydrogel s 15 (colloids or bars), and

the 11ke. W& @ MYt Bnéll&ﬁdb@%n&é’ éAﬁ%&‘Cél%Eg%dq e method of

Nanopartlcles C i'n”a va not limted
to spher oi distectlrmmglteratlgrkgf ftpyrhamlrdﬁwe RreBery, ln‘@ﬂtlplﬁdﬁadgtecﬁﬁgﬁo%ﬁ'ﬂkéé'tab%d

nanospr i NY%tandard analytical techniques known in the art. These analytical techniques may
include, but not limited to, the following: gas chromatography (GC), gas

15 chromatography mass spectroscopy (GCMS), high performance liquid chromatography

(HPLC), x-ray diffraction, immunoassay, Raman spectroscopy, luminescence,

ultraviolet spectroscopy, near infra-red spectroscopy and infra-red spectroscopy.

Preferably, marker (S) and/or marker (C) are selected from the group consisting of:.
20 anthraquinone, anthraquinone dye(s), diazo dye(s), furfural, furfural derivative(s),
thiobenzotriazoles, benztriazole chemicals, paraquat, diquat, quinizarin, quinizarin
derivative(s), diphenylamine, radioactive material(s), oil-soluble phenylazoaniline dye,
2,6-dicyano-2'-sulfonamido-4'-amino-azo-benzene(s), fluorene copolymer(s),
rhodamine, derivatives of rhodamine, ana'logues of rhodamine, alkylated
25 isodibenzanthrone, alkylated isodibenzanthrone derivative(s), cyanobenzene, 1-(4-
morph'olino)-3-(alpha naphthylamino)-propane,  squaraines  phthalocyanine(s),
naphthalocyanine, Ci Solvent Red, Cl Solvent Red 2, Cl Solvent Red 4, Cl Solvent Red
68, Cl Solvent Red 161, Cl Solvent Red 164, Cl Solvent Red 175, Cl Solvent Red 208,
Cl Solvent Red 165., C! Solvent Blue, Cl Solvent Blue 4, Cl Solvent Blue 79, CI Solvent
30 Blue 98, Cl Solvent Blue 99, Cl Solvent Blue 129, CI Solvent Orange 98, Cl Solvent
Yellow, Cl Solvent Yellow 3, Cl So.lvent Yellow 4, Cl Solvent Yeliow 124, Cl| Solvent
Yeliow 143, Cl Solvent Yeliow 161, Cl Solvent Black, Cl Solvent Black 2, Cl Solvent
Black 7, Cl Solvent Black 48, Cl Solvent Brown 52, Cl Solvent Green and ény

derivative, analogue or mixture thereof.



A marked fuel may be extracted fromthe fuel and mxed with a coll oi dal
solution or gel 20before neasurenent. Alternatively, the marker may be
measured directly by being associated with a SERS active substrate prior to
detection of the Raman spectrum 25Various comercially avail abl e
systerris/ instrunments can be used for c)lgt ection of a Raman spectrum Sone’
sui tabl e Raman spectroneters for use in“the present invention include but
are not linted Raman stems, I.nc., Enwav ronj cs nc., Kaiser
Opt i cal sy ke, (a5 3hE AreBtoe (1 ey be SBlact o dhe matne Bpiiker

Opti cs, Th&hemicEIseOdolrmunéNairOsrubsl@EcésDrasTdéstbedDeietan.NHIow%‘rcLmeirgéﬁ (S),

Anal yti cal, Syst ems,, 30l nphot opj.cs, Chenl mage,, Jasco, La a st ens,
Croan Opt i C2orReS) A8 ffrance IAIHE WORl o BATERRG L P et ot B WA B <36
Bi bl i ogr aplare beimpersedcegethen(ieowben i(@),t (8¢ apd dAepate slperEsknt) i oy partieutbor
conveni ence Iicztt ?Eh’?i na%eh«?.fvgrm of a list of references and added at the end
of the xar?SF% N e ab It Btr'ﬁnent of such bibliographic references is
herei n incorporated by reference. 5Having now generally described the

I nvention, .Aplbgrﬁ&r%rmolnl'to%, %Eiﬁq 5#&79/.1 Jjé(teﬂprgearltglta%?go; ergékqgné ?Je?r ence to

t he fol | omMTTg exanpres Wi Cit ar e provided by way of ritustratton, and are
not intended to be limting of the present invention. Exanples 10 Exanple

1 Properties p%]m%%géﬁ,@ec ,Bt%g\rbgﬁse%t ﬁ'ﬁ\n@rnﬁéﬂ PAERL G aaq\uiawgtus for monitoring,

(1, 4- di am noant hracen _
10  testing and/or detecting alteration of at least one fuel and/or solvent, the fuel and/or

solvent comprising: (i) at least one marker (S); and (ii) at least one substance (A),
wherein the substance (A) is capable of interacting with at least one laundering agent;
the apparatus comprising at least one means for detecting the presence and/or
quantity of at least maker (S) and/or substance (A). '

15
In the apparatus according to the present invention, the fuel and/or solvent may further

comprise at least one quantitative marker (C).

The terms ‘quantitative marker (C)’, ‘marker (S)', ‘substance (A)’ and ‘laundering agent’

20  are as defined in the description herein.

In a particular, the present invention relates to an apparatus for monitoring, testing
and/or detecting alteration of at least one fuel and/or solvent, wherein the detecting of
the presence and/or quantity of marker (S), substance (A) and/or marker (C) is by the
25 use of at least one of the following means: gas chromatography (GC), gas
chromatography mass spectroscopy (GCMS), high performance liquid chromatography
(HPLC), X-Ray diffraction, immunoassay, Raman spectroscopy, luminescence, t-.lltra-
violet spectroscopy, infra-red spectroscopy, near infra-red spectroscopy or any
combination thereof.
30
Detection of markers in fuels using Surface Enhanced Raman Scattering (SERS)

spectroscopy




] is treated with clay [laundering agent], 1,4-D am noanthraquinone is
ly or 15partially renoved or is not detectable; (11).Wen

Di‘am noant hr aqui none [nmarker (S)] together with (ethyl 243-
hyl am no) - 6- et hyl i mi no- 2, 7- di met hyl xant hen-9-yl ] benzoat ehydr ochl ori de).
(C. 1 42555) [substance (A)] is treated \g%th clay, the (ethyl
2-[3- (et hyl am no) 6 20 et hyl i m no- 2, 7-di net hyI xant hen-9-yl ] benzoat e

hyd hi d A t dth
ot ot - 18 RentST L HPHORREACLITIONG FFRl RoF<q18)] TOCHE NEre MY &lifer i ng
?gintu] Samﬂeheéncdeﬁ\‘fﬁéﬁéeebé’théﬁ|théN'h’to|rbcl|Iepa1id mepageanlnélaffeﬁtegmwhe laser is
am noant hr aqui none er B: Fue . m
T 4D am AP EdrTOn EMetraT ke reb ey TEEraRsg R very smal ant i thiS Bnhangest
gOLBd( et m/lbgnusnmg -the gédﬂwuqm ?df- auﬂaaél enhdncement hleiﬂlg9na’r|idtpbﬁl’¢kéié$k?ow? asf
ro u st,ance |nenta results ect o
(et %yl g %r (%P%E ?ﬂcﬁ a@@tﬁ%ﬂlﬂf é%&% 'di met hyl xant hen-9-yl ] benzoat e
hydr ochl or| de) [substance (A)] on the detection of 1,4-Diam noanthraqui none
Kk 5 e ra U|none
s ext r ac e §iaheme®s BEIdte maner per ity (5l THuReRTEDRf
procedure. sBBQanmte () SSadgrcebed haire tter presett imvdrtio? Omdludss Wdﬁa%haih’m
al kal i-ne e)ﬁarn?a%t Sggtteﬁ%v%gRé) EB&\{\%gcoapyp %E/ptjs?ng SERS, the markers molecules are

10 linked to nanoparticles (eg, silver nanoparticles) which increase the sensitivity of

(S)
f ul
1; 4-
(et

anaiysis using Raman Spectroscopy.

Nanoparticles include colloidal metal, hollow or filled nanobars, magnetic,
paramagnetic, conductive or insulating nanoparticles, synthetic particles, hydrogels
15 (colloids or bars), and the like. Colloids may be, but not limited to, silver or gold.
Nanoparticles can exist in a variety of shapes, including but not limited to spheroids,

rods, disks, pyramids, cubes, cylinders, nanohelixes, and nanosprings.

A marked fuel may be extracted from the fuel and mixed with a colloidal solution or gel
20  before measurement.

Alternatively, the marker may be measured directly by being associated with a SERS

active substrate prior to detection of the Raman spectrum.

25  Various commercially available systems/ instruments can be used for detection of a
Raman spectrum. Some suitable Raman spectrometers for use in the present invention
include but are not lim.ited to Raman Systems Inc., Enwave Optronics, Inc., Kaiser
Optical Systems, Inc., InPhotonics, Inc., J-Y Horiba, Renishaw, Bruker Optics, Thermo
Electron, Avalon, GE lon Track, Delta Nu, Concurrent Analytical, Raman Systems,

30 Inphotonics, Chemlmage, Jasco, Lambda Systems, Ocean Optics, SpectraCode,

Savante, Real-Time Analyzers, Veeco, Witec.



10col our extract. The purple. colour is typical of 1,4-D am noanthraqui none
[marker (S)]. The purple colour was detected by the naked eye. Further, 200
m of 'SAMPLE B was extracted with 20mL of 2N NaOH. The al kal i ne extract
with SAMPLE B al so showed a purple colour extract. The presence of (ethyl
2- 15 [3-(ethyl am no)-6-ethylimno-2, 7% met hyl xant hen-9-yl ] benzoat e

hydr ochl ori de) [substance (A)] did not fect the detection of

1, 4- Di'am ngant hr agui none [ mar ker ] .wthin the fuel. The _purple col our
whs det oot BIIBGIDRE RERGeB,BETienpE 1B pirsipt Sreceliain: S T BARRFEE=g 20
SAVPLE A 2(Gé&ed i theSiiMALdE shlistast referdress iindhadagd ot tied @yid [of ahendearhplgs.aldent | |
foll owed b i al i ne extract

t dit f 20ml. of N NaOH.. The. | | k
0 SavpLE HroRaatens it §it BibiBgmbn reBlaas i nettn M2 o by RERRE T he naked

eye. 1,4-Di am noant hraqui none 25[ marker (S)] has been renoved by the clay

[l aundegi ng, agent]. SAMP 200t of .SAMPLE B was sha with 59 _of clay,
ol | owed b?}"af’ﬂg q ig?fb‘?{lé' f%fﬁ?ﬁ%eg:‘l they INEAHPN TR Sad) %"’ﬁﬁt eal”f?é?i%ég'&xtragt
was det ect eddéretobe tinough eefe@hoeito thé, féitovidlly Bkamnplas atdhraae provideel hynwaker (S) ]
was not cor

I I . : i i
of (ot hyl - Jepeal aif A oy ek B Mo Bt e R AFRRR 1on- oy 1] benont e

hydr ochl ori de) [substance (A)]. The purple col our was detected by the naked

eye. Examgles
10
Example 1
Properties of markers
(.  When 1,4-Diaminoanthraquinone (1,4-diaminoanthracene-9,10-dione) [marker
| (S)] is treated with clay [laundering agent], 1,4-Diaminoanthraquinone is fully or
15 - partially removed or is not detectable;
().  When 1,4-Diaminoanthraquinone [marker (S)] together with (ethyl 2-[3-
(ethylamino)-6-ethylimino-2,7-dimethyixanthen-9-yl]benzoate hydrochloride)
(C.l 42555) [substance (A)] is treéted with clay, the (ethyl 2-[3-(ethylamino)-6-
20 _ ethylimino-2,7-dimethylxanthen-9-yllbenzoate hydrochloride) [substance (A)] is

preferentially removed and this "protects" 1,4-Diaminoanthraquinone [marker

(S)] from the clay [laundering agent].

Samples
25 Sample A; Fuel with 1 parts per million (ppm) 1,4-Diaminoanthraquinone [marker

(S)I;

Sample B: Fuel with 1 ppm 1,4-Diaminoanthraquinone [marker (S)] and 10ppm
(ethyl 2-[3-(ethylamino)-6-ethylimino-2,7-dimethylxanthen-9-yllbenzoate
30 hydrochloride) [substance (A)] |



38 It was therefore concluded that the 1,4-D am noant hraqui none [substance
(S)] was not conpletely renoved fromby the clay in the presence of (ethyl
2°[ 3- (et hyl am no) - 6- ethylim no-2, 7-di net hyl xant hen-9-yl ] benzoat e

hydrochl oride) [marker (A)]. i.e. the absorbent properties of the clay has
been partially saturated (bl ocked) by tE (et hyl 2-

5[ 3- (et hyl am no) - 6- et hyl i m no- 2, 7- di net §| xant hen-9-yl ] benzoat e

hydr ochl ori_de) and the 1, 4-Di am noant hraqui none was no | onger conpletely
renmoved. EEXPgingertalyesuliss exanpl e exenplifies the use of Surface- Enhanced
Raman Scattering (SERS) spectroscopy for t he detection of

1, 4-Di am noanthraqw none g 1 a particular fuel hav P

per nilliofefpnP’ ofethyls- [%ﬂ(ﬁtﬁﬂérﬁt"ﬁ @hﬂw%ﬁﬂmgﬁhylegtpengw %‘?ﬂoé eof the
fuel mar kedydvotiodidd) s stahcé -(B) Uk ho Jtdutianl of NArBiamifakekadumdneWgsarkér

di luted uskg)g an unmarked fuel to 10% i,e, 100 parts per billion (ppb)
1,4- D ani nt hraqui none [marker (S)]. Subsequently, 0.5nm of colloid (as
described in PCT Publication No. WO 2009/ 081138 which is i ncorporat ed

herein by referen added tgq Q. e diluted sa The
osul 11y 1 I PP E R B s Oh o A st BaGunos M PR cterdrom fher
of 0. 1M Nalel sdiht as adiksiii (N%aOMiSouaﬂIﬂedletéotidnhsrosé@ken 2007imd t afr BampleeA seaxpl e
was then neasu ERS t 0 ter t at 532 m
Branpl'es 3aHes il 20L ob 2N AR SRE LR o SATREE Ao lnii Bl
Chr onatl0gr aployr é)l'tﬂ%icC)THeOpiurplbe:odmt‘ mtypmal @ff1 4 Dﬂarﬁ]namthmqumbnaqmadchSI] mar ker
(S)] mag,grtlci arlfue nc?b artk mllion (ppm of
-Diamin ﬁtpHFp‘?qﬁ??llbrn"éas[ %% X&%”a R §Pﬁ sanpl e of the fuel having 1lppm
of 1 4- Di am noant hr aqui none [marker (S)] was 30 taken. The marker (S),
1,4-Diam'n n extract ed 20% ano, The
resul ting gaa& ?@g rﬂgpfegﬁ\)mg 0 ﬁﬁ%‘?ﬁ?%&"%ﬁ?m d #ﬁﬁaégﬂy—ﬁ? 8@‘?@5
usi ng HPLCekivadt wath)SAMPLE B also showed a purple colour extract. The presence of (ethyl 2-
15  [3-(ethylamino)-6-ethylimino-2,7-dimethylxanthen-9-yl]benzoate hydrochloride)
[substance (A)] did not affect the detection of 1,4-Diaminoanthraquinone [marker (S)]
within the fuel. The purple colour was detected by the naked eye.

Effebt of clay on SAMPLE A and SAMPLE B
20
SAMPLE A
200ml of SAMPLE A was shaken with 5g of clay [laundering agent], followed by the
addition of 20ml| of 2N NaOH. The resultant alkaline extract of SAMPLE A showed only
a trace detection of purple colour using the naked eye. 1,4-Diaminoanthraduinone
25  [marker (S)] has been removed by the clay [laundering agent].

SAMPLE B

200m! of SAMPLE B was shaken with 5g of clay, followed by the addition of 20ml of 2N

NaOH. The resultant alkaline extract was detected to be purple colour. 1,4-
30 Diaminoanthraquinone [marker (S)] was not completely removed by the clay

[laundering agent] in the presence of (ethyl 2-[3-(ethylamino)-6-ethylimino-2,7-

dimethylxanthen-9-yllbenzoate hydrochloride) [substance (A)]. The purple colour was

detected by the naked eye.
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It was therefore concluded that the 1,4-Diaminoanthraquinone [substance (S)] was not
complefely removed from by the clay in the presence of (ethyl 2-[3-(ethylamino)-6-
ethylimino-2,7-dimethylxanthen-9-yllbenzoate hydrochloride) [marker (A)]. -i.e. the
absorbent properties of the clay has been partially saturated (blocked) by the (ethyl 2-

[3-(ethylamino)-6-ethylimino-2,7-dimethylxanthen-9-yl]benzoate hydrochloride) and the
1,4-Diaminoanthraquinone was no longer completely removed.

Example 2

This example exemplifies the use of Surface-Enhanced Raman Scattering (SERS)
spectroscopy for the detection of 1,4-Diaminoanthraquinone [marker (S)] in a particular

fuel having 1 parts per million (ppm) of 1,4-Diaminoanthraquinone [marker (S)].

A sample of the fuel marked with 1ppm of 1,4-Diaminoanthraquinone [marker (S)] was
diluted using an unmarked fuel to 10%, i.e, 100 parts per billion (ppb) 1,4-
Diaminoanthraquinone [marker (S)]. Subsequently, 0.5ml of colloid (as described in
PCT Publication No. WO 2009/081138, which is incorporated herein by reference) was
added fo 0.5ml of the diluted sample. The resulting mixture was shaken for 10 to 20
seconds. Following that, 0.1 m! of 0.1M NaCl salt solution was added to the shaken
mixture. The sample was then measured on SERS spectrophotometer with a laser set
at 532 nm. '

Example 3

This example exemplifies the use of High Performance Liquid Chromatography (HPLC)
for the detection of 1,4-Diaminoanthraquinone [marker (S)] in a particular fuel having 1
part per million (ppm) of 1,4-Diaminoanthraquinone [marker (S)].

A 5ml sample of the fuel having 1ppm of 1,4-Diaminoanthraquinone [marker (S)] was
taken. The marker (S), 1,4-Diaminoanthraquinone, was extracted in 20% ethanoic 2 M
HCI acid. The re'sulting extracted marker was then measured- with a fluorescent
detector using HPLC (Varian). '



9. WD 2009/081138 15 20 25 30 40 Cains 1. A kit for marking,

noni toring and/ or detecting alteration of a fuel and/or solvent conprising:
5(i) at least one marker (S); and (ii) at |east one substance (A), wherein
t he substance (A) is capable of interacting with at | east one | aundering
agent. 2. The kit according to claim 1l,,wherein substance (A) is capable
of interacting with at 10l east one Iaunc}gri ng agent to protect and/or
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pr évent maréeﬁ %SE from bei ng absorbed, adsorbed, or partially or

conpl etely y the laundering agent.
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3. The kit according to any one of the preceding clains, wherein substance
(A) is capable of interacting with at |east clay, carbon, active carbon,
charcoal, active 15charcoal, paper filter, mcropore filter, straw, silica,
sidica gel, nolecular sieve, absorbent nmaterial and/or adsorbent materi al
or a mxture thereof. 4. The kit accorg'ng to any of the preceding clains,
wher ei n substance (A) is capable of bei % absor bed, adsorbed and/ or
partially & .conpl etely renoved by interaction 20with at |east one

| aunderi ng t. 5. The kit according to any one of the preceding clains,
wher ei n subst ance (A) is selected fromthe group consi sting of:
anthraqU|nqn furfural rfu

derivative(s)’, kﬁﬁ @@?ﬁggggﬁ%@é%@é ?%@é %*S%#{% Ao Luel f@d{j?érsg[ﬁlﬁtt ,

di ?ua_t ?w) nlcz)a'lrpnmngqg: ni Zﬁl‘l nl deri valt! ve(z) , di phenyl am ne, radioactive
material(s), Qi ubl e | azpani l i ne dye,

2, 6-di cyano- csagﬁ%g %’%?nma%?g%aﬁqcﬂoazo- benzene(s), fluorene copol yner(s),

r hodani ne, ddi) artataastemecn‘ubsfwdam nehediatregsiastante (Ap@asabable oflirktyrastirgd

i sodi benzant %R,glﬁée%k ?x%%tugge elggnzant hrone derivative(s), cyanobenzene,

1- (4- nor phol i no am no) - propane, 30 squar ai nes
pht hal ocyani ne(s), napht hal ocyanl ne, G Solvent Red, d SoI vent Red 2, d

3 Solvent JremettsRet ol ol Bl Rl S bos T Hhep ot erdi it >
Blue, O Sol Veast Glaudaundedhg Swlenbre mBbiget 28d/of] prswntemarkBr L(S) g@®m I(liieur@ol \C/Jent
Bl 99, d . Y

Sl vent " vel 1 oo BRR bR, ofiaytEF BPE D byithe B o AN

Sol vent Yellow 143, C Sol vent Yellow 161, C Solvent Bl ack, C Sol vent

Bl ack 2, G Sglvgp tacgﬂrglﬁg 6 atngf\I ”%%fvﬁ‘t (S %%1 Urer?c}%er%}gf h ggng)S%he ki t

Sol vent G een an |ve ana ue-or
accordi ng to capgblena loferadhleg plméce'dleagt cllaw qarborh uacttlhercammprchar(esalahcﬂmeast

one ma_rlger (C(‘:)n rd@f éﬂpwﬁcf‘ﬂtep rp%reqlr'i?%; sttraa\g}/ s(ﬁlcgarﬁi gﬁé)moleZular ‘ v%“t

according to c 'ely or
l0partially rabsolsbleahmatarlahmd/mreadmm ntabers otea:mttumrtherleaﬂnderl ng agent. 8.
The kit according to any one of claim6 or 7, wherein nmarker (S) is nore
resistant to at | east one | aundering agent than marker (C). 159. The kit
accor di ng #o Eheykitoansoufing teeanyr & dleslpregedihauictaims, witerain isubstendea(d decapagleagent

is selected f h p i | ay r.D act

char coal , actcff\cle’%] " aglbrsgf)(a%'llléi a%%‘%@érds?wg Bgmﬂlfc?r %&pzetfaﬁ’ﬂ?@@’eiﬁ H&?ragtmnl ca,
sili ca2@1el ,  mithcatudamst osé Bwederddgsagelent nmaterial, adsorbent material and a
m xture thereof. 2010. The kit accordi ng to any one of the preceding clains

, Wherein the marker (S) is a
5. The kit according to any one of the preceding cIa|ms wherein substance (A) is

selected from the group consisting of: anthraquinone, anthraquinone dye(s), diazo
dye(s), furfural, furfural derivative(s), thiobenzotriazoles, benztriazole chemicals,
25 paraquat, diquat, quiniza.rin, quinizarin derivative(s), diphenylamine, radioactive
material(s), oil-soluble phenylazoaniline dye, 2,6-dicyano-2'-sulfonamido-4'-amino-
azo-benzene(s), fluorene copolymer(s), Ehodamine, derivatives of rhodamine,
analogues of rhodamine, alkylated isodibenzanthrone, alkylafed isodibenzanthrone
derivative(s), cyanobenzene, 1-(4-morpholino)-3-(alpha naphthylamino)-propane,
30 squaraines phthélocyanine(s),~ naphthalocyanine, Cl Solvent Red, Cl Solvent Red 2,
Cl Solvent Red 4, Cl Solvent Red 68, Cl Solvent Red 161', Cl Solvent Red 164, CI
Solvent Red 175, Cl Solvent Red 208, Cl Solvent Red 165, Cl Solvent Blue, ClI
Solvent Blue 4, Cl Solvent Blue 79, ClI Solvent Blue 98, Cl Solvent Blue 99, ClI
Solvent Blue 129, Cl Solvent Orange 98, Cl Solvent Yellow, Cl Solvent Yellow 3, Cl



quantitative or qualitative marker. 11. The kit according to any one clains
6 to 10, wherein the marker (S) is a quantitative marker different from
marker' (C). 25 12. The kit according to any one of the preceding clains,
wherein marker (S) is a selected fromthe group consisting of:

ant hr aqui none, ant hraqui none dye(s), fo dye(s), furfural, furfural
derivative(s), thiobenzotriazoles, benzt i azol e chem cal s, par aquat

di quat, quini UI n| i vat e(s) , tive 30
mater al (s) ety Ssaeastaih 14 cpanentUsisl AR, B sclBhi 98k

2, 6-di cyano 2161$a:ll fSolveni Hlack' CI&SnlmaBtacbenZESel@er)t BIéctMJDr(Hrﬁbl\tempBIayms,( s),

r hodam ne, tive naI ogues of rhodamn t ed

i sodi benzant h Ioﬁgvergl rﬂ”&t@(} ‘ﬂa%]ﬂ §ﬁ9 r?%naé‘yd%?l"eg‘fei f@f@?ue@ygﬁgﬂ'&zene,
1- (4- nor phol ithepeoB- (al phanapht hyl am no) - pr opane, squar ai nes

pht hal oiyani ne(s), napht hal ocyanine, C Solvent Red, O Solvent Red 2, 42
C Solvent Red 4, O Solvent Red 68, C Solvent Red 161, O Solvent Red

164, C SobyerTtie IEiEabcb?dBng {H arfyadneasftheRerdc@diBg cleimsSalrthentorRedksek 6 Jeadt orféol vent
Bl ue, d Sol ventk ol.ve %r Sol vent Blue 98, O Sol vent

Blue 99, d SOFVEh {& Ekeﬁ% eﬂﬁ'g%éFa\?'gﬁ?etivgnaar{ge 98, d Sol vent Yellow, d

Solvent Yellow 3, C 5 Solvent Yellow 4, O Solvent Yellow 124, d Sol vent :

Yel | ow 143

Sol vent Bl ack hfSQg&gH'ﬁ 48%“;%&”%%”%% E%&gka’@f%%%?g’l é%B@BI% é?yﬁ? G een
and anyOder i vpariialy, resistahbouet casistant taatleastene ddundeédriBagente kit according to
any one of the preceding clains, wherein the substance (A) is further

capabl e of being detected. 14. The kit according to any one of the
precedi ng &l aTheskit advorangitaanykane of Slpirafcorihwhsigiismarkee ()45 moameesistant nal | y

mar ker (C), ‘?%ﬂt% é%d%ﬁ%@iﬂvﬁnﬁ%m& xture. 15 15. The kit according

to any one of 't alm; ereln e kit conprises (i) at |east
one marker (C), one marker (S) and. one substance (A) for addition to a

- first f el @2 ) I el for
da i O 1 & aMSk Ao/ to B one ofthe precelinbledihe iRbin € Rt Rlo g |
and/ or sol venis sstenbed $nongthe group consisting of: clay, carbon, active carbon, charcoal,

active charcoal, paper filter, micropore filter, straw, silica, silica gel, molecular sieve,

absorbent material, adsorbent material and a mixture thereof.

20  10. The kit according to any one of the preceding claims , wherein the marker (S) is a

quantitative or qualitative marker.

11. The kit according to any one claims 6 to 10, wherein the marker (S) is a quantitative

marker different from marker (C).

25
12. The kit according to any one of the preceding claims, wherein marker (S) is a
selected from the group consisting of: anthraquinone, anthraquinone dye(s), diazo
dye(s), furfural, furfural derivative(s), thiobenzotriazoles, benztriazole chemicals,
paraquat, diquat, quinizarin, quinizarin derivative(s), diphenylamine, radioactive
30 material(s), oil-soluble phenylazoaniline dye, 2,6—dicyano-2'-sulfonamido-4'—amino-

azo-benzene(s), fluorene copolymer(s), rhodamine, derivatives of rhodamine,
analogue's of rhodamine, alkylated isodibenzanthrone, alkylated isodibenzanthrone
derivative(s), cyanobenzene, 1-(4-morpholino)-3-(aIphanaphthylamino)-propane,
squaraines phthalocyanine(s),naphthalocyanine, Cl Solvent Red, Cl Solvent Red 2,



(1) at |east one marker (S); and (ii1) at least one substance (A,
wherei n substance (A) is capable of interacting with 25at | east one

| aundering agent; and optionally, (iii) at |east one marker (C), wherein
the marker (C) is a quantitative marker. 17. The fuel and/or sol vent
according to claim 16, wherein substaan (A) is capable of 30 interacting
with at | east one | aundering agent to pr%t ect and/or prevent nmarker (9S)

from bei b bed, ad , tiall t el h

| rontori ng aoehovesstesd vt FRden B ShyRiLAe R L o Bei et 0 or
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clay, carbon, _active car charcoa i ve charc er fi r
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and/ or sol vent. accqrdin any ope, 0 0 rein ance

(A) is capabl °'E$?”t&e"1’ ﬂﬂ%ﬁépgéat Q@E’%?%?@&’FEP Qﬁ'&% F%{% cﬂjve@gﬁﬁlfo& ely

reg})ved bly i nﬂ@’r,antsi%mnt/\B{abk,aml $ce\aeritl wam Z,m_usdaehtrkmaaggrml_. Sd@2 Blatk & 8f ;J_el
or sol vent, accordin c m 18, erei n_marker. . | n;
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clainms 16 to feresfherei n substance (A) is selected fromthe group
consi sting of: anthraqui none, anthraqui none dye(s), 15 diazo dye(s),
furfural, furfural derivative(s), thiobenzotriazoles, benztriazole
chemi cdabs, 13arheudtccadiqgat anyana b theiprecegiingnélaians| whelein thatsubgtérge (A) is

gi gt}g?Z;:m)t\(zafuﬂrhggci:gp%gei Sf%em%ta%@c%o(. s), oil-sol ubl g phenyl azoani | i ne dye,
sul f onam do- 4' - am no- azo- benzene(s), fl uorenecopol yner (s), rhodanm ne,

derivatives, of rhodam ne, .anal oques,of I 1 at
i sodi benzanﬁh&%é& aﬁaorglgp Q%}f"&{’ é’ggi@&ﬁ B@Eggﬁgﬁgﬁﬁ%%ﬁ %@a %\%r((s ’and the
cyanobenzene, sibstahoeiAp ol ioptignaly n(zskeri{&), raagp htolmigled m e Yforpr ofpmédursquar ai nes
pht hal q%yani ne(s), naphthal ocyanine, O Solvent Red, O Solvent Red 2, C

t

Sol vent'*Red 4, d Solvent Red 68, O Solvent Red 161, O Sol vent Red 164,
Cl  Sol vent fRedhd kb acddrdifg koramit orfécaf tRH &)airGs 630 8 emterBladhd BibcoraprisBel vent

Blue, d Sol V‘ﬁf‘%t Iele:lslt'%ng' macr?(er%ei,\éﬁgtmaer’!(gre(syghd %e g?ols\[aeﬁ% (EJ f8F addition to a
first fuel and/or solvent; and
(ii) at least one marker (C) for addition to a second fuel; both markers (C) being the

20 same.

16. A fuel and/or solvent comprising:
(i) at least one marker (S); and
(ii) at least one substance (A), wherein substance (A) is capable of interacting with
25 at least one laundering agent; and
optionally, (iii) at least one marker (C), wherein the marker (C) is a quantitative

marker.

17. The fuel and/or solvent according to claim 16, wherein substance (A) is capable of
30 interacting with at least one laundering agent to protect and/or prevent marker (S)
from being absorbed, adsorbed, or partially or completely removed by the

laundering agent.



25 98, O Solvent Blue 99, d Solvent Blue 129, d Solvent Orange 98, C
Sol vent Yellow, C Solvent Yellow 3, O Solvent Yellow 4, C Solvent Yell ow
124, C Solvent Yellow 143, C Sol vent Yellow 161, d Solvent Black, d

Sal vent Black 2, O Solvent Black 7, O Solvent Black 48, O Solvent Brown
52, O Solvent Green and any derivative,,anal ogue or m xture thereof. 30
22. The fuel and/or solvent according t%z’ any one of clains 16 to 21,

wht k S | ted t h
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iquat, quinizarin ui nizarin derivative am ne,

radi oact i vena"ﬁﬁf‘péi( pe()lf%tegd“l%c?pé’%gh a‘é@g’mﬁqlcﬁe&vga A8 @PW‘&'% sipve,
sul f onam do- 4absarfenomapiabsitzemeissibeht matetiaesrepmixure tiesgofr hodam ne,
derivatives of rhodam ne, anal ogues of rhodam ne, al kyl ated

i sodi benzant hrone, al kyl ated i sodi benzant hrone derivative(s), cyanobenzene,

1- (4- nor phabi T't@fual-arﬁj/c(rédoﬁ/b&t agphdify foadynme-@rckras &6 te q&a/vlfrdraﬁsubstance
pht hal ocyani n nt Red 2, C

|
e vant had ) cap BRI, agorbe Shahr DT B RSk SRR o

C Sol vent Reld/|ihté5act16hV\Bbladlmst&&ijlaﬁlﬁl&rmglagsml vent Red 165, C Sol vent

Blue, O Solvent Blue 4, C Solvent Blue 79, O Solvent Blue 98, C Sol vent

Blue 99, d Solvent Blue 129, d Solvent Orange 98, C Solvent 10 Yell ow,

Cl Sol vent 29eTheofweBandlbr ﬁﬂﬂeneatcoYeihg tavcikim @6, Bbéreinmarket [Svis a2yuantthtiveol vent

Yel | ow 143, d SOBaFVgetmg low 161, C Sol vent Black, C Solvent Black 2, C
0

Sol vent Bl ackor'/qua [ Bl ack 48, d Solvent Brown 52, O Solvent G een

and any derivative, anal ogue or m xture thereof. 1523. A f uel conposi tion
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24. The fu T OCaEe erein
conposi tion c@yys sslecsieafmmergfom carisidting sif: atierafuiebna ratittoagsmneedyie(s),

35 A 81 hod BF sy, R e (BaRe )t i e A Tokied Pk A g
a fuel and/ orcrenlivast pavaquhrat, (dlc)uaat qlieizatin, oqunianirk eleriy&@jve(sdndiphenylamine,
' radioactive material(s), oil-soluble phenylazoaniline dye, 2,6-dicyano-2'-
sulfonamido-4'-amino-azo-benzene(s), | fluorene  copolymer(s), rhodamine,
derivatives of rhodamine, analogues of rhodamine, alkylated isodibenzanthrone,
20 alkylated isodibenzanthrone derivative(s), cyanobenzene, 1-(4-morpholino)-3-
(alpha naphthylamino)-propane, squaraines phthalocyanine(s), naphthalocyanine,
Cl Solvent Red, Cl Solvent Red 2, Cl Solvent Red 4, Cl Solvent Red 68, Cl Solvent
Red 161, Cl Solvent Red 164, Cl Solvent Red 175, Cl Solvent Red 208, Cl Solvent
Red 165, Cl Solvent Blue, CI Solvenf Blue 4, Cl Solvent Blue 79, Cl Solvent Blue
25 98, Cl Solvent Blue 99, Cl Solvent Blue 129, Cl Solvent Orange 98, Cl Solvent
Yellow, CI Solvent Yellow 3, Cl Solvent Yellow 4, Cl Solvent Yellow 124, Cl Solvent
Yellow 143, Cl Solvent Yellow 161, Cl Solvent Black, Cl Solvent Black 2, C! Solvent
Black 7, Cl Solvent Black 48, Cl Solvent Brown 52, Cl Solvent Green and any
derivative, analogue or mixture thereof. '
30
22. The fuel and/or solvent according to any one of claims 16 to 21, wherein marker (S)
is a selected from the group consisting of: anthraquinone, anthraquinone dye(s),
diazo dye(s), furfural, furfural derivative(s), thiobenzotriazoles, benztriazole

chemicals, paraquat, diquat, quinizarin, quinizarin derivative(s), diphenylamine,



25(ii) at least one substance (A), wherein the substance is capabl e of
interacting with at | east one | aundering agent. 26. The net hod accordi ng
to clai m25, wherein substance (A) is capable of interacting with at | east
one | aundering agent to protect and/or prevent marker (S) from being
30absor bed, adsorbed, or partially or cg | etely renoved by the | aundering
agent. 45 charcoal, paper filter, mcr ggre filter, straw, silica, silica

ef , nol ecul ar. si eve, absorbent n I d/ d bent t I
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mar ker er ein uantitativ ) t ho.
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one marker (SRed 485l Cl Solvent Hlue, )Clsolveat Btueoh eCisSdiedra e TH)CI SMm’rmBﬂuet he
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second fuel to ' a ction o uré o |rst
25s0l vent andBlagc@n€l fSodlent tBieckndd, HoldS cleemtr Browng52, (TI) Solaermca@eatarideach one

first fuel anéjénvatlvse aX§ éue ortmlxture thereof.

15 23.A fuel composition comprising the fuel and/or solvent according to any one of
claims 16 to 22.

24. The fuel composition according to claim 23, wherein the fuel composition comprises
a mixture of at least one fuel and/or solvent comprising marker (C) and the fuel

20 and/or solvent according to claim 16.

25. A method of marking fuel and/or solvent, the method comprising:
marking a fuel and/or solvent with:
(i) at least one marker (S); and
25 (i) at least one subétance (A), wherein the substance is capable of interacting

with at least one laundering agent.

26. The method according to claim 25, wherein substance (A) is capable of interacting
with at least one laundering agent to protect and/or prevent marker (S) from being

30 absorbed, adsorbed, or partially or completely removed by the laundering agent.

27. The method according to any one of claims 25 or 26, wherein substance (A) is

capable of interacting with at least clay, carbon, active carbon, charcoal, active



(i) at |east one marker (C), wherein marker (C) is a quantitative marker;
(ii) at least one marker (S); and (ii1) at | east one substance
(A), wherein the substance is capable of interacting 30with at |east one

| aundering agent; and (I11) marking at |east one second fuel with at |east
one marker (C); both markers (C) being t4g1e sanme. 46 32. The net hod
according to any one of.clains 25 to 31,"wherein substance (A) is selected
fromthe group con |st|n of : ant hr aqui none, anthra U|noned }] di azo
dye(s), furf FCOH,,PFRA d f'teae'i“fcv%&qr‘?/géjt% stfay. otz SHliER 981 eCH@ AM%Pazol e
chenical s, pastR@HsInt mbiteHisRbnd/GURBGHBEt matelidl BF & MiktrctaBiceat i ve(s) ,

di phenyl am ne, radioactive 5 material(s), oil-soluble phenylazoaniline
dye, 2, 6-dicyano-2'-sul fonam do-4'-an noazo-benzene(s), fluorene

CIOEO: yrre(rj (2B Lhiégﬁt&hm'mﬁccod@ng \tcatahymecrﬁf dsléimdgzs re27, ﬁwaé@ggamsﬁncéhmiwﬁ ne,

al kyl at i sodi z ron y enzan t hrone vative
cyanobenfzene, afagf- %f"ﬁﬂ%ﬂ ﬁ?)r% g ?%1 gtPﬁf] %ﬂ'ﬁ H?’%QH Hb)‘»WBP'&E“é%éem%\tﬁﬁa?%l nes
pht hal ocyani niefesactionaythtatddastymeiaoederitly agehtvent Red, C Sol vent Red 2, 10
C Solvent Red 4, d Solvent Red 68, O Solvent Red 161, O Sol vent Red
164, d Solvent Red 175, O Sol vent Red 208, O Solvent Red 165, O Sol vent
Blue, O Sabvemd nmthoel decofdindStal argndneBbiiclaitts 2570 38| wiesrtinBhaendlBod fdrth&ol vent

Bl ue 99, d Solvent Blu Spl vent 98, O S t

ol cent Vol | ounisites Reatfig e v sslistNar O SE ke ard w3 gt e
Yel | ow1043, Gbeipb\genntithbdlelroavkd> 161, C  Sol vent Bl ack, ClI Sol vent Bl ack
2, O Solvent Black 7, d Solvent Black 48, C Solvent Brown 52, O Sol vent
Green and any derivative, anal ogue or m xture thereof. 33. The net hod
accor di ng t30. &my natieod beadrdingrdo 28y tame3&f, claiesr 25 o ersmaMEtr(eA)netrdei@fath her

capabl e of bej a C @S Th h inms 25
to 33, \/\/rlere|Jr111 gn%rgkttfarﬁqa? ga%’sft fLﬁI gn&;& p@r nQ%ﬁﬁfdsreggTés eﬁ{y&f' Waq cé' ?‘l one
| aunderi ng agaan’uxtur%&i?ohe ﬂ'r’ebfuaﬁtridmécamntmed|tmﬂgmemoelr¢ympne|ngrf clainms 25 to 34,

mherel the I in n ec )e group consisting of:

cl ay, r bon, g’g\i‘g %é\?aa%gﬂ}'e ﬁ%&lﬁ'g °I/°r S@IV‘*{)QW' ar coal, paper filter,

m cropore fi I ter(l) aishaavmnesndarkera(,S) srdi ca gel, nol ecul ar sieve, absorbent

mat eri al, adsor bent erial nd a ure ther 36. The t ho
Recording to any il Sbp vRERks T dhetefy kP cuRRhnrc s paf R or kRt and
opt i onal | y vsthiz temstend léyndermgageaq:)abdi e of being resistant to partial or
conpl ete renoval or capable of being partially or conpletely renoved from

the fuel by at |east one | aundering agent.
20 (1) marking at least one second fuel with at least one marker (C), wherein marker

(C) is a quantitative marker.

"~ 31. The method according to claim 30, wherein the method is a method of marking a
first fuel and a second fuel to allow detection of a mixture of the first fuel and/or
25 solvent and second fuel, the method comprising:
(I) marking at least one first fuel and/or solvent with:
(i) at least one marker (C), wherein marker (C) is a quantitative marker;
(i) at least one marker (S); and
(iii) at least one substance (A), wherein the substance is capable of interacting
30 with at least one laundering agent; and
_(Il) marking at least one second fuel with at least one marker (C);
both markers (C) being the same.



47 37. The nmethod according to any one of clainms 29 to 36, wherein
treatnent to renove at | east sone anount of nmarker (S), results in the
partial or conplete renoval of marker (C) fromthe fuel. . 538. The nethod
according to any one of clainms 29 to 37, wherein marker (S) is a
gquantitative marker and is different_frggwthe marker (C). 39. The net hod
according to any one of clains 25 to 37, wherein marker (S) is a

antitati litati ker. 10 4Q.. Th hod i t : :
oo o 38 The Fhod Bleaingl KBy 8 of aimbeds B plownein sitsidesal ™ "
](c:onfsi st: ng of Selfaédﬂframuh;[é%mtg cﬁ;imb![?.fi@gluf: lnmnragmaértse),_,andirlaqmnmeedh _;@Xsi), fligzd ur al ,
urtura erivatlyv L.openzotr.l azp S enzir| az e chem C S
ot nouat . di (R Hikel, 38 BENAEET, FRberpliableRe Peraf i, shaics.
r2 agi gacti ve %ﬁaraqﬂli?étﬁrdicﬁl_bgsmﬂniﬂél’ﬁrps@]imbérgm rdbﬂmtikla(sﬂa?i?)hémy%rdme,, radlioactive( )
, 0- 04l cyano- '-Su nam do- 4' -.am hoazo- benzeng( s. or ene C. ner(s),
oo Ao ol Do orsp b A RESH S Bt et S et A bR AT By
i sodi benzant hazmieenzahé(g), aflestens ocbpolymeEa(s),hrwodandes, | dafivatiedss))of dypdamimenzene,
1- (4- nor phol i

pht hal ocyani ng%%é;&%}k%%ﬁ%ﬁ@%%@g@?& na%h@gﬁ%g'ﬂ?r}g?%}%y rtg%gﬁ%sg’ﬁ?zaﬁgﬁorf 20
164, O Sol vept Red 175 G Golvent Fed 208 0 Solvent: Fed 166 b Sl vent
B e, O Sol veE e ihaictvERe nbark b gring CIER ey Bl S8RentEedd) | ony

Bl ue 990 Cl SGI 8elnentBRade4, 1SS olvent Beldve tCl QotvegeR8@ 16 Cl CiStbdlverm Redeld4od| Cl

Sol Yel | 3 | | I Ll I

Vel | ow 143, crougitRsd TErTheseneted apbeo FollBRERad o8 Tet et ool KEL
Cl Sol vent Bl Solkent, BiGk 4S5ddveoiverBlBlok 788 Cl SoivEol Blet 9Br@wdolsént Bllie 88| Cent
G d ' ' I ' :

O een and Y SGBAIN 150 A flogTe LS AB) of ou RSBl o8
(S), and/or oftivemtaidiipwsAles tSoheat Yalow $24] €3 St ¥eliow 443,| @Bxdivenh &elidw t he

fol |l owi,ng: ga Yol ) r r SGOpYy
(GO Bhi gh E%f-f'*%%’éﬁ%@gé%?@’u?'é%%%%ﬁQﬂ&E%“?ﬁp%%?? = Lo el
i mmunoassay, BafalvespBrwnoSz,oRlySolvemt @eeocarceanyutienative, crefogsipexrtmiaicopy,
infra-red spegtroscopy, near infra-red spectroscopy or any conbination

thereof. 48 Mereo
33. The method according to any one of claims 25 to 32, wherein substance (A) is
20 further capable of being detected.

34. The method according to any one of claims 25 to 33, wherein marker (S) is fully or

partially resistant to at least one laundering agent.

25  35. The method according to any one of claims 25 to 34, wherein the laundering agent
is selected from the group consisting of: clay, carbon, active carbon, charcoal,
active charcoal, paper filter, micropore filter, straw, silica, silica gel, molecular sieve,

absorbent material, adsorbent material and a mixture thereof.

30 36. The method according to any one of claims 29 to 35, wherein marker (S), marker
(C) and optionally substance (A) , are capable of being resistant to partial or
complete removal or capable of being partially or completely removed from the fuel

by at least one laundering agent.



42. A nethod of nonitoring, testing and/or detecting alteration of a first
fuel with a second fuel and/or solvent, the second fuel and/or solvent
conprising: (i) at |east one marker (S); and (ii) at |east one
substance (A), wherein the substance (A) is 5capable of interacting with at
| east one laundering agent; the method gonprising: (1) testing the fuel for
the presence of marker (S), wherein the presence of marker (S) in the fuel

is'indicative that the fuel is altered; or esti f t he
presence o$7-§-15‘5§?%{%%a%%r$'n%%ﬁg¥ AN% ﬁgglta'gﬁc%d PA%é i@qei%gértﬁgﬁefen?g# r "gc{vﬁg

det ect ed, andidiet psras eneindbf Hidnetr 8K aeéus inghe pditiahbi vamplbtat retrioralf afel i s
altered; or é!@l{l‘gtgig%%t e, fuel for the presence of at |east one

| aundering a > (CREOMFRRTYEL hod accor di ng to claim42, wherein substance
(A)tlstcapabl e of interacting 15with at | east one | aundering agent to
protect_an prevent marker, (S) from.nbeij. orbe (<O

part i a!q y gé-o'ré@nlﬂﬁﬁf’a|§?°f>'éﬁ&%/&°d aﬁ)g, OpgeOfl (g’ﬂﬁ’ge?é)?% 32@13’3? '%qflﬁ{ag%ie@?rést Rod
accor di ng to cuaytitathe mbrkel andris different fbd; thelrearkem(C3ubst ance (A) is capable
of interacting with at |east clay, carbon, active carbon, charcoal, active
20charcoal , paper filter, mcropore filter, straw, silica, silica gel,

mol ecul ar 89 efhe, methedr dentdimga te _nplonanef/ daimsd2Dith At wigtedr imarkesr (S 1$riaxt ur e

thereof. 45. Th t hod i to any one of clainms 42 to 44, wherein
subst ance (A)qqagﬁtgg\%a%rlcé{aﬁ%%gé ﬁlﬁ@g{ibsor bed, adsorbed and/or partially or
conpl etely renoved by 25interaction with at |east one | aundering agent. 46.

The net hod or di t | m 4 red Qaitde d : (
The TS B il SLATIO R BT BohioatFER iy ke 0 e
predet er m nedsetaztereindm diteé groupanogsistinghef: ranttrequifiens, lasthraaminnesiyae), diazt i ng

E g)e T ﬁe![ h]:ao1[ u‘gé?ﬁ)g QLFrﬁlﬁggfrﬁl&%f ddRGKR s) hiobdhbrRizBiek NBemtfeoRC endthica®! ker

paraquat, diquat, quinizarin, quinizarin derivative(s), diphenylamine, radioactive
15 material(s), oil-soluble phenylazoaniline dye, 2,6-dicyano-2'-sulfonamido-4'-amino-
azo-benzene(s), fluorene copolymer(s), rhodamine, derivatives of rhodamine,
analogues of rhodamine, alkylated isodibenzanthrone, alkylated isodibenzanthrone
derivative(s), cyanobenzene, 1-(4-morpholino)-3-(alpha naphthylamino)-propane,
squaraines phthalocyanine(s), naphthalocyanine, C! Solvent Red, Cl Solvent Red 2,
20 Cl Solvent Red 4, Cl Solvent Red 68, Cl Solvent Red 161, Cl Solvent Red 164, Cl
Solvent Red 175, Cl Solvent Red 208, ClI Solvent Red 165, Cl Solvent Blue, Cl
Solvent Blue 4, C| Solvent Blue 79, CI Solvent Blue 98, Cl Solvent Blue 99, Cl
Solvent Blue 129, Cl Solvent Orange 98, Cl Solvent Yellow, Cl Solvent Yellow 3, Cl
Solvent Yellow 4, ClI Solvent Yellow 124, Cl Solvent Yellow 143, Cl Solvent Yellow
25 161, Cl Solvent Black, C! Solvent Black 2, Cl Solvent Black 7, Cl Solvent Black 48,
C! Solvent Brown 52, Cl Solvent Green and any derivative, analogue or mixture

thereof.

41. The method according to any one of claims 25 to 40, wherein marker (C), marker

30 (8), and/or optionally substance (A) is detectable by at least one of the following:
gas chromatography (GC), gas chrométography mass spectroscopy (GCMS), high
performance liquid chromatography (HPLC), X-Ray diffraction, immunoassay,

Raman spectroscopy, luminescence, ultra-violet spectroscopy, infra-red

spectroscopy, near infra-red spectrdscopy or any combination thereof.



that the fuel is altered. 49 and/or solvent, the first fuel conprising at
| east one quantitative marker (C), and the second fuel and/or sol vent
comprising: (i) at least one quantitative marker (C), (ii) at |east one
marker (S); and (iii) at |east one substance (A), wherein the substance (A
is capable of interacting wth at | east one | aunderi ng agent; both markers
(C being 5the sane and at a predetern‘i‘hed concentration range; the nethod
further conprising: (1) testing the fuel for the presence of the
gquantitative marker (C); wherein the presence of the marker (C) in the fuel
havi ng a cangenictidd 6n raotisiridg, testingardet eetectirey ateratienof atfirstrfuelawitfeaor t he

absence of a mark C) .in the 10fuel is.indi [ h f |
altered; or @FF‘?”f@ff Iahﬂlof AYVentelnersEop éueﬁragélahééeﬁ%%’%t C(’%rr’atnm&ilegfr?]g( @fgt\/\;e? Win the
pr edet er m nedneanskst (St aad (i deashvde fsubstahbee (A)r ebereire thef substdoee (ASE,
wherei n_the presence. of rke L n | S.J.ndicative that the fuel
is alteted: d:,apal:?le F'In%ra&g@tvy'gpgét?%aeé ?E%P%Pé% hd(g%m*esence of marker (C)
wi t hi n t he prireleietiod goetprisbgoncentrati on range, the absence of marker (S),

and the presepce qf .substanc is indicative that : | . tared.
48. The net hd aCES?tmgn%eﬂeg??ﬁ%%ﬁe&e " é’?nn%argei @ Wb?'%%gh%ewﬁ%u Sstance
(A) is selected frmakehe)dr thedue dnisdisaiivegthaf the el Isralfgtddnone, ant hr aqui none
dye(s), diazo,20 ) furfural , f ur i i : .

t hi obenzotri a@gl egfggt&’@)nt?? rf'i’ee\{%rltﬁe ghees%%%f@%wg‘ga:ngég}‘aiﬂ m%f%ﬁgkjt,)s%ntﬁen(ﬁ A n,
qui ni zadi n . deri vatapaklesdf,betfigndetestéd randethe maetenae of sebsiancer (Al inylicative

oi | - sol ubl e phenyl il 1 ne .

2, 6-di cyano-2' - sultﬁéﬁﬁ%ﬂ%%ﬁgﬁeﬁ' Roazo- benzene(s), fluorene copol yner(s),
rhodani ne, detli)vattestes thé fudh bl dive preserzeadf @y leest wfe latrgigaing mgental kyl at ed

i sodi benzant hrone, al kyl ated i sodi benzant hrone 25 derivative(s),
cyanobenzene, 1-(4-norpholino)-3-(al pha napht hyl am no) - propane, squarai nes
pht hal ocyargeeshethodpttbmiinacty atsimet2, Ghein serstarRedA) 6l capableafiintetadtir®, Cl

Sol vent _Red 4,. .0, Solvent, Red .68, t I 164,
3 Sol Yane . et 88y S 1p i Riheg®hy5 P fie SYeny Mo (4 Pl e

Bl ue, O Sol vasbrifdiduedshrbéd, oBpantialiyt orBlonwletdly reTho&al byethe IaRinderirggagent. Sol vent
Blue 99, C 30 Solvent Blue 129, O Solvent Orange 98, C Sol vent Yell ow,

Cl Solvent Yellow 3, CI Solvent Yellow 4, O Solvent Yellow 124, 4 Sol vent
Yel | ow 143 44CTheSoletrentt adteirdiogvtd 8y oGk dotiaienst42Bbudh, wimpreBosukstancel (el 2, d

Solvent Bl ek beul o AvaOhe Rt Mo oy DGR, o B, il eie O oo

20 charcoal, paper filter, micropore filter, straw, silica, silica gel, molecular sieve,

absorbent material and/or adsorbent material or a mixture thereof.

45. The method according to any one of claims 42 to 44, wherein substance (A) is
capable of being absorbed, adsorbed and/or partially -or completely removed by

25 interaction with at least one laundering agent.

46. The method according to claim 42, wherein the second fuel and/or solvent further
comprises at least one quantitative marker (C) having a predetermined _
concentration range; the method further comprising: testing the fuel for the

30 presence of marker (C), wherein the presence of marker (C) in the fuel is indicative

that the fuel is altered.

47. The method according to any one of claims 42 to 46, wherein the method is of

monitoring, testing and/or detecting alteration of a first fuel with a second fuel



50 49. The method according to any one of clains 42 to 48, wherein nmarker
(S) is a quantitative or qualitative marker. 550. The nmethod according to
ahy ore of clainms 46 to 49, wherein marker (S) is a quantitative marker and
is;different frommrker (C. 51. The nmethod according to any one of clains
42 to 50, wherein marker (S) is a sel ect§d fromthe group consisting of:
ant hr aqui none, ant hraqui none dye(s), 10 dye(s), furfural, furfural

detivative(s), thiobenzotriazoles, benztriazole chemcals uaél
di quat, qui niangfarsoivgnt, HeAist el Frompyiaing\at feapt ong Graotta I"“él""fﬁ'ﬁ@E Hei ve

mat eri al (s), éycbnéﬁleﬁlgh@omi 8&AAYINd: N§ aflié8st one quantitative marker (C (ii) at
2, 6-di cyano- 2' - sul f onam do-4' - am noazo- benzene(s) fl uorene c&p%ﬁ#g‘f&

r hodani ne, ddeasi@npVRATkes(S)RBEAN Adeash PRE SHPRIENGSHA) HYEIRD fee S

i sodi benzant hg QQEabl@bkMk@&&ﬂg'vﬁﬂﬁddtm%ﬁé HuPBEringl&gehe riotRinanels |C) being
cyanobenzene, 1-(4-norpholinQ)-3- % a na hth Iam no) - pr opane, squarai nes

pht hal otyani rfé?§?mﬁa?f5‘ﬁtarﬁal%?ﬂf"&?fm‘f@d neegf 'é?ﬁtr Cl Solvent Red 2, C
Sol vent Red 4ihe GhetRe 10RREr dREbrRfRg: O Sol vent Red 161 C  Sol vent Red 164
C Solvent Red 175, ClI Sol vent Red 208, d  Sol vent ..Red 1@5 C  Solv

Blue, O Sol vdnt Hestingsthedyel &py thehresgnge of the qyantiative Marisr (&) ggierey oI vent

Blue 99, O 20 SoppesériceBdfufe mkeqC)SﬁHM@mel Padnge Sthcehlratbnl agsitle Yel | ow,
Cl Solvent Yellow 3, O Solvent Yellow 4, C ent Ye low 124 _..C ..Sol vent

Yel | ow 143, O Sol Riedetevaingd woneeniration &japeort Bl ﬁ“ced’ Mk B AE 2 ¢

Sol ventoBl ack 7, queﬁ@hr\b%&w&re@heétael @bltéi@hvant Brown 52, O Solvent G een
and any deri Vatl ve, anal ogue or m xture t

according to @hy HRstingahe fuglfer ie PE?SQT"e L?f @ Wﬁ'@?é@?l%‘t’%‘?m{"ﬂeed
presence of markegoddehtratih Karige( Shd RAdher p@ﬁém@n@f |akebgEpnwhered) thes by

the use of at |east one of the f wi_n s chr h gas
chr omat ogr aphy naBEESERERPHBE @ﬂ??(&ﬁ/é)’g 'Sn'ﬂgﬁatb’& g%%ﬁ%ﬂ@gg %{ta&g%r

chr omat ogr aphy( Hlstihg the Rael foBehedipfdsenes Io@ﬁnarkmﬂm)owﬂlslawlel?ﬁawermmed
spectroscopy, Ium nescence, ultra-violet spectrqsco

spect rd8copy. neafonGeNFalqne dargse AP 02RS5HGe off TRYFEL o .ﬁa{} tgﬁ Pfﬁg?%‘?& of 59

53. The nethod acegkglantad (APisanRdicANe tigdt tied Riens aft@etio 52, wherein the fuel
and/ or solvent has been treated by at |east one | aunder i ng agent to renove

at | east some armpunt of marker (C), nmarker (S), or substance (A), or any

conmbi nat i onygt frgé MthoP adeording taetnbaﬂweaefcaémsngz t® 4ANWheretn elibstaraen®) 46 t o
53, wherein marker S(S), mar ker and/ or opti.onal lr%‘ subst anc

capabl e of befelgctgdfomuihe,arayP EQﬂﬂﬂt'BQélfyar}t RBYERNG: G BHHANGNTE ye&?ﬁd?'ﬁo

sol ventypby at d}&@)stfuﬁ@r@l |f§HlﬁV§EHbﬂ£htlaél(%§ltthlobéﬁzotr'l'ét@Id%Btbhaﬂnazxﬂ@rodemg:atso any
one of clains 46 wherej n a treat nent 1&5egnw¥ewga 5053 Eesul ts
in the parti aPa'@ﬂU%toerﬂl@E eqviBRBNM| AYPIZARR l{j@F'V?t B mine, radidactive

material(s), oil-soluble phenylazoaniline dye, 2,6-dicyano-2'-sulfonamido-4'-amino-

azo-benzene(s), fluorene copolymer(s), rhodamine, derivatives of rhodamine,
analogues of rhodamine, alkylated isodibenzanthrone, alkylated isodibenzanthrone
25 derivative(s), cyanobenzene, 1-(4-morpholino)-3-(alpha naphthylamino)-propane,
squaraines phthalocyanine(s), naphthalocyanine, Cl Solvent Red, Cl Solvent Red 2,
C! Solvent Red 4, Cl Solvent Red 68, C! Solvent Red 161, CI Solvent Red 164, Cl
Solvent Red 175, Cl Solvent Red 208, Cl Solvent Red 165, Cl Solvent Blue, CI |
Solvent Blue 4, Cl Solvent Blue 79, Cl| Solvent Blue 98, Cl Solvent Biue 99, Cl
30 Solvent Blue 129, Cl Solvent Orange 98, Cl Solvent Yellow, Cl Solvent Yellow 3, Cl
Solvent Yellow 4, C| Solvent Yellow 124, Cl Solvent Yellow 143, Cl Solvent Yellow
161, Cl Solvent Black, ClI Solvent Black 2, Cl Solvent Black 7, Cl Solvent Black 48,
Cl Solvent Brown 52, Cl Solvent Green and any derivative, analogue or mixture

thereof.



fuel and/or solvent. 56. The nmethod according to any one of clainms 42 to
55, wherein the fuel and/or solvent has been treated with a | aundering
agent selected fromthe group 15 consisting of: clay, carbon, active
carbon, charcoal, active charcoal, paper filter, mcropore filter, straw,
silica, silica gel, nolecular sieve, abgorbent materi al, adsorbent materi al
and a mxture thereof. 57. A method of >%onitori ng, testing and/ or
detecting alteration of a fuel, the fuel 20conprising: (i) at |east one
marker (S); and (ii) at |east one substance (A), wherein the substance (A

i s capabl e49f THeNirRERREI Adt@rad Ko %h¥ Ipasss Qaiths! a2R6lQBI WheRS Markdrh@) NBthod
comprising: (1) testing the fuel for the presence of marker (S), wherein

t he absence quaﬁiéttaR%eror(%)a"‘iaHV? Rék&el is indicative that the fuel is

altered; or 25(11) testing the fuel for the presence of substance (A,

wherein su?&t{;\nce f{@a)d is&@ﬁ)abl e of being detected, the absence of .

subst ante PW) ThesMeHPd-a5300"g fa@nY RS Yfetiaims 4% fR Adg Wheesl matkern® Ho @

accordi ng to qlaatitatiee/madeebed 13 GtdrehtEtEemafler(S). capabl e of interacting

30with at | east one | aundering agent to protect and/or prevent marker (S)

from bei ng absorbed, adsorbed, or partially or conpletely renoved by the

I faij_nderi ng |5ag1=mat mletrfmZi i@d‘wrcfimgilto apaee df d:IéigTs, 42MtE l50p501hleré°ui ma&ker 3] riﬁ\g,

silica, silica nmol ecul ar si eve, apsorbent materjal and/o sor bent

mater i o SRR FE Bt e stag, & Rl Rt ARG IO e Ao

cljai m;l%? tglcﬁ&(s),m/fwr_w?l{\fwﬂa@tmmleti\(eﬁ), itﬁob@ﬁagiagolé_é, b@fhz&@hz@léseﬂié_)ﬁiﬁals,

adsorbed and/or _partia or .conpl etely renpv i.nteraction wth. at -

| east one | atﬁ?&%qpl‘laﬁgd'gti% tq.u'r%ﬁa.”W%'W‘Fé'ﬂogerﬁ’@gﬁ(ﬁgr@&fe@ygﬁy”%n@w@@"weai ns

57 to 60, whemgtenal(®y &iesol(iSlp phenpagitmink k] 26-dByaner2'8aNdraghid-4'-amino- -
pr edet er m ned cqbncentrastif?n range. t he net mog . I :

: azo-benzene(s), fluorene ~copolymer(s), rhodamine, derivatives of rhodamine,

analogues of rhodamine, alkylated isodibenzanthrone, alkylated isodibenzanthrone

15 derivative(s), cyanobenzene, 1-(4-morpholino)-3-(alpha naphthylamino)-propane,
squaraines phthalocyanine(s),naphthalocyanine, Cl Solvent Red, Cl Solvent Red 2,
Cli Solvent Red 4, Cl Solvent Red 68, Cl Soivent Red 161, Cl Solvent Red 164, Cl
Solvent Red 175, Cl Solvent Red 208, Cl Solvent Red 165, CI.-Solvent Blue, CI
Solvent Blue 4, Cl Solvent Blue 79, Cl Solvent Blue 98, Cl Solvent Blue 99, Cl
20 Solvent Blue 129, Cl Solvent Orange 98, Cl Solvent Yellow, Cl Solvent Yellow 3 Cl
Solvent Yellow 4, Cl Solvent Yellow 124, Cl| Solvent Yellow 143, CI Solvent Yellow
161, Cl Solvent Black, Cl Solvent Black 2, Cl Solvent Black 7, Cl Solvent Black 48,
Cl Solvent Brown 52, Cl Solvent Green and any derivative, analogue or mixture
thereof.
25
52. The method according to any one of claims 42 to 51, wherein the detecting of the
presence of marker (C), marker (S), and/or optionally substance (A) is by the use of
at least one of the following: gas chromatography (GC), gas chromatography mass
spectroscopy (GCMS), high performance liquid chromatography (HPLC), X-Ray
30 diffraction, immunoassay, Raman spectroscopy, luminescence, ultra-violet
spectroscopy, infra-red spectroscopy, near infra-red spectroscopy or any

combination thereof.



10 further conprising: testing the fuel for the presence of marker (S),

wherein the presence of marker (S) in the fuel having a concentration

out si de the predeternined concentration range is indicative that the fuel

issaltered. 62. The nethod according to any one of clainms 57°to 61, wherein

the fuel further 15 conprises at |east gne quantitative marker (C) having a

predeterm ned concentration range and i's different frommarker (S); the
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58. The method according to claim 57, wherein substance (A) is capable of interacting
30 with at least one laundering agent to protect and/or prevent marker (S) from being

absorbed, adsorbed, or partially or completely removed by the laundering agent.

'59. The method according to any one of claims 57 or 58, wherein substance (A) is

capable of interacting with at least clay, carbon, active carbon, charcoal, active



66. The nethod according to any one of clainms 62-to 65, wherein the
detecting of the presence of marker (C), marker (S), and/or optionally
substance (A) i's by the use of at |east one of the follow ng: gas

chr omat ography (GC), gas chromat ography mass spectroscopy (GCMS), high
performancé | i qui d chromat ogr aphy (HPLC%2 X-Ray 30 diffraction,

i mmunoassay, Raman spectroscopy, |um nestence, ultra-violet spect roscopy,

infra-red spetrosco infra-r ctroscop |nat|on
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any conbi nation thereof. 568. The nethod according to any one of clains 62

to 67, whes®iThemaetwed dcShrdingatokany 6 ofitiirns 5aptbi5madlﬁe;elatdn®ttaneee (AAB, are
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68, wherei n dntenaetidmwitit at leagt@nenauneerimy kgent(S) results in the partial or
conpl ete renoval of marker (C) fromthe fuel. 70. The nethod according to
any one of clains 57 to 69, wherein the fuel has been treated with a _
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| east one fuel, the fuel and/or solvent conprising: (i) at |east one marker
(S); and (ii) at |east one substance (A), wherein the substance (A is
capabl e of 62.nther a’tﬂtl'imbamwdin@tto lagg stneonk clahsa 6 derG ngvregentthe tfbed fapipar at us

conprisd ng a n [ e ntity of
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cl ai m 72, . whepeiantriatien fangke andds chffe@ot ﬁrenntmérlsert(B@rthemthocsfasthatcdnmsmgone
quantitative té@ﬁé%e %u@ for%rQe presence of marker (C) in the fuel, wherein the presence of

marker (C) in the fuel having a concentration outside the predetermined

concentration range is indicative that the fuel is altered.

20
63. The method according to any one of claims 57 to 62, wherein substance (A) is-
selected from the group consisting of: anthraquinone, anthraquinone dye(s), diazo
dye(s), furfural, furfural derivative(s), thiobenzotriazoles, benztriazole chemicals,
paraquat, diquat, quinizarin, quinizarin derivative(s), diphenylamine, radibactive
25 material(s), oil-soluble phenylazoaniline dye, 2,6-dicyano-2'-sulfonamido-4'-amino-

azo-benzene(s), fluorene copolymer(s), rhodamine, derivatives of rhodamine,
analogues of rhodamine, alkylated isodibenzanthrone, alkylated isodibenzanthrone
derivative(s), cyanobenzene, 1-(4-morpholino)-3-(alpha naphthylamino)-propane,
squaraines phthalocyanine(s), naphthaiocyanine, Cl Solvent Red, Cl Solvent Red 2,
30 - Cl Solvent Red 4, Cl Solvent Red 68, Cl Solvent Red 161, Cl Solvent Red 164, Cl
Solvent Red 175, Cl Solvent Red 208, Ci Solvent Red 165, C! Solvent Blue, Cl
Solvent Blue 4, Cl Solvent Blue 79, Cl Solvent Blue 98, CI Soivent Blue 99, ClI
Solvent Blue 129, CI Solvent Orange 98, Cl Solvent Yellow, Cl Solvent Yellow 3, Cl
Solvent Yellow 4, Cl Solvent Yellow 124, Cl Solvent Yellow 143, Cl Solvent Yellow



74. The apparatus according to claim 72 or claim73, wherein the detecting
of the presence and/or quantity of marker (S), substance (A) and/or marker
(€ is by the use of at |east one of the follow ng neans: gas

chr omat ography (GC), gas chromat ography mass spectroscopy (GCMS), high
performance Iiquid 55 chromatography (4PLC), X-Ray diffraction,

| mmunoassay, Raman spectroscopy, |uninescence, ultra-violet spectroscopy,

infra-red spe@t‘ @?ggﬁég é\]}g@y i 8bhanf §lgcl§9e8 SPGB a'7, HsRRmPLaat ! 48"

t her eof .
Cl Solvent Brown 52, Cl Solvent Green and any derivative, analogue or mixture

thereof.

5  64. The method according to any one of claims 57 to 63, wherein marker (S) is a

quantitative or qualitative marker.

65. The method according to any one of claims 57 to 64, wherein marker (S) is a
selected from the group consisting of: anthraguinone, anthraquinone dye(s), diazo
10 dye(s), furfural, furfural derivative(s), thiobenzotriazoles, benztriazole chemicals,
paraquat, diquat, quinizarin, quinizarin derivative(s), diphenylamine, radioactive
material(s), oil-soluble phenylazoaniline dye, 2,6-dicyano-2'-sulfonamido-4'-amino-
azo-benzene(s), fluorene copolymer(s), rhodamine, derivatives of rhodamine,
analogues of rhodamine, alkylated isodibenzanthrone, alkylated isodibenzanthrone
15 derivative(s), cyanobenzene, 1-(4-morpholino)-3-(alpha. naphthylamino)-propane,
squaraines phthalocyanine(s), naphthalocyanine, Cl Solvent Red, Cl Solvent Red 2,
Cl Solvent Red 4, Cl Solvent Red 68, Cl Solvent Red 161, Cl Solvent Red 164, CI
Solvent Red 175, Cl| Solvent Red 208, Cl Solvent Red 165, Cl| Solvent Blue, Ci
Solvent Blue 4, C! Solvent Blue 79, ClI Solvent Blue 98, C| Solvent Blue 99, Cl
20 Solvent Blue 129, Cl Solvent Orange 98, CI Solvent Yellow, Cl Solvent Yellow 3, CI
Solvent Yellow 4, Cl Solvent Yellow 124, Cl Solvent Yellow 143, Cl Solvent Yellow
161, Cl Solvent Black, Cl Solvent Black 2, Cl Solvent Black 7, Cl Solvent Black 48,
Cl Solvent Brown 52, Cl Solvent Green and any derivative, analogue or mixture
thereof.
25
66. The method according to any one of claims 62 to 65, wherein the detecting of the -
presence of marker (C), marker (S), and/or optionally substance (A) is by the use of
at least one of the following: gas chromatography (GC), gas chromatography mass
spectroscopy (GCMS), high performance liquid chromatography (HPLC), X-Ray
30 diffraction, immunoassay, Raman spectroscopy, luminescence, ultra-violet
spectroscopy, infra-red spectroscopy, near infra-red spectroscopy or any
combination thereof.
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The method according to any one of claims 62 to 66, wherein the fuel has been
treated by at least one Iaundering agent to remove at least some amount of marker
(C), marker (S), or substance (A), or any combination thereof.

The method according to any one of claims 62 to 67, wherein marker (S), marker
(C) and/or optionally substance (A), are capable of being partially or completely
removed from the fuel by at least one laundering agent

The method according to any one of claims 62 to 68, wherein a treatment to
remove marker (S) results in the partial or complete removal of marker (C) from the
fuel.

The method according to any one of claims 57 to 69, wherein the fuel has been
treated with a laundering agent selected from the group consisting of. clay, carbon,
active carbon, charcoal, active charcoal, paper filter, micropore filter, straw, silica,
silica gel, molecular sieve, absorbent material and/or adsorbent material or a

mixture thereof.

The method according to any one of claims 57 to 70, wherein the fuel is altered with

at least a second or further fuel, a solvent, petrochemical or a mixture thereof.

An apparatus for monitoring, testing and/or detecting alteration of at least one fuel,
the fuel and/or solvent comprising: (i) at least one marker (S); and (ii) at least one
substance (A), wherein the substance (A) is capable of interacting with at least one
laundering agent; the apparatus comprising at least one fneans for detecting the

presence and/or quantity of at least maker (S) and/or substance (A).

The apparatus according to claim 72, wherein the fuel and/or solvent further

‘comprises at least one quantitative marker (C).

The apparatus according to claim 72 or claim 73, wherein the detecting of the
presence and/or quantity of marker (S), substance (A) and/or marker (C) is by the
use of at least one of the following means: gas chromatography (GC), gas
chromatography mass spectroscopy (GCMS), high performance liquid |
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chromatography (HPLC), X-Ray diffraction, immunoassay, Raman spectroscopy,

luminescence, ultra-violet spectroscopy, infra-red spectroscopy, near infra-red
spectroscopy or any combination thereof.



