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Description

[0001] This invention relates to chemical markers use-
ful for marking liquid products.
[0002] Petroleum hydrocarbons with various kinds of
additives are well known in the art. For example, US Pat-
ent No. 3,508,888 discloses the use of triphenylamine
derivatives as antioxidants for rubber and gasoline, and
US Patent No. 3,255,191 discloses that substituted 1,3,5-
triazines arc useful for stabilizing organic material, such
as hydrocarbons and gasoline. Further, a variety of com-
pounds have been used to chemically mark petroleum
compounds, as well as numerous techniques for detec-
tion of the markers, e.g., absorption spectroscopy and
mass spectrometry. Such examples include: US Appli-
cation No. 2004/147413, which discloses a method for
identifying chemically tagged petroleum products where-
in the presence of the chemical additive is determined
using ion mobility spectroscopy;
US Patent No. 5,981,283, which discloses a method of
identifying a liquid hydrocarbon bulk material comprising
a chemical tag using gas chromatography and mass-
spectroscopy;
GB Patent No. 480,604, which discloses hydrocarbon
compositions distinguished by a characteristic colouring
and a very intense fluorescence; and
E.P. Application No. 512,404, which discloses 3,5-dini-
trobenzoic acid esters for use in marking liquid hydrocar-
bons. However, nitro-substituted esters hydrolyze rapidly
in the presence of trace moisture in a liquid hydrocarbon,
making them unstable in normal use, and also for use in
identifying fuel or oil spills in which the fuel or oil is in
contact with large amounts of water. Moreover, there is
always a need for additional marker compounds for fuels
and oils. Combinations of markers can be used as digital
marking systems, with the ratios of amounts forming a
code for the marked product. Additional compounds use-
ful as petroleum markers would be desirable to maximize
the available codes. The problem addressed by this in-
vention is to find additional markers useful for marking
petroleum hydrocarbons, biodiesel fuel or ethanol fuel.

STATEMENT OF INVENTION

[0003] The present invention provides a method for
marking a petroleum hydrocarbon, a biodiesel fuel or an
ethanol fuel; said method comprising adding to said pe-
troleum hydrocarbon, biodiesel fuel or ethanol fuel at
least one organic compound having: (i) an axis of three-
fold symmetry; (ii) a nitrogen content of at least 8% by
weight, (iii) a molecular weight of at least 240; and (iv) a
cyanurate, isocyanurate or 1,3,5-triazine ring.

DETAILED DESCRIPTION

[0004] Percentages are weight percentages and tem-
peratures arc in °C, unless specified otherwise. Concen-
trations are expressed either in parts per million ("ppm")

calculated on a weight/weight basis, or on a weight/vol-
ume basis (mg/L). The term "petroleum hydrocarbon" re-
fers to products having a predominantly hydrocarbon
composition, although they may contain minor amounts
of oxygen, nitrogen, sulfur or phosphorus; petroleum hy-
drocarbons include crude oils as well as products derived
from petroleum refining processes; they include, for ex-
ample, crude oil, lubricating oil, hydraulic fluid, brake flu-
id, gasoline, diesel fuel, kerosene, jet fuel and heating
oil. The composition of this invention comprises at least
one of a petroleum hydrocarbon, a biodiesel fuel, and an
ethanol fuel, or a mixture thereof. A biodiesel fuel is a
biologically derived fuel containing a mixture of fatty acid
alkyl esters, especially methyl esters. Biodiesel fuel typ-
ically is produced from either virgin or recycled vegetable
oils, although animal fats may also be used. An ethanol
fuel is any fuel containing ethanol, in pure form, or mixed
with petroleum hydrocarbons, e.g., "gasohol." An "alkyl"
group is a substituted or unsubstituted hydrocarbyl group
having from one to twenty-two carbon atoms in a linear,
branched or cyclic arrangement. An "alkenyl" group is an
alkyl group in which at least one carbon-carbon single
bond has been replaced by a double bond. Substitution
on alkyl or alkenyl groups of one or more halo, carboxyl,
hydroxy or alkoxy groups is permitted; alkoxy groups may
in turn be substituted by one or more halo substituents.
Preferably, alkyl and alkenyl groups have no halo or
alkoxy substituents, and most preferably, alkyl and alke-
nyl groups are unsubstituted. An "aryl" group is a sub-
stituent derived from an aromatic hydrocarbon com-
pound. An aryl group has a total of from six to twenty ring
atoms, and has one or more rings which are separate or
fused. Preferably, aryl groups do not contain halogen at-
oms. In one embodiment of the invention, aryl groups are
unsubstituted or substituted only by alkyl groups. In one
embodiment of the invention, aryl groups consist of phe-
nyl or substituted phenyl. An "aralkyl" group is an alkyl
group substituted by an aryl group. A "heterocyclic" group
is a substituent derived from a heterocyclic compound
having from five to twenty ring atoms, at least one of
which is nitrogen, oxygen or sulfur. Heterocyclic groups
may have one to four rings, which may be fused or linked
by single bonds, and may also contain acyclic groups.
Preferably, heterocyclic groups do not contain sulfur.
Substitution on aryl or heterocyclic groups of one or more
of the following groups: halo, cyano, hydroxy, alkoxy,
alkyl, alkanoyl, amino, or amino substituted by one or
more of alkyl, aryl, aralkyl, or alkanoyl is permitted, with
substitution by one or more halo groups being possible
on alkyl, alkanoyl or alkoxy groups. The term "organic"
as used herein refers to a compound or substituent con-
taining carbon and hydrogen, and containing no metals,
other than as trace-level impurities. In one embodiment,
organic compounds or substituents may contain, in ad-
dition to carbon and hydrogen, element(s) selected from
boron, silicon, nitrogen, phosphorus, oxygen, sulfur, and
halogens; or alternatively, element(s) selected from bo-
ron, oxygen, nitrogen and phosphorus. Preferably, or-
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ganic compounds or substituents contain elements in
their naturally occurring isotopic proportions.
[0005] A compound having an axis of three-fold sym-
metry, as this phrase is used herein, means that a com-
pound has a three-fold axis of rotation, i.e., a C3 axis. In
one embodiment of the invention, the compound may
also have higher order axes that are multiples of C3, e.g.,
C6. In another embodiment of the invention, the com-
pound does not have any higher-order axes. The com-
pound contains a six-membered ring. which is essentially
planar and has an axis of three-fold symmetry selected
from 1,3,5 triazine, cyanurate and isocyanurate.
[0006] Preferably, each organic compound having an
axis of three-fold symmetry, a nitrogen, oxygen, phos-
phorus or boron content of at least 8% by weight a mo-
lecular weight of at least 240 and a cyanurate, isocyanu-
rate or 1,3,5-triazine ring (i.e., a "marker compound") is
present in an amount of at least 0.01 ppm. In one em-
bodiment of the invention, the minimum amount of each
marker compound is 0.05 ppm, alternatively 0.1 ppm,
alternatively 0.2 ppm. In one embodiment of the inven-
tion, the maximum amount of each marker compound is
50 ppm, alternatively 20 ppm, alternatively 15 ppm, al-
ternatively 10 ppm, alternatively 5 ppm, alternatively 2
ppm, alternatively 1 ppm. Preferably, a marker com-
pound is not detectible by visual means in the marked
petroleum hydrocarbon, biodiesel fuel or ethanol fuel,
i.e., it is not possible to determine by unaided visual ob-
servation of color or other characteristics that the petro-
leum hydrocarbon, biodiesel fuel or ethanol fuel contains
a marker compound. Preferably, a marker compound is
one that does not occur normally in the petroleum hydro-
carbon, biodiesel fuel or ethanol fuel to which it is added,
either as a constituent of the petroleum hydrocarbon, bi-
odiesel fuel or ethanol fuel itself, or as an additive used
in that petroleum hydrocarbon, biodiesel fuel or ethanol
fuel. In one embodiment, a marker compound does not
contain ester groups or hydroxy groups.
[0007] In one embodiment of the invention, at least one
marker compound contains at least three tertiary-butyl
groups. These groups may be present as part of a larger
branched alkyl group, e.g., a tertiary-octyl group (1,1,3,3-
tetramethylbutyl). In one embodiment of the invention, at
least one marker compound has branched alkyl groups
having at least eight carbon atoms, and preferably no
more than twenty-two carbon atoms; preferably, a marker
compound has three branched alkyl groups having at
least eight carbon atoms. In one embodiment of the in-
vention, a marker compound has three tertiary alkyl
groups derived from one of the Primene™ amines avail-
able from Rohm and Haas Company; Philadelphia, PA.
For example, an isomeric mixture of C16 to C22 tertiary
alkyl primary amines (PRIMENE JM-T); an isomeric mix-
ture of C8 to C10 tertiary alkyl primary amines (PRIMENE
BC-9); an isomeric mixture of C10 to C15 tertiary alkyl
primary amines (PRIMENE 81-R); or mixtures thereof.
[0008] In the invention, each marker contains at least
8% by weight nitrogen, preferably the nitrogen is present

in the marker compound only as part of amino or amide
groups. In one embodiment of the invention, each marker
compound contains no more than 30% nitrogen, alterna-
tively no more than 20%. An amino group includes a ter-
tiary amine that is part of a ring structure, e.g., the ring
nitrogens in triazines and cyanurates. In one embodiment
of the invention, each marker compound has a molecular
weight of at least 300, alternatively at least 350. In one
embodiment of the invention, the molecular weight of
marker compounds is no more than 5000, alternatively
no more than 1500, alternatively no more than 800, al-
ternatively no more than 500.
[0009] In one embodiment of the invention, the marker
compounds have a log P value of at least 3, where P is
the 1-octanol/water partition coefficient. Alternatively, the
marker compounds have a log P of at least 4, alternatively
at least 5. Log P values which have not been experimen-
tally determined and reported in the literature can be es-
timated using the method disclosed in Meylan, W.M &
Howard, P.H., J. Pharm. Sci., vol. 84, pp. 83-92 (1995).
In this embodiment, preferably the petroleum hydrocar-
bon, biodiesel fuel or ethanol fuel is a petroleum hydro-
carbon or biodiesel fuel; alternatively a petroleum hydro-
carbon; alternatively crude oil, gasoline, diesel fuel, ker-
osene, jet fuel or heating oil.
[0010] In one embodiment of the invention, the marker
compounds are detected by at least partially separating
them from constituents of the petroleum hydrocarbon,
biodiesel fuel or ethanol fuel using a chromatographic
technique, e.g., gas chromatography, liquid chromatog-
raphy, thin-layer chromatography, paper chromatogra-
phy, adsorption chromatography, affinity chromatogra-
phy, capillary electrophoresis, ion exchange and molec-
ular exclusion chromatography. Chromatography is fol-
lowed by at least one of: (i) mass spectral analysis, (ii)
FTIR and (iii) specific detection of nitrogen. Specific de-
tection of N can be done after separation by gas chro-
matography with an atomic emission detector, nitrogen
chemiluminescence detector, thermionic ionization de-
tector, nitrogen-phosphorus detector or an electrolytic
conductive detector. Identities of the marker compounds
preferably are determined by mass spectral analysis. In
one embodiment of the invention, a nitrogen- or phos-
phorus-sensitive detector is used to quantify and/or iden-
tify marker compounds containing nitrogen In another
embodiment, mass spectral analysis is used to determine
both identity and amount. In one embodiment of the in-
vention, mass spectral analysis is used to detect the
marker compounds in the petroleum hydrocarbon, bi-
odiesel fuel or ethanol fuel without performing any sep-
aration. Alternatively, marker compounds may be con-
centrated prior to analysis, e.g., by distilling some of the
more volatile components of a petroleum hydrocarbon
or ethanol, or by extraction of amino-substituted marker
compounds from the petroleum hydrocarbon, biodiesel
fuel or ethanol fuel with aqueous acid.
[0011] In one embodiment of the invention, a marker
compound is present having the structure depicted be-
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low,

i.e., a tris-O-substituted cyanurate. R1 is alkyl, alkenyl,
aryl, aralkyl, heterocyclic; any of the preceding groups
linked to O via a carbonyl group, e.g., alkylcarbonyl; or
carbamoyl. Preferably, R1 is aryl, or alkyl or alkenyl hav-
ing at least three carbon atoms, alternatively at least four
carbon atoms, alternatively branched alkyl having at least
eight carbon atoms. Compounds of this type are well
known in the literature (The Chemistry of Heterocyclic
Compounds: s-Triazines and Derivatives, Smoline and
Rapoport, 1959) and can be prepared, e.g., by trimeri-
zation of alkyl isocyanates, alkylation of cyanuric acid
salts, reaction of cyanuric chloride with the corresponding
alcohol in the presence of base.
[0012] In another embodiment of the invention, a mark-
er compound is present having the structure depicted
below,

i.e., a tris-N-substituted isocyanurate. R2 is alkyl, alkenyl,
aryl, aralkyl, heterocyclic, or any of the preceding groups
linked to N via a carbonyl group, e.g., alkylcarbonyl. Pref-
erably, R2 is alkyl or alkenyl having at least three carbon
atoms, alternatively at least four carbon atoms, alterna-
tively branched alkyl having at least eight carbon atoms.
Compounds of this type have been prepared by a number
of routes, including alkylation of alkali metal cyanates
with alkyl halides, as described in JP 2000/109314, and
palladium-catalyzed N-allylation of imides with allyl alco-
hol, as described in Nippon Kagaku Kaishi, 1996, 6,
525-529.
[0013] In another embodiment of the invention, a mark-
er compound is present having the structure depicted
below,

i.e., a tris-N-substituted 2,4,6-triamino-1,3,5-triazine R3

and R4 are hydrogen, alkyl, alkenyl, aryl, aralkyl, hetero-
cyclic, or any of the preceding groups linked to N via a
carbonyl group, e.g., alkylcarbonyl; or R3 and R4 combine
with the nitrogen to which they are attached to form a
three, five- or six-membered ring, e.g., NR3R4 represents
pyrrolidyl; provided that at least one of R3 and R4 is not
hydrogen. Preferably, at least one of R3 and R4 is alkyl
or alkenyl having at least three carbon atoms, alterna-
tively at least four carbon atoms, alternatively branched
alkyl having at least eight carbon atoms. In one embod-
iment of the invention, one of R3 and R4 is branched alkyl
having at least eight carbon atoms and the other is hy-
drogen. Tris-N-substituted 2,4,6-triamino-1,3,5-triazine
are well known in the literature (The Chemistry of Hete-
rocyclic Compounds: s-Triazines and Derivatives, Smo-
line and Rapoport, 1959) and can be prepared, e.g., by
trimerization of alkylcyanamides (U.S. Pat. No.
2,628,234).
[0014] In one embodiment of the invention, more than
one marker compound is present, and the marker com-
pounds may be from different chemical classes, including
those described above. Use of multiple marker com-
pounds facilitates incorporation into the petroleum hy-
drocarbon, biodiesel fuel or ethanol fuel of coded infor-
mation that may be used to identify the origin and other
characteristics of the petroleum hydrocarbon, biodiesel
fuel or ethanol fuel. The code comprises the identities
and relative amounts, e.g., fixed integer ratios, of the
marker compounds. One, two, three or more marker
compounds may be used to form the code. Marker com-
pounds according to this invention may be combined with
markers of other types, e.g., markers detected by ab-
sorption spectrometry, including those disclosed in U.S.
Pat. No. 6,811,575; U.S. Pat. App. Pub. No.
2004/0250469 and EP App. Pub. No. 1,479,749. Marker
compounds are placed in the petroleum hydrocarbon,
biodiesel fuel or ethanol fuel directly, or alternatively,
placed in an additives package containing other com-
pounds, e.g., antiwear additives for lubricants, deter-
gents for gasoline, etc., and the additives package is add-
ed to the petroleum hydrocarbon, biodiesel fuel or etha-
nol fuel.
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EXAMPLES

Example 1: Marking of Commercial Gasoline

[0015] To a sample vial was added 219 mg of triallyl-
1,3,5-triazine-2,4,6(1H,3H,5H)-trione and 25 mL of rea-
gent grade toluene. The mixture was agitated until a ho-
mogeneous solution was obtained. This stock solution
contained 8,694 mg/L of the marker. A sub-sample of
this stock solution was diluted with sufficient commercial
gasoline to obtain a gasoline sample that contained 10.3
mg/L. This material was subjected to analysis using gas
chromatography in conjunction with a mass spectrome-
ter. This marker displayed strong characteristic signals
at m/e of 249, 125, and 83. Using the chromatographic
conditions mentioned below, and a mass spectrometer
using selective Ion Detection Mode (SIM) and electron
impact ionization (E.I.) this marker is detected with a re-
tention time of 11.19 minutes. The column was an SPB-
1 capillary column 30 m in length, 0.32 mm inside diam-
eter, 0.25 Pm film thickness. The temperature was 100°C
for 3 minutes, ramped at 10°C/min to 290°C and then
held for 5 minutes. Further dilution of the gasoline sample
to marker concentrations of 1.7 mg/L and 0.85 mg/L were
carried out. Analysis of these samples as described
above revealed the presence of the marker.

Example 2: Marking of Commercial Diesel Fuel Oil

[0016] To a 100 mL volumetric flask was added 229
mg of 2,4,6-triphenoxy-1,3,5-triazine and 20 mL of rea-
gent grade DMSO, and then the contents were diluted
to a total volume of 100 mL with reagent grade toluene.
The mixture was agitated until a homogeneous solution
was obtained. This stock solution contained 2,290 mg/L
of the marker. A sub-sample of this stock solution was
diluted with sufficient commercial diesel to obtain a sam-
ple that contained 6.7 mg/L. This material was subjected
to analysis using gas chromatography in conjunction with
a mass spectrometer. This marker displayed strong char-
acteristic signals at m/e of 264, 238, 145 and 121. Using
the chromatographic conditions described in Example 1,
this marker was detected with a retention time of 21.57
minutes. Further dilution of the diesel sample to a marker
concentration of 0.63 mg/L was carried out. Analysis of
this sample as described above revealed the presence
of the marker.

Example 3: Marking of Kerosene

[0017] To a sample of commercial kerosene was add-
ed sufficient 2,4,6-triallyloxy-1,3,5-triazine such that the
concentration of the marker was 0.93 mg/L. This material
was subjected to analysis using gas chromatography in
conjunction with a mass spectrometer. This marker dis-
played strong characteristic signals at m/e of 208, 125,
83, and 82. Using gas chromatography, and a mass spec-
trometer using selective Ion Detection Mode (SIM) and

electron impact ionization (E.I.) this marker was detected.

Example 4: Marking of Commercial Gasoline

[0018] A sample of 2,4,6-tripyrrolidyl-1,3,5-triazine
was prepared by the reaction of an excess of pyrrolidine
with cyanuric chloride in a manner similar to that de-
scribed by Detweiler, W. K., and Amstutz, E. D., J. Amer.
Chem. Soc., 1952, 74, 1483. To a sample of commercial
gasoline was added sufficient 2,4,6-tripyrrolidyl-1,3,5-tri-
azine such that the concentration of the marker was 12.0
ppm. Further dilution with additional gasoline produced
a series of samples ranging in concentration from 12.0
ppm down to 0.2 ppm (8.88-0.15 mg/L). These samples
were subjected to analysis using gas chromatography in
conjunction with a mass spectrometer. This marker dis-
played strong characteristic signals at m/e of 288, 260,
219, and 122. Using gas chromatography, and a mass
spectrometer using selective Ion Detection Mode (SIM)
and electron impact ionization (E.I.) this marker was de-
tected in all samples and the response was found to be
linear with a correlation coefficient (R2) value of 0.9977,
with peak area = 3577.7(c), where c is marker concen-
tration in ppm.

Example 5: Marking of Commercial Gasoline

[0019] To a sample of commercial gasoline was added
sufficient 2,4,6-tri-tert-octyl-1,3,5-triazine (TTOM) such
that the concentration of the marker was 611 ppm. Fur-
ther dilution with additional gasoline produced a series
of samples having concentrations of 611 ppm, 10.8 ppm,
1.04 ppm, and 0.1 ppm. These samples were subjected
to analysis using gas chromatography in conjunction with
a mass spectrometer. This marker displayed strong char-
acteristic signals at m/e of 405, 391, 293, and 167. Using
gas chromatography, and a mass spectrometer using
selective Ion Detection Mode (SIM) and electron impact
ionization (E.I.) this marker was detected in all samples.

Example 6: Marking of Biologically Derived Fuels.

[0020] To a sample of methyl soyate, derived from the
transesterification of soy bean oil with methanol, was
added sufficient 2,4,6-triphenoxy-1,3,5-triazine such that
the concentration of the marker was 133 ppm. Further
dilution with additional methyl soyate produced a series
of samples having concentrations of 133 ppm, 10.6 ppm,
and 1.05 ppm. These samples were subjected to analysis
using gas chromatography in conjunction with a mass
spectrometer. This marker displayed strong characteris-
tic signals at m/e of 264, 238, 145 and 121. Using gas
chromatography, and a mass spectrometer using selec-
tive Ion Detection Mode (SIM) and electron impact ioni-
zation (E.I.) this marker was detected in all samples.

7 8 



EP 1 816 181 B1

6

5

10

15

20

25

30

35

40

45

50

55

Example 7: Marking of Crude Oil.

[0021] To a sample of crude oil from Argentina was
added sufficient 2,4,6-triphenoxy-1,3,5-triazine such that
the concentration of the marker was 137 ppm. Further
dilution with additional crude oil produced a series of sam-
ples having concentrations of 137 ppm, 58 ppm, and 11
ppm. These samples were subjected to analysis using
gas chromatography in conjunction with a mass spec-
trometer. This marker displayed strong characteristic sig-
nals at m/e of 264, 238, 145 and 121. Using gas chro-
matography, and a mass spectrometer using selective
Ion Detection Mode (SIM) and electron impact ionization
(E.I.) this marker was detected in all samples.

Claims

1. A method for marking a petroleum hydrocarbon, a
biodiesel fuel or an ethanol fuel; said method com-
prising adding to a petroleum hydrocarbon, biodiesel
fuel or ethanol fuel at least one organic compound
having: (i) an axis of three-fold symmetry; (ii) a nitro-
gen content of at least 8%; (iii) a molecular weight
of at least 240; and (iv) a cyanurate, ioscyanurate or
1,3,5-triazine ring.

2. The method of claim 1 in which each said at least
one organic compound is present at a level of at least
0.01 ppm and no more than 50 ppm.

3. The method of claim 2 in which said at least one
organic compound contains at least three tertiary-
butyl groups.

4. The method of claim 2 in which said at least one
organic compound has a 1,3,5-triazine ring.

5. The method of claim 2; said method further compris-
ing analyzing a sample of the petroleum hydrocar-
bon, biodiesel fuel or ethanol fuel using a chromato-
graphic technique followed by at least one of: (i)
mass spectral analysis, (ii) FTIR and (iii) specific de-
tection of nitrogen.

6. The method of claim 5 in which at least one organic
compounds is present at a level from 0.05 ppm to 5
ppm.

7. The method of claim 6 in which said at least one
organic compound is detected by mass spectral
analysis.

Patentansprüche

1. Verfahren zur Markierung eines Erdölkohlenwasser-
stoffs, eines Biodieseltreibstoffs oder eines Ethanol-

treibstoffs; das Verfahren umfassend das Zugeben
mindestens einer organischen Verbindung, die (i) ei-
ne dreizählige Symmetrieachse; (ii) einen Stickstoff-
gehalt von mindestens 8%; (iii) ein Molekulargewicht
von mindestens 240; und (iv) ein Cyanurat, Iso-
cyanurat oder einen 1,3,5-Triazin-Ring aufweist, zu
einem Erdölkohlenwasserstoff, Biodieseltreibstoff
oder Ethanoltreibstoff.

2. Verfahren nach Anspruch 1, in welchem jede der
mindestens einen organischen Verbindung mit ei-
nem Gehalt von mindestens 0,01 ppm und nicht
mehr als 50 ppm vorhanden ist.

3. Verfahren nach Anspruch 2, in welchem die minde-
stens eine organische Verbindung mindestens drei
tertiäre Butylgruppen enthält.

4. Verfahren nach Anspruch 2, in welchem die minde-
stens eine organische Verbindung einen 1,3,5-Tria-
zin-Ring aufweist.

5. Verfahren nach Anspruch 2; das Verfahren weiter
umfassend die Untersuchung einer Probe des Erd-
ölkohlenwasserstoffs, Biodieseltreibstoffs oder
Ethanoltreibstoffs durch Verwendung eines Chro-
matographieverfahrens, gefolgt von mindestens ei-
nem von: (i) Massenspektralanalyse, (ii) FTIR und
(iii) spezifischer Nachweis von Stickstoff.

6. Verfahren nach Anspruch 5, in welchem die minde-
stens eine organische Verbindung mit einem Gehalt
von 0,05 ppm bis 5 ppm vorhanden ist.

7. Verfahren nach Anspruch 6, in welchem die minde-
stens eine organische Verbindung mittels Massen-
spektralanalyse nachgewiesen wird.

Revendications

1. Procédé de marquage d’un hydrocarbure de pétrole,
d’un carburant de biodiesel ou d’un carburant
d’éthanol ; ledit procédé comprenant l’addition à un
hydrocarbure de pétrole, un carburant de biodiesel
ou un carburant d’éthanol d’au moins un composé
organique présentant : (i) un axe de symétrie en trois
parties ; (ii) une teneur en azote d’au moins 8 % ;
(iii) une masse moléculaire d’au moins 240 ; et (iv)
un cycle cyanurate, isocyanurate ou un cycle 1,3,5-
triazine.

2. Procédé selon la revendication 1, dans lequel cha-
cun dudit au moins un composé organique est pré-
sent à une teneur d’au moins 0,01 ppm et d’au plus
50 ppm.

3. Procédé selon la revendication 2, dans lequel ledit
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au moins un composé organique contient au moins
trois groupes butyle tertiaire.

4. Procédé selon la revendication 2, dans lequel ledit
au moins un composé organique présente un cycle
1,3,5-triazine.

5. Procédé selon la revendication 2, ledit procédé com-
prenant de plus l’analyse d’un échantillon de l’hydro-
carbure de pétrole, du carburant de biodiesel ou du
carburant d’éthanol utilisant une technique chroma-
tographique suivie par au moins une parmi : (i) une
analyse de spectre de masse, (ii) une FTIR et (iii)
une détection spécifique de l’azote.

6. Procédé selon la revendication 5, dans lequel au
moins un composé organique est présent à une te-
neur de 0,05 ppm à 5 ppm.

7. Procédé selon la revendication 6, dans lequel ledit
au moins un composé organique est détecté par une
analyse de spectre de masse.
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