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ODORANT MIXTURE FOR AN ODOURLESS GASEOUS FUEL The
present invention relates to the field of odorants for gaseous fuels, in
particular odourless gaseous 5 fuels, and has more especially as subject
matter a composition comprising an alkyl sulphide and an alkyl acrylate

which %8&28?@%_ SRR %ﬁ&%@é@%ﬂ%&éﬁ@% of
the risk e

oven gases, which were obtained by thermal processes, were used for a
|ovhg time a3z ¢he: pastvas: gaseous<lietsgboth dortpublid fightthgeehddfos rant s

demesticseguirements. These gases comprised highlyde,0dosiferous s« o s

;gmponents. Consequently, they had a strong specific odour, so that a

2945k colififbe saBily " détectEFHA SoRtrast, t ga§889?ﬁfelsl%%%ﬁﬁy a
usedpwhéther 200wl gasgprepanel butans Uigplefiéd petnoleym gad kvl
(a& lgg}@ai I@é ev\enlfwge@#@fxwgi?lr\]@e_ldﬂ}ga_ on%b@@@ﬁ) o@rf F])f gas

sentially odoutless, either because of thejr.origin or because of t .
AR i0R Coaiont BACh e Rive ookl 28 THCS. FiEake ara paton
NoEed i fisiel thet e F6/fiation occurs of mixtures of gaseous fuels
and of air which can explode, with consequently a high risk potential. 30

Itis,for these safetyreasops that the natural g%%i@ﬁviagﬁégé%ggfﬂ%s by
is odoriZed by injection (in specialized stations) of apfroprlate, additives
ofdidrfsSses, were used for a long time in the
past as gaseous fuels, both for public lighting and for
domestic requirements. These gases comprised highly
odoriferous components. Consequently, they had a strong
specific odour, so that a gas leak could be easily

detected.

In contrast, the gaseous. fuels currently used, whether
natural gas, propane, butane, liquefied petroleum gas
{or LPG) or even oxygen (for example for welding
operations), are essentially odourless, either because
of their origin or because of the purification

treatment which they have received.

Thus, 1f leaks are not noticed in time, the rapid
formation occurs of mixtures of gaseous fuels and of
air which can explode, with consequently a high risk
potential.

It 1is for these safety reasons that the natural gas
moving in gas pipelines is odorized by injection {in
specialized stations) of appropriate additives known as
odorants.

Natural gas 1s generally conveyed odourless, after an
appropriate purification treatment, from the production
sites to the consuming ccuntries, either via gas

pipelines or (in 1liquid state) in specialized ships
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35 Natural gas is generally conveyed odourless, after an appropriate
purification treatment, from the production sites to the consuming
countries, either via gas pipelines ora%: liquid state) in specialized ships 2
(methane carriers) . In France, for example, natural gas is thus received
in adimitecnumber, of injection stationswhes,the.odgrant is jnjected Qs
that the natural gas, both that which, moves through the French 5 gas
pigelind*Hétwdrk Bntthdt which i stordd-in® GndBRYPEER tariks, 1€ et Lon
crlorized nwhicHimakes-possibito vagy detection jrethecsentsof atléak;, the
whergyenin ghe netwark it Qeedrs, 9 4 Othere@UNHIES: NGRUIEGAS MY ch
beadsistribft%qg\r/ler ti}lee greoa&f thenc(ﬁ)ungg by a netw( rk o_{ gipeslig&s:eiré 5
ich itmbves Witholt oﬁjorant, the naturaiagas thén eing odorized as it
SHIESTHE WA iR AHIEN it i5ScondameacWhictrFekftfrediar ebentifigidrle
ramalerf c B thiectionrstationse Starage mNks atgeneraly maiitained the
ynder, an, atmosphere of nitrogen or of natural gas in order to limit, at this
stage, the risks of explosion. 20 Alkyl sulphides, used as odorants, alone
or as a mixture, are known. Mention may be made, for example, of
diethyltsutphide,uditneteyd sulphide, smethwbethyly sbiphidlesdrr ibuted over
t%ﬁ@hYQE%tQiOBQeU@névh@&ﬁﬁ%Wd%_y{U%edr?ét'fv%ﬂ]@ir&f@%@%lines in
pr %errtlles,, jn par;[}cularwwrglch are c%gablgtof trlgggrlnrga% feeallfg of alarén
w"i’% Sple i thEevent oflargl Accidentariéak of natdral gasutﬁus odorized ="
drefiefinitatinglthecheeésshly protective the towns in which 1t is

consumed, which requires an even higher number of

injection stations.

Storage tanks are. generally maintained under an

atmosphere of nitrogen or of natural gas in order to

-1limit, at this stage, the risks of explosion.

Alkyl suiphides, used as odorants, alone or as a

‘mixture, are known. Mention may be made, for example,

of diethyl sulphide, dimethyl sulphide, methyl ethyl
sulphide or tetrahydrothiophene, which are widely used
for their excellent properties, in particular which are
capable of triggering a feeling of alarm in people in
the event o¢f an accidental leak of natural gas thus
odorized and of initiating the necessary protective.

operations.

However, during the combustion of naturai gas, these
products generate an amount of sulphur dioxide which,
however low it might be, becomes not insignificant when
an overall balance is carried out on the scale of a
country or of a region, in particular with a high level
of industrialization or urbanization. Thus, by way of
example, the combustion of a natural gas odorized with
tetrahydrothiophene at a concentration of 10 mg/8m3 (ox

number of m® of the gas, measured under standard



10

15

20

25

30

35

operations. 30 However, during the combustion of natural gas, these

products generate an amount of sulphur dioxide which, however low it
might be, becomes not insignificant when an overall balance is carried
out on the scale of a 35 country or of ére"’gion, in particular with a high

Ievel-af, industralization, or urbapizafion. Th“éo%‘ﬁ@(@ﬂs‘%xamp%ﬁ@%ates

combustion of a natural gas odorized with tetrahydrothiophene at a
conceRF4tSh of 10 (GH-AGHBEr of m3 of the gas, measured

under standard 3 temperature and pressure conditions) generates 7.3
mg/Sm3,of sylphurdipxide, in the gengral gontext,of betier cansideration o
of 5 envwonm%n | constraints, I%IS thetr:efore d&s,lrablg to regluce th%l .
anounts of is&%’rﬁtéaaté?hes éc&‘sphé?e Via Gdorants basedon alﬁyl ©
stfphidss presenmiip iatiralgas Wiring the bombastiohf tHeelatksrosphere
Furthermare; dhe yse vh alkyl acnylatesias,companeis fgasdosant:  in
ixtures is disclo in the, liter T atent licat) E
TEB3T88 oo A B bCELE. Top b aaion of nateial GasTty
addition of a 15 mixture comprising an alkyl acrylate, a nitrogenous

compaunckeipyrazirtestypeandan antioxidaat: Howeves, this mixtyrenents
exhibits the gisadyaniage:qfnat having;an. pdourcharacieristq efgas apd |
is thus capable of being misinterpreted in the event of a gas leak. The 20
risk’is, of course, the non-detection of this leak and an explosion, if the

cbhuentratioresfigakrin the alriraach8s it§ fowvertexplosivelimis. Ratemocess
JP55-18K490ise discloses ap pdoraptiXiUrgas by addition of a

mixture comprising an alkyl acrylate, a nitrogenous
compound of pyrazine type and an anticxidant. However,
this mixture exhibits the disadvantage of not having an
odour characteristic. ¢f gas and is thus capable of
being misinterpreted in the event of a gas leak. The
risk is, of course, the non-detection of this leak and
an explosion, if the concentration of gas in the airx

reaches its lower explosive limit.

Patent JP55-137190 also discloses an odorant mixture
combining ethyl acrylate with a specific sulphur
compound, in- this instance tert-butyl mercaptan (or
TBM) . However, the major disadvantage of this mixture
is that, because of the chemical reactivity of TBM with
ethyl acrylate,'the 2 components cof the odorant mixture
have to be stored in the various injection stations in
separate tanks and also require separate injection
pumps and heads for introduction into the gas pipeline.
This results, 1in view of the complex logistics for the
odorization of natural gas set out above, 1in a
considerable increase in the costs of the injection
stations resulting from the necessary multiplication in

the storage tanks and injection pumps and heads.
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25 combining ethyl acrylate with a specific sulphur compound, in this
instance tert-butyl mercaptan (or TBMg. However, the major disadvantage
of this mixture is that, because of the cheémical reactivity of TBM with

Wyl acrylate, the 2 compopgents of the darant mixture 3Qhave i be 4552

S o_rea in the vafious injection stations In” separate tanks and also re uire
SepaFate FectiBR pafipE ARt hERIsTOF introdluction infdthe GEEBipefings-
Thisztestltsginadewzafithe campledalogisticsrforsthieyddorization @ natarbl an
9agSELovLabeve, in a35 consideralle ingiease in the Gests offhe  terc-
injection stationsresulting from the necessar multgicﬁgo%ig the

h
Stotage TSN EEioR pURISE 3 hBRYS 4 Fliftherfore: Patent

Application WO 2004/024852 discloses an odorant consisting of four

cempopents, singluding-an alkyhaerviate-an alkykswphideangeam to provide a.

antioxidizing stabilizin ent, such as tert- 5 butylhydroxytoluen .
PJARELINOTE: Snd the ke IEis G 4 of the Srabodiments disclosed ="
héfeir €y provide s movel BGoraremBdlire WHich 896rc6mes if partictfar 37 °
thes disagvantages .of the odorant mixtures of the prior art 10 set out

above. According to a first aspect, there is provided a.-composition which
can be used in particular as odorant for a gaseous fuel, more particularly
NARFAIGAS 915 Cofnprising: frdfPBAtto 49'6 oF an AT SUpRTEE @) of
formutas RE-SeR2winiwhich:RA and R2savhichnarpadentival er 20diffsrengnt

m§g§segt gaseous fuel, more particularly natural gas,

comprising:

- from 0.1 to 49.9 % of an alkyl sulphide (I) of
formula:
R'-5-R?
in which RY and R?, which are identical or

different, represent:
- an alkyl radical comprising from 1 to 4 carbon
atoms; or
- R' and R® taken with the sulphur atom to which
. they are attached, represent a saturated or
unsaturated ring comprising from 3 to 5 carbon
atoms which is optionally substituted by a -Gy
alkyl or Ci1-C; alkenyl radical; |
- . from 50 to 99.8 % of an alkyl acrylate (II), the
alkyl radical of which comprises from 1 to 12
carbon atoms, preferably from 1 to 8;
- from 0.001 to 0.1

inhibits the polymerization of the alkyl acrylate

oP

of a compound (III} which

(IT} and, comprising a stable nitroxide radical of
formula (IV):
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- an alkyl radical comprising from 1 to 4 carbon atoms; or R and R2,

taken with the sulphur atom to which they are attached, represent a
saturated or 25- unsaturated ring c"on‘?prl'sing from 3 to 5 carbon atoms
which is optionally substituted by a C1=C4 alkyl or C1-C4 alkenyl radical;
from 50 to 99.8 % of an alkyl acrylate (l1), the alkyl radical of which
comprises fromito 12 30 carbon at ferably from 1 to 8; from

0.001 to 0.1 0 of a compound (Ill) which inhibits the polymerization of the
alkyl acrylate (li) and, comprising g stable nitroxide radical of formula

(IV): 35 -5 - R4 /N-O R3 in which: R3 and R4, which are identical or
different, gach represent a tertiary or secondary hydrocarbon 5 radical
comprising from 2 to 30 carbon atoms, preferably from 4 to_15, and
oﬁtionalllj‘s oRG Br Ef"rt;()re“ﬁé]tglkzbafa‘oﬁ’ﬁs élh[g%ré‘ﬁlffoa% stipht: phogstiorus, 52"
nitrogentepoxyient or R3 ahelrR4 ateken With thé pifsdeRvatom e xSl oon
]}0 they %@%ﬁ%he@d@pﬁ%@ cxé_rfii@rhydzocamona radieal:gomprisingms ,
rom 4 to 10.carbon atoms, preferably fram 4 to 6, th id_radical .
optional?yrgéiﬁjéas%%)gtitu‘tg .HFiS e?é)entgaés in rtlrc?e por ggrﬁr%ggf re \C/)v%?ghto‘
percentd§es hetercatoms chosen from sulphur, phosphorus,

nitrogen or oXygen; or

-7 r® and R', taken with the nitrogen atom to which
they are attached, represent a cyclic hydrocarbon
radical comprising from 4 to 10 carbon atoms,
preferably from 4 to 6, the said radical
optionally being substituted.

Percentages in the present text are weight percentages

unless otherwise indicated.

The composition disclosed herein confers on

gaseous fuels, in particular on natural gas, after its
injection into the latter, a high odorant power
comparable to that obtained with the odorants based on
alkyl sulphide of the prior art, allowing any person
present in the wvicinity of a leak te recognize the
latter and to. take the appropriate safety measures.
This high odorant power 1is obtained at the same time as
a significant reduction in the amounts of 30
discharged to the ecosphere after combustion of the gas
thus oderized. Finally, this composition, because of
the absence of reactivity between the compounds (I) and
(IT), can be employed in injection stations using a
single storage tank, a single injection pump and a
single injection head, which =results in considerably

simplified logistics.

According to a preferred alternative form of the



unless otherwise indicated. The composition disclosed herein confers on
gaseous fuels, in particular on naturalt%as, after its 20 injection into the
latter, a high odorant power comparabte To that obtained with the

odorants baged on, alkyl suélép ige of the prjar art, aIIowin“g#an person
preBREinthe Vitifity 6 & feak 0 TecogHize te ?éﬁébroasn‘d“t%%%ke the
appropibte saferpPmeastifes! 25 Thisthigh caorER potlef is obtaiffed &> o
thessarpe time as casighificantreductiondn thecamaurts 6f SG2 0.05 % of
di 8%%@%%0 (t%ﬂ:c_)sphere after combustion of the gas thus odorized.
Finally, this composition, because of the absence of reactivity between

the compounds (I) and 30 (II), can be employed in injection stations using

a rsinglerstarageitank; avsinglednjectionymenp and alsipgle snjécticrwhead; )
whieh r@éi&ﬁ%ﬁpﬁ%’i&%@giyeﬁgnpl'tfd'@ﬁﬁgisti%é%cccg@m;ﬁo &ulphide
preferred alternative form of hq66 compo%gti%n disc os§d hekr]eip, the Lohid
coipiosition THMprdEs frott 57t 1495 66 6F dompéund 11}, from 85t Ph+ae
94983 of compound (1) and from 0.005 to 0.05 % of compound (Ill). 5
Preference is given to the use, as alkyl sulphide (I), of

tetrahydrothiaphene (TI-IT), methyl | sulphide_.(MES), dimethyl . .

suﬁrpﬁﬁ’ldea(ﬁl\sﬁ%}%r dﬁeﬁ'ﬁ%l S%Fp%elég ?%é) 1%5 Th%}‘{éjc?ﬁfg: acid eEtéF‘EI (:iglar
chiosen in paiicular fréthmidthyl, BIHYE PRprépyl, is6piopyk lbutyln —butyl,
isakuiyls tert-putyh pertylrhexyl heptyhioctyl@ndl, heptvl, octyl and

dodecyl acrylates.

According to a preferred embodiment of the composition
disclosed herein, use i1s made of methyl
acrylate or ethyl acrylate.

According to a very particularly preferred alternative
form disclesed herein, use 1ls made of a composition
comprising tetrahydrethiophene and ethyl acrylate.

The presence in the compesition discleosed herein of compound

{(1TI) has the effect of
inhibiting the polymerization of the acrylates, which
are very reactive monomers which can spontanecusly
polymerize. Such an uncontrolled polymerization is
capable of placing in  danger people found close to
injection stations, . such as residents or workers in
charge of maintenance, due to the risk of explosion. If
this polymerization occurs during storage, including,
for example, in storage tanks or vessels of injection
stations, it can also result in rapid fouling, indeed
even blocking, of the pipes between the storage tank
and the injection point. Such a phenomenon can result
in an uncontrolled £all in the concentration of the
odorant in the natural gas, which increases the risk

related to an undetected gas leak.
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dodecyl acrylates. 15 According to a preferred embodiment of the
composition disclosed herein, use is made of methyl acrylate or ethyl
acrylate. 20 According to a very particularly preferred alternative form
disclosed herein, use is made of a C’orﬁpc‘isition comprising
tetrahydrothiophene and ethyl acrylate. The presence in the composition
disclosed herein of compound 25 (11I) has the effect of inhibiting the
PONMeFR RGN BF the BérylatesTivhich Gréverg ¥8activ@tibnatfiérs @micand
canespontanegusty tpalymetize. Stich ae kaeenteglledipelymesizationris the
GapaRle oflacing in danggr peaple foung-close 1o 80 injgetion staions, 1,

such as re5|d§%1ts or workers in charge of maintenance, due to the risk of
xploisiof 1P S PoKmefizatioft breurs diifing stoag@! incldding; for 1SBN:
dxabiidle A storage tanks or vessels of injection stations, it can also
result in rapid fouling, indeed 35 even blocking, of the pipes between the
rage t ngja d the ipjection int.w a phenomenon can result in an
G OTELE T the oAt of e, SHTARC TG AB A CAREaTe
Which fiftréasettthetidk r&ed to dRhideetetted gasdk. 72Fhe radical
combdarinelsof f_ornwjdaa(ih(c);_a_f@ kno_v\trbpe_r se}agd. thgimaiggaratiqf\fis,. fol-he
SxmAle. denctioed inthe, werk  syninalic Chamistly of Sable HIgxdesh:

by 5 L.B. Volodarsky ét al., CRC Press, 1993, 1SBN: °0-8493-4590-1.

| iRABREEST ORAGR A FexntbitsSthtidvareides i EoRREst wotiser atlr is

imkibidensesuch as:rasicalry for radical inhibitors of
hydreoguinone type owing to the fact that the active
form of the inhibitor is a molecule comprising a
radical which is formed following reaction with oxygen.
In point of fact, it 1s highly advantagecus, in
designing injection stations, to be able to store the
odorant mixture in the appropriate vessel under natural
gas pressure. JSuch an embodiment makes 1t possible
advantageously to increase the efficiency of the
injection pumps. The inhibitor of formula (IV) also
offers the advantage, for the same reason, of being
able to be used in tanks for storage under nitrogen,
encountered in - some statiocns for the injection of

natural gas.

According to a particularly preferred alternative form,
use 1is made, as inhibitor of formula (IV), of a
compound derived from tetramethylpiperidine oxide (also
denoted by the term TEMPO) of formula (IVa):

Ry N—=0©Q

CHz
CHa

in which R® represents a hydroxyl, amino, R®COO- or
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10 inhibitors belonging to the family of the hydroquinones, of not requiring
storage of the odorant mixture under %Lr._This is because storage under

air is rendered necessary for radical irthibitors of hydroquinone type
OG0 tg&f@&mﬁ%t}g aetive 15 fopm. of the iphibitas is:a-molecule
comprising’a radical which is formed following réaction with oxygen. In
point of fact, it is highly advantageous, in designing injection stations, to

be ablestorstarédthebodoradt mixtaresintisé gpprophiatecsessalnmdepmpound
natural 20,9as pressyre.rSugh anempodimentrgakesdi pessible
advantageously to increase theé%fficiency of the ir&g?j&n{@g@gg '[he_N" 1
inhibitor OPTBIMIUES (1IV) ‘Als6 offer8 & advatitage, for the same réagon, of
being ablettbdevusad intapks fortstorage UPBEE hitrogehl P5%Hedantered©*
in some statigns for the injection of natural gas. According to a

particularly preferred alternative form, use is made, as inhibitor of formula
(IV), of a 30 compound derived from tetramethylpiperidine oxide (also
denoted by the term TEMPO) of formula #\4a): CH3 3 Rg O 4CH3 CH3

in which R5 represents a hydroxyl,mm%ﬁoo- or - 8 R6CON- group
where R6 is a CI-CS alkyl radical. It is preferable advantageously to

choose the compound of formula () fro Nt'mf?ollowing compounds: 5 -

compound (A), known as N-(tegptﬂjtjy@ Hloon,
=H

- compound (BY, known as N-(tert-butyl)-N-(1-
diethylphosphono-2, 2-dimethylpropyl) nitroxide, of

formula:

>/ o
£t
H?fc \ &
\\0 S
I ) e
£t u CH,
O
HLG )
CHgy

- compound {C), known as N-{tert-butyl)-N-(2-methyl-
l-phenylpropyl} nitroxide, of formula:

HSC
e
N Oy
CH,

According to a second aspect, there 1s provided a process



[ethoxy(ethyl)phosphino)propyl) nitroxide, of formula: CH3 H3C H3 /N-O
Et~O -P-"~CH3 Et 10 compound (B), known as N-(tert-butyl)-N-(I-

diethylphpsphonos2.2;dimethylpropyl) @E@'OX@QOQEIS:E%W&@E@@&@H?: fuel
HSC a N-o° Et~ CH3 H3G, 15 CH3 compound (C), known £
W%H%ﬁ/ﬁ%-@ﬁ]eﬁggﬁ%ﬁéhy%%pyﬁni?ql(gét R akionne QR the

roxide, of formula: H3C \'\\
CH&EHS H3E 20 Aopordingi asecondaspest: Higreds prvitledita 21k

preeess -2 Jor thg odoyizatin of anedeurlessigaseonsinel comprising said
the addition of an_effective amount of the _compositi rising an-alkyl
5 SGRREanG 3R Akt a{:c(?ylg e gse%eefﬁ%na %v%fﬂ%éng%qo%%}?ofgthe said 5

CohmOSHIoN hay to be aletermified 1A FER86R SkillB8 ¥ Sthe drtby MHeard t°
of systematicitgsts, fakdRg e  cha racteristics of the gaseous

. . . . ey £
fuel and of the distribution networks. Purely by way of
indication, this effective amount can be hetween 1 and

10 500 mg/Sm’, preferably between 2 and 50 my /S

' The gaseous fuels to which the process disclosed hersin applies
comprise: natural gas, propane, butane, liguefied petroleum gas
7(0: IPE) or even oxygen or also hydrqgen, such as that generated
py fuel cells. Natural gas is a preferred gaseous fuel as
disclosed herein due to its very widespread use and to the gcale

of the distribution networks, making it particularly deszirabls to

reduce any danger resulting from the risk of leakage.

: ' | 3 . L
Therefore, according to a Third aspect, +here 1s providsd an
odorization process as defined above, characterized in that the

gassous fuel is natural gas.

As regards natural gas, tThe composition which can be used as
odorant is added by injectior in speclalized stations according

o]

to conventicnal technigues employed in this field.

Finally, according tec a fourth aspect, there iz provided a
gaseous fusl comprising an mmount of betwsen 1 and 500 mg/&ﬁ,
preferably between 2 and 50mcy/Sm°, of the composition comprising
an alkyl sulphide and an alkyd écrylate as defined above. In one

embodiment, the gaseous fuel is preferably a natural gas.
The following examples are given purely by way of illustration oL
the invention and should not under any circumstances De

interpreted as limiting the scope thereof.

; o £ + 1 1 15 A
Exanple 1 (raference): Odeorlzatlion of naturas gas  with

tetrahydrothiophene
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account the specific characteristics of the gaseous fuel and of the
distribution networks. Purely by way of indication, this effective amount

can be between 1 and 10 500 mg/Sm3, preferably between 2 and 50
mg/Sm3. The gaseous fuels to which the process disclosed herein applies
comprise: natural gas, propane, butane, liquefied petroleum gas (or LPG)

or even oxygen or also hydrogen, such as that generated by fuel cells.
Naturakgasds apréferred gaseausy fliel as; diselosed hereindye ta dsivenit o
wij ea e.sc the distributi t : ing it
P e e Ry Mo foailerg Bem e Tk
leakage. Therefore, according to a third aspect, there is provided an
odorization protessiassdefiftedrabbvex tharacterized jn that ¢he gaseaus ion
fugkisnatueal gas: As regards natural gas, jhie compositionyhighcan be
used as odorant is added by injection in specialized stations according to
conventional techniques employed in this field. Finally, according to a
folimbrasbect there is provided a gaseous fuel comprising an amount of
between | and 500 mg/Sm3, preferably between 2 and 50mg/Sm3, of the

c osjtion comprising_an alkyl, sulphide and an alkyl acrylate as defined
R T O BBt Hp S bt B 16 Pt Avhe i ghe in
The follgvsing escagiples afe giverepureyrby way 'of illustrationofdtheln  the
inveationiard sheyld not under any circumstances be interpreted as

limiting the scope thereof. Example 1 (reference): Odorization of natural

gas with tetrahydrothiophene - 10 10 mg per Sm3 of tetrahydrothiophene
arelifjebtetfinto- Haktural gas using dn%arspriate laboratory device. 5 8799
THe: tantent obstiphythdioxide formed afterccombustion of the gas thus2. 00

oqgrizedy s equablp 7.3 mg/Sm3. 5 5 4 0.01

Example 1 1s subsequently repeated, the tetrahydro-
thicophene being replaced by the composition thus
prepared.

The gas thus odorized i1s subjected to an olfactory
test, from which it emerges that the gas thus odorized

has the same typical gas odor that of the composition
of Example 1.

The content of suiphur dioxide formed, after combustion

of the gas thus odorized, is equal to 0.87 mg/Sm’.

Example 3:

Example 2 1is subseqguently repeated by preparing the
following composition:

Ethyl acrylate 869.8 g 89.98
Tetrahydrothiophene 100 g 10.00
Inhibitor (C) 0.2 g 0.02

The same results are obtained.

ae aC o

ae g0 ae



Example 2: 10 The following composition is obtained by simple mixing of
the weights of the components indicated in the liquid state: Ethyl acrylate
879.99 g 87.99 % Tetrahydrothiophene 120 g 12.00 % Hydroxy-TEMPO
0.1 g 0.01 % 15 Example 1is subs"éqﬂléntTy repeated, the tetrahydro-
thiophene bging replaced by the composition thus prepared. The gas thus
odorized 1ssubjected to an olfactory 20 test, from which it emerges that

the gas thus odorized has the same typical gas odor that of the

doxapuasition 2of Exampld $efinecontent:ofsapbad didkidedorped;iafter the
cembusiiong2e ohfhesgas; thys odorized, is equal to 0.87 mg/Sma3.

Example 3: Example 2 is subsequently repeated by preparing the 30
following composition: Ethyl acrylate 899.8 g 89.98 %

Tetrahy desthisphefe 100 g 10.00 %8 fifibitor (C) 0.2 g 0.02 % The sdhfie 99
restlisargokiainedohdhe Example 4 Exagple 2 is subsequently 11,00
r Seggtggﬁy@%rﬁpering the following (‘(S)_r’rip%sition: 5 Ethyl acrylate 889.9{9‘ 01

88.99 % “Tetrahydrothiophene 110 g 11.00% Hydroxy-TEMPO 0.1 g
0.01 % The same results are obtained.

The same results are obtained.

a0 o o
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- 12 - CLAIMS 1. Composition which can be used in particular as odorant
for a gaseous fuel, more particularly natural 5 gas, comprising: from 0.1

to 49.9 % of an alkyl sulphide (1) of qur ula: R1-S-R2 in which R1 and

R2, which are identical or 10 different, represent: - an alkyl radical
comprising from 1 to 4 carbon atopigi es R’ and R2, taken with the
sulphur atom to which they are atfached, represent a saturated or 15
unsaturated ring comprising from 3 to 5 carbon atoms which is optionally
substitlteipy aitien aylehCicen alkenylyaditaliffon?80%3 9918:9% of s
arsalkylacrytate (14), thesalkykradigal of whichscomaprisesdiom 1yto 42:20a
carhon preferably from 1 to 8; from 0.001 to 0.1 % of a compound
(ﬁll %V\’lhlg’%q{?%%fbﬁgt e polymerization of the alkyl acrylate (Il), comprising

a stablefAit®Bxide fadical of *rofmdia @Y): 2B RAMVNLO REIR L RY) of
and R4 fwhichlare identical or different, each represent a tertiary or
secondanyhydrocarbon 30 radical comprising from 2 to 30 carbon atoms,
in which R* and R?, which are identical .or
different, represent:
- an alkyl radical comprising from 1 to 4 carbon
atoms; or
- Rr!' and R{ taken with the sulphur atom to which
they are attached, represent a saturated or
unsaturated ring comprising from 3 to 5 carbon
atoms which is optionally substituted by a Ci-C4
alkyl or C3~C,; alkenyl radical;
- from 50 to 99.8 % of an alkyl acrylate {(II), the
- alkyl radical of which comprises from 1 to 12
carbon atoms, preferably from 1 to 8;
- from 0.001 to 0.1 % of a compound (III) which
inhibits “the polymerization of the alkyl acrylate
(IT}, comprising a stable nitroxide radical of
formula (IV):

Ry
\N_“O
/

Ry

in which:

- R® and R', which are identical or different, each
represent a .-tertiary or secondary hydrocarbon
radical comprising from 2 to 30 carbon atoms,
preferably from 4 to 15, and optionally one or
more hetercatoms .chosen from sulphur, phosphorus,
nitrogen or oxygen; or

- R® and R?, taken with the nitrogen atom to which

they are attached, represent a cyclic hydrocarbon
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30

preferably from 4 to 15, and optionally one or more heteroatoms chosen
from sulphur, phosphorus, nitrogen or oxygen; or R3 and R4, taken with
the nitrogen atom to which 35 they are attached, represent a cyclic
hydrocarbon 13 radical comprising’fr&n‘?’l 4'to 10 carbon atoms, preferably

from 4 t0 6 aid radical .optiona ing,substituted. 5.2, Gomposition
accordir%l ?ol%%aiim f,r%%%%g%égrll@ed %%r% %?at if co%n%rises from 5 to 14.95% '

of compotiRETH>rom 85t°84.95% of @mpBund (Hénd férich.ogERLcal

0.05% afcompouhdyliDel10 3. Sonyositioneatcording to either of Claims
1 and 2, characterized in that the alkyl sulphide (1) is tetrahydrothiophene

(THT), methyl ethyl, sulphide (MES), dimethyl sulphide (DMS) or diethyl . .
SO G ESS TP CARGO Ao odorany 15 Bnd of CRARA T 1320 1in
chhpdctetizeddiprtbatithesacri/ioncid ester (1D4s Chosarf froppmmastipid (1),
efmdnn-gra@pgﬂois?mrog}y% nolfutydciapbityh te'(tillqty%&%ﬂtﬁI@XY? hiepb/l, to
octyl an ecyl acrylate 5. Composition according to one of Claims
1§tbé4g,gcﬁa€agt%¥§88¥ng thglt %?e} acrylic acid ester (ll) is methyl acrylate or
ethyl acrylate. 25 6. Composition according to one of Claims 1 to 5,
characterzgshinthatih camprises tefrahydrefniophenes (I dadrethyl and 2,

acplgte (1), 7. Lompagitiongecording, o onegf Glaims,} 19,6530 (1) 45

characterized in that the inhibitor of formula (IV)'is .a compaound, derived

fﬁﬁ%ﬁﬁ&%ﬁﬁﬂ§ﬁﬁﬁﬁ&ﬁﬂfoﬁg§%%’ methyl ethyl sulphide (MES),
dimethyl sulphide {(DMS) or diethyl sulphide (DES}.

4. Composition according to one of Claims 1 to 3,
characterized in that the acrylic acid ester (II) is
chosen from methyl, ethyl, n-propyl, isopropyi, n-
butyl, iscbutyl, tert-butyl, pentyl, hexyl, heptyl,
octyl and dodecyl acrylates.

5. Composition according to one of Cilaims 1 to 4,
characterized in that the acrylic acid ester (II) is

methyl acrylate or ethyl acrylate.

G. Composition according to cone of Claims 1 to 5,
characterized in that it comprises tetrahydrothiophene
{I} and ethyl acrylate (II).

7. Compesition .according to one of Claims 1 to 6,
characterized in that the inhibitor of formula (IV) is
a compound derived from tetramethylpiperidine oxide of

formula {(IVa):
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formula (IVa): - 14 - CH3 GH3 R5 ON-0 ~CH3 CH3 in which R5
represents a hydroxyl, amino, R6COO- or R6CON- group where R6 is a
C1-C4 alkyl radical. 5 8. Compositignﬁfﬁgcgrding to one of Claims 1 to 6,
characterized in that the compound of formula (Ill) is chosen from
N-(tert-butyl)-N-(1- [ethoxy(ethyl)phospt&iﬂo]propyl) nitroxide, N-(tert-
butyl)-N-(l-diethylphosphono-2,2-dimethyl r@,pyl) 10 nitroxide or
N-(tert-butyl)-N-(2-methyl-I-phenylp nitroxide. 9. Process for the
odorization of an odourless gaseols fuehcomprising the addition of an
effective 15 amount of the co?npo ition gs defined in one of Claims 1 to
8. 10. Odorization process accordin aim 9, characterized in that the
gaseous fuel is natural gas. 20 11. Ga ! el comprising an amount of
between 1 and 500 mg/Sm3, preferably between 2 and 50 mg/Sm3, of
the compositionsas defined in one of Claims 1 t0.8. 25 12. Gasegkis fuel
ajcgorallrﬁ T‘g‘ Cliim TEP&HIENERzed | %ﬁ%’fﬁxc\é%lé,istg%%rﬁgfura?g(g%& ot
AESPRAGIE TEMpbsitien Whiéts can Be Gsed Incparticarht @@lodorant for
a gaseous fuel, more particularly natural gas, comprising:

8. Compositicon according to one of Claims 1 to 6,
characterized in that the compound of formula (ITI) is
chosen from : N~ (tert-butyl)-N-{1-
fethoxy(ethyl)phosphino]propyl) nitroxide, N-(tert-
butyl)-N~(1-diethylphosphono-2, 2~dimethylpropyl)

nitroxide or N-{tert-butyl}-N-(Z2-methyl-l-phenylpropyl)

nitroxide.

9. Process for - the odorization of an odourless
gaseous fuel comprising the addition of an effective
amount of the composition as defined in one of Claims 1
to B.

10. Cdorization Process according to Claim 9,

characterized in that the gaseous fuel i1s natural gas.

11. Gaseous fuel comprising an amount of between 1 and
500 mg/Sm’, preferably between 2 and 50 mg/Sm’, of the

composition as defined in one of Claims 1 to 8.

12. Gaseous fuel according te Claim 11, characterized

in that it consists of natural gas.



from 0.1 to 49.9 % of an alkyl sulphide (I) of formula: R1-S-R2 in which

R1 and R2, which are identical or different, represent: - an alkyl radical
comprising from 1 to 4 carbon atoms; or - R1 and R2, taken with the
sulphur atom to which they are attached, represent a saturated or
unsaturated ring comprising from@g’%ﬁgﬁon atoms which is optionally
substituted by a C1-C4 alkyl or Ct= yl radical; from 50 to 99.8 %

of an alkyl acrylate (1), the alkyl radical of which comprises from 1 to 12
Carbpn atamsrprefetably fram bto 8fram 0:00h4e Oilcpdrt by sveightofant

Gompound (diwhich irhibits the, palymerization.of they alkyl acuate (.,

comprising:

from 0.1 to 49.9 $% of an alkyl sulphide (I) of

formula:

R'-5-R?

in which R} and R? which are identical or

different, represent:

- an alkyl radical comprising from 1 to 4 carbon
atoms; or

- R! and R?* taken with the sulphur atom to which
they are attached, represent a saturated or
unsaturated ring comprising from 3 to S carbon
atoms which is optionally substituted by a Ci-Cy
alkyl or C;-Cs alkenyl radical;

from 50 to 99.8 % of an alkyl acrylate (II), the

alkyl radical of which comprises from 1 to 12

carbon atoms, preferably from i1 to 8;

from 0.001 to 0.1 part by weight of a compound

(ITI} which inhibits the polymerization of the

alkyl acrylate (II).



