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1 ODORIZING MIXTURE FOR AN ODORLESS GASEOUS FUEL The
present invention concerns the field of odorizers for gaseous fuels,
especially odorless ones, and more 5 especially relates to odorizing
compositions that are free of sulfur cor%pounds, for detecting gas leaks

223 C%%%Qfﬂfﬁésﬁﬁﬁﬁéi%ﬁm”@ﬂ%ﬁ@@ COTHRS

used for a long time in the past as gaseous fuels, both for public lighting
anddorpdemestic needs: These gases:-containgd strdnglyl odériferbsi zexrs
components,. T hey:consequently had.a strong; intinsic odac, enabling g«

gas leak to be easily 15 detected. In contrast, the gaseous fuels used
nBWaBaYS Wheth& hafttal gas, Proparte; Bitanel hqietiedPetroldit g&s ¢
(arisRG), br evarntoxygenn{forexampletfor wetding)t ares20iessentialls anc
ododess, eithgr onaccount of.their origin ok enaccquNtefthe purification
treatment they have received. Thus, if leaks are not perceived in time,
explosable 25 mixtures of gaseous fuels and air rapidly form, with a
cOhsequential gl ¢isk poténtialift iefrthasessafety teasorsthatthea ined
naturaligasrgiculating-ingasspipelines.is agorized by injection 132 (IRn the
spediplized plants) of suitable addiives knowp g, odorizerg Natyral gase o,
[ generaf?y gonveyea in odoriéss form to - corisumer coun?rles from the
prodiREA Sites&ftéISa 35 dlikitte puFificition tréatfient "éither vid agustY
pipetine fer-tm bquiddarorn)dn specialized shipss fmethanetankets)z instrong
ﬁg{(ﬁﬁ&ﬁ%&%%@gwatug%a@fi@hug regeived pt aiJimited nymber of ; 1
detected.

In contrast, the gaseous fuels used nowadays, whether
natural gas, propane, Dbutane, licuefied petroleum gas
(or LPG), or even oxygen (for example for welding), are
essentially odorless, either on account of thelr origin
or on account of the purification treatment they have

received.

Thus, if leaks are not perceived in time, explosable
mixtures of gaseous fuels and ailr rapidly form, with a

conseguential high risk potential.

It is for these safety reascons that the natural gas
circulating in gas pipelines is odorized by injection
(in specialized plants) of suitable additives known as

odorizers.

Natural gas 1s generally conveyed in odorless form tc
consumer countries from the production sites, after a
suitable purificaticen treatment, either via a gas
pipeline, or {in liguid form) In specilalized ships
{methane tankers). In France, for example, natural gas
is thus received at a limited number of injection

plants, where the odcerizer 1s injected, such that the
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plants, where the odorizer is injected, such that the - 2 natural gas both
which circulates in the French gas pipeline network and which is stored in
underground reservoirs is odorized, thus allowing easy detection in the
event of a leak, irrespective of the portiorrof the 5 network in which this
leak occurs. In other cauntries, natural gas may be distributed throughout
th%at%lﬁrjft%;y Vis & n%e)t%or}k &ng%%npip%ﬁ rr%élsli%v ichit’ cirgu %tesEt Without ar™°
oBéRZerifife gasTorthin BeiAg adbrized 68 entéiigthe tdwngwitere itdgnd
censiimed,ihencesthe meed:foran eyen largernumbeeak injection-plants. i n
SE(?{gg%&%'ﬁké e usually maintained under an ‘%%“&%Sphg{% %%‘trgfe@he
or of natural gas'in order to’ limit, at this stage, the risks oFexp osion. [t is
KRGWH Préctice tBfuse alkyi stifides arifi6k Afercaptans as odorizers,

alone or as a mixture. 20 Examples that may be mentioned include

diethyl sulfide, dimethyl sulfide, methyl.ethyl splfide,, tetrghydrothiopheng, o 4
tert-butyl mercaptan and isopropyl mercaptan, which are widely used for
tHel - &XEBNBHE projerti&s, et éspedially CApabie 6f tiggeny Bl ines
sénsation. ohaldrm amengpecple invtherevent of an cateidental leakiof thea

natieal gas thus ederized. and,of nitating.the peeessaphsafglere it is
operations within_ the briefest of dgla s. 30 However, urlrr:%the P
combustion of naturar gas,etheseee procfﬂlétsagj%n%?"raﬁ?é1 an anfount of* é“&ﬁﬁ .
dibXitecwhien, shidlFds it may be, becomes non-negligible when an

overall account is taken at the scale of a country or a region, especially

one with.a high. leyel of 35 industrialization or of irbanization. Thys,for
atmosphere of nitrogen o¢r of natural gas in order to
limit, at this stage, the risks of explosion.

o

It is known practice to use alkvl sulfides and/or
mercaptans as odorizers, alcne or as a mixture.
Examples that may be mentioned include diethyl sulfide,
dimethyl sulfide, methyl ethyl sulfide,
tetrahydrothicphene, tert-butyl mercaptan and isopropyl
mercaptan, which are widely used for their excellent
properties, being especially capable of triggering a
sensation of alarm among people in the event of an
accidental leak of the natural gas thus odorized, and
of dnitiating the necessary safety operations within

the briefest of delays.

However, during the combustion of natural gas, thsse
products generate an amount of sulfur dioxide which,
small as it may be, becomes non-negligible when an
overall account is taken at the scale of & country or a

region, especially one with a high level of

Fhy

industrialization or O urkbanization. Thus, for
example, the combustion of a natural gas odorized with
tetrahydrothiophene (THT) at a concentration of
10 mg/Nm’  (or number of m® of gas, measured under

standard temperature and pressure conditions) generates
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example, the combustion of a natural gas odorized with
tetrahydrothiophene (THT) at a concentration of 10 mg/Nm3 (or number
of m3 of gas, measured under standard temperature and pressure
conditions) generates - 3 - 7.3 mg/I\Tm§ of sulfur dioxide. In the general

context of/%%tieg %sgéigpglggg:n of Oe}py{i:{onmental constraints, it is thus
neéessa?y 6" 5 Fedice the amounts of S02 discharged into the

atmosphere via the odorizers present in natural gas, during the
cambustien theseefr Manycedorizing mbdures dree=0f sulfuscampeunds: of

g%%%ﬂroo%%% toposed, Examples;that may be mentioned.jnclude L,

057, which describes odorizing mixtures based on dicyclo- pentadiéne,
IBSAL?8898 SRR desEribds ﬁfgéuﬁé§ of 15 IPEcitit thdrs andutarsiere
WIQ £2/42896;avhi¢h edescribessmixtures: basetorefiorpemeneloring the
deriyatiyes; thereef. and JP-80-060 167, which describes mixtures based
on 5-ethylidene-2-norbornene and a 2-alkoxy-3- alkylpyrazine. 20 Many
documents describing odorizing mixtures based on alkyl acrylates are
alserknowAoIR 49213 1m20% describés esgaséous fliéladorigeirbasets ohave
anastylateeH2sgHCO,-R1 where R1 is a saturated or 25 unsaturated
hydrocarbon-based chain containing 3 carbon atoms and/or based on an
ether R2-0-R3 where R2 is an unsaturated hydrocarbon-based chain
cEAaRG 2 oF 32 Barbdh atémE'ahd RB'Rh sathraied of tinsatirated which
hydrecarhonsbasedichain comtaining:2or-3 €arbarzatems. 30.DE 398371 o-

O%%ggggﬂ%ﬁ%gF”99%¥imw999g?n%@ﬁQ§§ldescribes mixtures of
specific ethers and esters, WO 02/42396, which
describes mixtures based on norbornene or derivatives
thereocf, and Jp-50-060 167, which describes mixtures
based on b-ethylidene-2-ncrbornene and a 2-alkoxy-3-

alkylpyrazine.

Many documents describing odeorizing mixtures based on
alkyl acrylates are also known:

JP-49-131 201 describes a gaseous fuel odorizer based
on an acryliate CH;=CHCO;-R1 where R1 1s a saturated or
unsaturated hydrocarbon-based chain containing 3 carbon
atoms and/or based on an ether RZ-0-R3 where RZ 1ls an
unsaturated hyvdrcoccarbon-based chain containing 2 or 3
carbon atoms and R3 1s a saturated or unsaturated

hydrocarbon-based chain containing 2 or 3 carbon atoms.

DE 198 37 066 describes a process for cdorizing natural
gas by adding a mixture comprising an alkyl acrylate, a
nitrogencus compound of pyrazine type, and an anti-
oxidant. However, this mixture has the drawback of not
having a characteristic odor of gas and is thus liable
to lead to confusion in the event of a gas leak. The
risk 1is, guite obviously, that of not detecting this
leak, and thus of explosion, if the concentration of

gas in the air reaches its lower explosiveness limit.
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gas by adding a mixture comprising an alkyl acrylate, a nitrogenous
compound of pyrazine type, and an anti- oxidant. However, this mixture

has the drawback of not 35 having a characteristic odor of gas and is thus
liable to lead to confusion in the eventiof-a gas leak. The risk is, quite
obviously, that of not detecting this leak, and thus of explosion, if the
concentration of gas in the air reaches its lower explosiveness limit. - 4
Deeanients are aBbknownl Bfat cofbiésulfurnéémpodfdiie}apd sulfur
nenmsifureqrpound(s) sHek as FiP-55: ka7 180: which deseribes arp-55-
OJaHZInG Ixure SATRIING BRIV 26N WIh 8 SRECilE Sl o ning
compound, namely tert-butyl mercaptan (or TBM). However, the major
dfdwiiack of This fnikture sthat, BREEEOUR of the ‘theffidt Peadtvity eFely
TBMwithethyll acndates theatwo componerts.of thHewdorzing mixturemajor
must be stored, at 16, the various injectign planis, in separatetanks and ..

also require separate pumps andml(%j'kr?ction heads for intrgdgction into the
48 Pipetine. WithTegdrd t the Commplex iogistica¥or 8HONZIAG haturdf =+°
gaspregserad hefeiffdlsovesithis rasultsin a tonsidarable inereaseindbs at

cests foy; the; dnjection-plants -arising from the jpecessary multiplication ofn g
thgzl%tora e tabniksé pumps ranig_j injectionsheads.c;i WlOHZ%%AyO%4 8 2e ~ds for
désciibes &7 odorizér constituted or Tour cc‘?rrﬁponengs, mcjlué]lng an aﬁ’kyl ©

aéiylate T alkgnsulfidearida stabilizing 20 antoxidaitsugkasrd to the
tert-hytythydroxytoluene; hydroquinenezeteqg WQ 20051103240 presented

desarl ' ixgure for.odaor! fusl,, constityted of . _
e M e i
piyiietization of the® 25 Hikyt atrytate, 6fhiiftoRide typge: Sina  from  the

necessary multiplication of the storage tanks, pumps
and injection heads; WO 2004/024 852 describes an
odorizer constituted of four components, including an
alkyl acrylate, an alkyl sulfide and a stabllizing
antioxidant such as Tert-butylhvdroxytoluene,
hydroguinone, etc.; WO 2005/103 210 describes an
odorizing mixture for odorless gaseous fuel,
constituted ¢f an alkyl sulilde, an alkyl acrylate and
a compound for inhikiting the polymerization of the

alkyl acrylate, of nitroxide type.

It 1s known that acrylates are highly reactive nmonomers
that can polymerize spentaneously, agpecially on
storage, to form polyvacrylates. Such an uncontrolled
polymerization 1s 'liable to place in danger people
located in proximity to the injection plants, such as
local residents or maintenance workers, due to the risk
of explosion. This polymerization arising during
storage, including, for example, in the storage tanks
cr vats of the injection plants, may also lszad to rapid
fouling or even Dblocking c¢f the pipes Dbetween the
storage tanks and the point of injection. Such &
phenomenon may lead to an uncontrolled drop in the

concentration of odorizer in the natural gas, which
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It is known that acrylates are highly reactive monomers that can
polymerize spontaneously, especially on storage, to form polyacrylates.
Such an uncontrolled 30 polymerization is liable to place in danger people
located in proximity to the injection plants; such as local residents or

maintenance w rkerskdu% to_the risk gf %xploﬂs'% n. This poI&m,erizgtio
l.ncrecaases ne rLs C?SSOfCla = W;L.q’} az} W ?tekc: ?gp gas
arising during storagé, including, tor éxample, in the storage tanks 35 or

vafsidt-the injection plants, may also lead to rapid fouling or even blocking
of the pipes between the storage tanks and the point of injection. Such a

%Sﬂog@é‘i’ﬁ may fead t%%#é‘ﬁ&@%l%%dsdr%ﬂ:‘é‘ th&oﬁ%&% a ?E%f to
odcrizer in'the natural gas; which -5 increases the risk associated with an

uhdEtetiddghs 968k, Todvoid s, Fydrstitartordsaré Coribhiy- adddee 1 -
tep bl acylate-dased pdosizingcempositions to irthibis theii. polydtiérizatidn] ch

as faught;in US 3816627, auhich .concesns the-manufacture of acrylate.
Inorder to function, the hydroguinone-based |nh|b|t|jrr%gqséygstem needs
0

OXYGETT, Sifitte the ACtive Yo Bf tHE HHBIS? 1§70 a dle dSprigingte™
arradital thay issformedrfotowirgy theréaetiohcafithe fnHibitor with bxygen 1s
agd trapsdhe polymerization precursors. ddvs inhibitor yequires storage med

of the odarizing mixture in. air. This. condition is not respected when an :
OB e Rt Ll treCate oY et St ol M e
pbssSiBR toThereade theield of tHe puMmps F6r° ijééting odcrizeriftoithetor

gasqQtorage unrderanittogen alse extsis.ipihis caseras with natal gashis
U, s ot 98 il goEhin o kel 20 v
tank is under pressure of natural gas, which makes it
possiblile to increase the vield of the pumps for
injecting odorizer into the gas. Storage under nitrogen
also exists. In this case, as with natural gas, the
hydroguinone cannot react with oxygen to form a radical
and therefore does not play its role of inhibitor,
which places the user in danger of risk of explosiocn
following an uncontrolled peolymerization, but also may
cause fouling or even rapid Dblocking of the pipes
between the storage reservoir and the point of
injection. The conseguence of this latter point is an
uncontrolled dreop 1in the concentration of odorilzer in
the gas, leading to an increased risk of explosion due
to undetected gas leaks.

The codorizing mixture based on alkyl acrylate(s)
according to the invention can overcome the drawbacks
described above due not only to the absence of sulfur
cempound in the mixture (no release of 80;), but alsc
to the absence of ozxygen required for activation of the
nen-nitroxyl polymerization inhibitors. The codorizing
mixture according to the invention shows stablilityv aon
storage, ilrrespective <¢f the nature of the covering

gas, which may or may not contain oxygen.
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which places the user in danger of risk of explosion following an
uncontrolled polymerization, but also may cause fouling or even rapid
blocking of the pipes between the storage reservoir and the point of 25
injection. The consequence of this |att&r point is an uncontrolled drop in

the concentration of odorizer in the gas, leading to an_increased risk of,

X Blost 2 56 uriEtbtred GAE Tomte 50 THE Bdoriig e bASed =21
on'dlky HePylbte (8] ‘eeesidiflg tBthetiifention eanovefiomethBL Ly, the
drabackso desciibed above dugunatonly to thejabsence ehsulfurdorizing
compoLRgn e MY (RO RE00e O SHRUL also 10 the a0senoe .y

oxygen required for activation of the 35 non-nitroxyl polymerization
inHiBitoFs ofiZinGP rikttiFe adcorting fiheriRvEntibhows Stabilify? 5
ohhstorapes irrespective of the natare ofjthetcovering agass which maylaring
MayLnat-contain oxygenr,z 6 Jncontrast with pther fRhjibitors,such a5 + 4p1 e
radical inhihitors belonging to the hydroguinone family, the  inhibitors do
o TouITE SBTage SFHRE GRofding COMRbSia n &if Wherdts Storage i
aitlis petessany sforradicet inhibitorsf hydroquinarietype. Fhisttas the
advantage, at the gas injection plants, of enabling the storage of the
ogﬁrizin&comgg%itioncigma %%igatbj!% tgnlgun%er ?[P)%r%ssu[:e oftrhaet:urzal_ln as .. on
and thug o?lf)“'"elng 4bletoimcrease the ylglg of the %jecﬁon pumps.
ThaTdérizify corfipositiohs dtcordingtothEmventiohs 84 also Fihddertainin
natralhgastrjectiontalaats tainskichthe sterage tanks:aredmderaitregerted

be,stored,, under itrogen. 15

One subidect of the present invention 1s a composition

that can be used especially as an odorizer for a

gaseous fuel, mere particularly natural gas,
comprising:
- at least one alkyl acrylate (I) in which the alkyl

radical contains from 1 to 12 and.preferably from 1 to
g€ carboen atoms;

- at least one compound cof formulz (II) in an amount
sufficient to inhibit the polymerization of the alkyl
acrylate(s) (I) in the presence and/or absence of oxygen

R,

N—O~
/
R

in which:

- R; and Rz, which may be identical cr different, each
represent a tertiary or secondary hydrocarben-based
radical ccntaining from 2 to 30 and preferably from 4
te 15 carbon atoms, and optionally one or nmore
hetercatoms chosen from sulfur, phosphorus, nitrogen
and oxygen:; or _
- Ry and R, taken with the nitrogen atom to which they

are attached, form a c¢yclic hydrocarbon-based radical



10

15

20

25

30

One subject of the present invention is a composition that can be used
especially as an odorizer for a gaseous fuel, more particularly natural

gas, comprising: 20 - at least one alkyl acrylate (I) in which the alkyl
radical contains from 1 to 12 and prefetably from 1 to 8 carbon atoms; - at
least one compound of fgrmula ( )qin an amount_ sufficient to inhibit th
OB ZAton of the ki 25 achate(d) () The pricehce aitior o ©
aB3EREE of ox§§ERR1\ NG*a 29n whithdi Relland Rz dilich maybecnally
identicak ardiffarent, each represent a tertiary secondary
hydrocarbon-based 30 radical containing from 2 to 30 and preferably from

4 to 15 carbon atoms, and optionally one or more heteroatoms chosen
front sAfIFPpRESPhords, Mtksger? ahtloxdg8n o iRt AhdRE RaRER withom
the=nitrogen atdny 1o whieh:they 135 areaitached, formiacyglic iscbutyl,
hydrocarhan;hased.radical 7,,containing, from,4 to,1Q and preferably from. . 1
4 to 6 carbon atoms, said radical being optionally substituted. 5 The
cBMPOUAGS D foffitla (i) &re Prefarably CRESER from Rathyl fétg, methyl
naropyleisoprapyt yi-batyt isebutyk riertcbutyl; bentyl, hexyly hepyl, octyl
and/or dodecyl acrylates, and are advantageously chosen from methyl
a%/lat% 'ethgl accri%latg ?,angéog nhﬂ'lélltw (aﬁylatgt 10 The com é)}l:mds of

e o] £ & known se; their
formula ﬁﬁlpare Known perse; their -

preparation is described, for example, in the book
“Synthetic Chemistry of Stable Nitroxides” by L.B.

Volodarsky et al., CRC Press, 1993, ISBN: 0-8493-45%0-~1.

According to one particularly preferred wvariant, the
composition according to the idnvention comprises as
inhibitor of formula (IT) at least cne compound derived
from tetramethylpiperidine oxide {alsc known as TEMPO)
of formula (Ifa):

CH

3

CH

3

O*

CH

3

CH

3

in which R; represents a nydroxyl, aminc, ester or
amide group, preferably RiCO0- or R3CON~- in which R; is

a C1-Cy alkyl radical.

It is advantageously preferred toc select the compound
of formula ({ITIb) frcem at least one of the following
compounds:

- N-(tert-butyl)-N-{i-[ethoxy (ethyl)phosphino]lpropyl)
nitroxide of formula:
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preparation is described, for example, in the book "Synthetic Chemistry of
Stable Nitroxides" by L.B. Volodarsky at al., CRC Press, 1993, ISBN:
0-8493-4590-1. 15 According to one particularly preferred variant, the
composition according to the inventionfcamprises as  inhibitor of formula
(I) at least one compound derived from@e{ramethylplperldlne oxide (also
known as TEMPO) 20 of formula iﬁla &J;—IB R3 NO* CH3 CHS3 in
which R3 represents a hydroxyl, a Ster of amide group, preferably
R3CO00- or R3CON- in which R3is a Cj- g -alkykradical. 25 Itis
advantageously preferred to sele@ the c mpound of formula (llb) from at
least one of the following coRfpounc C
N-(tert-butyl)-N-(1-[ethoxy(ethyl) phlno]probyl) 30 nitroxide of formula:
8 - CH3 H3C4~ CH3 N_O* Et-~OJP_CH3 Et

N=(test- butylorM»(%iﬁ%tbymmph@n@z&gm%h&sls@mp}/&)-mt@mg@n@hy¢

fonnwa W3%f%voxlde of fcrmula:

& CH,
E{\\oiac>\/w o
et O_ﬁ e
h,C CH,

- N-{tert-butyl)-N-{[Z-methyl-l-phenvyl]propyl) nitroxide

of formula:

3
CH,
H.C
N—O*
CH,
H,C
According to one preferred variant of the composition
according to the invention, the polymerization
inhibitor{s) (II} i1s f{are) used in an amount of from

50 ppb to 1000 ppm by weight relative to the mass of

acrylate(s) present in the mixture.

The odorizing composition according to the idinvention
gives gaseous fuels, especially natural gas after it
has been injected  therein, a strong odorous power,
comparable to that obtained with odeorizers based on
alkyl sulfides or mercaptans of the prior art, thus
enapling any person present in the vicinity of a leak
to recognize it and to instigate the appropriate safety
measures. This strong odeorous power 1is obtained

simultaneously with the disappearance of S0, discharged
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Eta H3C 0 N-O" Et/ OPI CH3 0 H3C CH35 -
N-(tert-butyl)-N-([2-methyl-I-phenyl)propyl) nitroxide of formula: H3C CH3
H307 N-O CH3 H3C According to one preferred variant of the
composition according to the inventior, the polymerization 10 inhibitor(s)

(1),is (are) used in an,amaunt of from 50 ppb to 1000 p % weight -
e A L R R L Jhus

cORPBStIvRA -according to the invention 15 gives gaseous fuels, especially
natural gas after it has been injected therein, a strong odorous power,

cempaiane toéﬁ%tsobté‘lﬂ%%‘@m odorizers, based og alky! S.H’!f!dq%g%ction
mercaptans of the prior art, thus enabling any person presentin t
vicirfity 'of PiBak 288 récoghiZe it ah té%%ﬁ@af% therdpprépriatd Safety “rP

murea This strohg odoﬁrngspowen !s ohtainned simbltaheously with thet ¢
disappearance of SOz discharged; 3 :into; the ecosphere after

combustion of the gas thus odorized. Finally, this composition may be

used in injection 5 plants by means of a single storage tank, a single

pémp vdndcasingle itjeetion:isese; whichieads to: cdnsidetably simplifiedess

|09§$C%dorizing an odorless gaseous fuel, comprising the
addition of an effective amount of an odorizing
composition defined previously comprising at least one
alkyl acrylate and at least one compound (II) for
inhibiting the polymerizaticn of the alkyl acryvlates,
which is stable in the presence and in the absence of
oOXYygen. The  amount of said compositicon may be
determined by a person skilled in the art by means of
routine tests, taking zinto account the particular
characteristics of the cgaseous fuel, and of the

distribution networks.

Purely as a gulde, this effective amount is generally
between 1 and 500 mg/Nm® and preferably between 2 and
50 mg/Nm®.

The composition according te the inventicn described
above may be used in 1ts native form or may be diluted
in a solvent or a mixture o¢f solvents that is inert
with respect to acrylates. Examples of solvents that
may be mentioned incliude c¢yclohexane and n-hexane. The
diluticon of the composition may be up To 85%, i.e. 15
parts by weight of the composition according to the

invention are diluted in 85 parts by welght ¢f solvent.

The gaseocus fuels tc which the process according to the
invention applies include: natural g&s, propane,
butane, liguefied petroleum gas (or LPG), or even
oxygen or hydrogen, such as the gas generated by fuel

cells.
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A subject of the present invention is also a process 10 for odorizing an
odorless gaseous fuel, comprising the addition of an effective amount of

an odorizing composition defined previously comprising at least one alkyl
acrylate and at least one compound (1D for inhibiting the polymerization

of the alkyl acrylates, 15 which is stable in the presence and in the

absence of oxygen. The amount of said composition may be determined

by &tpersen sidlfedis the ariimeans ofc rsiginetesisiaakingimeding to
aeeeuntthe particular wharacteristies of the-gaseousfueland fthe 20-0aq
distribution netwarks. Purely as a_guide, this effective . amount, is generally.
bé%v%énglg %r%lﬁd 500 %nglllilr%% anﬁ%%gf}ae%bﬁ? between Eahaend ?ngcg%%r)nlét.ymn
255 Hedomipoditivh accofdifig tofiedRvérntiof dedBribeth aBbve AR bE 1ng
usechin its mative fofmaorimay beadituied: in alsolvent or admnixture of
solvents that is inert with respect to acrylates. Examples of solvents that

30 may be mentioned include cyclohexane and n-hexane. The dilution of
e corBBation sy BEGY (0HH6, 167 E5 PAREBY weiht offre ™= b
composition actordingto the mudrtiontare dilutedtin @5 parts byaveiglitiofed

selvent: 35 Ihegaseqys fuelsitgavhich the precess-ageordingiothe , 1
in%/engon applies include: natural gas, propane, butane, liquefied

elo,
petroletm gas (or LPG), or even oxygen or hydrogen, such as the gas
generated by fuel cells. - 10 Natural gas is a preferred gaseous fuel

aceerding:{arihe-presentinventionion,aceount of ity very kroad diffusion an
aQﬁﬂ%%@E%@H%%eS%W@ﬁ%gﬂg%%%kion and shall not 1in any way

be interpreted as limiting the scope thereof.

Example 1 (reference): COdorization of natural gas with
tetrahvdrothiophene

10 mg per Nm’ of tetrahydrothiophene are injected into

natural gas by means of a suitable laboratory device.

The content of sulfur dioxide formed, after combustion

of the gas thus odorized, is equal to 7.3 mg/Nm’.

The gas thus odorized 1s subjected to an olfactory
test, from which 1t emerges that 1t has a strong

odorous power and thus good warning power.

Example 2

The following composition is obtained by simple mixing
of the components in the proportions indicated below:
ethyl acrvlate 99.9 ¢

hydroxy TEMPO 1 g

Example 1 is then repeated, injecting into natural gas
10 mg per Nm® of the compesition according fto the
the

by

invention thus prepared, instead a



10

15

20

25h

30

5 networks, making the reduction of any danger resulting from a risk of a
leak particularly desirable. As regards natural gas, the composition that
may be used as odorizer is added by injection in specialized 10 plants
according to the usual techniques usedlinthis field. The examples that

fallow are given purely as an illustration of the inven 'on%lg hall not in |
aqﬁy? %v%?/n{%%%tlﬁfe%%e?gg as |i.?hl§llﬁ? ng the'Scope thgrgof. ﬁ*i‘pﬁe 18iOdee
(refeTeRee)  DdctizatiohobAatural gas with stetvaltydrdthiopheive 20499, 15

mgperNms of tetFakydrothiophene are injected into natural gas by

means of a suitable laboratory device. The content of sulfur dioxide

formed, after combustion of the gas thus odorized, is equal to 7.3
mgIRm3 &S Thats il ddoized s subjéctéd I¢an dlfactdry test ahrrY
whichtit efiergesithatit has astrongeedorous power and thtisigooddorized

wagning power. 30, Example, 2 The fallowing composition is gbtained by, .. -

simple mixing of the components in the proportions indicated below:,
eftyfaciyfate'99:9 g™35hydroNy TEMPO T g EXample . iS tHeEnrepedtd, oF
infecting-intolnatural gas 10 mg per Nm3 of the composition according to
the invention thus prepared, instead of the - 11 tetrahydrothiophene. The

content of sulfur dioxide formed, after combustion of the gas thus
o%m-rzr%?,—%gequal to 0 mg/Nm3. 5 The gas thus odorized is subjected to

an olfactory test, from which it emerges that the gas thus odorized
The following composition is obtained by simple mixing

of the weight of the components indicated in the
indicated liguid state:

methyl acryiate 98.9 g
N-(tert-butyl)-N-(l-diethylphosphono-2, 2~
dimethylpropyl) nitroxide 1 g

Example 1 1s then repeated, injecting into natural gas
10 mg per Nm® of the composition accerding to the
invention thus prepared, instead of the
tetrahydrothiophene. The content of sulfur dioxide
formed, after combustion of the gas thus odorized, is

equal to 0 mg/Nm’.

The gas thus odorized 1s subjected to an olfactory
test, from which it emerges that the gas thus odorized
has & strong warning power (strong odorous power
similar (in intensity) to that of the composition of

Example 1).
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has a strong warning power (strong odorous power similar (in intensity) to
that of the composition of Example 1). 10 Example 3 The following
composition is obtained by simple mixing of the weight of the components
indicated in the 15 indicated liquid staté: methyl acrylate 99.9 g
N-('pert-butyl)-N-(1-diethylphosphoe - &édimethylpropyl) nitroxide 1 g 20
Example 1 is then repeated, injecting into natural gas 10 mg per Nm3 of
the composition according to the invention thus prepared, instead of the
tetrahydrothiophens. fFhencontent ofsulfurdioxide: Jormaskafter 1y as an
c jon. of gas ized, is 2 al m3., Th S_ .
R Bdorabd s Suclan t an ASoly T rore W K edhoe s s
tHgas tHis-ddorized  has a strong warning power (strong odorous power
30 simtilad @n #itensity) tolthafl of dher compesitian ofiExamplenl)tt2 alkyl
CLAIMS: L. A-composition that can be used gspeciallyras a1 odarizer for a.
gaseous fuel, more particularly natural 5 gas, comprising: - at least one
atkyFacdryfite {iy i\Which the alkyl radical contains from 1 to 12 and
prefarably froat]. 1028 carbtrratonsy £ atdeastoree cofpound offormolaunt

(IBde enameunt <10 suffigigAtto infubitthe pelymerzation of theralkyl 511y 1
agtylate(s) (1) In the presence and/or absence of OXYIEN cnce of oxygen

R

1

v

2

N-—0O*

in which:

- R; and R;, which may be ildentical or different, each
represent a tertlary or secondary hydrocarbon-based
radical containing from 2 tc 30 and preferably from 4
to 15 carbon atoms, and optionally one or more
hetercatoms chosen from sulfur, phosphorus, nitrogen
and oxygen; or 4

- Ry and Ry, taken with the nitrogen atom to which they
are attached, form a cyclic hydrocarbon-based radical

containing from 4 to 10 and preferably from 4 to &

carbon atcms, said radical being optionally
substituted.
2. The composition as claimed in claim 1,

characterized in that it comprises 50 ppb to 1000 oppm
by weight of inhibitor(s) (II} relative to the mass of
acrylate(s) present.

3. The compositien as claimed in either of claims 1
and 2, characterized in that. the acrvliic acid esters
(I} are chosen from methyl, ethvyl, n-propyl, isopropyl,
n-butyl, isobutyl, tert-butyl, pentyl, hexvl, heptyl,

occtyl and/or dodecyl acrylates, and are advantageously
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R1\ N-O* 2 in which: - R1 and R2, which may be identical or different,
each 15 represent a tertiary or secondary hydrocarbon-based radical
containing from 2 to 30 and preferably from 4 to 15 carbon atoms, and
optionally one or more heteroatoms chosen from sulfur, phosphorus
nitrogen arlqﬁox en 0- -R1 nd R2 tak n with the gen at _
%% t%ey arengttaghgic}/ o a ayl/%IFcehydroca¥bon ba§;e dlcapgyn or n
c@Hf%Wn@ﬁ%ﬁiL& t6 10 and preferably from 4 to 6 carbon atoms, said
radical being optionally substituted. 25 2. The composition as claimed in
claim 1, %@az%tﬁ%%%dl ruthat 1 compriace.20 R 194900 PRI, Dyeight..

of inhibitor(s) lative to the mass of acrylate(s) present

cOmp6Eition as Thairfed in BitHdtF claltfis £ Hnt2 chafddter7eds that.t 1)
thecagrylicacid esters 1@rare chosem from methyl] ethyl, n{ptapyly  ethyl
|Sé)@£(gﬂyegtg butyl, isobutyl, tert-butyl, pentyl, hexyl, heptyl, 35 octyl and/or
dodecyl acrylates, and are advantageously - 13 chosen from methyl
acrylate, ethyl acrylate and/or n- butyl acrylate. 4. The composition as
claimed itenecofiglamms 1do 5:8, chardoterizetrin that thefacryliciasid 1 to

esters{H) ;comprise-aldeast methyl acrylateandieriethyl aerylate. (arey 2
compound derived from tetramethylpiperidine oxide
(TEMPO} of formula {(IIa):

CH

3

CH

3

N—O"

CH

3

CH,

in which R; represents a hydroxyl, amino, ester or
amide group, preferably R3CO0- or RzCON- in which Rs; is
a Ci~Cy alkyl radical.

6. The composition as claimed in one of claims 1 to
5, characterized in that the or at least one o¢f the
compounds of formula (II) 1is c¢chosen from N-({tert-
butyl)-N-(1-[ethoxy(ethyl)phosphino]propyl) nitroxide,
N-{tert-butyl)-N-{l-diethylphosphone-2,2~dimethylpropyl)
nitroxide and/or N-(tert-butyl)-N-([Z-methyl-l-phenyl]-
propyl) nitroxide.

7. A process for odorizing an codorless gaseous fuel,
comprising the addition of an effective amount of the
composition as defined in one of claims 1 to &, used

either pure or diluted.

8. The odorizing process as claimed 1in claim 7,

characterized in that the gaseous fuel is natural gas.

G. A gaseous fuel comprising an amount of between 1



5. The composition as claimed in one of claims 1 to 10 4, characterized in
that the inhibitor(s) is (are) a compound derived from

tetramethylpiperidine oxide (TEMP(D) of formula (lla): CH3 CH3 R3 NO"
CH3 CH3 in which R3 represents a roxyl, amino, ester or 15 amide
group, preferably R3C0O0- or R3CON-.in which R3is .a C_- lkyl 3 -
T L pGuton 30 Sried I SR BF 2 10 50 Mo/ne o2
chafacteiFeein tharthddrét fedst onebfthe Z0fcsmpotiidsiofferiula

(1) is chosen from N-(tert butyl)-N-(I-[ethoxy(ethyl)phosphino]propyl)
nitipxidey  N-(tedubd) N-(-digttylphosphonor 2 Zedimetylprop) o, s,
nitroxide and/or N-(tert-butyl)-N-([2-methyl-I-phenyl]- propyl) nitroxide. 25
7°R3IrBEESET fof Bdorizing Hhrodorl s GasEoiis Tlel Eohiptisiffthe
addition of an effective amount of the composition as defined in one of
claims 1 to 6, used either pure or diluted. 30 8. The odorizing process as
claimed in claim 7, characterized in that the gaseous fuel is natural gas.

9. A gaseous fuel comprising an amount of between 1 - 14 and 500
mg/Nm3 and preferably between 2 and 50 mg/Nm3 of the composition as
defined in one of claims 1 to 8. 10. The gaseous fuel as claimed in claim

9, 5 characterized in that it consists of natural gas.



