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1 ODORI ZI NG M XTURE FOR AN ODORLESS GASEQUS FUEL The
present invention concerns the field of odorizers for
gaseous fuels, especially odorless ones, and nore 5
especially relates to odorizing conpositions that are
free of sulfur conpounds, for detecting gas |eaks and
preventing risks of explosion resulting therefrom

The Bk $ARES MARTURE KEOF 28 ODABEESE NERSHRYS FUEL

obt ai | eLmal. processes were used for a

long time in the past as gaseous fuels, both for .
pubki @rekght i Agvantidor cdorestd cthredd®lFhese Yasesers
cqnt ai ne r hy odariferous eappoaent snedheynd more
c%ﬁ§e§ﬁ§% ﬁ% %gglg'sgr%n% intrinsi% odg&tigggbkkgg Are
gaspeeaklln Belehsf| Fo15%0etetted " FFr contrast, the )
gaseaus f uehsuusedmpowadays fonhdeherthaguwak gagks anc
propane, . but an l i hed: petral eumgas Heek kb , or
ePERTERY AR ?*%ﬁséQg%%%ggg%gﬁmelding;%ﬁare 20
essentially odorless, either on account of their

ori Qi .G <0R28660HA 8bké hevauiddseat tiom: t vert mivitained
t Hey have reécei ved. '

, Thus, if.d eaks ar te s in ti
pergeithedmrh Pi‘*ﬁﬁ?s%ﬁ?(%l%%raéoldese m xt.aﬁrjg%r{bgfrf]r?maesé%sje
f yelss aBdgabeovapfatysf dlaRh WorhPaPdbfAseddRhtiG ane +oF

.' h.ogn%s[tii?k pﬁ%%ﬁ‘é' al srhesel t d8sdHr tReseisaebet ystrongly
r hat e

easons hatural gas circul ati '

piqlitifesons 6aBPPIET Dy ?g'h%c‘f?%%e%t?("} o S*eaé'ﬂ.‘" K iYed ¢

pl ants)s0f Svhbapl esmddiitigves kemwn leloddci zBps, easily
detected. '

:In contrast, the-gaseous fuels used nowadays, whether
natural gas, propane, butane, ligquefied petroleum gas
(ox LPG), or even OxXygeil (for example for welding}, are
essentially odorless, either on account of their origin
or on account of the purification treatment they have

received.

. . . .
Thus, if leaks are not perceived in time, explosabie
mixtures of gaseocus fuels and air rapidly form, with a

consequential high risk potential.

1t is for these safety reasons that the natural gas
circulating in gas pipelines is odorized by injection
(in specialized plants) of suitable additives known as

odorizers.

Natural gas is generally conveyed in odorless form to
consumer countries from the production sites, after a
suitabie purification treatment, either wvia a gas
pipeline, or (in liquid form} in specialized ships
imethane tankers). In FPrance, for example, natural gas
- is  thus received at a limited number of injection

, \ C o o that
plants, where the odorizer is injected, such that the
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- 2 - natural gas both which circulates in the French
gas pipeline network and which is stored in
underground reservoirs is odorized, thus allow ng
easy detection in the event of a |eak, irrespective
of the portion of the 5 network in which this |eak
occurs In other countries, natural gas nay be

dé% l%gsth&ﬂﬂghQHicﬁh%lkéﬁlaF@iYLﬁlaﬂaenétmmmm ghs
plpe nes 1ti t circul ates tno d
o@gpﬁiéﬁe e WHEE fH“%h@hlﬁ%lnﬁ 0 6??%%% %nqgﬁ%%}Fﬁgn

t E%s%@%sﬁry\hﬁé oddrized;onsusedl Lhehte 2Ry riadE FdPrNamn

n |larger pu enyRl gatsn =rAgE the
segﬁg ugbagbfg%mﬂrﬁ%%%%gﬁcunger an 15 %ﬁnﬁgphere
OMeMMbmhgen wthﬁ nh&ﬁuﬁéﬁkga§c?ﬁsorder to limt, at

this stage, the rlsks of expl osi on. i s known

practice to use alk sul f S / ap, g@@rQ§¢ d
Cddr | BRer 4IRS WF bas i Mt 002 eﬁe5%|e§ that
ek rhe ghent | ’oimedtaamm;tel et ﬁy|neswﬂ<d@ @??re?’rﬁﬁ ines

Su|fldﬁ ﬁﬁgpyl %kﬁxht§yfﬁﬁ#hmﬁﬁtéﬁhydbﬁih&ﬂphehe gas
tert % nmer capt an and |soproEy nercaptan,, Mhigh 5o
artdan d%qﬂylgus?@@rflél@dt 98 B Pert “propert i s, be| ng

espacipldly capabl enef reeidgdeni g oS SEHEERY GHTSET i

al ai m anong g ngée in the event of an accidental |eak
of BIREHEPUPAF " §35 thus odorized, and of initiating

the necessary safety operations within the briefest
ofsidglays. 3Onkowewel, dushamlyt hemednbastedn ofder an
natural ‘gas, these roducts nerate_an. aoount Ofder to
S A FRRSRISE fF F#% ’% ?& E?a g? becones
nonimieg/ iz bheswaeagan th&ﬂﬁﬂﬂksaééoaﬁPl?%l?Eﬂ<en at

the scale of a country O a region, espeC|aIIy one

with a high |evel of industrializa 0 nd/
uﬁﬁanuzat&aﬁWﬂ1Tﬁﬁﬁcﬁ%ﬁe eX8mptE ¢ g to uggﬁ%§$ of g °F

naksf@lpaas odasr i zeriizelrst et pAhpdr ophi opkend (MEFFUTS:
at a ¢0 %C%nté{f%tl %& 2k ilng PYLNOB € Rf1egletofy1nBuatide,
r r

ERr L dard_tenperature and pressucg,,
tetrahydrothiophene, tert- vutyl mercaptan and isopropyl
mercaptan, which are widely used for their excellent
prdperties, being especially capable of triggering a
sensation éf alarm among people in the event of an
aceidental leak of the natural gas thus odorized, and
of initiating the necessary safety operations within

the briefest of delays.

However, during the combustion of natural gas, these
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 a country or a
region, especially  one with a high level of
industrisglization or of urbanization, 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

X o .
standard temperature and pressure conditions) generates
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-3- 7.3 mg/ NnO of sul fur dioxide. In

_ _ : the gener al
context of better assimlatHon of environngntal
_constraints, it is thus necessary to into the
at nosphere present in natural gas, during the

Many odorizing mxtures free of sulfur co
- ounds have
10 been proposed. t hereof, and JP-80-OgB 167,

i ch_descries, mxtugesq.hased on
5-'¢ h???ﬁéng-z-ﬁﬁ?bOrnenéhadd a 2-al koxy- 3-
al kyl pyrazine. 20 Many documents descri bi ng odor zing

ggéﬂg%%%lb %?QE@D abdydesacr pitat betare aksslRhbuion  Of
- escri aseous; § uel 0
N e i F
Orreduce the amounts of S0, discharged into t%e a%mosp ere
via the odorizers present in natural gas, during the

combugtion therect.

Many odorizing mixtures free of sulfur compounds have

been propesed.

Exémples that may be mentionad inciude PL 72057, which
describes odorizing mixtures based  on .dicycloﬂ
pentadiene, Jp-41-73895, which describes mixtures ot
specific ethers and esters, . WO 02/42396, which
describes mixtures based on norbornene Or derivatives
thereof, and JP~-80-060 167, which describes mixtures
based on 5S-ethylidene-2-norbornene and a 2-alkoxy-3-

alkylpyrazine.

Many documents describing odorizing mixtures based on
| alkyl acrylates are also knowrn:

Jp~49~131 201 describes a Jaseous fuel odorizer based
on an acryiate CB,=CHCO,-RL1 where r1 is a saturated cr
‘unsaturated hydrocarbon-based chain containing 3 carbon
atoms and/or based on an ether R2-D-E3 where RZ 1is an
unsaturated hydrocarbon-based chain containing 2 or 3
carbon atoms and R3 is a saturated or unsaturated

hydrocarbon-based chain ceontaining 2 or 3 carbon atoms.

DE 198 37 066 describes a process for odorizing natural
gas by adding a mixture comprising an alkyl acrylate, a

nitrogenoué 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 is, quite obviocusly, that of not detecting this
leak, and thus of explosion, 1if the concentration of

gas in the air reaches its lower explosiveness limit.



25 unsat ur at ed hydrocar bon-based chain containing 3
carbon atons and/or based on an ether R2-0-R3 where

R2 is an unsaturated hydrocarbon-based chain

containing 2 or 3 carbon atonms and R3 is a saturated

or unsaturated hydrocarbon-based chain containing 2

or 3 carbon atons. 30 DE 198 37 066 describes a
process for cdorizing natural gas by adding a m xture
conprising an alkyl acrylate, a nitrogenous conpound

of Dpywazite type, aallsan amtdwn oxi-Haht. FOWEVEr , FRLEVT
m t rawhac fr n%v%@na ¥| N0sdch as Jp-55-
ché%%é?erlétlgﬁggor of“hgglan IS, tth’FJlee toQLead

t 018dnk88i oGy t@?@%\}éﬁﬁ 8 2°gas>HEaR e S i)
5qubt:gyobm;e§zr54tye what of spetitiet entlifng tduimpohedk, namdly
th s f, ex 03| . tapt h§Pgon§§M ggt;{i%@r gasnen tReor

FEarhes i (516 Rer expl 0si vene
Dodmmahaskape girsiok ol 4ieat 2 € ofbfhe %f%rrcount ‘of the

gg%%%ﬁlﬂgéf')r@enﬁc Rﬁ{%ySlélfff gﬁmcagﬁauadﬁﬂ ,acndhtas t’nebtwo
- 55- nent s e odori.zing.mi.xt e
st GP@EOQ%\?tﬁggfh‘eh%a?(? “iH ect oﬁ%plm?ﬁts% i STUREaPCat
10sepacatentianks anjealiso rphente séparrraisihtpstapgs and
I nJa_eL L %W@@S ééé’éafaﬂ.ler 0?%}5@3 O%ddnt Dn1dter1GAS heads for

plpe I ne rd to the co ex | ogi stics _f.or
odéﬁﬁfpﬁgcﬁh@%rﬁt%a@%r%@%rﬁ‘é&e r‘iﬂoa%&§° fils co the
re%@hb§eknlag@§6§tdefabl@ddmameagerﬁwuxalcesﬁs Hrorsented
ection pI ants.. Ahigi ng £r POCESSAH W
%F #F%%?Yoh 0 l%hefg{ e ¢ %%bEBSe ease in

orage tanks, punps. and
15] njceﬁtcsonfhead%hew}lmw 899°88scr Phesingh from the

OF% lcé%&aﬁ n%‘lt‘libﬁdi:ﬁ’f é@urofcommneﬁbsage B&Ianﬁsng amps
acrylate, an a a 0
anﬁn@m 4aRECSHEh g;afig [2&dr oxyt gl%’tﬁengéé&%g an
hyd:rd@@uzaone:onetatutee/@ @@05?/011;3 mc@%@%b@f&hﬁmg an

Od%” ngarg}%#al'gee fgﬁ 09395 Fs%ug§§§@USa'féle|a, stabilizing
Const

an al kyl sul fide, lat e,
20an(§fn51@§ﬁﬁéﬁﬁd fonsuF}th bi £°ng t he Ig-' ﬁérf‘%% %! %f“len.e’
t heiydroquinone, etc.; WC 2005/103 210 describes an

ining

odorizing mixture for odoriess gaseous fuel,

constituted of an alkyl sulfide, an alkyl acrylate and

a compound for inhibiting the polymerization of the
25‘ alkyl acrylate, of nitroxide type.

Tt is known that acrylates are highly reactive monomers
that can polymerize spontaneousiy, especially on
storage, to form polyacrylates. Such an uncontrolied
30 polymerization is -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
sterage, including, for example, in the storage tanks
35 or vats of the injection plants, may also lead tec rapid
fouling ~ or even blocking of the pipes between the
storage tanks and the point of injection. Such a
phenomencon may lead to an uncontrolled drop in the

concentration of odorizer in the natural gas, which
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25 al kyl acrylate, of nitroxide t [

, of ype. It is known
that acrylates are highly reactive nonomers that can
pol ynmeri ze spont aneously, especially on storage, to
f orm pol yacryl ates. Such an uncontrolled 30 ,

pol ynerization is .liable tg place in d
: is . te anger people
| ocated in proximty to theglnjection plants;psugh as

I ocal . residents .o npilena .
ippr e, x RGE wankess, vadectoted s
r 8K %?S%§pg8 i o0, Thi's pol ymerization aﬁising durier?gb

sttenage, including, for exanple, in the storage tanks
35 or vats of the injection plants, may also lead to

20 (HE T RLOF | Y B Gaeh o pheenin Ty
! %@&ygatanbmnod@timmr@p@wiﬂ%@%& B A Gt
;&g%@%%;ggéﬁ%gte& w88 updetErted gas | 63k, - WOch
concerns ’thg égﬁﬂfg%%%geargfcogggyyé%eaddgg tOrder to
function, the hydroqﬂinone—based inhibiting system
needs oxygen, since the active form of the inhibitor is
a molecule comprising & :adical +hat is formed
" following the reaction of the inhibitor with oxygen and
“traps the polymerization precursors. This irhibitor
requires storagée of the odorizing mixture in air. This
condition' is not respected when an odorizer storage
tank is under pressure of natural gas, which makes it
possible to increase the yield of the pumps Ior
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 dinhibitor,
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 pipeé
between the storage reservoir and the point of
injection. The conseguence of this latter point is an
uncontrolled drop in the concentration of odorizer in
the gas, leading to an increased risk of explosion due

to undetected gas leaks.

The oderizing mixture based on alkyl acrylate(s)
according to the invention can overcome the drawbacks
described above due not only to the absence of sulfur
compound in the mixture (no release of 80,), but also
to the absence of oxygen reguired for activation of the
non-nitroxyl polymerization inhibitors. The odorizing
mixture according to. the invention shows stabillty on
storage, irrespective of the nature of the covering

gas, which may or may not contain oxygen.



5 acryl at e- based odori zi ngnonpositions to inhibit

their polyMerization, as taught in US 3 816 627,

whi ch concerns the manufacture of acrylate. In order

to function, the hydroqUi none-based inhibiting system

needs oxygen, since the active formof the inhibitor

is 10 a nol ecul e conprisingGa radical that is formed

foIIo the r ctl of th bltor wi.t h oxyge

T SRR (BBl vt | DI Bt or iy 89 9Fadical
inbdkiisorer redueingésgst dragettef tielwdprinpineg raxtidne  the

:LH'hribé'tB‘rsTh'cﬁ) Coﬂgﬁ ti QQthS_‘rQOt Srtg§9§§t egfvm%ean odorizing
odori zer storage 15 tank is under pressure of natura

C%&R§Sl%ﬁpahlﬁaﬁé§f|Wh66§§?bﬁéo¥%g¢n%?e%§% the' et of for

raﬁheamunmﬁhﬁbtt®ﬂ$eCdfrwpynkﬂq&MﬂbnbntQyphe gBlsis has the
SLarage uanr Hltro en. algg §§|st anIn thL§ CaSE1:8% the
Wi th Haf ura gas, te ﬁyarqu|noﬁ% E&fnot"T eaCt v ER

St@%yg@n 35) beﬁm@df?Ja'oﬁm 2omppel ¢ har eﬁor@de‘@stﬁbﬂe tank

unate@y pﬂe%sﬁﬁlee of h@tﬂthtLOVgaé/\hé&cﬁ‘ phages it Nee US@r sble to
er o %ﬁxﬁ}05|on | ow ng an uncontroll ed
b

lnﬁ&?gﬁﬁrF9§thﬁld %quﬁﬁfﬁiﬁﬁsgup Giting or even

rapi d bl ocki ng of the pipes between the storage

r.es [ tion h '
Thconog{equezrnlc ?én&ﬁ S[iq%l%ttnt eragéo?%c{ﬂn%g %ﬁ Eﬁgo%nyeﬁtlgﬂ can
alépoplmnQﬁﬁiaé@n@@ﬁﬂﬁéﬂléﬁ“bﬁ”@dﬁﬁ#?@rHlﬁnﬂﬁelgaémlCh the
stbeadbngahRs afird NEf@as adh vicyergf vexpkest@NuslMer t0i trogen.

undet ected gas | eaks. 30 The odorizing m xture base

on al kyl acrylate(s) according to the invention can
Inowerfdost thpedtawbbeks desprobededboveonduss ifotororihat can
be! §skRe AP8eRCe: of SUlEUILAMRUNG JN o i KLU0 nore

rel ease 2); but also to the absence of oxyge
paFEéEP%%ﬁlYoPaééFﬁéaIQ%mroFoﬁﬁél§5n%onaﬁ|ﬂF6%V1 One alkyl
acpolyneri(zat iign wmhjrbl tiog Salthe edof&zi ngomtxinr€rom 1 to
ac%opglqg jo.t % |nvgpt|on shoms ét?bl|t Y9N Compbound of
or age, |rrespect|ve 5t tHEHatiFe'o he coverP
fogaslav\hu(élﬁ mayn or apayanotntonsaf il oxggen.to 6 Jmhlblt the
polORLE asht Yo ho Bt Pes é]ﬂaj{/p' L8rg1sucls @s(maditalhe presence
hi bit ors bel ongi n o the hydrqu|none famly, the
an?ZﬂFb??%?%c?kpﬁmﬁXXé%ﬂure storage of the odori zing
conposition in air, whereas storage in air is
necessary for r adi cal EFIbItOFS of hydroqui none
type. This has the adva at the gas injection
plants, of enabling the stwyyagg«of the odorizing
conposition in a suitablg/tank under pressure of
natural gas and thus ofgBeing able to increase the
yield of the injection ﬁﬁnps The odorizing

- It cor di j,ov n als in
lncegﬁgﬁn nétur%f gds ﬁ%?g%tldﬁ aﬁ?% i m; lfferentr
eagh oregparesgmits ar €aiderr ni @romon@@rm dampcqgm@,qon based

raﬂi&eﬁpg%ﬁmtb&n?ﬂn%' rstor@speat, there '§rcﬁﬁ0\4'd&ﬂ 85 carbon
©__conposition t ian be used esgeglall¥
atQHori 2B P18 Gds¥o T uet , MfibF e NFAFE EE?%?l ghosen from
phosplusals gasitecogpni shadg: o>@tgelneasdsr oRe ahkyR,actykate with
I c I I fdom 0.1
o e Lt o P AT Tttt s e i
hY@%ﬁ@ﬁﬂQP%Th%SQQ1%ﬂﬂ%ﬁﬁﬁnﬁoﬁﬁﬁqﬂhﬂgeﬁﬁoﬂo4|ﬁﬁlBPtOFhérom 4
to Pl yamsdiz atd ik, 0fs tike raldkylh1ageyhat efsiodd )1 n the
presence and/ or absence of oxygen in which: Rl and
R2, which may be identical or different, each
represent a tertiary or secondary hydrocarbon-based
radi cal containing from2 to 30 or from4 to 15
carbon atons, and optionally one or nore heteroatons
chosen from phosphorus, nitrogen and oxygen; or Rl
and R2, taken with the nitrogen atomto which they
are attached, forma cyclic hydrocarbon-based radica
containing from4 to 10 or from4 to 6 carbon atons,
sai d radi cal being optionally



6a substituted; and wherein the conposition is free

of sul fur conpounds. In a second aspect, there is

provi ded a process for odorizing an odorl ess gaseous

fuel, conprising the addition of an effective anmount

of the conposition as defined above, used either pure

or diluted. In a third aspggt, there is provided a

gaseous fuel conprising an anount of between 1 and
subghihYLRAB and MEEWEeéR FhEndBEATGLNAB of thee of sulfur
com@bRAgkti on as defined above. One subject of the

present disclosure is a conposition that can be used

especially as an odorizer for a gaseous fuel, nore
Inpakti catanty ampertal dgasreoms i piroglidedt deastoorss for
od@&&¥&n805¥|%ﬁ@rﬁé%slgaﬁgbﬁg Eheral kyh ffgﬁﬂéﬂthe addition

contains from1l and_ pr ef er abl rom
ofcaPhEA LeCoHHEE 2BPUPBaSE Bﬁ@ eeﬁﬁaaﬁ%l?ﬁ ‘%‘%r‘ilﬁﬁ]zfe(q |gbove,
uskl antpeBuphrsudf idivmted.0 i nhibit the pol ymerization
of the alkyl acrylate(s) (1) in the presence and/or
absence of oxygen RIN\ N---0* R7 in which: Rl and
InR2a whhthdneyshectdentliasd drs dirfbereadl, eacheseous fuel

oﬁlﬁg&%f‘i&t afl Lesbharyr %eﬁ%&ﬂd@f%dﬂ)ﬁ@m%@mﬁﬁ dasasktween
radi ca

aining from2 to,30 and from4
2 FBdléoc‘ﬁgg]&Iﬁ aﬁfoﬁgie SRBPEFEGREI 7§ e Cq|‘?3)rcy
het er oat ons chosen from sul fur, phosphorus ni trogen

On@ngugﬁgg%nbfo%PﬁRérgggnEadigﬁk89u¥%tDstge 5W§5§¥¥¥bn that

are attac
cahy dreocardsb e Baseh ladi £al an- ororiggat APAi ig FFGRWs tigrel.

mo%@dﬁﬁgicpgﬁi§fﬁ§9|]%/atfdﬂm Aga@b@ctdﬁf?frb@gnggoﬁ sai d .
radl ca erng op | e un

Lt has (i o boR e SR e haSEn 1T ontirefiny phe " Ly
raeluhyll dmnnuaapysl ,fncsropl opyl 12n-dhut yprefeniutyl from 1 to 8

Caggg pentyl, hexyl, heptyl, octyl and/or
ecy acr | ates, and are advantageougHy chosen from
Por (kb

~ et hyleaidy yloélﬁe CRPPYIc A af &@TEH utlyy an  amount
su@€i¥bahe. to inhibit the polymerization of the alkyl
acrylate(s) (1) in the presence and/or absence of oxygen

R,

N—O*

- in which:

- By and Ry, which mazy be identical or different, each
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 heterocatoms chosen from
sulfur, phosphorus, nitrogen and oxygen; or

- R; and Rz, taken with the nitrogen atom to which they are

attached, form a cyclic hydrocarbon-based radical
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10 The conpounds of forrmula (I1) are known per se;
their preparation is described, for exanple, in the
book "Synthetic Chem stry of Stable Nitroxides" by
L. B. Vol odarsky et al., CRC Press, 1993, |SBN:
0-8493-4590-1. 15 According,to one particularly
_preferred variant, the conposition according to the

I Retst émn onPféJrEei at:c‘o' Api ké'nﬁorpl%ffefr%%w| %J&dﬂl )sato 6

| east “one npound . derived frop
t ecaEMEL hyl i)‘l—cb'@?ﬂ di 823 dereg}g%l knoWh a3 TEIQ}EO)WI%lly
of shwsimd @ l.i a) . in which R3 represents a

hydr oxyl , am no, ester Or anide group, preferably
R3C00- or R3CON- in which R3 is a Cl-C4 al kyl _
r aﬁbe@om@ddﬁ i dvantagébustye prerieicdd vt 618EFBcETOM

h prouggl}pf roLIgrluJ) illﬁoﬁﬂc@qﬂat n-east1ponesebutyl,
t e

N- F?%F‘Tb‘givﬁ]ynl)p%(yl‘i ﬁéﬁky(’?—:—?%wl) PSS hi 6] p{ro6 f/iiofiecy*

30abtyIandde @ﬁdf(ammulaﬁvaﬂﬁﬁgeously chosen fr011 methy
acrylate, ethyl acrylate and/or n-butyl acrylate.

The cémpounds of formula (II) are known per se; their
preparation is described, for example, in the book
“Synthetic Chemistfy of Stable Nitroxides” by L.B.’
Volodarsky et al., CRC Press, 19383, ISBN:‘O—8493—4590—1

According to one particﬁlarly :preferred variant, the
composition according to the invention comprises as
inhibitor of formula (II} at least one compound derived
from tetramethylpiperidine oxide (also known as TEMPO)

of formula (Eia);

in which R; represents a hydroxyl, amino, ester or
amide group, preferably RzCO0- or R3CON- in which Ry is

a C1~-Cy alkyl radical.

It is advantagecusly preferred to select the compound
of formula (IIb) from at least one of the foliowing
compounds: : ‘
- N—(tert~butyl)ﬂNf(1—[ethoxy(ethyl)phospbino]propyl)

nitroxide of formula:



CH3 H3C Et"-0CP-4CH3 Et
N-(tert-butyl)-N(1-diethyl phosphono- 2, 2-di net hyl br op
yl) nitroxide of forrmula: 5 -
N-(tert-hutyl)-N-([2-nethyl-I-phenyl]propyl)

nitroxide of fornula: Accprding to one preferred

variant of according to the invention,the 10
inhibitor(s) (Il) is (are) u in an 50 ppb to 1000
ppm by wei ght relative agryl ate8) present in the

mxture. the conposi tion *polymerizati on amount of

5

10

15

20

fromto the mass of The odoriN+nA@* conposition
according to the invenLh@n 1% gi ves gaseous fuel s,
especial Iy natural . &S affer tdhas been injected
therein, a strong.odoroqﬁ/pomer,

- N~{terﬁmbutyl)—N—(1~diethylphosphonoﬂ2,2—dimethy1m

propyl) nitroxide of formula:

H.C
3}(%
Et H.C
g 3 o
o—p— CH
. 3
]
O
HC CH,

- -Nm(tert»butyl)wm—{[2-methyl“1—phenyl]propyl) nitroxide

of formulia:

H.C cH,
X
3 N—-O*
CH,
H.C '

3

According to one preferred variant of ﬁhe composition
according to the invention, the polymerization
snhibitor(s) {II) is (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 odoriéing composition according to the dinvention
gives gaseous fuels, especially natural gas after 1t
has been injected  therein, a strong odorous power,
comparable to that obtained with odorizers based on
alkyl sulfides or mercaptans of the prior art, thus
enapling any perscn present in the vicinity of a leak
to recognize it and to instigate the appropriate safety
measures. This strong odorous  power is obtained

simultaneously with the disappeafance of S80. discharged
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conparable to that obtained with odorizers based on
al kyl sulfides or nercaptans of the prior art, thus
enabl i ng any person present in the-vicinity of a |eak
20 to recognize it and to instigate the appropriate
safety nmeasures. This strqng;odorous power is
obtalned simul taneously with the dlsappearance of SQ2

9h9f9§9 ezodpneldt rihe ecespherenafd®er thontuast i Oms
he gas thus” odorized. Finally, this conposition

rnﬂﬂQﬁ} dininjection 5 plants by neans of a
S|ngle storage tank, a single punp and a single

ect.i.on h Wﬁm§%51%§gﬁ t&hfoqﬁgdggg@lei 1n3ect1on
%&ﬁ?%%éd oglst c ject_of the present, .
|n1vJea€rt‘ﬂ3:)rb§n geah§004 prbERSLS 1%)“?%%9%&8%’1%. g >afe+e P

od ées%'ga§ggygafughge@aﬂ@nlsnngxthe Addch | ontegfdsan to

effectjve unt oﬁ igﬁconp05|t|on defi ned
pr%@r%ﬁ§? Enpri'Sih g st oné al kyl  acryl ate and

at | east one conpound (II) for inhibiting the
poﬁygﬁﬁké@{' o8B @t he-aldayl asrattakes, 1315311\9!&1} ch psocess
stable"in the presence .and in the a ue %? ég@ the
ThEc BrodtLOND AT PGS IBIPIRY Be dét o €
peé&@ﬂtﬁcknl | e Ia’htl’tefia‘:rcttlbiyﬁ n@armsm@f Péut e Pé*é’trézmg

t akin to ace t RALL= Yl Jbnehak ag eétSQ@QStOBne
t h&® %%% P U ﬁ aﬁhq%% tﬁészg dls?rlbut?on

nethbyks scPuieky asnh G decaEhi S 1 BEEPIR GrolHY) | &°

genghahl yi et weenpdi gindr 5HO: gl No8  ahe pﬂé@éraﬁh&&ates,

be&mggg %saggable in the presence and in the apsence of
oxygen. The amount of said composition may be
determined by a person skilled in the art by means of
routine tests, taking into account the particular
charaﬁteristics of the gaseous fuel, and of the

distribution networks.

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

The composition according to the invention described
above may be used in its native form or may be diluted
in a solvent or a mizture of sclvents that is inert
with respect to acrylates. Examples of solvents that
may be menticned include cyclohexane and n-hexane. The
dilution of the composition may be up O 85%, i.e. 15
parts by weight of the composition according to the

. . . p .
inventicn are diluted in 85 parts by weight of solvent.

The gaseous fuels to which the process according to the
invention applies include: natural gas, propane,
putane, liguefied petroleum gas (or LPG), or even
oxygen or hydrogen, such as the gas generated by fuel

cells.
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50 ng/ NnB. 25 The conposition according to the

i nvention described above may be used in its native

formor nmay be diluted in a solvent or a m xture of

solvents that is inert with respect to acryl ates.

Exanpl es of solvents that 3 1y be nentioned incl ude

cycl ohexane and n-hexane. The dilution of the

conmposition may be up to 85% i.e. 15 parts by wei ght

of the conposition according to the invention are

di '8tetP+ nI88 parts B?e%%?@ﬂ oF SeRfventiel 3B cfREding to

gaseeupfasehs tinwdritchort henpraacessitacedr dityg troryhéroad

| INEDLLONAPPLLES LAE! UG BRLHEAl QAS i OPRIE: s bucion
tane, Tiquefied petrole Enlgas (o (5

ox?@%%0¥#svhy%ﬁkﬂjéh Chsy crr A tiRE gis %ﬂ@he¢%ﬂ%ﬁf‘b@eﬁukﬂlng

ceklsm a-rildk wfNat ueak gastisuseprefeigiedrgaseous

fuel according to the present invention on account of

its very broad diffusion and the magni tude of the

di 8¢ ridggeirda Siatetidr ksas makhag adr@osddueni omadf aay be

dapnges EESUbbirngefr @M & dulesk mRf fhjé%%id%ahhiCéﬁéﬁiéﬂlzed
desirable. As ,regards Eatural t he comnpositi.on

t hBEePEY BESUEE hstOdbRF Z8FURS 5&85‘8185}6%1 &&tli gnt its

spécehdli zed 10 plants according to the usua

techni ques used in this field. The exanpl es that
foll ow are ven purely as an illustration of the
.n%ﬁt.%}Fﬁl%ﬁ%@%hmatnotmulﬁoanyaﬁﬁy I5VPe iFHEPretiEd an

aS:LIL]_mﬁ*a[‘tngmeaﬁwﬁe iheiregfon Bxanpitell @oef erenes) way

OdpLi 2t d Q1) Qfenatun gl 935g W AL elgahydrathi ophene

Example 1 (reference): Odorization of natural gas with

tetrahydrothiophene

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 1is subjected to an olfactory
test, from which it emerges that it has a strong

odorous power and thus good warning power.

Example 2

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

hydroxy TEMPO 1lg

Example 1 is then repeatsd, indjecting into natural gas
10 mg per Nm® of the compesition according to the
the

by

invention thus prepared, instead o}



20 10 ng per Nns of tetrahydrothi ophene are injected.
into natural gas by neans of a suitable |aboratory
devi ce. The content of sulfur dioxide fornmed, after
conbustion of the gas thus odorized, is equal to 7.3
nmg/ NmB. 25 The gas thus odorized is subjected to an
ol factory test, fromWich it energes that it has a

St £ oN8a:0e0F dﬁ!ﬁo@@l\éﬁé andhéhusO@@@ﬂt wad Ni NGl pawer .didkide

Ie 2 The foll sifion_is bt ai ned
Slﬁ% S xFhg™of ©F ﬂggtg |ngﬁﬁetp38p5?OF3%éd is
|nQQQ@leUDHbm@WNm§thyl acrylate99 9 g 35 hydroxy
TEMPOL ¢ Exanple 1 is then repeated, injecting into
natural gas per. NmB of the .conpgsition
REbt g ¢ bthe ArRveAERor huSBRARaT B8, |1t BaddTkiRetor
t etéﬁhydfﬂb‘hl wphenel ¢ Tdres ooy ecri’ta”thtIBzUlg‘aH dioxiarizaed

LORP, ALLEE oS00 OFlie S5k SIS, e

10

15

26

25

30

gas t hus ‘odor |
subjacta¥ ﬁépaﬁnéﬁﬂﬁetBPy Pesﬁ““¥r%ﬁ1wﬁFchquoéﬁEFQQSOf
t hatahbes gas. t hus odori zed has a .strong warning

power (strong odorous power simlar (inintensity) to
that of the conposition of Exanple 1). 10 Exanple 3

ThEzsmplek ng conposition is obtained by sinple
m xi ng of the weight, of the conponents indicated in
the 15 ~ndicated |iquid state:

—04 OWwing Comp 51blon is obtained by simple m1x1ng
of ‘the weight of the components indicated in the
indicated liguid state:

7 methyl acryliate 99.9 g
N- (tert-butyl) -N-(1l-diethylphcspheno-2,2-
dimethylpropyl) nitroxide 1 g

Example 1 is then repeated, injecting into natural gas
10 mg per Nm® of the 'composition according to the
invention thus preparead, instead of the
tetrahydrothiophene. The content of sulfur dicxide
formed, after combustion of the gas thus odorized, is

equal to 0 mg/Nm’,

The gas thus odorized is subljected to an olfactory
test; from which it emerges that the gas thus odorized
has a strong warning - power ({strong odorous power
similar (in intensity) to that of the composition of

Example 1},
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met hyl acrylate99.9 g o
Nr(tert-butyl)-N-.(l-diethylphosighono-2,2-

di met hyl propyl ) nitroxidel2g 20 Exanple 1 is then
repeated, injecting into natural gas - 10 ng per N8
of the 'conposition according to the
Lnyenhlgnthﬁsprepared,insteadofthe

et rahydr ot hi ophene. -The_content of sul fur dioxi
formed, after conbust i o8 ¥he gas thus odorizeg? i's
25 equal to O ng/NnB. The gas thus odorized is

| subjected to an ol factory test, ' ! -
1. thAt GG IHus i P68 hRS aﬁégggﬁ%égg?%%%g?er£§sEﬂl

odoPOYEF (i ong @decous power, 30ogieni partiFrnlprlEngiafyral
to that, of the conposition of Exanple 1). 12 CLAIMS

9as g fFTRF EMt"Y0 i nhibit the pol ymerization of .the alk 1
d¥ kyl

- 4D aemptatefs) 1Ry} nachylgtesenée ait/ oPiabsehts

- radgégﬂegontains from 1 to 12 or from 1 to 8 carbon atoms;

- at ‘least one compound of formula (II} din 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 R, which may be identical or different, each

7represent a tertiary or secondary hydrocaxbon—based

radical containing from 2 to 30 or from 4 to 15 carbon
atoms, and optionally one or more heteroatbms chosen from
phosphorus, nitrogen and oxygen; or

- R; and Ry, taken with the nitrogen atom to which they are
attached, form a cyclic hydrocarbon-based radical
containing from 4 to 10 or from 4 to 6 carbon atoms, said

radical being optionally substituted; ‘
and wherein the composition 1is free of sulfur

compounds.

2. The composition as claimed in claim 1, characterized
in that it comprises 50 ppb to 1000 ppm by weight of
inhibitor (s) (II) relative to the mass of acrylate(s)
present. '

3. The composition as claimed in either of claims 1 and

2, characterized in that the acrylic acid esters (I) are
chosen from methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, tert-butyl, pentyl, hexyl, heptyl, octyl and/or

dodecyl acrylates, and are
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N-O* R2/ in which: R and R2, which nmay be identica
or different, each represent a tertiary or secondary
hydr ocar bon- based 15 radi cal containing from2 to 30
or from4 to 15 carbon atons, and optionally one or
nore heteroatons chosen from phosphorus, nitrogen and
oxygen; or Rl and R2, taken with the nitrogen atom
to which they are attached,forma cyclic

chobydr dcanboethydedaradiadal, :&Ihxﬁnaﬂﬁﬁhﬁyaranﬁépﬁ(ﬁjbwtyl

acrgi from4 to 6 carbon atoms, said radical being

?lonally substituted; and wherein the conposition

is free of sulfur conpounds 25 2.The conposition as

4. cl ?h@e%dn@)o%ll%'l@nl’asch@l@ﬁ?ﬁl@ﬁ' zgd dnfé tcﬁﬁt clédims 1 to 3,
rises 50 ppb to 1000

ChaifﬁgEEFt‘%??s) l(ln)thaéq atthe 8@¥Hieﬁas§6&ﬁ adi Vit B (sf 1"

compE@senktt 3@a§tThétﬁpmpa&ty&aﬂeaSndyarn@ﬂhyh acrhbatef
clainms 1 and 2, characterized in that the acrylic
acid esters (I) are chosen from nethyl, ethyl,

5. n-Phepyompiosapriopylas nebatyped ﬁsommgﬂoft@l¥i®@t9lto 4,

cha959£¥£ ,0gxyl,, tBQEt¥k§ qh%ﬂbfﬁ§y@5 qgﬁeﬁﬁk a compound

es, and ar osen from met hy acr%Eate c
O

formula (Ila):

in which R; represents a hydroxyl, amino, ester, amide
group or Rs;CO0- or R3CON- in which Rz is a C;-Cy4 alkyl

radical.

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

7. A process for odorizing an odorless gaseous fuel,
comprising the addition of an effective amount of the
composition as ‘defined in one of claims 1 to 6, used

either pure or diluted.

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



4. The conposition as clainmed in one of clainms 1 to
3, 5 characterized in that the acrylic acid esters
(I'l) conprise at |east nethyl acrylate and/or ethyl
acrylate. 5. The conposition as clainmed in one of .
clainms 1 to 4, characterized in that the inhibitor(s).
is (are) a conmpound 10 derived from

t et ramet hyl pi peri di ne oxi de (_TEMP f, f (ha):
and i rb0khi Grtg/{k@%r e;éilné’seﬂ?t%wz?el‘i’ydszoxﬁn, a%ono?{gzﬂngr, b th?
148 G Ol JUIF iRAAD G omRIAOELdimsntli dfo K3 is a
1-04 alkyl 15 radical. 6. The conposition as
claimed in one of clainms 1 to 5, characterized in

10. thate theseyuat fhensas ondaphethéncohpolinds GhafrahiTa 264

, 1) is chosen fro f- 1)-N-(2- 20
in %aﬂgu%EMQQWRA%ﬁﬁuﬁéﬂ#&éﬁ{%%p I)ynitroxide
N-(tert-butyl)-
~N-(1-di et hyl phosphono- 2, 2- di net hyl propyl ) nitroxide
and/or N-(tert-butyl)-N([2-nethyl-1-phenyl]propyl)
nitroxide. 7. A process for odorizing an odorl ess
gaseous fuel, 25 conprising the addition of an _
ef fective anmount of the conposition as defined in one
of clains 1 to 6, used either pure or diluted. B. The
odori zing process as clained in claim?7, 30
characterized in that the gaseous fuel is natura
gas. 14 and 500 ng/ NnB and between 2 and 50 ng/ NnB
of the conposition as defined in one of clains 1 to
8. 10. The gaseous fuel as clained in claim?9,
characterized 5 in that it consists of natural gas.
15
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ABSTRACT Conposition that may be used especially as
an odori zer for a gaseous fuel, nore particularly

natural gas, conprising: -- at |east one alkyl
acrylate (I) in which the kyl radicals contain from
1 to 12 carbon atons; - at 1east one conpound of

formula (I'l) in an anmobunt sufficient to inhibit the
pol ynmeri zati on of the al kyl
ABSTRACT

Composition that may be used especially as an odorizer
for a gaseous fuel, more particularly natural gas,
comprising:
- at least one alkyl acrylate (I} in which the alkyl
radicals contain from 1 to 12 carbon atoms;
- at least one compound of formula (II) in an amount
sufficient to inhibit the pelymerization of the alkyl
acrylate(s) (I} in the presence and/or absence of oxygen

R,

N—O*
R;



