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OLEFI NS The present i nvention pertains to novel nethods and conpositi

for inhibitin rization in industrial plant streans which contaln
reactlvﬁmmmmﬂ%mﬁWﬂﬂﬁﬁs, t hereby preventing fouling of processing equi pment
and of orage tanks. Particularly, the |nvent| I to

t he use of acw®mbi nati on of phenyl enedi am nes and ni tr oxi mﬂmm W@mwﬁ»t
undesi red polynerization in reactive light olefins. Industria

streams and processes which contain reactive light ol efins ar@%%4gued with
fouling problenms due to unwanted pol ynerization. Exanples of such plant
streans and processé&SARLISERCAMBRHUTIONS COMBRIRING@PLBFINEesses i n which |ight

ol efins are generated) industrial distillation processes of light olefin
nononers, hydrogenation of |ight ol efins and acetyl enic conpounds, and the
| i ke. Par t Thautrasentixeentibepertslinsse pévepinathodsandgamposiions e nhiiagi zer and

debut aphi bRkt A Riustib Gl Qtte%fﬂs%l&%@htﬁﬂlré%tl\%q@ﬁ{&éfﬁg bkl NY! ene

crackers rocesses enpl oy el evat ed er at ur es results in
unwant BBVEBING NG GRIesRSHIY eqwPmentand b progHs neresRTke. FR UGN ed

pol yrrermzr&t:h@snan&stultﬁeswemftataantnﬁdtnsabr sHenpbneliRiptsdstand nboxitigddol Ng, 1N
i sti and ot he such as heat transfer surfaces)

distillati ol umm n
reactoPrefﬂgﬁé’ngersgﬁ%mﬁwgf‘zamndeéesagq1e I'ﬁg‘saojeﬂ%npressors etc. Fouling of the
equi prent or product during the stages of handling, processing,

P 102 iy ALASA ks a4 A0 1R BRRRLfeEgiag FOr T 00
unwant ¥ih foslingsehlons fumoanyantedealymalizatong Exgariene! stieferlarisireanas picbduct .

Event uptobyssbéterew@.@e&mwa&m@q;r@deeﬁmdwh@h fidreasridshee gnkbrgéed eqw prent. To
nlnlnlz ulants are o 100 ppm

evel s MauetEa) e SEReEsgs & o FioaPR 3 BateSh i o ehE et af
ant i f oatedyierdc earmpokindanand tha dkes drantipulah exapintsediswwhiplretitreaypdrox y | ani nes,
Ni t 1 OXjy&lRSpantraFary JABEELRGAIbRHAS, %ght'ﬂ%‘ﬁﬁé’@ﬁlca”}/@%ér&% Wé?@lcﬁﬁ%rdcﬂer"seac'[ Ive

i ght glefin plant streans are not conP sol ved and I ndustry conti nues
to seaPtfl R’B?GSB‘“e'st YreRioyRIpvasddREPefRIURS Wh Caéesl’" In pyantedRalyaerizalian of e ways to
at t ackthehigist apstia bl opomertsh axpacvetey polyrwizaumbesuds inahe fofmgtioa oy tiepoeits, an nes

W th nj |I fo&fﬂ dlﬁ% shl? é&? Elor?ﬂ'[u]ts ?n%eotttseY Q&le%awtt 's&cF o hegﬁraﬁ?ff: élfrf%{: t%shre%rct%\/ent

foullng I'N Eac f1n streams he "acti vi 17DEC
2002 Qeﬁmﬁbph&tPUWe%Mmeed@WDhawﬂeﬁRState of -the-art antlfoulants The
state-of-the-art is described in the patents be|OMl the reIevant parts of
which are | orated herein %y 70, 131

di scusses %&é NeFAUAMANE PP W"@Bg P’Qd;faé’ﬁt °ftf8“ﬂt“8v%ﬂ“tesﬁ'89'yrrer ization in
unsat upartfieatioor greirtaaderesultstin ganitantIpenirhic as.| Forobénme depasits trehgatevent i on of

foul i ngads‘fbr%ﬁ%‘ Rt btlot ST areMGOERNNRL P nBhzaoR ke RSLAe 2t | ess

t han 700 57 di scl ose use o

hydr ox{fe 'R§ﬁ| Wm%swdawﬁ&t c%‘(?ﬁ&’é“t\ﬂ‘é‘e PIOCESFHNYSE B POARPAER FI9at hen of

hydr ocaffide@ddl duiphdat. cont ai ni ng di ssol ved oxygen. U.S. Pat. No. 5,396,005
di scl oses the conbi nati on of a met hoxyphenol, either eugenol or
2-t-butytl-4-hydroxyanisole, with a phenylenedlanlne to prevent

pol ymer i za¢ mimimiaé foetigy ceminelal gntifoutzatsaraoftan addetbatdr 0 pgnSeveiadt. No.

>, 416, ¢afs 6‘6.&%&%%&@?& d?&%@g%étﬁ/ d|a[§g%bdftahﬂ&n d YRR n%&r@ﬁﬁc%unaf a

but adi ene- cont al ni ng a conbi nati on of a
pheny| Brfsyieaeslianingsm yfﬁo*ﬂﬁd't'%é*y'ﬁ'ﬁ?’i}@ﬁea’@ﬂﬁ%ﬁﬁ(ﬂ’he'ﬂ’?e HayavefwoN dat ent s t each
t he useroaltam@iuﬁ fe@tive @ightdfefih PRhINtleans atemocmtpmat beVedwintl ndueddi tives to

preven rizatio i ous 0 |t|v de
heny ! ERaSETF redE t2Peisy sRlsS e w8 B Rore k8 SHRREF Whia Baurdiat e
coaddi pioblesr.i n net hacrylic acid. The coadditives are phenothi azi nes,
aromati c am nes, and phenols. DE 19609312 Al and rel ated WO 97/ 32833

di scl ose the use of nitroxides as inhibitors. =
Unexpectedly, the combination of phenylenediamines with nitroxides is found to be

synergistic in its ability to prevent fouling in reactive light olefin streams. The activity of this



for nononers in which the vinyl group is attached to a heteroatom TPFDECZMZ
conpositions nmay additionally contain one or nore costabilizers of the
group of phenot hl azi nes, qui nones) hydroqui nones and their ethers,
hydr oxyl am nes or phenyl enedi am nes. U. S. Patent No. 5,711, 767 di scl oses
the use of nitroxides to prevent oxidative degradation and gum or deposit
formation in gasoline. A costabilizer nay al so be enpl oyed which is

sel ected fromthe group consisting of-an aromatic am ne, a phenolic
antioxidant or a mixture of an aromatic am ne and a phenolic anti oxidant.
17 QEC2002r . .r -3 The synergistic activity of the conbination of
phenyl ecahisetion esceats thatdfistatexofdissart antéoutkhtsp ITaw etateraithetartik idegpribed ineact i ve
fight o].efi i . ) i . f > | S.particular

conbi nalaaehs el LR Srenl AR REsh SleaRRESRIGRRA B elefBp Ll 1T s hot

di scl osed or suggested in the prior art. The present invention pertains to

novel nethqgs, padNG WBRSaY id%@éssé%e BECHBRY biasle RESHBIANS pROEY MEr | Zation i n
industrial plant streanms and processes caontaj ni n(g react|ve | |q%ht ol efins.

The usePR¥merization ingoeaturaied RIsgaic faed skeAfo SIPEPIATY CRiBE isitae PrEYRNTRROlf
equi prrefaulirgne olefimél fiet stleamytg ilfdrdtiog of PHiveERII I2gs than7od pstat | on, and
storage. The novel conpositions of this invention, stabilized against
premature pol ynerization, conprise a) a |light olefin nononmer, and an
ef fective pgoByRatr No.dt288:057 discibsesitmyuserad hysroxgalkyiydepxylpraing copprunds to

phenyl epgiti g MEriRtiort SGyhrebaibreiulds RBonthinihdisssivetiloxygenR3 wherein R, R2, and
R3 are the saime or différent and are hydrogen, straight or branched chain

al kyl of 1 to 20 carbon atons, straight or branched chain alkyl of 1 to 20
car bon at ong.swhatcho.i 553951005 idistioded dhdapnidiratioroof a Mietitoxaiheholgsibiepsugeadlyl of 6 to

12 carbog t or aryl of 6 to 12 carbon, at which_i.s substituted by
one to e autlFy RS wh 2 oPeeredhnER S ik les Bt U east one
ni t r oxi etbyleficalipensaduraigdanonbmers~ 7 D E C 2002 -4 R4 Rs -Zi .O Zz R4 R s

U.S. Pat. No. 5,416,258 discusses the method of inhibiting polymerization of a
butadiene-containing stream by the addition of a combination of a phenylenediamine and a
hydroxytoluene compound.

The following patents teach the use of nitroxides as inhibitors in combination with
coadditives to prevent polymerization in various systems. The coadditives include
phenylenediamines.

JP 83/320217 discloses the use of nitroxides with coadditives in methacrylic acid. The
coadditives are phenothiazines, aromatic amines, and phenols.

DE 19609312 A1 and related WO 97/32833 disciose the use of nitroxides as inhibitors
for monomers in which the vinyl group is attached to a heteroatom. The compositions may
additionally contain one or more costabilizers of the group of phenothlazines, quinones,
hydroquinones and thelr ethers, hydroxylamines or phenylenediamines.

U.S. Patent No. 5,711,767 discloses the use of nitroxides to prevent oxidative
degradation and gum or deposit formation in gasoline. A costabilizer may also be employed
which is selected from the group consisting of an aromatic amine, a phenolic antioxidant or a
mixture of an aromatic amine and a phenolic antioxidant.



wherein R4 and R5 are independently alkyl of 1 to 4 carbon atons oriameczmy
t oget her pent anet hyl ene; and Z~ and 2Zx afe each nethyl or Z~ and ZZ

together forma linking noiety which nay or may not contain heteroatons or
carbonyl groups and which additionally may be substituted by hydroxy,
cyanohydrin, am no, al koxy) am do, ketal, carboxy, hydantoin, carbamate, or
a urethane group. The novel nethod of this invention conprises adding to a
reactive light olefin an effective-goelynerization inhibiting anount of b)
at | east one phenyl enedi amine of the formulal RH'/N~"~ N | Rz R3
wherein R, R2, and R3 are as defined previously; and c) at |east one

ni troxi deTeé s;tdaﬁglsfueraaﬁvkty'aoﬂ the Endisatiorlof ph@nyue?radq%rﬁs witnhiebRdds thdarald, Z,, and
Z2 are as edi am nes of

T o oattRG e B SRevelia ogtng e de s R L P R aRR el S o

pheny!| eadidilardombmatidn tb ipreventpvenmitire polymeiizatien in light olefins is not disclosed or o
N- phen)é*‘g&,%s egﬂtnghn% a?[phenyl edi am ne, N-phenyl-N -ethyl -1, 4- phenyl edi am ne,

N- pheny 4- phenyl edi an ne,

N- phenyl - N -i sopropyl - 1, 4- phenyl edi am ne,

N-phenyl - i?"ne P %mveﬂﬂoﬁ pQRQ tlo(?ngbeﬁ‘meﬂw%ds and compositions for preventing
N- phenyl - N edi am ne,

N- phenwemq-turg g@lyraeﬁzylporg_m c@p@ﬁy'a@gﬁt@ﬁmﬁ@nd processes containing reactive light

N- phenylefifd. The b&&dﬂthe’be%o@ﬂﬁﬁ}ﬂo@ﬁarﬁmoﬁﬁoslhons prevents fouling of equipment
N phengd Rear REHAh=pdu S R n P Ealh ano storege.
N- phenyl - N - (1- net hyl hexyl ) - 1, 4- phenyl edi am ne,
N-phenyl - Mg fdvePsdidBBiioNs é?%é’lh\}enimrﬂ'sﬁhﬂﬁ@ Reing'Prdifature polymerization,
N- phenyl - N - (1, 4-di net hyl pentyl) -1, 4phenyl edi am ne,
N- phenyPPRISEN - di et hyl - 1, 4- phenyl enedi ani ne,
N-phenyl -N , N -di et hyl -1, 4pheny|enedianine,
N- phenyl - N - di but phenylenedianine,
N- phenyl 'f%} aI{'Ightd)'eﬂ &qﬁo%yl’ , 4- phenyl enedi am ne,
N-phenyl N -net hyl - N -et hyl - 1 4- phenyl enedi am ne,
- di neg,hgkéol,véfpmﬁé}&g%qm@mg%oumw -di et hyl - 1, 4- phenyl enedi am ne,
' -di -i sopropyl -1, 4- phenyl enedi am ne
-d|-|so butyl -1, 4- phenyl enedi anl ne,
- di - sbrablabst bndpﬂerwleeeﬁdlreinedﬁtaeﬁonmla |
' - bi s(1, 4-di net hyl pentyl) -1, 4- phenyl enedi an ne,
' - bi s(1, 3-di net hyl butyl)-1, 4- phonyl enedi anl ne,
-diph§ I-;‘ii;henyﬁenedianine, N,N,N'-trlnethyl-1,4-pheny|enedianine,

N, N, N -ty n4- phenyl enedi am ne. Particularly preferred exanpl es
phenyl nédi aRin®s ob_this invention include
-di - -butyl -1, 4- pﬁbnylenedlanlne)

- bi 5( WhérafHl F'ﬂi'eﬂpﬁh@ﬂgéﬁéhaeéan(b'd?hﬂf@béh&élﬂ@r@md?@en straight or branched
ene
NN bICQ?"ia@-HéP his 20 et SR B Fashe i e of 1 1020 catoon atoms

N- phenyhichlis-gubstituted by oteytoterae gry) grdyps- pyieh § tetfeaditonmitames, or aryl of 6 to

N-phenyb cé\lbor( ;mﬁns%mtnéwdbwm L,( ane4te ey LIt Ef%ﬁs%fﬁ% 6 carbon atoms;

N- phenyl - N -1 so-but yl - 4- phenyl enedi am ne,

N- phen)?f‘ N -sec-butyl 1, 4 phenyl enedi am ne. N| t I‘OXI des of this invention
have the general fornmula RA Rs ~Zi ON Z2 R4 R s wherein R4, R5, Z,, and Z2

are as defy ngd. BLEY LARLY of the formula I

zZzzzopzzzzZzZZZ
P ZZZ_QZZZZZZZ



17 DEC 2002 -6 Preferably, the nitroxides of this invention ha\C/f b@e .
formulae 11, IV, V, VI, VII, VIII, and/or |IX CH2R CHZR H3C H3C . Z\I 07
.ONIl H3C CHZR HOC CH2ZR n 1l 1V CHzZR CHZR HBC H3C/ .ON N Z .ON N X |
H3C R6 H3C~~0 CH2ZR CHzR n n VI CHzR H3C .O-N O H3C ~O CHZR VII| wherein VI
~NRs NN ~ N-N~N~Rs | | Ra R~ I X CHZR H3C .O-N O H3C CHZR V R i s hydrogen
or rmet hyl,
4.
R, [
b
O—N n
/‘S ZZ
R,

wherein R, and R;s are independently alkyl of 1 to 4 carbon atoms or are together

pentamethylene; and Z, and Z, are each methyl or Z, and Z, together form a linking moiety
which may or may not contain heteroatoms or carbonyl groups and which additionally may
be substituted by hydroxy, cyanchydrin, amino, alkoxy, amido, ketal, carboxy, hydantoin,

carbamate, or a urethane group.

The novel method of this invention comprises

adding to a reactive light olefin an effective polymerization inhibiting amount of

b) at least one phenylenediamine of the formula |

wherein Ry, Rz, and R are as defined previously; and

¢) atleast one nitroxide of the formula 1l

wherein R4, Rs, Z4, and Z, are as defined previously.



17 o E ¢ 2002 _, nis 1 or 2 in conmpounds of fornmula 11, VI, an \qEI“Pﬂ[
when nis 1 in corrpounds of formulae IIl and VII, X is hydrogen; al k

to 18 carbon atons; aikanoyl of 2 to 18 carbon atoms; propargyl; glycidyl;
benzoyl ; phenyl; aIkyI or al kanoyl of 2 to 50 carbon atons interrupted by
one to twenty -C=C-, -O, -CO and/or -COO groups; alkyl of 1 to 50 carbon
atons or al kanoyl of 2 to 50 carbon atons substituted by one to ten -CH
and/ or -COOY groups; alkyl or al kamd1 of 2 to 50 carbon atons both
interrupted by said -C=C-, -O, -CO and/or -COOgroups and substituted by
said -OH and/ or -COOY groups; cycl oal kyl of 5 to 12 carbon atons;

cycl oai kanmhe phefylénetdiamirids oathiBiveationmaye atrlesadrid NYrem, Fréfe®sd cycl oai kanoy!|

interru - | j gl'tp ‘oups; or said
cycl oal %ﬁ%@?%f %%gteﬁ?(&dr?ﬁ%&;&g 'fwet%'?n 'ag@)i/e ’gﬁgér&[)r\]m T and/ or - COOY
gr oups phﬁnylsdatdm@,ycl oal kyl or cycl oal kanoyl both interrupted by said -C=C,

0-, - @ o W%;hmm%%&?“m ﬂ?qh EH&?I‘NI ISP Y- p%@ﬁ;ﬁ’ed’a%«ﬁnd/ or - COOY

groups, rogen car bon ‘at ons enyl) when n is 2
in compwhery" Hf"s‘?Rﬁ?RﬂII‘ é@hF’IWed@I‘M‘WNrPheW'INs nREYA éﬁBerHIed@"H'@ 12 carbon
at ons;  RipkatyBROYd-bal/- 74-biend@diemind OM-pRéHyRT-sedlokiyl- empdermeldlaafneZ to 12 carbon

21 ky eryre AR e irerpe Bt wash G L EPElo el ot ca by one 1o

twenty N@:@yj -N=-GhexyC0O4-pheryledizmir@ID-phgmyd-di 61-meth)iyd xgird, 4epfhedylédiartife,car bon

t I I 3 to 50
2a?g21 lg (‘imf %3 @%e%élblﬂ%g%%ﬁém a%r?HTF\J F%nﬁ)\lk % @%@y%%t&g‘ ;4 al Ic<)yl ene or
al kyl enienylediaming.oNeherdNol rAimetByte! 4- W“&IPWIW%NWPY‘N 3dietylsig-car bon
at oms  bsHehRy Ibﬁ&d@nﬂwme -r\w 8- n-tggg A- ph@wylene@@mr@nn!pﬁénw NCK-gigsoups and

bstit b I f 5to 12
igr f)oln @I‘[ﬁﬂé" Bl’@?@?'beglwe Elotgppny&N %‘e%és'q‘I?@I 6(5% feé’ﬁgx @53 gal kyl Ce)n di - oyl
of 7 toN Mdlmtkbrbm—@henymfned]amma,lMNb@eihyIal,«gﬂeeyImedcaymrIeoal kyl enoyl or
cycl oal fyf. é“rIscﬂa'ro ¥ 4] ga%rﬁ/IeraniIérﬁﬁeW ‘i‘sl?t{&ty%)&ph% n’edlrelQﬂne - CO- and/ or COO-

groups; or said % I ene €no or oal kyl en- di - oyl
subst i t NiNsi-g55-butyt1.4-pbeny e@eq@mlge "éNoI?I%I f‘tS’"B?t%"F’ed%I' é‘rﬂjﬁmﬁny'ﬁﬂmf‘“@? ,oups; or
sai d cym/Nopiskyd-@imethyibigl maldﬁymwylbmme K cHipiednkiyd e pakénylzyibdifiaink, | nt er rupt ed

by sai dy &I&&rlmeth)(?1)4 ph%%lergeld% O, 9P de}[}!ﬂe gi'é%%&*a%ﬂwt ed by said -CH

and/ or -" hE% the sa 1 on as above in
conpounds of forrrul a VI) R6 is hydrogen, straight or branched chain al kyl

?1; %Stg rngaﬁ'ﬁ’JuIb‘H @Iégﬁggx&wémlpkyﬂyléafad&gtnes %ﬁmgaﬁaﬁ.@ng{cgjgﬁb ?r al kyltgf 1;
car bon a‘ss ﬁ’%bhﬁ@p?’”y&?gﬂﬁg'”? ﬁ\éhgﬁ%ﬁ r?@%eﬁhyﬁ‘?f”g'g “Tigpneaylg %R\%é“'f‘%r when n

i's 1 orNR-dieiso-Eltgirich-pRenylogeianéne, Mey/-bisOl rtlienetybLityi1 Kiyheoylertediamirk? car bon

atom; kyl ix -C=C,

| fiphgahche %%ﬁ@v'é&*%?‘ ¥ GIQ‘?POQIW OPPERIIPLES dalh0.2
substl t Rieay erReiagHhe, I\’o°h§r’¥U\Iar R{pLtY I4fehwezed'@a'ﬂfycﬁﬁ’d£{~m?§vl MhtsRERYY!-of 1 to 20
car bon f49ABnylenclamimed/ or - COOY groups; or cycloal kyl of 5 to 12 carbon
atons both Interrupted by said -C=C-, -O, -CO and/or -COO groups and
substituted by said al kyl, alkenyl, -OH and/or -COOY groups, Y has the
same neani Migoxidgesalh thissnventiorchavp therggsereffofmarul a | X, each R, is independently
hydr ogen, straight or branched chain alkyl of 1 to 20 carbon atons, or
cycloal kyl of 5 to 12 carbon atons, each RB is independently hydrogen,
strai ght or Rgrafiched chain alkyl of 1 to 20 carbon

wherein R4, Rs, Z4, and Z, are as defined previously.



atons, cycloalkyl of 5 to 12 carbon atons, or a radical of the fornﬁ%@ §5 .
CHZR H3C .O--N XI HC CH R where Ris as defined previously and wt ﬁ 002
proviso that at | east one of the R8 groups is of formula Xl . ~70EcC
Zooz -g_ The alkyl radicals in the various substituents may be |inear or
branched. Exanpi es of alkyl containing 1 to 18 carbon atons are nethyl,
ethyl, propyl, isopropyl, butyl, 2-butyl, isobutyl, tbutyl, pentyl,
2-pentyl) hexyl, heptyl, octyl, 2-etthyl hexyl, t-octyl, nonyl, decyl,
undecyl, dodecyl, tridecyl, tetradecyl, hexadecyl and octadecyl. Exanples
for hydroxy substituted al kyl are hydroxy propyl, hydroxy butyl or hydroxy
hexyl. C2-d Bal kyl interrupted by at |least one O atomis for exanple

- CHz- CH2- - g 1O CH2-CH3-. It
s pr of or bR ToQU PGt bs Mo Bhare e astl By TPV Clion i 5

- ((CHZ) 2rd®rbX H CH3, wherein a is a nunber from1 to 6 and b is a nunber
from2 to 10. CS-C, 2cycloal kyl is typically cycl opentyl, nethylcyclopentyl,
di met hyl cycl opentyl, cyclohexyl met hyl cycl ohexyl or trimethyl cycl ohexyl .
Cs-C,0 aryl is fo ?xanple phenyl or naphthyl) but alzgiﬁonprised are
C~- C4al kyl | subgtifuted phenyl, Ci- oXy substi tused phenyl, hydroxy,

hal ogen or|vit¥o itdted phenyl? l'es for alk ubsti tuted phenyl
are et hyl benzeney tol -xXyl ene amdNits ) soners,.0
| sopr opyl benzene. substituted [
or brornot pl uene’. Exanples of C2- CRRa rg%/llene bri dgeg &Rethylene
pr opyl ene, butyleﬁ%2 pentjiyl ene, hexyl e Rnd dodecyl ené.* "Exanpl es for
al kanoyl of~ cycl oal kanoyt derived from a nonoval ent radical of a carboxylic
acid are acetyl, caproyl, stearoyl, acryloyl, nethacryl oyl or
cyclohexylcarboxyhpyl Further exanpl eg,are derived frgm propionic acid,
laurinic acid or nethyl ethyl acetic acid or the other i1soners of valeric
acid. Typical unsaturated carboxylic acids are acrylic acid, nethacrylic
acid or crotonic acid. Particularly preferred anpl es of nitroxides of
this invention |Q§gyde bls(l-oxyl-2 2, 6.catret r anet hyl pi peri di n-4-yl)
sebacat e, 4- hydroxy-1-oxyl -2, 2, 6,(6- ﬁ@&Lé__\hylp peri di ne,

1-oxyl 2, 2, ,6-tefra thylplperldlne

1- oxyi-2,2{6,6-tetra ﬂhy+§|per| i n-9=®pe) H-oxyK-2,2,6,6 ~7n~c zooz
j i dign-|4-yl acet at e, J%—%&

-10 tetra

1-oxyl -2, 26, 84 aret ﬁw pi peridi n- ﬂ}cy CHZReQ hyl hexanoat e,

1- oxyl - ,2 6, 6- t ef Fanmet hy|l pi peri di n-4-yl 3dtearate,

1-oxyl -2, 2,76, 6-t et r anet Hylnpi peri din-4-yl benzoat &,

1-oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl 4-t-butyl -benzoat e,

bi s(1- oxyI 2,2,6, Eetranethylplperldln 4: %I) succi nat e,

bi s(1-oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl) adipate,

bi s(1- oxyl - 2,2,6,6 t et ramet hyl pi peri di n-4-yl ) n-butyl mal onat e,
, 2,

bi s(1- oxyl - tranethylplperldln%4,y% pht hal at e,

bi s(1-oxyl - *§ \;gitftranethylplperld yl) isophthal at e,

bi s(1- oxyl - etranethylplperldhp/u\ | ) terephthal ate,

bi s(1- oxyl - 2 28\ 6t epr anet hyl pi perid ) hexahydr ot er epht hal at e,

N, N -bi s(1- oxyI‘2T2<§ 6tetranethy”bape¥} «4Ryl) adipani de,

N (1-oxyl -2, 2H& 6 %Etoanethylp|per| I n- N caprol act am

N-(1-oxyl -2, 2,6, 6° 2t r anet hyl pi peri dsn- 4- yIY‘dodecyIsu00|n|n1de

2,4,6-tris- [Nbutyl N-(1-oxyl-2,2,6,6-tetranethyl pi peridin-4-yl)]-s-triazine
, and 4,4'-ethylaﬂgbis(l-oxyl2,2,6,6-teb{anethylpiperazin-3-one). The 11 ght
ol efins of this invention include hydrocarbon nononers generally having 2-6

wherein

R Is hydrogen or methyi,



carbon atons. Exanples are ethyl ene, propylene, butadiene, and isopm&?
The industrial plant streans are essentially the light ol efins of thi C 2002
invention or they nay additionally contain acetyl enlc conpounds and/ or
saturated hydrocarbons. Exanpl es of such streans are depropani zer and

debut anl zer bottons which are generated in ethylene cracking processes. The
conpositions of this invention are conprised of b) at |east one

phenyl enedi ami ne and c) at |east one nitroxide, each as described supra.
The inhibitor m xture may be added neat or it may be added as a solution in
an appropriate hydrocarbon solvent. The conponents may be added separately
or together as a mxture. The ratio of b) to c) enployed is in the range of
1:10 to 10; 1. . o) nemt and c) necessary to prevent

unwant ed p%%ﬂr?l?&zgoﬁbgw%4flf&@gigg|}i?ngﬁd%’e tenperature and duration of the
parti cul arwigngded ¢ eamporeds affarmuipe lkradwdlen 0. 1 and 10, 000 parts per million
(ppm based on the olefin. Preferably the anount used is between 0.1 and
100 ppm eagch on the ol efin. ~ ~0 E ¢ ~00~ - The induystrial processes
of this i nSEvieReN: aliicld 948 cYPERERTS; ﬁ’k%mf/'c"rf.%iﬂ? RO YPFn is handl ed or
mani pul gbedgwt Gigrdy; heanzdyhepheantle atikylan akamgl of aes §@ edrbaratarhs hkeerupleef i N.  Such
processgs. | ut gre not Ljmled y [ rocesses,

pr eheat ﬁ%ﬂqu}%gﬁlﬁé{:i’gé} ?@&Pﬁ@#ﬁ%&%&?@@ﬁ @%& C%Eb%.ﬁ r;“egsocl?ronposi tions
and net #anoylef 2 thiOscarhppetarmosubatiyted by enase tansOH aprion-GRME orospli alkwes known

Lo preveidikah&bi 319 53aboR BtoRRldoMihEdRibisd by RIAL-88a6L LAGL Dk -E&HT 0SI ON
inhibitors and the |like. The sta}nl I |$er conbi nation of this invention may
be appl "8¢PSAMISHISIRARY srid QR aAGLHIT Geropra Y OIeqlie oA 1812 5rBRss where it
i s ef f emdomy,ecycihalkandyhs 6 t6 ubcarddn atbmé her salhvogeidalikyhon cyclbsicanasgle of a

phenyl epngdi am f rauka A and a nitroxide of fornmula Il, according to
claim 1'”@%?8‘?2%%%’%??%8 ?%%'pc#érmt ure polynerization of reactive |ight

ol ef i ns"CQrIaNd/EeCON-OrwRS eirfgidpyelpalkb aceysiogikaney spestituterbycaepesit®dn above
apply adrieorf @O0t Roupé;Nesakildybieaky pmyclbé]eadog\b@fhtim@nuptéﬁ syheitgie=speci fic
enbodi ngnts of the present invention have been described in the detailed
descri pti'on above, the description is not intended to linmt the invention
to t he {€4-Bhd/ol -@OC-groups end gubbiiotedrbnsaid ditaidis eQOOM@raips, si nce they are to
be recognized as illustrative rather than restrictive and it wll be
obvious to those skilled in the art that the invention is not so Il mted.
Thus, the YsJyaEpynhaky ofidéy 4parbon orpPePheaVh changes and nodificati ons of
t he specific exanples of the invention herein disclosed for purposes of

illustration which do not cqnstit arture fromthe spirit and scope of
the i nvent\fwi‘)er?.n'sf%én %OWSH?%ﬂ{%mglﬁgilﬁa@%WVenti on in which a specific

property or privilege is clainmed are defined as follows. The inhibitors

used | &"t Nh%iiswgeﬁ%f‘ﬂtooﬁé%gmoﬁ%toﬁ{s??alkylerToyTof@ 1519 chBOatorkd; ki H-O - CH ~O
Zee . O
( oyl of 2 to 12 carbon atoms; phenylene; phthaloyl; isophthaloyl; terephthaloyl; alkylens,

alkylenoyl or alkylen-di-oyl of 2 to 50 carbon atoms interrupted by one to twenty -C=C-, -O-, -
CO- and/or

-COO- groups; alkylene of 1 to 50 carbon atoms, alkylenoyl of 2 to 50 carbon atoms or
alkylen-di-oyl of 3 to 50 carbon atoms substituted by one to ten -OH and/or -COQY groups;
alkylene or alkylenoy! of 2 to 50 carbon atoms, or alkylen-di-oyl of 3 to 50 carbon atoms both
interrupted by said -C=C-, -O-, -CO- and/or -COO- groups and substituted by said -OH
and/or -COOY groups; cycloalkylene of 5 to 12 carbon atoms; cycloalkylenoyl of 6 to 13
carbon atoms; cycloalkylen-di-oyl of 7 to 14 carbon atoms; or said cycloalkylene,
cycioalkylenoy! or cycloalkylen-di-oyl interrupted by one to six -C=C-, -O-, -CO- and/or -
COO- groups; or said cycloalkylene, cycloalkylenoyl or cycloalkylen-di-oyl substituted by



NO1 NO2 OH N~ ~ NH MO ON,N -Di -sec-butyl -1, 4- phenyl enedi am ne | RGANOX
1300 (DBPDA) (HP) Exanple 1 Heat |nduced Gum Test The heat induced Igubhl 2§}
utilizes heat under a nitrogen atnosphere to induce |ow nol ecul ar wei ght

pol ymer formation (gum). The nethod is an adaptation of ASTM D 381,
"Standard Test Method for Existent Gumin Fuels by Jet Evaporation,” and D
873, "Standard Test Method for Oxidation Stability of Aviation Fuels
(Potential Residue Method)." Commer-d&-al isoprene is distilled in an Inert
at nosphere to obtain inhibitor-free i soprene which is stored under nitrogen
bel ow OC until used. The diluent is ACS reagent grade toluene which is

pur ged onie ttdisin Ot ag@or COJOYS@Owﬁantmi gycioalkylére, agralkNetaybgregcloalitent ess t han
99.6 % @ q as técg ?es§ure gas in the heat aging bonb and as the
evapor a7 HO%AQGFW ete ation. Inhibitor concentrations are

r epor t eGCk andserr- C@Operoumi and syhstitygendy snjd @ agidfor Kx3@Ygwerps.ot al hydr ocar bons.

| 7 DEG d Gum Content Trial |soprene Inhibitor
Conc. Tenp“%g%anv%?g S%nédmtgsr???b%( hours) Gum Content (ngll OOmM)

| nsol ubl e Sol ubl e a) 50 none--2124na470b) 50 N018212400c) 50 N02821241176d)

50 DBPDAIZA ddthiurdds orkfdiaNRSZlid Ai&eh) stialy h%&bm&ﬁldﬂ&wf 13920

2 e ARG by Ly MR, o

use of dfBeo 18 tarbon aless,atidniyhef plodByhbnedioamionesnzofl, t he present invention
provides a synergistic nmethod for inhibiting polynerization of isoprene at
el evated tenperatures. Nitroxides andwghen yl enedi am nes each have an

i nhi bi ti ngf kesfter-sameBAETG atdorf abavy for wpen aid qre o' AR dPeaier Maval  a) .
Howev erfor & afcldaliy! df B tyVii2 6dtbéh KA dyaloalRf ofd todl 2I‘¢laibb@&loﬁ‘% thbl’ﬁfd'pte’ﬁ by

phenyl enedi am ne at a.to um formation.
Thi s wa¥® g &S G ad 81[90 é/?rhgﬁg)nﬁi?H?s O&ngﬂ“@%t#t%qg °8 'T%I one and far
bet t er substitutédisy orego eix atkylgd mte20 pdkdonztans akeml ofl 1 to 2P Cal@oweﬂOTHSa@H ar better

t han t %ij d¢ ne al one
(trial ha%)}&%!\IC’(;CBY??;Bsyne Cl Bf]fsothE%&B@rﬁ%m%fxghhﬂﬁe‘rﬁgﬁpﬁ%g@ dt:ﬂ(g] ni troxi des
wth ot Qer Pnanddert or s of the prior art such as hindered phenols. The

conbi natioaagrodbs Ahd SuB¥itdes bysdidalk.elehyidereanditreCODYIgREEABIOX 1300 (HP) are
not as good at inhibiting isoprene polynerization as the nitroxides al one
(conparing trials f) and g) to b) and c)). Table 2 Heat Induced Gum Cont ent
Trial | sopflkasghe samomedindaboveenp. Tinme (vol /a) w -ppm ("F) (hours) Gum
Content (ng/100mL) I nsol uble Soluble j) 50N015. 324841893DBPDA2. 7k)

SOND12. 724842858080 HE, 1), SO A SR AR A e

chain alkyl of 1 to 20 carbon atoms, or cycloalkyl of 5 to 12 carbon atoms,

each R; is independently hydrogen, straight or branched chain alkyl of 1 to 20 carbon
atoms, cycloalkyl of 5 to 12 carbon atoms, or a radical of the formula XI,

CH,R
H,C

.O—N — XI

HiC CH,R

where R is as defined previously and with the proviso that at least one of the Rg groups

is of formuia X{.



1 1DECZ2002 -15n) 50 NO1 7.5 248 4 0 1410 NO2 7.5 o) 50 NO1 5 24187?E@2002

352 DBPDA 10 Table 2 illustrates the synergistic polynerization inhibitIng

ability of the conbination of nitroxides and phenyl enedi am nes at 248 F.

Note trials j) and k) performbetter than t) at about one half the total

| oadi ng of inhibitor. At equal total |oading the perfornmance of the

conbi nation of this invention is superior (trial o0)). Table 3 Heat | nduced

Gum Content Trial |soprene Inhibitor®Conc. Tenp. Tine Gum Content

(mg/ 100mL) (vol %9 w -ppm (F) (hours) Insoluble Soluble p) 25 NO1 3 248

2.5 6 264 gq) 25 NO1 2 248 2.5 5 68 DBPDA 1 Table 3 illustrates the

ef fecti . ons) of

i bi ¢ B a0 ecgped el shEliuoR e o fn B BBl Ba RBE BEAOECE) O e

with a FRERINEHEGIBGRTRS alMeAre aﬁ%e@% PRPY. 15qR(RPMk P 3-Butdupritybit- at

i nhi bi t bung, geotyy, Pegentyd hemt,ihapty o r2-éthyisexyC ot tnooy decyl, undecy ~ ¢ zoos - 16

Exanpl e - I | nduced Gum Test is perforned as
dcﬁjew,%décpﬁj 8 Ge Héx-gﬁﬁcgl %d?it%ﬁ{a?@té%

i n Exanple replfacing rsopre ut adi ene. The conbi ned use of the
ni troxi des and phenyl enedi am nes of the present invention provides a

syner gi BxdniplésErbhadrdxg substitutdaiaikynge pyroxyerdpyanhydesxy @litylor Bydrotyaiékgne at

el evated tenperatures. Tables 1 through 3 illustrate the synergistic
activity of a conmbination of a nitroxide and a phenyl enedi am ne towards

i nhi bi t Engpot neruptesitty@hieast ong Gratoroisder axemplEheid.-Cldn®iOkiGHanCHs- superior to

tst ate O(fJHI{-b]fCP%lf br bngidmizioécg%-o_ﬁp%:ﬁz-?rwidgs ufi@;sre@rapg%eri\féasfonﬁf f ﬁct ive rrf‘t hod
(0] reve oul I, n LN 1IN ri | SL[ anga .processes a | NVOIl ve
{ he" haniyaEnegEBL aendtdestrirton & Qi SOk Pt fheral 5 S BBt 8y ghe

ol ef i nsto 6 and bds p-aumber fraypd ta 107

Cs-Ci.cycloalkyl is typically cyclopentyl, methylcyclopentyl, dimethylcyclopentyl, cyclohexyl,
methylcyclohexy! or trimethyleyclohexyl.

Ce-Cio aryl is for example phenyl or naphthyl, but also comprised are C,-Cqalkyl substituted
phenyl, C,-C,alkoxy substituted phenyl, hydroxy, halogen or nitro substituted phenyl.
Examples for alkyl substituted pheny! are ethylbenzene, toluene, xylene and its isomers,
mesitylene or Isopropylbenzene, Halogen substituted pheny! is for example dichlorobenzene
or bromotoluene.

Examples of C,-Cyealkylene bridges are ethylene, propylene, butylene, pentylene, hexylene
and dodecylene.

Examples for alkanoyl or cycloalkanoy! derived from a monovalent radical of a carboxylic
acid are acetyl, caproyl, stearoyl, acryloyl, methacryloyl or cyclohexylcarboxyloyl.

Further examples are derived from propionic acid, laurinic acid or methyl ethyl acetic acid or
the other isomers of valeric acid.

Typical unsaturated carboxylic acids are acrylic acid, methacrylic acid or crotonic acid.

Particularly preferred examples of nitroxides of this invention include bis(1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl) sebacate, 4-hydroxy-1-oxyl-2,2,6,6-tetramethylpiperidine, 1-oxyl-
2,2,6,6-tetramethylpiperidine, 1-oxyi-2,2,6,6-tetramethylpiperidin-4-one, 1-oxyl-2,2,6,6-



CLAIMS: 1. A conposition stabilized against premature polymerizatifonpgg 0
consisting of a) a light olefin nononer that optionally contains acetylenic
conpounds and/ or one or nore saturated hydrocarbons, and an effective

pol ymeri zation inhibiting anobunt of a synergistic conbination consisting of
b) at | east one phcnyl enediamne of the formula | HR a wherein R, RZ and
R~ are the sane or different and are hydrogen, straight ox branched chain
alkyl of 1 to 20 carbon atons, strail@ht or branched chain alkyl of 1 to 20
carbon atons which is substituted by one to three aryl groups, aryl of 1 to
12 carbon atons, or aryl of 1 to 12 carbon atons which is substituted by
one to telireahapikatidirgs-gupstaef 1-dxyi-2,26,&@irbracthgpiperiin-ayid-alylikadaagst one

" ndepertBNCEs R RmEv Erein 4 SR 15122 6 LprePgLRRIS Dont anct hyl ene:
and Z~ lmndodtd, 1a¢xg|-%a§16-ta’mmmthylmerimn-4mhd-t-ﬂzty&@ge@d’mbisﬂenxsrlr%,Z,Bianki ng noi ety
o oups SRR TR GO BB IEREARL B e 2l o
am no, Ris(exy-2. 2P tRyramedyiperidiart tybxhutyiRpieasie diigi 1 -oxyl-2,2,6,6-
tetramethylpiperidin-4-yl)phthalate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) isophthalate,
bis(1-oxyl-2,2,8,8-tetramethylpiperidin-4-yl) terephthalate, bis(1-oxy!-2,2,8,6-
tetramethylpiperidin-4-yl) hexahydroterephthalate, N,N'-bis(1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl) adipamide, N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)
caprolactam, N-(1-oxyl-2,2,6,8-tetramethylpiperidin-4-yl) dodecylsuccinimide, 2,4,6-tris-[N-
butyl-N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)]-s-triazine, and 4,4'-ethylenebis(1-oxyl-
2,2,6,6-tetramethylpiperazin-3-one).

The light olefins of this invention include hydrocarbon monomers generally having 2-6
carbon atoms. Examples are ethylene, propylene, butadiene, and isoprene.

The industrial plant streams are essentially the light olefins of this invention or they may
additionally contain acetylenic compounds and/or saturated hydrocarbons. Examples of
such streams are depropanizer and debutanizer bottoms which are generated in ethylene

cracking processes.

The compositions of this invention are comprised of b) at least one phenylenediamine
and ¢) at least one nitroxide, each as described supra. The inhibitor mixture may be added
neat or it may be added as a solution in an appropriate hydrocarbon solvent. The
companents may be added separately or together as a mixture.

The ratio of b) to ¢) employed is in the range of 1:10 to 10:1.

The amount of components b) and c) necessary to prevent unwanted polymerization
will depend on the temperature and duration of the particular process and may each be
between 0.1 and 10,000 parts per million (ppm) based on the olefin. Preferably the amount
used is between 0.1 and 100 ppm each on the olefin.



carbamate, or a urethane group. 2. A conposition according to cIaHn}&Hf%,
whi ch conponent b) is at |east one phenyl enedi am ne sel ected from 1007
N, N di - sec-butyl -1, 4- phenyl enedi an ne,

N, N - bi s(1, 4di net hyl pentyl ) -1, 4- phenyl enedi am ne,

N, N -di -i so-butyl -1, 4- phenyl enedi am ne,

N, N - bi s(1, 3di net hyl butyl ) -1, 4- phenyl enedi an tine, N phenyl-N -(

1, 4-di met hyl pentyl ) -1, 4- phenyl enedi-ait ne,

N- phenyl - N - (1, 3-di net hyl butyl ) -1, 4- phenyl enedi am ne,

N- phenyl - N -iso-butyl -1, 4phenyl enedi am ne, and

l\ﬁphenyl ;N‘hﬁmﬁmwﬁmc&se@;@t&mymn@ﬂi\@me{my pcesd immpmiigrit ORfRCOr di ng to
claimal i ich .c nent . c) is.at |east one. nitroxjcde e formul ae
L, | \1}’,3”8)?"97 ’,“aWﬁgB@?‘ﬁFi‘“"H%thF%t%‘ﬁ'ﬁra?i’?ﬁyrﬁ?”éat!c’ﬁ# F—QePleﬂ“-lﬁW“l Vcrr-rz oV

| | 3C CffdrodesiésGhdiud Hut £k InpRimited to-hyldrasarbomr crackirgrprockSsds| prehealihg, R vI ' U--N N G
I1iC

! distillation, hydrogenation, extraction, etc.

The compositions and methods of this invention may also be used with other additives
known to prevent fouling such as antioxidants, metal deactivators, corrosion inhibitors and
the like. The stabilizer combination of this invention may be applied at any point in an
industrial plant stream or process where it is effective.

A further subject of the invention is the use of a phenylenediamine of formuta | and a
nitroxide of formula I}, according to claim 1 for inhibiting the premature polymerization of
reactive light olefins.

All definitions and preferences given for the composition above apply also for the other
subjects of the invention,

Although specific embodiments of the present invention have been described in the
detailed description above, the description is not intended to limit the invention to the
particular forms or embodiments disclosed therein since they are to be recognized as
ilustrative rather than restrictive and it will be obvious to those skilled in the art that the
invention is not so limited. Thus, the invention is declared to cover all changes and
modifications of the specific examples of the invention herein disclosed for purposes of
illustration which do not constitute departure from the spirit and scope of the invention. The
embodiments of the invention in which a specific property or privilege is claimed are defined
as follows.

The inhibitors used in the following Examples are:



Gl ~l1Znc:'l I ~REI3(." ON\NXI laCCdi,RU- nC1 | lleL@p
v . U~v Ul |l iC~\\ i, RUR\ i ks Ny NIp ~~/ 123 V Ir { /
VIIl 1? wherein Ris hydrogen or nethyl, nis 1 or 2 in conpounds of
formula I'll, VI, and VI, when nis 1 in conpounds of forrmulae Il and VII,
X is hydrogen; alkyl of 1 to 18 carbon atons; al kanoyl of 2 to 18 carbon
atons; propargyl; glycidyl; benzoyl; phenyl; alkyl or al kanoyl of 2 to 50
carbon atons interrupted by one to tW%enty -C==C-, -0-, -CO andlor -Q00-
groups; alkyl of 1 to 50 carbon atons or '/ DECI(?0 -20 al kanoyl of
2 to 50 carbon atons substituted by one to ten -OH and/ or -COOY groups;

al kyl or al kanoyl of 2 to 50 carbon atonsfboth iften~upted by said -C==C,
-0, -CO and/or -C00groups and substiw byns/giyd -OH and/ or - COOP

groups; cycl oal kyl of to 12 carbon atghs™@ygt oalkanoyl of 6 to 13 carbon

atons; or said cyclo | or cycl oal kapgyl intenlzpted by one to six
-C==C, -0, -CO andlor{-COO groups sai d cyfl ogl kyl or cycl oal kanoyl
substi hi t ed by one i OH and/ or grou sai d cycl oal kyl or
cycl oal kanoyl both int&rrupted by sai'd |- C==C and/ or - C0O0-
groups and substituted by said - OH andfor COOY gréhps
NO1 NO2
OH
H
N—< >——N
H 2
MeO o}
N,N'-Di-se¢-butyl-1,4-phenylenadiamine
IRGANOX® 1300
(DBPDA)
(HP)
Example 1

Heat Induced Gum Test

The heat induced gum test utilizes heat under a nitrogen atmosphere to induce low
motecular weight polymer formation (gum). The method is an adaptation of ASTM D 381,
“Standard Test Method for Existent Gum in Fuels by Jet Evaporation,” and D 873, “Standard
Test Method for Oxidation Stability of Aviation Fuels (Potential Residue Method).”

Commercial isoprene is distilled in an inert atmosphere to obtain inhibitor-free isoprene
which is stored under nitrogen below 0°C until used. The diluent is ACS reagent grade
toluene which is purged with nitrogen for 30 minutes prior to use. Nitrogen, not less than
99.6 %, is used as the overpressure gas in the heat aging bomb and as the evaporation gas
for gum determination. Inhibitor concentrations are reported in parts per million (ppm) by
weight based on total hydrocarbons.



Y is hydrogen, alkyl of 1 to 4 carbon atons, or phenyl, when nis 2 in

conpounds of fornmulae Il and VII, X is alkylene of 1 to 12 carbon at P

al kyl enoyl of 2 to 12 carbon atons; al kylen-di-oyl of 2 to 12 carbon atoﬂ@:AMZ
phenyl ene; phthal oyl ; isophthal oyl; terephthal oyl; alkylene, alkylenoyl or

al kyl en-di -oyl of 2 to 50 carbon atons interrupted by one to twenty C==.C,

-0-, -CO and/or -COO groups; aIkerng of 1 to 50 carbon atons, alkyl enoyl

of 2 to 50 carbon atons or al kyl en-di T of 3 to 50 carbon atons

substituted by one to ten -OH and/ or -COOY groups; al kylene or al kyl enoyl

of 2 to 50 carbon atons, or alkylen-di-oyl of 3 to 50 carbon atons both
interrupted by said -C=C, -0, - colatded/ or - COO groups and substituted
by said -OH and/ or -COOY groups; cycloal kylene of 5 to 12 carbon atons;

cycl oal kyl enoyl of 6 to 13 carbgn_ .atons: cycloal kyl en-di-oyl of 7 to 14

carbon atons; or said cycloalkyﬁgﬂ3F8€?%@@EEMMbmnoyl or cycl oal kyl en-di - oyl
i nterrupted by one to six -C=C, -0-, -CO and/or -COO groups; or said

cycl oal ky 5%e “@V@Boahhmh@ﬂoxkngr Cy, oal kyl en-di -oyl substihited by one to

six -OH and/orWOﬁxyh’groups or saldaéyclo mRerneGumymhmﬁkg%i)

cycl oal kyl en-di -0yl "both |n¥@ﬁwﬁbté&)by $aire) - C==(rq15 an&/or
-COO0- groups and substituted by said -OH and/or -foﬁpg?ou lubfher ei n Y has

the sane definition as above, in conpounds of formula VI, R6 is hydrogen,

straight or branched chain alkyl of 1 to 20 carbon atons, cycloal kyl of 5

to 12 carbon atons, aralkyl of 7 to 15 carbon atons, al kanoyl of 2 to 18

car bon a?%ns é@kenombm@f 3 tg 18 cgg%on atons or benzoyl, Z has the sane
meani ng as for X above for when n i§ %, or Z an&'R6 t ogeg her may

foi-~n g, )cyclo | kyl of 5 to 12 carbon atons; cycloal kyl of 5 to 12 carbon

atons interrup ®d byN&e to sgx -Gz, -0;, -CO and/or -COO groups;

cycl oal kyl of 5 to 12 carbon atons 17 DE C 2UU-9-21 substg tuted by one

to six @bkyl p 1 to éo carbon atons, alkenyl of 1 to 20 carbon atons, -CH,

and/ or - groups £ cycldhlkylznﬁ 5tg 12 carbon atons both |nterrupted
by said -C==C-, -0-, -CO and/or -COO groups and shbsti t utiée by said

al kyl , d]kenyBo '(}bBﬁHK“(” COOY groups, Y has the sane neani ng as above,

i n conpounds of formula IX 3ach R212s i ndependent | y.- hydro&gn strai ght or

branche é chain alkyl of 1 to 20 carbon atons, or cyc oal ky Bf 5 to 12

car bon @t ons, S&ach R%i s |ndgpende$%%y hydrogen straight or branched chain

al kyl of 1 to 20 carbon atons cyc | kyl4of ~5 to I car boggat ons, or a
radi caly of the formula X, ?v I ,RIl,C" ~0-v I1;C CdI:R where Ris as

defined preV|%hst dod mnth 4 he pqgglso t at at least one of the R$ groups

is of fornlula XI. 4p A conppsition according to cBaim | izzwhich conponent

c) is at Ieast one nitroxide selected from

bis(l-gﬁ -2,2,6,6-tetranet hyl pi peridin-4-yl) sebacate,

4- hydr BXy- 10)’?9I 2, N 6- t et yamet hyl pi perl di ne,

1-oxyl -2, 2,6, 6- tetrﬁgethylplperldlne 1 298

1-oxyl-2,2,6, 6tetranethy|p|6er|d|n 4- one,

| -oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl acetate,

1- oxyIJ2 2, 656t et r gt hyl pi peridin-4-yl 2-ethyl hexanoate,

| - oxyl - 2,2,6,6-teP§§§?thylplperldpﬁ-4 yl4 stearatep 0
loxyl-2,2,6,6-tet hyl pideri di n-4-yl benzoat e,
1-oxyI-2,2,6,6-tetranethy|p|per|d|n 4-yl 4-tbutyl - benzoat e,

bi s(1Hoxyl - Zp2, 6, ftranethylplperldln 4-yl) succinate,

bi s(1- oxyl - 2, 2, 6, 6t et r anet Kyl pi p&i2di n- 4-yi) adi pat e,

bi s(1-oxyl-2,2,6,6-tetranet hyl pi peridin-4-yl)- nbutylnaloﬁg?e

bls(lﬁéxymt@&math t et ramet hyl pi peri di n-4-yl) phthal at e,

bi s(1-oxyl -2, 2,6, 6tetranet hyl pi peridin-4-yl) isophthal ate,

bi s(1-oxyl-2,2,6,6-tetranmet hyl pi peridin-4-yl) terephthal ate,

bi s(1-oxyl -2, 2,6, 6-tetranet hyl pi peridi n-4-yl) hexahydrot erepht hal at e,

N, N - bi s(loxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl) adi pam de, N-(

| -oxyl-2,2,6, 6-tetranet hyl pi peridin-4-yl) caprolactam N (

1-oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl) dodecyl succinimde, 2,4,6-tris-[N
17 DEC 11U



-22 butyl-N-( 1-oxyl-2,2,6,6-tetranethyl piperidin-4-yl)]-s-triazi ne 1apBiEC 2002
4,4 - et hyl enebi s( I-oxyI 2,2,6,6-tetranet hyl pi peridin-3-one). 5.
conposition according to claim1 in which the ratio of conmponent s b) to c)
isin the range of 1:10 to 10:1. 6. A conposition according to claim1l in
whi ch conmponents b) and c) are each present in the range of from about 0.1
parts per mllion to about 10,000 parts per mllion of conponent a). 7. A
conposition according to claim1 in-W¥hich conponent a) has 2 to 6 carbon
atonms. 8. A conposition according to claim1 in which conmponent a) is

et hyl ene, propyl ene, butadiene, or isoprene. 9. A nethod for inhibiting the
prerrature [1{0] malhiomltabtm thét theeeattbined use ghthe oltrefidessandaimesi st i ng of adding to
said ol a synergistic
conbi na(tf’ %&§e@8¢1}5| & ESFthé’sreQ%tﬁ}%ﬁdoﬁg Olv(ags]d% %{fl&ene g?n&g']ieh‘%éngt he formula I
R, 61 \ pplymadzragpmoffsopreRe ahpldvaRs fameerame%mxndﬁs @nﬁﬁf@nﬁmedm@re hydr ogen,
strai ghtgy bt or
branche %&&%%ﬁﬁt&%nﬁ@ﬁé& é%l'r%)ﬁ mgOdc é} &Oan%Q) tsS whi éﬁﬁﬁ? %S’?‘i@ﬁt ed by one
to thr eé)éﬁW'C"g? @%@w@wfaa#roadwthlazpf@av'araﬂ#'aavmat@}ﬁll Ia\feJ/P DIPM to 12
carbon afaeWBedWHdG1d guﬁ1fSM*;h‘ﬁbht'ﬂil@ﬁia@a/sgB@Sa*sQOLIthtﬁ@amblkrWof@éQlﬂr@&ld@f | to 6

car bon Efi\lt01r’rﬁdne ang far better than tEe use ol'f '“4Uppm of NO1 alone (trial i)) as well as far better
than the use of more than double the amount of the phenylenediamine alone (trial d)). No
such synergy is found with the combination of the nitroxides with other inhibitors of the prior
art such as hindered phenols. The combinations of nitroxides with the hindered phenol
IRGANOX® 1300 (HP) are not as good at inhibiting isoprene polymerization as the nitroxides
alone (comparing trials f) and g) to b) and c)).

Table 2

Heat induced Gum Content

Trial Isoprene Inhibitor Conc.  Temp. Time Gum Content {(mg/100mL)
(vol %) wt-ppm  (°F) (hours) Insoluble  Soluble
i) 50 NO1 5.3 248 4 1 893
DBPDA 2.7
k) 50 NO1 2.7 248 4 2 858
DBPDA 5.3
) 50 NO1 15 248 4 2 961

m) 50 NO2 15 248 4 2 1258



-23 b) at least one nitroxide of the formulall RS R~!. ~ CJ-N IGW]FE

a5 wherein R4 and RS are independently alkyl of 1 to 4 carbon atons ‘o EG@WZ
t oget her pent anet hyl ene; and Z~ and Zz are each nethyl or Zi and ZZ
together forma linking noiety which nmay or may not contain heteroatons or
carbonyl groups and which additionally may be substituted by hydroxy,
cyanohydrin, am no, al koxy, am do, ketal, carboxy, hydantoin, carbamate, or
a urethane group. 10. A nethod accorting to claim9 in which conponent b)

is at | east one phenyl enedi am ne sel ected from

N, N -di -sec- butyl -1, 4- phenyl enedi am ne,

N, N - bi s(1, 4di net hyl pentyl)-1, 4- phenyl enedi am ne,

N, N -di s so-b | -1, henyl-enedi anj pae,

NN - bi U1, 3di hy ﬂﬁﬁ)yl VT ohenifenedi &mine,  ° 1410

N-phenyl - N - (1, 4- di n¥€By| pert§1) - 1, 4- phenyl enedi ani ne,

N- phenyl -N - (1, 3-di net hyl butyl ) -1, 4- phenyl enedi am ne,
N—phenyI-N'-iso-buty&-1,4phen | enedj am ne, and

N—phenyPlN'-sé@-buty Q1,4-phe ernéﬂ@anine? 11. A mét hod aé%@rding to claim

9 in which conponenpBepAi s atol east one nitroxide of the fornulae 111, IV,
V, VI, Vil, VIIl or IXEl Q- C ?CIlI CEi,l: - nlll Gar ~c ~0~2
-24 cH~Rf f3COIYIf,CCHRdO-I,RI l|iC

Table 2 illustrates the synergistic polymetization inhibiting ability of the combination of
nitroxides and phenylenediamines at 248° F. Note trials j) and k) perform better than 1) at
about one half the total loading of inhibitor. At equal total loading the performance of the
combination of this invention is superior (trial 0)).

Table 3

Heat induced Gum Content

Trial Isoprene Inhibitor Conc.  Temp. Time Gum Content {(mg/100mL)
(vol %) wt-ppm  (°F)  (hours) Insoluble  Soluble
p) 25 NO1 3 248 2.5 6 264
Q) 25 NO1 2 248 25 5 68
DBPDA 1

Table 3 illustrates the effectiveness of the use of iow levels (3 ppm on total
hydrocarbons) of inhibitor on dilute solutions of isoprene. The combined use of a nitroxide
with a phenylenediamine as directed by this invention is superior at inhibiting polymer
formation under these conditions.
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~n~E.c~~;u -25 1 Xy~/ ~s NN~ VRwW~ ~ ./Rs VNR-ILK

Example 2

Heat Induced Gum Test

The Heat Induced Gum Test is performed as in Example 1 replacing isoprene with 1,3-
butadiene. The combined use of the nitroxides and phenylenediamines of the present
invention provides a synergistic method for inhibiting polymerization of 1,3-butadiene at

elevated temperatures.

Tables 1 through 3 illustrate the synergistic activity of a combination of a nitroxide and a
phenylenediamine towards inhibiting polymerization of light olefins. This combination is
superior to state of the art inhibitors. This provides for a more cost-effective method to
prevent fouling in industrial plant streams and processes that involve the handling, storage,

processing, and purification of reactive light olefins.



wherein R is hydrogen or nethyl) nis i or 2 in conpounds of formula III,
VI, and VI, when nis 1 in conpounds of formulae |11 and Vi1, X is!7Dt( 2002
hydr ogen; al kyl of 1 to 18 carbon atons; al kanoyl of 2 to 18 carbon atons;
propargyl; glycidyl; benzoyl; phenyl;_fy_kyl or al kanoyl of 2 to 50 carbon
atons interrupted by one to twenty -C==C-, -0-, -CO and/or -COO groups;

al kyl of 1 to 50 carbon atons or al kanoyl of 2 to 50 carbon atons

substi h~ted by one to ten -OH and/ or -COOP groups; al kyl or al kanoyl of 2
to 50 carbon atons both interrupted by said -C=C-, -0, -CO and/or

- COOgr oups and substituted by said -OH and/or -COOY groups; cycloal kyl of 5
to 12 garhken atons; cycl oal kanoyl of 6 to 13 carbon atons; or said

cycl oal kyl or cycl oal kanoyl interrupted by one to six -C=C, -0-, -CO
and/ or -Q00- groups; or, said, cycloal kyl or cycloal kapoyl substifuted by one
to six -OHland/ ércatesmiogsibyized againsh PiEmaiye BalyRIFrZonSpafs&kShoyl  bot h

interrupted by said GFGqle - (0 OUPSHiaRd d
substiri.ited by sai3ﬁ?%gu§W§§%qué§§fﬁggéﬁ%@? Y ”ggaﬁd#gggn, gwﬁg?sof lto
4 car hadioadena,mae sphaeved hydevarbons,iaad2 i n conpounds of formulae 111 and

VII, Xis alkylene of 1 to 12 carbon atons;  al kylepoyl of 2 to 12 carbon
at ors an &TRSFIVEPORIGZRtieR IndibyignanQUaF plhsYAeEIC ¢8 Hg?%@%?ﬂsbwlﬁén oyl ;
i sopht hal oyl ; tereph I : 2 o 1 al kyl en-di -oyl of 2 to
50 carbon atons inte%?%ﬂgﬁho iﬁgﬁg@@%“T€%E¥§§%g§$§$£EC}, -CO and/or -COO
groups; alkylene of 1 to 50 carbon atons, al kylenoyl of 2 to 50 carbon
atoms or al kylen-di-oyl of 3 to 50 carbon atoms substih.ited by one to ten
-OH and/ or -COOP groupd; al ky:kene or ahlkyl enoyl of 2 to' SO carbon atons,
or al kyl en-di - oyl of B‘Rp 50 pon arons both interrupted by said -C==C,
-0, -CO and/or -COO r OURS *gtituted by said -OH and/ or - COOY

R

groups; cycloal kyleneggf 5 t¥ carb at ons; cycl oal kyl enoyl of 6 17D
E C2ULl -26 to 13 carbon atons; cycIoaI?ern-di-oyI of 7 to 14 carbon
atons; or said cycloal kyl ene, cycl oal kyl enoyl or cycl oal kyl en-di - oyl
interrupted by one to six -C=C, -0, -CO and/or -COO groups; or said
cycl oal kyl ene, cycl oal kyl enayl or cycl oal Kyl en-di -0 ubstituted by one to
si x -OH and/ or Mé@@wér&m@%@r%ﬁpaﬂ%w %ﬁjrfqew aer? Evff%% RYPERRT ~ or

cycl ogbdovheneiis A1 d19th 20 B0k URRAd Yo 3t BranGraChain-afyl of OR 2688thes - COO-
groups and substituted by said -OH and/or -COOP groups, wherein Y has the
same defmawhichis sbstibeddy onatchrmsauy dsoups, drplrafill ta 1YIcarbRe afnshpdeygeh!
straight,or, branched.chai n_al of to 20, carhbon ons, I yl ,of 5
Co 12 %8 BisnPARBRS L ke Ao Ppene Bk B PAP M PRSP $P5 g
carbon atons, al kenoy) atatasBohenikBxidanian fah@msiior benzoyl, Z has the sane
meani ng as for X above for when nis 1 or 2, or Z and & together may forma
cycloal kyl of 5 to 12 carbon atons; cycloal kyl of 5 to 12;carbon atons
interrupted by one to six -C==C, -0-,p,CO and/or -COO groups; cycloalkyl
of 5 to 12 carbon atons substitutls ‘one to six alkyl of 1 to 20 carbon
atons, alkenyl of 1 to 20 carbon at ~Z1OH, and/or -COOY groups; or
cycloal kyl of 5 to 12 carbon at.gns poth interrupted by said -C==C, -0-)
-CO and/or -COO groups arid substihtuted by said al kyl, al kenyl, -OH,

and/ or -COOP groups, Y has the saquﬁﬁamgng as above, in conpounds of
formula I X, each R~ is independemyly Yiydrogen, straight or branched chain
al kyl of 1 to 20 carbon atons, or cyclfeal kyl of 5 to 12 carbon atoms, each

Rs is independentl|ly hydrogen, straight or branched chain alkyl of to 20
carbon at ons, c?@]%%’i‘é%mg& 5"et“6°{ej? C@Bﬂbé‘rlfy];?afgln@,“ BFDOR 3iopgs Bgﬁ"eé?geglﬁé
Fornl Wegeaflethytine G, (ank 75 atPeakh bnelhyF orZ, and Z; together form a linking moiety



c ( (FR where Ris as defined previously and with the pronso that at | east
one of the Rg groups is of fornula Xl. 17D~C1001 -27 12. A nethodi 7 DEC 2002
according to claim9 in which conponent c) is at |east one nitroxide
sel ected frombis( 1l-oxyl-2,2,6,6-tet gnethylplperldln 4-yl) sebacat e,
4-hydroxy-1-oxy|-2,2,6,6tetranethy|piB ridine
1-oxyl -2, 2,6, 6-tetranet hyl pi peri di ne,
1-oxyI-2,2,6,6-tetranethy|piperidin4 one, 1l-oxyl-2,2,6,6-tetranethyl pi per
idin-4-yl acetate, 1- oxyI , 6, 6-teh amet hyl pi per i di n- 4- yl
2- et ¥Ihexanoate ear at e,

y

1- ox hl%h glay o&rr@tyrné)ﬁﬁ?rﬁ@p é}z&g&qa{cod?%orzfa&on%@q'gg%{) elrdl \A%lgh addi tlonaﬁly may be
1- Oxygubﬁntgbeﬁ bghg@xto&?r@ﬁﬁ'éﬂ}ﬂhﬁeim% Nalko), atﬂlcfo Q&El}’l:arggﬂz (B%fmom,

bi s(1- oxyl - et’rameét hyl pi peridi ni4-yl} succi nat
b|s(BmdkaﬂﬁozaﬁuﬁhmﬁuﬁﬁmﬁthyIplperldln4 yI) adi pat e,

bi s(1-oxyl -2, 2,6, 6-tetranet hyl pi peridi n-4-yl)n-butyl mal onat e,
bi s(1-oxyl -2, 2, 6, 6t et ranet hyl pi peri di n-4-yl) pht hal at e,

bi s(1-oxyl2.2,2 ﬁc@mb@iﬂﬁ@f@kbbﬁhﬂg e di gl lnm"vle&H cdrapiRhisl ighEeast one
bi s(1-oxyl-2,2,86, 6- tetraneth%bflperldln yl) terephthalate

bi s( PPherylenediamige seleetedfromiy, p?éenlbuith meyyln@s@m@powé‘f oitil Mal at e,
N, N .
&) m%fh%'kj%éwé) éll 1@ﬂﬁer¥e@h rnfm? L ggﬁ@fb&l? fhéépel)’ngfac{) g&n‘m%?N,N -bis(1,3-

N (1-0X tranmet pi'per

N-(1- (ﬁ?ﬂ)tﬂryl?ouZylﬁl@ft-[ﬁ{eli@lﬂﬁédl‘kyhmbmfplhdm)n-}@ ¥ |4)d1ﬁh@d@£p,éh%ﬂl)cbﬂfﬁhﬁﬁ}denedlamme
2,4,6-tris-[N-Db f g 6f etramet hyl piperidin-4-yl)]-s-triazi
ne, and®hany:N'{ ﬁyf ey @M) »é‘ynhezylzn@wsn%twhﬁesﬂﬁ pspbrtyiA3- one). 13. A
met h t A C and c) are each added to
saidqgﬁggﬁﬁ&ﬁﬁﬁgﬁEgﬁgﬂﬁh&?aaggﬁggé o#?gﬁgﬁ?ggﬁ%mgg?t per mllion to about
10,000 parts per mllion olefin. 14. A nethod according to claim9 in which
t he Iightéglefi s are.h droc%{bon%ﬂ?nonera aV| g % qarbon atons. 15.
A et hod atcor dMAETPESIETHARPSIREOfAID inEhieh GHRPONERE §)S pidleasf RY% ene,

Pr opyligsede BEHBdH.eNBacO], T8 OPr eN&/I] KGjI1, fr et hod according to claim9 in
whi ch the light ol efins addltlonally contain acetyl eni ¢ conpounds and/ or
one or nore sat<irafed hydrogarbons~ 17. A met hod ccording to claim9 in
whi ch conponents b)| amdcg)| are added| in a hydrocarbon sol vent. ~ 7 CGEC
2f1 ~t -28 18. A netjhod ac ing to claim9 in Wich conmponents b) and c)
are added in the rgtio of/1: 10\to 10Q:1. .A@ % AFL. Af . AN . Al . A A{

A Al AN3. Aay. A A|. RAN. AhF$ AR AUF_. AELAIR A LA ALAR A

. Ah. A24>: &%45 C
HhHh( hH#. #. 2?2??7~2?7~70 & | >?29] ~~~>??2X?<<~>| >><| XXX<>>| <>| p??~><| >>>~
| <| | >| >x| >??>?~| ~> >~~~~7? L%S????? F?????7<<<<| | 8BXP?P>P>P<P| PXXXXXXXXX <X <X <X
PXXXXXXXXXXXXXXXXX|] <8C: 3e! & ° 45 &-G

T (C#.#.27788888888x| | p??2~??2?pp| | >>>><| xxxx<>| | | >?2?2?2<]| | | >><| x| <x>xx<| | >>" ?|

??>~~<?8?p?p0???<<|88x???~~>>|xxx|>?>|||>>>|||~?>>|xx|X~>?X<~<IIp?p?ppppppp
SPPPXX2X~X<X>P>P?P PPPPPPP2XXXX8XxX>8<888Xx8p8p8?p8?p8p8p8x8x8x8808<8<>x<x<x<
<<<LL?<<?>>>8>@ t 0Y45 CITR v




C
OYOY( Yo#. #. 7<<88<| <~~| 87???27>>?228ppx<>?><| | | | >??>x| >>>8xp| | >??~| |]d| M&pﬁg%
pPX™ ?X " ?>">7>7 > 1?7 7?7 ~ pa>?>?>><<X| X>>7 | ~><| xx8<?~ ||>> |px||><<<8xpx|999<<
8x8<<|xp>>9°xx°><<<<<< 8<< 8<<9px<<x§ﬁp8<>xp<>p<> <>T ST S>> >>>>>>>X?>x>>88d
9:' VH 45 VC

H H ([ HE #.° > x8<| <[ | xxx| | | <8X?~?>22ppppp?pppp?? ??3%| | <<?>~| x| | ~>| ~~??2><]|
<>| | ??888878787?8~| 0~ ||ﬁ?>?>|~3.§9~~~>~x|>><||>>??>x~|<??0?~?~?>xx??xx>0????
??7> <0d-16 ?Wf|[wnf Y Yylc
U\/{ ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cTa] cal] ca] ca
<4f u{- 1@GHIEWBCS! ! | wr nfc“¥fetd] cal c gajLa) cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca]ca] ga]calc ] ca ca] cp]|ca] ca] ca] ca! ! *####HH#HAHRS S %0
% %0%0% YKY%g%u%z %848 ) k) ) ) leg: ca] da]{ca] ca] ca] c&a] c&a] ca] ca] ca] ca] cajcalc
a]))ig]))gg]))cg]523]7gg]9&a] cqg] a]C(ha ca] caj ja] caljcaU calcalcalcal)*---../111Q22
> -

;2@ xsnid_Z]]ca] cal ca] c(a]ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]lc(a]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! @@ ABB+D: DMIDCEqEFGGGW JKKKBKFKJ K]
KKKKIVNO ClLR
OQuOg wr mhb] X] ca] ca] c”g] cH)¢

ca] ca]|ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ajc”Ma] ca] ca] ca]ca] ca] ca]c&a] ca]ca] ca]c
a] ca] ca] ca] ca] ca] ca] ca]|c(a] ca a] ca! OPPPTTDUMUUVWTVWN XIXYYYYYZ\ \\\\ 8
191111 F*zupkfa\ W ca] cq] c)a_]c al.ca] ca] ca] c&a] ca] ca] ca] c*a] ca] c(a] ca]
caj ca] c’\a] caj ca] ca] ca] ga]jca] aa] c” ] c\a] cajcal”

k b p u " %aEaalc| cccc ccc{upkfaYkfa\ W D] ca] ca] ca] ca] caU] ca] c
aU] ca] ca] ca] ca] ca] ca] ca] cajata]jca] a]J ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca
] ca cddddd CH,R ©O
d%( d7d@inUdednﬂodqddd'dddddddddbee 1 {f| w nmhc”Ykfa\ W] ca] ca] ca] ca] ca] ca] ca
] cay] ca] ca] ca] c&a] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] cgjca] ca] ca] ca] ca] c&a] cab
]calca {ffi$nVpepjpgqqFrrrrs SCIMBSXEX+XXXY

] ca] ca] cal] ca] ca] ca] ca] ca L;
). Hwu@V wr mh| wr mhe”Yj e [ V] ¢] cafua] c8] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca<@<\: ! #@B By
109& .()'M @ 10%& ()-3 !'S 10%8~()-sRd0%& ()-!#10% ,& ()- (1109% ()- d-1bC#
%gféjb% ;t) -13310% E&) ()-"'FmM0% & ()£0108L6@ 10% ()-T'@ 109%&' () -

: 1 #510% & () - &M0% & ()-10% & () -
103/0 & ()-@@0% & ()-yS10% & ()= \’!">bCI ly,t10% & ()-)310% & ()-1 (t10% & ()
-1"10% : & ()-'y 10% : & ()-Y1096 & () S @& nmloY%& ()-!;F 10% ()-1 10: 10:
10: 4 10% & () - s3L10%&G(é§)--10 &()IE <4} @10%&() Y

109%& () -f &109%& () - &MLOY% . r\(/)/

| l

Rg Ry

wherein

R is hydrogen or methyl,

nis 1 or 2 in compounds of formula II], VI, and VII,

when n is | in compounds of formulae III and VII,

X is hydrogen; alkyl of I to 18 carbon atoms; alkanoyl of 2 to 18 carbon atoms;
propargyl; glycidyl; benzoyl; phenyl; alkyl or alkanoyl of 2 to 50 carbon atoms interrupted by
one to twenty —-C==C-, -O-, -CO- and/or -COO- groups; alkyl of 1 to 50 carbon atoms or



1

109 ()--4fu{aVK@ 10 10 10 1S109% ()-!f( V7 DEC 2007
109 () - Ms$gL0%& () - s$gL0%& () -! 10%& ()--1@W}[IVK@S 10% & ()-s! OF

1098S& ()-!. F 109%$& ()-!'F 10% 3 3& ()- 110% & () - &210% & () -
EwdEVK@ 3* @0% & ()- 3(310% & () - 3! _1%1&' ()-3s10% & ()-110% & () -

10% & ()-?@BCzodY: !' | ml0%W& ()- 10" 10" 10°

610% & ()-!03/10% | & ()-! 33/ 10%

& ()-13/10% 3° 3& ()- OS! ! "##aBdY: 'Y, 109 ()-s$ 1000V () - Y#LO0WE ()-

1094VE, ()- 13 109M&E ()- | 109VE () - #########ZOdY: | s' mLO%VE () - 10M 10M

%2%&7 3hoy} of( 2 g({ 0(%\ atgfng sﬁblslzléultel %@ocn%l tg )te_nl I-} %19&%66Y¢g031%\s $A FS")l$ol\r<dY N
0% (LTS QuIATRE M et 0 sSsspag s S pione
96 YOS RekYanldshodvisted by s&HH Z00Pang&r (- 0;0%( inb@p& cfdlo By NARAR' 12)cadhonlfeivg’ () - @
1F10%0(a}kagg/§l%‘f éKoo/qo %(e){?b Z"{‘é’{%‘é or sau} cycloall ))1 or cyc%a][kanoyl interrupted by one to
six ~C==C-, -O-, -CO- and/or -COO- groups; or said cycloalkyl or cycloalkanoyl substituted by
one to six -OH and/or -COOY groups; or said cycloalkyl or cycloalkanoyl both interrupted by
said ~C==C-, -O-, -CO- and/or -COO- groups and substituted by said -OH and/or -COOY
groups,
Y is hydrogen, alkyl of 1 to 4 carbon atoms, or phenyl,
when n is 2 in compounds of formulae III and VI,
X is alkylene of 1 to 12 carbon atoms; alkylenoyl of 2 to 12 carbon atoms;
alkylen-di-oyl of 2 to 12 carbon atoms; phenylene; phthaloyl; isophthaloyl; terephthaloyl;
"cllkylene, alkylenoyl or alkylen-di-oyl of 2 to 50 carbon atoms interrupted by one to twenty —
==C-, -0-, -CO- and/or -COO- groups; alkylene of 1 to 50 carbon atoms, alkylenoyl of 2 to 50
carbon atoms or alkylen-di-oyl of 3 to 50 carbon atoms substituted by one to ten -OH and/or
-COQY groups; alkylene or alkylenoyl of 2 to 50 carbon atoms, or alkylen-di-oyl of 3 to 50
carbon atoms both interrupted by said -C==C-, -O-, -CO- and/or -COO- groups and substituted
by said -OH and/or -COOY groups; cycloalkylene of 5 to 12 carbon atoms; cycloalkylenoyl of 6
to 13 carbon atoms; cycloalkylen-di-oyl of 7 to 14 carbon atoms; or said cycloalkylene,
cycloalkylenoyl or cycloalkylen-di-oyl interrupted by one to six ~C==C-, -O-, -CO- and/or
-COO- groups; or said cycloalkylene, cycloalkylenoyl or cycloalkylen-di-oyl substituted by one
to six -OH and/or -COQY groups; or said cycloalkylene, cycloalkylenoyl! or cycloalkylen-di-oyl
both interrupted by said -C==C-, -O-, -CO- and/or -COO- groups and substituted by said -OH
and/or ~-COQY groups,
wherein Y has the same definition as above,
in compounds of formula VI, R¢ is hydrogen, straight or branched chain alkyl of 1
to 20 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, aralkyl of 7 to 15 carbon atoms, alkanoyl
of 2 to 18 carbon atoms, alkenoyl of 3 to 18 carbon atoms or benzoyl,
Z has the same meaning as for X above for when nis 1 or 2, or Z and R¢ together
may form a cycloalkyl of 5 to 12 carbon atoms; cycloalkyl of 5 to 12 carbon atoms interrupted

by one to six -C==C-, -O-, -CO- and/or -COO- groups; cycloalkyl of 5 to 12 carbon atoms
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in compounds of formula [X, each R is independently hydrogen, straight or
branched chain atkyl of 1 to 20 carbon atoms, or cycloalkyl of 5 to 12 carbon atoms,
each Ry is independently hydrogen, straight or branched chain alkyl of 1 to 20

carbon atonis, cycloalkyl of5 to 12 carbon atoms, or a radical of the formula XI,
Xl
i CILR 7

i CiLR |

where R is as defined previously and with the proviso that at least one of the R

groups ts of formula XI.

4. A composition according to claim 1 in which component c) is at least one
nitroxide selected from bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) sebacate, 4-hydroxy-1-
okyl-2,2,6,6-tetramethylpiperidine, 1-0xyl-2,2,6,6-tetramethylpiperidine, 1-oxyl-2,2,6,6-
tetramethylpiperidin-4-one, 1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl acetate, 1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl 2-ethylhexanoate, 1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl stearate, 1-
oxyl-2,2,6,6-tetramethylpiperidin-4-yl benzoate, 1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl 4-t-
butyl-benzoate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) succinate, bis(1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl) adipate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-n-
butylmalonate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) phthalate, bis(1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl) isophthalate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)
terephthalate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) hexahydroterephthalate, N,N'-bis(1-
oxyl-2,2,6,6-tetramethylpiperidin-4-yl) adipamide, N-(1-oxy!-2,2,6,6-tetramethylpiperidin-4-yl)
caprolactam, N-(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl) dodecylsuccinimide, 2,4,6-tris-[N-
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A composition acCording to claim 1 in which the ratio of components b) to ¢) is in

the range of 1:10 to 10:1.

6. A composition according to claim 1 in which components b) and c) are each
present in the range of from about 0.1 parts per million to about 10,000 parts per million of

component ).

7. A composition according to claim 1 in which component a) has 2 to 6 carbon

atoms.

8. A composition according to claim 1 in which component a) is ethylene,

propylene, butadiene, or isoprene.

9. A method for inhibiting the premature polymerization of reactive light olefins

consisting of

adding to said olefins an effective polymerization inhibiting amount of a
synergistic combination consisting of

a) at least one phenylenediamine of the formula I

wherein R, R; and Rj are the same or different and are hydrogen, straight or
branched chain alkyl of 1 to 20 carbon atoms, straight or branched chain alky!l of 1 to 20 carbon
atoms which is substituted by one to three aryl groups, aryl of | to 12 carbon atoms, or aryl of 1

to 12 carbon atoms which is substituted by one to three alkyl groups of | to 6 carbon atoms; and

% 95rde
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at least one nitroxid the formula I
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wherein R4 and R are independently alkyl of 1 to 4 carbon atoms or are together
pentamethylene; and Z; and Z, are each methyl or Z, and Z; together form a linking moiety
which may or may not contain heteroatoms or carbony! groups and which additionally may be
substituted by hydroxy, cyanohydrin, amino, alkoxy, amido, ketal, carboxy, hydantoin,

carbamate, or a urethane group.

10. A method according to claim 9 in which component b) is at least one
phenylenediamine selected from N,N'-di-sec-butyl-1,4-phenylenediamine, N,N'-bis(1,4-
dimethylpentyl)-1,4-phenylenediamine, N,N'-di-iso-butyl-1,4-phenylenediamine, N,N'"-bis(1,3-
dimethylbutyl)-1,4-phenylenediamine, N-phenyl-N'-(1,4-dimethylpentyl)-1,4-phenylenediamine,
N-phenyl-N'-(1,3-dimethylbutyl)-1,4-phenylenediamine, N-phenyl-N'-iso-butyl-1,4-
phenylenediamine, and N-phenyl-N'-sec-butyl-1,4-phenylenediamine.

11. A method according to claim 9 in which component c) is at least one nitroxide of
the formulae 111, IV, V, VI, VII, VIII or IX
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s0° $10% (1 & () -nis 1 or 2 in compounds of formula III, VI, and VII,

when n is | in compounds of formulae [1I and V1],

X is hydrogen; alkyl of | to 18 carbon atoms; alkanoy! of 2 to 18 carbon atoms;
propargyl; glycidyl; benzoyl; phenyl; alkyl or alkanoyl of 2 to 50 carbon atoms interrupted by
one to twenty —C==C-, -O-, -CO- and/or -COO- groups; alkyl of 1 to 50 carbon atoms or
alkanoyl of 2 to 50 carbon atoms substituted by one to ten -OH and/or -COQY groups; alkyl or
alkanoyl of 2 to 50 carbon atoms both interrupted by said -C==C-, -O-, -CO- and/or -COO-
groups and substituted by said -OH and/or -COOY groups; cycloalkyl of 5 to 12 carbon atoms;
cycloalkanoyl of 6 to 13 carbon atoms; or said cycloalkyl or cycloalkanoyl interrupted by one to
six ~-C==C-, -O-, -CO- and/or -COO- groups; or said cycloalkyl or cycloalkanoyl substituted by
one to six ~OH and/or -COQY groups; or said cycloalkyl or cycloalkanoyl both interrupted by
said -C==C-, -O-, -CO- and/or -COO- groups and substituted by said -OH and/or -COOY
groups,

Y is hydrogen, alkyl of 1 to 4 carbon atoms, or phenyl,

when n is 2 in compounds of formulae III and VII,

X is alkylene of 1 to 12 carbon atoms; alkylenoyl of 2 to 12 carbon atoms;
alkylen-di-oyl of 2 to 12 carbon atoms; phenylene; phthaloyl; isophthaloyl; terephthaloyl;
alkylene, alkylenoy! or alkylen-di-oyl of 2 to 50 carbon atoms interrupted by one to twenty —

==C-, -O-, -CO- and/or -COO- groups; alkylene of | to 50 carbon atoms, alkylenoyl of 2 to 50
carbon atoms or alkylen-di-oyl of 3 to 50 carbon atoms substituted by one to ten -OH and/or
-COQY groups; alkylene or alkylenoyl of 2 to 50 carbon atoms, or alkylen-di-oyl of 3 to 50
carbon atoms both interrupted by said ~C==C-, -O-, -CO- and/or -COO- groups and substituted
by said -OH and/or -COQY groups; cycloalkylene of 5 to 12 carbon atoms; cycloalkylenoyl of 6
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to 20 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, aralkyl of 7 to 15 carbon atoms, alkanoyl
of 2 to 18 carbon atoms, alkenoyl of 3 to 18 carbon atoms or benzoyl,
Z has the same meaning as for X above for whenn is 1 or 2, or Z and & together
may form a cycloalkyl of 5 to 12 carbon atoms; ¢ycloalkyl of 5 to 12 carbon atoms interrupted
by one to six -C==C-, -O-, -CO- and/or -COO- groups; cycloalkyl of 5 to 12 carbon atoms
substituted by one to six alkyl of 1 to 20 carbon atoms, alkenyl of 1 to 20 carbon atoms, -OH,
and/or -COQY groups; or cycloalkyl of 5 to 12 carbon atoms both interrupted by said -C==C-,
-0-, -CO- and/or -COO- groups and substituted by said alkyl, alkenyl, -OH, and/or -COOY
groups,
Y has the same meaning as above,
in compounds of formula IX, each R; is independently hydrogen, straight or
branched chain alkyl of | to 20 carbon atoms, or cycloalkyl of 5 to 12 carbon atoms,
each Ry is independently hydrogen, straight or branched chain alkyl of 1 to 20
carbon atoms, cycloalkyl of 5 to 12 carbon atoms, or a radical of the formula XI,
Xi

CH-R
H;C

“0—N .
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where R is as defined previously and with the proviso that at least one of the Rg

groups is of formula XI.
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| " #$%8 () didtipate, bkl 234967, 89, 6- eram @B KOWNUB MR alonate, bis(1-0xyl-2,2,6,6-
tetramethylpiperidin-4-yl)phthalate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) isophthalate,
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) terephthalate, bis(1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl) hexahydroterephthalate, N,N'-bis(1-oxyl-2,2,6,6-tetramethylpiperidin-
4-yl) adipamide, N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl) caprolactam, N-(1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl) dodecylsuccinimide, 2,4,6-tris-[N-butyl-N-(1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl)]-s-triazi ne, and 4,4'-ethylenebis(1-oxyl-2,2,6,6-tetramethylpiperidin-

3-one).

13, A method according to claim 9 in which components b) and c) are each added to
said olefin in an amount ranging from about 0.1 part per million to about 10,000 parts per million

olefin.

14. A method according to claim 9 in which the light olefins are hydrocarbon

monomers having 2 to 6 carbon atoms.

15. A method according to claim 9 in which the light olefin is ethylene, propylene,

butadiene or isoprene.

16. A method according to claim 9 in which the light olefins additionally contain

acetylenic compounds and/or one or more saturated hydrocarbons,

17. A method according to claim 9 in which components b) and ¢) are added in a

hydrocarbon solvent.
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18. A method according to claim 9 in which components b) and c) are added in the

ratio of 1:10 to 10:1.



