WO 01/ 53235 PCT/ US00/ 32941 | NHI BI TI ON OF POLYMERI ZATI ON OF UNSATURATED
MONOVERS BACKGROUND OF THE I NVENTION s 1. Field of the Invention The
present we@ensizeh is directed to the use of a conbi nati onpof/Uato/d2east one
stable nitroxide free radical conpound, at |east one phenyl enedi am ne, and,
io optionally, at |east one nitroaromati c conpound to inhibit the

pol yneri zat i INHABITEONYOE HGREY MERIFAATION (GH UNSAOTERATED MONOMMRSON of
Rel ated Art Many ethyl enically unsaturated nonomers undesirably pol ynerize
at various stages of their manufacture, processing, handling, storage, and
use. A particularly 1s trous t fouling caused by
pol yneri zatl on in the pur| c*zi((ti?ﬁlg‘g‘l\ﬁs%ages’fﬁ;]:‘I the prog%(q:tl on processes of
such nondners. ion, such as thernmal polynerization, during
their purifli-cat |13F?ydr‘gs‘k}F ventighe | 0ss of the nonomer and aloss in
productlon efficiency owing to the deposition of polynmer in or on the
equi pnent bei ng Theeptesent intyentienr isfdircated ¢m thetuse Odep;omburgmoﬂ ofilt lsastranst be 20
renoved fromtine to tinme. Additionally, the formation of sol ubl e polyner

leads to |sgibfe MfroRidedrER radicaltcompbuh@ Ve least %@ﬂh@lylénadlainﬂw gage in the
viscosity of any tars that nay be produced. The processing of the tars

then requir r ( e residual
monorer . %ﬁaﬂﬂ%ﬁ‘ S B RELEEARE coltBh b BTN RS,
i nhi biting ??2 troll ed and undesired pol ynerization of ethyl enl cally
unsat ur at ecF InSay BOnOMEEse conpounds have not been fully

sati sfactory. Accordl ngly, there has been a substantial need in the art
for inprovéd cordessriptionof Relatedidnbi ting t he

Many ethylenically unsaturated monomers undesirably polymerize at various
stages of their manufacture, processing, handling, storage, and use. A particularly
15 troublesome problem is equipment fouling caused by polymerization in the
purification stages of the production processes of such monomers. Polymerization,
such as thermal polymerization, during their purification results in the loss of the
monomer and a loss in production efficiency owing to the deposition of polymer in or
on the equipment being used in the purification, the deposits of which must be
20 removed from time to time. Additionally, the formation of soluble polymer leads to
loss of monomer, i.e., a lower yield, and an increase in the viscosity of any tars that
may be produced. The processing of the tars then requires higher temperature and
work (energy cost) to remove residual monomer.
A wide variety of compounds has been proposed and used for inhibiting
25 uncontrolled and undesired polymerization of ethylenically unsaturated monomers.
Howeyver, these compounds have not been fully satisfactory. Accordingly, there has
been a substantial need in the art for improved compositions for inhibiting the

polymerization of such monomers during their production and the distillation process
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pol yneri zati on of such nononers during their production and the
distillation process -1 WO 01/53235 PCT/ US00/ 32941 for purifying or
separati mgovhsamIrominpurities, as well as during transppeT/UsoNB294t or age.
H ndered nitroxyl conmpounds are known to be very active inhibitors of free
radi cal polynerizations of unsaturated nononmers such as styrene, acrylic
acid, 5 net Ui i } : 7 77

di scl oses Nhjl%l(i{ougﬂrq?%Sggtgqﬁrﬁt?%d&leﬁlyﬂéérgggip %%ségégﬁg%&ﬁhﬂggéﬁs t ?‘?ﬂ?ed
nitroxides Qf the formulae: rRR RR and 1 R2-CNOGCGR2R2-CNO | |
| 10 R3 2 B8P8R3 2 wherein Rl, R2, and R3 are each an al kyl radical having
1 to 15 carbon atons. (As wused herein, the designation N-O denotes a
stabl e free radi 8and igoRyk spanpeindy preiknpwn tg ke YaPLaGtive tehibiters @ fieeThe

N, N, O-trisubstituted hydroxyl am nes can be used to 15 nmaeke the

N, N- di subst radidab dolynteriaatiataof unkdtofatear morsdnadyk eudhrasestyrent, eatydicaiti,ar e sai d
to be useful as polynerization inhibitors. U S Patent Nunber 3,334,103

di scl oses; t hpthaBhylic¥idand gmike prepared from the correspondi ng
het erocyclic am ne wherein the nitrogen atomof the nitroxide group is

attached to othe terdi N _of | phat i roup (i.e., the
20 nitrogen at ombf%’:]%}eﬂ %%?@éfgi’xgﬁﬁﬁ§P8@§%§ﬁ?é‘ﬁk}a Sa@féﬁl}tg%hese ni troxides
are said to, have useful ﬁ’g’oerti es simlar to those described for the

N, N- di subst hydrpsyamines gad -disubstituted nitroxides of the formulae:

R R R
11 11 d |t
R,-C N—O—C—R an R,~C N—O*
I P2 |
R R R
10 3 2 3' 3 5

wherein R,, R,, and R; are each an alkyl radical having 1 to 15 carbon atoms. (As
used herein, the designation N-O* denotes a stable free radical wherein the asterisk is
an unpaired electron.) The N,N,O-trisubstituted hydroxylamines can be used to

15 make the N,N-disubstituted nitroxides, which are stable free radicals and are said to
be useful as polymerization inhibitors.

U.S. Patent Number 3,334,103 discloses that nitroxides can be prepared from
the corresponding heterocyclic amine wherein the nitrogen atom of the nitroxide
group is attached to other than a tertiary carbon of an aliphatic group (i.e., the

20 nitrogen atom forms a part of a heterocyclic nucleus). These nitroxides are said to
have useful properties similar to those described for the N,N-disubstituted nitroxides

of U.S. Patent Number 3,163,677.



of U S. Patent Nunmber 3,163,677. -2 WD 01/53235 PCT/ US00/ 32941 U. S. Patent
Nunmber 3,372,182 discloses that a great variety of N, N disubstituted,

stabl e, fweelsxei cal nitroxi des not otherw se readily avaPCabR@/X2941 be
prepared by a sinple and conveni ent process that conprises pyrolyzing in an
inert reaction nediumvirtually any hydroxylam ne that is susceptible to

cl eavage of the fy.sSpfehta0sinb& 3372182 afsclt%%;%xiéé;tn RN AN N K. Pat ent

Nunmber 1,127,127 discloses that acrylic ac e stabr’l i zed. agai nst

pol ymeri zat .0 t he dition.thereto. of | troxi de..havi t he essenti al
kel otal ot Pt GutiE ool AP Eb B8 nft dhirhiis R BB B2 ' 2
R4 are al kyl groups and no hydrogen is bound to the remaining valencies on
the carbon’ BicBsd %&ﬂﬁmﬁ? %‘W&%V?‘F%‘&éﬁ?ee%@ai GRIMPIATPAPHIALZING Hl ¥h¥icHs t hat
are not satisfied by RL to R4 or nitrogen can also formpart of a ring 15
(e.g., 2,2, fcaétidremedimat Wiytually hyylhpdrpx ylamére tatnie stiscoptyly to tleSagPaf ét ONunber
3,422,144 discloses stable, free radical nitroxides of the formula: 0* H
I RNl T =N - ¢ tonff e.g., tri-t-butylhydroxylamine.

U.K. Patent Number 1,127,127 discloses that acrylic acid can be stabilized
against polymerization by the addition thereto of a ni&oxide having the essential

skeletal structure:

1
10 R,~-C (I:—R

wherein R;, R,, R;, and R, are alkyl groups and no hydrogen is bound to the
remaining valencies on the carbon atoms bound to the nitrogen. The two remaining
valencies that are not satisfied by R, to R, or nitrogen can also form part of a ring
15 (e.g., 2,2,6,6 tetramethyl-4-hydroxy-piperidine-1-oxyl).
U.S. Patent Number 3,422,144 discloses stable, free radical nitroxides of the

formula;

O*

R\ /N\R

o —0

20
wherein R is selected from the group consisting of tertiary alkyl, aryl, alkaryl,
haloaryl, carboxyaryl, alkoxyaryl, alkylthioaryl, pyridyl, and dialkylaminoaryl, and

R’ is tertiary alkyl. These nitroxides are said to be useful as traps for reactive free



R 20 wherein Ris selected fromthe group consisting of tertiary alkyl,
aryl, alkaryl, haloaryl, carboxyaryl, alkoxyaryl, alkylthioaryl, pyridyl,
and di al woansn2emaryl, and R is tertiary al kyl. These ni peDYS@eR94Ar e sai d
to be useful as traps for reactive free -3 WD 01/53235 PCT/ US00/ 32941

radi cals both in the counting of free radicals and for inhibiting oxidation

and free rfagicg@bdﬁi)hlyﬁ@rcbﬁﬁ’ﬁdigo& freds dicgﬁtaﬁﬁtfo%ﬁngzoﬁ%ﬁ%? Ffse! oses

free radica the nitroxi type for use as Initiators ree radical
reactions, cqllectors .of.free radicals, polymerization 5 inhibitors or

ant i oxi dant ™ I%QYQFBZWHQ ituted by nitrogenous bicyclic conpounds in
whi ch one of the bridges conprises solely the nitroxide radical group and,
in particul ar, WYyS.aden Ninales 30494393 disclages dresrradigals vf theonitrgride fype for
aza-9-bicyclo (3,3,1) nonane oxyl-9. U S. Patent Nunber 3,873,564

di scl oses cosepetmidatoanof fregreidivati rdaotions) colkayts 0f fred Tydieds, polpdeizagoho a
medi um cont ai ni ng an enzyne a stable free radical conpound having a stable

free radl camnibiif dRfokidinith ity &S BHNLY Alroben il biGREY UBmpBRRIsHA o

reacti on, anges the environnen lonality. By
the _change i SRR SiEs EnEBeiSaobly B iRenan Rl BB o (he
enzyme can be ,s determ ned. The conpounds found useful are normally stable
ni troxi de rRaftiears byjazarShicyadm £3s/l) Ingpncactneneili% mad by ypza-Brtiexcle 6hgounds
I nclude two cyclic nitroxide containing rings joined by a chain having an
enzyne | abihehaheiogylimnal ity.
U.S. Patent Number 3,873,564 discloses compounds and a method for
10 assaying enzymes by adding to a medium containing an enzyme a stable free radical
compound having a stable free radical functionality which, when subjected to an
enzyme-catalyzed reaction, changes the environment of the free radical functionality.
By following the change in the electron spin resonance spectrum as affected by the
change in environment, the type of enzyme and the activity of the enzyme can be
15 determined.
The compounds found useful are normally stable nitroxide radicals with an
enzyme labile functionality. Other compounds include two cyclic nitroxide
containing rings joined by a chain having an enzyme labile functionality.
U.S. Patent Number 3,966,711 teaches that 2,2,7, 7-tetraalkyl- and 2,7-
20 dispiroalkylene-5-0xo0-1,4-diazacycloheptanes substituted in the 4-position by mono-
or tetravalent radicals are powerful light-stabilizers for organic polymers. They are
said to possess higher compatibility than their 4-unsubstituted homologues, from

which they can be synthesized by reactions known for N-alkylation. Preferred

substituents in the 4-position are alkyl, alkylene, alkenyl, aralkyl, and esteralkyl
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U S. Patent Nunber 3,966, 711 teaches that 2,2,7,7-tetraal kyl- and 2,7 20

di spi roal kyl ene-5- oxo- 1, 4-di azacycl ohept anes substituted in the 4-position
by nono- voo ot/s288aval ent radi cals are powerful [|ight-stabi PCrEs®/2041 or gani c
polymers. They are said to possess higher conpatibility than their
4-unsubstituted honol ogues, from which they can be synthesized by

reactions kg@wps.f The Nedtrbyy1adeaved FoMitBE irﬁﬂazoiiélli}ﬁatsibtyl&'iﬂafﬁohﬁviﬂh?&}o ition
are al kyl, al kyl ene, al kenyl, aral kyl, and esteral kyl -4 WO 01/5323

PCT/ US00/ 32 . qr et 1€ 1- 1 x¥l s ived fr -im.Jdazol i di nes by
oxi dati on mﬁ%xﬁgé)?%%ﬁr bogglr%% ggea%ré{%)esrag(ggob%exgﬂdcﬁéﬂéitsgglﬂazrg} & also said to
be good light stabiljizers. U S. P Nunmber 4, 182, 658 di scl oses a net hod
for preventing tHeS ¥ Ighﬁhﬂfpé%ﬁ‘},égig?é diselosgsia pethof Forpreysing tf)? nyl
aromatic compound during 5 distillation at elevated tenperatures within a
di sti |l at i opolymerrationsoftaweadily pelybjesieable vinyharosmtic gemppunddeting on, such as
a power outage. This nethod conprises force-feeding a supplenental

pol ymer i zat digflldtidhi 42 ieleratel adthPeraturdy Withis @l diftillatiby ab%u‘ﬁﬂﬁ@ thélt iy Subfdce bR C
conpound and a long duration of efficiency into each of the distillation
vessel s of i | distd 10N ..app I sWf fi Gl ent
to prevent %B?I%W%d?%%’ S'?éc%js %gh%ab (Z‘%ér:]r %#b?%@%“%&‘l"gn }Egp| %Jfé;ff]éggﬁhg&lm
168 A2 discloses a nethod for inhihjti .the polynerjzation of an a,

P- et hyl eni ﬁﬁlﬁgﬁ%@ﬁﬁ&iﬂ@@ﬁ%ﬁaew &%ngaa:hlaﬁaeﬂgﬂgy 11 the vigd syemglicy
distillation by using a nitroxide free radical. U S. Patent Nunber

4, 665, 185 diapowdsind agong dsmtibn of effecieicy iintoeach ebtherdigdlation wesself ofiiat r oxyl s
of sterically hindered am nes by the oxidation of the amne wusing a

hydr oper oxi gtwvkitidna digtiBaiCpafatas ia Al dmcuid wificiRht & prevailt ﬁbgm&ﬁhﬁws_t , at
noderate tenperature for a short period of time, to give the nitroxyl in

high yield gad:

European Patent Application 0 178 168 A2 discloses a method for inhibiting
the polymerization of an «,B-ethylenically unsaturated monocarboxylic acid during its
recovery by distillation by using a nitroxide free radical.

U.S. Patent Number 4,665,185 discloses a process for the efficient

15 preparation of nitroxyls of sterically hindered amines by the oxidation of the amine
using a hydroperoxide in the presence of a small amount of a metal ion catalyst, at
moderate temperature for a short period of time, to give the nitroxyl in high yield and
purity.

U.S. Patent Number 4,774,374 discloses a vinyl aromatic composition

20 stabilized against polymerization comprising (a) a vinyl aromatic compound and (b)
an effective amount of a stabilizer system in which the active ingredient consists
essentially of an oxygenated species formed by the reaction of oxygen and an N-aryl-
N’-alkyl-p-phenylenediamine. Also disclosed is a process for inhibiting the

polymerization of vinyl aromatic compounds emplbying such an oxygenated species.
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purity. U S. Patent Nunmber 4,774,374 discloses a vinyl aromatic conposition
20 stabilized agai nst polynerization conprising (a) a vinyl aromatic
conmpound vead1/§4235 an effective anount of a stabilizer syspemusen/3ghiich the
active ingredient consists essentially of an oxygenated species fornmed by
t he reaction of oxygen and an N-aryl- N -al kyl - p- phenyl enedi am ne. Al so

di sclosed is a pyRSePsehtONumbE $54,760 téasrlesﬁﬁdtxn@g&\;;\%%ﬁ%&foﬂd Viny1 aromatic
conpounds enpl oyi ng such an oxygenat ed species. - 01/ 53235

PCT/ US00/ 32941 U . S. Patent Nunber 5,254 7 eaches.. th he . .

ol yrer 1 2a fommase SmpPR)E SeeDR e tend 3l ateL 85 holT bt sgugsion,
effectively inhibited during distillation or_purification 5 t he pr.esence
of at | east ObR&ili¢ation dy ihe pEsseice o ph lastPre SHdleuroxyl gempoun &g ydth
aromatic nitro conpound. 5 U S. Patent Nunbers 5, 545,782 and 5, 545, 786

di scl ose t hatleast onexaydmaticniirbicoopsunc conbi nati on with sone oxygen reduce
the premature polynerization of vinyl aromatic nononers during the

nmanuf act ufi ng precespasnt EmbeI!s, SWFNTETRARL. 5,545,986 aikBloke fdBhfniokyes of air
used in conbination with the nitroxyl inhibitors are said to result in

vastly prol onged jnhjbit.ion t] r.i . nmber
5,711, 767 d}n%@?lg’gée{s}’ %‘ﬁ‘é‘%m 2 ‘h]{s{gi% 88f¥£§xrg§%%g§‘%r§%eung‘érg Pgiygﬁeg}zgﬁ&? gp
conbination with aromatic am Bes, such a%ubsti tuted . phenyl enedi am nes,

or phenol i cViadl rreRIdS RIS AHdEE Hig IMINERCHITNG RIAGFSESS ToF SNCBPONQIGTdat i ve
degradati on and gum formation in gasolines. U S. Patent Nunber 5,907,071

di scl oses t Euén sthall godntities of airivsed f conbindtion svithr thewtitrexylomiihiters asaisd as
styrene is inhibited by the addition of a conmposition of a stable hindered
ni troxyl rag fghit avasly REloNBedCRAIMMLICkimes for the monomers.
10 U.S. Patent Number 5,711,767 discloses that the use of nitroxide compounds
alone or in combination with aromatic amines, such as substituted
phenylenediamines, or phenolic antioxidants provides an effective way to prevent
oxidative degradation and gum formation in gasolines.
U.S. Patent Number 5,907,071 discloses that the polymerization of vinyl
15 aromatic monomers such as styrene is inhibited by the addition of a composition of a

stable hindered nitroxyl radical and an oxime compound.

U.S. Patent Number 5,910,232 teaches that inhibition performance in styrene

processing is improved through the addition of a stable nitroxide free radical
compound to the styrene feed and to the reflux of at least one column. A non-toxic
20 retarder, such as phenylenediamine, may also optionally be added to the styrene feed
and to the reflux.
European Patent Application 0 765 856 A1 discloses a stabilized acrylic acid
composition in which the polymerization of the acrylic acid is inhibited during the

distillation process for purifying or separating the acrylic acid as well as during
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U S. Patent Nunber 5,910,232 teaches that inhibition performance in styrene
processing is inproved through the addition of a stable nitroxide free

radi cal wonpsstl to the styrene feed and to the refl ux oPCBRUSIERS41 One
colum. A non-toxic 20 retarder, such as phenyl enedi am ne, may al so
optionally be added to the styrene feed and to the reflux. European Patent
Appl i cation i . e C I i sition
P wi oh ¢ nasgPi e ¥h; OfiSodlics RObLES e REpdhe (o ARIRES | o
distillation process for. purjfyijng or separating the acrylic acid as well
as during - &% FrEpienitiony) 0disel 3994 4. &mﬁtﬁ% R lgqna?r&gf&mppﬂgg
conpositions conprise three conponents: (a) acrylic acid, (b) a stable

ni troxyl rabdvieg at lead ofic fransfefahist kyidoogenlde g + aieidonederivagive sugbaasitie  havi ng
at | east one transferable hydrogen (e.g., a quinone derivative such as the

nononet hyl  gloRemeiyl Ber ofkydreqendi¥ENBRIQ))DUDLASg tiedistilftioh lpaddesy) process,

5 transport, and storage, conponents (b) and (c) are present in a

pol ymeri zation- _i.nhi bit] i .St i raeess, oxygen
()15 pr ot Apply bt EofRents Hl widi e flSid 1l 2 pLERGRLARSES: | 1T
specification, .exanples of suitable nitroxide free radical ds

“hel ude di - inhihifing %PP%HB%‘}%W-@@ fion Prassssqaxyeen (d) lsa?fefeffb?;gg&g

6-t etranet hyl - pi peri di nyl oxy; 4-hydroxy-2, 2, 6,

6- t et r amet hyithgopwoenetits (h)mag: (). cAdcarding 29 tie, spéeification, examples of suitable
6-tetranet hyl - pi peridi nyl oxy; 4-dinmethylamno-2, 2, 6, 6-tetranethyl-

pi peri di nyl sixpxidé-feed fadicdl orfpdintleinchie dhy bufimgbkidendl Cadyinitroxide;

4- et hanoyl oxy- 2, 2, 6, 6- tetranet hyl - pi peri di nyl oxy;

t2et2r g rrg { Lgf % %%g??%@ﬁé@gﬂigﬂéﬂé%ﬁ)&(y, ﬁh?ﬁpogy—lzz,g;65-teﬁ"amethyl—piperidinyloxy;

2,2,5,5-tetranet hyl -] - oxa- 3-azacygl opent yl - 3- oxy; .

2,2,5,5- ikt ?-gﬁ@%ﬁﬁi&@;@a@l E‘}’FR‘%‘FW 3 4&&@?@%&%{5—%,ﬁé-%?@?thahd

2,2,3,3,5,5 6,6 15 octanethyl -1, 4-diazacycl ohexyl -1, 4-di oxy.
piperidinyloxy; 4-amino-2,2,6,6-tetramethyl-piperidinyloxy; 4-ethanoyloxy-2,2,6,6-

tetramethyl-piperidinyloxy; 2,2,5,5-tetramethylpyrrolidinyloxy; 3-amino-2,2,5,5-

tetramethylpyrrolidinyloxy; 2,2,5,5-tetramethyl-1-oxa-3-azacyclopentyl-3-oxy;

2,2,5,5-tetramethyl-1-oxa-3-pyrrolinyl-1-oxy-3-carboxylic acid; and 2,2,3,3,5,5,6,6-
15 octamethyl-1,4-diazacyclohexyl-1,4-dioxy.

WO 97/46504 concerns substance mixtures containing: (A) monomers
containing vinyl groups; and (B) an active amount of a mixture which inhibits
premature polymerization of the monomers containing vinyl groups during their
purification or distillation and contains: (1) between 0.05 and 4.5 wt %, relative to

20 the total mixture (B), of at least one N-oxyl compound of a secondary amine which
has no hydrogen atom at the a-C atoms; and (ii) between 99.95 and 95.5 wt %
relative to the total mixture (B), of at least one nitro cofnpound. The publication also
discloses a process for inhibiting the premature polymerization of monomers, and the

use of mixture (B) for inhibiting the premature polymerizatin of monomers.
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WO 97/ 46504 concerns substance m xtures containing: (A nononers
containing vinyl groups; and (B) an active anount of a m xture which

i nhi bi tsw@opesmasiuire pol yneri zati on of the nonomers cont ai PETVgS8M/32941 gr oups
during their purification or distillation and contains: (i) between 0.05
and 4.5 w % relative to 20 the total mxture (B), of at |east one N oxyl

conpound of a seqandgr024851 R b GHhibIHAE tHOpbly Hefigtibnad O Alarémigtid- C at ons;
and (ii) between 99.95 and 95.5 wt % relative to the total m xture (B), of

at | east one nitr onpound. . Th bl.i cati i scl ss for
i nhi biting ?W‘Bﬁ“gﬁgéf &P‘é’g&o?‘i/"l%rr%iOgétﬁhgﬁ&ogr“(a%o%@?rg’éyég‘l“g‘%dO‘t%ﬁisaﬁiu{s?’épo

m xture (B) for inhibhiting the premature poly i zatin_ of nononers. -

01/ 53235 PCIMOCESA$ Ysayuliin e%@l%/lm‘é@ya@gsftwé@n{%ﬁ}lﬂ%iCBP‘E‘?nﬁif Ypigms and

pol yneri zation of vinyl aromatic conpounds by using a mxture of a phenol
and a hydr ostyteamiweter depatator yantigasitamptdseor gysioosswditbatibefifedtively inhihits benzene
dehydrogenati on effluent condenser systens and . styrene-water separator

vent gas g£oppyRiRESAticnySH MoRonidts, preddnting ted frafative by aipahinkirtedating on _
pol ymeri zati1 on of nononmers, preventing the formation of a pol yner coating

on condens ' t : ' : | for

ol cani ng. o CoSRTIATTEOERRRtor e G S RelE i hBsdy Rol BERRAL b

pol ynmeri zation of vinyl aromatic nonomers such as styrene is inhibited by

t he additi oRWPMENICHRPES: ti on of a stable hindered 10 nitroxyl radical and

an oxi me conpound. WD 98/ 25872 concerns substance m xtures containing: (A

conpounds cont aWDH§/ Miditg ldisglosesathat thBpohymeaizhiiore ofivinyharoofatia menemere whi ch
inhibits premature pol¥nerization of the conpounds containing vinyl groups

and cont ai Ngich(ds)stydbnd RaBhibit@NBy Me®iditiohTROsMbRBtiod dfecailanindafidne whi ch
does not carry any hydrogen

10 nitroxyl radical and an oxime compound.

WO 98/25872 concerns substance mixtures containing: (A) compounds
containing vinyl groups; (B) an active amount of a mixture which inhibits premature
polymerization of the compounds containing vinyl groups and contains: (i) at least
one N-oxyl compound of a secondary amine which does not carry any hydrogen

15 atoms on the a-carbon atoms; and (ii) at least one iron compound; (C) optionally
nitro compounds; and (D) optionally co-stabilizers. The publication also discloses a
process for inhibiting the premature polymerization of compounds (A) containing
vinyl groups, and the use of (B) optionally mixed with nitro compounds (C) and/or
co-stabilizers (D) for inhibiting the premature polymerization of radically

20 polymerizable compounds and stabilizing organic materials against the harmful effect

of radicals.



15 atonms on the a-carbon atons; and (ii) at |east one iron conmpound; (C
optionally nitro conpounds; and (D) optionally co-stabilizers. The
publ i cat ivomorb®as di scl oses a process for inhibiting the perwatuI2e41
pol yneri zati on of conpounds (A) containing vinyl groups, and the use of
(B) optionally mxed with nitro conpounds (C) and/or co-stabilizers (D)

for inhibiting tReoROEBRYIE.DOPHIRNG 3,095 685) di%&@kﬂﬂﬁgﬁnﬁﬁ&é{ﬁ@fé&am €
conmpounds and stabilizing organic materi'al s agai nst the harnful effect of

radi cals. - .01/53235 PCT/ USQQ/ 32941 . 9/ 20584 (U.S. .RPatent. No.
5058 643 e SOBLLEE A HaarRa PRedition O et RHduen (5 agBRoR Pr et
anaer obi ¢ production of styrene through the addition of a c¢onbination of a

st abl e ni t r eXneiBationsef 3 siableitrevde, fign dadicad campevnd &g &nostRXis/| enedi ani ne
conmpound. 5 CS-260755 Bl is directed to the preparation of ‘

4- subst i t ut pien]edediabring edmpowatihy| pi peri di ne nitroxyls as ol efin
stabilizers. SU- 334845 Al is directed to the inhibition of the radical

pol ynmeri zati on ots-240789 #5316 ird6tkd kP HRpréiSrabn F Neubisliti@d?, 088,61 nhi bi tors
of a given formula. SU- 478838 is directed to the inhibition of the radical

pol ymeri zat | [ r t .and the prevention of oligoneric
per oxi des uge?rﬁg%glyéﬁﬁgﬂrldﬁgg%{og*l‘gsﬁ%%%ffnoﬁfwﬁﬁ%& tor conprising quinone. FR
2,761,060 relates to the prevention of premature_ polynerization of styrene
during its produsPrdtfday Adeiyrestsd ia theomhibition of ths aadieal @obymerizptden phg i nt o
the process effluent a radical inhibitor based on an
oxyl -t et r ameligoester peryiatiésnesimgeimiuatyil radicdl SnHibeoifs @f egnivengfoamelal ncor por at ed
herein by reference in their entirety. SUMVARY OF THE | NVENTI ON
SU-478838 is directed to the inhibition of the radical polymerization of
10 oligoester acrylates and the prevention of oligomeric peroxides using a binary
polymerization inhibitor comprising quinone.
FR 2,761,060 relates to the prevention of premature polymerization of styrene
during its production by dehydrogenation of ethylbenzene by injecting into the

process effluent a radical inhibitor based on an oxyl-tetramethylpiperidine derivative.

15 The foregoing are incorporated herein by reference in their entirety.

SUMMARY OF THE INVENTION
As used herein, the abbreviation TEMPO stands for 2,2,6,6-tetramethyl-1-
piperidinyloxy. Thus, 4-amino-TEMPO is 4-amino-2,2,6,6-tetramethyl-1-
20 piperidinyloxy; 4-hydroxy-TEMPO is 4-hydroxy-2,2,6,6-tetramethyl-1-
piperidinyloxy (also known in the art as HTEMPO); 4-oxo-TEMPO is 4-0x0-2,2,6,6-

tetramethyl- 1-piperidinyloxy; and so on.



As used herein, the abbreviation TEMPO stands for 2,2,6,6-tetranmethyl-1-
pi peridi nyl oxy. Thus, 4-am no-TEMPO is 4-am no-2,2,6,6-tetranmethyl -1 20
pi peri di W oxy3233- hydr oxy- TEMPO i s 4- hydroxy- 2, 2, 6, 6-t et r BORURYI/32b41

pi peridi nyl oxy (also known in the art as HTEMPO ; 4-oxo-TEMPO i s

4- ox0- 2, 2, 6, 6- tetranethyl -1-piperidinyloxy; and so on. -9 WO 01/53235

PCT/ USO0/ 32941 Bhapl-RAemia @pi (PR komids! 8RS G &Sme ARG AT LT OXYI S

are known pol yner ion 1 nhibitors. tén require air 1njection to
be effective as .inhibifors. Since PDA's and ni.troxyls are.considered true
P bi tor s, DRKRGERThDHOi, SBHA PP AR BRI B G Fotar dor s) 1o
provide protection in the case of 5 failure in the inhibitor feed system of
a nononer mahilfiters. ubingg PRAAtand nitraxyls arewonsdared truaihhibitors,t they awrditenat i on
of a nitroxyl and a PDA, or the conbination of a nitroxyl, a PDA, and a

ni t r oar onat ugedGeip fitfphettd Tomppodst ket deY REp@vEIe proéfiditin the cideaft ot al
inhibiting ability of the system In particular, it has been found that

O i Gy SR fn BETIDG 1o Dl EY b irohe? i Bi-ERnE AT @ 10 1yl oa

PDA/ ni troaronati c conpoun Iting systemsignifica

ffici f the.inhibiti der. bi ' diti :
Vor e par t1 cul ar |5 AW oG nEHE GahE RORPiralat PERPIEDLAH AELHLOrr

inhibiting the premature polynerization of ethylenically unsaturated
mononer s coéqmbisatien ofaaiditisgyl, @ BRAd anda aifeeasomatic¢depaund e haspopesitivsf : 15 A)
at |l east one inhibitor having the follow ng structural formula: 11 12
R1- C~ i C RdsyMefdistic effect on the total inhibiting ability of the system. In particular, it has
been found that combining a small amount of a nitroxyl with a typical PDA or a
10 typical PDA/nitroaromatic compound inhibiting system significantly increases the
efficiency of the inhibiting system under anaerobic and aerobic conditions.
More particularly, the present invention is directed to a method for inhibiting
the premature polymerization of ethylenically unsaturated monomers comprising

adding to said monomers an effective amount of:

15 A) at least one inhibitor having the following structural formula:

bl
R17f~g~§ Ra @
R R

20 B) at least one phenylenediamine, and, optionally,
O) at least one nitroaromatic compound.
In formula (I), R; and R, are independently selected from the group consisting
of hydrogen, alkyl, and heteroatom-substituted alkyl and R, and R, are independently

selected from the group consisting of alkyl and heteroatom-substituted alkyl; and X,

-10 -



R2 ( R3 0* 20 B) at |east one phenyl enedi am ne, and, optionally, C) at

| east one nitroaronmatic conpound. In formula (1), R and R4 are

i ndependavo bys®xet ected fromthe group consisting of hydrpgensoed2kal , and
het er oat om substituted al kyl and R2 and R3 are independently selected from
the group consisting of al kyl and heteroatom substituted al kyl; and XI -10

o St Ll g e
gar )l;onogt gr dq}?” %%keﬂ@égef‘ﬁ r}%’r%agqh R )’stafq‘{fl‘é‘ﬁug éﬂkﬁt ﬁallph’gylw

ni trogen, preferably of five, six, seven rrenbers s The present
i nvention i alkemyl e(%é‘&k}’[bloéfléﬁéﬁlowhoé SéOIﬁEtQIdQ) faken together. fomg a tieg premat ure

pol ymeri zati on of ethylenically unsaturated nononmers conprising adding to

sai d nononestsuchite fifletheinigognD praferablyAf fale, kBast s@Ra méthbdas.t or havi ng t he
structural formula: RI~-R4 10 RN ~R (I1) 2 3 0* wherein RL and R4 are

i ndependept |y Se*Iﬁé:?Fegeﬁtr nhBﬁ' ﬁl?éb?e(f:dﬁﬂ%gér | ngﬁeergerf{fen? bitingdfyy! - and

het er oat om substitu sefected from
the group Corne?nla l}rle rf)%ly?lgenazlaggn ofa &ﬂy re]:glicg.ﬁ}? %rt)s%g}rgtlég %Antolrjnte?sdcoar}l}ggsmg gcpdd ng the 15

to said monomers an effective amount of

A) at least one inhibitor having the structural formula:

I~
10 r N g )
wherein R, and R, are independently selected from the group consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl and R, and R, are independently selected from
the group consisting of alkyl and heteroatom-substituted alkyl, and the

15

N

portion represents the atoms necessary to form a five-, six-, or seven-membered
heterocyclic ring,
20 B) at least one phenylenediamine, and
O at least one nitroaromatic compound.
The atoms necessary to compl‘ete the ring referred to above are preferably

carbon atoms, but heteroatoms, such as O, N, P, or S, may also be present.

11 -



portion represents the atons necessary to forma five-, six-, or

seven- nenbered heterocyclic ring, 20 B) at |east one phenyl enedi am ne, and
C) at | easdoosR3fhitroaronmati c conpound. The atons necessargTAISNCRHHI et e t he
ring referred to above are preferably carbon atons, but heteroatons, such
as 0, N, P, or S, may also be present. - 11 WD 01/53235 PCT/ US00/ 32941 1In

formia (1), R yapginfh @er aAeRSAHERILYNIENGOLRL: I R LS ohpUP

consi sting of hydrogen, kyl', and het eroat om’substituted a kyl and R2 and

R3 are independent elected fromthe grou Si St l.kyl _and
het er oat om SUSSHNE B{ré Togeie AKYL, tergﬁ%nkﬂﬁ(s%&?eglr%blﬁggién%ggﬂ%/rgsel ect ed
fromthe group consisting of 5 hal ogen, cyano, COOR7, -S-COR7, -OCORY,
(wher ei n R7indspesdrytly spleciadfrpm thegeryip consistang-of alkyl and hpferoaippappbptitulsd 4y ky|
of 1 to 15 carbon atons, or (2) taken together, forma ring structure with
t he ni t rogesikyprad &, alnt ,aft) hfeviadependentlyr seketedrfrome imegroup Thesiginigerft | ve
anount of the conbination of nitroxyl, phenyl enediam ne, and nitroaronmatic

conpounds | ﬁ%}a%&i 6oy RIOR, -5-CORD, RRORPTWHEREER, WhkIreyifimidh, - 10 L he

et hyl eni cal ndaturat ed nBnoner, a t hough anounts out’si de i S range may
be appropri gt ependi ng Qn th ondi tians of . qgg he
conbi nat i ongigfngn%FEW)]/’l aﬂé%}?/in?ﬁ @H@a@rﬁ%@ ca&ﬁ%n %ﬁgﬁﬁ bgltsgzr}a I g 2 B%fgilr%%und IS
preferably about 5 to about 1,000 ppm based on_the wei ght of tE%
et hyl eni cal formmeag siruetare With divgpitrogen, preferabbroldlv ey e SPYGoPRRREESS-
EMBODI MENTS As stated above, in one preferred aspect, the present invention
is directed to aThereffemivefantounnbf thietcomipiration pf eitedxyt,epheoylenediambie] amd of
ethyl enically unsaturated nononers conprising adding to said nononers an
effective ampitortic compounds is typically about 1 to 5,000 ppm, based on the weight of

10 the ethylenically unsaturated monomer, although amounts outside this range may be

appropriate depending upon the conditions of use. The amount of the combination of

nitroxyl, phenylenediamine, and nitroaromatics compound is preferably about 5 to

about 1,000 ppm, based on the weight of the ethylenically unsaturated monomer.

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS
As stated above, in one preferred aspect, the present invention is directed to a
method for inhibiting the premature polymerization of ethylenically unsaturated
monomers comprising adding to said monomers an effective amount of

A) at least one inhibitor having the structural formula:

20 R
R,. <74

-12-



A) at |east one inhibitor having the structural forrmula: 20 R, R4 I~ -|
R2 NR3 0* -12 WD 01/53235 PCT/ US00/ 32941 wherein RlL and R4 are

i ndependevio by53e3 ect ed fromthe group consisting of hydropenwysowed2batl , and
het eroat om substituted al kyl and R2 and R3 are independently selected from
the group consisting of alkyl and heteroatom substituted alkyl, and the 5

portion rep a f IoVB < k%10

seven- nenbe?@g&ﬂhgf léenlr;kglc{i‘/ci i Cd?ﬁé@ﬁ?{%l%%daf?&ﬁ‘eﬂges%ﬂo‘gﬁeco%sﬁieti%g Ioefﬁ{gglr%\g%nhe,

and, optional,ly, 0,C) .at | east. qgn itrqaromgtic .c oyn cor.di ngly,
one of the ?&gragfijf@f%@‘é@'sags H&"@ﬁla@qﬂ ia{“? &9@3 ?1}?6{{18%%}}8?{2@ S@#ﬁ%&%‘&‘%i n

the practice of the present invention can be represented by the foll ow ng
structural fhsrgronmconspting pf ajkyl and heteraatorarsutrgitutedadkyds and the

N

portion represents the atoms necessary to form a five-, six-, or seven-membered
heterocyclic ring; and
B) at least one phenylenediamine, and, optionally,
10 C) at least one nitroaromatic compound.
Accordingly, one of the several classes of cyclic nitroxides that can be
employed in the practice of the present invention can be represented by the following

structural formula:

Z
N
22 Z3
15
R; N R,
R, R,
O*

wherein Z,, Z,, and Z, are independently selected from the group consisting of
oxygen, sulfur, secondary amines, tertiary amines, phosphorus of various oxidation
20 states, and substituted or unsubstituted carbon atoms, such as >CH,, > CHCH,,
>C=0, >C(CH,),, >CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN,
>C(OH)CN, >CHCOOH, >CHCOOCH;, >CHCOOC,H;, >C(OH)COOC,H;,
>C(OH)COOCH;, > C(OH)CHOHC,H;, >CNR,R; >CCONR;R,;, >C=NOH,

> C=CH'C6H5, > CFz, > Cclz, > CBIz, >C12, >CPR13R14R15, a.nd the ].ike, Whel'e

-13 -



wherein Z1, Z2, and Z3 are independently selected fromthe group consisting
of oxygen, sulfur, secondary am nes, tertiary am nes, phosphorus of
vari ous ox0desizeh 20 states, and substituted or unsubstitbRCPUS@E2BON at ons,
such as > CH2, > CHCH3, >C=0, >C(CH3)2, >CHBr, > CHO, >CH , >CHF, > CHOH,
>CHCN, > C(OH)CN, > CHCOOH, > CHCOOCH3, > CHCOOC2H5, > C(OH) COOC2H5,

>C( OH) COOCHg, amx HEhtlyxefeiRa S mﬁn of Ngttkogen (atleft;, COHS, >
CF21 > CC12, 5>%§‘r52 | 2, >yCPR13R14R15 and t he % vvherge %i_V\O

01/ 53235 PCJ/ SO 41. RS, and are e d el ected from the
gt oup_consi &P, ﬁ@feﬂ%giﬁ i i BT pERRERIS 8§r¥di Broa " and ris
are i ndependent I y sel ected from t hek%houp caonsi sting, of unshar ed eI ect rons,

al kyl , aryl consgtingyef gnshaprgl qlpefrongalkyinapd. ®R{b, ORsrand NRpR @ygers Bis R

independently selected fromthe group consisting of hydrogen, alkyl, and 5
aryl . \Werand=B,;anel irslepéaiently sel¢dtgd fromtthe grqupefoasistag ofhiatdrogeay alkgl,aankiomer
al kyl (i.e., one having one to four carbon atons, e.g., nethyl, ethyl,

propyl, butylg awq'lefe%mﬁrdsorm?ﬁé%géyl ltwrﬁeféd%atﬁmrlé}rbé?m@w&aﬂmlaelt is

preferred that they be’ aryl from6 to 10 carbon atoms, e.g., phenyl or

Tt BBy S, EE SR St gl BRI ET o0

and/or R6 are acyl, it is preferred that they be acyl of the structure O
Rig 15 whether is al kyl, aryl, OR20, or NR20R21 and where R20 and R21
are al kyl, aryl, or 0 R22 '

Where R, and/or R are aryl, it is preferred that they be aryl of from 6 to 10

carbon atoms, e.g., phenyl or naphthyl, which, in addition, may be substituted with
10 non-interfering substituents, e.g., lower alkyl groups, halogens, and the like.

Where R, and/or R, are acyl, it is preferred that they be acyl of the structure

0

A,

19

15 where Ry is alkyl, aryl, OR,,, or NR,(R,; and where R,, and R, are alkyl, aryl, or

0

A

where R,, is alkyl or aryl. Where R,, R,y, Ry, Or R,, are alkyl, they are preferably
20 alkyl of from 1 to 15 carbon atoms, more preferably lower alkyl of from 1 to 4
carbon atoms, as described above. Where Ry, Ry, R,;, Or Ry, are aryl, they are

preferably aryl of from 6 to 10 carbon atoms, as described above.

-14 -



where R22 is alkyl or aryl. Were R19, R20, R21, or R22 are alkyl, they are
preferably 20 alkyl of from1 to 15 carbon atons, nore preferably | ower

al kyl of woemnss3io 4 carbon atons, as described above. WeT®SRIR941R20,

R21, or R22 are aryl, they are preferably aryl of from®6 to 10 carbon
atons, as described above. -14 WO 01/53235 PCT/ US00/ 32941 Anot her of the

several classes Rhoth¥£bt ﬁe@b&éxﬁ%lé’s@és SFELE AftrdRRdeS Tt RUP Be lepldiRd b &fel | Cce
of the present invention can be represented by the foll ow ng structural
formula: Z

may be the
sane or di fl?ré?té(f?t‘%tg?greﬁi“ﬁrl%eéwo&cmé%g‘? r?sﬁfl%g%é'rzt e?{)@%ggﬁkﬁl}gﬁu ed carbon
atons, such as =C(H)-, =C(CH3)-, =C(COOH)-, =C(CO0CH3)-, =C(CO0C2H5) -,
=C(OH) -, =dooNplai =C(NRSR6)-, =C(CONRSR6)-, and the I|ike, and where Z3,
R5, and R6 are as described above. The cyclic nitroxides enployed in the
practice of the present invention can, also be derived from five-nenbered
rings. These conpounds are of the %ul e: 15 72 Z3 R 11-11'" '"11~- N R4

$$

wherein Z; and Z,, which may be the same or different, are nitrogen or substituted or
10 unsubstituted carbon atoms, such as =C(H)-, =C(CH,)-, =C(COOH)-,
=C(COOCH,)-, =C(COOC,H;)- =C(OH)-, =C(CN)-, =C(NR;sR¢)-,
=C(CONRR()-, and the like, and where Z,, R, and R, are as described above.
The cyclic nitroxides employed in the practice of the present invention can
also be derived from five-membered rings. These compounds are of the structure:

15

20 wherein Z,and Z,, which may be the same or different, are sulfur, oxygen, primary
amines, secondary amines, phosphorus of various oxidation states, or substituted or
unsubstituted carbon atoms, such as, >CH,, >CHCH,, >C=0, >C(CH,),,
>CHBr, > CHCIl, >CHI, >CHF, > CHOH, >CHCN, >C(OH)CN,

>CHCOOH, >CHCOOCH,, >CHCOOG,H;, >C(OH)COOC,H;,

-15 -



O 20 wherein Z2 and Z3, which may be the sane or different, are sulfur,
oxygen, primary am nes, secondary am nes, phosphorus of various oxidation
states, ovOosubmsituted or unsubstituted carbon atons, SuPOT/ES)0/3290H2, >
CHCH3, > CO > C(CH3)21 > CHBr, > CHCl1l, > CH, > CHF, > CHOH, > CHCN, >
C(OH)CN, > CHCOOH, > CHCOOCHS, >CHCOOCZH5 >C(O—|)COOCZH5 -15V\D

01/53235 P I%HQ-@ZZ@&R
CCONR5SRG, S—BC?J@Q @@gﬁ{&b%% CF2, C812 Cl 2 d5R13R14R15 and
the |ike, wiepeldgloig, spuail, Bol eyps. 2k a8 Weokld fedhabangantilg cvolic

ni troxi des énpl oye he presem ™ T nvéntron can

have the structyre: Z4 75 R Il R3 O 10 wherein Z4 and 25, Wmch
can be the SEHCEALSY BEAUPS aFechtt esi‘é}?gt?goﬁ"rtrogen or a substituted or
unsubstituted carbon atom such as =C(H)-, =C(CH3 =C( COOH)

=C( COOCH3) -,  =C( THOCRelE) ifroxideOpployediioe- pract@mmreser@m and
the Iike, Wnere R5 and R6 are as described above. Another class of cyclic

ni troxi des hRathat@theberuepd:oyed in the practice of the 15 present
invention is of the structure: 0* RlL | R4

10 wherein Z, and Z,, which can be the same or different, can be nitrogen or a
substituted or unsubstituted carbon atom, such as =C(H)-, =C(CH;,, =C(COOH)-,
=C(COOCH,;)-, =C(COOC,H;)- =C(OH)-, =C(CN)-, =C(NR,R)-
=C(CONR;R)-, and the like, where R, and R, are as described above.

Another class of cyclic nitroxides that can be employed in the practice of the

15 present invention is of the structure:

O*
I R
Ry | Ry
sz R
25723

20 wherein Z, and Z;, which may be the same or different, are sulfur, oxygen, primary
amines, secondary amines, or substituted or unsubstituted carbon atoms, such as,
>CH,, >CHCH,;, >C=0, >C(CH,),, >CHBr, >CHCl, >CHI, >CHF,
>CHOH, >CHCN, >C(OH)CN, >CHCOOH, >CHCOOCH,, >CHCOOC,Hs;,

>C(OH)COOC,H;, >C(OH)COOCH,, >C(OH)CHOHG,H;, >CNRR,

-16-



N R2 R3 z2-z3 20 wherein Z2 and Z3, which nmay be the sanme or different,
are sul fur, oxygen, primary am nes, secondary am nes, or substituted or
unsubst i W0 edsx2a% bon at oms, such as, > CH2, >CHCH3, >C=0, peT/CS@RRya1 >CHBr,
> CHCI, > CH, > CHF, > CHOH, > CHCN, > C(OH)CN, > CHCOOH, > CHCOOCH3, >
CHCOOC2H5, > C(OH) COOC2H5i > C(OH) COOCH3, > C(OH) CHOHC2HS5, > CNR5R6, -16
WO 01/ 53235 >PCTONRE, 32923+ NOH COMRGRE & H ;, EINOIE Cly; CBCHECO i theAzke, CC12,
CBr2, Cl2i and the like, where R5 and R6 are as descri bed above. Further,

two or noreypetd RX |dn%%p‘§rd%§ég§jhb%a%@em in the sanme nolecule, for

exanpl e, by being dt one or nore of the Z-type noieties by a

| i nki ng s group s disclosed in U.S. Patent Nunber. 254, 760, ichis

| ncor por at ad - heFurfSi WP G &5 ouoral Ecqut S8 o Bsen i e aegpo ety 68
above, Rl and R4 are independently selected fromthe group consisting of
hydrogen, aF¥ampleabiibeing dinked tpughvwie aruners of|the K-typrimopics Ayl apmkinge

i ndependently selected fromthe group consisting of alkyl and 10

het er oat osn gttt E t astdistleseld yh U.SThBatahtiyimbears,De4,860awhich suinsoripbtitatl al kyl )
groups R1 through R4 can be the sane or different and preferably contain 1

to 15 car boRe@iPHPreferenée.. NMethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,

et eyl o1 S S o FOTERGIFERE. Bt e sl 1
LP dgﬁgn? gnt If1>(l)rnS t(:f;le(?g?‘(t)l(lapdccl)ngilglteirrlg %lf Iﬁgflcliro(ggrg, arllls;l,e grgda}tlé’zg;ogt%?n%g\jbtstlfttu?e% alllgyvieagldal kyl)
R, and R, are independently selected from the group consisting of alkyl and

10 heteroatom-substituted alkyl. The alkyl (or heteroatom-substituted alkyl) groups R,
through R, can be the same or different and preferably contain 1 to 15 carbon atoms,
e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, and the like, and isomers thereof,
e.g., t-butyl, 2-ethylhexyl, and the like. It is more preferred that R, through R, be

15 independently selected lower alkyl (or heteroatom-substituted lower alkyl) of one to
four carbon atoms (e.g., methyl, ethyl, propyl, butyl, and isomers thereof). Where
heteroatom substituents are i)resent, they can, for example, include halogen, oxygen,
sulfur, nitrogen, and the like. It is most preferred that all of R, through R, be
methyl.

20 Examples of suitable nitroxide free radical compounds that can be used in
combination with the phenylenediamine and nitroaromatic compounds in the practice
of the present invention, include, but are not limited to:

N,N-di-zert-butylnitroxide;

N,N-di-terr-amylnitroxide;

-17 -



four carbon atons (e.g., nmethyl, ethyl, propyl, butyl, and isoners
thereof). Where heteroatom substituents are present, they can, for

exanpl e, woanol/stes hal ogen, oxygen, sulfur, nitrogen, and POBRUSOKRI41t isS
nost preferred that all of RL through R4 be nethyl. 20 Exanpl es of
suitable nitroxide free radical conpounds that can be used in conbination

with the phenyhengdilamemsl-apthenyltpropylaimikide; conpounds in the practice of
the present invention, include, but are not limted to:

pcs Usoor a8 LT ‘?"é%’S'?P‘ﬂ“%%?hZ b s i r i oy

N-tent-but;l’/ép ép |eth ono: 2, 2-dinethyl propylnitroxide; 2,26,
6-t et r amet MpPs ﬁﬁ%ﬁ“&f?t FR?)R?}'P 8 no-2,2, 6, 6-tetranethyl - piperi di nyl oxy:
5 4-hydroxy-2, 2, 6, 6-tetranethyl- perldlnyloxy, 4- oxo0-2, 2,

6- t et r anet MRmqrR2i Gibrigtransthyl-BibeiidiyRyyam no-2, 2, 6,
6-tetranet hyl - pi peridi nyl oxy; 4-ethanoyl oxy- 2, 2 6

6- t et r ame rhydlorg2l 2l6r6teteayniethy?-p2hebidinyloxtygt r amet hyI pyrrolidinyl oxy; 10
3-am no- 2, 2, 5 5- tetrarrethyl pyrroI|d| nyl oxy; 2, 2, 4, 4-tetranethyl- |

- oxa- 3- azac e ity sdinvl
2,2,4,4- tet%/g;r(r(g %}F)q fe%)%a- - re(r)1 }na/yolxyl, oxy-3-carboxylic acid; 2, 2, 3
2

g gie? r a?{”b’f‘ﬁ’g}g {slggiglﬁqh% %é,ﬁot;g;amgtﬁalcffpené}nﬁ%ﬁ,l 4-dioxy; 4-brono-2, 2,

4-ethanoyloxy-2,2,6,6-tetramethyl-piperidinyloxy;

2,2,5,5-tetramethylpyrrolidinyloxy;

10 3-amino-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,4,4-tetramethyl-1-oxa-3-azacyclopentyl-3-oxy;
2,2,4,4-tetramethyl-1-oxa-3-pyrrolinyl-1-oxy-3-carboxylic acid;
2,2,3,3,5,5,6,6-octamethyl-1,4-diazacyclohexyl-1,4-dioxy;
4-bromo-2,2,6,6-tetramethyl-piperidinyloxy;

15 4-chloro-2,2,6,6-tetramethyl-piperidinyloxy;
4-iodo-2,2,6,6-tetramethyl-piperidinyloxy;
4-fluoro-2,2,6,6-tetramethyl-piperidinyloxy,
4-cyano-2,2,6,6-tetramethyl-piperidinyloxy;
4-carboxy-2,2,6,6-tetramethyl-piperidinyloxy;

20 4-carbomethoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbethoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-methyl-2,2,6,6-tetramethyl-piperidinyloxy;

4-carbethoxy-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;
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is 4-chloro-2, 2, 6, 6-tetranethyl-piperidinyloxy; 4-iodo-2, 2, 6,
6-t et ranet hyl - pi peri di nyl oxy; 4-fluoro-2, 2, 6,

6-t et r answaygi/spsperi di nyl oxy; 4-cyano-2,2, 6, PCT/US00/32941
6-t etranet hyl - pi peri di nyl oxy; 4-carboxy-2, 2, 6,

6-t etranet hyl - pi peridi nyl oxy; 20 4-carbonet hoxy-2, 2, 6,

6- t et r anet hyhydior§r4-ALmpdrOxpropyl)-2 2, 66t tbreasictByl-gipefidinyloxy;
6-t etranet hyl = pi peri di nyl oXy; = "4-cyano- 4- hydr oxy- 2, 2, 6,

6-t et ranet hyl - pi peri di ayl : -gethyl - s 6. 1 .
o am A G Sl LB b e 2, o
-tetranme - pi per.i di nyl oxy; - (
4- hydr oxy- 4 ‘Gﬁﬁgﬂﬂcﬁé9#‘85'9%?‘2112’%%2\%,6'%& %iﬁg’g%ﬂ “pPeri di nyl oxy;
4-methyl -2, 2,6, 6-tetranmethyl -1, 2,5, 6-tetrahydropyridi ne -1-oxyl;
y

4- car boxy- 24-2abomiethoxy 6k tetranetiy]l-d,2,616-whplydpyyriding el -oxylpxy| ;
4- car bonet hoxy-2, 2,6, 6-tetranmethyl -1, 2,5, 6-tetrahydropyridine -1-oxyl; 5

4- car bet hpxycaibeihbx -2l Bb reatmﬁhmﬂ?ﬂ.a 2.5, oretratiydabpsdidimy £1i-akyle - 1- oxyl ;
4-anino-2,2,6,6-tetranmet hyl -1, 2, 5, 6-t et rahydr opyri di ne - 1- oxyl ;

4 di ket o o +miid- 22 E Bk My L, e R e L S O i o2, 2, s
3 kot 0 4- bolEPPAeb 5 rEmUhy el 2ahFABRRIEKICTIBNY, 3 et o- 4,
4-di brono-2, 2, 5, 5-tetranethyl pyrrolidinyloxy;, 2,2,3,3,5,
5- hexanet hy3 gydikeibi2g?2 fy3-tempmettgdpardsiayoxjo- 2, 2, 5
5-tetranet hyl pyrrolidi nyl oxy;

3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;,

10 3-keto-4-benzylidine-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4,4-dibromo-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,3,3,5,5-hexamethylpyrrolidinyloxy;
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy;
3-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;

15 3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-cyano-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbomethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,5,5-tetramethyl-3-carboxamido-2,5-dihydropyrrole-1-oxyl;

20 2,2,5,5-tetramethyl-3-amino-2,5-dihydropyrrole-1-oxyl,
2,2,5,5-tetramethyl-3-carbethoxy-2,5-dihydropyrrole-1-oxyl;
2,2,5,5-tetramethyl-3-cyano-2,5-dihydropyrrole-1-oxyl,
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)succinate;

bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yladipate;
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3-oximno-2, 2, 5, 5-tetranethyl pyrrolidinyloxy; 1s
3-hydroxy-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy; 3-cyano-3-hydroxy-2, 2, 5,
5-tetramswdyi/mess ol i di nyl oxy; 3-carb oi net hoxy- 3- hydr oxy- PCT/ZS00532941
5-tetramet hyl pyrrolidinyl oxy; 3-carbethoxy-3-hydroxy-2, 2, 5,
5-tetramet hyl pyrrolidinyloxy; 2,2,5, 5-tetranethyl-3-carboxam do- 2,

5- di hydr opy bis¢l-exylt2,2 @x6Htctra2fethylpiperidin-4-yl)sebacate;

2,2,5,5-tetranet hyl - 3-am no- 2, 5-di hydropyrrole-1-oxyl; 2,2,5,

5-tetraneth \Y; oxyI 2,2,5
, 5-tetranet ﬁ{/sl(ﬁ%x%a%%c?e Gz-l?éiiéa)fne%%%p 8‘3%1?#‘3 Bﬂﬁﬁfygnﬁzﬁlonéte,bl s(1- oxyI 2,2, 6,

6tetrarreth er.i ci na oxyI 2,2, 6,

6-tetraneth 1ﬁ§ f?% ét‘%ﬁ “Eﬁ‘?ﬁ%‘?%ﬂam'fby%%@ 163235 PCT/ US00/ 32941

bi s(1- oxyl 6-t et ranet hyl pi peri di n- 4- yI)sebacate bi s(1-oxyl-2, 2, 6,
6-t et r amet thﬁ B’éﬂr%?ﬁ»@ri%ﬁafﬂeﬁh)ﬂﬂllpWWﬁt%ﬁ%@?ht PG| - oxyl -2, 2, 6,
6-tetranet hyl pi peridin-4-yl)phthal ate; bis(1-oxyl-2,2, 6,

6- t et r ames hpispi-peyli 2 16, G-ettamestogipipbadiatdeyl)ierephthalate;

bi s(I-oxyl-2,2,6,6-tetramnet hyl pi peridi n-4-yl)terephthal at e;

bi s(1-oxyl - - repht hal at e;
S Bfres s amammend b iaseruesie o

N-(1- | - d | act

* {12 2 s BB R 2L o o
2,4,6-tris-[ N but (1-oxyl-2,2,6,6-tetramethyl pi peridin-4-yl)]-s-triazin
e; 4, 4 -eMh{lrexi 1%,%é16-W9mﬂlylmpergim6-%@@1&9@9%91 spi per azi n-3-one); and
the |ike.

N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-dodecylsuccinimide;

10 2,4,6-tris-[N-butyl-N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)]-s-triazine;
4,4’-ethylenebis(1-oxyl-2,2,6,6-tetramethylpiperazin-3-one);
and the like.

It is preferred that one member of the combination employed in the practice of
the present invention be 4-amino-2,2,6,6-tetramethyl-piperidinyloxy (4-amino-

15 TEMPO), 4-oxo-2,2,6,6-tetramethyipiperidinyloxy (4-0x0-TEMPO), 4-hydroxy-
2,2,6,6-tetramethylpiperidinyloxy (4-hydroxy-TEMPO), or 2,2,6,6-tetramethyl-
piperidinyloxy (TEMPO).

Such stable nitroxide free radical compounds can be prepared by known
methods. (See, for example, U.S. Patent Numbers 3,163,677; 3,334,103;

20 3,372,182; 3,422,144; 3,494,930; 3,502,692; 3,873,564; 3,966,711; and 4,665,185;
which are incorporated herein by reference.) They are suitable for use over a wide
range of temperatures, but distillation temperatures employed with the ethylenically
unsaturated monomers that are stabilized by‘ the process of the present invention

typically range from about 60°C to about 180°C, preferably from about 70°C to
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It is preferred that one nmenber of the conbination enployed in the practice
of the present invention be 4-amno-2,2, 6, 6-tetranethyl-piperidinyloxy
(4-am no WO oTEWBX)), 4- oxo- 2, 2, 6, 6-t et ramet hyl pi peri di nyl orgT/(800c32041TEMPO) ,
4- hydr oxy- 2,2, 6, 6-tetranet hyl pi peridi nyl oxy (4-hydroxy- TEMPO, or
2,2,6,6-tetramet hyl - piperidinyloxy (TEMPO). Such stable nitroxide free
radi cal con@wuhded Carande mure prafendblyy flonoatrout 881 ¢ taigbout $8@°C f Suclexanpl e, U.
S. Patent Numbers 3,163,677; 3,334,103; 20 3,372,182; 3,422,144; 3,494, 930;

3,502, 692; @silladiond4re Gnlffly petforbd adarbdiolkibpressibd mhtha rshdeFabbey B3 ed
herein by reference.) They are suitable for use over a wide range of

t enper at ur eg, hatill atkpon tenperatures enployed with the ethylenically
unsat ur at egt%n%bﬁgfn%e’?géﬁlgt&g%% stabilized by the process of the present

invention typically range from ahout, 60' C to about 180'C, preferaply from
Lbout 701C 1o S ifee pf soR S IIeTaR SamPRas e proshts VGRS
preferably, from about 80C to about 150C. Such distillations are generally
performed athesynepiste gristupy isfsemd torPShby weighe ob theatiaxyl Xompoundibadi99 1, 200
mm of Hg. Preferred enbodi nments of the instant invention conprise a process

wherein 5 tfoe5 % byerepbit sfahephénylaetiandineosn the comBmaflobyf wei ght of the
nitroxyl conmpound and 99 to 5 % by wei ght of the phenyl enedi am ne or the

combi nat | oty ehEia A MARE HATES RN SohRGRAREL 1 Ahip copOUNd wher e

the ratio enylenediamne to aromatic nitro conpound is 5:1 to 1:5. A

nmore preferred — enpodi ment conprises the mxture which is from5 to 75 % by
et ght of RTS8 PEUELGY bio Yl GhMEe REpigHTed

phenyl enedi ami ne or the combination of the phenyl enedi am ne and the

aromat i ¢ niembpdiveempriseethe mixture athich isffrom 5 to 75% by weight of nitroxyl

10 compound and 95 to 25% by weight of the phenylenediamine or the combination of
the phenylenediamine and the aromatic nitro compound where the ratio of
phenylenediamine to aromatic nitro compound is 2:1 to 1:2. A still more preferred
embodiment comprises the mixture which is from 10 to 50% by weight of nitroxyl
compound and 90 to 50% by weight of the phenylenediamine or the combination of

15 the phenylenediamine and the aromatic nitro compound where the ratio of
phenylenediamine to aromatic nitro compound is 1:1.

Some examples of substituted phenylenediamines which are useful in this
invention are listed below:
N,N'-di-isopropyl-p-phenylenediamine,
20 N,N'-di-sec-butyl-p-phenylenediamine,
N,N'-di-sec-butyl-o-phenylenediamine,
N,N'-bis(1 ,4-dimethy1penty1)-p-phenylenediamine,
N,N'-bis(1-ethyl-3-methyl-pentyl)-p-phenylenediamine,

N,N'-bis(1-methylheptyl)-p-phenylenediamine,
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phenyl enedi am ne to aromatic nitro conpound is 2:1 to 1:2. A still nore
preferred enbodi nent conprises the mxture which is from10 to 50% by

wei ght ofwe@nt/sx23yl conpound and 90 to 50% by wei ght of tP€T/US00/32941

phenyl enedi am ne or the conbination of 15 the phenyl enedi am ne and the
aromatic ni.tro conmpound where the ratio of phenyl enediamine to aromatic

ni tro conpoNpN'-dcydivhexybprphesylanglimsinef substitut ed phenyl enedi am nes which
are useful in this invention are |isted below. N, N

- di -1 sopr opyi NRdphemlepRdlyRitdigmine20 N, N - di - sec- butyl - p- phenyl enedi ami ne,
N, N -di-sec-butyl-o0-phenylenediamine, N, N -bis (1, 4-dim

et hyl pent yl )8+ Rhen [ am .- bi s(1-et hyl - 3-net hyl -pentyl)-p
phenyl enedi gﬁﬁngpaqﬁpw ﬁ{ﬁhg‘@i‘?"%a%?ﬁept yl) - p- phenyl enedi am ne, -21 WO
01/53235 PCT/ US00/ 32941 N, N  -dicycl ohexyl - p-phenyl enediamine, N, N

- di phenyl - pNﬂﬁ‘éHS)Plélnlg'dP]&erﬁY;lTPé),heN,’lerl@éIP@’( 2- napht hyl ) - p- phenyl enedi ani ne,
N-i sopropyl -N -phenyl - p- phenyl enedi am ne, 5

N- sec- but y | NMeeboeiyN '-phepheophemaetiedmmag, N- (1, 3-di net hyl butyl)-N

- phenyl - p- phenyl enedi am ne, N-(1-nethyl heptyl) -N

p
NN et RN 280 by T bIphEny encd an he; 10 most  especi al 1y
NN di (1, Axdé TRLRY RS pRe R PR ANELARAE,
N-cyclohexyl-N'-phenyl-p-phenylenediamine,
N, N'-dimethyl-N,N'-di-sec-butyl-p-phenylenediamine;
10 most especially N,N'-di(1,4-dimethylpentyl)-p-phenylenediamine.
Preferably, the nitroaromatic compound is selected from the group consisting of:
1,3-dinitrobenzene,
1,4-dinitrobenzene,
2,6~dinitro-4-methylphenol,
15 2-nitro-4-methylphenol,
2,4-dinitro-1-naphthol,
2,4 ,6-trinitrophenol,
2,4-dinitro-6-methylphenol,
2,4-dinitrochlorobenzene,
20 2,4-dinitrophenol,
2,4-dinitro-6-sec-butylphenol,
4-cyano-2-nitrophenol,

3-iodo-4-cyano-5-nitrophenol, and the like.
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Preferably, the nitroaromatic conmpound is selected fromthe group
consisting of: 1,3-dinitrobenzene, 1,4-dinitrobenzene, 2,

6- di ni tr wdonme2By| phenol, 15 2-nitro-4-nethyl phenol, 2, BeTURIKI20H |
-naphthol, 2,4, 6-trinitrophenol, 2, 4-dinitro-6-nethyl phenol,

2, 4-di ni trochl orobenzene,. 20 2, 4-dinitrophenol, 2,

4-di ni t r o- 6- sec- Brifyraplye i nitrodromatio eopoinid aypitedmos phenolic group as well as

3-i 0do-4-cyano-5-nitrophenol, and the like. -22 WO 01/53235 PCT/ US00/ 32941

Preferably, wehees i’%c?@ﬁrﬁmé ' &f&@ﬂpgﬂﬁ%&%bﬁh% cEmPORI dntaiy OpferdBic el | as

tﬂe n:tro gr oup. preferably, "the nitroaromati ¢ conpound contains a
phenolic group, at least.two nitro group a at | eagt .0 | group.
Such al kyl &8 pgtaleﬁigwg P45 §r°@8ﬁ’ta£d%1t??a(§¢r?lf qr'{%ﬂSgr@éQ'b%Cha@mr%éﬂscﬁ asp
met hyl , ethyl, propyl, butyl S pentyl, hexyl, he t{l, octyl, and_isoners
thereof , e. preferaly-dentajn from bia §icarbon @igws, 15ash as mﬁt%a ,teHeyly piogyl, gk,
preferably, the alkyl group is a lower alkyl of from1 to 4 carbon atons.
Most pr ef er pdityl, hekyd, heptyl) axctybpdridcisenens cherebofi 8.82, Secebutyl, t-butd, 2-

sec- butyl phenol or 2,4-dinitro-6-sec-butyl phenol. The ethylenically

s 2 SCEUAGER pd U S0 Rkkd el TRy Bep\DORt a1 o
to 4 carbon atoms. Most preferably, the nitroaromatic compound is 2,6-dinitro-4-
sec-butylphenol or 2,4-dinitro-6-sec-butylphenol.

The ethylenically unsaturated monomer, the inhibition of the premature

10 polymerization of which is an object of the present invention, can be any such
monomer for which unintended polymerization during its manufacture, purification,
storage, and/or distribution is a problem. Among those monomers that will benefit
from the practice of the present invention are: styrene, a-methylstyrene, styrene
sulfonic acid, vinyltoluene, divinylbenzenes, polyvinylbenzenes, alkylated styrene,

15 2-vinylpyridine, acrylonitrile, methacrylonitrile, methyl acrylate, ethyl acrylate,
methyl methacrylate, ethyl methacrylate, acrylic acid, methacrylic acid, butadiene,
chloroprene, isoprene, and the like.

The ethylenically unsaturated monomers will not necessarily be stabilized
indefinitely by the presence of the inhibitor blend, especially when the monomers are

20 heated as in distillation, but they can be considered to be stabilized as long as A)
there is a measurable increase in the time for which they can be heated before the

onset of polymerization in a static system, or B) the amount of polymer made at a

constant temperature remains constant over time in a dynamic system.
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nmononer for which unintended pol ynerization during its manufacture,
purification, storage, and/or distribution is a problem Anong those
nononer s wWhiat/sassi | benefit fromthe practice of the presepar/usewesl on are:
styrene, a-nethylstyrene, styrene sulfonic acid, vinyltoluene,

di vi nyl benzenes, pol yvi nyl bernizenes, al kyl ated styrene, 15 2-vinyl pyridi ne,
acrylonitrile, nEhbeskilladihtthd ke willehbststand that aif elesiedd) wtdisional I fedearadicatet hy|
nmet hacryl ate, ethyl nethacrylate, acrylic acid, nmethacrylic acid,

but adi ene, sc%%%@éﬁ% ilni:ﬁlﬁm filfe s%BﬁizlEﬁ' Rombb§tionksNeF& dXahN, Gl éryOﬁ as

unsat ur at ed rs wll not necessari be“stabilized indéfinitel'y by -

W y
heat ed s 1 Fistostd U SR NemRE 5 55 B8 ol ey e R RIREERF plBs o

long as A) there is a nmeasurable increase _in the time for which they can be
heat ed bef ofiheterer-substgued banzpes comnquads haonng at lgasi oae tangfprbleydsesen) t he
anount of polyner nmade at a constant tenperature remai ns constant over
tinme in asdgpam quisysd derivatizd s 431thd ab-RERYILUEDEY FAfdioquitvns elisslased ed i n
the art will understand that, if desired, additional free radical

scavengers cdd'B edn A1 f kkiaZie QRS $hitil . WPl e, air
or 02, as |§%ﬁ%§sed %%ﬁf@li&g%ﬁ%?%ﬁ%ﬁ%éflé‘lg18545’%zhs}gbigéggv%e!ﬁgzna 786, can be

added, as cgn the  dihetero-substituted nzene .conpounds havj t. | east
one transf eﬁﬁ’ﬁ? g“ﬂ?@%@‘&ﬁ“ Sﬁée? ?‘c,loﬁlra%‘?tﬁtﬁﬁ iorﬁé?li“% g%f WSO?SE%edag&Fﬁeby
mono- net hyl - et her of hydroqui none disclosed in European Patent Application
0 765 856 Arcfereaeriingheigentive-bi tors wel | -known to those skilled in the
art. The disclosures of the foregoing are incorporated herein by reference
in their entiretThe pbynmreizutigr inhitiiop compdsition can oinodidddantocthe nimmomer
i ntroduced into the nonomer 10 to be protected by any conventional mnethod.
I't can bg, agfed, f%ectdCN RN dndtRfbnal method. It can be added as a concentrated
solution in suitable solvents to the feed or just upstream from the point of desired
application by any suitable means. In addition, the individual inhibiting components
can be injected separately into the distillation train along with the incoming feed or
through separate entry points, provided there is an efficient distribution of the
15 inhibitors. Since the inhibitors are gradually depleted during the distillation
operation, it is generally advantageous to maintain the appropriate amount of the
inhibitor mixture in the distillation apparatus by adding inhibitors during the course
of the distillation process. Adding inhibitors can be done either on a generally
continuous basis or intermittently, in order to maintain the concentration of inhibitor
20 mixture above the minimum required level.

The advantages and the important features of the present invention will be

more apparent from the following examples.
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solution in suitable solvents to the feed or just upstreamfromthe point
of desired application by any suitable neans. In addition, the individual

i nhi bi ti mooomahents can be injected separately into theCOUSewizbati on
train along with the incomng feed or through separate entry points,
provided there is an efficient distribution of the 15 inhibitors. Since the
inhibitors are gradually depl eted duEKAMPhESdi stillation operation, it is
general |y advantageous to maintain the appropriate amount of the inhibitor

i xture 10 the di stiplathad P RRLARHS RAKoAIH iflRRIG G- i i N the

course of the distillation process. ding 1nhibirtors can be done either
on a generaHi%/ CQntiF#ouqs) blg‘js or intermttently, in order to maintain
the concent FEERIEAGR of KRehSOIFIOBy i vt ure above the mi ni mum required | evel .
The advantages and the inportant features of the present invention will be
nore apparent frdrButhisatedial §hBRY issemaypd srom commperaipllysyadaplestyransdy) 32941

EXAMPLES Procedure for Dynam c Reboiler Test with Feed Shut-Of

Pr epar at i ondifillétRmcundet viduam. Remuotallof IBECisolerifieBOy dassticaiteatiod. fTiem
comercially available styrene by s distillation under vacuum Renoval of

TBC 18 ver! bedfa RhoRalst infibhibk(Phs'Aeq dhthis fgg{q%%éﬁ%akhledi' } 8 b (5)

is added to thi ree styrene ei first King a

Furcher ai | Bk hedhsen gt Sdbi ke BB G G ORemOIVBReod A

quantity of the Feed Sol uti on containing inhibitor (blend) at the desired
charge (st afusthendilution with TBSi-Aleeisiysétisi t or to styrene) is added to a
round-bottom fl ask

10 Procedure for Reboiler Test.

A quantity of the Feed Solution containing inhibitor (blend) at the desired
charge (stated as a wt/wt total inhibitor to styrene) is added to a round-bottom flask
(the “Pot”) and heated to the desired temperature (usually 116° C) and brought to
reflux by adjusting the pressure/vacuum. Once the Pot contents are at temperature, a

15 continuous stream of fresh Feed Solution is begun at a rate that will add the volume
of the initial Pot solution to the Pot over a period of time called the residence time
(typically one hour). At the same time that the fresh Feed Solution flow is begun,
the Bottoms Stream flow is also begun. The Bottoms Stream is solution in the Pot
that is removed at the same rate as the fresh Feed Solution is added. The equal flows

20 of Feed and Bottoms streams cause the quantity in the Pot to remain constant over the
time of the experiment while allowing continuous replenishment of inhibitor. This
procedure simulates the way inhibitors are used in a distillation train of a plant
producing vinyl monomers. The experiment continues with flow in and out of the

Pot for a specified period of time, typically seven hours. Samples are collected
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(the "Pot") and heated to the desired tenperature (usually 116 C) and
brought to reflux by adjusting the pressure/vacuum Once the Pot contents
are at tovpersi2es e, a 15 continuous stream of fresh Feed BoTwsemo4ils begun
at arate that will add the volune of the initial Pot solution to the Pot
over a period of tine called the residence time (typically one hour). At
t he sane tihwrtyhfrdomt the Bottesis Steent. SBhase isamplel aw analybed) for,polyer ddatdnd s
Streamflow is al so begun. The Bottons Streamis solution in the Pot that

is renmoved &b thd fehRB] tru?&@lt?%aettm fTﬁéQnEﬁﬁ%f%@iMerﬂ‘tﬂessaﬂﬂﬂ’c%qS aghe equal
flows 20 of Feed and Bottons” streans cause the quantity in the Pot to

et eni sheREafoH ik pARTyehestRr e i EERRRL B arbudiQERPNRREY iE S

are used in_a distillation train of a plant produm a?vmyl nmononers. The
experi ment BE#vPRgeef metwlrqurﬁerwalusﬁforcﬁﬁnwé takogaltep fouy hogescunping.
period of time, typically seven hours. Sanples are collected -25 WO

01/53235 £CT/ US00/ 32941 hourly fromthe Bottons Stream These sanples are
anal yzed for polynmer content via the nmethanol turbidity nethod. The ampunt

of pol yner j)fb&hgresm@ea Skutamee, | ndi cation of effectiveness of the
i nhi bitor being tested. "Average Pol yner I\/ake" is the average of the

pol ymer cont ent es. f S four _hours runni.n

Procedure for Feég l%heuntd (gtpe ﬁnﬁ&ﬁ%e egﬁlgurb ﬁélhh%eﬁ’gp F'g?rs e%?a%% (typ| cally
seven hours), a sanple is <collected fromthe Bottons Stream This sanple
cor r espondscaliscted JEPISH%P( BettemsrStggam = This,agplegorreppands to iiged Shutr @&hTmea g

Solution and Bottons Stream are stopped. 10 The vacuum and tenperature are
noni t or ed ard0 adputss.eThe dlowaiaftfeesh Heed Solugontaind Bettonie Siread arestpppat. ur e of
the experinent. Sanples are periodically renoved fromthe
10 The vacuum and temperature are monitored and adjusted to maintain boiling at the
desired temperature of the experiment. Samples are periodically removed from the
Pot (typically every five minutes). These samples are analyzed for polymer content
via the methanol turbidity method. Data during this time is used to generate the
“Feed Shut-Off Curve” for the run.
15 A less steep slope in the Feed Shut-Off Curve (slower rate of polymer
production over time) indicates a more effective inhibiting system in the event of a
loss of feed in the plant. A longer period of time before initiation of significant
polymer formation is also an indication of a more effective inhibiting system in the
event of a loss of feed in the plant. A preferred system will have a long delay prior

20 to initiation of polymer formation followed by a slow rate of polymer production

once initiated.
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Pot (typically every five mnutes). These sanples are anal yzed for pol yner
content via the nethanol turbidity nethod. Data during this tinme is used
to gener av@ot/kx35 " Feed Shut-Of Curve" for the run. 15 A pepssawrxeq sl ope
in the Feed Shut-Of Curve (slower rate of polyner production over tine)
indicates a nore effective inhibiting systemin the event of a |[|oss of

feed in the planfhe AbdRNEIBEcdURE isQdrdd utiB phfidy eifblléwinki Ak, GFhich Rl f i cant
polymer formation is also an indication of a nore effective inhibiting

T e iRl th%fde?féoa%w@%w CHOR R P LT, e
by a slowra ynmer i on e.initia 53235

PCT/ US00/ 32 tlo“rﬂ S@Wg)cédmf%")ﬂ%t sy B gcﬁllﬁngiIDBtybr@ fol | owi ng
data, which are indicative of the decrease in polyner nmade (wei ght percent
pol ymer i n phsnyidnedipmiye (PXA)/2 j4odintb-64seosbntyT DRBOL(BNBR)r okyurps.t o

N- pheny] -

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

(PDA)/ 2, 4-dy ntro-6-sec-butyl phenol ( m xtures. 5 Table 1 Inhibit|ing
Syst em Aver K I]ﬂ DNBP/ 2 m PD 0 ppm
DNBP/ 140 ppjm PDA/ 15 ppm 7 300 ppm DNBP per
mn air 0.006 10 270 ppm %EQp%% PDA/ 13 ppm ni t’ﬁ‘gg}%ﬁ?@glf ﬁgl?e per
mn air -27
300 ppm DNBP/200 ppm PDA 0.091
300 ppm DNBP/140 ppm PDA/15 ppm nitroxyl 0.037
300 ppm DNBP/200 ppm PDA/3cc per min air 0.006
10 270 ppm DNBP/180 ppm PDA/13 ppm nitroxyl/ 0.002
3cc per min air
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WD 01/ 53235 PCT/ US00/ 32941 Table 2 Steady State Reboiler Data (Wi ght
Percent Polyner) Inhibiting System Average Pol yner Mke (w\t %9 500 ppm
DNBP/ ai r ve@at/s3®D. 1275 5 250 ppm DNBP/ 250 ppm PDA/ ai r spaP@QBUSMB23A 12 ppm
Ni t roxyl /244 ppm DNBP/ 244 ppm PDA/ air sparge 0.0030 500 ppm DNBP/ anbi ent
0.2143 300 ppm DNBP/ 200 ppm PDA/ anbi ent 0 0905 15 ppm Nitroxyl /300 ppm

DNBP/ 140 pgm PDA/ anbi ent 0.0371 10 5 DNBP/ Argon degas 0.2060 230 ppm
DNBP/ 250 pgm PDA/ Argon de as 0.0835 1 trox I (244 m DNBP/ 244 |ppm
PDA/ Ar gon degas 0. 0379518605l eaguer RakaVeg §115 0_ppm DNBP/{250
ppm PDA/ Ardon sparge 0.2300 Ni troxyl / 244 ppr DNRP
PDA/ Argon gparge 0.1925 SOth%bSp%&%Bgﬁgﬂlnbl ent 0.4067 12 ppm éfi?er Of%%SS ppm
PDA/ anbi ent] 0. 0034 100 ppmnitroxyl/anhient 0. 0019 Al s ar
subsurface |sparge of ai rS(ﬁT o A ol whi | 1%@5
mai nt ai ni ng ' gnat—egi&-e%el—a-t-'ure.
Anbi ent =5 rjo prespazrmep;;ﬂ{ ]jmd%(r) i;pmrmgg/agxlt Sﬁafg% vacuum reqw 0601900 mai[nt ai n
boi ling at [destghatea—tenperature—wth—ho—gases—niectep—into—the—systlem
Argon degaq =12hsen NitroxylEadahnwDINBIR ¢b ppm D éif sparged v nut 600801 or tjo
run; run
500 ppm DNBP/ambient 0.2143
300 ppm DNBP/200 ppm PDA/ambient 0.0905
15 ppm Nitroxyl/300 ppm DNBP/140 ppm PDA/ambient 0.0371
10 500 ppm DNBP/Argon degas 0.2060
250 ppm DNBP/250 ppm PDA/Argon degas 0.0835
12 ppm Nitroxyl/244 ppm DNBP/244 ppm PDA/Argbn degas 0.0379
500 ppm DNBP/Argon sparge 0.2348
250 ppm DNBP/250 ppm PDA/Argon sparge 0.2300
15 12 ppm Nitroxyl/244 ppm DNBP/244 ppm PDA/Argon sparge 0.1925
500 ppm PDA/ambient 0.4067
12 ppm nitroxyl/488 ppm PDA/ambient 0.0034
100 ppm nitroxyl/ambient 0.0019

Air sparge = subsurface sparge of air at 3 cc/min throughout the run while
20 maintaining vacuum required to maintain boiling at designated temperature.
Ambient = no presparge of feed: run made at the vacuum required to maintain
boiling at designated temperature with no gases injected into the system.
Argon degas = Feed pretreated with Argon sparge for 15 minutes prior to run; run
made at the vacuum required to maintain boiling at designated temperature
25 with no gases injected into the system.
Argon sparge = subsurface sparge of argon at 3 cc/min throughout the run while

maintaining vacuum required to maintain boiling at designated temperature.
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made at the vacuumrequired to maintain boiling at designated tenperature
25 with no gases injected into the system Argon sparge = subsurface sparge
of argonve® 085326% m n t hroughout the run while naintaini npCYASWAIP41equUi r ed
to maintain boiling at designated tenperature. -28 WD 01/53235

PCT/ US00/ 32941 The above data show that adding small quantities of

ni troxyl under afThe abovesqaeestiosy thanatidingasall fwdntitiey obmtrexpbureiet allt he
addition of extra air) provides a synergistic enhancenent to the

i nhi bi tion J NG dRon Bty Shedfobitad ik gdd%lfne@ﬁx%la% ﬂr&w@@st@ (Vi ght
Per cent Pol yne P05 10 15 20725 30 35 40 45 50 A O 158 0. 156

0.178 0.15 0.162 .0. 185 0. 18 . 0.054 0.079 0.097
0.118 0. 15459€ 1%“&??8‘2“ %&’fé@“g‘%oﬁ Pﬁgﬁﬁnﬁlcﬁﬁgheosyé ‘0.033 0.075 0.104
0.126 0. 156.0.176 0. 194 0 178 10 D 0.215 0 25 0. 25 028 0.275 0.285 0.32
0.385 0.395[0.435 0.445 E 0.1 0.098 Opg§30.178 0.18 0.205 0.325 0. 31
0.285 0.295/0.34 F 0.04 . 168 0.194 0. 2334
0. 23 0.28§ G 0.24 0.23 vfggggyghv ~?%v ﬁ%@§%<§m9g gﬁfg)u 39 0. 385 01435
| 0.0235 0.p3p0.1056 0 081 10.1914 Q514420. 19550] 280 0| 285 0| 285 P.45| $©‘J
0.233 0. 2336 55— B-A86-493- 0134 01356333 0—375—O—AH5—HH 0.23
0.245 0.29 D.&4 pO-87 (00485 B156450108 4305, FL-167. 3155 | 918 bﬁ?&z G?Q22°6€ 65
0.32 0.4 0.3 O8O IO 52 0155 WO; lﬂwds.cn T.92. 75 g.lgb éalg) 4.7
4.8 5.6 5.1} R o B%34 8%196°%* 4 %Wim‘%?ﬁ$°2” B 035441 P1§ BOAE BYA24] &
C 0.0032 | 0.0043 0.019 0.033 0.075 0.104 0.126 0.156 0.176 0.194 0.178
10 D 0.215 0.25 0.25 0.28 0.275 0.285 0.32 0.385 0.395 0.435 0.445
E 0.1 0.098 0.116 0.178 0.18 0.205 0.325 0.31 0.285 0.295 0.34
F 0.049 0.05 0.066 0.084 0.104 0.136 0.168 0.194 0.234 0.23 0.285
G 0.24 0.23 0.22 0.225 0.25 0.255 0.305 0.36 0.39 0.385 0.435
I 010235 0.03 0.056 0.081 0.118 0.144 0.195 0.23 0.25 0.295 0.345
15 J 0.233 0.233 0.226 0.26 0.28 0.293 0.31 0.326 0.333 0.375 0.415
K 0.23 0.23 0.245 0.29 0.34 0.37 0.405 0.425 0.43 0.51 0.52
L 0.2 0.212 0.222 0.265 0.32 0.4 0.43 0.48 0.49 0.52 0.55
M 0.54 1.09 1.44 1.9 2.75 3.65 4.05 4.7 4.8 5.6 5.1
N 0.0036 0.196 0.6 1.11 1.76 2.18 2.4 2.9 3.45 3.4 4.9
20 O 0.0024 { 0.0024 0.043 0.65 1.03 1.38 2.12 3.1 3.85 4.25 -

A = 500 ppm DNBP (Dinitrobutylphenol)/air sparge
B = 250 ppm DNBP/250 ppm PDA/air sparge
C = 12 ppm Nitroxyl/244 ppm DNBP/244 ppm PDA/air sparge
D = 500 ppm DNBP/ambient
25 E = 300 ppm DNBP/200 ppm PDA/ambient
F = 15 ppm Nitroxyl/300 ppm DNBP/140 ppm PDA/ambient

G = 500 ppm DNBP/Argon degas

=29 -



20 0 0.0024 0.0024 0.043 0.65 1.03 1.38 2.12 3.1 3.85 4.25 A = 500 ppm
DNBP (Di ni trobutyl phenol)/air sparge B = 250 ppm DNBP/ 250 ppm PDA/ ai r
sparge Cwoapsypin Ni troxyl /244 ppm DNBP/ 244 ppm PDA/ ai r spar/geoo/294 500 ppm
DNBP/ anbi ent 25 E = 300 ppm DNBP/ 200 ppm PDA/ anbient F = 15 ppm

Ni t roxyl /300 ppm DNBP/ 140 ppm PDA/ anbient G = 500 ppm DNBP/ Argon degas -29

0 01153233 £GH b RiEa8 bl AU fn RBEONBP/ 244 ppm
PDA/ Ar gon degas éoo%%pm Eﬁ{l)mP/ Argon s lglrge KU%%Z%O pm DNBP/ 250 ppm

PDA/ Ar gon spar mNitr ox | / 244 ppm DNBP/ 244 ppm PDA/ Argon spar ge
5 M= 500 pﬁ@@/ﬂ@h’#@#%ﬁg m ni t roxyl / 488 ppm PDA/ anbi ent O = 100

ppm ni troxyl/anbi ent = M nut es after Feed Shut-Of The data of Table 3
i ndi cate t t‘?ﬁ%PB@dPNIB&‘P@fPIH“ RDA/G1800$RMES compound 10 provi des
additional safety protection in case of a production upset, i.e., an added

enhancenentl. 012 ppmriNitromyl/244ppm i IDINBBI 24d rppay BDAMrdon spagge of t he nmany
changes and nodifications that can be nade without departing from

princi pl gs MndeobyphPbAgahbignt i on, reference shoul d be nade to the
appended cl ains forf an understandi ng of the scope of the protection to be

afforded J1p._the plprrlllvnel rtok)%%gg ppm PDA/ambient

O = 100 ppm nitroxyl/ambient
P = Minutes after Feed Shut-Off

The data of Table 3 indicate that the addition of a nitro aromatic compound

10 provides additional safety protection in case of a production upset, i.e., an added

enhancement to the nitroxyl/PDA inhibitor system.

In view of the many changes and modifications that can be made without
departing from principles underlying the invention, reference should be made to the
appended claims for an understanding of the scope of the protection to be afforded

15 the invention.
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-30 WO 01/53235 PCT/ US00/ 32941 CLAIMS What is clained is: 1. A nethod for
inhibiting the premature polynerization of ethylenically unsaturated
nononer s wonpsizdi ng adding to said nononmers an effective naDURMW/H41 5 A) at
| east one stable hindered nitroxyl conmpound having the structural formula:
~1 ~2 RI-C~CR4 NR21R3 O wheCHAIMS and R4 are independently

sel ected fromthe group consisting of hydrogen, 10 al kyl, and

het er oat om ppbstis blabAea &:ky! and R2 and R3 are independently selected from
the group consisting of al kyl and heteroatom substituted al kyl; and Xl and

ot S " S A AR R Bl 2 0

-S-C6H5, carbonyl, al kenyl or _alky] of 1 to 15 car bon at ons, t aken
t oget her, fBRSHUERtE]d MPNOMEEURRISHE wdmgemlsal%mpp@@@ﬁ anggffegtivg @aglentcﬂfe

phenyl enedi ani ne, and, optionally, C) at |east one nitroaronmati c conpound.
2. The net hA) of atdeast ond stablerhénderechatok pbdompuiund dreidg rthe stosopdralcfompmoland i s
of 20 the structural fornmula: Rl-~ R4 11-1 N ~I

1 2
C

N
| R

wherein R, and R, are independently selected from the group consisting of hydrogen,
10 alkyl, and heteroatom-substituted alkyl and R, and R, are independently selected from
the group consisting of alkyl and heteroatom-substituted alkyl; and X, and X, (1) are
independently selected from the group consisting of halogen, cyano, COOR,, -S-
COR;, -OCOR,, wherein R, is alkyl or aryl, amido, -S-C4Hj;, carbonyl, alkenyl, or
alkyl of 1 to 15 carbon atoms, or (2) taken together, form a ring structure with the
15 nitrogen;
B) at least one phenylenediamine, and, optionally,

8)) at least one nitroaromatic compound.

2. The method of claim 1 wherein the stable hindered nitroxyl compound is of

20 the structural formula:



R2 1 R3 0* -31 WO 01/53235 PCT/ US00/ 32941 wherein R, and R4 are

i ndependently sel ected fromthe group consisting of hydrogen, alkyl, and
het er oat e sub®Bi t ut ed al kyl and R2 and R3 are independeneCyusa@liresied from
the group consisting of al kyl and heteroatom substituted al kyl, and the 5
portion represents the atons necessary to forma five-, six-, or

seven- ”E_nbeﬁvﬁgreirh_RE &{@R%'ﬁﬂd 1ﬁdépeﬁﬁbnﬂly%eﬁcteaffﬁ)ﬂﬂ'ﬂid'gldupf:on@sliﬂin@oz hybiepenn t he
stabl e hindered nitroxyl conpound is 4- amno-2 , 2,

6-tetranet h%llkgixgzﬁ& 'hgieptyalt ysubs‘% tyl]glﬁgﬁxlﬂgﬁ gﬁd %l Qzlerfhge ; xﬁ?l'grbefe@@d?hﬁ@l e

hi ndered ni tetra i peridinyloxy .
15 5. The nethod of clal m the sta hi nder.ed roxyl conpound

i s 4- hydr ofip-2F08p CRSISEDE é’% %ﬁﬂf{/ﬂ?ﬁ@é‘i"ﬂi?‘ﬁv 23%'1 Net hod of claim1
wherein the ethylenically unsaturated nononer is 20 sel ected fromthe group

consi sting of styrene, a-nethylstyrene, styrene sulfonic acid,
vi nyl t ol uene, divi nyl benzenes, pom benzenes, al kylated styrene,

2-vinylpyeidine, acrylonitrile, thacrylonitrile, nethyl acrylate, ethyl
acrylate, nethyl nmethacrylate, ethyl nethacrylate, acrylic acid,

met hacrylic acid, butadiene, chloroprene, and isoprene. -32 WO 01/53235
PCT/ US00/ 32941

portion represents the atoms necessary to form a five-, six-, or seven-membered

heterocyclic ring.

10 3. The method of claim 2 wherein the stable hindered nitroxyl compound is 4-

amino-2,2,6,6-tetramethylpiperidinyloxy.

4, The method of claim 2 wherein the stable hindered nitroxyl compound is 4-
0x0-2,2,6,6-tetramethylpiperidinyloxy.

15
5. The method of claim 2 wherein the stable hindered nitroxyl compound is 4-

hydroxy-2,2,6,6-tetramethylpiperidinyloxy.

6. The method of claim 1 wherein the ethylenically unsaturated monomer is

2 selected from the group consisting of styrene, «-methylstyrene, styrene sulfonic acid,
vinyltoluene, divinylbenzenes, polyvinylbenzenes, alkylated styrene, 2-vinylpyridine,
acrylonitrile, methacrylonitrile, methyl acrylate, ethyl acrylate, methyl methacrylate,
ethyl methacrylate, acrylic acid, methacrylic acid, butadiene, chloroprene, and

isoprene.
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7. The nethod of claim6 wherein the ethylenically unsaturated nononer is
styrene. 8. The nethod of claim7 wherein the stable hindered nitroxyl
conmpound Ww® Arszmsan no-2,2 , 6, 6-tetranethyl pi peridi nyl op¢ct/®so0/38a1 met hod
of claim?7 wherein the stable hindered nitroxyl conpound is 4- oxo-2, 2, 6,
6-tetranet hyl pi peridinyloxy. 10 10. The nethod of claim7 wherein the
stabl e hi nger ed The ife@hiad ofCHATROE Whetein fire &Hﬂéﬁ&fur&atuﬁt%momomﬂ is
6-t etranet hyl pi peridi nyloxy. 11. The nmethod of ¢laim?2 erein the the
et hyl eni cagt%n%nsatur ated nononmer is selected fromthe group consisting of
styrene, a- X yl styrene, styrene sulfonic acid, 15 vinyltoluene,
di vi nyl benzenes, polyvinyl benzenes, al kyl ated styrene, 2-vinyl pyridine,
acrylonitrile, methacrylonitrile, nethyl acrylate, ethyl acrylate, nethyl
nmet hacryl ate, ethyl nethacrylate, acrylic acid, nethacrylic acid,
but adi ene, 8chl olbpmetied afrodhimi % ehemire the2hblPhindéred mittdwydl cofnpohmai 141 1
wherein the ethylenically unsaturated nononer is styrene. 13. The nethod
of claim 1%%,9@6}6%&?&@&1@5%@&&%2%&? nitroxyl conpound is 4- am no-2, 2,
6, 6-tetranethyl piperidinyl’oxy. -3 01/53235 PCT/ US00/ 32941 14. The
met hod of claim 12 wherein the stable hindered nitroxyl conpound is 4-
oxo-2, 2, 6, 6-tetranethyl pi peridinyloxy. 15. The nethod of claim 12
wherein the stabl e hindered nitroxyl conpound is 4-_ s hydroxy-2, 2, 6,
6-t et r anet ﬁyl pi EE‘? mgthed of laim g wheieen Wétrgg?@@ @ﬂd@%mﬁ%%WE@WQmé-
phenyl enedi am ne is N-phenyl-N -(1, 4-

0x0-2,2,6,6-tetramethylpiperidinyloxy.

10 10. The method of claim 7 wherein the stable hindered nitroxyl compound is 4-

hydroxy-2,2,6,6-tetramethylpiperidinyloxy.

11.  The method of claim 2 wherein the the ethylenically unsaturated monomer is
selected from the group consisting of styrene, a-methylstyrene, styrene sulfonic acid,

15 vinyltoluene, divinylbenzenes, polyvinylbenzenes, alkylated styrene, 2-vinylpyridine,
acrylonitrile, methacrylonitrile, methyl acrylate, ethyl acrylate, methyl methacrylate,
ethyl methacrylate, acrylic acid, methacrylic acid, butadiene, chloroprene, and

isoprene.

20 12.  The method of claim 11 wherein the ethylenically unsaturated monomer is

styrene.

13. The method of claim 12 wherein the stable hindered nitroxyl compound is 4-

amino-2,2,6,6-tetramethylpiperidinyloxy.
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di et hyl pentyl ) - p- phenyl enedi am ne. io 17. The nethod of claim 1 wherein
the nitro aromatic conpound is present and is 2,4-dinitro-6-sec-butyl
phenol . 1®0 ofirse233et hod of claim 1 wherein the nitro aromatpca/compmdnd i S
present and is 2,4-dinitrophenol. 15 19. The nethod of claimI| wherein the
nitro aromati c conpound is present and is 2,4-dinitro-o-cresol. 20. The
met hod of cll4i m Thaieethod of pleim il rwhesgio g stable binderadonitrexylreoswatnditit-i s 20
2,6-dinitro p-cresol. 21. The nmethod of claim 16 wherein the nitro aromatic
conmpound i S oRHQSEBL6-BEmetisylFipdridinglioky 0- 6- sec- butyl phenol . -34 WO 01/53235
PCT/ US00/ 32941 22. The nmethod of claim 16 wherein the nitro aromatic
conpound is present and is 2,4-dinitrophenol. 23. The nethod of claim 16
wherein the nitro aromatic conpound is present and s is

2,4-dinitro-

-cresol. 24. The nrethod of c¢laim 16 wherein the nitro, aromatic
conpound i s 18r es eiﬁe é‘?‘thoq %pcgm@ il??ﬁq‘?ﬁb“ B‘-ecﬁtagl%ﬁm q1gd nifgoxyl compound is 4-
5 hydroxy-2,2,6,6-tetramethylpiperidinyloxy.

16.  The method of claim 1 wherein the phenylenediamine is N-phenyl-N’-(1,4-

dimethylpentyl)-p-phenylenediamine.

10 17. The method of claim 1 wherein the nitro aromatic compound is present and is

2,4-dinitro-6-sec-butyl phenol.

18.  The method of claim 1 wherein the nitro aromatic compound is present and is
2,4-dinitrophenol.

15
19.  The method of claim 1 wherein the nitro aromatic compound is present and is

2,4~dinitro-o-cresol.

20. The method of claim 1 wherein the nitro aromatic compound is present and is

20 2,6-dinitro-p-cresol.

21.  The method of claim 16 wherein the nitro aromatic compound is present and

is 2,4~dinitro-6-sec-butyl phenol.
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22.  The method of claim 16 wherein the nitro aromatic compound is present and

is 2,4-dinitrophenol.

23.  The method of claim 16 wherein the nitro aromatic compound is present and

5 is 2,4-dinitro-o-cresol.

24.  The method of claim 16 wherein the nitro aromatic compound is present and

is 2,6-dinitro-p-cresol.

10
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